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Abstract
Purpose Despite polysomnography being the gold standard method of diagnosing obstructive sleep apnea (OSA), it is time-
consuming and has long waiting lists. Alternative methods including questionnaires and portable sleep devices have been 
developed to increase the speed of diagnosis. However, most questionnaires such as the STOP-BANG questionnaire (SBQ) 
are limited due to low specificity. This study evaluated the value of SBQ to screen for OSA and compared it with the oxygen 
desaturation index (ODI) and their combination.
Methods This retrospective study included patients who completed the SBQ and underwent a night at the sleep lab or home 
sleep testing. The ODI was extracted from these sleep study reports. The combination of SBQ with ODI and their individual 
scores were compared with apnea–hypopnea index (AHI) in terms of their accuracy in diagnosing OSA. Sensitivity, specific-
ity, and area under the curve (AUC) for different severities of OSA were calculated and compared.
Results Among 132 patients, SBQ showed a sensitivity of 0.9 and a specificity of 0.3 to screen for OSA. As the severity 
of OSA increased, the sensitivity increased whilst specificity decreased for both measurements. ODI achieved an increased 
specificity of 0.8 and could correctly diagnose OSA 86% of the time which was better than SBQ’s 60%. For all severities of 
OSA, ODI alone displayed a larger AUC than SBQ and similar AUC to their combination.
Conclusion ODI produced a higher specificity and AUC than SBQ. Furthermore, ODI combined with SBQ failed to increase 
diagnostic value. Therefore, ODI may be the preferred way to initially screen patients for OSA as an easy-to-use alternative 
compared to SBQ.

Keywords Obstructive sleep apnea · STOP-Bang questionnaire · Apnea–hypopnea index · Oxygen saturation index

Introduction

Obstructive sleep apnea (OSA) is a sleep-related breathing 
disorder (SBD) characterized by intermittent obstruction and 
cessation of airflow in the upper airway (apnea). It can also 
be characterized by the temporary narrowing of the airway 
which results in the reduction of airflow (hypopnea). The 
narrowing is caused by the relaxation of throat muscles dur-
ing sleep [1]. The prevalence of OSA in adults from the 
general population ranges from 9 to 38% [2] and it has been 
shown to be a risk factor for cardiovascular diseases [3], 
such as heart failure and hypertension. According to the 
Wisconsin cohort study [4], approximately 75% of people 
with SBD remain undiagnosed which suggests that OSA — 
being one of the main types of SBD — is currently highly 
undiagnosed in the general population.

The gold standard examination for diagnosing OSA is 
overnight polysomnography (PSG) in a sleep laboratory. 
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PSG can accurately monitor sleep, blood oxygen levels, res-
piratory effort and airflow, limb movements, heart rate, and 
body position. However, the waiting lists can be quite long 
due to limited bed space [5]. The more common method 
of diagnosis is the Home Sleep Apnea Test (HSAT) which 
entails a more simplified 6-channel version of PSG [6]. Both 
PSG and HSAT can measure the frequency of apnea and 
hypopneas over the whole night to yield the apnea–hypopnea 
index (AHI)/respiratory event index (REI), and the oxygen 
desaturation index (ODI) [7]. The AHI determines whether 
an apnea or hypopnea has occurred from obstruction of air-
flow event in a sleep recording, and REI, which is used in 
HSAT, is a surrogate for AHI in PSG [8]. ODI was defined 
as the average number of desaturation episodes per hour of 
recording, with oxygen desaturation defined as a decrease 
in blood oxygen saturation (SpO2) by more than 3% below 
baseline. When breathing is obstructed during sleep, the 
blood oxygen levels drop. Therefore, it can identify apnea 
and hypopneas well [9].

There are some limitations to using PSG and HSAT. One 
is the first-night effects of sleeping in a laboratory connected 
to PSG or at home with HSAT. Both tests can increase sleep 
onset latency and reduce sleep efficiency which can affect 
the AHI score [10]. In this case, it is normal for patients to 
stay multiple nights in the lab to habituate to the new envi-
ronment. This can be time-consuming and bay be costly, 
ausing PSG and HSAT to be relatively inaccessible to many 
patients [5, 11, 12].

Cheaper and less time-consuming methods of evalu-
ating possible OSA are questionnaires such as the Ber-
lin questionnaire, STOP-BANG (snoring, tiredness, 
observed apneas, blood pressure, body mass index, age, 
neck circumference, gender) questionnaire (SBQ), and 
the NoSAS (neck, obesity, snoring, age, sex) [13–15]. 
A systematic review by Abrishami et al. [16] showed 
that the SBQ was one of the best predictors of moder-
ate to severe OSA by displaying the highest sensitivity 
and methodological validity compared to other question-
naires [16]. The SBQ is a relatively quick procedure that 
can inform a health professional of the severity of OSA. 
This is especially important due to the high frequency 
of undiagnosed people with OSA [5]. The main issue 
with the SBQ is that it lacks high specificity, especially 
for mild OSA [17, 18]. It is possible that SBQ could be 
improved by combining the SBQ with other diagnostic 
tools such as ODI. However, the value of SBQ and ODI 
needs further validation to show that the specificity can 
be improved.

