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Abstract

Objective. This study was a systematic review to investigate the progression of untreated
obstructive sleep apnoea in order to evaluate whether mild obstructive sleep apnoea should
be treated from the standpoint of disease progression.
Method. The database search study outcomes that were collected included Apnea Hypopnea
Index and Respiratory Disturbance Index. A meta-analysis of obstructive sleep apnoea severity
over time intervals was performed.
Results. A total of 17 longitudinal studies and 1 randomised, controlled trial were included for
review. For patients with mild obstructive sleep apnoea, mean pre-study and post-study Apnea
Hypopnea Index was 5.21 and 8.03, respectively, over a median interval of 53.1 months. In
patients with moderate to severe obstructive sleep apnoea, mean pre-study and post-study
Apnea Hypopnea Index was 28.9 and 30.3, respectively, over a median interval of 57.8
months. Predictors for disease progression in mild obstructive sleep apnoea are patients
aged less than 60 years and those with a baseline body mass index less than 25.
Conclusion. Mild obstructive sleep apnoea progression is observed, but it does not appear to
reach any clinically significant progression to moderate or severe obstructive sleep apnoea.

Introduction

Obstructive sleep apnoea (OSA) is a multi-level, chronic upper airway disease that has
gained emphasis in terms of treatment, given its potential public health burden.1

Obstructive sleep apnoea has well documented cardiovascular mortality and all-cause
mortality, especially in severe forms.2 Similarly bad outcomes for quality-of-life measures
with increasing OSA severity have also been documented.3,4

Although the need for treatment of moderate to severe OSA is established,5,6 treatment
of mild OSA is still debatable. In 2016, The American Thoracic Society proposed that
treatment of mild OSA can aid in symptom improvement for sleepy patients and improve
quality of life. However, impact of mild OSA treatment in the prevention of cardiovascu-
lar events, stroke, arrhythmia and other sequelae is still not established. Previous
meta-analyses of continuous positive airway pressure (CPAP) treatment of mild to mod-
erate OSA were inconclusive, reporting mainly modest or small improvements in subject-
ive sleepiness and objective wakefulness.7 Hence, in most institutions, treatment of mild
OSA is debatable and mostly dependent on physician preferences or institution practice.

It is difficult to justify subjecting patients to daily CPAP treatment, surgical risks in
treating OSA, sequelae from dental appliances and multiple hospital visits, especially
when there is no conclusive treatment impact on patients’ morbidity and mortality.
However, if it is proven that mild OSA progresses to moderate or severe OSA, this
then raises the need for a different approach in managing mild OSA.

Our study aimed to provide a systematic review of the current literature and analyse the
critical question: does mild OSA progress significantly if left untreated? Specifically, we
aimed to examine the temporal patterns related to OSA changes over time, as well as
any predictors of progression.

Materials and methods

This meta-analysis was conducted using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (‘PRISMA’) guidelines. English-language studies published
in the peer-reviewed literature between 1970 and December 2019 were identified by
searching PubMed, Embase or Cochrane Central Register of Controlled Trials. This review
was not registered as a protocol.

Inclusion criteria

The study types included were randomised, controlled trials (RCTs), cohort studies and
longitudinal studies with multiple time series designs. We included only studies with
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OSA that was formally diagnosed by polysomnography.
Studies that assessed progression of untreated OSA, and
RCTs comparing progression of OSA in CPAP-treated and
untreated patient arms were included in our analysis. Other
treatment modalities were heterogeneous and were not consid-
ered for inclusion.

Search strategy

The search terms used for the PubMed database search were
centred around sleep apnoea, progression, positive airway
pressure treatment and outcome measures. The exact search
command is included in Table 1 in the supplementary mater-
ial, available on The Journal of Laryngology & Otology website.

Next, using the following search items via the ‘Problem,
Intervention, Comparison, Outcome’ key term format, a data-
base search was performed. The Cochrane Central Register
of Controlled Trials or Embase Problem, Intervention,
Comparison, Outcome format search can be found in
Figure 1 in the supplementary material, available on The
Journal of Laryngology & Otology website.

