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Abstract:
Obstructive sleep apnea (OSA), characterised by apnea or hypopnea, often presents with symptoms such as gasping
or snoring. However, these symptoms can be nonspecific and are frequently overlooked, particularly in pregnant
women, where they are often attributed to normal physiological adaptations, leading to underdiagnosis and negative
maternal and fetal outcomes.
This  narrative  review  examines  the  implications  of  OSA  during  pregnancy,  highlighting  the  importance  of  early
screening and evaluating available treatment options.
We reviewed various articles on PubMed and Google Scholar about the impact of OSA during pregnancy, screening
methodologies, and treatment effectiveness.
OSA  often  increases  sympathetic  activity  along  with  immune  dysfunction,  resulting  in  adverse  outcomes  like
gestational  hypertension,  preeclampsia,  gestational  diabetes,  cardiomyopathy,  depression,  and  higher  rates  of
cesarean deliveries, while the fetus suffers from intrauterine growth restriction (IUGR), preterm births, and perinatal
mortality. Various screening tools, such as the Berlin Questionnaire, Epworth Sleepiness Scale (ESS), STOP-BANG,
and  Wisconsin  questionnaires,  aid  in  early  diagnosis.  Treatment  options  include  lifestyle  modifications,  positive
airway pressure (PAP) therapy, either continuous (CPAP) or bilevel (BiPAP), hypoglossal nerve stimulation (HGNS),
mandibular  advancement  devices  (MAD),  and  maxillomandibular  advancement  (MMA)  surgery,  with  CPAP being
identified as the preferred treatment.
To reduce adverse outcomes for both the mother and the fetus, early detection and treatment of OSA in pregnant
women  are  essential.  Increased  awareness  among  expectant  mothers,  routine  screening  using  validated
questionnaires, and appropriate treatment selection can not only decrease fetal complications but also reduce the
risk of long-term adverse effects of OSA on maternal health.
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1. INTRODUCTION
Obstructive Sleep Apnea (OSA), caused by inspiratory

upper airway collapse during sleep,  is  defined as five or
more  episodes  of  apnea  (i.e.,  cessation  of  airflow  for  10
seconds  or  more)  and/or  hypopnea  (i.e.,  reduction  in
airflow by at least 30% for 10 seconds or more) per hour
of  sleep,  resulting  in  a  ≥3%  drop  in  oxygen  saturation
(normal  SpO2  ≥95%),  hypercapnia  (rise  in  pCO2),  and
arousal  from  sleep.  It  is  accompanied  by  nocturnal
breathing  disturbance  symptoms,  such  as  snoring,
snorting, gasping, or breathing pauses during sleep, which
can  lead  to  daytime  fatigue  and  sleepiness  [1].  Global
estimates  indicate  that  approximately  936 million  adults
between  the  ages  of  30  and  69  have  obstructive  sleep
apnea (OSA), of whom 425 million adults have moderate to
severe  OSA  [2].  The  National  Healthy  Sleep  Awareness
Project estimates that over 25 million adults in the United
States suffer from OSA, with prevalence rates increasing
significantly over the past 20 years, most likely due to the
obesity  pandemic,  which  affects  approximately  26%  of
adults aged 30 to 70 years [3]. Prevalence is even higher
among middle-aged (44–64 years) and elderly populations
(≥65  years),  with  one  study  indicating  a  significant
likelihood of developing obstructive sleep apnea in 56% of
individuals  aged  65  years  and  above  [4].  The  American
Academy  of  Sleep  Medicine  (AASM)  reports  that  OSA
symptoms affect 24% of males and 9% of females [5]. The
higher prevalence in men is attributed to factors such as
longer upper airway length due to sex hormones, central
distribution of adipose tissue, and higher visceral fat levels
compared  to  females  [6].  Desaturation  following  longer
apneic  episodes  (>30s)  could  be  more  detrimental  in
females  than  in  males,  and  since  males  and  females
exhibit different clinical presentations, females with OSA
often remain underdiagnosed compared to males [7]. They
are more prone to experience nonspecific symptoms like
sleeplessness, mood swings, nightmares, exhaustion, and
low energy, and report a higher frequency of sick days [8].
Pregnant  women  are  more  likely  than  other  women  of
reproductive age to experience sleep disturbances resul-
ting from physiological changes during pregnancy, such as
pharyngeal narrowing and nasal obstruction, making them
particularly  vulnerable.  Moreover,  pregnancy-related
edema  and  weight  gain  can  exacerbate  upper  airway
collapsibility,  and  hormonal  changes  may  affect  muscle
tone  and  respiratory  drive  [9].  Pregnant  women  may
present  either  with  chronic  OSA,  which  worsens  during
pregnancy,  or  gestational  OSA,  which  develops  due  to
weight gain and airway or respiratory changes,  with the
latter potentially improving or resolving completely after
delivery  [10,  11].  A  high  body  mass  index  (BMI)  at  the
start of pregnancy and increased edema in late pregnancy
are associated with heightened snoring, with its frequency
more than doubling between the first and third trimesters
[12]. Pregnant women having a BMI over 35 kg/m2 are at
a higher risk, while those with preeclampsia experience a
more  severe  reduction  in  pharyngeal  size;  however,
making adjustments to lifestyle and diet can help minimize
the  likelihood  of  OSA  and  its  complications,  especially

when  other  conditions  such  as  advanced  age  or  chronic
hypertension  are  present  [13].  It  was  hypothesized  that
OSA  may  impact  placental  function  through  the  above-
mentioned  potential  mechanisms,  a  theory  supported  by
evidence of placental tissue hypoxia and altered levels of
placental secreted markers in women with OSA [14, 15].
This  impact  on  the  fetal  placenta  could  result  in  fetal
hypoxia,  causing  fetal  growth  restriction,  preterm birth,
and  low  birth  weight.  It  has  also  been  reported  that
women with OSA have a greater risk of premature delivery
and rupture of membranes as compared to healthy women
[16]. Intermittent hypoxia and disturbed sleep caused by
OSA can cause hormonal and neurochemical imbalances,
increasing  sensitivity  to  mood  disorders  like  depression
and  heightening  stress  reactions,  which,  in  the  case  of
perinatal  depression,  place  an  immense  burden  on  both
the developing fetus and the mother [17]. This review aims
to analyze the sensitivity of pregnant females to OSA, the
mechanisms  involved  in  its  development,  its  impact  on
pregnancy-related disorders, adverse fetal outcomes, and
the psychological changes in the mother caused by OSA,
as well as several screening and treatment alternatives to
enhance health outcomes for both mother and child

2. METHODOLOGY
We searched and reviewed various articles on PubMed

and Google Scholar  discussing the effects  of  OSA in  preg-
nancy and its maternal and fetal complications. Articles that
were reviewed were not  only  based on OSA-related comp-
lications  but  also  on  the  diagnosis  and  treatment  options
available for pregnant females. The search included articles
published  from  2000  to  2024.  The  keywords  used  for  the
search included- Obstructive Sleep Apnea AND pregnancy,
Maternal-fetal  Outcomes  AND  sleep  Apnea,  OSA  AND
Gestational  Hypertension,  OSA  AND Gestational  Diabetes,
Diagnosis of OSA AND pregnancy, Treatment of OSA AND
pregnancy.

2.1. Inclusion and Exclusion Criteria
Studies were included if they:
1)  Examined  OSA  during  pregnancy  and  its  impact  on

fetal outcomes.
2)  Provided  data  on  maternal  complications  like  dia-

betes, preeclampsia, premature deliveries, etc., fetal compli-
cations like low birth weight, congenital anomalies, etc.

Studies were excluded if they:
1)  Focused  more  on  the  non-pregnant  population  or

discussed  sleep  disorders  other  than  OSA
2) Did not provide sufficient clinical evidence and data

related to maternal-fetal implications
3) Not published in English

3. PATHOPHYSIOLOGY
Obstructive  sleep  apnea  (OSA)  develops  as  a  result  of

the interaction of several factors. Besides the anatomy of the
upper airway that makes it susceptible to collapse, several
non-anatomical  factors  contribute  to  the  development  of
OSA,  some  of  which  are  exacerbated  by  physiological
changes  that  occur  during  pregnancy.
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Fig. (1). An overview of maternal and fetal outcomes due to OSA in pregnancy.

The overall effects of OSA in pregnancy are summarized
in Fig. (1).

3.1. Physiological Changes in Pregnancy
Pregnancy  triggers  numerous  physiological  changes,

most  of  which  are  driven  by  hormones  secreted  by  the
placenta  to  support  the  developing  embryo.  These  hor-
mones  include  elevated  levels  of  human  chorionic  gona-
dotropin (hCG), human placental lactogen (hPL), proges-
terone, estrogen, and cortisol [18, 19]. Progesterone acts
as  a  respiratory  stimulant,  increasing  respiratory  drive
and ventilation, enhancing the sensitivity of upper airway
dilator  muscles  during  sleep,  and  preventing  carbon
dioxide  accumulation  [20].  Pregnant  women  with  lower
progesterone  levels  are  more  likely  to  develop  OSA,

suggesting that adequate progesterone may help prevent
its onset [21]. In contrast to progesterone, the mechanism
by which estrogen contributes to the development of OSA
remains  unknown.  One  study  has  indicated  that  nasal
patency  decreases  during pregnancy due to  vasodilation
and  hyperemia  caused  by  the  activation  of  estrogen
receptors  in  the  nasal  mucosa,  which  may  contribute  to
upper airway obstruction [22, 23]. However, this contrasts
with  a  recent  study  where  using  nasal  dilator  strips  to
relieve the supposed nasal  upper  airway obstruction did
not  affect  apnea/hypopnea  events  in  pregnant  females
[24].  Along  with  hormonal  changes,  specific  anatomical
changes also occur during pregnancy, which can lead to
OSA. Pregnancy can lead to the development of soft tissue
edema due to increased fluid retention and fat deposition
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in soft tissues, which may contribute to sleep apnea during
pregnancy.  In  this  condition,  the  airway  may  collapse
under the edematous soft tissue in the recumbent position
[25].  The  enlarging  gravid  uterus  during  pregnancy
pushes  the  diaphragm  upward,  increasing  abdominal
pressure,  especially  during  the  third  trimester,  which
induces  basal  atelectasis  [26]  and  insufficient  alveolar
ventilation, leading to CO2 retention and exacerbating the
effects  of  obstructive  sleep  apnea.  Finally,  systemic
inflammation mediated by multiple cytokines and immuno-
modulators that increase during pregnancy [27] can lead
to  airway  swelling  and  inflammation,  thereby  increasing
the likelihood of developing obstructive sleep apnea.

3.2. Maternal Pathophysiology in OSA
Obstructive sleep apnea causes widespread effects on

maternal health during pregnancy. Sleep-disordered brea-
thing leads to the development of various maternal hyper-
tensive disorders, including gestational hypertension, pre-
eclampsia, and eclampsia [28]. Sleep-disordered breathing
causes  widespread  inflammation  induced  by  reactive
oxygen  species  (ROS)  and  inflammatory  molecules
generated  downstream  of  the  nuclear  factor  kappa  B
(NFKB)  pathway,  such  as  tissue  necrosis  factor-alpha
(TNF-alpha) and interleukin-6 (IL-6) [29]. This, along with
low  nitric  oxide  (NO)  levels,  contributes  to  widespread
endothelial  dysfunction  and  causes  hypertension  [30].
Continuous  positive  airway  pressure  (CPAP)  treatment
decreases the risk of preeclampsia, which prevents upper
airway  collapse,  targeting  the  anatomical  factors  that
cause  OSA.  However,  the  risk  does  not  reach  the  same
level as in pregnant women without sleep apnea [31]. Non-
anatomical variables may contribute to the development of
OSA  and  hypertension  during  pregnancy,  which  CPAP
therapy does not address. Apnea syndromes in pregnancy
are also linked to the development of gestational diabetes
mellitus (GDM). This is most likely caused by sympathetic
nervous  system  activation-induced  hepatic  insulin
resistance, as indicated by elevated normetanephrine and
inflammatory markers, such as interleukin-1 (IL-1) [32], in
females  with  low  oxygen  saturation.  This  pathogenetic
mechanism  may  be  supported  by  the  fact  that  CPAP
therapy, which reduces sympathetic activation related to
upper  airway  collapse-induced  hypoxia,  also  improves
insulin  resistance  [33].  Obstructive  sleep  apnea  causes
frequent nighttime waking, resulting in fragmented sleep
and elevated cortisol levels. This further perpetuates the
rise in glucose levels by increasing insulin resistance and
stimulating  the  production  of  glucose  [34].  Pregnancies
with  OSA  are  also  associated  with  cardiovascular  dys-
function  and  pulmonary  edema  [35].  OSA  is  associated
with more negative intrathoracic pressures than usual, as
the  thoracic  inspiratory  muscles  exert  greater  effort  to
overcome  the  upper  airway  obstruction.  These  negative
pressures may be transmitted to the heart, preventing it
from  contracting  efficiently  (systolic  dysfunction)  [36].
Additionally,  hypertension  associated  with  OSA  contri-
butes  to  further  systolic  dysfunction,  as  the  heart  must
pump  against  the  higher  pressure  of  the  blood  column

