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Study Objectives: To develop and evaluate a screening questionnaire and a two-step screening strategy for obstructive sleep apnea syndrome (OSAS) in
healthy workers.

Methods: This is a cross-sectional study of 1,861 employees comprising healthy blue- and white-collar workers in two representative plants in the
Netherlands from a worldwide consumer electronic company who were approached to participate. Employees were invited to complete various sleep
questionnaires, and undergo separate single nasal flow recording and home polysomnography on two separate nights.

Results: Of the 1,861 employees, 249 provided informed consent and all nasal flow and polysomnography data were available from 176 (70.7%). OSAS
was diagnosed in 65 (36.9%). A combination of age, absence of insomnia, witnessed breathing stops, and three-way scoring of the Berlin and STOPBANG
questionnaires best predicted OSAS. Factor analysis identified a six-factor structure of the resulting new questionnaire: snoring, snoring severity, tiredness,
witnessed apneas, sleep quality, and daytime well-being. Subsequently, some questions were removed, and the remaining questions were used to construct
a new questionnaire. A scoring algorithm, computing individual probabilities of OSAS as high, intermediate, or low risk, was developed. Subsequently, the
intermediate risk group was split into low and high probability for OSAS, based on nasal flow recording. This two-step approach showed a sensitivity of 63.1%,
and a specificity of 90.1%. Specificity is important for low prevalence populations.

Conclusion: A two-step screening strategy with a new questionnaire and subsequent nasal flow recording is a promising way to screen for OSAS in a

healthy worker population.
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is a prevalent and
treatable disease with often impaired daytime performance
and increased cardiovascular and metabolic risks. Recently,
increasing awareness for these consequences is reflected in
a growing interest in screening for OSAS."? Screening for
OSAS can be important in a hospital setting (preoperative pa-
tients), primary care, work environment or in specific groups
such as commercial drivers.?

In the hospital setting, the pretest prevalence for any dis-
ease is higher than in primary care and the primary goal of
hospital-based screening is mostly to “rule in” the disease.* In
community screening for diseases with relative low prevalence
and no fatal outcome, the goal is to “rule out” disease. The
large group of subjects with no disease should be correctly
identified and in subjects with positive test results, the false
positive rate should be as low as possible to avoid unnecessary

BRIEF SUMMARY

Current Knowledge/Study Rationale: In community screening for
obstructive sleep apnea syndrome (OSAS) a single or combination
of easy to apply test(s) with a high specificity is needed to identify
correctly the large numbers of subjects without OSAS and keep the
false positive rate as low as possible to avoid unnecessary costly
further investigations. A pilot study was performed to develop such
a tool with the intention to screen more than 10.000 employees as
convincing studies for this type of screening are lacking.

Study Impact: We demonstrated that a combined questionnaire
with three outcomes (OSAS unlikely, possible, likely) and applying
nasal flow only for the intermediate outcome could make such a
screening feasible.

costly further investigations (like polysomnography [PSG]).
This can be achieved by a test with a high specificity, mostly at
the expense of reduced sensitivity, so accepting some missed
cases. In addition, a confirmation test (in OSAS a sleep study)
in subjects with positive test results should be performed. The
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argument to do community screening is as follows: it is better
to screen realistically and diagnose at least a relevant propor-
tion of patients out of a large group of healthy people than not
to screen at all. In our study, we focused on this community
type of screening.

Screening can be costly, especially in the case of low preva-
lence rates, and only low-burden methods will result in a suf-
ficient response rate.>® In a systematic review on screening
questionnaires for OSAS, only 20 of 4,105 studies were con-
sidered valid for inclusion, due to different study population
(sleep clinic or hospital), methodological aspects (no PSG as
gold standard, no clearly defined apnea hypopnea index (AHI),
and insufficient data to draw a 2 x 2 table).’ Finally, only 10
of these studies were analyzed. From these only three studies
were done in the general population using two different ques-
tionnaires.’ The most used questionnaire in the general popula-
tion and in primary care is the Berlin questionnaire (BerlinQ)
with five PSG validated studies published.

Using an AHI > 5 as a definition for OSAS, sensitivity varies
between 36% and 86%, whereas the specificity varies between
70—84%.5° In a meta-analysis looking at studies on screening
for OSAS in a preoperative setting, improved accuracy was
noted when questionnaires, body measurements, morphomet-
ric data, and oximetry were combined.”” Most questionnaires
result in a dichotomous answer: high or low probability for
OSAS; questionnaires with three possible outcomes (high — in-
termediate — low probability) allow application of an extra test
for the intermediate result. In such a so-called two-step strat-
egy, Gurubhagavatula et al."! performed additional oximetry in
the intermediate group among commercial drivers, resulting in
a sensitivity of 74% and high specificity of 89%.

As part of their social responsibility, Philips NV Nether-
lands planned to screen their workers in The Netherlands
(13,500) for OSAS. Given the large numbers, the paucity of
literature in occupational population-based screening, and the
financial consequences, a screening strategy was developed,
using a combination of existing questionnaires. In order to
validate this strategy, factor analysis was performed, together
with PSG as the gold standard, in a sample of employees. In
advance, it was decided to develop a two-step strategy includ-
ing nasal flow (NFlow) recording.

