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Introduction: Thismulticenter trial on patients with obstructive sleep apnea (OSA) treated with an oral appliance
aimed to determine the effect of sleeping positions. Methods: A cohort of 314 patients with OSA were enrolled
and evaluated at 8 weeks and 1 year, focusing on treatment effects. At baseline and the 2 follow-ups, new
polygraphic registration comparing the proportion of treatment responders without position-dependent OSA
(non–position-dependent OSA [non-POSA]) and with POSA was used. Results: At the 8-week and 1-year
follow-up, 205 and 139 patients were included, respectively. The proportion of responders (apnea-hypopnea
index [AHI] \10 and/or $50% reduction in AHI) was 56% for the non-POSA group and 69% for the POSA
group (not significant [NS]). The responders increased at the 1-year follow-up: 68% and 77% for the non-
POSA and POSA groups (NS), respectively. The absolute change in AHI in all sleeping positions at 8 weeks
was –12.9 (interquartile range, –25.0 to –0.5) in the non-POSA group and –10.5 (interquartile range, –19.9 to
–5.3; NS) in the POSA group. However, the decrease in supine AHI was significantly greater among subjects
with POSA. In contrast, the decrease in nonsupine AHI was significantly greater in the non-POSA group, an
effect that remained at the 1-year follow-up. Conclusions: Our hypothesis that subjects with POSA at baseline
would have a higher treatment response rate after oral appliance treatment compared with subjects without
POSA was rejected. However, those with POSA had a significantly higher supine AHI decrease, and those
without POSA had significantly less nonsupine AHI. (Am J Orthod Dentofacial Orthop 2022;162:386-93)
Sleep is defined as a recurring state of mind and
body characterized by altered consciousness: (ie,
with different sleep stages during which
rtment of Dental Research, Faculty of Medicine and Health, €Orebro Univer-
rebro, Sweden.
rtment of Orofacial Pain and Jaw function, V€astmanland County Hospital,
r�as, Sweden.
n Vastmanland - Uppsala University Centre for Clinical Research, Vast-
nd Hospital, V€aster�as, Sweden.
thors have completed and submitted the ICMJE Form for Disclosure of Po-
l Conflicts of Interest, and none were reported.
tudy was supported by the Uppsala-€Orebro Regional Research Council, the
anland County Council, and the Research Committee of Public Dental Ser-
egion €Orebro County, Sweden. The study sponsors had no role in the study
; collection, interpretation, or analysis of the data; report writing; or the
on to submit the paper for publication.
ss correspondence to: Anette M.C. Fransson, Department of Dental
rch, Faculty of Medicine and Health, €Orebro University, Region €Orebro
ty, PO Box 1126, SE-701 11 €Orebro, Sweden; e-mail, anette.fransson@
orebrolan.se or fransson.anette@gmail.com.
itted, February 2021; revised and accepted, April 2021.
5406
22 by the American Association of Orthodontists. This is an open access
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
//doi.org/10.1016/j.ajodo.2021.04.029
readjustments of body position occur regularly). In a
cohort of 664 adult Danish working male and female
subjects, the overall times in bed spent sleeping at the
side, back, and front positions were 54.1%, 37.5%,
and 7.3%, respectively. The average number of position
shifts per hour was 1.6. Men spent about 6% less time on
their back than women. The time spent sleeping on their
back decreased with age, from 41%-33% in the groups
aged 20-34 years and 55-65 years, respectively. Normal
weight participants spent 42% of their bedtime sleeping
on their back, compared with 32% among obese
participants.1

Sleep position and its effect on obstructive sleep ap-
nea (OSA) have been evaluated since the 1980s. In 1984,
Cartwright2 reported that in 24 of 30 male subjects with
OSA who slept in both side and supine positions, the
apnea-hypopnea index (AHI) was twice as high in the su-
pine position. In that study, 5 subjects normalized their
AHI in a side sleeping position. The advantage of
sleeping in the side position was reduced with an in-
crease in the degree of obesity. Cartwright defined a
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positional OSA (POSA) when the AHI was at least 50%
higher in the supine position (0.5 ratio score; ie, twice
as high in the supine compared with side positions). Ap-
nea events were associated with rapid eye movement
(REM) sleep phases, but differences in apnea severity ac-
cording to the sleeping position were found to persist in
REM sleep and be equal in non-REM sleep.3

