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(3)Abstract: 


Objectives: Obstructive sleep apnea patients with breathing abnormalities only or mainly 
 in the supine posture are designated positional patients (PPs) while non-positional 
 patients (NPPs) have many breathing abnormalities in both lateral and supine postures. 


Positional therapy (PT) i.e., the avoidance of the supine posture during sleep is the 
 obvious treatment for PPs. The stability over time of being PP and leading factors which 
 are involved in converting a PP to an NPP are addressed. 


Methods: We analyzed polysomnographic (PSG) recordings of 81 consecutive adult 
 patients with OSA who were judged to be PPs at the first PSG evaluation and their follow-
 up PSGs obtained after an average period of 6.6 years.  


Results: The follow-up PSGs indicated that 57 PPs (70.4%) remained as PPs, while 24 
 (29.6 %) converted to NPPs. Among PPs and NPPs, body mass index (p≤0.05), overall 
 Apnea Hypopnea Index (AHI, p≤0.087), and lateral AHI (p≤0.046) increased and minimum 
 SpO2 during REM sleep (p≤0.028) decreased significantly during the follow-up. However, 
 among patients who became NPPs, the changes in these parameters were significantly 
 (p≤0.05) more pronounced compared to the patients who remained PPs. 


Conclusions: After an average of 6.6 years, 70.4% of PPs remained PPs. Therefore, if 
 adherence for PT is good, they could continue to benefit from this therapy. For those who 
 turned to NPPs, PT will not be the optimal treatment anymore and thus, these patients 
 should be frequently monitored. Furthermore, an early treatment of PPs with PT would be 
 highly beneficial to prevent worsening of their OSA. 


Key words: positional OSA, sleep body posture, positional therapy, supine sleep, sleep 
 apnea treatment. 


Level of Evidence: 2b 



(4)Introduction 


It is well known that body posture during sleep affects the severity of snoring and 
 obstructive sleep apnea (OSA). Patients with OSA, who have at least a double amount of 
 breathing abnormalities while sleeping in the supine compared to the lateral posture are 
 defined as positional patients (PPs). In contrast, OSA patients who have many breathing 
 abnormalities in both the supine and the lateral postures are defined as non-positional 
 patients (NPPs)1. However, precise criteria to define PP and NPP are still in debate2-4. It is 
 likely that this debate will continue until an international consensus committee thoroughly 
 evaluates the pros and cons of each criterion in terms of accuracy, simplicity, and clinical 
 advantages.  


The distinction between PP and NPP is of critical importance since PPs are those 
 OSA patients who may substantially benefit from positional therapy (PT) (i.e.  the 
 avoidance of the supine posture during sleep). It is well established that the severity of 
 OSA and breathing abnormalities during sleep in PPs is mainly dependent on the sleep 
 time spent in the supine posture5. Evidently, PT is not the optimal treatment modality for 
 NPPs who will still have a vast number of breathing abnormalities in the lateral posture. 


For NPPs, continuous positive airway pressure (CPAP) is the treatment of choice  but 
 some NPP could obtain important benefits also from upper airway surgery, mandibular 
 advance devices and weight loss.  


Nevertheless, a certain proportion of NPPs can still benefit from avoiding the supine 
 posture which leads to decreased number and severity of apnea and hypopnea events. 


Thus, for PPs as well as for some NPPs, adopting the lateral posture during sleep 
 decreases not only the frequency and duration of the events but also the negative impact 
 (e.g. the depth of related desaturation and the duration of related arousal) of each apnea 
 and hypopnea event6.   


The prevalence of PPs among all diagnosed OSA patients determined about 20 
years ago in a sleep unit was about 56% and even higher among mild-to-moderate OSA 



(5)patients (ranging from 65% to 69%)1. In Asian OSA patients, the prevalence of PPs is 
 even higher, reaching nearly 75%, and among patients with mild OSA, as many as 87% 


are PPs7. Thus, since patients with mild-to-moderate OSA are the prevailing group of OSA 
 patients, PPs comprise the vast majority of patients with OSA. Accordingly, after obesity, 
 positional dependency represents the second most dominant phenotype of adult’s sleep 
 apnea.  