METHODS

Study Design

After obtaining informed consent, a set of diagnostic ques-
tionnaires were completed by all participants, whereas NFlow
recording and home-based PSG (as gold standard) were per-
formed in all employees as well, without knowledge of the
outcome of the applied questionnaires and recordings. The
Medical Ethical Committee Twente at Enschede, The Nether-
lands, approved this study, which is registered at Netherlands
Trial Register (www.trailregister.nl) number NTR2675.

Study Population and Sample Size

A total of 1,861 employees comprising healthy blue- and white-
collar workers in two representative plants from Philips were
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approached through the regular Philips communication chan-
nels (newsletter, Email, website). Subsequently, workers re-
ceived a letter at home explaining the aim of the study (to find
a proper screening tool for OSAS, which is prevalent and of-
ten under diagnosed), the study outline (online questionnaires
and two separate nights of sleep recording at home), and the
possible benefit (stating that for most employees the investi-
gation will not have any advantages, because only a minority
will have OSAS). A reminder was sent out 1 week later. After
returning the informed consent form by post, these employees
received a personal username and password and were invited
to fill in the online questionnaires.

Questionnaires

All questionnaires were translated into Dutch by the Philips
Translation Services, with forward and backward translation
by two different translators, and were administered as a com-
puter-based questionnaire. Factor analysis was performed for
the BerlinQ, STOP Questionnaire (STOPQ) and Athens In-
somnia Scale (AIS) separately, to assess their validity in the
Dutch language, and will be reported elsewhere.

The Berlin questionnaire (BerlinQ) has 11 dichotomous and
polytomous items on snoring, wake time, sleepiness, blood pres-
sure, and obesity, and is organized in three different categories.
Subjects scoring positive on two or more of these categories are
considered at high risk and subjects who score positive on none
or only on one of these categories are considered at low risk for
OSAS. The first category is positive when two or more posi-
tive responses are obtained on items 1-5, the second category
is positive when two or more positive responses are given on
items 6-8, and the third category is positive with at least one
positive response on items 10—11 is obtained.®

The STOPBANG questionnaire (STOPBANGQ) has eight
dichotomous items, which can be divided into two parts.'”? The
first part or STOP questionnaire consists of four items: snor-
ing, tiredness, observed apneas, and blood pressure. The sec-
ond part (BANG) consists of also four items: body mass index
(BMI), age, neck circumference, and sex. Subjects are consid-
ered at high risk when three or more of the eight items are
scored positive and at low risk for OSAS with a score of less
than three positive items.

The Athens Insomnia Scale (AIS) can be used to assess
insomnia and can be useful to distinguish between different
causes of sleepiness.' It consists of eight questions. The ques-
tions can be scored using a four-point scale, ranging from 0
(“no problem at all”) to 3 (“very serious problem”). The total
score of the AIS-8 ranges from 0 to 24. Subjects with a score of
6 or higher are considered to be at high risk of having insom-
nia. We used the very high cutoff score of 10 to exclude severe
insomnia from our study population (see definition of OSAS).
For an estimated prevalence of 10%, the negative predictive
value (NPV) for this score is 94%.!%!3

The Epworth Sleepiness Scale (ESS) is an §-point self-com-
pleted questionnaire to assess the tendency to fall asleep in eight
different daytimes conditions, with a score of 0—3 per item and
a total scoring range of 0—24, with a cutoff value of > 10.'6

The Pittsburgh Sleep Quality Index is a self-rated question-
naire that assesses sleep quality over the past month, and can
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Table 1—Obstructive sleep apnea syndrome symptoms and related questions in questionnaires.

Symptoms Source Detail
one major symptom:
Excessive daytime sleepiness or ESS>10 Total score ESS
or BerlinQ Q-8 Have you ever nodded off or fallen asleep while driving a vehicle? (yes, = 1-2 times/w)
or AISQ-8 Sleepiness during the day. 0: None 1: Mild 2: Considerable 3: Intense (= 1)

or = 2 of the following minor symptoms:
Choking or gasping during sleep or N/A
Recurrent awakenings from sleep ~ or  AIS Q-2

Awakenings during the night. 0: No problem 1: Minor problem 2: Considerable problem

3: Serious problem or did not sleep at all (= 2)

Unrefreshing sleep or BerlinQ Q-6 How often do you feel tired or fatigued after your sleep (= 3—4 time/w)
Daytime fatigue or STOPQ Q-2 Do you often feel tired, fatigued, or sleepy during the daytime? Yes/No
or BerlinQ Q-7 During your wake time, do you feel tired, fatigued or not up to par ? (= 3—4 time/w)
Impaired concentration or N/A
and absence of severe insomnia AIS <10 Total score AIS

OSAS symptoms according to Chicago criteria®®: EDS or = 2 of the minor symptoms, not otherwise explained (severe insomnia was excluded). AIS, Athens
insomnia Scale; BerlinQ, Berlin Questionnaire; ESS, Epworth Sleepiness Scale; N/A, not applicable; Q, Question; STOPQ, Stop questionnaire. See

methods for OSAS definition.

distinguish between good and poor sleepers.”” Nineteen ques-
tions generate five subgroups of information: sleep quality,
sleep latency, sleep duration, sleep efficiency, and sleep distur-
bances and two additional subgroups consisting of use of sleep
medication and daytime functioning. These seven groups are
each scored by severity (0-3), leading to a total score range of
0-21. The normal cutoff value is > 5.

