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Key points

●● Sleep disordered breathing (SDB) is common and the severity increases as pregnancy progresses.

●● Frequent snoring, older age and high pre-pregnancy body mass index (>25 kg⋅m−2) could be reliable 
indicators for SDB in early pregnancy.

●● SDB screening tools, including questionnaires, used in the nonpregnant population have poor 
predictive ability in pregnancy.

●● Accumulating evidence suggests that SDB during pregnancy may be associated with increased 
risk of adverse pregnancy outcomes, including gestational diabetes and pre-eclampsia. However, 
the results should be interpreted cautiously because several studies failed to adjust for potential 
maternal confounders and have other study limitations.

●● There are no pregnancy-specific practice guidelines for SDB treatment. Many clinicians and 
practices follow recommendations for the treatment in the general population. Women with pre-
existing SDB might need to be reassessed, particularly after the sixth month of pregnancy, because 
symptoms can worsen with nasal congestion and weight gain.

Educational aims
●● To highlight the prevalence and severity of sleep disordered breathing (SDB) in the pregnant population.

●● To inform readers about risk factors for SDB in pregnancy.

●● To explore the impact of SDB on adverse maternal and fetal outcomes, and biological pathways for 
associated adverse maternal and fetal outcomes.

●● To introduce current management options for SDB in pregnancy, including medical and behavioural 
approaches.
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Sleep disordered breathing (SDB) is very common during pregnancy, and is most likely explained 
by hormonal, physiological and physical changes. Maternal obesity, one of the major risk factors 
for SDB, together with physiological changes in pregnancy may predispose women to develop 
SDB. SDB has been associated with poor maternal and fetal outcomes. Thus, early identification, 
diagnosis and treatment of SDB are important in pregnancy. This article reviews the pregnancy- 
related changes affecting the severity of SDB, the epidemiology and the risk factors of SDB in preg-
nancy, the association of SDB with adverse pregnancy outcomes, and screening and management 
options specific for this population.
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Introduction

Sleep disordered breathing (SDB) is highly prevalent 
during pregnancy as consequences of pregnancy- 
related changes and increasing rates of maternal  
obesity [1–3]. SDB represents a spectrum of 
abnormal respiratory events that include habit-
ual snoring, increased upper airway resistance 
and obstructive sleep apnoea (OSA) [2]. Although  
snoring is the most common manifestation of 
SDB, it may not be seen in all patients with these  
disorders. OSA is the most severe version of the 
SDB and refers to repetitive episodes of com-
plete or partial obstruction of the airway during 
sleep that lead to intermittent hypoxaemia and 
poor sleep quality [2]. There is growing evidence 
that SDB is associated with adverse pregnancy 
outcomes, especially pregnancy-induced hyper-
tension and gestational diabetes [4–7]. Taken 
together, the data suggests that SDB during preg-
nancy is an important condition to identify and 
manage in order to improve maternal and fetal 

wellbeing. This article reviews SDB in pregnancy, 
pregnancy-related changes affecting the sever-
ity of SDB, the epidemiology and the risk factors 
of SDB in pregnancy, the association of SDB with 
adverse pregnancy outcomes, and screening and 
management options specific for this population.

Epidemiology of SDB 
in pregnancy

Although the prevalence of OSA is low among 
reproductive-age women compared to men or 
older women, snoring and other SDB symptoms 
are more common among pregnant women com-
pared to their nonpregnant counterparts [3, 8, 9]. 
The prevalence of habitual snoring among preg-
nant women has been estimated to be between 
11.9% and 49% in the third trimester in cross- 
sectional studies [10–12]. Longitudinal studies 
have shown that habitual snoring (three or more 
nights per week) increases from 7–11% [13–15] 
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in the first trimester to 16–25% in the third tri-
mester [13–16]. Pien et al. [17] reported that the 
frequency of SDB symptoms including snoring, 
breathing pauses, gasping and choking increased 
significantly from first trimester to the month of 
delivery. These women also experienced a signifi-
cant increase in subjective daytime sleepiness [17]. 
A study using an Internet-based survey found that 
19% of 2427 women reported symptoms of SDB 
across all months of pregnancy [18].