We also manually searched the reference lists of individual
journals and consensus papers to detect additional eligible
studies. Abstracts of suitable titles were obtained, after which
the respective articles were reviewed for suitability for full-text
retrieval. Appropriate reports discovered by citation tracking
were also considered. Figure 1 illustrates the literature database
search and subsequent article selection process.

Outcome measures and data extraction

All included studies were retrieved, and data relevant to the
analysis were compiled independently by two reviewers.
These data comprised study details such as study design,
sample size, demographic details of the patients, duration of
follow up, and outcome measures pre- and post-treatment
with their respective 95 per cent confidence interval (CI),
standard deviation and odds ratio as appropriate.

Study end points included pre-study and post-study or inter-
vention polysomnographic respiratory indices (Apnea
Hypopnea Index, Respiratory Disturbance Index). The primary
focus of our study was to evaluate progression of patients with
untreated mild OSA and predictors of progression. Secondary
objectives included evaluating similar progression in patients
with moderate to severe OSA for comparative analysis.

Assessment of evidence quality

Quality of research studies included in our systematic review
was evaluated with reference to established grading criteria
such as the Newcastle Ottawa Scale. All included studies indi-
vidually scored highly in the domains of cohort selection and
outcome. Although comparability of cohorts across studies
was not achievable because of the heterogeneity of the
recruited study population, we ensured that each study was
consistent in controlling for OSA severity cut-offs. This was
with reference to established international guidelines on grad-
ing of severity levels of polysomnographic indices for OSA.

Statistical analysis and approach

All statistical analysis was performed using Stata® statistical
software (version 16.1, 2020). Longitudinal studies were ana-
lysed separately to determine the temporal progression of

OSA, in addition to examining the effect of possible predictors
of OSA change. Further meta-analysis of the data obtained
from control or placebo arms of randomised trials was per-
formed separately to evaluate the pattern and range of changes
in untreated OSA in controlled settings.

Results

Study characteristics

The initial PubMed search command yielded 450 relevant
article abstracts. The Problem, Intervention, Comparison,
Outcome database search format yielded a further 18 relevant
Cochrane registered trials that were examined for content rele-
vance and validity of treatment arms. After careful screening
and appraisal of the studies returned, 68 articles were short-
listed for full text review. Following careful screening of irrele-
vant publications and non-clinical studies, coupled with
appraisal and cross-referencing with existing literature and
guideline papers, 41 articles were excluded. Hence, a total of
27 articles were selected for inclusion in our systematic review.
This comprised 17 longitudinal studies and 10 RCTs.

Randomised, controlled trials
A total of 10 RCTs met the inclusion criteria (Table 1). These
were RCTs that assessed OSA interventions against placebo.
We included only the control or placebo arm of these RCTs
in our analysis, as this group of patients received repeat poly-
somnography despite being untreated. These provided a meas-
ure of untreated OSA progression. However, because of the
study design, most RCTs returned from our search were con-
ducted over a period of three months or less. These were
excluded from our final analysis as our main aim was to
study natural progression of OSA as a chronic disease, and
short periods of study less than three months are not sufficient
to demonstrate clinical progression. Hence, the only RCT
included is from Sahlman et al.8 (baseline mild OSA cohort)
with a follow-up period of 48 months.

Longitudinal studies
A total of 17 longitudinal studies (publication range, 1989–
2015) were included in pooled longitudinal analysis of
untreated OSA. These included patients of various ethnicities
(Asian, Caucasian) and a wide age range (40–85 years). Ten
studies that reported mild OSA cohorts at baseline and 7 stud-
ies that reported moderate to severe OSA cohorts at baseline
were included. A total of 5777 patients (4976 mild OSA, 801
moderate or severe OSA at diagnosis) across 17 longitudinal
studies were included. The characteristics of the included lon-
gitudinal studies are summarised in Table 2.

Objective outcomes

Given the heterogeneity of the studies, these pooled polysomno-
graphic values were plotted against a time axis to illustrate the
temporal relationship of OSA severity and progression. The
plots (Figures 2–5) combine all polysomnographic respiratory
indices (Apnea Hypopnea Index, Respiratory Disturbance Index).