Nasal Flow Recording

All participating employees were asked to undergo 1 night
of home NFlow recording (RU-Sleeping; Philips Respiron-
ics, Murrysville, PA, USA).>'® NFlow is measured by pressure
transduction with a nasal cannula connected to a small record-
ing unit. Respiratory events are scored by the device when the
peak-to-peak nasal pressure waveform initially fall at least be-
low 50% of the baseline value and remained below at least 75%
of the baseline value for a minimum of 10 sec. If a given hour
had three “not valid” periods (at least 12 min without valid
airflow), then that hour of the recording was discarded, marked
as “ERR” and did not count toward the respiratory event in-
dex. At the end of the workday, the portable device with nasal
cannula was provided with verbal and written instruction. The
next morning, the device was collected at the workplace and
read out. For a valid recording, a minimum of 4 h recording
without “error” reading was needed.

Polysomnography

Home PSG was performed with the Alice PDx (Philips Res-
pironics) and further analyzed with Polysmith (Neurotronics,
Gainesville, FL) software. At the end of the workday, trained
nurses supervised by a registered polysomnographic technolo-
gist applied the PSG electrodes and sensors. Electroencepha-
lography was carried out with F4-M1, C4-M1, and O2-M1
derivations, together with nasal airflow (cannula), thoracic and
abdominal movements (based on respiratory induction plethys-
mography, chin electromyography, vertical and horizontal eye

movements, heart rate, and finger oximetry were measured as
well. Sensor choice, settings and scoring were performed ac-
cording to the American Academy of Sleep Medicine (AASM)
2007 rules.” The alternative hypopnea definition (> 50%
NFlow amplitude drop with > 3% O, desaturation or arousal)
was applied. Registered polysomnographic technologists from
the Nederlands Slaap Instituut (http:/nederlandsslaapinstituut.
nl) performed the home PSG, and analyzed the data.

OSAS Definition

The applied definition of OSAS was based on AHI, symptoms,
and the absence of severe insomnia (AIS > 10). An AHI > 15
was defined as OSAS and an AHI of 5-14 was only defined
as OSAS, if severe insomnia was absent and symptoms (day-
time sleepiness or at least two minor symptoms) were present
as described in the AASM and the Dutch OSAS guideline.?*?!
Information about symptoms was obtained from the question-
naires (Table 1).

Additional Measurements

Medical history (concerning previously diagnosed OSAS,
cardiovascular disease, hypertension), and anthropometric
measurements such as neck circumference, blood pressure,
body weight and height, and age were obtained during a 20-
min one-to-one consultation by occupational nurses from the
health advisory company, HumanCapitalCare (Eindhoven,
The Netherlands). No specific resting time protocol was used
for blood pressure measurement.

Statistical Analysis

Development of Questionnaire and Two-Step Screening
Strategy

Based on factor analyzes and multivariate logistic regression a
set of questions was selected that best predicted the presence
or absence of OSAS in a healthy workers population. Many
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Figure 1—Flow chart subjects: from invitation to
performing two complete sleep recording nights.

| 1861 employees invited for participation |

’ 249 informed consent }—

_‘ 8 did not return questionnaires

| 241 returned all questionnaires ’—

10 with a diagnosis of OSAS
35 refused further participation

196 appointments for —
2 nights home monitoring

3 cancelled appointment for nasal flow
8 no valid nasal flow recordings (< 4 h)

6 battery failures during PSG
1 4 no valid PSG recordings
(signal loss and/or < 4 h)

‘ 176 valid nasal flow and PSG recordings ‘

of these questions were derived from the BerlinQ and the
STOPBANGQ. In contrast to routine two-way outcome scor-
ing, these questionnaires were also scored leading to a three-
way outcome: high, intermediate, and low risk for OSAS. For
the BerlinQ categories and STOPBANGQ items the following
scoring was used respectively for low, intermediate, and high
risk: 0, 1-2, 3 categories and one or less, two to four, and five
or more positive answers.

The questions selected formed the so-called Philips ques-
tionnaire (PhilipsQ). By multivariate logistic regression analy-
sis, a scoring algorithm was constructed to compute individual
probabilities of OSAS. These probabilities were divided into
a high, intermediate, and low risk for OSAS. For employees
ending up in the intermediate risk category according to this
PhilipsQ, results from the NFlow measurement with a cut off
NFlow value of 15 events/h were used to finally classify these
employees into either high or low risk for OSAS.

Factor Analysis

Factor analysis was based on item response theory (IRT) in-
stead of Classical Test Theory (CTT), which has several advan-
tages over CTT.?*® IRT enables to conduct factor analysis on
variables that are not continuous, an aspect often ignored when
factor analysis is applied. '***2¢ Furthermore, IRT can deal
with missing data and scales that contain items with different
response formats, which is an important advantage, because
the PhilipsQ contains both dichotomous and polytomous items
and consists of several introductory and follow-up items that
result in many missing data.”>*?’ Finally, IRT offers detailed
insight in the psychometric characteristics.”’

Factor analysis was performed in two steps; first, the fac-
tor structures of the three questionnaires used in the PhilipsQ
(the BerlinQ, STOPQ, and AIS) were analyzed. Second, factor
analysis was performed on the PhilipsQ to assess if the ob-
served responses could be explained by an underlying struc-
ture and to assess the psychometric properties of the items.

