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1. Sleep disordered breathing in pregnancy: A review of the pathophysiology of adverse pregnancy 
outcomes 

Author(s): Johns E.C.; Denison F.C.; Reynolds R.M. 

Source: Acta Physiologica; 2020 

Publication Date: 2020 

Publication Type(s): Review 

PubMedID: 32087033 

Available  at Acta Physiologica -  from Wiley Online Library  

Available  at Acta Physiologica -  from Unpaywall  

Abstract:Sleep disordered breathing (SDB) is a common obesity-related co-morbidity with strong 
associations to cardiometabolic disease. The risk of SDB is increased during pregnancy, particularly 
among obese pregnant women. Accumulating evidence suggests that an association exists between 
maternal SDB and the development of adverse pregnancy outcomes, particularly gestational 
diabetes and hypertensive disorders of pregnancy. Intermittent hypoxia, a central characteristic of 
SDB, has been shown in animal and clinical studies to dysregulate several biological pathways. This 
includes the promotion of oxidative stress, increased inflammation, activation of the hypothalamic-
pituitary-adrenal axis, increased sympathetic activity and impaired glucose and insulin metabolism. 
This review considers how, during pregnancy, these pathophysiological processes are plausible 
mechanisms through which SDB may contribute to an increased risk of adverse outcomes, for the 
mother and perhaps also the offspring. However, a lack of robust evidence specific to the pregnant 
population, including limited evaluation of the placental function in affected pregnancies, limits our 
ability to draw definite conclusions on mechanisms contributing to adverse pregnancy outcomes 
and, indeed, the strength of association between SDB and certain pregnancy 
complications.Copyright © 2020 The Authors. Acta Physiologica published by John Wiley & Sons Ltd 
on behalf of Scandinavian Physiological Society 
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2. Sleep Disordered Breathing, a Novel, Modifiable Risk Factor for Hypertensive Disorders of 
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Author(s): Sanapo L.; Bublitz M.H.; Bourjeily G. 

Source: Current Hypertension Reports; Apr 2020; vol. 22 (no. 4) 

Publication Date: Apr 2020 

Publication Type(s): Review 

PubMedID: 32166454 

Available  at Current Hypertension Reports -  from SpringerLink - Medicine  

Abstract:Purpose of Review: Pathophysiology of hypertensive disorders of pregnancy (HDP), 
especially preeclampsia, has not been fully elucidated. Most trials aimed at the prevention of 
preeclampsia have failed to show significant benefit and investigation of novel, modifiable risk 
factors is sorely needed. Sleep disordered breathing (SDB), a group of disorders for which 
treatments are available, meets these criteria. SDB impacts about a third of all pregnancies and is 
associated with hypertension in the general non-pregnant population. Recent Findings: Recent 
studies have shown a high prevalence of SDB, especially in complicated pregnancies. Several studies 
have shown that pregnant women with SDB have a higher risk for developing HDP, and these two 
disorders are associated with similar maternal long-term cardiovascular outcomes. Based on limited 
animal models of gestational intermittent hypoxia and human studies, SDB and HDP share similar 
risk factors and some pathophysiological mechanisms. However, there is paucity of studies 
addressing causality of this association and identifying therapeutic targets for intervention. 
Summary: Maternal SDB represents a novel and modifiable risk factor of HDP. Further studies are 
needed in order to establish the exact mechanisms underlying this association and to identify 
specific areas for clinical interventions.Copyright © 2020, Springer Science+Business Media, LLC, part 
of Springer Nature. 
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3. Can We Use Home Sleep Testing for the Evaluation of Sleep Apnea in Obese Pregnant Women? 

Author(s): Facco, Francesca L; Lopata, Victoria; Wolsk, Jennifer M; Patel, Sanjay; Wisniewski, 
Stephen R 

Source: Sleep disorders; 2019; vol. 2019 ; p. 3827579 

Publication Date: 2019 
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Available  at Sleep disorders -  from Europe PubMed Central - Open Access  

Available  at Sleep disorders -  from Hindawi Open Access Journals  
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Abstract:ObjectiveTo evaluate the performance of a type III home sleep testing (HST) monitor 
including its autoscoring algorithm, in a population of obese pregnant women.MethodsThis was an 
ancillary study of an ongoing prospective study of obese (BMI of ≥30) pregnant women. For the 
primary study, women undergo serial in-lab polysomnograms (PSG) during pregnancy. Sleep apnea 
was defined as an apnea hypopnea index (AHI) of ≥ 5 events/hour. A subgroup of women were 
asked to wear an ApneaLink HST device for 1 night, within 2 weeks of a late pregnancy PSG (≥ 28 
weeks' gestation). The AHI obtained from PSG was compared to the AHI from the HST via 
autoscoring (HST-auto) as well as the AHI via technician scoring (HST-tech). We calculated Shrout 
Fleiss Fixed correlation coefficients (ICC) and looked at positive-positive and negative-negative 
agreement.Results43 women were recruited and we obtained 30 valid HST. The mean PSH AHI was 
3.3 (±3.2, range 0.5-16.6). Six (20%) women had a positive PSG study. ICCs were 0.78 for HST-auto 
versus HST-tech, 0.76 for HST-auto versus PSG, and 0.70 for HST-tech versus PSG. Categorical 
agreement was also strong, with 24/30 (80.0%) for HST-auto versus HST-tech, 25/30 (83.3%) for HST-
auto versus PSG, and 23/30 (76.7%) for HST-tech versus PSG.ConclusionIn obese women evaluated 
in late pregnancy, we found relatively high intraclass correlation and categorical agreement among 
HST-auto scores, HST-tech scores, and in-lab PSG results obtained within a two-week window. These 
results suggest that HST may be used to screen pregnant women for OSA. 
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Publication Date: Nov 2019 

Publication Type(s): Journal Article 

PubMedID: 31782959 

Abstract:STUDY OBJECTIVESIn pregnancy, the prevalence of both obstructive sleep apnea (OSA) and 
depression increases. Research reveals an association in the general population with up to 45% of 
patients diagnosed with OSA having depressive symptoms. Therefore, this study aimed to 
investigate the relationship between OSA and depression in pregnant women.METHODSOne 
hundred and eighty-nine women ≥26 weeks pregnant were recruited from a tertiary perinatal 
hospital. This cross-sectional study measured OSA (Apnea Hypopnea Index, AHI, using an ApneaLink 
device) and symptoms of depression (Edinburgh Postnatal Depression Scale, EPDS). Data were 
collected from medical records including participant age, ethnicity, parity, BMI, smoking status, 
history of depression, and use of antidepressants.RESULTSOf the consenting women, data from 124 
were suitable for analysis. Twenty women (16.1%) had OSA (AHI ≥ 5 events/h) and 11 (8.8%) had 
depressive symptoms (EPDS > 12). Women with OSA were more likely to have depressive symptoms 
after adjusting for covariates, odds ratio = 8.36, 95% CI [1.57, 44.46]. OSA was also related to higher 
EPDS scores and these were greater in women with a history of depression.CONCLUSIONSDuring 
late pregnancy women with OSA had eight times the odds of having depressive symptoms. 
Furthermore, an interaction was found between OSA and history of depression. Specifically, in 
women with no history of depression, OSA increases depressive symptoms. In women with a history 
of depression, OSA has an even stronger effect on depressive symptomology. This suggests 
screening for OSA in pregnancy may identify women prone to future depressive episodes and allow 
for targeted interventions. 
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6. A screening algorithm for obstructive sleep apnea in pregnancy 

Author(s): Izci-Balserak B.; Bingqian Zhu; Gurubhagavatula I.; Keenan B.T.; Pien G.W. 

Source: Annals of the American Thoracic Society; Oct 2019; vol. 16 (no. 10); p. 1286-1294 

Publication Date: Oct 2019 
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PubMedID: 31162952 

Abstract:Rationale: Obstructive sleep apnea (OSA) is common in pregnancy and associated with 
maternal and fetal complications. Early detection of OSA may have important implications for 
maternal-fetal well-being. A screening tool combining several methods of assessment may better 
predict OSA among pregnant women compared with tools that rely solely on self-reported 
information. Objective(s): To develop a screening tool combining subjective and objective measures 
to predict OSA in pregnant women. Method(s): This study is a secondary analysis using data 
collected from a completed cohort of pregnant women (n = 121 during the first and n = 87 during 
the third trimester). Participants underwent full polysomnography and completed the Multivariable 
Apnea Prediction Questionnaire. The Obstructive Sleep Apnea/Hypopnea Syndrome Score and Facco 
apnea predictive model were obtained. Logistic regression analysis and area under the curve (AUC) 
were used to identify models predicting OSA risk. Result(s): Participants' mean age was 27.4 6 7.0 
years. The prevalence of OSA during the first and third trimester was 10.7% and 24.1%, respectively. 
The final model predicting OSA risk consisted of body mass index, age, and presence of tongue 
enlargement. During the first trimester, the AUC was 0.86 (95% confidence interval [CI], 0.76-0.96). 
During the third trimester, the AUC was 0.87 (95% CI, 0.77-0.96). When the first-trimester data were 
used to predict third-trimester OSA risk, the AUC was 0.87 (95% CI, 0.77-0.97). This model had high 
sensitivity and specificity when used during both trimesters. The negative posttest probabilities 
(probability of OSA given a negative test result) ranged from 0.03 to 0.07. Conclusion(s): A new 
model consisting of body mass index, age, and presence of tongue enlargement provided accurate 
screening of OSA in pregnant women, particularly African-Americans. This tool can be easily and 
rapidly administered in busy clinical practices without depending on patients' awareness of 
experiencing apnea symptoms.Copyright © 2019 by the American Thoracic Society. 
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Publication Date: Jul 2019 

Publication Type(s): Journal Article 

PubMedID: 30794722 
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Abstract:OBJECTIVEOften unrecognized, obstructive sleep apnea (OSA) worsens over pregnancy and 
is associated with poorer perinatal outcomes. The association between OSA in late pregnancy and 
metabolic biomarkers remains poorly understood. We tested the hypothesis that OSA in pregnant 
women with obesity is positively correlated with 24-hour patterns of glycemia and IR despite 
controlling for diet.DESIGNPregnant women (32 to 34 weeks' gestation; body mass index, 30 to 40 
kg/m2) wore a continuous glucose monitor for 3 days. OSA was measured in-home by WatchPAT 
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200™ *apnea hypopnea index (AHI), oxygen desaturation index (ODI; number per hour)]. Fasting 
blood was collected followed by a 2-hour, 75-g, oral glucose tolerance test to measure IR. 
Association between AHI and 24-hour glucose area under the curve (AUC) was the powered 
outcome.RESULTSOf 18 women (29.4 ± 1.4 years of age *mean ± SEM+), 12 (67%) had an AHI ≥5 (mild 
OSA). AHI and ODI were correlated with 24-hour glucose AUC (r = 0.50 to 0.54; P ≤ 0.03) and mean 
24-hour glucose (r = 0.55 to 0.59; P ≤ 0.02). AHI and ODI were correlated with estimated hepatic IR (r 
= 0.59 to 0.74; P < 0.01), fasting free fatty acids (fFFAs; r = 0.53 to 0.56; P < 0.05), and waking cortisol 
(r = 0.49 to 0.64; P < 0.05).CONCLUSIONSMild OSA is common in pregnant women with obesity and 
correlated with increased glycemic profiles, fFFAs, and estimates of hepatic IR. OSA is a potentially 
treatable target to optimize maternal glycemia and metabolism, fetal fuel supply, and pregnancy 
outcomes. 
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outcomes: a systematic review and meta-analysis. 
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PubMedID: 30255484 

Available  at Sleep & breathing = Schlaf & Atmung -  from SpringerLink - Medicine  

Abstract:PURPOSEObstructive sleep apnea (OSA) is common during pregnancy. Nevertheless, 
prevalence estimates of OSA have varied widely due to variabilities in the assessment methods. This 
meta-analysis aimed to examine the prevalence of objectively assessed OSA and its association with 
pregnancy-related health outcomes in pregnant women.METHODSThis review was developed 
following the PRISMA guideline. A systematic search was conducted in major electronic databases to 
identify studies conducted from inception to January 2018. The pooled estimates with 95% 
confidence interval were calculated using the inverse variance method. Forest plots were used to 
present the results of individual studies and the pooled effect sizes.RESULTSThirty-three studies 
were included. The mean gestational age was between 21.2 (8.5) and 37.3 (2.1) weeks. The pooled 
worldwide prevalence of OSA was 15% (95% CI 12-18%). The prevalence estimates ranged from 5% 
in the European Region to 20% in the Region of Americas. The prevalence estimates for different 
trimesters ranged from 15 to 19%. OSA was related to an increased risk for gestational hypertension, 
gestational diabetes, pre-eclampsia, C-section, postoperative wound complication, and pulmonary 
edema. The pooled adjusted odds ratio (aOR) values were 1.97, 1.55, 2.35, 1.42, 1.87, and 6.35, 
respectively. OSA was also related to an increased risk for preterm birth (aOR = 1.62) and neonatal 
intensive care unit admission (aOR = 1.28).CONCLUSIONSOSA is a common health issue in pregnant 
women. OSA is associated with various pregnancy-related health outcomes. Routine screening, early 
diagnosis, and effective treatment of OSA are recommended in pregnant women, particularly during 
mid and late pregnancy. 
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Source: Sleep; Jun 2019; vol. 42 (no. 6) 

Publication Date: Jun 2019 
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Abstract:STUDY OBJECTIVESObstructive sleep apnea (OSA) during pregnancy has been associated 
with adverse maternal outcomes. However, the effect of maternal OSA on fetal growth is less clear. 
The placenta is a critical organ for fetal growth and development and the principal determinant of 
birthweight. We aimed to investigate the effect of maternal OSA on placental growth and 
function.METHODSPlacentas of women recruited to a prospective longitudinal study were 
consecutively obtained immediately after delivery. Each placenta was measured for length, width, 
and thickness. Total RNA was isolated for gene expression analysis of VEGF, VEGF receptor, PIGF, 
and leptin. Histological and morphometric evaluations of the placenta were performed.RESULTSA 
total of 53 placentas were investigated. Ten women (19%) had OSA, and the weight of their 
placentas was significantly higher compared with the placentas of the controls (526.1 ± 83.9 vs. 
425.7 ± 95.5 g, p = 0.004). There was a significant positive correlation between placental weight and 
the log apnea-hypopnea index even after controlling for maternal body mass index (BMI; r = 0.31, p 
= 0.04). The birthweight/placental weight ratio was significantly lower in women with OSA compared 
with controls (p = 0.03). Placental weight and newborn triceps adiposity thickness correlated 
positively after controlling for maternal BMI (r = 0.29, p = 0.04). Leptin expression was 1.8-fold 
higher in placentas of women with OSA compared with controls (p = 0.02). No histological 
differences were found between the groups.CONCLUSIONSMaternal OSA is associated with 
increased placental weight that correlated with OSA severity and neonatal adiposity independently 
of maternal BMI. Placental leptin overexpression may mediate/underlie the above findings.Trial 
Registration: Clinical Trials NCT00931099. 
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Available  at Sleep & breathing = Schlaf & Atmung -  from Unpaywall  

