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Introduction
Sleep‑disordered breathing (SDB) is 
a major public health problem with a 
prevalence of 5%–20%. Obstructive sleep 
apnea (OSA) is the most common form 
of SDB in adults.[1,2] OSA is a chronic 
condition manifested by recurrent collapse 
of the upper airway during sleep. The 
episodes result in oxygen desaturation, 
cortical sleep arousal, sleep fragmentation, 
and sympathetic activation.[3] Patients with 
OSA may report symptoms such as snoring, 
choking during sleep, excessive daytime 
sleepiness, non‑restorative sleep, poor sleep 
quality, fatigue, and morning headaches.[4,5] 
Additionally, untreated OSA is associated 
with chronic physical and mental health 
conditions such as cardiovascular disease, 
hypertension, diabetes mellitus, depression, 
and cognitive impairment.[6‑9]
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Abstract
The prevalence of obstructive sleep apnea syndrome (OSA) increases in women during pregnancy 
and negatively affects maternal and fetal outcomes. The updated systematic review and meta‑analysis 
aimed to evaluate the validity of the Berlin, STOP‑Bang, and Epworth sleepiness scale (ESS) 
questionnaires in detecting OSA in pregnant women. PubMed, Embase, and Web of Science 
were searched systematically up to March 2022. After eligible studies inclusion, two independent 
reviewers extracted demographic and clinical data. Bivariate random effects models were used to 
estimate the pooled accuracy measures including sensitivity and specificity, positive (PPV) and 
negative predictive values (NPVs), diagnostic odds ratio (DOR), and receiver operating characteristic 
curve (ROC) curve. We included 8 studies including 710 pregnant women with suspected OSA. 
The performance values of Berlin, STOP‑Bang, and ESS questionnaires were as follows: the pooled 
sensitivity were  61% (95% confidence interval (CI): 40%–80%), 59% (95% CI: 49%–69%), and 
29%, (95% CI: 10%–60%); pooled specificity were 61% (95% CI: 42%–78%), 80% (95% CI: 
55%–93%), and 80% (95% CI: 50%–94%); pooled PPVs were 60% (95% CI: 0.49–0.72), 73% 
(95% CI: 61%–85%), and 59% (95% CI: 31%–87%); pooled NPVs were 60% (95% CI: 0.49–0.71), 
65% (95% CI: 54%–76%), and 53% (95% CI: 41%–64%); and pooled DORs were 3 (95% CI: 1–5), 
6 (95% CI: 2–19), and 2 (95% CI: 1–3), respectively. It seems that the Berlin, STOP‑Bang, and ESS 
questionnaires had poor to moderate sensitivity and specificity in pregnancy, with the ESS showing 
the worst characteristics. Further studies are required to evaluate the performance of alternative 
screening methods for OSA in pregnancy.

Keywords: Berlin questionnaire, Epworth sleepiness Scale, obstructive sleep apnea, pregnant 
women, STOP‑bang questionnaire

Screening Tools for Obstructive Sleep Apnea in Pregnant Women: An 
Extended and Updated Systematic Review and Meta‑analysis

Review Article

Babak Amra, 
Masoud Mansouri1, 
Forogh 
Soltaninejad, 
Awat Feizi2, 
Marta Kaminska3

Bamdad Respiratory and Sleep 
Research Center, Pulmonary 
and Sleep Ward, Department 
of Internal Medicine, School of 
Medicine, Isfahan University 
of Medical Sciences, Isfahan, 
Iran, 1Department of Internal 
Medicine, School of Medicine, 
Isfahan University of Medical 
Sciences, Isfahan, Iran, 
2Department of Epidemiology 
and Biostatistics, School of 
Health, Isfahan University of 
Medical Sciences, Isfahan, Iran, 
3Respiratory Division, McGill 
University Health Centre, 
Montreal, Quebec, Canada

How to cite this article: Amra B, Mansouri M, 
Soltaninejad F, Feizi A, Kaminska M. Screening 
tools for obstructive sleep apnea in pregnant women: 
An extended and updated systematic review and 
meta‑analysis. Int J Prev Med 2024;15:31.

