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ABSTRACT
Obstructive sleep apnoea is a substantial clinical 
and public health problem because it contributes to 
harmful effects on quality of life, daytime symptoms, 
road traffic incidents, and cardiometabolic 
disease. Increasingly, obstructive sleep apnoea 
is recognised as a heterogeneous disease, and 
patients have varied susceptibility to long term 
complications and different responses to treatment. 
This narrative review summarises the current 
knowledge of precision medicine in obstructive 
sleep apnoea, particularly the role of symptom 
clusters, polysomnogram phenotypes, physiological 
endotypes, and circulating biomarkers in defining 
subtypes. In the near future, the prognostic 
accuracy of these measures in predicting long term 
complications in obstructive sleep apnoea will 
likely be improved, together with better matching of 
treatments to disease subtypes.

Introduction
Obstructive sleep apnoea is characterised by recur-
rent collapse of the upper airway during sleep and 
is the most common respiratory disorder related to 
sleep.1 Obstructive sleep apnoea is a major global 
health problem with substantial economic and social 
burdens because untreated obstructive sleep apnoea 
is associated with daytime sleepiness,2 poor sleep 
quality,3 reduced work productivity, and increased 
rates of road traffic incidents and occupational inju-
ries.4 Obstructive sleep apnoea also causes multiple 
adverse physiological and biochemical effects, 
including hypoxaemia, oxidative stress, inflamma-
tion, sympathetic activation, cortical arousal, tachy-
cardia, and vasoconstriction. In some patients, these 
adverse effects cause end organ damage and long 
term complications, including premature cardio-
vascular and cerebrovascular disease such as heart 
attacks and strokes,5 chronic kidney disease,6 and 
neurodegeneration.7

Precision medicine, also known as personalised 
medicine, is an approach tailored to the prevention 
and treatment of the disease that takes into account 
variability in genes, the environment, and lifestyle 
for each person.8 Precision medicine targets treat-
ments to patients who are most likely to benefit from 
them, in contrast with the traditional one- size- fits- all 
approach for prevention and care. The goal of preci-
sion medicine is to target the right treatments to the 
right patients at the right time.

Obstructive sleep apnea is being recognised 
increasingly as a heterogeneous disease, and 
emerging evidence suggests the potential of using 

precision medicine approaches in its treatment and 
management.9 1011 12 Patients with obstructive sleep 
apnoea can be classified into different subtypes 
based on symptoms, physiology, and molecular 
characteristics. The purpose of this review was to 
look at the existing body of knowledge on precision 
medicine in obstructive sleep apnoea, particularly 
the potential role of symptom clusters, polysom-
nogram phenotypes, physiological endotypes, and 
circulating biomarkers, in helping to define these 
subtypes. We believe that these factors might help us 
better understand the pathological basis of obstruc-
tive sleep apnoea and its complications, improve the 
prognosis for the long term effects on health, and 
better match patients to more specific treatments.

Prevalence of obstructive sleep apnoea
According to a comprehensive literature review from 
2019, approximately a billion people worldwide 
have obstructive sleep apnoea, and 425 million 
adults have moderate- to- severe disease.2

Sources and selection criteria
We searched PubMed and Medline databases for peer 
reviewed, English language studies of adult obstruc-
tive sleep apnoea, published from 1 January 2012 to 
31 May 2022, and manually searched the references 
of selected articles for relevant articles for our narra-
tive review. We used the following medical subject 
headings search terms in combination with the term 
“precision medicine”: “pathophysiology,” “cluster 
analysis,” “polysomnography,” “biomarker/blood,” 
“classification,” and “treatment.” We also included 
highly cited papers published before 2012 based on 
our narrative review of the literature.

