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Study Objectives: The aim was to determine the feasibility of
using an unattended 2-channel device to screen for obstruc-
tive sleep apnea in a population of high-risk patients using a
targeted, case-finding strategy. The case finding was based
on the presence of risk factors not symptoms in the studied
population.

Methods: The study took place from June 2007 to May 2008
in rural and metropolitan Queensland and New South Wales.
Family doctors were asked to identify patients with any of the
following: BMI > 30, type 2 diabetes, treated hypertension,
ischemic heart disease. Participants applied the ApneaLink+0,
at home for a single night. The device recorded nasal flow and
pulse oximetry. Data were analyzed by proprietary software,
then checked and reported by either of two sleep physicians.
Results: 1,157 patients were recruited; mean age 53 + 14.6,
M/F% = 62/38, mean BMI = 31.8, obesity = 35%, diabetes = 16%,
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hypertension = 39%, IHD = 5%, Mean Epworth Sleepiness
Scale score (ESS) = 8.3. The prevalence of unrecognized OSA
was very high: 71% had an AHI > 5/h, 33% had an AHI > 15/h,
and 16% had an AHI > 30/h. The ApneaLink+O, device yielded
technically adequate studies in 93% of cases.

Conclusion: The study shows that a “real world” simple low
cost case finding and management program, based on unat-
tended home monitoring for OSA, can work well in a popula-
tion with risk factors and comorbidities associated with OSA,
independent of the presence of symptoms. The prevalence of
unrecognized OSA was very high.
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bstructive sleep apnea (OSA) is a modern epidemic of

great health and economic importance. Young et al.' found
in a population aged 30-60, that 9% of women and 24% of men
had OSA, defined as apnea-hypopnea index (AHI) > 5/h, while
2% of women and 4% of men had AHI > 5/h, in association
with excessive sleepiness (obstructive sleep apnea syndrome
[OSAS)).

Untreated OSA is an important cause of impaired alertness
and daytime sleepiness. Patients with OSA have been found to
consume more health care resources than those without, take
more sick leave, and have more work disability.>* Large num-
bers of cases of OSA remain undiagnosed and untreated, in large
part because of limited resources for case finding and diagnosis.*
Male gender, increasing age, and obesity are known risk factors
for OSA.5 OSA is an independent risk factor for vascular dis-
ease,’® stroke,”® and probably hypertension,”'® and contributes to
glucose intolerance'-'* and difficult-to-control atrial fibrillation."
Patients with such risk factors are more likely to have OSA. They
are also more likely to benefit from treatment for OSA that may
not only improve energy and alertness but also to help control
associated diseases. Currently diagnosis usually results from test-
ing, which is traditionally triggered by patient symptomatology.
If investigation is not triggered unless there are symptoms, many
cases in these high-risk groups may go undiagnosed.

It is important to find and treat patients with OSA. Screen-
ing of the whole population would have a relatively low yield.
We wished to assess the feasibility and the yield of a program
to screen high-risk patients for unrecognized OSA, regardless

BRIEF SUMMARY

Current Knowledge/Study Rationale: It is important to find and treat
patients with OSA, but screening of whole populations would have a
relatively low yield. We wished to assess the feasibility and the yield of a
targeted case finding program to screen high risk patients for unrecog-
nized OSA regardless of whether they had typical symptoms.

Study Impact: The study shows that a simple low cost case finding and
management program, based on unattended home monitoring for OSA,
focused on patients with obesity, hypertension and diabetes can work
well in a population with risk factors and comorbidities associated with
OSA. The prevalence of unrecognized OSA in this population was high,
so these data support the testing for OSA in high risk groups whether
they have the traditional symptoms of OSA or not.

of whether they had typical symptoms, hoping to improve the
health of many of them and to reduce the health care costs associ-
ated with untreated OSA. To limit costs, we used an unattended
portable monitor at home that has been shown to give AHI values
similar to those from attended laboratory polysomnography.

The aim of the study was to determine the prevalence of un-
recognized OSA in a population of high risk patients, in the
practices of family physicians, using a targeted case finding
Strategy.