Previously, it was believed that OSA is 
much more prevalent in men. However, 
it has recently been detected that OSA 
is not a rare sleep disorder in women 
but remains underdiagnosed because 
of its different manifestations in the 
population.[10,11] Furthermore, the prevalence 
of OSA probably increases during pregnancy 
because of physiological and hormonal 
changes.[12,13] Previous research indicated 
that OSA is associated with an increased 
risk of adverse maternal (e.g., gestational 
diabetes, preeclampsia, postoperative wound 
complication, pulmonary edema, and cesarian 
section) and fetal outcomes (e.g., pre‑term 
birth and increased rate of neonatal intensive 
care unit admission).[14] Thus, early diagnosis 
and efficacious management of OSA in 
pregnant women may be helpful in decreasing 
unfavorable maternal and fetal outcomes.[15]

Polysomnography (PSG) is the gold 
standard diagnostic test for OSA. Generally, 
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PSG requires a sleep laboratory and trained staff to set 
up the sleep study and supervise it overnight, rendering 
it a resource‑intensive and costly test.[16] Therefore, there 
is a need to establish a reliable, quick, and cost‑effective 
screening tool for OSA. Previous researchers have 
investigated the validity of some tools such as the Berlin 
questionnaire,[17] STOP‑Bang questionnaire,[18] Epworth 
Sleepiness Scale (ESS),[19] and American Anesthesiologists 
checklist[20] in OSA screening among pregnant 
women.[21,22] Validation studies assessing the performance 
of these tools during pregnancy have shown inconsistent 
results. Furthermore, the validity of the tests greatly 
depends on the severity of SDB itself and the trimester of 
pregnancy.[13,18‑21]

Despite the multitude of studies in the field of OSA 
screening tools, there is no certainty in using these tools 
and choosing the best and simplest tool for diagnosing OSA 
in pregnant women. In addition, so far, few studies have 
evaluated the different diagnostic accuracy of these tools 
in pregnant women; the higher the diagnostic accuracy 
of the selected tool, the better and faster it is possible to 
diagnose the disease and control related complications 
in this population. Therefore, this systematic review 
and meta‑analysis study aims to evaluate the validity of 
different screening tools for OSA (including Berlin, ESS, 
and STOP‑Bang questionnaires) in pregnant women by 
reviewing previous studies in order to introduce the most 
appropriate tool.

Methods
The protocol of the systematic review and meta‑analysis 
was registered with the International Prospective Register 
of Systematic Review (PROSPERO) under the registration 
number CRD42021283101.

Search strategy

Two independent authors comprehensively and 
independently conducted a complete and systematic search 
of the published manuscripts from 1980 to March 2022 in 
PubMed, Medline, Scopus, Embase, Web of Science, and 
Google Scholar.

The search was performed using the keywords obtained 
from the Medical Subject Headings (MeSH) database and 
the keywords of other articles published in this field by 
combining AND and OR operators. The search was done 
using the following keywords: “Pregnancy,” “Pregnant 
women,” “Obstructive sleep apnea syndrome,” “Sleep 
apnea syndrome,” “Obstructive sleep apnea,” “Sleep 
hypopnea,” “Sleep‑disordered breathing,” “Screening 
tool,” “Validation,” “Questionnaire.” Multiple searches 
were performed during the writing of this manuscript. The 
general search strategy for all databases is as (“Pregnancy” 
OR “Pregnant women”) AND (“obstructive sleep apnea 
syndrome” OR “sleep apnea syndrome” OR “obstructive 
sleep apnea” OR “sleep hypopnea” OR “sleep‑disordered 

breathing”) AND (“screening tool” OR “validation” OR 
“questionnaire”).

