RECORDING DURATION AND DIAGNOSTIC ACCURACY OF OUT-OF-CENTER OSA TESTING

http:/dx.doi.org/10.5665/sleep.3672

Effect of Recording Duration on the Diagnostic Accuracy of Out-of-Center Sleep

Testing for Obstructive Sleep Apnea

Lara M. Wittine, MD'; Eric J. Olson, MD"?; Timothy I. Morgenthaler, MD'2

!Center for Sleep Medicine, Mayo Clinic, Rochester MN, *Division of Pulmonary and Critical Care Medicine, Mayo Clinic, Rochester MN

Study Objectives: This study investigated the minimum recording time needed during out-of-center sleep testing (OCST) to accurately diagnose
the presence and severity of obstructive sleep apnea (OSA).

Design and Setting: A retrospective analysis was conducted of OCSTs performed from October 2009 to May 2012 at the Mayo Clinic Center of
Sleep Medicine using the portable Embletta™ system.

Patients or Participants: Demographic information was collected for patients who underwent OCSTs during the study period, including presenting
symptoms, examination findings, and comorbidities.

Intervention: Each study was divided into 60-, 120-, 180-, 240-, 300-, 360-, and 420-min intervals beginning at the recording start time to determine
the respiratory event index (REI) for each of these time intervals. These interval values were then compared to the original REI derived from the
total recording time (REl;x;) by a paired t-test and concordance correlation coefficient (CCC).

Measurements and Results: There were significant differences between the REl; and the REI from the 60-min (P < 0.0001), 120-min (0.0001),
180-min (0.003) and 240-min (0.006) intervals with a lack of concordance, suggesting these intervals are poor diagnostic correlates for the RElr.
REls determined at 300, 360, and 420 min were not significantly different from the REl+; and had highly significant CCCs, 0.963, 0.987, and 0.995,
respectively.

Conclusions: The results suggest that at least 300 min recording time during out-of-center sleep testing is needed for accurate diagnosis of

obstructive sleep apnea and determination of obstructive sleep apnea severity.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a relatively common
disorder, with a prevalence ranging from 3—17% in the general
population.'? It is a risk factor for several other potentially
disabling conditions, including stroke,* cardiovascular disease,*
atrial fibrillation,>® hypertension,” and daytime sleepiness that
can result in motor vehicle accidents or work-related inju-
ries.® Untreated OSA is not only associated with significant
morbidity®!'? but also with increased health care costs estimated
in the billions of dollars." There is a need for timely, accessible,
accurate, and cost-effective testing.

Several out-of-center sleep tests (OCSTs) have been validated
to diagnose OSA in patients without comorbid medical condi-
tions and who have a high pretest probability of having moderate
to severe OSA.'>" These portable devices are increasingly being
used as an alternative to laboratory-based, attended polysomnog-
raphy and touted for their low cost and the convenience of testing.
However, technical difficulties can occur during the course of
these unattended studies, such as channel failure or disconnection
of sensors that results in poor-quality data or lost data in 5.6-39%
of studies.”>!'® Incomplete information may ultimately limit the
utility, expedience, and cost benefit of home sleep studies.
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The minimum recording time to project an accurate diag-
nosis of OSA has not yet been established for OCST devices.
The literature on home sleep tests reports a wide range of
recording times from 250 to 390 or more min of data used to
diagnose OSA.'>!" The purpose of this study is to determine the
minimum recording time required to accurately diagnose OSA
during unattended type 3 OCSTs.

METHODS

After obtaining approval from the Mayo Clinic Institutional
Review Board (IRB 12-007702), a retrospective analysis was
conducted of 140 consecutive unattended OCSTs performed
through the Center for Sleep Medicine at the Mayo Clinic from
October 2009 to May 2012. Only studies with the original
technician-scored data available were included in this analysis.
Studies with 3 h or less of recording time were excluded. Of
the 140 OCSTs performed, 129 studies met these criteria. Two
studies were excluded because the total recording time (TRT)
was less than 3 h. The remaining nine studies were not included
because the scored data was not retained on our computer server.
For the 129 complete studies, a chart review was performed to
obtain demographic information including age, sex, presenting
clinical features (snoring, witnessed apneas, Epworth Sleepi-
ness Scale score), pertinent examination findings (body mass
index [BMI], neck circumference, Freidman oropharynx clas-
sification),'® and comorbid medical conditions.