Therefore, in order to enhance the speed and accuracy 
of OSA diagnosis in sleep medicine outpatient depart-
ments, the following aims were investigated: (a) testing 
the strength of the individual and the combined SBQ and 
ODI with AHI when diagnosing OSA, and (b) testing 

both the individual and the combined validity of the 
ODI and SBQ with the AHI when diagnosing OSA. It 
was expected that either ODI alone or in combination 
with SBQ would have higher specificity and greater area 
under the curve (AUC) than SBQ alone.

Methods

Participants and procedure

The ethics committee of the Charité–Universitätsmedizin 
Berlin approved the study protocol, and informed consent 
was obtained from all patients.

During the first visit, all patients completed the previ-
ously validated German version of the SBQ [19, 20], and 
assistance was given by nurses if needed (see Fig. 1). 
Then each patient underwent either an FDA-approved 
in-lab PSG or HSAT. This recorded EEG, EOG, EMG, 
ECG, nasal pressure, rib cage, abdominal movements, 
body position, snoring sound, oximetry, and airf low. 
The filter settings that applied were in accordance with 
the American Academy of Sleep Medicine (AASM) 
manual recommendations. After these recordings were 
manually scored, the AHI/REI and ODI were extracted. 
Apneas were defined as an airflow drop of 90% during 
10 s and hypopneas were defined as an airflow drop of 
30% for 10 s associated with a blood desaturation of 
3%. Both REI and AHI were then calculated (events/
hour of recording time) to identify patients with either 
mild OSA was defined (5 ≤ AHI < 15 events/h), mod-
erate OSA (15 ≤ AHI < 30 events/h), or severe OSA 
(AHI ≥ 30 events/h). All other data such as basic demo-
graphics (BMI, age, neck circumference, and sex) and 
sleep study data were collected retrospectively from the 
medical records. At the time of scoring the SBQ, the 
researchers were blinded from the identity of the patient 
to remove potential biases.

Materials

The SBQ consists of 8 yes/no questions, each negative 
answer is scored as 1 and each positive is scored as 0. A 
total score of ≥ 3 but < 5 is classified as having an interme-
diate risk of OSA, and a high risk of OSA is between 5 
and 8 points. High sensitivity can be seen when using a 
cut-off score of ≥ 3 with the AHI when defining OSA: 84% 
in detecting mild, 93% in detecting moderate to severe, and 
100% in detecting severe. However, their specificities were 
low at 56%, 43%, and 37%, respectively [23]. As mentioned 
previously, the main parameters used to examine HSAT and 
PSG data were REI/AHI and ODI. The ODI was used to 
measure each patient’s desaturation episodes per hour, the 
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severity of ODI was classified as either mild, moderate, or 
severe, and ODI < 5 was considered as having no problem-
atic oxygen desaturation, and thus, we set the cut-off ODI 
value of 5 in this study.

Data analysis

All analyses were computed in SPSS software version 22.0. 
A Spearman’s correlation coefficient was calculated to 
measure the strength of the relationship between the AHI 
with SBQ, ODI, and their combination. This was to identify 
whether each measure follows in the same direction as AHI.

An additional Spearman’s correlation coefficient was con-
ducted to measure the strength of the relationship between 
different levels of AHI severity with SBQ, ODI, and their 
combination. This was to identify whether different severity 
levels of AHI are more or less related to each measure.

Positive predictive value (PPV) and negative predictive 
value (NPV) were calculated to validate the sensitivity and 
specificity of the cut-off values SBQ ≥ 3, ODI ≥ 5, and their 

combination. We also tested a model that combines ODI 
with the SBQ by logistic regression. This will inform us 
whether the combination increases the sensitivity and speci-
ficity of each measure.

In addition to this, receiver operating characteristic curves 
(ROCs) were performed to assess the diagnostic value of the 
ODI alone, SBQ alone, the combination of the two, and the 
logistic regression for different severities of AHI. The AUC 
produced from the ROCs range from 0.50 (no diagnostic 
ability) to 1.0 (perfect diagnostic ability) and can also be 
confirmed with a Youden statistic. The closer the value is to 
1, the higher the diagnostic value the analysis holds. The dif-
ferences in AUC calculated by the ROC characteristics were 
compared by Z-tests to assess their overall performance. 
Z-tests are a nonparametric test for 2 independent samples. 
They were used to compare the AUC characteristic derived 
from the same cases. Furthermore, the optimal cut-off val-
ues of ODI and SBQ in the AUC analysis were evaluated 
to achieve the most accurate prediction of OSA diagnosis 
(AHI ≥ 5, 15, and 30).

