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Abstract 

Objectives 

Telemedicine offers an effective and cost-eficient approach to support sleep health, but its impact in non-clinical populations 

with self-reported sleep disturbances remains underexplored. The objective of this study was to evaluate whether a sleep tracker 

combined with optional telemedicine support could improve sleep duration and quality compared to a sleep tracker alone in in 

adults with poor sleep but without a diagnosed sleep disorder. 

Methods 

This was an eight-month randomized clinical trial that included participants aged 18-65 years with a Pittsburgh Sleep Quality 

Index score > 5 and no prior sleep disorder diagnosis. Participants (N=206) were randomly assigned to either a control group 

using a wrist-worn sleep tracker or an intervention group with a sleep tracker and access to an online platform that included 

optional expert consultations and educational sleep resources. Actigraphy data were collected throughout the study. 
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Statement of significance 

This randomized clinical trial demonstrates that wearable sleep 

trackers can modestly improve sleep duration in adults with self- 

reported poor sleep, even without formal diagnosis. The addition 

of optional, real-time expert consultations did not yield additional 

benefits, suggesting that self-tracking alone may promote 

behavioral change. This study is among the first to evaluate 

telemedicine-supported sleep interventions in a non-clinical 

population over a long-term period, offering important insights for 

scalable, preventive strategies in sleep health. 

Introduction 

Sleep is essential for physical and mental well-being, and its 

deficiency is linked to negative health consequences and reduced 

quality of life [1,2]. Even a single night of poor sleep can cause 

drowsiness and impair cognitive and psychomotor performance, 

increasing the risk of traffic and occupational accidents [3]. Sleep 

deficiency also reduces work performance and productivity [4]. 

Chronic sleep deficiency is associated with increased risk of 

cardiovascular disease, obesity, depression and impaired immune 

response [5-9]. These adverse effects are thought to result from 

dysregulation of the autonomic nervous system, inflammatory 

pathways, and hormonal systems, including insulin sensitivity 

and the leptin-ghrelin axis involved in appetite regulation [10]. 

Accordingly, experts recommend that adults sleep between 7 and 

9 hours per night [11,12]. Despite this, about 20% of the adult 

population does not achieve this recommended sleep duration, 

representing a significant public health challenge [13]. 

Sleep disorders, such as insomnia or sleep apnea, are typically 

managed through in-person evaluations [14]. However, many 

individuals experience persistent sleep difficulties, such as short 

sleep duration, irregular sleep timing, or poor subjective sleep 

quality, without meeting criteria for formal sleep disorders like 

insomnia [15-17]. This preclinical population is often overlooked 

in research and clinical practice, even though their symptoms may 

significantly impair daily functioning. Early identification and 

intervention in this group could help prevent the development of 

chronic sleep disorders and associated health conditions. 

Telemedicine has emerged as an alternative approach to the 

traditional in-person consultations. It has revolutionized healthcare 

by enabling physicians to provide high-quality, personalized 

care to patients remotely via video calls, messaging platforms, 

or specialized applications in a cost-effective manner [18-21]. 

Telemedicine-delivered cognitive behavioral therapy for insomnia 

(CBT-I) has demonstrated efficacy comparable to face-to-face 

interventions [22] with additional benefits when expert human 

support is provided [23,24]. Despite this promising evidence, the 

potential of telemedicine to support adults with self-reported poor 

sleep who do not qualify for formal diagnosis remains largely 

unexplored [25]. 

Nonetheless, digital and telemedicine-based approaches to sleep 

intervention are rapidly evolving [26]. Several recent studies have 

examined broader telemedicine strategies beyond CBT-I, including 

mobile-based coaching, automated feedback platforms, and hybrid 

models combining wearable devices with clinician oversight. These 

approaches have shown benefits in improving sleep outcomes in 

both clinical and community settings, including older adults and 

patients with comorbid conditions (see for example [27-29]). 

Nevertheless, most of these studies have focused on diagnosed 

insomnia or clinical populations, leaving a gap in understanding 

their applicability to adults experiencing suboptimal sleep without 

meeting diagnostic criteria. 

In parallel, interest has grown in wearable sleep-tracking devices 

for objectively monitoring sleep in real-world settings [30]. These 

Results 

The primary outcome was the average total sleep time (TST) measured via actigraphy across the 8-month period. Both groups 

showed significant within-group increases in weekday TST and time in bed (TIB) from the first to the final fortnight 

(intervention: TIB +0.3 h, p=0.001; TST +15.2 min, p=0.0016; control: TIB +0.3 h, p<0.0001; TST +13.1 min, p=0.0028). 

However, changes between groups were not statistically significant. Sex differences were observed in both groups, with women 

consistently sleeping longer than men. No significant changes were found in subjective sleep quality, sleep hygiene, or daytime 

sleepiness. 

Conclusions 

Wearable self-monitoring was associated with modest improvements in sleep duration but optional telemedicine support did 

not yield significant added benefit. This may reflect increased awareness and behavioral adjustments prompted by long-term 

sleep tracking. Future research should examine whether more structured telemedicine interventions with standardized expert 

involvement can more effectively support sleep health in non-clinical populations. 
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technologies can detect early patterns indicative of insufficient sleep 

but the data they produce are often difficult to interpret or act on 

without expert guidance. Integrating wearable sleep tracking with 

telemedicine-based expert support could bridge this gap, promoting 

healthy sleep behaviors in adults experiencing suboptimal sleep 

duration. This study aimed to evaluate whether using a wearable 

sleep tracker combined with optional telemedicine consultations 

could effectively increase total sleep time (TST) in adults reporting 

poor sleep quality without formally diagnosed sleep disorders. We 

hypothesized that personalized recommendations from a sleep 

physician, in combination with wearable sleep tracking, would 

yield greater improvements in sleep duration compared to tracking 

alone. We conducted a randomized clinical trial comparing this 

approach to a control condition utilizing sleep tracking alone over 

an 8-month period. Additionally, we assessed the intervention’s 

effects on secondary sleep parameters (time in bed, sleep onset 

latency, wake after sleep onset, and sleep efficiency) and subjective 

outcomes (sleep hygiene behaviors, daytime sleepiness, and health- 

related quality of life). Exploratory analyses examined potential 

sex differences and the influence of specific calendar periods, such 

as holidays, on sleep outcomes. 

Material and methods 

Study design and Participants 

A randomized, open-label, parallel-group, cluster-controlled trial 

was conducted to assess the effectiveness of an eight-month sleep 

monitoring intervention. Eligible subjects for the study were 

employees of the Vitoria-Gasteiz City Council in the Basque 

Country. Recruitment was conducted remotely via an e-mail, which 

included a link to study information and the electronic informed 

consent form. Interested individuals completed an online survey 

and provided baseline data, including age, sex, comorbidities, 

history of diagnosed sleep disorders and anthropometrics (height 

and weight for BMI calculation). Additional information was 

collected on education, work schedule, marital status and caregiving 

responsibilities. All participants completed the Pittsburgh Sleep 

Quality Index (PSQI) to assess self-reported sleep quality [31,32]. 

Inclusion criteria were adults between 18 to 65 years old with a 

PSQI score >5 points, indicating poor sleep. Exclusion criteria 

included prior diagnosis or treatment for sleep disorders (e.g., 

insomnia, obstructive sleep apnea, restless legs syndrome, 

narcolepsy, parasomnia), serious psychiatric conditions, inability 

to use mobile technology, or unwillingness to actively participate 

or follow digital sleep recommendations. Electronic informed 

consent was obtained from all participants before their inclusion 

in the study. 

Participants were randomized in clusters (i.e. different centres 

of the City Council) in a 1:1 ratio to intervention or control 

group. Allocation concealment was ensured by performing the 

randomization only after clusters were formed. Neither participants 

nor researchers knew group assignments prior to randomization. 

An independent statistician, with no contact with participants and 

no role in data collection or analysis performed the randomization. 

The identity of both clusters and individual participants was only 

known to the principal investigator. 

The trial was registered retrospectively at ClinicalTrials.gov 

(identifier NCT05066581). Participant recruitment and study 

activities began in late May 2021, with the first participant 

enrolled on June 21, 2021. The study protocol was approved by 

the institutional ethics committee prior to enrolment and followed 

throughout the study without changes to the pre-specified primary 

or secondary outcomes. Due to administrative delays during the 

early stages of implementation, registration was completed in 

September 2021 and publicly posted on October 4, 2021. Despite 

the delayed registration, all study procedures and outcome 

measures were predefined and documented in the approved 

protocol. The study was approved by an independent Research 

Ethics Committee (The Basque Country Ethics Committee 

CEIm-E, Spain (code PS2021015) and adhered to the Declaration 

of Helsinki and applicable national guidelines. 

The intervention 

• Control group 

Participants in the control group wore a Philips® Health Band 

(PHB) to continuously monitor sleep, heart rate, respiratory rate 

and physical activity. They were instructed to wear the PHB 24 

hours a day and to install a mobile app on their smartphone that 

synchronized data from the device via Bluetooth. Actigraphy data 

were collected continuously throughout the 8-month study. 

