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a  b  s t  r a  c t

Introduction:  Hypertension  is  the  leading  cause  of cardiovascular disease,  with  nocturnal  blood  pressure
(BP)  abnormalities  (nocturnal  hypertension and  non-dipping BP)  linked to  heightened risk. Obstructive
sleep  apnea (OSA),  a  modifiable contributor  to  impaired  nighttime  BP regulation,  commonly  co-occurs
with  hypertension.  Primary  care  (PC) represents a strategic setting for  their  integrated  management.  The
METASLEEP  study  aims  to develop,  implement,  and evaluate  a  novel  PC-based  hypertension  care  model
incorporating  OSA diagnosis,  treatment,  and  home  monitoring  to improve  BP control.
Objectives:  To describe  the rationale, design,  methodology,  and  baseline  participant  characteristics  of the
2024 initiation  phase of the  METASLEEP trial.
Material and methods:  Prospective,  longitudinal, real-world  implementation  study conducted  across  10
Spanish  regions  (ClinicalTrials.gov  NCT05986487).  Adults  with  hypertension  and no prior  OSA  diagnosis
undergo  24-h  ambulatory  BP monitoring  (ABPM)  in PC  (target  n = 1523).  Participants with nocturnal
hypertension  and/or non-dippers receive  PC-led OSA diagnostic  testing,  treatment,  and home monitoring
via an under-mattress  sensor.  Follow-ups at 6 and 12 months evaluate  changes  in nighttime BP (primary)
and  other  clinical outcomes.

∗ Corresponding author.
E-mail address: febarbe.lleida.ics@gencat.cat (F. Barbé).

1 A list of the researchers participating in the  Spanish Sleep Network is  provided in the Appendix 1.
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2659-6636/© 2025 Sociedad Española de Neumologı́a  y Cirugı́a Torácica (SEPAR). Published by Elsevier España, S.L.U. This is  an  open access article under the CC  BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.opresp.2025.100522
http://www.elsevier.es/ora
http://crossmark.crossref.org/dialog/?doi=10.1016/j.opresp.2025.100522&domain=pdf
mailto:febarbe.lleida.ics@gencat.cat
https://doi.org/10.1016/j.opresp.2025.100522
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


L. Pinilla, I.D. Benítez, A. Moncusí-Moix et al. Open Respiratory Archives 8 (2026) 100522

Palabras clave:

Apnea obstructiva del sueño
Hipertensión
Presión arterial alta
Ensayo de implementación
Presión arterial non-dipping
Enfermedad cardiovascular

Results:  By  end  of 2024, 553 patients  completed  baseline ABPM.  Of  these,  288  (52.1%) showed  nocturnal  BP
abnormalities:  248  (44.8%)  had  nocturnal  hypertension  and  211(38.4%)  were  non-dippers.  Participants
were  middle-aged,  overweight,  and  frequently  had comorbid  dyslipidemia,  obesity,  and  diabetes.  OSA
prevalence  was 22.6% mild,  34.1%  moderate,  and 35.3% severe. CPAP  treatment  was  initiated  in  79.4%  of
moderate-to-severe  cases.
Conclusions:  METASLEEP  introduces  a  novel PC-based model integrating OSA diagnosis  and management
within hypertension  care. Early data  reveal  notably high  prevalence of undiagnosed  OSA in hypertensive
patients.

© 2025 Sociedad Española de  Neumologı́a y Cirugı́a Torácica  (SEPAR).  Published  by Elsevier España,
S.L.U. This  is  an  open  access  article under  the  CC BY-NC-ND license  (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Impacto  del  manejo  de  los  trastornos  respiratorios  del sueño  en  atención
primaria  en el  control  de la  hipertensión  sistémica:  protocolo  para  el  ensayo  de
implementación  METASLEEP

r  e  s u  m e  n

Introducción: La hipertensión es la  principal causa  de  enfermedad cardiovascular,  y las  anomalías  noc-
turnas  de la presión  arterial  (PA) (hipertensión  nocturna  y  PA  non-dipping)  se asocian a  un  mayor  riesgo.
La apnea  obstructiva del  sueño (AOS),  un factor  modificable  que contribuye a  la alteración de  la regulación
nocturna  de  la PA,  suele  coexistir con  la hipertensión.  La  atención  primaria  (AP)  representa  un entorno
estratégico  para su  manejo integrado.  El estudio  METASLEEP tiene  como objetivo desarrollar,  implemen-
tar y evaluar  un nuevo  modelo  de  atención  a la hipertensión  basado  en  AP que  incorpore el  diagnóstico,
el  tratamiento  y  la  monitorización  domiciliaria  de  la  AOS para mejorar  el  control de  la PA.
Objetivos:  Describir  la justificación,  el  diseño, la  metodología  y  las  características  basales  de  los  partici-
pantes  de  la fase de  inicio de 2024 del  ensayo METASLEEP.
Material  y  métodos:  Estudio  prospectivo  y  longitudinal  de  implementación  en  la  práctica  clínica real,
realizado en  10 comunidades  autónomas  españolas  (ClinicalTrials.gov  NCT05986487).  Adultos  con
hipertensión  y sin diagnóstico previo  de  AOS se someten  a monitorización  ambulatoria de  la PA (MAPA) de
24  horas  en AP  (n  objetivo  = 1523).  Los participantes  con hipertensión  nocturna  y/o non-dippers  reciben
pruebas diagnósticas de  AOS dirigidas por  AP, tratamiento  y monitorización  domiciliaria  a través  de  un
sensor  debajo del  colchón.  Los seguimientos  a  los  6 y  12  meses  evalúan  los  cambios en  la  PA nocturna
(resultado  principal)  y  otros resultados  clínicos.
Resultados: A  finales  de  2024,  553 pacientes completaron  la MAPA basal. De  estos,  288  (52,1%)  mostraron
anomalías  de la PA nocturna: 248  (44,8%) tenían hipertensión  nocturna  y  211  (38,4%) eran  non-dippers.  Los
participantes  eran de  mediana  edad,  con  sobrepeso  y con frecuencia presentaban  dislipidemia,  obesidad
y  diabetes  comórbidas.  La prevalencia de  AOS fue  del  22,6% leve,  del  34,1%  moderada  y  del  35,3% grave.
El  tratamiento  con CPAP  se inició en  el  79,4%  de  los casos moderados  a graves.
Conclusiones: METASLEEP introduce un novedoso  modelo  basado en  AP que integra  el  diagnóstico  y
el  tratamiento  de la AOS  en  la atención de  la hipertensión.  Los  primeros datos revelan  una  prevalencia
notablemente  alta de  AOS  no diagnosticada  en  pacientes hipertensos.

