Simplified Pathways for the Diagnosis and
Management of Obstructive Sleep Apnea

in Primary Care

Ching Li Chai-Coetzer

MBBS (University of Adelaide 1999)
FRACP (Royal Australasian College of Physicians 2006)

GCPH (University of Adelaide 2009)

A thesis submitted for the degree of

DOCTOR OF PHILOSOPHY

School of Medicine
Faculty of Health Sciences
Flinders University

South Australia 5042
Adelaide Institute for Sleep Health
Repatriation General Hospital

South Australia 5041

October 2012



TABLE OF CONTENTS

LIST OF FIGURES ... ..o e \%
LIST OF TABLES. ... e e e e VI
AB ST R A C T L e VI
PUBLICATIONS ARISING FROM THIS THESIS ......ccoooit i X
AWARDS .o e Xl
DECLARATION. et e e e e e e eaaas XV
ACKNOWLEDGEMENTS ..o e XV
GO S S AR e e XVIII
CHAPTER 1: INTRODUCTION.. ..ottt et 1
L1 INTRODUGCTION Leiiieiiiiie ittt etit e eet e ettt e e e stte e e e st e e s sntae e e e sstaeeesasbeeeesssteeeeeansaeeeennens 1
1.1.1 Prevalence of Obstructive SIEEP APNEA ........ccuvviiiiiee et 1
1.1.2 Health Consequences of OSA & Benefits of Continuous Positive Airway Pressure
LI =1 = o )Y/ PSRRI 3
1.1.3 Alternative Treatment Options for Obstructive Sleep Apnea..........cccccceeeeeiiiinnnee. 7
1.1.4 Economic Cost of OSA and Cost-Effectiveness of Treatment..................ccceeee. 11
1.1.5 Demand for Sleep Services in Australia and Worldwide ..............ccccceeeiiiiinnnee. 14
1.1.6 Screening Questionnaires and Clinical Prediction Models ...........ccccccceeiiiinnnee. 19
1.1.7 In-laboratory versus Home Sleep MONItOrNG.......cccoouiiiiiiiiiiieiiiiiee e 22
1.1.8 Home Oximetry for DiagnosiS Of OSA .....ooiiiiiiiiiieee e 27
1.1.9 Auto-titrating Continuous Positive Airway PreSSUre..........ccccceeevveiiveeeeeeesissnnnnen 32
1.1.10 Simplified, Ambulatory Models of Care for OSA........cccooevee i, 33
1.1.11 A Role for General Practitioners in the Diagnosis and Management of
ODSIIUCHIVE SIEEP APNEA ..eeeiiiiie ittt e e a e e s s e e e e s s e aranreaaeeeeanns 35
1.1.12 Prevalence of OSA in General PractiCe.........ccccovviiiiiiiiiiii e 39
1.1.13 Under-Recognition of OSA in Primary Care .......ccccceeecvvvveeeeeeiisiiieeeeeeeesssenneens 41
1.1.14 Education on Obstructive SIEep APNEa ......c.uueiiiiiaiiiiieeee e 43
1.1.15 Impact of Sleep Medicine EAUCAtION...........ccuviiiiiiiiiiiiee e 45

1.1.16 A Role for Practice Nurses in the Management of Obstructive Sleep Apnea.... 47

L2 AIMS OF THE THESIS ...ttt 49

CHAPTER 2: DEVELOPMENT AND VALIDATION OF A SIMPLIF IED

DIAGNOSTIC MODEL FOR IDENTIFYING OSA IN PRIMARY CARE ....... 53
2.1 INTRODUCTION ...ooiiiiitiiie ittt snne e e s s 53
2.2 METHODS ...ttt 56

