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Abstract

Objective—We sought to ascertain the validity of two screening scales for obstructive sleep 

apnea (OSA) in pregnancy and to establish the prevalence of OSA in pregnancy.

Study Design—In this prospective observational study, two screening scales were administered. 

Screen positive subjects were referred for diagnostic polysomnography (PSG); if admitted for 

antepartum care, screen positive subjects underwent a modified study with a type 3 device (T3D).

Result—1509 subjects underwent OSA screening; 58 completed diagnostic testing. Neither 

measure was a reliable diagnostic tool for OSA as determined by T3D or PSG (detection rates of 

10.3% and 18.0%, respectively). Among screen positive subjects undergoing PSG or T3D testing, 

15.5% ultimately met ‘gold standard’ OSA diagnostic criteria for an estimated point prevalence of 

4.9%.

Conclusion—In this prospective trial, screening positive on the BQ or ESS was poorly 

predictive of OSA among gravidae and was associated with a high false referral rate.
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INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by recurrent cessation of respiratory airflow 

resulting from upper airway collapse during sleep and is accompanied by oxygen 

desaturation or arousalsz(1,2). The diagnosis of OSA is established by polysomnography 

(PSG) (3). Given the time and expense associated with making this diagnosis, several 

questionnaire-based scales have been developed and validated as screening tools in the 

nonpregnant population, namely the Berlin questionnaire (BQ) and Epworth sleepiness scale 

(ESS)(4–7). Prior attempts to validate these questionnaires in pregnancy have had variable 

results. Delineating the relationship between OSA screening and diagnosis is paramount 

given the proposed relationship of OSA with adverse pregnancy outcomes, such as 

preeclampsia and fetal growth restriction(8–14). Furthermore, the majority of studies to date 

have failed to adjust for OSA risk factors which also serve as potential outcome 

confounders, most notably obesity(13,15).

There are both epidemiological and physiological data to suggest that pregnant women may 

be predisposed to OSA(16–18). Diagnosing this condition in pregnancy, however, remains 

elusive. Our prior published research suggests that the BQ performs poorly in this 

population with sensitivity and specificity of only 35% and 63.8%, respectively (8). The 

goal of this study was to enroll a large, prospective, population-based cohort in order to 

establish the prevalence of OSA in pregnancy and to ascertain the validity of the BQ and the 

ESS as screening tools for OSA in pregnancy. Based upon our pilot study of 100 patients 

undergoing BQ screening followed by a modified four-channel sleep screening test(8), we 

hypothesized that BQ and ESS would perform poorly as screening measures for OSA in 

pregnancy.

To accomplish these objectives, subjects were prospectively screened for OSA. Screen 

positive subjects were referred to a sleep lab for polysomnography (PSG). Subsequent 

univariate and multivariate logistic regression analysis determined the point prevalence of 

OSA in pregnancy, as well as established relative estimates of false referral rates.

MATERIALS AND METHODS

This study was performed in the Harris County Hospital District (now Harris Health 

System) between May 2010 and September 2012. The study was approved by the 

Institutional Review Board at Baylor College of Medicine and Harris County Hospital 

District and written informed consent was obtained from all enrolled subjects. Gravidae 

presenting to the Casa de Amigos Health Center, People’s Health Center (now Vallbona 

Health Center), and Ben Taub High-Risk Obstetrics Clinic were approached for enrollment; 

a combination of low and high obstetric-risk patients (as defined by maternal and fetal 

comorbidities, but not risk of OSA per se) were specifically recruited to assess the validity 

of screening questionnaires in a "real world" heterogeneous clinical setting. Consenting 

subjects were administered the standard screening measure questionnaire (in English or 

Spanish) which comprised the ESS, the BQ, and questions collecting basic health and sleep 

information. Women of all gestational ages were recruited. Inclusion criteria were gravidae 

of 18–50 years of age. Exclusion criteria were subjects with known sleep-disordered 
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breathing, multifetal gestation, fatal fetal anomalies, and subjects with significant underlying 

pulmonary or cardiac comorbidities due to likely confounding that could not be adequately 

controlled for.

Resource constraints only allowed diagnostic testing to be performed on subjects who were 

suspected of having OSA based on ESS or BQ as described below. Given the poor 

sensitivity of the BQ, to capture as many cases as possible, enrollees who screened positive 

based upon either the ESS or Berlin measures were referred for diagnostic testing(8).

