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Abstract
Background: Untreated Obstructive Sleep Apnea Hypnopnea Syndrome (OSAHS) is a known factor contributing to
resistant hypertension (HT). Continuous Positive Airways Pressure (CPAP) is effective to decrease blood pressure (BP)
in severe OSAHS. In our clinical practice, hypertensive patients seem less symptomatic with regard to severe OSAHS
than normotensive patients, leading to a risk of underdiagnosis when OSAHS is screened with Epworth Sleepiness
Scale (ESS). We aimed to confirm that severe OSAHS is less symptomatic in HT patients than normotensive patients
using ESS.
Methods: We retrospectively compared two age, gender-matched groups - 100 hypertensive patients and 100
normotensive patients - with severe OSAHS defined as an AHI (Apnea Hypopnea Index) ≥30. OSAHS was
considered symptomatic when ESS > 10.
Results: The two groups of patients did not differ significantly with respect to main characteristics including Body
Mass Index (BMI), AHI and ODI (Oxygen Desaturation Index). Systolic and Diastolic BP were higher in HT patients (p
< 0.01). HT patients were less symptomatic with regard to severe OSAHS with a lower ESS (10.0 vs 11.9, p < 0.01),
and a lower number of patients with an ESS > 10 (30% vs 58%, p < 0.01). In multivariable analysis adjusted on age,
gender, Obesity, Systolic BP, Diastolic BP, AHI and ADO, normotension was significantly associated with
symptomatic OSAHS (OR = 2.83, [1.298–6.192], p < 0.01).
Conclusions: In our study on patients with severe OSAHS, ESS score was lower in hypertensive patients than in
normotensive patients. This discrepancy may lead to an underestimation of severe OSAHS in hypertensive patients.
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Introduction
Obstructive Sleep Apnea Hypnopnea Syndrome (OSAHS)
is widely acknowledged as a common chronic pathology,
but to date it has remained under-diagnosed [1, 2].
OSAHS is often associated with multiple co-morbidities
including hypertension [3] (HT) which is the most common cardiovascular disease in adults [4]. It is estimated
that more than half the cases with OSAHS are
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hypertensive [5]s, and that 30% of hypertensive patients
have OSAHS [6].
It is now recognized amongst scientific circles that
OSAHS constitutes a major risk factor for both elevated
blood pressure [7] and for developing resistant HT [8].
Several studies have demonstrated that hypertensive patients with OSAHS have a higher risk of developing cardiovascular events than those without it [9–11], and that
Continuous Positive Airway Pressure therapy (CPAP)
improves blood pressure control in compliant patients
(≥ 4 h per night) [12, 13]. However, the real benefit of
such a treatment as regards cardiovascular-related mortality is still uncertain [14].
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Nocturnal polysomnography is the one standard
examination for diagnosing OSAHS [15]. Because of its
limited accessibility, questionnaires have been developed
to assess excessive daytime sleepiness, which turned out
to be a major symptom of OSAHS. Excessive daytime
sleepiness is also used as a criterion for the screening of
OSAHS not only by the American Academy of Sleep
Medicine (AASM) [16] but also by the joint recommendations of the European Society of Hypertension and the
European Respiratory Society [17].
It follows from the above guidelines [16, 17], that the
measurement of this daytime sleepiness can be subjectively evaluated by the Epworth Sleepiness Scale (ESS)
[18]. However, in asymptomatic patients, the questionnaire method is not recommended for diagnosis because
of its low sensitivity in such a case [19].
Although ESS has been commonly used to study daytime sleepiness in hypertensive patients with OSAHS
[20, 21], to date little attention has been devoted to the
comparison of ESS scores in hypertensive patients and
normotensive patients in screening for OSAHS. The objective of this research is, therefore, to compare the ESS
score in hypertensive patients with severe OSAHS and
that of normotensive patients with severe OSAHS to determine the extent to which the issue of sensitivity of
ESS score may determine the effectiveness of OSAHS
screening in the case of hypertensive patients.

