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Abstract

Purpose Sleep disordered breathing (SDB) is common in
children, resulting in extensive waiting lists for specialist
clinics. There is an urgent need for a valid method of triaging
patients and the OSA-18, a disease-specific tool, is an attrac-
tive candidate for this role. We aimed to examine the OSA-18
as a measurement tool in detail and to determine whether the
score or aspects of it could be used as a screening tool for SDB
in children.

Methods Retrospective analysis of 582 children
(6 months to 16.4 years)—216 underwent overnight
PSG and 366 overnight oximetry. Confirmatory factor
analysis (CFA) and exploratory factor analysis (EFA)
were conducted. Receiver operating characteristic curve
analysis assessed the diagnostic accuracy of the factors
for the presence of OSA. Rasch analysis was used to
assess the structure of the items (1-18) and categories
of response (Likert scale).

Lisa M. Walter and Sarah N. Biggs are co-first authors.

b4 Lisa M. Walter
lisa.walter@hudson.org.au

The Ritchie Centre, Hudson Institute of Medical Research
Melbourne, Level 5 Monash Medical Centre, 246 Clayton Road,
Clayton, VIC 3168, Australia

Department of Paediatrics, Monash University, Melbourne, Australia

Murdoch Children’s Research Institute, University of Melbourne,
Melbourne, Australia

Department of General Medicine, Royal Children’s Hospital,
Melbourne, Australia

> Melbourne Children’s Sleep Centre, Monash Children’s Hospital,
Melbourne, Australia

Results The CFA with a forced five-factor structure, revealed
three factors with Eigenvalues >1, and explained 73.7 % of the
variance. EFA resulted in a two-factor structure, explaining
60.3 % of the variance. Assessment of sensitivity and speci-
ficity showed a high false-positive rate, irrespective of the
factor structure tested. Rasch analysis showed poor discrimi-
nation between adjacent categories on the Likert scale.
Conclusion This study confirmed that the predictive value of
the OSA-18 for SDB severity is weak. Some questions per-
form better than others statistically, and the seven categories of
response introduce significant statistical noise, raising the pos-
sibility that modification of the OSA-18 may improve its per-
formance in the prediction of OSA severity.
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Introduction

Obstructive sleep apnea (OSA) is very common, affecting 1—
3 % of children [1]. First-line treatment for moderate-severe
OSA is surgical removal of the tonsils and adenoids
(adenotonsillectomy, AT). Given the limited availability
of specialist pediatric sleep physicians, pediatric
polysomnography (PSG) services, and otorhinolaryngology
services, a simple way of estimating the severity of OSA is
attractive as a triage or health care system tool.

There are a number of screening instruments available that
assess frequency and characteristics of nocturnal respiratory
disturbance in children, with varying levels of validity and
reliability [2]. The assumption of a correlation between worse
health-related quality of life (HRQOL) and OSA severity has
led to the use of the OSA-18 as a surrogate diagnostic tool to
estimate OSA severity [3, 4]. The OSA-18 is a 7 category
Likert-type scale with 18 questions, developed as a practical
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office-based questionnaire to determine the impact of OSA on
children’s HRQOL [5]. It is based on five domains: sleep
disturbance, physical symptoms, emotional symptoms, day-
time function, and caregiver concerns. In the original descrip-
tion of the score, Franco and colleagues reported that HRQOL
was negatively correlated with disease severity [5]. They sug-
gested that scores less than 60 reflected a small impact on
HRQOL, scores between 60 and 80 a moderate impact, and
scores above 80 a high impact.

While there are studies that have proposed the OSA-18 as a
valid method for discriminating OSA severity and determin-
ing improvement following treatment [6—8], there are also
studies which have demonstrated no correlation between the
OSA-18 score and disease severity [9—12]. However, most of
these studies evaluated the OSA-18 total symptom score,
without considering either individual domains or questions.
In addition, the original development of the domains was
based on clinical experience and has not, to our knowledge,
been factor analyzed to determine construct validity. It may be
that some items or questions in the OSA-18 relevant to
HRQOL are not a valid assessment of OSA severity, thus
reducing the efficacy of the total symptom score as a screening
tool. The use of a 7-category Likert scale has also not been
validated and may be a source of considerable statistical
“noise.” In this study, we aimed to determine the most statis-
tically robust factor structure of the OSA-18 and identify as-
pects of the questionnaire that may contribute to its predictive
ability in assessing disease severity in children. We hypothe-
sized that (1) the total score of the OSA-18 would not be a
valid method of distinguishing between OSA severities and
(2) some items of the OSA-18 would be more robust than
others and could improve the efficacy of the OSA-18 as a
screening tool for OSA severity in children.

