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Abstract

P4 medicine is an evolving approach to personalized medicine. The four Ps offer a means to:
Predict who will develop disease and comorbidities; Prevent rather than react to disease;
Personalize diagnosis and treatment; have patients Participate in their own care. P4 medicine is
very applicable to obstructive sleep apnea (OSA) because each OSA patient has a different
pathway to disease and its consequences. OSA has both structural and physiological mechanisms
with different clinical subgroups, different molecular profiles, and different consequences. This
may explain why there are different responses to alternative therapies, such as intraoral devices
and hypoglossal nerve stimulation therapy. Currently, technology facilitates patients to participate
in their own care from screening for OSA (snoring and apnea apps) to monitoring response to
therapy (sleep monitoring, blood pressure, oxygen saturation, heart rate) as well as monitoring
their own CPAP compliance. We present a conceptual framework that provides the basis for a new,
P4 medicine approach to OSA and should be considered more in depth: predict and prevent those
at high risk for OSA and consequences, personalize the diagnosis and treatment of OSA and build
in patient participation to manage OSA.
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1. INTRODUCTION

All areas of medicine are moving towards a more personalized approach. There is
acceptance that important individual differences exist between patients with what seems like
the same disease. These differences are related to genetic differences, epigenetic differences,
and to environmental influences (Figure 1). These individual differences may manifest in the
following: different underlying structural and physiological risk factors; different clinical
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presentations of disease, including symptom complexes; different molecular signatures of
disease; different clinical consequences; and different response to therapy. Developing a
personalized approach requires consideration of all of these domains (Figure 1).

In general, to personalize medicine for the individual, it is important to use unbiased
approaches to first identify subgroups of patients within a disease by employing relevant
mathematical techniques such as unsupervised machine learning and cluster analysis. In
addition, use of ‘OMIC’ technologies allow unbiased characterization of cells including
genes, RNA, proteins and metabolites (referred to as genomics, transcriptomics, proteomics,
and metabolomics respectively). Collectively, OMIC strategies have the potential to convey
a complete picture of cellular activity allowing for not only unbiased discovery of novel
mechanisms, but also, comparisons between and within individuals. While techniques that
evaluate genetic and epigenetic differences have evolved substantially over the last decade,
new strategies to evaluate environmental influences are emerging.

This general concept of personalized medicine has led to substantial investments to make
this new approach a reality. In the United States, the Precision Medicine Initiative was
announced by President Obama in January 20152, This initiative will recruit 1.0 million
individuals, obtain detailed genetic information (potentially whole genome sequencing),
bank samples for biomarker assessment, procure clinical information from electronic
medical records as well as phenotyping information using mobile technology. Given the
recent explosion in mobile technology to assess sleep and circadian rhythms?, including
apps to assess sleep-disordered breathing3, sleep medicine is well positioned to be an
integral part of this Precision Medicine initiative.

One approach to personalized medicine is P4 medicine, a term introduced by Leroy Hood
(for previous review on application of P4 medicine to obstructive sleep apnea, see 4). The
four P’s are: prediction, prevention, personalization, and participation. Science will help
clinicians predictwho will develop disease, thus providing an opportunity to prevent disease
rather than react to disease with the goal being to maintain health. If disease does develop,
then a personalized approach to diagnose and treat individuals will optimize outcomes.
Technology is constantly advancing, making patient participation in their own wellness an
integral part of personalized medicine, from screening for disease, to monitoring and
organizing their treatment online, as well as using social media, telemedicine, and “peer
buddies” to improve care.

1.1 P4 Medicine in Other Areas of Health

An unbiased approach to identify subgroups of Parkinson’s patients using Big Data
methodology was performed on data archived by the Parkinson’s Progression Markers
Initiative (PPMI).> Using imaging, genetics, clinical and demographic data, several model-
based methods were compared to several model-free methods. It was acknowledged that the
science has not yet developed to perform predictive analytics on raw data. However, when
using derived biomarkers for each subject, model-free methods had a higher accuracy of
diagnostic classifications and disease predictions compared to model-based techniques.®> As
the authors have made their unbiased approach to Big Data publically available, validation
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and reproducibility can be performed not only with other Parkinson’s disease data sets but
any other complex disease with Big Data.