2.2.1 Survey Distribution and Patient Selection............cccccvvvee i 56



2.2.2 HOME SIEEP SUAIES .ooveeieiciiiieie ettt e e s e e e e s et e e e e e e e eanns 57

2.2.3 Data Analysis and StatiSTICS .....uuuiieeiiiiiiiiiiiie e sesieee e e e e s s e e e e e s srrrarreeeeeeenans 60
2.3 RESULTS L.ttt bttt e ek et et e e bt e e b et e s a b e e e ebe e e en bt e e ebbe e enbeeaneaan 63
2.3.1 Development Data Sel........c..uuiiiiieaiiiiiie e a e e e e 66
2.3.1.1 Screening Questionnaire Development...........ccuuviiiiieiiiiiiiiiieeee e 66
2.3.1.2 Validation of ApneaLink MONItOr ............ccoiiiiiiiiiiiiie e 66
2.3.1.3 Two-Stage Diagnostic MOAel........oooiiiiiiiieiii e 71
2.3.2 Validation Data Set ........cocuiiiiiiiiiei i 71
2.4 DISCUSSION. ...ttt ettt r et s e e st e e nnn e e e nnreesneeaneeens 75

CHAPTER 3: AN EDUCATION PROGRAM FOR GENERAL
PRACTITIONERS TO IMPROVE THEIR AWARENESS AND KNOWLE DGE

OF OBSTRUCTIVE SLEEP APNEA ... e, 83
3. LINTRODUCTION ...ttt ittt ettt st e e s s bt e e s e bt e e s snbbe e e e enntbeeesnnees 83
B2 METHODS ...ttt ettt e e sttt e s e bt e e s e bbe e e e et b e e e e nnbbe e e e nees 87

3.2.1 Development of the EAUCation Program ............ccuueeiiieaiiiiiiiiieeee e eiiieeeee e 87
3.2.2 Program DEIIVEIY.......cou ittt e et e e e e e e raeeeaaeeeanns 87
3.2.3 DALtA ANAIYSIS ...t e e e e e e e e e e e eeaaaeeaan 90
BB RESULTS ..ttt ettt e ettt e s st e e e e n bt e e s et be e e s e nbb e e e e nntbe e e e nees 91
3.3.1 Attitudes & Knowledge at Baseline &Two Weeks Post-Education ...................... 91
3.3.2 Program EValUatioN...........cccuiiiiiie e er e e e s st e e e e s s snnnranee e e e e e enns 92
TG TG 3 o o [o T =T 4 I - | - R 93
3.4 DISCUSSION. ...cciiiiiit ettt e e e sttt e e sttt e s st b e e e s assbeeesensbeeesensaeeeeantaeeennnees 98
3.4.1 Methodological LIMItatioNS ........cceueeiiiiiiiiiiiie s ecciieir e e e s e e e e e s ee e e e e e ennns 99
3.4.2 CONCIUSIONS ...ttt e ettt e e e e e e e e e e e e e e e s e nnbreeeaaaeeanns 101

CHAPTER 4: ARANDOMISED CONTROLLED TRIAL TO EVALUAT E AN
AMBULATORY MODEL OF CARE FOR OBSTRUCTIVE SLEEP APNE A IN

GENERAL PRACTICE ... ettt 102
A1 INTRODUCTION ...ttt ittt ettt stee e ettt e e e st e e e staeaaesstaeeaesntaeeeesstaeeeesasaeeaeans 102
A2 METHODS ...ttt e et e e ettt e e sttt e e e sba e e e e s taeeeessbaeeeeessbeeeesasaeeaeans 105

o T T 111 0 = L) PR 105
Y oo (=] S o O T = SRR 107
4.2.2.1 Primary care ManagemeENt ..........uuuerieeeeiiiirireereeeesssnrnrrereaessesnnsssnesseessasnnns 107
4.2.2.2 Sleep specialist-based management.............ccoeeriiiiiiiiiieee e 108
4.2.3 OULCOME IMEBASUIES .....uuutetueiuiittiiittttettaseaestaeasaesbabsesbsbsbsbsbsbsbsbsbebsbsbebsbsbessnnsnnnnnnes 109
A.2.4 SAMPIE SIZE ..ottt a e a e 109
4.2.5 StatiStiCAl ANAIYSIS .....eeiiiiiiiiiie e 109
4.2.6 Health ECONOMIC ANAIYSIS.........uiiiiiiieiiiiieit et 110
A B RESULTS ...t ettt ettt e sttt e e e st et e e e snb et e e e s abbeeeeanbbeeeean 112
4.3.1 Baseline CharaCteriStCS. .......uuiiiiiiiie i 114
4.3.2 TIEAIMIENT ....eieiiee ettt ettt e e e e s bbb e e e e e s e s r e e e e e e s e e anbrrreeeeeas 116