Methods

Ethical approval for this study was granted by the Monash
Health and Monash University Human Research Ethics
Committees. Written informed consent was obtained from
parents at the time of the clinical testing for use of data
pertaining to the diagnostic PSG or home oximetry for re-
search purposes. There was no monetary incentive for
participation.

This is a retrospective analysis of OSA-18 data from 582
children (6 months to 16.4 years) attending the Melbourne
Children’s Sleep Centre for assessment of SDB and 41 non-
snoring control children recruited from the community. Two
hundred sixteen (37 %) children underwent overnight
polysomnography (PSG) and further 366 (63 %) had over-
night oximetry. At the time of the PSG or oximetry, children
were otherwise healthy and not undergoing treatment with
nasal steroids, leukotriene receptor antagonists, or antibiotics.
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The OSA-18 questionnaire was completed by a parent on the
day or evening of the overnight sleep test (PSG or oximetry).

PSG was conducted using established clinical protocols
[13]. Briefly, electroencephalogram, left and right electroocu-
logram, submental electromyogram, left and right anterior
tibialis muscle electromyogram, electrocardiogram, respirato-
ry effort measured using respiratory inductance plethysmog-
raphy, transcutaneous carbon dioxide, oxygen saturation, na-
sal pressure, and oronasal airflow were recorded (Series E
Sleep System Compumedics, Melbourne, Australia). Sleep
and respiratory events were scored according to standard clin-
ical guidelines [14, 15]. We have demonstrated that there is no
significant clinical difference between studies scored by the
different rules used over the period of this analysis [16].
Oximetry was performed overnight at home using Masimo
Radical 7 oximeters set at 2 s averaging (Masimo
Corporation, CA, USA).

Statistical analysis

OSA-18 questionnaires were analyzed from all 582 children
(age range 6 months to 16.4 years) for confirmatory factor
analysis (CFA) to confirm the five-factor structure of the orig-
inal OSA-18 by forcing the five-factor structure using all
items of the questionnaire. Exploratory factor analysis (EFA)
was conducted only on the 216 (37 %) children who
underwent PSG to explore the best-fit factor and item struc-
ture, to determine if a more statistically robust factor structure
existed for identification of SDB severity [17]. To account for
the error variance within items and allow for factor correla-
tion, principal axis factoring (PAF) and oblique rotation
(Promax) were used in both the CFA and EFA [18-20].
Initial factor extraction in the EFA was based on the Kaiser
test of Eigenvalues >1, which is the point at which the factor
explains more of the variance than the individual items within
each factor [21]. Subsequent factor extractions were based on
examination of item loadings and trivial factors [21]. Any item
with a factor loading <0.4 were removed. Any factors contain-
ing two or fewer items (trivial factors) were also removed.
Factor reliability was assessed using Cronbach’s coefficient
[22, 23].

The original OSA-18 sub-scales and the factors derived
from the CFA and EFA were assessed against an OAHI > 5
events/h (moderate-severe OSA) and an OAHI > 2 events/h
(includes cases of mild OSA) in the sub-sample of children
who underwent PSG (N =216, age range 2 to 12.5 years). An
OAHI > 2 events/h was chosen based on previous literature
showing that treatment at this level improves OSA symptoms
significantly more than not treating [24]. A second cutoff of
OAHI > 5 events/h was used to determine whether discrimi-
nation differed with increasing severity. Receiver operating
characteristic (ROC) curve analyses were then used to assess
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the diagnostic accuracy of each of the sub-scales and factors in
the clinical sample of children (N = 175) and non-snoring
controls (N = 41) who underwent overnight PSG. Diagnostic
accuracy is represented by the area under the curve (AUC) and
describes the overall probability that the scale will accurately
identify a positive case. An AUC value of 1 indicates 100 %
accuracy, and an AUC of 0.5 indicates that the probability of a
positive case being identified is no better than chance. Cutoff
scores for the original OSA-18 and the factors extracted from
the EFA were determined based on the best proportional bal-
ance of sensitivity and specificity.