The Hundred Person Wellness Project (HPWP) was launched in 2014 by the Institute for
Systems Biology, directed by Dr. Leroy Hood, to test the P4 medicine paradigm. As
wellness is difficult to define, 100 “well” individuals submitted to testing (whole-genome
sequencing, assessment of the gut microbiome, clinical laboratory tests) and quantified self-
measures (physical activity, sleep, weight, blood pressure, personality, lifestyle factors) to
develop metrics of wellness and markers of early onset diseases. As test costs decrease,
technology and computational approaches improve, and people increase their role in their
own health and wellness, the shift from reactionary medicine to being proactive may become
a reality.

P4 medicine principles are increasingly being applied to cancer. Studies in breast cancer,6
lung cancer and lymphoma 7: 8 have stratified patients into distinct subgroups to assess
disease and molecular markers to decide treatment. Novel patient participation within cancer
research include “citizen-driven trials” and “crowd sourcing” clinical trials. Citizen-driven
trials are initiated by patients themselves i.e. the Multiple Myeloma Research Foundation®
and the Adenoid Cystic Carcinoma Research Foundation® with varying degrees of
physician involvement. Crowd-sourcing trials first identifies and enrolls patients then
distributes them to various studies. More than 330,000 women have been recruited for the
one million “Army of Women” through the partnership of the Dr. Susan Love Research
Foundation and the Avon Foundation!! and distributed to 34 studies.? In addition, the Army
of Women is collaborating with the cancer Biomedicine Informatics Grid (caBIG) and the
City of Hope Medical Center to process longitudinal data in breast cancer patients where
enrollment and tracking of new data are done entirely online by patients and advocates.13

2. THE CASE FOR CHANGE - ONE SIZE DOES NOT FIT ALL FOR
OBSTRUCTIVE SLEEP APNEA

OSA is a common disorder worldwide that is increasing in prevalence as obesity rates
increasel® (For review of recent epidemiological data on worldwide studies of OSA
prevalence in different populations, see 1°). Substantial individual differences in multiple
domains is the problem of the “one-size-fits-all” approach to OSA patients (Table 1).
However, it is these individual differences that provide an opportunity to develop a
personalized approach.

2.1 Differences in Risk Factors Between Patients with OSA

There are both structural and physiological risk factors for OSA, the nature of which varies
between subjects. Structural risk factors include craniofacial dimensions'8 and size of soft
tissue structures.1” There are also physiological mechanisms that increase the risk for OSA
(Table 1),18-20 the magnitude of which also varies between subjects.

2.1.1 Differences in structural risk factors—Craniofacial risk factors for OSA are
heritable1® as are soft tissue risk factors.2! The relevant gene variants have, however, not yet
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been identified. Craniofacial risk factors are discussed below. Soft tissue risk factors include
an enlarged tongue, soft palate and lateral pharyngeal walls.1’ We know that obesity is an
important risk factor for OSA, but we do not yet know how obesity leads to OSA. There are
likely several contributing mechanisms. One is central abdominal obesity, which can reduce
both lung volume and caudal traction on the pharyngeal airway making it more collapsible.
This may explain why males have an increase in OSA prevalence as they more frequently
demonstrate a central abdominal obesity pattern.22 Another mechanism is that fat deposition
in and around the pharynx may directly increase pharyngeal collapsibility23 and reflect
increased neck circumference. Lastly, fat deposits in the tongue as a causative mechanism24
has been proposed to link obesity to OSA. Elegant imaging studies have shown increased
tongue fat in individuals with OSA compared to controls after controlling for differences in
BMI.24 Thus, tongue fat may be a particular distribution of fat that increases the risk for
OSA. Fat distribution is genetically determined,2® for example, the gene variant (TRIB2) has
been found to be associated with pericardial fat, but not with overall level of obesity.28 Thus
it is conceivable that there are gene variants that control the amount of central abdominal
obesity, pharyngeal fat and tongue fat.

2.1.2 Differences in physiological risk factors—Differences in physiological
mechanisms within different individuals may lead to different pathways of disease and may
also explain why some obese individuals do not develop OSA.19 For example, there are
patients with OSA who do not have particularly collapsible airways but have high overall
loop gain of their ventilatory control system.1® Could such individuals benefit from oxygen
therapy to reduce loop gain? Patients may also have a low arousal threshold, thereby leading
to shorter events and sleep fragmentation. Such patients may benefit from sedative
medications to increase arousal threshold.2” A recent study shows that a combination of
oxygen and a sedative can treat OSA in a subset of patients.28 Other patients may have
reduced upper airway muscle responsiveness to negative intraluminal pressure. This can be
modulated pharmacologically by desipramine.2® Enhanced muscle responsiveness
contributes to protection of obese individuals who do not get OSA.1°

2.2 Differences Clinical Characteristics of OSA

2.2.1 Ethnic Differences—Excellent epidemiological data from around the world has
reported the prevalence of OSA in many different ethnicities.2®> While there are some similar
patterns, there are also key differences. To date, few studies have directly compared
underlying biological mechanisms between ethnicities to explain these differences.

