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Abstract: Obstructive sleep apnea (OSA) during pregnancy can negatively affect both the mother and
the baby. Our main goal is to show whether there is an association between OSA during pregnancy
and delivering small for gestational age (SGA) infants. This systematic review was conducted
according to the PRISMA 2020 statement using three databases: MEDLINE via PubMed, Scopus, and
Cochrane Library. All databases were last accessed on 1 June 2023. The implemented systematic
literature search identified 744 articles. After excluding reviews, meta-analyses, book chapters, case
reports, and letters, 47 studies were analyzed, 18 of which finally met the inclusion criteria. The
included studies mainly indicate that OSA during pregnancy may not significantly impact SGA, but
some of them have shown the existence of this relation. Nevertheless, it is recommended that all
pregnant women should be screened for symptoms of OSA and that sleep tests should be performed
on those who show signs of it. Detecting and treating OSA early in pregnancy can help reduce the
condition’s negative effects. However, more extensive studies are still needed to gather clear evidence
on the impact of an OSA diagnosis on mothers and babies.

Keywords: small for gestational age; obstructive sleep apnea; pregnancy; upper airway resistance;
sleep hypopnea; birth weight

1. Introduction

Sleep is one of the essential biological functions of every human being. It is esti-
mated that it constitutes about 30% of one’s lifetime. It is responsible for regeneration,
maintaining health, and ensuring proper daily functioning. Sleep disturbances have been
widely studied in pregnant women [1,2]. Although sleep disturbance does not have a
strict definition, obstructive sleep apnea (OSA), snoring, inadequate sleep duration, poor
sleep quality, insomnia symptoms, and restless legs syndrome can be included, and these
symptoms may lead to various maternal complications and adverse fetal outcomes [2,3].
OSA, insomnia, and restless legs syndrome are among the most common sleep disorders
during pregnancy [4]. Furthermore, sleep disturbances in pregnancy are associated with a
history of premenstrual syndrome, hyperemesis gravidarum, vitamin B12 deficiency, and
higher TSH levels [5]. In addition, the poor sleep quality observed in more than half of
pregnant women may be due to pregnancy-related discomfort such as lower back pain,
gastroesophageal reflux, increased urination, and difficulty changing position at night [6].

OSA is characterized by repetitive upper airway obstruction and significant reductions
in airflow during sleep, which leads to repetitive hypoxia and fragmentation of rest. It is
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a common disorder in the general population, with a prevalence of 12% in US adults [7].
During pregnancy, specific physiological changes in the women’s body contribute to a
higher prevalence of OSA. They include edema, increased body weight, reduced upper
airway dimensions due to hyperemia of pregnancy, and increased upper airway collapsi-
bility due to hormonal changes [8,9]. Airway closure increases during tidal ventilation,
especially in the supine position. On the other hand, high levels of progesterone have a po-
tentially protective effect because progesterone significantly upregulates ventilatory drive
by influencing the central chemoreceptors [10]. Clinical factors associated with OSA in
pregnancy include obesity, asthma, hypertension, and gestational diabetes mellitus [11-16],
although the association between OSA and gestational diabetes mellitus is uncertain [17].
In addition, a higher risk of OSA is associated with pre-pregnancy BMI and Perceived
Stress Scale score [18].

The diagnosis and definition of OSA are usually based on the American Academy
of Sleep Medicine (AASM) recommendations [19]. The gold standard for OSA diagnosis
is overnight polysomnography (PSG). It is a susceptible and specific method, however,
not widely available. Therefore, research including large study groups screened via PSG
is lacking. For this reason, the prevalence of OSA has also been examined based on
subjective questionnaires like the Epworth Sleepiness Scale (ESS), Berlin Questionnaire
(BQ), and STOP-Bang [20-22]. Unfortunately, the BQ has limited effectiveness in screening
for OSA due to its predominant reliance on obesity identification [23]. On the other hand,
STOP-Bang had positive predictive values of over 70% in the pregnant population [24] but
had limited performance [25], and asking about snoring may be a more straightforward,
effective predictor of OSA [26]. Another tool that may be applied to predicting OSA
in pregnancy is the Sleep Apnea Symptom Score, which, when combined with patient
characteristics, i.e., age, BMI, and partner-reported snoring and breathing pauses, shows
reasonable sensitivity and specificity [27]. The pooled overall prevalence of OSA during
pregnancy was 15% (95% CI 12-18%) [28], but it can reach even more than 40% in a pregnant
population with significant obesity (BMI > 35 kg/m?) [29]. It should also be noted that the
prevalence and severity of OSA deteriorate throughout pregnancy [30].

Limited and conflicting data exist on the possible relationship between maternal sleep
disturbances and perinatal outcomes (Figure 1). In animal studies, intermittent maternal
hypoxia, a model of OSA, led to low birth weights (LBWs) of rat pups [31,32]. Moreover,
the fluctuations in the oxygen partial pressure were translated from maternal to fetal
blood, but transfer across the placenta reduced the magnitude of oxygenation fluctuations
in a sheep model of gestational sleep apnea [33]. OSA is related to repetitive nocturnal
oxygen desaturation, and the recurrent episodes of hypoxia and cortical arousal may lead to
sympathetic activation and inflammation, subsequently leading to endothelial dysfunction.
It results in placental dysfunction and pre-eclampsia development. An association between
OSA and pre-eclampsia has been established [2,34]. However, placental dysfunction may
also impair fetal growth [35]. Some authors report an increase in placental weight and
obesity in newborns of mothers with OSA [36]. Therefore, there is still a clear need for a
profound study of available data on the relationship between OSA and small gestational
age infants (SGA) in pregnancy. Therefore, this present review was designed and conducted
to investigate and understand the association between OSA and SGA.
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Figure 1. Maternal and infant complications of OSA in pregnancy.

