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High-resolution wrist-worn overnight oximetry has high positive
predictive value for obstructive sleep apnea in a sleep study
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Abstract
Background Reducing the need for diagnostic sleep studies
for obstructive sleep apnea (OSA) would reduce direct and
opportunity costs while expediting time to treatment for this
common and morbid disorder. We sought to determine if an
established sleep apnea screening questionnaire (STOP-
BANG) and wrist-worn overnight oximetry data could pro-
vide high positive predictive value for the presence of OSA.
Methods We conducted a prospective observational study of
consecutive unattended sleep study patients at a single facility.
Patients were referred for sleep testing after chart review by a
sleep physician.We assessed area under the receiver-operating
characteristic curve (ROC AUC) and positive predictive value
(PPV) of STOP-BANG score and oxygen desaturation index
(ODI) for a respiratory disturbance index (RDI) ≥15/h.
Results Among 234 test patients, 65 % had an RDI ≥15/h.
STOP-BANG had poor ability to discriminate these patients
(ROC AUC 0.62). ODI added significant diagnostic informa-
tion to the STOP-BANG score, increasing the ROC AUC to
0.86. Having the ODI, the STOP-BANG score no longer con-
tributed significant diagnostic information, and the ODI alone
discriminated as well as the combination (ROC AUC 0.86).
Forty nine percent had an ODI ≥7/h, which had PPVof 92 %

(95 % confidence interval (CI), 86 to 96 %). In the validation
sample of 1,196 consecutive patients, ODI≥7/h had a PPVof
97 % (95 % CI, 95 to 97 %).
Conclusions Among patients with a high prevalence of OSA,
high ODI is common and its presence has high PPV for OSA.
These data suggest that overnight oximetry prior to sleep test-
ing could significantly reduce the number of patients requiring
sleep studies, thereby reducing costs and time to treatment.
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Abbreviations
BMI Body mass index
CPAP Continuous positive airway pressure
HST Home sleep test
ODI Oxygen desaturation index
OSA Obstructive sleep apnea
PAT Peripheral arterial tonometry
PPV Positive predictive value
PSG Polysomnogram
RDI Respiratory disturbance index
ROC
AUC

Receiver-operating characteristic area under
curve

VA Veterans Affairs

Introduction

Obstructive sleep apnea (OSA) is a common condition, and
the benefits of OSA treatment include reduced daytime sleep-
iness [1], improved reaction time [2], and lower blood pres-
sure [3]. The current standard of care for OSA requires an
overnight sleep study to confirm the presence of OSA prior
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to initiating treatment. This sleep study can be an in-laboratory
attended polysomnogram (PSG) or in selected patients at high
suspicion for OSA a home sleep test (HST). While HST is
much less expensive than PSG, both types of studies require
setup of technically complex diagnostic equipment and re-
quire expert interpretation of the acquired data. Cost, conve-
nience, and access to PSG and HST services also remain sig-
nificant barriers to diagnosing and therefore treating OSA.

Among persons with very high pre-test probability for a
disease, diagnostic testing often adds little value, as most tests
will be positive for disease, and many negative tests will be
false negatives. Therefore, if an OSA screening test could
confidently identify those with very high pre-test probability
for OSA, such a test could potentially reduce the need for
diagnostic sleep studies. We previously tested the STOP-
BANG sleep apnea screening questionnaire [4] in our sleep
study referral population and found that a maximal STOP-
BANG score of 8 points had a positive predictive value of
85 % (95 % confidence interval 76–92 %) for OSA, defined
as a respiratory disturbance index (RDI) of ≥15/h [5]. We
concluded that the STOP-BANG score was insufficient to
omit diagnostic sleep studies, as 15 % (and perhaps up to
24 %) of persons with a maximal STOP-BANG questionnaire
score would actually not have significant OSA. Furthermore,
only a small proportion (7.9 %) of our referral population had
the maximum STOP-BANG score of 8 points.

In this study, we hypothesized that overnight oximetry data
would add significant diagnostic information to STOP-BANG
questionnaire scores. We prospectively tested this hypothesis
in the sleep apnea referral clinical at the Minneapolis Veterans
Affairs (VA) Sleep Apnea Clinic.

Methods

Study participants

We conducted a single-institution, prospective observational
study that included both test and validation cohorts.