Abstract:PURPOSEThe Sleep Apnea Symptom Score (SASS) has been commonly used to assess 
obstructive sleep apnea (OSA). The aim of this study was to examine the psychometric properties of 
the SASS and the predictive value of SASS incorporating bedpartner-reported information in 
identifying OSA in pregnant women.METHODSA cohort of healthy pregnant women completed the 
SASS and Pittsburgh Sleep Quality Index. Participants underwent overnight laboratory 
polysomnography (PSG) monitoring. Reliability and validity of the SASS were evaluated. A 
multivariable predictive model, incorporating the SASS score along with BMI, age, and bedpartner-
reported information, was developed to assess the risk for OSA (AHI ≥ 5 events/h). Receiver 
operating characteristic curves for OSA were constructed to evaluate the sensitivity and specificity of 
the predictive model.RESULTSA total of 126 and 105 participants completed the PSG during the first 
and third trimester, respectively. The SASS demonstrated adequate validity and acceptable reliability 
(Cronbach's α = 0.72 during the third trimester). When the combined model consisting of SASS, age, 
BMI, and bedpartner-reported information was used, the area under the curve for AHI ≥ 5 for the 
first and third trimester was 0.781 (95%CI 0.648, 0.914) and 0.842 (95%CI 0.732, 0.952), respectively; 
the sensitivity/specificity was 76.9%/72.4% and 82.4%/78.0%, respectively.CONCLUSIONSThe SASS 
alone has acceptable reliability and validity, but limited predictive values. A new tool, combining the 
SASS and other patient characteristics (i.e., age, BMI, and bedpartner-reported snoring and 
breathing pauses), demonstrated improved sensitivity and specificity, and thus may have greater 
utility in clinical practice for predicting OSA in pregnant women. 
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Publication Date: Jun 2019 

Publication Type(s): Review 
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Abstract:Obstructive sleep apnoea (OSA) during pregnancy has been associated with gestational 
diabetes mellitus, hypertension and low birth weight. Multiple pregnancy is associated with similar 
adverse perinatal outcomes. Multiple pregnancy rates have risen with increased access to assisted 
conception; simultaneously, advancing maternal age and weight are also driving a rise in the 
incidence of OSA in pregnancy. The intersection of OSA and multiple pregnancy would be presumed 
to have significant maternal and fetal morbidity; however, specific data are sparse. We review the 
current state of knowledge on OSA in multiple pregnancy.Copyright © 2019 The Royal Australian 
and New Zealand College of Obstetricians and Gynaecologists 

Database: EMBASE 

 

12. The STOP-Bang Questionnaire as a Screening Tool for Obstructive Sleep Apnea in Pregnancy. 

Author(s): Pearson, Fiona; Batterham, Alan M; Cope, Sean 

Source: Journal of clinical sleep medicine : JCSM : official publication of the American Academy of 
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Publication Date: May 2019 

Publication Type(s): Journal Article 
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of Sleep Medicine -  from Europe PubMed Central - Open Access  

Abstract:STUDY OBJECTIVESWe examined the validity of the STOP-Bang questionnaire and a 
modified STOP-Bang questionnaire to screen for obstructive sleep apnea (OSA) in women with 
obesity during the second trimester of pregnancy.METHODSNinety-nine pregnant women age 18 
years or older with body mass index ≥ 40 kg/m2 completed the STOP-Bang questionnaire during 
their second trimester. The number of oxygen desaturation events (≥ 4% from baseline) was 
measured using overnight pulse oximetry, with OSA defined as ≥ 5 events/h. A Modified STOP-Bang 
score was derived by replacing the "Tired" item with Epworth Sleepiness Scale score ≥ 10. Seven 
candidate models were compared using information theoretic criteria: STOP-Bang, Modified STOP-
Bang, and individual STOP-Bang items (Snore, Tired, Observed to stop breathing, high blood Pressure 
and Neck circumference). We used penalized logistic regression and negative binomial regression to 
derive predicted probabilities of having OSA and the predicted total event counts.RESULTSThe 
predicted probability of meeting oximetry criteria for OSA increased with higher STOP-Bang scores, 
from < 10% for a score < 3 to 68% with a score of 6. The total number of disordered breathing events 
was 1.26 (95% confidence interval 1.06 to 1.50) times greater for a 1-unit increase in STOP-Bang. Of 
the candidate models, the best relative fit was the Snore item followed by STOP-Bang score 
(essentially equivalent). The predicted probability of having OSA was 5.0% for no snoring and 26.4% 
for snoring.CONCLUSIONSSTOP-Bang has been shown to be a useful screening tool for OSA in 
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pregnant women with obesity; however, the snoring question alone might be a simpler, effective 
predictor.CLINICAL TRIAL REGISTRATIONRegistry: ClinicalTrials.gov; Title: STOPBANG As A Screening 
Tool for Obstructive Sleep Apnoea in Pregnancy; URL: 
https://clinicaltrials.gov/ct2/show/NCT02542488; Identifier: NCT02542488. 
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Publication Date: Mar 2019 

Publication Type(s): Review 

Available  at Breathe -  from Europe PubMed Central - Open Access  
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Available  at Breathe -  from Unpaywall  

Abstract:Physiological and hormonal changes in pregnancy can contribute towards sleep disordered 
breathing in pregnant women (SDBP). When present, SDBP increases the risk of several adverse 
maternal and fetal outcomes independent of factors such as age, weight and pre-existing maternal 
comorbidities. SDBP is underdiagnosed and may be hard to recognise because the presentation can 
be difficult to differentiate from normal pregnancy and the severity may change over the course of 
gestation. Timely intervention seems likely to help reduce adverse outcomes, but the relative 
benefits of intervention are still unclear. The definition of what constitutes a sleep-related breathing 
"disorder" in pregnancy may be different to the general population and so traditional thresholds for 
intervention may not be relevant in pregnancy. Any modifications to the disease definition in this 
group, or implementation of more intensive screening, may result in overdiagnosis. Further research 
is needed to help clinicians evaluate the balance of benefits and harms in this process. Until this is 
clearer there is a strong imperative for shared decision making in screening and treatment decisions, 
and screening programmes should be monitored to assess whether improved outcomes can be 
achieved at the healthcare system level.Copyright © ERS 2019. 
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Abstract:Aim. We aimed to investigate the relationship between serum pregnancy-associated 
plasma protein A (PAPP-A) levels and obstructive sleep apnea syndrome (OSAS). Materials and 
Method. 44 patients with OSAS and 44 healthy adults were included in this study. The participants 
having rheumatic or systemic inflammatory disease, advanced liver or kidney failure, diabetes, heart 
failure, hypertension, pregnancy, prerenal azotemia, known history of coronary artery disease, any 
pulmonary disease, rhinitis, or atopy, history of major trauma or surgery within the last six 6 months, 
and inhaled nasal or systemic corticosteroid use or other anti-inflammatory medications and those 
with <18 years of age were excluded. Serum PAPP-A levels were determined by the Elisa method 
with the immune sandwich measuring method. Statistical analysis of the study was performed with 
SPSS 17.0 statistical analysis package program, and p<0.05 was considered as significant. Results. 
Serum PAPP-A levels of patients with OSAS (2.350 ng/ml (0.641-4.796)) were significantly higher 
(p<0.001) when compared with healthy controls (0.971 ng/ml (0.109-2.679)). There was a 
statistically significant difference in serum PAPP-A levels between groups of OSAS patients according 
to the classification of OSAS severity. Between the groups of patients with OSAS, serum levels of 
PAPP-A in moderate group was significantly higher when compared with severe OSAS group 
(p<0.001). There was positive correlations between PAPP-A levels and night minimum (p=0.042, 
r=0.309), and average oxygen levels (p=0.006, r=0.407). There was a negative correlation between 
PAPP-A levels and AHI (p=0.002, r=-0.460). Conclusion. Higher PAPP-A levels in OSAS patients that 
were found in this study show inflammatory component in OSAS.Copyright © 2018 Ali Cengiz et al. 
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Abstract:Obesity is prevalent among pregnant women in the United States; 15-20% of obese 
pregnant women have obstructive sleep apnea. The prevalence of obstructive sleep apnea increases 
along with body mass index, age and in the presence of other co-morbidities. Untreated obstructive 
sleep apnea in women is associated with a range of cardiovascular, pulmonary and metabolic co-
morbidities; recent studies suggest that women with obstructive sleep apnea in pregnancy may be at 
significantly greater risk of entering pregnancy with chronic hypertension and/or of developing 
hypertensive disorders of pregnancy: gestational hypertension; preeclampsia; or eclampsia. This has 
serious public health implications; hypertensive disorders of pregnancy are a major cause of 
maternal and neonatal morbidity and mortality and are associated with a greater lifetime risk for 
cardiovascular disease. The mechanisms that associated obstructive sleep apnea with hypertensive 
disorders of pregnancy have not been defined, but several pathways are scientifically plausible. In 
this review, we will present a comprehensive literature review of the following: the associations 
between obstructive sleep apnea and hypertensive disorders of pregnancy; the proposed 
mechanisms that may connect obstructive sleep apnea and hypertensive disorders of pregnancy; 
and the effectiveness of treatment at mitigating these adverse outcomes. 
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Abstract:Among obese pregnant women, 15%-20% have obstructive sleep apnea (OSA) and this 
prevalence increases along with body mass index and in the presence of other comorbidities. 
Prepregnancy obesity and pregnancy-related weight gain are certainly risk factors for sleep-
disordered breathing in pregnancy, but certain physiologic changes of pregnancy may also increase a 
woman's risk of developing or worsening OSA. While it has been shown that untreated OSA in 
postmenopausal women is associated with a range of cardiovascular, pulmonary, and metabolic 
comorbidities, a body of literature is emerging that suggests OSA may also have serious implications 
for the health of mothers and fetuses during and after pregnancy. In this review, we discuss the 
following: pregnancy as a vulnerable period for the development or worsening of OSA; the 
associations between OSA and maternal and fetal outcomes; the current screening modalities for 
OSA in pregnancy; and current recommendations regarding peripartum management of OSA. 
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Abstract:Sleep-disordered breathing is more common in hypertensive disorders during pregnancy; 
however, most studies have not adequately accounted for the potential confounding impact of 
obesity. This study evaluated the frequency of sleep-disordered breathing in women with gestational 
hypertension and pre-eclampsia compared with body mass index- and gestation-matched 
normotensive pregnant women. Women diagnosed with gestational hypertension or pre-eclampsia 