Symptom clusters
A symptom cluster is defined as two or more concur-
rent symptoms that are related to each other.13 
Clinical symptom subtypes are associated with differ-
ential risks for prevalent and incident cardiovascular 
and cerebrovascular disease among patients with 
moderate- to- severe obstructive sleep apnoea. Ye and 
colleagues first used latent class analysis, an unsu-
pervised cluster analysis, to identify clinical pheno-
types of obstructive sleep apnoea based on symptoms 
and comorbidities.9 With this data driven approach, 
they originally explored the differences in the clinical 
presentation of obstructive sleep apnoea by classi-
fying individuals into three groups: disturbed sleep, 
minimally symptomatic, and excessive daytime 
sleepiness. The three clusters were not substantially 
different for apnoea- hypopnoea index, body mass 
index, or sex. Most individuals in the disturbed sleep 
and minimally symptomatic clusters reported classic 
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obstructive sleep apnoea symptoms (ie, pauses in 
breathing at night and loud snoring),1 14 15 but less 
often than patients in the excessive daytime sleepi-
ness cluster.9

Symptom subtypes of obstructive sleep apnoea 
were identified, replicated, and validated based on 
clinical symptoms in a population based sample of 
patients with obstructive sleep apnoea.10 Particular 
symptom subtypes were shown to be independent 
predictors of prevalent cardiovascular and cerebro-
vascular disease in moderate- to- severe obstructive 
sleep apnoea, and an increased risk of incident 
cardiovascular and cerebrovascular disease among 
patients with obstructive sleep apnoea (excessively 
sleepy subtype) was found.10 We and others have 
identified similar symptom subtypes in clinic based 
cohorts of obstructive sleep apnoea and have found 
positive associations between these subtypes and 
future risk of cardiovascular and cerebrovascular 
disease.16–18 Although the main limitation is the 
lack of external validation, other cluster analyses on 
obstructive sleep apnoea have been published.19

In a 2022 study, subpopulations of patients with 
obstructive sleep apnoea were defined with latent 
class analysis in a cohort of Hispanic patients based in 
the community, and an association between symptom 
clusters of obstructive sleep apnoea and cardiovas-
cular disease was identified20; the insomnia obstruc-
tive sleep apnoea phenotype (apnoea- hypopnoea 
index mean 10.5 events/h (standard deviation 5.2)) 
was associated with an increased incidence of cardi-
ovascular and cerebrovascular disease (heart failure, 
hypertension, and diabetes) compared with those 
with no obstructive sleep apnoea. Other studies have 
shown a potential increased risk of cardiovascular 
and cerebrovascular disease in relation to symptoms 
of insomnia; for example, in the study by Labarca 
and colleagues, the disturbed sleep cluster had an 
increased but non- significant hazard ratio for cardi-
ovascular events (2.87, P=0.11).16 Studies have also 
reported no significant independent relation between 
these subtypes and incident cardiovascular and cere-
brovascular disease,21 however, and more work is 
needed in this area to better understand the relation 
between symptoms of obstructive sleep apnoea and 
the risk of long term effects on health.

The varied risks of cardiovascular disease seen 
in these clusters might be relevant when inter-
preting the results of randomised controlled trials 
of obstructive sleep apnoea treatment with contin-
uous positive airway pressure. Observational studies 
have shown a robust reduction in cardiovascular 
events with continuous positive airway pressure 
in patients with obstructive sleep apnoea.22 23 By 
contrast, in large randomised controlled trials, 
treatment with continuous positive airway pressure 
did not significantly lower the risk of cardiovas-
cular events in obstructive sleep apnoea. Patients 
in these randomised controlled trials tended to be 

non- sleepy, however. For example, in the SAVE 
(Sleep Apnea Cardiovascular Endpoints), ISAACC 
(Impact of Sleep Apnea Syndrome in the Evolution of 
Acute Coronary syndrome. Effect of Intervention with 
Continuous Positive Airway Pressure), and RICCADSA 
(Randomised Intervention with Continuous Positive 
Airway Pressure in Coronary Artery Disease and 
Obstructive Sleep Apnoea) studies, mean scores on 
the Epworth sleepiness scale were 7.4,15 5.3,24 and 
5.5,25 respectively. The lack of symptoms might have 
contributed to the low adherence to treatment with 
continuous positive airway pressure in these trials; 
furthermore, the selected patients could have had 
a relatively low risk of cardiovascular and cerebro-
vascular disease caused by obstructive sleep apnoea 
itself.26