2. Materials and Methods
2.1. Literature Search

This review was conducted according to the PRISMA 2020 statement [37]. The system-
atic literature search was completed using three databases: MEDLINE via PubMed, Scopus,
and Cochrane Library. A detailed search design is shown in Table S1. We independently
assessed its applicability by checking if it successfully covers three known articles on the
chosen topic. All databases were last accessed on 1 June 2023.

Two authors of this study have independently screened titles and abstracts of found
studies. In the next step, full-text articles from 47 studies were assessed by two other
authors for eligibility. Imposed inclusion and exclusion criteria are gathered in Table 1. The
PRISMA Flowchart is shown in Figure 2.

As a result of the above-described process, 18 articles were finally included in this
systematic review. We did not have to contact the authors of the retrieved studies to gain
additional information. All disagreements between the study authors have been discussed
in the presence of all authors, and a common consensus was established.

2.2. Data Extraction

In the subsequent step, we designed and adapted to the topic’s original data extrac-
tion form and checked its relevancy on three randomly chosen studies. The research
suitability was assessed, and the information from each study was obtained separately
by two researchers. In cases of disagreement, conflicts were resolved through dialogue
and agreement. We collected data on the authors, year, the origin of publication, main
aim, sample characteristics, used diagnostic test, the acquired definition of OSA and fetal
growth restriction (FGR), and the results. We did not perform any statistical synthesis of
the results. This decision was mainly due to various study designs, adopted definitions,
and measurement scales.
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Table 1. Inclusion and exclusion criteria.

Inclusion Criteria

Exclusion Criteria

Studies on the impact of OSA on the prevalence of

SGA/IUGR/FGR/LBW in human pregnancies

Studies on another topic (including studies on the association
between OSA and birthweight NOT reporting the prevalence of
SGA/ITUGR/LBW) or animal studies

OSA was diagnosed based on the examination of sleep of any

kind (for example, PSG, watch pat home sleep test)

OSA was only suspected, based on, for example, scales such as
STOP-Bang or BQ

Language: English

Language other than English

Original studies

Reviews and meta-analyses

Case reports
Editorials/Letters/Commentaries
Book chapters

Protocols

Finished study

Unfinished study

BQ—Berlin Questionnaire; FGR—fetal growth restriction; IUGR—intrauterine growth restriction; LBW—low
birthweight; OSA—obstructive sleep apnea; PSG—polysomnography; SGA—small for gestational age.

Identification of studies via databases and registers

Identification

Records identified from:
Databases (n=744)
PubMed (n=235)
Scopus (n=444)
Cochrane (n=45)
Registers (n=10)

h

v

Records removed before screening: duplicate records
removed (n=241)

Screening

[ Included ] [

Records screened
(n=503) —®| Records excluded (n=456)
A
Reports sought for retrieval
(n=47) »| Reports not retrieved (n=0)
h 4
Reports assessed for eligibility Reports excluded:
(n=47) — 14 evaluation of OSA risk based only on
scale/questionnaires without sleep study of any kind,
5 no analysis of SGA/TUGR/FGR/LBW prevalence,
3 unfinished,
2 protocol/methodology,
2 treatment of OSA of anv kind during study period,
v 1 out of topic,
1 infant outcomes not evaluated,
Studies included in review lone case
n=18)

Figure 2. PRISMA 2020 flow diagram for new systematic reviews included searches of databases and

registered only [37].
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2.3. Risk of Bias Assessment

Two independent reviewers (A.G. and K.D.) assessed the risk of bias using the
Newcastle-Ottawa quality assessment scale (NOS) for cohort and case-control studies [38].
The NOS for studies was used to assess study quality and any potential bias in the domains
of subject selection, comparability, and the assessment of outcomes. Any inconsistencies in
the ratings concerning the potential for bias or rationales behind such assessments were
resolved through discussion to establish a mutual agreement between the two review au-
thors. A total score of 0-3 was considered unsatisfactory, 4-5 points satisfactory, 6-7 points
good, and 8-9 points very good (Table S2). Furthermore, the Discussion section outlines
additional potential sources of bias that were not encompassed within this scale.

3. Results
3.1. Characteristics of the Included Studies

The implemented systematic literature search identified 744 articles. After adjusting for
duplicates using EndNote X9 automatic duplicate search followed by manual verification,
503 studies remained. After excluding reviews, meta-analyses, book chapters, case reports,
and letters, 47 studies were analyzed, 18 of which finally met the inclusion criteria. Details
on the selection process are presented in a customized PRISMA flow chart in Figure 2. The
primary characteristics of the studies included in this review are summarized in Table 2.

The NOS scores (Table S2) in all included studies ranged from 6 to 9 points, indicating
a favorable level of methodological quality. These studies have demonstrated a strong
commitment to addressing the critical aspects of study design, execution, and potential
biases, resulting in findings that can be regarded with a high degree of confidence. The
high-quality nature of these studies justifies their significance in contributing valuable
insights to the field, yielding results that are not only reliable but also impactful.

