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ABSTRACT
Introduction  Obstructive sleep apnoea (OSA) is 
associated with increased cardiovascular mortality despite 
continuous positive airways pressure (CPAP) therapy. This 
excess risk may be related to increased arrhythmia risk, 
especially atrial fibrillation (AF). The true incidence of 
arrhythmia in patients with OSA is unknown. Implantable 
loop recorders (ILR) are powerful tools for detecting 
arrhythmias long-term. Cardiac autonomic function may 
be important in arrhythmogenesis in these patients but 
needs further study. We aim to identify the true incidence 
of arrhythmias (especially AF) using ILRs, assess cardiac 
autonomic function using Holter monitors in patients with 
OSA and explore cardiovascular outcomes.
Methods and analysis  A two-centre (University Hospital 
Coventry and St. Cross Hospital, Rugby) nested cohort study 
using Reveal LINQ (Medtronic, UK) ILR to identify precise 
arrhythmia (atrial/ventricular) incidence in patients with 
moderate–severe OSA. 200 patients will be randomised 
1:1 to standard care alone or standard care+ILR (+Holter 
monitor at baseline and 12 months). The primary objective is 
to compare arrhythmia detection over 3 years between the 
two groups. Cardiac autonomic function will be assessed in 
the ILR-arm at baseline and 12 months post CPAP. Secondary 
objectives will explore the mechanisms linking OSA and 
arrhythmia using cardiac autonomic function parameters 
based on Holter recordings and circulating biomarkers (high 
sensitivity Troponin-T, N-terminal pro B-type natriuretic 
peptide, matrix metalloproteinase-9, fibroblast growth factor 
23, high sensitivity C-reactive protein, interleukin-6 and 
tumour necrosis factor-α) before and after CPAP initiation in 
the ILR-arm.
Ethics and dissemination  This study has been approved 
by the Health Research Authority after examination by 
the Solihull Research and Ethics Committee. The main 
ethical considerations was the minimally invasive nature 
of ILR insertion outside of usual care. Patient advisory 
groups were consulted with a positive outcome for this 
type of research. We plan on publishing papers in peer-
reviewed journals based on the primary objective and any 
interesting findings from secondary objectives. We will 
endeavour to publish all relevant data.
Trial registration number  NCT03866148.

INTRODUCTION
Obstructive sleep apnoea and arrhythmias
Obstructive sleep apnoea (OSA) is character-
ised by abnormal or cessation of breathing 
during sleep due to narrowing or closure of 
the upper airways. The estimated prevalence 
of moderate or severe disease ranges from 5% 
to 50% with the highest proportion seemingly 
in overweight middle-aged men.1–3 These 
patients suffer from increased snoring, exces-
sive daytime sleepiness and a higher incidence 
of cardiovascular disease and arrhythmia, 
even after controlling for weight and comor-
bidities (such as diabetes and hypertension) 
which are prevalent in both OSA and cardio-
vascular disease. Arrhythmias can compound 
symptoms of shortness of breath and fatigue 
in patients with OSA and can lead to stroke, 
sudden cardiac death (SCD) and heart 
failure. Increased severity of OSA increases 
risk of arrhythmia, the most common being 
atrial fibrillation (AF) with up to 60% of the 
patients with sleep apnoea having some type 
of arrhythmia.4 5 Some studies of patients with 
OSA suggest AF in 4.8%6 yet one study using 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Obstructive Sleep Apnoea and Cardiac Arrhythmia 
uses implantable loop recorders (ILR) which are the 
gold standard in arrhythmia detection thereby deter-
mining the incidence of arrhythmias over 3 years in 
this obstructive sleep apnoea population.

	⇒ The combination of cardiac autonomic function sur-
rogates in heart rate variability, heart rate turbulence 
with biomarkers and arrhythmia burden using the 
ILR is novel and likely to be hypothesis generating.

	⇒ As there are few exclusion criteria, the external va-
lidity of this study is likely to be high.

	⇒ Due to the nature of nested cohort studies, the 
causation of arrhythmias cannot be determined.
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an implantable loop recorder (ILR) demonstrated AF in 
20% (up to five times higher than the general popula-
tion).7 Other arrhythmias including heart block, brady-
cardias and ventricular tachycardia (VT) also appear to 
be more prevalent. Despite this, European guidelines do 
not specifically encourage screening for sleep apnoea in 
AF.8 Similarly, AF and other arrhythmias are not routinely 
screened for in patients with OSA.9