Out-of-Center Sleep Test Measurements

All OCSTs were performed using the Embletta system™
(Kanata, ON), which has previously been validated for patients
with suspected OSA."” Measurements obtained included nasal
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pressure (Salter Labs, Arvin, CA), airflow by thermistor (Salter
Labs), respiratory effort by impedance plethysmography
(Embla, Broomfield, CO), sonography, and finger pulse oxim-
etry. The Embletta devices were programmed to automatically
begin recording at 22:00 and stop at 06:00. Based on sleep logs
and OCST actigraphy (an intrinsic component of the Embletta
system), the scoring technologist modified the analysis start
time and end time, resulting in a TRT that attempted to approx-
imate total sleep time (TST) as closely as possible. Respira-
tory events (apneas and hypopneas) were scored according to
the American Academy of Sleep Medicine (AASM) Scoring
Manual.*® The total number of respiratory events was divided
by the TRT to determine the respiratory event index (REIgy).
The scored respiratory events and REIlz; were established
during the original testing for diagnostic purposes and were not
manipulated during this study. For the purpose of this study,
the RELx; was used as the diagnostic standard against which
shorter time intervals were compared.

By maintaining the same analysis start time as the original
study, but stopping the analysis after the first 60 min, the REI
was calculated for this time interval using the number of respi-
ratory events that occurred during the first hour of the study
and dividing this by the new recording period of 60 min. This
resulted in the REI for the first hour of the recording period
(REI). Each study was reanalyzed at 60-, 120-, 180-, 240-,
300-, 360-, and 420-min time intervals from the original start
time, resulting in corresponding REIs for each time interval
(REIg, REL 5, REI g, REL,y, REL;, REI 4, and RELy).

In addition, each OCST was manually reviewed to find
the “best 2 hours” of continuous data that were most free of
motion artifact. The “best 2 hours” of data were determined
by condensing the recording time into 2-h intervals, and exam-
ining each interval for the lack of movement (determined from
actigraphy) and equipment artifact as well as position stability
as surrogate markers for uninterrupted sleep. The REI ¢ was
calculated by dividing the number of respiratory events that
occurred during these “best 2 hours” and dividing by 120 min;
this was also compared with the REL .

Any malfunctions that occurred during the OCSTs were
recorded, including the nature of the difficulty, the length of
time the signal was lost or inadequate, and when the failure
occurred during the course of the study. Any malfunction lasting
longer than 2 h was considered potentially significant because it
reduced the valid recording time to less than 6 h.

Data Analysis

The REl; established during the original OCST was
compared with the REI calculated for each time interval (REI,
REI 5, REl g, RELy, RELg, RElg, REL,, and RElggy).
Statistical analysis was performed using a paired -test (with
P <0.05 considered significant) as well as a Bland-Altman anal-
ysis. Correlation and agreement of each time interval REI with
the RELz; was determined using the concordance correlation
coefficient (CCC), where CCC > 0.95 was considered strong
correlation (excellent or substantial concordance according to
the analysis method of McBride).?!

The data were then further stratified based on the original
REL; into those diagnosed with mild (REI 5-14), moderate
(REI 15-29), and severe (REI > 30) OSA. The sensitivity and
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specificity was calculated for each time point for the endpoints
of REI > 5 and REI > 15.

To determine if data loss due to significant malfunction
affected the comparison of the REI; to each time interval
(REI,, REIL,,,, REIg, REL,,, REL, REL,, and REI,,), these
calculations were repeated after the studies with significant data
compromise were removed from the analysis.

Statistical Analysis

Normally distributed data are presented as the mean + standard
deviation, whereas nonnormally distributed data are presented
as the median (25th-75th percentile). To determine an appro-
priate sample size, estimates of Lin concordance coefficient
and variance term were obtained using the first 25 studies as
preliminary data. For the agreement between REI,,, versus
REl 4, which was estimated to have a CCC of 0.922 with a
variance term of 0.9214, a sample size of 100 was needed to
yield a lower limit of 0.894 from a one-sided 95% confidence
interval. Based on this, our total sample of size of n = 129
would achieve even greater precision in the CCC analysis.
JIMP® 9.0.1 software (SAS Institute Inc., Cary, NC) was used
for all analyses except the determination of the CCC, which
required MedCalc® version 12.1.3.0 software (Medcalc Soft-
ware, Ostend, Belgium).

