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ABSTRACT
Aims: The natural history of mild childhood obstructive
sleep apnoea (OSA) was examined and factors associated
with disease progression were identified.
Methods: Subjects were recruited from an epidemiological study which examined the prevalence of OSA in
Chinese children aged 6–13 years. The first 56 consecutive children identified with mild OSA (apnoeahypopnoea index 1–5) were invited for a repeat
assessment 2 years after the diagnosis.
Results: 45 children participated in the follow-up study,
in 13 of whom (29%) the OSA was found to have
worsened. Compared with those in whom OSA had not
worsened, the worsened OSA group had a greater
increase in waist circumference, a higher prevalence of
large tonsils (occupying >50% of the airway) at both
baseline and follow-up, and a higher prevalence of
habitual snoring at both baseline and follow-up. The
presence of large tonsils had a positive predictive value of
53% and a negative predictive value of 83% for worsening
OSA over a 2-year period. Multivariate linear regression
analysis showed that the change in obstructive apnoeahypopnoea index was associated with age at baseline (b
(SE) = 20.92 (0.34), p = 0.009), gender (male = 1;
female = 0) (b (SE) = 4.69 (1.29), p,0.001), presence
of large tonsils at baseline (b (SE) = 4.36 (1.24),
p = 0.001), change in waist circumference (b
(SE) = 0.30 (0.09), p = 0.002) and persistently large
tonsils (b (SE) = 5.69 (1.36), p,0.001) over the 2-year
period.
Conclusions: Mild OSA in the majority of children does
not resolve spontaneously. Subjects with tonsillar
hypertrophy, especially boys, should be closely monitored
to allow early detection of worsening OSA. Weight control
should be stressed in the management of childhood OSA.

Childhood obstructive sleep apnoea (OSA) can lead
to a number of important short- and long-term
complications including hypertension, ventricular
dysfunction, insulin resistance and neurocognitive
deficits.1–5 The natural history of OSA is still
uncertain. Prospective studies in adults suggest
that weight gain and obesity are predictors of
worsening of OSA.6–8 In contrast, convincing
evidence on the natural history of paediatric OSA
is lacking. Early studies were mostly based on
subjective data from parent-reported questionnaires.9 10 Ali et al showed that over half of children
with habitual snoring at 4–5 years of age no longer
did so 2 years later.9 Urschitz et al performed a 1year follow-up study which also reported similar
results.10 In addition, the investigators found that
low maternal education, household smoking and
loud snoring at baseline were predictors of persistent snoring in children.10 Two other studies in
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children suggested that most children with primary snoring did not progress to OSA over a course
of several years.11 12 To our knowledge, there is only
one study that has examined the natural history of
children with mild OSA.13 In that study, three of
seven children studied with mild OSA at the initial
survey had significant disease progression.13
However, the investigators could not determine
predictors for worsening of disease owing to the
small sample size and lack of a control group.
Understanding the natural history of OSA and
ascertainment of factors that are associated with
disease worsening would allow a more scientific
approach for future patient care. A progressive
nature of the condition would mandate follow-up
of mild cases who do not receive treatment, as well
as potentially influencing treatment planning at an
early stage. We aimed in this study to examine the
natural history of mild childhood OSA and to
investigate important risk factors that may influence disease progression.

METHODS
Subjects and study design
This was a prospective longitudinal follow-up
study, an extension of our Childhood OSA
Prevalence (COP) study which was initiated in
2003 with the aim of evaluating the prevalence of
OSA in Hong Kong Chinese children aged 6–
13 years.14 The COP study was a community-based
study in which children were randomly selected
from 13 primary schools in two districts in the
territory. It was a two-phase study involving an
OSA questionnaire screening followed by overnight polysomnography (PSG) confirmation and
adenotonsillar size assessment by a paediatric
otorhinolaryngologist. Subjects identified as having
mild OSA (obstructive apnoea-hypopnoea index
(OAHI) 1–5) and confirmed not to have received
any treatment for their condition in the previous
2 years were invited to participate in this followup study. They completed the same OSA questionnaire and underwent the same set of investigations as previously.