Continuous positive airways pressure (CPAP) is the 
mainstay of hospital prescribed treatment. This gives 
airways support to a patient overnight via a mask or 
nasal prongs and is proven to improve patient symptoms 
and the number of hypopnoea and apnoeic episodes.10 
Its effect on associated morbidity and mortality suggest 
it reduces episodes of arrhythmia and major cardio-
vascular events (MACE (defined as death, myocardial 
infarction, coronary revascularisation, stroke and heart 
failure)). However, a recent meta-analysis and the SAVE 
trial involving 2687 patients in the primary analysis 
demonstrated no significant reduction in cardiovascular 
outcomes or reduction in AF.11 12 Further study is needed 
to determine what factors prevent CPAP from reducing 
this morbidity and mortality.13

Arrhythmias, most commonly AF, are detected by ECGs 
or ambulatory ECG monitoring (eg, Holter monitoring). 
However, these diagnostic tools can often miss significant 
paroxysmal arrhythmias. Short paroxysms of arrhythmia 
not detected by standard screening could account for 
a proportion of the increased morbidity and mortality 
despite CPAP therapy seen in previous studies. While 
shown to be effective at near eliminating apnoeas and 
hypopnoeas, CPAP therapy can be heterogenous in its 
usage with mean duration of treatment and mask types 
varying between studies. Underusage of CPAP or differ-
ences in therapy types (eg, nasal CPAP vs full-mask CPAP) 
and therefore incomplete treatment may also contribute. 
Other less studied mechanisms that link OSA with MACE 
and arrhythmia could also explain this disparity but need 
further study.

Current guidelines
OSA is an independent risk factor for arrhythmia though 
there is no clear consensus on the overall incidence and 
mechanisms for this. Current guidelines do not encourage 
screening for arrhythmia in OSA and vice versa though it 
is often considered in general workups for patients and 
their comorbidities though the 2020 European Society of 
Cardiology AF guidelines does recommend optimisation 
of OSA for AF management.8

Mechanisms
OSA causes episodic hypoxia and increased intratho-
racic pressures which via inflammation, oxidative stress 
and dysregulation of the autonomic nervous system, 
associate it with arrhythmia, hypertension, MACE, 
pulmonary hypertension and SCD.14 15 The cardiac auto-
nomic nervous system is a key way the body maintains 
homoeostasis of the heart and lungs. The sympathetic 

nervous system ‘fight and flight’ response and the para-
sympathetic nervous system ‘rest and digest’ responses 
are antagonistic and imbalances or hyperactivity in both 
are linked to tachyarrhythmias, particularly AF and VT.16 
Abnormalities in breathing, especially apnoeic episodes, 
significantly elevated sympathetic activity and parasym-
pathetic activity.17 Pauses in breathing trigger parasym-
pathetic activity via baroreceptors in the lung and cause 
paroxysmal bradycardias. This can reduce the atrial effec-
tive refractory period and promote increased activity in 
atrial myocytes in the pulmonary vein ostia, leading to 
AF. Studies in patients with sleep apnoea show that their 
sympathetic activation is higher throughout the day and 
not just during sleep.18 Increased sympathetic tone can 
also induce ectopy and increased firing in atrial tissue 
in the pulmonary veins, again, leading to AF. Parasym-
pathetic and sympathetic activity can be measured using 
spectral analysis of heart rate variability (HRV) from 
24-hour Holter recordings. Cycles of HRV are observed 
and grouped into ultra-low, very-low, low and high 
frequency bands. Loss of variability indicates higher risk 
of cardiovascular disease and arrhythmia. Analysis and 
comparison of HRV before CPAP initiation and a time 
after treatment will demonstrate any significant changes 
to cardiac autonomic control over this time. This can be 
correlated to arrhythmias identified on ILR. Heart rate 
turbulence (HRT) will also be derived from Holter data 
and analysed in the same way as HRV.

Mechanisms linking sleep apnoea and MACE include 
oxidative stress, endothelial dysfunction, mechanical 
stress and inflammation during hypoxic episodes in 
sleep apnoea.19 The most researched markers associ-
ated with sleep apnoea were high sensitivity C-reactive 
protein (hs-CRP), tumour necrosis factor-α (TNF-α)20 
and interleukin-6 (IL-6)21 identifying higher levels of 
inflammation in the body. A recent meta-analysis shows 
C-reactive protein, TNF-α and IL-6 reduce with CPAP 
treatment in patients with moderate-to-severe sleep 
apnoea.22 However, all the studies involving TNF-α and 
IL-6 cited had low numbers of patients and further study 
with larger numbers is warranted. Other studies revealed 
matrix metalloproteinase-9 (MMP-9) is a useful marker 
in identifying hypertension in patients with sleep apnoea. 
It is associated with oxidative stress and therefore cardio-
vascular damage and has been shown to be increased 
in hypoxia.23 Increased levels of MMP-9 have been 
correlated with increasing severity of sleep apnoea. High 
sensitivity Troponin-T (hsTnT) is a heart specific enzyme 
which is released on damage to the heart. N-terminal pro 
B-type natriuretic peptide (NTpro-BNP) is a precursor 
to brain natriuretic peptide and is released from the 
walls of the heart in increased tension. Both are useful 
diagnostic and risk stratifying markers for ischaemia and 
heart failure, respectively, though there may be some 
overlap. HsTnT is also linked with increased incidence 
of AF. In a recent study fibroblast growth factor 23 and 
NTpro-BNP has been shown to correlate with the devel-
opment of AF in the general population.24 This marker 

