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Abstract
Background  The original Sleep Disorders Questionnaire (SDQ, 1994) contained a 12-item sleep apnea subscale 
(SDQ-SA). SDQ was shortened by factor analysis in 2024 (SDQ-2) and contains a 14-item subscale “Sleep Disordered 
Breathing” (SDQ2-SDB). This is the first external validation study of the new scale using polysomnography, with a 
concurrent validation against four commonly used sleep-disordered breathing questionnaires.

Methods  Members of a large urban police force (n = 733) completed the SDQ2-SDB, Berlin, STOP-Bang, NoSAS, 
and GOAL questionnaires. A subgroup (n = 101) also volunteered for a laboratory polysomnogram (PSG). SDQ2-SDB 
scores were analyzed by ANOVA in both samples. For the NPSG subgroup, Receiver Operating Characteristics (ROC) 
of the five apnea scales were calculated at a criterion of AHI ≥ 15. A correlation matrix among the five scales was also 
calculated.

Results  The NPSG subgroup with higher measured AHI showed significantly higher SDQ2-SDB scores. In the whole 
sample, SDQ2-SDB scores were significantly higher in males compared with females, in older compared to younger 
individuals, and in those with higher BMI. Age x Sex, Age x BMI and BMI x Sex effects were also significant. The areas 
under the ROC curve (AUC) were: SDQ2-SDB = 70%, Berlin = 65%, STOP-Bang = 73%, GOAL = 81%, NoSAS = 85%. The 
NoSAS AUC was significantly higher (p < 0.03) than those of the SDQ2-SDB, STOP-Bang, and Berlin scales but the latter 
three scales did not differ significantly from each other. Positive (PPV) and negative (NPV) predictive values of the 
SDQ2-SDB were 46% and 84% respectively, with the other scales ranging between 35 to 52% PPV and 74 to 89% NPV. 
The SDQ2-SDB correlated with the other four questionnaires with rho ranging from 0.558 to 0.855.

Conclusions  The SDQ2-SDB scale demonstrates adequate validity in a non-clinical sample. Its performance is similar 
to questionnaires commonly used for sleep apnea, like the Berlin and STOP-Bang scales.
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​Brief summary
Study rationale
This was an external validation of the 14-item Sleep-
Disordered Breathing (SDB) scale of the Sleep Disorders 
Questionnaire, second edition (SDQ-2, published 2024) 
using polysomnography in a non-clinical sample. SDQ2-
SDB was also compared with other apnea questionnaires 
– Berlin, STOP-Bang, NoSAS, and GOAL – for concur-
rent validation.

Study impact
SDQ2-SDB scores can be derived from existing SDQ 
(1994) data or directly from the SDQ-2. The SDQ2-SDB 
is self-reported, requiring no staff input and has been 
translated into several languages. There was a trend for 
certain SDQ2-SDB items to show differences between 
males and females. This study broadens the choice of val-
idated sleep apnea questionnaires.

Background
In the 50 years since Guilleminault and Dement pub-
lished their foundational papers (Guilleminault et al. 
1976a,  b), much has been learned about its diagnosis 
and treatment, as well as that of milder forms of sleep-
disordered breathing (SDB). The international prevalence 
of all forms of SDB has recently been estimated to be 
about 12% (Benjafield et al. 2019). While the substantial 
long-term consequences of untreated SDB for health and 
public safety have been documented (Dodds et al. 2020), 
management of the disorder has notably been hampered 
by inconsistent case-finding and relative paucity of diag-
nostic facilities (Dodds et al. 2020; Miller and Berger 
2016).

Today, the nocturnal polysomnogram (NPSG) is the 
established gold-standard for SDB diagnosis, whether 
it be a laboratory study or an ambulatory multi-channel 
recording. However, the cost of these recording methods 
and the specialized medical expertise required to inter-
pret them is quite substantial, easily exceeding 3,000 USD 
in western countries (Natsky et al. 2021). While such 
facilities are reasonably well-dispersed in North America 
and Europe, the same cannot be said for other parts of 
the world, for rural areas, or for disadvantaged parts of 
large cities. This suggests the need for more accessible 
screening tools to identify potential SDB cases. Three 
major methods of detecting SDB have been suggested in 
the literature.

First, physicians could simply identify cases in their 
practice that match published diagnostic criteria, such 
as those of the American Academy of Sleep Medicine. 

However, this method has proven to perform poorly at 
detecting SDB when compared to common sleep apnea 
questionnaires (Duarte et al. 2023).

Second, physicians could fill out rating scales or mea-
surements of anatomic features that they observe during 
the physical exam, such as soft palate morphology (Yu 
and Rosen 2020), tonsil size (Friedman et al. 1999), body 
mass index (Takegami et al. 2009), upper airway breath 
sounds (Douglass and Kaluzienski 2024), neck circum-
ference, or waist-hip ratio (Xu et al. 2020). Only some of 
these methods have been fully validated by test theory.

Third, questionnaires completed by the patient have 
been developed, although some are not truly based on 
self-report as they require one or more items to be com-
pleted by medical personnel. Approximately twenty 
such questionnaires have been developed over the past 
35 years, four of which will be considered in the pres-
ent paper: STOP-Bang (Chung et al. 2008; Shi et al. 
2025), Berlin Questionnaire (Netzer et al. 1999), GOAL 
(Duarte et al. 2020), and NoSAS (Marti-Soler et al. 2016). 
Their relative performance has been compared in several 
reviews and meta-analyses (Abrishami et al. 2010; Fedson 
et al. 2012; Lomeli et al. 2007; Kim et al. 2015; Casale et 
al. 2008; Xing et al. 2023; Wang et al. 2021; Chen et al. 
2025; Gauld et al. 2024; Gauld et al. 2023).

It is notable that most of the above screening question-
naires have been derived and tested in persons already 
suspected of SDB and referred to a sleep disorders clinic; 
however, the prevalence of OSA in such a population is 
much higher than in the general population. This was our 
rationale for studying a non-clinical sample.

