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Study Objective: The Berlin Questionnaire and Epworth
Sleepiness Scale (ESS) are commonly used to screen for
sleep apnea in non-pregnant populations. We sought to evalu-
ate the Berlin and ESS in pregnancy and to determine whether
an alternative screening approach could better detect sleep
apnea in pregnant women.

Methods: Pregnant women at high risk for sleep apnea
(women with chronic hypertension, pre-gestational diabetes,
obesity, and/or a prior history of preeclampsia) completed
a sleep survey composed of the Berlin and ESS, and par-
ticipated in an overnight sleep evaluation with the Watch-
PAT100 (WP100), a wrist-mounted device designed to diag-
nose sleep apnea, defined as an apnea hypopnea index =
5. Using multivariable statistics, demographic, clinical, and
subjective symptoms that were independently associated
with sleep apnea were determined and a prediction rule for
the presence of sleep apnea was developed. The predictive
capacity of this newly developed system was compared to
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that of the Berlin and ESS using receiver-operating curve
(ROC) statistics.

Results: Of the 114 women who participated and had a valid
WP100 study, 100 completed the Berlin and 96 the ESS. The
Berlin and ESS did not accurately predict sleep apnea in this
high-risk pregnancy cohort, with ROC area under the curves
(AUC) of 0.54 (p = 0.6) and 0.57 (p = 0.3), respectively. Con-
versely, a model incorporating frequent snoring, chronic hy-
pertension, age, and body mass index performed significantly
better (AUC 0.86, p > 0.001).

Conclusion: The Berlin and ESS are not appropriate tools
to screen for sleep apnea in high-risk pregnant women. Con-
versely, our four-variable model more accurately predicts sleep
apnea in pregnancy.
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leep disordered breathing (SDB) describes a group of dis-

orders characterized by abnormalities of respiration (e.g.,
pauses in breathing) or the quality of ventilation during sleep.
Obstructive sleep apnea (OSA), the most common such disor-
der, is characterized by the repetitive collapse or partial col-
lapse of the upper airway during sleep and the need to arouse
to resume normal ventilation. The cardinal clinical manifes-
tations of sleep apnea are loud and persistent snoring, bed
partner-observed pauses in breathing, and excessive daytime
sleepiness. OSA has clearly been linked to poor sleep and im-
paired daytime function, but there are also data linking OSA
to other health outcomes, principally cardiovascular and meta-
bolic disease.'’

Pregnancy has been associated with several alterations in
sleep and a high incidence of sleep disturbances.® With regard
to OSA, pregnancy-associated weight gain and fluid retention
can lead to airway edema and increased airway resistance,
which can result in snoring and OSA. This is particularly true
for women who are overweight or obese (pre-pregnancy body
mass index [BMI] > 25), experience excessive weight gain
during pregnancy, or suffer from excessive fluid retention dur-
ing pregnancy (e.g., preeclampsia).®!® The determination of
whether a woman has sleep apnea is important, as this condi-
tion during pregnancy may be associated with an increased risk

BRIEF SUMMARY

Current Knowledge/Study Rationale: Pregnancy has been associated
with several alterations in sleep and a high incidence of sleep distur-
bances. In this prospective study we evaluated the performance of the
Berlin Questionnaire and Epworth Sleepiness Scale (ESS) as screening
tools for sleep apnea in pregnancy. We also sought to determine if an
alternative screening algorithm could better detect sleep apnea in preg-
nant women.

Study Impact: Our findings indicate that the Berlin and ESS are not reli-
able predictors of sleep apnea in high-risk pregnant women. Conversely,
a simpler four-variable screening tool that includes self-reported frequent
snoring, chronic hypertension, BMI, and age more accurately predicts
sleep apnea in pregnancy. Further research to understand the impact
of sleep apnea on maternal and fetal health, is needed before evidence
based guidelines regarding screening for sleep apnea in pregnancy can
be established.

of gestational hypertension, gestational diabetes, preterm birth,
and intrauterine growth restriction.'!-"*

Most studies examining sleep apnea in pregnancy have re-
lied on a diagnosis made from subjective questionnaires (e.g.,
the Berlin Questionnaire and Epworth Sleepiness Scale [ESS])
that were designed for and validated in non-pregnant, predomi-
nately male, middle-aged, and elderly populations.'® Indeed,
there are some data suggesting that these tools are not as ac-
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Figure 1—Watch-PAT100

curate in pregnancy.'® The objective of this study was to evalu-
ate the performance of the Berlin and ESS in pregnancy, and
to determine if an alternative screening algorithm could better
detect sleep apnea in pregnant women.