OSA in Asians occurs at a lower BMI compared to Caucasians, and data suggest this may be
due to craniofacial differences.30 In a study comparing Caucasians living in Australia to
Chinese living in Hong Kong (matched for OSA severity), Caucasians with OSA were more
overweight and had larger tongues, while the Chinese had craniofacial bony restriction.3°
Also, for a given BMI, OSA severity is higher in Chinese suggesting that Chinese are less
tolerant to the effects of obesity.30 This finding is supported by studies from Singapore3! and
the US.32
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African Americans have the highest prevalence of excessive daytime sleepiness [self-report
sleepiness score (ESS>10)] in two US studies — the Sleep Heart Health Study (SHHS)33 and
the Multi-Ethnic Study of Atherosclerosis Sleep Cohort (MESA).32 More studies need to
include African Americans to further understand why they report more excessive daytime
sleepiness and the underlying biological mechanism that drives this. Knowing this may help
us understand the basis of sleepiness in OSA patients.

Hispanics tend to have a high prevalence of OSA, although prevalence varies between
countries. Mexico reported an overall prevalence of OSA syndrome (ESS=11 and AHI =15
events/h) to be 10.1%3* while Brazil reports a 16.9% prevalence of moderate-severe OSA
(AHI =215).35 In the US, Hispanics living in South Florida had a very high prevalence of
moderate sleep apnea (63%), but Hispanics recruited in the Sleep Heart Health Study
(Arizona, California, Massachusetts, Maryland, Minnesota, New York and Washington) had
a more modest prevalence (17%) of moderate sleep apnea.33 Hispanics represent the most
diverse ethnicity providing opportunities to asses not only the biology that drives OSA but
other interesting environmental influences from geography to diet.

OSA prevalence studies in Caucasians are now available from Norway (2011),38 France
(2011),37 the United States (2013),14 and Switzerland (2015).38 In general, OSA is
correlated to obesity. From the United States,14 the Wisconsin Sleep Cohort Study reported
an increase in the prevalence of sleep-disordered breathing, from 1988-1994 (14%)
compared to 2007-2010 (55%) (depending on the age, sex and definition of OSA) and
parallels increases in obesity.14

2.2.2 Gender Differences—Numerous population studies demonstrate OSA is more
common in men than women. One explanation is that OSA is underdiagnosed in women,
possibly up to 90% of women3° because women present differently compared to men.*9 For
example, when controlling for age, obesity and OSA severity, women report lower
functional status, higher subjective complaints of excessive daytime sleepiness and mood
disturbances as well as having a poorer reaction time on the psychomotor vigilance task.4!
Another explanation for a higher prevalence of OSA in men is that they are more likely to
have central abdominal obesity?2 and increased neck circumference.2 The problem with
underdiagnosing women with OSA is that this may put women at increased risk for co-
morbidities.

2.2.3 Differences in clinical presentation—Clinical symptoms of OSA vary
between patients. Using cluster analysis in the Icelandic Sleep Apnea Cohort, three distinct
subgroups of severe OSA patients were identified.43 The three subgroups were as follows:
disturbed sleep, a group where the main symptoms related to difficulty sleeping—an
insomnia group; minimally symptomatic, a group that were relatively asymptomatic but did
report snoring and witnessed apnoeas; and excessively sleepy, a group where the average
Epworth Sleepiness Score (ESS) was higher than the other two groups and one-third
reported falling asleep while driving.

Other groups have subsequently published cluster analyses, one from Greece** and one from
France.*® These studies used, however, a different strategy since they included OSA severity
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(from the polysomnogram) as an input variable. Although, the question being addressed in
these studies is different than the Iceland study, there is general agreement that there are
excessively sleepy and relatively asymptomatic subgroups.

It is important to determine whether these clinical subgroups identified in Iceland are
generalizable as was discussed in a recent commentary on the study.*6 The results may
reflect identification bias and who is referred to the University Hospital in Iceland for
initiation of CPAP therapy. Generalizability of these clinical subgroups is currently being
assessed by the Sleep Apnea Global Interdisciplinary Cohort (SAGIC), of which the authors
of this article are members.