underwent polysomnography shortly after diagnosis. Normotensive controls body mass index-
matched within +/-4 kg m-2 underwent polysomnography within +/-4 weeks of gestational age of 
their matched case. The mean body mass index and gestational age at polysomnography were 
successfully matched for 40 women with gestational hypertension/pre-eclampsia and 40 controls. 
The frequency of sleep-disordered breathing in the cases was 52.5% compared with 37.5% in the 
control group (P = 0.18), and the respiratory disturbance index overall did not differ (P = 0.20). 
However, more severe sleep-disordered breathing was more than twice as common in women with 
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gestational hypertension or pre-eclampsia (35% versus 15%, P = 0.039). While more than half of 
women with a hypertensive disorder of pregnancy meet the clinical criteria for sleep-disordered 
breathing, it is also very common in normotensive women of similar body mass index. This 
underscores the importance of adjusting for obesity when exploring the relationship between sleep-
disordered breathing and hypertension in pregnancy. More severe degrees of sleep-disordered 
breathing are significantly associated with gestational hypertension and pre-eclampsia, and sleep-
disordered breathing may plausibly play a role in the pathophysiology of pregnancy hypertension in 
these women. This suggests that more severe sleep-disordered breathing is a potential therapeutic 
target for reducing the prevalence or severity of hypertensive disorders in pregnancy.Copyright © 
2018 European Sleep Research Society 
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Abstract:Sleep-disordered breathing (SDB) in pregnancy can present as snoring and/or obstructive 
sleep apnea (OSA), and the prevalence is increasing due to the increase in maternal obesity. 
Pregnant women often present with fatigue and daytime sleepiness rather than the classic 
symptoms. Habitual snoring, older age, chronic hypertension, and high prepregnancy body mass 
index are reliable indicators of increased risk for SDB and should trigger further testing. The gold 
standard for diagnosis of OSA is an overnight laboratory polysomnography. Although there are no 
studies linking SDB to poor fetal outcomes, fetal well-being remains paramount throughout the 
course of pregnancy. 
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Abstract:OBJECTIVE DATASleep-disordered breathing is an increasingly common condition in 
nonobstetric populations and is associated with significant morbidity. The incidence of sleep-
disordered breathing in pregnancy is unknown, and it is likely that many cases go 
undiagnosed.STUDYA systematic review and metaanalysis was undertaken to determine whether 
pregnant women who receive a diagnosis of sleep-disordered breathing are more likely to have 
adverse intrapartum and perinatal outcomes compared with control subjects.STUDY APPRAISAL AND 
SYNTHESIS METHODSPubMed, Embase, and Cinahl databases were searched for full-text 
publications in English of sleep-disordered breathing and human pregnancy up to June 2017. Only 
studies that reported on sleep-disordered breathing in relation to gestational age or birthweight at 
delivery, preterm birth, mode of delivery, cord pH, Apgar score, nursery admission, stillbirth or 
perinatal death, meconium at delivery, or wound complications were included.RESULTSA total of 
1576 results were identified; 33 studies met inclusion criteria. Women with sleep-disordered 
breathing were older (mean difference, 1.66; 95% confidence interval, 1.04-2.28) and had a higher 
body mass index (mean difference, 3.31; 95% confidence interval, 2.30-4.32) than those who did 
not. Maternal sleep-disordered breathing was associated significantly with preterm birth (<37 weeks 
gestation; odds ratio, 1.86; 95% confidence interval, 1.50-2.31) and low birthweight (<2500 g; odds 
ratio, 1.67; 95% confidence interval, 1.00-2.78). These women were also less likely to have a vaginal 
delivery (odds ratio, 0.61; 95% confidence interval, 0.48-0.78) and to be at a higher risk of having an 
assisted vaginal delivery (odds ratio, 1.88; 95% confidence interval, 1.10-3.21) or a cesarean delivery 
(odds ratio, 1.81; 95% confidence interval, 1.55-2.11). The risk of both elective (odds ratio, 1.38; 95% 
confidence interval, 1.09 - 1.76) and emergency cesarean (odds ratio, 2.52; 95% confidence interval, 
1.20-5.29) was increased. In addition, women with sleep-disordered breathing were at a higher risk 
of having an infant with a 5-minute Apgar score <7 (odds ratio, 2.14; 95% confidence interval, 1.24-
3.71), stillbirth or perinatal death (odds ratio, 2.02; 95% confidence interval, 1.25-3.28), and 
neonatal nursery admission (odds ratio, 1.90; 95% confidence interval, 1.38-
2.61).CONCLUSIONMaternal sleep-disordered breathing is associated with increased risks of adverse 
intrapartum and perinatal outcomes. 
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Abstract:OBJECTIVEObstructive sleep apnea (OSA) is a risk factor for adverse pregnancy outcomes. 
The aim of this study was to evaluate the association between OSA and 
preeclampsia.METHODSBetween 30 and 39 weeks gestation, objective sleep apnea were evaluated 
in 38 normal pregnant and 40 preeclamptic women. Preeclampsia was defined by having a blood 
pressure (BP) > 140/90 mmHg on two occasions after the 20th week of pregnancy with excess 
protein in the urine (> 300 mg in 24 h) or 30 mg persistent proteinuria (+ 1 in dipsticks) in random 
samples. Objective sleep apnea was evaluated using an overnight in-hospital sleep evaluation using 
the SOMNOwatch plus Respiratory Screener. OSA was defined as an apnea-hypopnea index (AHI) 
≥ 5, and further grouped into severity categories: mild (5-14.9), moderate (15-29.9), and severe 
(≥ 30).RESULTSMean AHI was 33.3 ± 12.1 in preeclamptic women and was 23.8 ± 15.8 in normal 
pregnant women (p = 0.008). There was significant difference in prevalence of OSA severity (none, 
mild, moderate, or severe) between groups. Out of 33 preeclamptic women, 11 women had 
moderate and 22 women had severe OSA. Whereas, among 33 normal pregnant women, 8, 13, 
and10 women had mild, moderate, and severe OSA, respectively. Two normal pregnant women had 
no OSA (AHI< 5).CONCLUSIONOur study suggests women are susceptible to developing OSA during 
pregnancy that is associated with an increased risk of preeclampsia. 
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Abstract:OBJECTIVETo investigate whether maternal obstructive sleep apnea (OSA) is associated 
with changes in fetal growth trajectory.STUDY DESIGNRetrospective review of pregnant women who 
underwent overnight polysomnography. Fetal growth was estimated using sonographic biometric 
measurements obtained during routine prenatal care. Customized estimated fetal weight and birth 
weight centiles were calculated and impaired fetal growth was defined as birth weight 33% during 
the last trimester. Logistic regression models were used to determine the relationship between 
maternal OSA and altered fetal growth after adjusting for potential covariates.RESULTSThere were 
48 women without and 31 women with OSA. There were no differences in the proportion of infants 
with birth weight <10th centile between women with and without OSA (23 vs. 25%, p = 1.0), 
However, the presence of maternal OSA was predictive of impaired fetal growth (aOR 3.9, 95% CI 
1.2-12.6). Logistic regression models were repeated using only a slowing of fetal growth in the 3rd 
trimester (excluding birth weight <10th centile) and OSA predicted a slowing in fetal growth across 
the 3rd trimester (aOR 3.6, 95% CI 1.4-9.4). Fourteen additional women were treated with positive 
airway pressure during pregnancy; fetal growth was not significantly different in these women 
compared to controls.CONCLUSIONObstructive sleep apnea is independently associated with altered 
fetal growth, which appears to be ameliorated with use of positive airway pressure. 
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Abstract:The prevalence of obstructive sleep apnea (OSA) during pregnancy is rising. OSA during 
pregnancy has been associated with hypertensive disorders of pregnancy and gestational diabetes. 
The effect of maternal OSA on the fetus, particularly on fetal growth, is less apparent. Most of the 
currently available human data is based on non-objective assessment of OSA and includes 
heterogeneous populations with inadequate control on confounders, such as maternal obesity and 
pregnancy complications. Using objective tools in non-obese women with uncomplicated 
pregnancies, we aimed to investigate the association between maternal OSA and fetal growth. A 
total of 155 non-obese pregnant women were recruited. Birth-weight percentile of the newborns of 
women with mild OSA was significantly higher compared with the newborns of non-OSA controls 
(72% vs. 57%, respectively, P < 0.01). Birth-length and triceps thickness measurements were 
significantly higher among the newborns of women with OSA compared with controls (P = 0.02 for 
both). The proportion of large for gestational age (LGA) newborns was higher among women with 
OSA compared with controls (28% vs. 8%, respectively, P = 0.04). Our results suggest that maternal 
OSA during the third trimester of pregnancy - even in a mild form -is associated with accelerated 
fetal growth. 
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Abstract:The spectrum of sleep-disordered breathing (SDB) ranges from mild snoring to obstructive 
sleep apnea, the most severe form of SDB. Current recommendations are to treat these women with 
continuous positive airway pressure despite limited data. SDB in early and mid-pregnancy is 
associated with preeclampsia and gestational diabetes. Pregnant women with a diagnosis of 
obstructive sleep apnea at delivery were at significantly increased risk of having cardiomyopathy, 
congestive heart failure, pulmonary embolism, and in-hospital death. These effects were 
exacerbated in the presence of obesity. Postpartum, these women are at risk for respiratory 
suppression and should be monitored. 
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Abstract:Background: Due to the high prevalence in pregnant women and potential association with 
pregnancy complications or perinatal outcomes, sleep-disordered breathing (SDB) has become an 
increasing concern. Method(s): Pubmed and Embase were retrieved from inception until 2017 to 
conduct a meta-analysis to explore the association of SDB and several outcomes during gestation. A 
stratified analysis differentiated by the type of SDB [snoring alone/obstructive sleep apnea (OSA)] 
was also performed. Pooled odds ratios were produced for binary outcomes. Weighted mean 
differences were also produced for continuous outcomes. Sensitivity analysis was performed to 
identify the impact of individual studies on summary results and estimation of publication bias was 
performed by funnel plot. Result(s): 35 studies with a total of 56,751,837 subjects were included. 
SDB during pregnancy was associated with a significantly increased risk of gestational diabetes 
mellitus (GDM), pregnancy-induced hypertension (PIH), and preeclampsia (PEC), but not significantly 
associated with fetal maternal outcomes, namely APGAR score and birth weight. Moreover, OSA was 
linked with an increasing risk of GDM, PIH, PEC and preterm birth while snoring appeared to increase 
the risk of GDM, PIH, and PEC. Conclusion(s): The finding provided potential evidence for association 
between SDB and adverse perinatal outcomes. SDB increased the risk of some pregnancy 
complications while its influence to fetal outcomes was not clear.Copyright © 2018 Li, Zhao, Hua and 
Li. 

