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KEY POINTS

e Sleep medicine is cataloged according to a conventional disease classification system. Disease

models are rooted in the pathophysiology of sleep. Polysomnography and other tests are used
to demonstrate pathophysiological mechanisms underlying the currently known sleep disorders.

e Although many patients with sleep disorders may be adequately managed by this pathophysiolog-
ical approach, therapeutic results are insufficient in some subjects, the causes of which lie in non-
specificity of symptoms, coincidental association between symptoms and pathophysiological
endotype, as well as co-occurrence of two or more pathologic mechanisms affecting sleep.

e As co-occurrence of different pathogenetic mechanisms may produce phenotypes that are at odds
with the idealized description of classic sleep disorders, the result of standard therapeutic interven-
tions may be disappointing.

e The mechanisms underlying the expression of certain traits may be a substrate for targeted treat-
ment. Treatable traits are characterized by biomarkers with predictive value as to beneficial treat-

ment response.

e The challenge for the future is to gradually embrace the principles of systems medicine and to shift
gear toward managing treatable traits in sleep disorders surpassing the limits of the traditional

nosologic approach.

INTRODUCTION

Over the past decades, sleep medicine has
evolved as a novel discipline in health care. The
development of relevant medical specialties has
invariably been preceded by major scientific ad-
vances in particular areas of interest. Medical
and surgical specialties have traditionally been
organized on anatomic or organ-based models in
line with growing insight in organ-system physi-
ology and pathology. The taxonomy of human dis-
ease dates back to the nineteenth century and is

largely ascribed to the work of Sir William Osler,
one of the founding fathers of modern medicine.’
The classification of diseases by connecting the
affected organ system with physiologic, anatomic,
and histologic findings has been called the “Osler-
ian paradigm.”? Syndromic patterns and nosologic
entities are the building blocks of the Oslerian tax-
onomy that still prevails in the contemporary clas-
sification of human diseases.

Later in medical history, cross-sectional disci-
plines have emerged that are rooted in common
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biological settings and that integrate different or-
gan systems in a particular context. Relevant “hor-
izontal” disciplines have been developed in age
domains (pediatrics and geriatrics), cell biology
(oncology), microbiology (infectiology), to name a
few. Sleep is an essential biological process that
can be readily impaired by pathophysiological
mechanisms. Evidently, the various sleep disor-
ders have a common ground underpinning the
concept of clinical sleep medicine as we know it
today. The technological revolution over the past
century has instigated sleep research, thereby
disclosing a vast amount of scientific information
and producing exquisite tools for diagnosing and
treating sleep disorders. This evolution has paved
the way for setting up sleep medicine as a medical
discipline in its own right.® In line with this develop-
ment, curricula in sleep medicine have been
established uplifting it on a par with educational
standards in other disciplines.*

In parallel with the creation of a professional title,
textbooks, guidelines, and catalogs for disease
classification have been published. The Interna-
tional Classification of Sleep Disorders (ICSD), is-
sued by the American Academy of Sleep
Medicine (AASM), is a concise reference book
that systematically classifies the currently known
disease entities of sleep.® In this manual, sleep dis-
orders are categorized into various domains,
including insomnia, sleep-disordered breathing,
central hypersomnia, circadian rhythm disorders,
parasomnia, sleep-related movement disorders,
and miscellaneous conditions. The sleep disorders
themselves are described by essential and associ-
ated features, predisposing and precipitating fac-
tors, natural course, pathophysiology, as well as
results from polysomnography (PSG) and other
objective tests. Basically, the items listed in the
nosologic classification of the ICSD are modeled
as disease entities. The disease model consists
of a constellation of symptoms and signs comple-
mented with characteristic pathophysiological
findings on PSG (and other complementary tests).
The merger of clinical findings and observations
from diagnostic testing is deemed specific with
respect to causality. The connotation of causality
is reinforced by adding the term “syndrome” to
certain disorders, for example, “sleep apnea syn-
drome” and “restless legs syndrome.” Moreover,
the ICSD provides diagnostic criteria for each
nosologic entity. These criteria commonly include
a mixture of symptoms, signs, and objective PSG
findings. Diagnostic cutoffs are typically based
on frequency and/or severity ratings of symptoms
and PSG characteristics.