METHODS

The study used data which was collected from June 2007
to May 2008 at sites in rural and metropolitan Queensland,
(Bundaberg and Brisbane) and 4 regions across the state of
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New South Wales (the Northern, Eastern and North Western
Suburbs of Sydney and the rural Southern Highlands). It was
done with the cooperation of general practitioners located
across these regions and Healthy Sleep Solutions (HSS), a pri-
vate company that specializes in facilitating home diagnostic
studies and provision of CPAP therapy on behalf of Specialist
Sleep Physicians. The geographic catchment area was approxi-
mately equally divided between urban and rural areas, (47%
and 53% respectively), with a total population of approximately
560,000. The de-identified data were provided by HSS. Patients
gave consent to HSS for the data collection. The data analy-
sis was approved by an institutional review board (IRB); the
Northern Sydney Central Coast Human Research Ethics Com-
mittee [1101-032M(QA)]. The results of the testing and report-
ing physician recommendations were conveyed to the patients
by the referring family physicians. Subsequent treatment deci-
sions and implementation were then the result of doctor and
patient decisions, which were beyond the control of the authors.

Recruitment

Doctors were approached for participation in the study ini-
tially by mail and then by office visits from a specially trained
clinical coordinator representing Healthy Sleep Solutions or
a cooperating representative of a pharmaceutical company.
General practitioners were asked to identify from among their
patients those with a body mass index (BMI) > 30, type 2 dia-
betes, treated hypertension, ischemic heart disease, or with the
traditional risk factors of snoring, sleepiness, and witnessed
apneas.’ Prior to the study, the consenting subjects were inter-
viewed by one of the HSS clinical coordinators to record clini-
cal data, including height, weight, blood pressure, and details
of their history and medications. Subjects also completed an
Epworth Sleepiness Scale.'s

Hypertension was considered present according to self-re-
port or use of antihypertensive medication. Type 2 diabetes was
defined by an abnormal fasting plasma glucose, or use of oral
hypoglycemic medications. Ischemic heart disease was defined
by self-report, or use of cardiac medications.

Each patient was then instructed in the use of the
ApneaLink+0,, took a device home, and applied it for a single
night of recording. Data were extracted and analyzed by propri-
etary software (ResMed) and were then reviewed and reported
by 2 respiratory physicians experienced in sleep medicine, and
approved by the Health Insurance Commission to report labora-
tory polysomnograms.

Apnealink+O,

ApneaLink+O, is a proprietary monitor based on analysis of
nasal pressure and oxygen saturation signals. An earlier version,
employing only a nasal pressure signal, has been tested against
simultaneously recorded laboratory polysomnography in a study
of 59 subjects, and found to have sensitivity 0.91 and specific-
ity 0.84 for OSA,'® comparable to other similar monitors that
have been validated against polysomnography.'”'® Very recently,
the 2-channel device used in this study has been validated in a
study of 143 subjects against home polysomnography (PSG) in
a Chinese population."” Those authors found very high sensitiv-
ity and specificity for the diagnosis of OSA compared to in home
PSG; the areas under the reader operator curves (ROC) were
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both 0.933. The new version continues to base its calculation of
AHI on the nasal pressure tracing, but a second channel record-
ing oxygen saturation allows it to count the number of dips per
hour > 4%, which was used as a substitute for AHI if the nasal
pressure probe was lost, and has the potential to reduce the study
failure rate. (This approach is supported by the similar high sen-
sitivities and specificities of both the oximetry and nasal flow
signals [~85%]"’). The ApneaLink+O, displays tracings of nasal
pressure, oxygen saturation, and pulse rate. The pulse oximeter
was a Nonin Xpod 3012 with a Nonin 7000A finger probe and
a sampling rate of 1 Hz. Flow was sampled at 100 Hz. Tracings
were reviewed initially at 5 cm/min, but expanded as necessary.
The device provides statistics, including an apnea-hypopnea in-
dex derived from the flow tracing plus minimum saturation, the
number per hour of desaturations of 4%, oxygen desaturation
index (ODI), and mean pulse rate.