© 2025  Sociedad Española  de  Neumologı́a y  Cirugı́a Torácica  (SEPAR). Publicado  por  Elsevier  España,
S.L.U. Este  es un  artı́culo Open  Access bajo  la licencia  CC  BY-NC-ND (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

High blood pressure (BP), defined as BP >140/90 mmHg, is  the
leading global cause of death and disability-adjusted life years
(DALYs)1 and the major modifiable risk factor for cardiovascular
disease (CVD)2 and stroke.3 The prevalence of hypertension has
doubled in the past several decades reaching epidemic propor-
tions, currently affecting approximately one-third of the world’s
adult population.4 Pharmacological treatment of hypertension is
often insufficient to optimally reduce BP, with less than a  quarter
of patients reaching BP targets for control.4 This positions hyper-
tension as a critical public health challenge.

Hypertension guidelines recommend that diagnosis should be
based on out-of-office measurements using 24-h ambulatory BP
monitoring (ABPM).5 ABPM parameters have consistently demon-
strated to have a  closer relationship with fatal and morbid events
than office BP parameters.6 Among these indices, nighttime BP is
the most sensitive predictor of cardiovascular morbi-mortality.7

In addition to absolute BP levels during sleep, the day-to-night BP
ratio is also a key predictor of outcomes.8 Patients with a  blunted
nighttime BP decline (i.e., non-dipping circadian pattern) face an

increased risk of cardiovascular events, hypertension-mediated
organ damage, and all-cause mortality, even in the absence of  ele-
vated nocturnal BP.9 Nocturnal hypertension (average nighttime BP
≥120/70 mmHg) and non-dipping BP (nighttime-to-daytime ratio
of mean BP >0.9) often co-occur,10 representing a high-risk BP phe-
notype that is greatly prevalent in the general11 and hypertensive
populations.12

Among the recognized causes of impaired nocturnal BP reg-
ulation, sleep-disordered breathing (SDB) stands out as a  major
contributing factor.13 Obstructive sleep apnea (OSA), the most
common form of SDB, is a  clinical condition characterized by
repetitive episodes of upper airway collapse during sleep.14 In
addition to  triggering excessive daytime sleepiness, diminished
quality of life, and a  spectrum of cardiometabolic and neurocogni-
tive sequelae, SDB disrupts the physiological nocturnal decline in
BP.15 Consequently, it imposes a significant risk for developing noc-
turnal hypertension and abnormal nocturnal BP dipping.16 OSA is
highly prevalent worldwide, affecting over one billion middle-aged
adults.17 This prevalence markedly increases among individuals
with hypertension (30–80%), being most common in individu-
als with nocturnal hypertension18 and non-dippers,19 which are
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recognized in hypertension guidelines as cases where OSA should
be suspected.5

Effective treatment of SDB significantly reduces systemic BP,
especially nighttime BP, and improves nocturnal BP  patterns in
patients with hypertension.20 An impaired nocturnal BP profile is
a major determinant of BP response to  OSA treatment in  hyper-
tensive patients.21 Given that targeting sleep is  considered a new
frontier in cardiovascular prevention,22 recognition and treatment
of SDB, as a known cause of nocturnal BP impairment, can play a
crucial role in achieving BP control and reducing subsequent cardio-
vascular risk.23 Hypertension and OSA are frequently encountered
in primary care (PC) and often coexist, thus general practitioners
are ideally placed to lead the joint management of these conditions.
Solid evidence demonstrates that PC-led management is a  cost-
effective alternative to specialized, sleep-unit-based management
of OSA.24 PC models have proven to generate substantial economic
savings without resulting in  worse disease outcomes or  lower treat-
ment compliance compared to  specialist care,25 providing robust
support for the implementation of PC-based OSA management.

Under the premise that  SDB constitutes a  modifiable risk factor
for impaired nighttime BP, we hypothesize that the identification of
nocturnal BP abnormalities, followed by diagnosis, treatment, and
monitoring of SDB within PC, is  a feasible and effective model to
improve BP control and therefore reduce CVD risk. Under the need
for studies to test this PC-based hypertension management sys-
tem, we are undertaking the METASLEEP trial. In the current article,
we report on the start of the METASLEEP study, describe its ratio-
nale, design, methodology, and protocol, and discuss its novelty and
projected pragmatic relevance. In addition, we describe the base-
line demographic and clinical characteristics of participants who
underwent the METASLEEP model of care for hypertension during
2024.

Study objectives

The overarching aim of the study is  to  develop, implement,
and evaluate the METASLEEP model, a novel PC-based approach
to hypertension management that integrates the diagnosis, treat-
ment, and monitoring of SDB in  patients with nocturnal BP
abnormalities. (i) The primary objective is  to  determine whether
the METASLEEP model leads to  significant and clinically meaningful
improvements in BP  control, as measured by  the change in  mean
nighttime BP at 12 months (primary outcome). Secondary objec-
tives include: (ii) to evaluate the impact of the model on additional
health outcomes, including office and ambulatory BP parameters,
use of BP-lowering medications, SDB-related symptoms, sleepi-
ness, sleep health and quality, quality of life, anthropometric
measurements, physical activity, and biochemical parameters; (iii)
to assess the feasibility and acceptability of the model among
patients, PC professionals, and stakeholders; (iv) to determine the
cost-effectiveness of the model via health economic analyses; (v) to
evaluate baseline differences in biomarker profiles, including circu-
lating biomarkers and gut microbiota, between patients with and
without OSA, and to assess changes following OSA-treatment; (vi)
to compare study outcomes at 6- and 12-months between treated
and untreated OSA patients; (vii) to identify clinical and molecular
endophenotypes associated with maximized BP  response to OSA
treatment to inform prediction models for future targeted inter-
ventions.

Material and methods

Study design

METASLEEP is  a multicenter, prospective, longitudinal, real-
world implementation study evaluating a  novel hypertension

Table 1

Participating centers and current recruitment rates in the METASLEEP trial as of
December 2024.