We evaluated the included studies for quality of evidence and strength of recommen-
dations using the GRADE approach. The presence of both high and moderate GRADE
levels of evidence in most of our studies signifies a strong foundation for the conclusions
drawn from these articles. Two studies have received a GRADE LOW level of evidence.
However, it is crucial to emphasize that they play a pivotal role in contributing important
insights and knowledge to the field.
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Table 2. Basic characteristics of the studies included in the systematic review.
Study Main étﬁr(llsy()f the Study Design Population e ;;.o(s)tngTest Degrfi?ion FGR Definition Results GRADE *
Women who had fetuses
. with growth restriction
To examine the exhibited a significantly
c}1str1but1.c;.n of higher tendency to
tsheep p}? St ;(Es 187 preenant women initiate sleep in a supine
ng}li? ar?zil thee Three (26 gregnancies with The ultrasound position and remain in
Wilsonetal. associations prospectite  FGR lopregnancies o .. noo RDI>5/h  Delphiconsensus - that position throughout .
(2022) [39] between sleeping ci;)wor ﬁs uﬁrlles with FGR and a & AHI >5/h utilized to define the night in comparison
in the supine CoLeatng hypertensive FCR to Womelr} thtg
position, SDB, and disorder) l;)rrlggrr?a%éicjs?a
Varlgllnjztoelét(;gmes predilection for sleeping
pregnancy on the back was linked to
lower birthweight in
infants
o Overnight sleep
To %e.telt‘ml?e if assessment with Early pregnancy SDB
objectively the Embletta i i id- y
Hawkins etal. = measured SDB in Prospective 2.211 nulliparous Gold monitor, a AHI > 5/h Blrtl;:g:;gtﬂ’;?gf th Sleg v}\)zggr;i)rlciil))c}ise{tzrd H
(2021) [40] pregnancy is cohort study women self-administered = P tational with SGA in unadiusted
associated with Level 3 in-home gestational age diusted (]i 1
infant birthweight sleep apnea or adjusted models

monitor
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Table 2. Cont.
Main Aims of the . . Diagnostic Test OSA . .
Study Study Study Design Population or OSA Definition FGR Definition Results GRADE *
. 40 pregnant women .
To determine . . FGR: hypertension group:
whether the ‘ﬁ’lth gestat ional FGR at birth 6 (30.0%)
presence of ypertension or SDB vs. 13 (68.4%) no
co-existing SDB is pre-eclampsia not SDB, p = 0.026;
associated with requiring immediate no hypertension group:
worse perinatal P . delivery between 26 Birthweight <10th ~ M© differences between
Wilson etal.  outcomes among rospective and 37 weeks . irthweight < SDB and no SDB;
(2020) [41] women diagnosed case—control gestation Overnight PSG AHI >5/h perce_ntlle for impaired fetal growth: M
with hypertensive study and 42 control gestational age hypertension group: 10
disorder of participants with (50%) vs. 15 (78.9%),
pregnancy normotensive = = 0.18, respectively;
compared with uncomplicated no hypertension group: 4
normotensive Igﬁgﬂzflgrllees (28.6%) vs. 5 (19.2%),
controls matched by BMI p = 0.69, respectively
AHI > 5/h,
along tW1th Hypertension group:
To investigate if 40 women with symphoms higher mean AHI in the
SDB correlates new-onset such as IUGR group
Suri et al with adverse Prospective hypertension of eg;:e;s&:/ee (13.168 4+ 3.5015 vs.
(2019) [ 42'] pregnancy case—control pregnancy and Overnight PSG ) o Not specified 9.786 £ 3.0630, p < 0.001) M
outcomes study 60 age-matched s egl}?lél;lefss control group: higher
in hypertensive normotensive AHI > 15 with mean AHI in the IUGR
women pregnant women or without group (9.8 = 3.9 vs.
associated 6.8 £1.4,p=0.002)
symptoms
Toi ticate th 155 non-obese Overnight sleep
° 1;‘;3;1&%[?0?1 € . women in the third  study between 33 Birthweight < 10th
Telerant et al. between maternal Prospective trimester of a and 36 weeks of AHI>5/h percentile for No differences in SGA H
(2018) [43] OSA and fetal cohort study singleton, gestation with ostational ace rates
growth uncomplicated watch-PAT 200 & &
pregnancy device
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Table 2. Cont.