(i.e.,  increased  afterload).  Moreover,  diabetes  mellitus
resulting  from  the  above-mentioned  mechanisms  can
cause  an  inappropriately  elevated  renin-angiotensin-
aldosterone system and increased oxidative stress, leading
to  the  development  of  dilated  cardiomyopathy  [37].
Cardiac  dysfunction  arising  as  a  result  of  these  mecha-
nisms,  combined  with  the  high  circulating  blood  volume
(due to fluid retention during pregnancy),  contributes to
pulmonary  vascular  congestion  and  subsequently  an
increased  hydrostatic  pressure,  leading  to  pulmonary
edema  [38].  Pulmonary  edema  may  also  result  from
endothelial  dysfunction  caused  by  widespread  inflam-
mation,  allowing  for  easier  fluid  extravasation.  These
comorbidities  naturally  lead  to  higher  rates  of  cesarean
deliveries, both urgent and planned, and account for the
longer  duration  of  hospital  stays,  increased  ICU  admis-
sions,  and  elevated  maternal  mortality  rates  associated
with  obstructive  sleep  apnea  in  pregnancy  [39,  40].
Obstructive  sleep  apnea  is  also  linked  to  a  variety  of
psychiatric disorders like depression, generalized anxiety
disorder (GAD), and post-traumatic stress disorder (PTSD)
in  the  peripartum period  of  pregnancy  (Fig.  2)  [41,  42].
Certain studies indicate that  these disorders result  from
hormonal  imbalances,  such  as  elevated  cortisol,  pro-
gesterone, and estrogen levels during pregnancy [43, 44].
These psychological disturbances are also partly explained
by preferential hypoxic damage to the prefrontal cortex in
the  frontal  lobe,  causing  alterations  in  working  memory
and behavior [45], as well as persistent fatigue resulting
from sleep disruption caused by apnea cycles [46].

3.3. Fetal Pathophysiology in OSA
Maternal  hemodynamic  adaptations  are  essential  for

maintaining gestation and fetal development. OSA during
the first trimester has a substantial impact on the process
of  organogenesis,  with  a  significant  effect  on  neuronal
development [47,  48].  There is  mounting evidence inter-
linking  fetal  hypoxia  with  epigenetic  mechanism  alter-
ation;  DNA  methylation,  histone  modifications,  and  non-
coding  RNAs  (ncRNAs),  including  long  noncoding  RNAs
(lncRNAs) and microRNAs, are the principal mediators of
epigenetic  modifications,  which  lead  to  malfunctioning
genes  and  signalling  proteins,  ultimately  leading  to
deformities [49]. While uteroplacental insufficiency caused
by  placental  hypoxia  can  lead  to  intrauterine  growth
retardation (IUGR), resulting in small-for-gestational-age
(SGA) and low birth weight (LBW) newborns, studies have
also  found  a  comparatively  higher  risk  of  large-for-
gestational-age (LGA) births in children born to mothers
with OSA [50, 51]. This may be explained by the anabolic
effects  of  elevated  insulin  and  glucose  levels  in  OSA
mothers  due  to  peripheral  insulin  resistance.  Another
anticipated outcome of OSA in pregnancy is an increased
rate of preterm births. Possible reasons include low pro-
gesterone  levels  seen  in  mothers  with  OSA,  as  pro-
gesterone  is  needed  to  sustain  pregnancy,  and  uterine
overdistension  caused  by  macrosomic  babies  due  to  the
anabolic  effects  of  gestational  diabetes  mellitus  on  fetal
development [52].
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Fig. (2). Pathophysiological pathway for effects of OSA on maternal health.

Finally, intrauterine infections associated with gestational
diabetes  mellitus,  poor  respiratory  maturity  in  preterm
infants  with  subsequent  neonatal  respiratory  distress
(NRDS),  and  hypoxic-ischemic  brain  injury  due  to  pro-
longed  labor  in  macrosomic  neonates  can  explain  the
higher  incidence  of  low  Apgar  scores  in  newborns,
perinatal  mortality,  and  stillbirths  [39]  (Fig.  3).

4. DIAGNOSIS
Screening  followed  by  appropriate  treatment  can

improve  sleep  quality,  thereby  normalizing  AHI  and
oxygen  saturation  levels  and  minimizing  adverse  health
outcomes  [53].  The  severity  of  OSA  can  be  determined

using  the  apnea-hypopnea  index  (AHI),  calculated  by
dividing the total number of apneas and/or hypopneas by
the total sleep time. Based on this index, OSA is classified
as  mild  (5–14  events  per  hour),  moderate  (15–30  events
per  hour),  or  severe  (more  than  30  events  per  hour).
Other, less commonly used indices include the Respiratory
Disturbance Index (RDI) and the Respiratory Event Index
(REI). The RDI also accounts for respiratory effort-related
arousals (RERAs) in addition to apneas and hypopneas. An
RERA can be defined as an increased effort in breathing
lasting  10  seconds  or  more  due  to  airflow  restriction,
causing  arousal  before  the  criteria  for  apnea  and
hypopnea  are  met  [54,  55].
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Fig. (3). Pathophysiological pathway for the effects of OSA in pregnancy on fetal health.

The present screening questionnaires such as Epworth
Sleepiness Scale (ESS), the STOP Questionnaire (Snoring,
Tiredness,  Observed  Apnea,  High  Blood  Pressure),  the
STOP-Bang Questionnaire (STOP Questionnaire plus BMI,
Age, Neck Circumference, and Gender), the Berlin Ques-
tionnaire,  and  the  Wisconsin  Sleep  Questionnaire  [56]
were  designed  for  the  nonpregnant  population,  and

research  has  shown  limited  sensitivity  and  specificity
when applied to pregnant women, hence a new OSA scree-
ning  questionnaire  is  needed.  Since  pregnancy  involves
continual  physiological  changes,  serial  monitoring  and
screening for OSA are essential in each trimester [57]. The
Berlin  and  ESS  questionnaires  are  weak  indicators  of
sleep  apnea  in  the  pregnant  population  due  to  their
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reliance on symptoms like fatigue and daytime sleepiness,
which are extremely common during pregnancy, leading to
false positives [58, 59].

Additionally, the Berlin questionnaire applies a binary
BMI cutoff (>_30kg/m2) without accounting for the nature
of  weight  changes  during  pregnancy  [58].  A  2016  sys-
tematic review reported pooled sensitivity and specificity
for Berlin in pregnancy at 0.66 and 0.62, and for ESS at
0.44  and  0.62,  indicating  limited  accuracy  [60].  These
overlapping symptoms often lead to under-recognition of
sleep-disordered breathing as normal gestational changes.
This highlights the need for developing pregnancy-specific
screening tools.

Facco  FL’s  prospective  study  found  that  a  simplified
four-variable  screening  test,  which  incorporates  self-
reported frequent snoring, chronic hypertension, BMI, and
age,  predicts  sleep  apnea  with  high  sensitivity  and
specificity  [59].  In  a  prospective  study,  Facco  FL  dis-
covered that a simple four-variable screening test, which
includes  snoring,  chronic  hypertension,  BMI,  and  age,
quite  accurately  predicts  sleep  apnea  [59].  Another  pro-
spective study found that a model that takes into account
age,  BMI,  and  tongue  enlargement  (BATE)  is  more
accurate in predicting the risk of OSA in African American
women.  However,  the  ESS,  OSAHS  risk,  and  SASS
subscale of the MVAP-risk score showed lower predictive
values  when  assessing  OSA  risk  during  pregnancy  [61].
Overnight  PSG  investigations  are  tedious,  costly,  have
limited  availability,  and  are  difficult  to  schedule  for
pregnant women, especially in late gestation. Home Sleep
Testing (HST) is  a  reliable,  easy,  and affordable way for
assessing high-risk individuals for OSA [62]. Home sleep
tests  measure  various  nighttime  cardiac  and  respiratory
parameters,  such as  respiratory rate,  heart  rate,  oxygen
saturation, heart rhythm, and blood pressure, to identify
apneic episodes. Several HST devices have been proven in
pregnant  women  [63,  64].  Pregnant  women  can  easily
utilize the Watch-PAT device, a wrist-worn diagnostic tool
for  SDB,  which  has  a  low  failure  rate.  It  can  facilitate
rapid  screenings,  reduce  diagnostic  waiting  time,  and
enable  early  treatment,  leading  to  better  maternal  and
fetal outcomes [64].

5. TREATMENT
Pregnancy is a highly sensitive condition in which even

minor  disturbances  in  normal  homeostasis  can  lead  to
severe  complications.  Obstructive  sleep  apnea  (OSA)  in
pregnancy is associated with significant adverse outcomes
for  both  the  mother  and  fetus,  including  eclampsia,
gestational  diabetes,  heart  failure,  fetal  hypoxia,  intra-
uterine  death,  and  increased  maternal  mortality.  The
reported  prevalence  of  OSA  in  obese  females  can  be  as
high as 43% during the second and third trimesters, with
approximately one in five experiencing severe OSA [65].
This highlights the urgent need for active screening using
questionnaires  and  early  diagnosis  through  polysomno-
graphy,  home  sleep  testing  (HST),  or  newer  wearable
technologies. Once diagnosed, prompt treatment is essen-
tial  to  prevent  OSA-related  complications.  However,  the

data  related  to  guiding  the  treatment  of  OSA  during
pregnancy is insufficient. The studies attempting to assess
the impact of treatment or safety during pregnancy were
not  adequately  powered  due  to  limited  sample  sizes.
Instead,  the  benefits  observed in  the  general  population
are  extrapolated  to  pregnant  women  using  existing
treatment  standards  [66].  The  ethical  implications  of
assigning an inferior treatment to a vulnerable population,
such  as  pregnant  women,  may  explain  the  lack  of
randomized clinical trials supporting one treatment over
another.

Addressing the  risk  factors  for  OSA through lifestyle
modifications is a critical aspect of management. Obesity,
the most significant risk factor, can be mitigated through
weight  control  strategies,  including dietary changes and
medical therapies.  These interventions have been shown
to  reduce  symptom  burden  and  lower  mortality  from
cardiovascular events such as myocardial infarctions and
strokes  in  OSA  patients  [67,  68].  Preventive  measures,
such  as  positional  therapy,  have  been  associated  with  a
reduction  in  the  severity  of  OSA  in  pregnant  women.  In
cases  where  CPAP  is  not  readily  available  or  practical,
these measures may be considered [69]. Lifestyle modifi-
cations,  such  as  avoiding  supine  positioning,  may  be
recommended.  Left  lateral  decubitus  positioning  during
sleep is particularly effective in reducing position-related
apneic events, especially in obese females [70]. Bariatric
surgery  is  often  employed  for  OSA  patients  with  severe
obesity,  demonstrating  superior  efficacy  compared  to
lifestyle  modifications  alone,  with  more  than  60%  of
patients  achieving  OSA  remission  [71].  However,  in
pregnant females, the potential benefits of OSA remission
post-bariatric  surgery  must  be  weighed  against  the
possible  adverse  maternal  and  fetal  outcomes,  necessi-
tating further research in this area [72].