After removing duplicates, the reference list of included 
studies and relevant review articles was manually assessed. 
The titles and abstracts of publications were checked 
against eligibility criteria by two independent authors and 
full texts of potentially relevant studies were obtained. Any 
disagreement was resolved by consensus.

Inclusion and exclusion criteria

Results of the systematic search were included in the 
systematic review and meta‑analysis if they met the 
following inclusion criteria: 1) the study evaluated 
screening tools for OSA in pregnant women, 2) OSA 
diagnosis was confirmed by a standard PSG or home 
sleep apnea test (AASM level 3), 3) OSA was defined 
based on apnea‑hypopnea index (AHI) or respiratory 
disturbance index (RDI). All case reports, editorials, 
and reviews were excluded from the study. In addition, 
conference abstracts and references of the presented 
articles were also searched to find any relevant data 
to add to the review. In this study, only articles in the 
English language were included.

Quality assessment

Two independent reviewers appraised the quality of 
included studies according to the quality assessment of 
diagnostic accuracy studies‑2 (QUADAS‑2).[23] It comprises 
four main sections including patient selection, index test, 
reference standards, and the flow and timing of the tests. 

Figure 1: (a) The risk of bias graph showing the authors' judgements about 
each risk of bias item presented as percentages across all included studies. 
(b) The risk of bias summary based on the authors' judgements about each 
risk of bias item for each included study
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Each part involves the assessment of the risk of bias and 
clinical applicability. Any disagreement was resolved by 
consensus [Figure 1].

Study selection and data collection

The extracted data comprised the name of the first author, 
year and country of publication, type of study, sample size, 
type of reference test, OSA definition, age, gestational age, 
as well as screening tools. A 2 × 2 contingency table was 
created to calculate validity parameters if they were not 
reported in the article. Data extraction from the selected 
articles was performed by two authors independently. In 
case of differences in information recordings, they were 
discussed and the best information extracted from each 
study was approved following a final decision.

Data synthesis and statistical analysis

We followed the standard methods recommended for 
diagnostic accuracy meta‑analysis studies.[24] For each 
study, the number of true positive (TP), true negative (TN), 
false positive (FP), and false negative (FN) was retrieved 
and then sensitivity and specificity were calculated for 
each index sleep apnea test screening, when available. The 
sensitivity of a diagnostic test is defined as the probability 
that the index test result will be positive in a patient 
with definite diagnosed OSA in pregnant women based 
on the gold standard while specificity is defined as the 
probability that the diagnostic test result will be negative 
in non‑affected pregnant women by sleep apnea. For each 
study, the sensitivity and specificity of each test along 
with a 95% confidence interval (CI) were calculated by 
using the exact binomial method.[25] The diagnostic odds 
ratio (DOR) is a summary estimate of how many times 
higher the odds are of obtaining a positive test result in a 
diseased rather than a non‑diseased pregnant woman with 
OSA. DOR is a useful measure if there is no preference 
for either superior sensitivity or specificity and the focus is 
on global performance for comparing different tests. If the 
DOR is less than one, then the test is uninformative and 
that test has no clinical value.[26]

A hierarchical summary receiver operating 
characteristic (HSROC) curve in a bivariate setting 
in order to consider the inter‑correlation between 
sensitivity and specificity was created for each studied 
test to provide an overall summary of the diagnostic test 
accuracy data. The estimates from the HSROC model 
are used to plot a summary ROC curve of sensitivity 
versus specificity (expressed as 1 − specificity), the 95% 
confidence region around this summary estimate, and a 
95% prediction region taking into account unobserved 
heterogeneity: if a new study was conducted, we would 
expect the “true” sensitivity and specificity to lie within 
the prediction region with a 95% confidence level. The 
prediction region can be wider than the confidence region 
as it goes beyond the uncertainty in the available data.[26]