Study Main éti:::lsy()f the Study Design Population Dia (:;ocs)té%Test Degfilsion FGR Definition Results GRADE *
: . Birth weight < 10th
h &
Clxé?;}l&zg%gtlﬁt centile:p 230{o a/.s. 25%,
Whether maternal 79 pregnant women centile or a . . P=
. . . O s d fetal growth:
. OSA is associated . in singleton slowing in impaired 1€ g_ ]
Kneitel et al. with changes in Retrospective pregnancies: 48 Overnight PSG AHI > 5/h customized 61% vs. 35%, p = 0‘043{ H
(2018) [44] study & X impaired fetal growth:
the fetal growth without and 31 with estimated fetal aOR 3.4 95% CI-1.2-9.9-
trajector weight centile b ey TR e
jectory gh Y fallin fetal growth centile
>33% In the third 1,y 330/ 2OR 4.3, 95% CT:
trimester y 13-12.8 ’
To examine
whether a ;
PSG-based e women ina AHI > 5/h AHI > 5/h: OR 3.07 (95%
1 diagnosis of SDB . 8 preg Y (cut-offs of Birthweight < 10th CI 1.01-9.26);
Pamidi et al : . Prospective with a 3rd-trimester . . ’
(2016) [45] ’ in the thlr_d cohort stud scan estimated fotal Overnight PSG 5/h,10/h, percentile for AHI > 10/h: OR 2.65 H
tr.lmegter. lli N y weight <75 15/h and gestationa] age (1.15-6.1); AHI > 15/h:
assoglleal’;s/ erv}\/n(j;f the percentile 30/h) OR 2.57 (1.02-6.48)
SGA infants
Data from two sets
of routinely Women with
To examine the Cgﬁ}e%%%%alth dtatla: a sleep . )
. . associatilon Population- lgat 2 C ollg?t?c?na apnea codein  Birthweight 1< 10th SGA:RR 0.717 (95% CO:
Bin et al etween s'eep based cohort (birth records) and Not specified hospl.tal percentile . 0.58-1.03) o/ (1. L
(2016) [46] apnea and stud the NSW Admitted records in the  for gestational ~ Adjusted RR 0.81 (95% CI:
pregnancy y Patient Data year before or age and sex 0.61-1.08)
outcomes Collection (hospital during
P
records): pregnancy

636,227 women
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Table 2. Cont.

Study Main étl,;l:lsy()f the Study Design Population Dia (:;ocs)té%Test Degfilzion FGR Definition Results GRADE *
Poor fetal growth OR 1.28
(1.02-1.62) (adjustment
for maternal age;
race/ethnicity; household
55,781,965 income; multiple births;
pregnancy-related tobacco, alcohol, and
inpatient hospital drug use; primary payer;
To examine dischargefs fron;1 Women with and rural /urban status;
associations . 1998-2009 from the maternal obesity);
Louis et al. between OSA and Retrospective, Nationwide . a sleeg ) Poor fetal growth OR 1.21 (0.9 6—1%71)‘7)
(2014) [47] severe clinical and cross-Sfctl'onal Inpatient Sample Not specified apr}llea co vle in  code in hospital (additional adjustment for L
pregnancy-related analysis (NIS), the largest ospl(tia records clinical comorbidities
morbidities all-payer, publicly records (coronary heart disease,
available anemia, hyperlipidemia,
inpatient database in hypothyroidism,
the United States disorders of the adrenal
gland, pre-pregnancy
diabetes, and
pre-pregnancy
hypertension)
Planned 128 women with Overnight
secondary pre-pregnancy sleep evaluation
analysis of BMI > 30 kg/m?, with the Watch-
To examine the a study designed N chronic PAT100 during
relationshi to evaluate the ypertension, early pregnanc . : o ‘o
Facco et al. between SDBIe)md trends in SDB pregestational (}t,)gtw%en Y AHI > 5/h Blrthwg?ght <% gﬁﬁfﬁgﬁﬁ?ﬂﬁgfw}f}e? H
(2014) [48] adverse pregnancy across diabetes (type 1 or 6 and 20 weeks - estatig;al age 5% for estationaioy ace
outcomes in a pregnancy type 2),a prior of gestation) and 8 & ° g &
high-risk cohort among women at history of late pregnancy
high risk pre-eclampsia (between 28 and
for developing and/or a twin 37 weeks of
pre-eclampsia gestation gestation)
To evaluate if OSA : .
. . . . Birthweight L.
is associated with Prospective . No association between
Arzl(t)cl)l;y Zt al. SGA after Obsergational 58 pregnant women  Overnight PSG RDI>5 <10th percentile SGA and snoring or BQ H
(2014) [49] stratifying by study for ge:g:}tlonal positive result

obesity status
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Study Main éti:::lsy()f the Study Design Population Dia (:;ocs)té%Test Degfilsion FGR Definition Results GRADE *
Birthweight < 10th
Tod . ptertc_entlie for Birthweight < 10th centile:
Jodetemine e 41 prognant women sesaforalageor 73305 3/27 <o,
Fung et al. . - LA in singleton . . =1
(2013) [50] associated with longitudinal uncomplicated Overnight PSG RDI > 5 customized slowing third trimester H
reduced study estimated fetal .
fetal growth pregnancy weizht centile b growth: 4/14 vs.
? . by 0/27 controls, p < 0.001
>33% in the third
trimester
To identify No differences in
the risk factors for 158 obese pregnant  In-home portable birthweight between the
Louis et al OSA and to Prospective women enrolled in PSG with the OSA and control groups;
(2012) [51]' describe the observational Sleep Apnea in ARES Unicorder AHI >5/h Not specified 6 neonates were classified M
pregnancy study Pregnancy Screening 5.2 (B-Alert, as SGA (1 in the OSA
outcome in obese Study (SAPSS) Carlsbad, CA) group and 5 in the control
women with OSA group)
OSA Women with OSA had
) diagnosis higher prevalence of LBW
Retrospective 791 women who PSG during extracted infants (8.6% vs. 4.2%,
To estimate the risk analvsis of received a diagnosis ~ ambulatory care from the LBW <2500 g; p =0.001)
Chen et al. of adverse 2 natignwi de of OSA and visits within 1 Taiwan SGA <10th and SGA infants (18.3% H
(2012) [52] pregnancy opulation-based 3955 randomly year before their National percentile for vs. 13.5%, p = 0.001);
outcomes in OSA PP dataset selected women index Health gestational age LBW: aOR 1.76 (95% CI:
atasets without OSA deliveries Insurance 1.28-2.40)
Research SGA: aOR 1.34 (95% CI:
Dataset 1.09-1.66)
. No differences in SGA
To estlmatelthe 57 women with OSA occurrence between the
. | anrgﬁgéﬁz tal Ret . T VeI‘SilS - Standard groups t(4 c'asctats1 og) SSiA
ouis et al. T etrospective normal-weig tandar o neonates in the
(2010) [53] as&%{::géti?th cohort study and 15-channel PSG AHI > 5/h Not specified group, 8 cases of SGA in H
OSA obese randomly the obese group, and