Fig. 1  German version STOP-
Bang questionnaire
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Results

Patient characteristics

The sample consisted of 224 patients who visited the outpatient 
department in the interdisciplinary sleep medicine center at the 
Charite-Universitatsmedizin in Berlin from January 2017 to 
January 2018. Ninety-two patients were excluded due to either 
incomplete follow-ups, SBQs, and/or clinical data, which left 
132 patients to be included in this study. The demographic and 
mean SBQ responses from the patients are shown in Table 1. 
This retrospective study enrolled 132 patients, 74% were male 
and 61% were over 50 years old. Forty-nine patients were 
given HSAT and the other 83 patients were given PSG. The 
total sample had a mean AHI of 11.68 ± 15.02 event/h, a BMI 
of 28 ± 5.38 kg/m2, and an ODI of 13.4 ± 16.32. All patients 
reported at least one suspected OSA symptom, the most com-
mon were snoring (72%) and hypertension (47%). From this 
sample, 53% were diagnosed with OSA (mild 49%, moderate 
30%, and severe 21%) and 47% with no OSA.

Correlation analysis between ODI, SBQ, and AHI

There were significant positive correlations between the 
AHI, ODI, and SBQ mutually for patients with OSA over-
all. The ODI highly correlated with the AHI (p < 0.05 and 
r = 0.914) whilst the SBQ (p < 0.05, r = 0.357) showed a 
weaker positive correlation with AHI. It was also found that 
as the ODI score increases, so did the SBQ score (p < 0.05 
and r = 0.451). This suggests that as AHI scores increase so 
does ODI and SBQ. However, the relationship is stronger 
between ODI and AHI. Table 2 displays correlation analy-
ses between ODI and AHI for different OSA severities. The 

analyses found no significant correlations between the SBQ 
and AHI among the total sample. In contrast, AHI was posi-
tively correlated with the ODI for moderate and severe OSA 
patients (Spearman ρ of 0.493 and 0.796, respectively).

Evaluating the values of SBQ ≥ 3, ODI ≥ 5, and their 
combination

The diagnostic accuracy of ODI ≥ 5, SBQ ≥ 3, their combina-
tion, and a logistic regression model is presented in Table 3. 
Overall, SBQ ≥ 3 precisely screened 62% of OSA patients (AHI/
REI ≥ 5/h). The sensitivity of SBQ increased as the severity of 
OSA increased (mild 90%, moderate 94%, and severe 100%). 
Similarly, the NPV increased (73%, 92%, and 100%, respec-
tively). In contrast, the specificity of SBQ decreased as the 
severity of OSA increased (mild 31%, moderate 25%, severe 
22%). Similarly, the PPV decreased (59%, 32%, and 14%, 
respectively). This indicates that the SBQ alone may be suscep-
tible to accepting false positives as the severity of AHI increases.

For ODI ≥ 5, the accuracy of the classification rate was 
91% for OSA patients (AHI ≥ 5/h) which was much higher 
than SBQ (62%). The sensitivity increased as the severity of 
OSA increased (mild 91%, moderate 94%, severe 100%), and 
the NPV also increased (89%, 96%, and 100%, respectively). 
The specificity of ODI decreased as the severity of OSA 
increased (mild 80%, moderate 57%, severe 47%), and the 
PPV decreased (84%, 44%, and 19%, respectively).

The combination of SBQ with ODI and a logistic regres-
sion model (SBQ + ODI) showed the best performance of 
specificity in all severity levels of OSA (mild 85%, moderate 
63%, severe 55%). There was also a decrease in PPV as the 
severity of AHI increased. However, these values were still 
higher than SBQ and ODI alone (mild 86%, moderate 47%, 
severe 21%). One consequence of this combination was that 
the sensitivity was slightly lower when ODI and SBQ meas-
ures were evaluated separately.

The ROC of the SBQ ≥ 3 and ODI ≥ 5

See Figs. 2 and 3 for the ROC analyses set with ODI cut-off 5 and 
SBQ cut-off 3 across all severity levels of OSA. When the AHI 

Table 1  Demographic data and STOP-Bang questionnaire characteristics

Characteristics n = 132

Basic demographic data
  Sex (%); male 98 (74%)
  Age, year 53.5 ± 14.0
  BMI, kg/m2 28.0 ± 5.4
  ODI/h 13.4 ± 16.3
  AHI, event/h 11.7 ± 15.0

STOP-Bang questionnaires
  Age ≥ 50, year 81 (61%)
  BMI ≥ 35, kg/m2 13 (10%)
  Snoring 95 (72%)
  Tiredness 76 (58%)
  Observed apnea 62 (47%)
  Hypertension 62 (47%)
  Neck circumference ≥ 40 cm 40 (30%)
  Total SBQ points 4 ± 1.66 (range 1–8)

Table 2  Correlations between oxygen desaturation index and STOP-
BANG questionnaire for apnea–hypopnea index ≥ 5, ≥ 15, or ≥ 30

* p < 0.05

Groups Values SBQ AHI

AHI ≥ 5 AHI 0.136 -
ODI 0.367* 0.297

AHI ≥ 15 AHI  − 0.047 -
ODI 0.235 0.493*

AHI ≥ 30 AHI 0.235 -
ODI 0.415 0.796**
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cut-off was either 5, 15, or 30, the average AUC for ODI alone 
was 0.85, 0.75, and 0.74; for the combination of SBQ and ODI, it 
was 0.84, 0.76, and 0.77, and the logistic regression model showed 
0.87, 0.78, and 0.77, respectively. According to the Z-test, all of 
which were significantly larger (p < 0.05) than SBQ ≥ 3 (0.61, 0.60, 
0.62). However, when the SBQ was combined with ODI, it did not 
significantly contribute to the value of ODI (p ≥ 0.46).

