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ABSTRACT

Introduction: The severity of obstructive sleep
apnoea (OSA) is highly variable on a night-to-
night basis. Patients are commonly categorised
based on the severity of their OSA, and this is
then used to influence management and reim-
bursement, including continuous positive air-
way pressure (CPAP). We aimed to establish to
what extent the OSA severity category changes
during two periods of OSA, based on mean and
maximum oxygen desaturation index (ODI).
Methods: Patients with a diagnosis of moderate
to severe OSA who had been on CPAP for
greater than 1 year were included in this study.
Subjects underwent two periods of CPAP with-
drawal for four nights each.

Results: Twenty-five patients completed the
study. Based on the mean ODI of the four
nights, 14 (56%) patients changed OSA severity
categorisation, with three (12%) changing cat-
egory to mild. Based on the maximum ODI of
the four nights, nine (36%) patients changed
OSA severity categorisation, with one (4%)
changing category to mild. One third to a half
of patients’ OSA severity category changed
between the two periods of four night’s CPAP
withdrawal.
Conclusions: OSA is highly variable on a per-
iod-to-period basis as well as on a night-to-night
basis. We believe the concept of patients having
a definable and ‘real’ level of OSA severity is
therefore flawed. OSA severity should be based
mainly on symptoms, as these are the dominant
reasons for treatment, and the sleep study
should be used qualitatively to ascertain whe-
ther respiratory events are the likely cause of the
symptoms.
Trial Registration: ISRCTN17987510.
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Key Summary Points

Obstructive sleep apnoea (OSA) severity is
highly variable on a night-to-night basis,
with patients frequently changing severity
category when repeating single-night
sleep studies. This has led to the
suggestion of multiple-night sleep studies
to better categorise OSA.

We have shown that OSA category
changed in over half of patients between
two four-night study periods. Multiple-
night studies do not necessarily overcome
variability in a threshold-based
categorisation approach of OSA severity.

We believe the concept of patients having
a definable and ‘real’ level of OSA severity
is flawed.

We believe that treatment decisions
should therefore be based primarily on a
patient’s symptoms, as these are the
dominant reason for treatment.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14519742.

INTRODUCTION

Obstructive sleep apnoea (OSA) is a common
disorder, affecting up to 1 billion people
worldwide [1]. OSA causes daytime sleepiness
and reduced quality of life [2], and OSA is
associated with increased cardiovascular risk [3].

Patients are commonly placed into thresh-
old-based categories to guide management; for
example, in some countries a certain severity is
required to receive reimbursement for continu-
ous positive airway pressure (CPAP) treatment

[4], and recent European directives imply driv-
ing restrictions should depend on reaching
certain thresholds [5].

However, the associations between the
severity of OSA measured on single-night stud-
ies and symptoms are weak [6, 7]. This may be
due to night-to-night variability in the severity
of OSA [8, 9]. Multiple-night sleep studies have
been suggested as a way of obtaining a more
accurate assessment of OSA severity, but the
optimum number of sequential studies is not
known [8].

We had the opportunity to use data from a
previously published study to ascertain whether
the categorisation into severity categories could
still change between two separate four-night
studies [10]. Any categorisation differences
between these periods would of course be due to
both the known night-to-night variability plus
any change in severity over a longer period. We
explored differences using both the mean and
the maximum OSA severity, as clinical centres
use both metrics from multiple-night sleep
studies to inform treatment decisions.

METHODS

The authors had the opportunity to use data
from a previous study ‘SOX (Supplemental
Oxygen during CPAP Withdrawal) trial’, which
was a single-tertiary-centre, double-blind,
crossover trial with randomised treatment
order. It was prospectively registered (ISRCTN
17987510) and approved by the South Central
Oxford B Research Ethics Committee (REC Ref-
erence 15/SC/0007). The study was performed
in accordance with the Helsinki Declaration of
1964 and its later amendments. All subjects
provided informed consent to participate in the
study. No patient identifying information is
included.

Study Subjects

Patients included had a diagnosis of moderate
to severe OSA (original diagnostic oxygen
desaturation index (ODI)[20/h) and had been
on CPAP for greater than 1 year, with CPAP
compliance of[4 h/night. The study subjects
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formed part of a previously published ran-
domised crossover CPAP withdrawal trial, sup-
plemental oxygen versus air [10].

Study Design

The main study objective was to establish
whether patients’ OSA severity category chan-
ges between the first and second CPAP with-
drawal periods based on both the mean and the
maximum ODI from the four nights of
withdrawal.