The prevalence of OSA in pregnant women, 
diagnosed by polysomnography (PSG), is not 
known because large population-based epidemi-
ological studies using objective sleep measures 
are lacking. A small prospective cohort study of 
105 pregnant women who underwent first- and 
third-trimester PSG noted that 10.5% women 
in the first and 26.7% of women in the third tri-
mester had OSA (apnoea–hypopnoea index (AHI) 
⩾5 events per h sleep) [3]. However, the major-
ity of women were overweight or obese in this 
study. The authors corrected this restriction using 
data on the body mass index (BMI) distribution 
in their local clinical population and estimated 
that overall OSA prevalence is 8.4% (95% CI 5.6–
11.9%) in the first trimester and 19.7% (95% CI 
15.6–24.4%) in the third trimester in their gen-
eral obstetric population [3]. A recent prospective 
study of high-risk women also demonstrated that 
objectively assessed SDB in early pregnancy is 
common and new-onset SDB occurs in 20% of 
these women [19].

Risk factors of SDB and 
pregnancy

Pregnancy as a risk factor for SDB

The reason for the increased pregnancy-onset SDB 
has not been well established. The physiological 
hormonal, mechanical and cardiovascular changes 
of pregnancy may place women at risk of develop-
ing SDB or exacerbate existing sleep disorders [2]. 
A clinician who examines a pregnant woman for 
potential SDB needs to be familiar with these preg-
nancy changes that may predispose to SDB.

Anatomical narrowing and increased resistance 
within the respiratory system may occur because 
increased levels of oestrogen and progesterone 
induce capillary engorgement, hypersecretion 
and mucosal oedema of the upper airway [20, 21]. 
These reduce dimensions of the nasopharynx, 
oropharynx and larynx, with an increased Mallam-
pati score as pregnancy progresses [10–12].

Pregnancy rhinitis, which causes nasal conges-
tion, occurs in up to 42% of women by the third 
trimester of pregnancy, without known allergic 
reaction [21]. Increased nasal congestion may 
also cause increased nasopharyngeal resistance 
and produce more intrapharyngeal pressure 
during sleep [2]. Thus, pregnant women with 

 narrowed airways are more likely to snore and 
have obstructed breathing during sleep  compared 
to nonpregnant women and the prevalence of 
habitual snoring increases from the first to the 
third trimester [11, 13, 17]. Pregnant women with 
a larger neck circumference and higher baseline 
BMI report more symptoms of SDB than other 
women [3, 10, 11].

Maternal blood volume also peaks at 40–50% 
over baseline by the third trimester. The com-
bination of increased blood volume, interstitial 
fluid and recumbent position during sleep causes 
nasal congestion and displaces fluid, which could 
adversely affect upper airway patency [20]. Evi-
dence regarding nocturnal displacement of fluid 
is conflicting. While some studies have indicated 
that nocturnal fluid shifting from the legs into the 
neck increases susceptibility or severity of pharyn-
geal obstruction [22], others have reported that 
such rostral fluid shifts do not increase the fre-
quency of obstructed breathing events [6].

A compensatory increase in the anterior– 
posterior diameter of the chest and elevated dia-
phragm caused by the enlarging uterus result in 
tracheal shortening and progressive reductions in 
functional residual capacity by 20–25%, expira-
tory reserve volume by 15–20% and residual vol-
ume by 22% [20, 23]. These alterations can lead 
to the closure of small airways during normal tidal 
breathing [10, 11]. In late pregnancy, airway clo-
sure results in ventilation–perfusion mismatch and 
reduced gas exchange [24], especially in the supine 
position, due to gravity, intra- abdominal pressure 
and loss of muscle tone during sleep [10, 20].

Oxygen consumption and minute ventilation 
progressively increase during pregnancy by 20% 
and 30–50%, respectively [20]. The increased 
ventilatory drive may induce obstructive respi-
ratory events by increasing diaphragmatic effort 
that creates negative inspiratory pressure on 
the hyperaemic upper airway [25]. Furthermore, 
higher ventilatory drive, along with resultant respi-
ratory alkalosis, may cause instability in respiratory 
control pathways and potentially increase the like-
lihood of central apnoea episodes at sleep onset 
and during sleep [20, 26]. However, findings from 
one recent study suggest that pregnancy does not 
increase risk of central apnoea [27].

Finally, frequent awakenings due to pregnancy- 
related discomfort may cause respiratory insta-
bility and periodic breathing at sleep onset [26]. 
The resulting sleep deprivation can also increase 
arousal threshold, impair upper airway muscle 
activity, and increase upper airway collapsibility.