Physiological endotypes
More precise treatment for obstructive sleep apnoea 
has been hindered, at least partially, by the lack of 
an accurate means to assess the pathophysiological 
mechanisms underlying obstructive sleep apnoea 
in the clinical setting.27 An endotype of obstructive 
sleep apnoea represents a subtype that has a distinct 
physiological mechanism,28 rather than a phenotype 
which usually refers to the clinical manifestations of 
the disease.29 The pathogenesis of obstructive sleep 
apnoea is caused not only by anatomical factors 
(collapsible or narrow upper airway), but also by 
potential contributions from non- anatomical factors, 
such as increased loop gain, reduced pharyngeal 
muscle responsiveness, and low arousal threshold 
(physiological endotypes).30 Eckert et al used a 
three point scale to weigh non- anatomical (muscle 
responsiveness, arousal threshold, and loop gain) 
and anatomical (passive critical closing pressure of 
the upper airway) contributions to obstructive sleep 
apnoea.31 The study found that 19% of patients 
with obstructive sleep apnoea had a relatively non- 
collapsible upper airway similar to many of the 
control individuals (passive critical closing pres-
sure of the upper airway 22- 25 cm H2O) and further 
highlighted the multifactorial pathophysiology of 
obstructive sleep apnoea.31

Measuring these physiological characteristics 
has historically required complex equipment in 
specialised laboratories, but recent studies suggest 
that these data might be readily extractable from 
diagnostic polysomnograms. Sands and colleagues 
described an automated technique to quantify phar-
yngeal collapsibility and compensation with diag-
nostic polysomnographic signals in patients with 
obstructive sleep apnoea without specialised equip-
ment or interventions.32 Moreover, they extended 
their approach for estimating arousal threshold and 
loop gain to evaluate the key traits causing obstruc-
tive sleep apnoea, implying that the pathophysiolog-
ical contributions to the disease can be estimated 
in the clinical setting.27 33 Finnsson and colleagues 
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reimplemented and validated the methods and 
algorithms of Sands et al.34 Their new cloud based 
implementation in Python showed the potential 
reproducibility and scalability of this approach. 
These findings could provide access to endopheno-
typing of obstructive sleep apnoea for more scientists 
and clinicians, which could then become an integral 
part of a precision medicine approach to obstructive 
sleep apnoea.34

Theoretically, treatments could be guided by phys-
iological subtypes. For example, sedatives might 
reduce the severity of obstructive sleep apnoea 
in patients who have a low- to- moderate arousal 
threshold, although this effect is speculative.35 
Also, recent data suggest that successful thera-
peutic responses to currently available treatments 
for obstructive sleep apnoea might be predicted by 
these endotypic measurements. Op de Beeck and 
colleagues used data from diagnostic polysomnog-
raphy to assess the endotypic mechanisms under-
lying success versus failure of hypoglossal nerve 
stimulation (an increasingly common alternative 
for patients with obstructive sleep apnoea who are 
intolerant to continuous positive airway pressure).36 
Favourable responses to hypoglossal nerve stimula-
tion treatment were independently associated with a 
higher arousal threshold (odds ratio 6.76, 95% confi-
dence interval 2.44 to 23.3, P=0.001), higher muscle 
compensation (4.22, 1.70 to 12.55, P=0.004), and a 
lower loop gain (in milder collapsibility, P=0.003).36