In certain OSA patients, the phenotypic assignment of positional dependency may 
 be dynamic. By losing weight an NPP may convert into a PP while by gaining weight a PP 
 may convert to an NPP8. Thus, weight reduction provides an opportunity for severe NPPs, 
 who cannot tolerate CPAP, to benefit from PT. Nevertheless, PPs whose PT is successful 
 should be warned that gaining weight may convert them into NPPs and PT would not be 
 the most optimal therapeutic option anymore.  


The new generation PT devices seems to be much more comfortable compared to 
 older devices9 and they are also amendable for use to such extent that good compliance 
 for up to one year was recently reported10-11. Nevertheless, prospective high-quality 
 research is still needed to evaluate the long-term effectiveness of these new generation 
 devices on daytime sleepiness, cardiovascular as well as metabolic and cognitive 
 parameters in these OSA patients with positional dependency12,13. 


It is essential to know whether the judgement to be a PP or an NPP is permanent or 
transient. We hypothesize that PPs may convert to NPPs over time and that it is possible 
to pin point factors prognosticating this conversion. If so, it is important to determine which 
factors play a key role in this conversion. In other words, it is important to know when and 
why PPs convert to NPPs (a more severe condition) allowing timely adjustment of 
appropriate therapy for those patients. To the best of our knowledge, there  is  no data 
regarding these important issues, we aimed to provide data on the long-term stability of 
the state of “positionality” among positional OSA patients.   



(6)Materials and Methods 
 Patient population 


This is a retrospective analysis of data obtained from 81 consecutive adult 
 positional OSA patients, 63 (77.8%) males, who underwent two complete 
 polysomnographic (PSG) evaluations an average of 6.6 years (median 6.0 years; range 1-
 16 years) apart at the Sleep Disorders Unit, Loewenstein Hospital–Rehabilitation Center, 
 Raanana, Israel.  The patients were defined to be positional patients based on the 
 Cartwright criterion i.e., supine AHI (AHI-SUP) was at least twofold to lateral AHI (AHI-
 LAT)14. The first PSG (PSG1) was conducted between1992-2008 and the second study 
 (PSG2) was done between1999-2010. For sixty-nine  (85.2%) patients, PSG2 was 
 conducted 1-10 years after and for 11 patients 11-17 years after the PSG1. Only adult 
 PPs (age ≥18 years), who had undergone two complete PSG evaluations spaced by at 
 least 6 months, slept at least 30 minutes in the supine as well as in the lateral posture 
 during both PSGs and had a total sleep time of ≥ 4 hours during both PSGs were included 
 for the analysis. 


Following PSG1 and according to its results, the patients were advised to have a 
reevaluation by an ear, nose, and throat (ENT) specialist. They were also advised to lose 
weight, if necessary, and consider the possibility of using CPAP or an oral device. All 
patients were recommended to use the tennis ball technique (TBT) or other devices for 
positional therapy (PT). Unfortunately, these patients were not followed routinely. The 
request for a new assessment (PSG2) came mainly from the patient, bed partner or the 
family physician, ENT specialist, neurologist or pulmonologist. A follow-up visit was 
routinely recommended after 3 months if patients lost weight, or during this period used 
PT, CPAP or an oral device. Unfortunately, only few of these patients returned for a 
follow-up and during the follow-up most patients were not treated (they were refused or 
terminated their treatments). 



(7)Overnight Polysomnographic Evaluation 


All polysomnographies were performed with the Rembrandt Manager System 
 (Medcare, Amsterdam, Netherlands). All recordings were analyzed according the 
 standard respiratory rules defined by the American Academy Sleep Medicine in 2012. 