In summary, ODI ≥ 5 had higher sensitivity, specificity, 
and a larger AUC than SBQ ≥ 3 for screening all OSA. Fur-
thermore, ODI showed higher sensitivity, a slightly lower 
specificity, and the same overall value as the logistics model.

The optimal cut‑off of the SBQ and ODI

See Table  4 for the ROC analyses characteristics on 
ODI and SBQ across all severity levels of OSA. The 

optimal cut-off score for the SBQ was 5 for all severi-
ties of OSA. For ODI, the optimal cut-off scores were 8, 
11, and 22, indicating a maximal AUC of 0.929, 0.906, 
and 0.988 for mild, moderate, and severe OSA, respec-
tively. Both the individual ODI and the combination of 
ODI with SBQ analyses showed statistically significant 
diagnostic values for OSA across all severity levels. 
Also, they both had a larger and approximately similar 
ROC than the individual SBQ analysis. For the identifi-
cation of mild OSA, SBQ AUC = 0.688 [0.596–0.779], 
ODI AUC = 0.929 [0.714–0.940], and both combined 
AUC = 0.929 [0.714–0.940] with a Youden index of 0.813. 
For the identification of moderate OSA, SBQ AUC = 0.685 
[0.58–0.79], ODI AUC = 0.906 [0.838–0.975], and both 
combined AUC = 0.907 [0.839–0.975] with a Youden 
index of 0.705. For the identification of severe OSA, SBQ 
AUC = 0.736 [0.598–0.874], ODI AUC = 0.988 [0.973–1], 
and both combined AUC = 0.988 [0.973–1] with a high 
Youden index of 0.946. Overall, it is shown here that the 
output from the combination of SBQ and ODI analysis 
is relatively similar to the individual ODI output with a 
slight difference in both the AUC and Youden index. ODI 
at the optimal cut-off value could display an almost perfect 
diagnostic ability for all severities of OSA.

Discussion

This study showed that using the ODI alone may serve 
as a good preliminary assessment of OSA whilst wait-
ing for a full diagnosis from HSAT or PSG. However, the 

Table 3  Diagnostic accuracy 
of SBQ ≥ 3 and ODI ≥ 5, the 
combination, and a logistic 
regression model to detect OSA

Abbreviations: NPV, negative predictive value; PPV, positive predictive value; sensitivity = TP / (TP + FN), 
specificity = TN / (TN + FP), PPV = TP / (TP + FP), NPV = TN / (TN + FN)

Sensitivity Specificity PPV NPV

AHI/REI ≥ 5/h (n = 70)
  SBQ ≥ 3 90% 31% 59% 73%
  ODI ≥ 5 91% 80% 84% 89%
  Combination of SBQ ≥ 3 with ODI ≥ 5 82% 85% 86% 81%
  Logistic regression model (SBQ + ODI) 91% 60% 84% 89%

AHI/REI ≥ 15/h (n = 35)
  SBQ ≥ 3 94% 25% 32% 92%
  ODI ≥ 5 94% 57% 44% 96%
  Combination of SBQ ≥ 3 with ODI ≥ 5 88% 63% 47% 94%
  Logistic regression model (SBQ + ODI) 89% 64% 47% 94%

AHI/REI ≥ 30/h (n = 15)
  SBQ ≥ 3 100% 22% 14% 100%
  ODI ≥ 5 100% 47% 19% 100%
  Combination of SBQ ≥ 3 with ODI ≥ 5 100% 55% 21% 100%
  Logistic regression model (SBQ + ODI) 100% 55% 21% 100%

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

AUC(AHI≥5 ) AUC(AHI≥15) AUC(AHI≥30)

STOP≥3 ODI≥5 STOP≥3 and ODI≥5 Logis�c(STOP≥3/ODI≥5)

Fig. 2  Area under curve (AUC) of the 4 scores at AHI/REI cut-off of 
5, 15, and 30 event/h
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combination of SBQ failed to increase the diagnostic value 
of ODI, and the rate of accepting a false negative slightly 
increased.

A positive correlation was detected for both ODI and SBQ 
with AHI. This suggests that as the AHI severity increases, 
the SBQ and the ODI scores decrease. When breaking this 
down by severity of AHI, a strong positive relationship can 
be seen in ODI alone with moderate and severe OSA whilst 
the SBQ displayed non-significant relationships. On the 
other hand, SBQ and ODI had no significant positive cor-
relation when diagnosing mild OSA. This suggests that ODI 
alone would be better at diagnosing moderate and severe 
OSA than SBQ. Considering possible moderating factors, 
the low correlation between SBQ and AHI might have been 
affected by the small sample. Another reason could be that 
there was an uneven gender split of 74% of males compared 
to a low proportion of females (26%).

