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This review series summarizes research in the fields of sleep and breathing, highlighting
major progress made in recent years. Based on these advances, we use this epilogue to make
predictions for our field and perhaps to help guide further progress.

NEW DIAGNOSTICS

1 Wear able technologies to diagnose obstructive sleep apnoea (OSA): Wearable
technologies are increasingly being used to monitor various aspects of health,
including sleep.! Validation studies on wrist-worn devices suggest that we are
rapidly moving towards devices that can reliably monitor and stage sleep.2
Efforts are underway to diagnose OSA using such technologies.® Remote
monitoring approaches may also be helpful to provide patient engagement and to
allow clinicians to identify and intervene on patients who are struggling with
therapy.4

2. Plasma biomarkersto diagnose and risk stratify OSA: Biomarkers are being
used increasingly to diagnose various conditions, for example plasma exosomes
and microRNAs are being applied to OSA such that a clinician may ultimately be
able to diagnose a patient with OSA based on a blood test.>6 Moreover, these
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approaches may provide some insight into why a given patient has OSA and
what is the risk of a particular complication.

Genome sequencing for individualsto predict risk of OSA and risk of OSA
complications: Genetics studies are also providing insight into OSA risk and
mechanisms.’ Big data approaches are now being applied to sleep medicine by
using huge sample size to answer important questions.® By identifying patients at
risk of developing OSA, preventative strategies could be used in high-risk
patients before complications develop or prior to the occurrence of irreversible
changes, for example apoptosis in the hippocampus® and age-related changes.10

NEW CAUSAL PATHWAYS AND APPROACHES

1.

Individualized therapy: The appreciation that not all OSA patients get their
disease for the same reason has led to the concept that individualized therapy
could be used for patients depending on the underlying mechanism of disease!!
For example, a patient with a primarily anatomical problem at the level of the
velopharynx may benefit from palatal surgery, whereas a patient with
dysfunction in upper airway dilator muscles may have a good response to
hypoglossal nerve stimulation.12 On the other hand, a patient with unstable
ventilatory control (high-loop gain), may see improvement in OSA with oxygen
or acetazolamide, interventions which can effectively reduce the loop gain.13
This individualized approach to therapy will require rigorous outcome data and
methods to determine underlying mechanisms using clinically accessible data
(e.g. plasma markers, sophisticated analyses of sleep recordings, etc.).141°

Drug therapy for OSA: Advances in our understanding of the
neuropharmacology of brainstem control have enabled targeted approaches to
therapy.16 A medication that could be used to augment hypoglossal motor output
during sleep, or stabilize the ventilator control or perhaps mitigate OSA
complications (e.g. by blocking the end organ impact of oxidative stress or
sympathoexcitation) would be a valuable addition to treatment options.

Alterations of microbiometo improve OSA and its complications: Recent
insights into the role of gut bacteria have shown definitively that the microbiome
is an important factor in many common diseases including obesity and
atherosclerosis. Studies are now suggesting that the intermittent hypoxia which
defines OSA can lead to alterations in gut bacteria which in turn can yield
metabolic alterations in the circulation with associated end organ effects.17:18 In
future, different dietary and antimicrobial approaches could be used to mitigate
the risk of OSA and its complications.

VALUE-BASED PURCHASING AND QUALITY IMPROVEMENT

1

OSA treatment to prevent complications and to reduce expenditures: An
upcoming trend in healthcare is the move towards value-based purchasing such
that (in some countries) reimbursement will be tied to improvement in outcomes,
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rather than simply rewarding the quantity of care provided. This trend will
represent an opportunity for the sleep field, for example treatment of OSA,
which reduces perioperative complications, at least in some individuals.1®
Similarly, addressing sleep disorders in congestive heart failure, diabetes, COPD
and accelerated cognitive decline may serve to improve the wellbeing of these
patients from the standpoint of quality of care and health outcomes,20-22

FUTURE STUDIES
We anticipate a number of areas of future study and development but summarize a few here:

1 Big data approaches: Large databases are now being used by the sleep field to
address issues with positive airway pressure (PAP) adherence, to study the
natural history of OSA and to predict which patients may be at risk of important
complications.® Rigorous studies are needed to assess the new technologies,
which are being developed to allow patient engagement and feedback, attempting
to optimize PAP adherence.*