The original 176-item Sleep Disorders Questionnaire 
(Douglass et al. 1994) was developed by canonical dis-
criminant function analysis (CDFA) of clinical mate-
rials gathered at Stanford University Sleep Disorders 
Clinic. While it was never factor analyzed by the original 
authors, another study (Schwegler et al. 2006), using only 
45 of the 176 SDQ items, factor analyzed SDQ responses 
of 4901 members of the general public and identified a 
sleep apnea scale that was very similar to the SDQ-SA 
scale (also known as SA-SDQ) that had been found by 
CDFA in the original SDQ paper. Over the years, SDQ-
SA has been employed to screen various sub-specialty 
clinical populations: epilepsy (Weatherwax et al. 2003), 
asthma (Teodorescu et al. 2009), COPD (Valipour et al. 
2011), stroke survivors (Bassetti et al. 1996), hemodialy-
sis (Lee et al. 2009), and diabetes (Seetho and Wilding 
2013). It has also been used routinely in numerous sleep 
disorder clinics and translated into several major lan-
guages (Vergara-Aguilar et al. 2023; Piperidou et al. 2008; 
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Methipisit et al. 2016; Valipour et al. 2007; Alnesr et al. 
2024; Hersberger et al. 2006).

The first factor analysis of the full 176-item SDQ, 
involving 2131 persons, resulted in a questionnaire of 
66 items named “Sleep Disorders Questionnaire Second 
Edition (SDQ-2)” (Biard et al. 2024). This factor analysis 
found seven clinical scales, one of which was a 14-item 
Sleep-Disordered Breathing scale (SDQ2-SDB) that 
proved to include 10 of the 12 items from the original 
SDQ-SA scale. The present report is the first validation 
study of the SDQ2-SDB scale.

The objective of the present study was to validate the 
SDQ2-SDB scale against NPSGs and four existing sleep 
apnea questionnaires in a group of healthy individuals, 
both male and female, who were not selected because 
of suspicion of sleep apnea. This led us to approach the 
employee association of a large urban police department, 
which agreed to disseminate the 66-item SDQ-2 to its 
members. Specifically, we aimed to find a valid cut-off 
score for the SDQ2-SDB based on NPSG validation, then 
apply it to a larger sample serving as a proxy of the gen-
eral population in order to estimate the number of cases 
of SDB.

Methods
All active  and retired members  of the police force of a 
major Canadian city were provided with a joint commu-
nication from the Police Service, Police Association and 
Senior Officer Association. In order to encourage partici-
pation while maintaining confidentiality, members were 
asked to reply to the survey (hosted at a university on 
Qualtrics, Provo, UT, USA. https://www.qualtrics.com) 
from their personal email, since their employer had own-
ership of the IT infrastructure at their workplace.

Due to the anonymity of the online full sample (n=733), 
it was not a random sample of the members. After com-
pleting the online questionnaires, a subgroup responded 
to a random invitation to have an in-lab polysomnogram 
(“NPSG subgroup”, n=101), for which they received mon-
etary compensation. It was only after the NPSG that par-
ticipants could be classified as normal/mild (AHI < 15) 
or moderate-to-severe SDB (AHI ≥ 15). This resulted 
in Table 1. Although questionnaire-based data collec-
tion began in early 2019, the sleep laboratory was closed 
because of the COVID epidemic until autumn 2022, after 
which studies resumed until the end of the project in 
December 2023.

Data collection
The first page of the online questionnaires displayed the 
information and consent form approved by the REB. The 
server then provided an anonymous randomly-gener-
ated identification (ID) number to anyone accessing the 

questionnaires. No compensation was offered for com-
pleting them. Single-session complete replies were the 
norm.

Questionnaires included the 66-item SDQ-2, 14 items 
of which comprise the SDQ2-SDB scale. This scale 
includes a pair of 5-level categorical items (Q59 height, 
Q60 weight) that permit the estimation of BMI via a pub-
lished algorithm (Biard et al. 2024). In the NPSG sub-
group, this estimated BMI was compared to the BMI that 
was physically measured that night, to confirm the valid-
ity of the algorithm. In addition, collar size of the dress 
uniform was recorded in binary fashion (+/- 41 cm for 
females, +/- 43 for males) then used along with the self-
reported height (Q59) to produce a “neck-height ratio”.

Other questionnaires included the 10-item Berlin 
Questionnaire (Berlin-Q), and the 8-item STOP-Bang. In 
addition, participants were asked to provide the follow-
ing data: work status (active or retired); job type (civilian 
or uniformed); age, sex, height, and weight to facilitate 
completion of the NoSAS and GOAL questionnaires.

At the sleep laboratory, in-person anthropometric data 
were collected: height, weight, BMI, and waist-hip ratio. 
Prior to retiring for the night, participants completed the 
SDQ-2, Berlin and STOP-Bang questionnaires for a sec-
ond time to ensure temporal alignment between symp-
tom reports and NPSG data. The NoSAS and GOAL 
were completed based on measured values.

Sleep studies
NPSGs were performed in individual bedrooms. The 
EEG electrode placement conformed to the international 
10–20 system. The set-up of nasal/oral airflow, chest 
expansion, oximetry, EKG, and EMG (chin and legs) 
was based on the American Academy of Sleep Medicine 
(AASM) guidelines (Berry et al. 2015).

Data were recorded using the Embla N-7000 system 
and the RemLogic software (version 3.4.4, Natus Medi-
cal Incorporated, WI, USA). To reduce error variance, 
all NPSGs were scored by the same Registered Polysom-
nographic Technologist (RPsgT) using AASM scoring 
criteria. NPSGs were then audited by the first author, a 
board-certified sleep specialist physician.

Since some police members worked rotating shifts, 
their laboratory bedtime was adjusted to match their reg-
ular bedtime on their current shift. This involved starting 
some PSGs in the daytime, which were conducted in a 
windowless sound-proofed laboratory bedroom.