Known risk factors of SDB and 
pregnancy

Obesity and ageing are known risk factors for SDB in 
general population. These features were also found 
to be risk factors for SDB in a pregnant  population 
[3, 6, 28]. Obese women prior to  pregnancy are 
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more likely to suffer from SDB than lean women [1, 
6, 29]. However, Pien et al. [3] found that gesta-
tional weight gain was not associated with third 
trimester SDB. A study on twin pregnancies also 
reported that weight gain was not significantly dif-
ferent between women with new-onset SDB and 
women without SDB [30]. These findings suggest 
that increased fat deposition within a specific body 
part could be more important than total weight 
gain in the development of new onset SDB during 
pregnancy. For example, fat deposition in the soft 
tissue regions of a woman’s neck can contribute to 
development of SDB [10, 11].

In addition to obesity and ageing, any condition 
causing upper airway narrowing including abnor-
mal upper airway structures, such as tonsillar and 
adenoid hypertrophy and macroglossia, will pre-
dispose women to have SDB. Subtle abnormalities 
may not necessarily cause SDB before pregnancy, 
but these abnormalities in combination with 
pregnancy-related changes may trigger SDB [28]. 
Chronic hypertension is a known risk factors for 
SDB in the nonpregnant population and are also 
associated with SDB in early pregnancy [9, 30]. 
Furthermore, studies in the pregnant population 
have reported that smoking may facilitate airway 
obstruction on a restrictive pattern of airway disor-
der, and contribute to loud snoring and breathing 
problems during sleep [23].

Adverse pregnancy outcomes 
associated with SDB

Emerging evidence suggests that women with 
SDB are at increased risk of developing adverse 
maternal and fetal outcomes such as gestational 
 diabetes mellitus (GDM), pre-eclampsia and intra-
uterine growth retardation [3, 4, 7, 10]. However, 
there are significant discrepancies in research 
designs, settings (laboratory or home), assessment 
methods (laboratory or portable PSG), sample sizes, 
gestational periods when data collected or compari-
son groups (e.g. comparing pregnant women at var-
ious gestational ages with nonpregnant controls in 
different menstrual cycles) among the studies. These 
studies also failed to adjust for potential maternal 
confounders and have other study limitations. Thus, 
the results should be interpreted cautiously.

Potential pathophysiologic 
mechanisms for adverse 
pregnancy outcomes

The underlying mechanistic pathways linking sleep 
disturbances and pregnancy adverse outcomes are 
likely to be multifactorial. Pregnancy adaptations 
including maternal inflammatory response, mild 
insulin resistance, hyperlipidaemia and decreased 
cardiorespiratory reserve make women vulnera-
ble to pregnancy complications [2, 31]. SDB is a 
major contributor to adverse pregnancy outcomes. 

Even small changes in sleep parameters and subtle 
obstructive respiratory events could exacerbate the 
pregnancy adaptations and potentially increase the 
risk of adverse pregnancy outcomes. Recent evi-
dence supporting this concept indicated that even 
treating very mild SDB (e.g. snoring or flow limita-
tion) with nasal continuous positive airway pres-
sure (CPAP) improves haemodynamic parameters 
and fetal wellbeing [32–36].

 Figure 1 provides guidance for our proposed 
model explaining potential pathways linking sleep 
disturbances and pregnancy complications. These 
pathways are mostly hypothetical and remain to 
be investigated. Repeated episodes of partial or 
complete pharyngeal collapse during sleep result 
in intermittent hypoxia, reoxygenation, intratho-
racic pressure swings and sleep fragmentation 
secondary to repetitive arousals, decreasing total 
sleep time in general and slow-wave sleep (SWS) 
in particular [37]. These physiological conse-
quences of SDB may increase the risk of adverse 
outcomes during pregnancy through an interme-
diary mechanism that includes oxidative stress, 
systemic inflammation and sympathetic nervous 
system overactivity, which lead to endothelial 
dysfunction and, possibly, metabolic dysfunction 
(impaired glucose and lipid metabolism) [38].

Oxidative stress in particular plays a pivotal role 
in the development of adverse pregnancy out-
comes, inducing pro-inflammatory cytokines that 
trigger further oxidative stress and sympathetic 
activity [38–40], and endothelial dysfunction due to 
hypoxia–reoxygenation and respiratory efforts [2]. 
Increased oxidative stress is also a physiological trig-
ger in the mechanism of insulin resistance, glucose 
intolerance and dyslipidaemia, and thus, potentially, 
in the onset of GDM and pre-eclampsia. In animal 
models, gestational exposure to hypoxia was asso-
ciated with increased pancreatic β-cell proliferation, 
cell death, impaired fetal growth and hyperlipidae-
mia [40, 41].