TG T @ 101 (o 011 411 120



4.3.3.1 Daytime Sleepiness: Epworth Sleepiness Scale (ESS) .........ccccvvveveeerninns 120

4.3.3.2 Functional Outcomes of Sleep Questionnaire (FOSQ) ........cooecvvvveereeerninns 120
4.3.3.3 Sleep Apnea Symptom Questionnaire (SASQ) ......ccccvvieieeeieiiiiiiieree e 125
4.3.3.4 SF-36 Health Survey - Vitality & Mental Health...............ccccooiiiis 125
4.3.3.5 CPAP COMPLIABNCE ...ttt e e e e 125
4.3.3.6 BlIOOT PIESSUIE ...ttt ettt e e e e e eeeea e e e e e 126
4.3.3.7 BOAY MASS INUEX ...ttt e e e e e e e e 126
4.3.3.8 Visit-Specific Satisfaction Questionnaire-9 (VSQ-9).......cccccvviiiiiiieeieannnnnns 126
4.3.4 Health ECONOMIC ANAIYSIS.........uiiiiiiieeiiie e 129
4.3.4.1 Translation of trial results into Practice .........ccccceevvivviiiiieie e 131

A A DISCUSSION. .. .ooiiiiiiiie ettt ettt e st e ettt e e e st e e e e staeeeestaeaeessbaeeessasbeeeesasaeeaeans 132
CHAPTER 5: CONCLUSION ...t et e e e e e e 138

BIBLIOGRAPHY ..ot e 146



LIST OF FIGURES

Figure 1.1. Cost of PSG to the Medicare Benefits Sc  heme 2000-2009...18
Figure 2.1. Patient recruitment pathway ........... oo, 64
Figure 2.2. OSA50 screening qUESHIONNAINE......... covveeevviiiieee e eeeeeeeieeiines 68
Figure 2.3. Receiver operating characteristic curve showing the
performance of the OSA50 screening questionnaire in discriminating
patients with moderate-to-severe OSA (AHI  230/hr) in the development
OIOUP (NT79) ittt ettt ettt e e e e e e e e e e e ettt e e e e e e e e e e eabaa e aeeeaees 69
Figure 2.4. Receiver operating characteristic curve s showing the
performance of the ApneaLink 3%O0DI, and AHI 550 in diagnosing

moderate-to-severe OSA (AHI 230/hr) in the development group........... 70
Figure 3.1. Education Program — OSA Diagnosis and M anagement in
General PraCtiCe ... e 89
Figure 3.2. Total AttitudesS SCOre........ccoeviiis i 95
Figure 3.3. Knowledge TeSt SCOMES .....ccoevvviiis ceeeeeeeeeeeee e 96
Figure 4.1. Flow diagram of participant recruitmen  t and randomisation
.................................................................................................................... 113
Figure 4.2. Graph demonstrating non-inferiority of the primary care arm
for the change in Epworth Sleepiness Scale score at 6 months.......... 122

Figure 4.3. Graph demonstrating non-inferiority of the primary care arm
for the change in Functional Outcomes of Sleep Ques  tionnaire at 6

Figure 4.4. Bootstrapped joint distribution of incr emental costs
(Australian dollars per patient) and effects (Epwor  th Sleepiness Scale
[ESS] per patient) for treatment in the primary car e arm versus the

S 0 LST ol = 1S =1 O 130



LIST OF TABLES

Table 1.1 Comparison of the diagnostic accuracy of oximetry for the

AIagNOSIS OF OSA ... e e 31
Table 2.1. Characteristics of patients in developme  nt and validation
[0 {00 01 T PSPPI 65
Table 2.2. Logistic regression analysis — factors a  ssociated with an
AHI230, as determined by CHAID analysis.........ccccc. covvviiiiiiiiiinne e 67