All patients underwent an initial four-night
screening trial off CPAP and were included in
the study if their oxygen desaturation index 4%
(ODIC4%) was[ 20/h on at least one of the four
nights. Following this, patients withdrew from
CPAP for 14 nights and were randomised to
receive either supplemental oxygen or supple-
mental air (sham) via nasal cannula or loose-
fitting mask from a concentrator at a rate of 5L/
min (NewLife Elite, AirSep). After at least 14
nights back on their normal CPAP treatment,
patients crossed over. Data from the four nights
of CPAP withdrawal during screening, and from

the first four nights during CPAP withdrawal
onto air, have been compared in this study (see
Fig. 1).

The data from the supplementary oxygen
arm of the study could not be used for the
purposes of this study, as of course the addition
of oxygen greatly reduces the ODI without sig-
nificantly altering the Apnoea–Hypopnoea
Index (AHI) [11]. The time between first
screening withdrawal and second sham air
withdrawal ranged from 2 to 18 weeks.

Nightly home pulse oximetry was used to
measure overnight oxygen saturations (Konica
Minolta 300i, Tokyo, Japan). The ODI was cal-
culated from these oximetry data.

Analysis

The main outcomes measure was the number of
patients who changed OSA severity category
between the first and second CPAP withdrawal
periods, based on both the mean and the max-
imum ODI from the four nights. OSA severity
was defined according to ODI as follows: no

Fig. 1 Study flow diagram
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OSA\ 5/h, mild 5–14.9/h, moderate 15–29.9/h,
severe 30–59.9/h, and very severe[60/h.

SPSS version 26.0 (IBM Corp, Armonk, NY,
USA) was used for data analysis. Results are
shown as mean ± standard deviation (SD)
unless otherwise stated.

RESULTS

Patients were recruited from June 2015 until
June 2017. Details of screening, randomisation,
and withdrawals are shown in the CONSORT
flow diagram (Fig. 2). Of the initial 57 patients
who were enrolled, 25 patients completed the
study. Table 1 shows the demographic charac-
teristics of the patients.

The median time from diagnosis to this
study ranged from 6.8 years (100% range
2.0–19.9). The median (first quartile, third
quartile) time between the first and second
CPAP withdrawal periods was 10.7 weeks (7.3,
14).

The mean ODI on CPAP was 4.7 ± 2.9/h,
increasing to 31.5 ± 7.5/h during the first CPAP
withdrawal period, and 32.7 ± 7.4/h during the
second withdrawal period.

The group mean ODIs on each night of the
two withdrawal periods are shown in Table 2.
Using one-way repeated measures analysis of
variance (ANOVA), there were no statistically

significant differences in ODI values by night
on either the first (F = 1.29, df = 3, p = 0.29) or
the second withdrawal period (F = 1.00, df = 3,
p = 0.40). This excluded a first-night effect of
stopping CPAP and allowed the use of data from
all four nights of CPAP withdrawal for severity
categorisation.

The OSA severity categorisation based on
both the mean and the maximum ODI during
each withdrawal period is shown in Table 3.
Based on the mean ODI, 14 (56%) patients
changed OSA severity categorisation, with three
(12%) changing category to mild (see Fig. 3).
Based on the maximum ODI, nine (36%)
patients changed OSA severity categorisation,
with one (4%) changing category to mild.

DISCUSSION

Despite using the data from two multiple-night
sleep studies, our results show that there are
patients who will still cross thresholds even
when multiple-night studies are repeated. This
was the case either when using the mean, where
approximately half of patients changed cate-
gory; or the maximum ODI, where approxi-
mately one third changed category. This further
calls into question the use of arbitrary thresh-
olds to decide any aspect of a patient’s man-
agement, as is common practice at present [12].

Fig. 2 Details of study screening and enrolment
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Even amongst patients selected to have
moderate OSA on their first CPAP withdrawal,
three patients had a mean ODI\15/h on their
second period of CPAP withdrawal, which is

below the threshold required for reimbursed
CPAP therapy in some countries [4]. As might
be expected, using the maximum ODI from
these four nights reduced this to only one
patient.

Randomised controlled trials have shown
CPAP to be effective in reducing symptoms in
patients with OSA categorised as mild on the
basis of a single-night sleep study [13, 14]. If
OSA severity had been measured on multiple
nights rather than on a single night in these
trials, then some patients with mild OSA might
have been re-categorised as moderate OSA, due
to regression to the mean of sleep apnoea
severity. Furthermore, randomised controlled
trials have shown CPAP to be similarly effective
across the spectrum of severity of OSA [13, 14],
and the correlation between OSA severity and
sleepiness is weak [6, 7, 15]. We therefore think
that the severity of symptoms and likely impact
on quality of life are much more important than
the severity of OSA on sleep studies when
making management decisions.