RESULTS

Demographics

Of the 129 patients undergoing OCSTs, 80 (62%) were male
and 49 (38%) were female. There were no significant differ-
ences between male and female patients, except that males had
more witnessed apneas (P = 0.004) and larger neck circumfer-
ences (P < 0.0001), whereas the mean BMI was greater for
females (P <0.0001).

The mean age at the time of the OCST was 52.3 £ 12 y. On
clinical presentation, the mean Epworth Sleepiness Scale score
was 8 + 4.3; 94% had a presenting complaint of snoring, and
49% had witnessed apneas. The mean BMI was 35.1 + 7.6, the
mean neck circumference was 42.3 =4.3 cm, and the majority of
patients (82%) had a crowded posterior oropharynx (Friedman
3 or 4) using the Friedman scoring system.'® Sixty-six percent
of the patients had a screening overnight oximetry performed as
part of their clinical evaluation.

Comorbid cardiac disease included hypertension (n = 63,
49%) atrial fibrillation/supraventricular tachycardia (n = 7,
5%), coronary artery disease (n = 12, 9%), or diastolic dysfunc-
tion (n = 1, 0.8%). Pulmonary comorbidities included asthma
(n =10, 8%) and mild chronic obstructive pulmonary disease
(n=2,2%).

Baseline OCST Measurements

Data measurements from the original OCSTs are summa-
rized in Table 1. TRTs of at least 6 h were achieved during
126 of the OCSTs (98%) and at least 7 h were captured in 112
(85%). The diagnosis of OSA was made in 110 patients (85%).

Analysis of the Truncated Recording Intervals
There were significant differences between the REIs obtained
during the 60-min (P <0.0001), 120-min (P =0.0001), 180-min
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Table 1—Baseline out-of-center sleep test measurements

Total recording time (TRT) 475 min (446-479)
Average supine recording time 184 min (41%)
Oxygen desaturation index (ODI) 13.6 (6.7-29)
Respiratory event index (REl,) 13.9(7.1-29.6)
OSA diagnosis and severity
None (REI < 5) 19 (15%)
Mild (REI 5-14) 50 (39%)
Moderate (REI 15-29) 29 (22%)
Severe (REI = 30) 31 (24%)

Total n = 129. Study results from the OCSTs are shown. Nonnormal
distributed data is reported as the median with interquartile range. There
were no significant differences in any baseline OCST measurement by
sex. OCST, out-of-center sleep test; OSA, obstructive sleep apnea.

(P =0.003), and 240-min (0.006) time intervals compared with
the REL, indicating that a REI obtained during the first 4 h
of the OCST recording period poorly reflected the final REI
from a full night recording. Accordingly, there was poor corre-
lation and agreement between the REI, (CCC = 0.609), REI,,,
(CCC = 0.825), REI 4, (CCC = 0.873), REI,,, (CCC = 0.929),
and the REI . The REI;,, was not significantly different from
the REIx (P =0.10) and there was strong agreement and corre-
lation between these values (CCC = 0.963). Additional hours of
recording only strengthened this correlation: REI,, (P = 0.20,
CCC = 0.987) and REIl,,, (P = 0.71, CCC = 0.995). This is
depicted in Figures 1 and 2.

Sensitivity and Specificity Based on OSA Severity

The diagnosis of OSA involves a categorization of OSA by
severity based on the REL; into no OSA (REI < 5), mild (REI
5-14), moderate (REI 15-29), and severe (REI > 30). Our data
were examined to determine how the derived REI at each time
interval may have changed the diagnosis or severity classifica-
tion. Figure 3 depicts the number of patients that would have
been misclassified by the interval REI when compared with
the final diagnosis and severity based on the REI .. At each
time interval, most misclassifications occurred because the REI
underestimated the final REI disease state, but improved with
each additional hour of recording included in the analysis.

Because a REI > 5 is used to establish the diagnosis OSA,
the sensitivity and specificity for this cutoff was determined
for each time interval. A recording time of 300 min, which
is the point where significant agreement and correlation with
the RELx; was observed, resulted in a sensitivity of 91% and
specificity of 95% for determining the presence of OSA. This
is detailed in Table 2. Sensitivities and specificities were also
calculated for each time interval for a REI > 15. A 300-min
recording time achieves a sensitivity of 85% and specificity of
96% for an REI > 15. Sensitivities and specificities improved
further with each additional hour of recording time for both
endpoints analyzed (Table 2).