The most commonly used definition of POSA is the
one defined by Cartwright.2 However, other definitions
have been used, such as that by Mador et al,4 who
defined POSA as an AHI of\5 events/h in the nonsupine
position and a supine AHI at least twice as high as the
nonsupine AHI, with a 15-minute threshold for sleep
in both postures. Marklund et al5 defined subjects with
POSA as having a supine AHI $10 events/h and a non-
supine AHI of\10 events/h.

Marklund et al6 concluded in a study on 630 OSA/
snoring subjects that treatment success (AHI \10) af-
ter oral appliance (OA) treatment could be predicted
to a greater extent in women, with an odds ratio
(OR) of 2.4, independent of sleep position. They also
reported that the ORs for treatment success in men
was 6.0 for POSA (for definition, see Marklund
et al5) over non-POSA. Using the Cartwright definition
of POSA in a multiple linear regression analysis,
Chung et al,7 in a sample of 42 subjects with and
30 subjects without POSA, found that the decrease
in overall AHI was significantly associated with
POSA. However, age, body mass index (BMI), gender,
and time in the supine position during sleep did not
show significant associations with decreases in overall
AHI after OA therapy. Dieltjens et al8 evaluated the
prevalence of POSA before and during treatment
with OAs and found that treatment success was not
significantly correlated with POSA at baseline.

To summarize, there are conflicting results on
whether subjects with POSA respond better to OA treat-
ment than those without POSA. This study hypothesized
that subjects with POSA at baseline would have a higher
treatment response rate following OA treatment than
subjects without POSA. For this, we evaluated a large
sample of subjects with predominately moderate to se-
vere OSA both in the short term by an 8-week evaluation
and after 1 year of use of an OA.
METHODS

This was a secondary analysis of a multicenter study
on subjects with verified OSA. The original efficacy re-
sults from an 8-week and a 1-year evaluation have
been published.9,10 The 8-week evaluation in that study
showed equivalent efficacy of bibloc and monobloc ap-
pliances. With that background, the original sample of
American Journal of Orthodontics and Dentofacial Orthoped
314 subjects with OSA comprised the study material,
focusing on treatment effects based on sleep position.
The study was carried out in accordance with the princi-
ples of the Declaration of Helsinki and good clinical
practice. The Uppsala Regional Ethical Review Board,
Sweden, approved the study on February 19, 2014 (no.
2014/021). This trial is registered on ClinicalTrials.gov
(NCT02148510). The study protocol is available at
http://www.medfarm.uu.se/ckfvasteras/forskning/studie
protokoll. A detailed description of the study outline,
recruitment of subjects, monitoring, and data manage-
ment can be found in previous publications.9,10

The subjects visited the clinics at the following sched-
uled times: (1) at baseline, (2) at starting treatment when
the OA was fitted, (3) checkups and, if needed, adjust-
ments of the OA (titration), (4) evaluation at 8 weeks,
and (5) evaluation at 1 year. A 1-night at-home poly-
graphic study was performed at baseline and the
8-week and 1-year follow-up. Following baseline polyg-
raphy, the subjects were categorized into groups without
POSA (non-POSA) or with POSA if they had at least 15
minutes of sleep in each position. POSA was defined as
an AHI at least twice as high in the supine position
compared with the AHI in the nonsupine position.

The subjects were referred to dental specialist study
clinics by a physician with requests for treatment with
an OA. The inclusion criteria were a verified diagnosis
of OSA with an AHI$15 according to the referral; denti-
tion allowing retention of an OA; at least one molar in
each quadrant; maximal mandibular protrusion of $6
mm; subjects providing written informed consent and
understanding instructions about applying the portable
polygraph equipment; ability to communicate in Swed-
ish; and valid baseline and 8-week polygraph data as
well as at least 15 minutes in each sleep position. The
exclusion criteria were age \18 years; BMI .35 kg/
m2; functional jaw problems treated within the past
year; pain or locking of the jaw at the baseline examina-
tion; inability to follow the study instructions as judged
by the investigator; hypersensitivity to any of the com-
ponents of the OAs; and the use of a continuous positive
airway pressure device or an OA in the past month.