The exploratory factor analysis was conducted with oblique
cf-parsimax rotation, which minimizes variable and factor
complexity and results in a simple, easily interpretable factor
structure, using Mplus software (version 5.2, 2007, Muthén
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& Muthen, Los Angeles, CA, USA).?® For the BerlinQ, the
AIS, and the PhilipsQ, Samejima’s graded response model
for ordered categorical (ordinal) variables was fitted.” For the
STOPQ, a two-parameter logistic model for binary variables
was used. Item parameters were estimated using a mean-ad-
justed weighted least squares estimator.>® Based on the table
of critical values of Stevens, factor loadings greater than 0.364
were considered significant.’’ Model fit was assessed based on
chi-square statistics, the root mean square error of approxima-
tion (RMSEA), the comparative fit index (CFI), and the Tucker
Lewis index (TLI), using recommendations for adequate fit
given by Hu and Bentler.** Good model fit is considered as
empirical evidence that an underlying structure is present, be-
neath the observed responses on the items.?

RESULTS

Baseline Data

Of the invited 1,861 employees 249 gave informed consent.
Finally, 241 employees (12.9%) completed all questionnaires.
Due to further refusal to participate or prior diagnosis of
OSAS, 196 appointments for PSG and NFlow recording on 2
separate night were made; 196 home PSGs were performed,
of whom 186 were valid (six battery failures in the first group
of employees) and four PSGs showed incomplete data due to
a memory bug. Of the 196 appointments for NFlow three em-
ployees did not show up. Eight employees had incomplete data
(< 4 h), hence 185 flow-measurements were valid for analysis.
In 176 employees, complete data from questionnaires, physical
measurements, NFlow recordings, and PSGs were obtained for
analysis (Figure 1).

Eighty-six employees (48.8%) did have an AHI > 5, whereas
65 employees (36.9%) received a diagnosis of OSAS (Table 2).
Significant differences between no OSAS and OSAS were
found for age, BMI, neck circumference, AHI, oxygen de-
saturation index, mean saturation of oxygen, arousal index,
wake after sleep onset, sleep efficiency, non rapid eye move-
ment (NREM)1, NREM3, rapid eye movement, NFlow index,
STOPQ high risk and STOPBANGQ high risk. In employees
with an AHI > 5 or with OSAS, the STOPQ and the STOP-
BANGAQ, but not the BerlinQ was significantly more positive
(high risk for OSAS) compared to employees with respectively
an AHI <5 or without OSAS (Table 2).

Descriptive Statistics Questionnaire

Comparison of fit indices indicated that a seven-factor model
had a significantly (p < 0.01) better fit than models with fewer
factors: ¥* (98) = 114.62, CFI = 0.999, TLI = 0.998, RM-
SEA = 0.027. However, this model did not result in an in-
terpretable factor solution. Therefore, the six-factor model,
also demonstrating a good fit (y? (114) = 159.33, CFI = 0.998,
TLI = 0.996, RMSEA = 0.041), was which resulted in a more
interpretable solution. The factor solution for the PhilipsQ is
shown in Table 3. Factor 1 contains only one item, which rep-
resents “snoring.” Factor 2 consists of four items and seems
to represent “snoring severity.” Factor 3 represents “tiredness,”
reflected by three items on tiredness and one item on daytime
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Table 2—Morphometric, questionnaire, single nasal flow recording and polysomnography characteristics of all employees
categorized by apnea-hypopnea index or obstructive sleep apnea syndrome.

AHI <5 (n=90) AHI 25 (n = 86) No-OSAS (n =111) OSAS (n = 65)
Sex, male (n) 61 (67.8%) 74 (86.0%)** 80 (72.1%) 55 (84.6%)
Age (v) 441+£9.2 50.5 + 8.0 452+9.2 50.6 + 8.2***
BMI (index) 262+4.8 27.6 +3.6* 264 +45 27.8+38*
RR systolic (mmHg) 1372+ 15.6 139.9 £ 16.1 1375+ 15.3 140.3+16.9
RR diastolic (mmHg) 822+9.6 845+84 80.0+9.3 845+8.8
Neck circumf. (cm) 37.9+32 39.7 £ 2.5 38.2+3.1 39.7 25"
AHI (index) 1.9(0.0-4.9) 10.5 (8.0-21.2)*** 3.4 (0.7-4.5) 13.6 (8.8-23.4)**
ODI 3% (index) 1.5(0.4-3.1) .7 (2.0-10.7)** 1.7 (0.4-3.9) 5.8 (2.4-14.1)**
Mean SO,% (no.) 96.0 (95.0-96.0) 95.0 (94.0-96.0)*** 96.0 (95.0-96.0) 95.0 (94.0-96.0)***
RERA index (index) 0.0 (0.0-0.0) 0(0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.3)
Arousal index (index) 0.6 (0.2-2.3) 7 (2.9-13.5)** 1.1(0.3-3.3) 7.0 (2.9-14.8)**
TST (h) 6.8 (6.3-7.3) 5(6.1-7.3) 6.6 (6.2-7.3) 6.5 (6.1-7.4)
Sleep latency (min) 5.0 (2.0-12.0) 0(3.0-10.0) 6.0 (2.0-12.0) 5.0 (2.5-10.0)
WASO (min) 26.0 (15.8-45.0) 31.5(20.8-57.3) 26 (15.0-96.0) 34 (22.0-59.6)*
Sleep efficiency (%) 94.0 (91.0-96.0) 93.0 (86.0-95.3) 94.0 (90-96) 92.0 (86-95)*
NREM 1/TST (%) 12.5(8.0-16.0) 17.0 (11.0-21.3)*** 14.0 (9.0-17.0) 18.0 (11.0-22.5)*
NREM I/ TST (%) 49.0 (44.0-54.3) 48.0 (43.0-54.0) 49.0 (44.0-54.0) 48.0 (43.0-54.0)
NREM Il / TST (%) 13.5(8.8-18.3) 11.0 (7.0-16.0)* 13.0 (8.0-18.0) 11.0 (6.0-16.0)*
REM/TST (%) 16.0 (13.0-20.0) 15.0 (11.0-18.0)* 16.0 (12.0-19.0) 14.0 (11.5-17.0)*
Nasal flow (index) 7.2 (3.5-12.1) 16.0 (9.6-23.7)*** 8.0 (3.8-14.2) 16.8 (8.4-24.0)**
ESS (score) 5.0 (2.0-7.0) 0(3.0-7.0) 4.0 (2.0-7.0) 6.0 (3.0-8.0)*
ESS =10 (n) 9(10.0%) 7(8.1%) 9(8.1%) 7(10.8%)
AIS > 10 (n) 9(10.0%) 4 (4.7%) 11 (9.9%) 2(3.1%)
PSQl>5 (n) 34 (37.8%) 25(29.8%)? 36 (32.4%) 23 (36.5%)*®
Berlin-Q high-risk (n) 29 (32.2%) 35 (40.7%) 34 (30.6%) 30 (46.2%)
Stop-Q high-risk (n) 33 (36.7%) 47 (54.7%)* 38 (34.2%) 42 (64.6%)***
StopBang-Q high-risk  (n) 41 (45.6%) 61 (70.9%)** 50 (45.0%) 52 (80.0%)***