“Best 2 Hours”
For each OCST performed, the best 2 contiguous hours of
recording were selected as described in the Methods section.
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Figure 1—Plot of mean difference between the respiratory event index
(REI) at each time interval and the REI for the total recording time (RElg;).
The mean difference between the REI measured at each time interval
and the REl, is plotted for each respective time interval. Statistical
significance is denoted by the asterisk.

This could not be determined for four of the studies because
there was movement detected continuously through the night.
Figure 4 demonstrates the distribution of these 2-h periods,
which do not appear to aggregate specifically to any portion
of the recording. For the 125 studies with a “best 2 hours”
period, the REI,.q; was calculated and found to be signifi-
cantly different from the RELy; with a mean difference of 2.16
(0.6-3.7, P = 0.007) and lacking correlation and agreement
(CCC=0.885) per Figure 5. This was only slightly better corre-
lation and agreement than for the first 120 min of the recording
(CCC=0.825). We also explored our data to determine if there
was any significant difference in the REI according to any 1
hour of recording (not selected best 1-h segments) by dividing
the data into 60-min intervals and calculating the mean and
median REI for each interval. We found that there was no
significant difference in REI between hours of recording (data
shown in supplemental material in Table S1 and Figure S1).

Data Analysis for Valid and Complete Studies

Thirty-three studies (26%) had lost or incomplete data due
to malfunctioning monitors or loose leads in the unattended
setting. The types of malfunction that occurred included oxim-
etry loss (n = 13), nasal flow loss (n = 13), multichannel loss
(n=15), and dead battery (n = 2). Twenty-two studies (17%) had
significant data loss where the study was terminated with less
than 6 h TRT or led to less than 6 h of valid data being obtained.

When these 22 studies were excluded, analysis of the
remaining OCSTs still demonstrated that a minimum of 300
min recording time was necessary for strong correlation and
agreement with the REI; (P = 0.08, CCC = 0.969). When
all 33 studies with any missing data were removed from the
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analysis, nearly identical findings were obtained, with 300 min ~ DISCUSSION

of recording time needed to ensure appropriate accuracy, corre- OCSTs are an increasingly utilized diagnostic instrument
lation, and agreement (P = 0.19, CCC = 0.972). for OSA. Although many OCSTs have been validated by
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Figure 2—Scatterplots for the respiratory event index (REI) at each time interval versus the REI for the total recording time (REl). The concordance
correlation coefficient (CCC) measures the amount of variation from the y = x line and ranges from -1 to 1, where 1 is perfect positive agreement and 0 is no
agreement. The scatterplots for the 60-, 180-, 300-, and 420-min intervals demonstrate improving agreement with increasing recording time duration. Strong
concordance is denoted by the asterisk.

Table 2—Sensitivity and specificity for determining the presence of obstructive sleep apnea (respiratory event index = 5) and moderate to severe obstructive
sleep apnea (respiratory event index = 15)

REI=5 REI =15

Minutes  Sensitivity Specificity  +LR(95% Cl)  -LR (95% CI) Sensitivity Specificity +LR (95% Cl)  -LR (95% ClI)
60 0.52 0.89 49(1.3-19)  0.54(0.4-0.7) 043 0.94 7.5 (2.8-20) 0.6 (0.5-0.8)
120 0.69 0.84 44(15-13)  0.37(0.3-0.5) 0.65 0.91 75(3.4-16)  0.38(0.3-0.5)
180 0.79 0.89 7.5 (2-28) 0.23(0.2-0.3) 0.77 0.90 7.6(3.6-16)  0.26 (0.2-0.4)
240 0.85 0.89 8.1(2.2-30)  0.16(0.1-0.3) 0.81 0.94 14 (5.4-37) 0.2 (0.1-0.3)
300 0.91 0.95 17 (2.6-116)  0.10 (0.05-0.2) 0.85 0.96 19 (6.4-59)  0.16 (0.09-0.3)
360 0.93 0.95 18 (2.6-119)  0.08 (0.04-0.2) 0.91 0.96 21(6.8-63)  0.09(0.04-0.2)
420 0.97 0.95 18 (2.7-124)  0.03 (0.01-0.1) 0.98 0.98 59 (8.4-411)  0.02(0.003-0.1)