Our findings indicated that SBQ alone and ODI alone 
demonstrated high sensitivity for each severity of OSA 

classified by the AHI. However, the specificity scores of 
SBQ for each severity level remained low. In terms of the 
PPV and NPV, there is a greater likelihood of accepting 
false positives than false negatives which means that if 
SBQ alone were used individually with AHI, then there 
would be a greater possibility of misdiagnosing the sever-
ity of OSA, especially moderate and severe as their speci-
ficity scores are low. Nagappa et al. [21] conducted a meta-
analysis to measure the validity of the SBQ as a screening 
tool for severe OSA and found high validity. They also 
reported that when the severity of AHI increased, the 
sensitivity of the SBQ increased whilst the specificity 
decreased, which is in line with the results shown in this 
current study. Alternatively, when ODI alone or both diag-
nostic tools were combined and compared against the AHI, 
it showed an increase in specificity across all severities 
whilst the sensitivity for each severity decreased slightly. 
This suggests that ODI or the combination could be benefi-
cial to diagnosing OSA in terms of increasing specificity. 

Fig. 3  Receiver operator curve (ROC) analyses of a combination of STOP-Bang questionnaire with oxygen desaturation index versus STOP-
Bang questionnaire and oxygen desaturation index alone in AHI ≥ 5, AHI ≥ 15, and AHI ≥ 30

Table 4  Receiver operator curve (ROC) analyses of oxygen desaturation index and STOP-Bang questionnaire for AHI ≥ 5, ≥ 15, ≥ 30

AHI Variable AUC SE 95% Confidence interval Cut-off Sensitivity Specialty Youden index

Low area Upper area

 ≥ 5 SBQ 0.688 0.047 0.596 0.779 4.500 0.493 0.780 0.272
ODI 0.929 0.025 0.881 0.978 7.600 0.896 0.932 0.828
SBQ with ODI 0.929 0.025 0.881 0.978 0.506 0.881 0.932 0.813

 ≥ 15 SBQ 0.685 0.053 0.580 0.790 4.500 0.543 0.703 0.246
ODI 0.906 0.035 0.838 0.975 10.850 0.914 0.802 0.716
SBQ with ODI 0.907 0.035 0.839 0.975 0.165 0.914 0.791 0.705

 ≥ 30 SBQ 0.736 0.070 0.598 0.874 4.500 0.714 0.679 0.393
ODI 0.988 0.008 0.973 1.000 22.250 1.000 0.929 0.929
SBQ with ODI 0.988 0.008 0.973 1.000 0.078 1.000 0.946 0.946
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Consequently, ODI displayed a better value and should 
be the preferred way to initially screen OSA patients, 
whereas SBQ should be considered in large populations 
as it is inexpensive and less time-consuming than oximetry 
monitoring.

Previous studies have focused on improving the PPV 
and specificity of the SBQ by combining it with different 
tools [22, 23]. Senaratna et al. [24] found that when com-
bining the SBQ with the Epworth Sleepiness Scale ≥ 8, 
the specificity was high (94–96%) and the sensitivity was 
low (36–51%). In 2012, Chung et al. [25] demonstrated 
that the serum HCO3-levels only increased the specific-
ity of the SBQ in predicting moderate/severe OSA. Dette 
et al. [26] combined SBQ scores with Mallampati scores, 
which failed to improve the specificity in predicting SBD. 
Another study examined the predictive ability of OSA 
screening questionnaires versus oximetry for CPAP ther-
apy initiation and identified that oximetry performed better 
than questionnaires (Berlin questionnaire, Epworth Sleepi-
ness Scale, and SBQ) in predictive ability. However, their 
combination did not improve their predictive value [27].

As mentioned previously, a strong correlation was 
found between ODI and AHI in the multiple logistic analy-
sis (r = 0.914), which suggests that this model showed a 
good performance to screen all severities of OSA. There-
fore, overnight oximetry seems to be an inexpensive, read-
ily available, and straightforward tool to screen for OSA. 
Previous studies have also emphasized the accuracy of 
ODI as a tool to detect SBD and suggested it should be 
an essential assessment criterion for diagnosis [9, 27, 28]. 
Mashaqi et al. [29] found that the use of nocturnal oxime-
try measures (ODIPOx) improved the accuracy of SBQ in 
severe OSA in both inpatient and outpatient settings. Our 
study also showed this; however, the cost of improving the 
diagnostic ability of SBQ reduced the diagnostic ability 
of the ODI. Therefore, combining SBQ with ODI is sub-
optimal compared to using ODI alone to diagnose OSA.