The ESS and BQ are screening measures that are clinically employed to assess the risk of 

being diagnosed with OSA. The ESS consists of eight questions that evaluate the tendency 

to fall asleep in certain situations and is a subjective measure of sleepiness(5,19). In 

nonpregnant subjects, ESS has a sensitivity of 66–93.5% and specificity from 48–

100%(6,19). For this study, we considered a patient to screen positive for OSA with an ESS 

of 10 or higher. The BQ questions were developed to elicit factors or behaviors that 

consistently predicted the presence of sleep disordered breathing(4). In nonpregnant adults, 

it has a sensitivity of 86% and specificity of 77%(4). It is divided into three categories that 

focus on the presence and severity of snoring, witnessed hypopneas, daytime sleepiness, and 

presence of hypertension or obesity(4). A high risk or “screen positive” individual is 

reported to have at least two out of the three symptom categories positive in the 

questionnaire(4).

Screen positive subjects were referred for attended PSG at the Harris County Hospital 

District Sleep Disorders Center. Subjects were scheduled for PSG during their 26th–28th 

week of gestation or as soon thereafter as feasible. The rationale for using this gestational 

age for testing was twofold: first, we did not have adequate resources to test women twice 

during pregnancy to assess for pre-existing OSA versus new OSA, so we could only perform 

diagnostic testing once; second, we wanted to capture as many cases of OSA as possible to 

allow accurate cohort assignment. We chose 26–28 weeks based upon the prior finding that 

CPAP requirement increased around 24–26 weeks in gravidae with OSA, suggesting that the 

course of the disease would have worsened or manifested itself by that gestational age(20). 

Subjects recruited after 28 weeks gestation were scheduled as soon after screening positive 

as feasible. Screen positive subjects were contacted by mail and by designated phone contact 

(K.M.A.1) in their native language on at least two occasions. Once a PSG was scheduled, 

the subject was contacted in their native language by two means on two separate occasions 

(K.M.A.1 and the Sleep Center). Given subjects’ and the Sleep Center’s constraints, few 

overnight PSGs were accomplished. The protocol was subsequently amended to allow 

inpatient T3D testing as a surrogate for PSG. For subjects undergoing T3D testing, this was 

performed during inpatient admission at any gestational age.

Attended PSG testing was performed using a Carefusion Somnostar polysomnography 

system (CareFusion, Yorba Linda, California). Via this multi-channel system, the following 

variables were monitored continuously: electroencephalography, electrocardiography, 

electro-oculography, submental and leg electromyography, and electrocardiography. 

Continuous heart rate and pulse oximetry were monitored using a finger probe, and airflow 

was determined via nasal cannula-pressure transducer and thermistor. Additional variables 
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measured included body position sensors, snore microphones, and thoracic and abdominal 

piezoelectric bands. Attended PSG tests were administered by a certified technologist, and 

studies were reviewed by a physician, board certified in sleep medicine. OSA was diagnosed 

with Respiratory Disturbance Index (RDI) > 5 using attended PSG. Attended PSG was 

scored using the AASM Manual for the Scoring of Sleep and Associated Events, 2007(3).

The ResMed ApneaLink Plus (ResMed Corp, MAP Medizin Technologie GmbH, Poway, 

CA) is a type 3 unattended home sleep testing device with a minimum of four channels used 

to test for OSA. It consists of a pulse oximeter for oximetry data, heart rate recording, 

respiratory effort belt, and a nasal sensor for detection of flow limitation, apnea hypopnea 

index (AHI), and snoring. The device generates a report with SpO2 information and the 

AHI, among other variables. An AHI ≥ 5 was considered diagnostic of OSA. At the time 

this study was performed, no home sleep testing had been validated in pregnancy, but it had 

been used in prior obstetric studies as a diagnostic tool(8,21). For the purposes of this study, 

T3D was considered similarly diagnostic. However, if a T3D was performed, the referral for 

PSG testing was not cancelled as PSG remains the standard for diagnosis. Had a sufficient 

number of subjects undergone both T3D and PSG testing, it would have additionally 

allowed for calculations of the predictive value of T3D in pregnancy.

The diagnostic criteria for OSA differ between PSG and T3D; PSG uses RDI and T3D uses 

AHI. These measures have been previously compared in a non-gravid population and shown 

to correlate well; thus, while they measure different components of the sleep study, the 

precedent exists to utilize the index specific to the study type(22).