To be considered technically “good,” a study must have
lasted > 4 h and must have recorded data from both flow and
oxygen saturation channels > 90% of the time. A second cat-
egory was considered “acceptable,” which meant that either the
oximetry or the flow signal was missing, or of poor quality for
> 10% of the recording, but the study could still be interpreted
with confidence on data from the remaining channel.

One of two accredited sleep physicians reviewed each trac-
ing, assessed their quality, noted the Epworth score, (a score >
11 being considered excessive sleepiness), medications, medi-
cal history, and daytime oxygen saturation and issued a report
and recommendation based on an algorithm (Figure 1). AHI
was used as the primary criterion of severity, but on the few
occasions when the oxygen desaturation index was higher than
the AHI because of a problem with the flow signal for part of
the recording, the higher number was used. If the initial test was
inadequate, a repeat test was requested.

Recommendations were based on a modification of published
algorithm.? Because of previous uncertainty as to the accuracy
of the ApneaLink device when AHI is between 10 and 30, and
because of the recognized lack of certainty about benefits of
treatment in that range, we recommended that these patients be
referred to a respiratory/sleep physician for assessment, (prob-
ably including polysomnography), and management. We rec-
ommended that all patients with AHI > 30/h undergo a trial of
treatment with continuous positive airway pressure (CPAP), be-
cause this degree of OSA is considered likely to be detrimental
to a patient’s health, even if no symptoms are reported. In addi-
tion, however, we recommended trials of treatment with CPAP
for patients with an AHI > 20/h who had comorbidities that
can be worsened by the presence of untreated OSA, e.g. type 2
diabetes, hypertension, and ischemic heart disease. These con-
stituted 40% of patients for whom CPAP was recommended.
Referral to a sleep physician was recommended for patients
who had excessive daytime sleepiness and AHI < 10/h. If snor-
ing was an important complaint and AHI < 10/h, a mandibular
advancement device was recommended.

Statistics

Patients were described using mean and 95% confidence in-
tervals. A y? test for linear trend was used to determine if the
prevalence of comorbidity had a dose dependent relationship
with OSA severity. Patient characteristics were treated as con-
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Figure 1—OSA management algorithm
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cardiovascular disease; GP, general practitioner (family doctor); CPAP, continuous positive airway pressure; HSS, Health Sleep Solutions Pty Ltd.

tinuous variables, but where appropriate, (e.g., Sleepy [ESS >
10], and Obese [BMI > 30]), were also analyzed as categorical
variables. Comorbidities were treated as categorical variables.
The prevalence of OSA was identified in selected populations.
Predictors of OSA (at varying levels of severity) were identified
using multiple logistic regression.

RESULTS

Of patients who agreed and underwent the initial clinical as-
sessment, 95% attended for overnight testing and 92% complet-
ed testing. A total of 1,157 patients were referred to the study,
had an initial workup, and underwent a night of monitoring.
Characteristics of the population are listed in Table 1.

Comments about technical adequacy were provided by the
reporting physicians for 1,098, or 95% of the 1,157 studies per-
formed (Table 1). Of those, 79% were technically good and
an additional 13% were acceptable. Only 7% were technically
unsatisfactory, for whom repeat studies were requested. Review
of the studies for which the physicians had not made a com-
ment at the time, shows that they were similar with respect to
distribution of AHI. All but 7 of the patients eventually had a
technically satisfactory test. The most common reason for tech-

nical inadequacy was complete or partial absence of data, from
both the flow channel and the oximetry channel. The second
most common reason was a study of short duration, (defined
as < 4 h). In most cases, short studies were not due to equip-
ment failures, but the patient’s decision to abandon the test, or
remove the oximeter probe, or the nasal cannulae, because of
discomfort or difficulty sleeping.