Subjects are categorized according to apnea-hypopnea index (AHI: < 5 or = 5) and the presence of obstructive sleep apnea syndrome (OSAS) (no OSAS
or OSAS); OSAS is defined as AHI 5-14 with presence of symptoms (see table 1) but without serious insomnia (AIS < 10) or an AHI = 15 without restriction
(see also methods). n = number; Q = questionnaire. AIS = Athens Insomnia Scale. 2 Two missing PSQI questionnaires; data expressed as numbers with
percentage, mean + SD or data expressed as median with interquartile range. *p < 0.05; **p < 0.01; ***p < 0.001 for differences between AHI: < 5 versus =5

and for no-OSAS versus OSAS.

well-being. Factor 4, “observed apneas,” contains two items on
observed apneas and one item with regard to the frequency of
nodding off while driving. Five items reflect factor 5, “sleep
quality.” Factor 6, “daytime well-being,” consists of six items
with regard to tiredness and functioning during the daytime
and an additional item on blood pressure. The item nodding off
while driving did not load on any of the factors.

Logistic Regression Analysis

Multivariate logistic regression analysis identified a number of
variables as predictors for OSAS, shown in Table 4. As can be
seen we used a novel, three-way scoring for the BerlinQ and
STOPBANGQ as the normal two-way scoring (not shown) was
less predictive than the three-way scoring.

A new questionnaire (PhilipsQ) was constructed from these
best predictive questions and questionnaires (see supplemental
material).

With the predictive factors, an algorithm can be written to
compute the individual estimated probability (p) that a subject

will have OSAS: p(OSAS) = 1/ (I+e™X), where X = —6.322 +
2.828 x AIS + 2.745 x STOPBANGQ High + 0.965 x STOP-
BANGQ Intermediate + 4.640 x BerlinQ High + 1.584 x
BerlinQ Intermediate + 0.790 x Age + 0.810 x BerlinQ Q-5.
Exploratory logistic regression analyzes, testing different cut-
off values of OSAS probabilities, led to the final cutoff values
of 35% for low probability of OSAS and 55% for high prob-
ability of OSAS. In the second step, for employees with a prob-
ability between 35% and 55% the NFlow index with a cutoff
of > 15 breathing stops (> 10 sec) per hour was added to finally
classify these employees into high or low risk as well. The de-
cision to use these cutoff values was based on our preference
to have primarily a high specificity for screening purposes; the
test characteristics of the low, high, and intermediate + NFlow
steps of the PhilipsQ and final two-step strategy is presented in
Table 5. As can been seen, the sensitivity and specificity of the
two-step strategy is 63.1% and 90.1% respectively. The areca
under the curve of the receiver operator characteristic curve is
0.81 (confidence interval 0.75—0.88).
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Table 3—Factor loadings of Philips Questionnaire items.

Factor 1 Factor 2

Philips Questionnaire Snoring

Snoring Severity

Factor 6
Daytime Well-Being

Factor 5
Sleep Quality

Factor 4
Observed Apneas

Factor 3
Tiredness

Q-1 Snoring (BerlinQ) 1.574

Q-2 Snoring loudness (BerlinQ) 0.849

Q-3 Snoring frequency (BerlinQ) 0.433

Q-4 Snoring bothered others (BerlinQ) 0.578

Q-5 Observed apneas (BerlinQ)

1.018

Q-6 Tiredness after sleep (BerlinQ)

0.817

Q-7 Tiredness during wake time (BerlinQ)

0.681 0.377

Q-8 Nodding off while driving (BerlinQ) - -

Q-9 Nodding off frequency (BerlinQ)

0.444

Q-10 High blood pressure (BerlinQ/StopQ)

0.400

Q-11 Snoring (StopQ) 0.899

Q-12 Tiredness (StopQ)

0.436 0.540

Q-13 Observed apneas (StopQ)

0.839

Q-14 Sleep induction (AIS)

0.515

Q-15 Awakenings nighttime (AIS)

0.693

Q-16 Early final awakening (AIS)

0.695

Q-17 Total sleep duration (AIS)

0.671

Q-18 Overall sleep quality (AIS)

0.584

Q-19 Daytime well-being (AIS)

0.432 0.638

Q-20 Daytime functioning (AIS)

0.770

Q-21 Daytime sleepiness (AIS)

0.597

Factor loadings > 0.364. AIS, Athens insomnia scale; BerlinQ, Berlin questionnaire; Q-number, questions number Philips questionnaire; StopQ, Stop

questionnaire.