Further analysis of the properties of the questionnaire was
performed using the Rasch model [25, 26]. A Rasch measure-
ment scale was constructed using Quest [27]. Rasch analysis
consists of locating category thresholds for each OSA-18 item
and a thorough analysis of fit of the data to the model, overall
and at the item level. This analysis served to identify whether
the seven questionnaire response categories (from “none of
the time” to “all of the time”) were distinct from each other
and how each of the 18 items related to the construct measured
with the questionnaire.

Results
Demographics

The mean age of'the entire cohort (n = 582) was 4.5 £2.6 years
(STD) and ranged from 6 months to 16.4 years (85 %
aged < 6 years, 42 % male). There was no significant differ-
ence between the mean age of the children who had oximetry
only (n =366, 4.4 + 3.1 years, range 6 months to 16.4 years,
34 % male), and the children who had PSG (n = 216,
4.7+ 1.5 years, range 2 to 12.5 years, 57 % male). There were
proportionately more females in the oximetry only group
compared to PSG group (73 vs 27 %, respectively,
P < 0.001). The proportion of males was equivalent across
the groups (50 vs 50 %, respectively). Subjects who had
PSG were grouped by severity of OSA according to OAHI
as follows: controls n = 41 (median OAHI 0/h, range 0-0.8);
primary snoring n =78 (median OAHI 0.2/h, range 0—1); mild
OSA n = 50 (median OAHI 2.8/h, range 1.1-5), and
moderate-severe OSA n = 46 (median OAHI 11.3/h, range
5.1-61.2).

Confirmatory factor analysis

The confirmatory factor analysis (N = 582), forcing a five-
factor structure, revealed three factors with Eigenvalues >1
and no item with a factor loading <0.4 (Table 1). The total
variance explained by the five factors was 73.7 %. This anal-
ysis revealed three complex items loading equally on more
than one factor—concerned child not getting enough air

(question 16), mouth breathing because of obstruction (ques-
tion 5), and poor attention span or concentration (question 13).
This indicates that the items are not discriminatory (i.e., are
measuring more than one construct) and thus introduce co-
variance across factors.

Overall, the factor structure revealed in this analysis re-
flects that originally designed by Franco et al. [5]; however,
only three factors had Eigenvalues >1. Factor 1 includes all
items from the sleep disturbance sub-scale, plus one item from
physical symptoms (mouth breathing) and one from caregiver
concerns (concerned child not getting enough air). Factor 2
reflects emotional distress, factor 3 physical symptoms, factor
4 caregiver concern, and factor 5 daytime function.

Exploratory factor analysis

The initial PAF (V= 582) on all 18 items of the OSA-18
resulted in a three-factor structure, based on Eigenvalues >1,
accounting for a total of 57.8 % of the variance. Examination
of the pattern matrix revealed two items with loadings <0.4:
difficulty getting up in the morning (question 14) and difficul-
ty swallowing foods (question 8). These were removed from
subsequent analyses.

A second PAF on the remaining 16 items resulted in a two-
factor structure, based on Eigenvalues >1, accounting for
55.5 % of the variance. The pattern matrix revealed one item
with a loading <0.4: excessive daytime sleepiness (question
12). This factor solution also revealed one trivial factor (con-
taining only two items) with an Eigenvalue <1. As a result,
these items—nasal discharge or runny nose and frequent colds
or upper respiratory infection—were removed from further
analysis.

The final PAF (13 items) resulted in a two factor structure
explaining 60.3 % of the variance. Table 2 shows the factor
loadings, Eigenvalues, variance explained, and internal con-
sistency (Cronbach’s ) of each factor. This table also shows
the reliability of the factor if individual items were removed.
The lack of change, or slight decrease in alpha if individual
items are removed, indicates that this two-factor structure is
the most robust for these items.