The used OAs were of bibloc (Narval; ResMed, Kista,
Sweden) or monobloc (Boxholm Tandteknik, Boxholm,
Sweden; or Public Dental Service €Orebro, €Orebro, Swe-
den) types (Fig 1). The original efficacy studies showed
equivalent efficacy of the 2 types of appliances, so
they were analyzed together in this study. A George
Gauge instrument11 was used for registering the sub-
ject’s bite to advance the mandible to 75% of maximal
capacity or by at least 5 mm. At the start of treatment,
participants were asked to use the OA during the full
night and for all nights.
ics September 2022 � Vol 162 � Issue 3
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Fig 1. The bibloc (A) and monobloc (B) appliances.
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All participants underwent a new 1-night at-home
respiratory baseline polygraphy study (NOX-T3; Nox
Medical, Reykjavik, Iceland) without respiratory support.
NOX-T3 monitors the abdominal and thoracic respira-
tory efforts and derived flow (RIP flow), nasal cannula
flow, body position and activity, arterial oxygen satura-
tion (SpO2) level, and pulse. At the evaluations at 8
weeks and after 1 year of treatment, the polygraphy
was repeated but with concomitant use of the OA. Nox-
turnal software (version 3.3.0-6715; Nox Medical) was
used for the full-night analysis of the polygraphy data
for each participant. The analysis settings were as fol-
lows: apnea was scored when there was a 90% drop in
the flow signal for 10-120 seconds. Hypopnea was
scored when there was a 30% drop in the flow signal
for 10-120 seconds, followed by a 3% drop in SpO2.
No electroencephalography registration was done. Inter-
pretation of the polygraph recordings was made by 2
experienced hospital technicians at the V€astmanland
County Hospital Physiology Unit. A minimum of 4 inter-
pretable hours of sleep was requested; if this was not
possible, the polygraph examination was repeated
another night.

The primary outcome measure was the treatment
response rate at the 8-week follow-up for the non-
POSA and POSA groups. The response was defined
when a subject at the evaluation visit recorded an AHI
September 2022 � Vol 162 � Issue 3 American
of\10 and/or a $50% reduction in the baseline AHI.
Secondary polygraph measures were the absolute
change of the AHI, the oxygen desaturation index
(ODI), SpO2, and the snore index. Another measure based
on a questionnaire was the Epworth Sleepiness Scale
(ESS).12 At the evaluation visit, the subjects also rated
the change in their overall status since the beginning
of the study on the 7-point Patient Global Impression
of Change scale (PGIC), which ranges from very much
improved to very much worse.13 These outcomes were
also measured at the 1-year follow-up and evaluated
as secondary measures. Compliance was estimated by a
question on how many nights and the proportion of
sleeping time the OA had been used in the past week.

Adverse events registered by the investigator and
spontaneously reported adverse experiences were re-
corded throughout the study period. The investigator
judged the relationship between the study treatment
(probably, possibly, or unlikely) to each adverse
experience.

Statistical analysis

The primary objective was to evaluate the respiratory
efficacy in response rate after 8 weeks of treatment with
an OA. The primary efficacy analysis was made on the
per-protocol population. Data from categorical variables
were analyzed using Pearson’s chi-square test and
continuous variables using the Mann-Whitney nonpara-
metric U test. P\0.05 was considered statistically sig-
nificant. Distributions and outcomes were recorded as
the interquartile range (IQR) and OR (version 26; IBM
Corp, Armonk, NY).