2.3 Differences in Molecular Signatures in OSA

Currently there has been two applications of OMIC approaches to the study of OSA. First,
OMICs was applied as part of a strategy to screen for OSA, using urinary proteomics 47 to
detect protein modifications in response to obstructive events with arousals and oxygen
desaturations. Overnight urine was collected in children with OSA, children who snore but
do not have OSA, and controls. Results showed that children with OSA had levels of 16
proteins that were different in urine compared to the other two groups. Four of the 16
proteins were able to positively predict OSA in children and when combinatorial analyses
were used for these proteins, predictive ability to detect OSA compared to the other groups
reached a sensitivity of 100% and a specificity of 96.5%. While apps are most likely the
future for OSA screening, these proteomic data sheds light on the effects of arousals and
oxygen desaturation on an individual’s clinical consequence of OSA.

A second application of OMICs in OSA is assessing response to CPAP treatment. Gene
expression in peripheral circulating cells before and after CPAP therapy was assessed in a
small sample of patients using microarrays.*® While there was no significant change in gene
expression in any single gene, there was a significant change in the expression of 964 genes
associated with cancer pathways. The data show substantial variability in CPAP response
between subjects, wherein some subjects showed a large change in expression and others
showed none. This genomic data raise the idea that individual differences may have
prognostic information and support recent evidence that OSA is an independent risk factor
for cancer incidence and increased cancer mortality.49: 0

2.4 Differences in Consequences of OSA

Differences in physiology may also be responsible for different consequences of OSA. For
example a patient’s arousal index and heart rate response to arousals differs between patients
with OSA®L and this difference is heritable, as revealed by studies in twins.>2 Variations in
heart rate response may reflect differences in sympathetic responses and may be predictive
of who develops hypertension.

OSA is a systemic disorder that is a risk factor for many consequences including
hypertension,3 stroke,>* heart attack,>* atrial fibrillation,>® insulin resistance,>® diabetes,>’
neurodegeneration,®® cancer4®: 50 and mortality.>9: 60 The basis for why some but not all
patients with identical OSA severity develop these consequences is unknown, and is an area
of inquiry. If we can identify which OSA patients are at increased risk for specific
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consequences, this may lead to prevention of disease by assertively targeting therapy to these
individuals.

3. PREDICTION
3.1 Predicting Who Has OSA

Combining information about obesity (BMI), increased age and gender can be used to
predict the likelihood of OSA.51 In addition, symptoms such as witnessed apnoeas and loud
habitual snoring also help predict the likelihood of OSA. Multiple instruments have been
developed to utilize this information. The Berlin questionnaire dichotomizes individuals into
low and high risk for OSA®%2 and has relatively high sensitivity but low specificity. The
STOP-BANG questionnaire®3 gives points for gender, age above a threshold (50 years of
age), and BMI above a threshold (e.g., 35 kg/m?), to assess likelihood of OSA.

However, these instruments cannot accommodate the continuous nature of these variables
e.g. as obesity and age increase, so does the likelihood of OSA. Strategies to utilize more
data in OSA have been developed including: multi-variable apnoea prediction based on a
logistic regression model (input variables: age, BMI, gender and a symptom score®4); a
likelihood ratio approach (input variables: neck circumference, hypertension, habitual
snoring and bed partner reports of nocturnal gasping/choking®%); and an artificial neural
network approach (input variables: age, history of hypertension, history of diabetes mellitus,
BMI, neck circumference and response to 4 questions that included snoring and witnessed
apnoeas 56). There have been limited comparisons of which approach is superior. It is
conceivable that discrimination to predict OSA could be improved if multiple prediction
algorithms were applied to the same data.