• Intervention group 

Participants in the intervention group followed the same monitoring 

procedures as the control group. Additionally, they had access to 

an online survey in which they reported mood, sleep perception, 

daily activities and sleep habits. Participants were encouraged but 

not required to complete the survey regularly, reflecting real- 

world use. The final item of the survey provided optional access to 

a virtual live-chat platform, where participants could consult with 

sleep specialists if they felt their sleep was insuficient. Specialists 

provided personalized sleep hygiene recommendations based 

on participants’ survey responses and concerns. Representative 

examples of these recommendations are included in the 

Supplementary Material. Seventy-eight participants (78 % of the 

intervention group) used this feature at least once, with a median 

of nine interactions (IQR: 2-39.5). 
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Outcomes 

Primary Outcome 

The primary outcome was TST measured using wrist actigraphy 

over the 8-month intervention period. The primary objective was 

to determine whether participants’ average daily TST fell within 

the recommended range of 7 to 9 hours. Actigraphy data were 

collected daily and individual-level averages were calculated 

across the full study duration. Both participants and investigators 

had access to raw actigraphy data, but only investigators accessed 

and analyzed the aggregated results. 

Secondary Outcomes 

The secondary objectives were to assess whether the intervention 

influenced additional sleep-related parameters beyond TST. 

Specifically, we evaluated the effects on actigraphy-derived 

measures including time in bed (TIB), sleep onset latency (SOL), 

wake after sleep onset (WASO) and sleep eficiency (SE). Objective 

sleep parameters were analyzed as weekly averages, stratified by 

day type (weekday vs weekend) and changes from the first to the 

final fortnight of the intervention period were also assessed. 

Wealso investigated changes in subjective outcomes, including 

sleep hygiene behavior, daytime sleepiness and health-related 

quality of life, measured through validated questionnaires 

completed at baseline and on the final fortnight. The Sleep 

Hygiene Index (SHI) is a 13 item self-administered questionnaire 

to assess behaviours related to sleep hygiene. The SHI total score 

varies between 13 and 65, where higher scores indicate poor 

sleep hygiene [33,34]. Daytime somnolence was estimated using 

the Epworth Sleepiness Scale (ESS) with a total score ranging 

from 0 to 24, with higher scores indicating higher levels of 

daytime sleepiness [35]. Health- related quality of life (HRQOL) 

was evaluated using the EuroQoL five-dimensional three-level 

instrument (EQ-5D-3L), which includes a descriptive system and 

a visual analogue scale (VAS) [36,37]. EQ VAS scores range 

from 0 (worst imaginable health) to 100 (best imaginable health). 

The descriptive system comprises five domains: mobility, self-

care, usual activities, pain/discomfort and anxiety/depression, 

each with three levels of severity (e.g., no problems, some 

problems, extreme problems). The proportion of participants 

selecting each response level was calculated for each domain. 

Comparisons were made by group and time point within each 

domain. The EQ VAS was analyzed separately, with scores 

ranging from 0 (worst imaginable health) to 100 (best imaginable 

health). 

Exploratory Analyses 

Exploratory analyses examined additional sleep patterns and 

subgroup differences. The distribution of TST was analyzed by sex, 

day type (weekday vs weekend) and study group, using aggregated 

data across the entire 8-month period. We also conducted sex- 

stratified analyses for TIB, SOL and WASO. 

Additionally, we explored the impact of specific calendar periods, 

such as Christmas holidays, summer holidays and long weekends, 

on sleep parameters. Holiday periods were identified a priori and 

included in multivariate mixed-effects regression models. 

Statistical analysis 

The required sample size was estimated at 202 participants (101 per 

group). The calculation was based on data from the 2018 Basque 

Country Health Survey (https://www.euskadi.eus/encuesta-salud/ 

inicio/), assuming a standardized mean difference of 0.417 (0.5/1.2), 

a 1:1 allocation ratio, 95% confidence level, 80% statistical power 

and a 10% expected dropout rate. The lack of independence among 

subjects within the clusters was accounted for in the statistical 

analysis by calculating the intraclass correlation coefficient (ICC) 

and adjusting the results accordingly. However, as this was a pilot 

study, the ICC was not considered in the sample size calculation. 

Data analysis adhered to an intention-to-treat approach, including 

all randomized participants unless they withdrew after baseline but 

before initiating sleep monitoring. 

Sample sizes reported for each outcome reflect the number of 

participants with complete data for the relevant time points. 

Analyses used a complete-case approach, whereby only participants 

with valid data for both the first and final fortnights were included 

in longitudinal comparisons. Missing actigraphy data were due 

to device non-wear, syncing errors, or non-compliance. Missing 

questionnaire data were due to partial or missed follow-up 

assessments. Sample sizes for each analysis are reported in the 

corresponding tables. 

Descriptive statistics (means ± SDs and proportions) were used 

to summarize baseline characteristics and outcome measures. 

Between-group comparisons were performed using parametric 

(Student’s t-test) or non-parametric (Mann-Whitney U) tests for 

continuous variables and Chi-square or Fisher’s exact test for 

categorical variables. 

We used multivariable mixed-effects models to identify predictors 

of continuous sleep outcomes (TST, TIB, WASO, SOL) and 

categorized models to examine predictors of TST across sex and 

day type. Subgroup analyses by sex and weekday/weekend were 

pre-specified as exploratory, based on prior literature. Statistical 

significance was set at p < 0.05. All analyses were conducted using 

IBM SPSS Statistics (v29.0) and R (v4.3.2, 2023-10-31 ucrt). 

Results 

Participants 

Figure 1 shows the participant flow through the study. A total of 

https://www.euskadi.eus/encuesta-salud/inicio/
https://www.euskadi.eus/encuesta-salud/inicio/
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279 individuals were screened between May and June 2021. Of these, 44 were excluded for not meeting eligibility criteria (n=40), 

declining participation (n=3), or unwillingness to be randomized (n=1). Consequently, 235 participants were randomized: 117 to the 

intervention group and 118 to the control group. Among them, 206 (87.7%) completed the 8-month study: 100 in the intervention group 

and 106 in the control group. Twenty-nine participants withdrew during the study. Sample sizes varied slightly across outcomes due to 

missing actigraphy data (e.g., device non-use or sync errors) and incomplete questionnaire responses. These variations are reported in 

the corresponding tables. 
 

 

Figure 1: Flow chart of patients through the study. 

Table 1 shows the baseline sociodemographic, anthropometric and clinical characteristics of both groups. The groups were well balanced 

in terms of age, sex distribution, BMI, education level, working schedule, marital status and comorbidities. The only statistically 

significant difference was alcohol consumption, which was higher in the control group (p< 0.01). 
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 Study group 

Characteristics Intervention Control p-value 

No. (%) 100 106  

Age (years), mean (SD) 51.2 (8.4) 50.1 (7.5) 0.1971 (a) 

Gender, male, n (%) 26 (26.0) 34 (32.1) 0.3606 (b) 

Educational level, n (%)    

Primary education 5 (5.7) 1 (1.0)  

 

0.4778 (c) Secondary education 20 (20.7) 37 (37.8) 

University or higher 63 (71.6) 60 (61.2) 

Working schedule, n (%) 
   

Morning 58 (79.5) 50 (61.7)  

 

 

 

0.1990 (d) 

Rotating shifts (morning and afternoon) 8 (11.0) 17 (21.0) 

Half-time 2 (2.7) 8 (9.9) 

Unspecified 2 (2.7) 3 (3.7) 

Afternoon 1 (1.4) 1 (1.2) 

Night 0 (0.0) 1 (1.2) 

Not applicable 2 (2.7) 1 (1.2)  

Marital status, n (%)    

Married 63 (74.1) 56 (58.9)  

 

0.2008 (d) 
Single 15 (17.6) 27 (28.4) 

Divorce 6 (7.1) 10 (10.5) 

Widower 1 (1.2) 2 (2.1) 

People in charge (yes), n (%) 56 (69.1) 58 (63.7) 0.5191 (b) 

Comorbidity, n (%)    

At least one comorbidity, n (%) 14 (18.2) 16 (18.0) 1.0000 (e) 

Comorbidities, n (%)    

Endocrine disease 6 (7.9) 8 (9.1) 1.0000 (e) 

Rheumatic disease 1 (1.3) 4 (4.5) 0.3741 (e) 

Cardiovascular disease 5 (6.6) 5 (5.7) 1.0000 (e) 

Digestive/hepatic disease 0 (0.0) 4 (4.5) 0.1244 (e) 

Respiratory disorder 0 (0.0) 2 (2.3) 0.4996 (e) 

Psychiatric condition 1 (1.3) 1 (1.1) 1.0000 (e) 

BMI (Kg/m2), mean (SD) 24.6 (4.0) 24.8 (3.9) 0.5691 (a) 
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Toxic habits    

Smoking, n (%) 10 (11.9) 9 (9.9) 0.8088 (e) 

Packs/year, mean (SD) 86.4 (92.5) 173.6 (126.0) 0.1409 (a) 

Alcohol, n (%) 26 (31.0) 21 (24.1) 0.3920 (e) 

Amount (g/day), mean (SD) 9.4 (11.9) 22.1 (13.9) 0.0061 (a) 

Key: BMI: body mass index; SD: standard deviation. (a) Mann-Whitney test; (b) Fisher’s exact test; (c) Linear-by-linear association test; (d) 

Pearson chi-squared test; (e) Fisher’s exact test. 