The test cohort consisted of consecutive patients who
underwent unattended sleep studies at the Minneapolis VA
Medical Center between February 2013 and April 2013. The
validation cohort consisted of 1,196 consecutive patients who
had undergone unattended, portable sleep studies at our insti-
tution between July 2011 and November 2012 and whose
findings have been previously published [5]. Sleep study re-
ferrals in both the test and validation cohorts were handled
identically and included a review of the patient’s chart by an
experienced sleep physician. Based on this chart review, pa-
tients at high clinical suspicion for uncomplicated OSAwere
directly referred for an unattended sleep study. Patients with
suspected complicated sleep-disordered breathing or other
sleep disorders were referred for sleep clinic evaluation and/

or formal in-laboratory polysomnography. Those patients di-
rectly referred to unattended sleep studies formed the basis of
this study.

This study was reviewed and approved by the local insti-
tutional review board, and requirement for informed consent
was waived.

Data collection

Sleep studies in the test and validation cohorts were performed
using the WatchPAT 200 (Itamar Medical, Franklin, MA).
This technology has been validated by formal PSG, and there
is high correlation between peripheral arterial tonometry
(PAT)- and PSG-derived respiratory indices [6, 7]. Patients
with cardiac arrhythmias such as chronic atrial fibrillation
were not eligible for WatchPAT unattended studies and were
not included in this analysis. Patients in the test cohort also
wore high-resolution, wrist-worn, battery-powered overnight
oximetry study devices (WristOx 3150, Nonin Medical,
Plymouth, MN). These were set to record data every 2 s
through a reusable sensor (Nonin Soft Sensor 8000S, Nonin
Medical, Plymouth, MN).

Data from the devices were downloaded the next morning,
and automated reports were obtained. The oximetry oxygen
desaturation index (OxODI) desaturation event definition was
a change in pulse oxyhemoglobin saturation (SpO2) of ≥4 %
for ≥10 s, as automatically scored by computerized analysis
(Nonin nVISION software, Nonin Medical, Plymouth, MN).

The STOP-BANG questionnaire [4] was administered to
all participants undergoing WatchPAT unattended sleep stud-
ies. The STOP-BANG questionnaire was administered to pa-
tients by a respiratory therapist. The therapist also measured
the neck circumference in the sleep clinic, while body mass
index (BMI) was extracted from the electronic medical record.
Patients were not aware of their unattended sleep study results
until after the STOP-BANG questionnaires were completed.

Statistical methods

Sample characteristics are described as the mean±standard
deviation or as proportions (percentages). Relationships be-
tween variables are reported as Pearson’s r statistic.

Multivariable logistic regression was employed to test the
hypothesis that the OxODI could provide additional diagnos-
tic information when combined with STOP-BANG scores.
The dependent variable was moderate-to-severe OSA, defined
as a RDI ≥15/h. The area under the receiver-operating charac-
teristic curve (ROC AUC) is reported as a measure of overall
discrimination of subjects with or without an RDI ≥15/h.
DeLong’s method was used to compare ROC AUCs [8]. Pos-
itive predictive values (PPV) with 95 % confidence intervals
were calculated for selected cut points to assess the perfor-
mance for identifying subjects that could reasonably forego
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a diagnostic sleep study. We sought to identify a cut point that
could provide >90 % PPV for an RDI ≥15/h. The PPVof the
selected OxODI cut point was confirmed in the validation
sample of 1,196 previously studied patients.

Stata 12.1 (StataCorp, College Station, TX) was used for
all statistical analyses.

Results

Of 244 consecutive patients undergoing unattended
WatchPAT sleep studies, PAT data were successfully obtained
in 237 (97.1 %). Three of these patients did not have complete
STOP-BANG data, leaving 234 patients to test our hypothe-
sis.WristOx data were successfully obtained in 100% of these
patients.

Demographic, comorbidity, and sleep symptom character-
istics are provided in Table 1. Patients had a mean age of
56 years, had a mean body mass index of 32 kg/m2, and were
predominantly male (95 %), reflecting the nature of our VA

unattended sleep study population. Hypertension was com-
mon (51 %), but few had heart failure, as such patients are
preferentially referred for formal polysomnography. The most
commonly reported sleep symptomwas tiredness (87%), with
45 % having an Epworth Sleepiness Score >10 points. Most
(74 %) reported loud snoring and 54 % reported observed
apneas.

The mean STOP-BANG score was 5.3±1.4 points, mean
OxODI was 9.6±9.7/h, and mean RDI was 22.8±14.6/h.
STOP-BANG scores were weakly correlated with the RDI
(r=0.23; p=0.0003) and OxODI (r=0.28; p<0.0001), where-
as the OxODI had a strong correlation with the RDI (r=0.86;
p<0.0001).