Materials and methods
Population

We conducted a retrospective study on the basis of a
database collated from our institution (Toulouse University Hospital, France). We formed two separate groups
of patients, the first one consisting of patients suffering
from severe hypertensive OSAHS, and the second one, a
control group of normotensive patients with severe
OSAHS. Both groups are matched in terms of both age
and gender.The database contains the following items:
an anonymized checklist of patients examined for an
OSAHS; the polysomnography data (Apnea Hypopnea
Index: AHI and Oxygen Desaturation Index: ODI); the
ESS score; the main clinical paraclinical parameters (age,
gender, medical history, cardiovascular risk factors,
blood pressure in consultation, or in Ambulatory Blood
Pressure Measurement – ABPM); and finally when available, treatment in progress. To constitute the two groups
of the study, we included all patients aged ≥18 years at
the time of fitting, suffering from severe OSAHS (AHI ≥
30) objectified by sleep recording (polysomnography or
ventilatorypolygraphy), and having already benefited
from the completion of an ESS by a qualified technician
prior to the implementation of a CPAP treatment.
The absence of HT was defined as follows: the absence
of HT reported in the medical dossier, the absence of
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antihypertensive drugs, Systolic Blood Pressure (SBP) <
140 mmHg and Pressure measurements Diastolic Arterial (DBP) < 90 mmHg in consultation. As for the presence of HT, it was defined by the following features: the
personal history of HT, the presence of antihypertensive
drug in usual therapy or a measurement of SBP ≥ 140
mmHg and/or DBP ≥ 90 mmHg. Overall, the inclusion
criteria comprise the following: an age > 18 years, a severe OSAHS defined by an AHI ≥ 30 and a well-defined
hypertensive status. We defined a symptomatic patient
with an ESS score > 10.
In accordance with European regulation, French retrospective studies from data obtained without monitoring
procedure or additional therapy, do not require the approval of ethics committee.
Statistical analysis

We calculated the necessary total number of patients to
be included in each group in order to obtain sufficient
power with an alpha risk of 0.05 and a power of 0.8.
Based on a previous study22 that found out a 20% difference in normotensive and hypertensive symptomatic patients in an OSAHS population ≥ 15, we estimated that
the appropriate number of patients to be included in
each group at 93 patients. Accordingly, we included the
first 100 patients in each group from our database in
compliance with the previously defined inclusion criteria, taking into account the age and sex match. We
performed our statistical analysis using STATA statistical
software, release 11.2 (STATA Corporation, College Station, TX, USA). Continuous variables were compared
with Student’s t-test or Mann-Whitney test when their
distribution deviated from normality (or when homoscedasticity was rejected) and qualitative variables using
Chi2-test or Fisher’s exact test when needed. A
two-sided p value < 0.05 was considered statistically significant. A logistic regression initially including all statistically significant variables was then used for the
co-factor adjustment.

Results
Population of the study (Table 1)

A sample population of 200 patients was divided into
two groups of hypertensive (n = 100) and normotensive
patients (n = 100). The mean age of the patients in the
study was 56 (± 12) years, 65% of the patients were male.
These patients were predominantly obese with an average Body Mass Index (BMI) of 34 (± 8) kg/m2. Mean
SBP and DBP were 131 (± 14)/75 (± 11) mm Hg. The
mean ESS score was 10.9 (± 3.3) and 44% of the patients
had symptomatic OSAHS (ESS score > 10). The average
AHI was 45.1 (± 15.4)/h and ODI was 36.7 (± 20.0)/h.
Both groups were comparable in age, sex and BMI. The
SBP and DBP were statistically higher in the
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Table 1 Comparison between hypertensive patients and non hypertensive patients
Parameters

All patients (n = 200)

HT patients (n = 100)

non HT patients (n = 100)

p

Age (years) (mean, SD)

56, 12

57, 11

55, 13

0.24

130, 65%

65, 65%

65, 65%

1

Men (n, %)
2

Body Mass Index (kg/m ) (mean, SD)

34, 8

34, 7

34, 8

0.41

Obesity (n, %)

126, 63%

64, 64%

62, 62%

0.72

Asthma (n, %)

5, 3%

1, 1%

4, 4%

.