Inherently, a cause-consequence relationship is
inferred for each sleep disorder listed in the ICSD,

the cause being a pathophysiological process
demonstrable by PSG or other methods and the
consequence being the clinical presentation.
However, symptoms and signs overlap between
nosologic entities and often correlate poorly with
the degree of pathophysiological abnormality
assessed by objective tests.® Not infrequently,
the recommended therapy for sleep disorders fails
to produce symptomatic relief or is not well toler-
ated, suggesting that the cause is not really
affected by the treatment. In these cases, there
are reasons to believe that causality is uncertain
and that apparent or concealed confounders influ-
ence or determine the outcome. Thus, the ques-
tion arises whether sleep medicine practice of
the future should stick to the conventional “syn-
dromic” approach or rather move to management
of clinical traits that are likely to respond to tar-
geted treatment?

Nosological Classification of Sleep Disorders:
Evolution and Intrinsic Weaknesses

The AASM has revised the ICSD on several occa-
sions. The nosologic classification of sleep disor-
ders has been adjusted to integrate new
scientific data. More emphasis has been placed
on the role of pathophysiological observations on
PSG. As a consequence, the theoretic concept
of certain sleep disorders has evolved. To illustrate
some conceptual adaptations over time, the pre-
sent discussion will focus on the evolution of
obstructive sleep apnea (OSA) as a model of
chronic sleep disturbance across the consecutive
editions of the ICSD, also highlighting some logical
errors that inadvertently have crept in.

The first edition of the ICSD was published in
1990 by the American Sleep Disorders Association
(the predecessor of the AASM).” The diagnostic
criteria for OSA syndrome did not include any
count of respiratory events nor the apnea-
hypopnea index (AHI), but only a qualitative
description: “frequent episodes of obstructed
breathing.” The severity criterion was primarily
based on the seriousness of symptoms, which
was assumed would be reflected in the PSG
findings.

In 2005, The AASM published the second edi-
tion of the ICSD (ICSD-2).% The new version was
at odds with the previous one in that AHI cutoff
points were presented as the primary criterion for
the definition of OSA. A diagnosis of OSA could
be established based on an AHI greater than or
equal to 5/h in the presence of symptoms or an
AHI greater than or equal to 15/h even without
symptoms. The cutoff points were inspired by an
earlier AASM publication on OSA syndrome



definition and measurement techniques.® In this
paper, the AHI was introduced as a metric for
gauging OSA severity. This proposition was based
on a single cross-sectional population survey that
showed an association between AHI and prevalent
hypertension.’® However, because this study did
not include any prospective data at the time of
publication, causal inference was scientifically
inappropriate. Nevertheless, AHI was from then
on accepted as the primary measure of OSA
severity.

The AHI-driven remodeling of OSA has intro-
duced a converse error (Box 1).'"'2 This error of
reasoning reverses the logical order of premise

Box 1

Logical relation between clinical presentation
and increased apnea-hypopnea index in
obstructive sleep apnea

A: symptoms and signs that suggest OSA
B: increased AHI
C: causally related A and B (true positive)

D: coincidentally related A and B (false positive)
E: A with normal AHI

F: B without symptoms and signs that suggest
OSA

Using B as a predictor for clinically relevant,
treatment responsive OSA brings about fallacies:

Set B is a source of the McNamara or quanti-
tative fallacy: AHI is a test result. Although it
is commonly used as a metric of disease state,
it misrepresents the clinical characteristics
and severity of the disorder.

Set F is congruent with division fallacy:
assuming that an increased AHI invariably
represents symptomatic disease is erroneous.
Many subjects are asymptomatic.