Prevalence of Unrecognized OSA

Prevalence of OSA at different levels of severity is shown
in Table 1. Mean AHI for the population was 15.8 + 14.6 and
mean lowest oxygen saturation was 83% =+ 7%. Table 1 also
shows the percentage prevalences within the whole group and
various subgroups, (by severity of AHI) of key clinical features:
diabetes, hypertension, obesity, coronary artery disease, and
sleepiness (Epworth score > 10). As OSA severity increased,
there were highly significant increases in prevalence of diabe-
tes (p < 0.001), hypertension (p < 0.001), coronary artery dis-
ease (p = 0.005), and sleepiness (p < 0.001), but not obesity
(p = 0.08). Some subjects were not included in the subgroup
analysis because of missing data as shown below Table 1
(Dropped patients: No BMI: 12, Unacceptable tests: 12, No
ESS: 14, No diabetes/HTN recorded: 10).
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Table 1—Analysis of results by severity of OSA

Moderate OSA Severe OSA
Total No OSA (n=322) Mild OSA (n=418) (n=193) (n=176) P trend*

AHI (/h) 15.74 (14.64,16.83)  2.37 (2.24, 2.50) 8.56 (8.29, 8.83) 20.34 (19.75, 20.95) 52.18 (49.5, 54.9)

BMI (kg/m?) 30.82(30.42,31.23)  29.8(29.06, 30.47) 30.48 (29.79, 31.11) 31.69 (30.71, 32.68) 32.71(31.69, 33.72) 0.93
ESS 8.36 (8.05, 8.68) 7.44(6.91,7.97) 8.25(7.73,8.77) 8.63 (7.87,9.39) 10.02 (9.21,10.8) <0.001
Age (years) 53.13(52.27,54.00) 48.48 (46.79,50.18) 54.45 (53.16, 55.74) 55.16 (53.16, 57.15) 56.30 (54.11,58.50) < 0.001
Gender (male) % 61% 52% 57% 68% 7% <0.001
Diabetes, n(%) 182 (16%) 38 (12%) 61 (15%) 43 (22%) 40 (23%) <0.001
Hypertension, n (%) 430 (39%) 89 (28%) 169 (41%) 87 (45%) 85 (49%) <0.001
Obese, n (%) 529 (48%) 140 (43%) 186 (44%) 101 (52%) 102 (58%) 0.08
CAD, n (%) 50 (4.5%) 12 (3.7%) 16 (3.8%) 12 (6.2%) 10 (5.7%) 0.005
“Sleepiness” n (%)t 383 (34%) 91 (28%) 138 (33%) 72 (37%) 82 (47%) <0.001

Total: n = 1,109. *? test for linear trend. (Dropped patients: No BMI: 12, Unacceptable tests: 12, No ESS: 14, No diabetes/HTN recorded: 10). TEpworth

Sleepiness Scale (ESS) score > 10. CAD, coronary artery disease.

Table 2—Analysis of results by selected risk factors for OSA

Table 3—Management recommendations

Recommendation
Referral to sleep physician
CPAP therapy®
MADe
Repeat study?
Current care®
Missing

N=1,157
388 (33.5%)
260 (22.5%)
182 (15.7%)
71(6.1%)
197 (17.0%)
59 (5%)

Severity of OSA

AHI > 5/h AHI > 15/h AHI > 30/h

(n=787) (n=369) (n=176)
All subjects 787 (71%) 369 (33%) 176 (16%)
Obese 389 (74%) 203 (38%) 102 (19%)
Diabetes 144 (79%) 83 (46%) 40 (22%)
Hypertension 341 (79%) 172 (29%) 85 (20%)
3-variable* 66 (81%) 38 (46%) 14 (18%)
4-variablet 30 (88%) 22 (64%) 10 (29%)
CAD 38 (76%) 22 (44%) 10 (20%)
“Sleepiness’ 292 (76%) 154 (40%) 82 (21%)

*Viariable: obese, hypertension, diabetes. "Variable: obese, hypertension,
diabetes, and sleepy. SEpworth Sleepiness Scale score > 10. Total: n=1,109.