Covariates considered in these analyses were maternal age, race/ethnicity, smoking, parity, 

gestational age, prepregnancy body mass index (where appropriate), pregestational diabetes, 

and chronic hypertension. BMI categories were defined according to the International 

Obesity Task Force classification: normal weight 19 to 24.9, overweight 25 to 29.9, and 

obese >30 kg/m2. BMI was calculated using height and weight data (kg/m2) that were 

collected during initial assessment. When prepregnancy weight was not known, the earliest 

available weight was used.

As there is no sample size estimate calculation to assess the validity of a questionnaire, our 

sample size estimation was based on having adequate power to examine the relationship 

between OSA and various maternal and neonatal outcomes, adjusted for the possible 

confounding influence of obesity(23). In our previous analysis of n=100 subjects, the 

relationship between standard Berlin measures and each of its components (snoring 

questions, sleepiness questions) and the T3D test that we used as criteria for diagnosis were 

analyzed via linear and logistic regression analyses(8). Based upon the screen positive rate 

for OSA of 36% and overall OSA diagnosis positive rate of 20%, we initially estimated that 

a minimum of 1100 subjects would need to be screened to detect a 20% difference in our 

primary perinatal outcomes. After 500 subjects were enrolled the protocol was amended; 

enrollment was increased to 1600 as only 4 diagnostic PSGs had been completed to that 

point. Based upon the same pilot study which found a screen positive rate of OSA of 36%, 

we anticipated performing PSG on 40% of subjects(8). This would give a proximate of the 

prevalence of OSA in pregnancy.
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Descriptive findings of study sample characteristics by OSA screening results from the BQ 

and ESS and OSA diagnosis based on T3D or PSG were reported. Chi-squared testing or 

Fisher’s exact test was performed to assess differences between OSA groups by study 

sample characteristics. Scale reliability for the BQ and ESS were assessed by computing 

Cronbach's α, which measures internal consistency, and item-test correlation, which is the 

correlation of each item with the overall scale. Regarding unanswered test items, as no 

numerical value could be assigned to contribute to the overall sum on the ESS or BQ, they 

were treated as a "zero" for summation purposes. However, in all other item analyses, they 

were treated as missing data.

Multivariate logistic regression analysis was used to estimate associations between 

screening positive on the BQ scale and its items and the ESS scale and its items adjusting for 

confounders. In item analyses of BQ and ESS, items were dichotomized for ease of 

interpretation. Results were reported as adjusted odd ratios with 95% confidence intervals.

Due to resource constraints, overall screen negative subjects were not referred for diagnostic 

testing. As screen negative subjects did not undergo diagnostic testing, the detection rate and 

false referral rate were calculated(24). These terms represent the proportion of screened 

subjects who screened positive and had the disease and the proportion of subjects who 

screened positive who did not have the disease, respectively.

A probability value of <0.05 was considered statistically significant. Stata 10.0 (Stata 

Corporation, College Station, TX) and SPSS 13.0 (SPSS Incorporated, Chicago, IL) were 

used for analyses.

RESULTS

1617 BQ or ESS screening measures were completed. 79 women had enrolled on more than 

one occasion during their pregnancy; in these cases data from the questionnaire completed 

closest to 26–28 weeks was used for analysis; the duplicate questionnaires these women 

completed were not included as doing so would introduce co-linearity. Twenty-one subjects 

were excluded for multi-fetal gestation and eight were excluded for fatal fetal anomalies. 

One subject participated in the study during two separate pregnancies; her data was retained 

as the data were unique for each pregnancy. 75 subjects only fully completed one screening 

measure or the other, but not both; their available data was analyzed. Five subjects did not 

fully complete either screening measure (BQ or ESS), thus the BQ or ESS measure could 

not adequately be characterized, but the available individual items of each questionnaire 

were used for analysis.

The majority of gravid subjects were Hispanic (87.8%) and non-smokers (96.5%), which is 

consistent with the obstetric population of Harris Health System (Figure 1). Over three-

fourths of the subjects were overweight (35.1%) or obese (40.4%). As shown in Figure 1, 

after excluding the five subjects that did not complete either screening measure, of the 1504 

remaining subjects, 456 (30.3%) screened positive on either the BQ or ESS and 1048 

(69.4%) screened negative on at least one measure.
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Table 1 demonstrates the demographics of subjects who screened positive or negative on the 

BQ or ESS and shows the characteristics of subjects who screened positive or negative for 

OSA; the prevalence of subjects who screened positive varied by screening method. Among 

subjects who adequately completed the respective screening method, the prevalence of those 

screening positive was 15.1% by BQ, 20.4% by ESS, and 31.9% by either BQ or ESS. The 

screen positive rate by either BQ or ESS differs in the table as a result of excluding 75 

subjects with inadequate completion of the screening measures.