There may be other sources of relevant information. For example, a logistic regression
model using craniofacial variables from digital photography®’—face width, eye width,
cervicomental angle and mandibular length—demonstrated an 86.0% sensitivity, 59.1%
specificity and area under the receiver operating curve (AUC) of 0.82 to predict OSA.%8
Combining this with clinical information improved the AUC to 0.87.68 However, as science
progresses, we will be able to analyze raw data more comprehensively as well as
connections between the raw data. Raw data could include every data point on a
polysomnogram, every pixel on a digital photograph, all OMIC data, and so on. In addition,
using connections between raw data may add discriminatory power. For example, while the
arousal index is an important input variable, whether an arousal increases sympathetic
activity,%9 increases heart rate response 70 and causes blood pressure fluctuations’* may add
discriminatory power to identify OSA subjects compared to controls. As model-free,
unbiased approaches are being developed for raw data, concurrently, we need to compile and
centralize derived data we already have (clinical symptoms, age, gender, obesity measure,
presence of hypertension, heart rate variability and craniofacial measures) and evaluate
different unbiased approaches and structured approaches of predictive analytics.
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3.2 Predicting OSA using Genetics

Another potential source of information to predict who has OSA is genetic information. This
is an area where there has been limited progress and will be considered elsewhere in this
series (i.e. Respirology, Invited Review Series, Respiratory sleep disorders).

3.3 Predicting Who Will Benefit From Therapy

Another important goal of P4 medicine is to predict who will benefit from a particular form
of OSA therapy. For example, some patients do not benefit from use of an intraoral device
and may get worse. A number of different approaches have been studied to predict who will
benefit, but results are inconsistent’2 73 (for helpful discussion, see 74). Recently a new
approach that relates various physiological risk factors for OSA to responses to intraoral
devices has been proposed.”® This approach is based on passive upper airway collapsibility
and loop gain being predictors of reducing OSA severity, with subjects with high loop gain
having a high residual AHI when using an intraoral device.”> While interesting, this small
sample requires future, larger prospective studies to see if these physiological risk factors
can be used clinically to predict who would benefit from intraoral devices.”*

3.4 Predicting Outcome Response To Therapy

Another important goal of P4 medicine is to predict response to therapy for specific
consequences of OSA. Recently a new approach measured 84 microRNAs in circulating
cells of OSA subjects with resistant hypertension on CPAP therapy. They report a three
microRNA signature that identified patients with OSA who showed a beneficial blood
pressure response to CPAP therapy compared to those with no changes in blood pressure
response.”® Moving forward, studies should consider using OMIC signatures to predict
response to therapy.

4. PREVENTION

The ultimate goal for healthcare is to move from treating disease to maintaining wellness.
This can be achieved by prevention at the primary, secondary, and tertiary levels. In simple
terms, primary prevention is concerned with preventing the onset of disease, secondary
prevention deals with latent diseases and attempts to prevent an asymptomatic disease from
progressing to symptomatic disease, and tertiary prevention attempts to reduce the
complications caused by symptomatic disease. Phenotypic characterization of OSA using
clinical and molecular data is central to understanding the heterogeneity of disease trajectory
as well as to develop rational preventative approaches to inform public health policy.

4.1 Primary prevention

Primary prevention recognizes developmental biology as the origins of health and disease.
The “Barker hypothesis” proposes that the period of gestation (and perhaps preconception)
has significant impact on the developmental health and wellbeing of an individual from
infancy to adulthood, and highlights the importance of epigenetics.”” Recent population
based data found an association between prematurity and subsequent development of OSA
in childhood”® and may be due to dentofacial developmental abnormalities that leads to
upper airway narrowing. Another study found an association between breastfeeding (for
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longer than one month) and a decreased risk of habitual snoring and witnessed apnoeas in
children with a family history of asthma.”® This may be due to better oropharyngeal
development.

In some cases, primary prevention of OSA in children can halt or attenuate the trajectory to
adult OSA if there is early intervention to modify risk factors. For example, adenotonsillary
hypertrophy is a major risk factor of childhood OSA with surgical intervention being the
main therapy that is often successful. Dentofacial morphology is another risk factor of OSA
that may be caused by upper airway obstruction during childhood (e.g., nasal obstruction,
adenotonsillar hypertrophy), leading to incremental craniofacial abnormalities that
exacerbate airway narrowing. A range of dentofacial orthopaedics procedures, including
rapid maxillary expansion, maxillary advancement and mandibular advancement have been
demonstrated to improve OSA in children.8%: 81 Hence, it would be important to identify and
treat these abnormalities in children. Developing predictive tools of who should receive early
intervention offer a real prospect at primary prevention of OSA.