RESULTS

The first subject was enrolled in the study in March
2014, and the last one completed the 1-year evaluation
in July 2017. From 314 enrolled subjects, 109 were
excluded because of invalid baseline or 8-week follow-
up polygraphy/actigraphy recordings. At baseline, 52
(25%) and 153 (75%) subjects were classified according
to the definition as non-POSA and POSA, respectively
(P\0.05). Fifty-three subjects were excluded between
the 8-week and 1-year visits for insufficient efficacy,
side effects, appliance not tolerated, or technical reasons.
Thirteen more subjects were excluded because they
recorded\15 minutes in each sleep position (Fig 2).

The baseline demographics of the 2 groups are pre-
sented in Table I, which shows that the POSA group
had significantly more men and higher AHI in the supine
position than the non-POSA group. The non-POSA
group had significantly higher BMI, overall AHI, and
AHI in the nonsupine position than the POSA group.
Journal of Orthodontics and Dentofacial Orthopedics



Fig 2. Flowchart of subjects classified with POSA or non-POSA at baseline, 8 weeks, and 1 year.
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The proportions of time spent in supine and nonsupine
positions were not significantly different (NS).

The median time from starting treatment to the 8-
week visit was 8.0 weeks (IQR, 6.2-11.3) and for the 1-
year follow-up was 53.0 weeks (IQR, 50.7-55.6). The
median number of nights using the appliance the past
week was 7 (IQR, 6-7) in the non-POSA and the POSA
groups, both at the 8-week and 1-year visits.

The median proportion of sleep time using the appli-
ance per night in the past week was 90% (IQR, 80-100)
in the non-POSA group at the 8-week visit and 100%
(IQR, 90-100) in the POSA group at the 8-week visit as
well as in both groups at the 1-year visit.

At the 1-year follow-up, 25 subjects (48%) in the
baseline non-POSA group and 114 (75%) in the baseline
POSA group remained for evaluation (Fig 1).

The proportion of responders at the 8-week evalua-
tion was 56% in the non-POSA group and 69% in the
POSA group (NS). At the end of the study (ie, after 1-
year use of the OA), the proportions were 68% and
77%, respectively (NS; Table II).

The absolute change in AHI in all positions at 8 weeks
was�12.9 (IQR,�25.0 to�0.5) in the non-POSA group
and �10.5 (IQR �19.9 to �5.3; NS) in the POSA group
(Table III). The decrease in supine AHI was significantly
greater among subjects with POSA, whereas the decrease
in nonsupine AHI was significantly greater in the
American Journal of Orthodontics and Dentofacial Orthoped
non-POSA group (Table III), which remained at the 1-
year follow-up.

The improvements in AHI, ODI, SpO2, and snore in-
dex are listed in Table IV. The subgroup of subjects
with severe OSA at baseline showed the greatest im-
provements in AHI, regardless of whether they were clas-
sified as non-POSA or POSA. The only significant
difference between the non-POSA and POSA groups
was in the subgroup of subjects with mild OSA both at
the 8-week and 1-year follow-ups.

At the 8-week follow-up, 59% of the subjects in the
non-POSA and 70% in the POSA group reported that their
symptoms were much or very much improved on the Pa-
tient Global Impression of Change scale (NS). At 1 year,
the corresponding figures were 65% and 77% (NS).

Among the 52 subjects without POSA at baseline, 24
(46%) converted to POSA at the 8-week follow-up, and
the opposite conversion among the 153 subjects with
POSA at baseline was 44 (29%). The number of dropouts
and the resulting position predominant classification
from 8 weeks to 1 year are shown in Figure 2.

Treatment-related adverse events during the entire
study period were generally transient and mild com-
plaints involving the teeth, temporomandibular joints,
and jaw muscles, and were reported by 13 out of 52
(25%) and 59 out of 153 (38%) in the non-POSA and
POSA groups, respectively (NS).
ics September 2022 � Vol 162 � Issue 3



Table I. Patient demographics and baseline characteristics of the subjects classified with POSA or non-POSA