Region and center Recruited participants

Catalunya (Lleida) 67
Hospital Universitari Arnau de Vilanova (HUAV)
Hospital Universitari de Santa Maria (HUSM)
Centre d’Atenció Primària de Mollerussa
Centre d’Atenció Primària Bordeta
Centre d’Atenció Primària Balàfia – Pardinyes – Secà
de Sant Pere

Catalunya (Tortosa) 83
Hospital de Tortosa Verge de la Cinta (HTVC)
Centre d’Atenció Primària El  Temple
Centre d’Atenció Primària L’Ametlla de Mar

Extremadura 55
Hospital San Pedro de Alcántara (HSA)
Centro de Salud Manuel Encinas
Centro de Salud San Jorge

Andalucía 50
Hospital Virgen del Rocío (HVR)
Centro de Salud Camas

Castilla-La Mancha 95
Hospital de Guadalajara (HGU)
Centro de Salud Cervantes

País Vasco 9
Hospital Universitario Araba (HUA)
Centro de Salud La Habana-Cuba
Centro de Salud Lakuabizkarrra
Centro de Salud Olaguibel

Comunidad de Madrid 78
Hospital Ramón y Cajal (HRC)
Centro de Salud Los Alpes
Centro de Salud García Noblejas

Comunidad Valenciana 44
Hospital Sant Joan de Alicante (HSJA)
Centro de Salud Cabo Huerta
Centro de Salud Campello

La Rioja 13
Hospital Universitario San Pedro (HUSP)
Centro de Salud Joaquín Elizalde
Centro de Salud Espartero
Centro de Salud Rodríguez Paterna
Centro de Salud Gonzalo Berceo

Islas Baleares 56
Hospital Son Espases (HSE)
Centro de Salud Coll d’en Rabassa
Centro de Salud Pere Garau
Centro de Salud Son Pisà

Cantabria 3
Hospital Universitario Marqués de Valdecilla (HMV)
Centro de Salud La Marina
Centro de Salud Astillero
Centro de Salud Selaya

management system that integrates the diagnosis, treatment, and
monitoring of SDB in PC  (ClinicalTrials.gov NCT05986487). The
study is  being conducted across 26 PC centers and 11  associated
sleep units across 10 regions of Spain (Table 1).  The study is led
by the coordinating center (Hospital Arnau de Vilanova and Santa
María de Lleida/Institut de Recerca Biomèdica de Lleida), which
oversees all study procedures. The first participant was  enrolled on
18/04/2024, and study completion is anticipated in the first quarter
of 2026.

Study population

The METASLEEP study includes adult patients attending rou-
tine visits at their PC health clinic with a  confirmed diagnosis of
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Table  2

Eligibility criteria for enrolment in the METASLEEP study.

Inclusion criteria

Adults aged ≥18 years.
Diagnosed with systemic hypertension as determined by standard

clinical guidelines.
Regularly attending primary care centers in the participating network.
Provided informed consent for study participation and biological sample

collection.

Exclusion criteria

Prior diagnosis of sleep-disordered breathing.
Active treatment with continuous positive airway pressure or other

sleep disorder therapies.
Employment in  fixed night shifts.
Severe chronic diseases with a  limiting prognosis.
Significant psychophysical limitations preventing the completion of

study procedures.

systemic hypertension, according to  current guidelines (office BP
≥140/90 mmHg).5 Eligible patients must have no prior diagnosis of
SDB and no history of treatment for sleep disorders. Detailed inclu-
sion and exclusion criteria of the study population are outlined in
Table 2.

Ethics

The study has been approved by the Ethics Committee of coor-
dinating center (Hospital Arnau de Vilanova and Santa María de
Lleida/Institut de Recerca Biomèdica de Lleida) with reference
number CEIC-2819). All participants provide written informed con-
sent to participate in  the study. The trial is conducted in  accordance
with the Declaration of Helsinki, the Good Clinical Practice guide-
lines of each participating center, and all relevant Spanish and
European regulations for biomedical research. The project is reg-
istered on ClinicalTrials.gov with the identifier NCT05986487.

Data collection

An overview of the study assessments and procedures is  pre-
sented in Fig. 1.

Baseline evaluations

Hypertensive participants identified in PC who meet the selec-
tion criteria (Table 2)  undergo 24-h ABPM (Ontrak ABP monitor,
Spacelabs Healthcare, OSI Systems, California, USA), following
current hypertension guidelines.5 Participants who present both
nocturnal normotension (nighttime BP <120/70 mmHg) and a  dip-
ping circadian BP pattern (nighttime-to-daytime ratio of mean BP
≤0.9) conclude their participation at this stage, with no further data
collected. Those with nocturnal BP abnormalities, i.e. nocturnal
hypertension (nighttime BP ≥120/70 mmHg) and/or a  non-dipping
BP pattern (nighttime-to-daytime ratio of mean BP >0.9), proceed
to a diagnostic sleep study along with baseline assessments, which
are completed within two weeks.

Anthropometric measurements include weight, height, body
mass index (BMI), and neck circumference. Medical history, comor-
bidities (e.g., diabetes, dyslipidemia, chronic kidney disease), and
current medications (e.g., antihypertensive and lipid-lowering
agents), are retrieved from clinical records. Participants complete
lifestyle questionnaires addressing smoking status, caffein and
alcohol consumption, dietary habits, and physical activity. Female
participants provide additional information regarding menopausal
status, including age of onset and use of hormone replacement
therapy. Validated instruments are used to assess SDB-symptoms,
sleepiness, sleep health and quality, and quality of life, including
the Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness Scale
(ESS), Insomnia Severity Index (ISI), and EUROqol-5D.