METHODS

Women with singleton pregnancies at high risk for sleep ap-
nea who were between 6 and 20 weeks of gestation were re-
cruited at 2 university-affiliated hospitals. Women who were
considered at high risk for sleep apnea were those with chronic
hypertension (diagnosed prior to pregnancy), pre-gestational
diabetes (type 1 or type 2), obesity (pre-pregnancy BMI > 30),
and/or a prior history of preeclampsia.'”" All women were
asked to complete a sleep survey, comprised of the Berlin and
ESS, and to participate in an overnight at-home sleep evalua-
tion with the Watch-PAT100 (WP100), a wrist-mounted, ambu-
latory device designed to diagnose sleep apnea.

The Berlin Questionnaire uses 10 self-administered ques-
tions about known risk factors for sleep apnea. The questions
are grouped into 3 categories: Category 1 questions assess snor-
ing behavior; Category 2 questions assess wake time sleepiness;
and Category 3 questions assess for the presence of obesity
(BMI > 30) or chronic hypertension.® Data from non-pregnant
populations has demonstrated that a high-risk Berlin score has
a sensitivity ranging from 68% to 86% and a specificity ranging
from 46% to 95% for sleep apnea.'”

The ESS is used to assess daytime sleepiness symptoms,
which are common among those with OSA. It consists of 8 ques-
tions regarding the tendency to fall asleep in certain situations
(e.g., sitting and reading, sitting as a passenger in a car). ESS
scores range from 0 to 24. Excessive daytime sleepiness is typi-
cally defined as a total score > 10 or > 12.?! Studies of sleep ap-
nea in non-pregnant populations have shown that ESS scores are
positively correlated with objective measures of sleep apnea.>

Sleep apnea is diagnosed by measuring the total number of
apneas (cessations of airflow) and hypopneas (reductions in
airflow) per hour of sleep. An apnea-hypopnea index (AHI)
> 5 is diagnostic for sleep apnea. We used the Watch-PAT100
(WP100, Itamar Medical Ltd., Israel) to objectively assess for
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sleep apnea in this pregnant cohort (Figure 1). Several studies
have shown that there is a significant correlation between the
WP100 AHI and in-laboratory polysomnography evaluation,
the gold standard for diagnosing sleep apnea.”*> The WP100
measures peripheral arterial tone (PAT), oxygen saturation,
pulse rate, and sleep duration (via actigraphy) continuously
throughout the night. Apneas and hypopneas typically result in
an increase in sympathetic tone, an increase in heart rate, and an
oxygen desaturation; therefore, analysis of the WP100 signals
allows for the determination of the AHI. WP100 studies were
uploaded and an automated analysis was performed using zzz-
PAT software scoring algorithms (version 4.0).

After informed consent was obtained, subjects were shown a
brief video instructing them on the proper use of the WP100. They
were then asked to wear the device for one night of home sleep
and to complete the 2 sleep surveys (Berlin and ESS) either the
night of, or the day following the sleep study. Pertinent demo-
graphic and clinical data were abstracted from the prenatal record.

Demographic and clinical characteristics of those with and
without sleep apnea as determined by the WP100 were com-
pared using the #-test and y? test for continuous and categorical
variables, respectively. The classification ability of the Berlin
and the ESS with regard to the diagnosis of OSA were assessed
with the area under the curve (AUC) derived from the receiv-
er-operating characteristic curve (ROC). The questions of the
Berlin were also individually analyzed to determine which, if
any, accurately identified women with OSA. To develop a preg-
nancy specific prediction rule for sleep apnea, demographic,
clinical, and subjective symptoms that were associated with
sleep apnea with p values < 0.10 in univariable analysis were
included as covariates in a multivariable logistic regression
model, and those with p-values < 0.05 were retained in the fi-
nal multivariable logistic regression model. A prediction model
for the presence of OSA, using an integer-based score, was de-
veloped from the logistic regression model using a regression
coefficient-based scoring method. Points were assigned to each
predictor by multiplying the regression coefficient by 10 and
rounding to the nearest integer. The area under the ROC of this
scoring system was compared to that of the Berlin and ESS.

A test for screening or prediction should have an AUC >
0.7.2%27 Therefore, using a B of 0.1, an a of 0.05, and assuming
an estimated 30% prevalence of OSA in our high-risk popula-
tion,'!* 100 women were required for a statistically significant
AUC of at least 0.7 to be detectable.