Demographics and characteristics Non-POSA (n 5 52) POSA (n 5 153) P values
Male 32 (61%) 123 (80%) \0.05
Age, y 55 (49;65) 54 (47;63) NS
BMI, kg/m2 30 (28;33) 27 (26;30) \0.05
Time spent in supine position, % of total sleep time 40 (23;63) 37 (21;60) NS
Time spent in nonsupine position, % of total sleep time 60 (37;77) 63 (40;79) NS
AHI overall, events/h 29 (17;39) 23 (14;30) \0.05
AHI supine, events/h 32 (19;47) 45 (29;64) \0.05
AHI nonsupine, events/h 24 (16;33) 8 (4;15) \0.05
OSA \0.05
Mild (AHI $5 to\15), n 8 (15%) 43 (28%)
Moderate (AHI 15-29), n 18 (35%) 72 (47%)
Severe (AHI $30), n 26 (50%) 38 (25%)

Oxygen desaturation index 29 (17;37) 22 (13;27) \0.05
Lowest SpO2, % 83 (79;86) 82 (79;85) NS
Average SpO2, % 93 (92;94) 93 (92;94) NS
SpO2 time\90% (% of sleep time) 3 (1;11) 3 (1;10) NS
Snore index, % of sleep time 57 (33;73) 48 (26;62) NS
Estimated sleep efficiency, % 95 (85;97) 95 (89;97) NS
Epworth Sleepiness Scale 11 (7;14) 9 (6;13) NS
Maximal mandibular advancement, mm* 11 (10;13) 12 (10;13) NS
Mandibular advancement with index, mm 9 (8;10) 9 (8;11) NS
Proportion of appliance-guided mandibular advancement
in relation to maximal advancement, %

77 (73;80) 78 (75;83) NS

Note. Data are shown as n and (%) or median and (q1; q3). P values were tested by Pearson’s chi-square test or the Mann-Whitney nonparametric
U test.
*Mandibular advancement measured by the George gauge instrument.

Table II. The proportion of responders in the subjects
classified with POSA or non-POSA following an
8-week and 1-year treatment with an oral appliance

Treatment
Non-POSA
at baseline

POSA
at baseline P value

8 wk (n 5 205)
Responders
Nonresponders

29 (56%)
23 (44%)

106 (69%)
47 (31%)

NS

1 y (n 5 139)
Responders
Nonresponders

17 (68%)
8 (32%)

88 (77%)
26 (23%)

NS

Note. Data are shown as n and (%). P values were calculated using
Pearson’s chi-square test. Responder: evaluation visit AHI \10
and/or a $50% reduction in the baseline AHI.
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DISCUSSION

With the definition of responders being an AHI\10
and/or a$50% reduction in the baseline AHI, our study
hypothesized that untreated subjects with POSA would
respond better to OA treatment than subjects without
POSA. However, the results did not confirm this
hypothesis, as a numerically higher but statistically
nonsignificant proportion of responders were seen in
the POSA group compared with the non-POSA group.
This nonsignificant difference was also seen when
September 2022 � Vol 162 � Issue 3 American
calculating AHI in all positions during the full-night’s
sleep. Our results are in line with those reported by Diel-
tjens et al,8 who evaluated the prevalence of POSA
before and during treatment with OAs and found that
treatment success was not significantly correlated with
the presence of POSA at baseline. However, the literature
presents conflicting data. For example, Lee et al14 re-
ported that the median AHI in a POSA group decreased
from 32 to 9 and from 56 to 16 in a non-POSA group
(both groups with significant reductions) and that the
overall success rate (AHI reduction . 50% and AHI
\ 10) was 58% and 30% in POSA and non-POSA
groups, respectively (P 5 0.04). Marklund et al5 found
that supine-dependent sleep apneas were a better pre-
dictor of treatment success than the disease severity
measured by the total AHI. Chung et al7 showed that
OAs are more effective in those with POSA than in those
without a POSA. These inconsistent results might arise
from differences in the sample of analyzed patients,
such as the severity of OSA, the definition of POSA,
and the sample size.

