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The estimated prevalence of moderate to severe obstructive sleep apnea syndrome
(OSA) has increased by 14–55% over the last few decades [1]. Continuous positive airway
pressure (CPAP) has become the current gold standard of OSA treatment since the early
1980s [2]. CPAP has been proven to be highly effective in decreasing respiratory events
during sleep and in improving the clinical manifestations of the disease [3–5]. However,
almost 50% of the patients who are prescribed CPAP are not adherent to it at all or use
it <4 h per night [6]. As a result, there is a definite need for novel treatments and for the
development of new effective strategies in order to accurately predict the optimal solutions
for each patient.

Diagnosis and severity of OSA have been traditionally based on the apnea-hypopnea
index (AHI). However, the AHI centered approach of OSA does not seem to be sufficient
nowadays in order to assess the heterogeneity of the disease and to evaluate different patho-
genetic mechanisms, clinical presentations, risk factors, and response to treatment [7,8].
The high number of AHI (>30 event/h) has been related with increased morbidity and
mortality. On the other hand, this not so evident for OSA patients with less frequent
respiratory events and data supporting the effect of treatment with CPAP in these patients
concerning the improvement of survival and cardiovascular risk are limited [9–11]. The
selection of OSA treatment is closely related to patient outcomes and the limited adherence
to CPAP leads to the search of other alternative non-CPAP treatments [6,12].

The heterogeneity of the pathogenesis of OSA is still poorly defined. Until recently,
the most important variable for the pathogenesis of the disease was considered to be the
impaired upper airway anatomy. On the other hand, other non-anatomical phenotypes, as
unstable respiratory control, impaired upper airway muscle function during sleep, and a
low respiratory arousal threshold may also play a significant role [13,14]. However, most
of the treatment options for OSA, such as CPAP, mandibular advancement devices, upper
airway surgery, and hypoglossal nerve stimulation, are focused on improving the impaired
upper airway anatomy but not the other pathogenetic traits of the disease. Different
interventions according to the different endotypes of each patient should be used. Upper
airway surgery (e.g., palatal surgery) may be useful for those patients with problems in the
anatomy of velopharynx, whereas acetazolamide or oxygen in patients with high loop gain
(unstable ventilatory control) [15]. Recently, studies using different approaches, as cluster
analysis, have tried to examine OSA heterogeneity aiming to identify different phenotypes
in order to achieve a more personalized approach of management [16].

As there is a lack of high scientific evidence for the effective management of patients
suffering from OSA who are not adherent or refuse CPAP, the European Respiratory Society
(ERS) has recently updated an older statement on non-CPAP treatment [17] as new methods
as hypoglossal nerve stimulation (HNS) [18] have been introduced in the last years and
others, such as positional therapy, mandibular advancement devices [19], myofunctional
therapy, maxillo-mandibular osteotomy, and some pharmacological agents have been
reconsidered [20]. The therapeutic approach of OSA should be multidimensional also
including patients’ education and help for weight reduction [21].
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The future treatment options of OSA should be based on the unique pathophysiological
traits of each patient and on the personalized selection therapy [15,22]. This may lead
to combinations of different therapies as CPAP, mandibular advancement devices, and
positional therapies [23,24] for the identification of the most effective and suitable treatment
for each patient individually. Additionally, new pharmaceutical agents that may affect the
different pathophysiological mechanisms of the disease, such as respiratory drive, arousals,
and upper airway muscles [25–27], have been recently investigated, as well as others agents
that may be used for the treatment of residual sleepiness in OSA patients [28–30].

The key goals of the future treatment of OSA should be to provide alternative effi-
cacious management pathways beyond the traditional “one size fits all” CPAP focused
approach that seems to be inefficient to many of our patients. Identification of differ-
ent clinical phenotypes and their underlying pathophysiological endotypes may provide
novel strategies to the treatment of the disease based on precision medicine and, as a
result, further improve treatment adherence and success with CPAP (but also non-CPAP
therapies) [31]. A future priority should be to integrate this ‘personalized’ approach and
implement it into everyday clinical practice. A major challenge of this approach will be to
update tools in pragmatic trials in order to evaluate endotyping in the real clinical practice
highlighting the heterogeneity of OSA with its different outcomes in patients’ lives.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Peppard, P.E.; Young, T.; Barnet, J.H.; Palta, M.; Hagen, E.W.; Hla, K.M. Increased prevalence of sleep-disordered breathing in