Database: EMBASE 

 

 

 

 

 

 

 

 

 

 

 

http://europepmc.org/search?query=(DOI:10.3389/fneur.2018.00091)
https://www.frontiersin.org/article/10.3389/fneur.2018.00091/full
https://www.frontiersin.org/articles/10.3389/fneur.2018.00091/pdf


25. Maternal Sleep-Disordered Breathing. 

Author(s): Pamidi, Sushmita; Kimoff, R John 

Source: Chest; Apr 2018; vol. 153 (no. 4); p. 1052-1066 

Publication Date: Apr 2018 

Publication Type(s): Research Support, Non-u.s. Gov't Journal Article Review 

PubMedID: 29066388 

Available  at Chest -  from Free Medical Journals . com  

Abstract:Emerging literature suggests that sleep-disordered breathing (SDB) worsens over the 
course of pregnancy and is associated with adverse maternal and fetal outcomes. Earlier studies, 
using mainly snoring as a surrogate marker for SDB, have shown an increase in the prevalence of 
SDB during pregnancy compared with that in the pregravid state. More recently, prospective 
observational studies in which the investigators ascertained SDB by using complete 
polysomnography have shown a prevalence ranging from approximately 17% to 45% in the third 
trimester. Pregnancy itself can be associated with daytime hypersomnolence, so complaints of 
increasing fatigue and sleepiness during pregnancy are not specific for SDB. Moreover, snoring in 
isolation also has relatively poor sensitivity and specificity as a screening tool for diagnosing 
maternal SDB. The indications for screening for SDB during routine obstetric prenatal visits are still 
unclear, but observational studies indicate that maternal SDB is linked with the development of 
adverse pregnancy outcomes, such as gestational hypertension and gestational diabetes mellitus. 
Some studies also have identified a relationship between maternal SDB and the delivery of infants 
who are small for gestational age. Aside from a few small interventional studies of CPAP in pregnant 
patients with gestational hypertension, little currently is known about whether treatment of SDB 
during pregnancy improves clinical outcomes for the mother and/or baby. Additional current 
knowledge gaps include elucidating underlying mechanisms of maternal SDB, determining optimal 
treatment strategies, and understanding the trajectory of SDB after delivery. 
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Abstract:STUDY OBJECTIVESTo measure prevalence and severity of third trimester obstructive sleep 
apnea and evaluate postpartum resolution. To assess a novel biomarker for screening for obstructive 
sleep apnea in pregnancy.METHODSThis prospective observational study was performed at Wake 
Forest School of Medicine obstetrics clinics between April 2014 and December 2015. Fractional 
exhaled nitric oxide measurements and sleep studies were obtained and compared at 32 0/7 to 35 
6/7 weeks gestation and postpartum. Exhaled nitric oxide and risk factors for the development of 
gestational sleep apnea were evaluated for predictive ability independently and in screening 
models.RESULTSOf 76 women enrolled, 73 performed valid sleep studies in pregnancy and 65 had an 
additional valid study 6 to 15 weeks postpartum. Twenty-four women (37%) had gestational sleep 
apnea compared with 23 (35%) with postpartum sleep apnea (P > .99). Eight of 11 women (73%) 
retested 6 to 8 months postpartum had persistent sleep apnea. Exhaled nitric oxide had moderate 
discrimination screening for sleep apnea in pregnancy (area under the receiver operating 
characteristic curve = 0.64). A model utilizing exhaled nitric oxide, pregnancy-specific screening, and 
Mallampati score improved ability to identify women at risk for gestational sleep apnea (sensitivity = 
46%, specificity = 91% and likelihood ratio = 5.11, area under receiver operating characteristic curve 
= 0.75).CONCLUSIONSObstructive sleep apnea is common in the early postpartum period and often 
persisted at least 6 months. Exhaled nitric oxide as a sole biomarker to screen for sleep apnea in 
pregnancy has only modest discrimination. Combined with additional parameters sensitivity and 
specificity improved.CLINICAL TRIAL REGISTRATIONRegistry: ClinicalTrials.gov, Identifier: 
NCT02100943, Title: Exhaled Nitric Oxide as a Biomarker of Gestational Obstructive Sleep Apnea and 
Persistence Postpartum, URL: https://clinicaltrials.gov/ct2/show/NCT02100943. 
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Abstract:INTRODUCTIONNumerous physiologic and anatomic changes during pregnancy exacerbate 
or unmask obstructive sleep apnea in women. Left untreated, upper airway flow limitation during 
pregnancy may lead to dire maternal and fetal health consequences. Areas covered: This review 
outlines the relationship between sleep disordered breathing (SDB) and gestational hypertension, 
preeclampsia, and gestational diabetes. It also discusses the implications of SDB on fetal and 
maternal health and concludes with a review of the emerging literature of treatment options for SDB 
in pregnancy and its benefit. Expert commentary: Providers should screen, recognize, and treat SDB 
in pregnant women given its implicated risk on maternal and fetal health. This is particularly true in 
preeclampsia, a leading cause of maternal and fetal morbidity and mortality where SDB has been 
shown to add risk and severity. It is important to note that repetitive upper airway flow limitations in 
pregnancy are associated with surges in nocturnal blood pressure and poor maternal and fetal 
outcomes, and may be just as detrimental as frank apneas/hypopneas. Future large, prospective, 
randomized controlled studies on the effects of CPAP are still needed. The epidemiology of SDB in 
pregnant women needs to be further studied, as well as highlighting the need for systematic, long-
term follow ups on mother and infant health post-delivery. 
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Abstract:STUDY OBJECTIVESObstructive sleep apnea (OSA) is associated with gestational diabetes 
mellitus (GDM). This study assessed the effects of continuous positive airway pressure (CPAP) in 
obese pregnant females with GDM and OSA.METHODSA randomized controlled trial was conducted 
(April 2014 - June 2016). Obese females at 24 to 34 weeks gestation and with diet-controlled GDM 
were screened for OSA. Those with OSA were randomly assigned to receive 2 weeks nightly CPAP or 
be part of a waitlist control group. After 2 weeks, all patients were offered CPAP. The primary 
outcome was glucose metabolism, obtained from an oral meal tolerance test (MTT) at baseline and 
2 weeks. Pregnancy outcomes were collected.RESULTSEighteen patients were randomized to CPAP 
and 18 to control groups. There were no significant changes between groups in fasting glucose, 
glucose response to MTT, and insulin sensitivity or secretion after 2 weeks. Those adherent to CPAP 
had significantly improved insulin secretion (P = .016) compared to the control group. When a 
counterfactual instrumental variable approach was applied to deal with nonadherence, the CPAP 
group had significantly improved insulin secretion (P = .002) and insulin sensitivity (P = .015). Lower 
rates of preterm delivery (P = .002), unplanned cesarean section (P = .005), and neonatal intensive 
care unit admissions (P < .001) were observed among those who used CPAP longer than 2 
weeks.CONCLUSIONSTwo weeks of CPAP in females with GDM and OSA did not result in improved 
glucose levels, but insulin secretion improved in those adherent to CPAP. Continued CPAP use was 
possibly associated with improved pregnancy outcomes.CLINICAL TRIAL REGISTRATIONRegistry: 
ClinicalTrials.gov; Title: Obstructive Sleep Apnea and Gestational Diabetes: Incidence and Effects of 
Continuous Positive Airway Pressure Treatment on Glucose Metabolism; Identifier: NCT02108197; 
URL: https://clinicaltrials.gov/ct2/show/NCT02108197. 
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Abstract:STUDY OBJECTIVESObstructive sleep apnea (OSA) in pregnancy is associated with 
gestational diabetes mellitus (GDM). This propensity toward heightened insulin resistance in OSA 
patients has not been well characterized and may be related to dysregulation of the hypothalamic-
pituitary-adrenal (HPA) axis. The aim of this study was to (1) assess the prevalence of OSA in 
pregnant women with GDM, (2) evaluate whether HPA axis dysregulation relates to OSA, and (3) 
investigate the relation between insulin resistance and OSA. We hypothesized that OSA is prevalent 
among pregnant women with GDM and that women with OSA will have higher levels of insulin 
resistance and dysregulation of the HPA axis.METHODSTwenty-five pregnant women in whom GDM 
was diagnosed were enrolled. Subjects answered sleep questionnaires and underwent in-home 
sleep studies using a level III device. The presence of OSA was defined by apnea-hypopnea index ≥ 5 
events/h. Homeostasis Model Assessment of insulin resistance was derived from measurements of 
fasting glucose and C-peptide levels. Three salivary cortisol levels were obtained across 1 day to 
assess circadian variation. Multivariable linear regression analyses were used to assess associations 
between variables.RESULTSThe sample consisted of 54% Caucasian pregnant women with a median 
body mass index of 36.1 and interquartile ratio of 10.6 kg/m2. OSA was diagnosed in 17% of 
participants. Circadian variation of cortisol was preserved in women with OSA. Women with OSA 
displayed blunted cortisol awakening responses.CONCLUSIONSOSA is prevalent in women with 
GDM. OSA is associated with preserved circadian variation and blunted cortisol awakening 
responses. 
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Abstract:Many women experience sleep problems during pregnancy. This includes difficulty 
initiating and maintaining sleep due to physiologic changes that occur as pregnancy progresses, as 
well as increased symptoms of sleep-disordered breathing (SDB). Growing evidence indicates that 
sleep deficiency alters glucose metabolism and increases risk of diabetes. Poor sleep may exacerbate 
the progressive increase in insulin resistance that normally occurs during pregnancy, thus 
contributing to the development of maternal hyperglycemia. Here, we critically review evidence that 
exposure to short sleep duration or SDB during pregnancy is associated with gestational diabetes 
mellitus (GDM). Several studies have found that the frequency of GDM is higher in women exposed 
to short sleep compared with longer sleep durations. Despite mixed evidence regarding whether 
symptoms of SDB (e.g., frequent snoring) are associated with GDM after adjusting for BMI or 
obesity, it has been shown that clinically-diagnosed SDB is prospectively associated with GDM. There 
are multiple mechanisms that may link sleep deprivation and SDB with insulin resistance, including 
increased levels of oxidative stress, inflammation, sympathetic activity, and cortisol. Despite 
emerging evidence that sleep deficiency and SDB are associated with increased risk of GDM, it has 
yet to be demonstrated that improving sleep in pregnant women (e.g., by extending sleep duration 
or treating SDB) protects against the development of hyperglycemia. If a causal relationship can be 
established, behavioral therapies for improving sleep can potentially be used to reduce the risk and 
burden of GDM.Copyright © 2017 The Authors 
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Abstract:Background: Obstructive sleep apnoea (OSA) in pregnancy is associated with an increased 
morbidity and mortality to both mother and foetus. In the South African setting the proportion of 
pregnant females suffering from OSA has not been well studied; nor has the association with pre-
eclampsia. This study aimed to determine the prevalence of OSA in females before 35 weeks 
gestation using the STOP-BANG questionnaire and to determine the association with pre-eclampsia 
in a local South African setting. Method(s): A cross-sectional analytical study including 234 patients 
was conveniently sampled from Kalafong Hospital's antenatal ward, clinic and labour ward. 
Participants were of more than 20 weeks and less than 35 weeks gestation. All participants were 
interviewed with a modified STOP-BANG questionnaire. Patients were consecutively enrolled 
without prior knowledge of the presence of pre-eclampsia. At Kalafong hospital all pregnant patients 
are routinely screened and investigated for pre-eclampsia according to standard criteria. Result(s): 
The median gestational age in this sample was 28 weeks; 80.3% (CI 74.62-85.2%) of pregnant 
females had a low risk for OSA, 15.4% (CI 11.01-20.65%) had an intermediate risk and 3% (CI 6.47-
14.58%) had a high risk for OSA. A modified STOP-BANG questionnaire had a sensitivity of 62.5% and 
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a specificity of 82.1% for pre-eclampsia when a score of 3 and more was scored. Females at high risk 
of OSA had an OR of 8.4 (CI 2.88-24.6) for having pre-eclampsia. Conclusion(s): The authors report 
15.4% of the study's pregnant population to be at intermediate risk and 3% at high risk of OSA. The 
association between the hypertensive disorders and OSA must be considered and screening 
implementation considered.Copyright © 2017 The Author(s). 
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Abstract:This review aims to evaluate the performance of obstructive sleep apnea (OSA) screening 
questionnaires during pregnancy. A systematic review and meta-analysis was performed using 
MEDLINE Scopus, CINAHL, and the Cochrane library. A bivariate meta-analysis was applied for 
pooling of diagnostic parameters. Six of the total 4719 articles met the inclusion criteria. The Berlin 
questionnaire (BQ, N = 604) and Epworth sleepiness scale (ESS, N = 420) were the most frequently 
used screening tools during pregnancy. The pooled prevalence of OSA during pregnancy was 26.7% 
(95%CI: 16.9%, 34.4%, I2 = 83.15%). BQ performance was poor to fair with pooled sensitivity and 
specificity of 0.66 (95%CI: 0.45, 0.83; I2 = 78.65%) and 0.62 (95%CI: 0.48, 0.75; I2 = 81.55%), 
respectively. BQ performance was heterogeneous depending on type of reference test and 
pregnancy. Sensitivity increased if diagnosis was based on polysomnography (0.90), and respiratory 
disturbance index (0.90). However, sensitivity decreased if screening was performed in early 
pregnancy (≤20 weeks gestation: 0.47), and high-risk pregnancy (0.44). Performance of ESS was poor 
with pooled sensitivity and specificity of 0.44 (95%CI: 0.33, 0.56; I2 = 32.8%) and 0.62 (95%CI: 0.48, 
0.75; I2 = 81.55%), respectively. In conclusion, BQ and ESS showed poor performance during 
pregnancy, hence a new OSA screening questionnaire is needed. Registration: PROSPERO 
registration CRD42015025848. 
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Abstract:ObjectivesSleep apnea in pregnancy is known to adversely affect birth outcomes. Whether 
in utero exposure to maternal sleep apnea is associated with long-term childhood consequences is 
unclear.MethodsPopulation-based longitudinal study of singleton infants born during 2002-2012 
was conducted using linked birth, hospital, death, developmental, and educational records from 
New South Wales, Australia. Maternal sleep apnea during pregnancy was identified from hospital 
records. Outcomes were mortality and hospitalizations up to age 6, developmental vulnerability in 
the first year of school (aged 5-6 years), and performance on standardized tests in the third year of 
school (aged 7-9 years). Cox proportional hazards and modified Poisson regression models were 
used to calculate hazard and risk ratios for outcomes in children exposed to maternal apnea 
compared with those not exposed.ResultsTwo hundred nine of 626188 singleton infants were 
exposed to maternal sleep apnea. Maternal apnea was not significantly associated with mortality 
(Fisher's exact p = .48), developmental vulnerability (adjusted RR 1.29; 95% CI 0.75-2.21), special 
needs status (1.58; 0.61-4.07), or low numeracy test scores (1.03; 0.63-1.67) but was associated with 
low reading test scores (1.55; 1.08-2.23). Maternal apnea significantly increased hospitalizations in 
the first year of life (adjusted HR 1.81; 95% CI 1.40-2.34) and between the first and sixth birthdays 
(1.41; 1.14-1.75). This is partly due to admissions for suspected pediatric sleep 
apnea.ConclusionsMaternal sleep apnea during pregnancy is associated with poorer childhood 
health. Its impact on developmental and cognitive outcomes warrants further investigation. 
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Abstract:OBJECTIVEPregnancy and the obesity epidemic impacting women of reproductive age 
appear to predispose women to obstructive sleep apnea (OSA) in pregnancy. The aim of this study is 
to examine the association between OSA and adverse maternal outcomes in a national 
cohort.METHODSThe National Perinatal Information Center in the US was used to identify women 
with a delivery discharge diagnosis of OSA from 2010 to 2014. We used the International 
Classification of Diseases, ninth Revision to classify OSA diagnosis and maternal 
outcomes.MEASUREMENTSThe sample consisted of 1,577,632 gravidas with a rate of OSA of 0.12% 
(N = 1963). There was a significant association between OSA and preeclampsia (adjusted odds ratio 
(aOR) 2.22, 95% confidence interval (CI) 1.94-2.54), eclampsia (aOR 2.95, 1.08-8.02), and gestational 
diabetes (aOR 1.51, 1.34-1.72) after adjusting for a comprehensive list of covariates which includes 
maternal obesity. OSA status was also associated with a 2.5-3.5-fold increase in risk of severe 
complications such as cardiomyopathy, congestive heart failure, and hysterectomy. Length of 
hospital stay was significantly longer (5.1 + 5.6 vs 3.0 + 3.0 days, p < 0.001) and odds of an admission 
to an intensive care unit higher (aOR 2.74, 2.36-3.18) in women with OSA.CONCLUSIONSCompared 
to pregnant women without OSA, pregnant women with OSA have a significantly higher risk of 
pregnancy-specific complications such as gestational hypertensive conditions and gestational 
diabetes, and rare medical and surgical complications such as cardiomyopathy, pulmonary edema, 
congestive heart failure, and hysterectomy. OSA diagnosis was also associated with a longer hospital 
stay and significantly increased odds for admission to the intensive care unit. 
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Abstract:OBJECTIVETo test the hypothesis that sleep disorder diagnosis would be associated with 
increased risk of preterm birth and to examine risk by gestational age, preterm birth type, and 
specific sleep disorder (insomnia, sleep apnea, movement disorder, and other).METHODSIn this 
observational study, participants were from a cohort of nearly 3 million women in California 
between 2007 and 2012. Inclusion criteria were women with singleton neonates liveborn between 
20 and 44 weeks of gestation without chromosomal abnormalities or major structural birth defects 
linked to a hospital discharge database maintained by the California Office of Statewide Health 
Planning and Development and without mental illness during pregnancy. Sleep disorder was defined 
based on International Classification of Diseases, 9th Revision, Clinical Modification diagnostic code 
(n=2,265). Propensity score matching was used to select a referent population at a one-to-one ratio. 
Odds of preterm birth were examined by gestational age (less than 34 weeks, 34-36 weeks, and less 
than 37 weeks of gestation) and type (spontaneous, indicated).RESULTSPrevalence of preterm birth 
(before 37 weeks of gestation) was 10.9% in the referent group compared with 14.6% among 
women with a recorded sleep disorder diagnosis. Compared with the referent group, odds (95% CI, P 
value, percentage) of preterm birth were 1.3 (1.0-1.7, P=.023, 14.1%) for insomnia and 1.5 (1.2-1.8, 
P<.001, 15.5%) for sleep apnea. Risk varied by gestational age and preterm birth type. Odds of 
preterm birth were not significantly increased for sleep-related movement disorders or other sleep 
disorders.CONCLUSIONInsomnia and sleep apnea were associated with significantly increased risk of 
preterm birth. Considering the high prevalence of sleep disorders during pregnancy and availability 
of evidence-based nonpharmacologic interventions, current findings suggest that screening for 
severe presentations would be prudent. 

Database: Medline 

 

 

 

 

 

 

 

 

https://go.openathens.net/redirector/nhs?url=http%3A%2F%2Fovidsp.ovid.com%2Fovidweb.cgi%3FT%3DJS%26PAGE%3Dfulltext%26D%3Dovft%26CSC%3DY%26NEWS%3DN%26SEARCH%3D0029-7844.is%2Band%2B%22130%22.vo%2Band%2B%223%22.ip%2Band%2B%22573%22.pg%2Bor%2B%2210.1097%2FAOG.0000000000002132%22.di
http://www.library.wmuh.nhs.uk/wp/library/


 

36. Peripartum Management of Obstructive Sleep Apnea. 

Author(s): Booth, Jessica M; Tonidandel, Ashley M 

Source: Clinical obstetrics and gynecology; Jun 2017; vol. 60 (no. 2); p. 405-417 

Publication Date: Jun 2017 

Publication Type(s): Journal Article 

PubMedID: 28121644 

Available  at Clinical obstetrics and gynecology -  from Ovid (LWW Total Access Collection 2019 - with 
Neurology)  

