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	Item No
	Recommendation
	Page

No.
	Relevant text from manuscript

	 Title and abstract
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract
	1
	An integrated care model improved the quality of life of patients with chronic respiratory diseases living in rural areas with limited access to care: data from a prospective interventional cohort study

	
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
	2
	Abstract

Methods Participants had newly diagnosed obstructive sleep apnea (OSA) started on continuous positive airway pressure (CPAP), chronic obstructive pulmonary disease (COPD), or COPD+OSA (overlap syndrome; OS), and were managed using connected devices/wearables (CPAP telemonitoring in OSA; Boraband for COPD/OS). The primary outcome was HRQoL (Short Form-36; SF-36) over 6 months’ follow-up. 

Results 400 patients were included (147 [37%] with COPD, 148 [37%] with OSA, 105 [26%] with OS). The SF-36 mental component score (MCS) increased significantly from baseline to 3 and 6 months in the overall population (+2.2 and +3.2, respectively; p<0.001); benefits were greatest in the OSA subgroup. In COPD, the greatest improvements were in physical domains and body pain. In OS, there were strong early gains in the role-physical, role-emotional, body pain and health change domains. Significant predictors of improvements in HRQoL during the study included male sex (physical functioning, mental health, role-emotional, social functioning, vitality, general health and body pain domains), age (general health and mental health domains), and disease type (OSA for physical functioning and general health, and OS for mental health and body pain). 

Conclusions This study highlights the potential for a telemonitoring-based integrated care intervention to improve HRQoL for patients with chronic respiratory diseases living in rural areas. 


	Introduction
	
	

	Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported
	3
	-Non-communicable respiratory diseases, including obstructive sleep apnea (OSA), chronic obstructive pulmonary disease (COPD) and the coexistence of COPD and OSA (overlap syndrome; OS), are highly prevalent, have a chronic disease course and are associated with a variety of important comorbidities. 

-As well as country of residence, adverse health outcomes and health inequities are also seen in rural versus urban populations of the same country. 

-There is therefore an unmet need to address health inequalities in rural communities. However, it is difficult to attract, recruit and retain healthcare staff in rural and remote areas. 

-Telemedicine and wearable monitoring devices could be used to facilitate the healthcare delivery in rural locations.

	Objectives
	3
	State specific objectives, including any prespecified hypotheses
	4
	The Integrated Management of Chronic Respiratory Diseases study (e-Meuse study) aimed to assess the real-life impact of integrated interventions on health-related quality of life (HRQoL) in individuals with chronic respiratory diseases (OSA, COPD, or OS). 

The hypothesis was that the use of innovative technologies and digital medicine alongside multidisciplinary local caregivers would enhance therapeutic engagement and optimize outcomes in this underserved rural population.

	Methods
	
	

	Study design
	4
	Present key elements of study design early in the paper
	4
	-The e-Meuse study is a prospective interventional cohort study

-The study protocol was approved by the ethics committee CPP Sud Est III on June 1, 2021 (approval number: 2021-043B).

-Clinical Trial registration: NCT04963192. 

-All procedures were performed, and data were collected, in accordance with relevant laws and institutional guidelines. 

-All patients provided signed written informed consent to participate before inclusion in the study.

	Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
	4-6
	-Participation in the study was proposed to residents of rural areas of the Meuse County of north-eastern France who attended a respiratory physician consultation at the Verdun Hospital (240 beds). between September 2021 and September 2023. 

-Follow up: 6 months

-Patients were managed using connected devices/wearables. For patients with OSA being treated with CPAP, device data (daily adherence, daily leaks and residual apnea-hypopnea index [AHI]) were collected via telemonitoring. Patients with COPD or OS were monitored using the Boraband, an integrated home telemonitoring solution that collects data on heart rate, respiratory rate and oxygen saturation to detect acute exacerbations of COPD (AECOPD).

-Set-up of connected devices at the patient’s home was performed by local healthcare professionals (nurses and physiotherapists). Health education was provided to all patients during the study. 