We also estimated the likelihood ratio (LR) for each index 
text by using a bivariate meta‑analysis. The positive LR >1 
for a positive test result is associated with the presence of 
disease, and negative LR <1 for a negative test result is 
associated with the absence of disease.[27]

Heterogeneity was evaluated by the I2 measure and tested 
by the Cochran Q Chi‑squared test and visually explored 
by forest plot for the DOR of index tests with 95% CIs 
for each individual study. I2 values of 25% or less, 50% 
or less, and 75% or less are used to denote low, moderate, 
and high heterogeneity, respectively.[28] We conducted a 
bivariate meta‑regression analysis to assess what proportion 
of heterogeneity in the estimated pooled accuracy measures 
is explained by the potential confounding effects of age 
and gestational age during pregnancy. Sensitivity analysis 
was also conducted to assess the impact of each study on 
pooled estimated measures by removing studies one at a 
time. The presence of publication bias was tested by using 
Deeks’ funnel plots.[29] All data synthesis was done using 
the metandi and midas commands package in STATA MP 
v11.2.[26,30]

Results
Our initial systematic search yielded 6,170 studies. After 
excluding duplicates and irrelevant studies, 23 full texts 
were screened for eligibility. Finally, 8 studies were included 
in the systematic review and meta‑analysis [Figure 2].

The basic and validation characteristics of the included 
studies have been summarized in Table 1. The included 

Figure 2: Flowchart of study selection for the systematic review and 
meta‑analysis
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studies contained 710 pregnant women with suspected 
OSA. The mean age ranged from 26.6 to 33.5 years and 
the mean gestational age ranged from 16.5 to 32.3 weeks. 
The prevalence of OSA (defined as AHI or RDI ≥5) 
ranged from 12% to 52.4%. Studies were performed in the 
USA,[21,22,31,32] Australia,[33,34] and Thailand.[20,35]

Predictive parameters of Berlin questionnaire in 
pregnant women

For the final analyses of the Berlin questionnaire 
eight studies were included.[20‑22,31‑35] Heterogeneity 
assessment showed a significant heterogeneity across 
studies (I2 = 98%, P < 0.001); accordingly, the pooled 
estimation of diagnostic characteristics was done by a 
bivariate random effect model. The sensitivity of the 
questionnaire ranged from 16.3% to 93% across various 
studies [Figure 3a]. The pooled sensitivity of Berlin 
questionnaire was 61% (95% CI: 40%–80%, I2 = 87.02, 
P < 0.001) [Table 2 and Figure 3a]. The specificity of the 
questionnaire ranged from 19.7% to 89.7% [Figure 3a] 
and its pooled specificity was 61% (95% CI: 42%–78%, 
I2 = 91.64, P < 0.001) [Table 2 and Figure 3a]. Additionally, 
the pooled positive predictive value (PPV) and negative 
predictive value (NPV) of the Berlin questionnaire were 
60% (95% CI: 49%–72%) and 60% (95% CI: 49%–71%), 
respectively. The pooled LR+ and LR‑ were 1.6 (95% CI: 
1.10–2.20) and 0.63 (95% CI: 0.43–0.93), respectively. 
Pooled DOR was 3.00 (95% CI: 1.00–5.00) [Table 2]. The 
area under the ROC curve was 0.65 (95%CI: 0.61–0.65) 
[Figure 3b]; most of the points clustered around a bit 
higher than the reference line on the top left of the graph, 
indicating the moderate accuracy of the test.