Bamagoos and colleagues performed a secondary 
endotypic trait analysis of polysomnographic data 
from patients with obstructive sleep apnoea to find 
predictors of the efficacy of oral appliances.37 Greater 
efficacy of oral appliances was associated with 
particular subgroups of obstructive sleep apnoea 
(lower loop gain, higher arousal threshold, and lower 
ventilatory response to arousal), moderate pharyn-
geal collapsibility, and weaker muscle compensa-
tion.37 Op de Beeck and colleagues tested whether 
endotypes of obstructive sleep apnoea estimated 
by routine polysomnography could differentiate 
between responders and non- responders to treatment 
with mandibular advancement devices.38 Patients 
who responded to mandibular advancement devices 
had a significantly lower loop gain (P=0.02), which 
was calculated from the baseline clinical polysomno-
gram, consistent with the previous study.37

A secondary data analysis of treatment of obstruc-
tive sleep apnoea in patients with acute stroke exam-
ined the association between endotypic traits and 
adherence to continuous positive airway pressure. 
Decreased arousal threshold and increased phar-
yngeal muscle compensation were associated with 
lower adherence to continuous positive airway pres-
sure in patients with stroke, suggesting that these 
traits might help predict adherence to continuous 
positive airway pressure.39 Further clarification of 
specific physiological endotypes in individuals with 

obstructive sleep apnoea might facilitate the devel-
opment of new treatments that can be tailored to 
individual patient needs according to the physiolog-
ical endotype or endotypes of their disease.

Hence these endotypes could help in identifying 
patients who might have greater improvements in 
symptoms and more robust responses to specific 
treatments for obstructive sleep apnoea. Because of 
the limitations of using only the apnoea- hypopnoea 
index as an indicator of disease and its severity (see 
next section), assessment of endotypes of obstructive 
sleep apnoea should help to better characterise the 
heterogeneity of the disease.

Advanced polysomnographic metrics
When obstructive sleep apnoea is suspected, patients 
will often undergo polysomnography in a sleep labo-
ratory, an overnight study where physiological data 
are continuously collected over eight hours: elec-
troencephalography (EEG), electrocardiography, 
oxygen saturation, airflow, electromyography, and 
chest wall and abdominal movements. Based almost 
solely on the apnoea- hypopnoea index, the number 
of overnight respiratory events per hour of total sleep, 
the severity of obstructive sleep apnoea is classified 
as mild, moderate, or severe.15 Hence little of the 
polysomnographic data are used in clinical decision 
making because current practice is to largely reduce 
data complexity to a simple measurement (apnoea- 
hypopnoea index).16

As a standard of measurement, metrics aid in the 
differentiation of disease states and consequently 
classify the severity of the disease.40 A critique of the 
apnoea- hypopnoea index over the years has been its 
inability to accurately predict symptoms, treatment 
response, and the risk of long term health compli-
cations.40 41 This limitation might be partly because 
the apnoea- hypopnoea index does not capture the 
different physiological effects of respiratory events 
within and between individuals because all events 
are considered equal. Thus substantial interest has 
been reported in alternative metrics that can be 
extracted from polysomnograms that might reflect 
the severity of obstructive sleep apnoea and predict 
long term health complications better than the 
apnoea- hypopnoea index.42

New polysomnographic metrics, such as hypoxic 
burden, heart rate response to arousal, odds ratio 
product, quantitative EEG related metrics, and 
respiratory events load (eg, apnoea load), aim to use 
polysomnography to improve our understanding of 
sleep and sleep disorders43 44 (table 1). Specifically, 
hypoxic burden45 46 is calculated by assessing the 
area under the oximetry desaturation curve coupled 
with respiratory events. This metric seems to be 
better in predicting kidney disease,47 stroke,48 cardi-
ovascular and cerebrovascular disease, and mortality 
than the apnoea- hypopnoea index in cohorts based 
in the clinic49 and in the community.21 We recognise, 
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however, that there are other ways of measuring 
the degree of hypoxia in obstructive sleep apnoea. 
Because desaturation is a key feature of obstructive 
sleep apnoea and likely drives many of the end organ 
complications, further work to test these other types 
of metrics seems warranted.50 51