2. Diet, exercise and deep arethethree pillars of health: Advocacy for the
importance of sleep and sleep health is occurring via large-scale public education
efforts in many countries. For example, the general public is now focusing
increasingly on issues around cognition and aging, but there is generally minimal
appreciation for the impact of healthy sleep on these outcomes.23-25

3. New health care delivery modelsfor OSA: The recognition that the number of
sleep specialists is grossly inadequate for the massive numbers of afflicted OSA
patients has led to discussion about alternative health care delivery approaches
(e.g. using nurse practitioners or primary care physicians).28 New technologies
may also provide opportunities to diagnose and treat uncomplicated OSA
effectively, without the need for direct specialist involvement.

The sleep field is undergoing an exciting period of knowledge expansion and increased
appreciation. We hope that this review series has provided food for thought and a pathway to
future progress.

Acknowledgments

A.M. is Pl on NIH RO1 HL085188, K24 HL132105, is MPI on T32 HL134632, CPGLO and co-investigator on
R21 HL121794, RO1 HL 119201, RO1 HL081823. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the NIH. P.E. is supported by a National Health and Medical Research
Council (Australia) Senior Research Fellowship (1042341). M.M. is Pl on a multicentre trial (The Merge Study:
NCT02699463) funded by ResMed Ltd.

References

1. Looney D, Goverdovsky V, Rosenzweig I, Morrell MJ, Mandic DP. Wearable in-ear
encephalography sensor for monitoring sleep. Preliminary observations from nap studies. Ann. Am.
Thorac. Soc. 2016; 13:2229-33. [PubMed: 27684316]

2. Mantua J, Gravel N, Spencer RM. Reliability of sleep measures from four personal health
monitoring devices compared to research-based actigraphy and polysomnography. Sensors (Basel).
2016; 16:646.

Respirology. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Malhotra et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Page 4

.Gan YJ, Lim L, Chong YK. Validation study of WatchPat 200 for diagnosis of OSA in an Asian

cohort. Eur. Arch. Otorhinolaryngol. 2017; 274:1741-5. [PubMed: 27796555]

. Pepin J-L, Tamisier R, Hwang D, Mereddy S, Parthasarathy. Does remote monitoring change OSA

management and CPAP adherence? Respirology. 2017; 22:1508-17. [PubMed: 29024308]

. Khalyfa A, Zhang C, Khalyfa AA, Foster GE, Beaudin AE, Andrade J, Hanly PJ, Poulin MJ, Gozal

D. Effect of intermittent hypoxia on plasma exosomal micro RNA signature and endothelial
function in healthy adults. Sleep. 2016; 39:2077-90. [PubMed: 27634792]

. Khalyfa, A., Kheirandish-Gozal, L., Gozal, D. Circulating exosomes in obstructive sleep apnea as

phenotypic biomarkers and mechanistic messengers of end-organ morbidity. Respir. Physiol.
Neurobiol. 2017. https://doi.org/10.1016/j.resp.2017.06.004

. Mukherjee, S., Saxena, R., Palmer, L. Genetics of obstructive sleep apnea. Respirology. 2017.

https://doi.org/10.1111/resp.13212

. Budhiraja R, Thomas R, Kim M, Redline S. The role of big data in the management of sleep-

disordered breathing. Sleep Med. Clin. 2016; 11:241-55. [PubMed: 27236060]

. Gao H, Han Z, Huang S, Bai R, Ge X, Chen F, Lei P. Intermittent hypoxia caused cognitive

dysfunction relate to miRNAs dysregulation in hippocampus. Behav. Brain Res. 2017; 335:80-7.
[PubMed: 28647595]

. McMillan A, Bratton DJ, Faria R, Laskawiec-Szkonter M, Griffin S, Davies RJ, Nunn AJ,
Stradling JR, Riha RL, Morrell MJ. A multicentre randomised controlled trial and economic
evaluation of continuous positive airway pressure for the treatment of obstructive sleep apnoea
syndrome in older people: PREDICT. Health Technol. Assess. 2015; 19:1-188.

