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ABSTRACT
Purpose: Positional obstructive sleep apnea (OSA) is prevalent. We hypothesized that by
incorporating positional therapy into a diagnosis-treatment algorithm for OSA it would frequently
be prescribed as an appropriate first-line therapy. Methods: Fifty-nine members (45 males, 49±9 yrs,
BMI 35.2±5.6 kg/m2) of the Law Enforcement Health Benefits (LEHB), Inc. of Philadelphia with
clinically suspected OSA were evaluated. Patients completed an Epworth Sleepiness Scale (ESS)
questionnaire and a home sleep test (HST). Patients diagnosed with positional OSA (non-supine
apnea-hypopnea index [AHI] < 5 events/hr) were offered positional therapy. A cost comparison
to continuous positive airway pressure (CPAP) therapy was performed. Results: Fifty-four (92%)
of the patients (43 males, 49±9 yrs, BMI 35.2±5.3 kg/m2) had OSA on their HST (AHI 24.2±20.1
events/hr). Sixteen (30%) patients had positional OSA. Compared to non-positional patients,
patients with positional OSA were less heavy (32.4±5.1 vs. 36.4±5.1 kg/m2, respectively [p=0.009]),
less sleepy (ESS 8±5 vs. 12±5, respectively [p=0.009]), and had less severe OSA (AHI 10.4±4.3
vs. 30.0±21.3 events/hr, respectively [p<0.001]). Thirteen of the 16 patients with positional OSA
agreed to positional therapy and 31 non-positional OSA patients agreed to CPAP therapy. Based
on initial costs, incorporating positional therapy ($189.95/device compared to CPAP therapy at
$962.49/device) into the treatment algorithm resulted in a 24% cost savings compared to if all the
patients were initiated on CPAP therapy. Conclusion: With the high prevalence of positional OSA,
using a diagnosis-treatment algorithm that incorporates positional therapy allows it to be more
frequently considered as a cost effective first-line therapy for OSA.
Keywords: Sleep Stages; Sleep Apnea, Obstructive; Continuous Positive Airway Pressure; Surveys
and Questionnaires.
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INTRODUCTION
Obstructive sleep apnea (OSA) syndrome is a disorder
characterized by recurrent upper airway obstructive events during sleep in the presence of daytime sleepiness. Recent studies
have demonstrated an increasing prevalence of OSA in the general population related to the worsening obesity epidemic1. Associated with the high prevalence of OSA is the large economic
burden, with an estimated annual cost for the US healthcare
system alone of up to $10 billion/year utilized for the diagnosis
and treatment of OSA2. In addition, OSA has been associated
with the development of significant cardiovascular disease when
left untreated, which further adds to overall healthcare costs2-6.
While CPAP therapy has been shown to improve daytime function as well as cardiovascular morbidity and mortality7-9, compliance has been shown to be low, with compliance rates as low as
46% reported10,11.
Positional OSA, where the majority of sleep disordered
breathing events occur while in the supine position, has been
reported to be present in up to 50-60% of all patients with diagnosed OSA12-19. Using a narrower definition of normalizing
the apnea-hypopnea index (AHI) to < 5 events/hr when in the
non-supine position, positional OSA is reported to be present in
27% of OSA patients20. While there are a number of positional
devices designed to maintain patients with positional OSA in
the non-supine position during sleep few have been compared
to CPAP therapy14,16,21. We previously demonstrated that the use
of positional therapy in these patients was as effective as CPAP
therapy at normalizing the AHI21.
While there have been studies examining the effectiveness, both in terms of diagnosis and cost, of utilizing a home
sleep test (HST) vs. in-lab studies, no previous study has examined the effects of incorporating HST with a treatment
algorithm that includes positional therapy for those patient
diagnosed with positional OSA22-26. We hypothesized that incorporating positional therapy into a diagnosis-treatment algorithm
for OSA would result in its frequent use as an appropriate firstline treatment with an associated cost savings as compared to
CPAP therapy.
METHODS
Patient Selection
Patients selected for the study were all active members of
Law Enforcement Health Benefits (LEHB) Inc., which oversees
the healthcare benefits for the Philadelphia Police Department.
Members and their spouses with symptoms suggestive of OSA
were offered to participate in a study screening for OSA. All
patients enrolled completed an Epworth Sleepiness Scale (ESS),
which quantifies subjective measures of sleepiness by asking the
subject to rate the chance of “dozing” in eight situations27. Patients with previously diagnosed OSA, shift workers, or those
patients who refused to undergo a HST were excluded from the
study. The study was approved by the Temple University School
of Medicine Institutional Review Board for Human Research
(Philadelphia, PA).