Statistical analysis
The GOAL, NoSAS, STOP-Bang and Berlin-Q were 
scored according to established methods. The Berlin-
Q has 10 questions, which are divided into three cat-
egories that are in turn scored as “1, positive” or “0, 
negative”, resulting in an overall score of 0—3. If 2 or 

https://www.qualtrics.com
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Table 1  NPSG and anthropometric data of the NPSG subgroup (n=101)

Data from the NPSG subgroup (n = 101) who volunteered from the full sample (n = 733) for an in-laboratory NPSG, i.e., not randomly or systematically selected. 
Boxed area indicates questionnaire responses. Not all comparisons were tested statistically. Tests of significant difference between independent groups employed 
the Wilcoxon rank sum test unless data passed a test of normality (Kolmogorov-Smirnov-Lilliefors), in which case the Welch independent t-test was used (denoted 
with “@”). Within-sex sig.: significance tests of a variable between the “Mild-Normal” group (AHI < 15/h) and the “SDB” group (AHI ≥ 15/h) of the same sex. Between-
sex SDB sig.: comparisons of the SDB Males group with the SDB Females group. Significant uncorrected (raw) p-values are shown in bold type. The Bonferroni-Holm 
correction for multiple comparisons was then applied to the observed p-values to achieve a Family-Wise Error Rate of alpha=0.05; those comparisons remaining 
significant at p<0.05 are shown by light shading; p<0.01 by dark shading. “#” indicates number of persons with collar size > 43 cm for males, > 41 cm females, which 
was evaluated by chi-squared test, df = 1
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more categories were positive, the Berlin-Q makes a 
determination of “high risk” versus “low risk” of sleep 
apnea. The NPSG subgroup was further divided into two 
groups on this basis, and their AHIs compared using the 
Wilcoxon-Mann-Whitney rank-sum test (R Statistical 
System, version 4.3.3, R Core Team, 2025). For compari-
son, we devised a novel way of scoring the questionnaire 
that involved summing all the “points” of the ten ques-
tions for a total score that ranged from 0–10. However, 
we report below significant ROC differences between the 
Berlin-Q and other scales using only the original scoring 
method.

To assess whether the SDQ2-SDB data met the normal-
ity assumption of parametric tests, its data were tested 
by the Kolmogorov-Smirnov-Lilliefors test, although it 
is known to be overly-sensitive when used on large inte-
ger vectors composed of summed ordinal Likert scale 
items like SDQ2-SDB. This is in part because such data 
have finite upper and lower bounds and inevitable “ties”of 
scores.

Prior to running analyses of variance (ANOVAs), age 
and BMI variables were first sorted (ascending) then 
divided into three levels of nearly equal size in order to 
fill the factor levels evenly. This resulted in BMI factor 
levels of < 28, 28 ≤ 30, and >30 kg/m2 and age factor lev-
els <40, 40 to 50, and > 50 years. In police members, BMI 
< 28 can be regarded as normal, rather than the usual 
BMI < 24, because they are required to have higher levels 
of physical fitness than the general public as a condition 
of their employment. The sex factor was not evenly bal-
anced, since the n=101 sample contained 32 females and 
69 males.

Two ANOVAs were performed using the dependent 
variable “SDQ2-SDB scale score” via the “aov” command 
(R Statistical System, version 4.3.3). The first was a 3-way 
ANOVA on the NPSG subgroup, n = 101, with main fac-
tors as defined above: age (three levels), sex at birth, and 
measured BMI (three levels). Due to there being no cases 
of females with severe apnea, AHI was not included in 
this ANOVA, but three subsequent 1-way ANOVAs of 
SDQ2_SDB were done using AHI or RDI as the factor 
(four levels). Males and females were analyzed separately.

SDQ2-SDB questionnaire data in the NPSG subgroup 
were then analyzed using modern test theory (Fabricant 
2024; Wong and Lim 2011), which associates question-
naire scores with “gold standard” data (the NPSG) by 
means of a Receiver Operating Characteristics (ROC) 
analysis. This was done using R’s “pROC” package (Robin 
et al., https:/​/CRAN.R​-projec​t.or​g/package=pROC). 
The ROC produced a questionnaire “cutoff score” cor-
responding to the AHI threshold (AHI = 15/h) that was 
chosen to separate mild/normal individuals from those 
diagnosed with SDB. It also calculated the sensitivity, 
specificity, PPV, and NPV of the test, plus the area under 

the curve (AUC). ROC statistics were also calculated 
for each of the other four sleep apnea scales: Berlin-Q, 
STOP-Bang, GOAL, and NoSAS. In each case, the ROC 
was calculated at thresholds of 5, 10, 15, and 30 AHI; 
however, only data from the AHI ≥15 analysis will be 
reported as it gave the best area-under-the-curve (AUC) 
performance in all five questionnaires.

A second ANOVA of similar design was then calculated 
on the SDQ2-SDB results of the full sample, n = 733. The 
main factors were the same as the previous ANOVA: age 
(three levels), sex at birth, and BMI (three levels, but this 
time estimated using the published SDQ-2 algorithm) 
(Biard et al. 2024). This larger ANOVA allowed for the 
inclusion of two-way interaction terms.

Results
PSG subgroup, n=101
These were self-selected participants, of whom eight 
were working rotating shifts and requested to have their 
NPSG starting time adjusted to match their current shift.

S1_Fig. shows their BMIs obtained by physical mea-
surement at the sleep lab, regressed onto their BMI calcu-
lated by algorithm from the two subjective questions on 
height and weight from the SDQ-2. In the observed range 
of BMI, the two methods gave very similar results, R2 = 
0.897, validating the algorithm. The collar-size:height 
ratio was highly significant by chi-squared analysis (two 
levels of collar size by five levels of height, χ 2 = 121.1, 
df = 8, p < 0.0001). Its observed and expected frequen-
cies are shown in S2_Table. The correlation of age with 
SDQ2-SDB total score was r = 0.199.

Table 1 shows NPSG, questionnaire, and anthropomet-
ric values of the NPSG subgroup. p-values of univariate 
tests for each variable are shown in two ways: first as 
plain text without correction for multiple comparisons, 
then with asterisks to indicate significance after correc-
tion by the Bonferroni-Holm procedure (R statistical 
system: p.adjust, method=”holm”). A raw p-value = 0.002 
was required to remain significant at p<0.05 after B-H 
correction.