The study by Mador et al4 focused on evaluating
treatment with OA and position during sleep and re-
ported that 30% of patients with POSA normalized
when avoiding a supine position. To emphasize the
complexity of such analyses, Dieltjens et al8 found that
Journal of Orthodontics and Dentofacial Orthopedics



Table IV. The absolute change in polygraph variables from baseline without treatment to evaluation with an oral appliance in place at 8 weeks and 1 year in the
baseline data for subjects classed with POSA or without

Non-POSA group at baseline POSA group at baseline

P value of
difference between
non-POSA and
POSA groups

8 wk 1 y 8 wk 1 y 8 wk 1 y
AHI in different severity groups
Mild OSA (baseline AHI $5 to\15) 1.1y (�3.6;6.7) �1.0z (�5.0;9.3) �4.5§ (�7.3;�1.9) �3.5k(�6.7;0.3) \0.05 \0.05
Moderate OSA (baseline AHI 15–29) �10.9{ (�14.4;0.7) �16.5 # (�21.3;�10.6) �11.9yy (�16.0;�7.5) �14.6zz (�18.5;�11.1) NS NS
Severe OSA (baseline AHI $30) �24.9§§ (�31.5;�13.1) �22.5kk (�30.1;�12.3) �25.3 {{ (�32.3;�19.0) �28.8 ## (�33.9;�24.5) NS NS

Oxygen desaturation index �12.4 (�22.8;�0.03) �13.5 (�21.9;�5.3) �9.5 (�18.3;�4.5) �11.9 (�19.7;�4.0) NS NS
Longest apnea (s) �10.0 (�22.7;�0.5) �11.0 (�28.0;�1.5) �14.0 (�25.0;�3.0) �13.0 (�26.0;�3.0) NS NS
Lowest SpO2 (%) 1.0 (�1.0;5.0) 2.0 (�1.5;4.0) 3.0 (0.0;6.5) 3.5 (�0.3;6.0) \0.05 NS
Average SpO2 (%) �0.5 (�1.1;0.1) �0.6 (�1.4;0.1) 0.0 (�0.7;0.8) �0.1 (�0.7;0.6) \0.05 NS
SpO2 time\ 90% (% of sleep time) �0.2 (�2.1;4.4) 0.0 (�1.2;3.2) �1.5 (�3.9;0.2) �1.2 (�4.3;0.1) \0.05 \0.05
Snore index (% of sleep time) �25.2 (�45.0;�2.2) �32.4 (�58.6;�13.0) �21.5 (�40.1;�7.5) �29.9 (�41.9;�12.5) NS NS

Note. Data are shown as medians and quartiles (q1; q3) of differences. P values were tested by the nonparametric Mann-Whitney U test.
yn 5 8; zn 5 5; §n 5 43; kn 5 36; {n 5 18; #n 5 10; yyn 5 72; zzn 5 49; §§n 5 26; kkn 5 10; {{n 5 38, and; ##n 5 29.

Table III. AHI in the baseline defined subjects classed with POSA or non-POSA

Non-POSA group at baseline POSA group at baseline P value between
non-POSA and
POSA groupsn 5 52 n 5 25 n 5 153 n 5 114

AHI Baseline 8 wk Baseline vs 8 wk 1 y Baseline vs 1 y Baseline 8 wk Baseline vs 8 wk 1 y Baseline vs 1 y 8 wk 1 y

AHI all
positions

29.1 (16.5;39.4) 15.2 (6.7;23.2) �12.9 (�25.0;�0.5) 9.5 (4.2;17.9) �14.7 (�24.3;�6.1) 22.5 (13.7;30.0) 8.3 (4.2;13.5) �10.5 (�19.9;�5.3) 7.1 (3.9;13.2) �12.9 (�22.4;�4.7) NS NS

AHI nonsupine
position

24.5 (16.4;33.3) 11.4 (6.3;16.8) �13.1 (�23.4;�0.1) 3.5 (1.5;7.7) �16.4 (�27.3;�8.3) 7.9 (3.7;14.7) 3.6 (1.1;8.4) �3.3 (�6.9;�0.1) 2.5 (1.0;6.0) �3.4 (�10.6;�0.2) \0.05 \0.05

AHI supine
position

32.1 (19.3;46.9) 19.5 (9.1;32.7) �12.4 (�24.3;0.5) 11.2 (4.1;28.5) �13.5 (�25.9;�2.1) 44.8 (28.9;63.7) 13.3 (7.3;22.5) �28.0 (�42.5;�14.7) 12.1 (6.0;21.3) �31.6 (�46.4;�14.2) \0.05 \0.05