A  preferred mode of  treatment  for  OSA during preg-
nancy  is  continuous  positive  airway  pressure  (CPAP)
therapy  [73].  CPAP  delivers  pressurized  air  through  a
mask to create a pneumatic splint that keeps the airway
open throughout the respiratory cycle, preventing apneic
and  hypopneic  episodes  [74].  Studies  have  shown  that
CPAP  reduces  complications  such  as  gestational  hyper-
tension and preeclampsia  in  pregnant  females  with  OSA
[73]. It has also been shown to reverse cardiomyopathy by
improving  heart  rate  and  stroke  volume,  as  well  as
enhancing insulin sensitivity [75]. However, CPAP did not
significantly  alter  mean  glucose  levels  in  OSA  patients
with  gestational  diabetes  [76].  CPAP  has  also  been
associated  with  decreased  systemic  inflammation,  as
indicated by reductions in markers such as interleukin-6,
interleukin-8,  C-reactive  protein,  uric  acid,  and  tumor
necrosis factor-alpha [75, 77]. Despite the known clinical
benefits, the use of CPAP in pregnancy may be limited due
to  low  compliance  rates  of  around  33%  as  per  a  large
randomized trial [55]. In another real-world cohort study,
adequate  compliance  (use  for  ≥4  hours/night  on  70% of
nights)  was  achieved in  only  a  minority  of  patients  [31].
Therefore,  more  conclusive  trials  are  necessary  to  eva-
luate the effectiveness of CPAP in this patient population.
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Bilevel  positive  airway  pressure  (BIPAP)  is  another
option for positive airway pressure therapy. Unlike CPAP,
BIPAP  alternates  between  two  levels  of  pressure,  deli-
vering a higher level during inspiration and a lower level
during expiration,  while  allowing spontaneous  breathing
[78].  BIPAP serves  as  a  viable  second-line  treatment  for
patients  who  fail  or  cannot  adhere  to  CPAP  therapy
(defined as <4 hours of nightly use) or for those with co-
existing  conditions  such  as  neuromuscular  disorders,
severe hypercapnia, or morbid obesity (BMI > 42.6 kg/m2)
[79]. Studies have shown that BIPAP can reduce the AHI
by  50% (from 15.2  to  7.4  events  per  hour)  and  improve
arterial  blood  gas  parameters  [80].  However,  due  to
higher  costs  and  limited  evidence  of  superior  efficacy
compared  to  CPAP  in  uncomplicated  OSA  cases,  BIPAP
remains a second-line option [81, 82].

Other,  less  common  treatments  include  hypoglossal
nerve  stimulation  (HGNS)  devices,  mandibular  advance-
ment devices (MADs), and upper airway surgeries such as
mandibulomaxillary advancement (MMA) surgery. HGNS
devices,  which  reduce  the  AHI  by  15  events/hour  in  the
long  term,  are  emerging  as  a  promising  option  for
moderate-to-severe  OSA  in  patients  intolerant  of  CPAP,
particularly  individuals  with  a  BMI  ≤  32  kg/m2  and  a
smaller neck circumference [83, 84]. However, their high
upfront costs and limited evidence of efficacy in pregnancy
are significant barriers [85]. MADs, which reposition the
lower  jaw  to  open  the  airway,  are  another  second-line
treatment  for  mild  to  moderate  OSA.  However,  they  are
less effective than HGNS devices and may cause compli-
cations such as dental malocclusion [86]. Both MADs and
CPAP have been shown to reduce systemic inflammation
and lower blood pressure and cardiovascular risk [87, 88].

Surgical  options  such  as  MMA  surgery  are  highly
effective  for  CPAP-nonresponsive  patients,  achieving  an
approximately  80%  success  rate  in  treating  OSA  in
individuals with a BMI >30 kg/m2  [89, 90]. Despite their
efficacy,  these  surgeries  are  invasive  and  costly.  Additi-

onally,  evidence  guiding  OSA  treatment  in  pregnancy
remains limited. Most studies on OSA treatments during
pregnancy lack sufficient power due to small sample sizes,
and  current  standards  largely  extrapolate  benefits
observed  in  the  general  population  [66].

6. DISCUSSION
Understanding  the  links  between  sleep  disturbances

and  adverse  pregnancy  outcomes  is  crucial  for  compre-
hending  the  broader  implications  of  these  findings.  The
following discussion explains the serious risks linked with
OSA in expecting women, including fetal development and
other pregnancy issues, using selected study data.

6.1. Effects on Maternal Health
Pregnancies  with  OSA have  a  greater  risk  of  compli-

cations such as preeclampsia, GDM, preterm and cesarean
births,  depression,  and  maternal  death.  (Table  1).  In  a
2021 retrospective  cohort  analysis  of  U.S.  hospital  data,
pregnant  women  suffering  from  OSA  had  a  2.2  times
greater  risk  of  having  preeclampsia  compared  to  those
without  [91].  A  2018  meta-analysis  found  an  odds  ratio
(OR)  of  2.35  for  preeclampsia  among  pregnant  females
having OSA [28]. A 2024 study on Korean pregnant women
showed  a  much  higher  association,  with  an  OR  of  13.1,
likely reflecting limitations due to the smaller sample size
[92].  OSA  is  also  linked  to  reduced  total  sleep  time  and
hormonal  imbalances  that  contribute  to  GDM.  Women
with GDM exhibited shorter sleep durations (364 minutes)
and a higher prevalence of OSA (73%) compared to those
without  diabetes  (464  minutes  of  sleep  and  27%  OSA
prevalence)  [93].  In  contrast,  a  study  by  Bublitz  et  al.
revealed  a  lower  OSA prevalence  of  17% among women
with GDM, potentially due to the use of polysomnography,
which  applies  more  stringent  diagnostic  criteria.  This
study  also  highlighted  a  blunted  cortisol  awakening
response, indicative of hormonal dysregulation in OSA, but
found no differences in diurnal cortisol variation between
pregnant women with and without OSA [94].

Table 1. Effects on maternal health.

Citation Results Conclusion

Passarella et al.
(2021) [91]

OSA during pregnancy increases the risk of preeclampsia (OR 2.2, 95% CI 2.0-2.4), eclampsia
(4.1, 2.4-7.0), chorioamnionitis (1.2-1.8), postpartum hemorrhage (1.2-1.7), venous
thromboembolisms (2.7, 2.1-3.4), cesarean births (2.1, 1.9-2.3), and maternal mortality (4.2,
2.2-8.0). Newborns were at high risk of premature births, 1.3 (1.2-1.5), and having congenital
abnormalities, 2.3 (1.7-3.0).

OSA in pregnancy is associated with a
significantly higher risk of poor maternal
and fetal outcomes.

Liu et al. (2019)
[28]

A meta-analysis of 33 studies with a total of 3,965 pregnant women found that OSA increases
the risk of gestational hypertension (aOR 1.97), gestational diabetes (aOR 1.55), preeclampsia
(aOR 2.35), cesarean section (aOR 1.42), and preterm birth (aOR 1.62).

OSA in pregnancy is linked to adverse
maternal outcomes. Routine screening
and early treatment during late
pregnancy are recommended.

Ryu et al. (2023
[92]

OSA increased the OR of preeclampsia (OR, 13.1; 95% confidence interval, 1.1-171.3) after
adjusting for age, BMI, parity, and abortion history. AHI shows positive correlation with BMI (r
= 0.515, P < 0.001).

OSA is associated with late-onset
preeclampsia in 100 overweight Korean
pregnant women.

Reutrakul et al.
(2013) [93]

A case-control study included 15 Non-Pregnant women with normal glucose tolerance (NP-
NGT), 15 Pregnant Women with normal glucose tolerance (P-NGT), and 15 pregnant women
with gestational diabetes (PGD). Total Sleep Time was lower (median 397 vs 464 min, p = .02)
and AHI was higher (median 8.2 vs 2.0, p = .05) in P-GDM. Diagnosis of GDM was significantly
associated with OSA diagnosis (OR 6.60; 95% CI, 1.15-37.96).

Sleep disturbances are higher in
pregnant females with GDM compared to
those with normal glucose tolerance.
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Citation Results Conclusion

Bublitz et al.
(2018) [94]

OSA in gestational diabetes is linked to dysregulation of the hypothalamic-pituitary-adrenal axis,
indicated by elevated cortisol levels (r = 0.45, p < 0.05). Blunted cortisol awakening responses
were observed in females with OSA.

OSA is related to preserved circadian
variation and suppressed cortisol
awakening responses.

Yang et al.
(2022) [42]

A systematic review and meta-analysis of 65 studies found that sleep disturbances, including
OSA, were linked to premature deliveries (aOR: 1.95; 95% CI: 1.55-2.45), gestational diabetes
mellitus (aOR: 1.96; 95% CI: 1.62-2.38), preeclampsia (aOR: 2.77; 95% CI: 1.81-4.24), cesarean
delivery (aOR: 1.99; 95% CI: 1.70-2.33), and depression (aOR: 3.98; 95% CI: 2.74-5.77).

Sleep difficulties during pregnancy were
linked to worse perinatal outcomes.

Lu et al. (2021)
[51]

Sleep disturbances were linked to higher rates of pre-eclampsia (OR 2.80, 95% CI: 2.38-3.30),
gestational hypertension (1.74, 1.54-1.97), GDM (1.59, 1.45-1.76), cesarean section (1.47,
1.31-1.64), premature deliveries (1.38, 1.26-1.51), LGA (1.40, 1.11-1.77), and stillbirth (1.25,
1.08-1.45), however, not SGA (1 .03, 0 .92- 1 .16), or LBW (1 .27, 0 .98- 1.64)

This systematic review and meta-analysis
of 120 studies, including 58,123,250
pregnant women, found that sleep
disturbances during pregnancy were
linked to adverse maternal and fetal
outcomes.

Rubio et al.
(2022) [41]

Females at greater risk of OSA were more likely to have antepartum depression (aOR = 2.36;
95% CI: 1.57-3.56), generalized anxiety (aOR = 2.02, 95% CI: 1.36-3.00), and symptoms related
to PTSD (aOR = 2.14; 95%CI: 1.43-3.21)

Maternal psychiatric disorders such as
depression, anxiety, and PTSD are linked
to poor sleep quality and an increased
risk of OSA.

Louis et al.
(2014) [95]

After correcting for obesity and other factors, pregnant females with OSA had higher risks of
cardiomyopathy (OR, 9.0; 95% CI, 7.5-10.9), pulmonary embolism (OR, 4.5; 95% CI, 2.3-8.9),
and hospital deaths (95% CI, 2.4-11.5).

OSA during pregnancy correlates with
increased cardiovascular morbidity and
in-hospital mortality.

Malhamé et al.
(2022) [70]

Preeclamptic females with concomitant OSA had greater cardiovascular morbidity than females
without OSA (OR 5.05, 95% CI 2.28-11.17) and increased healthcare utilization (OR 2.26, 95%
CI 1.45-3.52).

OSA increases the risk for cardiovascular
morbidity and healthcare utilization.

Lui et al. (2021)
[96]

OSA in pregnancy is associated with longer hospital stays >5 days (aOR 2.42, 95% CI 2.21 to
2.65, but was not linked to increased hospital deaths.

OSA increases maternal morbidity and
hospital stay after delivery, but does not
increase mortality.

Depression and preterm birth are also more common
in pregnancies complicated by OSA. A 2022 meta-analysis
found that  OSA increased the odds of  depression during
pregnancy  (OR:  3.98;  95%  CI:  2.74–5.77)  and  preterm
birth  (OR:  1.95;  95%  CI:  1.55–2.45)  [42].  Another  2021
meta-analysis by Lu et al., based on a larger sample, esti-
mated a lower but more precise OR for preterm delivery
(1.3; 95% CI: 1.26–1.51) [51]. Additionally, a study in Peru
reported that poor sleep quality and a greater risk of OSA,
as  assessed  by  the  Pittsburgh  Sleep  Quality  Index  and
Berlin  Questionnaire,  were  associated  with  increased
prevalence of antepartum depression (OR: 2.36; 95% CI:
1.57–3.56),  generalized  anxiety  (OR:  2.02;  95%  CI:
1.36–3.00), and PTSD (aOR: 2.14; 95% CI: 1.43–3.21) [41].

While  data  on  the  link  between  untreated  OSA  and
conditions like peripartum cardiomyopathy and pulmonary
embolism  are  limited,  some  studies  highlight  significant
risks. A retrospective analysis of maternal discharges from
the National Inpatient Sample (NIS) database (1998–2009)
found that OSA increased the risk of cardiomyopathy (OR:
9.0; 95% CI: 7.5–10.9) and pulmonary embolism (OR: 4.5;
95% CI: 2.3–8.9) [95]. According to a recent cohort study,
women  with  OSA  had  a  five-fold  higher  risk  of  cardio-
vascular  morbidity,  with  cardiomyopathy  and  pulmonary
edema prevalence of 1.1% compared to 0.2% in the non-
OSA group [69]. However, cardiomyopathy as an outcome
remains underreported, necessitating further research.