Another metric based on the physiological effects 
of obstructive sleep apnoea is heart rate response to 
respiratory events. Heart rate response to respiratory 
event was a better predictor of cardiovascular and 
cerebrovascular disease in patients with obstruc-
tive sleep apnoea.52 Also, a 2022 study showed that 
a greater heart rate response to respiratory events 
before treatment was associated with greater protec-
tion of continuous positive airway pressure against 
adverse cardiovascular outcomes.53

Indices derived from EEG signals based on 
polysomnography that better reflect the depth of sleep 
might also be useful to more accurately characterise 
patients. Based on a spectral analysis of EEG signals 
with fast Fourier transformation, relative frequency 
power in an array of frequency ranges (delta, alpha, 
theta, and beta) can be calculated.54 With proprietary 
scoring methods, these frequency powers can then 
be converted to a continuous measurement of sleep 
depth, the odds ratio product.55 Patterns of odds 
ratio product across the night could help to classify 
patients according to symptoms (eg, concomitant 
insomnia and obstructive sleep apnoea)56 and might 
help predict adherence to continuous positive airway 
pressure in severe obstructive sleep apnoea.57

Lechat and colleagues investigated the associ-
ation between disrupted delta power (calculated 
by entropy and power spectral analysis of the EEG 
delta frequency band) and all cause mortality.58 
They showed that disrupted delta power (upper and 
lower thirds of entropy function) during sleep was 
associated with a 32% increased risk of all cause 
mortality compared with no fragmentation (mid- 
third of the entropy distribution function) (hazard 
ratio 1.32, 95% confidence interval 1.14 to 1.50), 
after adjusting for confounders.

Finally, investigating how the severity of respira-
tory events would affect outcomes in patients with 
obstructive sleep apnoea showed that apnoea or 
hypopnoea load, which considers the length of the 
event and not only the presence or absence of events, 

was a better indicator of sleepiness than the apnoea- 
hypopnoea index alone.59 These new metrics could 
provide a more nuanced representation of the disease 
and help predict complications. These metrics need 
to be validated in other cohorts, however, before they 
can be used in medical decision making.42

Circulating biomarkers of risk
Biomarkers refer to a broad subcategory of medical 
signs.60 For this review, however, we will focus on 
recent data on circulating molecular markers of the 
risk of cardiovascular disease in obstructive sleep 
apnoea. Biomarkers are important assessable indica-
tors that can provide complementary information for 
many diseases, including obstructive sleep apnoea,61 
cardiovascular diseases,62 diabetes mellitus,63 hyper-
tension,64 stroke,65 asthma,66 and heart failure.63

Intermittent hypoxia and consequent reoxygen-
ation injury are a hallmark of obstructive sleep 
apnoea.61 67 Patients with obstructive sleep apnoea 
have increased circulating biomarkers of inflamma-
tion and oxidative stress (eg, adhesion molecules, C 
reactive protein, and 8- isoprostane).68–70 Therefore, 
biomarkers reflecting these processes of inflamma-
tion and oxidative stress could provide prognostic 
information on the risk of cardiovascular disease 
in obstructive sleep apnoea. Identifying a high risk 
group could have major clinical use because they 
might represent a target population for more aggres-
sive management of obstructive sleep apnoea and 
other risk factors.71

In a recent study, multivariate protein measure-
ment was used to quantify 5000 proteins cross 
sectionally in the plasma of 1391 clinic patients in 
relation to the presence and severity of obstructive 
sleep apnoea.72 The effect of treatment with contin-
uous positive airway pressure or positive airway 
pressure on the proteins identified was also exam-
ined to explore potential pathophysiological mech-
anisms in two separate intervention based cohorts 
with obstructive sleep apnoea. The study showed 
that eight proteins (tissue type plasminogen acti-
vator, amyloid- like protein 1, plasminogen activator 
inhibitor 1, secretogranin 3, cystine- rich protein 1, 
prosurvival protein 1, sex hormone binding globulin, 
and desmoglein 2) likely predicted the presence and 
severity of obstructive sleep apnoea; and five protein 