A diagnostic sleep study is conducted, supported by a sleep
clinic affiliated with each participating PC practice, following
best standard care at each site. Sleep testing is performed either
in-lab via polysomnography or at home via  respiratory polyg-
raphy (Alice NightOne, Philips, Amsterdam, Netherlands) or a
validated wearable device such as WatchPAT (Itamar Medical Ltd.,
Caesarea, Israel).26 OSA diagnosis and severity are determined
according Spanish clinical guidelines,27 based on the apnea-
hypopnea index (AHI): mild (AHI 5–15), moderate (AHI 15–30),
and severe (AHI >30 events/h). Participants with a  clinical diag-
nosis of OSA are offered the standard treatment options, or a
combination of them, based on the physician’s discretion27: (i)
continuous positive airway pressure (CPAP), with titration meth-
ods that  may  be automatic, via polysomnography, or empirical; (ii)
nutritional counselling and dietary adjustments: (iii) mandibular
advancement device (MAD); (iv) positional therapy. All patients
treated with CPAP were telemonitored. Additionally, participants
are  offered home-based OSA monitoring using a  validated and
FDA-cleared under-mattress sleep sensor (Withings Sleep Ana-
lyzer/Sleep Rx, Withings Health Solutions, France).28 This nearable
device uses ballistography, sound signals, and machine-learning
algorithms to estimate sleep parameters, including the AHI, with
high-correlation to  gold-standard polysomnography.29

Fasting blood, urine, and stool samples are collected. Stan-
dard biochemical blood tests include glucose, creatinine, urea,
sodium, potassium, uric acid, triglycerides, total cholesterol, LDL
cholesterol, HDL cholesterol, AST, ALT, calcium, phosphorus, high-
sensitivity C-reactive protein (hs-CRP), and complete blood count.
Additional samples are  collected for molecular and microbiota
analyses, including two 6 mL serum tubes, two  6 mL  EDTA-K3
plasma/DNA tubes, one 2.5  mL  TempusTM RNA tube, one 3 mL
urine tube, and a stool sample. All samples are processed fol-
lowing an identical standard procedure and immediately stored
at −80 ◦C at the respective hospital center. Blood and urine sam-
ples are later transferred to the coordinating biobank at the
Institut de Recerca Biomèdica de Lleida (B.0000682; Biobanks’ Plat-
formPT13/0010/0014) for long-term storage and analysis. Stool
samples are  transferred to the CIBERES biobank at Palma de
Mallorca (Pulmonary Biobank Consortium) for processing and long-
term storage and analysis.

Follow-up evaluations

Follow-up evaluations are conducted at 6 and 12 months. At
both visits, 24-h ABPM is  repeated to assess changes in ambula-
tory BP parameters, including 24-h mean, systolic, and diastolic BP;
daytime mean, systolic, and diastolic BP, nighttime mean, systolic,
and diastolic BP; heart rate; BP variability; nocturnal hypertension
status; dipping ratio and dipping status. Comprehensive clinical
reassessments are also performed, covering anthropometric mea-
surements, medical history, lifestyle behaviors, and medication use.
Participants complete the same set of questionnaires administered
at baseline. SDB treatment status and adherence are reviewed at
each follow-up. At the 6-month visit, fasting blood, urine, and
stool samples are collected. Throughout the study period, partic-
ipants are continuously monitored at home via an under-mattress
sleep sensor, providing nightly objective data on sleep parameters
including OSA severity. Upon study completion, participants and PC
clinicians are invited to complete questionnaires and participate
in interviews to  evaluate the feasibility and acceptability of the
METASLEEP model from the perspectives of both consumers and
health providers. A  resource-use questionnaire is  also administered
to inform cost-effectiveness analyses through health economics
modelling.
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Fig. 1. Overview of the METASLEEP model of care  for hypertension. Adult patients with a diagnosis of hypertension identified in primary care undergo 24-h ambulatory
blood  pressure monitoring (ABPM) to  detect nocturnal blood pressure (BP) abnormalities. Participants with nocturnal hypertension (nighttime BP  ≥120/70 mmHg) and/or a
non-dipping BP pattern (nighttime-to-daytime ratio of mean BP  >0.9) proceed to diagnostic seep testing for sleep-disordered breathing (SDB), alongside clinical evaluations
and  biosample collection. Participants diagnosed with SDB receive standard-of-care treatment and management. Follow-up visits at  6 and 12 months include repeated 24-h
ABPM,  health outcomes assessments, and additional biosample collection (at 6-months only). Continuous, home-based monitoring of SDB is  performed throughout the study
period via an under-mattress sleep sensor.

Data management

All data are securely stored in the REDCap database, hosted on
the servers of the Institut de Recerca Biomèdica de Lleida. This plat-
form ensures systematic and confidential collection of data, with
access restricted to authorized researchers full audit trails for all
user activity. In parallel, raw data from ABPM measurements, diag-
nostic sleep studies, under-mattress sensors, and CPAP use (where
applicable) are stored within the dedicated xCare30 platform devel-
oped for the project by  EURECAT. xCare supports ETL (Extract,
Transform, Load) processes, enabling the automated integration of
data from multiple sources (databases, device files, and APIs). Data
are cleaned, formatted, and transformed to meet predefined stan-
dards and then loaded into a  secure data warehouse optimized for
subsequent analysis and reporting.

Data analysis and sample size calculation

Sample size calculation

The sample size was determined based on the objective with the
most stringent statistical requirements. Assuming a  two-sided test
with an alpha risk of 0.05 and a  beta risk below 0.2, and account-
ing for a 15% dropout rate, a total of 146 subjects per group are
needed to detect a clinically significant 3 mmHg  reduction in the
nighttime mean blood pressure measured (measured by ABPM at
12 months of follow-up) between treated and untreated OSA par-
ticipants. This calculation was based on prior evidence suggesting a
common standard deviation of 8.9 mmHg  and a  correlation of 0.55
between baseline and follow-up BP measurements.21 To reach this
target, initial screening of 1523 hypertensive patients is needed.
Based on conservative estimates, approximately 40% (n =  609) were
estimated to present nocturnal BP abnormalities (nocturnal hyper-
tension and/or a  non-dipper circadian pattern) on the baseline 24-h
ABPM.31 Among these, approximately 60% (n  =  365) were antici-
pated to be diagnosed with OSA, and of those, 40% were anticipated
to initiate CPAP treatment, yielding the required 146 participant per
group (treated and untreated OSA).32