Questionnaire
A validated sleep questionnaire based on parental
reporting was given to each subject to obtain the
following information:
c Snoring frequency and other OSA-related
symptoms rated on a 5-point rating scale (0–
4) where 0 = never, 1 = rarely (0–1 night per
month), 2 = sometimes (1–2 nights per
month), 3 = often (1–2 nights per week),
4 = frequently (>3 nights per week). Habitual
snoring was defined as snoring frequency
27
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Natural history and predictors for progression of mild
childhood obstructive sleep apnoea

Sleep-disordered breathing
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Anthropometric measurements
Anthropometric parameters including weight, height and waist
circumference were measured on the day of PSG. Body mass
index (BMI) and waist circumference were translated into zscores according to local references.16 17 Obese children were
defined as BMI z-score (z-BMI) .1.645, corresponding to the
95th percentile (relative to age and gender).

Polysomnography (PSG)
All recruited children underwent initial and follow-up standard
overnight PSG at a dedicated sleep laboratory with a CNS 1000P
polygraph (CNS Inc, Chanhassen, Minnesota, USA) as
described in our previous publication.18 All computerised sleep
data were further manually scored by experienced PSG
technologists and clinicians according to standardised criteria.19
We defined obstructive apnoea as absence of airflow with
persistent respiratory effort lasting >2 baseline breaths,
irrespective of changes in oxygen saturation. Obstructive
hypopnoea was defined as a reduction of >50% in the
amplitude of the airflow signal with persistent respiratory
effort. It was only quantified if >2 baseline breaths and
associated with oxygen desaturation of >3% and/or arousals.
OAHI was defined as the total number of obstructive apnoeic
and hypopnoeic episodes per hour of sleep. Oxygen desaturation
index was defined as the total number of dips in arterial oxygen
saturation (using Ohmeda 3700 pulse oximeter and measured
by finger sensor, averaging time 3 s) >3% per hour of sleep.
Arousal was defined according to standard criteria.20 The total
arousal index was defined as the total number of arousals per
hour of sleep. Respiratory arousal index was defined as the
number of arousals which followed apnoea, hypopnoea or flow
limitation per hour of sleep.
Worsening of OSA was defined as an increase in OAHI
greater than its measurement error. In our previous study which
investigated the night-to-night variability of overnight sleep, 87
children underwent PSG on two consecutive nights.21 Thirty-six
had an OAHI between 1 and 5 on the first night of the study.
The subgroup had a common within-subject SD (sw) of 0.86.
According to Bland and Altman,22 the measurement error of
OAHI was 1.966!26sw = 2.38. Hence, children with an
increase in OAHI of .2.38 were classified into the group in
whom OSA worsened while the others were classified as the
referent group.

Adenotonsillar size assessment
The size of tonsils and adenoids was evaluated by endoscopic
examination via a flexible fibrescope (Olympus P4). The
examination was performed by an otorhinolaryngologist who
was blind to the PSG result of the subjects. Tonsil size was
reported as a percentage of the oropharyngeal airway while
adenoid size was assessed as a percentage of the nasopharyngeal
airway. A large tonsil or adenoid was defined as the soft tissue
occupying >50% of the corresponding airway. Tonsils and
adenoids were further classified as ‘‘persistently large’’ if they
were large at both baseline and follow-up, as ‘‘persistently
small’’ if they were small at both time points, as ‘‘shrunken’’ if
28

they were large at baseline but not at follow-up, and as
‘‘enlarged’’ if they were small at baseline and became large at
follow-up.

Statistical analysis
All the parametric and non-parametric data were expressed as
mean (SD) and median (IQR), respectively. Paired t tests,
Wilcoxon signed rank tests and McNemar tests were used to
examine intragroup differences between baseline and follow-up
for parametric, non-parametric and dichotomous data, respectively. Student t tests and x2 tests (or Fisher exact tests) were
used to detect between-group differences for continuous and
categorical data, respectively. Linear regression analyses were
performed to investigate factors that were associated with the
change in OAHI. Two different multivariate models were
developed to test if any baseline variables and if any changes in
subject characteristics over the 2-year period were associated
with the change in OAHI. Independent variables with p,0.05
in univariate analyses were put into the multivariate model
with adjustment for age at baseline and gender. All analyses
were performed using SPSS Version 13.0 (SPSS, Chicago,
Illinois, USA).

RESULTS
In our COP study a total of 199 children were found to have an
OAHI between 1 and 5. Owing to limited resources, only the
first 56 consecutive children were invited to participate in this
follow-up study. Eleven (20%) refused to return for repeat
assessment owing to school commitments or other personal
reasons. Children who were not invited to participate in the
study were significantly older (10.6 (1.7) years vs 9.3 (1.7) years,
p,0.001), taller (141 (11) cm vs 134 (11) cm, p,0.001) and had
a lower OAHI (1.9 (1.2–2.8) vs 2.2 (1.5–2.9), p = 0.037) than
those who were approached. The former group also had a
smaller proportion of subjects with habitual snoring (21.7% vs
60.7%, p,0.001) and large tonsils (16.3% vs 30.4%, p = 0.027).
No significant differences were found between the participants
in the follow-up study and those who refused to participate.