Sleep fragmentation, intermittent hypoxia and 
intrathoracic pressure changes linked to SDB also 
activate the sympathetic nervous system and the 
hypothalamic–pituitary–adrenal (HPA) axis, which 
in turn leads to increased release of the glucocor-
ticoid cortisol [42–46]. Disproportionate sympa-
thetic activation persists into the daytime, leading 
to increased peripheral vascular reactivity and cat-
echolamine production, blunted baroreflex sen-
sitivity, hindered pancreatic insulin secretion and 
excited hepatic glucose release [40]. All of these 
might contribute to the development of endothe-
lial dysfunction, impaired glucose metabolism, 
elevated systemic arterial blood pressure and 
decreased maternal cardiac output, which com-
promises uteroplacental blood flow, as is observed 
in pre-eclampsia [33, 40, 47]. Prolonged secretion 
of the cortisol increases susceptibility to insulin 
resistance, hyperglycaemia and elevation of blood 
pressure, and restrains further development of the 
inflammatory process [44, 45].
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Besides SDB-related events, extremes of sleep 
duration, poor sleep quality and daytime sleepi-
ness in general have also been found to be strongly 
linked with systemic inflammation, including ele-
vated interleukin-6, tumour necrosis factor-α, C-re-
active protein levels and leukocyte counts [48, 49]. 
Increased expression of inflammatory cytokines 
may contribute to abnormal glucose metabolism, 
decreasing insulin sensitivity, endothelial dys-
function and subsequent pregnancy complica-
tions [2, 31]. Increased inflammation, especially in 
early pregnancy, is also likely to disrupt the normal 
remodelling of the maternal uteroplacental spiral 
arteries and may lead to abnormal placentation, 
which is associated with endothelial dysfunction, 
pre-eclampsia and preterm birth [2]. Abnormal 
placentation may result in fetal growth retardation, 
mitochondrial dysfunction and metabolic dysfunc-
tion in offspring after delivery [50, 51].

Experimental studies of healthy subjects 
showed that disruption of sleep (especially SWS) 
by itself (for a few nights), independent of sleep 
duration, can adversely affect insulin and glu-
cose metabolism and sympathovagal balance, 
and increase cortisol circulation [52]. This evi-
dence, along with other data, suggests that SWS 
is important for fetal wellbeing and glucose and 
cardiovascular regulation in pregnancy because 
it increases the secretion of growth hormone and 
uteroplacental blood flow to the fetus [33], and 
decreases peripheral sympathetic nervous sys-
tem activity, HPA activation, cortisol secretion and 
brain glucose utilization [45, 52, 53].

Sleep loss and intermittent hypoxia have been 
reported to induce changes in lipid metabolism, 
leptin sensitivity and ghrelin, which regulate 

appetite, satiety and energy metabolism [53, 54]. 
Recent data suggest that insulin resistance, dys-
lipidaemia, and dysregulation of leptin and ghrelin 
may contribute to the pathophysiology of GDM 
and pre-eclampsia [7, 31, 55]. However, it is 
unclear if these occur independently of obesity. 
Obesity is one of the foremost causes for SDB and 
all adverse pregnancy outcomes. Short sleep, day-
time sleepiness and insulin resistance associated 
with SDB may place women at risk for obesity due 
to changes in lipid, leptin and ghrelin levels, which 
increase appetite and caloric intake without equal 
energy expenditure [54].

Adverse maternal outcomes 
associated with SDB

Gestational diabetes mellitus

GDM, glucose intolerance with onset or recogni-
tion during pregnancy, affects 7% of pregnancies 
[56]. The prevalence rises with increasing rates 
of maternal obesity [1]. GDM is associated with 
numerous adverse maternal, fetal and neona-
tal outcomes, including pre-eclampsia, caesar-
ean section, preterm labour, macrosomia, and 
death [57].