Sleep stages were scored manually according to standard criteria15, by three 
 polysomnographic technicians during the entire study period. An apnea was defined as an 
 episode of complete breathing cessation with duration of at least 10 seconds, and a 
 hypopnea as a reduction (≥30%) in amplitude of oral/nasal airflow signal lasting at least 
 10 seconds accompanied with an arousal or a ≥3% drop in SaO2 signal. Afterwards, the 
 conventional diagnostic parameters (e.g. Apnea Hypopnea Index (AHI)) were calculated16. 
 The Epworth Sleepiness Scale (ESS)17  was used for subjective estimation of daytime 
 sleepiness. The ethical committee of the Loewenstein Hospital approved the study 
 (decision number LOE-0006-17). 


Statistical analysis 


Statistical significance of differences in demographic and sleep related respiratory 
 parameters between PSG1 and PSG2 recordings were evaluated with Wilcoxon signed 
 rank test. Mann-Whitney U test was used to investigate whether the changes in 
 demographic and sleep related respiratory parameters between PSG1 and PSG2 differed 
 statistically significantly between PPs and NPPs. The effect of positional dependency (i.e. 


PPs vs. NPPs) on the changes in respiratory parameters during follow-up period was 
evaluated using a general linear model univariate analysis adjusted for follow-up time, 
gender, change in BMI, and change proportion of supine sleep. The level of statistical 
significance was set to be p<0.05. Data analysis was performed with SPSS Statistics 
(version 25, IBM Corporation, Chicago, USA).  



(8)Results  


The main demographic and polysomnographic data of 81 PPs who had two PSG 
 evaluations during a follow-up period of an average 6.6 years are presented in Table 1. In 
 brief, weight, BMI, AHI, AHI-SUP, and AHI-LAT increased in statistically significant 
 manner (p<0.001) in the entire cohort during the follow-up. In addition, the minimum SpO2


during both REM and NREM sleep decreased significantly (p<0.001).  


The differences in demographic and PSG data between  PPs and NPPs are 
 presented in Table 2. After the follow-up, fifty-seven (70.4%) PPs were still PPs while 24 
 (29.6%) patients became NPPs. After the follow-up, both PPs and NPPs showed a 
 significant (p≤0.046)  increase  in  age,  BMI,  AHI-SUP, and AHI-LAT and a significant 
 (p≤0.028)  decrease  in  the  minimum  SpO2  during REM and NREM  sleep (Table 2). 


However, in NPPs, the change in BMI, AHI-LAT, and minimum SpO2 during REM sleep 
 was significantly (p<0.05) greater compared to PPs (Table 2). In addition, the magnitude 
 of the change in weight, overall AHI, and the ratio of AHI-SUP/AHI-LAT was significantly 
 (p<0.05) higher in NPPs compared to PPs. 


The results of general linear model univariate analysis adjusted for follow-up time, 
 gender, change in BMI, and change proportion of supine sleep confirmed our findings 
 (Table 3). The AHI, AHI-LAT, and the minimum SpO2 during REM sleep were the three 
 parameters in which the change during the follow-up was statistically significantly 
 (p≤0.038) different between PPs and NPPs. 


Discussion 


In the present study, the stability of positional dependency over time among 
positional OSA patients was assessed. It was found that most positional patients (70.4%) 
remained as PPs for more than 6 years after the initial diagnosis. This finding is 
encouraging for most PPs having a good adherence to ongoing positional therapy (PT). In 
addition, our findings suggest that OSA develops over time by increasing AHI, AHI-SUP, 



(9)and AHI-LAT and by decreasing the minimum SpO2  during REM sleep. However, the 
 change observed in these parameters was more aggressive in NPPs compared to PPs.  


One of the uncertainties and important issues related to prescription of PT for PPs 
 is the stability of their positional dependency across time. In other words, if after a short 
 period of adopting positional therapy a PP become NPP, PT is not anymore, a treatment 
 of choice. In such a case, other treatment modalities should be recommended like CPAP, 
 oral devices, or upper airway surgery. Although this study did not investigate the effect of 
 PT in this population, the present results suggest that most PPs may benefit from using 
 PT for at least 6 years and probably even longer if they can adhere well to this treatment 
 modality and refrain from gaining weight which may convert them to NPPs.  