Table 2.3. Contingency tables for development and v alidation groups 73
Table 2.4. Accuracy of two-stage diagnostic model (  OSA50 score 25 &
ApnealLink 3%0DI 2 16/hour) for identifying moderate-to-severe OSA.7 4
Table 2.5. Baseline characteristics of the 11 false  positive patients in

the validation grOUP ......ueiii i cicieiiiiies ceeee e e e e e e e e e e e e eeanan 78
Table 3.1. Attitudes QUESHIONNAINE.........cccciis iieeee e 94
Table 3.2. Program Evaluation............cccccccies vivviiiiiiie e e e e 97
Table 4.1. Baseline characteristics of patients in primary care and
SPECIAIIST AIMNS ...t e e e e e e e e e e e e e e e e e e 115
Table 4.2. Principle treatment recommended to patie  nts at baseline and
USed at 6 MONTNS ... e 118

Table 4.3. Baseline characteristics of patients who withdrew from the
study compared to those who completed the study pro tocol to 6

MONTNS. ... s e e a s 119
Table 4.4. Change in Epworth Sleepiness Scale score  at 6 months....121
Table 4.5. Change in Functional Outcomes of Sleep Q  uestionnaire at 6

Table 4.6. Secondary outcome measures at 6 months .  ........................ 127
Table 4.7 Visit-specific Satisfaction Questionnaire -9 (VSQ-9) responses
At 6 MONTNS.... s e 128



ABSTRACT

Obstructive sleep apnea (OSA) is highly prevalent in the Australian
community and throughout the world. With growing evidence linking OSA to
adverse health consequences and development of effective therapies such
as continuous positive airway pressure (CPAP), there has been a steady rise
in the demand for laboratory-based sleep testing and specialist consultation.
Alternative, cost-effective models of care for OSA are needed to increase
patient access to sleep services. Primary care would be an ideal setting for

development of a simplified strategy for OSA diagnosis and management.

In the first study (Chapter 2), we developed and validated a two-step
diagnostic model for moderate-to-severe OSA consisting of a screening
questionnaire and overnight home oximetry. Patients aged 25 to 70 years
who were seeing their general practitioner (GP) for any reason at one of 6
primary care clinics completed an Epworth Sleepiness Scale (ESS) and
Berlin Questionnaire. They underwent simultaneous recording with a two-
channel ApneaLink monitor and full polysomnography (PSG) to identify
variables predictive of OSA and to validate the portable monitoring device.
Snoring, waist circumference, apneas and age were most predictive of OSA
and incorporated into a screening questionnaire (receiver operating
characteristic area under curve (ROC AUC) = 0.84 [95%CI: 0.75-0.94],
p<0.001). ApneaLink oximetry with a 23% dip rate was highly predictive of
OSA (ROC AUC=0.96 [0.91-1.0], p<0.001). The two-stage diagnostic model
had a sensitivity of 0.97 [0.81-1.00] and specificity of 0.87 [0.74-0.95] in the

development group, and sensitivity of 0.88 [0.60-0.98] and specificity of 0.82



[0.70-0.90] in the validation group. Thus, the two-step model was shown to

be accurate in identifying patients with OSA in primary care.

The development and evaluation of a six-hour education program for GPs
which was accredited by the Royal Australasian College of General
Practitioners is described in Chapter 3. GPs completed an attitudes and
knowledge questionnaire before and 2 weeks after attendance at the
program, and then again after 17 to 30 months. Two weeks post-education,
there were significant improvements in the level of confidence in managing
OSA and CPA therapy, and an improvement in knowledge test scores.
Improvements in attitudes and knowledge from baseline were sustained on

long term testing.

Chapter 4 details the results of a prospective, randomised controlled study
conducted to evaluate the clinical efficacy and cost-effectiveness of a
simplified model of care for OSA in general practice. Patients with OSA were
identified by GPs using the simple two-step diagnostic strategy described in
Chapter 2, and were randomised to receive either primary care management
led by their GP and a community-based nurse, or usual laboratory-based
care in a specialist sleep centre. For the primary outcome, mean change in
ESS at 6 months, primary care management was not inferior to specialist
management (4.6 vs 5.1, adjusted difference -0.6 [lower bound 95%
confidence interval: -1.8], p=0.37). There were no differences in secondary
outcomes, including quality of life, OSA symptoms, treatment compliance and

overall patient satisfaction. Within-study costs were lower in the primary care



arm, with savings of AUD$2157 (95%Cl: $1293 to $3114) per patient.

A simplified model of care for the diagnosis and management of OSA based
in the primary care setting is efficacious and cost-effective, and has the

potential to reduce the burden of untreated OSA in the community.
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