Table 2 shows the analysis of results by selected risk fac-
tors for OSA. “Sleepiness” indicates an Epworth Sleepiness
score > 10. Note that the patients in the columns marked
“AHI > 15/h” and “AHI > 30/h” have already been included in
the column “AHI > 5/h”.

Management recommendations are summarized in Table 3.
For the purposes of this study we assumed that the device would
reliably detect OSA when present.” The study was not intended
to validate the device against home or laboratory PSG, because
that had been previously done by others,'®" The study was in-
tended to test the feasibility of using a targeted case finding
strategy with the device in a primary care setting.

DISCUSSION

Prevalence of OSA

The prevalence of unrecognized OSA was very high: 71%
had an AHI > 5/h, 33% had an AHI > 15/h; and 16% had an
AHI > 30/h. Table 2 shows the prevalence of OSA, divided
into the 3 usual grades of severity by AHI (AHI > 5/h, > 15/h,
> 30/h) for the whole study population and for subgroups of
subjects defined by comorbidity or risk factors, (obesity, diabe-
tes, hypertension, coronary artery disease and sleepiness). The
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aFor patients with 10/h < AHI < 30/h or ESS > 10 not obviously explained
by AHI. ®For AHI (or desaturation index) = 30 or AHI (or desaturation
index) = 20 plus hypertension and/or type 2 diabetes. °For patients with
AHI < 10/h plus moderate or worse snoring. 9For technically inadequate
studies. *“Current care” patients, with an AHI < 10/h, were generally
referred back to their general practitioner with a recommendation for
weight loss in cases of obesity and for consideration of a dental device if
snoring was more than “moderate” and was a clinical issue.

prevalence of OSA remained high even when cases were identi-
fied by a single risk factor.

Table 2 shows that for a similar population among people
with all 3 factors of obesity, hypertension, and diabetes, 81%
could be expected to have some OSA (AHI > 5/h), 46% to have
moderate or severe OSA (AHI > 15/h), and 18% to have severe
OSA. If the same analysis is performed using 4 variables (add-
ing in sleepiness), the prevalence increases to 88% for some
OSA, 64% for moderate or severe OSA, and 29% for severe
OSA. However, due to the lower number of patients with mul-
tiple risk factors, there was no advantage in using any specific
risk factor or multiple risk factors in combination over case se-
lection based on a single risk factor alone.

In keeping with the previous literature, we found, incidental-
ly, that the prevalence of OSA was higher than for the rest of the
population, in patients with diabetes who are sleepy (ESS > 10),
but not in patients with diabetes who were not sleepy.?' Also,
as expected, there was a dose-dependent relationship between
OSA severity and hypertension or coronary artery disease.

The implications for the management of patients with a high
risk of having OSA, such as the population that we have chosen
to study, are very significant in terms of both health outcome
and economic effects.



Hillman’s data® showed that untreated OSA patients con-
sume more health related dollars than those who are treated or
do not have OSA, and Sivertsen et al. have shown increased
work disability.” It can be expected, therefore, that a plan to
identify and treat cases early, would reduce health care costs
and thus be of interest to both the community at large and to
funding organizations.

The most widely quoted prevalence data for OSA comes
from the Wisconsin Cohort Study, which took place over two
decades ago.! Recent survey data from the National Sleep
Foundation, suggests that the prevalence may be higher, most
likely because of the rising prevalence of obesity. Using the
Berlin Questionnaire in 1,506 respondents, Hiestand et al. in
2006 estimated a prevalence of OSA of up to 25%.%

In a population survey in Spain, Duran et al.* found the over-
all prevalence of AHI > 10/h in men aged 30 to 70 to be 19%, in
women 15%. Prevalence increased considerably with age, from
8% in the 30-40 decade to 32% in the 60-70 decade in men, and
from 2% to 26% in women. That population had a mean BMI
in men of 26.2 and in women of 25.1. Bixler at al*® conducted
a telephone survey of 4,364 men and chose from them a strati-
fied random sample, taking progressively higher percentages of
subjects, according to how many of four risk factors for OSA
(snoring, daytime sleepiness, obesity, and hypertension) they
had. They found the prevalence of AHI > 15/h increased from
2% in those with no risk factors to 34% for those with 4 risk
factors, (but including only 2 of our risk factors—obesity and
hypertension). Their prevalence of AHI > 15/h increased from
3% in those aged 20-44, to 13% in those over 65, confirming
aging as a separate risk factor for obstructive sleep apnea syn-
drome (OSAS).