The NPSG subgroup was divided by sex and further 
divided into those with sleep-disordered breathing at 
AHI ≥ 15 (”SDB”) and those below this level (“normal/
mild”). As expected, this resulted in highly significant 
differences in the respiratory variables (AHI, HI, RDI, 
ODI, RERA index), as shown in the column titled within-
sex differences. However, when the male SDB category 
was compared with the female SDB category (between-
sex differences), females’ respiratory abnormalities were 
observed to be fewer than males’. This was not the case 
with the RERA index, which was higher in females than 
in males. Females also had significantly lower RDI during 
NREM sleep and significantly more N3 sleep. No signifi-
cant sex differences in RDI were observed during REM 

https://CRAN.R-project.org/package=pROC


Page 6 of 14Douglass et al. Sleep Science and Practice           (2026) 10:31 

sleep. Females had significantly fewer respiratory events 
with oxygen saturations in the 81—90% range than did 
the males.

Regarding the scores of the five sleep apnea question-
naires, only the GOAL and the NoSAS showed both 
within-sex and between-sex significant differences, with 

females having lower scores. Within-sex, the Berlin and 
STOP-Bang showed only a statistical trend for higher 
scores in the moderate/severe AHI category, while the 
SDQ2-SDB showed significance here but only in males – 
likely due to low statistical power among females due to 
few severe apneas. The ROC analyses of these five ques-
tionnaires, Figure 1, provide better evidence of their rela-
tive test performance.

The 3-way ANOVA of the NPSG subgroup is shown 
in Table 2. ANOVA residuals were normally distrib-
uted (Shapiro-Wilk test: W=0.98, p-value=0.08), while 
homogeneity of variance was confirmed by a Levene test 
(F=0.72, p=0.76). Because there were so few moderate 
SDB cases among the females in this subgroup, and no 
severe ones, it was not possible to use AHI as a factor in 
this ANOVA. This resulted in a 3-factor design, Age x Sex 
x BMI, which showed that only BMI significantly affected 
the SDQ2-SDB score, although there was a non-signifi-
cant trend for age, plus a non-significant sex difference. 

Table 2  Three-way ANOVA of SDQ2-SDB scale totals (n=101, 
NPSG subgroup)
Source df Sum of

Squares
Mean
Square

F-value p-value

BMI 2 416 208.1 3.340 0.0396 *

Age 2 246 123.2 1.978 0.1441

Sex 1 17 17.5 0.280 0.5977

Residuals 95 5917 62.3
Results of 3-way ANOVA of the SDQ2-SDB scale completed by 101 NPSG 
participants. Of these, only BMI was significantly related to the SDQ2-SDB score 
and no two-way interaction was significant. Contrasts between BMI factor 
levels, calculated using the Tukey HSD method, showed only a non-significant 
trend (p < 0.065) between the lowest and highest levels

Significance code: '*'p < 0.05

Fig. 1  ROC plots of the five sleep apnea questionnaires Line 1 = SDQ2-SDB; Line 2 = Berlin-Q #1; Line 3 = Berlin-Q #2; Line 4 = STOP-Bang; Line 5 = NoSAS; 
Line 6 = GOAL. All five questionnaires were assessed at a threshold of AHI > 15/h. For each, software (R-4.3.3 “pROC” package) calculated the question-
naire cut-off score that simultaneously maximized sensitivity, specificity, and area-under-the-curve (AUC). Dotted black line shows AUC = 50% (random 
guessing), while an AUC of at least 70% is conventionally required for clinical utility. Berlin questionnaire was plotted twice, once as a 0 – 3 “positive cat-
egory count” (Berlin-Q #2, as proposed by the original authors) and again as an experimental 0 – 10 scale, summing the “points” that occur in all three of 
the categories (Berlin-Q #1). The SDQ2-SDB scale ROC line is shown as blue dots connected by a Loess-smoothed blue line; gray shading on either side 
represents + 1 s.e.m.
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Table 3 shows separate subsequent one-way ANOVAs 
by-sex of the SDQ2-SDB score, with AHI as the group-
ing factor for both males and females. For females, RDI 
was used in addition, since the ANOVA using AHI was 
not significant. The erratic trend in the last row of the 
ANOVA of female RDI (Table 3) is likely the result of few 
observations/low power for this comparison.

In the ROC analysis of the NPSG subgroup, at a thresh-
old of AHI ≥ 15, all five apnea questionnaires obtained a 
clinically useful area under the curve (AUC), but there 
were significant differences between them in sensitivity, 
specificity, PPV, and NPV. In Fig. 1, a receiver Operating 
Characteristics (ROC) curve is shown for each of the five 
questionnaires. Four of them were plotted as segmented 
lines on the single graphic, whereas the fifth line – the 

SDQ2-SDB scale – was plotted as points connected by a 
line derived by Loess smoothing (Cleveland and Devlin 
1988). A shaded area around the Loess line denoted ± 1 
standard error.

Detailed ROC test statistics (sensitivity, specificity, 
AUC, NPV, PPV, and their 95% confidence intervals) are 
shown in Table 4 for the five apnea questionnaires. The 
ROC procedure maximized sensitivity and specificity 
simultaneously. For each questionnaire, the cut-off score 
that separated cases of AHI ≥15 (threshold) from those 
with lower AHI values is shown. For the SDQ2-SDB scale 
only, other AHI thresholds were also tested by ROC but 
not shown on graphs or tables. The AUC for AHI ≥ 5 was 
60%; AUC for AHI ≥ 10 was 68%; AUC for AHI ≥ 15 was 
70%; AUC for AHI ≥ 30 was 63%.