The diagnostic ability of SBQ, ODI, and their com-
bination at different cut-offs has been investigated 
previously. Chung et  al. [30] found that ODI from a 
high-resolution nocturnal oximeter was a sensitive 
and specific tool to detect undiagnosed SBD in sur-
gical patients. Their cut-off values for ODI to predict 
AHI > 5, AHI > 15, and AHI > 30 were ODI > 5, > 15, 
and > 30. This current study showed that an ODI cut-off 
of 8, 11, and 22 had a maximal AUC for mild, moder-
ate, and severe OSA. The cut-off scores for SBQ were 
also adjusted to maximize the diagnostic ability of all 
assessments. When both ODI alone and the combina-
tion of ODI and SBQ were maximized, they both had an 
excellent discriminative ability to predict mild, moder-
ate, and severe OSA in all patients. ODI combined with 
SBQ displayed the most significant AUC and highest 

Youden index in patients with severe OSA. This sug-
gests that when ODI cut-off scores are optimized, ODI 
could evaluate all degrees of severity of OSA accurately. 
Therefore, these optimized cut-off scores may need to be 
considered if this combination was to be used to maxi-
mize the perfomance of ODI in OSA.

Limitations

A limitation of this study is the small sample size. Some 
of the patients may have given more extreme answers on 
the SBQ than others. This could skew the accuracy and 
comparability of the value. Therefore, larger studies are 
needed to confirm the findings of this study.

In addition, the correlation and ROC analyses in this 
study reported contrasting results for the relationship 
between the AHI with the combination of ODI and SBQ. 
However, this was mostly dependent on different cut-off val-
ues of the SBQ calculated for different severities of OSA.

A further limitation is that this study evaluated the ODI 
adopted from sleep study reports instead of portable noctur-
nal pulse oximetry. This means that the ODI was not scored 
independently from the AHI/REI, whereas it is possible to 
do this with portable oximetry devices. These devices can 
record more data and provide detailed information about 
the oxygen level at night (including a detailed graph and 4% 
desaturation events). Therefore, the value produced by these 
new devices should be studied further.

Conclusion

This study attempted to improve the diagnostic ability of 
the SBQ in screening and predicting the degree of OSA 
by combining it with ODI. According to the findings, ODI 
alone had a higher sensitivity and specificity than SBQ, 
and the combination with SBQ failed to provide additional 
diagnostic value. Therefore, a simple portable nighttime 
pulse oxygen saturation monitoring device may be the 
preferred way to initially screen for potential OSA with 
comparatively low cost compared to PSG.

Acknowledgements We thank Mrs. Blandina Pötke for her contribu-
tion to data collection.

Author contribution All authors contributed to the study’s conception 
and design. Data analysis and manuscript writing were performed by 
Ms. Yan Wang, and all authors commented on previous versions of 
the manuscript. All authors read and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This study was funded by the Charité–Universitätsmedizin 
Berlin.

1321Sleep and Breathing (2023) 27:1315–1323



1 3

Data availability All data generated or analyzed during this study are 
included in this published article.

Declarations 

Ethics approval All procedures were in accordance with the ethical 
standards of the ethics committee of the Charité–Universitätsmedizin 
Berlin.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Olson EJ, Moore WR, Morgenthaler TI, Gay PC, Staats BA (2003) 
Obstructive sleep apnea-hypopnea syndrome. Mayo Clin Proc 
78(12):1545–1552. https:// doi. org/ 10. 4065/ 78. 12. 1545

 2. Senaratna CV, Perret JL, Lodge CJ et al (2017) Prevalence of 
obstructive sleep apnea in the general population: a systematic 
review. Sleep Med Rev 34:70–81. https:// doi. org/ 10. 1016/j. smrv. 
2016. 07. 002

 3. Smith SC Jr (2006) Current and future directions of cardiovascular 
risk prediction. Am J Cardiol 97(2A):28A-32A. https:// doi. org/ 10. 
1016/j. amjca rd. 2005. 11. 013

 4. Young T, Palta M, Dempsey J, Peppard PE, Nieto FJ, Hla KM 
(2009) Burden of sleep apnea: rationale, design, and major find-
ings of the Wisconsin Sleep Cohort study. WMJ 108(5):246–249

 5. Flemons WW, Douglas NJ, Kuna ST, Rodenstein DO, Wheatley 
J (2004) Access to diagnosis and treatment of patients with sus-
pected sleep apnea. Am J Respir Crit Care Med 169:668–672. 
https:// doi. org/ 10. 1164/ rccm. 200308- 1124PP

 6. Nerfeldt P, Aoki F, Friberg D (2014) Polygraphy vs polysomnog-
raphy: missing OSAs in symptomatic snorers—a reminder for 
clinicians. Sleep Breath 18(2):297–303. https:// doi. org/ 10. 1007/ 
s11325- 013- 0884-6

 7. Sleep–related breathing disorders in adults: recommendations 
for syndrome definition and measurement techniques in clinical 
research. Sleep. 1999;22(5):667–689. https:// doi. org/ 10. 1093/ 
sleep/ 22.5. 667

 8. Ruehland WR, Rochford PD, O’Donoghue FJ, Pierce RJ, Singh 
P, Thornton AT (2009) The new AASM criteria for scoring hypo-
pneas: impact on the apnea hypopnea index. Sleep 32(2):150–157. 
https:// doi. org/ 10. 1093/ sleep/ 32.2. 150

 9. Rashid NH, Zaghi S, Scapuccin M, Camacho M, Certal V, 
Capasso R (2021) The value of oxygen desaturation index for 
diagnosing obstructive sleep apnea: a systematic review. Laryn-
goscope 131(2):440–447. https:// doi. org/ 10. 1002/ lary. 28663