Table 1 Demographic characteristics of patients com-
pleting the study

All patients
(n = 25)

Age, years 62.7 ± 6.9

Male sex 21 (84%)

BMI, km/m2 35.3 ± 6.7

Neck circumference, cm 48.0 (24.3–68.2)

Mean ODIC4% at diagnosis, per

hour

50.4 ± 24.6

Data shown as mean ± standard deviation, median (in-
terquartile range) or number (%)
BMI body mass index, ODIC4% oxygen desaturation index
of at least 4%

Table 2 Group mean ODI on nights 1–4 for the first and second withdrawal periods

ODI Night 1 Night 2 Night 3 Night 4 p

First withdrawal 30.0 ± 15.2 32.2 ± 15.8 30.9 ± 12.7 36.0 ± 16.3 0.29

Second withdrawal 30.9 ± 13.3 32.2 ± 16.7 32.6 ± 18.8 35.4 ± 16.0 0.40

Data shown as mean ± standard deviation

Table 3 Patients’ OSA severity categorisation on the first and second CPAP withdrawal periods for both the mean and the
maximum ODI

Categorisation based on the mean ODI of the 4
nights

Categorisation based on the maximum ODI of the 4
nights

First withdrawal Second withdrawal First withdrawal Second withdrawal

No OSA 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Mild 0 (0%) 3 (12%) 0 (0%) 1 (4%)

Moderate 13 (52%) 9 (36%) 8 (32%) 4 (16%)

Severe 11 (44%) 12 (48%) 15 (60%) 17 (68%)

Very severe 1 (4%) 1 (4%) 2 (8%) 3 (12%)

Data shown as n (%)
OSA obstructive sleep apnoea, CPAP continuous positive airway pressure, ODI oxygen desaturation index
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Threshold-based categorisations of OSA have
shown at the epidemiological level that only
the more severe OSA tends to be associated with
cardiovascular events [3], and therefore might
justify continuing this high threshold to guide
treatment. However, the SAVE study showed
that CPAP does not reduce cardiovascular
events [16]; therefore, it still seems reasonable
that symptoms should remain the principal
reason to treat OSA.

There are limitations of this study. This was
an opportunistic study looking at data from a
previously published study and therefore is
exploratory. Returning OSA was assessed using
overnight pulse oximetry and not
polysomnography, which is currently the gold
standard technique for diagnosing OSA in some
countries. Pulse oximetry was chosen for this
study as it is more practical to measure this at
home over multiple nights. Without using
polysomnography, differences in total sleep
time, differing sleep architecture, and differing
time in a supine position could all account for
differences in the ODI, and are in fact the likely

explanation for some of the observed night-to-
night variation [17]. However, our use of mean
values from multiple-night sleep studies should
have reduced any such variability. In many
sleep centres that use polygraphy, sleep length,
sleep state, and posture issues will be part of the
variation they observe anyway. Our study only
selected patients with an ODI[ 20/h on their
first period of CPAP withdrawal; thus the results
might have shown regression downwards
towards the mean, although the means of the
two periods were in fact almost identical. It is
possible that patients’ weight changed between
the first and second withdrawal period, which
might have contributed to changes in OSA
severity. However, given that the average time
between CPAP withdrawal periods was short,
and the means of the two periods were almost
identical, we feel this is unlikely to explain the
changes in OSA severity.

It has been pointed out by others that over-
night pulse oximetry in isolation is not recom-
mended for the diagnosis of OSA [18]; however,
the correlation between ODI and AHI is very

Fig. 3 Sankey plot to show change in patients’ OSA
severity between first and second CPAP withdrawal
periods. OSA obstructive sleep apnoea. OSA severity
defined according to patient’s oxygen desaturation index;

no OSA\ 5/h, mild 5–14.9/h, moderate 15–29.9/h,
severe 30–59.9/h, and very severe[ 60/h
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high, and our observations are likely to apply to
more comprehensive sleep studies. One clear
difference between the two periods was that all
patients received sham oxygen therapy (air at 5
L/min) during their second CPAP withdrawal,
which might have affected sleep. However, if
this decreased sleep, we might have expected a
different ODI during the second withdrawal
period, which was not the case.

CONCLUSIONS

We have shown that there is a clinically rele-
vant period-to-period variability in OSA severity
category. Even using four nights of study, one
third to a half of patients’ OSA severity category
differed between the two periods of CPAP
withdrawal. We believe that the concept of a
patient having a definable, ‘real’ and repeat-
able OSA severity is thus flawed. In our view,
assessment of the severity of OSA should be
based mainly on symptoms, as these are the
dominant reason for treatment and cause of
limitations on driving, with the sleep study
mainly ascertaining whether respiratory events
are likely to be the cause of these symptoms.
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