Statistical analysis

To evaluate the primary objective, changes in  nighttime BP from
baseline to 12 months will be analyzed using a  paired t-test for
normally distributed data or the Wilcoxon signed-rank test for
non-normal distributions. Results will be reported as mean differ-
ences with corresponding 95% confidence intervals. Longitudinal
changes across baseline, 6 months, and 12 months will be evalu-
ated using linear mixed-effects models. For secondary objectives,
comparisons between groups at 12 months will be conducted: con-
tinuous variables (e.g., ABPM parameters, quality of  life scores,
sleep quality indices) will be analyzed using independent t-tests or
the Mann–Whitney U test, as appropriate based on data distribu-
tion. Categorical variables will be compared using the chi-squared
test or Fisher’s exact test as appropriate. To control for poten-
tial confounding factors, multivariable linear or  logistic regression
models will be employed, incorporating relevant baseline covari-
ates (e.g., age, sex, baseline outcome values). Adjusted estimates
(e.g., mean differences or odds ratios) will be presented with corre-
sponding 95% confidence intervals. Cost-effectiveness analyses will
be conducted from the healthcare system perspective. The primary
economic outcome will be the incremental cost-effectiveness ratio
(ICER), calculated as the difference in mean costs between groups
divided by the difference in quality-adjusted life years (QALYs). All
analyses will be performed using R.33 Qualitative data from focus
groups and interviews will be recorded and transcribed verbatim
by  an external professional and analyzed via thematic content anal-
ysis. Results will be triangulated by three members of the research
team.

Results

During the 2024 inclusion period (∼8 months), 553 participants
underwent 24-h ABPM in  the PC setting (48.6% women, median
age 64.0 [56.0;71.0] years). Recruitment rates by region for 2024
are detailed in Table 1. The prevalence of nocturnal hypertension
and non-dipping BP pattern were 44.85% and 38.46%, respec-
tively. Overall, 288 participants (52.08%) exhibited nocturnal BP
impairments at baseline, with both nocturnal hypertension and
non-dipping BP  co-existing in 59.4% of the cases. Baseline demo-
graphic and clinical characteristics of participants with nocturnal
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BP impairments who were tested for SDB are summarized in
Table 3.  Participants were predominantly middle-aged (median
age 64.0 [55.0;70.2] years) and overweight (median BMI  28.9
[26.3;32.3] kg/m2). Women  accounted for 42.7%. The most preva-
lent comorbidities were dyslipidemia (46.2%), obesity (40.9%), and
diabetes (22.9%). At  baseline, 90.6% of participants reported taking
BP-lowering medications. The median AHI was 23.6 [12.8;35.9]
events/h; 20 (7.94%) participants had no OSA, 57 (22.6%) had
mild OSA, 86 (34.1%) moderate OSA, and 89 (35.3%) severe OSA.
CPAP was initiated as the first-line treatment in  139 participants,
representing 79.4% of those with moderate-to-severe OSA. Blood
and urine samples were collected at baseline for 264 participants.
Stool samples were collected at baseline for 116 participants.

Discussion

The METASLEEP trial addresses a critical and underexplored gap
in hypertension care by  introducing a pragmatic and scalable model
that integrates SDB diagnosis, treatment, and home monitoring
into routine PC practice. Given the global burden of hyperten-
sion and the well-established association between nocturnal BP
abnormalities and elevated cardiovascular risk, targeting modifi-
able contributors such as OSA represents a  promising and necessary
strategy to improve long-term clinical outcomes. Baseline findings
from the 2024 recruitment phase reinforce the clinical relevance of
this approach. Over half of screened participants exhibited noc-
turnal BP impairments in a  real-world hypertensive population
managed in PC.  Among these, OSA was highly prevalent, with
moderate-to-severe cases representing nearly 70%. These initial
findings underscore the significant burden of undiagnosed SDB in
this population and highlight PC as a  strategic setting for integrated
identification and intervention. The high rate of OSA treatment
initiation reflects the engagement and readiness of both patients
and providers to  adopt an integrated hypertension and OSA care
pathway.

Key strengths of the project, beyond its multicentric design,
include the capacity for continuous, real-time nightly OSA mon-
itoring in the home via an under-mattress sensor. This approach
enables the identification of night-to-night OSA  variability and
facilitates longitudinal monitoring of treatment efficiency.34 Addi-
tionally, qualitative data from interviews with participants and
clinicians will provide insights into barriers and facilitators for scal-
ing the tested model of care. Other strengths include the collection
of raw sleep and 24-h BP  data, as well as a  range of biological sam-
ples to support endo-phenotyping and development of precision
medicine approaches for personalized patient care.35–38 Limita-
tions of the study include its observational design and the potential
for selection bias inherent in real-world recruitment, which may
limit generalizability. Additional limitations involve variability in
diagnostic modalities across centres, including home vs. in-lab
sleep tests, as  well as potential inconsistencies in adherence to
OSA treatments. The multicentre framework and robust data anal-
ysis protocols are  designed to mitigate these factors and enhance
generalizability, while the real-world context provides a valu-
able opportunity to assess relevant clinical outcomes in  a  real-life
scenario.39 Several implementation challenges have emerged dur-
ing the early phases of the study. Delays in ethics approvals across
participating centres and protracted administrative processes for
institutional agreements significantly slowed trial initiation, ulti-
mately limiting follow-up to one year, which may  be insufficient
to capture long-term cardiovascular outcomes. Recruitment rates
were further affected by  structural limitations within the primary
care system, including high clinical staff turnover and restricted
time for research activities due to heavy clinical workloads.

Table 3

Baseline demographic and clinical characteristics of participants who underwent
the METASLEEP model of care for hypertension during the 2024 inclusion period
(∼8  months).

Participants with
nocturnal blood
pressure impairments*
n =  288

Clinical data

Demographic/anthropometric

Age, years 64.0 [55.0;70.2]
Sex

Male 165 (57.3%)
Female 123 (42.7%)

Body mass index, kg/m2 28.9 [26.3;32.3]
Neck circumference, cm 40.0 [37.0;42.1]

Smoking

Never 112 (42.6%)
Former 97 (36.9%)
Current 54 (20.5%)

Alcohol intake

No 178 (67.7%)
Yes 85 (32.3%)

Comorbidities

Cardiovascular disease 46 (17.3%)
Respiratory disease 45 (16.9%)
Neurologic disease 19 (7.17%)
Diabetes 61 (22.9%)
Obesity 108 (40.9%)
Dyslipidemia 123 (46.2%)