 10 Veugen CCAFM, Teunissen EM, den Otter LAS, Kos MP, 
Stokroos RJ, Copper MP (2021) Prediction of obstructive sleep 
apnea: comparative performance of three screening instru-
ments on the apnea-hypopnea index and the oxygen desaturation 
index. Sleep Breath. 25(3):1267–1275. https:// doi. org/ 10. 1007/ 
s11325- 020- 02219-6

 11 Rains JC (2001) Polysomnography necessitates experimental con-
trol of the “first night effect.” Headache: The Journal of Head and 
Face Pain. 41(9):917–918. https:// doi. org/ 10. 1046/j. 1526- 4610. 
2001. 01173.x

 12. Le Bon O, Staner L, Hoffmann G et al (2001) The first-night effect 
may last more than one night. J Psychiatr Res 35(3):165–172. 
https:// doi. org/ 10. 1016/ s0022- 3956(01) 00019-x

 13. Chiu HY, Chen PY, Chuang LP, Chen NH, Tu YK, Hsieh YJ, 
Wang YC, Guilleminault C (2017) Diagnostic accuracy of the 
Berlin questionnaire, STOP-Bang, STOP, and Epworth sleepi-
ness scale in detecting obstructive sleep apnea: a bivariate meta-
analysis. Sleep Med Rev 36:57–70. https:// doi. org/ 10. 1016/j. 
smrv. 2016. 10. 004

 14. Ramachandran SK, Josephs LA (2009) A meta-analysis of clini-
cal screening tests for obstructive sleep apnea. Anesthesiology 
110:928–939. https:// doi. org/ 10. 1097/ ALN. 0b013 e3181 9c47b6

 15. Rong Y, Wang S, Wang H, et al. Validation of the NoSAS score 
for the screening of sleep-disordered. Breathing in a Sleep 
Clinic. Can Respir J. 2020; 2020: 4936423. Published 2020 Jan 
8. https:// doi. org/ 10. 1155/ 2020/ 49364 23

 16. Abrishami A, Khajehdehi A, Chung F (2010) A system-
atic review of screening questionnaires for obstructive sleep 
apnea. Can J Anaesth 57(5):423–438. https:// doi. org/ 10. 1007/ 
s12630- 010- 9280-x

 17. Chung F, Yang Y, Brown R, Liao P (2014) Alternative scor-
ing models of STOP-Bang questionnaire improve specificity to 
detect undiagnosed obstructive sleep apnea. J Clin Sleep Med 
10(09):951–958. https:// doi. org/ 10. 5664/ jcsm. 4022

 18. Silva GE, Vana KD, Goodwin JL, Sherrill DL, Quan SF (2011) 
Identification of patients with sleep disordered breathing: com-
paring the four-variable screening tool, STOP, STOP-Bang, 
and Epworth sleepiness scales. J Clin Sleep Med 7(5):467–472. 
https:// doi. org/ 10. 5664/ JCSM. 1308

 19. Dette FG, Graf J, Cassel W, Lloyd-Jones C, Boehm S, Zoremba 
M, Schramm P, Pestel G, Thal SC (2016) Combination of 
STOP-Bang score with Mallampati score fails to improve speci-
ficity in the prediction of sleep-disordered breathing. Minerva 
Anestesiol 82(6):625–634

 20. Reuter H, Herkenrath S, Treml M, Halbach M, Steven D, Frank 
K, Castrogiovanni A, Kietzmann I, Baldus S, Randerath WJ 
(2018) Sleep-disordered breathing in patients with cardiovascu-
lar diseases cannot be detected by ESS, STOP-Bang, and Berlin 
questionnaires. Clin Res Cardiol 107(11):1071–1078. https:// 
doi. org/ 10. 1007/ s00392- 018- 1282-7

 21. Nagappa M, Liao P, Wong J et  al (2015) Validation of the 
STOP-Bang questionnaire as a screening tool for obstructive 
sleep apnea among different populations: a systematic review 
and meta-analysis. PLoS ONE 10(12):e0143697. https:// doi. org/ 
10. 1371/ journ al. pone. 01436 97

 22. Chiner E, Signes-Costa J, Arriero JM, Marco J, Fuentes I, Ser-
gado A (1999) Nocturnal oximetry for the diagnosis of the sleep 
apnoea hypopnoea syndrome: a method to reduce the number of 
polysomnographies? Thorax 54:968–971

 23. Boulos MI, Colelli DR, Vaccarino SR, Kamra M, Murray BJ, 
Swartz RH (2019) Using a modified version of the “STOP-
Bang” questionnaire and nocturnal oxygen desaturation to 
predict obstructive sleep apnea after stroke or TIA. Sleep 
Med 56:177–183. https:// doi. org/ 10. 1016/j. sleep. 2018. 12. 
021