All analyses were performed using PASW 18.0 statistical
software (SPSS Inc, Chicago, IL). The study was approved by
the institutional review boards of Northwestern University and
NorthShore University HealthSystem.

RESULTS

Of the 122 women who were recruited, 114 had a valid
WP100 study; of these, 100 completed the Berlin and 96 com-
pleted the ESS. Mean (+ standard deviation) gestational age at
the time of the sleep study was 16.5 + 3.7 weeks, and 28% of
women had an AHI > 5. The median AHI was 1.5 (interquartile
range 0.5-6.0). Additional demographic and clinical character-
istics of the 100 participants with a valid WP100 study and at
least one screening survey, stratified by the diagnosis of OSA,
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Table 1—Subject characteristics

Entire cohort (N = 100) AHI<5(N=72) AHI 25 (N =28) p value
Overall demographics
Age 33.0 £ 6.5 (range 17-45) 321+6.8 354+50 0.02
Pre-pregnancy BMI 31.9 £ 9.1 (range 16.1-63.0) 29.8+8.6 371+84 <0.001
Race
White 40% 40% 39% 0.9
Black 28% 26% 32%
Hispanic 17% 17% 18%
Other 15% 17% 1%
Clinical characteristics
Nulliparous 27% 25% 32% 047
Chronic hypertension 22% 13% 46% <0.001
Pre-gestational diabetes mellitus 54% 61% 36% 0.02
Pre-pregnancy BMI = 30 56% 47% 79% 0.005
History of preeclampsia 23% 22% 25% 0.77
Sleep characteristics
Positive Berlin 34% 32% 39% 0.49
Berlin category 1 questions
Do you snore?
Yes 58% 51% 75% 0.01
No 24% 32% 4%
Don’ t Know 18% 17% 21%
Frequent snoring (= 3 nights/week) 30% 21% 54% 0.001
ESS data*
Mean ESS score 7.5+ 4.3 (range 0-19) 73145 8.0+36 0.47
ESS =10 26% 23% 36% 0.19
ESS =12 18% 18% 16% 1.00

All data presented as mean + standard deviation or %. ESS, Epworth sleepiness scale; AHI, apnea hypopnea index. *For ESS data N total = 96, 71 with AHI
<5, 25 with AHI = 5.

Table 2—Results of the multivariable prediction model for sleep apnea

Predictor Beta coefficient Odds ratio p value 95% Cl
Frequent snoring* 1.5 4.7 0.009 14,147
Chronic hypertension** 1.7 53 0.006 16,174
BMI 0.1 1.1 0.005 1.02,1.2
Age 0.1 1.1 0.012 1.03,1.2

*Referent category = snoring < 3 times/week. **Referent category = documented normotensive prior to pregnancy.

are presented in Table 1. Women with OSA were older, had
higher pre-pregnancy BMlIs, were more likely to have chronic
hypertension, and were less likely to have pre-gestational dia-
betes. Women with and without sleep apnea were equally as
likely to have a positive Berlin score (39% vs. 32%, p = 0.49)
and had similar ESS scores (Table 1). Both screening tests per-
formed poorly with an AUC < 0.7: Berlin 0.54 (95% CI 0.41,
0.67, p=0.6) and ESS 0.57 (95% CI1 0.45, 0.70, p = 0.3). The
Berlin had a sensitivity of only 39% (95% CI 22%, 59%) and a
specificity of 68% (95% CI 56%, 78%). Similarly, an ESS score
of > 10 had 36% sensitivity (95% CI 19%, 57%) and 77% speci-
ficity (95% CI 66%, 86%).When we examined the individual
Category 1 (snoring) and Category 2 (sleepiness) questions of
the Berlin we found that only the snoring questions differenti-
ated women with and without sleep apnea. Moreover, it was
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the frequency of snoring that was most differentiating. Women
reporting frequent snoring (> 3 times per week) were > 4 times
more likely to have an AHI > 5 than those with less frequent or
absent snoring (54% vs. 21%, OR =4.4,95% CI 1.4, 11.2).
Using the results of the univariable analysis (Table 1), a
multivariable logistic regression analysis was performed that
revealed that pre-pregnancy BMI, age, chronic hypertension,
and frequent snoring were independent significant factors in
the identification of OSA in this cohort of high-risk pregnant
women. As described in the methods, a four variable-based pre-
diction rule for the presence of sleep apnea was developed from
the logistic regression model using a regression coefficient-
based scoring method (Table 2). The 3 coefficients for frequent
snoring and chronic hypertension were very similar (1.5 vs.
1.7); thus we simplified the scoring system by the changing
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the score for chronic hypertension from 17 to 15, since this did
not significantly alter the predictive capabilities of the model.
Therefore, in this model, women receive 15 points if they re-
port frequent snoring and another 15 points if they have chronic
hypertension, and this sum is then added to the summation of
their age and BMI. This model [(15 if frequent snoring) + (15 if
chronic hypertension) + age + BMI] had an AUC of 0.850 (95%
CI 0.77, 0.93, p value in comparison against null hypothesis
(AUC = 0.5) =< 0.001). It performed significantly better than
the Berlin (p < 0.001) and ESS (p < 0.001) screening evalu-
ations for OSA detection (Figure 2). The best discriminatory
point, identified by the part of the ROC graph that was closest
to the upper left corner, was a score of 75 (Table 3). OSA was
identified in women who had a score greater than or equal to
this value with a sensitivity of 86% (95% CI 66%, 95%) and a
specificity of 74% (95% CI 62%, 83%).