adults. Am. J. Epidemiol. 2013, 177, 1006–1014. [CrossRef] [PubMed]
2. Sullivan, C.E.; Issa, F.G.; Berthon-Jones, M.; Eves, L. Reversal of obstructive sleep apnoea by continuous positive airway pressure

applied through the nares. Lancet 1981, 1, 862–865. [CrossRef]
3. Khan, S.U.; Duran, C.A.; Rahman, H.; Lekkala, M.; Saleem, M.A.; Kaluski, E. A meta-analysis of continuous positive airway

pressure therapy in prevention of cardiovascular events in patients with obstructive sleep apnoea. Eur. Heart J. 2018, 39, 2291–2297.
[CrossRef] [PubMed]

4. Labarca, G.; Saavedra, D.; Dreyse, J.; Jorquera, J.; Barbe, F. Efficacy of CPAP for improvements in sleepiness, cognition, mood, and
quality of life in elderly patients with OSA: Systematic review and meta-analysis of randomized controlled trials. Chest 2020,
158, 751–764. [CrossRef] [PubMed]

5. Wang, M.L.; Wang, C.; Tuo, M.; Yu, Y.; Wang, L.; Yu, J.T.; Tan, L.; Chi, S. Cognitive effects of treating obstructive sleep apnea:
A meta-analysis of randomized controlled trials. J. Alzheimer’s Dis. 2020, 75, 705–715. [CrossRef]

6. Weaver, T.E.; Grunstein, R.R. Adherence to continuous positive airway pressure therapy: The challenge to effective treatment.
Proc. Am. Thorac. Soc. 2008, 5, 173–178. [CrossRef]

7. Malhotra, A.; Ayappa, I.; Ayas, N.; Collop, N.; Kirsch, D.; Mcardle, N.; Mehra, R.; Pack, A.I.; Punjabi, N.; White, D.P.; et al. Metrics
of sleep apnea severity: Beyond the apnea-hypopnea index. Sleep 2021, 44, zsab030. [CrossRef]

8. Pevernagie, D.A.; Gnidovec-Strazisar, B.; Grote, L.; McNicholas, W.T.; Penzel, T.; Randerath, W.; Schiza, S.; Verbraecken, J.;
Arnardottir, E.S. On the rise and fall of the apnea-hypopnea index: A historical review and critical appraisal. J. Sleep Res. 2020,
29, 13066. [CrossRef]

9. Marin, J.M.; Carrizo, S.J.; Vicente, E.; Agusti, A.G. Long-term cardiovascular outcomes in men with obstructive sleep
apnoea-hypopnoea with or without treatment with continuous positive airway pressure: An observational study. Lancet 2005,
365, 1046–1053. [CrossRef]

10. Fu, Y.; Xia, Y.; Yi, H.; Xu, H.; Guan, J.; Yin, S. Meta-analysis of all-cause and cardiovascular mortality in obstructive sleep apnea
with or without continuous positive airway pressure treatment. Sleep Breath. 2017, 21, 181–189. [CrossRef]

11. Dong, J.Y.; Zhang, Y.H.; Qin, L.Q. Obstructive sleep apnea and cardiovascular risk: Meta-analysis of prospective cohort studies.
Atherosclerosis 2013, 229, 489–495. [CrossRef] [PubMed]

12. McArdle, N.; Devereux, G.; Heidarnejad, H.; Engleman, H.M.; Mackay, T.W.; Douglas, N.J. Long-term use of CPAP therapy for
sleep apnea/hypopnea syndrome. Am. J. Respir. Crit. Care Med. 1999, 159, 1108–1114. [CrossRef] [PubMed]

13. Eckert, D.J.; White, D.P.; Jordan, A.S.; Malhotra, A.; Wellman, A. Defining phenotypic causes of obstructive sleep apnea.
Identification of novel therapeutic targets. Am. J. Respir. Crit. Care Med. 2013, 188, 996–1004. [CrossRef] [PubMed]

