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ABSTRACT 

Background and Objectives: One of the most common sleep disturbances in older people is 

insomnia. Cognitive-behavioral therapy is the first-line treatment for this condition in older adults, 

but in-person treatment is costly and often unavailable. In this study, in a group of older and young 

subjects, we aimed to compare: (1) their initial perceptions of a fully-automated mobile health 

intervention to manage insomnia, (2) how these perceptions related to treatment completion, and 

(3) the effects of the intervention on insomnia severity and related outcomes.  

Research Design and Methods: A case series study was conducted with a self-selected sample 

of older (> 65 years) and young (18-35 years) adults (n=5,660) who downloaded a free app, 

available in France, that delivers a brief behavioral intervention for insomnia aided by a virtual 

companion. The 17-day intervention included sleep hygiene and stimulus control 

recommendations. Primary outcome was treatment completion (yes/no). At the beginning of the 

intervention, treatment acceptability and trust in the virtual companion were assessed with two 

short questionnaires (completion rate: 1,597 users). Insomnia was evaluated with the Insomnia 

Severity Index.    

Results: 

companion were associated with higher odds of treatment completion, but only in older adults 

(Trust scores x Age group: OR=1.12, [95%CI=1.01-1.25], p < .05, and Credibility scores x Age 

group:  OR=1.25, [95%CI=1.06-1.47], p < .01). Within the subset of users who completed the 

intervention (n 2 2=2.34, 

NS) were comparable across both groups.  

Discussion and Implications: This brief behavioral intervention appears to be efficacious for 

the self-management of insomnia symptoms in older adults. The integration of persuasive 



interaction elements, such as avatars and virtual coaches, in fully-automated interventions could 

 

Clinical Trial Registration: NCT05074901 

 

TRANSLATIONAL SIGNIFICANCE 

Access to in-person cognitive-behavioral therapy, the first-line treatment option for geriatric 

insomnia, is restricted for a good proportion of individuals in need. Mobile health offers the 

potential to reduce this gap.  This study shows that a smartphone-based behavioral intervention, 

delivered by a virtual companion, reduces symptoms of insomnia in older adults. It also suggests 

that integrating persuasive interaction elements, such as avatars and virtual coaches, could be 

particularly useful to stimulat  
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BACKGROUND AND OBJECTIVES 

One of the most common sleep disturbances in older people is insomnia, and the prevalence of 

insomnia symptoms increases with age (Doghramji, 2006; Patel et al., 2018). Among older adults, 

untreated insomnia is an important risk factor for depression(Riemann et al., 2020; Sadler et al., 

2013), cognitive decline(Gebara & Karp, 2020; Robbins et al., 2020) and falls(Chen et al., 2017). 

Although the usual approach to treat insomnia includes the prescription of medication, 

pharmacotherapy is not considered a safe option for treating this condition in older adults(Bloom 

et al., 2009). Studies have consistently found increased risks of fracture in older adults who use 

benzodiazepine or other related drugs (Bakken et al., 2014; Berry et al., 2013; Lin et al., 2014). 

Nonpharmacological approaches such as cognitive-behavioral therapy for insomnia (CBT-I), 

-line treatment 

option, especially for geriatric insomnia (Bloom et al., 2009; Chen et al., 2023; Riemann et al., 

2022). Nonetheless, access to a sleep specialist in CBT-I is restricted for many patients in need, 

and most primary care physicians are not sufficiently trained to perform CBT-I (Espie, 2009; 

Koffel et al., 2018). 

Rapid advances in telecommunication and mobile technologies worldwide have created new 

opportunities in delivering healthcare services, providing ubiquitous low-cost access to many 

specialized behavioral interventions such as CBT-I(Drerup & Ahmed-Jauregui, 2019). 

Community-dwelling older adults may particularly benefit from using these digital 

therapeutics(Gulliford & Alageel, 2019). Indeed, they face additional challenges, related to 

transportation and mobility, that all lead to a poorer access to psychotherapy (Wuthrich & Frei, 

2015).  . 