Trends of change

Mild, moderate and severe OSA was defined as baseline values
of Apnea Hypopnea Index equal to or more than 5 to less than
15, equal to or more than 15 to less than 30, and equal to or
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more than 30, respectively. For the mild OSA subgroup, the
mean Apnea Hypopnea Index pre-study was 5.21 and post-
study was 8.03. The mean rate of Apnea Hypopnea Index
increase was 0.0531/month over a median follow-up interval
of 53.1 months (range, 12–120 months). Although untreated
mild OSA does show gradual increase in Apnea Hypopnea
Index or Respiratory Disturbance Index over the years, this
rate of increase of Apnea Hypopnea Index or Respiratory

Disturbance Index slowly plateaus. The trend for untreated
mild OSA shows an overall decrease in rate of change over
time (down-sloping regression line, gradient =−0.0155).

For the moderate to severe OSA subgroup, the mean Apnea
Hypopnea Index pre-study was 28.9 and post-study was 30.3.
The mean rate of Apnea Hypopnea Index increase was 0.0235/
month over a median follow-up interval of 57.8 months
(range, 17–90 months).

Figure 1. RCT = randomised, controlled trial; SDB = sleep-disordered breathing; CPAP = continuous positive airway pressure; AHI = Apnea Hypopnea Index; RDI =
Respiratory Disturbance Index; PICO = Problem, Intervention, Comparison, Outcome
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Similar to mild OSA, patients with untreated moderate to
severe OSA do show a slow increase of Respiratory
Disturbance Index and Apnea Hypopnea Index over the
years, and this rate of increase plateaus later on. However,
the tapering of increase in this group occurs over a faster per-
iod. The greater magnitude of negative regression gradient
(0.0392) as compared with the mild OSA group (0.0155) illus-
trates this. The trend for untreated moderate to severe OSA
shows an overall decrease in rate of change over time
(Figure 3).

We summarised the estimated rates of OSA progression
across various OSA severity groups at various time points.
Table 3 summarises these values.

Predictors of rate change over time

Within each OSA severity subgroup, patients were further
stratified based on their baseline body mass index (BMI)
and age subgroups. In the mild OSA group, the older adult
patient subgroup comprised patients aged more than 60
years, while a BMI more than 25 defined the overweight
patient subgroup (Figure 4). For mild OSA patients, patients
aged more than 60 years and with BMI more than 25 are
less likely to progress in disease, as shown by the negative gra-
dient in rate of progression over time (negative gradient of
−0.0229 and −0.0166, respectively). Conversely, patients who
had lower BMI of less than 25 showed higher likelihood of
OSA progression as demonstrated by the positive gradient
(Figure 4) in rate of OSA progression over time (gradient,
0.0022). Positive gradient denotes that as the years progress,
there is continual increase in rate of Apnea Hypopnea Index
progression per year. These are summarised in Table 4.

The same graphical approach was applied to the moderate
to severe OSA severity subgroup. Figure 5 illustrates the age
and BMI subgroup analysis. As the majority of patients with
a baseline moderate to severe OSA severity were not of normal
weight, a BMI more than 30 was used to define the obese sub-
group for analysis. For moderate to severe OSA patients,
younger and obese subgroups are less likely to progress in dis-
ease severity, as shown in the decrease in rate of OSA progres-
sion over time (negative gradient of −0.0424 and −0.0362 in
Figure 5). Non-obese patients with BMI less than 30 showed

a mild increase in overall rate of OSA progression (gradient,
0.0006) (Table 5).

Comparison of rate of obstructive sleep apnoea progression

Within each OSA severity subgroup, an unpaired t-test was
performed to determine if there was a significant change
between pre-study and post-study Apnea Hypopnea Index or
Respiratory Disturbance Index score.

For mild OSA, the mean pre-study score was 5.21 and mean
post-study score was 8.03. The mean difference was 2.36 (t
(36) = 2.19, p = 0.0348), indicating a statistically significant
progression in untreated mild OSA.

For moderate to severe OSA, mean pre-study score was 28.9
and mean post-study score was 30.3. The mean difference was
1.44, (t (12) = 0.218, p = 0.831). Hence, there was no signifi-
cant progression in untreated moderate to severe OSA.