Medication intake

Any antihypertensive treatment 241 (90.6%)
Diuretics 72 (27.1%)
Calcium channel blockers 53 (19.9%)
Beta-blockers 29 (10.9%)
Angiotensin II receptor blockers 97 (36.5%)
Angiotensin-converting enzyme inhibitors 117 (44.0%)
Alpha-blockers 9 (3.38%)
Direct renin inhibitors 0
Aldosterone receptor antagonists 6 (2.26%)
Vasodilators 0

Lipid-lowering agents  112 (42.3%)
Insulin 23 (8.71%)
Antiplatelet drugs 24 (9.09%)
Anticoagulants 18 (6.79%)
Bronchodilators 36 (13.7%)
Benzodiazepines 40 (15.1%)

Ambulatory blood pressure data

24-h blood pressure

Mean, mmHg 104 [98.2;109]
Systolic, mmHg  130 [122;137]
Diastolic, mmHg  78.5 [71.6;83.2]

Daytime  blood pressure

Mean, mmHg 106 [99.6;111]
Systolic, mmHg  132 [123;139]
Diastolic, mmHg  80.1 [73.0;85.5]

Nighttime blood pressure

Mean, mmHg 97.5 [92.6;104]
Systolic, mmHg  123 [115;133]
Diastolic, mmHg  72.5 [67.3;76.9]

Nocturnal hypertension status

Nocturnal hypertensive 248 (86.1%)
Nocturnal normotensive 40 (13.9%)

Blood pressure dipping

Dipping ratio 0.93 [0.90;0.97]
Dipper 77 (26.7%)
Non-dipper 211 (73.3%)

Sleep data

Epworth Sleepiness Scale 7.00 [4.00;10.0]
Insomnia Severity Index 7.00 [2.00;12.0]
Apnea-hypopnea index, events/h 23.6 [12.8;35.9]

OSA  diagnosis

No OSA 20 (7.94%)
Mild OSA 57 (22.6%)
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Table  3 (Continued)

Participants with
nocturnal blood
pressure impairments*
n = 288

Moderate OSA 86 (34.1%)
Severe OSA 89 (35.3%)

Treatment indication for OSA

CPAP 139 (53.1%)

* Nocturnal blood pressure (BP) impairment at  baseline is  defined as the presence
of nocturnal hypertension (nighttime BP  ≥120/70 mmHg) and/or a  non-dipping BP
pattern (nighttime-to-daytime ratio of mean BP >0.9), assessed via 24-h ambulatory
BP  monitoring (ABPM). Dara are presented as n (%) for categorical variables and
median [p25;p75] for continuous variables.

Conclusions

As the METASLEEP study advances, ongoing longitudinal follow-
up will provide essential evidence on the effectiveness, scalability,
and cost-efficiency of integrating SDB management into hyperten-
sion care within PC settings. These findings may  be instrumental
in shaping future clinical guidelines, guiding resource allocation,
and ultimately reducing the burden of CVD through personalized
patient care.
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Viviana Muñoz, Jesus Iturralde, Margarita Pinel, Anais Cruz, Saioa
Escamilla, Carlos Ruiz-Martinez, Jose Alfonso Jiménez, Fernando
Gallo, Rubén Esteban, Antonio Puente, Laura Pérez-Bozalongo,
Paula Vicente, Jorge Lázaro, Marta Cristeto.

References

1. Forouzanfar MH, Liu  P, Roth GA, Ng M,  Biryukov S, Marczak L,
et  al. Global burden of hypertension and systolic blood pressure of
at  least 110 to 115 mm Hg, 1990–2015. JAMA. 2017;317:165–82,
http://dx.doi.org/10.1001/jama.2016.19043.

2. Fuchs FD,  Whelton PK. High blood pressure and car-
diovascular disease. Hypertension. 2020;75:285–92,
http://dx.doi.org/10.1161/HYPERTENSIONAHA.119.14240.

3. Tikhonoff V, Zhang H, Richart T, Staessen JA. Blood pressure as a
prognostic factor after acute stroke. Lancet Neurol. 2009;8:938–48,
http://dx.doi.org/10.1016/S1474-4422(09)70184-X.

4.  Collaboration NCDRF. Worldwide trends in hypertension prevalence and
progress in treatment and control from 1990 to 2019: a  pooled analysis of
1201  population-representative studies with 104 million participants. Lancet.
2021;398:957–80, http://dx.doi.org/10.1016/S0140-6736(21)01330-1.

5. McEvoy JW,  McCarthy CP, Bruno RM, Brouwers S, Canavan MD,
Ceconi  C,  et  al. 2024  ESC Guidelines for the management of elevated
blood pressure and hypertension. Eur Heart J. 2024;45:3912–4018,
http://dx.doi.org/10.1093/eurheartj/ehae178.

6. Dolan E, Stanton A, Thijs L, Hinedi K,  Atkins N, McClory S, et  al.
Superiority of ambulatory over clinic blood pressure measurement in pre-
dicting mortality: the  Dublin outcome study. Hypertension. 2005;46:156–61,
http://dx.doi.org/10.1161/01.HYP.0000170138.56903.7a.

7. de  la Sierra A, Banegas JR, Segura J,  Gorostidi M,  Ruilope LM, Inves-
tigators CE. Ambulatory blood pressure monitoring and development
of cardiovascular events in high-risk patients included in the Spanish
ABPM registry: the CARDIORISC Event study. J  Hypertens. 2012;30:713–9,
http://dx.doi.org/10.1097/HJH.0b013e328350bb40.

8. Salles GF, Reboldi G, Fagard RH, Cardoso CR, Pierdomenico SD, Verdecchia
P, et al. Prognostic effect of the  nocturnal blood pressure fall in hyper-
tensive patients: the ambulatory blood pressure collaboration in patients
with hypertension (ABC-H) meta-analysis. Hypertension. 2016;67:693–700,
http://dx.doi.org/10.1161/HYPERTENSIONAHA.115.06981.

7

dx.doi.org/10.1001/jama.2016.19043
dx.doi.org/10.1161/HYPERTENSIONAHA.119.14240
dx.doi.org/10.1016/S1474-4422(09)70184-X
dx.doi.org/10.1016/S0140-6736(21)01330-1
dx.doi.org/10.1093/eurheartj/ehae178
dx.doi.org/10.1161/01.HYP.0000170138.56903.7a
dx.doi.org/10.1097/HJH.0b013e328350bb40
dx.doi.org/10.1161/HYPERTENSIONAHA.115.06981


L. Pinilla, I.D. Benítez, A. Moncusí-Moix et al. Open Respiratory Archives 8 (2026) 100522

9. Kario K, Hoshide S, Mizuno H, Kabutoya T, Nishizawa M,  Yoshida T,
et  al. Nighttime blood pressure phenotype and cardiovascular prognosis:
practitioner-based nationwide JAMP study. Circulation. 2020;142:1810–20,
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.049730.