Finally,  OSA  has  been  associated  with  higher  in-
hospital mortality during pregnancy. In Louis et al.'s retro-
spective study, pregnant women with OSA had five times
the risk of in-hospital mortality (OR: 5; 95% CI: 2.4–11.5)
compared to those without OSA [95].  However,  a  recent
cohort  analysis  of  multi-state  inpatient  databases  in  the
U.S. found no significant increase in in-hospital mortality,
likely  due  to  underdiagnosis  and  small  sample  size,  as

concluded by the authors [96]. These conflicting findings
underscore the urgent need for further investigation into
the relationship between OSA and maternal outcomes.

6.2. Effects on the Fetus
Increased sympathetic drive, oxidative stress, impaired

endothelial  function,  and  activation  of  the  inflammatory
system can result from OSA-induced intermittent hypoxia
and hypercapnia. Together, these factors may hinder fetal
development  by  reducing  placental  oxygen  and  nutrient
exchange  [40].  Retrospective  case-control  research  by
Ravishankar  S  et  al.  found  that  women  with  OSA  had
higher  rates  of  fetal  normoblastemia  and  increased  ex-
pression  of  carbonic  anhydrase  IX  (CAIX),  a  marker  of
tissue  hypoxia,  in  their  placentas  compared  to  controls,
suggesting  persistent  fetoplacental  hypoxia  [15].  This
adverse  intrauterine  environment  may  also  affect  the
expression of  specific  fetal  genes.  According to  a  recent
study done using womb-cell samples (WCB) from women
with  OSA  in  REM,  fetal  gene  expression  is  strongly
impacted  by  maternal  OSA.  According  to  the  mRNA
expression profile results, WCB samples from women with
OSA  exhibited  differential  expression  of  3,258  mRNAs
compared to those from women without OSA. In the OSA
group,  568  mRNAs  were  considerably  downregulated,
while  2690  mRNAs  were  significantly  upregulated.
Following maternal  OSA,  13 candidate genes were iden-
tified  as  potentially  dysregulated  in  WCB  cells.  This
included one downregulated mRNA, PRKAR1A, and twelve
upregulated  mRNAs:  PFN1,  UBA52,  EGR1,  STX4,  MYC,
JUNB, MAPKAP1, IGF2, CAT, MCL1, PPP1CB, and AKT2.
These  genes  are  essential  for  numerous  physiological
functions;  therefore,  dysregulation  of  these  genes  has
been associated with adverse prenatal outcomes and deve-
lopmental disorders [97]. Research on neonatal umbilical
cord  blood  supported  this  association  by  showing  that

(Table 1) contd.....
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fetuses  subjected  to  their  mother’s  symptoms  of  sleep-
disturbed  breathing  during  pregnancy  had  shorter
telomere lengths than their counterparts [98]. According
to a research, mothers having OSA had, 2.31, 1.34, 1.76
1.74, 1.63, 1.60, and 3.18 times higher chances of having
preterm, SGA, LBW, infants, Cesarean section (CS), ges-
tational diabetes, preeclampsia, and prenatal hypertension
than  mothers  without  OSA  [99]  However,  research  by
Kneitel  AW  et  al.  found  that  mothers  with  and  without
OSA had similar percentages of SGA infants (23 vs. 25%, p
= 1.0). The study found that maternal OSA is associated
with  slower  fetal  development  in  the  third  trimester,
rather  than a  birth  weight  below the 10th percentile.  In
contrast  to  the  women  with  OSA,  pregnant  women  who
utilized  PAP  therapy  did  not  have  higher  chances  of
decreased fetal development, indicating that PAP therapy
may be a promising method of improving the health of the
fetus  [100].]  It  is  interesting  to  note  that  some  studies
have also discovered a connection between maternal OSA
and LGA infants. According to a study by Ayana Telerant
et al., even mild cases of maternal OSA during pregnancy
are linked to rapid fetal growth, which manifests in many
growth  parameters  like  weight,  length,  and  adiposity.
Additionally, it raises the chance of LGA babies [101]. In a

similar vein, Brener et al. found that offspring of women
with  mild  SDB  had  improved  adiposity  acquisition
throughout  the  initial  three  years  of  life,  an  impaired
weight-to-length ratio at birth, and rapid catch-up growth.
They  also  discovered  a  reduced  head  circumference  at
birth  and  a  distinctive  pattern  of  head  circumference
growth throughout the first three years [102]. In addition
to the variations in  birth weight,  OSA is  associated with
increased  risks  of  preterm  deliveries  and  a  variety  of
congenital  disabilities  in  the  fetus.  Bourjeily  G  et  al.
discovered  that  OSA  was  associated  with  a  higher
incidence  of  congenital  malformations  in  children  (aOR
1.26,  1.11-1.43),  with  musculoskeletal  anomalies  having
the highest risk (aOR 1.89, 1.16-3.07) after controlling for
comorbidities and potential teratogens. Preterm birth was
found  to  be  more  common  among  children  born  to
mothers  with  OSA  (31.3%  vs.  13.0%,  p  <  0.001).
Additionally,  infants  born  to  women  with  OSA  needed
resuscitation with intubation after birth more often (14.4%
vs. 4.8%, p < 0.001 and 0.5% vs. 0.1%, p < 0.001, respec-
tively), experienced a longer hospital stay (8.28 + 14.5 vs.
3.97 + 8.63 days,  p  < 0.001),  and were more commonly
admitted to neonatal critical care or special care units (48)
(Table 2).

Table 2. Effects of OSA on the fetus.

Ravishankar S et al.
(2015) [15]

Increased expression of CAIX in the extravillous trophoblast and fetal
normoblastemia.

SDB during pregnancy is associated with chronic
fetoplacental hypoxia
and uteroplacental underperfusion.

Cànaves-Gómez L et al.
(2024) [97]

WCB samples from women with OSA showed differential expression of 3258
mRNAs. Five hundred sixty-eight mRNAs were considerably downregulated,
while 2690 mRNAs were significantly upregulated. Following maternal OSA,
13 candidate genes were found to be potentially dysregulated in WCB cells.

Maternal OSA strongly impacts fetal gene
expression. Negative prenatal outcomes and
developmental disorders have been linked to these
genes' dysregulation.

Salihu HM et al. (2015)
[98] Shorter telomere lengths in cord blood DNA

Fetuses exposed to maternal symptoms of sleep-
disordered breathing during pregnancy had
shorter telomere lengths.

Chen YH et al. (2012)
[99]

Mothers with OSA had 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),
1.60 (95% CI, 2.16-11.26), 1.63, and 3.18 times more chances of having LBW,
preterm, small for gestational age (SGA) infants, Cesarean section (CS),
preeclampsia, gestational diabetes, and prenatal hypertension than mothers
without OSA.

Pregnant women with OSA have a higher chance
of having LBW, preterm, and SGA children, CS,
and preeclampsia.

Kneitel AW et al.
(2018) [100]

There were no notable differences in the proportion of children with birth
weight <10th centile between women with and without OSA (23 vs.25%,
p=1.0). However, there were significant variations in the proportion of fetal
growth slowing in the last trimester of pregnancy (61 vs. 29%, p=0.0095)

Positive airway pressure is likely to help with the
reduced fetal development associated with OSA.

Telerant A et al. (2018)
[101] Rapid fetal growth in the third trimester

Mild OSA is associated with significantly higher
birth weight percentiles, longer gestational age,
increased birth length, and thicker triceps in
newborns.

Brener A et al. (2020)
[102]

Children of mothers with mild SDB had a compromised weight-to-length ratio
at birth, rapid catch-up growth, and increased weight status with enhanced
adiposity acquisition throughout the first three years of life. Additionally, they
had a significantly smaller head circumference at birth (P = 0.004), exhibiting
a distinctive pattern of catch-up growth by the end of the first year of life
(P = 0.018).

The intrauterine environment of a mother with
mild SDB affects growth and adiposity acquisition,
along with the expansion of head circumference
during the first three years of life.

Bourjeily G et al.
(2019) [48]

Higher risk of congenital anomalies in offspring (aOR 1.26, 1.11 to 1.43), with
the highest risk of musculoskeletal anomalies (aOR 1.89, 1.16 to 3.07).
Preterm birth was found to be more common (31.3% vs. 13.0%, p < 0.001),
also these infants needed longer hospital stays (8.28 + 14.5 vs. 3.97 + 8.63
days, p < 0.001)

OSA is linked to several
congenital anomalies; preterm birth, birth
complications, and longer hospital stays.

Tauman R et al. (2015)
[103]

Sixty-four % of infants born to mothers with SDB had a low social
developmental score at 12 months (adjusted p = .036; odds ratio, 16.7).
Moreover, 41.7% of mothers with SDB reported infant snoring compared to
7.5% of controls. (p = .004).

Maternal SDB during pregnancy may affect social
development at 1 year and is also related to higher
chances of snoring in infants.
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According  to  a  study  by  Riva  Tauman  et  al.,  64%  of
infants  born  to  women  with  SDB  had  a  low  social
developmental score at 12 months, compared with 25% of
infants  born  to  controls  (adjusted  p  =  .036;  odds  ratio,
2.6).  Additionally,  41.7%  of  mothers  with  SDB  reported
that their infants snored, compared to 7.5% of controls (p
= .004) [103]. Looking forward, various enhancements in
healthcare  technology  can  help  transform  the  screening
and diagnosis of OSA in pregnancy. Recent advancements,
including wearable home sleep apnea testing tools such as
the Watch-PAT device, can facilitate remote sleep pattern
monitoring  without  transferring  raw  data,  thereby  pre-
serving  patient  privacy,  a  crucial  consideration  in
maternal  healthcare.  Federated  learning  is  a  privacy-
preserving,  decentralized approach to  data  analysis  that
keeps personal health information on local devices, while
still allowing different hospitals, researchers, or devices to
work together by sharing only model updates, not the raw
data itself. A recent review on federated learning in smart
healthcare highlights how Internet of  Things (IoT) appli-
cations can help clinicians make diagnosis and treatment
decisions based on real-time data, rather than relying on
periodic checkups. This can help reduce patient hospital
visits and improve their quality of life [64, 104].

CONCLUSION
OSA  during  pregnancy  is  a  multifactorial  condition

influenced  by  anatomical  vulnerability  and  pregnancy-
related  hormonal  variations,  resulting  in  intermittent
hypoxia and disrupted sleep, which may negatively impact
both the mother and the health of the fetus. The mother is
prone  to  the  development  of  gestational  diabetes,  pre-
eclampsia,  hypertensive  disorders,  cardiomyopathy,  and
major depressive disorder. For the fetus, maternal OSA is
linked  to  both  growth  restriction  and  macrosomia,  in-
creased  risks  of  preterm  birth,  congenital  anomalies,
neurodevelopmental  alterations,  and  greater  neonatal
morbidity. While various studies have been investigating
the  link  between  maternal  OSA  and  the  maternal-fetal
outcomes, most of these are observational in nature with
inconsistent outcomes.

The American Society of Sleep Medicine (AASM) advo-
cates for routine screening using tools such as the STOP-
BANG Questionnaire, formal polysomnography (PSG), and
home-based  apnea  testing  (HSAT).  Despite  these  mea-
sures,  underdiagnosis  remains  common  due  to  non-
specific  symptoms  and  the  lack  of  validated  pregnancy-
specific screening tools. CPAP therapy has been shown to
mitigate some adverse outcomes, particularly fetal growth
restriction and maternal cardiovascular effects, although
treatment adherence and pregnancy-specific data remain
limited.  BiPAP  and  implantable  devices  such  as  hypo-
glossal nerve stimulators are other options; however, their
use  in  pregnancy  is  less  documented.  Surgical  methods
may be effective, but they are rarely recommended during
pregnancy due to insufficient evidence of their safety and
effectiveness.  Further  well-designed  prospective  studies
are needed to clarify the association between OSA during
pregnancy  and  maternal-fetal  outcomes,  as  well  as  the
efficacy and long-term effects of treatment.

AUTHORS’ CONTRIBUTIONS
It  is  hereby  acknowledged  that  all  authors  have

accepted responsibility  for  the manuscript's  content  and
consented  to  its  submission.  They  have  meticulously
reviewed all  results  and  unanimously  approved  the  final
version of the manuscript.