Table 4—Variables predicting obstructive sleep apnea syndrome.

Odds Ratio (Cl)
AIS scoring <10 vs. =10 16.9 (1.7-165)
STOPBANGQ High vs. Low 15.57 (2.5-95)
STOPBANGAQ Intermediate vs. Low 2.62 (0.8-8.6)
BerlinQ High vs. Low 103 (4.0-2697)
BerlinQ Intermediate vs. Low 4.88 (1.0-23.0)
Age >45vs. <45 2.20 (1.0-4.9)
BerlinQ Q-5 (Breathing stops) Yes vs. No 2.25(0.6-7.9)
Constant 0.002

Sig. Coefficient®
0.015 2.828
0.003 2.745
0.112 0.965
0.005 4.640
0.045 1.584
0.052 0.790
0.207 0.810

-6.322

2 Derived coefficients for formula Philips-Q to compute individual risk for obstructive sleep apnea syndrome (OSAS). AIS, Athens Insomnia Scale;
BerlinQ, Berlin questionnaire with scoring points low (0), intermediate (1-2) and high (3) risk for OSAS; ClI, confidence interval; Sig., significance;
STOPBANGQ, STOPBANG questionnaire with scoring points low (< 1), intermediate (2-4) and high (= 5) risk for OSAS.

To translate these test characteristics into outcome in
screening populations with different prevalences, the NPV
and positive predictive values (PPV) were calculated (Table 6).
To read this table, an example for 20% prevalence is given: in
a screening population with an estimated prevalence of OSAS
of 20%, 29.1% will need NFlow recording for the intermedi-
ate outcome of the PhilipsQ; finally, 20.5% will have a high
probability for OSAS and will be referred to a sleep clinic,
whereas OSAS will be confirmed in about two thirds (61.5%)
of the referred persons. In those with a negative outcome of
the two-step strategy, 90.7% should be correctly identified as
negative for OSAS.
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A current practice is to use the BerlinQ or STOPBANGQ
questionnaire, also in a low- prevalence setting as in commu-
nity screening, and refer the cases with high-risk outcome for
further testing. In this study we used these questionnaires as
well. The sensitivity and specificity of the BerlinQ was 46.2%
and 69.4% and for the STOPBANGQ 80.0% and 55.0%, re-
spectively. The prevalence in our sample (due to self-selection)
was high: 36.9%. However, for testing in a low prevalence set-
ting in, for instance, 1,000 subjects and prevalence of 10%, the
PPV is very low for both questionnaires (Berlin and STOP-
BANG), due to many false positives compared to our two-step
strategy (Table 7). A higher NPV and a small reduction in
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Table 5—Test characteristics Philips questionnaire and two-step strategy.

Sensitivity Specificity
Low cutoff only (35%) 78.5% (51/65) 70.3% (78/111)
High cutoff only (55%) 33.8% (22/65) 95.5% (106/111)
35-55% + NFlow recording (15) 2 65.5% (19/29) 78.6% (22/28)
(41/65) (

Final two-step screening strategy 63.1% (41/65 90.1% (100/111)

2Employees in the intermediate cutoff group after results with NFlow (nasal flow) recording (cutoff value: index = 15).

Table 6—Outcome two-step screening strategy according to prevalence of obstructive sleep apnea syndrome.

Prevalence NPV~
5% 97.9%
7.5% 96.8%
10% 95.6%
15% 93.3%
20% 90.7%

PPV2 NFlow %"® Sleep Clinic %°
25.1% 26.2% 12.6%
34.1% 26.7% 13.9%
41.5% 27.2% 15.2%
52.9% 28.1% 17.9%
61.5% 29.1% 20.5%

2Negative (NPV) and positive predicting value (PPV). ® Percentage of subjects invited for NFlow (nasal flow) recording due to a intermediate PhilipsQ result.
¢Percentage of subjects that should be referred to sleep clinic after a positive test result of this two-step strateqy.

Table 7—Estimated outcome of three screening strategies in 1,000 subjects and a 10% prevalence of OSAS.

NPV
BerlinQ 91.2%
STOPBANGQ 91.0%
Two-step strategy with PhilipsQ 95.6%

P PPV FP
46/1000 12.0% 337/1000
5111000 11.2% 405/1000
37/1000 41.5% 81/1000

FP, false positives; NPV, negative predictive value; PPV, positive predictive value; TP, true positives; BerlinQ, Berlin Questionnaire; STOPBANGQ, STOPBANG
questionnaire; PhilipsQ, Philips questionnaire; Two-step strategy, PhilipsQ with additional nasal flow recording for only the intermediate risk result.

true positive rate (3.7%) for our two-step strategy, compared
to 4.6% and 5.1% for the Berlin and STOPBANG question-
naire, respectively) was also observed. After completion of the
screening all subjects with positive test results (true and false
positives) should be referred for diagnostic sleep studies.