Race did not meet the required p value in the univariate anal-
ysis and therefore was not included in our model; however, as
a trial, it was added to the multivariate analysis. Race remained
nonsignificant and did not alter the p values and odds ratios for
the other 4 significant variables (data not shown).

DISCUSSION

In this prospective study we evaluated the performance of
the Berlin and ESS as screening tools for sleep apnea in preg-

Figure 2—Receiver-operating characteristic curves for the
Berlin, Epworth Sleepiness Scale, and for our four-variable
model
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nancy. Our findings indicate that these screening tools are not
reliable predictors of sleep apnea in high-risk pregnant women.
Conversely, a simpler four-variable screening tool that includes
self-reported frequent snoring, chronic hypertension, BMI, and
age predicts sleep apnea with high sensitivity and specificity.

There are several possible reasons why the Berlin and ESS
do not perform well in pregnancy. First, they both incorporate
daytime sleepiness to differentiate individuals with and with-
out OSA. While daytime sleepiness is a common symptom of
sleep apnea in non-pregnant populations, it is a very common
complaint during pregnancy even in women without OSA.'*"°
Therefore, daytime sleepiness questions are not likely to be spe-
cific for sleep apnea in pregnancy. Second, the Berlin scoring al-
gorithm uses BMI as a categorical variable (BMI > 30), despite
data that suggest a more linear relationship between BMI and
OSA.% For example, Young et al. found a four-fold increase in
the prevalence of sleep apnea with each increase in the standard
deviation (5.6 kg/m?) of the BML'" Our four-variable predic-
tion model demonstrates that utilizing BMI as continuous vari-
able significantly improves the ability to predict sleep apnea in
pregnancy. Finally, age is not accounted for by either the Berlin
or ESS. Yet epidemiological data demonstrate that sleep apnea
prevalence increases steadily with age in midlife."” Most studies
that have evaluated the performance of the Berlin studied this in-
strument in older populations, which may lessen the importance
of age as a relevant variable, given that the relationship between
OSA and age attenuates for those older than 65.'52

There are data that support our findings regarding the poor
predictive capacity of the Berlin in high-risk women. Olivarez
et al. studied a group of women admitted to an antepartum ser-
vice (the majority of whom had either chronic hypertension,
pregnancy induced hypertension, or pre-gestational or gesta-
tional diabetes mellitus) and reported a sensitivity (35%) and
specificity (64%) for the Berlin that were nearly identical to
those found in our pregnant population.'® However, we recog-
nize that the results of our study may not be generalizable to all
pregnant women. The reliability of the Berlin and of our four-
variable model in a general or low-risk obstetrical population
remains unknown and warrants further investigation. Regard-
less, the positive predictive values for all OSA screening tests
will be significantly lower in such a population because there
will be a lower prevalence of OSA.