4.2 Secondary prevention

The prevalence of OSA syndrome (i.e., symptomatic OSA) is much lower than the
prevalence of sleep-disordered breathing in the population.82 Hence the majority of
individuals are asymptomatic. OSA increases with age, weight gain and alcohol
consumption.83 Furthermore, chronic snoring is thought to be a key factor in the progression
toward OSA through the vibratory trauma it induces in the upper airway, leading to local
inflammation and impairment of neuromuscular reflexes.84 Secondary prevention would
involve identifying OSA patients that are asymptomatic as early as possible to halt or slow
disease progression. Early interventions could include improving sleep hygiene (goal of
attaining 6-8 hours of sleep), weight loss, alcohol reduction, and management of snoring
(e.g., oral appliance therapy, management of nasal obstruction).

4.3 Tertiary prevention

As discussed above, OSA is associated with many consequences and tertiary prevention
would attempt to reduce these complications in symptomatic OSA patients. As susceptibility
to consequences varies considerably between individuals we first need to understand which
OSA subgroup is associated with which complications. For example, in the Iceland study
discussed above, the minimally symptomatic group had a greater association with
cardiometabolic complications#3 such as hypertension, ischaemic heart disease and diabetes.
Thus, by knowing what complications are likely to occur by OSA subgroup and how OMIC
signatures predict these subgroups will enable clinicians to better target therapy to reduce
long-term complications.

5. PERSONALIZATION

5.1 Personalizing the diagnosis of OSA

Personalized medicine should consider individual differences when making a diagnosis,
from genetics to environmental exposures to clinical presentation and its effects on pathways
to disease. OSA has long been defined and treated according to a single metric — the apnea-
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hypopnea index (AHI). Although in-lab polysomnogram studies provide a massive amount
of information, only a few derived indices are used. As discussed above, OSA research is
starting to identify different clinically relevant OSA subgroups using symptom profiles,
pathophysiological disturbances, and molecular signatures. Ongoing endeavours to
incorporate deep extreme phenotyping of large OSA samples across multiple dimensions
and using unbiased mathematical approaches will undoubtedly identify novel and clinically
relevant subgroups, further personalizing the diagnosis of OSA.

5.2 Personalizing the management of OSA

Fundamental to the concept of personalized approaches is the idea that individuals with
different characteristics will be treated in different ways. While CPAP is the main modality
of treatment, alternative treatment options include intraoral mandibular advancement
devices, surgical approaches, and hypoglossal nerve stimulation.8> While each treatment
option is different in the mode of action, common to all of these alternative approaches is
that efficacy tends to vary between individuals. Using overnight physiological phenotyping
studies 18 that assess how four key physiological traits contribute to upper airway collapse in
individuals with OSA (Table 1) may be a systematic way of personalizing treatment.

5.2.1 Treating obesity—While weight loss is important in reducing OSA severity, there
is variability to the amount of improvement.86 It may be that specific patient phenotypes are
the most amenable to weight loss therapy for examples, those with a more restricted
craniofacial skeleton may have a better response to weight loss therapy.8” Therefore,
craniofacial phenotype could be used to predict which patients would benefit the most from
weight loss interventions.

5.2.2 Continuous Positive Airway Pressure (CPAP)—CPAP has long held the
position of first line treatment for OSA and is an excellent treatment for most individuals
with demonstrated improvement of symptoms and other health outcomes. However
individual differences with respect to CPAP therapy are known to exist. While >4 hours of
use/night is considered to be good usage, some health outcome measures require greater
usage than this arbitrary threshold.88 Furthermore, >50% of those started on CPAP abandon
it all together within 6 months of treatment initiation, even with intensive cognitive
behavioural therapy interventions.89 Suboptimal usage therefore reduces the real world
effectiveness of this treatment. Despite these issues with adequate implementation, CPAP
remains the standard of care as the traditional ‘one-size-fits-all’ approach to treatment.

5.2.3 Oral appliances—Oral appliances (mandibular advancement splints) are the
leading alternative treatment option to CPAP. Oral appliances hold the lower jaw in a more
forward position to enlarge and stabilize the airway. In trials where patients experience both
oral appliances and CPAP, and when effective, patients generally preferred oral appliance
over CPAP.”2 More recently, technology has become available to objectively measure oral
appliance usage through embedded temperature sensing chips. Initial studies confirm high
rates of adherence and also good concordance between subjective and objective estimates of
usage time.90. 91
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Oral appliances have demonstrated variable efficacy in the treatment of OSA, with one-
fourth of severe OSA patients experiencing complete resolution of OSA with an oral
appliance alone and approximately one-third of the patients not experiencing any clinical
benefit.92 Thus the uncertainty surrounding the efficacy of oral appliances has resulted in its
use largely as a secondary treatment option if CPAP is not tolerated. Currently there are
limited data and techniques to identify in advance who will or will not benefit from intraoral
devices.