 

Table 1: Participant´s sociodemographic, anthropometric and clinical characteristics in the intervention and the control groups at baseline. 

Actigraphy outcomes 

Primary Outcome: Total Sleep Time (TST) 

Table 2 summarizes TST during the first and final fortnights of the study, stratified by weekday and weekend. On weekdays, TST 

increased significantly in both groups: from 386.5 (52.2) to 399.2 (48.0) minutes in the intervention group and from 392.3 (42.4) to 

404.8 (54.5) minutes in the control group. These changes correspond to mean increases of 15.2 (44.9) and 13.1 (42.1) minutes, 

respectively. However, the difference in change between groups was not statistically significant (p=0.3738). Weekend TST showed no 

significant within-group changes, but was consistently longer than weekday TST. In the first fortnight, mean TST was 386.5 (52.2) 

minutes on weekdays and 432.5 (63.3) minutes on weekends in the intervention group (p<0.0001) and 392.3 (42.4) vs 440.3 (56.4) 

minutes in the control group (p<0.0001). This pattern continued in the last fortnight, with TST of 399.2 (48.0) minutes on weekdays 

and 438.9 (70.2) minutes on weekends in the intervention group (p<0.0001) and 404.8 (54.5) vs 430.4 (75.5) minutes in the control 

group (p=0.0020). 

To further characterize TST patterns, we conducted a multivariable regression analysis to identify independent predictors (Table 3). Sex 

and holiday periods were the strongest predictors of TST. Compared to weekdays, weekends were associated with an average increase of 

β=39.2 minutes (p<0.0001). Additional holiday periods were also associated with longer TST: Christmas holidays (β = 20.5 minutes), 

summer holidays (β = 3.4 minutes) and long weekends (β=17.2 minutes) (all p< 0.0001). Men slept on average β=31.7 minutes less 

than women (p<0.0001) and although participants in the intervention group slept β=9.6 minutes less than those in the control group, 

this difference was not statistically significant (p=0.0745). 
 

 
Variables 

 
Weekdays 

 
Weekends 

 
Weekdays vs weekends p-value 

 
Intervention 

N=98 

Control 

N=102 

Intervention 

vs control 
p-value 

Intervention 

N=99 

Control 

N=99 

Intervention 

vs control 
p-value 

Intervention 

N=99 

Control 

N=99 

 

TST (min), mean (SD) 
        

 
First fortnight 

 
386.5 (52.2) 

 
392.3 (42.4) 

 
0.5228 (a) 

 
432.5 (63.3) 

 
440.3 (56.4) 

 
0.6660 (a) 

 

<0.0001(c) 

 

<0.0001(c) 

 

Last fortnight 

 

399.2 (48.0) 

 

404.8 (54.5) 

 

0.5261 (a) 

 

438.9 (70.2) 

 

430.4 (75.5) 

 

0.4343 (b) 

 

<0.0001(c) 

 

0.0020(c) 

 

Change 

 

15.2 (44.9) 

 

13.1 (42.1) 

 

0.3738 (a) 

 

9.0 (62.1) 

 

-7.1 (75.7) 

 

0.1211 (b) 

 

0.3106(c) 

 

0.0617(c) 

First vs Last fortnight 

p-value (c) 

 

0.0016 

 

0.0028 
  

0.1758 
 

0.3727 
   

TIB (hours), 

mean(SD) 
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First fortnight 

 

7.1 (0.9) 

 

7.2 (0.8) 

 

0.5774 (a) 

 

8.0 (1.2) 

 

8.1 (1.0) 

 

0.9101 (a) 

 

<0.0001(c) 

 

<0.0001(c) 

 
Last fortnight 

 
7.4 (0.9) 

 
7.5 (1.0) 

 
0.4273 (b) 

 
8.2 (1.3) 

 
7.9 (1.3) 

 
0.1582 (b) 

 

<0.0001(c) 

 

0.0044(c) 

 

Change 

 

0.3 (0.8) 

 

0.3 (0.8) 

 

0.7157 (a) 

 

0.2 (1.2) 

 

-0.1 (1.3) 

 

0.0651 (b) 

 

0.3966(c) 

 

0.0212(c) 

First vs Last fortnight 

p-value (c) 

 

0.001 

 

<0.0001 

  

0.1006 

 

0.3134 

   

 

SE (%), mean (SD) 

        

 

First fortnight 

 

90.7 (1.8) 

 

90.9 (1.8) 

 

0.3924 (a) 

 

90.3 (2.2) 

 

91.1 (1.8) 

 

0.0221 (a) 

 

0.3597(d) 

 

0.4649(c) 

 

Last fortnight 

 

90.4 (2.1) 

 

90.5 (1.9) 

 

0.9524 (a) 

 

90.2 (2.3) 

 

90.9 (2.4) 

 

0.0394 (b) 

 

0.1852(c) 

 

0.2982(d) 

 
Change 

 
-0.2 (1.6) 

 
-0.4 (1.9) 

 
0.5867 (a) 

 
-0.1 (2.5) 

 
-0.1 (2.5) 

 
0.9600 (b) 

 
0.9579(c) 

 
0.5154(d) 

First vs Last fortnight 

p-value (c) 

 

0.3029 

 

0.0553 

  

0.7746 

 

0.8284 

   

WASO (min), mean 

(SD) 

        

 
First fortnight 

 
28.1 (8.0) 

 
26.4 (7.6) 

 
0.1910 (a) 

 
33.7 (10.5) 

 
31.4 (9.4) 

 
0.1552 (a) 

 

<0.0001(d) 

 

<0.0001(c) 

 

Last fortnight 

 

28.7 (8.1) 

 

30.1 (11.4) 

 

0.6738 (a) 

 

34.0 (12.0) 

 

31.5 (11.5) 

 

0.1481 (b) 

 

<0.0001(c) 

 

0.1470(d) 

 

Change 

 

0.5 (8.4) 

 

3.6 (10.5) 

 

0.0544 (a) 

 

0.1 (13.2) 

 

-0.4 (12.9) 

 

0.7794 (b) 

 

0.7330 (c) 

 

0.0258(d) 

First vs Last fortnight 

p-value (c) 

 
0.5962 

 

<0.0001 

  
0.9273 

 
0.7588 

   

 

SOL (min), mean (SD) 

        

 

First fortnight 

 

9.5 (3.4) 

 

10.0 (3.0) 

 

0.0698 (a) 

 

10.0 (3.3) 

 

9.1 (3.6) 

 

0.0079 (a) 

 

0.1848(c) 

 

0.0078(d) 

 
Last fortnight 

 
10.7 (3.8) 

 
10.1 (3.5) 

 
0.4863 (a) 

 
10.0 (4.6) 

 
9.0 (4.5) 

 
0.1232 (a) 

 
0.2685(c) 

 

0.0254(d) 

 

Change 

 

1.1 (3.9) 

 

-0.1 (4.4) 

 

0.0762 (b) 

 

-0.1 (5.4) 

 

-0.1(5.3) 

 

0.9264 (a) 

 

0.0883(c) 

 

0.9511(d) 

First vs Last fortnight 

p-value (c) 

 

0.0078 

 

0.9444 

  

0.9100 

 

0.9368 

   

Table 2: Actimeter sleep parameters compared between the first and the last fortnights in weekdays and weekends in the intervention 

and the control groups. 
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Key: TST-total sleep time; TIB-time in bed; SE(%)-sleep 

eficiency ()%; WASO-wake after sleep onset; SOL-sleep onset 

latency. SD: standard deviation. (a)Mann-Whitney test; (b) t test 

independent data; (c) t test paired data; (d) Wilcoxon signed rank 

test (paired). Significant p values are highlighted in bold. Sample 

size reflects participants with complete actigraphy data for the 

respective time period. 

Secondary Actigraphy Outcomes 

Time in Bed (TIB) 

Table 2 shows that weekday TIB increased significantly over time 

in both groups: from 7.1 (0.9) to 7.4 (0.9) hours in the intervention 

group (p = 0.001) and from 7.2 (0.8) to 7.5 (1.0) hours in the 

control group (p<0.0001). However, the between-group difference 

in change from the first to the last fortnight was not statistically 

significant. Weekend TIB did not change significantly in either 

group. Weekday–weekend differences were significant in both 

groups at both time points, with participants consistently spending 

longer TIB on weekends. In the first fortnight, weekday vs 

weekend TIB was 7.1 (0.9) vs 8.0 (1.2) hours in the intervention 

group (p<0.0001) and 7.2 (0.8) vs 8.1 (1.0) hours in the control 

group (p<0.0001). This pattern remained in the last fortnight 

(intervention: 7.4 (0.9) vs 8.2 (1.3) hours, p<0.0001; control: 7.5 

(1.0) vs 7.9 (1.3) hours, p=0.0044). 