Subject characteristics at baseline and follow-up
For the whole group, BMI and waist circumference increased
significantly with age but their z-scores did not change
significantly. The percentage of slow wave sleep decreased with
increasing age. The OAHI values differed significantly between
the two time points (fig 1). The arousal index was also
significantly higher at follow-up. Neither tonsil nor adenoid size
changed significantly during the 2-year follow-up period (see
table 1 in online supplement).
For OSA-related symptoms, only 43 subjects were included in
the analysis because 2 subjects did not return their questionnaire at follow-up. The prevalence of OSA-related symptoms
did not change significantly except for habitual snoring which
decreased from 67.4% to 46.5% (p = 0.012).

Comparison between worsened OSA group and referent group
Thirteen of the 45 children (29%) had worsened OSA. The
increase in waist circumference was significantly greater in the
worsened group than in the referent group (8.1 (6.3) vs 2.8 (5.5),
p = 0.008, table 1). No significant differences were found in the
presence of atopic diseases, history of adenotonsillitis in the
follow-up period, household smoking and socioeconomic factors
between the two groups (see table 2 in online supplement).
Thorax 2010;65:27–31. doi:10.1136/thx.2009.120220
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scored 4. Similarly, other OSA-related symptoms were
defined as positive only if a score of 4 was given.
Clinical features: history of atopy and upper respiratory
tract infection in the past 12 months.
Socioeconomic and environmental factors: household smoking, family income and parental education.15

Sleep-disordered breathing

Male gender, n (%)
Age, years
Baseline
Change
Body mass index z-score
Baseline
Change
Waist circumference z-score
Baseline
Change

Referent
(n = 32)

Worsened OSA
(n = 13)

p Value

21 (65.6)

10 (76.9)

0.724

9.4 (1.7)
1.87 (0.16)*

8.7 (1.7)
1.93 (0.17)*

0.187
0.245

0.82 (0.98)
0.03 (0.44)

0.87 (1.11)
0.20 (0.50)

0.892
0.271

0.67 (1.17)
0.06 (0.59)

0.83 (0.80)
0.37 (0.60)*

0.653
0.123

Values are mean (SD) unless stated otherwise.
*Significant change from baseline, p,0.05 (paired t test).

with male gender were significant predictors in the multivariate
model (table 3, model 2).

DISCUSSION
Figure 1 Change in obstructive apnoea-hypopnoea index of each
subject over 2-year follow-up period.

The group with worsened OSA had a greater proportion of
children with large tonsils at both baseline (p = 0.016) and
follow-up (p = 0.001, table 2). The presence of large tonsils at
baseline had a positive predictive value (PPV) of 53% and a
negative predictive value (NPV) of 83% for worsening of OSA.
Further analyses revealed that the worsened group had a lower
prevalence of persistently small tonsils (31% vs 78%) and a
higher prevalence of persistently large tonsils (46% vs 6%) than
the referent group (p = 0.003) (see table 3 in online supplement).
The group with worsened OSA had a higher prevalence of
habitual snoring both at baseline (p = 0.008) and at follow-up
(p,0.001, table 2). The proportion of subjects with night
sweating and restless sleep tended to decrease in the referent
group (p = 0.063 and p = 0.070, respectively) but not in the
worsened OSA group (see table 4 in online supplement).

Association between change in OAHI and baseline
characteristics
Several baseline variables including BMI z-score (p = 0.048),
presence of large tonsils (p = 0.007) and presence of habitual
snoring (p = 0.045) were significantly associated with change in
OAHI in univariate analysis (table 3). However, in a multivariate model adjusted for age and gender, only the presence of
large tonsils had a significant effect (p = 0.001). Both age
(p = 0.009) and male gender (p,0.001) were also significant in
the model (table 3, model 1).