in pregnancy

selected controls

11 cases of SGA in the
normal-weight group)
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Study Main éti:::lsy()f the Study Design Population Dia (:;ocs)té%Test Degfilzion FGR Definition Results GRADE *
178 women in the ~5
third trimester of =2 Oxygen
To evaluate if some pregnancy: desature;tlon Abdominal
events
Yin et al pﬁf&gﬂ;iﬁgy Prospective 78 noriréal Ptlﬁgnant, Self-reported ESS (oxygen circumference OSA in 0/57 (95%
(2008) [5 4'] be caused b case—control h ertevr\:;ion 25 and nocturnal saturation measure CI: 0-6.3%) among M
red Cy)S A study th th pulse oximetry ~ decrease >4%  <10th centile for patients with IUGR
unirrelct%gen;fg ther WIlfj (55' 843\1‘1/\;}1:[ below the gestational age
PE+IUCR, 3 with s;?fr‘zltlﬂfn)
hypertension+IUGR
OSA in 4 (11.4%) of 35
pregnant women who
To observe underwent PSG, 3 of
whom (75%) had fetal
Eonstreils test 35 pregnant women heart decelerations
Sahin et al changes mimg Prospective with self-reported Birthweight < 10th ~ accompanying maternal
anin et a. materna observational frequent snoring or Overnight PSG AHI >5/h percentile for desaturation; M
(2007) [55] desaturation and d d £ ; the neonates of women
255055 study any degree of apnea, gestational age di d with OSA had
1 and fetal according to the BQ laghosed wi a
mate;flltac o?ges lower mean Apgar scores
and birth weights
compared to neonates of
women without OSA
RDI > 10/h
. 40 snoring and or >5/h with . .
To determine the 43 non-sn%) ring the lowest . ) No gilfferer}ces' in
Kéken et al levels of oxidative o Lol oo o th nocturnal Birthweight < 10th birthweight;
(20006;; fS éa] : stress markers in corﬁrol stud svevc%rl?(?lr:)inthifd Overnight PSG oxyhe- percentile for 1 case of IUGR in a M
pregnﬁant women y trimester of moglobin gestational age no.n-i}rlormg group, none
who snore pregnancy desaturation in the snoring group

of 90% or less

95% CI—95% confidence interval; AHI—Apnea-Hypopnea Index; aOR—adjusted odds ratio; BQ—Berlin Questionnaire; ESS—Epworth Sleepiness Scale; FGR—fetal growth restriction;
IUGR—intrauterine growth restriction; OSA—obstructive sleep apnea; LBW—Ilow birthweight; PSG—polysomnography; RDI—respiratory disturbance index [RDI is the number of
apneas (cessation of airflow > 10 s), hypopneas (reduction in airflow > 10 s associated with an oxygen desaturation of >3% or an arousal) and respiratory event-related arousals (sequence
of breaths lasting > 10 s associated with flattening of the nasal pressure waveform leading to an arousal from sleep) recorded per hour of sleep]; RR—risk ratio; SDB—sleep-disordered
breathing; SGA—small for gestational age; * Assessment of the quality of evidence and strength of recommendations using the GRADE approach: L—low, M—moderate, H—high (no
included study was rated “very low”).
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3.2. Obstructive Sleep Apnea Diagnosis
3.2.1. Preliminary Assessment of the Risk of Obstructive Sleep Apnea

Researchers often used eligible questionnaires to diagnose OSA in pregnancy, vali-
dated as a screening tool in non-pregnant populations. Most of the authors in this study uti-
lized the BQ, which concentrated on self-reported snoring and apnea [40,42,43,49,50,55,56].
It has a sensitivity of 86% and a specificity of 77% in non-pregnant adults [22], while it
only had a sensitivity and specificity of 35% and 63.8%, respectively, in pregnant women.
Another questionnaire used to extract pregnant subjects suspected of apnea was the ESS,
which measures daytime sleepiness [40,42,43,49,54-56]. In non-pregnant subjects, the ESS
sensitivity was estimated to be from 66% to 93.5% and specificity from 48% to 100% [57,58].
However, in pregnancy, the ESS sensitivity and specificity are lower and assessed at a level
of 36% and 77%, respectively.

Other researchers used the Multivariable Apnea Risk Index (MAP Index) [50] or
the Pittsburgh Sleep Quality Index (PSQI) questionnaire [45]. The MAP Index, based
on the frequency of self-reported symptoms of sleep-disordered breathing (SDB) and as
a screening tool, characterizes a lack of specificity for OSA diagnosis [22]. The PSQI
questionnaire consists of one part regarding self-reported sleep quality and the second part
of bed-partner observation during the participant’s sleep. It should be noted that all the
mentioned questionnaires are validated only in a non-pregnant population.