Although older adults have been traditionally seen as unwilling to use digital technology(Askari 

et al., 2020; Czaja et al., 2006), there is mounting evidence challenging this prevailing 

technophobic stereotype. A study investigating 113 older adults about their use of and attitudes to 

technology in the context of  their home, work, and healthcare, found that they held more positive 

than negative attitudes about using technologies(Mitzner et al., 2010). This is particularly 

important in the field of Mobile Health (Mobile health (mHealth) interventions refer to the use of 

mobile devices to perform health-related interventions), since increasing numbers of older adults 

own smartphones nowadays. Some studies suggest that older adults are willing to use smartphone 

technologies to manage their own health(Hauk et al., 2018; Wong et al., 2022) . In the context, our 

group developed and recently published data on the effects of a smartphone application, named 

KANOPEE, featuring an abbreviated digital version of CBT  to manage insomnia complaints 

(Dupuy et al., 2022; Philip et al., 2022) and noted that a sizeable proportion of older individuals 

(> 

of app downloading data for a given month showed that, of 4192 subjects downloading the app, 

almost 20% (n=818) were 65 years or older. Nonetheless, despite older adults seem to be open to 

mHealth interventions, a recent review on their engagement suggests that the majority of older 

adults encounter various barriers to successfully engage with these(van Acker et al., 2023). 

The use of apps in smartphones phones and other touchscreen devices is a more cognitively 

challenging activity for older adults than for younger subjects, since it involves interactive 

coordination of psychomotor, sensory, and several cognitive capacities that gradually decline with 

advancing age(Hultsch et al., 1993; van Hooren et al., 2007). These capacities include, for instance, 

procedural or long term memory, which is required to activate the routines that are necessary to 

install and start using an app, working or short term memory, that is activated to keep track of 



information already processed or to decide on the next step to take, visual search and attentional 

processes, that are recruited to evaluate which information is more or less relevant. However, 

research suggests that it is not the cognitive cost that primarily determines the adoption or not of 

technology by older subjects but the perceived benefit(Melenhorst et al., 2006).  The study by 

Melenhorst et al. evaluating adults' motivation to use of email contradicts the common belief that 

This study highlights 

the crucial role of perceived benefits for successful innovation in older adults. Indeed, when asked 

the question why they do not use a particular type of technology, older adults point more to the 

lack of the apparent benefit of using it rather than to the cognitive cost it engenders. This suggests 

that if older individuals perceive the benefit upfront, their motivation will be high to overcome any 

obstacles to adopt a technological innovation. 

Another important issue to explore is the extent to which self-administered technology-driven 

interventions are effective for older adults. There is still a paucity of studies examining digital 

interventions for mental health symptoms, in general (and for insomnia, in particular), in older 

adults (Boucher et al., 2022; Goodarzi et al., 2023; Vailati Riboni et al., 2022).  There is a paucity 

of research comparing the effectiveness of technology-driven interventions in older and young 

adults, but previous studies suggests that younger subjects tend to show better outcomes than older 

individuals(Newman et al., 2003). In the field of insomnia, Vincent and Walsh(Vincent & Walsh, 

2013) showed that digitally delivered CBT-I proved sufficient to improve insomnia symptoms 

particularly in younger adults, thus suggesting that older adults may need more intensive 

approaches to manage their insomnia. However, recent data suggests that demographic variables, 

including age, do not seem to moderate the effectiveness of digital CBT-I(Riemann et al., 2022).  



In order to maximize the potential that technology administered health interventions offer to older 

adults, it is important to analyse not only how efficacious they are, but also how older adults 

perceive and use these interventions. Hence, in these secondary analyses of the effects of 

KANOPEE to self-manage insomnia complaints we aimed to test the following: 

1) > 65 years old) and younger 

subjects (18-35 years old); 

2) Whether the initial perceptions 

completing all the intervention phases) in older and younger subjects; 

3) Whether the app intervention produces comparable symptom improvements in older and 

younger subjects. 