Association between change in OAHI and change in other
characteristics
In univariate analysis, the change in OAHI was significantly
associated with the presence of persistent large tonsils
(p,0.001), the change in waist circumference (p,0.001) and
its z-score (p = 0.028). The first two variables were then
analysed together in a multivariate model with adjustment for
age and gender. The change in waist circumference z-score was
not included to avoid multicollinearity. Both factors together
Thorax 2010;65:27–31. doi:10.1136/thx.2009.120220

In this population-based cohort, mild OSA in about one-third of
cases progressed to a more severe state after 2 years. Gender,
large tonsils and increase in waist circumference were factors
associated with disease progression. In particular, the presence
of large tonsils had a PPV of 53% and an NPV of 83% for
worsening OSA over a 2-year period. To our knowledge, this is
the first longitudinal study to identify factors associated with
the natural progression of mild childhood OSA.
Previous studies showed that the majority of children with
sleep-related breathing problems did not progress with time.11–13
In contrast, the present study found a substantial proportion
of subjects (29%) had worsening of OSA over a 2-year period.
The discrepancy can probably be attributed to different
characteristics of the study population and the definition of
deterioration.
Identifying predictors for progression of OSA is important for
clinicians. It allows better treatment prioritisation and a more
evidence-based approach in patient management. In adults,
weight gain and BMI at baseline were found to be significant
predictors of worsening of OSA.23–25 However, the aetiology of
OSA is quite different in adults and children, with upper airway
enlarged lymphoid tissue being an important cause in children.
So far, none of the published paediatric studies has examined for
predictors of OSA progression. One previous study attempted to
look for predictors of persistent snoring. Low maternal
education, household smoking and snoring loudness were found
to be significant predictors.10 However, the study was limited by
its questionnaire-based design. Our current study found that
household smoking and socioeconomic factors were not
associated with worsening of OSA. In contrast, the presence
of large tonsils and an increase in waist circumference were
significant predictors for disease progression.
It is well established that adenotonsillar hypertrophy is a
major cause of childhood OSA. We have previously reported
that the tonsillar pharyngeal ratio, a radiological method for
assessing tonsillar size, correlated positively with OSA severity.26 The positive association between the presence of large
tonsils and worsening of OSA in this study raised the question
whether children with mild OSA who have large tonsils should
be considered for early surgical intervention. One could argue
that such drastic action may not be necessary as tonsil size
usually decreases with increasing age. In this cohort, 8 of the 15
29
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Table 1 Demographic, clinical and socioeconomic features of referent
group and group with worsened obstructive sleep apnoea (OSA)

Sleep-disordered breathing

Referent
(n = 32)
OAHI (/h)
Baseline
2.2 (1.4–2.8)
Follow-up
1.7 (0.7–2.4)
Change
-0.5 (-1.4–0.8)
Large tonsils, n (%)
Baseline
7 (21.9)
Follow-up
2 (6.3)
p Value*
0.063
Large adenoid, n (%) (n = 40)
Baseline
5 (18.5)
Follow-up
3 (11.1)
p Value*
0.7
Habitual snoring, n (%) (n = 43)
Baseline
18 (56.3)
Follow-up
10 (31.3)
p Value*
0.021

Worsened OSA
(n = 13)

p Value

2.6 (1.6–3.4)
7.3 (6.7–13.3)
4.9 (3.9–11.2)

0.2
,0.001
,0.001

8 (61.5)
7 (53.8)
1.0

0.016
0.001

4 (30.8)
4 (30.8)
1.0

0.4
0.2

11 (100)
10 (90.9)
1.0

0.008
,0.001

Data shown as median (interquartile range) or mean (SD).
*Obtained from McNemar tests.
OAHI, obstructive apnoea hypopnoea index.

subjects (53.3%) with large tonsils at baseline had persistently
large tonsils 2 years later. Children with persistently large
tonsils tended to be younger than those whose tonsils had
subsequently decreased in size (age at baseline 7.9 (0.9) years vs
9.9 (2.1) years, p = 0.056). A previous study suggested that
tonsil size peaked in 4–8-year-old children and the prevalence of
tonsillar hypertrophy was low after the age of 8 years.27
However, longitudinal data describing the change in tonsil size
in childhood are lacking and we do not know how long it takes
for large tonsils to shrink. Taking into account important
complications of OSA, regular surveillance is recommended to
allow early detection of disease progression in children with
mild OSA.