Table 3  1-Way ANOVAs on SDQ2-SDB scale scores, by sex and respiratory disturbance
Respiratory Disturbance Rate

AHI, male < 5/h 5 ≤ 15/h 15 ≤ 30/h >30/h p< source
n 20 22 13 14

mean 19.0 19.8 26.3 25.4 0.014* 1-way ANOVA

s.d. 8.2 7.9 5.8 8.2

low low high high 0.001*** F-test

AHI, female < 5/h 5 ≤ 15/h 15 ≤ 30/h --
n 20 9 3 --

mean 21.6 23.6 28.0 -- 0.432 (n.s.) 1-way ANOVA

s.d. 8.1 8.7 6.1 --

RDI, female < 5/h 5 ≤ 15/h >15/h --
n 18 8 6 --

mean 20.1 28.8 22.7 -- 0.038* 1-way ANOVA

s.d. 7.0 8.6 7.5 --

low high n.s. 0.001*** Tukey HSD
Mean (SD), and n of the SDQ2-SDB scale scores in three separate 1-way ANOVAs. These were done because the paucity of moderate and severe cases of female sleep-
disordered breathing made it impossible to use AHI as its own factor. Males and females were therefore assessed in separate ANOVAs. The male AHI analysis was 
significant. Pair-wise Welch F-tests showed a highly significant difference when (normal + mild) cases were compared to (moderate + severe) cases. The AHI analysis 
in the females was non-significant. However, when RDI was substituted as the grouping variable for females, a significant difference between normal and mild cases 
was observed. The n.s. in the “>15/h” category is attributable to insufficient observations in this cell. Significance codes: "*" p<0.05; "**" p<0.01; "***" p<0.001

Table 4  Test statistics of the five questionnaires, n=101 (PSG subgroup)
Scale Name Possible Scores Cut-off Score Sensitivity%, [95% C.I.] Specificity%, [95% C.I.] AUC%,

[95% C.I.]
PPV (%) NPV (%)

SDQ2-SDB 0 - 56 23.5 70
[46.1–83.9]

65
[37.3–81.7]

70.0
[58.8–81.0]

45.8 84.0

Berlin-Q (categories) 0 - 3 1.5 50
[30.9–73.5]

61
[47.5–76.9]

64.7
[54.4–74.7]

35.1 74.0

Berlin-Q (point total) 0 - 10 3.5 67
[46.7–89.1]

55
[39.8–68.3]

69.4
[59.0–79.7]

38.6 80.0

STOP-Bang 0 - 8 2.5 73
[57.6-−90.2]

53
[38.9-−80.3]

72.7
[62.2-−83.2]

39.6 82.0

NoSAS 0 - 17 7.5 80
[59.4–94.6]

69
[61.8–91.8]

84.5
[76.0–92.1]

52.1 89.0

GOAL 0 - 4 1.5 93
[72.4–100]

56
[37.7–70.0]

80.5
[72.4–88.7]

47.0 95.0

ROC performance of the five sleep apnea scales in detection of the threshold AHI (≥15/hr), which had a prevalence of 29.7% in this sample. Male and female data 
pooled. Cut-off score: questionnaire score that simultaneously maximized sensitivity and specificity, based on the analysis in Fig. 1

PPV and NPV are highly dependent on prevalence of the condition in the population tested. Pair-wise significant differences are shown in Table 5

AUC area under the curve, PPV positive-predictive value, NPV negative-predictive value
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Due to low numbers of severe female apnea cases in the 
NPSG subgroup, ROC cut-off scores had to be calculated 
by pooling male and female data. For the SDQ2-SDB 
scale, whose possible range is zero to 56 points, this cut-
off score was 23.5. The SDQ2-SDB had the third highest 
values for sensitivity and specificity, exceeded only by 
the NoSAS and the GOAL. PPV and NPV were calcu-
lated using the observed prevalence of sleep-disordered 
breathing in the NPSG subgroup, which was 29.7%.

The Berlin-Q was scored in two ways: the “number of 
positive categories” method as proposed by the origi-
nal authors, and a novel “sum of points across catego-
ries” method, published here for the first time. The latter 
method is provisional and investigational at this time; 
its validity has not yet been confirmed by other studies. 
Analyses in the remainder of this article employ only 
the original method. In the NPSG subgroup, the original 
method demonstrated a cut-off score of 1.5 categories, 
the novel method a cut-off score of 3.5 points. Although 
the novel method had slightly higher AUC, sensitivity, 
and specificity by inspection, the two methods’ AUCs did 
not differ significantly (Delong Test, p=0.246). The origi-
nal Berlin-Q publication also suggests that persons scor-
ing positive in two or more of the three categories are at 
“high risk of apnea” versus “low risk of apnea” for those 
with lower scores. However, when the 101 members of 
the NPSG subgroup were grouped in this manner, there 
was no significant difference in average AHI between 
the groups: (“low” group) n=58, mean=13.01, SD=18.4; 
(“high” group) n=43, mean=16.1, SD= 19.3 (nonparamet-
ric Wilcoxon-Mann-Whitney rank sum test, W = 1381.5, 
p -value = 0.357).

Table 5 (lower portion) shows pair-wise testing of the 
differences between the AUCs of the five questionnaires 
by means of Delong’s Test. The SDQ2-SDB scale’s AUC 
was not statistically different from those of the STOP-
Bang or the Berlin-Q. The NoSAS had significantly higher 
AUC than the SDQ2-SDB, whereas the GOAL showed 
only a non-significant trend in the same direction.

The overall similarity of the five questionnaires was 
assessed by pair-wise Spearman non-parametric cor-
relations, shown in Table 5 (upper portion). The high-
est correlation was between the STOP-Bang and GOAL 
questionnaires. Lowest correlation was between the Ber-
lin-Q and the NoSAS. The SDQ2-SDB scale correlated 
above rho = 0.70 with all scales except for the NoSAS, 
with which it correlated 0.64. This pattern of correlation 
suggests that the concepts assessed by the five question-
naires are similar despite their differing content.