We were unable to compare if there were differences
between the rate of change of mild OSA versus moderate to
severe OSA because all studies included in our review only
presented summarised data, which was not usable for analysis
between groups.

Discussion

At present, a few older longitudinal studies have individually
tracked the progression and effects of untreated OSA over
time without conclusive evidence of natural temporal progres-
sion.8,9 This has shown mixed results depending on the age of
the population studied. Some studies showed no progression of
mild OSA, some showed limited, non-clinically significant
progression of mild OSA and some showed reduced Apnea
Hypopnea Index in the population. However, such studies
have limited application by way of reference because of
heterogeneous patient populations and outcome measures.
Patients of varying ages, demographic backgrounds, baseline
co-morbidities and even OSA severity constitute the patient
profile of each epidemiological study. Large population studies
(e.g. Wisconsin Sleep Cohort, Cleveland Family Study) may
also be limited because of selection bias intrinsic to inclusion
of only middle-aged study populations, along with potential
regression to the mean resulting from the selection of

Table 1. Summary of randomised, controlled studies evaluated for inclusion

Study
Study
design

Patients
(n)

Age
(median; years)

Interval of
follow up
(months)

Baseline value of
AHI/RDI (mean ± SD;
events/hour)

Follow up value of
AHI/RDI (mean ± SD;
events/hour)

Sahlman et al.,8 (2007) RCT 28 50.2 48 9.0 (2.7) 22.3 (18.7)

Redline et al.,9 (1998) RCT 46 49.2 2 11.8 (9.6) 9.8 (9.3)

Jokic et al.,10 (1999) RCT with
crossover

13 51 0.5 17.9 (8) 9.5 (1.9)

Barnes et al.,11 (2004) RCT 80 47.0 3 21.3 (1.3) 20.3 (1.1)

Chong et al.,12 (2006) RCT with
crossover

20 78.0 0.75 26.4 (16.6) 34.0 (7.42)

Becker et al.,13 (2003) RCT 16 52.3 2.25 65.0 (26.7) 33.4 (29.2)

Chakravorty et al.,14 (2002) RCT 21 52 2 35 (19.1) 34 (21)

Bardwell et al.,15 (2001) RCT 16 48 0.25 43.6 (6.4) 28.3 (5.7)

Loredo et al.,16 (1999) RCT 18 53 0.25 44.2 (25.3) 56.4 (24.1)

Yu et al.,17 (1999) RCT 14 49.8 0.25 17.4 (17.1) 12.1 (12.2)

AHI = Apnea Hypopnea Index; RDI = Respiratory Disturbance Index; SD = standard deviation; RCT = randomised, controlled trial
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Table 2. Summary of included longitudinal studies

AHI or RDI
value Study

Patients
(n)

Age (mean ± SD
or median
(range; years)

Interval of
follow up
(months)

Baseline value
of AHI/RDI
(mean ± SD;
events/hour)

Follow up value
of AHI/RDI (mean
± SD; events/
hour)

BMI at baseline
(mean ± SD)

BMI at study
end point
(mean ± SD)

Difference in
BMI

AHI values
(9 studies)

Mild OSA at baseline

– Lindberg et al.,18 1999 29 50 (SD 10) 120 2.1 ± 4.2 6.8 ± 7.2 26.0 (3.1) 26.3 (3.4) 0.3

– Peppard et al.,19 2000 690 46 (SD 7) 48 4.1 ± 9.1 5.5 ± 10.8 29 (6) 30 (7) 1

– Young et al.,20 2002 282 30–60 96 2.5* 5.1* Not stated,
non-obese

Not stated NA

– Redline et al.,21 2001 232 <60 60 2 ± 1.4 6.2 ± 7.9 Not stated,
non-obese

Not stated NA

– Hoch et al.,22 1997† (group 1, at 1 year of study) 27 61–74 12 3.9 ± 3.9 5.8 ± 8.7 26.1 (4.5) Not stated NA

– Hoch et al.,22 1997† (group 1, at 2 years of study) 27 61–74 24 3.9 ± 3.9 8.1 ± 11.4 26.1 (4.5) Not stated NA