Receiver operating characteristic curves

Table 3 shows the results from the ROC analyses
(N = 216) for each of the domains on the original OSA-
18 sub-scales, the five-factor structure of the CFA and the
two-factor structure of the EFA against an OAHI >5 and 2
events/h, respectively. Due to the similarity between the
original domain structure and the results of the CFA, cut-
off scores were not assessed for the factors of the CFA.
The domain with the greatest diagnostic accuracy was
caregiver concern (AUC = 0.63); however, this still rep-
resents poor discrimination. While many of the factors
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Table 1  Factor structure, item loading, Eigenvalues, percentage of variance explained, and reliability analysis of OSA-18 following confirmatory
factor analysis of the five-factor structure
Item Item Eigenvalue % of variance a if item
loading explained removed
Factor 1 (sleep disturbance) 7.8 43.58 0.88
Breath holding spells or pauses in breathing 0.98 0.85
Loud snoring 091 0.86
Choking or gasping 0.84 0.85
Concern child is not getting enough air 0.56 0.85
Mouth breathing because of obstruction 0.52 0.88
Restless sleep or frequent awakenings 0.48 0.88
Factor 2 (emotional distress) 2.3 12.72 0.89
Discipline problems 0.95 0.84
Mood swings or temper tantrums 0.92 0.86
Aggressive or hyperactive problems 091 0.84
Poor attention span or concentration 0.48 0.91
Factor 3 (physical symptoms) 1.3 7.20 0.80
Nasal discharge or runny nose 0.98 0.70
Frequent colds or URI 0.94 0.69
Mouth breathing because of obstruction 0.52 0.77
Difficulty swallowing 0.42 0.81
Factor 4 (caregiver concern) 0.9 5.54 0.89
Made you frustrated 0.92 0.87
Interfered with ability to perform daily activities 091 0.85
Worry about child’s general health 0.62 0.85
Concern child not getting enough air 0.50 0.86
Factor 5 (daytime functioning) 0.8 4.67 0.73
Difficulty getting up in the morning 0.97 0.72
Excessive daytime sleepiness 0.73 0.60
Poor attention span or concentration 0.44 0.62

showed high sensitivity, specificity was very poor. As can
be seen in Table 3, while the specified cutoffs adequately
identify children with an OAHI > 5 or >2 events/h, they
also have a high probability of producing a false positive
(low specificity).

Rasch analysis

Given the poor performance of the OSA-18 and factors on
the ROC analysis, we decided to undertake Rasch analysis
to examine any potential redundancy within the question-
naire construct. The Rasch analysis revealed that a maxi-
mum of 4 response categories for each item was reliably
scored, indicating that 7 response categories are not nec-
essary because respondents are not able to discriminate
between some of the adjacent categories on the Likert
scale (e.g., response 1 was not systematically different to
response 2). A thorough analysis of fit of the data to the
measurement model in a series of analyses based on
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statistical fit indicators confirmed that the 18 items belong
to a single scale construct (i.e., are measuring the same
construct) after collapsing of categories for each item.
This analysis reduced the total number of score points
on the survey from 108 to 38, with the survey reliability
only decreasing from 0.92 retaining 7 categories to 0.85
when the categories were collapsed. Rasch analysis indi-
cates that questions 2 (breath holding spells), 15 (worry
about child’s general health), 16 (concern child is not
getting enough air), 17 (interfered with ability to perform
daily activities), and 18 (made you frustrated) were the
most discriminating items. This finding is consistent with
caregiver concern domain (questions 15-18) having the
greatest diagnostic accuracy in the ROC analysis.

The Rasch analysis has shown that there is a redundan-
cy in the response categories for each item. Despite elim-
inating redundant scores by collapsing categories, differ-
ences between mean Rasch measures are observed only in
controls (—4.8 STD 0.75) and not between the SDB
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Table2 Factor structure, item loading, Eigenvalues, percentage of variance explained, and reliability analysis of OSA-18 following third principal axis

factoring extraction

Item Item Eigenvalue % of variance a if item
loading explained removed
Factor 1 (score range 9-63) 6.1 46.7 0.91
Concern child is not getting enough air 0.92 0.89
Breath holding spells or pauses in breathing 0.81 0.90
Worry about child’s general health 0.81 0.90
Choking or gasping 0.79 0.90
Loud snoring 0.76 0.91
Mouth breathing because of obstruction 0.65 0.91
Restless sleep or frequent awakenings 0.57 0.91
Interfered with ability to perform daily activities 0.56 0.90
Made you frustrated 0.50 0.91
Factor 2 (score range 4-28) 1.8 13.7 0.89
Discipline problems 0.95 0.84
Aggressive or hyperactive problems 0.90 0.84
Mood swings or temper tantrums 0.84 0.86
Poor attention span or concentration 0.60 091

groups (mean + STD 2.1 £ 1.4, 1.6 + 1.3, and 1.6 £ 1.2
for PS, mild, and MS OSA, respectively).