Critique of the Methods

The prevalence found in a program like this would depend
on criteria for selection. The nature of the recruiting process,
where family physicians were invited to refer patients, made
it impossible to define rigorously the criteria for selection. Al-
though the primary criterion was intended to be the presence
of type 2 diabetes, obesity, or hypertension, a small number of
patients were selected by the family physicians primarily be-
cause of symptoms that suggested OSA. (The study itself raised
awareness of sleep apnea by participating physicians). The rate
of discovery of previously unsuspected cases will depend on
awareness on the part of both patients and physicians and on
local resources for assessment and treatment.

Portable monitors, similar to the ApneaLink+O,, used unat-
tended at home, have been assessed by many authors over recent
years.'7?3% Most have been found to reliably identify patients
with severe OSA and those with minimal OSA as determined
by PSG. In general, agreement with PSG for classifying mild
and moderate OSA (AHI 5-15/h range) is not as good. Although
the very recent study by Gantner et al." found good correlation
between ApneaLink+O, and home PSG for both AHI and oxy-
gen desaturation index (ODI) in the normal to mild OSA range,
they found underestimation of severity by the ApneaLink+O,
in the severe range. Despite that, they reported a high level of
diagnostic accuracy in the moderate to severe range of OSA."
The clinical importance of finding an exact AHI, or of the dif-
ferences in results between polysomnography and unattended
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portable monitors used at home, however, is questionable. Un-
attended portable monitors have been compared in randomized
controlled trials with laboratory polysomnography, as decision
making tools for the investigation and management of patients
with OSA.*'3? These showed no difference in treatment out-
come between patients tested by portable monitors at home and
those tested by polysomnography in the laboratory.*

The statistics presented here assume that all cases of sleep
apnea that were found were OSA, rather than central sleep ap-
nea (CSA). The analysis software calculated a central sleep
apnea index for each study based on a proprietary algorithm
(Resmed Pty Ltd, Sydney, Australia). This was available to the
reviewing physicians, but they placed more emphasis on their
interpretation of the raw data tracings than the CSA index, when
deciding whether events were central or obstructive. Although
tracings from ApneaLink can give strong indications, such as
round rather than flat topped inspiratory flow curves, lack of
snoring, and constant cycle length, which favor a diagnosis of
CSA, polysomnography is usually considered essential to veri-
fy that. The number of cases of CSA in the study population is
therefore not known. It is likely very small, however, since only
two cases were being treated for congestive heart failure, and
only three were known to have cerebrovascular disease.

Although the technical inadequacy rate for laboratory poly-
somnography is lower than that for the portable monitor in this
study, it has been reported as 3%.%* A rate of 7% for a portable
monitor should therefore be very acceptable for most purposes,
given the low unit cost of the test.

We did not evaluate the effect of targeted screening on out-
come measures such as CPAP adherence or quality of life. The
goal of the study was to determine the feasibility of a targeted
case finding strategy in high-risk patients using simple criteria
likely to be found in the primary care chart. We also wished to
determine whether there was a sufficiently high prevalence of
patients with unrecognized OSA to justify case finding in the
first place. Given the results of this study, further research is
necessary to determine if targeted case finding results in effec-
tive treatment of the identified cases.

CONCLUSIONS

The study shows that a simple low cost case finding and
management program, based on unattended home monitoring
for OSA, focused on patients with obesity, hypertension, and
diabetes, can work well in a population with risk factors and co-
morbidities associated with OSA. The prevalence of unrecog-
nized OSA in this population was high, and many patients stand
to benefit from the discovery and treatment of their disease.
These data support the testing for OSA in high-risk groups,
whether they have traditional symptoms of OSAS or not.
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