Home Sleep Test
The HSTs (Nox-T3, CareFusion Respiratory, Yorba
Linda, Ca) were performed following the American Academy
of Sleep Medicine Guidelines28. Studies were scored using established criteria29,30. Obstructive apneas were defined by the
lack of airflow for greater than 10 seconds, associated with the
presence of rib cage and abdominal movement29. Obstructive
hypopneas were defined by a 30% decrease in airflow for greater
than 10 seconds, associated with the presence of rib cage and
abdominal movement, and accompanied by an oxygen desaturation of > 3%29. Apneas were defined as central if there was a
lack of respiratory effort during the period of absent airflow29.
The AHI (also referred to as the respiratory event index [REI])
was calculated as the number of apneic and hypopnic events
per hour of recording time29,30. OSA was defined as an overall AHI of > 5 events/hr with symptoms of excessive daytime
sleepiness or an AHI of > 15 events/hr29. Positional OSA was
defined as a 50% decrease in the AHI in the non-supine position as compared to the supine position. Additionally, the AHI
must fall to < 5 events/hr in the non-supine position, and the
patient must have slept in the lateral position for a minimum of
1 hour during the study20,21. All of the HSTs were scored by the
same author (SK).
Protocol
All patients enrolled for suspected OSA entered into a
diagnostic and treatment algorithm that included an initial HST
(Figure 1). If the HST was diagnostic for OSA then treatment
options were discussed with the patient, including a trial on
auto-titrating CPAP or if their study demonstrated positional
OSA the use of the Zzoma Positional Device® (Sleep Specialists, LLC, Abington, PA)21. Other treatment options included
the use of an oral appliance or conservative therapy with weight
loss (Figure 1). Patients were instructed to follow-up in the
Sleep Clinic or with their primary care physicians 4 weeks after
initiating therapy.

Figure 1. Algorithm utilized for diagnosing and treating patients with obstructive
sleep apnea (OSA).
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Diagnostic and Therapeutic Costs
LEHB is a self-insured corporation with their healthcare
management provided by Independent Blue Cross (IBC). Costs
for initiating auto-titrating CPAP therapy ($962.49) in the home
were based on IBC pricing for LEHB. Costs for the Zzoma
Positional Device® ($189.95) were based on the suggested retail
price at the time of the study.
Statistical Analysis
Data are displayed as the mean ± SD for continuous
variables and the count and percentage for categorical variables.
Comparisons between patients with and without positional
OSA were performed using Fisher exact test or Wilcoxon ranksum test. P-values < 0.05 were considered statistically significant. Therapy cost comparisons were determined based on the
number of CPAP and positional devices that were distributed to
the patients in the study. All statistical analyses were carried out
using SAS V9.4 software (SAS Institute, Cary, NC).
RESULTS
Patient Characteristics
Fifty-nine patients (45 males, 49±9 yrs, BMI 35.2±5.6
kg/m2) with symptoms suggestive of OSA were enrolled into
the study (Table 1). Fifty-four (92%) of the patients (43 males,
49±9 yrs, BMI 35.2±5.3 kg/m2) were found to have OSA on
their HST (AHI 24.2 ±20.1 events/hr). Other than the AHI and
the lowest SaO2 during the night, there were no significant differences between those patients with and without OSA (Table
1). Sixteen (30%) of the 54 patients with OSA were found to
have positional OSA (Table 2). Patients with positional OSA
were significantly less heavy and had significantly less severe
OSA than those patients that were not positional; with a significantly lower AHI and significantly less severe nocturnal oxygen
desaturation (Table 2). In addition, patients with positional OSA
had significantly better objective sleep quality based on sleep
efficiency, and subjectively were significantly less sleepy with a
lower ESS as compared to those patients that were not positional (Table 2).

Therapy for Patients with OSA
The results of the HST and treatment options were discussed with each patient after their study was completed. Following the diagnosis and treatment algorithm (Figure 1), 13 of
the 16 patients with positional OSA (24% of the patients with
OSA) agreed to use the positional device with 1 patient requesting CPAP therapy and 2 patients requesting conservative therapy with weight loss (Figure 2). Thirty of the 38 patients who
were not positional on their HST agreed to CPAP therapy, with
the remaining 3 requesting an oral appliance and 5 requesting
conservative treatment with weight loss. Therefore, a total of 31
patients (57% of the patients with OSA) received CPAP therapy
(Figure 2). Patients treated with CPAP therapy had more severe OSA as compared to those patients treated with positional
therapy or alternative treatments of using an oral appliance or
weight loss (Table 3).
Cost Analysis
In regards to the cost comparison, for those patients that
were treated for their OSA with CPAP therapy vs. positional
therapy, based on an initial cost for an auto-titrating CPAP device of $962.49/unit the total cost for the 31 patients that received CPAP therapy was $29,837.19. With a cost of each positional device at $189.95, the total cost for the 13 patients that
used the positional device was $2,469.35. When compared to
a cost of $42,349.56 if all 44 patients had initially been treated
with CPAP therapy, this represents a 24% cost savings by incorporating positional therapy into the treatment algorithm for
OSA.
DISCUSSION
While there is a high prevalence of positional OSA and
positional therapy has been shown to be an effective therapy
for these patients, the prevalence of its initial use when incorporated into a diagnosis-treatment algorithm for OSA has not
previously been reported20,21. There were 3 major findings in this
study: 1) a structured algorithm can effectively be utilized to diagnose and treat patients with OSA, 2) there is high prevalence