Based on the present results, 29.6% of PPs became NPPs during an average of 
 6.6 years. Therefore, it would be beneficial for all PPs to have their positional dependency 
 re-evaluate on a regular basis. Moreover, all PPs should be informed that weight gain is a 
 critical factor that may convert them into NPPs. This strong relationship between weight 
 change and positional dependency in OSA patients has been previously reported by us 
 and others8,18,19. Furthermore, if a PP feels sleepier during the day and a bed partner is re-
 complaining of loud snoring, these are clear signs that should encourage the PP to 
 request a re-evaluation of their sleep. 


The present results could also represent the natural development of OSA. Both, 
 PPs who stayed PPs and PPs who became NPPs during the follow-up, showed changes 
 in same parameters (e.g. BMI, AHI, AHI-LAT, and minimum SpO2  during REM sleep). 


However, the magnitude of the changes in these parameters was significantly higher in 
NPPs compared to PPs. Thus, it could be speculated that at the beginning, a patient has 
only breathing cessations in supine posture but when the disease progresses, breathing 
cessations start to occur in all sleeping postures. Interestingly, the worsening of OSA was 
also expressed by a decrease in the minimum SpO2  during REM. In NPPs, the 
desaturations during REM sleep reached lower values compared to PPs, perhaps due to 
increased duration of apneas and hypopneas mainly during REM sleep20.  



(10)Based on the present results, it appears that any change in the severity of OSA is 
 primarily reflected by changes in the AHI-LAT. This is also supported by the fact that the 
 effect of successful upper airway, maxillomandibular advancement, or bariatric surgeries 
 on the improvement of OSA severity is best reflected by the changes observed in AHI-
 LAT21. Similarly, AHI-LAT seems to be the most sensitive predictor for change in 
 positional dependency over time as shown in the present study. The increase in AHI-LAT 
 was over twelve times greater in PPs who converted to NPPs compared to those who 
 stayed as PPs. Furthermore, a recent Asian study comparing the upper airway 
 morphology of PPs to that of NPPs supports the idea that AHI-LAT is a sensitive 
 parameter describing OSA positionality22. The authors found that in NPPs the coronal 
 diameter of the upper airway is smaller and the soft palate is longer compared to PPs. In 
 addition, the AHI-LAT was associated with soft palate length. More the length of the soft 
 palate exceeded 35.4 mm, the greater was the risk to become NPP22. Since the increase 
 in the length of soft palate is most probably related, at least partially, to weight gain, these 
 results also support the modulatory effect of weight change on positional OSA8.  


Why do most positional patients stay as positional patients over time? 


It is possible that the stability of positional dependency in PPs over time could be 
partially related to the quality of sleep as PPs are known to enjoy a much better sleep 
quality than NPPs1,5. This is because by sleeping in the lateral posture, PPs obtain a 
better sleep quality due to small number of apneas and hypopneas. It has already been 
shown that better sleep quality may prevent to gain weight and vice versa23. However, this 
explanation of why PPs stay PPs over time is mostly speculative and should be evaluated 
thoroughly. In addition, it should be mentioned that in our cohort,  10 patients (12.3%) 
adopted PT several months after PSG1; however, quitting it several months before PSG2 
and thus, it is possible that this could partially explain the reduced supine sleep time found 
in their second evaluation. Nevertheless, our results suggest that the early and successful 
PT appears to represent a crucial maneuver to prevent or slow down the possible 



(11)worsening of the disease. However, we should not forget the crucial impact of weight gain 
 on the worsening of this clinical entity.   


Why is weight gain in PPs a critical factor for the conversion into NPPs? 


We do not know the exact mechanism underlying this phenomenon but as 
 suggested before8, it may be related to the increased thickness of the lateral pharyngeal 
 walls which are already thick in OSA patients. Weight gain thicken to the walls of already 
 narrow upper airway in OSA patients causing further narrowing of the lumen and thus, 
 increasing collapsibility of pharyngeal space even while sleeping in the lateral posture. 