The sensitivity, specificity, and likelihood ratios were calculated for each time interval using an REI = 5 to diagnosis the presence of obstructive sleep apnea
(OSA) and an REI = 15 to establish if moderate to severe OSA is present as this degree of severity is associated with increased cardiovascular risks. Cl,
confidence interval; +LR, positive likelihood ratio; -LR, negative likelihood ratio; REI, respiratory event index.
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Figure 3—Misclassification of obstructive sleep apnea (OSA) presence
and severity as a function of hour(s) studied. The respiratory event index
(REI) measured at each time interval was compared with the final RElg;
for each patient to determine whether the measured REI would have
rendered a diagnosis or severity classification different from the REl ;. If
the misclassification would have resulted in a reduced severity designation,
it was considered an underestimate. The most extreme underestimate is
a false negative, which is shown distinctly from those that underestimated
disease severity. Conversely, if the misclassification would have resulted a
false positive diagnosis of OSA or a higher severity level, these were both
considered an overestimate. TRT, total recording time.

comparison to laboratory-based polysomnography, informa-
tion regarding the optimal recording time of an OCST to ensure
diagnostic accuracy is lacking. Our study shows that when
performing an OCST, obtaining at least 300 min of recording
time should allow conclusions to be drawn regarding the pres-
ence and severity of OSA that are not significantly different
from those obtained with longer recordings (Figure 1). Shorter
intervals, even the “best” intervals, may lead to misclassifica-
tion, mostly because of an underestimation of severity more
than 23% of the time. Other than our results, one other study
found that time in bed less than 390 min was associated with
a significantly larger mean difference between the OCST REI
and the polysomnography apnea-hypopnea index (AHI), but no
specific conclusions were drawn regarding the minimum OCST
recording time necessary for accuracy.!”

Determining an optimal OCST recording time is especially
critical when an unattended study has been affected by loss of
data from technical failure or sensor displacement. How these
losses affect the integrity of the test’s outcome has not been
systematically evaluated. Doubt in the validity of OCST find-
ings may result in an OCST being repeated or transitioned to an
attended polysomnography, which increases delays in and costs
of care. Our study attempts to bring clarity to this issue showing
that obtaining at least 300 min of valid recording time provides
results significantly similar to longer recordings.

Even positive tests with shorter recording times might
suffice to rule in OSA, assuming that the likelihood ratio adds
enough to the pretest probability to ensure a posttest probability
of at least 90%.* Patients undergoing OCSTs should already
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Figure 4—Distribution of the “best 2 hours” during the recording period
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out of the total recording time. For example, the 17 studies listed for “1 &
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of the recording for those studies.
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Figure 5—Scatterplot of the respiratory event index for the “best 2
hours” (RElgesr) versus the REI for the total recording time (REl ). This
scatterplot demonstrates the weak correlation between the RElg:s; and
REl; with the results straying from the y = x line, with a concordance
correlation coefficient of 0.885, which is not strongly concordant.
Statistical significance is denoted by the asterisk.

have a high pretest probability (greater than 50%) for OSA. For
example, a patient with a 70-80% pretest probability of having
moderate to severe OSA has a positive OCST with 240 min
of recording; this yields a likelihood ratio of 8.1, and provides
a 95% posttest probability of OSA.!* But, as demonstrated in
this study, shorter recording intervals underestimate severity
23-57% of the time (Figure 3), and this needs to be taken into
account when counseling a patient regarding the cardiovascular
morbidity associated with their OSA diagnosis.

Three hundred min of recording time needed for OCSTs is
much greater than the 120 min of TST needed during split-night
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laboratory-based polysomnography to accurately reflect a
full-night polysomnography result.® Given the prior work
regarding split-night studies, the most undisturbed, contiguous
2 h of recording time were chosen based on the actigraphy as a
surrogate marker of steady sleep. However, even when the most
intact 2 h of data were analyzed, the REI.¢; did not lead to a
reliable conclusion regarding the presence or severity of OSA.
Therefore, longer recording times are necessary for OCSTs
than for laboratory-based polysomnography to ensure the accu-
rate diagnosis and severity of OSA. The reason for this may be
that OCSTs do not directly assess for sleep, so the TRT may be
much larger than TST, especially during the early parts of the
recording period. A longer recording duration may be required
to overcome this inherent limitation of OCSTs. It also may be
possible that the frequency of respiratory events is different
between the home environment and sleep laboratory because
of positionality or a heightened vigilance of the patient during
OCSTs that does not allow for the same continuity and depth
of sleep.