 

RESEARCH DESIGN AND METHODS 

Study design, settings and participants 

Case series study of a self-selected sample of individuals aged between 18-35 (young adults group) 

and 65 and older (older adults group) downloading and initiating a free, fully-automated insomnia 

management programme named KANOPEE, available to the general population in France, during 

the period April, 22 2020 to February, 13 2022. In order to reach various groups of users, 

communication about the app was made on the social medias (Instagram, TikTok, Facebook, 

Twitter) by one of the authors (PP), through national and regional newspapers and TV channels, 

as well as through the University of Bordeaux and University Hospital in Bordeaux mailing lists. 

Informed consent was obtained directly on the app by all users before any data collection. For this 

individuals with ages ranging from 36 to 64 years old. The approval of the ethics committee of the 



University of Bordeaux was obtained, as well as agreement with respect to the General Data 

Protection Regulations (GDPR) by the French authorities (CNIL).  

Intervention 

The app KANOPEE was designed to help users managing their insomnia complaints through 

interactions with a virtual companion (VC). The VC, named Louise, is an animated character 

able to engage in face-to-face dialogue through verbal and non-verbal behavior. Louise 

incorporates human voice and body motion (Figure 1). 

The programme is divided into three phases, covering an assessment period of 17 days. After 

downloading the app, users have access to a screening interview with the VC (phase 1). During 

this interview, the VC asks users to complete three questionnaires: the Insomnia Severity Index 

(ISI)(Bastien et al., 2001), the Fatigue Severity Scale (FSS)(Krupp et al., 1989), and the Patient 

Health Questionnaire-4 (PHQ-4)(Kroenke et al., 2009). Then, visual feedback using a colored 

on the ISI is located in one point along the colored line (if it is on the red area, it connotes severe 

insomnia, if it is on the orange area, it connotes moderate insomnia and if it is in the green area, 

it connotes mild or no insomnia symptoms) and the user is asked to begin a personalized 

programme. The first step includes completing a sleep diary. The VC explains why completing a 

sleep diary is important and stars collecting information from the previous night. Once this step 

is completed, another screen informs the users that they need to complete the same sleep diary 

for seven days, every morning, and that, a week later, the VC will re-evaluate their sleep in 

another interview, and will analyse the information provided in their sleep diaries. An icon with 

day to answer the sleep-related questions (i.e. what time did you go to bed last night?). After 



users complete the sleep diary for seven days, the VC conducts another interview (Phase 2). 

Users learn about their sleep patterns from the previous week and complete the ISI for the second 

time. Next, the VC delivers the intervention. The intervention includes the provision of general 

sleep hygiene practices, and also includes evidence-based behavioral recommendations that have 

been shown to improve insomnia symptoms.  KANOPEE features an abbreviated version of 

CBT-I, highlighting the behavioral component of therapy known as stimulus control (Edinger et 

al., 2021). For a behavioral treatment to be relevant in general population settings, it must be 

brief, acceptable to patients, and efficacious over a short time interval, conditions all met by the 

stimulus control intervention(Buysse et al., 2011). The goals of stimulus control are (1) to 

remove the association between the bed/bedroom and wakefulness and to promote the 

association of bed/bedroom with sleep; and (2) to establish a consistent wake-time. Stimulus 

control instructions include the following: go to bed only when sleepy, get out of bed when 

unable to sleep, use the bed/bedroom for sleep (no reading, eating, watching TV, etc. in bed) and 

wake up the same time every morning. Typically, abbreviated behavioral therapy for insomnia 

also includes sleep restriction(Buysse et al., 2011).  However, sleep restriction recommendations 

were not included in KANOPEE due partly to safety concerns (i.e. it may be contraindicated in 

certain populations such as those working in high risk occupations, such as heavy machinery 

operators or drivers, or those predisposed to mania/hypomania, poorly controlled seizure 

disorders or excessive daytime sleepiness)(Edinger et al., 2021). Furthermore, the most recent 

guidelines for the use of behavioral and psychological treatments for chronic insomnia 

recommends that individuals using sleep restriction therapy should be monitored by a clinician 

during treatment(Edinger et al., 2021).   In addition to stimulus control, the intervention includes 