Chronic Obstructive Pulmonary Disease (n, %)

8, 4%

2, 2%

6, 6%

.

Epworth Sleepiness Scale Score (unity) (mean, SD)

10.9, 3.3

10.0, 2.9

11.9, 3.5

< 0.01

ESS Score > 10 (n, %)

88, 44%

30, 30%

58, 58%

< 0.01

AHI(/h) (mean, SD)

45.1, 15.4

45.0, 15.3

45.2, 15,5

0.91

ODI (/h) (mean, SD)

36.7, 20.0

36.2, 20.0

37.3, 20.1

0.74

Systolic Blood Pressure (mm Hg) (mean, SD)

131, 14

138, 14

124, 9

< 0.01

Diastolic Blood Presure (mm Hg) (mean, SD)

75, 11

80, 11

70, 10

< 0.01

AHI Apnea Hypopnea Index
ESS Epworth Sleepiness Scale
ODI Oxygen Desaturation Index
HT Hypertensive

hypertensive group compared to the normotensive group
(SBP: 138 mmHg vs 124 mmHg, p < 0.01 and DBP: 80
mmHg vs 70 mmHg, p < 0.01). The ESS score was statistically lower in the hypertensive group compared to the
normotensive group (10.0 ± 2.9 vs 11.9 ± 3.5, p < 0.01)
though the AHI and ODI showed no significant statistical difference (AHI: 45.0 ± 15.3 vs 45.2 ± 20.1, p = 0.91
and ODI: 36.2 ± 20.0 and 37.3 ± 20.1, p = 0.74). Moreover, there were fewer symptomatic OSAHS patients in
the hypertensive group compared to the normotensive
group (30% versus 58% p < 0.01).
Anti-hypertensive therapy (Table 2)

Table 2 depicts the proportion of therapeutic classes of
anti-hypertensive drugs and frequencies of treatment
strategies (monotherapy, dual, triple or quadruple
Table 2 Anti-hypertensive drugs and treatment strategies
(Hypertensive group)
Parameters

HT patients (n = 100)

Anti-hypertensive drugs
Betablockers

24, 24%

Angiotensin-Converting-Enzyme Inhibitors

35, 35%

Angiotensin II Receptor Antagonists

43, 43%

Calcium Channel Blockers

56, 56%

Thiazide and Thiazide-like Diuretics

62, 62%

Treatment strategies
Monotherapy

30, 30%

Dual Therapy

27, 27%

Triple Therapy

36, 36%

Quadruple Therapy

7, 7%

HT patients hypertensive patients

therapy) among the hypertensive group. None of the patients of the normotensive group was treated with antihypertensive drug. Of note, in the hypertensive group,
there was no significant difference in SBP, DBP, ESS
score, AHI or ODI between different treatment classes
or strategies.
Multivariate analysis

In logistic regression, once adjusted for age, gender, the
presence of obesity, SBP, DBP, AHI, and ODI, the absence of HT was significantly associated with symptomatic OSAHS (OR = 2.83, 95% CI = [1.298–6.162], p =
0.01).