3.2.2. Objective Methods of Diagnosing Obstructive Sleep Apnea

The diagnosis of OSA requires an objective assessment of respiratory events using
a broad range of devices. The AASM categorized these tools as type I, II, III, or IV. The
gold standard for OSA diagnosis is attended PSG (type I), which involves a collection of at
least seven data channels, including electroencephalogram (EEG) and electrooculogram for
sleep staging, electromyogram, electrocardiogram, and respiratory channels. Some authors
followed this direction and performed PSG in the third trimester of pregnancy [42,55,56].

Unattended studies are called home sleep apnea testing (HSAT) and referred by the
traditional type II to type IV classification system. Type II studies use full PSG but are
unattended and thus can be performed outside the hospital. Some researchers performed
PSG in a pregnant woman’s home, others [50] in the hospital or at home, depending on the
subject’s preferences. Moreover, the retrospective studies analyzed in this paper did not
specify whether PSG was carried out in the hospital or at home [44,46,52,53].

Type III studies use modified HSAT measuring a minimum of four channels, including
ventilation (at least two channels of respiratory movement or a combination of respiratory
movement and airflow), heart rate, electrocardiography, and oxygen saturation. Hawkins
et al. used a type III device twice during pregnancy (the first: between 6 and 15 weeks of
gestation; the second: between 22 and 31 weeks of gestation) to assess prevalence at the
beginning and in advanced gravity. Louis et al. [51] utilized type III HSAT to test pregnant
participants with a high risk of OSA, but all subjects diagnosed with OSA underwent
attended PSG ultimately. Wilson et al. [39] and Antony et al. [49] examined participants
using type I or type IIl HSAT, but Antony et al. assessed subjects regardless of the device
used in the hospital. In contrast, Wilson et al. assessed women depending on the methods
in a hospital (type I) or home (type III). Referring to new technologies, devices using
peripheral arterial tonometry (PAT) were also classified as type III (Watch-PAT 100, Watch-
PAT 200). Some investigators [48] used Watch-PAT 100 twice during pregnancy (the first
between 6 and 20 weeks of gestation; the second between 28 and 37 weeks of gestation),
while others [43] utilized the Watch-PAT200 only one time during gravity between 33 and
36 weeks of pregnancy.

The last category, type IV HSAT, included unattended, single-, or dual-parameter
recording, typically oxygen saturation and/or heart rate, or in some cases, just airflow. Yin
et al. [54] assessed pregnant women using single-night saturation monitoring in/outside of
the hospital.
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3.3. Obstructive Sleep Apnea Definition

The studies analyzed in this systematic review are incoherent according to the def-
initions of the breathing events and criteria of OSA diagnosis. Moreover, some authors
used the terms SDB and OSA synonymously. Few investigators [46,52] could not write
the specifications because of the retrospective character of their papers. Others [43,44]
defined OSA as at least five or more apnea—hypopnea indices (AHI) per hour of sleep but
did not have precise definitions of apnea and hypopnea. But the next ones [54] counted the
number of events when oxygen saturation decreased by more than 4% below the baseline
saturation and expressed it as the number of 4% dips per hour. Patients met the criteria
of OSA when five or more such dips per hour were estimated. Facco et al. [48] scored
an AHI event based on whether a PAT amplitude reduction occurred with 3% or more
significant desaturation or 4% or greater desaturation occurred and defined SDB when AHI
was five or more per hour. On the other hand, in another study [49], OSA was diagnosed
with RDI > 5/h in the subset of PSG and with AHI > 5/h in the subset of T3D. The
author measured breathing events according to the AASM Manual for Scoring Sleep and
Associated Events, 2007, but did not specify which of the two definitions of hypopnea
was used to evaluate PSG. Wilson et al. [39] also followed the rules included in the AASM
statement, but the definition of hypopnea revealed in the study (decrease in airflow >30%
from the baseline for >10 s and followed by either an oxygen desaturation of >3% or an
EEG cortical arousal) was incoherent with those in the statement. In the first analysis, SDB
was defined as RDI > 5/h, with a secondary analysis performed with SDB defined as
RDI > 15/h. Otherwise, Suri et al. [42] scored the events as apnea when the drop was >90%
of the baseline lasting for >10 s, and hypopnea required a >30% reduction in airflow for
>10 s and was accompanied by a >3% oxygen desaturation. SDB criteria required AHI > 5
and symptoms such as excessive daytime sleepiness or AHI > 15 with or without associated
symptoms. Interestingly, some authors [45] estimated respiratory events using standard
Chicago criteria (hypopnea is defined as >50% reduction in a measure of airflow or a clear
reduction in airflow accompanied by arousal or a 3% oxygen desaturation lasting at least
10 s) and put the diagnose with SDB when AHI > 5/h. The other researchers assumed
that apnea complete cessation in a valid measure of airflow going on >10 s. However,
the definition of hypopnea differed from each other. Koken et al. [56] and Sahin et al. [55]
counted the events with an airflow decrease of >50% accompanied by a >3% desaturation
in the preceding 30 s and a reduction in chest wall movement and/or arousal. Surprisingly,
Louis et al. used two different definitions of hypopnea depending on the year of research
publication. In 2010, they used the definition of hypopnea as a reduction of >10 s in airflow
(>30%) accompanied by either arousal or >3% desaturation [53]. But in another study [51],
hypopnea was defined as a >50% reduction in airflow with a >3% decrease in oxygen
saturation. The last author [50] scored the breathing events with a decrease in airflow >10s
associated with >3% desaturation or arousal.