4 



room te  

The VC provides these sleep recommendations, highlighting the specific ones most useful to the 

user, based on their sleep diary data and on their answers to the ISI questions on Phase 2. The 

programme includes an algorithm that serves to highlight the most useful recommendations for a 

particular user. For instance, if the user reports severe or very severe problems falling asleep, 

according to his/her answer to the question #1 from the ISI in Phase 2, the programme will 

into their daily routines and to continue completing the sleep diaries for 10 additional days. After 

these 10 days, users have access to the last screening interview (Phase 3). In this last interview, 

users are also are asked if they have followed or not each one of the recommendations provided 

by the VC. After this final interview, users can choose to continue using the app, if they wish 

(i.e. completing sleep diaries for a longer period of time). If they consider that their sleep 

problems are persisting, they are prompted to consult a sleep specialist. If the ISI score in this 

final evaluation is higher than 21 points, the VC suggests contacting a sleep physician. More 

elsewhere (Dupuy et al., 2022; Philip et al., 2022; Sanchez-Ortuno et al., 2023).  

Study outcomes 

After downloading the app, users are asked to provide basic sociodemographic variables (age, 

gender and education level) prior to completing phase 1.  

The primary outcome  is scores on the ISI(Bastien et al., 2001). The ISI is a 7-item self-report 

questionnaire that provides a global measure of perceived insomnia severity during the past month. 



Scores range from 0-28 and are rated as follows: 0-7 (no insomnia), 8-14 (sub-threshold insomnia), 

15-21 (insomnia of moderate severity), and 22-28 (severe insomnia). The ISI was completed at 

phase 1, phase 2 and phase 3. 

Secondary outcomes also completed at phase 1, phase 2 and phase 3 included mental health 

symptoms, fatigue and sleep diary variables. Mental health symptoms were measured with the 

PHQ-4(Kroenke et al., 2009), which is an ultra-brief self-report questionnaire including two items 

assessing depression symptoms and two other items assessing anxiety symptoms. Total scores 

range from 0 to 12, with higher scores indicating more symptom severity. 

Fatigue was evaluated with the FSS(Krupp et al., 1989),  a self-report questionnaire including nine 

items probing the severity of fatigue in different situations during the past week. The total score 

ranges from 1 to 7.  

Sleep diary-derived variables included total time spent in bed (TIB), total sleep time (TST), sleep 

efficiency (SE) (as calculated from TST/TIB), sleep onset latency (SOL), number of awakenings 

(NA) and wake time after initial sleep onset (WASO). Sleep diary variables for phase 1 included 

one night of assessment, whereas sleep diary variables for phase 2 and for phase 3 included mean 

values for the whole assessment period. 

Percepti -Scale (AES) and the 

ECA-Trust Questionnaire (ETQ), which have shown adequate psychometric properties 

(Micoulaud-Franchi et al., 2016; Philip et al., 2020; Tariman et al., 2011). The AES comprises six 

items and provides a total score as well as two sub-scores regarding usability (i.e. perceived ease 

of using the system) and satisfaction with the system. Examples of items evaluating usability and 

How helpful was this programme 

, respectively.  Items are answered on a five-



point Likert-type scale ranging from 1: Very unsatisfied, to 5: Very satisfied. The ETQ assesses 

Trust in the VC with six items that are answered on a four-point Likert-type scale ranging from 0: 

Not at all, to 3: Totally agree. It provides a total score and sub-scores on two separate dimensions, 

named perceived credibility and perceived benevolence of the VC. Examples of items evaluating 

Would you agree to being cared for by the 

virtual agent at home? Did you feel that your answers were correctly understood by the virtual 

 

At the end of the first screening interview (phase 1), users are asked to complete these measures, 

but their completion is presented as optional. 

Statistical analyses 

To test whether the two groups differed on sociodemographic, clinical characteristics, and 

-tests for continuous variables 

2 tests for categorical variables were conducted.  

A series of binary logistic regression analyses were conducted to ascertain whether perceptions of 

phase 1, and whether this relationship was moderated by age. 

 mixed effects models . To assess the effect of the intervention between the two groups of users, 

linear mixed models were estimated for each outcome variables at repeated times (phase 1, phase 

2, phase 3). After verification of Akaike criterion, models were fitted with a random intercept and 

a random slope for the included individuals. No variable transformation was needed in order to 

acyclic graphs (DAG). Missing data were considered missing at random (MAR). Obtained 

coefficients were tested at .05 alpha risk with Wald test.  