Sets C, D, and F are related to converse error
(aka affirming the consequent): patients
with true OSA (set C) have an increased
AHIl—the opposite is not necessarily true.

Set D represents association fallacy: false
diagnosis of true OSA based on a coincidental
association between A and B.
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and consequent: subjects with clinically relevant
OSA have an increased AHI, but the converse is
not necessarily true. The relevance of this error has
become evident in epidemiologic research. In a
Swiss survey on middle-aged to older people in an
urban community, it was shown that the prevalence
of an AHI greater than or equal to 15/h amounted to
49.7% in men and 23.4% in women."® In most of
these people, daytime sleepiness or other symp-
toms of OSA were absent. Because an increased
AHI can be demonstrated in large percentage of
asymptomatic subjects in the general population,
doubt must be casted on the validity of the AHI as
meaningful metric of OSA disease severity.® Hence
it follows that converse error will continue to distort
the OSA disease model as long as the AHI is main-
tained as the prime predictor variable.

Box 1 also illustrates other deficiencies in
reasoning related to false associations and as-
sumptions.’" In the ICSD-2, nosologic entities
are described as sets of symptoms, signs, and
PSG findings representing disease profiles with a
common pathophysiological denominator. How-
ever, several sleep disorders have heterogeneous
manifestations that do not simply fit a disease
model cast into a concise set of diagnostic criteria.
This reductionist approach may surely apply to
certain subgroups, but by no means can it apply
to all patients of the entire target group. Division
fallacy is wrongly assuming that an individual
belonging to a group (eg, subjects with an AHI >
15/h) necessarily show other key characteristics
of that group (eg, suffering from daytime sleepi-
ness). It is often assumed that symptoms of OSA
and increased AHI are causally related. Because
this association can be due to coincidence, it is
also a misconception. The quantitative (aka McNa-
mara) fallacy is yet another misconception in
which decisions rely solely on one metric, thereby
ignoring all other observations.'* The presumption
that AHI by itself represents a disease state of OSA
in a dose-dependent manner is not justified. The
correlation between AHI and clinical manifesta-
tions is weak at best. Ascribing metric properties
to the AHI is obviously an overqualification.®

The third edition of the ICSD (ICSD-3) has further
expanded on OSA as a disease model, including
mental, metabolic, and cardiovascular comorbid-
ities as intrinsic components of the disorder."
Yet, no additional evidence was put forward in
this edition to support the assumption that the
AHI reflects clinical disease severity. Despite this
omission, the ICSD-3 has been quoted as a refer-
ence for OSA severity rating in a recent clinical
guideline on diagnostic testing of OSA published
by the AASM.'® The ICSD-3 takes the disease
model even one step further, deleting the ultimate
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criterion described in IDSC-2 that “the disorder [ie
OSA] is not better explained by another current
sleep disorder, medical or neurologic disorder,
medication use, or substance use disorder.” The
ICSD-3 clearly excludes the need for differential
diagnosis and, as such, endorses association
fallacy.

The aforementioned fallacies may have far-
reaching consequences for clinical research and
daily practice. There is as yet no gold standard
(or “ground truth”) to define the real disease state
of OSA. The causative role of OSA in provoking
symptoms and signs is hard to ascertain, even in
the presence of high AHI values. As mentioned
earlier, a coincidental association between an
indicative clinical picture and increased AHI may
be labeled as “false positive” OSA. In clinical prac-
tice, false-positively labeled patients with OSA will
experience little benefit of therapy and may show
poor adherence. Trying to optimize compliance
to therapy in these individuals will not improve
the clinical results. In clinical research, the out-
comes of randomized controlled trials may be
blurred by mixing up false-positive and true-
positive OSA. The customary inclusion criterion
of AHI greater than threshold will include both cat-
egories without knowing who’s who. Obviously,
the AHI bias will have to be addressed to improve
future results in both clinical practice and
research.'”