– Hoch et al.,22 1997† (group 1, at 3 years of study) 27 61–74 36 3.9 ± 3.9 8.7 ± 11.7 26.1 (4.5) Not stated NA

– Hoch et al.,22 1997† (group 2, at 1 year of study) 23 75–87 12 5.4 ± 7.7 7.3 ± 10.2 25.2 (3.8) Not stated NA

– Hoch et al.,22 1997† (group 2, at 2 years of study) 23 75–87 24 5.4 ± 7.7 12.7 ± 15.4 25.2 (3.8) Not stated NA

– Hoch et al.,22 1997† (group 2, at 3 years of study) 23 75–87 36 5.4 ± 7.7 9.2 ± 7.5 25.2 (3.8) Not stated NA

– Moderate to severe OSA at baseline

– Pendlebury et al.,23 1997 55 55.8 (SD 10) 17 21.8 ± 11.5 33.4 ± 21.3 29.7 (5.4) 29.6 (5.6) 0.1

– Quan et al.,24 1998 17 53 (SD 12) 82 33.5 ± 27.7 38.5 ± 29.2 Not stated. Obese
population

Not stated Mean weight
increase, 3 kg

– Hayashida et al.,25 2015 82 49.6 (SD 14.5) 90 37.5 ± 20.7 35 ± 20.3 25.9 (2.7) 25.8 (2.7) 0.1

– Sforza et al.,26 1994 58 51 (SD 1.8) 60 52.2 ± 6 52.2 ± 4.8 30.7 (1.1) 31 (1.0) 0.3

RDI values
(8 studies)

Mild OSA at baseline

– Sforza et al.,27 2012 202 68.6 (SD 1.0) 36 8.6 ± 4 9 ± 4.3 24.4 (3.4) 24.6 (3.5) 0.2

– Bliwise et al.,28 1984 (middle aged) 10 51 (SD 4.55) 97 0.7 ± 1.01 3.62 ± 3.4 22.09 23.15 1.06

– Bliwise et al.,28 1984 (older adult) 15 73.6 (SD 7.5) 34 0.86 ± 1.14 2.64 ± 4.47 24.12 24.2 0.08

– Phoha et al.,29 1990 11 65.9 (SD 4.0) 36 3.4 ± 1.4 5.5 ± 2.1 Unknown,
non-obese

Not stated NA

– Redline et al.,30 2003 486 31.6 (SD 17.9) 64 2.6 ± 1.95 2.6 ± 2.39 26.7 (7.7) 28.2 (8.2) 1.5

– Newman et al.,31 2005 (male) 1342 62.1 (SD 9.9) 60 6.3 ± 3.44 8.3 ± 3.82 28.7 (4.3) 29.2 0.5 (2.3)

– Newman et al.,31 2005 (female) 1626 61.8 (SD 10.3) 60 2.8 ± 2.61 4.7 ± 2.98 28.8 (5.9) 29.4 0.6 (2.7)

– Ancoli-Israel et al.,32 1993 (1st follow up) 24 70.1 (SD 3.0) 55 13.41 ± 9.16 13.41 ± 9.78 22.03 (3.61) 26.01 (3.62) 3.98

– Ancoli-Israel et al.,32 1993 (2nd follow up) 24 78.7 (SD 3.1) 102 13.41 ± 9.16 10.44 ± 9.27 26.01 (3.62) 26.99 (3.99) 0.98
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participants with evidence of substantial OSA at baseline.20

Our study mitigates this effect by pooling the data from mul-
tiple large population studies and thereafter performing ana-
lysis after stratifying the patients by clinically relevant
criteria, such as baseline OSA severity, age and BMI. Table 2
further illustrates that there was no significant weight gain or
increase in BMI in these cohorts of patients. Mean increase
in BMI in the mild OSA group over a median follow up of
53.1 months was 1.02, while the corresponding BMI increase
in the moderate to severe OSA group was 0.24 over a median
follow up of 57.8 months. The changes in Apnea Hypopnea
Index or Respiratory Disturbance Index would thus more
likely reflect natural OSA progression rather than being
because of significant weight gain.