To test the clinical importance of outcome within the group of subjects completing the 

intervention, an analysis was conducted on response and remission rates, which were compared 

across age groups with the Chi-square test. For this analysis, only individuals having baseline ISI 

scores greater than 8 were included. Following the criteria suggested in the literature(Morin et al., 

2009), individuals were considered as treatment responders if their change in ISI score at the end 

of the intervention compared with baseline was equal to or greater than 7, and as treatment 

remitters if their phase 3 ISI score was lower than 8. 

The alpha ris  

 

RESULTS 

Participant flow 

The participant flowchart can be found in Figure 2. During the study inclusion period (April 2020-

Mars 2022), 24774 users downloaded KANOPEE and provided information regarding age, gender 

and educational level. Among these, 9030 users met the age inclusion criteria (being between 18 

and 35 years old or being 65 years or older). A total of 5660 users completed the first treatment 

phase. Figure 1 provides an overview of all the treatment phases (phases 1 to 3). A total of 289 

subjects completed all the study phases and provided scores on phases 1, 2 and 3 on the primary 

outcome variable, the ISI, (Bastien et al., 2001). A comparison of the percentages of individuals 

who began treatment (completed phase 1) and continued to use the app until treatment completion 

(phase 3) showed that the percentage of older adults was statistically significantly higher than the 

percentage of young users ( 2=53.18, p < .001). Older individuals who 

continued using KANOPEE had a higher educational level than those who discontinued the 

intervention (p < .05). Younger and Older users who continued KANOPEE scored higher on 



insomnia complaints (ISI score, p < .05) and were more likely to report severe sleep complaints 

than those who discontinued (ISI [15-28], p < .01). Younger individuals who continued used the 

intervention showed a lower level of depression than those who discontinued (p < .05). These 

results are in line with a previous study of ours showing that people with a moderate to severe 

 

 

Table 1 shows baseline demographic and clinical characteristics of users who completed the first 

treatment phase (n=5660) by age group. Young users were predominantly female with medium to 

high educational level. By contrast, half of the sample of older users were female and had a lower 

educational level than young users (both Ps<.001). Regarding clinical status (insomnia severity, 

depression, anxiety and fatigue symptoms), the young group had statistically significantly worse 

scores than the older adults. However, an analysis of the sleep diary completed by users regarding 

their previous night of sleep showed that the older adults displayed worse sleep, such as shorter 

TST, longer WASO, poorer SE and higher NA during the night (all p < .05). However, the young 

group exhibited longer SOL than older adults (p < .05). 

 

A total of 1597 users completed the two optional questionnaires designed to evaluate their 

(AES) and trust in the VC (ETQ). We 

the internal consistency of their two subscales, respectively. The Cronbach's alphas for the four 

subscales and the overall questionnaires ranged from 0.74 to 0.86. These values were considered 

satisfactory(Bland & Altman, 1997). 



The young adults group showed statistically significant higher AES total scores (26.9+3.4 vs 

26.2+3.9), as well as higher AES Satisfaction (12.8+2.3 vs 12.5+2.3)  and AES Usability scores 

(14.1+1.5 vs 13.7+1.9) (all p < .05). Regarding the ETQ, the young adults group also showed 

statistically significant higher total scores (19.5+3.2 vs 18.9+3.4), as well as higher ETQ 

Benevolence (10.3+1.6 vs 10.0+1.5) and ETQ Credibility scores (9.2+2.1 vs 8.9+1.8) (all p < .01). 