To find the probable effect of age and gestational 
age on significant heterogeneity of pooled estimated 
sensitivity and specificity of the questionnaire, a bivariate 
meta‑regression was conducted. The resulted sensitivity 
and specificity of meta‑regression for age were 63 (95% CI: 
39–82), and 63 (95% CI: 42–80), respectively (P > 0.05). 
The sensitivity and specificity of meta‑regression for 
gestational age were 61 (95% CI: 39–79), and 61 (95% 
CI: 42–78), respectively (P > 0.05). The findings showed 
that neither age nor gestational age could significantly 
explain the heterogeneity in estimated pooled sensitivity 
and specificity of the Berlin questionnaire (P > 0.05). 
Findings from Deeks’ funnel plot test showed a 
non‑significant publication bias (P = 0.59). The results 

of pooled analysis by excluding the Dominguez study[22] 
were as follows: the pooled sensitivity: 0.59 (95% CI: 
0.35–0.79), pooled specificity: 0.67 (95% CI: 0.51–0.80), 
pooled LR+: 1.80 (95% CI: 1.30–2.40), pooled LR‑: 
0.62 (95% CI: 0.39–0.96), and pooled DOR: 3.00 (95% 
CI: 1.00–6.00). Furthermore, analysis was performed once 
again by excluding the Wanitcharoenkul study.[35] The 
results were as follows: the pooled sensitivity: 0.68 (95% 
CI: 0.50–0.82), pooled specificity: 0.55 (95% CI: 0.38–
0.72), pooled LR+: 1.50 (95% CI: 1.10–2.10), pooled 
LR‑: 0.58 (95% CI: 0.37–0.89), and pooled DOR: 
3.00 (95% CI: 1.00–5.00). The mentioned results showed 

Table 2: Summary scores for the validity parameters of Berlin, STOP‑Bang, and ESS questionnaires administered to 
pregnant women with suspected OSA

Questionnaire Sensitivity 
(95% CI)

Specificity 
(95% CI)

LR + (95% CI) LR‑ (95% CI) DOR 
(95% CI)

Chi‑square I2 P

Berlin 0.61 (0.40–0.80) 0.61 (0.42–0.78) 1.6 (1.1–2.2) 0.63 (0.43–0.93) 3 (1–5) 87.10 98 <0.001
STOP‑Bang 0.59 (0.49–0.69) 0.80 (0.55–0.93) 2.9 (1.2–7.4) 0.51 (0.37–0.70) 6 (2–19) 19.42 90.95 <0.001
ESS 0.29 (0.10–0.60) 0.80 (0.50–0.94) 1.5 (0.8–2.6) 0.88 (0.72–1.07) 2 (1–3) 43.46 95.95 <0.001
ESS=Epworth Sleepiness Scale, LR=likelihood ratio, DOR=diagnostic odds ratio, P<0.05 was considered significant

Figure 3: Forest plot (a) and the summary receiver operating characteristic 
curve (b) for Berlin questionnaire
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that the omission of any of the studies had no significant 
effect on the results.

Predictive values of ESS questionnaire in pregnant 
women

Four studies were included in the final analysis of 
ESS.[20‑22,31] Significant heterogeneity was found among 
studies (I2 = 95.95%, P < 0.001). The sensitivity and 
specificity of the questionnaire ranged from 0% and 
57.5% to 57.7% and 100%. The results of the bivariate 
random effect model showed that the pooled sensitivity 
and specificity of ESS were 29% (95% CI: 10%–60%, 
I2 = 78.15, P < 0.001) and 80% (95%CI: 50%–94%, 
I2 = 93.37, P < 0.001), respectively [Table 2 and Figure 4a]. 
The pooled PPV and NPV of ESS were 59% (95% CI: 
31%–87%) and 53% (95% CI: 41%–64%), respectively. 
The pooled LR+ and LR‑ were 1.5 (95% CI: 0.8‑2.6) and 
0.88 (95% CI: 0.72‑1.07), respectively. Additionally, pooled 
DOR was 2 (95% CI: 1–3) [Table 2], and the area under 
the ROC curve was 0.56 (95%CI: 0.52–0.60); suggesting a 
moderate accuracy of the tool [Figure 4b].