Abstract:The prevalence of obstructive sleep apnea is unknown during pregnancy, but the syndrome 
is likely underdiagnosed and rising in frequency along with the obesity epidemic. Obstructive sleep 
apnea is associated with adverse outcomes, including hypertensive disorders of pregnancy, 
gestational diabetes, preterm, and cesarean delivery. Obese pregnant women should be screened 
and referred to a sleep medicine specialist for evaluation. Continuous positive airway pressure is the 
treatment of choice with demonstrated safety and compliance in pregnancy. Early anesthesia 
consultation allows for preparation and implementation of a peripartum plan that includes early 
labor analgesia, avoidance of respiratory depressants, and closer monitoring of oxygenation. 
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Abstract:BACKGROUNDPregnancy is a risk factor for sleep disordered breathing, including 
obstructive sleep apnea (OSA). Progesterone, one of the key hormones in pregnancy, a known 
respiratory drive stimulant, increases ventilation and may protect against OSA. We aimed to 
examine the relationship between circulating progesterone and OSA, after accounting for body 
weight and gestational age.METHODSA case control study was conducted of pregnant women with 
OSA and those at low risk for the disorder. Cases were identified by ICD-9 code and review of 
medical record. Controls were identified if they scored zero (never) for snoring, apnea, and gasping 
on the multivariable apnea prediction index questionnaire immediately following delivery. Subjects 
with available stored first and/or second trimester residual serum samples were then included in this 
study and serum analyzed for progesterone. Raw progesterone levels were adjusted for the effects 
of gestational age and maternal weight.RESULTSTwenty-seven cases and 64 controls with available 
serum were identified. Women with OSA had greater maternal weight and higher rates of related 
comorbidities, compared to controls. Progesterone levels correlated positively with gestational age 
and negatively with greater weight. Progesterone levels, adjusted for gestational age and maternal 
weight and expressed as multiples of median (MoM), were significantly lower in OSA cases 
compared to controls in both the first trimester (MoM = 0.71, confidence interval *95% CI+ 0.60-0.83) 
relative to the MoM in controls of 1.00. In the second trimester levels were also lower in OSA cases 
(MoM = 0.84, 95% CI 0.73-0.96) compared to the MoM of 1.00 in 
controls.CONCLUSIONSProgesterone levels, after accounting for weight and gestational age, were 
lower in women with OSA than controls. Progesterone may play a protective role against OSA. 
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Abstract:Sleep disordered breathing (SDB) which includes obstructive sleep apnoea (OSA) and upper 
airway resistance syndrome (UARS), has emerged as a risk factor for adverse maternal-foetal 
outcomes in pregnancy. Physiological changes of pregnancy predispose a woman 'at risk' towards 
developing SDB. The increasing incidence of OSA in pregnancy closely correlates with the population 
trends of obesity. Common screening tools validated in non-pregnant subjects including Epworth 
Sleepiness Scale (ESS) and Berlin Questionnaire (BQ) are poor predictors of SDB in pregnancy. 
Preeclampsia, gestational hypertension and gestational diabetes mellitus (GDM) are linked with SDB. 
Preeclampsia and OSA share common pathological associations. It is unclear if one predisposes the 
other. Foetal morbidity includes intrauterine growth restriction (IUGR), preterm delivery, low birth 
weight, neonatal intensive care unit (NICU) admission and Apgar score of less than seven at one 
minute. Continuous positive airway pressure (CPAP) is a well-documented treatment of SDB in 
pregnancy and has been shown to reverse some of the adverse events. It becomes imperative to 
diagnose and manage this condition as OSA causes substantial morbidity in the untreated pregnant 
patient and foetus. Three short clinical cases and a literature review on SDB on pregnancy are 
presented. 
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Abstract:PURPOSEThis study aimed to examine if there is a difference in the prevalence of 
obstructive sleep apnea (OSA) and sleepiness between pregnant and non-pregnant women. It also 
aimed to evaluate if obstetric outcomes were associated to sleep-disordered breathing among the 
pregnant women.METHODSOne hundred pregnant women (gestational weeks 24-34) and 80 age- 
and body mass index-matched non-pregnant women underwent whole-night respiratory recordings 
(airflow, snoring, respiratory movements, body position, pulse oximetry). The women also answered 
a questionnaire including the Epworth sleepiness scale.RESULTSEighty-nine percent of the pregnant 
women had normal body mass index (BMI). Objectively, recorded snoring was more common among 
the pregnant women (median 9 % of total estimated sleep time) than among the controls (4 % of 
total sleep time, p = 0.005). Three of the pregnant women had OSA (apnea/hypopnea index (AHI) 
>5), but in two cases, this was mainly due to central hypopneas. None had AHI >10. Two controls 
were diagnosed as OSA. Respiratory parameters including snoring showed no impact on obstetric 
outcomes. Total Epworth sleepiness scale (ESS) score was higher among pregnant women than 
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among controls (median 9 vs 7, p < 0.001). There was no difference concerning the separate items. 
There were no significant associations between either subjectively reported or objectively recorded 
snoring and ESS scores.CONCLUSIONThere was no increased prevalence of obstructive sleep apnea 
among pregnant women. One reason for this could be that the majority of the women in this study 
were non-obese. Neither OSA nor snoring was likely an explanation for the increased daytime 
sleepiness seen in the pregnant women. 
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Abstract:Sleep-disordered breathing (SDB) during pregnancy has emerged as a predictor of both 
maternal and fetal adverse outcomes. Data suggest that SDB during pregnancy is associated with 
maternal gestational hypertension and preeclampsia as well as gestational diabetes. Furthermore, 
there are increasing reports that SDB may play a role in fetal growth restriction, preterm birth, 
increased cesarean sections, and increased neonatal intensive care unit (NICU) admissions. The 
public health impact of unrecognized maternal SDB is therefore immense. Treatment of SDB in the 
general population has been shown to improve cardiovascular outcomes and daytime functioning, 
and although no large intervention trial has been conducted in pregnant women, small pilot studies 
demonstrate promising results.Copyright © 2016, Springer International Publishing AG. 
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Abstract:The last few years have witnessed a number of publications linking sleep disordered 
breathing to adverse pregnancy and neonatal outcomes in various populations. Associations with 
preeclampsia, gestational diabetes and growth restriction have been consistent across many studies. 
Though the manuscripts reviewed here consist mostly of preliminary data and need further 
confirmation, the studies have highlighted new directions in the assessment of the impact of sleep 
disordered breathing and pregnancy, and paved the way for new fields of research in this 
area.Copyright © 2016, © The Author(s) 2016. 
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Abstract:Obstructive sleep apnea is characterized by total or partial interruptions of airflow during 
sleep, despite ongoing efforts to breathe. These pauses result from repeated upper airway 
obstructions that generate a systemic inflammatory condition with consequences for the endothelial 
function that increase the risk of cardiometabolic events. The prevalence of obstructive sleep apnea 
during pregnancy is greater than that observed in the general population and increases in the third 
trimester. Although limited, the information currently available supports the notion that obstructive 
sleep apnea is an independent, and potentially modifiable, risk factor for maternal and perinatal 
morbidity and mortality. Experimental and prospective studies in humans have demonstrated an 
association between obstructive sleep apnea and low birth weight. Endothelial dysfunction may be 
the link that underlies the association of obstructive sleep apnea with high perinatal risk. The 
information reviewed herein suggests that treating obstructive sleep apnea with positive-pressure 
devices could be an effective strategy for decreasing perinatal morbidity and mortality. 
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Abstract:Objective: Obstructive sleep apnea syndrome (OSAS) is a disease which is estimated to be 
undiagnosed to a large extent. Hence, the prevalence of OSAS in pregnant women is unknown. We 
aimed to evaluate the symptoms of obstructive sleep apnea in pregnant women with chronic 
diseases. Method(s): In the study, 97 pregnant women with chronic diseases and 160 healthy 
pregnant women were included. A form questioning socio-demographic characteristics and 
pregnancy characteristics, Epworth scale and the Berlin questionnaire to evaluate the risk of OSAS 
were applied to participants. Result(s): It has been determined that 10-12.5% of healthy pregnant 
women, 34-45.4% of pregnants with chronic diseases and 20.6-23.3% of all pregnant women had a 
high risk of OSAS, the pregnants with chronic disease compared to healthy pregnant women had 
statistically significant higher risk of OSAS. The risk of OSAS was found to be significantly higher 
especially in pregnant women with hypertension and diabetes. Conclusion(s): OSAS can lead to the 
adverse consequences in pregnancy, should be questioned for all pregnants especially those with 
chronic diseases. Pregnant women with OSAS should be monitored more carefully in terms of 
diabetes and hypertension in antenatal care.Copyright © 2015 Taylor & Francis. 
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Abstract:OBJECTIVEThe aim of this study was to evaluate the risk of obstructive sleep apnea (OSA) 
to preterm delivery (PTD), using the Berlin Questionnaire (BQ).METHODSThis was a large, 
prospective cohort study among pregnant Thai women. The BQ was employed for symptom-based 
OSA screening during the second trimester, and PTD was recorded in 1345 pregnant women. 
Multivariate models were applied in controlling for potential confounders.RESULTSThe overall 
prevalence of the high risk of OSA was 10.1 %, and it was significantly associated with pre-pregnancy 
body mass index and score on the Perceived Stress Scale. An adjusted odds ratio for PTD in women 
with a high risk of OSA was 2.00 (95 % confidence intervals (CIs) = 1.20, 3.34). Stratified analyses, 
after adjusting for confounding factors, indicated that a high risk of OSA was associated with an 
increased risk of spontaneous preterm delivery (odds ratio (OR) = 2.45, 95 % CI = 1.20, 5.02), but not 
with preterm premature rupture of membranes (OR = 1.61, 95 % CI = 0.61, 4.26), and medically 
indicated preterm delivery (OR = 1.83, 95 % CI = 0.72, 4.64).CONCLUSIONPregnant women with a 
high risk of OSA are at an increased risk of having PTD, compared with pregnant women with a low 
risk of OSA. 
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Abstract:PURPOSE OF REVIEWThis review aims to provide an update on recent advances in the 
diagnosis and treatment of obstructive sleep apnea (OSA) during pregnancy and its effect on 
maternal and fetal outcomes.RECENT FINDINGSCurrent OSA screening tools may not perform well in 
this population. There are some pieces of evidence linking poorer maternal and neonatal outcome 
with pregnant patients having OSA. At present, there are inadequate data on which to base fetal or 
maternal parameters for treatment of OSA, and no evidence that treatment in the short-term 
impacts maternal or neonatal outcomes.SUMMARYFurther research is needed to help in the 
detection and treatment of OSA in pregnancy. 
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Abstract:Sleep disordered breathing (SDB) occurs in 0.6% to 15% of reproductive-aged women. 
Because of an overlap in symptoms of SDB and normal pregnancy findings, the diagnosis of SDB in 
pregnancy is challenging. The repetitive arousals, sleep fragmentation, and hypoxias experienced by 
patients with SDB lead to an increase in oxidative stress and inflammation. In the nonpregnant 
population SDB is associated with an increased risk of diabetes mellitus, heart disease, and stroke. 
Increasing evidence identifies an association between SDB in pregnancy and gestational diabetes, 
preeclampsia, and fetal growth abnormalities. 
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Abstract:STUDY OBJECTIVESTo examine the association between sleep apnea and pregnancy 
outcomes in a large population-based cohort.METHODSPopulation-based cohort study using linked 
birth and hospital records was conducted in New South Wales, Australia. Participants were all 
women who gave birth from 2002 to 2012 (n = 636,227). Sleep apnea in the year before pregnancy 
or during pregnancy was identified from hospital records. Outcomes of interest were gestational 
diabetes, pregnancy hypertension, planned delivery, caesarean section, preterm birth, perinatal 
death, 5-minute Apgar score, admission to neonatal intensive care or special care nursery, and infant 
size for gestational age. Maternal outcomes were identified using a combination of hospital and 
birth records. Infant outcomes came from the birth record. Modified Poisson regression models 
were used to examine associations between sleep apnea and each outcome taking into account 
maternal age, country of birth, socioeconomic disadvantage, smoking, obesity, parity, pre-existing 
diabetes and hypertension.RESULTSSleep apnea was significantly associated with pregnancy 
hypertension (adjusted RR 1.43; 95% CI 1.18-1.73), planned delivery (1.15; 1.07-1.23), preterm birth 
(1.50; 1.21-1.84), 5-minute Apgar < 7 (1.60; 1.07-2.38), admission to neonatal intensive care/special 
care nursery (1.26; 1.11-1.44), large-for-gestational-age infants (1.27; 1.04-1.55) but not with 
gestational diabetes (1.09; 0.82-1.46), caesarean section (1.06; 0.96-1.17), perinatal death (1.73; 
0.92-3.25), or small-for-gestational-age infants (0.81; 0.61-1.08).CONCLUSIONSSleep apnea is 
associated with higher rates of obstetric complications and intervention, as well as preterm delivery. 
Future research should examine if these are independent of obstetric history. 

Database: Medline 

http://europepmc.org/search?query=(DOI:10.5664/jcsm.5890)
http://europepmc.org/search?query=(DOI:10.5664/jcsm.5890)


 

48. Central sleep apnea in pregnant women with sleep disordered breathing. 

Author(s): Bourjeily, Ghada; Sharkey, Katherine M; Mazer, Jeffrey; Moore, Robin; Martin, Susan; 
Millman, Richard 

Source: Sleep & breathing = Schlaf & Atmung; Sep 2015; vol. 19 (no. 3); p. 835-840 

Publication Date: Sep 2015 

Publication Type(s): Research Support, Non-u.s. Gov't Journal Article 

PubMedID: 25566940 

Available  at Sleep & breathing = Schlaf & Atmung -  from SpringerLink - Medicine  

Available  at Sleep & breathing = Schlaf & Atmung -  from ProQuest (Health Research Premium) - 
NHS Version  