In the test sample, 65 % had an RDI ≥15/h. Consistent with
our previously published findings, the STOP-BANG score
alone had poor ability to discriminate these patients (ROC
AUC 0.62; 95 % CI, 0.55 to 0.68). Multivariable logistic
regression indicated that the OxODI added significant diag-
nostic information to the STOP-BANG score (odds ratio 1.51;
p<0.001) increasing the ROC AUC to 0.86 (95 % CI, 0.81 to
0.90). Having the OxODI, the STOP-BANG score no longer
contributed significant diagnostic information (odds ratio
0.95; p=0.71), and the OxODI alone discriminated as well
as the combination (ROC AUC 0.86; 95 % CI, 0.81 to
0.90). Therefore, we dropped the STOP-BANG score from
subsequent analyses of PPV.

Higher OxODI was associated with higher PPV for an RDI
≥15/h (Table 2). In the test sample, 49 % (115 out of 234) had
an OxODI ≥7/h, and 106 out of these 115 had an RDI ≥15/h
(PPVof 92%; 95%CI, 86 to 96%). Higher OxODI cut points
had slightly better PPV, but the number of patients exceeding
the diagnostic threshold progressively decreased.

In the test sample, OxODI was highly correlated (r=0.95,
p<0.0001) with the ODI derived from the WatchPAT device
(PATODI). In the validation sample (n=1,196) that had a sim-
ilar percentage with RDI ≥15/h (68 %) and PATODI ≥7/h
(52 %), a PATODI ≥7/h had a PPVof 97 % (95 % CI, 95 to
97 %) for an RDI ≥15/h.

Table 1 Characteristics of test sample patients (n=234)

Demographics

Age, years 55.9±14.5

Age >50 years, % 67.1 %

Male gender, % 94.9 %

Body mass index (BMI), kg/m2 32.0±5.0

BMI >35 kg/m2, % 22.6 %

Neck circumference, cm 43.3±3.8

Neck circumference >40 cm, % 84.2 %

Comorbidities

Hypertension, % 50.9 %

Coronary disease, % 15.8 %

Heart failure, % 2.6 %

Chronic obstructive pulmonary disease, % 7.7 %

Diabetes mellitus, % 22.2 %

Gastroesophageal reflux disease, % 44.7 %

Current smoker, % 27.9 %

Sleep symptoms

Snoringa, % 73.9 %

Tirednessa, % 86.8 %

Epworth Sleepiness Score (ESS), points 9.9±4.7

ESS >10, % 45.3 %

Observed apneasa, % 53.8 %

Sleep study results

Respiratory disturbance index (RDI), events/h 22.8±14.6

RDI ≥15/h, % 64.9 %

Oxygen desaturation index, events/hourb 9.6±9.7

a Obtained from STOP-BANG questionnaire
b Desaturation event defined as ≥4 % desaturation for ≥10 s

Table 2 Predictive values of various oximetry oxygen desaturation
index cut points in the test sample (n=234)

OxODI cut
point (h)

n (%) Positive predictive value
(%) for RDI ≥15/h
(95 % confidence interval)

≥5 151 (65 %) 84 % (77 to 90 %)

≥6 131 (56 %) 86 % (79 to 92 %)

≥7 115 (48 %) 92 % (86 to 96 %)

≥8 103 (44 %) 95 % (89 to 98 %)

≥9 85 (36 %) 98 % (92 to 100 %)

≥10 71 (30 %) 98 % (92 to 100 %)

OxODI oximetry oxygen desaturation index, desaturation event defined
as ≥4 % desaturation for ≥10 s; RDI respiratory disturbance index
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Discussion

In our sleep clinic referral population, an ODI ≥7/h had a very
high positive predictive value (92 and 97 % in the test and
validation samples, respectively) for identifying those with
significant OSA. Approximately 50 % of our patients had an
ODI ≥7/h and might therefore reasonably be treated with
autotitrating continuous positive airway pressure (AutoCPAP)
based on oximetry alone, without having to undergo a diagnos-
tic sleep study.

A proposed algorithm incorporating overnight oximetry to
streamlineOSA care is diagramed in Fig. 1. Althoughwe have
focused on a cut point of ODI ≥7/h, we note that altering the
cut point to an even higher cut point of ODI ≥8 or ≥9/h further
increases positive predictive value and would still be present
in a substantial portion of those undergoing unattended sleep
studies. This strategy could reduce cost by eliminating both
the direct costs of the sleep study and the opportunity costs of
lost time off work due to the overnight sleep study. Overnight
oximetry requires almost no patient instruction, the device
automatically powers on upon insertion of the fingertip into
the reusable flexible oximetry probe, and can more easily be
mailed to patients for use without in-person instruction. Be-
cause overnight oximetry can easily be done in the patient’s
home, our strategy could reduce the direct and opportunity
costs of travel to and from sleep centers.