10. de la Sierra A, Gorostidi M,  Banegas JR, Segura J, de la  Cruz JJ, Rui-
lope  LM.  Nocturnal hypertension or nondipping: which is better associated
with the cardiovascular risk profile? Am J Hypertens. 2014;27:680–7,
http://dx.doi.org/10.1093/ajh/hpt175.

11. Rhee MY,  Kim JS, Kim CH, Kim JH, Lee JH, Kim SW,  et al. Prevalence and charac-
teristics of isolated nocturnal hypertension in  the general population. Korean J
Intern Med. 2021;36:1126–33, http://dx.doi.org/10.3904/kjim.2021.022.

12. Nolde JM,  Kiuchi MG, Lugo-Gavidia LM, Ho  JK,  Chan J, Matthews VB, et  al. J  Hyper-
tens. 2021;39:250–8, http://dx.doi.org/10.1097/HJH.0000000000002620.

13.  Makarem N, Alcantara C,  Williams N,  Bello NA, Abdalla M.  Effect of
sleep  disturbances on blood pressure. Hypertension. 2021;77:1036–46,
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.14479.

14.  Sanchez-de-la-Torre M,  Campos-Rodriguez F, Barbe F.  Obstructive sleep
apnoea and cardiovascular disease. Lancet Respir Med. 2013;1:61–72,
http://dx.doi.org/10.1016/S2213-2600(12)70051-6.

15.  Pinilla L, Cano-Pumarega I, Sanchez-de-la-Torre M.  Sleep and car-
diovascular health. Semin Respir Crit Care Med. 2025;46:134–48,
http://dx.doi.org/10.1055/a-2591-5462.

16.  Pankow W,  Nabe B, Lies A, Becker H, Kohler U, Kohl FV, et al. Influ-
ence of sleep apnea on  24-hour blood pressure. Chest. 1997;112:1253–8,
http://dx.doi.org/10.1378/chest.112.5.1253.

17. Benjafield AV, Ayas NT, Eastwood PR, Heinzer R, Ip MSM,  Morrell MJ,
et  al. Estimation of the  global prevalence and burden of obstructive sleep
apnoea: a literature-based analysis. Lancet Respir Med. 2019;7:687–98,
http://dx.doi.org/10.1016/S2213-2600(19)30198-5.

18. Kario K. Obstructive sleep apnea syndrome and hypertension: mechanism of
the linkage and 24-h blood pressure control. Hypertens Res.  2009;32:537–41,
http://dx.doi.org/10.1038/hr.2009.73.

19. Crinion SJ, Ryan S, Kleinerova J, Kent BD, Gallagher J,  Ledwidge M,  et al. Nondip-
ping  nocturnal blood pressure predicts sleep apnea in patients with hyperten-
sion.  J Clin Sleep Med. 2019;15:957–63, http://dx.doi.org/10.5664/jcsm.7870.

20. Pengo MF,  Schwarz EI, Barbe F, Cistulli PA, Drager LF, Fava C,  et al. Effect of
CPAP therapy on blood pressure in patients with obstructive sleep apnoea:
a worldwide individual patient data meta-analysis. Eur Respir J. 2025;65,
http://dx.doi.org/10.1183/13993003.00837-2024.

21. Sapina-Beltran E, Torres G, Benitez I,  Santamaria-Martos F, Duran-Cantolla
J,  Egea C, et al. Differential blood pressure response to continuous positive
airway pressure treatment according to the circadian pattern in hyper-
tensive patients with obstructive sleep apnoea. Eur Respir J.  2019;54,
http://dx.doi.org/10.1183/13993003.00098-2019.

22. Pengo MF,  Sanchez-de-la-Torre M,  Martinez-Garcia MA, Parati G. The
role  of sleep and sleep disorders in the new 2024 European Soci-
ety  of Cardiology guidelines. Eur J  Prev  Cardiol. 2025;32:1525–7,
http://dx.doi.org/10.1093/eurjpc/zwae339.

23. Crinion SJ, Ryan S, McNicholas WT.  Obstructive sleep apnoea as a
cause of nocturnal nondipping blood pressure: recent evidence regard-
ing clinical importance and underlying mechanisms. Eur Respir J. 2017;49,
http://dx.doi.org/10.1183/13993003.01818-2016.

24. Tarraubella N, Sanchez-de-la-Torre M,  Nadal N, De Batlle J, Benitez I, Cor-
tijo A, et al. Management of obstructive sleep  apnoea in a primary care vs
sleep unit setting: a randomised controlled trial. Thorax. 2018;73:1152–60,
http://dx.doi.org/10.1136/thoraxjnl-2017-211237.

25. Sanchez-de-la-Torre M,  Nadal N, Cortijo A, Masa JF, Duran-Cantolla J, Valls J,
et  al. Role of primary care in  the follow-up of patients with obstructive sleep
apnoea undergoing CPAP treatment: a  randomised controlled trial. Thorax.
2015;70:346–52, http://dx.doi.org/10.1136/thoraxjnl-2014-206287.

26. Iftikhar IH, Finch CE,  Shah AS, Augunstein CA, Ioachimescu OC. A meta-analysis
of  diagnostic test performance of peripheral arterial tonometry studies. J  Clin
Sleep Med. 2022;18:1093–102, http://dx.doi.org/10.5664/jcsm.9808.

27.  Mediano O,  Gonzalez Mangado N, Montserrat JM,  Alonso-Alvarez ML,
Almendros I, Alonso-Fernandez A, et  al. International consensus docu-
ment on obstructive sleep apnea. Arch Bronconeumol. 2022;58:52–68,
http://dx.doi.org/10.1016/j.arbres.2021.03.017.

28. Pinilla L, Chai-Coetzer CL, Eckert DJ. Diagnostic modalities in sleep disordered
breathing: current and emerging technology and its potential to transform diag-
nostics. Respirology. 2025;30:286–302, http://dx.doi.org/10.1111/resp.70012.