Multivariate logistic regression analyses adjusting for age, ethnicity, smoking status, parity, 

gestational age at survey, BMI, and pregestational diabetes showed increased odds of 

screening positive on either the BQ or the ESS among Black subjects (aOR 3.59, 95% CI 

2.12–6.07), subjects who smoked during pregnancy (aOR 2.60, 95% CI 1.22–5.54), and 

subjects with BMI over 30 (aOR 2.72, 95% CI1.89–3.93). There was no association with 

gestational age at time of screening.

Figure 2 demonstrates the percentage distribution of BQ and ESS items. Among subjects 

who screened positive on the BQ scale, 40.4% of the sample had a BMI>30, 21.4% reported 

snoring, and 24.9% felt tired during waking time. Cronbach's α for the BQ items was 0.62 

and item-test correlations ranged from 0.30 to 0.66. Among subjects who screened positive 

on the ESS, 22.8%−83.9% of the sample reported some degree of dozing off. Cronbach's α 

for the ESS items was 0.82 and item-test correlations ranged from 0.55 to 0.74.

As shown in Table 2, screening positive on the BQ scale was not associated with screening 

positive on the ESS after controlling for covariates. Specific BQ items positively associated 

with at least two ESS items after adjusting for covariates were items about snoring, feeling 

tired, and falling asleep while driving.

58 women were tested for OSA by T3D (n 52 (50 results used)) or PSG (n 8). Two women 

underwent both T3D testing and PSG; one was negative on both the T3D and PSG and one 

was negative on T3D and positive on PSG; the PSG results (rather than the T3D results) 

were used for both women in these analyses. For the purposes of this analysis, PSG and T3D 

were both considered diagnostic for OSA. 15.5% of women tested were diagnosed with 

OSA. Fischer's exact test showed no differences between OSA diagnosis by study sample 

characteristics, including age, race/ethnicity, smoking, BMI, gestational age at testing, and 

pregestational diabetes. (Data not shown.). As shown in Table 3, no items on the BQ were 

significantly associated with testing positive on PSG or T3D Similarly, no items on the ESS 

were positively associated with testing positive on PSG or T3D, however, the item 

concerning the likelihood of falling asleep "as a passenger in a car for an hour without a 

break" was negatively associated with testing positive on PSG or T3D.

Table 4 gives the detection rates for each screening and diagnostic measure. The overall 

detection rate rate for screening positive on BQ or ESS was 15.5, and the false referral rate 

was 84.5. The detection rate for BQ was 10.3 with a false referral rate of 89.7 whereas the 

detection rate for ESS was 18.0 with a false referral rate of 82.1. Using the PSG, the 

detection rates were higher than using the T3D. However, very few subjects completed PSG.
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As 31.9% of women screened positive on either BQ or ESS and 15.5% of those women 

tested positive on T3D or PSG, the overall prevalence of OSA in this study would be 4.9%, 

if the test positive rate among untested women is the same as tested women. Among subjects 

undergoing diagnostic testing, 8.0% (4/50) undergoing T3D were positive and 62.5% (5/ 8) 

undergoing PSG were positive. Thus, if the testing modes were analyzed separately, using 

T3D the prevalence of OSA would be 2.6% and by PSG the prevalence would be 19.9%.

DISCUSSION

As we have demonstrated here, the prevalence of OSA in our studied obstetric population 

remains difficult to determine. Our 4.9% prevalence rate is based on all positive cases 

having occurred among screen positive women.

We have observed that screening by either BQ or ESS is poorly predictive of OSA among 

gravidae. The detection rate of BQ and ESS were both poor, and the false referral rates were 

high, particularly when using T3D as the diagnostic test. No individual item on either 

questionnaire was positively associated with testing positive by PSG or T3D; one item was 

negatively associated with screening positive on PSG or T3D, which was the item about 

falling asleep as a passenger in a car. It is not clear why there was a negative association; it 

may be that women with true OSA were too tired to go on trips over an hour, even as a 

passenger, but this is speculation.