Emerging data indicate that there is a link 
between SDB and GDM. Two systematic reviews 
and meta-analyses of observational studies 
reported that SDB was associated with a two- to 
three-fold increased odds of GDM (pooled adjusted 
OR 1.86 (95% CI 1.29–2.37) [4] and OR 3.06 
(95% CI 1.89–4.96) [5]). The existence of mater-
nal SDB was identified mostly through the use 
of  questionnaires. Findings of studies with small 
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sample sizes objectively assessing the impact of 
SDB on the risk of GDM were contradictory [31]. A 
cohort study using longitudinal, objective assess-
ment of SDB demonstrated a dose–response rela-
tionship between SDB and composite adverse 
pregnancy outcomes including GDM, pregnan-
cy-related hypertension and preterm birth. The 
rates of GDM among women with no SDB, mild 
SDB and moderate/severe SDB were 25%, 43% 
and 63%, respectively [57]. Chen et al. [58] also 
reported that the risk of GDM increased almost 
two-fold (OR 1.6, 95% CI 1.07–2.8) among 791 
pregnant women with PSG-diagnosed OSA in a 
retrospective cohort study. These two studies, 
however, did not fully control the effect of obesity 
[57, 58]. In another cohort study of 175 obese 
pregnant women, SDB was not associated with 
increased prevalence of GDM [29].

Hypertensive disorders of pregnancy

All hypertensive disorders (chronic hypertension, 
gestational hypertension, pre-eclampsia–eclamp-
sia and pre-eclampsia superimposed on chronic 
hypertension) affect about 5–10% of pregnan-
cies [56]. They are associated with maternal and 
neonatal morbidity and mortality. Of particular 
concern is pre-eclampsia, a pregnancy-specific 
syndrome of reduced organ perfusion secondary 
to vasospasm and endothelial activation [56]. 
Pre-eclampsia shares similar risk factors with SDB, 
which makes it difficult to explore possible associ-
ation between these diseases.

A systematic review including retrospective 
and small cohort studies reported a two-fold 
increase in pre-eclampsia among women with 
SDB (adjusted OR 2.34, 95% CI 1.60–3.09) [4]. 
A recent case–control study, objectively assess-
ing SDB, also reported that hypertensive disorders 
(chronic hypertension, gestational hypertension 
and pre-eclampsia) and frequent snoring are 
associated with OSA in pregnancy [9]. However, 
data from prospective observational cohorts are 
conflicting. O’Brien et al. [14] found that new- 
onset snoring during pregnancy, but not chronic 
snoring, was independently associated with ges-
tational hypertension (OR 2.4, 95% CI 1.5–3.8) 
and pre-eclampsia (OR 1.6, 95% CI 1.1–2.4) 
after adjusting for known risk factors in the larg-
est longitudinal study of 1700 pregnant women. 
The largest cohort study of 791 women with 
PSG- diagnosed OSA reported that women with 
existing OSA diagnosed prior to pregnancy had 
an increased risk of pre-eclampsia (adjusted OR 
1.6, 95% CI 2.16–11.26), compared to women 
without the SDB diagnosis [58]. The effect of 
obesity was not fully controlled but the obesity 
rate is reported to be only 1.6% in the Taiwanese 
population. Conversely, two prospective studies 
employing diagnostic PSG and a portable diagnos-
tic device did not confirm the link between pre- 
eclampsia and SDB [3, 7].

Severe maternal morbidity

A study of 55 781 965 women using data from 
a large database of delivery-related hospital dis-
charges in the USA reported that OSA was asso-
ciated with an increased risk of severe morbidity: 
cardiomyopathy (OR 9.0, 95% CI 7.5–10.9), pul-
monary embolism (OR 4.5, 95% CI 2.3–8.9), 
eclampsia (OR 5.4, 95% CI 3.3–8.9) and hospital 
death (OR 5.3, 95% CI 2.4–11.5) [1].

Adverse fetal and infant outcomes associated 
with SDB

Despite increasing evidence to link SDB with adverse 
maternal outcomes, the findings of studies investi-
gating the clinical fetal and infant outcomes of SDB 
during pregnancy are conflicting. While some stud-
ies suggest an association of SDB with fetal growth, 
Apgar score and prematurity, other studies did not 
find such an effect on the fetus [6, 51, 59]. These 
conflicting data may be attributed to studies hav-
ing small sample sizes, lacking objective measures, 
including women with complicated pregnancies 
and failing to control for important confounders 
such as obesity, diabetes and hypertension.

Case reports and small studies have identified 
record able fetal heart decelerations but findings 
of a larger prospective study of 20 women with 
PSG-diagnosed OSA did not support this outcome. 
None of the apnoea episodes was accompanied by 
any fetal tracing abnormality [59].