LIST OF ABBREVIATIONS

OSA = Obstructive Sleep Apnea
IUGR = Intrauterine Growth Retardation
PAP = Positive Airway Pressure
CPAP = Continuous Positive Airway

Pressure
BiPAP = Bilevel Positive Airway Pressure
AASM = American Academy of Sleep

Medicine
HDP = Hypertensive Disorders of

Pregnancy
BMI = Body Mass Index
hCG = human Chorionic Gonadotropin
hPL = human Placental Lactogen
ROS = Reactive Oxygen Species
NFKB = Nuclear Factor Kappa B
TNF-alpha = tissue necrosis factor-alpha
NO = Nitric Oxide
CO2 = Carbon dioxide
IL = Interleukin
GDM = Gestational Diabetes Mellitus
GAD = Generalized Anxiety Disorder
PTSD = Post-traumatic Stress Disorder
SGA = Small-for-gestational-age
LBW = Low Birth Weight
LGA = Large-for-gestational-age
NRDS = Neonatal Respiratory Distress

Syndrome
PTB = Preterm Birth
REM = Rapid Eye Movement
NREM = Non-rapid Eye Movement
SDB = Sleep-disordered Breathing
EPDS = Edinburgh Postnatal Depression

Scale
ESS = Epworth Sleepiness Scale
STOP
Questionnaire

= Snoring Tiredness, Observed
Apnea, High Blood Pressure
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STOP-Bang
Questionnaire-
STOP
Questionnaire
plus BMI

= Age, Neck Circumference, and
Gender

BATE = BMI and Tongue enlargement
PSG = Polysomnography
AHI = Apnea-hypopnea Index
RDI = Respiratory Disturbance Index
REI = Respiratory Event Index
RERAs = Respiratory Effort-related Arousals
HST = Home Sleep Test
ODI = Oxygen Desaturation Index
HGNS = Hypoglossal nerve stimulation
MAD = Mandibular advancement devices
MMA = Maxillomandibular Advancement

Surgery
NIS = National Inpatient Sample
CAIX = Carbonic Anhydrase IX
WCB = Womb cell Samples
CS = Cesarean section

CONSENT FOR PUBLICATION
Not applicable.

FUNDING
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES
Loscalzo J, Fauci AS, Kasper DL, Hauser SL, Longo DL, Jameson[1]
JL.  Harrison’s  Principles  of  Internal  Medicine.  (21st  ed.).  New
York: McGraw-Hill 2022; Vol. 1.
Benjafield  AV,  Ayas  NT,  Eastwood  PR,  et  al.  Estimation  of  the[2]
global  prevalence  and  burden  of  obstructive  sleep  apnoea:  A
literature-based analysis. Lancet Respir Med 2019; 7(8): 687-98.
http://dx.doi.org/10.1016/S2213-2600(19)30198-5  PMID:
31300334
Rising prevalence of sleep apnea in U.S. threatens public health -[3]
American  Academy  of  Sleep  Medicine  –  Association  for  Sleep
Clinicians  and  Researchers.  2014.  <comment
xmlns:xlink="http://www.w3.org/1999/xlink"
xmlns:mml="http://www.w3.org/1998/Math/MathML">Available
from:  <ext-link  ext-link-type="uri"
xlink:href="https://aasm.org/rising-prevalence-of-sleep-apnea-in-u
-s-threatens-public-
health/">https://aasm.org/rising-prevalence-of-sleep-apnea-in-u-s-t
hreatens-public-health/</ext-link></comment>
Braley  TJ,  Dunietz  GL,  Chervin  RD,  Lisabeth  LD,  Skolarus  LE,[4]
Burke JF. Recognition and diagnosis of obstructive sleep apnea in

older americans. J Am Geriatr Soc 2018; 66(7): 1296-302.
http://dx.doi.org/10.1111/jgs.15372 PMID: 29744855
Obstructive  Sleep  Apnea.  2008.  <comment[5]
xmlns:xlink="http://www.w3.org/1999/xlink"
xmlns:mml="http://www.w3.org/1998/Math/MathML">Available
from:  <ext-link  ext-link-type="uri"
xlink:href="https://aasm.org/resources/factsheets/sleepapnea.pdf"
>https://aasm.org/resources/factsheets/sleepapnea.pdf</ext-link>
</comment>
Kulkas  A,  Duce  B,  Leppänen  T,  Hukins  C,  Töyräs  J.  Gender[6]
differences in severity of desaturation events following hypopnea
and obstructive apnea events in adults during sleep. Physiol Meas
2017; 38(8): 1490-502.
http://dx.doi.org/10.1088/1361-6579/aa7b6f PMID: 28745298
Kritikou I, Basta M, Tappouni R, et al. Sleep apnoea and visceral[7]
adiposity in middle-aged male and female subjects. Eur Respir J
2013; 41(3): 601-9.
http://dx.doi.org/10.1183/09031936.00183411 PMID: 22743670
Bonsignore  MR,  Saaresranta  T,  Riha  RL.  Sex  differences  in[8]
obstructive sleep apnoea. Eur Respir Rev 2019; 28(154): 190030.
http://dx.doi.org/10.1183/16000617.0030-2019 PMID: 31694839
Ouzounian  JG,  Elkayam  U.  Physiologic  changes  during  normal[9]
pregnancy and delivery. Cardiol Clin 2012; 30(3): 317-29.
http://dx.doi.org/10.1016/j.ccl.2012.05.004 PMID: 22813360
Reid J, Glew RA, Skomro R, et al. Sleep disordered breathing and[10]
gestational hypertension: Postpartum follow-up study. Sleep 2013;
36(5): 717-21.
http://dx.doi.org/10.5665/sleep.2634 PMID: 23633754
Edwards  N,  Blyton  DM,  Hennessy  A,  Sullivan  CE.  Severity  of[11]
sleep-disordered breathing improves following parturition. Sleep
2005; 28(6): 737-41.
http://dx.doi.org/10.1093/sleep/28.6.737 PMID: 16477961
Sarberg M, Svanborg E, Wiréhn AB, Josefsson A. Snoring during[12]
pregnancy and its relation to sleepiness and pregnancy outcome -
a prospective study. BMC Pregnancy Childbirth 2014; 14(1): 15.
http://dx.doi.org/10.1186/1471-2393-14-15 PMID: 24418321
Ghesquière  L,  Deruelle  P,  Ramdane  Y,  Garabedian  C,  Charley-[13]
Monaca  C,  Dalmas  A  F.  Obstructive  sleep  apnea  in  obese
pregnant  women:  A  prospective  study.  PLoS  One  2020;  15(9):
e0238733.
http://dx.doi.org/10.1371/journal.pone.0238733  PMID:  32898189
PMCID: PMC7478531
Bourjeily  G,  Mazer J,  J  Paglia M. Outcomes of  sleep disordered[14]
breathing in pregnancy. Open Sleep J 2013; 6(1): 28-36.
http://dx.doi.org/10.2174/1874620901306010028
Ravishankar  S,  Bourjeily  G,  Lambert-Messerlian  G,  He  M,  De[15]
Paepe  ME,  Gündoğan  F.  Evidence  of  placental  hypoxia  in
maternal  sleep  disordered  breathing.  Pediatr  Dev  Pathol  2015;
18(5): 380-6.
http://dx.doi.org/10.2350/15-06-1647-OA.1 PMID: 26186234
Sağ İ, Cakmak B, Üstünyurt E. Obstructive sleep apnea syndrome[16]
is  associated  with  maternal  complications  in  pregnant  women.
Ginekol Pol 2021; 92(8): 571-4.
http://dx.doi.org/10.5603/GP.a2020.0161 PMID: 33844259
Redhead  K,  Walsh  J,  Galbally  M,  Newnham  JP,  Watson  SJ,[17]
Eastwood  P.  Obstructive  sleep  apnea  is  associated  with
depressive symptoms in pregnancy. Sleep 2020; 43(5): zsz270.
http://dx.doi.org/10.1093/sleep/zsz270 PMID: 31782959
Gangakhedkar  GR,  Kulkarni  AP.  Physiological  changes  in[18]
pregnancy. Indian J Crit Care Med 2022; 25(S3): S189-92. (Suppl.
3)
http://dx.doi.org/10.5005/jp-journals-10071-24039  PMID:
35615611
Jung C, Ho JT, Torpy DJ, et al. A longitudinal study of plasma and[19]
urinary cortisol in pregnancy and postpartum. J Clin Endocrinol
Metab 2011; 96(5): 1533-40.
http://dx.doi.org/10.1210/jc.2010-2395 PMID: 21367926
Venkata C, Venkateshiah SB. Sleep-disordered breathing during[20]
pregnancy. J Am Board Fam Med 2009; 22(2): 158-68.
http://dx.doi.org/10.3122/jabfm.2009.02.080057 PMID: 19264939

http://dx.doi.org/10.1016/S2213-2600(19)30198-5
http://www.ncbi.nlm.nih.gov/pubmed/31300334
http://dx.doi.org/10.1111/jgs.15372
http://www.ncbi.nlm.nih.gov/pubmed/29744855
http://dx.doi.org/10.1088/1361-6579/aa7b6f
http://www.ncbi.nlm.nih.gov/pubmed/28745298
http://dx.doi.org/10.1183/09031936.00183411
http://www.ncbi.nlm.nih.gov/pubmed/22743670
http://dx.doi.org/10.1183/16000617.0030-2019
http://www.ncbi.nlm.nih.gov/pubmed/31694839
http://dx.doi.org/10.1016/j.ccl.2012.05.004
http://www.ncbi.nlm.nih.gov/pubmed/22813360
http://dx.doi.org/10.5665/sleep.2634
http://www.ncbi.nlm.nih.gov/pubmed/23633754
http://dx.doi.org/10.1093/sleep/28.6.737
http://www.ncbi.nlm.nih.gov/pubmed/16477961
http://dx.doi.org/10.1186/1471-2393-14-15
http://www.ncbi.nlm.nih.gov/pubmed/24418321
http://dx.doi.org/10.1371/journal.pone.0238733
http://www.ncbi.nlm.nih.gov/pubmed/32898189
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7478531
http://dx.doi.org/10.2174/1874620901306010028
http://dx.doi.org/10.2350/15-06-1647-OA.1
http://www.ncbi.nlm.nih.gov/pubmed/26186234
http://dx.doi.org/10.5603/GP.a2020.0161
http://www.ncbi.nlm.nih.gov/pubmed/33844259
http://dx.doi.org/10.1093/sleep/zsz270
http://www.ncbi.nlm.nih.gov/pubmed/31782959
http://dx.doi.org/10.5005/jp-journals-10071-24039
http://www.ncbi.nlm.nih.gov/pubmed/35615611
http://dx.doi.org/10.1210/jc.2010-2395
http://www.ncbi.nlm.nih.gov/pubmed/21367926
http://dx.doi.org/10.3122/jabfm.2009.02.080057
http://www.ncbi.nlm.nih.gov/pubmed/19264939