By study design we were not able to calculate the true prevalence or the sensitivity and 

specificity, but the poor predictive value of BQ and ESS during pregnancy has been 

previously suggested by ourselves and others(9,12). After this study was initiated, Facco, et 

al., demonstrated that the BQ has a sensitivity and specificity of 39% and 68%, respectively, 

while the ESS has a sensitivity and specificity of 36% and 77%, respectively(9). One recent 

study found a much higher sensitivity and specificity of the BQ among gravidae, but only 

performed diagnostic testing on women who either did not score as "high risk" in any of the 

three categories of the BQ or scored as "high risk" in all three categories(10). Thus the 

sensitivity and specificity in their study may have limited clinical utility among a population 

with more intermediate scores, or prone to confounding by virtue of inclusion of obesity on 

the BQ.

Regarding the questionnaires themselves, after adjusting for confounding variables, 

screening positive on BQ was not associated with screening positive on the ESS. Overall, 

the association between BMI>30 and screening positive on BQ was expected as obesity is a 

weighted component of the BQ. The Cronbach α for BQ items of 0.62 reflects that it has 

relatively low internal consistency as a measure. The Cronbach α for ESS was 0.82, which 

reflects a good amount of internal consistency; however, its ability to predict OSA in 

pregnancy is poor, as noted here and elsewhere(9,12).

There are several factors which may contribute to the BQ and ESS poor performance in 

pregnancy. Both questionnaires query daytime sleepiness, which is a common complaint 

during pregnancy(25–27); thus this symptom may not distinguish women with and without 

OSA. The BQ queries snoring, as well. The frequency of snoring increases during 
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pregnancy, with 37% reporting snoring often or every night in the last week (27), so it also 

may not serve as a very discriminating symptom. As shown in Table 3, no items were 

positively associated with testing positive for OSA by PSG or T3D.

Strengths of our study include its robust subject accrual, and dedicated means to minimize 

barriers to diagnosis and follow-up. In addition, because this study was performed in a “real-

world” setting, it reveals the challenges of employing a broad-based screening program for 

this condition which has garnered increased attention in recent years. As we have shown 

here, questionnaire-based “diagnosis” of OSA in pregnancy is prone to disease 

misclassification and suggest that among graviade ESS and BQ should only be regarded as 

screening measures.

This study was designed with the limited availability of PSG in mind, thus only screen 

positive subjects were referred for PSG. As a prevalence study should refer all subjects for 

diagnostic testing, we attempted to refer as many subjects as possible and thus referred 

subjects screening positive on either the BQ or ESS.

Limitations of this study include the relatively small number of subjects who underwent 

attended PSG testing and the use of often used but as of yet unvalidated T3D for diagnosis 

of OSA in pregnancy: 456 subjects were referred for PSG, and 58 completed diagnostic 

testing. Although our ratio of screen positive to completion of diagnostic testing was poor, it 

is still the largest population based study performed to date and thus imparts valuable data.

There were several challenges to completing diagnostic testing in our population based 

cohort, and all are reflective of the realities of clinical practice among those at greatest risk 

for undiagnosed OSA. Notably, the PSGs themselves were technically feasible when 

performed, which is consistent with prior findings(15,28–31). PSG completion was solely 

hindered by the systematic availability of this limited resource and also by subject-based 

impediments inherent to any gravid population. There were a number of factors impeding 

the completion of PSGs, all of which are worthy of consideration for investigators and 

clinicians alike. First, despite collaboration with the Department of Pulmonary, Critical 

Care, and Sleep Medicine at the onset of the study design and throughout the study period, 

there were significant obstacles to completing PSG. The waiting period for PSGs often 

exceeded subjects’ gestation; thus, we coordinated with Sleep Center staff and when 

appointments became available due to cancellations, study subjects were prioritized. Second, 

mid-way through the study a co-pay was initiated for attended PSGs. In order to relieve this 

financial burden, all co-pays were covered for enrolled study subjects. Third, while attended 

PSGs were covered by a county-based health care plan, they were not covered by emergency 

pregnancy Medicaid. Fourth, when appointments at the Sleep Disorders Center were made, 

subjects often lacked transportation and childcare which led to cancelations or truancy in 

over 95% of appointments. Despite these recognized obstacles, either T3D or PSG 

diagnostic testing was completed in 12.7% of subjects; this represents the largest population-

based outpatient validation testing undertaken and reported to date (PubMed and Ovid, 

1986-present).
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An additional limitation is the fact that the unattended T3D testing device used in this study 

had not been validated in pregnancy. T3D testing is known to have a high false negative 

rate, especially among patients with low AHI(32)(26), and women have a lower AHI than 

men(33)(27). In this study, among screen positive subjects undergoing sleep studies, the 

number of subjects completing both T3D and PSG was insufficient to draw conclusions 

regarding the accuracy of T3D. However, the percentage of patients tested who were 

diagnosed as positive via each method was discrepant (8.0% via T3D versus 62.5% via 

PSG), which may suggest non-equivalence. Since the completion of this study, two 

ambulatory sleep testing devices have demonstrated validity in pregnancy (34,35)(28, 29). 