Pooled data from mild OSA studies in our analysis showed
that mean Apnea Hypopnea Index increased from 5.21 to 8.03
events/hour at a median follow-up interval of 53.1 months (4.5
years). This represents an almost 50 per cent increase from base-
line Apnea Hypopnea Index value. Although our study found
this increase of Apnea Hypopnea Index value to be statistically
significant, it is important to note that within the limits of our
analysis, in spite of the Apnea Hypopnea Index value increase,
mild OSA does not progress in categorical severity to become
moderate OSA. This differs from what is reported in the litera-
ture; Sahlman et al.8 reported that almost 50 per cent of
untreated mild OSA patients developed moderate or severe
OSA (mean Apnea Hypopnea Index value increase, 13.3) after
4 years. Part of the findings by Sahlman et al. can be explained
by the associated BMI increase by 0.9 points (31.5 to 32.4) in
their patient group, suggesting a strong link between worsening
OSA and weight gain. In addition, Lindberg et al.18 reported that
72 per cent of untreated mild OSA patients progressed by at least
a 50 per cent increase in Apnea Hypopnea Index after 10 years.

As our median follow-up interval is only 53.1 months, it is
not possible to fully substantiate whether mild OSA can
develop into moderate or severe OSA. Further long-term stud-
ies can be useful to evaluate this point, because if mild OSA is
proven to progress ultimately to moderate or severe OSA, it
justifies the treatment of mild OSA in order to avoid progres-
sion and avoid the complications associated with moderate to
severe OSA.2 Hence, at present, from a disease progression
standpoint, changes in respiratory indices may be insufficient
to guide clinical practice on treatment initiation and intensity.

Similarly, our findings showed that patients with moderate
to severe OSA progress at a slower rate compared with those
with mild OSA. In the study by Berger et al.,35 of 160
untreated snorers and obstructive sleep apnoea adult male
patients, it was found that primary snorers and patients with
mild to moderate obstructive sleep apnoea had a significant
increase in Apnea Hypopnea Index over a mean period of
5 years. Pendlebury et al.23 similarly reported up to a 50 per
cent increase in Apnea Hypopnea Index over an even shorter
period of just 17 months (Apnea Hypopnea Index, 21.8 to
33.4). It suggests that in this group (baseline moderate
OSA), the rate of progression may slow or even plateau over
time. However, patients with severe obstructive sleep apnoea
had an insignificant change in Apnea Hypopnea Index. We
postulate that this may be secondary to a ‘ceiling effect’,
where the severity of OSA ceases to affect disease progression
when OSA severity reaches a certain level. The ceiling effect is
described in fields such as cardiology (effect of exercise on
reducing hypertension risk attenuates after reaching a certain
level of intensity or frequency)37 and neurology (effect of
stroke severity on motor recovery outcomes).38 In the context
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of OSA, the ceiling effect has been reported in the effect of
extreme obesity on cardiovascular risk,39 and quality of life
outcomes in low OSA risk patients.40

Our findings showed that patients with lower BMI at diagno-
sis tend to be at higher risk of more rapid OSA progression.
Although this is not in keeping with the overall phenotype of
OSA patients, it may suggest that this group of patients requires

closer follow up after diagnosis. This could possibly be because
of the different pathogenesis towards OSA for non-obese
patients as proposed by Gray et al.41 In their study of OSA in
non-obese patients, Gray et al. found that this group of patients
had a lower respiratory arousal threshold compared with obese
OSA patients, suggesting that beyond anatomical and weight
pre-disposition, this group of non-obese patients have other

Figure 2. (a) Progression of obstructive sleep apnoea on polysomnography showing pre- and post-study Apnea Hypopnea Index (AHI) or Respiratory Disturbance
Index (RDI) values in mild obstructive sleep apnoea, and (b) AHI or RDI rate of change in mild obstructive sleep apnoea.
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non-anatomical contributors towards upper airway obstruction.
Given that mild OSA patients with BMI less than 25 or aged
less than 60 years have higher likelihood of progression, closer
clinical surveillance and earlier treatment may be indicated.