Obstructive Sleep Apnea in Pregnancy 13

Lee  J,  Eklund  EE,  Lambert-Messerlian  G,  et  al.  Serum[21]
progesterone  levels  in  pregnant  women  with  obstructive  sleep
apnea:  A  case  control  study.  J  Womens  Health  2017;  26(3):
259-65.
http://dx.doi.org/10.1089/jwh.2016.5917 PMID: 28103130
Philpott CM, Conboy P, Al-Azzawi F, Murty G. Nasal physiological[22]
changes  during  pregnancy.  Clin  Otolaryngol  Allied  Sci  2004;
29(4): 343-51.
http://dx.doi.org/10.1111/j.1365-2273.2004.00815.x  PMID:
15270820
Karataş  M,  Çam  OH,  Tekin  M.  Assessment  of  nasal  airway[23]
patency  during  pregnancy  and  postpartum  period:  Correlation
between subjective and objective techniques. Kulak Burun Bogaz
Ihtis Derg 2016; 26(2): 92-100.
http://dx.doi.org/10.5606/kbbihtisas.2016.34545 PMID: 26890711
Maxwell M, Sanapo L, Monteiro K, et al. Impact of nasal dilator[24]
strips on measures of sleep-disordered breathing in pregnancy. J
Clin Sleep Med 2022; 18(2): 477-83.
http://dx.doi.org/10.5664/jcsm.9624 PMID: 34432628
Brown  EF,  Fronius  M,  Brown  CH.  Vasopressin  regulation  of[25]
maternal body fluid balance in pregnancy and lactation: A role for
TRPV channels? Mol Cell Endocrinol 2022; 558: 111764.
http://dx.doi.org/10.1016/j.mce.2022.111764 PMID: 36038076
Vajanthri  SY,  Mohammed  S,  Kumar  M,  et  al.  Evaluation  of[26]
ultrasound  airway  assessment  parameters  in  pregnant  patients
and  their  comparison  with  that  of  non-pregnant  women:  A
prospective cohort study. Int J Obstet Anesth 2023; 53: 103623-3.
http://dx.doi.org/10.1016/j.ijoa.2022.103623 PMID: 36682134
Challis  JR,  Lockwood  CJ,  Myatt  L,  Norman  JE,  Strauss  JF,[27]
Petraglia F. Inflammation and Pregnancy. Reprod Sci 2009; 16(2):
206-15.
http://dx.doi.org/10.1177/1933719108329095 PMID: 19208789
Liu L, Su G, Wang S, Zhu B. The prevalence of obstructive sleep[28]
apnea  and  its  association  with  pregnancy-related  health
outcomes: A systematic review and meta-analysis. Sleep Breath
2018.
PMID: 30255484
Arnardottir  ES,  Mackiewicz  M,  Gislason  T,  Teff  KL,  Pack  AI.[29]
Molecular  signatures  of  obstructive  sleep  apnea  in  adults:  A
review and perspective. Sleep 2009; 32(4): 447-70.
http://dx.doi.org/10.1093/sleep/32.4.447 PMID: 19413140
St-Onge  MP,  Zuraikat  FM,  Laferrère  B,  Jelic  S,  Aggarwal  B.[30]
Response to comment on zuraikat et al. chronic insufficient sleep
in  women  impairs  insulin  sensitivity  independent  of  adiposity
changes:  Results  of  a  randomized  trial.  Diabetes  care
2024;47:117–125.  Diabetes  Care  2024;  47(4):  e37-8.
http://dx.doi.org/10.2337/dci24-0013 PMID: 38527119
Rice AL, Bajaj S, Wiedmer AM, et al. Continuous positive airway[31]
pressure treatment of obstructive sleep apnea and hypertensive
complications in high-risk pregnancy. Sleep Breath 2023; 27(2):
621-9.
http://dx.doi.org/10.1007/s11325-022-02669-0 PMID: 35750926
Serednytskyy  O,  Alonso-Fernández  A,  Ribot  C,  et  al.  Systemic[32]
inflammation and sympathetic activation in gestational diabetes
mellitus  with  obstructive  sleep  apnea.  BMC  Pulm  Med  2022;
22(1): 94.
http://dx.doi.org/10.1186/s12890-022-01888-1 PMID: 35303833
Chen  L,  Kuang  J,  Pei  JH,  et  al.  Continuous  positive  airway[33]
pressure  and  diabetes  risk  in  sleep  apnea  patients:  A  systemic
review and meta-analysis. Eur J Intern Med 2017; 39: 39-50.
http://dx.doi.org/10.1016/j.ejim.2016.11.010 PMID: 27914881
Meo SA, Hassain A. Metabolic physiology in pregnancy. J Pak Med[34]
Assoc 2016; 66(9): S8-S10. (Suppl. 1)
PMID: 27582161
Uchôa  CHG,  Pedrosa  RP,  Javaheri  S,  et  al.  OSA  and  prognosis[35]
after  acute  cardiogenic  pulmonary  edema.  Chest  2017;  152(6):
1230-8.
http://dx.doi.org/10.1016/j.chest.2017.08.003 PMID: 28823814
May  AM,  Van  Wagoner  DR,  Mehra  R.  OSA  and  Cardiac[36]
Arrhythmogenesis. Chest 2017; 151(1): 225-41.

http://dx.doi.org/10.1016/j.chest.2016.09.014 PMID: 27693594
Jia G, Whaley-Connell A, Sowers JR. Diabetic cardiomyopathy: A[37]
hyperglycaemia-  and  insulin-resistance-induced  heart  disease.
Diabetologia  2018;  61(1):  21-8.
http://dx.doi.org/10.1007/s00125-017-4390-4 PMID: 28776083
Dennis AT, Solnordal CB. Acute pulmonary oedema in pregnant[38]
women. Anaesthesia 2012; 67(6): 646-59.
http://dx.doi.org/10.1111/j.1365-2044.2012.07055.x  PMID:
22420683
Brown NT, Turner JM, Kumar S. The intrapartum and perinatal[39]
risks  of  sleep-disordered  breathing  in  pregnancy:  A  systematic
review  and  metaanalysis.  Am  J  Obstet  Gynecol  2018;  219(2):
147-161.e1.
http://dx.doi.org/10.1016/j.ajog.2018.02.004 PMID: 29454869
Bourjeily  G,  Danilack  VA,  Bublitz  MH,  et  al.  Obstructive  sleep[40]
apnea  in  pregnancy  is  associated  with  adverse  maternal
outcomes:  A  national  cohort.  Sleep  Med  2017;  38:  50-7.
http://dx.doi.org/10.1016/j.sleep.2017.06.035 PMID: 29031756
Rubio  E,  Levey  EJ,  Rondon  MB,  et  al.  Poor  sleep  quality  and[41]
obstructive sleep apnea are associated with maternal mood, and
anxiety  disorders  in  pregnancy.  Matern  Child  Health  J  2022;
26(7): 1540-8.
http://dx.doi.org/10.1007/s10995-022-03449-8 PMID: 35596848
Yang Z, Zhu Z, Wang C, Zhang F, Zeng H. Association between[42]
adverse  perinatal  outcomes  and  sleep  disturbances  during
pregnancy: A systematic review and meta-analysis. J Matern Fetal
Neonatal Med 2020; 1-9.
PMID: 31902261
McCurdy  BH,  Weems  CF,  Bradley  T,  Matlow  R,  Carrión  VG.[43]
Evidence of differential prediction of anxiety and depression by
diurnal  alpha‐amylase  and  cortisol  in  development.  Dev
Psychobiol  2024;  66(7):  e22549.
http://dx.doi.org/10.1002/dev.22549 PMID: 39268571
Bloch  M,  Aharonov  I,  Ben  Avi  I,  et  al.  Gonadal  steroids  and[44]
affective  symptoms  during  in  vitro  fertilization:  Implication  for
reproductive  mood  disorders.  Psychoneuroendocrinology  2011;
36(6): 790-6.
http://dx.doi.org/10.1016/j.psyneuen.2010.10.018  PMID:
21106297
Kahn-Greene ET, Killgore DB, Kamimori GH, Balkin TJ, Killgore[45]
WDS.  The  effects  of  sleep  deprivation  on  symptoms  of
psychopathology in healthy adults. Sleep Med 2007; 8(3): 215-21.
http://dx.doi.org/10.1016/j.sleep.2006.08.007 PMID: 17368979
Chellappa SL, Aeschbach D. Sleep and anxiety: From mechanisms[46]
to interventions. Sleep Med Rev 2022; 61: 101583.
http://dx.doi.org/10.1016/j.smrv.2021.101583 PMID: 34979437
Nalivaeva NN, Turner AJ, Zhuravin IA. Role of prenatal hypoxia in[47]
brain development, cognitive functions, and neurodegeneration.
Front Neurosci 2018; 12: 825.
http://dx.doi.org/10.3389/fnins.2018.00825 PMID: 30510498
Bourjeily G, Danilack VA, Bublitz MH, Muri J, Rosene-Montella K,[48]
Lipkind H. Maternal obstructive sleep apnea and neonatal birth
outcomes  in  a  population  based  sample.  Sleep  Med  2020;  66:
233-40.
http://dx.doi.org/10.1016/j.sleep.2019.01.019 PMID: 31981755
Ducsay  CA,  Goyal  R,  Pearce  WJ,  Wilson  S,  Hu  XQ,  Zhang  L.[49]
Gestational  hypoxia  and  developmental  plasticity.  Physiol  Rev
2018; 98(3): 1241-334.
http://dx.doi.org/10.1152/physrev.00043.2017 PMID: 29717932
Sanapo  L,  Hackethal  S,  Bublitz  MH,  et  al.  Maternal  sleep[50]
disordered breathing and offspring growth outcome: A systematic
review and meta-analysis. Sleep Med Rev 2024; 73: 101868-8.
http://dx.doi.org/10.1016/j.smrv.2023.101868 PMID: 37956482
Lu  Q,  Zhang  X,  Wang  Y,  et  al.  Sleep  disturbances  during[51]
pregnancy and adverse maternal and fetal outcomes: A systematic
review and meta-analysis. Sleep Med Rev 2021; 58: 101436.
http://dx.doi.org/10.1016/j.smrv.2021.101436 PMID: 33571887
Romero R, Dey SK, Fisher SJ. Preterm labor: One syndrome, many[52]
causes. Science 2014; 345(6198): 760-5.
http://dx.doi.org/10.1126/science.1251816 PMID: 25124429

http://dx.doi.org/10.1089/jwh.2016.5917
http://www.ncbi.nlm.nih.gov/pubmed/28103130
http://dx.doi.org/10.1111/j.1365-2273.2004.00815.x
http://www.ncbi.nlm.nih.gov/pubmed/15270820
http://dx.doi.org/10.5606/kbbihtisas.2016.34545
http://www.ncbi.nlm.nih.gov/pubmed/26890711
http://dx.doi.org/10.5664/jcsm.9624
http://www.ncbi.nlm.nih.gov/pubmed/34432628
http://dx.doi.org/10.1016/j.mce.2022.111764
http://www.ncbi.nlm.nih.gov/pubmed/36038076
http://dx.doi.org/10.1016/j.ijoa.2022.103623
http://www.ncbi.nlm.nih.gov/pubmed/36682134
http://dx.doi.org/10.1177/1933719108329095
http://www.ncbi.nlm.nih.gov/pubmed/19208789
http://www.ncbi.nlm.nih.gov/pubmed/30255484
http://dx.doi.org/10.1093/sleep/32.4.447
http://www.ncbi.nlm.nih.gov/pubmed/19413140
http://dx.doi.org/10.2337/dci24-0013
http://www.ncbi.nlm.nih.gov/pubmed/38527119
http://dx.doi.org/10.1007/s11325-022-02669-0
http://www.ncbi.nlm.nih.gov/pubmed/35750926
http://dx.doi.org/10.1186/s12890-022-01888-1
http://www.ncbi.nlm.nih.gov/pubmed/35303833
http://dx.doi.org/10.1016/j.ejim.2016.11.010
http://www.ncbi.nlm.nih.gov/pubmed/27914881
http://www.ncbi.nlm.nih.gov/pubmed/27582161
http://dx.doi.org/10.1016/j.chest.2017.08.003
http://www.ncbi.nlm.nih.gov/pubmed/28823814
http://dx.doi.org/10.1016/j.chest.2016.09.014
http://www.ncbi.nlm.nih.gov/pubmed/27693594
http://dx.doi.org/10.1007/s00125-017-4390-4
http://www.ncbi.nlm.nih.gov/pubmed/28776083
http://dx.doi.org/10.1111/j.1365-2044.2012.07055.x
http://www.ncbi.nlm.nih.gov/pubmed/22420683
http://dx.doi.org/10.1016/j.ajog.2018.02.004
http://www.ncbi.nlm.nih.gov/pubmed/29454869
http://dx.doi.org/10.1016/j.sleep.2017.06.035
http://www.ncbi.nlm.nih.gov/pubmed/29031756
http://dx.doi.org/10.1007/s10995-022-03449-8
http://www.ncbi.nlm.nih.gov/pubmed/35596848
http://www.ncbi.nlm.nih.gov/pubmed/31902261
http://dx.doi.org/10.1002/dev.22549
http://www.ncbi.nlm.nih.gov/pubmed/39268571
http://dx.doi.org/10.1016/j.psyneuen.2010.10.018
http://www.ncbi.nlm.nih.gov/pubmed/21106297
http://dx.doi.org/10.1016/j.sleep.2006.08.007
http://www.ncbi.nlm.nih.gov/pubmed/17368979
http://dx.doi.org/10.1016/j.smrv.2021.101583
http://www.ncbi.nlm.nih.gov/pubmed/34979437
http://dx.doi.org/10.3389/fnins.2018.00825
http://www.ncbi.nlm.nih.gov/pubmed/30510498
http://dx.doi.org/10.1016/j.sleep.2019.01.019
http://www.ncbi.nlm.nih.gov/pubmed/31981755
http://dx.doi.org/10.1152/physrev.00043.2017
http://www.ncbi.nlm.nih.gov/pubmed/29717932
http://dx.doi.org/10.1016/j.smrv.2023.101868
http://www.ncbi.nlm.nih.gov/pubmed/37956482
http://dx.doi.org/10.1016/j.smrv.2021.101436
http://www.ncbi.nlm.nih.gov/pubmed/33571887
http://dx.doi.org/10.1126/science.1251816
http://www.ncbi.nlm.nih.gov/pubmed/25124429