Discussion
This research compared the ESS score on a sample of
patients with severe OSAHS according to their blood
pressure status (HT or not).One of our findings is that
hypertensive patients have excessive daytime sleepiness,
but assessed as being less important by ESS, and so
would be less symptomatic than normotensive patients.
Moreover, the research shows a striking difference in the
positivity of the ESS (ESS score > 10) between our two
groups with a significantly higher positive ESS in normotensive patients compared to hypertensive patients (58%
versus 30% p < 0.01). These data are reinforced by the
comparability between our two groups, particularly on
the predictors of daytime sleepiness in the OSAHS (Age,
sex, BMI, AHI, ODI) [23].
These same findings confirm the results reached by
Martynowicz et al. [22] who had conducted a prospective observational controlled study (HT vs non-HT) in
374 patients receiving nocturnal polysomnography. This
work showed that in patients with AHI ≥ 15: the ESS
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score was significantly higher in normotensive patients
compared to hypertensive patients (13.80 ± 6.66 versus
9.84 ± 5.56 p < 0.05). Martynowicz et al. demonstrated
that in a normotensive population, the ESS score was
significantly higher in patients with OSAHS and AHI
≥15 versus patients with OSAHS and AHI < 15. By contrast, in the hypertensive sample there was no significant
increase in ESS score between patients with AHI ≥ 15
and patients wih AHI < 15. To our knowledge, few other
studies have been published in this subject.A study by
Mo et al. [24] on risk factors contributing to the development of hypertension in patients with OSAHS did not
find any difference on ESS between hypertensive and
normotensive patients. However, all OSAHS and not
only severe OSAHS patients were included in this work
and the two groups (hypertensive vs normotensive patients) were not comparable for respiratory parameters
with higher AHI, ODI and lower minimal pulse oxygen
saturation in the hypertensive group suggesting more severe OSAHS in the hypertensive group In a study on
411 hypertensive patients with undiagnosed Obstructive
Sleep Apnea, Brostrom et al. [25] found that only 37% of
patients had an ESS score > 10 in the subgroup of patients with moderate to severe Obstructive Sleep Apnea
(n = 121). This result is close to ours with only 30% of
ESS score > 10 in the hypertensive group suggesting that
the sensibility of ESS is too low to screen Obstructive
Sleep Apnea in hypertensive patients.
From a pathophysiological point of view, the OSAHS
is responsible for apnea-related micro-arousals, leading
to hypoxia and daytime sleepiness. In patients with excessive daytime sleepiness, abnormal activation of the
autonomic nervous system occurs at night with a decrease in baroreflex sensitivity and vagal tone, which
subsequently impacts the body’s hemodynamics, including arterial blood pressure [26, 27]. This relationship between excessive daytime sleepiness and autonomic
nervous system could account for the difference between
the two groups of our research on the score of the ESS
even if the exact mechanism has not yet been fully
explained.
By analyzing the positivity of the ESS (ESS score > 10),
the number of symptomatic OSAHS is significantly less
important in the hypertensive population than in the
normotensive one: it might eventually lead to
under-screening for OSAHS in the hypertensive
population.
Multiple questionnaires are available for the screening
of OSAHS. To our knowledge, no previous studies have
compared different questionnaires in the hypertensive
population. In the general population, a study [28] compared 9 screening questionnaires (Berlin, modified
Berlin, STOP, STOP-Bang and OSA50 questionnaires,
sleep apnea clinical score, ESS, American Society of
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Anesthesiologists checklist, and the elbow sign questionnaire). The Sleep Apnea clinical Score and the
STOP-Bang questionnaires were found to have the best
performances for predicting OSAHS. However, similar
studies showed screening questionnaires are equally unsuitable for other populations, such as the Berlin Questionnaire of the ESS for pregnant women [29] or the
ESS for patients undergoing for bariatric surgery [30].
The ESS questionnaire subjectively evaluates excessive
daytime sleepiness, which is less reliable than an objective assessment of sleepiness, such as the Multiple Sleep
Latency Test, or the Maintenance of Wakefulness Test
[31]. Unfortunately, these tests are not yet feasible because they are difficult to access and to implement in
daily practice. Use of ESS has also limitations: unlike