New Perspective: Studying Heterogeneity and
Complexity of Sleep Disorders

Chronic diseases are hallmarked by multicompo-
nent and nonlinear pathologic processes and are
ill-suited to be comprehended by reductionist
models.'® Instead, systems science offers tools
to effectively treat susceptible traits at an individ-
ual level. Alvar Agusti has pioneered such
approach in asthma and chronic obstructive pul-
monary disease (COPD), two highly prevalent
and disabling chronic diseases.'® Taking obstruc-
tive lung disease as a starting point, he has
elegantly described the historical transition of
medical reasoning. Disease management, tradi-
tionally based on pathology- and
pathophysiology-oriented diagnosis, had at some
point to be fine-tuned. The first step was to identify
differential disease attributes in patients with a
common diagnosis allowing stratification into clin-
ical phenotypes. However, such subclassification
also proved insufficient to predict therapeutic ef-
fects and prognosis within the stratified sub-
groups. Eventually, it became obvious that a
subsequent step had to be taken and that

assessment of disease characteristics was
required at the individual level.?°

At present, personalized (aka “precision”) med-
icine is proposed as the ultimate paradigm to over-
come the limitations of the former strategies. It is
defined as “treatments targeted to the needs of in-
dividual patients on the basis of genetic,
biomarker, phenotypic or psychosocial character-
istics that distinguish a given patient from other
patients with similar clinical presentations.”?! The
main objective of precision medicine is to
“improve clinical outcomes for individual patients
while minimizing unnecessary side effects for
those less likely to respond to a given treat-
ment.”?? The rationale for assuming personalized
medicine is the observation that chronic diseases
are “complex” and “heterogeneous.” In this
setting, “complex” means that they have several
components with nonlinear dynamic interactions,
whereas “heterogeneous” indicates that not all of
these components are present in all patients or,
in a given patient, at all timepoints.?! An explana-
tion of these concepts is presented in Table 1.

The transition to personalized medicine is
rooted in systems biology.® This scientific domain
studies the complex time, space, and context-
sensitive interactions of the vast amount of com-
ponents that constitute a biological system. Infor-
mation is lost by zooming in on the individual
components. In order to gain new insights, the dy-
namics of the entire system must be analyzed at
an integrated meta-level. Analytical methods are
derived from systems engineering and big data
science. The transposition of systems biology to
the scientific domain of medicine is called “sys-
tems medicine” or “network medicine.”?* The intri-
cate interaction of processes at environmental,
clinical, biological, and genetic levels ultimately
defines the clinical outcomes. In brief, the study
of these complex mechanisms is grouped into
basic domains covering genotypes, endotypes,
and phenotypes (Table 2).>* Meanwhile, the prin-
ciples of precision medicine have been reviewed
and deemed appropriate for common practice by
opinion leaders of the sleep medicine
community.?526

Precision in Sleep Medicine

Endotypes and phenotypes have been studied
intensively over the past decade, especially in
the domain of sleep-disordered breathing.?” An
endotype denotes a particular mechanism that
causes a physiologic or metabolic disturbance in
certain organ systems. In OSA, several physiologic
endotypes have been observed that, together,
shape the disturbed breathing process. Members
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Table 1
Evolution of the medical disease concept
Type of Disease
Management Underlying Concept Clinical Implications Management
Traditional Monodimensional, uniform Syndromic approach: a "One size fits all”
medicine disease processes common denominator of
observed symptoms,
signs, and pathologic
markers defines the illness
Stratified Heterogeneity within Phenotyping, stratification “One size fits every
medicine nosologic entities of subtypes subtype”
Personalized  Heterogeneity plus Multiple causes or Label-free, targeted therapy
medicine complexity within pathologic processes may  for treatment-responsive
nosologic entities underly discrete traits
phenotypes.
Discrimination between
conventional nosologic
entities becomes less
obvious
Table 2
Definitions in systems medicine
Term Meaning
Exposome The cumulative/lifelong environmental exposures including
smoking, pollution, noxious substances, infections, and diet.
Genome The total composition of genes in a cell defining the genetic make-
up of an organism or individual.
Epigenetics Molecular mechanisms/multilevel biological networks that

dynamically modulate the outcome of gene-environment
interactions.