Lim DC, Sutherland K, Cistulli PA, Pack Al. P4 medicine approach to obstructive sleep apnoea.
Respirology. 2017; 22:849-60. [PubMed: 28477347]

Edwards BA, Eckert DJ, Jordan AS. Obstructive sleep apnoea pathogenesis from mild to severe: is
it all the same? Respirology. 2017; 22:33-42. [PubMed: 27699919]

Edwards BA, Connolly JG, Campana LM, Sands SA, Trinder JA, White DP, Wellman A, Malhotra
A. Acetazolamide attenuates the ventilatory response to arousal in patients with obstructive sleep
apnea. Sleep. 2013; 36:281-5. [PubMed: 23372276]

Terrill P, Edwards BA, Nemati S, Butler JP, Owens RL, Eckert DJ, White DP, Malhotra A,
Wellman A, Sands SA. Quantifying the ventilatory control contribution to sleep apnoea using
polysomnography. Eur. Respir. J. 2015; 45:408-18. [PubMed: 25323235]

Jordan AS, McSharry DG, Malhotra A. Adult obstructive sleep apnoea. Lancet. 2014; 383:736-47.
[PubMed: 23910433]

Horner RL, Grace KP, Wellman A. A resource of potential drug targets and strategic decision-
making for obstructive sleep apnoea pharmacotherapy. Respirology. 2017; 22:861-73. [PubMed:
28544082]

Moreno-Indias I, Torres M, Sanchez-Alcoholado L, Cardona F, Almendros I, Gozal D, Montserrat
JM, Queipo-Ortufio MI, Farré R. Normoxic recovery mimicking treatment of sleep apnea does not
reverse intermittent hypoxia-induced bacterial dysbiosis and low -grade endotoxemia in mice.
Sleep. 2016; 39:1891-7. [PubMed: 27397563]

Xue, J., Zhou, D., Poulsen, O., Imamura, T., Hsiao, YH., Smith, TH., Malhotra, A., Dorrestein, P.,
Knight, R., Haddad, GG. Intermittent hypoxia and hypercapnia accelerate atherosclerosis, partially
via trimethylamine-oxide. Am. J. Respir. Cell Mol. Biol. 2017. https://doi.org/10.1165/rcmb.
2017-00860C

Hillman DR, Chung F. Anaesthetic management of sleep-disordered breathing in adults.
Respirology. 2017; 22:230-9. [PubMed: 27988979]

Naughton MT, Kee K. Sleep apnoea in heart failure: to treat or not to treat? Respirology. 2017;
22:217-29. [PubMed: 27998040]

Owens RL, Macrea MM, Teodorescu M. The overlaps of asthma or COPD with OSA: a focused
review. Respirology. 2017; 22:1073-83. [PubMed: 28677827]

Orr JE, Malhotra A, Sands SA. Pathogenesis of central and complex sleep apnoea. Respirology.
2017; 22:43-52. [PubMed: 27797160]

Bucks RS, Olaithe M, Rosenzweig I, Morrell MJ. Reviewing the relationship between OSA and
cognition: where do we go from here? Respirology. 2017; 22:1253-61. [PubMed: 28779504]

Respirology. Author manuscript; available in PMC 2018 July 01.


https://doi.org/10.1016/j.resp.2017.06.004
https://doi.org/10.1111/resp.13212
https://doi.org/10.1165/rcmb.2017-0086OC
https://doi.org/10.1165/rcmb.2017-0086OC

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Malhotra et al. Page 5

24. Hafner, M., Stepanek, M., Taylor, J., Troxel, WM., Van Stolk, C. Why Sleep Matters—The
Economic Costs of Insufficient Sleep: A Cross-country Comparative Analysis. Santa Monica, CA:
RAND Corporation; 2016.

25. Sleep Health Foundation. Asleep on the Job: Costs of Inadequate Sleep in Australia. Sydney: Sleep
Health Foundation; 2017.

26. Chai-Coetzer CL, Antic NA, McEvoy RD. Ambulatory models of care for obstructive sleep
apnoea: diagnosis and management. Respirology. 2013; 18:605-15. [PubMed: 23432951]

Respirology. Author manuscript; available in PMC 2018 July 01.



	NEW DIAGNOSTICS
	NEW CAUSAL PATHWAYS AND APPROACHES
	VALUE-BASED PURCHASING AND QUALITY IMPROVEMENT
	FUTURE STUDIES
	References