other questionnaires, such as the STOP BANG questionnaire, it does not take into account the presence of
hypertension in its predictive criteria to screen for moderate, mild and severe OSAHS [32]. Obviously, the ESS
has an even lower sensitivity in hypertensive patients. It
follows that the use of such a type of test for assessing
excessive daytime sleepiness is not totally suitable for an
effective OSAHS screening in hypertensive patients.
The presence of an OSAHS is a resistance factor of
HT. OSAHS treatment with CPAP has been the subject
of several studies demonstrating the benefit of the use of
CPAP for blood pressure control. A meta-analysis [33]
from randomized controlled trials and observational
studies confirm that CPAP results effectively in a significant decrease in blood pressure. This benefit, underlined
in six different studies, consists in the reduction of - 7.2/
- 4.99 mmHg for the SBP/DBP of 24 h in ABPM. Taking
into account only the randomized controlled trials the
gain is - 6.74 / - 5.94 mmHg. It has to be noted that in
this analysis there was a correlation between compliance
with CPAP and blood pressure control. On the other
hand, there was no relationship regardless of the signs of
daytime sleepiness to be mentioned.
Hopefully, these results combined with our findings
suggest that blood pressure control can be much more
effective and efficient if the OSAHS is much more
deeply and broadly explored in hypertensive patients.
However, this proposed solution raises the issue of the
accessibility of diagnostic tests such as polysomnography
and the economic issue pertaining to the feasibility of
generalizing these tests to an ever-increasing hypertensive population. The use of nocturnal oximetry [34] or
the development of a screening test specific to the
hypertensive population could be an intermediate
solution.
This research has some limitations that can be summarized as follows. Firstly, it is a small monocentric
retrospective study with all the limitations due to this
type of work. Naturally, it will have to be supplemented
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by larger retrospective studies. Secondly, there might be
a selection bias in our sample. It is also possible OSAHS
was tracked in hypertensive patients because of their
hypertension rather than symptoms suggestive of
OSAHS. However, despite these drawbacks, the comparability of our two groups in terms of predictors of
excessive daytime sleepiness in patients with OSAHS
(age, gender, BMI, obesity, AHI, ODI) supports our
hypothesis.
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Conclusion
In our study on patients suffering from a severe Obstructive Sleep Apnea Hypopnea Syndrome, the Epworth
Sleepiness Scale score was lower in hypertensive patients
than in normotensive patients. This discrepancy can be
accounted for either by a difference in symptoms or by
the non-validity of ESS in hypertensive patients and may
lead to an underestimation of severe OSAHS in hypertensive patients. The systematic use of polysomnography
to a larger number of hypertensive patients could be
envisioned, but in no way can a low ESS score should
stop the investigation for screening for OSAHS.
Abbreviations
AASM: American Academy of Sleep Medicine; ABPM: Ambulatory Blood
Pressure Measurement; AHI: Apnea Hypopnea Index; BMI: Body Mass Index;
CPAP: Continuous Positive Airway Pressure; DBP: Diastolic Blood Pressure;
ESS: Epworth Sleepiness Scale; HT: Hypertension; ODI: Oxygen Desaturation
Index; OSAHS: Obstructive Sleep Apnea Hypnopnea Syndrome; SBP: Systolic
Blood Pressure
Acknowledgements
We would like to thank Marianne Lescouzeres for her help in collecting data.
Funding
This work is a public research without funding.
Availability of data and materials
Materials, including all relevant raw data, are freely available to any scientist
wishing to use them for non-commercial purpose.
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
FS contributed to conceptualization and design of this study, collection,
analysis, and interpretation of the data and preparation of the manuscript. VB
contributed to collection of the data and preparation of the manuscript. MR
contributed to preparation of the manuscript.
KS, AD, BB contributed to conceptualization and design of this study,
interpretation of the data and preparation of the manuscript. All authors
read and approved the final manuscript.
Ethics approval and consent to participate
In accordance with European regulation, French retrospective studies from
data obtained without monitoring procedure or additional therapy, do not
require the approval of ethics committee.
Consent for publication
Not applicable.
Competing interests
None of the authors have any competing interests to declare.