Therefore, NPPs suffers most often severe OSA as they have high number of breathing 
 abnormalities independently of sleeping posture. The explanation how a PP turns into an 
 NPP due to weight gain is based on the work of Saigusa et al24, (and supported by a 
 recent Chinese study22), in which three-dimensional upper airway morphology analysis 
 was performed. They showed that PPs, in comparison to NPPs, have a smaller soft tissue 
 volume in the lateral pharyngeal walls allowing PPs to breath without major difficulties 
 while sleeping in the lateral posture. 


A recent large general population Swiss study25 showed that not only the prevalence 
 of OSA is high (71.2%) but also the prevalence of PPs is 76% and 74% among women 
 and men, respectively. Furthermore, they showed that positional OSA patients may 
 achieve  a  ≥50%  reduction  in  OSA  severity  (i.e.  AHI)  by  adopting  the  lateral  posture. 


Moreover, over 35% of patients with an AHI ≥5 will be judged to have no-OSA (AHI <5) if 
 they can avoid sleeping in the supine posture25. In other words, by adopting the lateral 
 sleeping posture,a third of OSA patients may resolve completely their sleep disorder and 
 about three quarter of OSA patients may obtain major improvements in their sleep 
 disorder and thus, in their health condition26. This study demonstrated, once again, the 
 dominant effect of sleeping posture on the severity of OSA and highlights the importance 
 of providing comfortable and efficient PT devices for a significant amount of OSA patients. 


Although PT seems to be a simple behavioral technique, the compliance and especially 



(12)the long-term adherence to this treatment have been far from optimal27. Fortunately, the 
 new PT devices have been shown to be much more comfortable and that PPs are much 
 more amenable for these newer devices than older ones9 – 11, 28.  


Our study has several limitations. First,  we analyzed only demographic and 
 polysomnographic parameters related to breathing abnormalities, while most of the 
 parameters related to sleep quality, such as sleep efficiency, percentage of sleep stages, 
 and arousal index were not incorporated in the present analysis. It is therefore possible 
 that these parameters may explain why some PPs turn into NPPs. Second, the range of 
 follow-up times between the first and second PSGs was wide. Even though this variation 
 was due to factors beyond the control of this observational study, it is acknowledged that 
 this could cause some misclassification, particularly in the cases with a short follow-up 
 time (i.e. these patients could have been converted to NPPs over a longer period of time). 


In addition, we know that between PSG1 and PSG2 most of the patients did not receive 
treatment or received treatment for only a short period of time. However, all patients were 
aware of having positional OSA and, despite untreated, they could deliberately avoid 
sleeping in the supine position. Even though our analysis was adjusted for the proportion 
of supine sleep, this could have slight effect on the present results. Therefore, future 
studies should include well-controlled, prospective cohort design with sequential PSGs 
conducted at regular intervals over a long period of time and with careful monitoring of 
treatment response. Third, PPs and NPPs could have been defined according to different 
criteria. However, the most common criterion used in the literature, the Cartwright’s 
definition3, was applied in the present study and thus, we consider that this decision does 
not undermine the present results. Fourth, this retrospective study contained a relatively 
small group of PPs evaluated at a single Sleep Unit in Israel. Therefore, these findings 
may not be generalized to other ethnic populations. Moreover, these PPs requested a 
PSG2 evaluation mainly due to a possible worsening of symptoms. It is possible that a 
new evaluation (PSG2) of PPs who did not request a re-evaluation will produce somehow 
different results. Accordingly, our results cannot be generalized to the overall population of 



(13)PPs. Finally, the analysis was based on a single night recording in both time points (i.e. 


PSG1 and PSG2) and it is possible that night-to-night variability could be a factor that 
 modifies the present results29. 


Conclusion 


In conclusion, this study showed that most (70.4%) of positional OSA patients stay 
as positional patients after an average period of 6.6 years and these patients may gain 
great benefits from positional therapy. In addition, OSA seems to progress over time by 
mainly increasing AHI, AHI-SUP, and AHI-LAT and by decreasing the minimum SpO2 
during REM sleep. However, this progression is more aggressive in non-positional 
patients than in positional patients. As 29.6% of positional patients became non-positional 
patients during the follow-up, mainly due to weight gain, all patients should be frequently 
monitored in order to provide the best treatment modalities for individual patients. 
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(18)Table 1: Demographic and polysomnographic data (mean ± SD) of 81 positional patients 
 (PPs) who had two polysomnographic evaluations.