The results of the meta‑regression showed that age and 
gestational age did not contribute to the heterogeneity of 
pooled sensitivity and specificity of ESS (P > 0.05). The 
resulted sensitivity and specificity of meta‑regression for 
age were 30 (95% CI: 10–61), and 79 (95% CI: 44–95), 
respectively (P > 0.05). The sensitivity and specificity of 
meta‑regression for gestational age were 25 (95% CI: 
10–50), and 83 (95% CI: 62–94) respectively (P > 0.05). 
The publication bias was not significant according to 
Deeks’ funnel plot test (P = 0.97). No significant effect on 
the results was observed by the omission of studies in the 
sensitivity analysis. The results of analysis with exclusion 
of Dominguez study[22] were as follows: the pooled 
sensitivity: 0.44 (95% CI: 0.35–0.54), pooled specificity: 
0.65 (95% CI: 0.58–0.71), pooled LR+: 1.30 (95% CI: 
1.00–1.60), pooled LR‑: 0.86 (95% CI: 0.73–1.01), and 
pooled DOR: 1.00 (95% CI: 1.00–2.00).

Predictive values of STOP‑Bang questionnaire in 
pregnant women

Three studies were included in the final analysis of the 
STOP‑Bang questionnaire.[16‑18] Significant heterogeneity 
was observed across studies (I2 = 90.95%, P < 0.001). 
The pooled sensitivity and specificity were 59% 
(95% CI: 49%–69%, I2 = 0.60, P = 0.90) and 80% (95% CI: 
55%–93%, I2 = 1.34, P = 0.72), respectively [Figure 5a]. The 
pooled PPV and NPV of STOP‑Bang were 73% (95%CI: 
61%–85%) and 65% (95% CI: 54%–76%) [Table 2]. 
Additionally, the pooled LR+ and LR‑ were 2.90 (95% 
CI: 1.20–7.40) and 0.51 (95% CI: 0.37–0.70) [Table 2]. 
Pooled DOR of the STOP‑Bang questionnaire was 
6.00 (95% CI: 2.00–19.00) which was higher than that of 
the Berlin questionnaire and ESS [Table 2]. Moreover, the 
area under the ROC curve was 0.61 (95% CI: 0.57–0.65); 
indicating the moderate accuracy of the questionnaire for 
the diagnosis of OSA in pregnant women [Figure 5b]. The 
meta‑regression results showed that age and gestational 
age did not contribute to heterogeneity in the estimated 
pooled sensitivity and specificity of the STOP‑Bang 
questionnaire (P > 0.05). The resulted sensitivity and 
specificity of meta‑regression for age were 61 (95% CI: 
47–73), and 75 (95% CI: 38–93) respectively (P > 0.05). 
The sensitivity and specificity of meta‑regression for 
gestational age were 59 (95% CI: 48–69), and 76 (95% CI: 
57–90) respectively (P > 0.05). Furthermore, publication 
bias was not statistically significant based on Deeks’ funnel 
plot asymmetry test (P = 0.82). No significant effect on 
the results was observed by the omission of studies in the 
sensitivity analysis. The results of analysis with exclusion 
of Dominguez study[22] were as follows: the pooled 
sensitivity: 0.57 (95% CI: 0.47–0.66), pooled specificity: 
0.86 (95% CI: 0.83–0.89), pooled LR+: 4.10 (95% CI: 
3.10–5.30), pooled LR‑: 0.50 (95% CI: 0.40–0.63), and 
pooled DOR: 8.00 (95% CI: 5.00–13.00).

Figure 4: Forest plot (a) and the summary receiver operating characteristic 
curve (b) for Epworth Sleepiness Scale 
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Discussion
OSA has been known as a frequent health issue in pregnant 
women with an overall prevalence of 15% in mid‑ and 
late pregnancy.[14] Many changes such as weight gain and 
increasing abdominal girth with gestational age make 
pregnant women more prone to develop OSA.