Table 1. Baseline Characteristics (N=59).‡
Variable
Age, yrs

All Patients (N=59)

With OSA (N=54)

p-value†
0.95

49±9

49±9

49±7

Male, n (%)

45 (76%)

43 (80%)

2 (40%)

0.08

BMI, kg/m2

35.2±5.6

35.2±5.3

34.8±8.5

0.59

Epworth Sleepiness Scale*

11±5

11±5

11±4

0.90

Heart Rate, beats/min*

69±0

69±10

62±9

0.19

377±76

373±77

420±55

0.21

Recording Time Analyzed, min
Sleep Efficiency, %

87±16

86±17

94±6

0.30

22.4±20.1

24.2±20.1

3.0±1.7

<0.001

Mean SaO2, %*

93±2

92±2

94±2

0.14

Lowest SaO2, %*

79±8

79±8

85±9

0.04

Apnea-Hypopnea Index, events/hr

Table entry=mean ± SD for continuous variables and n (%) for categorical variables.
†
From Fisher exact test for categorical variables and exact Wilcoxon test for continuous variables.
*These variables had 5, 1, 1, and 1 subject(s) missing its value(s), respectively.
‡

Without OSA (N=5)
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Table 2. Comparison of Patients with and without Positional OSA on their HST (N=54).‡
Variable

Without Positional OSA (N=38)

With Positional OSA (N=16)

p-value†

Age, yrs

50±9

47±8

0.30

Male, n (%)

31 (82%)

12 (75%)

0.71

BMI, kg/m2

36.4±5.1

32.4±5.1

0.01
0.02

Epworth Sleepiness Scale*

12±5

8±5

Recording Time Analyzed, min

364±81

395±64

0.22

Sleep Efficiency, %

83±18

93±8

0.01

Apnea-Hypopnea Index, events/hr

30.0±21.3

10.4±4.3

< 0.001

Mean SaO2, %*

92±3

93±1

0.05

Lowest SaO2, %*

77±8

82±7

0.02

Table entry=mean ± SD for continuous variables and n (%) for categorical variables.
†
From Fisher exact test for categorical variables and Wilcoxon test for continuous variables.
*These variables had 5, 1, 1, and 1 subject(s) missing its value(s), respectively
‡

Figure 2. Therapies accepted by patients to treat their newly diagnosed obstructive
sleep apnea. Twenty-four percent of OSA patients agreed to treatment with a positional device, with the majority (57% of OSA patients) agreeing to treatment with
CPAP therapy. Alternative treatments include the use of an oral appliance or weight
loss. See text for further details.

of positional OSA for which positional therapy is often accepted as an initial treatment, and 3) incorporating positional
therapy into the treatment algorithm is associated with an overall lower cost as compared to CPAP therapy.
The prevalence of OSA has only been increasing in the
general population, with the disorder now found in 14% of men
and 5% of women1. These findings demonstrate a growth rate
of 14-55% over the past 2 decades that is related to the rise
in obesity1. Associated with the increasing prevalence of OSA
are the costs associated with the diagnosis and treatment of the
disorder2. On the diagnostic side, studies comparing the use of
HST to in-lab testing have demonstrated similar rates of CPAP
compliance and functional outcome22,31,32. In addition, home
sleep testing has been shown to be associated with a noted cost
savings22,23. Rosen et al.22 demonstrated a 25% cost savings when
HST followed by auto-titrating CPAP therapy was compared to
in-lab polysomnogram followed by a CPAP titration study in
patients with newly diagnosed OSA. The cost savings appeared
to be more significant from the payer’s rather than the provider’s
perspective23. In the present study, we incorporated the cost savings aspects of HST and auto-titrating CPAP therapy into the
diagnosis and treatment algorithm. We found it to be efficient
and diagnostically identified 92% of those who were tested as
having OSA.