Full sample, n=733
Given the approximately 2400 members of the Police 
Association, this group represented a questionnaire 
response rate of 31%. Missing data were present. The 
average case-wise missing rate was 4.2%, while the vari-
able-wise rate was 1.1%. Missing cells were filled with 
imputed data calculated via ”multiple imputation by 
chained equations” (“mice” package in R-4.3.3). A custom 
“predictor matrix” selected the variables that were used 
to predict missing data. The method of imputation used 
was “classification and regression trees” (cart), which 
operates via AI techniques.

A 3-way ANOVA of this larger group, again using 
SDQ2-SDB as the dependent variable was performed 
(Table 6). Although the Kolmogorov-Smirnov test with 
Lilliefors correction on these data (D = 0.072, p ≤ 0.001) 
indicated a significant difference from normality, the 
over-sensitivity of this test on such data is discussed 
above. S3_Fig. shows a frequency histogram and Q-Q 
plot that revealed that this difference was mainly due 
to symmetrical deviation in the tails of the distribution, 
not excessive skew, kurtosis, or lack of centrality. The 
SDQ2-SDB scale was therefore accepted as appropriate 
for ANOVA. A Levene test confirmed homogeneity of 
variance in the factor levels, (F-value=1.1765, df=17/715, 

Table 5  Spearman correlations and AUC comparisons of the 5 
sleep apnea scales, n=101
Scale SDQ2-SDB Berlin-Q STOP-Bang GOAL NoSAS
SDQ2-SDB -- 0.700*** 0.768*** 0.715*** 0.640***

Berlin-Q 0.84 (n.s.) -- 0.574** 0.558** 0.466**

STOP-Bang 0.32 (n.s.) 0.21 (n.s.) -- 0.815*** 0.755***

GOAL 0.069 (trend) 0.0112* 0.065 (trend) -- 0.719***

NoSAS 0.0254* 0.0013** 0.0077** 0.26 (n.s.) --
Upper triangle: Spearman non-parametric correlations between the 
apnea scales. Highest correlation was between the STOP-Bang and GOAL 
questionnaires; lowest was between Berlin-Q and NoSAS. Lower triangle: 
statistical significance (p-values) of pair-wise Delong’s tests of AUCs of the five 
scales from Table 4. “Berlin-Q” refers to the original 3-category scoring method 
of this scale

Signif. Codes: ‘***’= p<0.001; ‘**’= p<0.01; ‘*’= p<0.05

Table 6  Three-way ANOVA of SDQ2-SDB scale totals (n=733, 
website contact only)
Source df Sum of

Squares
Mean
Square

F-value P-value 

BMI 2 11919 5960 113.6 < 0.0001 ***

Age 2 6948 3474 66.2 < 0.0001 ***

Sex 1 4917 4917 93.7 < 0.0001 ***

BMI x Age 4 626 157 3.0 0.0185 *

BMI x Sex 2 504 252 4.8 0.0085 **

Age x Sex 2 595 298 5.7 0.0036 **

BMI x Age x Sex 4 67 17 0.32 0.8648 N.S.

Residuals 715 37525 52
Questionnaire responses from an anonymous online survey of 733 members of 
a large urban police force. The 14-item Sleep Disordered Breathing scale (SDQ2-
SDB) is one of seven scales of the SDQ-2. High scores on it were significantly 
related to higher BMI, older age, and male sex. See Fig. 2 for cell means and 95% 
c.i. from this ANOVA. Abbreviations: BMI = body mass index; Age in years; Sex (at 
birth) = male or female

Significance codes: ‘***’= p<0.001; ‘**’= p<0.01; ‘*’= p<0.05
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p=0.2777). A graphic of residuals (S4_Table) showed 
them to be symmetrical about zero, while a Loess-
smoothed line showed no systematic deviations or clus-
tering at extreme scores.

The main ANOVA factors of BMI, age, and sex were 
highly significant. A higher SDQ2-SDB score was asso-
ciated with higher BMI, male sex, and older age. All of 
the 2-way interactions (Age x Sex, BMI x Age, and BMI 
x Sex) were also significant; their factor-level means are 
shown in separate panels of Fig 2. Three-way interactions 
were not significant. To summarize these interactions, 
older age and higher BMI caused the significant sex dif-
ferences seen in the lower categories to disappear. Aver-
age SDQ2-SDB scores differed significantly by-sex: 21.8 
for males, 16.6 for females, both with a 95% c.i. under 
1 score unit. Cases exceeding the cut-off score of 23.5 
totaled 269, or 36.7% of respondents. Using the PPV of 
0.458 from the NPSG subgroup, i.e., assuming a similar 

prevalence, the estimated number of actual cases of SDB 
in the full sample would be 269 × 0.458 = 124 individuals, 
or 16.9% of the group.

Sensitivity analysis
Since the full sample ANOVA showed a highly significant 
sex difference while the much smaller ANOVA in the 
NPSG subgroup showed none, this discrepancy in ques-
tionnaire response was re-examined by a type of sensi-
tivity analysis. Returning to the NPSG subgroup, each 
of the 14 items of the SDQ2-SDB scale was correlated, 
by sex, to that person’s AHI and RDI. After conversion 
of r to Z-score using a Fisher Z-transform to normalize 
the distributions, each item’s correlation with AHI was 
then subtracted from its correlation with RDI to give a 
difference score “delta”, (rRDI – rAHI = delta). Delta was 
then back-transformed to r and graphed in Fig. 3. Visual 
inspection showed that the profile of male delta scores 

Fig. 2  SDQ2-SDB scale scores by age, sex, and BMI (n = 733, anonymous contact only)
 Legend: Graphs of SDQ2-SDB mean scores (± 95% c.i.) derived from the 3-way ANOVA of Table 2. Tests of mean differences by F-test have been Bonferroni 
corrected. Main factors (Panel A): sex difference was highly significant, males higher than females. There were significant differences in SDQ2-SDB scores 
between all age categories. SDQ2-SDB Score in the smallest BMI category was significantly lower than in the two higher categories. 2-way interactions: 
(Panel B): There were significant differences between the sexes in all age groups, more marked in the 2 younger groups. (Panel C) Youngest age group had 
significantly lower SDQ2-SDB scores than the 2 older age groups across both lower BMI categories but there were no significant differences in the larg-
est BMI category. (Panel D): Females had significantly lower SDQ2-SDB scores than males in the two smaller BMI categories, but there was no significant 
difference in the largest BMI category. 3-way interactions (BMI x Age x Sex) were not significant, so were not graphed. Significance codes: ‘****’ = p<0.0001; 
‘***’ = p<0.001; ‘**’ = p<0.01; ‘*’= p<0.05; “t”= trend
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was close to zero for all items – i.e., their SDQ2-SDB 
score predicted AHI or RDI equally well – while the pro-
file of female deltas deviated significantly from zero (χ2 
= 9.81, df = 1, p = 0.0017). This suggested some possible 
reasons for the significant sex effect in the full sample 
ANOVA.