Abstract:PURPOSEPhysiologic changes in the cardiac, respiratory, and renal systems in pregnancy 
likely impact ventilatory control. Though obstructive sleep apnea and snoring are common in the 
pregnant population, the predisposition to central respiratory events during sleep and the 
prevalence of such events is less well studied. The aim of this study was to assess the presence of 
central apneas during sleep in pregnant women and non-pregnant controls suspected of sleep 
disordered breathing.METHODSTwenty-five pregnant women referred for polysomnography for 
sleep disordered breathing were compared with non-pregnant controls matched for age, body mass 
index, gender, and apnea hypopnea index (AHI). Central apnea index was defined as the number of 
central apneas per hour of sleep, and mixed apnea index was defined as the number of mixed 
apneas per hour of sleep.RESULTSSixty-four percent of pregnant women had a respiratory 
disturbance index >5 events per hour of sleep. Mean body mass index was 44.1 ± 6.9 kg/m(2) 
pregnant compared to 44.0 ± 7.3 kg/m(2) in controls. The total number of central apneas observed 
during sleep in the pregnant group consisted of two central apneas in one patient, and of 98 central 
apneas in 11 patients in the control group (p = 0.05). Median central apnea index was low in both 
groups (pregnant 0, interquartile range (IQR) 0, 0 vs. non-pregnant 0, IQR 0, 0.2, p = 0.04). Mixed 
apnea index was similarly low in both groups.CONCLUSIONDespite some physiologic changes of 
pregnancy that impact ventilatory control, the prevalence of central sleep apnea was low in our 
sample of overweight pregnant women with sleep-disordered breathing. 
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Abstract:OBJECTIVETo estimate the predictive ability of current obstructive sleep apnea (OSA) 
screening tools and the individual questions in these tools at identifying pregnant women who have 
OSA.METHODSA total of 293 third-trimester patients were enrolled between 2010 and 2012, and 
248 patients had sleep monitor results. Recruited participants completed a questionnaire consisting 
of six OSA screening tools and overnight portable sleep monitoring. Predictive ability of the 
screening tools for OSA compared with results of the diagnosis from overnight sleep monitoring was 
estimated using the area under receiver operating characteristic curves.RESULTSTwo hundred 
eighteen (88%) of the patients were OSA-negative, and 30 patients (12%) were OSA-positive based 
on sleep monitoring results. Compared with OSA-negative patients, OSA-positive patients had 
greater body mass indices and neck circumferences as well as significantly higher rates of 
hypertension (chronic and gestational), pregestational diabetes mellitus, asthma, and preeclampsia. 
The overall predictive ability of the screening tools for OSA was modest (area under receiver 
operating characteristic curves 0.62-0.695). However, individual components of the questionnaire 
were strongly associated with OSA.CONCLUSIONWe found that none of the studied OSA screening 
tools accurately detected OSA in pregnant women in the third trimester. We have identified 
proposed elements of a new screening tool based on promising components from several tools that 
may more accurately detect patients with OSA.LEVEL OF EVIDENCEII. 
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Abstract:STUDY OBJECTIVESOur investigation aims to assess the impact of symptoms of maternal 
sleep-disordered breathing, specifically sleep apnea risk and daytime sleepiness, on fetal leukocyte 
telomere length.PARTICIPANTS AND SETTINGPregnant women were recruited upon hospital delivery 
admission.INTERVENTIONSSleep exposure outcomes were measured using the Berlin Questionnaire 
to quantify sleep apnea and the Epworth Sleepiness Scale to measure daytime sleepiness. 
Participants were classified as "High Risk" or "Low Risk" for sleep apnea based on responses to the 
Berlin, while "Normal" or "Abnormal" daytime sleepiness was determined based on responses to the 
Epworth.DESIGNNeonatal umbilical cord blood samples (N = 67) were collected and genomic DNA 
was isolated from cord blood leukocytes using Quantitative PCR. A ratio of relative telomere length 
was derived by telomere repeat copy number and single copy gene copy number (T/S ratio) and 
used to compare telomere lengths. Bootstrap and ANOVA statistical procedures were 
employed.MEASUREMENTS AND RESULTSOn the Berlin, 68.7% of participants were classified as Low 
Risk while 31.3% were classified as High Risk for sleep apnea. According to the Epworth scale, 80.6% 
were determined to have Normal daytime sleepiness, and 19.4% were found to have Abnormal 
daytime sleepiness. The T/S ratio among pregnant women at High Risk for sleep apnea was 
significantly shorter than for those at Low Risk (P value < 0.05), and the T/S ratio among habitual 
snorers was significantly shorter than among non-habitual snorers (P value < 0.05). Although those 
with Normal Sleepiness had a longer T/S ratio than those with Abnormal Sleepiness, the difference 
was not statistically significant.CONCLUSIONOur results provide the first evidence demonstrating 
shortened telomere length among fetuses exposed to maternal symptoms of sleep disordered 
breathing during pregnancy, and suggest sleep disordered breathing as a possible mechanism of 
accelerated chromosomal aging. 
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Abstract:STUDY OBJECTIVESEvaluation of Berlin and Stop-Bang questionnaires in detecting 
obstructive sleep apnea (OSA) across trimesters of pregnancy.METHODSPregnant women from a 
high-risk pregnancy clinic were recruited to complete sleep evaluations including Berlin and Stop-
Bang Questionnaires. Overnight testing with Watch-PAT200 for diagnosis of OSA (cutoff point of 
apnea-hypopnea index ≥5 events/h) was performed.RESULTSSeventy-two singleton pregnant 
women participated in the study. Enrollment consisted of 23, 24, and 25 women during first, second, 
and third trimesters, respectively. Of 72 pregnancies, 23 patients (31.9%) had OSA. Prevalence of 
OSA classified by trimesters from first to third was 30.4%, 33.33%, and 32.0%, respectively. Overall 
predictive values of Berlin and Stop-Bang questionnaires were fair (ROC area under curve, AUC 0.72 
for Berlin, p = 0.003; 0.75 for Stop-Bang, p = 0.001). When categorized according to trimesters, 
predictive values substantially improved in second (AUC: 0.84 for Berlin; 0.78 for Stop-Bang) and 
third trimesters (AUC: 0.81 for Berlin; 0.75 for Stop-Bang), whereas performances of both 
questionnaires during first trimester were poorer (AUC: 0.49 for Berlin; 0.71 for Stop-Bang). 
Multivariate analyses show that pre-pregnancy body mass index (BMI) in first trimester, snore often 
in second trimester, and weight gain and pregnancy BMI in third trimester were significantly 
associated with OSA.CONCLUSIONSIn high-risk pregnancy, Berlin and Stop-Bang questionnaires were 
of limited usefulness in the first trimester. However their predictive values are acceptable as 
pregnancy progresses, particularly in second trimester. OSA in pregnancy seems to be a dynamic 
process with different predictors association during each trimester. 
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Abstract:PURPOSEPrevious investigations have suggested a strong association between sleep-
disordered breathing (SDB) during pregnancy and perinatal outcomes. However, the results of the 
following replication studies were not always concordant. Therefore, this meta-analysis was 
conducted to evaluate the more reliable estimate.METHODSA systematic literature search was 
performed on PubMed, Springer Link, and EMBASE to identify all eligible studies published before 
August 2013. Summary odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using 
fixed or random effects model.RESULTSA total of 24 publications met the inclusion criteria and were 
included in this meta-analysis. Findings demonstrated that moderate-to-severe SDB during 
pregnancy was associated with gestational diabetes mellitus (OR=1.78; 95% CI, 1.29 to 2.46), 
pregnancy-related hypertension (OR=2.38; 95% CI, 1.63 to 3.47), preeclampsia (OR=2.19; 95% CI, 
1.71 to 2.80), preterm delivery (OR=1.98; 95% CI, 1.59 to 2.48), low birth weight (OR=1.75; 95% CI, 
1.33 to 2.32), neonatal intensive care unit (NICU) admission (OR=2.43; 95% CI, 1.61 to 3.68), 
intrauterine growth restriction (OR=1.44; 95% CI, 1.22 to 1.71), and Apgar score of <7 at 1 min 
(OR=1.78; 95% CI, 1.10 to 2.91) based on all studies but not gestational age and birth 
weight.CONCLUSIONSThis meta-analysis revealed that moderate-to-severe SDB during pregnancy 
may be associated with most of adverse perinatal outcomes. Further well-designed studies are 
warranted to confirm our findings. 
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Abstract:Objective: To assess the frequency of obstructive sleep apnoea among women with and 
without hypertensive disorders of pregnancy. Design(s): Cohort study. Setting(s): Obstetric clinics at 
an academic medical centre. Population: Pregnant women with hypertensive disorders (chronic 
hypertension, gestational hypertension, or pre-eclampsia) and women who were normotensive. 
Method(s): Women completed a questionnaire about habitual snoring and underwent overnight 
ambulatory polysomnography. Main Outcome Measure(s): The presence and severity of obstructive 
sleep apnoea. Result(s): Obstructive sleep apnoea was found among 21 of 51 women with 
hypertensive disorders (41%), but in only three of 16 women who were normotensive (19%, chi-
square test, P = 0.005). [Author correction added on 16 June 2014, after first online publication: 
Results mentioned in the abstract were amended.] Non-snoring women with hypertensive disorders 
typically had mild obstructive sleep apnoea, but >25% of snoring women with hypertensive disorders 
had moderate to severe obstructive sleep apnoea. Among women with hypertensive disorders, the 
mean apnoea/hypopnoea index was substantially higher in snorers than in non-snorers (19.9 +/- 
34.1 versus 3.4 +/- 3.1, P = 0.013), and the oxyhaemoglobin saturation nadir was significantly lower 
(86.4 +/- 6.6 versus 90.2 +/- 3.5, P = 0.021). Among women with hypertensive disorders, after 
stratification by obesity, the pooled relative risk for obstructive sleep apnoea in snoring women with 
hypertension compared with non-snoring women with hypertension was 2.0 (95% CI 1.4-2.8). 
Conclusion(s): Pregnant women with hypertension are at high risk for unrecognised obstructive 
sleep apnoea. Although longitudinal and intervention studies are urgently needed, given the known 
relationship between obstructive sleep apnoea and hypertension in the general population, it would 
seem pertinent that hypertensive pregnant women who snore should be tested for obstructive sleep 
apnoea, a condition believed to cause or promote hypertension.Copyright © 2014 Royal College of 
Obstetricians and Gynaecologists. 
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Abstract:PURPOSE OF REVIEWThe evidence of a putative causal effect of sleep apnea-induced 
intermittent hypoxia on the pathogenesis of gestational hypertension and preeclampsia is mounting. 
The present review presents the evidence of current literature and questions whether an early 
diagnosis and treatment of obstructive sleep apnea during pregnancy can reduce the risk of 
preeclampsia.RECENT FINDINGSAlthough pathophysiological pathways remain to be more clearly 
defined, recent studies shed light on the association of sleep-disordered breathing, gestational 
hypertension and preeclampsia. For the first time, a recent prospective study revealed that 
obstructive sleep apnea increases over the course of pregnancy and that it is common during the 
third trimester. In this study, age and BMI have been identified as independent predictors of 
gestational obstructive sleep apnea.SUMMARYAn association between sleep-disordered breathing, 
gestational hypertension and preeclampsia has been demonstrated. However, there is a lack of 
evidence on the effect of continuous positive airway pressure treatment during pregnancy on 
hypertension and preeclampsia. Further studies are required to ascertain whether continuous 
positive airway pressure can be a useful adjunct treatment for pregnant women at risk of 
preeclampsia. 
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Abstract:Inconsistent information exists in the relationship between obstructive sleep apnea (OSA) 
and perinatal outcomes. This study was intended to investigate whether OSA in pregnant women 
has a potential to elevate the incidence of the maternal and neonatal outcomes by performing a 
meta-analysis of all available cohort studies. Five cohort studies including 977 participants were 
eligible for inclusion. The association between OSA and the risk of perinatal outcomes was expressed 
as relative risks (RR), with 95% confidence interval (CI). Our results revealed that OSA group was 
associated with more frequent preeclampsia (RR 1.96; 95% CI 1.34 to 2.86), preterm birth (RR 1.90; 
95%CI 1.24 to 2.91), cesarean delivery (RR 1.87; 95% CI 1.52 to 2.29) and neonatal intensive care unit 
(NICU) (RR 2.65; 95% CI 1.86 to 3.76). On analyzing data for the prevalence of gestational diabetes 
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and small gestational age (SGA) < 10th percentile (RR 1.40; 95% CI 0.62 to 3.19, and RR 0.64; 95%CI 
0.33 to1.24, respectively), there were no significant differences in both group. Findings from this 
meta-analysis indicate that OSA in pregnant women significantly increases the incidence of maternal 
and neonatal outcomes, which is associated with more frequent preeclampsia, preterm birth, 
cesarean delivery and NICU admission. 
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Abstract:Objective The objective of this study was to determine the prevalence and incidence of 
sleep disordered breathing (SDB) in pregnancy among high-risk women. Study Design This was a 
prospective, observational study. We recruited women with a body mass index (BMI) >= 30 kg/m2, 
chronic hypertension, pregestational diabetes, history of preeclampsia, and/or a twin gestation. 
Objective assessment of SDB was completed between 6 and 20 weeks and again in the third 
trimester. SDB was defined as an apnea-hypopnea index (AHI) >=5, and further grouped into severity 
categories: mild (5-14.9), moderate (15-29.9) and severe (>=30). Subjects who had a normal AHI at 
the baseline (AHI < 5), but an abnormal study in the third trimester (AHI >=5) were classified as 
having new-onset SDB. Results A total of 128 women were recruited. In early pregnancy 21, 6 and 
3% had mild, moderate, or severe SDB, respectively. These frequencies increased to 35, 7, and 5% in 
the third trimester (p < 0.001). About 27% (n = 34) experienced a worsening of SDB during 
pregnancy; 26 were cases of new-onset SDB, while the other 8 had SDB in early pregnancy that 
worsened in severity. The incidence of new-onset SDB was 20%. The majority of these new-onset 
cases were mild. Conclusions SDB in early pregnancy is common in high-risk women and new-onset 
SDB occurs in 20% of these women.Copyright © 2014 by Thieme Medical Publishers, Inc. 
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Abstract:Sleep disturbances are common in pregnancy and may be influenced by a multitude of 
factors. Pregnancy physiology may predispose to sleep disruption but may also result in worsening 
of some underlying sleep disorders, and the de novo development of others. Apart from sleep 
disordered breathing, the impact of sleep disorders on pregnancy, fetal, and neonatal outcomes is 
poorly understood. In this article, we review the literature and discuss available data pertaining to 
the most common sleep disorders in perinatal women. These include restless legs syndrome, 
insomnia, circadian pattern disturbances, narcolepsy, and sleep-disordered breathing. © 2014 
Elsevier Inc. 
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Abstract:OBJECTIVEWe 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 DESIGNIn 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).RESULTA total of 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%.CONCLUSIONIn this 
prospective trial, screening positive on the Berlin questionnaire or Epworth sleepiness scale was 
poorly predictive of OSA among gravidae and was associated with a high false referral rate. 
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Abstract:Pregnancy results in many physical and hormonal changes. Sleep can be disturbed by 
heartburn, leg cramps and strange dreams. Sleep-disordered breathing (SDB) can also occur during 
pregnancy. 
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Abstract:STUDY OBJECTIVESA recent trend in increasing rates of severe maternal morbidity and 
mortality despite quality improvements has been noted. The goal of this study is to estimate the 
national prevalence of obstructive sleep apnea (OSA) in pregnant women and examine associations 
between OSA and pregnancy-related morbidities, including in-hospital maternal mortality.DESIGNA 
retrospective, cross-sectional analysis.SETTINGA nationally representative sample of maternal 
hospital discharges from 1998-2009.PATIENTS OR PARTICIPANTSThe analytic sample included 
55,781,965 pregnancy-related inpatient hospital discharges.INTERVENTIONSN/A.MEASUREMENTS 
AND RESULTSThe Nationwide Inpatient Sample (NIS) database was used to identify hospital stays for 
women who were pregnant or gave birth. Among these women, we determined length of hospital 
stay, in-hospital mortality, and used International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) codes to identify OSA and other outcome measures. Multivariable logistic 
regression modeling was used to calculate adjusted odds ratios (OR) and 95% confidence intervals 
(CI) for the associations between OSA and each outcome. The overall rate of OSA was 3.0 per 
10,000; however, the rate climbed substantially from 0.7 in 1998 to 7.3 in 2009, with an average 
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annual increase of 24%. After controlling for obesity and other potential confounders, OSA was 
associated with increased odds of pregnancy-related morbidities including preeclampsia (OR, 2.5; 
95% CI, 2.2-2.9), eclampsia (OR, 5.4; 95% CI, 3.3-8.9), cardiomyopathy (OR, 9.0; 95% CI, 7.5-10.9), 
and pulmonary embolism (OR, 4.5; 95% CI, 2.3-8.9). Women with OSA experienced a more than 
fivefold increased odds of in-hospital mortality (95% CI, 2.4-11.5). The adverse effects of OSA on 
selected outcomes were exacerbated by obesity.CONCLUSIONSObstructive sleep apnea is associated 
with severe maternal morbidity, cardiovascular morbidity, and in-hospital death. Targeted 
interventions may improve pregnancy outcomes in this group. 