Multivariate mixed-effects modelling (Table 3) confirmed that 

TIB was significantly longer on weekends compared to weekdays 

(β=0.72 hours, p<0.0001) and significantly shorter in men than 

in women (β=–0.55 hours, p<0.0001). Holiday periods were also 

associated with increased TIB, with Christmas holidays showing 

the strongest effect (β=0.43 hours, p<0.0001), followed by long 

weekends (β=0.33 hours, p<0.0001) and summer holidays (β=0.06 

hours, p<0.0001). The intervention group showed a non-significant 

reduction in TIB compared to the control group (β=–0.14 hours, 

p=0.1494). 

 

Variables Weekends 
Intervention 

group 

Sex 

(masculine) 

Christmas 

holidays 

Summer 

holidays 

Long 

weekends 

 

 

TST (min) 

Coefficient 39.176 -9.595 -31.744 20.505 3.445 17.202 

 

CI95% 
Inferior 39.153 -20.139 -43.324 20.463 3.420 17.158 

Superior 39.199 0.948 -20.164 20.547 3.470 17.245 

P value p < 0.0001 p = 0.0745 p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 

 

 

TIB (h) 

Coefficient 0.720 -0.138 -0.547 -0.425 -0.062 -0.333 

 

CI95% 
Inferior 0.697 -0.327 -0.754 0.383 0.038 0.290 

Superior 0.743 0.049 -0.341 0.467 0.087 0.377 

P value p < 0.0001 p = 0.1494 p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 

 

 

SOL (min) 

Coefficient -0.507 0.004 -0.227 0.146 -0.009 0.000 

 

CI95% 
Inferior -0.529 NA -0.811 0.104 -0.034 NA 

Superior -0.484 NA 0.356 0.188 0.015 NA 

P value p < 0.0001 p ≈ 1.0000 p = 0.4449 p < 0.0001 p = 0.4449 p ≈ 1.0000 

 

 

WASO 

(min) 

Coefficient 4.342 0.777 -1.281 3.957 0.699 2.166 

 

CI95% 
Inferior 4.318 -0.976 -3.208 3.915 0.674 2.122 

Superior 4.365 2.531 0.645 3.999 0.724 2.209 

P value p < 0.0001 p = 0.3851 p = 0.1923 p < 0.0001 p < 0.0001 p < 0.0001 

Table 3: Multivariable linear regression analysis of predictors of actigraphy-derived sleep parameters throughout the 8-month study. 

Each column reports the estimated effect (coeficient), 95% confidence interval and p-value for total sleep time (TST, in minutes), time 

in bed (TIB, in hours), sleep onset latency (SOL, in minutes) and wake after sleep onset (WASO, in minutes). Reference categories were 

weekdays (for weekend effects), control group (for intervention effect) and female sex. Significant p-values are shown in bold. 
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Sleep Onset Latency (SOL) 

SOL remained stable across time in both groups. On weekdays, 

SOL increased slightly in the intervention group from 9.5 (3.4) 

to 10.7 (3.8) minutes (p=0.0078) and it remained unchanged in 

the control group (10.0 (3.0) to 10.1 (3.5) minutes, p=0.9444). On 

weekends, SOL values ranged from 9.0 to 10.0 minutes and did 

not show significant within- or between-group changes (Table 2). 

Multivariate analysis revealed that SOL was significantly longer 

on weekends than weekdays (β=0.51 minutes, p<0.0001) and 

during Christmas holidays compared to non-holiday periods 

(β=0.15 minutes, p<0.0001). No significant effects were found for 

sex, intervention group, or other holiday periods (Table 3). 

Wake After Sleep Onset (WASO) 

Table 2 shows that WASO increased in the control group on 

weekdays from 26.4 (7.6) to 30.1 (11.4) minutes (p<0.0001) and 

remained stable in the intervention group (28.1 (8.0) to 28.7 (8.1) 

minutes, p=0.5962). On weekends, WASO values were higher 

than on weekdays in both groups, but within-group changes from 

the first to last fortnight were not significant (intervention: 33.7 

(10.5) to 34.0 (12.0) minutes, p=0.9273; control: 31.4 (9.4) to 31.5 

(11.5) minutes, p = 0.7588). 

In the multivariate model, weekends were associated with 

significantly higher WASO compared to weekdays (β=4.34 

minutes, p<0.0001). Similarly, Christmas holidays (β=3.96 

minutes, p<0.0001), summer holidays (β=0.70 minutes, p<0.0001) 

and long weekends (β=2.17 minutes, p<0.0001) were linked to 

increased WASO. The effects of sex and intervention group on 

WASO were not statistically significant (Table 3). 

Sleep Efficiency (SE) 

Sleep eficiency remained high and stable over time. On weekdays, 

SE decreased slightly in the intervention group from 90.7 (1.8)% 

to 90.4 (2.1)% and in the control group from 90.9 (1.8)% to 

90.5 (1.9)%; these changes were not statistically significant. On 

weekends, SE showed minor fluctuations: in the intervention 

group, SE decreased from 90.3 (2.2)% to 90.2 (2.3)% and in 

the control group from 91.1 (1.8)% to 90.9 (2.4)% (Table 2). No 

significant between-group differences were observed. SE remained 

consistently high across all conditions thus it was not included in 

the multivariate regression analyses. 

Sex Differences 

Sex-related differences in sleep parameters were examined using 

two complementary approaches: longitudinal averages over the 8-

month period (first row in each section of Table Supplementary 

S1) and fortnight-specific comparisons at the beginning and end 

of the study. 

Across the full study period, women consistently exhibited 

significantly longer TST and TIB than men on both weekdays 

and weekends. For example, in the intervention group, average 

weekday TST was 6.79 (1.27) hours in women versus 6.25 (1.39) 

hours in men (p<0.001) and average weekend TST was 7.53 

(1.50) vs 6.99 (1.51) hours, respectively (p<0.001). Similar sex 

differences were observed in the control group (weekdays: 6.92 

(1.29) vs 6.40 (1.30), p<0.001; weekends: 7.53 (1.51) vs 7.18 

(1.44), p<0.001). 

TIB followed the same pattern, with women spending 

significantly longer TIB than men across all day types and groups 

(all p<0.001). SOL was also longer in women compared to men 

throughout the 8-month period (e.g., intervention weekdays: 

11.37 (11.30) vs 10.26 (7.11) minutes, p<0.001). Women had 

higher WASO values as well, particularly on weekdays (e.g., 

control group: 29.60 (15.46) vs 29.13 (16.21) minutes, p<0.001), 

although absolute differences in WASO were modest. 

When focusing on the first and last fortnights, sex differences in 

TST and TIB were still observed, but with more variation in 

statistical significance. For example, during the last fortnight, 

weekday TST remained significantly longer in women than men 

in both groups (intervention: 6.65 (1.13) vs 6.38 (1.05), p=0.044; 

control: 6.83 (1.33)vs 6.44(1.31), p=0.005). However, on 

weekends, sex differences in TST and TIB were no longer 

statistically significant in several comparisons. 

These fortnight-specific data show that the overall pattern of 

longer sleep in women is robust but short-term comparisons can 

vary based on timing and day type. This variability may reflect 

contextual influences, such as calendar effects (e.g., holiday 

periods), which are evident in the seasonal trends displayed in 

Figure 2. 
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Figure 2: Longitudinal analysis of the averaged sleep parameters measured by actigraphy from June 2021 to March 2022. 

Sleep data are categorized by intervention group (control [Con] and intervention [Inter] ), sex (men [M] and women [W]) and day 

type (weekdays [WD] vs weekends [WE]). The parameters include: (a) Total Sleep Time (TST); (b) Time in Bed (TIB); (c) Sleep 

Onset Latency (SOL); (d) Wake After Sleep Onset (WASO). Lines represent different groups: men and women in control (black and 

green, respectively) and intervention groups (red and blue, respectively), for both weekdays (solid lines) and weekends (dashed lines). 

The white background represents the period when Vitoria-Gasteiz was on GMT+2 and the grey background represents the period when 

the region was on GMT+1. 
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Subjective sleep outcomes and health related quality of life 

Subjective sleep outcomes are summarized in Table 4. Sleep hygiene, assessed by SHI scores, indicate that both groups had good 

sleep hygiene at baseline, with no significant changes observed by the end of the study. There was no significant difference in SHI 

scores between the groups neither at baseline (intervention: 13.3 (5.6); control: 14.1 (5.4); p=0.375) nor after at the end of the study 

(intervention: 13.0 (5.3); control: 14.2 (5.3); p =0.166). 
 