The reported prevalence of positional OSA at 27%, including 50% of patients with mild OSA and 19% of patients
with moderate OSA, and the often low overall compliance rate
with CPAP therapy demonstrates the importance of offering
other forms of therapy, such as positional therapy, as an initial
treatment option10,11,20. In the present study we found a similar
prevalence, with 30% of patients overall having positional OSA,
including 52% of patients with mild OSA and 20% of patients
with moderate OSA. Most of these patients (81%) were treated
with a positional device that was previously demonstrated to be
equivalent to CPAP therapy at both normalizing the AHI to < 5
events/hr (92% vs. 97%, respectively) and improving nocturnal
oxygenation in patients with positional OSA21.
While our study was not designed as a cost analysis study
we did note the initial cost savings associated with the use of
positional therapy in our patients as compared to CPAP therapy.
By incorporating positional therapy into the treatment algorithm for OSA we demonstrated an overall initial cost savings
of 24% as compared to if these patients had been treated with
CPAP therapy. Other forms of therapy, in particular oral appliances, have been evaluated in regards to their cost effectiveness
in the treatment of OSA24-26. Sharples et al.24 compared the clinical and cost effectiveness of oral appliances to CPAP therapy in
a revised meta-analysis of patients with mild to moderate OSA.
Clinically, CPAP was more effective than oral appliances at decreasing the AHI. In regards to costs, while CPAP produced a
lower mean cost, when adjusted for a difference in compliance
rates the authors suggested that oral appliances become less
costly as compared to CPAP therapy24. In contrast, Sadatsafavi
et al.25 utilizing a model based analysis demonstrated that CPAP
was more cost effective than oral appliances. However, oral appliances did show a cost savings when compared to conservative
therapy25. More recently, Poullié et al.26 reported that for patients
with mild to moderate OSA and a high cardiovascular risk CPAP
was more cost effective as compared to using an oral appliance.
However, while the use of an oral appliance was more cost effective than CPAP in patients with a low cardiovascular risk the
present out of pocket expense for an oral appliance may be cost
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Table 3. Comparison of Patients Based on Treatment Modality (N=54).‡
p-value†

Variable

CPAP Therapy (N=31)

Positional Therapy (N=13)

Alternative Treatments (N=10)

Age, yrs

49±10

47±9

52±6

0.32

Male, n (%)

27 (87%)

9 (69%)

7 (70%)

0.29

BMI, kg/m2

37.3±5.5

31.6±3.9

33.3±3.1

0.003

Epworth Sleepiness Scale*

12±5

8±5

11±4

0.23

Heart Rate, beats/min*

69±9

69±13

69±12

0.84

366±87

380±61

388±63

0.82

Recording Time Analyzed, min
Sleep Efficiency, %

82±20

93±9

90±8

0.06

34.5±21.1

10.8±4.5

9.8±4.4

<0.0001

Mean SaO2, %*

92±3

93±1

93±2

0.30

Lowest SaO2, %*

77±8

82±7

82±6

0.03

Apnea-Hypopnea Index, events/hr

Table entry=mean ± SD for continuous variables and n (%) for categorical variables.
†
From Chi-square test for categorical variables and Kruskal-Wallis test for continuous variables.
*These variables had 5, 1, 1, and 1 subject(s) missing its value(s), respectively.
‡

prohibitive26. In our study only 3 patients elected to use an oral
appliance and therefore the ability to evaluate the cost savings
of using an oral appliance was limited. However, in countries
where resources are limited, both in regards to costs and consistent home access to electricity, patients with diagnosed OSA
may go untreated. With our findings demonstrating a similar
prevalence of positional OSA as seen in other studies we believe
the cost saving we observed with positional therapy can be applied to larger patient populations where a formal cost analysis
could be performed20.
There are limitations with the study that need to be addressed. First, the patients in the study were a select group of
police officers and their spouses who had clinically suspected
OSA. However, the prevalence of positional OSA is very similar to a previous study with similar patient characteristics20. Second, we did not compare the accuracy of HSTs that were used
as part of the diagnostic component of the algorithm to in-lab
polysomnograms. However, previous studies have already examined their accuracy and 92% of our patients were found to
have OSA on their HST22,31,32. Finally, we did not evaluate more
long-term outcomes as they relate to compliance with therapy
and cost savings. However, the present study was designed to
just evaluate the initial use when incorporating positional therapy into a diagnosis-treatment algorithm for OSA.

CONCLUSION
Use of a diagnosis-treatment algorithm for OSA that incorporates positional therapy demonstrates that positional OSA
is prevalent and that positional therapy can often be prescribed
as an appropriate first-line therapy and at a lower cost as compared to CPAP therapy. Whether larger studies that allow for a
formal cost analysis will demonstrate similar or more substantial
findings and whether more long-term use of positional therapy
will reveal differences in compliance and functional outcome
awaits further study.
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