Discussion

This is the first study to assess the validity of the OSA-18
questionnaire in detail using statistically robust methods of
factor analysis and Rasch analysis. The structure of the five
factors identified by the confirmatory factor analysis substan-
tially reflects that of the original OSA-18 domains, although
only three factors from the CFA showed Eigenvalues >1. As
we hypothesized, the domains of the OSA-18 are a poor pre-
dictor of OSA severity. Although some questions performed
better than others statistically, a sub-set of questions and do-
mains could not be identified that would be suitable to be used
as an abbreviated questionnaire to determine OSA severity.
Analysis did however identify aspects of the questionnaire
that can guide refinement of the tool to potentially improve
its specificity as a triage tool—particularly, a reduction in re-
sponse categories and selection of fewer questions.

Rasch analysis confirms that the 18 items of the OSA-18
measure a single construct (the scale conducted with the ques-
tionnaire data is uni-dimensional). Based on extensive previ-
ous research showing the sensitivity of the OSA-18 to dis-
criminate between children with OSA and controls [7,
28-31], we can be confident that it is assessing HRQOL in
children with SDB [5]. However, the OSA-18 is highly sen-
sitive but very poorly specific for the presence of either mild
OSA as indicated by an OAHI > 2 events/h (total score sen-
sitivity 95 %, specificity 30 %) or moderate-severe OSA as

indicated by an OAHI > 5 events/h (total score sensitivity
93 %, specificity 25 %). Sensitivity relates to the proportion
of children with OSA confirmed by PSG, who the OSA-18
predicted would have OSA. Specificity refers to the propor-
tion of children without OSA confirmed by PSG, who the
OSA-18 predicted would not have OSA. The predictive value
of the positive test is the proportion of children who the OSA-
18 predicted would have OSA and who actually had OSA
confirmed by PSG. That is, while the OSA-18 will correctly
identify the majority of children who actually have OSA at the
designated level of severity (93 % OAHI > 5; 95 %
OAHI > 2), it will also predict that a substantial number of
children who actually do not have OSA will have the disease
(75 % OAHI > 5; 70 % OAHI > 2)—a high false-positive rate.
If the main purpose of a triage tool for OSA severity is to
differentiate those children most likely to have severe OSA
from those with no or less severe OSA, the OSA-18 total score
is unsuited for this purpose. However, it must be acknowl-
edged that the current study included children across a large
age range and parental demographic data were not available
for analyses. Future research examining the efficacy of the
OSA-18 in particular age groups and the influence of parental
characteristics, as the instrument is parent-report, may be of
benefit.

The original validation of the OSA-18 questionnaire by
Franco et al. was made against the respiratory disturbance
index derived by PSG performed during 90 min of day-
time napping in children who had been sleep deprived the
preceding night [5]. Daytime naps themselves have a poor
negative predictive value for OSA [32]. The finding of a
correlation between the OSA-18 and the respiratory
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Table 3 ROC curve analysis of the original OSA-18 sub-scales, the
two-factor structure of the exploratory factor analysis, and the five-factor
structure of the confirmatory factor analysis against OAHI > 5 and

OAHI > 2. Scores with the greatest diagnostic confidence are presented
with ratings of sensitivity and specificity (N =216)

OAHI>5 OAHI>2

OAHI > 5 OAHI > 2

AUC AUC Cutoff Sens Spec % positive % negative % positive % negative
cases correctly cases correctly cases correctly cases correctly
identified identified identified identified