Several studies reported no differences in 
birthweight between women with and without 
SDB, but Pamidi et al. [4] found a link between 
SDB and low-birthweight infants among pooled 
studies (unadjusted OR 1.39, 95% CI 1.14–1.65). 
A cohort of women with PSG-diagnosed OSA also 
reported that OSA-exposed infants weigh less 
than unexposed infants [60]. However, infants’ 
weights were found to be higher among women 
with SDB symptoms in a larger prospective 
study [61]. Women with SDB may give birth to 
large infants or large for gestational age infants 
because the prevalence of obesity and/or diabe-
tes is high among these women [60, 61].

Miscarriage and preterm delivery

In a retrospective study of clinical chart review, 
overweight/obese women with confirmed OSA 
(moderate–severe) were more likely to have had 
a miscarriage than women without SDB [62]. This 
study did not have a control group, and the tim-
ing of miscarriage and the age of onset of each 
patient’s SDB were not known. Another retrospec-
tive study reported a higher risk of preterm birth 
among pregnant women with confirmed OSA than 
normal weight controls (29.8 versus 12.3%; OR 
2.6, 95% CI 1.02–6.6) after adjusting for comor-
bid conditions, but these pregnancies were com-
plicated with pre-eclampsia [60].
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Clinical manifestations and 
diagnosis

Clinical manifestations

A comprehensive sleep history in a patient sus-
pected of SDB should include an evaluation of 
manifestations of SDB. Night-time features of 
SDB include snoring, gasping, choking, breath-
ing pauses, shortness of breath (dyspnoea) and 
restlessness. Daytime symptoms of SDB consist 
of excessive daytime sleepiness, morning head-
aches, daytime fatigue and possibly cognitive 
impairment [63]. Even though snoring and day-
time sleepiness are very common among preg-
nant women [8, 17], women in pregnancy, and 
women generally, are less likely to report snoring, 
snorting, breathing pauses or daytime sleepiness 
as a symptom of SDB. They describe their sleep-
iness with words like “unrefreshed,” “fatigue” or 
“tired” [8]. It is likely that some symptoms of SDB, 
including daytime sleepiness, are nonspecific or 
are similar to conditions caused by pregnancy 
adaptations such as fetal movement, urination 
urge, back pain or general discomfort [6, 8, 56]. 
Thus, they may consider these symptoms as a 
normal part of pregnancy. Additionally, pregnant 
women may not be aware of their snoring or other 
nocturnal symptoms because these symptoms 
may occur for the first time in their life. Part-
ner-reported snoring and breathing pauses may 
be more reliable in pregnancy [8].

Studies using objective sleep measures indi-
cated that pregnant women are more likely to 
have mild or moderate disease [3, 35]. The prev-
alence and severity of SDB increase as pregnancy 
progress [3, 17].

Screening for SDB in the pregnant 
population

Given the evidence of the high prevalence of SDB 
in pregnancy and its association with adverse 
pregnancy outcomes, early identification, diag-
nosis and treatment of SDB, especially OSA, is 
important in pregnancy. However, SDB is probably 
underdiagnosed during pregnancy. Obstetric care 
providers screen poorly for sleep disorders [64] 
probably due to reasons mentioned above and do 
not routinely refer or treat women with SDB. Fur-
thermore, current SDB screening tools including 
questionnaires used in the nonpregnant popula-
tion have poor predictive ability in pregnancy [8, 
65, 66]. Thus, generic screening tools are not rec-
ommended in the pregnant population.

Snoring is strongly associated with the overnight 
PSG-diagnosed OSA in general population [14, 63]. 
As mentioned earlier, cohort studies of pregnant 
women indicated that older age and high pre- 
pregnancy BMI are risk factors for SDB [3, 14]. These 
studies suggest that habitual snoring, older age and 

high pre-pregnancy BMI could be reliable indicators 
for pre-existing SDB in early pregnancy. Women with 
these predisposing factors require careful surveil-
lance as pregnancy progress. In fact, a pregnancy- 
specific tool including frequent snoring (yes or no), 
chronic hypertension (yes or no), maternal age and 
baseline BMI predicted SDB well among high-risk 
women in early pregnancy [66]. Thus, examining 
clinical and pregnancy history regarding risk fac-
tors of SDB (habitual snoring, witnessed apnoeas, 
chronic hypertension and pre-pregnancy obesity) 
may help to identify pre-existing SDB or pregnancy- 
onset SDB. Women with pre-existing SDB might 
also need to be reassessed, particularly after the 
sixth month of pregnancy, because symptoms can 
reoccur or worsen with nasal congestion and weight 
gain [28].