14   The Open Respiratory Medicine Journal, 2025, Vol. 19 Dhamelia et al.

Goyal  M,  Johnson  J.  Obstructive  sleep  apnea  diagnosis  and[53]
management. Mo Med 2017; 114(2): 120-4.
PMID: 30228558
Berry  RB,  Budhiraja  R,  Gottlieb  DJ,  et  al.  Rules  for  scoring[54]
respiratory events in sleep: Update of the 2007 AASM Manual for
the  Scoring  of  Sleep  and  Associated  Events.  J  Clin  Sleep  Med
2012; 8(5): 597-619.
http://dx.doi.org/10.5664/jcsm.2172 PMID: 23066376
Tantrakul  V,  Ingsathit  A,  Liamsombut  S,  et  al.  Treatment  of[55]
obstructive  sleep  apnea  in  high  risk  pregnancy:  A  multicenter
randomized controlled trial. Respir Res 2023; 24(1): 171.
http://dx.doi.org/10.1186/s12931-023-02445-y PMID: 37370135
Jonas DE, Amick HR, Feltner C, et al. Screening for obstructive[56]
sleep apnea in adults. JAMA 2017; 317(4): 415-33.
http://dx.doi.org/10.1001/jama.2016.19635 PMID: 28118460
Tantrakul  V,  Sirijanchune  P,  Panburana  P,  et  al.  Screening  of[57]
obstructive  sleep  apnea  during  pregnancy:  Differences  in
predictive values of questionnaires across trimesters. J Clin Sleep
Med 2015; 11(2): 157-63.
http://dx.doi.org/10.5664/jcsm.4464 PMID: 25406273
Facco FL, Ouyang DW, Zee PC, Grobman WA. Development of a[58]
pregnancy-specific  screening  tool  for  sleep  apnea.  J  Clin  Sleep
Med 2012; 8(4): 389-94.
http://dx.doi.org/10.5664/jcsm.2030 PMID: 22893769
Facco  FL,  Kramer  J,  Ho  KH,  Zee  PC,  Grobman  WA.  Sleep[59]
disturbances in pregnancy. Obstet Gynecol 2010; 115(1): 77-83.
http://dx.doi.org/10.1097/AOG.0b013e3181c4f8ec  PMID:
20027038
Tantrakul V, Numthavaj P, Guilleminault C, et al. Performance of[60]
screening  questionnaires  for  obstructive  sleep  apnea  during
pregnancy: A systematic review and meta-analysis. Sleep Med Rev
2017; 36: 96-106.
http://dx.doi.org/10.1016/j.smrv.2016.11.003 PMID: 28007402
Izci Balserak B, Pien GW, Prasad B, et al. Obstructive sleep apnea[61]
is associated with newly diagnosed gestational diabetes mellitus.
Ann Am Thorac Soc 2020; 17(6): 754-61.
http://dx.doi.org/10.1513/AnnalsATS.201906-473OC  PMID:
32040334
Aurora RN, Putcha N, Swartz R, Punjabi NM. Agreement between[62]
results of home sleep testing for obstructive sleep apnea with and
without a sleep specialist. Am J Med 2016; 129(7): 725-30.
http://dx.doi.org/10.1016/j.amjmed.2016.02.015 PMID: 26968467
Dominguez JE, Krystal AD, Habib AS. Obstructive sleep apnea in[63]
pregnant  women:  A  review  of  pregnancy  outcomes  and  an
approach to management. Anesth Analg 2018; 127(5): 1167-77.
http://dx.doi.org/10.1213/ANE.0000000000003335  PMID:
29649034
O’Brien LM, Bullough AS, Shelgikar AV, Chames MC, Armitage R,[64]
Chervin  RD.  Validation  of  Watch-PAT-200  against
polysomnography during pregnancy. J Clin Sleep Med 2012; 8(3):
287-94.
http://dx.doi.org/10.5664/jcsm.1916 PMID: 22701386
Kember A J, Elangainesan Praniya, Ferraro Z M, Jones C, Hobson[65]
S. Common sleep disorders in pregnancy: A review. Frontiers in
Medicine 2023; 10
http://dx.doi.org/10.3389/fmed.2023.1194803
Epstein  LJ,  Kristo  D,  Strollo  PJ.  Clinical  guideline  for  the[66]
evaluation, management and long-term care of obstructive sleep
apnea  in  adults.  2009.  <comment
xmlns:xlink="http://www.w3.org/1999/xlink"
xmlns:mml="http://www.w3.org/1998/Math/MathML">Available
from:  <ext-link  ext-link-type="uri"
xlink:href="https://pubmed.ncbi.nlm.nih.gov/19960649/">https://
pubmed.ncbi.nlm.nih.gov/19960649/</ext-link></comment>
Carneiro  G,  Zanella  MT.  Obesity  metabolic  and  hormonal[67]
disorders  associated  with  obstructive  sleep  apnea  and  their
impact on the risk of cardiovascular events. Metabolism 2018; 84:
76-84.
http://dx.doi.org/10.1016/j.metabol.2018.03.008 PMID: 29534971
Ng SSS, Chan RSM, Woo J, et al. A Randomized controlled study[68]

to examine the effect of a lifestyle modification program in OSA.
Chest 2015; 148(5): 1193-203.
http://dx.doi.org/10.1378/chest.14-3016 PMID: 25763792
Zafereo  ME,  Taylor  RJ,  Pereira  KD.  Supraglottoplasty  for[69]
laryngomalacia with obstructive sleep apnea. Laryngoscope 2008;
118(10): 1873-7.
http://dx.doi.org/10.1097/MLG.0b013e31817e7441  PMID:
18641529
Malhamé I, Bublitz MH, Wilson D, Sanapo L, Rochin E, Bourjeily[70]
G.  Sleep  disordered  breathing  and  the  risk  of  severe  maternal
morbidity in women with preeclampsia: A population-based study.
Pregnancy Hypertens 2022; 30: 215-20.
http://dx.doi.org/10.1016/j.preghy.2022.10.013 PMID: 36343510
Currie  AC,  Kaur  V,  Carey  I,  et  al.  Obstructive  sleep  apnea[71]
remission following bariatric surgery: A national registry cohort
study. Surg Obes Relat Dis 2021; 17(9): 1576-82.
http://dx.doi.org/10.1016/j.soard.2021.05.021 PMID: 34187745
Akhter Z, Rankin J, Ceulemans D, et al. Pregnancy after bariatric[72]
surgery and adverse perinatal outcomes: A systematic review and
meta-analysis. PLoS Med 2019; 16(8): e1002866.
http://dx.doi.org/10.1371/journal.pmed.1002866 PMID: 31386658
PMCID: PMC6684044
Lee YC, Chang YC, Tseng LW, et al. Continuous positive airway[73]
pressure  treatment  and  hypertensive  adverse  outcomes  in
pregnancy.  JAMA  Netw  Open  2024;  7(8):  e2427557-.
http://dx.doi.org/10.1001/jamanetworkopen.2024.27557  PMID:
39136943
Izci-Balserak  B,  Pien  GW.  Sleep-disordered  breathing  and[74]
pregnancy: Potential mechanisms and evidence for maternal and
fetal morbidity. Curr Opin Pulm Med 2010; 16(6): 574-82.
http://dx.doi.org/10.1097/MCP.0b013e32833f0d55  PMID:
20859210
Migueis  DP,  Urel  A,  Dos  Santos  CC,  Accetta  A,  Burla  M.  The[75]
cardiovascular, metabolic, fetal and neonatal effects of CPAP use
in pregnant women: A systematic review. Sleep Sci 2022; 15(Spec
1): 264-77.
PMID: 35273777
Chirakalwasan  N,  Amnakkittikul  S,  Wanitcharoenkul  E,  et  al.[76]
Continuous  positive  airway  pressure  therapy  in  gestational
diabetes with obstructive sleep apnea: A randomized controlled
trial. J Clin Sleep Med 2018; 14(3): 327-36.
http://dx.doi.org/10.5664/jcsm.6972 PMID: 29458699
Xie X, Pan L, Ren D, Du C, Guo Y. Effects of continuous positive[77]
airway pressure therapy on systemic inflammation in obstructive
sleep apnea: A meta-analysis. Sleep Med 2013; 14(11): 1139-50.
http://dx.doi.org/10.1016/j.sleep.2013.07.006 PMID: 24054505
Katz-Papatheophilou  E,  Heindl  W,  Gelbmann  H,  Hollaus  P,[78]
Neumann  M.  Effects  of  biphasic  positive  airway  pressure  in
patients with chronic obstructive pulmonary disease. Eur Respir J
2000; 15(3): 498-504.
http://dx.doi.org/10.1183/09031936.00.15349700  PMID:
10759443
Omobomi O, Quan SF. BPAP for CPAP failures: For the many or[79]
the few. Respirology 2020; 25(4): 358-9.
http://dx.doi.org/10.1111/resp.13687 PMID: 31441156
Tondo P, Pronzato C, Risi I, et al. Switch of nocturnal non-invasive[80]
positive pressure ventilation (NPPV) in  obstructive sleep apnea
(OSA). J Clin Med 2022; 11(11): 3157.
http://dx.doi.org/10.3390/jcm11113157 PMID: 35683544
Li H, Hu C, Xia J, et al. A comparison of bilevel and continuous[81]
positive  airway  pressure  noninvasive  ventilation  in  acute
cardiogenic  pulmonary  edema.  Am  J  Emerg  Med  2013;  31(9):
1322-7.
http://dx.doi.org/10.1016/j.ajem.2013.05.043 PMID: 23928327
Ho KM, Wong K. A comparison of continuous and bi-level positive[82]
airway  pressure  non-invasive  ventilation  in  patients  with  acute
cardiogenic pulmonary oedema: A meta-analysis. Crit Care 2006;
10(2): R49.
http://dx.doi.org/10.1186/cc4861 PMID: 16569254
Alrubasy WA, Abuawwad MT, Taha MJJ, et al. Hypoglossal nerve[83]

http://www.ncbi.nlm.nih.gov/pubmed/30228558
http://dx.doi.org/10.5664/jcsm.2172
http://www.ncbi.nlm.nih.gov/pubmed/23066376
http://dx.doi.org/10.1186/s12931-023-02445-y
http://www.ncbi.nlm.nih.gov/pubmed/37370135
http://dx.doi.org/10.1001/jama.2016.19635
http://www.ncbi.nlm.nih.gov/pubmed/28118460
http://dx.doi.org/10.5664/jcsm.4464
http://www.ncbi.nlm.nih.gov/pubmed/25406273
http://dx.doi.org/10.5664/jcsm.2030
http://www.ncbi.nlm.nih.gov/pubmed/22893769
http://dx.doi.org/10.1097/AOG.0b013e3181c4f8ec
http://www.ncbi.nlm.nih.gov/pubmed/20027038
http://dx.doi.org/10.1016/j.smrv.2016.11.003
http://www.ncbi.nlm.nih.gov/pubmed/28007402
http://dx.doi.org/10.1513/AnnalsATS.201906-473OC
http://www.ncbi.nlm.nih.gov/pubmed/32040334
http://dx.doi.org/10.1016/j.amjmed.2016.02.015
http://www.ncbi.nlm.nih.gov/pubmed/26968467
http://dx.doi.org/10.1213/ANE.0000000000003335
http://www.ncbi.nlm.nih.gov/pubmed/29649034
http://dx.doi.org/10.5664/jcsm.1916
http://www.ncbi.nlm.nih.gov/pubmed/22701386
http://dx.doi.org/10.3389/fmed.2023.1194803
http://dx.doi.org/10.1016/j.metabol.2018.03.008
http://www.ncbi.nlm.nih.gov/pubmed/29534971
http://dx.doi.org/10.1378/chest.14-3016
http://www.ncbi.nlm.nih.gov/pubmed/25763792
http://dx.doi.org/10.1097/MLG.0b013e31817e7441
http://www.ncbi.nlm.nih.gov/pubmed/18641529
http://dx.doi.org/10.1016/j.preghy.2022.10.013
http://www.ncbi.nlm.nih.gov/pubmed/36343510
http://dx.doi.org/10.1016/j.soard.2021.05.021
http://www.ncbi.nlm.nih.gov/pubmed/34187745
http://dx.doi.org/10.1371/journal.pmed.1002866
http://www.ncbi.nlm.nih.gov/pubmed/31386658
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6684044
http://dx.doi.org/10.1001/jamanetworkopen.2024.27557
http://www.ncbi.nlm.nih.gov/pubmed/39136943
http://dx.doi.org/10.1097/MCP.0b013e32833f0d55
http://www.ncbi.nlm.nih.gov/pubmed/20859210
http://www.ncbi.nlm.nih.gov/pubmed/35273777
http://dx.doi.org/10.5664/jcsm.6972
http://www.ncbi.nlm.nih.gov/pubmed/29458699
http://dx.doi.org/10.1016/j.sleep.2013.07.006
http://www.ncbi.nlm.nih.gov/pubmed/24054505
http://dx.doi.org/10.1183/09031936.00.15349700
http://www.ncbi.nlm.nih.gov/pubmed/10759443
http://dx.doi.org/10.1111/resp.13687
http://www.ncbi.nlm.nih.gov/pubmed/31441156
http://dx.doi.org/10.3390/jcm11113157
http://www.ncbi.nlm.nih.gov/pubmed/35683544
http://dx.doi.org/10.1016/j.ajem.2013.05.043
http://www.ncbi.nlm.nih.gov/pubmed/23928327
http://dx.doi.org/10.1186/cc4861
http://www.ncbi.nlm.nih.gov/pubmed/16569254