DISCUSSION

Our study, investigating a two-step strategy to detect OSAS
in a healthy workers population, demonstrated a sensitivity of
63.1%, and specificity of 90.1%. Most questionnaires used to
screen for OSAS in low-prevalence groups use a high versus
low risk outcome and have a limited sensitivity and speci-
ficity.5® It has been shown that the limited sensitivity and
specificity can be improved with three-way scoring (high,
low, intermediate risk of OSAS)." This allows application of
an extra test for subjects ending up in the intermediate risk
group. The new PhilipsQ was constructed from the most pre-
dictive questions of a number of established OSAS and sleep
questionnaires.

The high odds ratio of the AIS scoring is due to the used def-
inition of OSAS, in which employees with an AIS score > 10
were excluded as having OSAS. Only seven employees in the
three-way scoring of the BerlinQ were at high risk (three
positive categories), explaining the very high odds ratio of the
variable “BerlinQ High vs. Low.” In the multivariate analysis,

age was almost contributing statistically (0.052), and we de-
cided to retain this variable in the overall formula to predict
the individual probability of OSAS. The BerlinQ question five
about breathing stops was not contributing statistically signifi-
cantly, but left in the prediction as a separate variable because
it was shown before as a predictive question in literature and
guidelines.®!?

Factor analysis of the 21 questions in the PhilipsQ showed a
six-factor structure as best interpretable, consisting of the fol-
lowing factors: snoring, snoring severity, tiredness, observed
apneas, sleep quality, and daytime well-being. The question
“nodding off while driving” (PhilipsQ question eight) did not
load on any factor and therefore, it was not included in the final
PhilipsQ. It was shown before that “nodding off while driv-
ing” is a conflicting question. Netzer et al.® reported a reduc-
tion of the Cronbach a from 0.86 to 0.63 due to this question in
category II of the BerlinQ. The related question “nodding off
frequency” (PhilipsQ question nine) was therefore removed
as well.

We constructed a scoring algorithm to compute individual
probabilities of OSAS. These probabilities were divided into
high, intermediate, and low risk. The intermediate group
could be split into low and high probability for OSAS, based
on NFLow with a cutoff of > 15. This two-step strategy has a
sensitivity of 63.1%, and specificity of 90.1%. Depending on
the prevalence of OSAS in screening populations, a NPV of
at least 90.7% for a prevalence ranging from 5% to 20% can
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be anticipated. For the much smaller group of subjects with a
positive test, the PPV varies from 25% to 61%; these subjects
with positive test results should than be referred for a diag-
nostic sleep study. The PhilipsQ is constructed of body mea-
surements (BMI, age, neck circumference, sex) and questions
from the BerlinQ, STOPQ, and AIS. These questionnaires are
translated into many languages, which enables its implementa-
tion outside the Dutch language. Internal consistency for the
different questionnaires used within the PhilipsQ has been
published in the literature. For the BerlinQ, the Cronbach o
for the category I questions (PhilipsQ questions 1-5) is 0.92,
whereas it is 0.63 for category II questions (PhilipsQ questions
6-9) (or 0.86 when leaving out PhilipsQ questions 8).6 Leav-
ing out question eight in the free available PhilipsQ was there-
fore done after this study. For the STOPQ (PhilipsQ questions
10—-13) and AIS (PhilipsQ questions 14-21), Cronbach a is 0.92
and 0.89, respectively.'>!

In line with our study, Cowan et al.** found no discrimi-
nating properties in the normal (two-way) scoring of the Ber-
linQ, in contrast to the STOPQ and STOPBANGQ. Several
prediction models for OSAS, combining morphometric data,
have been published in patients referred to a sleep clinic. The
Multivariate Apnea Risk (MAP) and the Sleep Apnea Clini-
cal Score (SACS) are such examples.*** Evaluating these and
other models for OSAS (AHI > 10) in referred patients showed
a sensitivity range of 76% to 96% and a specificity range of
13% to 54%.*® These authors concluded that clinical prediction
models are not sufficiently accurate to discriminate between
patients with and without OSAS.*® Takegami et al.’ tested
a four- variable prediction model (sex, blood pressure, BMI,
snoring) for OSAS (AHI > 15) in employees during a health
check, and reported a sensitivity of 93% and a specificity of
66%.%" In this study, the study population was obscured with
referred patients, and oximetry and type III portable monitor-
ing was used instead of PSG. In a dataset from the Sleep Heart
Health Study, Caffo et al.’® recently published (modern ensem-
ble learning) algorithms for predicting OSAS with a RDI > 7.
They found BMI, age, snoring frequency, waist circumference,
and snoring loudness as the variables with the largest impact
on prediction performance.*® Except for waist circumference
(not measured) the same variables in our predicting algorithm
where included.