We used an AHI 5 to define the presence of sleep apnea in
our cohort. While this is the standard definition of sleep apnea,
there remains a lack of consensus regarding which AHI value
(i.e., what severity of sleep apnea) is most clinically relevant.
In non-pregnant populations, an AHI > 5 is considered ab-
normal, given the known association with cardiovascular and
metabolic morbidity, although higher AHI levels are associ-
ated with an even greater frequency of adverse outcomes.*33

Table 3—Sensitivity, specificity, and positive and negative predictive values (PPV, NPV) for various cutoff values of our four-

variable prediction rule

Value Sensitivity Specificity PPV NPV
=50 100.0% (84.9%, 100.0%) 9.7% (4.3%, 19.5%) 30.1% (21.2%, 40.6%) 100% (56.1%, 100%)
275 85.7% (66.4%, 95.3%) 73.6% (61.7%, 83.0%) 55.8% (40.0%, 70.6%) 93.0 % (82.2%, 97.7%)
2100 25.0% (11.4%, 45.2%) 98.6% (91.5%, 99.9%) 87.5% (46.7%, 99.3%) 77.2% (67.0%, 65.0%)
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On the other hand, even AHI values < 5 have been reported
by some to be associated with the development of hyperten-
sion.* Given the lack of full consensus and the existing data, an
AHI > 5 was chosen for this study, given that it is a commonly
accepted diagnostic threshold. If in the future, this threshold
were to be changed, all screening tools would need to be evalu-
ated anew. In addition, we focused our study on identifying
SDB in early pregnancy and our findings may not be appli-
cable to new-onset, third trimester SDB. Many studies have
reported that SDB symptoms increase and pregnancy prog-
ress.'”*! However, as we have yet to define what is clinically
significant SDB in pregnancy, it remains unclear if SDB that is
only present in late pregnancy (i.e., new-onset SDB) is as clini-
cally relevant as SDB that is present in early pregnancy and
persists or worsens as pregnancy progresses. Future studies are
needed to understand the impact of and how to best assess for
new-onset SDB in late pregnancy.

It should be noted that other approaches for the objective
measurement of OSA exist. The gold standard for documenting
OSA is in-laboratory polysomnography (PSG), and the lack of
full PSG assessment of AHI in our cohort is certainly a limita-
tion of this study. Unfortunately, the expense and burden of this
testing limits its utility. The cost and complexity of in-laborato-
ry PSG have led to the development of simpler diagnostic tech-
niques for sleep apnea, such as the WP100 device. The WP100
does not measure ventilation during sleep directly, but instead
generates an AHI by analyzing heart rate accelerations, increas-
es in peripheral arterial tone, and decreases in oxygenation, all
of which are associated with apneic and hypopneic events. The
WP100 allows for home recordings, which, in addition to sig-
nificantly lower costs, are less likely to be hampered by changes
in environmental factors (i.e., bed comfort, noise, temperature)
that are inevitably encountered when studying a patient in a
sleep-laboratory setting. Studies in non-pregnant populations
have shown that the respiratory indices, such as the AHI, de-
rived from the WP100 are strongly correlated with those ob-
tained from PSG (r = 0.90), and have also demonstrated that the
WP100 is an accurate and reliable ambulatory method for the
detection of sleep apnea.?>32 It is well established that certain
biological parameters measured by the WP100 are altered in
pregnancy. Specifically, resting heart rate is known to increase
while systemic vascular resistance decreases. However, the
algorithm for scoring WP100 events takes into consideration
that every individual, pregnant or not, has a different baseline
heart rate and peripheral arterial tone and therefore, events are
scored when there is a change in baseline (increase in heart rate,
increase in peripheral arterial tone).”® Pulse oximetry and actig-
raphy measures, also used by the Watch-PAT, should not be dif-
ferent when measured in pregnancy. Therefore we believe that
there is no good biologic foundation to suggest that the objec-
tive measures of the WP100 will correlate less well with PSG
measures just because a woman is pregnant. Moreover, O’Brien
et al. recently presented data comparing Watch-PAT to full PSG
in pregnant subjects. Their results indicate that among pregnant
women, WP AHI correlated very well with PSG AHI(r = 0.76,
p <0.0001) and that the WP has excellent sensitivity (88%) and
specificity (86%) for identification of SDB (AHI > 5).%* Future
studies, using alternative objective assessments of sleep apnea,
AHI cutoff values, and patient populations, to reevaluate the
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Berlin and ESS and validate our four-variable screening tool
should be performed and are planned.

In summary, our study suggests that the Berlin and ESS do
not reliably screen for sleep apnea in high-risk pregnant wom-
en. Our four-variable prediction rule, which incorporates the
presence of frequent snoring and chronic hypertension as well
as age and BMI, more accurately predicts sleep apnea in preg-
nancy. Validation of our findings in a larger cohort of pregnant
women, as well as further research to understand the impact
of sleep apnea on maternal and fetal health, are needed before
evidence based guidelines regarding screening for sleep apnea
in pregnancy can be established.
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