 on M
arch 7, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-070884 on 15 F

ebruary 2023. D
ow

nloaded from
 

http://bmjopen.bmj.com/


3He H, et al. BMJ Open 2023;13:e070884. doi:10.1136/bmjopen-2022-070884

Open access

may be an important link between sleep apnoea and AF. 
A better understanding of the arrhythmia profile, CPAP 
usage, autonomic dysfunction profile and biomarker 
profile may help identify what drives the cardiovascular 
mortality and morbidity in patients with sleep apnoea and 
help target treatment.

Continuous remote monitoring and other monitoring
ILRs are small devices used to detect arrhythmias. Once 
implanted they continuously monitor the heart rhythm 
and record abnormalities for a period of 3 years or more. 
The data stored on the device is relayed via Bluetooth 
to a cellular-connected base-station or cellular phone 
which then sends the information to the database. Unlike 
Holter monitoring, they provide a complete extended 
temporal profile. CPAP usage is also recorded remotely 
allowing detailed subanalysis of this cohort of patients to 
determine the effect of treatment. Additionally, measure-
ment of cardiac autonomic function using Holter moni-
tors at baseline and after 12 months of treatment gives 
another longitudinal view of the processes that could 
trigger arrhythmias in this group of patients. Identifying 
arrhythmia incidence in this group using an ILR device 
has only been performed in a small cohort of 20 patients7 
(specifically AF in this case) using the Medtronic Reveal 
XT Device. We plan on using the Medtronic Reveal LINQ 
which is smaller and less invasive and may improve partic-
ipation and achieve greater recruitment. This, alongside 
the biomarkers we are analysing at the same time points 
may elucidate the disparity between treated CPAP and 
continuing risk of heart disease and arrhythmia.

METHODS AND ANALYSIS
The Obstructive Sleep Apnoea and Cardiac Arrhythmia 
(OSCA) trial is a multihospital randomised nested cohort 
study. Participants are being recruited from sleep clinic 
after diagnosis of OSA and prior to CPAP initiation. All 
participants continue their usual treatment pathway 
for OSA alongside the trial protocol. A randomisation 
process occurs at consent, with a 1:1 split with one group 
receiving an ILR, 24-hour Holter, echocardiogram and 
blood tests and the other receiving remote follow-up only; 
this follow-up is repeated in both groups at 12 months 
and 3 years remotely. The burden of arrhythmia in each 
group will be compared, with a focus on AF as defined 
by international guidelines.8 Identification of arrhythmia 
and treatment is implemented by the principal investiga-
tors and guided by the Trial Steering Committee (TSC). 
The arrhythmia profile of those in the ILR group will be 
correlated to cardiac autonomic function parameters 
(both HRV and HRT), CPAP usage, echocardiogram find-
ings and vascular biomarker profiles. MACE outcomes 
will be compared between the groups.

The OSCA trial started recruiting in October 2019 with 
an 18-month recruitment period and follow-up of 3 years. 
However, recruitment was halted very soon after due to 
the COVID-19 pandemic and has only recently restarted. 

We had recruited 31 participants (16 ILR no ILR) prior to 
the study being halted.

Objectives
The primary objectives are to characterise the arrhythmia 
incidence/burden in an OSA population using ILRs 
compared with standard care alone (the primary endpoint 
being clinically significant arrhythmias (of which we 
would treat)) and to assess cardiac autonomic function 
at baseline and following 12 months of CPAP therapy in 
the ILR group.

The secondary objectives are to: (a) compare morbidity 
(with focus on MACE outcomes) of patients with OSA 
in both groups, (b) explore frequency and onset of 
arrhythmias in the ILR-group versus no ILR-group with 
respect to CPAP usage profile, (c) identify predictors 
for arrhythmia from all data gathered (including demo-
graphics, medical history and measured parameters 
as above), (d) characterise general cardiovascular and 
inflammatory biomarkers at initiation and during CPAP 
in the ILR group and (e) explore patients with OSA in 
terms of patient reported outcome measures in the ILR 
group.