-Study participants completed the SF-36 questionnaire at baseline (which was before the start of CPAP therapy in the subgroup with newly diagnosed OSA), and again after 3 and 6 months of follow-up.

-Participants also completed several other questionnaires at baseline and 3- and 6-month follow-up on line in the secure Multimorbidity Apnea Respiratory Failure Sleep (MARS) database.

	Participants
	6
	(a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up
	4-6
	Eligibility criteria, and the sources and methods of selection of participants 

-Participation in the study was proposed to residents of rural areas of the Meuse County of north-eastern France who attended a respiratory physician consultation at the Verdun Hospital (240 beds). between September 2021 and September 2023. 

-Follow up: 6 months

-Eligible patients had newly-diagnosed OSA with an indication for treatment with continuous positive airway pressure (CPAP), COPD with or without an indication for non-invasive ventilation (NIV)/oxygen therapy, or OS (COPD with comorbid OSA). 

-Participants needed to be able to use a smartphone, and to be affiliated to the French national social security health insurance scheme.

-Participants able to give their signed written informed consent to participate before inclusion in the study.

Methods of follow-up

-For patients with OSA being treated with CPAP, device data were collected via telemonitoring

-Patients with COPD or OS were monitored using the Boraband, an integrated home telemonitoring solution; when an AECOPD was suspected patients were contacted by a respiratory physician from Verdun Hospital. 

Set-up of connected devices at the patient’s home was performed by local healthcare professionals (nurses and physiotherapists). 

-All questionnaires were completed online in the secure Multimorbidity Apnea Respiratory failure Sleep (MARS) database.

	
	
	(b) For matched studies, give matching criteria and number of exposed and unexposed
	Not applicable
	(no matching)

	Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
	4-6
Figure S2
	-Outcomes

The primary outcome was health-related quality of life (HRQoL), assessed using the Short Form-36 (SF-36) questionnaire: 

· General scores: PSC, MCS

· The different domains 

-The main exposures were:

· CPAP telemonitoring for patients with obstructive sleep apnea (OSA)

· Boraband wearable sensor for patients with chronic obstructive pulmonary disease (COPD) and overlap syndrome (OS)

These interventions were implemented as part of an integrated care model using digital tools in a rural healthcare setting.

-Predictors

Baseline clinical characteristics such as age, sex, body mass index (BMI), diagnostic group (OSA, COPD, OS), and comorbidities (diabetes, cardiovascular diseases)

-Potential confounders

-Patient’s characteristics (age, Socioeconomic status, Digital literacy or access to technology

-Comorbidities (e.g., cardiovascular disease, diabetes)

-Baseline disease severity (e.g., AHI for OSA, FEV1 for COPD)

These variables may influence both the likelihood of benefit from the intervention and the outcome itself (HRQoL).

-Effect Modifiers

Clinical phenotype (OSA, COPD, OS) was considered a potential effect modifier, as response to the intervention may differ across groups.

-Diagnostic Criteria

· OSA was diagnosed using polysomnography or home sleep testing with an apnea-hypopoea index (AHI)> 5 events/hour.

· COPD was diagnosed based on GOLD criteria, defined as a post-bronchodilator FEV1/FVC ratio < 0.70.

· Overlap syndrome (OS) was defined by the coexistence of both OSA (AHI >5/h) and COPD (FEV1/FVC <0.70).

	Data sources/ measurement
	8*
	 For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group
	5-6
	Health-related Quality of Life (HRQoL)

Source of data 

The SF-36 questionnaire completed online in the secure Multimorbidity Apnea Respiratory failure Sleep (MARS) database. at baseline, 3 months, and 6 months

Method of assessment

-Standardised scoring procedure based on the SF-36 user manual; eight domains were scored and two summary scores (physical and mental components) were calculated.

-Scores above 50 indicate above-average HRQoL, while scores below 50 suggest below-average HRQoL.

Comparability

All participants across the three groups (OSA, COPD, overlap) received the same version of the SF-36 and completed it under the same conditions and timepoints, ensuring comparable assessment.