However, Caffo et al. did not investigate a two-step strategy,
probably explaining the moderate specificity of 70%. However,
Gurubhagavatula et al."" applied such two-step screening strat-
egy based on the multivariable apnea prediction index and ox-
imetry in commercial drivers, which resulted in a sensitivity
of 74% and a specificity of 89% for OSAS (AHI > 5)." These
results were quite similar to our data. This somewhat higher
sensitivity could be explained by using an AHI > 5 instead
of our OSAS definition or as the authors stated, possibly due
to regression toward the mean (due to strategy validation in
the same development cohort). In a primary care setting, Chai-
Coetzer et al.** developed a two-step strategy to select OSAS,
with a four-item questionnaire (waist circumference, breathing
stops (BerlinQ, Q-5), snoring, and age) combined with oxim-
etry to select severe OSAS (AHI > 30). They reported a sen-
sitivity of 88% and specificity of 82% in the validation group.
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Their OSASS50 screening questionnaire had a two-way result
with a scoring range of 0—10 instead of an algorithm.*

A limitation of our study was that only 12.9% of the invited
employees gave informed consent. However, a low participa-
tion rate and self-selection are inherent to community- based
studies in healthy employees, especially when there is a sub-
stantial study burden to the participants (five questionnaires
and 2 nights of sleep monitoring). Employees with sleep re-
lated complaints were probably more willing to participate, ex-
plaining the extremely high prevalence of OSAS (36.9%). On
the upside, this self-selection resulted in a sufficient number of
employees with OSAS that allowed a reasonable assessment of
sensitivity and specificity of our two-step strategy. Our study
is not unique in this respect, as another study in commercial
drivers reported the same limitations; complete datasets (ques-
tionnaires, PSG, and oximetry data) were obtained in 9.4%
with an observed prevalence for OSAS of 28%."

Another limitation, and also related to self-selection is that
NPV and PPV could not be determined accurately in a healthy
workers population, because these parameters depend on the
true prevalence of OSAS in the population studied. Therefore,
we estimated NPV and PPV for several hypothetical preva-
lences. Finally, another drawback is the lack of a validation
group. Instead of splitting our group, we decided to use all the
employees for the estimation sample to obtain the best pre-
dictive statistics. A new validation study will be set up in the
future.

One could argue about excluding severe insomnia in our
definition of OSAS. Nevertheless, insomnia is one of the major
sleep disorders with daytime symptoms that can result in false-
positive test results in OSAS questionnaires, especially in the
presence of benign snoring, which occurs in 30% to 50% of the
adult population.® However, coexistence of OSAS and insom-
nia and its possible interaction is a subject of recent interest.***!
However, for screening for OSAS in a large population, we
preferred to avoid this group of persons with overt insomnia,
especially in mild OSAS. For this purpose, we used the AIS,
which has a simple scale constructed just as the ESS. Instead
of the widely used cutoff value of 6, we used the cutoff value of
10, with a NPV and PPV of 94% and 88%, respectively." This
resulted in 13 of 176 employees with overt insomnia according
to the AIS (mean score 12.6 + 1). Four employees with insom-
nia had an AHI > 5. Two of them had an AHI > 15 and these
would be missed if our two-step strategy was applied.

We used nasal flow, instead of oximetry, simply because
Philips NV funded this study and could easily provide a large
number of Philips Respironics NFlow recorders (RU-sleeping,
Philips Respironics). Three different single NFlow devices
(SleepCheck, Flow Wizard, RU-sleeping) and one NFlow-ox-
imetry combined device (ApneaLink) have been tested against
PSG, all with high agreement for OSAS.'8¥424 In two studies,
oximetry and NFlow recording did have equivalent accuracy
for diagnosing OSAS in the home setting.**** Chai-Coetzer
et al.¥ reported less data loss (3%) (with oximetry) compared
to NFlow (9%). We found 8 of 184 (4.3%) invalid NFlow re-
cordings. The RU-sleeping flow recorder, used in this study, is
a small easy to use recorder, which can even be sent by post
and applied after reading the included instruction.
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The sensitivity of 63.1% found in our study can perhaps be
interpreted as moderate. However, in a healthy, almost asymp-
tomatic population, this is probably the best result. Almost two
thirds of the true OSAS employees could be identified with
this relatively simple two-step strategy. Due to large numbers
of subjects without having the disease in this setting, the pri-
mary goal in screening is often to correctly exclude subjects
without the disease. Hence, a test strategy with a high specific-
ity (here 90%), and therefore high numbers of true negatives
and few false positives is essential.

The cost savings of our two-step strategy will be substan-
tial for community screening compared with a quick question-
naire only; for the STOPBANGQ and BerlinQ this amounts to
a difference of 324 (405 — 81) and 256 (337 — 81) diagnostic
sleep studies (PSG or portable monitoring in clinic or at home),
respectively, minus the extra costs for the cheap single chan-
nel NFlow recording at home in the intermediate group of the
PhilipsQ, which have to be done in 27.2% or 272 subjects in the
given example in 1,000 subjects with 10% OSAS prevalence
(Tables 6 and 7).

In conclusion, a two-step screening strategy with the Phil-
ipsQ and subsequent nasal flow recording is a promising way
to screen for OSAS in a large group of healthy workers.

ABBREVIATIONS

AHI, apnea-hypopnea index

AIS, Athens Insomnia Scale

BerlinQ, Berlin questionnaire

BMI, body mass index

CFI, Comparative Fit Index

ESS, Epworth sleepiness scale

IRT, item response theory

NFlow, nasal flow

NREM, non rapid eye movement

NPV, negative predictive value

OSAS, obstructive sleep apnea syndrome
PhilipsQ, Philips questionnaire
Q-number, question with specific number
PSG, polysomnography

PPV, positive predictive value

RMSEA, Root Mean Square Error of Approximation
STOPBANGQ, STOPBANG questionnaire
STOPQ, STOP questionnaire

TLI, Tucker Lewis Index
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