References
1. Simpson L, Hillman DR, Cooper MN, et al. High prevalence of undiagnosed
obstructive sleep apnoea in the general population and methods for
screening for representative controls. Sleep Breath Schlaf Atm. 2013;17:967–
73.
2. Kapur V, Strohl KP, Redline S, Iber C, O'Connor G, Nieto J. Underdiagnosis of
sleep apnea syndrome in U.S. communities. Sleep Breath Schlaf Atm. 2002;6:
49–54.
3. Robichaud-Hallé L, Beaudry M, Fortin M. Obstructive sleep apnea and
multimorbidity. BMC Pulm Med. 2012;12:60.
4. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J. Global
burden of hypertension: analysis of worldwide data. Lancet Lond Engl.
2005;365:217–23.
5. Silverberg DS, Oksenberg A, Iaina A. Sleep-related breathing disorders as a
major cause of essential hypertension: fact or fiction? Curr Opin Nephrol
Hypertens. 1998;7:353–7.
6. Fletcher EC, DeBehnke RD, Lovoi MS, Gorin AB. Undiagnosed sleep apnea in
patients with essential hypertension. Ann Intern Med. 1985;103:190–5.
7. Chobanian AV, Bakris GL, Black HR, et al. The seventh report of the joint
National Committee on prevention, detection, evaluation, and treatment of
high blood pressure: the JNC 7 report. JAMA. 2003;289:2560–72.
8. Pedrosa RP, Drager LF, Gonzaga CC, et al. Obstructive sleep apnea: the most
common secondary cause of hypertension associated with resistant
hypertension. Hypertens Dallas Tex 1979. 2011;58:811–7.
9. Shahar E, Whitney CW, Redline S, et al. Sleep-disordered breathing and
cardiovascular disease: cross-sectional results of the sleep heart health
study. Am J Respir Crit Care Med. 2001;163:19–25.
10. Munoz R, Duran-Cantolla J, Martínez-Vila E, et al. Severe sleep apnea and
risk of ischemic stroke in the elderly. Stroke. 2006;37:2317–21.
11. Prejbisz A, Florczak E, Pręgowska-Chwała B, et al. Relationship between
obstructive sleep apnea and markers of cardiovascular alterations in nevertreated hypertensive patients. Hypertens Res Off J Jpn Soc Hypertens. 2014;
37:573–9.
12. Montesi SB, Edwards BA, Malhotra A, Bakker JP. The effect of continuous
positive airway pressure treatment on blood pressure: a systematic review
and meta-analysis of randomized controlled trials. J. Clin. Sleep Med. JCSM
Off. Publ. Am. Acad Sleep Med. 2012;8:587–96.
13. Fava C, Dorigoni S, Dalle Vedove F, et al. Effect of CPAP on blood pressure
in patients with OSA/hypopnea a systematic review and meta-analysis.
Chest. 2014;145:762–71.
14. McEvoy RD, Antic NA, Heeley E, et al. CPAP for prevention of cardiovascular
events in obstructive sleep apnea. N Engl J Med. 2016;375:919–31.
15. Iber C, Ancoli-Israel S, Chesson AL, Quan S. The AASM manual for the
scoring of sleep and associated events: rules, terminology and technical
specifications. Westchest IL Am Acad Sleep Med. 2007.
16. Qaseem A, Holty JE, Owens DK, et al. Management of obstructive sleep
apnea in adults: a clinical practice guideline from the American College of
Physicians. Ann Intern Med. 2013;159:471–83.
17. Parati G, Lombardi C, Hedner J, et al. Position paper on the management of
patients with obstructive sleep apnea and hypertension: joint
recommendations by the European Society of Hypertension, by the
European Respiratory Society and by the members of European COST
(COoperation in scientific and technological research) ACTION B26 on
obstructive sleep apnea. J Hypertens. 2012;30:633–46.
18. Johns M. W. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep 14, 540–545 (1991).