Variables Study group  

 Intervention Control p-value 

Self-reported sleep quality    

Sleep Hygiene Index (SHI), n 86 94  

Baseline, mean (SD) 13.3 (5.6) 14.1 (5.4) 0.3752 (a) 

8 months, mean (SD) 13.0 (5.3) 14.2 (5.3) 0.1657 (a) 

Change from baseline, mean (SD) -0.2 (3.3) -0.4 (3.8) 0.7069 (b) 

p-value (c) 0.5788 0.3465  

Daytime sleepiness    

Epworth Sleepiness Scale, n 86 94  

Baseline, mean (SD) 9.0 (3.7) 10.1 (4.3) 0.1410 (b) 

8 months, mean (SD) 9.2 (4.0) 9.8 (3.9) 0.3234 (a) 

Change from baseline, mean (SD) 0.2 (2.1) -0.2 (2.8) 0.2848 (a) 

p-value (c) 0.4229 0. 4585  

Quality of life    

EQ-VAS, n 81 83  

Baseline, mean (SD) 69.7 (18.0) 69.8 (14.6) 0.6704 (b) 

8 months, mean (SD) 73.1 (15.5) 71.0 (15.4) 0.2953 (b) 

Change from baseline, mean (SD) 2.9 (15.4) 0.7 (12.1) 0.6171 (b) 

p-value (c) 0.1200 0.6377  

Table 4. Subjective data on self-reported sleep quality, daytime sleepiness and quality of life at baseline and 8-month follow-up. Key: 

SD: standard deviation(a) t test independent data; (b) Mann-Whitney test; (c) t test paired data. Responses were only included from 

participants who completed both baseline and follow-up questionnaires. 
 

Daytime sleepiness, measured by the ESS, indicates that the scores 

of both groups are within the normal range with no significant 

differences within the groups when comparing baseline and end 

of the study. The mean ESS scores were not significantly 

different between groups at baseline (intervention: 9.0 (3.7); 

control: 10.1 (4.3); p =0.141) or at the end of the study 

(intervention: 9.2 (4.0); control 9.8 (3.9); p =0.3234). There were 

no significant differences in the ESS results when stratifying the 

data by sex. 

Regarding HRQOL measured by the EQ-5D 3L questionnaire, 

we found that there were no significant differences between the 

intervention and the control group in any of the dimensions of the 

questionnaire. The mean self-rated EQ-5D VAS scores were not 

significantly different between groups at baseline (intervention: 

69.7 (18.0); control: 69.8 (14.6); p<0.6704) or at the end of the 

study (intervention: 73.1 (15.5); control: 71.0 (15.4); p<0.2953) 

with no significant changes within groups. 

Discussion 

This randomized controlled trial investigated whether 

combining wearable sleep tracking with optional personalized 

recommendations  from  a  sleep  physician,  could  improve 
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objectively measured TST in adults reporting poor sleep but 

without diagnosed sleep disorders. Although both the intervention 

and control groups showed modest weekday increases in TST over 

the 8-month period, there were no significant differences between 

groups. These findings suggest that long-term self-monitoring may 

be sufficient to encourage slight improvements in sleep duration, 

potentially by increasing users´ awareness of their sleep patterns. 

Contrary to our hypothesis, the addition of optional expert guidance 

did not yield added benefits, highlighting the limited incremental 

value of low-intensity telemedicine in this context [38,39]. 

The small effect of the intervention could be due to several 

factors. First, self-monitoring alone may be sufficient to promote 

behavior change leading to healthier sleep habits. It has been 

previously shown that self-monitoring leads individuals to take 

greater responsibility for their health and care and thus modifying 

their habits [30,40,41] . In our study, both groups had access 

to their sleep data throughout the clinical trial which may have 

led to lifestyle changes regardless of their group assignment. 

Second, the specific telemedicine modality chosen for this trial, 

chat-based interaction, may not have been optimal for promoting 

behavioral change. Telemedicine formats involving richer 

interpersonal communication, such as video or phone calls, may 

yield better therapeutic outcomes. Third, sleep habits are often 

deeply integrated and resistant to change, particularly when they 

are shaped by long-standing routines. In the Spanish context, late- 

night cultural norms, such as delayed meal times, social activities, 

and late-evening television, narrow the window of opportunity 

for sleep. In addition, Spain’s use of Central European Time 

(CET), despite its geographical alignment with Greenwich Mean 

Time (GMT), is believed to contribute to delayed daily schedules 

[42,43]. These structural and cultural factors may have limited 

participants’ ability to implement sleep habit adjustments, even 

with expert guidance. Finally, because participants in this study 

were not formally diagnosed with a sleep disorder and reported 

only modest impairments in quality of life, their motivation to 

engage with recommendations and pursue substantial changes in 

sleep may have been limited. 

Sex differences in objective sleep measures were found in both 

groups with women having longer TIB and TST than men. These 

findings align with prior research showing that women generally 

sleep longer than men despite experiencing more fragmented sleep 

and reporting poorer sleep quality [44-51]. Interestingly, no sex 

differences were observed in subjective daytime sleepiness (ESS), 

SOL, or WASO in our population. One common explanation for 

sex-based differences in TST is the differential type of work men 

and women perform and the different amount of time they dedicate 

to their jobs [52]. Also higher education levels and socioeconomic 

factors are related to longer sleep duration [44,53]. These factors 

may play a role in some populations. However, in our study 

population, comprising municipal employees with similar work 

schedules and responsibilities, these factors are unlikely to explain 

the observed differences. Instead, biological factors may play a 

role. Prior studies have shown that women tend to have earlier 

chronotype and circadian phase markers, such as melatonin onset 

and core body temperature rhythms, which could contribute to 

earlier sleep timing and longer sleep duration [54-58]. Furthermore, 

some studies have proposed that women prioritize sleep more than 

men for well-being and health reason and consequently go to bed 

earlier than men, regardless of their occupational demands [59]. 

Strengths and limitations 

To our knowledge, this is the first long-term randomized trial 

to evaluate the effect of a wearable-based intervention with 

telemedicine on sleep in a working population without diagnosed 

sleep disorders. The 8-month duration allowed for the assessment 

of sleep patterns across seasons and holidays, providing valuable 

insights into real-world variability. Additionally, the study 

incorporated both objective and subjective sleep outcomes, as well 

as detailed subgroup analyses by sex, day type and holiday periods. 

Despite the strengths of the study, several limitations should 

be noted. First, the study population consisted of municipal 

employees from a single employer, limiting generalizability 

to other occupational or demographic groups. The sample was 

predominantly female, middle-aged and highly educated with 

relatively stable work schedules and no night shifts. Engagement 

with the telemedicine component was voluntary and variable, 

making it difficult to assess its true impact. Additionally, the 

remote nature of the intervention prevented verification of whether 

recommended habit changes were implemented. This variability 

in exposure to the intervention may have contributed to the lack 

of significant differences in sleep outcomes between the groups. 

Nevertheless, this is a common limitation of remote studies using 

digitally delivered interventions. Not all participants wore the 

actigraphy device consistently over the entire 8-month period, 

leading to missing data for some timepoints and a reduced sample 

size in certain analyses. Similarly, all participants completed the 

baseline questionnaires but a subset did not complete follow-up 

assessments, limiting the completeness of self-reported outcomes. 

These patterns of missingness were expected in a long-term, real- 

world digital study and are transparently reported in the tables. We 

also acknowledge potential biases in self-reported questionnaire 

data, such as recall errors or social desirability effects, which may 

have affected subjective outcomes on sleep hygiene, sleepiness, and 

quality-of-life measures. We also must take into account that this 

study recruited healthy subjects that were considered bad sleepers 

based on the baseline PSQI score. Thus, it is unknown whether 

the effects of the intervention would be different in subjects with 

diagnosed sleep disorders. Finally, this study targeted healthy adults 
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with self-reported poor sleep (PSQI >5), rather than individuals 

with clinically diagnosed sleep disorders. Therefore, the effects of 

the intervention may differ in clinical populations. Future research 

should explore more structured telemedicine interventions with 

standardized expert involvement, such as scheduled video calls, 

interactive behaviour-change tools or algorithm- or AI-driven 

feedback tailored to actigraphy data [60,61]. These formats may 

increase engagement and improve sleep outcomes in preclinical 

populations reporting poor sleep. Additionally, longer follow-up 

periods may be needed to assess whether observed improvements 

are sustained over time. 

Conclusion 

This randomized controlled trial found that both the intervention 

and control groups experienced modest increases in sleep duration 

during weekdays, as measured by actigraphy. However, the 

addition of optional personalized recommendations from a sleep 

physician did not result in a statistically significant improvement 

over sleep tracking alone. These findings suggest that wearable- 

based self-tracking may be sufficient to promote small behavioral 

changes in adults reporting poor sleep but without diagnosed 

sleep disorders. However, given the characteristics of the sample, 

findings should be interpreted with caution when extrapolating to 

other populations. 

Cultural habits and structural factors, such as late bedtimes in Spain 

or work schedules may reduce sleep opportunity and could have 

contributed to the observed modest effects of the intervention. This 

suggests that individuals are “time-poor” and tend to prioritize 

work, household chores and leisure activities over sleep. In 

addition, we observed consistent sex differences in sleep duration, 

with women sleeping longer than men, independent of group 

allocation. Despite its limitations, this study provides valuable 

long-term data on the feasibility of telemedicine-supported self- 

monitoring in a real-world, working population. Future research 

should investigate whether systematic telemedicine interventions, 

with standardized expert involvement, can produce stronger 

effects in preclinical populations and help prevent the escalation of 

subclinical sleep complaints into chronic sleep disorders 

Data availability statement: The raw data supporting the 

conclusions of this article will be made available by the authors on 

reasonable request, following de-identification and in accordance 

with ethical approvals. 