Obstructive Sleep Apnea in Pregnancy 15

stimulation  for  obstructive  sleep  apnea  in  adults:  An  updated
systematic  review  and  meta-analysis.  Respir  Med  2024;  234:
107826.
http://dx.doi.org/10.1016/j.rmed.2024.107826 PMID: 39401661
Hutz MJ, Plata DM, LoSavio P, Herdegen J, Zhang Y, Mokhlesi B.[84]
The impact of neck circumference on hypoglossal nerve stimulator
therapy outcomes. J Clin Sleep Med 2024; 20(11): 1755-61.
http://dx.doi.org/10.5664/jcsm.11260 PMID: 38935051
Koretsi  V,  Eliades  T,  Papageorgiou  SN.  Oral  interventions  for[85]
obstructive sleep apnea. Dtsch Arztebl Int 2018; 115(12): 200-7.
http://dx.doi.org/10.3238/arztebl.2018.0200  PMID:  29642990
PMCID:  PMC5963600
Uyaner A, Schneider H, Parikh A, Paeske-Hinz K, Konermann A.[86]
Mandibular  advancement  devices  in  osa  patients:  Impact  on
occlusal  dynamics  and  tooth  alignment  modifications—a  pilot
prospective and retrospective study. Dent J 2024; 12(11): 370-0.
http://dx.doi.org/10.3390/dj12110370 PMID: 39590420
Belanche  Monterde  A,  Zubizarreta-Macho  Á,  Lobo  Galindo  AB,[87]
Albaladejo  Martínez  A,  Montiel-Company  JM.  Mandibular
advancement devices decrease systolic pressure during the day
and night in patients with obstructive sleep apnea: A systematic
review and meta-analysis. Sleep Breath 2024; 28(3): 1037-49.
http://dx.doi.org/10.1007/s11325-023-02984-0 PMID: 38180683
Polecka  A,  Nawrocki  J,  Pulido  MA,  Olszewska  E.  Mandibular[88]
advancement devices in obstructive sleep apnea and its effects on
the cardiovascular system: A comprehensive literature review. J
Clin Med 2024; 13(22): 6757.
http://dx.doi.org/10.3390/jcm13226757 PMID: 39597901
Diemer  TJ,  Nanu  DP,  Nguyen  SA,  Ibrahim  B,  Meyer  TA,[89]
Abdelwahab M. Maxillomandibular advancement for obstructive
sleep  apnea  in  patients  with  obesity:  A  meta‐analysis.
Laryngoscope  2025;  135(2):  507-16.
http://dx.doi.org/10.1002/lary.31751 PMID: 39264209
Diecidue RJ, LaNoue MD, Manning EL, Huntley CT, Harrington[90]
JD.  Comparing  treatment  effectiveness  and  patient-reported
outcome measures of four treatment options for obstructive sleep
apnea. J Oral Maxillofac Surg 2024; 82(12): 1537-48.
http://dx.doi.org/10.1016/j.joms.2024.07.015 PMID: 39163993
Passarella  E,  Czuzoj-Shulman  N,  Abenhaim  HA.  Maternal  and[91]
fetal  outcomes  in  pregnancies  with  obstructive  sleep  apnea.  J
Perinat Med 2021; 49(9): 1064-70.
http://dx.doi.org/10.1515/jpm-2020-0551 PMID: 34523292
Ryu  G,  Kim  YM,  Lee  KE,  et  al.  Obstructive  sleep  apnea  is[92]
associated with late-onset preeclampsia in overweight pregnant
women in korea. J Korean Med Sci 2023; 38(2): e8.
http://dx.doi.org/10.3346/jkms.2023.38.e8 PMID: 36625172
Reutrakul S, Zaidi N, Wroblewski K, et al. Interactions between[93]
pregnancy,  obstructive  sleep  apnea,  and  gestational  diabetes
mellitus. J Clin Endocrinol Metab 2013; 98(10): 4195-202.
http://dx.doi.org/10.1210/jc.2013-2348 PMID: 23966237

Bublitz  MH,  Monteiro  JF,  Caraganis  A,  et  al.  Obstructive  sleep[94]
apnea  in  gestational  diabetes:  A  pilot  study  of  the  role  of  the
hypothalamic-pituitary-adrenal axis. J Clin Sleep Med 2018; 14(1):
87-93.
http://dx.doi.org/10.5664/jcsm.6888 PMID: 29198302
Louis  JM,  Mogos  MF,  Salemi  JL,  Redline  S,  Salihu  HM.[95]
Obstructive  sleep  apnea  and  severe  maternal-infant
morbidity/mortality in the United States, 1998-2009. Sleep 2014;
37(5): 843-9.
http://dx.doi.org/10.5665/sleep.3644 PMID: 24790262
Lui  B,  Burey  L,  Ma  X,  Kjaer  K,  Abramovitz  SE,  White  RS.[96]
Obstructive  sleep  apnea  is  associated  with  adverse  maternal
outcomes  using  a  United  States  multistate  database  cohort,
2007–2014.  Int  J  Obstet  Anesth  2021;  45:  74-82.
http://dx.doi.org/10.1016/j.ijoa.2020.10.007 PMID: 33199257
Cànaves-Gómez L, Fleischer A, Muncunill-Farreny J, et al. Effect[97]
of  obstructive  sleep  apnea  during  pregnancy  on  fetal
development: Gene expression profile of cord blood. Int J Mol Sci
2024; 25(10): 5537-7.
http://dx.doi.org/10.3390/ijms25105537 PMID: 38791576
Salihu HM, King L, Patel P, et al. Association between maternal[98]
symptoms  of  sleep  disordered  breathing  and  fetal  telomere
length.  Sleep  2015;  38(4):  559-66.
http://dx.doi.org/10.5665/sleep.4570 PMID: 25325479
Chen  YH,  Kang  JH,  Lin  CC,  Wang  IT,  Keller  JJ,  Lin  HC.[99]
Obstructive  sleep  apnea  and  the  risk  of  adverse  pregnancy
outcomes.  Am  J  Obstet  Gynecol  2012;  206(2):  136.e1-5.
http://dx.doi.org/10.1016/j.ajog.2011.09.006 PMID: 22000892
Kneitel  AW,  Treadwell  MC,  O’Brien  LM.  Effects  of  maternal[100]
obstructive sleep apnea on fetal growth: A case-control study. J
Perinatol 2018; 38(8): 982-8.
http://dx.doi.org/10.1038/s41372-018-0127-6 PMID: 29785058
Telerant  A,  Dunietz  GL,  Many  A,  Tauman  R.  Mild  Maternal[101]
obstructive  sleep  apnea  in  non-obese  pregnant  women  and
accelerated  fetal  growth.  Sci  Rep  2018;  8(1):  10768.
http://dx.doi.org/10.1038/s41598-018-29052-y PMID: 30018451
Brener A, Lebenthal Y, Levy S, Dunietz G L, Sever O, Tauman R.[102]
Author  Correction:  Mild  maternal  sleep-disordered  breathing
during pregnancy and offspring growth and adiposity in the first 3
years of life. Scientific Reports 2020; 10(1): 19810.
http://dx.doi.org/10.1038/s41598-020-75084-8  PMID:  33168865
PMCID: PMC7652840
Tauman  R,  Zuk  L,  Uliel-Sibony  S,  et  al.  The  effect  of  maternal[103]
sleep-disordered breathing on the infant’s neurodevelopment. Am
J Obstet Gynecol 2015; 212(5): 656.e1-7.
http://dx.doi.org/10.1016/j.ajog.2015.01.001 PMID: 25576821
Abbas SR, Abbas Z, Zahir A, Lee SW. Federated learning in smart[104]
healthcare:  A  comprehensive  review  on  privacy,  security,  and
predictive  analytics  with  IOT  integration.  Healthcare  2024;
12(24):  2587-7.
http://dx.doi.org/10.3390/healthcare12242587 PMID: 39766014

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.

http://dx.doi.org/10.1016/j.rmed.2024.107826
http://www.ncbi.nlm.nih.gov/pubmed/39401661
http://dx.doi.org/10.5664/jcsm.11260
http://www.ncbi.nlm.nih.gov/pubmed/38935051
http://dx.doi.org/10.3238/arztebl.2018.0200
http://www.ncbi.nlm.nih.gov/pubmed/29642990
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5963600
http://dx.doi.org/10.3390/dj12110370
http://www.ncbi.nlm.nih.gov/pubmed/39590420
http://dx.doi.org/10.1007/s11325-023-02984-0
http://www.ncbi.nlm.nih.gov/pubmed/38180683
http://dx.doi.org/10.3390/jcm13226757
http://www.ncbi.nlm.nih.gov/pubmed/39597901
http://dx.doi.org/10.1002/lary.31751
http://www.ncbi.nlm.nih.gov/pubmed/39264209
http://dx.doi.org/10.1016/j.joms.2024.07.015
http://www.ncbi.nlm.nih.gov/pubmed/39163993
http://dx.doi.org/10.1515/jpm-2020-0551
http://www.ncbi.nlm.nih.gov/pubmed/34523292
http://dx.doi.org/10.3346/jkms.2023.38.e8
http://www.ncbi.nlm.nih.gov/pubmed/36625172
http://dx.doi.org/10.1210/jc.2013-2348
http://www.ncbi.nlm.nih.gov/pubmed/23966237
http://dx.doi.org/10.5664/jcsm.6888
http://www.ncbi.nlm.nih.gov/pubmed/29198302
http://dx.doi.org/10.5665/sleep.3644
http://www.ncbi.nlm.nih.gov/pubmed/24790262
http://dx.doi.org/10.1016/j.ijoa.2020.10.007
http://www.ncbi.nlm.nih.gov/pubmed/33199257
http://dx.doi.org/10.3390/ijms25105537
http://www.ncbi.nlm.nih.gov/pubmed/38791576
http://dx.doi.org/10.5665/sleep.4570
http://www.ncbi.nlm.nih.gov/pubmed/25325479
http://dx.doi.org/10.1016/j.ajog.2011.09.006
http://www.ncbi.nlm.nih.gov/pubmed/22000892
http://dx.doi.org/10.1038/s41372-018-0127-6
http://www.ncbi.nlm.nih.gov/pubmed/29785058
http://dx.doi.org/10.1038/s41598-018-29052-y
http://www.ncbi.nlm.nih.gov/pubmed/30018451
http://dx.doi.org/10.1038/s41598-020-75084-8
http://www.ncbi.nlm.nih.gov/pubmed/33168865
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7652840
http://dx.doi.org/10.1016/j.ajog.2015.01.001
http://www.ncbi.nlm.nih.gov/pubmed/25576821
http://dx.doi.org/10.3390/healthcare12242587
http://www.ncbi.nlm.nih.gov/pubmed/39766014

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. METHODOLOGY
	2.1. Inclusion and Exclusion Criteria

	3. PATHOPHYSIOLOGY
	3.1. Physiological Changes in Pregnancy
	3.2. Maternal Pathophysiology in OSA
	3.3. Fetal Pathophysiology in OSA

	4. DIAGNOSIS
	5. TREATMENT
	6. DISCUSSION
	6.1. Effects on Maternal Health
	6.2. Effects on the Fetus

	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