Further studies of the validity of other T3D are needed, especially as they are commonly 

used as a surrogate for PSG in the literature. Regarding bias, as the majority of subjects were 

tested during antepartum admissions for non-study related indications, it is unlikely that 

subjects' concern regarding OSA introduced bias in subjects undergoing T3D testing. 

However, while all screen positive women were referred for PSG, women who were 

themselves concerned about a sleep disorder may have had higher motivation to undergo 

attended PSG, resulting in a higher rate of positive diagnosis. A final limitation is its limited 

external validity given that the majority of subjects were Hispanic.

In sum, because of the inherent challenges in diagnosis and lack of pregnancy-specific 

screening measures, the prevalence of obstructive sleep apnea in pregnancy remains poorly 

characterized. Our current estimate of 4.9% in the general obstetric population likely 

represents the most robust point prevalence data to date. This analysis suggests that the BQ 

and ESS as they are currently administered and scored are poorly predictive of OSA in 

pregnancy. This study also elucidated possibly pervasive barriers to PSG. Based on our data 

presented herein, in the interval until screening and alternate diagnostic measures are fully 

developed and validated in pregnancy, cautious use of these screening tools in clinical 

obstetrical practice is warranted.
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Figure 1. 
Flow through study. 1509 subjects were eligible for inclusion. 5 subjects did not fully 

complete either questionnaire. 1048 subjects completed at least one questionnaire and were 

screen negative for both the BQ and the ESS, including 75 subjects who fully completed one 

questionnaire but incompletely completed the other. 456 subjects screened positive for OSA 

on either the BQ, the ESS, or both. All 456 subjects were referred to the Sleep Center for 

PSG. If admitted to antepartum during gestation, a T3D was performed. 398 subjects did not 

complete PSG or T3D. 58 subjects completed PSG and/or T3D. Of the 58 subjects who 

completed sleep testing via PSG or T3D, 15.5% were diagnosed with obstructive sleep 

apnea.
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Figure 2. 
Item-test correlations and percent of subjects who screened positive on the sleep measure 

screening positive on the listed item The bar graph shows the percent of screen positive 

subjects on the Berlin Questionnaire or Epworth Sleepiness Scale, respectively, who tested 

positive on the listed item. The item-test correlation for each item is shown to the right of 

the bar. Cronbach's α for BQ items was 0.62, and itemized correlation ranged from 0.30 to 

0.66. Cronbach's α for ESS items was 0.82, and itemized correlations ranged from 0.55 to 

0.74.
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Table 3

Association of BQ and ESS items with testing positive on PSG or T3D. By study design, all subjects who 

completed PSG or T3D screened positive on either the BQ or ESS; all subjects shown here screened positive 

for OSA by one measure or the other.

PSG or T3D
Negative
n= 49 (% shown)

PSG or T3D
Positive
n=9 (% shown) p

Berlin Questionnaire

  Snore ever 46.9 44.4 0.89

  Snore loudly 4.2 11.1 0.39

  Snore often 36.7 33.3 0.84

  Snoring bothers others 12.2 33.3 0.11

  Witnessed apnea 6.4 0 0.46

  Feel tired after sleep 46.9 44.4 0.89

  Feel tired while awake 52.1 33.3 0.30

  Ever nod off while driving 14.6 11.1 0.78

  Often nod off while driving 6.4 0 0.46

  Hypertension 32.6 11.1 0.19

  BMI>30 47.9 77.8 0.10

Epworth Sleepiness Scale

  Doze off reading 70.8 87.5 0.32

  Doze off watching TV 89.6 88.9 0.95

  Doze off sitting in public 54.2 44.4 0.59

  Doze off as a passenger in a car 67.4 25.0 0.02

  Doze off in the afternoon 91.7 88.9 0.79

  Doze off talking to someone 50.0 55.6 0.76

  Doze off after lunch 77.1 66.7 0.50

  Doze off while stopped in traffic 43.8 50.0 0.74
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