   PSG 1  PSG 2 


Age, years  52.3 ± 10.3  58.8 ± 10.6 *** 


Weight, kg  83.4 ± 13.5  86.0 ± 15.3 *** 


BMI, kg/m2 29.0 ± 3.5  30.1 ± 4.4 *** 


AHI, 1/h  22.9 ± 14.0  35.5 ± 22.8 *** 


AHI-SUP, 1/h  48.1 ± 25.8  60.3 ± 27.5 *** 


AHI-LAT, 1/h  10.0 ± 9.3  24.9 ± 25.0 *** 


AHI-SUP / AHI-LAT  18.2 ± 36.6  25.8± 80.8 * 
 Supine Sleep Time, min  132.0 ± 68.5  113.1 ± 66.9 
 Supine Sleep Time, %  36.1 ± 17.5  32.9 ± 18.6 
 Lateral Sleep Time, min  223.7 ± 69.5  224.2 ± 74.8 
 Lateral Sleep Time, %  63.9 ± 17.5  67.1 ± 18.6 


MSL - Supine, dB  66.7 ± 7.8  66.5 ± 8.1 


MSL - Left, dB  57.9 ± 10.4  59.2 ± 10.6 


MSL - Right, dB  59.4 ± 10.3  59.6 ± 10.6 


ESS, units  9.5 ± 5.0   10.1 ± 5.9 


Min SpO2 REM, %  84.4 ± 8.8  79.6 ± 11.8 *** 


Min SpO2 NREM, %  86.2 ± 6.2  82.5 ± 9.1 *** 


The patients had a second polysomnography after 6.6 years on average. * p<0.05 and *** 


p<0.001. AHI, Apnea Hypopnea Index; AHI-SUP, Supine AHI; AHI-LAT, Lateral AHI; BMI, 
Body mass Index
; 
ESS, Epworth Sleepiness Scale; 
MSL, Maximum Snore Loudness; PSG, 
polysomnography. 


(19)Table 2. The values of demographic and polysomnographic parameters (mean ± SD) in the positional patients (PPs) and non-positional 
 patients (NPPs) at baseline (PSG1) and after follow-up period (PSG2). Also differences between PSG2 and PSG1 is given.  


  * denotes that the change was statistically significantly (p<0.05) different between PPs and NPPs (Mann-Whitney U test). Bolded p-values 


denote statistically significant differences in parameter values between PSG1 and PSG2 within PPs and NPPs (Wilcoxon signed rank test).  


PP (n=57)    NPP (n=24) 