Genotype The part of the genome (ie, a gene or set of genes) that codes for
the characteristics of an organism or individual, determining the
phenotype through the intermediary pathway of endotypes.

Endotype The subtype of a condition that has a distinct molecular, functional,
or pathobiological mechanism. Studying endotypes allows
mechanistic approaches to disease stratification and treatment
beyond the clinical presentation of the disease.

Phenotype Observable characteristics of an organism or individual in health
and disease. A combination of disease features, in relation to
clinically meaningful attributes (symptoms, response to therapy,
health outcomes, quality of life).

Trait A particular characteristic such as an endotype or clinical subtype. A
treatable trait is a therapeutic target identified by recognition of
phenotype or endotype through validated biomarkers.

Biomarker A measurable indicator (biological molecule in body fluids as well as
physiologic phenomenon) used to gauge a particular biological
or pathogenic process or response to treatment. Validated
biomarkers may be reliable surrogates for certain endotypes or
phenotypes.

Cluster A set of characteristics that together point at a common cause or
pathogenic mechanism
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from the Division of Sleep Medicine at the Brigham
and Women’s Hospital (Harvard Medical School)
have explored the pathophysiological mecha-
nisms of sleep-disordered breathing.?® Briefly,
they demonstrated that several factors play a
role in upper airway obstruction, including an
anatomic feature predisposing to collapsibility of
the upper airway, and nonanatomical traits (genio-
glossus muscle responsiveness, arousal
threshold, and respiratory control stability—loop
gain). In subsequent studies it was found that the
nonanatomical pathophysiological traits are suit-
able to therapeutic options other than the conven-
tional application of positive airway pressure
therapy or the use of oral appliances.?® More spe-
cifically, supplemental oxygen therapy or carbo-
anhydrase inhibitors may be effective at reducing
loop gain, whereas hypnotics may increase the
arousal threshold, and upper airway muscle
training or hypoglossal nerve stimulation may
compensate for insufficient genioglossus muscle
responsiveness.?”*%%" Evidence is accumulating
that physiologically targeted treatment of OSA
may effectively decrease the AHI and thus lower
the pathophysiological burden of the disorder.
However, it is as yet uncertain whether this would
also translate into reduced symptom scores.

Although the term “phenotype” can have different
meanings, it usually denotes a combination of dis-
ease characteristics, inrelation to clinically meaning-
ful attributes (symptoms, treatment response, health
outcomes, quality of life) that can be used to distin-
guish certain categories of patients from others.%>2
Within taxonomically defined diseases such as OSA
and COPD, the observed clinical heterogeneity ne-
cessitates subclassification into different clinical
phenotypes. Cluster analysis is a suitable statistical
method to discern subtypes in large heterogeneous
groups. This technique has been explained in a
recent review by Zinchuk and colleagues.®* Cluster
analysis uses hypothesis-generating (unsupervised)
learning methods for discovering patterns in the
parent population by grouping individuals into ho-
mogeneous categories, based on the clustering of
particular features. The results depend on the pa-
rameters fed into the model and may focus on
different outcomes including symptoms, PSG fea-
tures, treatment results, and risk for having or devel-
oping comorbidities.