Conflicts of Interest: The authors declare no conflict of interest. 

The funders had no role in the design of the study; in the collection, 

analyses or interpretation of data; in the writing of the manuscript; 

or in the decision to publish the results. 

Acknowledgements 

This research was funded by the Vitoria-Gasteiz City Council, the 

Spanish Sleep Society (Sociedad Española de Sueño, SES), IBeca 

SES-IKEA, the Integrated Sleep Research Program of the Spanish 

Society of Pulmonology and Thoracic Surgery (SEPAR), Linde, 

the Basque Government (Department of Economic Development, 

Sustainability and Environment), the Asociación Proyecto Sueño- 

Lo (ACPS), and Idorsia Pharmaceuticals Spain S.L. The authors 

thank the Vitoria-Gasteiz City Council for their collaboration and 

participation in the clinical trial. We also thank the Instituto de 

Investigación Sanitaria Bioaraba and Osakidetza for their support 

in carrying out the study. We acknowledge Philips for providing 

the wrist-wearable devices. Finally, we thank Xavier Masramon 

and the team at SAIL BIOMETRIA for their assistance with the 

statistical analysis. 

References 

1. Zielinski MR, McKenna JT, McCarley RW. (2016) Functions and 

mechanisms of sleep. AIMS Neurosci 3: 67–104.. 

2. Gilley RR. (2023) The role of sleep in cognitive function: The value of 

a good night’s rest. Clin EEG Neurosci 54: 12–20. 

3. Goel N, Rao H, Durmer JS, Dinges DF. (2009) Neurocognitive 

consequences of sleep deprivation. Semin Neurol 29: 320–339. 

4. Pilcher JJ, Morris DM. (2020) Sleep and organizational behavior: 

Implications for workplace productivity and safety. Front Psychol 11: 

45. 

5. Lv YN, Cui Y, Zhang B, Huang SM. (2022) Sleep deficiency promotes 

Alzheimer’s disease development and progression. Front Neurol 13: 

1053942. 

6. Wolk R, Gami AS, Garcia-Touchard A, Somers VK. (2005) Sleep and 

cardiovascular disease. Curr Probl Cardiol 30: 625–662. 

7. Alkadhi K, Zagaar M,Alhaider I, Salim S,AleisaA. (2013) Neurobiological 

consequences of sleep deprivation. Curr Neuropharmacol 11: 231– 

249. 

8. Sen A, Tai XY. (2023) Sleep duration and executive function in adults. 

Curr Neurol Neurosci Rep 23: 801–813.. 

9. Besedovsky L, Lange T, Haack M. (2019) The sleep-immune crosstalk 

in health and disease. Physiol Rev 99: 1325–1380. 

10. Tobaldini E, Costantino G, Solbiati M, Cogliati C, Kara T, Nobili L, 

Montano N. (2017) Sleep, sleep deprivation, autonomic nervous 

system and cardiovascular diseases. Neurosci Biobehav Rev 74: 

321–329. 

11. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos 

L, Hazen N, Herman J, Katz ES, Kheirandish-Gozal L, et al. (2015) 

National Sleep Foundation’s sleep time duration recommendations: 

Methodology and results summary. Sleep Health 1: 40–43. 

12. Baranwal N, Yu PK, Siegel NS. (2023) Sleep physiology, 

pathophysiology, and sleep hygiene. Prog Cardiovasc Dis 77: 59–69. 

https://pubmed.ncbi.nlm.nih.gov/28413828/
https://pubmed.ncbi.nlm.nih.gov/28413828/
https://pubmed.ncbi.nlm.nih.gov/35369784/
https://pubmed.ncbi.nlm.nih.gov/35369784/
https://pubmed.ncbi.nlm.nih.gov/19742409/
https://pubmed.ncbi.nlm.nih.gov/19742409/
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.00045/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.00045/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.00045/full
https://www.frontiersin.org/journals/neurology/articles/10.3389/fneur.2022.1053942/full
https://www.frontiersin.org/journals/neurology/articles/10.3389/fneur.2022.1053942/full
https://www.frontiersin.org/journals/neurology/articles/10.3389/fneur.2022.1053942/full
https://pubmed.ncbi.nlm.nih.gov/16301095/
https://pubmed.ncbi.nlm.nih.gov/16301095/
https://pubmed.ncbi.nlm.nih.gov/24179461/
https://pubmed.ncbi.nlm.nih.gov/24179461/
https://pubmed.ncbi.nlm.nih.gov/24179461/
https://pubmed.ncbi.nlm.nih.gov/37957525/
https://pubmed.ncbi.nlm.nih.gov/37957525/
https://pubmed.ncbi.nlm.nih.gov/30920354/
https://pubmed.ncbi.nlm.nih.gov/30920354/
https://pubmed.ncbi.nlm.nih.gov/27397854/
https://pubmed.ncbi.nlm.nih.gov/27397854/
https://pubmed.ncbi.nlm.nih.gov/27397854/
https://pubmed.ncbi.nlm.nih.gov/27397854/
https://pubmed.ncbi.nlm.nih.gov/29073412/
https://pubmed.ncbi.nlm.nih.gov/29073412/
https://pubmed.ncbi.nlm.nih.gov/29073412/
https://pubmed.ncbi.nlm.nih.gov/29073412/
https://pubmed.ncbi.nlm.nih.gov/36841492/
https://pubmed.ncbi.nlm.nih.gov/36841492/


Citation: Egea-Santaolalla C, Ullate J, Pía C, Gómez SD, Hernández M, et al. (2025) Effectiveness of a Telemedicine-Based Intervention for Sleep 

Disturbances: A Randomized Trial with Actigraphy Monitoring in Adults from the General Population. Adv Prev Med Health Care 7: 1078. DOI: 

10.29011/2688-996X.001078 

Volume 7, Issue 02 15 

Adv Prev Med Health Care, an open access journal 

ISSN 2688-996X 

 

 

 

13. Hublin C, Kaprio J, Partinen M, Koskenvuo M. (2001) Insufficient 

sleep—a population-based study in adults. Sleep 24: 392–400. 

14. Hartley S, Goncalves M, Penzel T, Verbraecken J, Young P. (2024) 

Revised European guidelines for the accreditation of sleep medicine 

centres. J Sleep Res. 

15. Arias-Carrión O. (2025) Preclinical models of insomnia: Advances, 

limitations, and future directions for drug discovery. Expert Opin Drug 

Discov: 1–14. 

16. Chattu VK, Manzar MD, Kumary S, Burman D, Spence DW, Pandi- 

Perumal SR. (2019) The global problem of insufficient sleep and its 

serious public health implications. Healthcare 7: 1. 

17. Chattu VK, Sakhamuri SM, Kumar R, Spence DW, BaHammam AS, 

Pandi-Perumal SR. (2018) Insufficient sleep syndrome: Is it time to 

classify it as a major noncommunicable disease? Sleep Sci 11: 56–64. 

18. Lugo VM, Garmendia O, Suarez-Girón M, Torres M, Vázquez- 

Polo FJ, Negrín MA, Moraleda A, Roman M, Puig M, Ruiz C, et al. 

(2019) Comprehensive management of obstructive sleep apnea by 

telemedicine: Clinical improvement and cost-effectiveness of a virtual 

sleep unit. A randomized controlled trial. PLoS One 14: e0224069. 

19. Singh J, Badr MS, Diebert W, Epstein L, Hwang D, Karres V, Khosla 

S, Mims KN, Shamim-Uzzaman A, Kirsch D, et al. (2015) American 

Academy of Sleep Medicine (AASM) position paper for the use of 

telemedicine for the diagnosis and treatment of sleep disorders. J Clin 

Sleep Med 11: 1187–1198. 

20. Singh J, Keer N. (2020) Overview of telemedicine and sleep disorders. 

Sleep Med Clin 15: 341–346. 

21. Paruthi S. (2020) Telemedicine in pediatric sleep. Sleep Med Clin 15: 

e1–e7. 

22. Chan NY, Lam SP, Zhang J, Chan JWY, Yu MMW, Suh S, Yang C-M, 

Okajima I, Li AM, Wing YK. (2022) Efficacy of email-delivered versus 

face-to-face group cognitive behavioral therapy for insomnia in youths: 

A randomized controlled trial. J Adolesc Health 70: 763–773. 

23. Chan WS, Cheng WY, Lok SHC, Cheah AKM, Lee AKW, Ng ASY, 

Kowatsch T. (2024) Assessing the short-term efficacy of digital 

cognitive behavioral therapy for insomnia with different types of 

coaching: Randomized controlled comparative trial. JMIR Ment Health 

11: e51716. 

24. Looman MI, Blanken TF, Schoenmakers TM, Reesen JE, Effting 

M, Linnebank FE, van Straten A, Kamphuis JH, Lancee J. (2025) 

Telephone-guided sleep restriction for insomnia: A randomized sleep 

diary-controlled trial. Psychother Psychosom 94: 147–161. 