1322 Sleep and Breathing (2023) 27:1315–1323

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4065/78.12.1545
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.1016/j.amjcard.2005.11.013
https://doi.org/10.1016/j.amjcard.2005.11.013
https://doi.org/10.1164/rccm.200308-1124PP
https://doi.org/10.1007/s11325-013-0884-6
https://doi.org/10.1007/s11325-013-0884-6
https://doi.org/10.1093/sleep/22.5.667
https://doi.org/10.1093/sleep/22.5.667
https://doi.org/10.1093/sleep/32.2.150
https://doi.org/10.1002/lary.28663
https://doi.org/10.1007/s11325-020-02219-6
https://doi.org/10.1007/s11325-020-02219-6
https://doi.org/10.1046/j.1526-4610.2001.01173.x
https://doi.org/10.1046/j.1526-4610.2001.01173.x
https://doi.org/10.1016/s0022-3956(01)00019-x
https://doi.org/10.1016/j.smrv.2016.10.004
https://doi.org/10.1016/j.smrv.2016.10.004
https://doi.org/10.1097/ALN.0b013e31819c47b6
https://doi.org/10.1155/2020/4936423
https://doi.org/10.1007/s12630-010-9280-x
https://doi.org/10.1007/s12630-010-9280-x
https://doi.org/10.5664/jcsm.4022
https://doi.org/10.5664/JCSM.1308
https://doi.org/10.1007/s00392-018-1282-7
https://doi.org/10.1007/s00392-018-1282-7
https://doi.org/10.1371/journal.pone.0143697
https://doi.org/10.1371/journal.pone.0143697
https://doi.org/10.1016/j.sleep.2018.12.021
https://doi.org/10.1016/j.sleep.2018.12.021


1 3

 24. Senaratna CV, Perret JL, Lowe A et al (2019) Detecting sleep 
apnoea syndrome in primary care with screening questionnaires 
and the Epworth sleepiness scale. Med J Aust 211(2):65–70. 
https:// doi. org/ 10. 5694/ mja2. 50145

 25. Chung F, Chau E, Yang Y, Liao P, Hall R, Mokhlesi B (2013) 
Serum bicarbonate level improves the specificity of STOP-Bang 
screening for obstructive sleep apnea. Chest 143(5):1284–1293. 
https:// doi. org/ 10. 1378/ chest. 12- 1132

 26. Dette FG, Graf J, Cassel W, Lloyd-Jones C, Boehm S, Zoremba 
M, Schramm P, Pestel G, Thal SC (2016) Combination of the 
STOP-Bang score with the Mallampati score fails to improve 
specificity in the prediction of sleep-disordered breathing. Min-
erva Anestesiol 82(6):625–634

 27. Pataka A, Kalamaras G, Vlachogianni E, Argyropoulou P 
(2019) Combination of oximetry and sleep questionnaires as 
screening tools for CPAP initiation in patients with obstructive 
sleep apnea. Pulmonology. 25(3):137–142. https:// doi. org/ 10. 
1016/j. pulmoe. 2018. 10. 004

 28. Lin SH, Branson C, Leung J, Park L, Doshi N, Auerbach SH 
(2018) Oximetry as an accurate tool for identifying moderate to 
severe sleep apnea in patients with acute stroke. J Clin Sleep Med 
14(12):2065–2073. https:// doi. org/ 10. 5664/ jcsm. 7538

 29. Mashaqi S, Staebler D, Mehra R (2020) Combined nocturnal 
pulse oximetry and questionnaire-based obstructive sleep apnea 
screening—a cohort study. Sleep Med 72:157–163. https:// doi. 
org/ 10. 1016/j. sleep. 2020. 03. 027

 30. Chung F, Liao P, Elsaid H, Islam S, Shapiro CM, Sun Y (2012) 
Oxygen desaturation index from nocturnal oximetry: a sensitive 
and specific tool to detect sleep-disordered breathing in surgical 
patients. Anesth Analg 114(5):993–1000. https:// doi. org/ 10. 1213/ 
ANE. 0b013 e3182 48f4f5

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1323Sleep and Breathing (2023) 27:1315–1323

https://doi.org/10.5694/mja2.50145
https://doi.org/10.1378/chest.12-1132
https://doi.org/10.1016/j.pulmoe.2018.10.004
https://doi.org/10.1016/j.pulmoe.2018.10.004
https://doi.org/10.5664/jcsm.7538
https://doi.org/10.1016/j.sleep.2020.03.027
https://doi.org/10.1016/j.sleep.2020.03.027
https://doi.org/10.1213/ANE.0b013e318248f4f5
https://doi.org/10.1213/ANE.0b013e318248f4f5

	Comparison of the value of the STOP-BANG questionnaire with oxygen desaturation index in screening obstructive sleep apnea in Germany
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Participants and procedure
	Materials
	Data analysis

	Results
	Patient characteristics
	Correlation analysis between ODI, SBQ, and AHI
	Evaluating the values of SBQ ≥ 3, ODI ≥ 5, and their combination
	The ROC of the SBQ ≥ 3 and ODI ≥ 5
	The optimal cut-off of the SBQ and ODI

	Discussion
	Limitations

	Conclusion
	Acknowledgements 
	References