Table 1 | Polysomnographic metrics associated with outcomes of obstructive sleep apnoea
Author (year) Metric Source Outcome

Azarbarzin 2019,45 Trzepizur 
2022,21 Blanchard 2021,48 Jackson 
202147

Hypoxic burden Oximetry signal Cardiovascular and cerebrovascular 
disease, mortality, stroke, kidney 
disease

Azarbarzin 202152 ΔHR Pulse (photoplethysmog-
raphy)

Cardiovascular and cerebrovascular 
disease, mortality

Younes 2015,54 Kim 202155 Odds ratio product EEG Hypertension
Lechat 202158 Delta wave activity EEG Mortality
Goh 201859 Respiratory events load Airflow Epworth sleepiness scale

EEG=electroencephalography; ΔHR=heart rate response to respiratory events.
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markers (C reactive protein, tissue type plasminogen 
activator, plasminogen activator inhibitor 1, tartrate 
resistant acid phosphatase type 5, and soluble 
E- selectin) were significantly affected by continuous 
positive airway pressure or positive airway pressure 
(P=0.004, P=0.047, P=0.007, P=0.009, P=0.030, 
respectively).72 These results suggested that the 
subset of proteins might be promising markers in the 
management of obstructive sleep apnoea.

Markers of inflammation might also help group 
patients with obstructive sleep apnoea. In a pilot 
study of 155 patients with suspected obstructive 
sleep apnoea, increased levels of C reactive protein 
were associated with a markedly increased risk 
of cardiovascular and cerebrovascular disease. 
Specifically, patients with a C reactive protein concen-
tration >2.38 mg/L had a significantly increased risk 
of cardiovascular and cerebrovascular disease within 
eight years of polysomnography (odds ratio 9.72, 
95% confidence interval 2.43 to 38.84, P=0.001).73 
Also, in a sample of 418 patients with suspected 
obstructive sleep apnoea, patients with higher 
levels of intercellular adhesion molecule 1 had a 
greater risk of cardiovascular events over eight years 
of follow- up, whereas patients with moderate- to- 
severe obstructive sleep apnoea with higher levels 
of E- selectin were more likely to have cardiovascular 
events.74 A genetic single nucleotide polymorphism 
that we previously found to be strongly associated 
with levels of E- selectin (ie, location rs579459 of 
the ABO gene) was also significantly associated 
with incident cardiovascular events (P=0.02),75 
suggesting that genomic markers might also help 
with the prediction of risk.76 The limitations of 
these studies include the relatively small number of 
events and single centre design; clearly, more work 
is needed to replicate and expand these preliminary 
findings. Nevertheless, these results show the poten-
tial of inflammatory biomarkers to group potential 
of inflammatory biomarkers to help risk stratify 
patients by future cardiovascular risk.

Obstructive sleep apnoea is a common risk factor 
for hypertension, but in 25- 30% of patients with 
obstructive sleep apnoea who were treated with 

continuous positive airway pressure (>4 hours/
night), a positive effect on their blood pressure was 
not seen.77 The underlying mechanisms of this vari-
ability in response to continuous positive airway 
pressure are not known. MicroRNAs (miRNAs, 
a subclass of small single stranded non- coding 
RNAs) are important in regulating many biological 
processes and human diseases,78 including obstruc-
tive sleep apnoea.79 One study used an 84 miRNA 
array to discriminate plasma miRNA profiles and 
predict blood pressure responses to treatment with 
continuous positive airway pressure in patients with 
obstructive sleep apnoea and resistant hyperten-
sion.80 A cluster of three plasma miRNAs predicted 
patients with obstructive sleep apnoea with resistant 
hypertension, whose blood pressure adequately 
responded to treatment with continuous positive 
airway pressure. These results need to be replicated 
in larger cohorts to see if plasma miRNAs might even-
tually be clinically useful as biomarkers of cardiovas-
cular risk.