Cluster analysis has revealed remarkable findings
in OSA research. Basically, three symptomatic
forms of OSA have been identified, namely patients
with disturbed sleep, minimal symptoms, and
excessive sleepiness.>® These observations have
been replicated and expanded in a subsequent in-
ternational, multicentric study.®® In addition to the
three basic clusters two other categories were

proposed, that is, upper airway symptoms dominant
and sleepiness dominant subtypes. Similar average
AHI values were found in both study samples and
across clusters, indicating that clinical phenotypes
cannot be differentiated by the AHI. The disturbed
sleep or “insomnia” phenotype was observed to
be dominant in a survey of the European Sleep
Apnoea Database.®” In this study, phenotypes with
insomnia symptoms comprised more than half of
the patients with OSA and were more frequently
linked with cardiovascular comorbidity than those
with excessive sleepiness, despite less severe
OSA. Using data from the Sleep Heart Health Study,
the excessively sleepy subtype was found to be
most strongly associated with prevalent heart failure
and incident cardiovascular disease.*® Cluster anal-
ysis of a multisite US Veteran cohort disclosed 7
OSA subtypes, when PSG data were fed into the
statistical analysis.®° In this study, certain physio-
logic endotypes (including those with periodic limb
movement of sleep) captured risk of adverse cardio-
vascular outcomes, which was missed by the con-
ventional AHI-based OSA severity classification.

Obviously, disparate results from cluster analyses
regarding clinical phenotypes in OSA may reflect dif-
ferences in patient samples and methods used. As
yet, insufficient data exist to confirm that phenotypic
clustering may be reproducible within the same
datasets or across cohorts.>* In accordance with
other clinical trials, the target population for cluster
analysis studies are subjects referred for OSA eval-
uation who happen to have an AHI greater than
threshold. As previously explained, nonspecific
symptoms such as insomnia or excessive sleepi-
ness do not become specific markers of OSA in
the presence of an increased AHI, and association
fallacy may render the outcome of cluster analysis
trials noninterpretable. The AHI should be consid-
ered the catch-22 of clinical OSA research.
Addressing the “AHI bias” will be a major challenge
for future clinical research.

Finally, OSA is not only complex and heteroge-
neous but also overlaps and co-occurs with other
sleep disorders. Moreover, lifestyle characteristics
and manifestations of medical and psychiatric
comorbidities may further blend in with the palette
of symptoms, thereby generating composed phe-
notypes. In order to predict responses to thera-
peutic interventions more reliably, unique
mechanistic traits and clinical features of OSA
will have to be determined.?”

The Quest for Specificity: Discovering Markers
that Indicate Treatable Traits

From the earlier discussion it becomes evident
that the top-down Oslerian approach to disease,



starting with the clinical presentation of the disor-
der at the top, followed by identifying the patho-
physiological mechanisms below,?* does not
always work for sleep disorders medicine. In
many patients with OSA the pathophysiological
endotype does not seem to match the clinical
phenotype.?” The one-size-fits-all therapeutic
strategies fail in a sizable number of patients cate-
gorized according to the prevailing ICSD. Cluster
analysis has produced variable results and no
consistent actionable information has come forth
as to guide specific therapy in identified pheno-
types. Furthermore, hypothesis-driven phenotyp-
ing is prone to circular reasoning, predisposing
subjects to being labeled with the diagnostic
outcome already before the diagnostic procedure
has started (eg, “subjects referred for OSA evalua-
tion”). Therefore, there is an opportunity for sleep
medicine to leave the beaten path of Oslerian clas-
sification and to gradually adopt the principles of
precision medicine.

To find markers that enhance specificity in the
relationship between pathophysiological endo-
types and the clinical phenotypes is a challenge
of high priority. As clinical phenotypes in sleep
medicine are often characterized by a set of
nonspecific symptoms and signs, the identification
of treatable traits is of prime importance. Traits can
be considered as identifiers of causality between a
pathogenetic mechanism and its clinical expres-
sion in the context of a disease model. The conno-
tation “treatable” means that a trait may qualify as
a decision aid for administering a targeted treat-
ment that is expected to be effective. Treatable
traits are not necessarily mutually exclusive. They
can coexist in the same patient and can change
with time.?*