5.2.4 Hypoglossal nerve stimulation and surgical options—Likewise, studies for
hypoglossal nerve stimulation show that even though very careful selection criteria were
employed, approximately one-third of patients do not have clinically relevant responses.8>
The basis for this lack of response is unknown. In addition, while surgical treatments for
OSA may not have the same efficacy in the reduction in AHI compared to CPAP,
compliance is essentially 100%. Moving forward, comparative effectiveness research based
on personalized responses to therapy must be considered.

5.2.5 Other therapies—Combination treatment for OSA can be personalized for an
additive, or synergistic, effect. For example targeting sedatives specifically to OSA patients
with a low arousal threshold may allow stable sleep and breathing to occur in these
particular patients.2”- 93 Oxygen supplementation to patients with ventilatory control system
hypersensitivity (i.e., high loop gain) may be of value.%4 Combining therapies such as oral
appliances and positional therapy,?° genioglossus stimulation and mandibular advancement,
96 oxygen and sedatives?® are effective in certain OSA subgroups.

6. PARTICIPATION

The participatory aspect of P4 medicine takes the patient from a passive receiver of care to
actively managing his or her own wellness. The P4 strategy flips the model of physicians as
the gatekeepers of expert advice and sole manager of medical care, to one where patients are
engaged to use social networking and digital monitoring in addition to consultation with
physicians. P4 medicine requires large amounts of input data to inform prediction analytics.
As technology drives down the price of mobile devices, monitoring health is no longer
restricted to clinical settings thereby allowing healthcare consumers to collect their own data
(e.g., sleep monitoring, blood pressure, oxygen saturation and heart rate), manage their
response to treatment®” and contribute to the other three Ps of this approach to medicine.

6.1 Patient-centred outcomes

A central concept in participatory medicine is recognition of patient centred outcomes,
defined as outcomes that are the most meaningful to patients and health care providers. In
2010, the USA established the Patient-Centred Outcomes Research Institute (PCORI) to
incorporate patient-centred outcomes into comparative effectiveness research.%8 The tenant
of PCORI is to produce faster implementation by starting with the end users (patients and
health care stakeholders) and tailoring clinical research to what is most meaningful to them.

The Sleep Apnea Patient-Centred Outcomes Network (SAPCON) is a collaborative group of
patients, researchers, and clinicians that generates patient-centred comparative and
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implementation research.%9 Another similar initiative is Sustainable Methods, Algorithms,
and Research Tools for Delivering Optimal Care Study (SMART DOCS) that assesses the
effects of a patient-centred outcome and coordinated-care management (PCCM),
participatory environment.190 This study randomized two groups, one group receiving the
current care model of OSA, and the other group receiving a novel, more participatory
approach to OSA. The more participatory model facilitates communication between patients
and health care providers to identify and obtain outcomes important to the patient.

6.2 Participatory treatment management

OSA management is particularly suited to a participatory approach due to the enabling role
of monitoring technology readily available in both diagnosis and treatment of disease.
Portable monitoring devices can be used in the home for diagnosis and wearable devices can
be used to track sleep-wake patterns through activity. In terms of treatment, CPAP machines
have long had the capability to record objective compliance data in hours of usage, and this
uniquely positions the sleep field for patient engagement. Oral appliances now have similar
capabilities of measuring hours of treatment usage using temperature sensors embedded in
the device.%!

6.2.1 CPAP management—Modern CPAP machines now have wireless connectivity
that can transmit data to cloud storage. This information is accessible to healthcare providers
in order to monitor adherence and efficacy of therapy and detect any issues of therapy (such
as mask leaks). There are now apps available for patients (e.g., Philips Respironics
SleepMapper, Monroeville, PA, USA and ResMed Airview, San Diego, CA, USA) through
which they can directly monitor and enhance their treatment. Features include goal setting,
reports on mask fit, hours of usage, and AHI. Having access to such information should lead
to patients participating more in their own healthcare as well as facilitate better
communication with clinicians.