Objective sleep measures

There are no specific guidelines for diagnostic eval-
uation of SDB in pregnancy because of limited data. 
Current standard procedures developed for the 
general population are applied to pregnant women 
to evaluate SDB. Healthcare providers should have 
a high index of suspicion for sleep disorders, and 
evaluate women for sleep-related history and phys-
ical examination [63]. Pregnant women with sus-
pected SDB should be referred to a sleep centre to 
obtain evidence about abnormal respiratory events 
by undergoing an overnight PSG. Home portable 
sleep monitors can be a convenient and cost-ef-
fective alternative to laboratory PSG, but data are 
insufficient on their validity and reliability in the 
pregnant population [6]. Home sleep monitors may 
be used for the diagnosis of OSA in women who are 
not able to spend a night at a sleep centre. As in the 
general population, laboratory PSG is appropriate 
for the diagnostic evaluation of women suspected 
of having comorbid sleep disorders. Additionally, 
results of home monitors should be viewed cau-
tiously due to their negative predictive value [67].

Management and treatment

There is no pregnancy-specific practice guideline 
for SDB treatment in women with or without com-
plications. Despite having no clinical practice guide-
lines or well-designed randomised controlled trials 
to direct clinical management decisions, many cli-
nicians and practices follow recommendations for 
treatment in the general population [63]. These 
treatment modalities include medical devices 
(CPAP and oral mandibular repositioning devices 
(MADs)), lifestyle modifications, medications and 
upper airway surgery [63].

Medical devices

CPAP is a safe and well-tolerated therapy with 
good compliance among pregnant women. 
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The target is to eliminate abnormal respiratory 
events (AHI <5 events per h) and prevent recur-
rent oxyhaemoglobin desaturations to <90%. 
Small studies have reported that CPAP improves 
maternal and fetal outcomes for women with 
OSA, pre- eclampsia or risk factors such as 
chronic hypertension [28, 35, 36]. These results 
are promising, but well-controlled, large-scale 
studies need to examine the effect of CPAP treat-
ment on all pregnancy outcomes. Autotitrat-
ing CPAP is better suited for pregnant women’s 
condition to adjust therapeutic CPAP pressure 
when the severity changes during pregnancy and 
improve compliance. Regular follow-up is also 
necessary in pregnancy after initiation of CPAP 
therapy [6, 28]. Women with pre-existing OSA 
and established CPAP treatment should continue 
treatment during pregnancy. CPAP may need to 
be readjusted around 24 weeks of pregnancy 
because of pregnancy-induced nasal congestion 
and increased BMI [28]. Untreated women with 
pre-existing OSA should immediately receive 
CPAP treatment.

Oral MADs are most likely to be effective for 
women with mild–moderate OSA. However, Reid 
et al. [68] reported that autotitrating CPAP was 
superior in treating SDB than a MAD plus a nasal 
strip in pregnant women. Additionally, a MAD is 
custom made and fitted by a specialised dentist. 
Its production sessions may take a long time for 
a pregnancy period. Commercial devices are also 
available with less cost. However, this treatment 
has  side- effects, including soreness, nausea and 
permanent musculoskeletal changes that are 
associated with pregnancy. It is important to 
have a MAD fitted by a dentist specialised in sleep 
medicine.

Lifestyle modifications

Although weight loss often decreases the sever-
ity of SDB and has potential to prevent develop-
ment of SDB in the general population [63], it 
is less of an option for the pregnant population. 
However, achieving normal weight before preg-
nancy and control weight gain during pregnancy 
may decrease the risk of new-onset SDB and 
associated complications. Women with position- 
dependent OSA, without significant oxyhaemoglo-
bin desaturations or hypertensive complications, 
may possibly benefit from sleeping in the lateral 
recumbent or head-elevated position. Other life-
style modifications that can be helpful in SDB 
include avoidance of respiratory-destabilising 
drugs, an irregular sleep–wake schedule, smoking, 
nasal congestion at night, or heavy or spicy meals 
close to bedtime [63].