Note. Data are shown at baseline, 8 week, and 1 year, and differences over time and between groups; data are shown as medians and quartiles (q1; q3).
P values were calculated using the nonparametric Mann-Whitney U test.
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392 Fransson, Isacsson, and Nohlert
23%-37.5% of subjects shifted from non-POSA to POSA
during the OA therapy. In the present study, a similar
shift was seen in about half of the non-POSA patients.
In addition, we also noticed that about one third of
POSA patients were classified as non-POSA at the
8-week evaluation. The reason for this shift may be
that 1-night polygraphy is not sufficient to capture
the predominant position of apnea events, there is a nat-
ural shift between nights and periods, or the treatment
modifies the dominant apnea position. Nevertheless,
when examining the AHI values in the supine-only posi-
tion in our study, the POSA group had significantly bet-
ter reductions at both follow-ups. Interestingly, the AHI
value in the nonsupine-only position was significantly
better in the non-POSA group both at the 8-week and
1-year follow-ups, consistent with the results of Diel-
tjens et al.8 We also found that there was a statistically
significant but clinically irrelevant difference between
the non-POSA and POSA groups with mild OSA, both
at 8 weeks and 1 year. However, there was a nonsignif-
icant difference in the severe and moderate OSA groups
at the 8-week and 1-year follow-ups.

In this study, when applying the inclusion/exclusion
criteria, one third of the sample population was excluded
from analysis, and the obvious question is whether the
study had the power to detect a significant difference
between the POSA and non-POSA groups. Assuming a
5% significance level and 90% power and using the
data from Lee et al14 (30% vs. 58% responders in the
non-POSA and POSA group, respectively; AHI reduction
$50% and AHI \10), a sample size of 61 subjects in
each group was needed (https://www.sealedenvelope.
com/). A total of 205 subjects were included in our study,
of whom 52 belonged to the non-POSA and 153 to the
POSA group. Thus, the number of subjects in our study
almost had the required power to detect a significant
difference.

Dieltjens et al8 used the definitions of POSA by Cart-
wright,2 Mador et al,4 and Marklund et al,5 and
concluded a baseline POSA prevalence among 237
consecutive subjects of 68%, 27%, and 46%, respec-
tively. In a retrospective study by Lee et al14 of 100 sub-
jects with moderate/severe OSA, 80 showed POSA
(Cartwright definition), and 20 were classed with non-
POSA. The shortcoming of the Cartwright and Marklund
definitions is that the times spent in the supine/nonsu-
pine positions are not included in the definition. A per-
son sleeping for a few minutes in either position or
exclusively on the back or sides might get dispropor-
tionate position-dependent AHI values. We excluded
subjects with\15 minutes of sleeping time in these 2
positions. Using the modified Cartwright definition, we
September 2022 � Vol 162 � Issue 3 American
found that 75% of the subjects with OSA were classified
with POSA.

The first part of our study described a POSA group
with a significantly higher proportion of male subjects,
a lower overall AHI and ODI, and a significantly lower
BMI. Benoist et al15 defined POSA as having a supine
snore index higher than the total nonsupine snore index.
The higher BMI, the more likely the subjects are to be
position-dependent snorers. However, when we
compared snore indexes between non-POSA and POSA
in our study, there was no significant difference between
the 2 groups.

Given the criterion of a 15-minute limit of sleep time
in any position added to the Cartwright’s definition of
POSA and non-POSA created a large dropout from start
to the 1-year follow-up (175 subjects excluded from a
total of 314 enrolled), and the unequal proportion of
men to women at baseline might have affected the
results.

CONCLUSIONS

The hypothesis of this study that subjects with POSA
at baseline would have a higher treatment response rate
following OA treatment compared with subjects without
POSA was rejected. However, subjects with POSA had a
significantly higher decrease in supine AHI, and those
without POSA had a significantly greater decrease in
their nonsupine AHI.
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