29.  Edouard P,  Campo D,  Bartet P, Yang RY, Bruyneel M,  Roisman G,  et  al. Validation
of the withings sleep analyzer, an  under-the-mattress device for the detection
of moderate–severe sleep apnea syndrome. J  Clin Sleep Med. 2021;17:1217–27,
http://dx.doi.org/10.5664/jcsm.9168.

30.  Vargiu E, Gómez-Martínez M,  Orte S, Ros-Freixedes L,  Seif K,  Marí D,  et al.
xCARE: a development platform for supporting smart and pervasive healthcare.
IntechOpen; 2021, http://dx.doi.org/10.5772/intechopen.95951.

31.  de la Sierra A, Redon J, Banegas JR, Segura J, Parati G, Gorostidi
M,  et al. Prevalence and factors associated with circadian blood pres-
sure patterns in hypertensive patients. Hypertension. 2009;53:466–72,
http://dx.doi.org/10.1161/HYPERTENSIONAHA.108.124008.

32. Pinilla L, Benitez ID, Gracia-Lavedan E, Torres G, Minguez O,  Aguila
M,  et al.  Polysomnographic characterization of circadian blood pres-
sure patterns in patients with obstructive sleep apnea. Sleep. 2023;46,
http://dx.doi.org/10.1093/sleep/zsad031.

33.  R  Core Team. R: a  language and environment for statistical com-
puting. R Foundation for Statistical Computing; 2025. Available from:
https://www.R-project.org/

34. Lechat B, Scott H, Manners J, Adams R, Proctor S, Mukherjee S,
et  al. Multi-night measurement for diagnosis and simplified mon-
itoring of obstructive sleep apnoea. Sleep Med Rev. 2023;72:101843,
http://dx.doi.org/10.1016/j.smrv.2023.101843.

35. Zapater A, Pinilla L, Gracia-Lavedan E, Targa A, Torres G, Minguez O, et al.
Unraveling the molecular mechanisms of OSA-related cardiovascular event
recurrence: a  post hoc analysis from the ISAACC Study. Arch Bronconeumol.
2025;61:203–11, http://dx.doi.org/10.1016/j.arbres.2024.09.008.

36.  Belmonte T,  Benitez ID, Garcia-Hidalgo MC,  Molinero M, Pinilla L, Minguez
O,  et al. Synergic integration of the  miRNome, machine learning and
bioinformatics for the identification of potential disease-modifying
agents in obstructive sleep apnea. Arch Bronconeumol. 2025;61:348–58,
http://dx.doi.org/10.1016/j.arbres.2024.11.011.

37. Sanchez-Azofra A, Orr JE, Sanz-Rubio D,  Marin-Oto M, Alarcon-Sisamon S,
Vicente E, et al. Apnea-specific pulse-rate response is associated with early
subclinical atherosclerosis in obstructive sleep apnea. Arch Bronconeumol.
2025;61:82–9, http://dx.doi.org/10.1016/j.arbres.2024.07.003.

38. Pinilla L, Esmaeili N, Labarca G, Martinez-Garcia MA,  Torres G, Gracia-Lavedan
E, et al. Hypoxic burden to guide CPAP treatment allocation in patients with
obstructive sleep apnoea: a post hoc study of the ISAACC trial.  Eur Respir J.
2023;62, http://dx.doi.org/10.1183/13993003.00828-2023.

39.  de Batlle J, Gracia-Lavedan E, Escarrabill J, Garcia-Altes A, Martinez
Carbonell E, Henriquez-Beltran M,  et al. Effect of CPAP treatment
on  cardiovascular outcomes. Arch Bronconeumol. 2024;60:627–33,
http://dx.doi.org/10.1016/j.arbres.2024.05.029.

8

dx.doi.org/10.1161/CIRCULATIONAHA.120.049730
dx.doi.org/10.1093/ajh/hpt175
dx.doi.org/10.3904/kjim.2021.022
dx.doi.org/10.1097/HJH.0000000000002620
dx.doi.org/10.1161/HYPERTENSIONAHA.120.14479
dx.doi.org/10.1016/S2213-2600(12)70051-6
dx.doi.org/10.1055/a-2591-5462
dx.doi.org/10.1378/chest.112.5.1253
dx.doi.org/10.1016/S2213-2600(19)30198-5
dx.doi.org/10.1038/hr.2009.73
dx.doi.org/10.5664/jcsm.7870
dx.doi.org/10.1183/13993003.00837-2024
dx.doi.org/10.1183/13993003.00098-2019
dx.doi.org/10.1093/eurjpc/zwae339
dx.doi.org/10.1183/13993003.01818-2016
dx.doi.org/10.1136/thoraxjnl-2017-211237
dx.doi.org/10.1136/thoraxjnl-2014-206287
dx.doi.org/10.5664/jcsm.9808
dx.doi.org/10.1016/j.arbres.2021.03.017
dx.doi.org/10.1111/resp.70012
dx.doi.org/10.5664/jcsm.9168
dx.doi.org/10.5772/intechopen.95951
dx.doi.org/10.1161/HYPERTENSIONAHA.108.124008
dx.doi.org/10.1093/sleep/zsad031
https://www.r-project.org/
dx.doi.org/10.1016/j.smrv.2023.101843
dx.doi.org/10.1016/j.arbres.2024.09.008
dx.doi.org/10.1016/j.arbres.2024.11.011
dx.doi.org/10.1016/j.arbres.2024.07.003
dx.doi.org/10.1183/13993003.00828-2023
dx.doi.org/10.1016/j.arbres.2024.05.029

	Impact of Sleep-disordered Breathing Management in Primary Care on Systemic Hypertension Control: Protocol for the METASLE...
	Introduction
	Study objectives

	Material and methods
	Study design
	Study population
	Ethics
	Data collection
	Baseline evaluations
	Follow-up evaluations

	Data management
	Data analysis and sample size calculation
	Sample size calculation
	Statistical analysis


	Results
	Discussion
	Conclusions
	Declaration of generative AI and AI-assisted technologies in the writing process
	Funding
	Authors’ contributions
	Conflicts of interest
	Acknowledgements
	Appendix A Appendix 1. List of the researchers participating in the Spanish Sleep Network
	References