Our study has several strengths. Our patient population is
typical of those referred to a sleep center for consideration of
sleep testing. There was no manipulation of the original techni-
cian scoring of respiratory events for each study, so no bias could
be introduced in the scoring of respiratory events at the various
time intervals analyzed. Because the studies were performed
solely for clinical purposes to render a decision regarding the
presence and severity of OSA, our results should be clinically
applicable. Most patients (98%) had 6 h or more of recording
time and 85% had 7 h or more. Even when all studies that had
potentially been compromised by malfunctioning equipment
were removed from the analysis, we were still able to demon-
strate that a minimum of 5 h of recording time is necessary.

A limitation of this study is that it used the REIL; as the
gold standard to compare with the interval REIs and not a
polysomnography-generated AHI. Because the validation of
the Embletta OCST did not demonstrate a significant difference
in the REI from the polysomnography AHL" we are assuming
for the purposes of this study that the original REI s were
adequate to establish an accurate diagnosis of OSA. Because
respiratory events are likely unevenly distributed across the
recording period, an analysis starting at the beginning of the
night may be different from that toward the end of the night.
The time intervals chosen for analysis during this study were
not chosen randomly during the night, but instead began
at the beginning of the night and were truncated early at the
time intervals listed in our methods. This methodology was
chosen based on our assumption that data loss is more likely to
occur during the middle to end of the night as sensors became
detached, rather than the signal starting poorly and regaining
signal quality by the end of the study. Relatively few OCSTs
were performed during the more than 2.5 y of the study period,
indicating a slow adoption of this testing strategy in our institu-
tion and may account for our high data loss.

Because OSA is a common disorder associated with several
disease states, as well as diminished quality of life and a large
health care burden, timely diagnosis with accurate identifica-
tion of disease severity is paramount. Our study indicates that
when using OCSTs to establish the diagnosis of OSA, 300 min
of quality recording time should suffice to rule in OSA. The
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importance of these findings stems from the realization that
data loss will occur during unattended testing. Valid recording
times less than 300 min should prompt careful clinical consid-
eration to either repeat the testing or careful assessment of the
posttest probability of a positive study ruling in OSA.
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SUPPLEMENTAL MATERIAL

In home sleep testing, it is typical for data failure to occur
some time after the study is begun rather than various segments
where the data are lost (for example, a good 1 hour followed
by a loss of 2 hours, and subsequently uncompromised data
for an additional 4 hours. This possibility, though infrequent,
may prompt the desire to determine if there are significant
predictable differences in the respiratory event index (REI)
according to the hour of recording. We performed two anal-
yses to explore this. In Table S1, the mean and median REI for
all tests according to the hour of study are shown. We found

no significant differences in REI across hour of recording (the
standard deviation and interquartile range overlap). In addi-
tion, we graphed the cumulative apneas and hypopneas by
hour of study (Figure S1). This shows a nearly perfect line
(R*=0.99822), indicating that there is no particular REI rate in
any given hour that is likely to be different from another. These
data, combined with the prior analysis (in the manuscript) that
at least 5 hours of recording are required, suggest that any 5
hours of valid data should approximate what would be found
should > 5 hours of recording be obtained.

Table S1—Mean and median respiratory event index and total number of
apneas and hypopneas at each hour of the recording
Hour of Cumulative  Mean RElper  Median REI per
study AH hour studied hour studied
1st 12.4 12.4 (SD 20.1) 4 (IQR 1-12.5)
2nd 33.1 20.7 (£ 24) 11 (2-32.5)
3rd 53.5 204 (+21.9) 11 (3-28)
4th 72.8 20.4 (+22.4) 11 (4-32.5)
5th 96.5 23.6 (+ 25.1) 15 (5-35.5)
6th 118.6 21.3 (£234) 15 (6-27)
7th 134.5 18.8 (£ 22.8) 10 (1.5-30)
8th 152.4 15.4 (£ 19.6) 9 (2-20)
Final 152.4 20.3 (+18.2) 13.9 (7.1-29.6)
AH, apneas and hypopneas; REI, respiratory event index; SD, standard
deviation; IQR, interquartile range.
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Figure S1—Cumulative apneas and hypopneas by hour of recording.
Depicted are the cumulative apneas and hypopneas by hour of recording
for all tests in the solid blue line, and the linear fit in the dashed line.
The line is extremely linear (R? = 0.99822), indicating that there is no
significant difference in the rate of respiratory events by hour of recording.
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