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Abstract Sleep-disordered breathing (SDB) during preg-
nancy has recently gained medical interest due to its conse-
quences 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 in-
fants small for gestational age (SGA). OSA is an eminently
treatable condition by means of assisted nocturnal ventila-
tion with continuous positive air pressure (CPAP) devices.
Diagnosis and treatment of this potential pregnancy compli-
cation should be thus more aggressively pursued in order to
avoid harmful consequences to both mother and child.
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Introduction

Sleep-disordered breathing (SDB) refers to abnormal breath-
ing during sleep ranging from simple snoring to complete
cessation of breathing, i.e. apnea, defined as an interruption

of airflow for at least ten seconds, usually accompanied with
oxygen desaturation and fragmented sleep [1], whereas a
hypopnea requires a 30% reduction of airflow with associated
3–4 % oxygen desaturation.

Arousal from sleep is indeed the mechanism that allows
the resumption of normal breathing. Unfortunately the same
mechanism is responsible for a sympathetic overdrive dur-
ing sleep, leading progressively to chronic daytime hyper-
tension. Other consequences of SDB include cardiac
arrhythmias with a risk of atrial fibrillation, increased plate-
lets aggregation and metabolic consequences including the
metabolic syndrome [2]. Behavioral/emotional symptoms
include fatigue, excessive daytime sleepiness (EDS), irrita-
bility and depressive mood. Sleep apnea syndrome is de-
fined by an apnea–hypopnea index (AHI) of >5 per hour of
sleep, linked to behavioral consequences. In obstructive
sleep apnea (OSA) there is a maintained effort from the
diaphragm and the accessory respiratory muscles to over-
come the cessation of flow. Metabolic and cardiovascular
consequences of OSA are detrimental to health and gener-
ally worse than those of central sleep apnea (CSA) where
airflow interruption is correlated with a complete cessation
of respiratory effort. The prevalence and severity of SDB is
lower in women than in men. The estimated prevalence of
OSA among women of reproductive age is around 5–6 %
[3]. OSA prevalence is increased during pregnancy, espe-
cially in the third trimester, but the extent of this increase is
still unknown since no epidemiological studies are available
thus far to reveal it. Snoring has been reported to occur in
14–45 % of pregnant women [4, 5]. Symptoms and signs
suggestive of SDB during pregnancy include, besides snor-
ing and chocking during sleep, the typical behavioral symp-
toms described above. However, some of the latter may be
compounded by typical symptoms of pregnancy including
fatigue, fragmented sleep and reduced daytime functioning.

In this review we aim to discuss the reasons underlying
an increased prevalence of SDB during pregnancy, a conve-
nient way to diagnose it, treatment options and, above all,
the potential detrimental consequences on maternal health
and fetal outcome.
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Physiopathogenetic mechanism of SDB
in pregnant women

Several factors contribute to a lower prevalence of SDB
in women in their reproductive phase compared to men.
They range from peculiar anatomic features including a
small neck, peripheral rather than central distribution of
fat, and hormonal effects on ventilatory control. Testos-
terone, in fact, is one of the main factors influencing
AHI in men. Exogenous administration of testosterone
increases AHI in men and is capable of inducing OSA
in women [6].

As for the effects of female hormones on ventilation,
estrogens hold no direct effect but play a permissive role
for progesterone effects by increasing progesterone recep-
tors, whereas progesterone stimulates ventilation during the
luteal phase of the menstrual cycle, pregnancy or after
exogenous administration via possible “resetting” of central
chemoreceptors. Women with OSA have lower levels of 17-
hydroxyprogesterone [7]. Also, cardiovascular effects of
apneas are different in women. Men are more susceptible
than women to OSA-associated hypertension [8, 9]. Hyper-
tensive peaks after apneas in women are affected by the
phase of the menstrual cycle. Several factors in pregnancy
may contribute to an increased propensity for SDB. Among
the latter are progressive weight gain and upward displace-
ment of the diaphragm. Moreover, increased levels of estro-
gen may favor hyperemia, upper airway congestion via
mucosal edema and vasomotor rhinitis. This would ulti-
mately lead, in the course of the third trimester, to the
narrowing of the airways thus increasing resistance to air-
flow [10]. Counteracting these anatomical negative factors,
progesterone may play a protective role against SDB by
promoting respiratory drive and minute ventilation. Howev-
er this may ultimately promote respiratory alkalosis, which
predisposes to the development of central apneas. The latter
may also be caused by the instability of sleep that is typical
of late pregnancy, with increased stage I and sleep
phase transitions. Increased diaphragmatic effort as a
consequence of a high respiratory drive would also
cause suction pressure at the level of the upper airways,
thus increasing collapsibility [11].

Functional residual capacity is also diminished by
20 % as a consequence of the upper displacement of the
diaphragm, resulting in reduced maternal oxygenation.
This would in turn aggravate the altered alveolar-arterial
oxygen gradient typical of late pregnancy [12]. Indeed,
maternal oxygen reserves are scanty by the end of preg-
nancy due to a ventilation-perfusion mismatch, given the
small airway closure at volumes greater than functional
residual capacity.