14. Wellman, A.; Eckert, D.J.; Jordan, A.S.; Edwards, B.A.; Passaglia, C.L.; Jackson, A.C.; Gautam, S.; Owens, R.L.; Malhotra, A.;
White, D.P. A method for measuring and modeling the physiological traits causing obstructive sleep apnea. J. Appl. Physiol. 2011,
110, 1627–1637. [CrossRef] [PubMed]

http://doi.org/10.1093/aje/kws342
http://www.ncbi.nlm.nih.gov/pubmed/23589584
http://doi.org/10.1016/S0140-6736(81)92140-1
http://doi.org/10.1093/eurheartj/ehx597
http://www.ncbi.nlm.nih.gov/pubmed/29069399
http://doi.org/10.1016/j.chest.2020.03.049
http://www.ncbi.nlm.nih.gov/pubmed/32289311
http://doi.org/10.3233/JAD-200088
http://doi.org/10.1513/pats.200708-119MG
http://doi.org/10.1093/sleep/zsab030
http://doi.org/10.1111/jsr.13066
http://doi.org/10.1016/S0140-6736(05)71141-7
http://doi.org/10.1007/s11325-016-1393-1
http://doi.org/10.1016/j.atherosclerosis.2013.04.026
http://www.ncbi.nlm.nih.gov/pubmed/23684511
http://doi.org/10.1164/ajrccm.159.4.9807111
http://www.ncbi.nlm.nih.gov/pubmed/10194153
http://doi.org/10.1164/rccm.201303-0448OC
http://www.ncbi.nlm.nih.gov/pubmed/23721582
http://doi.org/10.1152/japplphysiol.00972.2010
http://www.ncbi.nlm.nih.gov/pubmed/21436459


J. Clin. Med. 2022, 11, 3595 3 of 3

15. Eckert, D.J. Phenotypic approaches to obstructive sleep apnoea—New pathways for targeted therapy. Sleep Med. Rev. 2018,
37, 45–59. [CrossRef]

16. Zinchuk, A.; Yaggi, H.K. Phenotypic Subtypes of OSA: A Challenge and Opportunity for Precision Medicine. Chest 2020,
157, 403–420. [CrossRef]

17. Randerath, W.J.; Verbraecken, J.; Andreas, S.; Bettega, G.; Boudewyns, A.; Hamans, E.; Jalbert, F.; Paoli, J.R.; Sanner, B.;
Smith, I.; et al. Non-CPAP therapies in obstructive sleep apnoea. Eur. Respir. J. 2011, 37, 1000–1028. [CrossRef]

18. Strollo, P.J.; Soose, R.J.; Maurer, J.T.; de Vries, N.; Cornelius, J.; Froymovich, O.; Hanson, R.D.; Padhya, T.A.; Steward, D.L.;
Gillespie, M.B.; et al. Upper-airway stimulation for obstructive sleep apnea. N. Engl. J. Med. 2014, 370, 139–149. [CrossRef]

19. de Vries, G.E.; Hoekema, A.; Vermeulen, K.M.; Claessen, J.; Jacobs, W.; van der Maten, J.; van der Hoeven, J.H.; Stegenga, B.;
Kerstjens, H.; Wijkstra, P.J. Clinical- and Cost-Effectiveness of a Mandibular Advancement Device Versus Continuous Positive
Airway Pressure in Moderate Obstructive Sleep Apnea. J. Clin. Sleep Med. 2019, 15, 1477–1485. [CrossRef]

20. Randerath, W.; Verbraecken, J.; de Raaff, C.A.L.; Hedner, J.; Herkenrath, S.; Hohenhorst, W.; Jakob, T.; Marrone, O.; Marklund, M.;
McNicholas, W.T.; et al. European Respiratory Society guideline on non-CPAP therapies for obstructive sleep apnoea. Eur. Respir.
Rev. 2021, 30, 210200. [CrossRef]

21. Georgoulis, M.; Yiannakouris, N.; Kechribari, I.; Lamprou, K.; Perraki, E.; Vagiakis, E.; Kontogianni, M.D. The effectiveness of a
weight-loss Mediterranean diet/ lifestyle intervention in the management of obstructive sleep apnea: Results of the “MIMOSA”
randomized clinical trial. Clin. Nutr. 2021, 40, 850–859. [CrossRef] [PubMed]

22. Pevernagie, D. Future Treatment of Sleep Disorders: Syndromic Approach Versus Management of Treatable Traits? Sleep Med.
Clin. 2021, 16, 465–473. [CrossRef] [PubMed]

23. Tong, B.K.; Tran, C.; Ricciardiello, A.; Donegan, M.; Chiang, A.; Szollosi, I.; Amatoury, J.; Carberry, J.C.; Eckert, D.J. CPAP
combined with oral appliance therapy reduces CPAP requirements and pharyngeal pressure swings in obstructive sleep apnea. J.
Appl. Physiol. 2020, 129, 1085–1091. [CrossRef] [PubMed]