In OSA, the primary token of specificity
regarding the relation between endotype and
phenotype is a favorable response to therapy.®
However, this is a post hoc finding of an ordinary
trial-and-error approach, which is not quite
appealing in the setting of modern medicine. The
challenge is indeed to discover treatable traits
that not only assure success of lowering the AHI
but also, first and foremost, predict symptomatic
response to targeted treatment. In recent years,
investigators have sought to improve the diag-
nostic yield of clinical sleep studies. PSG offers
exquisite multichannel and multivariable technol-
ogy suited to demonstrate intricate pathophysio-
logical mechanisms. It seems that routine PSG
can be enhanced to emulate the (obtrusive and
invasive) techniques that were used to validate
the four endotypes described by Eckert and col-
leagues.?®40-41 Furthermore, intelligent digital al-
gorithms can be applied to expand the array of
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PSG metrics, such as sleep depth, arousal charac-
teristics, and hypoxic burden, among others.*?
The big data generated by thousands of polysom-
nographic recordings are an excellent substrate
for novel analytical approaches. Innovative scoring
techniques are expected to come out of the appli-
cation of artificial intelligence. For example, hyp-
nographic analysis of sleep has revealed a new
sensitive and specific marker for type 1 narco-
lepsy, in the form of an unusual overlap between
sleep stages.*® Thus, innovation of PSG method-
ology holds promise for new biomarkers with a po-
tential to serve as treatable traits.

The presence of soluble biomarkers in body
fluids or exhaled air is another exciting field of sci-
entific discovery. The study by Sanchez-de-la-
Torre and colleagues was one of the first to
show that biomarkers are capable of predicting
treatment responses in patients susceptible to
the hypertensive effects of OSA.** In this study,
the presence of a particular microRNA profile
was associated with the likelihood that blood
pressure would be reduced by CPAP therapy in
OSA patients with resistant hypertension. It can
be expected that such information may assist in
future decision-making regarding administration
of CPAP versus prescribing antihypertensive
drugs in this target group. In the domain of epige-
netics, exploration of the transcriptome holds
promise for the discovery of new biomarkers.*®
The noncoding RNAs, specifically microRNAs,
seem relevant as potential indicators for the man-
agement of OSA, and the potential translational
applicability of these molecules extends beyond
predicting effects of CPAP on blood pressure.*®
Other potential biomarkers for OSA have been
searched in the domain of proteomics.“® Although
some candidate markers have been identified,
their accuracy is as yet insufficient to be imple-
mented in clinical practice. Overall, the applica-
tion of “-omics” seems promising for defining
treatable traits, but the scientific development is
still in its infancy. With the application of artificial
intelligence and big data statistical analysis it is
expected that useful biomarkers will emerge and
will be integrated into clinical practice in the years
to come.

In conclusion, it has become evident that the
present nosologic classification of sleep disor-
ders is too restricted. In the ICSD, sleep disor-
ders have been parceled out into separate
disease entities based on traditional taxonomy
and pathophysiological modeling. In daily prac-
tice, however, nonspecificity of symptoms may
confound diagnostic decision-making. More-
over, blended clinical conditions are frequently
encountered for which clues as to choosing
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efficient and effective treatment are lacking.
Therefore, it is time to downscale the Oslerian
principle of disease management and to inte-
grate systems medicine-based, unbiased (“la-
bel-free”) approaches allowing effective
treatment of traits that may be shared by
different sleep disorders.

CLINICS CARE POINTS

e The treatment of sleep disorders is often
straightforward, much to the satisfaction of
the patient and the medical doctor. Patients
presenting with complex phenotypes, how-
ever, may pose therapeutic problems.

e Treatment failure in clear-cut cases or prob-
lems in patients with complex phenomenol-
ogy should prompt for other solutions than
conventional therapy.

e The identification of traits that are responsive
to targeted treatment is paramount in these
cases.

e Although systems medicine—the driving
force behind the development of personal-
ized medicine—is at its infancy in the domain
of sleep disorders, recent developments hold
potential for diagnostic and therapeutic in-
novations that expectedly will become avail-
able for routine practice in the not-so-
distant future.
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