	Bias
	9
	Describe any efforts to address potential sources of bias
	NA
	-

	Study size
	10
	Explain how the study size was arrived at
	NA
	-

	Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
	6-7

Figures 1-3
	SF-36 scores were treated as continuous outcomes in generalized mixed-effects models.

SF-36 general and domain scores were analyzed as continuous variables and reported using means and standard errors.

The evolution of the SF-36 was assessed using visual inspection (histograms, heatmaps) 

	Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding
	6-7
	-A generalized mixed-effects model was used to assess the evolution of variables over time, with time as a fixed effect and subjects as a random effect. The normality of the dependent variables was verified before model implementation. 

-Both univariate and multivariate analyses were performed to explore associations between clinical variables and outcomes.

-All statistical tests were two-sided, with the

e significance threshold set at p<0.05.

-Analyses were conducted using R software (version 4.3.1).

	
	
	(b) Describe any methods used to examine subgroups and interactions
	6-7
	See above

	
	
	(c) Explain how missing data were addressed
	7
	-When the proportion of missing data was <5%, missing values were imputed using the median for quantitative variables and the most frequent value for categorical variables. If the proportion of missing data was ≥5%, multiple imputation with five datasets was performed. Variables with >30% missing data were excluded from the analysis.

	
	
	(d) If applicable, explain how loss to follow-up was addressed
	Table 1

Tables S1&S2
	Loss to follow-up was addressed by adjusting the number of patients included in the analysis at each follow-up point. Only participants with available data at the corresponding time point were included in the longitudinal analyses.

	
	
	(e) Describe any sensitivity analyses
	NA
	-

	Results
	
	

	Participants
	13*
	(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
	Figure S1
	Flow diagram 

	
	
	(b) Give reasons for non-participation at each stage
	Figure S1
	Flow diagram 

	
	
	(c) Consider use of a flow diagram
	Figure S1
	Flow diagram 

	Descriptive data
	14*
	(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders
	8
Table 1

Table 2
	Study population

A total of 400 participants were included, of whom 147 (37%) had COPD, 148 (37%) had OSA, and 105 (26%) had OS. The population consisted of older adult and was predominantly male (Table 1). Median body mass index was significantly higher in the subgroups with OSA or OS compared with COPD, smoking and alcohol consumption were significantly more common in the COPD group versus OSA and OS, and the OS subgroup had significantly more cardiometabolic comorbidities than the other two subgroups (Table 1). Baseline scores for all questionnaires administered during the study are reported in Table 2.

	
	
	(b) Indicate number of participants with missing data for each variable of interest
	
	See item 12 (c)

	
	
	(c) Summarise follow-up time (eg, average and total amount)
	Figure S1
	Follow-up data were collected at 3 and 6 months.

	Outcome data
	15*
	Report numbers of outcome events or summary measures over time
	Figure 1&2

Table S1-S3

Tables S5-S7
	-Health-related quality of life (HRQoL) was assessed using the SF-36 at baseline (V1), 3 months, and 6 months.

-Summary measures (mean±SE) are presented in the Tables of the supplementary materials

-The SF-36 mental component score (MCS) increased significantly from baseline to 3 and 6 months in the overall population (+2.2 and +3.2, respectively; p<0.001)

	Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were included
	Page 8-9
Figure 3

Figure S3
Tables S3-S7
	Time, group, age, gender, cardiovascular diseases and diabetes are the factors selected to assess the SF-36 evolution:

-Time effect data for the change in MCS and physical component score (PCS) during use of multidisciplinary integrated care in the overall population and disease subgroups are visualized as heat maps in Figure 3.

The SF-36 MCS and PCS, and all domains, were significantly improved in the overall population and the OSA subgroup

-…and the PCS and MCS improved to a significantly greater extent in males versus females; age was also a significant predictor of improvement in the MCS (Table S5). 

-…and having comorbid diabetes was a significant predictor of less improvement in physical functioning (Table S6, Figure S2).