Increased risk of adverse maternal and infant health 
effects is associated with OSA.[14] The lack of institutional 
screening guidelines for pregnant women results in 
underdiagnosis of OSA in the population.[37] Thus, it is 
required to develop accurate and accessible tools for OSA 
screening in the population. The common OSA screening 
questionnaires such as Berlin and STOP‑Bang have been 
assessed for OSA screening in the population, as well 
as the ESS, the most frequently used scale for excessive 
daytime sleepiness which is a frequent symptom of OSA; 
however, the results are not consistent. Thus, this updated 
systematic review and meta‑analysis incorporated several 
recent validation studies to evaluate the performance of 
OSA screening tools in pregnant women.

In previous studies, the gold standard cut‑point values of 
OSA screening tools have been examined and they have 
shown that a STOP‑Bang score of 5–8 can be considered 
a high risk of OSA, which has a sensitivity of 100% and 
a specificity of more than 95%. In the Berlin questionnaire 
scale, having at least two categories out of three has 
a sensitivity and specificity of 81.46% and 82.35%, 
respectively. Additionally, the ESS score of 11 or more is 
known as a standard cut‑off point, so that the sensitivity 
and specificity obtained from this test were 59% and 
76.47%. Therefore, STOP‑Bang and Berlin questionnaires 
had higher sensitivity than ESS.[38‑40] It should be noted 
that these cut points have been determined in the general 
population, and this is not evaluated in the group of 
pregnant women. Now, due to the complexity and dynamic 
changes of OSA and pregnancy, the screening of this 
condition during pregnancy is complicated and the current 
OSA screening questionnaires have performed poorly 
during pregnancy. In this regard, in a previous systematic 
review in this group of people, it was shown that ESS 
compared to BQ and ESS had a weak diagnostic value 
during pregnancy.[36]

Our systematic review and meta‑analysis indicated that 
the Berlin questionnaire had moderate sensitivity (61%) 
and specificity (61%) with an LR+ of 1.6 for screening 
clinically relevant OSA in pregnant women. Moderate 
specificity of the tool predisposes patients to false‑positive 
results and costly sleep studies such as PSG. Additionally, 
the moderate NPV of 60% suggested that the questionnaire 
may be of limited screening value in pregnant women 
at a high risk of OSA. The performance of the Berlin 
questionnaire has been assessed in various populations such 
as the elderly, surgical, and sleep clinic populations.[37‑41] 
However, its validity in OSA diagnosing has only been 
confirmed in the sleep clinic population.[36]

Previously, the performance of the STOP‑Bang 
questionnaire has been investigated widely in the detection 
of OSA in various populations.[42‑44] A recent meta‑analysis 
has demonstrated that the performance of the STOP‑Bang 
questionnaire in OSA screening is superior to ESS and 
Berlin questionnaires in different populations.[45] The 
STOP‑Bang is a more widely used test in the general 
population but was not included in the meta‑analysis of 
OSA screening tools in pregnancy by Tantrakul et al.[36] 
According to our findings, the DOR of the STOP‑Bang 
questionnaire was higher than those of the Berlin and 
ESS questionnaires. The combination of sensitivity 
and specificity for estimating the likelihood of disease 
detection compared to the disease prevalence displayed 
by LR. A higher LR+ value indicates that a positive test 
result will increase the likelihood of illness. While a 
lower LR‑ value means a lower likelihood of illness in 
the presence of a negative test result. The questionnaire 
had a higher LR+ and lower LR‑ compared to the Berlin 
and EES questionnaires. However, the poor sensitivity of 

Figure 5: Forest plot (a) and the summary receiver operating characteristic 
curve (b) for STOP‑Bang questionnaire 
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the STOP‑Bang questionnaire (59%), despite its better 
DOR and LR compared to Berlin and ESS questionnaires, 
does not make it an ideal tool for OSA screening in the 
population.