PSG1  PSG2  p-value  change    PSG1  PSG2  p-value  change 


Age, years  52.1 ± 11.2  58.3 ± 11.5  <0.001  6.2 ± 3.7    52.5 ± 7.4  60.0 ± 8.2  <0.001  7.5 ± 4.0 
Weight, kg  82.2 ± 13.3  83.5 ± 14.3  0.065  1.3 ± 5.6    86.3 ± 14.0  92.0 ± 16.1  <0.001  5.7 ± 5.2 * 
BMI, kg/m2 28.7 ± 3.1  29.4 ± 3.9  0.005  0.7 ± 2.0    29.9 ± 4.2  31.9 ± 5.2  <0.001  2.0 ± 2.1 * 
AHI, 1/h  22.8 ± 14.9  27.2 ± 17.2  0.087  4.4 ± 16.3    23.0 ± 11.9  55.3 ± 22.6  <0.001  32.3 ± 22.6 * 
AHI-SUP, 1/h  47.4 ± 26.4  59.3 ± 28.9  0.002  11.9 ± 27.3    49.6 ± 24.8  62.8 ± 24.2  0.015  13.2 ± 24.3 
AHI-LAT, 1/h  9.5 ± 9.8  12.8 ± 13.1  0.046  3.4 ± 13.1    11.1 ± 8.3  53.5 ± 23.3  <0.001  42.4 ± 22.1 * 
AHI-SUP / AHI-LAT  20.2 ± 36.0  36.2 ± 94.7  0.677  15.9 ± 94.2    13.3 ± 38.3  1.2 ± 0.4  <0.001  -12.0 ± 38.3 * 
Supine Sleep Time, min  136.2 ± 69.7  114.8 ± 70.4  0.070  -21.4 ± 76.2    122.1 ± 65.9  109.0 ± 58.9  0.607  -13.1 ± 76.9 
Supine Sleep Time, %  37.6 ± 17.8  32.8 ± 18.9  0.104  -4.9 ± 21.8    32.5 ± 16.6  33.3 ± 18.2  0.475  0.8 ± 19.0 
Lateral Sleep Time, min  217.9 ± 71.0  220.7 ± 72.3  0.709  2.9 ± 84.4    237.4 ± 65.1  232.6 ± 81.2  0.475  -4.8 ± 78.7 
Lateral Sleep Time, %  62.4 ± 17.8  67.2 ± 18.9  0.104  4.9 ± 21.8    67.5 ± 16.6  66.7 ± 18.2  0.475  -0.8 ± 19.1 
MSL - Supine, dB  65.7 ± 7.7  65.4 ± 8.2  0.732  -0,4 ± 8.7    69.0 ± 7.8  69.3 ± 7.0  0.843  -0.3 ± 8.4 
MSL - Left, dB  56.6 ± 10.9  57.4 ± 11.5  0.581  2.1 ± 12.9    61.0 ± 8.6  64.1 ± 5.4  0.690  4.8 ± 17.7 
MSL - Right, dB  57.9 ± 10.8  56.8 ± 10.2  0.534  0.3 ± 12.9    63.0 ± 8.0  67.1 ± 7.9  0.349  -1.1 ± 18.1 
ESS, units  10.5 ± 4.9  10.6 ± 5.5  0.770  0.1 ± 4.6    7.4 ± 4.8  9.1 ± 6.7  0.833  1.8 ± 6.0 
Min SpO2 REM, %  84.8 ± 9.2  82.5 ± 10.3  0.028  -2.4 ± 10.3    83.5 ± 7.8  72.9 ± 12.6  <0.001  -10.6 ± 12.3 * 
Min SpO2 NREM, %  85.8 ± 6.6  83.2 ± 8.4  0.014  -2.6 ± 7.9    87.2 ± 5.1  80.9 ± 10.8  0.007  -6.3 ± 12.5 



(20)Table 3. Evaluation of the effect of positional dependency (i.e. PP vs. NPP) on the changes 
 in OSA parameters during follow-up period. General linear model univariate analysis was 
 adjusted for follow-up time, gender, change in BMI, and change proportion of supine sleep.  


B  95% CI  SD error  p-value 


AHI, 1/h   22.838  14.718 - 30.958  4.075  <0.001 
 AHI-SUP, 1/h  -0.426  -13.910 - 13.058  6.767  0.950 
 AHI-LAT,  1/h  35.680  28.564 - 42.797  3.572  <0.001 
 MSL – supine (dB)  -0.140  -4.683 - 4.403  2.280  0.951 
 MSL – Left (dB)  1.245  -7.075 - 9.566  4.152  0.765 
 MSL – Right (dB)  -2.788  -11.006 - 5.430  4.112  0.500 


ESS, units  1.591  -1.732 - 4.914  1.652  0.340 


Min SpO2 REM, %  -5.264  -10.222 - -0.306  2.488  0.038 
 Min SpO2 NREM, %  -1.171  -5.729 - 3.387  2.288  0.610 


Partial regression coefficient (B) illustrates the difference in the change in each parameters 
value during the follow-up if patient is NPP compared of being PP. SD error denotes a 
variation of a partial regression coefficient and CI denotes confidence interval. p<0.05 was 
considered to be the limit of statistical significance (statistically significant parameters are 
bolded). 
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