25. Irish LA, Kline CE, Gunn HE, Buysse DJ, Hall MH. (2015) The role 

of sleep hygiene in promoting public health: A review of empirical 

evidence. Sleep Med Rev 22: 23–36. 

26. Garbarino S, Bragazzi NL. (2024) Revolutionizing sleep health: The 

emergence and impact of personalized sleep medicine. J Pers Med 

14: 598. 

27. Li J, Szanton SL, McPhillips MV, Lukkahatai N, Pien GW, Chen 

K, Hladek MD, Hodgson N, Gooneratne NS. (2022) An mHealth- 

facilitated personalized intervention for physical activity and sleep in 

community-dwelling older adults. J Aging Phys Act 30: 261–270. 

28. Takeuchi H, Suwa K, Kishi A, Nakamura T, Yoshiuchi K, Yamamoto Y. 

(2022) The effects of objective push-type sleep feedback on habitual 

sleep behavior and momentary symptoms in daily life: mHealth 

intervention trial using a health care Internet of Things system. JMIR 

Mhealth Uhealth 10: e39150. 

29. Myers JS, Humphrey-Sewell RE, Fowler LA, English D, Stickler R, 

et al. (2025) leep Hygiene Education, ReadiWatch™ Actigraphy, and 

Telehealth Cognitive Behavioral Training for Insomnia for People With 

Prostate Cancer. Oncol Nurs Forum E15-e34. 

30. Hoang NH, Liang Z. (2023) Knowledge discovery in ubiquitous and 

personal sleep tracking: Scoping review. JMIR Mhealth Uhealth 11: 

e42750. 

31. Buysse DJ, Reynolds CF III, Monk TH, Berman SR, Kupfer DJ. (1989) 

The Pittsburgh Sleep Quality Index: A new instrument for psychiatric 

practice and research. Psychiatry Res 28: 193–213. 

32. Macías J, Royuela A. (1996) La versión española del Índice de Calidad 

de Sueño de Pittsburgh. Informaciones Psiquiátricas 146: 465–472. 

33. Mastin DF, Bryson J, Corwyn R. (2006) Assessment of sleep hygiene 

using the Sleep Hygiene Index. J Behav Med 29: 223–227. 

34. Prados G, Chouchou F, Carrión-Pantoja S, Fernández-Puerta L, 

Pérez-Mármol JM. (2021) Psychometric properties of the Spanish 

version of the Sleep Hygiene Index. Res Nurs Health 44: 393–402. 

35. Johns MW. (1991) A new method for measuring daytime sleepiness: 

The Epworth Sleepiness Scale. Sleep 14: 540–545. 

36. EuroQol Group. (1990) EuroQol—a new facility for the measurement 

of health-related quality of life. Health Policy 16: 199–208. 

37. Badia X, Roset M, Montserrat S, Herdman M, Segura A. (1999) 

[The Spanish version of EuroQol: A description and its applications. 

European Quality of Life scale]. Med Clin (Barc) 112 Suppl 1: 79–85. 

38. Liang Z, Ploderer B. (2016) Sleep tracking in the real world: A 

qualitative study into barriers for improving sleep. In: Proceedings of 

the 28th Australian Conference on Computer-Human Interaction, pp. 

537–541. 

39. Mathunjwa BM, Kor RYJ, Ngarnkuekool W, Hsu Y-L. (2025) A 

comprehensive review of home sleep monitoring technologies: 

Smartphone apps, smartwatches, and smart mattresses. Sensors 25: 

1771. 

40. Berryhill S, Morton CJ, Dean A, Berryhill A, Provencio-Dean N, Patel 

SI, Estep L, Combs D, Mashaqi S, Gerald LB, et al. (2020) Effect of 

wearables on sleep in healthy individuals: A randomized crossover 

trial and validation study. J Clin Sleep Med 16: 775–783. 

41. Kang HS, Exworthy M. (2022) Wearing the future—Wearables to 

empower users to take greater responsibility for their health and care: 

Scoping review. JMIR Mhealth Uhealth 10: e35684. 

42. Bonmatí-Carrión MÁ, Casado-Ramirez E, Moreno-Casbas MT, 

Campos M, Consortium M, Madrid JA, Rol MA. (2022) Living at the 

wrong time: Effects of unmatching official time in Portugal and Western 

Spain. Biology 11: 1130. 

43. Roenneberg T, Winnebeck EC, Klerman EB. (2019) Daylight saving 

time and artificial time zones – A battle between biological and social 

times. Front Physiol 10: 944. 

44. Ursin R, Bjorvatn B, Holsten F. (2005) Sleep duration, subjective sleep 

need, and sleep habits of 40-to 45-year-olds in the Hordaland Health 

Study. Sleep 28: 1260–1269. 

https://pubmed.ncbi.nlm.nih.gov/11403523/
https://pubmed.ncbi.nlm.nih.gov/11403523/
https://onlinelibrary.wiley.com/doi/10.1111/jsr.14200
https://onlinelibrary.wiley.com/doi/10.1111/jsr.14200
https://onlinelibrary.wiley.com/doi/10.1111/jsr.14200
https://www.tandfonline.com/doi/full/10.1080/17460441.2025.2528135
https://www.tandfonline.com/doi/full/10.1080/17460441.2025.2528135
https://www.tandfonline.com/doi/full/10.1080/17460441.2025.2528135
https://pmc.ncbi.nlm.nih.gov/articles/PMC6473877/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6473877/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6473877/
https://pubmed.ncbi.nlm.nih.gov/30083291/
https://pubmed.ncbi.nlm.nih.gov/30083291/
https://pubmed.ncbi.nlm.nih.gov/30083291/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224069
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224069
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224069
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224069
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224069
https://jcsm.aasm.org/doi/10.5664/jcsm.5098
https://jcsm.aasm.org/doi/10.5664/jcsm.5098
https://jcsm.aasm.org/doi/10.5664/jcsm.5098
https://jcsm.aasm.org/doi/10.5664/jcsm.5098
https://jcsm.aasm.org/doi/10.5664/jcsm.5098
https://pubmed.ncbi.nlm.nih.gov/32762967/
https://pubmed.ncbi.nlm.nih.gov/32762967/
https://pubmed.ncbi.nlm.nih.gov/33008491/
https://pubmed.ncbi.nlm.nih.gov/33008491/
https://pubmed.ncbi.nlm.nih.gov/35125265/
https://pubmed.ncbi.nlm.nih.gov/35125265/
https://pubmed.ncbi.nlm.nih.gov/35125265/
https://pubmed.ncbi.nlm.nih.gov/35125265/
https://pubmed.ncbi.nlm.nih.gov/39110971/
https://pubmed.ncbi.nlm.nih.gov/39110971/
https://pubmed.ncbi.nlm.nih.gov/39110971/
https://pubmed.ncbi.nlm.nih.gov/39110971/
https://pubmed.ncbi.nlm.nih.gov/39110971/
https://pubmed.ncbi.nlm.nih.gov/40122034/
https://pubmed.ncbi.nlm.nih.gov/40122034/
https://pubmed.ncbi.nlm.nih.gov/40122034/
https://pubmed.ncbi.nlm.nih.gov/40122034/
https://pubmed.ncbi.nlm.nih.gov/25454674/
https://pubmed.ncbi.nlm.nih.gov/25454674/
https://pubmed.ncbi.nlm.nih.gov/25454674/
https://www.mdpi.com/2075-4426/14/6/598
https://www.mdpi.com/2075-4426/14/6/598
https://www.mdpi.com/2075-4426/14/6/598
https://pubmed.ncbi.nlm.nih.gov/34489366/
https://pubmed.ncbi.nlm.nih.gov/34489366/
https://pubmed.ncbi.nlm.nih.gov/34489366/
https://pubmed.ncbi.nlm.nih.gov/34489366/
https://mhealth.jmir.org/2022/10/e39150
https://mhealth.jmir.org/2022/10/e39150
https://mhealth.jmir.org/2022/10/e39150
https://mhealth.jmir.org/2022/10/e39150
https://mhealth.jmir.org/2022/10/e39150
https://pmc.ncbi.nlm.nih.gov/articles/PMC12056830/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12056830/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12056830/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12056830/
https://mhealth.jmir.org/2023/1/e42750
https://mhealth.jmir.org/2023/1/e42750
https://mhealth.jmir.org/2023/1/e42750
https://pubmed.ncbi.nlm.nih.gov/2748771/
https://pubmed.ncbi.nlm.nih.gov/2748771/
https://pubmed.ncbi.nlm.nih.gov/2748771/
https://pubmed.ncbi.nlm.nih.gov/16557353/
https://pubmed.ncbi.nlm.nih.gov/16557353/
https://pubmed.ncbi.nlm.nih.gov/33501704/
https://pubmed.ncbi.nlm.nih.gov/33501704/
https://pubmed.ncbi.nlm.nih.gov/33501704/
https://pubmed.ncbi.nlm.nih.gov/1798888/
https://pubmed.ncbi.nlm.nih.gov/1798888/
https://pubmed.ncbi.nlm.nih.gov/10109801/
https://pubmed.ncbi.nlm.nih.gov/10109801/
https://pubmed.ncbi.nlm.nih.gov/10618804/
https://pubmed.ncbi.nlm.nih.gov/10618804/
https://pubmed.ncbi.nlm.nih.gov/10618804/
https://dl.acm.org/doi/abs/10.1145/3010915.3010988
https://dl.acm.org/doi/abs/10.1145/3010915.3010988
https://dl.acm.org/doi/abs/10.1145/3010915.3010988
https://dl.acm.org/doi/abs/10.1145/3010915.3010988
https://www.mdpi.com/1424-8220/25/6/1771
https://www.mdpi.com/1424-8220/25/6/1771
https://www.mdpi.com/1424-8220/25/6/1771
https://www.mdpi.com/1424-8220/25/6/1771
https://pubmed.ncbi.nlm.nih.gov/32043961/
https://pubmed.ncbi.nlm.nih.gov/32043961/
https://pubmed.ncbi.nlm.nih.gov/32043961/
https://pubmed.ncbi.nlm.nih.gov/32043961/
https://mhealth.jmir.org/2022/7/e35684
https://mhealth.jmir.org/2022/7/e35684
https://mhealth.jmir.org/2022/7/e35684
https://pubmed.ncbi.nlm.nih.gov/36009758/
https://pubmed.ncbi.nlm.nih.gov/36009758/
https://pubmed.ncbi.nlm.nih.gov/36009758/
https://pubmed.ncbi.nlm.nih.gov/36009758/
https://pubmed.ncbi.nlm.nih.gov/31447685/
https://pubmed.ncbi.nlm.nih.gov/31447685/
https://pubmed.ncbi.nlm.nih.gov/31447685/
https://pubmed.ncbi.nlm.nih.gov/16295211/
https://pubmed.ncbi.nlm.nih.gov/16295211/
https://pubmed.ncbi.nlm.nih.gov/16295211/