Database: Medline 

 

61. Sleep-disordered breathing in pregnancy: a review of the physiology and potential role for 
positional therapy. 

Author(s): Morong, S; Hermsen, B; de Vries, N 

Source: Sleep & breathing = Schlaf & Atmung; Mar 2014; vol. 18 (no. 1); p. 31-37 

Publication Date: Mar 2014 

Publication Type(s): Journal Article Review 

PubMedID: 23591835 

Available  at Sleep & breathing = Schlaf & Atmung -  from SpringerLink - Medicine  

Available  at Sleep & breathing = Schlaf & Atmung -  from ProQuest (Health Research Premium) - 
NHS Version  

Abstract:BACKGROUNDSleep disordered breathing (SDB) has been shown to be associated with 
negative clinical sequelae such as systemic hypertension and cardiovascular disease. It has been 
reported in the literature that approximately 53-56 % of patients with obstructive sleep apnea (OSA) 
have positional OSA, known as POSA.POTENTIAL TREATMENT FOR SDB IN PREGNANCYThese findings 
have led to a resurgence of positional therapy as an effective treatment for select patients with SDB. 
Pregnant patients can also be diagnosed with SDB, the negative consequences of which not only 
pertain to the patient but to the unborn fetus as well. Despite this, however, SDB is under-diagnosed 
in pregnant patients and research looking at SDB in pregnant patients and potential therapies are 
scarce.CONCLUSIONSThis article reviews the literature regarding the physiologic respiratory changes 
that occur during pregnancy, SDB in pregnancy, supine hypotensive syndrome (SHS), complications 
and current treatments for these events and potential roles for positional therapy in pregnant 
women whose problems may be specifically position dependent. 
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Abstract:IMPORTANCECardiovascular disease (CVD) is a common condition in postreproductive 
females. Key risk factors for later-life CVD include gestational hypertension (GHTN) and preeclampsia 
(PE). Although several risk factors of hypertension in pregnancy are well recognized, a novel risk 
factor that has emerged recently is sleep-disordered breathing (SDB), a condition characterized by 
repeated closure of the upper airway during sleep with disrupted ventilation and sleep 
fragmentation. In the nonpregnant population, SDB is now known to play a causal role in future 
CVD.OBJECTIVEThe aim of this study was to propose the hypothesis that occult SDB during 
pregnancy may play a role in long-term CVD in women who had hypertensive disorders of 
pregnancy.EVIDENCE ACQUISITIONThis study is a review and synthesis of empirical evidence that 
links SDB to GHTN/PE and GHTN/PE to future CVD.RESULTSAn increasing body of evidence supports 
the relationship between SDB and hypertensive disorders of pregnancy via mechanisms of 
inflammation, oxidative stress, and endothelial dysfunction. It is well established that hypertensive 
disorders of pregnancy are associated with long-term risk for CVD via similar mechanisms. However, 
no studies have addressed the potential role of SDB in long-term outcomes of women with GHTN/PE 
during pregnancy.CONCLUSIONSGiven the suggested mechanisms that explain these associations, it 
is plausible that SDB during pregnancy may increase long-term cardiovascular morbidity and 
mortality.RELEVANCEPregnancy may offer a window of opportunity for identification and treatment 
of SDB, which could provide substantial health benefit for many years to come. 
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Abstract:OBJECTIVESymptoms of sleep-disordered breathing (SDB) are increased in pregnancy 
compared to the nongravid state. Maternal SDB may be associated with adverse pregnancy 
outcomes, but this is still under investigation. We performed a systematic literature review, and 
where feasible, a metaanalysis, to evaluate whether women with SDB in pregnancy have a higher 
risk of specific adverse pregnancy outcomes compared with women without SDB.STUDY 
DESIGNOriginal studies published until June 2012 evaluating the association between gestational 
hypertension/preeclampsia, gestational diabetes, low birthweight infants, and maternal SDB, 
defined either by symptoms or the reference standard polysomnography, were identified from 
PubMed, EMBASE, and Web of Science. Data were extracted on study design and outcome 
estimates. When appropriate, effect estimates from each study were pooled using a random-effects 
model.RESULTSOf the 4386 studies identified, 31 met the defined criteria. Twenty-one studies, all 
observational in design, reported dichotomous outcomes; 9 of these adjusted for potential 
confounders. Maternal SDB was significantly associated with gestational hypertension/preeclampsia 
(pooled adjusted odds ratio [aOR], 2.34; 95% confidence interval [CI], 1.60-3.09; 5 studies), and 
gestational diabetes (pooled aOR, 1.86; 95% CI, 1.30-2.42; 5 studies).CONCLUSIONBased on 
published observational studies to date, maternal SDB is associated with an increased risk of 
gestational hypertension and gestational diabetes after adjusting for potential confounders. 
However, large-scale, prospective cohort, and interventional studies are needed to further elucidate 
the relationship between maternal SDB and adverse pregnancy outcomes. 
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Abstract:Sleep-disordered breathing (SDB) during pregnancy has recently gained medical interest 
due to its consequences on maternal health and fetal outcome. In fact, although epidemiologic data 
are still scanty, several reports indicate that snoring and obstructive sleep apnea (OSA) during 
pregnancy are commonly associated with maternal hypertension, morbidly increased body mass 
index (BMI), diabetes mellitus and, at child birth, are correlated with an increased percentage of C-
sections, preterm births with infants small for gestational age (SGA). OSA is an eminently treatable 
condition by means of assisted nocturnal ventilation with continuous positive air pressure (CPAP) 
devices. Diagnosis and treatment of this potential pregnancy complication should be thus more 
aggressively pursued in order to avoid harmful consequences to both mother and child. © 2013 
Springer Science+Business Media New York. 
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Abstract:CONTEXTQuestionnaire studies linked symptoms of obstructive sleep apnea (OSA) to the 
risk of gestational diabetes mellitus (GDM). Whether this association is present when OSA is 
assessed objectively by polysomnography is not known.OBJECTIVEThe objective of the study was to 
assess the relationship between pregnancy, OSA, and GDM.DESIGN, SETTING, AND 
PARTICIPANTSWe conducted observational case-control studies using polysomnography in 15 
nonpregnant, nondiabetic women (NP-NGT), 15 pregnant women with normal glucose tolerance (P-
NGT), and 15 pregnant women with GDM (P-GDM). The groups were frequency matched for age and 
race/ethnicity. Pregnant women were studied during the late second to early third trimester.MAIN 
OUTCOME MEASURESComparisons of OSA diagnosis and sleep parameters between NP-NGT and P-
NGT to assess the impact of pregnancy and between P-NGT and P-GDM to explore the association 
between GDM and OSA were measured.RESULTSCompared with NP-NGT, P-NGT women had a 
higher apnea hypopnea index (AHI) (median 2.0 vs 0.5, P = .03) and more disrupted sleep as 
reflected by a higher wake time after sleep onset (median 66 vs 21 min, P < .01) and a higher 
microarousal index (median 16.4 vs 10.6, P = .01). Among the pregnant women, P-GDM had 
markedly lower total sleep time (median 397 vs 464 min, P = .02) and a higher AHI (median 8.2 vs 
2.0, P = .05) than P-NGT women. OSA was more prevalent in P-GDM than in P-NGT women (73% vs 
27%, P = .01). After adjustment for prepregnancy body mass index, the diagnosis of GDM was 
associated with a diagnosis of OSA [odds ratio 6.60 (95% confidence interval 1.15-37.96)]. In 
pregnancy, after adjusting for prepregnancy body mass index, higher microarousal index significantly 
associated with higher hemoglobin A1c and fasting glucose levels. Higher oxygen desaturation index 
was associated with higher fasting glucose levels.CONCLUSIONPregnancy is associated with sleep 
disturbances. Sleep is more disturbed in GDM than in P-NGT women. There is a strong association 
between GDM and OSA. 
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Abstract:OBJECTIVETo assess the current state of knowledge regarding sleep disorders and their 
relationship to obstetric outcomes.STUDY DESIGNA systematic literature review of the previous two 
decades (1991 to 2010) was conducted. The exposure was sleep disorders during pregnancy, and the 
outcomes of interest were feto-infant morbidity and maternal complications.RESULTSSleep apnea, 
snoring, and sleep quantity/duration were identified as the most frequently examined sleep 
disorders among pregnant women. Although our review found that studies examining the impact of 
sleep disorders on feto-infant outcomes were lacking, previous research indicates that such 
disorders may enhance the risk of preterm birth. Additionally, the current body of evidence suggests 
that sleep disorders adversely impact maternal health, increasing the likelihood of preeclampsia, and 
gestational diabetes.CONCLUSIONExisting research points to the potentially harmful effects of sleep 
disorders on obstetric outcomes. The limited research in this arena highlights the need for further 
studies regarding the nature and strength of this relationship. Given the multiple dimensions of 
sleep and pregnancy, multivariate research approaches that incorporate biological and psychosocial 
factors are warranted. 
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Abstract:PURPOSEThis study was intended to evaluate the attributable risk of obstructive sleep 
apnea (OSA) by a sleep questionnaire to adverse pregnancy outcomes.METHODSThis was a 
prospective, cohort study in Korean pregnant women. Berlin questionnaire was employed for 
symptom-based OSA screening during the third trimester and obstetric outcome data were obtained 
in 276 deliveries. The relationship between symptom-based OSA and outcomes were explored using 
SPSS version 18.0 and stratified by obesity (BMI strata <30 and ≥30). Our primary outcome was the 
compound occurrence of SGA (fetal) or preeclampsia (maternal). Multivariate models were applied 
in controlling for potential confounders.RESULTSThe overall prevalence of OSA was 32.2 % and it 
was significantly related with the higher maternal BMI, more body weight at delivery, and weight 
gain during pregnancy (p = 0.007, p = 0.003, p = 0.005, respectively). There were no significant 
differences in the primary outcomes according to the positivity of OSA by screening, regardless of 
the stratification by obesity. The cesarean delivery rate was significantly higher in the OSA positive 
group (36.0 vs 22.5 %, p = 0.018), but it was not significant in the each strata of obesity. In 
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multivariate analysis, the outcomes of birth weight, preeclampsia, cesarean delivery, and small for 
gestational age were also not different according to the positivity of OSA.CONCLUSIONSIt seems that 
the prevalence of OSA by a sleep questionnaire is overestimating OSA in Korean pregnant women. 
Polysomnography might be needed to diagnose OSA and to evaluate the relationship between OSA 
and the occurrence of SGA or preeclampsia. 
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Abstract:OBJECTIVETo investigate the associations between obstructive sleep apnea (OSA) and 
maternal and neonatal morbidities in a cohort of obese gravid women.METHODSParticipants were 
enrolled in a prospective observational study designed to screen for OSA and describe the possible 
risk factors for and outcomes of OSA among obese (body mass index [BMI, calculated as weight 
(kg)/[height (m)]2] 30 or higher) pregnant women. Women underwent an overnight sleep study 
using a portable home monitor. Studies were manually scored by a central masked sleep reading 
center using American Academy of Sleep Medicine diagnostic criteria. An apnea hypopnea index of 5 
or more was considered diagnostic of OSA. Perinatal outcomes were compared between women 
with and without OSA.RESULTSAmong 175 women, OSA prevalence was 15.4% (13 mild, 9 moderate, 
5 severe). Compared with no OSA (apnea hypopnea index less than 5), the OSA group had a higher 
BMI (46.8±12.2 compared with 38.1±7.5; P=.002) and more chronic hypertension (55.6% compared 
with 32.4%, P=.02). Maternal complications included maternal death (n=1, amniotic fluid embolus 
[no OSA group]) and cardiac arrest (n=1, intraoperative at cesarean delivery [OSA group]). One 
previable birth and two stillbirths occurred in the no OSA group. Among live births, OSA was 
associated with more frequent cesarean delivery (65.4% compared with 32.8%; P=.003), 
preeclampsia (42.3% compared with 16.9%; P=.005), and neonatal intensive care unit admission 
(46.1% compared with 17.8%; P=.002). After controlling for BMI, maternal age, and diabetes, OSA 
(odds ratio [OR] 3.55, 95% confidence interval [CI] 1.1-11.3), previous preeclampsia (OR 2.79, 95% CI 
1.09-7.19), and hypertension (OR 4.25, 95% CI 1.67-10.77) were associated with development of 
preeclampsia.CONCLUSIONObstructive sleep apnea among obese pregnant women is associated 
with more frequent preeclampsia, neonatal intensive care unit admissions, and cesarean 
delivery.LEVEL OF EVIDENCEII. 
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Abstract: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 evaluate the 
Berlin and ESS in pregnancy and to determine whether an alternative screening approach could 
better detect sleep apnea in pregnant women. Method(s): 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 participated in an 
overnight sleep evaluation with the Watch- PAT100 (WP100), a wrist-mounted device designed to 
diagnose 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 that of the Berlin and ESS using 
receiver-operating curve (ROC) statistics. Result(s): 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. Conversely, a model incorporating frequent snoring, chronic 
hypertension, age, and body mass index performed significantly better (AUC 0.86, p > 0.001). 
Conclusion(s): The Berlin and ESS are not appropriate tools to screen for sleep apnea in high-risk 
pregnant women. Conversely, our four-variable model more accurately predicts sleep apnea in 
pregnancy. 
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Abstract:Obstructive sleep apnea (OSA) is characterized by repeated episodes of upper airway 
obstruction, resulting in hypoxemia, hypercapnia and sleep fragmentation. Pathophysiological 
sequelae include sympathetic activation, increased oxidative stress and a generalized inflammatory 
response, culminating in endothelial dysfunction. These are the proposed mechanisms that mediate 
the increased risk of hypertension and cardiovascular disease among patients with OSA outside of 
pregnancy. It is intriguing to consider the consequences of these events on pregnancy outcomes. 
There is a growing literature on the impact of maternal OSA on hypertensive disorders of pregnancy, 
gestational diabetes and impaired fetal growth. The data, while promising, require confirmation with 
larger numbers to verify the findings. OSA may be an important mediator of the poor perinatal 
outcomes associated with maternal obesity; moreover, one which may be amenable to treatment. 
This review discusses OSA and summarizes the current literature linking OSA with adverse perinatal 
outcomes. 
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Abstract:OBJECTIVEWe examined the risk of adverse pregnancy outcomes, including low birthweight 
(LBW), preterm birth, small for gestational age (SGA), cesarean section (CS), low Apgar score (at 5 
minutes after delivery), and preeclampsia in pregnant women with and without obstructive sleep 
apnea (OSA).STUDY DESIGNOur subjects included 791 women with OSA and 3955 randomly selected 
women without OSA. We performed conditional logistic regression analyses to examine the risks of 
adverse pregnancy outcomes between women with and without OSA.RESULTSCompared with 
women without OSA, adjusted odds ratios for LBW, preterm birth, SGA infants, CS, and preeclampsia 
in women with OSA were 1.76 (95% confidence interval [CI], 1.28-2.40), 2.31 (95% CI, 1.77-3.01), 
1.34 (95% CI, 1.09-1.66), 1.74 (95% CI, 1.48-2.04), and 1.60 (95% CI, 2.16-11.26), 
respectively.CONCLUSIONPregnant women with OSA are at increased risk for having LBW, preterm, 
and SGA infants, CS, and preeclampsia, compared with pregnant women without OSA. 
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Abstract:Sleep-disordered breathing (SDB) refers to a group of disorders characterized by abnormal 
respiratory patterns or abnormal gas exchange during sleep. The most common type of SDB, 
especially among young obese women, is obstructive sleep apnea. SDB has clearly been linked to 
poor sleep and impaired daytime function, but there are also data linking SDB to other health 
outcomes, principally cardiovascular and metabolic disease. SDB symptoms are common in 
pregnancy, and pregnancy itself has been associated with an increase in the prevalence of SDB 
symptoms. Although a link between SDB and adverse pregnancy outcomes appears to be biologically 
plausible, data exploring this relationship are only now emerging, and large prospective studies in 
which the authors use objective measures of sleep are lacking. Until we know more about the 
epidemiology and the impact of SDB in pregnancy, screening efforts for SDB in pregnancy should be 
focused on identifying very symptomatic patients because treatment of these individuals often leads 
to improved sleep quality and daytime functioning. 
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Abstract:In nonpregnant populations, sleep-disordered breathing (SDB) has been associated with 