Original OSA-18 sub-scales
Sleep disturbance 0.55 0.59* 9 086 0.15 77 33 84 39
Physical symptoms 0.49 0.57 5 091 0.05 86 13 91 16
Emotional symptoms 0.53 0.56 5 0.89 0.05 84 16 87 17
Daytime function 0.61* 0.65%* 5 096 0.17 86 33 88 38
Caregiver concern 0.63** 0.63%* 6 091 0.18 86 32 89 37
Total 0.66%** 0.71%** 35 093 025 93 25 95 30
CFA factor structure
Factor 1 (sleep disturbance) 0.56 0.59%
Factor 2 (emotional distress) ~ 0.56 0.59%
Factor 3 (physical symptoms)  0.49 0.57
Factor 4 (caregiver concern) 0.63* 0.63**
Factor 5 (daytime functioning) 0.61%* 0.65%**
EFA factor structure
Factor 1 (symptoms) 0.58 0.61* 17 093 0.14 93 29 93 33
Factor 2 (behavior) 0.56 0.59* 9 0.84 0.18 80 29 81 31
Total 0.66%* 0.70%** 30 091 037 &9 32 91 37

disturbance index in the 61 children who participated in
the original validation study thus has limited capability to
be extrapolated to the wider population. Our findings sup-
port previous research using nocturnal PSG that reported
the OSA-18 had poor validity in predicting OSA in chil-
dren [10—-12]. Ishman et al. [10] and Borgstrom et al. [11]
compared the total symptom score with the respiratory
disturbance index, the obstructive apnea hypopnea index
and the apnea hypopnea index on overnight PSG and cal-
culated sensitivity, specificity, and positive and negative
predictive values. Similar findings to our own were re-
ported in these studies, irrespective of age, race, gender,
BMI, or the different OSA severity cutoff levels used in
the analyses. Constantin et al. [12] took a slightly differ-
ent approach and compared OSA-18 questionnaires to the
McGill oximetry score, which provides a validated ap-
proach to oximetry studies for OSA, such that in children
higher oximetry scores were associated with higher apnea
hyponea index, desaturation index, lower SaO,, and
higher respiratory arousal index [33]. They calculated sen-
sitivity and negative predictive values for the OSA-18 to
detect an abnormal McGill oximetry score and concluded
that the OSA-18 did not accurately detect which children
had an abnormal McGill oximetry score and could not
exclude children with moderate-to-severe OSA.
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Furthermore, Mitchell et al. [34] reported that there was
no correlation between the OSA-18 total symptom score
and the respiratory disturbance index. Our study expanded
on the previous research with the use of factor analysis
and Rasch analysis, which confirmed the validity of the
structure of the questionnaire. Additionally, factor analy-
sis identified questions that did not relate to OSA severity
and removed them from further analysis to test the valid-
ity of an abbreviated questionnaire.

We had hypothesized that some items would perform
better than others in predicting OSA and an abbreviated
questionnaire would be an effective screening tool for
OSA severity in children. However, in contrast to our
hypothesis, removing some questions did not add substan-
tially to the variance explained and did little to improve
the performance of the score as a diagnostic test for se-
verity of OSA, as 68 % of children without OSA would
still be incorrectly identified having OSA. In a much less
robust analysis, Borgstrom et al. found a weak but signif-
icant correlation between the score for the sleep distur-
bance domain and the AHI [11]. However, in this study,
there were a very small number of children who had an
AHI > 80/h and the authors suggest that the significant
correlation was probably only the result of these few chil-
dren [11]. Recognizing this, the authors concluded that
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the OSA-18 had low diagnostic power. We have identified
by Rasch analysis that respondents are unable to discrim-
inate between several of the adjacent points on the Likert
scale of the OSA-18, for example, between “Hardly any
of the time” and “A little of the time” or between “A good
bit of the time” and “Most of the time.” Thus, the 7-
category Likert scale is a source of statistical “noise” that
will contribute to the inability of the total score to predict
OSA severity. Using Rasch analysis to collapse these cat-
egories however did not by itself improve the scale’s abil-
ity to discriminate between different severities of OSA,
although it did identify items that were more likely to
discriminate high and low scores on the questionnaire.

Conclusion

The OSA-18 was designed to measure disease-specific quality
of life but has been adopted as a potential screening tool for
OSA severity. This study showed that a forced five-factor
CFA reflected the five original factors (sub-scales) of the
OSA-18; however, only three of these factors were meaning-
ful to the construct. Using the most statistically robust factor
structure of the OSA-18 questionnaire as determined by the
EFA did not result in a score that reliably predicted OSA
severity, and thus, neither the total score nor individual do-
mains should be used as a screening tool for OSA severity in
children. The Rasch analysis indicated that modifying the re-
sponse categories and using better performing items warrants
further investigation to potentially improve the questionnaire
for use as a triage tool.
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