The main SDQ-2 items contributing to the different 
profile in females were: #4 “snore loudly and bother oth-
ers”, #42 “awaken gasping for breath”, and #51 “presence of 
hypertension”. Using the above formula, the calculations 
for each item’s delta by sex were: #4 male 0.248 - 0.251 = 
−0.003, #4 female 0.131 - 0.041 = 0.091; #42 male 0.010–
0.030 = −0.020, #42 female 0.050 - 0.175 = −0.126; #51 
male 0.170 - 0.201 = −0.032, #51 female 0.183 - (−0.388) = 
0.221. In other words, females more rarely endorsed loud 
snoring that bothered others than did males and this cor-
related more with their RDI than their AHI. Awakening 
gasping for breath was positively correlated to respiratory 
abnormalities in both males and females, but in females 
the greater correlation was to AHI, not RDI. History of 
hypertension was positively correlated to both RDI and 
AHI in males but negatively correlated to both of these in 
females – and more negatively to AHI than RDI.

Discussion
Validation of the SDQ2-SDB scale’s ability to predict 
sleep-disordered breathing has been achieved, although 
the paucity of severe apneas among the females forced 

the pooling of male and female responses for the ROC 
analysis. The result was a “unisex” cut-off score of the 
scale to indicate the likelihood of AHI ≥ 15, rather than 
separate male and female cut-offs. The latter will be pro-
vided at a later date after more data have been gathered.

Given that 8 of the 101 members undergoing NPSG 
were on a non-daytime shift, it cannot be asserted that 
all circadian effects on their sleep and respiration were 
mitigated merely by moving their bedtime to match their 
current shift. As a result, our sample may have been 
biased in comparison with the general population. That 
said, some fraction of the general population also does 
shift work.

The SDQ2-SDB had the second highest specificity 
among the five questionnaires and a similar sensitivity to 
the STOP-Bang and Berlin-Q. In the female columns of 
Table 1, however, none of these three scales found a sig-
nificant within-sex difference between normal/mild AHI 
versus moderate/severe AHI. This was almost certainly 
the result of too few females (three) in the moderate/
severe category. For males, in contrast, this comparison 
was significant (p = 0.014). However, overall significance 
emerged when male and female responses were pooled. 
In contrast, the NoSAS and the GOAL found significance 
in both males and females separately, without pooling the 
sexes. This pattern is likely the result of Type-II error due 
to insufficient affected female participants, i.e., a power 
effect.

Fig. 3  Sensitivity analysis of the 14 items of the SDQ2-SDB scale
Legend: Using Pearson correlation, participants’ scores on each of the 14 items of the SDQ2-SDB scale were correlated, by sex, to their AHI and RDI. SDQ-2 
question items are numbered horizontally in this graph. To reveal sex differences in the pattern of response, the correlation of each item’s response to AHI 
was subtracted from its correlation to RDI to produce a “delta” value (rRDI – rAHI = delta). Deltas ±0.04 about zero indicated that the SDB scale predicted 
polysomnographic AHI and RDI equally well, which was the case in males; however, the magnitude of female deltas was significantly greater than this 
range (χ2 = 9.81, df = 1, p = 0.0017), shown in blue line on the graph
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The ANOVA of the full sample demonstrated SDQ2-
SDB’s significant and robust increases with older age and 
higher BMI. There was also a significant sex difference, 
males more severe. These findings match known clini-
cal features of sleep apnea and hypopnea, supporting the 
construct validity of the SDB scale.

Using the original SDQ-SA scale, it has been reported 
(Valipour et al. 2007) that women exhibit symptoms 
that are different from men for the same SDB diagnosis, 
and that this pattern may be due to symptoms of SDB 
being milder or different prior to menopause (Perger 
et al. 2019). In the present study, females had signifi-
cantly more RERAs than males and a different pattern of 
response to the SDQ2-SDB items. While the total scale 
score correlated similarly to both AHI and RDI in males, 
certain items of the scale were more related to RDI than 
AHI in females. In addition, lower scores on the hyper-
tension question (SDQ-2 #51, “I have high blood pressure 
or once had it”) predicted a higher RDI in females, which 
has also been reported in a recent large study (Cano-
Pumarega et al. 2017).

Future work should therefore expand the number of 
females tested with a view to clarifying differences in the 
male versus female SDB syndromes. While the sensitiv-
ity analysis of Fig. 3 is suggestive of a different pattern of 
SDQ2-SDB response in females, more detailed sensitivity 
analysis of the items could be done in future when there 
are more participants.

Similarly, it has been suggested that the sensitivity 
of the Berlin-Q and the NoSAS, while useful in men, is 
inadequate to screen women for sleep apnea (Bauters et 
al. 2020) and may require a different cut-off score. Sex- 
and age-specific cut-off scores could also be created 
in the future for SDQ2-SDB, as suggested by the whole 
group ANOVA factor levels in Fig. 2, when larger datas-
ets become available.

There is even a suggestion (Gamaldo et al. 2018) that 
none of the existing sleep apnea questionnaires fully cap-
tures the pathological range of the disorder in women, 
so that in future a much broader approach needs to be 
taken. This could include questions on quality of life, psy-
chopathology, and social factors in addition to consider-
ation of various sub-populations. While these issues are 
not covered within the SDQ2-SDB scale, other scales in 
the full 66-item SDQ-2 questionnaire do cover some of 
them. Depression, anxiety, and insomnia are assessed 
in the InsPSY and InsSUBJ scales; substance use affect-
ing sleep in the SUBST scale; daytime sleepiness in the 
EDS scale; and insomnia due to RLS/PLMD events in 
the InsPLM scale. In future articles, validations of these 
other scales will be presented.