A more precise molecular phenotyping of obstruc-
tive sleep apnoea with these and other markers 
could provide a more nuanced representation of 
the disease. Ultimately, this advanced phenotyping 
might provide more accurate care, matching precise 
subtypes to specific treatments. For example, 
patients with increased levels of biomarkers of oxida-
tive stress or inflammation might have a more robust 
response to antioxidants or anti- inflammatory drugs, 
respectively, to reduce the risk of cardiovascular 
disease.81

Future research directions
Substantial work has been completed regarding 
personalised care approaches to obstructive sleep 
apnoea.12 However, substantial limitations to the 
current state of knowledge exist, and more work 
is needed before theses approaches can be imple-
mented into clinical practice. Primarily, the use of 
subtypes of obstructive sleep apnoea defined by 
endotypes, polysomnographic markers, symptoms, 
and circulating biomarkers identified in previous 
studies need to be validated and confirmed in other 

Symptom clusters Physiological endotypes Polysomnogram phenotypes Circulating biomarkers

More nuanced obstructive sleep apnoea characterisation combining symptoms, and molecular and physiological information

• More aggresive treatment in high risk patients • More aggressive treatment of other risk factors • More precise management and monitoring

Collapsible
or narrow

upper airway
ECGEEG

EMG
PSG

Airflow

Oxygen
saturation

Reduced
pharyngeal muscle

responsiveness

Increased
loop gain

Low arousal
threshold

Figure 1 | Precision care management for obstructive sleep apnoea with symptom clusters, polysomnogram 
phenotypes, physiological endotypes, and circulating biomarkers. PSG=polysomnography; 
EEG=electroencephalography; ECG=electrocardiography; EMG=electromyography
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cohorts that reflect a broader and more diverse patient 
population (eg, in terms of ethnic group,47 sex,82 
and comorbidities83). The prevalence of obstruc-
tive sleep apnoea varies substantially by sex,84 and 
distinct differences exist between men and women 
in physiology, symptoms, and clinical outcomes of 
obstructive sleep apnoea.82 Many of the cohorts have 
included predominantly men, and more studies in 
women are needed to validate the potential measures 
discussed in this review. Differences among ethnic 
groups and other factors might exist; hence more 
studies that represent a more diverse patient group 
need to be completed before these measures can be 
implemented more broadly into clinical practice.

More work is needed to better integrate patients' 
perspectives and increase participation of patients 
and caregivers in their clinical care (ie, the partici-
patory component of the P4 approach to personal-
ised medicine).85 Also, because these personalised 
approaches will put a greater burden on patients 
(eg, collection of blood and urine samples), on 
analytical resources and platforms, and on finan-
cial costs, studies examining the economic return 
of this approach (eg, cost effectiveness studies) are 
also required before large scale investment. The gap 
between our current conceptual stage and accepted 
clinical practice is still wide.

Conclusions
Obstructive sleep apnoea is a heterogeneous disease, 
and a one- size- fits- all approach to the disease is 
likely not appropriate. In this review, we have high-
lighted potential future directions towards a better 

understanding of the heterogeneity of obstruc-
tive sleep apnoea and a precision care approach. 
Specifically, we have highlighted the emerging 
role of symptom clusters, physiological endotypes, 
advanced polysomnographic metrics, and circu-
lating biomarkers in helping to group patients with 
obstructive sleep apnoea based on risk. We see a 
future paradigm of care where information from 
multiple sources is incorporated into statistical 
models to predict which patients have an increased 
risk of long term health complications, and to help 
match patients to more precise treatments (figure 1). 
This approach should provide a more nuanced 
representation of the disease for patients and 
providers, and help in moving research in this area 
forward.
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