Increase in waist circumference, which outweighed BMI as a
surrogate marker of weight gain, was found to be another
predictor of OSA progression. Waist circumference may be a
better predictor of cardiovascular risks than BMI.28 29
Furthermore, waist circumference has also been found to have
a greater association with OSA than BMI.30 Increase in waist
circumference, which signifies an increase in central obesity, can
lead to lung volume reduction. The result is a loss of tracheal
traction on the upper airway which then has a greater tendency
to collapse.31 32 Even though the waist circumference z-score was
not different between those with OSA progression and those
without, the marked increase in waist circumference in cases
with disease progression further emphasises the need to
implement weight control as part of the management of
childhood OSA.
Boys were more likely to have disease progression. Further
analysis showed that girls were younger than boys (8.3
(1.7) years vs 9.7 (1.6) years at baseline, p = 0.012), but there
were no significant gender differences in weight gain and change
in tonsil size. Both oestrogen and progesterone were found to be
protective against upper airway collapse.33 However, most of
the girls in this cohort were still prepubertal at follow-up.
Further studies are needed to delineate the underlying mechanism for this gender difference.
Our data showed poor correlation between OAHI-defined
disease progression and OSA-related symptoms. This was not
surprising because a high OAHI is not always accompanied by
symptoms. The Wisconsin sleep cohort reported a minimal OSA
prevalence rate of 2% and 4% for males and females when
daytime complaints were included as one of the diagnostic
criteria. The rate would inflate greatly to 9% and 24% if
symptoms were excluded in the definition.34 Similarly, in our
COP study in which the definition of childhood OSA was based
on ICSD II criteria,35 the prevalence was 4.8% (95% CI 4.3% to
5.4%). When the definition was based solely on OAHI >1, the
prevalence increased dramatically to 40.3% (95% CI 39.1% to
41.5%).14 Thus, symptom-based diagnostic criteria may not

Table 3 Linear regression analyses assessing the association between the change in OAHI and different
independent variables (n = 45)
Multivariate
Univariate
b (SE)
Male gender
Baseline characteristics
Age
BMI
BMI z-score
Waist
Waist z-score
OAHI
Large tonsils
Habitual snoring
Changes over 2 years
BMI
BMI z-score
Waist
Waist z-score
Persistent large tonsils

Model 1*
p Value

b (SE)

Model 2{
p Value

b (SE)

p Value

2.10 (1.44)

0.153

4.69 (1.29)

,0.001

2.60 (1.18)

0.033

20.64
0.26
1.33
0.03
0.81
0.76
3.75
2.85

(0.39)
(0.18)
(0.66)
(0.06)
(0.63)
(0.65)
(1.33)
(1.38)

0.106
0.174
0.048
0.643
0.206
0.248
0.007
0.045

20.92 (0.34)

0.009

20.01 (0.36)

0.987

0.97 (0.55)

0.084

4.36 (1.24)
0.92 (1.21)

0.001
0.453

0.51
0.44
0.41
2.48
6.26

(0.45)
(1.50)
(0.09)
(1.09)
(1.51)

0.261
0.769
,0.001
0.028
,0.001

0.30 (0.09)

0.002

5.69 (1.36)

,0.001

*Adjusted for baseline characteristics including age, gender, body mass index z-score, presence of large tonsils and habitual
snoring.
{Adjusted for age at baseline, gender, change in waist circumference and presence of persistent large tonsils.
BMI, body mass index; OAHI, obstructive apnoea hypopnoea index; waist, waist circumference.
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Table 2 Obstructive sleep apnoea (OSA)-related signs and symptoms
of the two groups
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provide a true picture of OSA epidemiology. Furthermore,
symptoms were based on parental reporting, which could be
subject to recall bias.
This study has several limitations. First, subjects only
underwent a single night PSG and there is a possibility of
subject misclassification due to the first-night effect and nightto-night PSG variability. Our research group, however, has
previously shown that a single night study can correctly
identify 80% of all OSA cases and, as resources were limited, a
single night was deemed to be adequate.21 Second, this study
involved two visits across a relatively short follow-up period. A
larger scale study with longer follow-up and more assessments
at different time points would be invaluable. Although pubertal
status was not assessed in the study, most of our subjects were
likely to be in the prepubertal stage as reflected by their young
mean age of 11.1 years.36 Finally, the study did not examine
complications of childhood OSA such as cardiovascular and
neurobehavioural outcomes. If these measures were also shown
to deteriorate corresponding to worsening of OSA, clinicians
would be more inclined to treat mild cases of OSA more
aggressively.
We conclude that children, especially boys, with mild OSA and
tonsillar hypertrophy should be closely monitored by regular
follow-up to allow early detection of worsening OSA. Weight
control is important in the management of childhood OSA.