While home sleep testing (HST) is currently expanding,
most sleep centers still require patients come to the sleep clinic
for personal HST setup instruction, in order to minimize rates
of failed data acquisition. HST therefore remains challenging
in patients with limited access to transportation or logistic
travel challenges such as highly rural populations. Further-
more, our strategy could reduce time to OSA treatment, as
overnight oximetry can typically be scheduled and completed
in less time than unattended or in-lab polysomnography.

Although we hypothesized that a combination of STOP-
BANG scores and ODI data would provide high positive pre-
dictive value, we found that the ODI alone was sufficient to
confidently predict the presence of moderate to severe OSA.
The STOP-BANG questionnaire did not improve the diagnos-
tic discrimination of ODI alone, likely due to the weak corre-
lation between STOP-BANG scores and the RDI used to de-
tect the presence of OSA.

While other non-veteran sleep clinics may not have quite
the same high prevalence of RDI ≥15/h or ODI ≥7/h, even if
25 % of persons with OSA could be identified by overnight
oximetry alone, when extrapolated to the large global popula-
tion of persons with undiagnosed OSA, eliminating the need
for even 25% of sleep studies could have substantial financial
and public health implications.

Our concept of using overnight oximetry to reduce the need
for sleep studies has been proposed in the past. In a 1999
publication entitled “Nocturnal oximetry for the diagnosis of
the sleep apnea hypopnea syndrome: a method to reduce the
number of polysomographies?”, Chiner and colleagues stud-
ied 275 consecutive patients referred for PSG at a university
sleep center in Spain [9]. In their sample, in which 78 % had
an apnea–hypopnea index ≥15/h, an ODI ≥5/h (present in
51 % of their sample) had a PPV of 93 % (95 % CI, 88 to
96 %) for predicting sleep apnea and ODI ≥10/h (present in
43 % of their sample) had PPVof 96% (95 % CI, 92 to 99%).
Although Chiner and colleagues used an older tabletop oxim-
etry device (Nellcor N-200, Hayward, CA) that recorded data
every 6 s and required manual review (whereas we used a
wrist-worn device that recorded data every 2 s with automated
analysis), our results are strikingly similar. Other older studies
have likewise suggested overnight oximetry can be useful in
reducing the need for sleep studies in populations referred for
sleep studies [10–12] and more recently in preoperative pa-
tients [13].

Despite the existence of these data for some time now, the
use of oximetry to preclude PSG has not been widely applied,
perhaps due to the historical need for PSG-based titration to
determine what effective CPAP pressure each patient required.
In the modern era of autotitration CPAP, which appears to
provide equivalent or superior treatment outcomes when com-
pared to PSG-based CPAP [14, 15], we suggest that these older
data and our current data using portable, wrist-worn oximetry
should receive renewed attention and clinical consideration.

Referral for sleep  apnea tes�ng
reviewed by sleep physician

Sleep Clinic Evalua�on
and/or

In-Lab Polysomnogram

Suspicion for
Uncomplicated

OSA

Low

Moderate to High

Overnight
Oximetry Auto�tra�ng CPAP

ODI ≥7/hr 

Una�ended
Sleep Study

RDI <15/hr

Clinical Follow-up

ODI <7/hr 

RDI ≥15/hr

Fig. 1 A proposed algorithm to streamline sleep apnea diagnosis and
treatment, using overnight oximetry as an intermediate step prior to
unattended sleep studies. Our data suggest that approximately 50 % of
patients could forego unattended sleep studies using an oxygen
desaturation index (ODI) cut point of ≥7/h to direct patients to
autotitrating continuous positive airway pressure (AutoCPAP) without a
sleep study, with a high degree of clinical certainty that their respiratory
disturbance index (RDI) is ≥15/h. We note that sleep clinic consultation,
in-lab polysomnogram, unattended sleep studies, and clinical follow-up
remain important components of this proposed algorithm
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While we feel our data are compelling and can justify a
local change in practice at our facility, we acknowledge that
our results should be confirmed in other VA and non-VA set-
tings. In particular, our sleep apnea program serves very few
women, young persons, and minority populations, so we can-
not extrapolate our findings to such populations.We also must
emphasize that all patients undergoing unattended sleep stud-
ies were referred to us and briefly screened by an experienced
sleep physician, so this approach should not be extrapolated to
primary care settings without further study.

In summary, data from our VA unattended sleep study clin-
ic suggest that a diagnostic–treatment algorithm using wrist-
worn oximetry to forgo PSG/HST in selected patients, follow-
ing chart review by an experienced sleep physician, could
substantially reduce the direct and opportunity costs associat-
ed with making a diagnosis of OSA while also facilitating
faster time to treatment for this common and morbid
condition.
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