Moreover, some authors [51,53,55] put down a diagnosis of OSA if AHI > 5/h, the
next [50] when RDI > 5/h, while others [56] noted the diagnosis when RDI > 10/h or
RDI > 5/h with the lowest nocturnal oxyhemoglobin desaturation of >90%.

To sum up, incoherence in studies regarding breathing events and the criteria for OSA
diagnosis can lead to confusion and inconsistency in the literature. Having clear definitions
and criteria is important to ensure accurate and standardized research findings.

3.4. Relation between Obstructive Sleep Apnea and Small Gestational Age

All 18 included studies investigated the association between OSA in pregnancy and
fetal growth, and the results of each study are presented in Table 2.

Several studies [39,44,45,50,52] have observed a relationship between OSA and SGA
or fetal growth retardation. In a study by Chen et al. [52], women diagnosed with OSA
experienced statistically higher rates of adverse outcomes that included LBW infants (8.6%
vs. 4.2%, p < 0.001) and SGA infants (18.3% vs. 13.5%, p < 0.001) than those without OSA.
Pamid obtained similar results in a prospective study [45] on a relatively healthy and
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non-obese group, where a significant association was found between a diagnosis of SDB
based on PSG in the third trimester of pregnancy and an increased likelihood of delivering
an SGA baby (p < 0.05, OR 2.57-3.07, depending on the AHI thresholds used). Moreover,
other PSG-based SDB indicators, such as the obstructive hypopnea index and the oxygen
desaturation index, consistently demonstrated an increased probability of having an SGA
baby [45]. Furthermore, some studies showed a correlation between OSA decrease and fetal
weight centiles in the third trimester [44,50]. Although there were no notable disparities in
the percentage of infants with a birth weight below the 10th percentile between women
with and without OSA (23% vs. 25%, p = 1.0), significant differences were found in the
proportion of infants experiencing a deceleration in fetal growth during the final trimester
(61% vs. 29%, p = 0.0095). In total, 61% of women with untreated OSA and 35% without
OSA exhibited impaired fetal growth, indicated by either a birth weight below the 10th
percentile or a deceleration in fetal growth (p = 0.043) [44].

However, some authors found an association between OSA and SGA in hypertensive
women but not in normotensive women [39]. Additionally, mild SDB did not result in worse
acute or long-term fetal outcomes in women with hypertensive disorders of pregnancy or in
BMI-matched normotensive controls. Surprisingly, the presence of SDB in hypertensive dis-
orders of pregnancy cases was associated with improved fetal growth outcomes, indicating
a better prognosis [39]. Moreover, it was observed that women with restricted growth had
a higher tendency to fall asleep on their backs than those with normally developed fetuses
(36.6% vs. 7.5%, p < 0.001). Sleeping on the back was associated with FGR and birthweight
at delivery, although a causal relationship cannot be established. The information presented
in the study [39] was derived from three separate studies that followed group participants
over time to examine SDB in different pregnancy scenarios. The first study focused on
pregnant women without underlying health conditions [16]. The second study examined
pregnancies complicated by FGR, comparing them to control groups with similar BMI
and gestation periods [19]. Finally, the third study investigated hypertensive disorders of
pregnancy, including gestational hypertension, pre-eclampsia, and chronic hypertension,
again comparing them to control groups with matched BMI and gestation periods [20].
FGR was determined using the ultrasound Delphi consensus criteria [23], which consider
parameters such as estimated fetal weight, abdominal circumference falling below the
3rd centile, estimated fetal weight, or abdominal circumference below the 10th centile
accompanied by abnormal fetoplacental Doppler findings on ultrasound. It was observed
that women who had fetuses with growth restriction had a significantly higher tendency to
initiate and maintain a supine sleep position throughout the night compared to women
with healthy pregnancies. Moreover, a preference for sleeping in the supine position was
linked to lower birthweight in infants. However, it should be noted that another study
found that the supine position was associated with more respiratory events and deeper
oxygen desaturation in pregnant women with OSA. 5till, no effect on perinatal outcomes
was observed [59]. Finally, positional therapy can significantly reduce the percentage of
sleep time in the supine position during late pregnancy [60].

On the other hand, there were also studies [40,43,53-56] where no relationship between
OSA during pregnancy and SGA was observed. Additionally, Kéken et al. [56] observed
no significant differences in IUGR prevalence, average infant birth weight, and incidence
of complications during birth between infants born to mothers who reported snoring and
those born to mothers who did not. In two other prospective studies [40,43], the diagnosis
of OSA was based on PSG in an average population of pregnant women and found no
association between OSA and SGA.

In the studies analyzed above, an association between OSA and SGA or no correlation
between these factors was observed. However, interestingly, there are also studies [43,46] in
which the opposite results were obtained, and a relation between OSA and large newborn
gestational age (LGA) was found. In a study by Bin et al. [46], sleep apnea showed a
significant association with LGA (RR 1.27; CI 1.04-1.55), as well as significant associations
with various pregnancy outcomes, such as a 5 min Apgar score of less than 7 (RR 1.60; CI
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1.07-2.38), which was also found in a study by Chen et al. [52]. Telerant’s study [43] is the
first to show that mild maternal OSA in non-obese pregnant women without gestational
diabetes, or hypertensive disorders is associated with accelerated fetal growth, manifested
by various growth parameters such as weight, length, and adiposity, as well as an increased
risk of LGA. In a cohort of non-obese women without pregnancy complications, the effect
of mild OSA on fetal growth was investigated while minimizing potential confounders
such as maternal obesity and adverse pregnancy complications that could potentially affect
the fetus [43].