Participants
The study population are those who have been diagnosed 
with moderate–severe OSA and are referred to start CPAP 
therapy. CPAP initiation clinics and trial procedures will 
be conducted at University Hospital Coventry & Warwick-
shire, UK, and Hospital of St. Cross, Rugby, UK.

Inclusion and exclusion criteria
Inclusions
Patients with moderate-to-severe OSA defined as an 
Apnoea Hypoponea Index of 15 or above, who require 
CPAP as standard care and are between the age of 18–75 
years.

Exclusions
Patients who already have a diagnosis of AF/atrial flutter 
and/or VT, those with an ILR already in-situ or an estab-
lished indication for an ILR and those with a palliative 
diagnosis, that is, life expectancy less than 3 years will be 
excluded from the trial. Patients who lack capacity cannot 
consent directly and are therefore excluded.

Participant pathway flow chart
Figure 1.

Screening
Patients who have been newly diagnosed with OSA as 
an outpatient are identified from the sleep clinic and 
approached with an information leaflet. If interested, 
their suitability is assessed in person at the clinic and they 
are enrolled into the study.

Eligibility and baseline assessment
Once initial consent is taken, baseline demographics, 
medical history and medication history is completed and 
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a 12-lead ECG is performed. Eligibility criteria are then 
checked and confirmed. Randomisation occurs at this 
point. If the participant is recruited into the ILR arm they 
have their ILR insertion, blood tests and questionnaires 
done. Those randomised to standard care alone will 
not need any further tests. Treatment pathways for OSA 
remain unchanged for both groups with their regular 
CPAP troubleshooting sessions continue (usually 1 month 
after initiation).

ILR-arm
The ILR insertion is performed by a trained practitioner 
in the left upper chest wall as per manufacturer guide-
lines, in this case Reveal LINQ (Medtronic, Minneap-
olis, USA). Observations and physical measurements are 
recorded and blood tests taken. Data from the ILR is 
uploaded on a 24-hour schedule so any clinically signifi-
cant arrhythmias will be identified and treated promptly 
as per European Cardiac Society (ESC) guidelines. A 
24-hour Holter monitor is applied between initial enrol-
ment and ILR insertion. Data from the 24-hour Holter 
will then be analysed for arrhythmia, HRV and HRT.

12-month follow-up
Participants in the ILR arm are contacted at 12 months 
with a 2-week window for repeat observations, physical 
measurements, blood tests and 24-hour Holter to be 
performed. Initial comparisons of 24 hours Holter data, 
CPAP usage and arrhythmia detection by ILR can then 
be performed for each participant. Those in the standard 
care alone arm are contacted via telephone and a medical 
history is retaken to identify any incidence of arrhythmia. 
Their hospital record is then reviewed for any arrhythmia 
and CPAP usage since enrolment.

The TSC will review any endpoints which are met and 
inform whether any interim analysis may be required.

3-year check and study end
At 3 years all participants are contacted via telephone to 
check their medical history. Any arrhythmias are docu-
mented. Those in the ILR arm are offered ILR removal. 
Participants are informed of the study end and any 
interim results will be offered to them. The planned data 
collection is summarised in table 1.

Patient and public involvement
Feedback and design input was sought from our local 
public and patient involvement groups on two occasions. 
The first was feedback on a preliminary patient informa-
tion sheet (PIS) detailing the study. These perspectives 
changed the way the PIS was formatted and worded. 
It also streamlined the patient pathway to reduce the 
number of hospital visits.

The second session concluded with an agreement that 
a general patient would be happy to take part in the study 
as it would have additional monitoring benefits as well 
as screening them for other medical issues. They asked 
about how the research team would minimise extra 
patient travel and whether participants would receive 
any reimbursement for travel outside standard care. The 
Reveal LINQ device safety was discussed, and the group 
felt that other than initial insertion it should not be an 
issue for participants.

A member of this group was asked to join the TSC.

Power calculation
The trial will recruit 200 participants based on AF inci-
dence of 20%7 using an ILR and 5% using traditional AF 
detection methods. This gives a 0.99 power with an alpha 
of 0.05 when comparing incidence of arrhythmia in the 
ILR arm compared with the standard care alone arm.

Statistical analysis
For the primary objective of comparing arrhythmias detec-
tion rates between ILR group and standard care group, a 
χ2 test or a Fisher’s test will be used. For the co-primary 
objective of comparing mean HRT/HRV at baseline and 
12 months in the ILR group, a paired t-test will be used. 
Mean difference and 95% CI will also be reported.