Seguro et al. BMC Pulmonary Medicine

(2018) 18:173

19. Kapur VK, Auckley DH, Chowdhuri S, et al. Clinical practice guideline for
diagnostic testing for adult obstructive sleep apnea: an American Academy
of sleep medicine clinical practice guideline. J. Clin. Sleep Med. JCSM Off.
Publ. Am. Acad Sleep Med. 2017;13:479–504.
20. Du LN, Ren R, Tan L, Li TM, Lei F, Tang XD, et al. Association between
daytime sleepiness and hypertension among patients with obstructive sleep
apnea-hypopnea syndrome. Zhonghua Yi Xue Za Zhi. 2016;96:3370–4.
21. Feng J, He Q, Zhang X, Chen B, Sleep breath disorder group. Society of
Respiratory Medicine Epworth Sleepiness Scale may be an indicator for
blood pressure profile and prevalence of coronary artery disease and
cerebrovascular disease in patients with obstructive sleep apnea. Sleep
Breath Schlaf Atm. 2012;16:31–40.
22. Martynowicz H, Skomro R, Gać P, et al. The influence of hypertension on
daytime sleepiness in obstructive sleep apnea. J Am Soc Hypertens JASH11.
2017:295–302.
23. Eiseman NA, Westover MB, Mietus JE, Thomas RJ, Bianchi MT. Classification
algorithms for predicting sleepiness and sleep apnea severity. J Sleep Res.
2012;21:101–12.
24. Mo X, Liu J, Xie Y, Wu Y, Wang W, Liang D, et al. Analysis of clinical
characteristics and risk factors of obstructive sleep apnea hypopnea
syndrome with hypertension. Zhonghua Yi Xue Za Zhi. 2016;96(8):605–9.
25. Broström A, Sunnergren O, Årestedt K, Johansson P, Ulander M, Riegel B, et
al. Factors associated with undiagnosed obstructive sleep apnoea in
hypertensive primary care patients. Scand J Prim Health Care. 2012;30(2):
107–13.
26. Cortelli P, Lombardi C, Montagna P, Parati G. Baroreflex modulation during
sleep and in obstructive sleep apnea syndrome. Auton Neurosci Basic Clin.
2012;169:7–11.
27. Lombardi C, Parati G, Cortelli P, et al. Daytime sleepiness and neural cardiac
modulation in sleep-related breathing disorders. J Sleep Res. 2008;17:263–
70.
28. Prasad KT, Sehgal IS, Agarwal R, Nath Aggarwal A, Behera D, Dhooria S.
Assessing the likelihood of obstructive sleep apnea: a comparison of nine
screening questionnaires. Sleep Breath. 2017;21(4):909–17.
29. Facco FL, Ouyang DW, Zee PC, Grobman WA. Development of a
pregnancy-specific screening tool for sleep apnea. J. Clin. Sleep Med. JCSM
Off. Publ. Am. Acad Sleep Med. 2012;8:389–94.
30. Ravesloot MJL, van Maanen JP, Hilgevoord A a J, van Wagensveld BA, de
Vries N. Obstructive sleep apnea is underrecognized and underdiagnosed in
patients undergoing bariatric surgery. Eur Arch Oto-Rhino-Laryngol Off J Eur
Fed Oto-Rhino-Laryngol Soc EUFOS Affil Ger Soc Oto-Rhino-Laryngol - Head
Neck Surg. 2012;269:1865–71.
31. Kendzerska TB, Smith PM, Brignardello-Petersen R, Leung RS, Tomlinson GA.
Evaluation of the measurement properties of the Epworth sleepiness scale:
a systematic review. Sleep Med Rev. 2014;18:321–31.
32. Chiu HY, Chen PY, Chuang LP, et al. Diagnostic accuracy of the Berlin
questionnaire, STOP-BANG, STOP, and Epworth sleepiness scale in detecting
obstructive sleep apnea: a bivariate meta-analysis. Sleep Med Rev. 2017;36:
57–70.
33. Iftikhar IH, Valentine CW, Bittencourt LR, et al. Effects of continuous positive
airway pressure on blood pressure in patients with resistant hypertension
and obstructive sleep apnea: a meta-analysis. J. Hypertens. 2014;32:2341–50;
discussion 2350.
34. Hang LW, Wang HL, Chen JH, et al. Validation of overnight oximetry to
diagnose patients with moderate to severe obstructive sleep apnea. BMC
PulmMed. 2015;15:24.

Page 6 of 6