A few studies examining OSA progression reported regres-
sion in OSA severity with time. These include studies by
Ancoli-Israel et al.,32 Sforza et al. 26 and Hayashida et al.25

On further analysis of the Ancoli-Israel et al.,32 study in
1993, when controlled for BMI, there was no significant
change in Respiratory Disturbance Index or sleep indices
over 8.5 years of follow up. This suggested that the reported
OSA regression may have been potentially caused by reduction
in BMI over the study time period. The effect of BMI on OSA
progression was also noted in the study by Sforza et al., which
attributed the lack of OSA progression in their population to a
predominantly non-obese study population (90 per cent),
which would not be reflective of the general population.

Age-related weight gain is a known phenomenon that has
been attributed to changes in adipokine (such as leptin)
modulation with increasing age.36 Hayashida et al. showed a
slight decrease in post-study Apnea Hypopnea Index (37.5
to 35); however, this was not significant and largely attributed
to a stable body weight. Only patients with up to 3 kg of body
weight change were included in the study, which is unlikely to
be representative of a natural patient population with
untreated severe OSA at baseline. Hence, it suggests that the
regression of OSA in these studies was confounded by lack
of weight change. Thus, our study findings of an overall taper-
ing in OSA increase rather than outright regression would be
closer to the true pattern of untreated OSA changes over time.

We recognise that this systematic review is limited by the
design and conduct of the available studies in the current lit-
erature. Unfortunately, not many longitudinal studies stratify
patients according to baseline OSA severity, nor do they report

Figure 3. (a) Progression of obstructive sleep apnoea on polysomnography showing pre- and post-study Apnea Hypopnea Index (AHI) or Respiratory Disturbance
Index (RDI) values in moderate to severe obstructive sleep apnoea, and (b) AHI or RDI rate of change in moderate to severe obstructive sleep apnoea.
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exact values of change in polysomnographic indices.
Furthermore, most randomised studies are designed to be
completed over a short time interval. For these reasons, the
findings presented in our review may not be fully reflective
of the temporal effect on OSA progression across each severity

level as yet. Nonetheless, it does provide some insight into the
trends of OSA progression and help with the identification of
at-risk patient groups.

At present, it is still difficult to decide to treat mild OSA
from the disease progression standpoint, as even though

Figure 4. Overall rate of obstructive sleep apnoea Apnea Hypopnea Index (AHI) or Respiratory Disturbance Index (RDI) change for mild obstructive sleep apnoea
grouped by (a) age and (b) body mass index (BMI).
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Figure 5. Overall rate of obstructive sleep apnoea Apnea Hypopnea Index (AHI) or Respiratory Disturbance Index (RDI) change for moderate to severe obstructive
sleep apnoea grouped by (a) age and (b) body mass index (BMI).

Table 3. Summary of OSA progression rates for patients with baseline mild and moderate to severe OSA

Group
Initial rate
(events/hour−1)

3-month rate
(events/hour−1)

6-month rate
(events/hour−1)

1-year rate
(events/hour−1)

2-year rate
(events/hour−1)

3-year rate
(events/hour−1)

Mild OSA 1.57 1.65 1.61 1.51 1.33 1.14

Moderate to
severe OSA

2.85 2.73 2.61 2.38 1.91 1.44

OSA = obstructive sleep apnoea
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mild OSA does progress, it does not progress to moderate or
severe OSA. Treatment of mild OSA at present should still
be guided by symptom relief and quality of life improvement.
Another aspect that can guide treatment decision is to evaluate
whether untreated mild OSA is associated with any cardiovas-
cular or metabolic co-morbidities. However, at present, this
aspect still requires further research evidence to evaluate.

Conclusion

Patients diagnosed with OSA show disease progression if left
untreated, although the rate of disease progression tapers over
time. Patients diagnosed with mild OSA are likely to taper at
a slower rate, when compared against patients with moderate
to severe OSA at baseline. At present, although mild OSA
does progress, it has not been found to progress across category
into moderate OSA. It is therefore difficult to justify the treat-
ment of mild OSA from the standpoint of disease progression.
Advanced age (more than 60 years) appears to be a protective
factor against disease progression for mild OSA patients. This
represents a group of patients in whom closer clinical surveil-
lance and intensive treatment may be indicated.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0022215122002419.
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