For secondary objectives: (a) Compare MACE between 
both arms at follow-up using a χ2 test or a Fisher’s exact 
test as appropriate. (b) Correlate arrhythmias detected 
in ILR at follow-up with effective CPAP usage using a χ2 
test or a Fisher’s exact test as appropriate. (c) For the 
ILR group, we will identify predictors for arrhythmia. To 
identify predictors and with outcome being whether a 
patient has arrhythmia during the study (yes/no), we will 
fit simple and multiple logistic regression models. The 
explanatory variables in the logistic models will be the 
potential predictors for arrhythmia collected at baseline 
visit including age, gender, comorbidity, alcohol/smoking 
history, HRV and HRT parameters. (d) Compare vascular 
biomarkers before and after CPAP in the ILR arm using 
paired t-tests. (e) Perform longitudinal analysis of patient 
reported outcome measures. All tests will be performed 
at 5% significance level.

Ethics and dissemination
Ethics
The Health Research Authority and Solihull Research 
Ethics Committee (18//WM/0129) have approved 
the trial design and research protocol. All participants 
will have informed consent obtained in writing by an 

Figure 1  Patientflow diagram. *Holter monitor, blood tests 
and questionnaires. ILR, implantable loop recorder.
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investigator. The main ethical considerations are to do 
with the minimally invasive nature of ILR insertion which 
would be beyond standard care for patients with OSA. 
This was discussed in detail at a patient and participant 
research advisory group meeting who felt it was appro-
priate for the type of research. It was noted that it was 
a short, minimally-invasive procedure and could poten-
tially identify a heart rhythm problem early which would 
benefit the participant. Other considerations were addi-
tional blood tests and non-invasive monitoring which 
were deemed not to be a significant additional burden 
to participants due to only two additional visits beyond 
standard care.

Monitoring
The trial is being conducted in accordance with Good 
Clinical Practice, UK Law and the Declaration of 

Helsinki 2002. The TSC consists of sleep, respiratory and 
arrhythmia specialists and a member from the patients 
and public engagement committee. This group will meet 
annually to evaluate progress of the study in terms of 
recruitment, endpoints and adverse events. Publication of 
results will be overseen by the TSC. Protocol amendments 
will be submitted by the investigators with the sponsor to 
Research Ethics Committee as required.

Dissemination and data statement
The full data set, study protocol and consent material 
will be anonymised and published in a suitable open 
data bank. We will aim to publish the primary objective 
of arrhythmia incidence as detected by ILR in a peer-
reviewed journal with copies distributed to participants in 
the study and to the patient advisory group. Any findings 
relating to each individual will be shared with the relevant 

Table 1  Schedule of events

Procedures
Consultant sleep 
clinic/sleep study

Baseline
CPAP 
clinic

ECHO/24-
hour 
tape*

ILR if not 
done yet

12 months 
appointment* 2 years 3 years

Screening X

Patient information sheet X

Eligibility assessment X

Informed consent X

Randomisation X

Medical history X† X* X X

Clinical examination X†

Bedside observations X† X*

12-lead ECG‡ X X*

Health questionnaires (EQ5D)‡ X X*

Blood samples (routine, NTpro-BNP, hsTnT, 
hsCRP IL-6, TNF-α, MMP-9 and FGF-23)‡

X X*

Echocardiography—(LV/RV dimensions and 
functions and other ECHO parameters)§

X* X*

24-hour Holter§ X*

Standard therapy (lifestyle advice, referral to 
bariatric or weight loss services as usual)

X†

Continuous positive airway pressure check X†

Insertion of injectable loop recorder (ILR)‡ X X

ILR remote monitoring‡ X X

Adverse events (include SAEs—hospital 
admissions)

X X

Hospital readmissions and mortality X X

Arrhythmia detection and referral for 
treatment‡

X X

Removal of ILR X

*Research activities will be optional and conducted in line with trust COVID-19 safety policy subject to capacity and capability.
†Standard treatment pathway.
‡For ILR group only.
§For ILR group where available.
CPAP, continuous positive airways pressure; EQ5D, European Quality of Life- 5 Dimension; FGF-23, fibroblast growth factor-23; hsCRP, 
high-sensitivity C-reactive protein; hsTnT, high sensitivity Troponin-T; LV, left ventricle; MMP-9, matrix metalloproteinase-9; NTpro-BNP, 
N-terminal pro B-type natriuretic peptide; RV, right ventricle; SAE, serious adverse event; TNF-α, tumour necrosis factor-α.
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participant. We aim to publish details of arrhythmia 
burden related to cardiac autonomic function and CPAP 
usage in peer-reviewed journals.
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