	
	
	(b) Report category boundaries when continuous variables were categorized
	5
	Participants were categorized into three clinical groups based on their diagnoses “a respiratory physician consultation at the Verdun”: (1) obstructive sleep apnoea (OSA), defined by newly diagnosed OSA and initiation of continuous positive airway pressure (CPAP); (2) chronic obstructive pulmonary disease (COPD), diagnosed according to GOLD criteria; and (3) overlap syndrome (OS), defined as the coexistence of both OSA and COPD. These diagnostic categories were mutually exclusive and based on clinical assessments and standard diagnostic criteria.

	
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	NA
	NA

	Other analyses
	17
	Report other analyses done: analyses of subgroups 
	Page 8-9
Figures 2&3

Figure S3
Tables S2-S5
	Time, group, age, sex, cardiovascular diseases and diabetes are the factors selected to assess the SF-36 evolution:

-The SF-36 MCS and PCS, and all domains, were significantly improved in the overall population and the OSA subgroup

-…and the PCS and MCS improved to a significantly greater extent in males versus females; age was also a significant predictor of improvement in the MCS.

	Discussion
	
	

	Key results
	18
	Summarise key results with reference to study objectives
	9-10
	The results of this study showed that a multidisciplinary approach to integrated care supported by connected devices had a beneficial effect on HRQoL in patients with chronic respiratory diseases. There was a rapid early benefit over the first 3 months of the intervention, with continued improvements over the 6-month follow-up period, especially in the MCS and the role-emotional and role-physical domains. 

The significant improvements over time were observed across the majority of SF-36 dimensions suggesting that the integrated care approach taken in this study had a positive impact on HRQoL.

	Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias
	12-13
	-Small population (general and subgroups): additional research in larger populations is needed.

-The lack of a control group to allow the impacts of the integrated care approach to be clearly defined and differentiated from an untreated control group. Therefore, the contribution of potential unknown confounders to the results cannot be determined. 

-The patients enrolled in this study had access to a smartphone and internet connectivity. Therefore, the findings may not be applicable to other rural populations that are particularly disadvantaged and therefore do not have a mobile phone, and/or where there are infrastructure issues such as unreliable electricity, and lack of cell phone coverage and/or internet access.

-The involvement of locally based multidisciplinary healthcare professionals (nurses, physiotherapists) which may not be available in all rural/remote communities.

	Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence
	10-12
	-To date, there has been a lack of data on the impact of telemedicine and remote care models on patient quality of life. A mixed impact of integrated care interventions on quality of life was reported in a systematic review [28], but rural populations were not specifically evaluated. Similarly, without looking at rural settings separately, an analysis of the impact of integrated care linked with remote monitoring found that this improved disease-specific quality of life in patients with advanced COPD [29]. Another previous study showed that a proactive model of integrated care significantly improved quality of life and guideline-based care, identified COPD exacerbations, and reduced healthcare utilization in a predominantly rural US population with high COPD-related mortality [30]. 

-Our analysis by disease subgroup complements the overall analysis and provides some granularity regarding the impact of the intervention in different groups, but additional research in larger populations is needed.

-In conclusion, the results of the study highlight the potential for an integrated care intervention to improve HRQoL for patients with chronic respiratory diseases living in rural areas with poor access to healthcare. The beneficial effects could be maximized by tailoring care to specific disease indications, and this could also help to address health inequalities. Additional research is needed to determine the effects of integrated care interventions for patients with chronic respiratory diseases, like that used in our study, on health outcomes and healthcare resource utilization.

	Generalisability
	21
	Discuss the generalisability (external validity) of the study results
	12-13
	See item 19

	Other information
	
	

	Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based
	14-15
	JLP is supported by the French National Research Agency (ANR) in the framework of the "FRANCE 2030” program, the “e-health and integrated care” chair of Grenoble Alpes University Foundation and “Sleep Health-AI chair” in “MIAI Cluster” of artificial intelligence (ANR-23-IACL-0006). The e-Meuse study is funded by “La banque des territoires (Groupe Caisse des dépôts)”.
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