 

A series of logistic regression analyses were conducted using AES and ETQ scores and age group 

as independent variables, adjusting by insomnia severity scores at phase 1. Treatment completion 

(yes/no) was the dependent variable. The results showed that neither age group nor total AES 

scores or subscale scores predicted treatment completion. However, in the two logistic regression 

analyses using ETQ total scores and ETQ credibility scores, we found a statistically significant 

interaction with age group (ETQ total scores * age group: OR=1.12, [95%CI=1.01-1.25], p < .05 

and ETQ credibility scores * age group:  OR=1.25, [95%CI=1.06-1.47], p < .01. These interactions 

indicated that, only for the older adults, higher ETQ total scores and higher ETQ credibility scores 

increased the odds of treatment completion. Such a relationship was not seen in the young adults 

group. Comparison of intervention effects across age groups 

Analysis on the primary outcome, ISI scores, showed that average phase 1 scores for both age 

groups (14.68 ± 5.02 and 13.55 ± 5.48 for the young and older adults, respectively) corresponded 

to moderate insomnia severity.  Younger subjects had a higher average ISI score than older 

-1.56, CI95%=[-2.07; -1.04]). The mean ISI score decreases less 

CI95%=[0.04; 0.83]). An analysis of the clinical significance of outcome comparing insomnia 

remission (ISI scores at phase 3<8) and insomnia response (change of at least 7 points in ISI 



score at phase 3) rates across age groups showed that the percentage of subjects attaining 

re 2=2.72, NS; 

2=2.34, NS). 

Table 2 shows the raw means for secondary outcomes across the three phases, for both groups. 

Linear mixed effects models revealed a significant Time*Group interaction for the majority of 

sleep diary variables (TIB, WASO, SE and NA) with higher improvement of these scores over 

time for older subjects. 

 

DISCUSSION AND IMPLICATIONS 

We found that once the fully-automated intervention was initiated (completion of phase 1), the 

retention rate was higher in older adults. An interesting related finding concerns the perceptions 

of the app and subsequent usage/engagement with the digital intervention by the older adults. 

Whereas younger users rated the a

perceptions were not related to their app engagement. By contrast, perceived credibility of and 

trust in the VC, the human-like character that delivered the intervention, was related to  higher 

odds of completing the treatment program only in the older adults. A practical implication of 

attention should be paid to designing apps whose value and appeal is immediately apparent 

(Hauk et al., 2018). Since it was the more positive perceptions about the human-like character 

that predicted treatment completion by the older adults, our results suggest the added value of 

including virtual humans to help them engage with fully-automated health apps.  Bonding 

experiences with virtual humans have been shown to particularly beneficial for older 

adults(Straßmann et al., 2020), since their exposure to social stimuli is usually lower than that of 



younger subjects. Therefore, as suggested in the literature (Asbjørnsen et al., 2019), the 

integration of persuasive interaction elements, such as avatars and virtual coaches, could be 

-automated 

experiences with VC participating in fully-automated interventions using qualitative methods. 

The analyses comparing the effects of the intervention in the two groups indicated improvements 

in the primary outcome variable, insomnia severity, as well as in most of the secondary outcome 

variables analysed. These sleep variables show more improvement in the older subjects group 

than in the younger group as the intervention unfolds  This is in line with previous reviews of 

insomnia treatments highlighting that cognitive behavioral therapy for insomnia is effective for 

younger and older adults(Morin et al., 2006; van Straten et al., 2018). Furthermore, a previous 

study testing the efficacy of a brief behavioral treatment for insomnia, delivered in two 

intervention sessions and two telephone calls by a nurse, suggested that an abbreviated 

behavioral intervention is a feasible and efficacious treatment for older adults, even with 

comorbid insomnia(Buysse et al., 2011). Therefore, this study suggests that even simpler, briefer 

and low-cost approaches, such as the one described herein, may also be efficacious for older 

adults (Lin et al., 2014). We believe that brief interventions with a strong behavioral focus, such 

as the one described herein,  may be perceived more favourably  (without the perceived stigma 

associated w -management contexts 

than interventions including additional cognitive components. There thus appears to be 

considerable potential for digital self-help behavioral interventions as part of a stepped care 

model in this population group, in which progressively more intensive therapies could be offered 

depending on their response to less intensive approaches.  