24. Dieltjens, M.; Vroegop, A.V.; Verbruggen, A.E.; Wouters, K.; Willemen, M.; De Backer, W.A.; Verbraecken, J.A.; Van de Heyning,
P.H.; Braem, M.J.; de Vries, N.; et al. A promising concept of combination therapy for positional obstructive sleep apnea. Sleep
Breath. 2015, 19, 637–644. [CrossRef]

25. Taranto-Montemurro, L.; Messineo, L.; Wellman, A. Targeting Endotypic Traits with Medications for the Pharmacological
Treatment of Obstructive Sleep Apnea. A Review of the Current Literature. J. Clin. Med. 2019, 8, 1846. [CrossRef]

26. Taranto-Montemurro, L.; Messineo, L.; Sands, S.A.; Azarbarzin, A.; Marques, M.; Edwards, B.A.; Eckert, D.J.; White, D.P.;
Wellman, A. The combination of atomoxetine and oxybutynin greatly reduces obstructive sleep apnea severity. A randomized,
placebo-controlled, double-blind crossover trial. Am. J. Respir. Crit. Care Med. 2019, 199, 1267–1276. [CrossRef]

27. Lim, R.; Messineo, L.; Grunstein, R.R.; Carberry, J.C.; Eckert, D.J. The noradrenergic agent reboxetine plus the antimuscarinic
hyoscine butylbromide reduces sleep apnoea severity: A double-blind, placebo-controlled, randomised crossover trial. J. Physiol.
2021, 599, 4183–4195. [CrossRef]

28. Strollo, P.J.; Hedner, J., Jr.; Collop, N.; Lorch, D.G.; Chen, D., Jr.; Carter, L.P.; Lu, Y.; Lee, L.; Black, J.; Pépin, J.L.; et al. Solriamfetol
for the treatment of excessive sleepiness in OSA: A placebo-controlled randomized withdrawal study. Chest 2019, 155, 364–374.
[CrossRef]

29. Dauvilliers, Y.; Verbraecken, J.; Partinen, M.; Hedner, J.; Saaresranta, T.; Georgiev, O.; Tiholov, R.; Lecomte, I.; Tamisier, R.;
Lévy, P.; et al. Pitolisant for daytime sleepiness in patients with obstructive sleep apnea who refuse continuous positive airway
pressure treatment. A randomized trial. Am. J. Respir. Crit. Care Med. 2020, 201, 1135–1145. [CrossRef]

30. Schweitzer, P.K.; Rosenberg, R.; Zammit, G.K.; Gotfried, M.; Chen, D.; Carter, L.P.; Wang, H.; Lu, Y.; Black, J.; Malhotra, A.; et al.
Solriamfetol for excessive sleepiness in obstructive sleep apnea (TONES 3). A randomized controlled trial. Am. J. Respir. Crit.
Care Med. 2019, 199, 1421–1431. [CrossRef]

31. Pépin, J.-L.; Eastwood, P.; Eckert, D.J. Novel avenues to approach non-CPAP therapy and implement comprehensive OSA care.
Eur. Respir. J. 2021, 59, 2101788. [CrossRef] [PubMed]

http://doi.org/10.1016/j.smrv.2016.12.003
http://doi.org/10.1016/j.chest.2019.09.002
http://doi.org/10.1183/09031936.00099710
http://doi.org/10.1056/NEJMoa1308659
http://doi.org/10.5664/jcsm.7980
http://doi.org/10.1183/16000617.0200-2021
http://doi.org/10.1016/j.clnu.2020.08.037
http://www.ncbi.nlm.nih.gov/pubmed/32928580
http://doi.org/10.1016/j.jsmc.2021.05.005
http://www.ncbi.nlm.nih.gov/pubmed/34325823
http://doi.org/10.1152/japplphysiol.00393.2020
http://www.ncbi.nlm.nih.gov/pubmed/32909921
http://doi.org/10.1007/s11325-014-1068-8
http://doi.org/10.3390/jcm8111846
http://doi.org/10.1164/rccm.201808-1493OC
http://doi.org/10.1113/JP281912
http://doi.org/10.1016/j.chest.2018.11.005
http://doi.org/10.1164/rccm.201907-1284OC
http://doi.org/10.1164/rccm.201806-1100OC
http://doi.org/10.1183/13993003.01788-2021
http://www.ncbi.nlm.nih.gov/pubmed/34824053

	References