Three major protective factors counteract the before men-
tioned negative ones: maternal postural changes to lateral

position, reduced REM sleep [13] which usually enhances
apneas, and the rightward shift of the oxy-hemoglobin dis-
sociation curve allowing placental oxygen delivery despite
the low maternal reserves.

Epidemiology and risk factors of SDB
in pregnant women

OSA in pregnancy was first reported in 1978 [14]. Since
then several case records have been published and even
larger studies, mostly prospective [15, 16], or cross-
sectional [17, 18••] , were limited either by small sam-
ples or by lack of instrumental confirmation of apneas
[19] prevalently based on self-reported symptoms de-
rived from questionnaires.

SDB in women is often underdiagnosed on the basis of
clinical symptoms, even when of moderate to grave severity,
as demonstrated by the Wisconsin Sleep Cohort Study
(WSCS, 2). Snoring is often underreported in women [20].
Female patients with OSA tend to emphasize fatigue, tired-
ness and lack of energy [21] rather than EDS [22]. Women
with OSA show higher anxiety and depression scores than
men [23]. On the other hand, OSA-related insomnia,
chronic fatigue or depression may not be easily attrib-
utable to OSA, especially since women are less likely to
be accompanied to the doctor’s office by a bed partner
whose complimentary sleep history is often important in
identifying sleep symptoms.

SDB and obesity share a bidirectional relationship [24]:
weight gain leads to upper airways narrowing, whereas SDB
via EDS and daytime inactivity maintain and further pro-
mote weight gain. Also SDB-induced poor sleep quality
correlate with leptin and insulin resistance, thus favoring
obesity [25]. Weight gain and excessive fluid retention
during pregnancy enhance the risk and prevalence of snor-
ing from baseline through the third trimester, as shown in a
recent prospective survey [26•].

SDB diagnosis and screening tools

All pregnant women at greater risk for SDB, including
obese and hypertensive patients, should be systematically
screened for OSA [27••]. The Berlin Questionnaire and the
Epworth Sleepiness Scale (ESS) are commonly used to
screen for OSA in nonpregnant populations. However, their
value has been questioned in pregnancy [28•]. Nocturnal
polisomnography (NPSG) is the ultimate tool to confirm
and count apneas during sleep. It is also questionable which
AHI should be considered abnormal during pregnancy.
Should it be the usual cut off value of ≥5 or else, given
the limited time of pregnancy, 40 weeks, only a higher AHI
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would be able to substantially impact maternal and fetal
wellbeing [27••]. Most recently, the same authors [29•]
described a four variable model including frequent snoring,
chronic hypertension, age and BMI, which performed sig-
nificantly better than the classic association of Berlin Ques-
tionnaire and ESS, as proven by an ambulatory evaluation
with the watch-PAT 100 (WP100), a wrist-mounted device
to assess OSA diagnosis [30]. Other authors [27••] have
conveniently used Index 1 of the multivariable apnea pre-
diction index (MAPI, [31]) to screen for SDB in the last
trimester of pregnancy.

One problem to solve is which women should undergo
the ultimate screening tool, i.e. NPSG. In fact, on one
side, Pien et al. [16] maintained that in the absence of
clinical OSA symptoms, intrauterine growth retardation
(IGR) gestational hypertension and uncomplicated snoring
are insufficient clues to justify NPSG, whereas Santiago et
al. [32] argue that in the absence of adequate epidemiologic
studies on SDB in pregnancy, NPSG should be offered to all
patients with hypertension and IGR associated to snoring-
related sleep alterations.

There is no evidence to suggest difficulties at
performing NPSG in pregnant women and, in fact,
several studies report of successful NPSG-based diagno-
ses in pregnant women [33, 34].

Sleep-disordered breathing and adverse
pregnancy outcomes

SDB detrimental consequences include maternal and fetal
adverse outcomes (see Table 1). Maternal consequences of
SDB include fatigue, hypertension, diabetes mellitus, pre-
eclampsia, increased percentage of C-sections.

SDB-induced maternal hypoxia may trigger oxidative
stress and endothelial dysfunction, likely implicated in the
pathogenesis of gestational hypertension [35]. Furthermore,
the absence of the nocturnal physiological dipping of blood
pressure is seen both in OSA and in preeclampsia, possibly
being a mediator of the latter condition [36]. Endothelial
dysfunction is also more likely to occur in pre-eclamptic
women secondary to SDB [37]. Although several studies
have shown increased frequency of preeclampsia in women

with snoring or flow limitations during pregnancy [18••,
27••, 38••], it is still unclear whether upper airway changes
precede the development of preeclampsia or else, pre-
eclampsia diffuse edema secondary effect upper airways
leading to inspiratory flow limitations [39]. The dimen-
sion of these effects are consistent with recent reports
[27••, 38••] suggesting an adjuster OR from 1.60 (95 %
CI, 2.16-11.26) to 2.3 (95 % CI, 1.4-4.0) for the like-
lihood of pregnancy-induced hypertension and preeclampsia
associated with SDB.