The long-term benefits on patient health of participatory treatment still need to be
ascertained. The application of participatory care using a web-based technology to enhance
OSA treatment has recently been demonstrated in a trial assessing different strategies to
improve adherence to CPAP treatment.191 The parallel group study randomized newly
diagnosed OSA patient before commencement of CPAP therapy to one of three conditions:
1) usual care (no access to their own treatment usage data), 2) free access to their own
treatment usage data through a web-based platform displaying their treatment usage, or 3)
access to the web-based platform plus a financial incentive ($30/night in the first week for
adequate treatment usage). The participants randomized to conditions 2 and 3 had ad libitum
access to their recorded treatment usage (mask on time) sent through a wireless modem to a
web-based portal. This study showed that feedback to participants through the website
improved daily hours of CPAP usage compared to usual care. Interestingly the financial
incentive did not provide any further benefit in increase treatment adherence beyond that of
data access.
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SUMMARY AND CONCLUSIONS

P4 medicine is very relevant to OSA. In this review we have laid out the case to use this
approach and presented initial data supporting its application. Wide availability of OMIC
strategies, new unbiased data analytical approaches and new mobile technologies that allow
patients to participate in their own care, will support the P4 approach to OSA.

It is, however, a journey that is just beginning. We need more studies to assess whether the
clinical subgroups of OSA exist in other ethnicities and whether subgroups have different
clinical consequences, and response to different therapies. New approaches to in-depth
physiological phenotyping remain investigational until more studies correlate these indices
to OSA classification and clinical consequences.192 Novel OMIC approaches needs to be
performed in a systematic way to predict, prevent and personalize disease in high-risk
patients, then undergo extensive validation before biomarkers can be routinely used in
clinical practice.

The future of OSA research (Table 2) and the clinical implementation of these strategies is
exciting. Today’s technology not only makes the P4 approach to OSA feasible but
collectively we can transform the way we approach the common disorder of OSA.
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The Determinants of Individual Differences is composed of many Individual Characteristics
and Environmental Factors. These many individual determinants can be analysed into many
types of Manifestations of Individual Differences. Collectively, the determinants of
individual differences and the manifestation of individual differences should determine an
OSA classification schema that predicts clinical consequences. As we collect extensive raw
data on individuals with OSA and perform predictive analytics on this raw data, a new OSA
classification schema e.g. “how severe is my OSA?” would be able to predict an individual’s

clinical consequences e.g. “what does this mean to me?”
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Table 1.

DOMAINS OF DIFFERENCES BETWEEN PATIENTS WITH OSA

1. Differences in structural
and physiological risk
factors

* Structural
O Craniofacial dimensions
O Size of soft tissue structures
B Possible link between obesity and fat deposition
* Physiological
O Collapsibility of the upper airway (Pgrit)
O Upper airway dilator muscle response to negative pharyngeal pressure
O Overall loop gain of ventilator control system.
O Arousal threshold to airway narrowing.
O Heart rate response to arousals

2. Differences in Clinical
Characteristics

« Ethnic differences

* Gender differences

« Differences in clinical presentation: OSA subgroups based on symptoms: disturbed sleep, minimally
symptomatic, excessively sleepy

3. Differences in molecular
signatures

* OMIC data correlated to physiological data (e.g. arousals and oxygen desaturations)
» OMIC data correlated to consequences (e.g. genes of pathways associated with cancer)

4. Differences in
consequences of OSA

« Physiological differences (e.g. arousal index and heart rate response to arousals) may predict consequences
(e.g. hypertension)

« Individuals have variable increased risk of cardiovascular, metabolic and neurodegenerative diseases and
cancer.
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Table 2.
RESEARCH AND CLINICAL DIRECTIONS FOR P4 MEDICINE IN OSA

 Confirming clinical subgroups and relevance to outcomes.

« Developing personalized approaches to therapy based on clinical subgroups.

« Application of all OMIC approaches to identify molecular signatures that will provide prognostic information.
« Elucidating the genetic variants that confer risk or protection for OSA.

« Enhancing clinical phenotypes based on new physiological approaches and applying these in routine care.

« Understanding the reasons why some patients with OSA develop hypertension, CV disease, diabetes, etc. why others do not.

« Evaluating whether treatment of OSA can affect the rate of progression of neurodegenerative disease and in which types of patients.

 Development of mobile approaches for diagnosis and follow-up management of OSA.

« Enhanced prediction tools based on information from several domains—aobesity measure, symptoms, facial photography, etc.
 Developing approaches to prevent OSA in individuals with upper airway compromise before they develop clinical disease.

« Developing personalized approaches to therapy.

« Understanding basis of different response to intra-oral devices and hypoglossal nerve stimulation.

» Widespread participatory care for patients with OSA based on new technologies.
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