We found that ESS had good specificity (80%) but poor 
sensitivity (29%) for OSA screening during pregnancy. 
Previous studies in various populations have also confirmed 
a lower predictive value of ESS compared to other OSA 
screening tools.[46‑49] The ESS questionnaire has been 
developed for daytime sleepiness assessment. Therefore, it 
seems that the use of this tool is not desirable in the screening 
of OSA, as many sleep disturbances and disorders other 
than OSA may contribute to hypersomnia.[47] The different 
results for ESS sensitivity in the study of Dominguez[22] are 
probably due to the small sample size. It seems that ESS is 
not a good test to rule out OSA in pregnancy.

Clinically, the high sensitivity of a tool for OSA screening 
in pregnant women is crucial as it can prioritize women 
for objective testing and promote early treatment that may 
reduce associated comorbidities and their sequelae. Missing 
true positive cases, related to low questionnaire sensitivity, 
may impose a higher direct and indirect economic burden 
on the health care system and individuals.

Our meta‑regression test for subjects’ age and gestational 
age failed to demonstrate a significant improvement in 
sensitivity and specificity of examined tools. However, in 
different approaches, the mother’s age, BMI and frequent 
snoring were strong predictors for OSA in pregnancy.[50]

Facco et al.[51] found that symptoms such as frequent 
snoring, chronic hypertension, older age, and higher BMI 
can be predictors of OSA in high‑risk women at 6–26 weeks 
of pregnancy. Another study showed that the Berlin 
questionnaire has a sensitivity of 56.5% and a specificity 
of 87.8%.[52] In fact, they stated that pre‑pregnancy BMI 
of women was a significant predictor of OSA in the first 
trimester, while frequent snoring and weight gain during 
pregnancy predicted OSA in the second to third trimester, 
respectively.[52] Our study is different because BMI was not 
an independent predictor in predicting OSA. Perhaps the 
reason for this difference is the lack of remarkable changes 
in the BMI range of the studied women, the mean age group 
of 30 years, and the lack of consideration of arterial oxygen 
saturation and other clinical symptoms of these individuals.

Although, the prediction models using these variables had 
good performance for diagnosis of gestational OSA in a 
meta‑analysis, similarly to our study, the heterogeneity and 
high risk of bias have been mentioned as limitations.[53] 
Traditional factors like age, BMI, snoring, and hypertension 
are the most frequently used variables, but other items 
like tongue enlargement also seemed relevant for OSA 
prediction in pregnant women. However, contrary to the 
general population, hypersomnolence does not appear to 
be strongly associated with OSA in pregnancy, which is 

congruent with the poor performance of the ESS that we 
have found.

Presumbly, factors such as differences in the type of reference 
test, studied population, socioeconomic status, and cultural 
differences may be associated with the significant heterogeneity 
of our results. The limited number of included studies with 
small sample sizes and their significant heterogeneity due to 
different genetic makeup prevent us from definitive conclusions 
on the performance of investigated questionnaires in pregnant 
women. A limitation of several studies in our meta‑analysis 
is that level 3 devices have been used as the reference test 
instead of PSG. These devices may not have been validated in 
pregnancy and may not be accurate enough to diagnose OSA  
in pregnancy.[54,55] An exception appears to be the Watch‑PAT 
device, which showed good accuracy compared with PSG in 
one study,[56] but these results need to be replicated. Our data 
suggest that alternative screening methods or the combination 
of screening questionnaires should be developed in future 
studies and examined compared to PSG as a gold standard 
test or a well‑validated alternative. In addition, one of the 
necessary policies in order to identify and prevent OSA in 
pregnant women is to pay attention to their demographic and 
clinical characteristics (such as age, BMI, daytime respiratory 
symptoms, and sleep‑related complaints, etc.) along with the 
evaluation by one of the mentioned screening tools.

Conclusion
The STOP‑Bang, Berlin, and ESS questionnaires had a 
suboptimal performance for OSA screening in pregnant 
women. There is an urgent need to develop alternative 
screening tools for this population and examining their 
performance and validity in large‑scale studies.
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