cardiovascular and metabolic disease. Few studies have examined the relationship between SDB and 
adverse pregnancy outcomes (APO). The objective of this study was to examine the association 
between SDB and APO. Women who had a delivery as well as an in-laboratory polysomnogram (PSG) 
were identified. Demographics, PSG results, and pregnancy outcomes were abstracted from the 
medical record. Absence of SDB was defined as an apnea hypopnea index (AHI) of <5, mild SDB as an 
AHI of 5 to 14.9, and moderate to severe SDB as an AHI of >=15. The primary outcome was a 
composite measure of APO: pregnancy-related hypertension, gestational diabetes, or preterm birth 
<=34 weeks. We identified 143 women who had undergone a PSG and a delivery. Increasing severity 
of SDB was associated with an increasing risk of the composite APO: AHI <5, 18.1%; AHI 5 to 14.9, 
23.5%; AHI >=15, 38.5% (p = 0.038). Obese women (body mass index >=30) with moderate to severe 
SDB had the highest rate of APO, 41.7%. SDB, especially moderate to severe disease, may be 
associated with APO. However, it is unclear if SDB is a risk factor for APO independent of obesity. © 
2012 Thieme Medical Publishers. 
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Abstract:We employed accepted, validated symptom-based screening measures to discern 
attributable risk of obstructive sleep apnea (OSA) to adverse pregnancy outcomes, taking into 
account potential maternal confounders. Commonly employed OSA screening measures (Berlin and 
Epworth scales) were performed in the second and third trimesters; maternal and neonatal outcome 
data were thereafter obtained. The relationship between OSA and outcomes of interest were 
explored in stratified and multivariate models controlling for potential confounders. The overall 
prevalence of OSA was 25.4%. Given a nonlinear increase by body mass index (BMI) strata (8.9%, 
46%; p < 0.0001), stratified multivariate analysis was subsequently performed. Among nonobese 
(BMI <30) gravidae, frequency of preeclampsia was significantly higher among women with OSA 
(adjusted odds ratio = 6.58, 95% confidence interval = 1.04, 38.51; p = 0.035). Among the obese (BMI 
≥30) gravidae, infant birth weight ratio (or birth weight by gestational age) was higher with OSA + 
screening than OSA - (1.099 versus 1.035; p = 0.04), and this association remained significant after 
adjustment for potential confounders (p = 0.05). OSA prevalence increases significantly among 
obese gravidae, raising concerns for the overall validity of commonly employed screening measures 
in pregnancy. Nevertheless, OSA status continues to exert an independent influence, as obese and 
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nonobese gravidae are at increased risk for a limited number of adverse perinatal outcomes in 
multivariate models. 
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Abstract:Symptoms of sleep-disordered breathing are more common in pregnant women compared 
with nonpregnant women. It is likely that physiology of pregnancy predisposes to the development 
or worsening of sleep-disordered breathing, but some physiologic changes may also be protective 
against the development of this disease. Clinical presentation may be less predictive of sleep 
disordered breathing in pregnancy than in the non-pregnant population; nonetheless, snoring is 
associated with adverse pregnancy outcomes. Treatment strategies are similar to the nonpregnant 
population, however, pregnancy-specific scenarios may arise and these subtleties are addressed in 
this review. 
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Abstract:INTRODUCTIONHormonal and physical changes during pregnancy are associated with some 
sleep-related breathing disorders (SRBD) such as snoring and sleep apnea, and SRBD are associated 
with recurrent episodes of oxyhemoglobin desaturation and increased sympathic activity. We aimed 
to search the incidence of self-reported snoring and witnessed apnea in the third trimester of 
pregnancy and to analyze their influence on fetal outcome and gestational hypertension 
(GH).METHODSTwo hundred pregnant women (group 1) during their stay for labor and 200 age-
matched control women (group 2) were included in the study. All patients were asked to complete a 
detailed questionnaire that covers demographic features. We measured neck circumference and 
performed Epworth sleepiness scale (ESS) to determine excessive daytime sleepiness in all 
patients.RESULTSThe mean age was 27.4 ± 6.7 and 26.3 ± 5.8 for group 1 and 2, respectively. 
Habitual snoring was detected only in group 1 in 5 patients; 36 pregnant women and 7 control 
patients reported occasional snoring. Both habitual and occasional snoring was significantly 
observed to be increased in pregnancy. Witnessed sleep apnea was been observed only in 1 patient 
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in group 1. The mean neck circumference was 37.4 ± 3.2, 35.1 ± 2.1 cm and ESS was 6.7 ± 3.01, 5.1 ± 
2.1 for group 1 and 2, respectively (p < 0.05). There was no significant correlation between snoring 
and GH. There was no significant relationship between all investigated parameters and fetal 
outcome. We found that excessive weight gain during pregnancy is significantly associated with 
snoring.CONCLUSIONWe concluded that, although pregnant women, especially who gain excessive 
weight during their pregnancy, significantly snore more than nonpregnant women, this did not affect 
fetal outcome. 
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Abstract:PURPOSE OF REVIEWThis article reviews current data on pathophysiologic mechanisms by 
which sleep-disordered breathing during pregnancy may cause harm, and explores biological 
pathways for associated adverse maternal and fetal outcomes, especially pregnancy-induced 
hypertension and gestational diabetes.RECENT FINDINGSAccumulating data indicate that snoring 
and sleep apnea during pregnancy are likely to increase the risk for gestational hypertension and 
preeclampsia. Several new studies have observed that sleep-disordered breathing and short sleep 
duration also increase the risk of gestational diabetes, similar to observations in the general 
population. There are varying levels of emerging evidence for potential mechanisms, including 
oxidative stress, increased sympathetic activity and inflammation, adipokine levels and insulin 
resistance, linking sleep-disordered breathing events during pregnancy to adverse 
outcomes.SUMMARYSleep-disordered breathing and adverse maternal-fetal outcomes such as 
preeclampsia and gestational diabetes share a number of mechanistic pathways, and growing data 
in pregnant women indicate that snoring and sleep apnea increase the risk of these and other 
complications for both the mother and the fetus. Nevertheless, direct evidence of the 
pathophysiologic mechanisms by which sleep-disordered breathing during pregnancy exerts 
negative effects remains sparse. 
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Abstract:OBJECTIVEObstructive sleep apnea (OSA) involves episodic nocturnal apneas. Using 
polysomnography, we examined the predictive capacity of screening questionnaires (Berlin) in 
pregnancy. Incorporating simultaneous fetal heart rate monitoring (FHM), we examined the 
association of maternal apnea with FHM abnormalities.STUDY DESIGNWe enrolled 100 pregnant 
women at 26-39 weeks of gestation with OSA screening and baseline data ascertainment who 
underwent polysomnography and FHM for > or =3 hours. The relationship between maternal 
characteristics, OSA, and FHM was explored with multivariate analyses that were controlled for 
potential confounders.RESULTSWhen compared with polysomnography, sensitivity and specificity by 
Berlin screening was 35% and 63.8%, respectively; the snoring component of the Berlin correlated 
better with oxygen desaturation <95% (P = .003). Body mass index was a significant confounder (r(s) 
= 0.44; P < .0001). No association was observed between FHM abnormalities and OSA 
parameters.CONCLUSIONIn pregnancy, the Berlin questionnaire poorly predicts OSA. It is unclear 
whether fetal compromise during maternal apnea is a mechanism in OSA that is related to 
pregnancy outcome. 
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Abstract:OBJECTIVEThe objective of the study was to estimate the maternal and neonatal 
morbidities associated with obstructive sleep apnea (OSA) in pregnancy.STUDY DESIGNWomen 
delivering between 2000-2008 with confirmed OSA in an academic center were included. Normal-
weight and obese controls were randomly selected at a 2:1 ratio. Maternal and neonatal morbidities 
were compared between the groups. Multivariate analyses were performed to evaluate maternal 
morbidity and preterm birth (PTB).RESULTSThe analysis included 57 pregnancies complicated by 
OSA. Compared with normal-weight (n = 114) controls, OSA patients had more preeclampsia (PET) 
(19.3% vs 7.0%; P = .02) and PTB (29.8% vs 12.3%; P = .007). Controlling for comorbid conditions, 
OSA was associated with an increased risk of PTB (odds ratio [OR], 2.6; 95% confidence interval [CI], 
1.02-6.6), mostly secondary to PET (63%). Cesarean delivery (OR, 8.1; 95% CI, 2.9-22.1) and OSA 
were associated with maternal morbidity (OR, 4.6; 95% CI, 1.5-13.7).CONCLUSIONPregnancies 
complicated by OSA are at increased risk for preeclampsia, medical complications, and indicated 
PTB. 
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Abstract:Obstructive sleep apnoea (OSA) affects 11 per cent of pre-menopausal women though it 
often remains undetected. Women may present differently than men, and the classic findings of 
snoring, witnessed apnoeas and sleepiness may not be observed. Factors which predispose to OSA 
include polycystic ovarian syndrome, obesity, retromicrognathia, and hypothyroidism. OSA may 
contribute to neurocognitive dysfunction, depression, hypertension and metabolic syndrome. 
Emerging evidence indicates that snoring and OSA increase during pregnancy. For normal women 
with normotensive, low-risk pregnancies the prevalence of OSA is very low. Among normotensive 
pregnant women with high risk pregnancies, the prevalence of OSA is high and is even higher among 
those with gestational hypertension/preeclampsia during pregnancy. Incident snoring, which is a 
marker for OSA, is associated with an increased risk of developing gestational hypertension. Recent 
studies indicate that OSA per se is an independent risk factor for gestational hypertension/pre-
eclampsia and may contribute to other poor obstetrical outcomes. The diagnostic test of choice for 
OSA is a polysomnography with electroencephalogram. Milder degree of disease than what is usually 
considered clinically significant among men or non-pregnant women appears to be relevant for 
foetomaternal outcomes. There seems to be benefit for blood pressure control to treating even 
milder degrees of OSA with CPAP, both acutely and over the 9 months of pregnancy. Chronic 
hypertensive women should be strongly considered for diagnosis and treatment of OSA prior to or 
beginning as early as possible in pregnancy to help maintain blood pressure control. Increasing 
awareness of OSA among maternal health care providers is important given the potential benefits 
for pregnancy and other health-related outcomes associated with identification and treatment of 
OSA. 
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Abstract:Pregnancy is associated with many physiologic and hormonal changes along with changes 
in sleep architecture, placing pregnant women at risk for the development of sleep-disordered 
breathing or worsening of preexisting sleep apnea. Snoring, the most common symptom of sleep-
disordered breathing, is markedly increased during pregnancy. The exact prevalence of obstructive 
sleep apnea in pregnant women is unknown. Because the apneic episodes are commonly associated 
with oxyhemoglobin desaturations, the combination of obstructive sleep apnea and pregnancy can 
be potentially harmful to the fetus given the low oxygen reserves during pregnancy. Obstructive 
sleep apnea has been associated with an increased risk of hypertension among the general 
population, and this raises the possibility of its association with gestational hypertension and 
preeclampsia. In this clinical review, we discuss the physiologic changes of pregnancy that 
predispose pregnant women to the development of obstructive sleep apnea and the effects of sleep-
disordered breathing on pregnancy outcomes. We also review the recommendations regarding 
evaluation for sleep apnea and treatment options during pregnancy and postpartum. 
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Abstract:The prevalence of sleep-disordered breathing (SDB) in late pregnancy is as high as 15%, a 
result of normal physiologic processes occurring during pregnancy, and its prevalence in pre-
eclampsia is even higher. The cardiovascular risks associated with SDB have an even stronger 
association in pregnancy: with SDB in pregnancy there is an eightfold relative risk of developing 
systemic hypertension, primarily because the vascular inflammatory processes leading to endothelial 
dysfunction that occur in SDB are increased during pregnancy. The fetal effects of maternal 
cardiovascular compromise arising from SDB include growth restriction and impaired movement. © 
2008 Elsevier Inc. All rights reserved. 
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Abstract:OBJECTIVETo simultaneously investigate the polysomnography (PSG) and nonstress test 
(NST) records of pregnant women with obstructive sleep apnea (OSA) to observe NST changes during 
maternal desaturation and determine maternal and fetal outcomes.METHODSA prospective 
observational study of pregnant women assessed by questionnaire for symptoms of OSA. Women 
with self-reported frequent snoring or apnea were offered PSG and NST.RESULTOSA was diagnosed 
in 4 (11.4%) of the 35 pregnant women who underwent PSG. Three (75%) had fetal heart 
decelerations accompanying maternal desaturation. The neonates of women diagnosed with OSA 
had lower mean Apgar scores and birth weights compared with neonates of women without OSA. 
Three neonates from the women diagnosed with OSA were admitted to the newborn healthcare 
unit.CONCLUSIONOSA in pregnancy has important maternal and fetal outcomes. Pregnant women 
should be assessed for symptoms of OSA and suspected cases should be offered PSG. 
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Abstract:PURPOSE OF REVIEWSleep disturbances are frequent during pregnancy. The spectrum of 
association between pregnancy and sleep disturbances ranges from an increased incidence of 
insomnia, nocturnal awakenings, and parasomnias (especially restless legs syndrome) to snoring and 
excessive sleepiness. These disturbances occur as a result of physiologic, hormonal, and physical 
changes associated with pregnancy. Although the timing and occurrence of different sleep disorders 
varies, they are most prevalent during the third trimester. Despite reports of the various sleep 
problems, the exact nature and incidence of sleep disorders in pregnancy is not known. Given that 
limitation, we are presenting an up-to-date review of the current understanding of the relation 
between sleep and pregnancy.RECENT FINDINGSStudies suggest that pregnancy affects sleep in 
multiple ways. There are hormonal changes, physiologic changes, physical factors, and behavioral 
changes in a pregnant woman-all of which may affect her sleep. They may affect the duration and 
quality of sleep and lead to a variety of sleep disorders. Pregnancy may also affect an existing sleep 
disorder. Particular attention may be given to obese pregnant women who would gain more weight 
during pregnancy or those who develop hypertensive conditions (eg, preeclampsia). Snoring may be 
more common in women with preeclampsia and the pressor responses to obstructive respiratory 
events during sleep may be enhanced in preeclamptic women when compared with those with 
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obstructive sleep apnea alone. Several investigators have suggested that obstructive sleep apnea 
(OSA) may be common in pregnant women despite the presence of intrinsic mechanisms that seem 
to be geared towards preventing sleep apnea. However, the exact incidence and prevalence of sleep 
apnea in pregnant women is uncertain. In addition, it is unclear if criteria that are used to define 
sleep apnea in the general population should be applied to pregnant women. Further investigations 
are needed to determine if lower thresholds for management of OSA should be used in pregnant 
women to prevent harm to the fetus.SUMMARYIn conclusion, sleep disturbances are common 
during pregnancy though the full extent of this relation remains undefined. Large, multi-center, 
prospective studies are needed for better understanding. 
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Abstract:Many changes in the respiratory system occur during pregnancy, particularly during the 
third trimester, which can alter respiratory function during sleep, increasing the incidence and 
severity of sleep disordered breathing. These changes include increased ventilatory drive and 
metabolic rate, reduced functional residual capacity and residual volume, increased alveolar-arterial 
oxygen gradients, and changes in upper airway patency. The clinical importance of these changes is 
indicated by the increased incidence of snoring during pregnancy, which is likely also to reflect an 
increased incidence of obstructive sleep apnoea/hypopnoea syndrome. For the respiratory physician 
asked to review a pregnant patient, the possibility of sleep disordered breathing should always be 
considered. This review first examines the normal physiological changes of pregnancy and their 
relationship to sleep disordered breathing, and then summarises the current knowledge of sleep 
disordered breathing in pregnancy. 
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