This study has limitations. This was an uncontrolled study, so other factors (e.g., treatment-

seeking outside of the study) could explain the improvements found herein. The short-term 

intervention effects were evaluated only 10 days after the provision of the sleep 

recommendations (in other abbreviated CBT-I studies treatment effects are typically measured 

14 days after the completion of the intervention(Edinger & Sampson, 2003; Okajima et al., 

2020), hence we acknowledge that greater long-term follow-up would be necessary to document 

sustained intervention effects. The self-selected sample restricts the generalisability of the results 

to broader samples of older adults. Furthermore, comorbidities that could impact insomnia 

symptoms and response to the intervention (e.g. sleep apnea, depression) were not assessed in 

our study sample. This app was designed to be used by the general population and did not take 

into account the specific needs and obstacles that older adults might encounter when using it. 

Involvement of end users throughout the development of the intervention has been shown to 

facilitate engagement with technology-based interventions, particularly in older people 

(Wildenbos et al., 2018). Finally, concerning age-related differences and improvement between 

intervention phases, the effect sizes in our study are small to medium. Future studies with an 

even larger population will need to be carried out. 

To summarize, our data shows that a smartphone-based brief behavioral intervention, delivered 

with the help of a VC, is associated with an improvement of insomnia symptoms and related 

daytime impairment (fatigue, mental health symptoms) in older adults. It also suggests that 

integrating persuasive interaction elements, such as avatars and virtual coaches, could be 

randomized trial of KANOPEE with older adults is warranted. 
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Table 1. Socio-demographic, clinical and sleep diary variables of participants completing the 
first screening interview, phase 1 (n=5,660), by age group 
 

Variable Young adults Older adults p-value  

Sociodemographic variables n=3,692 n=1,968   

Age (years), Mean±SD 27.4 ± 5.0 70.5 ± 4.9 <.001 -8.615 

Gender, n (%)    

   Female 2,630 (71.2) 1,007 (51.2) <.001  

Educational level, n (%)  <.001  

   Middle school 350 (9.5) 521 (26.5)   

   High school 631 (17.1) 405 (20.6)   

   Less than 5 years of university 2,249 (60.9) 735 (37.3)   

   More than 5 years of university 462 (12.5) 307 (15.6)   

Clinical variables    

ISI score, Mean±SD 14.7 ± 5.0 13.5 ± 5.5 <.001 0.217 

PHQ-4 score, Mean±SD 6.1 ± 3.2 4.8 ± 3.5 <.001 0.375 

   Anxiety subscore 3.6 ± 1.8 2.8 ± 2.0 <.001 0.398 

   Depression subscore 2.5 ± 1.8 2.0 ± 1.8 <.001 0.270 

FSS score, Mean±SD 4.8 ± 1.2 4.0 ± 1.6 <.001 0.631 

Sleep diary variables (night 1) n=3,194 n=1,857   

  Time in bed (hours), Mean±SD 8.94 (1.89) 8.93 (1.80) .47 0.002 

  Total sleep time (hours), Mean±SD 6.46 (2.49) 5.08 (2.95) <.001 0.517 

  Sleep onset latency (hours), Mean±SD 0.90 (1.25) 0.82 (1.28) <.05 0.063 

  Wake after sleep onset (hours), Mean±SD 0.84 (1.71) 1.62 (2.08) <.001 -0.424 

  Sleep efficiency, Mean±SD 0.73 (0.25) 0.56 (0.31) <.001 0.582 

  Number of awakenings, Mean±SD 1.56 (1.42) 2.00 (1.41) <.001 -0.314 

Notes. ISI = Insomnia Severity Index; PHQ-4 = Patient Health Questionnaire; FSS = Fatigue Severity Scale.
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Figures 

Figure 1. Overview of phases of the Kanopee digital intervention. 

Note. (A) screenshot of Louise questioning the Insomnia Severity Index (ISI); (B) screenshot 

of sleep diary; (C) screenshot of a sleep recommendation given by Louise during Phase 2; (D) 

screenshot of visual feedback provided by the app on the completion of each day of sleep 

diary. 

Alt Text: Cell phone screenshots displaying the virtual companion, sleep diary questions to 

respond, a sleep-related recommendation and a graphic summary of sleep diary data. Below, 

arrows showing the programme phases. 

 

Figure 2. Flow of participants. 
 
Alt Text: Chart showing the number of young and older adults downloading the app, 

completing phase 1, completing measures of app perceptions and completing the three study 

phases. 
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