Citation: Egea-Santaolalla C, Ullate J, Pía C, Gómez SD, Hernández M, et al. (2025) Effectiveness of a Telemedicine-Based Intervention for Sleep 

Disturbances: A Randomized Trial with Actigraphy Monitoring in Adults from the General Population. Adv Prev Med Health Care 7: 1078. DOI: 

10.29011/2688-996X.001078 

Volume 7, Issue 02 16 

Adv Prev Med Health Care, an open access journal 

ISSN 2688-996X 

 

 

 

45. Reyner A, Horne J. (1995) Genderand age-related differences in sleep 

determined by home-recorded sleep logs and actimetry from 400 

adults. Sleep 18: 127–134. 

46. Jean-Louis G, Kripke DF, Ancoli-Israel S, Klauber MR, Sepulveda RS. 

(2000) Sleep duration, illumination, and activity patterns in a population 

sample: Effects of gender and ethnicity. Biol Psychiatry 47: 921–927. 

47. Lindberg E, Janson C, Gislason T, Björnsson E, Hetta J, Boman G. 

(1997) Sleep disturbances in a young adult population: Can gender 

differences be explained by differences in psychological status? Sleep 

20: 381–387. 

48. Kronholm E, Härmä M, Hublin C, Aro AR, Partonen T. (2006) Self◻ 

reported sleep duration in Finnish general population. J Sleep Res 

15: 276–290. 

49. Merikanto I, Partonen T. (2020) Increase in eveningness and 

insufficient sleep among adults in population-based cross-sections 

from 2007 to 2017. Sleep Med 75: 368–379. 

50. Kerkhof GA. (2017) Epidemiology of sleep and sleep disorders in The 

Netherlands. Sleep Med 30: 229–239. 

51. Sivertsen B, Pallesen S, Friborg O, Nilsen KB, Bakke ØK, Goll 

JB, Hopstock LA. (2021) Sleep patterns and insomnia in a large 

population◻based study of middle◻aged and older adults: The 

Tromsø study 2015–2016. J Sleep Res 30: e13095. 

52. Burgard SA, Ailshire JA. (2013) Gender and time for sleep among US 

adults. Am Sociol Rev 78: 51–69. 

53. Arber S, Bote M, Meadows R. (2009) Gender and socio-economic 

patterning of self-reported sleep problems in Britain. Soc Sci Med 68: 

281–289. 

54. Fischer D, Lombardi DA, Marucci-Wellman H, Roenneberg T. (2017) 

Chronotypes in the US – Influence of age and sex. PLoS One 12: 

e0178782. 

55. Jonasdottir SS, Minor K, Lehmann S. (2021) Gender differences in 

nighttime sleep patterns and variability across the adult lifespan: A 

global-scale wearables study. Sleep 44. 

56. Cain SW, Dennison CF, Zeitzer JM, Guzik AM, Khalsa SBS, Santhi N, 

Schoen MW, Czeisler CA, Duffy JF. (2010) Sex differences in phase 

angle of entrainment and melatonin amplitude in humans. J Biol 

Rhythms 25: 288–296. 

57. Van Reen E, Sharkey KM, Roane BM, Barker D, Seifer R, Raffray T, 

Bond TL, Carskadon MA. (2013) Sex of college students moderates 

associations among bedtime, time in bed, and circadian phase angle. 

J Biol Rhythms 28: 425–431. 

58. Boivin DB, Shechter A, Boudreau P, Begum EA, Ng Ying-Kin NMK. 

(2016) Diurnal and circadian variation of sleep and alertness in men vs. 

naturally cycling women. Proc Natl Acad Sci USA 113: 10980–10985. 

59. Zendels P, Ruggiero A, Gaultney JF. (2021) Gender differences 

affecting the relationship between sleep attitudes, sleep behaviors and 

sleep outcomes. Cogent Psychol 8: 1979713. 

60. Albakri U, Drotos E, Meertens R. (2021) Sleep health promotion 

interventions and their effectiveness: An umbrella review. Int J Environ 

Res Public Health 18: 5533. 

61. Lancaster BD, Sweenie R, Noser AE, Roberts CM, Ramsey RR. 

(2023) Sleep mHealth applications and behavior change techniques 

evaluation. Behav Sleep Med 21: 757–773. 

https://pubmed.ncbi.nlm.nih.gov/7792492/
https://pubmed.ncbi.nlm.nih.gov/7792492/
https://pubmed.ncbi.nlm.nih.gov/7792492/
https://pubmed.ncbi.nlm.nih.gov/10807965/
https://pubmed.ncbi.nlm.nih.gov/10807965/
https://pubmed.ncbi.nlm.nih.gov/10807965/
https://pubmed.ncbi.nlm.nih.gov/9302720/
https://pubmed.ncbi.nlm.nih.gov/9302720/
https://pubmed.ncbi.nlm.nih.gov/9302720/
https://pubmed.ncbi.nlm.nih.gov/9302720/
https://pubmed.ncbi.nlm.nih.gov/16911030/
https://pubmed.ncbi.nlm.nih.gov/16911030/
https://pubmed.ncbi.nlm.nih.gov/16911030/
https://pubmed.ncbi.nlm.nih.gov/32950882/
https://pubmed.ncbi.nlm.nih.gov/32950882/
https://pubmed.ncbi.nlm.nih.gov/32950882/
https://pubmed.ncbi.nlm.nih.gov/28215254/
https://pubmed.ncbi.nlm.nih.gov/28215254/
https://pubmed.ncbi.nlm.nih.gov/32469116/
https://pubmed.ncbi.nlm.nih.gov/32469116/
https://pubmed.ncbi.nlm.nih.gov/32469116/
https://pubmed.ncbi.nlm.nih.gov/32469116/
https://pubmed.ncbi.nlm.nih.gov/25237206/
https://pubmed.ncbi.nlm.nih.gov/25237206/
https://pubmed.ncbi.nlm.nih.gov/19026480/
https://pubmed.ncbi.nlm.nih.gov/19026480/
https://pubmed.ncbi.nlm.nih.gov/19026480/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0178782
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0178782
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0178782
https://pubmed.ncbi.nlm.nih.gov/32886772/
https://pubmed.ncbi.nlm.nih.gov/32886772/
https://pubmed.ncbi.nlm.nih.gov/32886772/
https://pubmed.ncbi.nlm.nih.gov/20679498/
https://pubmed.ncbi.nlm.nih.gov/20679498/
https://pubmed.ncbi.nlm.nih.gov/20679498/
https://pubmed.ncbi.nlm.nih.gov/20679498/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4166652/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4166652/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4166652/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4166652/
https://pubmed.ncbi.nlm.nih.gov/27621470/
https://pubmed.ncbi.nlm.nih.gov/27621470/
https://pubmed.ncbi.nlm.nih.gov/27621470/
https://awspntest.apa.org/record/2021-93858-001
https://awspntest.apa.org/record/2021-93858-001
https://awspntest.apa.org/record/2021-93858-001
https://www.mdpi.com/1660-4601/18/11/5533
https://www.mdpi.com/1660-4601/18/11/5533
https://www.mdpi.com/1660-4601/18/11/5533