A significant association of SDB with gestational diabetes
after controlling for BMI at delivery, adjusted OR 2.1 (95 %
CI, 1.3-3.4) [27••] suggests a different mechanism from
obesity-dependent insulin resistance as indeed shown in a
non-pregnant population sample where the dimension
of SDB correlated with insulin resistance and glucose
tolerance [40, 41].

There is an increased percentage of unplanned C-section
delivery in pregnant women with SDB ranging from OR
of 1.74 (95 % CI, 1.48-2.04) in the Taiwan population
[38••] to an OR of 2.1 (95 % CI, 1.4-3.2) in a European
population-based study.

Even in this cases, the mechanism seemed to be indepen-
dent from obesity. Interestingly, studies using actigraphy
showed that sleep-deprived women at term had significantly
longer labor and more C-sections [42], suggesting that sleep
fragmentation itself rather than SDB could be related to an
adverse outcome. Of notice, restless leg syndrome (RLS) or
Willis Ekbom Disease (WED), a frequent sleep disorder
during pregnancy, seems to be also related to the presence
of snoring during pregnancy [43•], and may contribute to
the before mentioned mechanism of sleep fragmentation
thus potentiating SDB as well as C-section as a final
delivery mode.

Fetal consequences of SDB have been well documented
in experimental animals [44–46].

Maternal snoring during pregnancy is associated with
enhanced fetal erythropoiesis [47••] manifested by increased
cord blood levels of circulating nRBC, IPO and IL-6. These
subtle alterations in fetal wellbeing markers are independent
from significant differences in birth weight or Apgar scores.
It is plausible that SDB induced intermittent hypoxia is the
intermediate mechanism, or else that the SDB secondary
sympathetic overdrive effects placental perfusion leading
to enhanced erythropoiesis.

Several studies suggest a link of SDB with preterm
delivery [27••, 47••] with an OR of 1.6 (95 % CI, 1.1-3.2)
and 2.3 (95 % CI, 1.77-3.01) respectively.

Babies were also low birth weight (LBW) [19, 49] and
small for gestational age (SGA, [47••]) with adjusted OR of
1.76 (95 % CI, 1.28-2.40) and 1.34 (95 % CI, 1.09-1.66),
respectively. Previous studies reported lower Apgar scores
at birth in pregnant women with OSA [48, 49].

Table 1 Detrimental consequences of SDB in pregnancy

Maternal effects Fetal consequences

Maternal fatigue Intrauterine growth retardation

Gestational hypertension Small for gestational age

Gestational diabetes Preterm birth

Preeclampsia Hypoxic brain damage

C-section
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The mechanisms explaining the link between OSA and
adverse fetal outcome remain partially obscure. One possi-
bility suggests that the frequency and severity of maternal
SDB may be low enough to spare women from adverse
effects, still be detrimental to the more oxygen-sensitive
fetuses [19].

Treatment of SDB during pregnancy

Besides sleep hygiene recommendations (lateral posi-
tioning, restrained use of alcohol and sedatives) conser-
vative treatment with CPAP may be successfully
implemented and well tolerated during pregnancy after
a NPSG-guided nocturnal titration. This would be an
important goal (recommendation C) to counteract mater-
nal hypoxia. The use of CPAP in moderate to severe
OSA (AHI≥15) in the general population is commonly
indicated (recommendation A).

Several authors have documented the positive effect
of CPAP in pregnant women with SDB, even mild
(AHI≥5), and on hypertension in the presence of clini-
cal symptoms [11, 15, 50, 51] with improved cardiac
output in preeclamptic women [52] and no evidence of
adverse events.

However, a prospective longitudinal study evaluating
early intervention of nasal CPAP therapy [51] demonstrated
that this approach alleviated SDB symptoms in women but
was not sufficient to prevent negative pregnancy outcomes.
Women with OSA are often treated with suboptimal CPAP
levels [53]. Also females treated with CPAP show, in gen-
eral, higher mortality risk than men (OR 3.44) due to greater
comorbidity [54].

The use of oral appliances appears difficult during preg-
nancy and is not to be pursued unless CPAP is not tolerated.

Furthermore, due to the risk of surgical procedures and
anesthesia during pregnancy, upper airway surgery should
be avoided.

Supplemental night oxygen is not supported by evi-
dence and could potentially be detrimental by prolonging
apnea duration.

Conclusions

SDB during pregnancy confers several risks to the mater-
nal and fetal wellbeing through different mechanisms
associated with intermittent hypoxia, sleep alterations,
metabolic and hemodynamic changes. It is therefore man-
datory to diagnose this condition in the presence of po-
tential risk factors or of suggestive symptoms, in order to
implement therapy and avoid possible harm to the mother
and the developing fetus.
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