Drug treatment

There is no medication that prevents or treats 
SDB. Modafinil has been used to treat the sleep-

iness associated with SDB, but not snoring or 
breathing pauses [63]. It has been recommended 
to discontinue it during pregnancy and lactation 
due to limited or lack of safety data on these peri-
ods [6]. When discontinued, individuals may need 
to be warned to take appropriate safety measures, 
especially when they are driving.

Surgery

Although one study used tracheostomy [2], which 
resolved SDB, no kind of surgery is preferred as a 
treatment option for SDB [6] because it increases 
the risks of adverse outcomes.

Selected reading
Chen YH, Kang JH, Lin CC, et al. Obstructive sleep apnea and the risk 
of adverse pregnancy outcomes. Am J Obstet Gynecol 2012; 206: 136.
e1–136.e5.

This is the largest retrospective cohort study of pregnant women with 
PSG-confirmed SDB showing that the risk of GDM increased almost two-fold 
(OR 1.6, 95% CI 1.07–2.8) among women known to have antenatal SDB after 
controlling a number of maternal characteristics such as age, education level 
and marital status.

Facco FL, Ouyang DW, Zee PC, et al. Development of a pregnancy- 
specific screening tool for sleep apnea. J Clin Sleep Med 2012; 8: 389–394.

Facco et al. developed a risk prediction model in this high-risk pregnancy 
cohort combining snoring, BMI, a history of chronic hypertension and age 
((15 if frequent snoring)+(15 if chronic hypertension)+age+BMI). The Berlin 
score and Epworth Sleepiness Scale did not accurately predict sleep apnoea 
in this cohort, with areas under the receiver operating characteristic curves 
(AUCs) of 0.54 (p=0.6) and 0.57 (p=0.3), respectively. However, the risk pre-
diction model performed significantly better (AUC 0.86, p>0.001).

Pamidi S, Pinto LM, Marc I, et al. Maternal sleep-disordered breathing 
and adverse pregnancy outcomes: a systematic review and metaanalysis. 
Am J Obstet Gynecol 2014; 210: 52.e51–52.e14.

Pamidi et al. found 31 of the 4386 studies that met the criteria for their 
meta-analysis. Of these, 21 studies observational in design, reported dichot-
omous results; nine of these adjusted for potential confounders. Together, 
they showed that maternal SDB was significantly associated with gestational 
hypertension/pre-eclampsia (pooled adjusted odds ratio (aOR) 2.34, 95% CI 
1.60–3.09; five studies) and GDM (pooled aOR 1.86, 95% CI 1.30–2.42; five 
studies).

Louis JM, Mogos MF, Salemi JL, et al. Obstructive sleep apnea and severe 
maternal–infant  morbidity/mortality in the United States, 1998–2009. 
Sleep 2014; 37: 843–849.

Louis et al. used a large database of delivery-related hospital discharges of 
55 781 965 in the USA in this study. They found that OSA was associated with 
an increased risk of severe morbidity: cardiomyopathy (OR 9.0, 95% CI 7.5–
10.9), pulmonary embolism (OR 4.5, 95% CI 2.3–8.9), eclampsia (OR 5.4, 
95% CI 3.3–8.9) and hospital death (OR 5.3, 95% CI 2.4–11.5).

Izci-Balserak B, Pien GW. Sleep-disordered breathing and pregnancy: 
potential mechanisms and evidence for maternal and fetal morbidity. 
Curr Opin Pulm Med. 2010; 16: 574–582.

This article reviews current data on pathophysiological mechanisms by which 
SDB during pregnancy may cause harm, and explores biological pathways for 
associated adverse maternal and fetal outcomes.
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Follow-up

The decision to manage SDB post partum must be 
individualised according to the severity of symp-
toms, weight loss and comorbidities. The severity 
of SDB subsides after delivery due to weight loss 
and decreased nasopharyngeal oedema [2, 11, 
31, 69]. The severity of SDB and the management 
plan need to be re-assessed by a sleep specialist 
for all women who had pre-existing SDB, were 

diagnosed with new-onset SDB or were suspected 
for SDB during pregnancy. A post partum PSG 
might be necessary for these women after their 
weight stabilisation (approximately 3 months post 
partum) [6, 11, 28, 69]. Weight loss/management 
strategies will be beneficial for obese women with 
SDB to relieve their symptoms as well as improv-
ing their comorbid conditions. All women with 
gestational SDB should be monitored closely for 
symptom recurrence in following pregnancies.
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