The high correlation (Pearson r = 0.94) between the 
questionnaire-derived and physically-measured BMIs 
validates the use of self-report data from the SDQ-2 to 

calculate BMI rather than requiring measurements and 
calculation by medical personnel. This allows SDQ2-SDB 
to be a completely stand-alone self-report questionnaire, 
in contrast to the other four apnea questionnaires. How-
ever, this finding could be unique to the police group 
studied and might not be obtained in sicker or older 
individuals.

While this study population was dissimilar to patients 
attending a sleep disorders clinic, it was likely similar to 
the general population. On the other hand, the relatively 
high prevalence of SDB in the NPSG subgroup suggests 
that a proportion of participants may have self-selected 
based on their pre-existing suspicion of sleep apnea. In 
addition, the predominantly mild-to-moderate sleep 
apnea syndromes displayed by the police members made 
it hard to get simultaneously high sensitivity and speci-
ficity on ROC analysis. It will be interesting to see the 
performance of the SDQ2-SDB scale in patients who are 
waiting for a sleep disorders clinic appointment.

By inspection, the ROC performance of the SDQ2-SDB 
scale appears to be better than the Berlin-Q and about 
the same as STOP-Bang but these differences were not 
statistically significant. In contrast, while the GOAL and 
NoSAS had significantly higher sensitivities than the 
SDQ2-SDB scale, these occurred at specificities that were 
approximately the same as the SDQ2-SDB’s. In addition, 
the GOAL and NoSAS require intervention of medical 
personnel to complete, whereas the SDQ2-SDB does not.

While the performance of the Berlin-Q, when scored 
by the novel method of “summing the points”, had slightly 
better sensitivity and specificity than the traditional 
method, this difference was not statistically significant. 
On the other hand, the traditional “low apnea risk” ver-
sus “high apnea risk” predictions of the Berlin-Q did not 
show a significant difference between normal/mild and 
moderate/severe AHI groups in the present study. This 
prediction by Berlin-Q was therefore not supported by 
our data.

One benefit of the SDQ2-SDB being validated in a 
police force is that it  can now be administered to other 
police forces and possibly emergency services or military 
groups as part of wellness/risk management initiatives. 
Early identification of members at risk of sleep-disor-
dered breathing could facilitate better occupational func-
tioning and public safety. To this end, the SDQ2-SDB has 
been released to the Police Association that formed the 
basis of this study. They plan to provide it confidentially 
to their members.

There are other limitations to the above findings. 
Although studying police members may produce replies 
that approximate the general population versus patients 
awaiting sleep clinic referral, this may have biased the 
results in the opposite direction, i.e., “supernormal.” 
Because police members had to have achieved graduation 
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from at least high school and in most cases college, their 
reading comprehension and language fluency would 
likely have been higher than in some patient groups. For 
example, their replies to the height and weight questions 
might have been more accurate, which would in turn 
make prediction of their BMI more precise than in clini-
cal groups. In addition, only persons who spoke English 
fluently were assessed in this study, in contrast to some 
patient groups in which there could be difficulty under-
standing some of the SDQ2-SDB items.

Those police members volunteering for NPSGs may 
have self-selected in a non-random way that increased 
their rate of sleep apnea compared to other members. 
Even if true, there were few cases of serious sleep apnea 
such as would be expected in clinical samples. Clinical 
patients’ SDQ2-SDB results might show higher sensitiv-
ity and specificity than we found, or it is possible that 
the questionnaire would perform more poorly in severe 
apnea cases due to cognitive impairment or multiple co-
morbidities. Further validation should therefore include 
larger numbers of participants overall, but especially 
more women.

As noted above, the original SDQ-SA scale was used 
in a number of sub-specialty clinics dedicated to vari-
ous medical and psychiatric diagnoses. Several of those 
authors proposed lower cut-off scores to diagnose apnea 
than those reported in the 1994 SDQ paper; this might 
also prove to be the case with SDQ2-SDB. Also, the age 
distribution of the police members did not include teen-
aged or geriatric cases. In future, therefore, it would be 
wise to reassess the SDQ2-SDB scale in a wide variety of 
specialty populations, as well as systematically account-
ing for age and sex. Although the unisex ROC cut-off 
score calculated in the NPSG sample may suffice for gen-
eral population screening for the time being, this would 
need to be confirmed in larger samples. One goal might 
be to derive different cut-off scores for different sub-
populations and to separate male versus female results. 
Another would be to see what predictions can be made 
of hypopnea or upper airway resistance alone, given that 
this study focused only on AHI.

Conclusions
This unisex validation of the SDQ2-SDB scale in a police 
force sample provisionally supports detection of SDB in 
members of the general population if the above cave-
ats are kept in mind. Statistically, its performance in the 
present sample was found to be not significantly different 
from that of the Berlin-Q and STOP-Bang on sensitiv-
ity, specificity or AUC. Because sleep-disordered breath-
ing is a highly prevalent yet often undiagnosed disorder, 
adding the SDQ2-SDB to the existing screening tools 
may facilitate increased detection. Since the full 66-item 
SDQ-2 is already translated into several major languages, 

and because its other scales cover areas that can be co-
morbid with sleep-disordered breathing (psychological 
symptoms, substance use, insomnia, daytime sleepiness) 
a more accurate screening might be achieved with use 
of the full 66-item SDQ-2, particularly in women. Still 
needed in the future will be sex- and age-specific cut-
off scores and norms for the SDQ2-SDB scale. A print-
able copy of SDQ2-SDB is attached as S5_Doc. A 
look-up table showing corresponding item numbers on 
the SDQ2-SDB, SDQ-2, and original SDQ is shown in 
S6_Table.
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