To sum up, there are many inconsistencies regarding the effect of OSA on SGA and
fetal growth. Some researchers confirmed a positive correlation between OSA in pregnancy
and fetal growth retardation. Others noticed that relationships were only in hypertensive
women. Some researchers did not observe any association between those two events.
Interestingly, there are also reports in contrast where a relation between OSA and LGA was
found.

3.5. Limitations of the Included Studies

The mean limitation of the included studies is the variety of OSA diagnosis tools and
impaired fetal growth definition. Several differences in SGA diagnosis were also found
among the included studies. In three studies, the SGA definition was unavailable [42,51,53],
while in a study by Louis et al. [47], poor fetal growth code in hospital records was the only
criterion. Most studies used the SGA definition of birthweight below the 10th percentile
for gestational age. However, four customized growth charts were used [39,44,45,50]. Yin
et al. [54] used abdominal circumference measure <10th centile for gestational age, while
Facco et al. [48] used birthweight <5% for gestational age. Three studies included additional
analysis of slowing fetal third-trimester growth, defining it as a fall in customized percentile
>33% between the scan and delivery [39,44,50]. Various definitions of SGA contribute to
bias.

4. Discussion

Studies have investigated the relationship between OSA and SGA, and their results
have been conflicting [61]. This may relate to differences in OSA diagnosis, usually based on
PSG in small sample-sized studies or on subjective questionnaires and national datasets in
large cohorts. Two recent meta-analyses included studies with various diagnostic methods,
also based on non-objective methods and heterogenous populations, and concluded them
jointly [2,28].

Some investigators suggest that OSA during pregnancy can lead to unfavorable ma-
ternal and fetal outcomes, which may be even more relevant in multiple pregnancies [62].
Therefore, screening all pregnant women for OSA symptoms and offering PSG to sus-
pected cases and those with high-risk pregnancies, excessive daytime sleepiness, chronic
hypertension, or obesity is recommended [14,63-68]. Additionally, BMI, age, and the
presence of tongue enlargement can be used to predict the risk of OSA in pregnancy [69].
Moreover, Mallampati class and upright neck circumference were proposed to predict
sleep-disordered breathing in pregnancy [70].

There are differences in when to screen for OSA in pregnant women. Some authors
argue that patients should be screened at 24-35 weeks of pregnancy because of the higher
incidence of OSA in the middle and third trimesters of pregnancy [71], but others believe
that screening is better conducted earlier because of the decline in sleep quality during
pregnancy and the inadequate test result associated with the discomfort of sleeping with a
monitoring device [72,73]. The early detection and management of OSA during pregnancy
may reduce the adverse outcomes of the condition. Additionally, in some cases, a single
sleep study during pregnancy may not be sufficient to diagnose correctly [74]. Unfortu-
nately, the percentage of pregnant patients who complete OSA testing among those referred
for it is also unsatisfactory [75].



J. Clin. Med. 2023, 12, 5972

16 of 20

The use of continuous positive airway pressure (CPAP) in pregnancy, which has been
shown to have anti-inflammatory properties and decrease oxidative stress [76], can have a
positive effect on hypertension in pregnant women, preterm labor, birth weight increment,
a higher Apgar, or a reduction in serum uric acid and tumor necrosis factor-alpha [77-81].
CPAP treatment in women with gestational diabetes and OSA improved insulin secretion
but not glucose levels [82]. In addition to CPAP treatment, various methods of treating
OSA, such as mandibular advancement splints [83], have been studied in a population of
pregnant women.

Significant limitations occurred in most of the studies included in the systematic review.
Five studies included the usual cohort of pregnant women and used PSG for OSA diagnosis.
In four of them, no association between OSA and SGA was found [40,43-45,50]. A prospective
study by Pamidi et al. [45] revealed a relationship between OSA and delivering SGA infants.
However, the result was on the verge of statistical significance.

Apart from SGA, the relationship between OSA and other aspects of fetal growth was
analyzed. Slowing fetal third-trimester growth was investigated and confirmed in women
with OSA [50]. On the other hand, some researchers [40,43] reported a higher risk of LGA
infants in women suffering from sleep-disordered breathing. Therefore, there is still a clear
need for a profound study of the available data on the relationship between OSA and SGA
in pregnancy.

Different components of OSA (like hypoxia or sleep fragmentation) or the severity
of OSA may have a varying impact on fetal growth. OSA may influence maternal lipid
levels and fetal insulin. The metabolic consequences of OSA or its specific aspects might
contribute to a metabolic milieu favorable for accelerated fetal growth.

Studies have several limitations that require consideration. Cohorts included only a
limited number of women with severe OSA and were limited to obese patients. Moreover,
there are different OSA and FGR definitions in those studies. The next one is unable to
gather data on the deliveries of some patients who transferred their care out of the system,
mainly from the control group. This may result in overestimation if those women also had
severe outcomes. Additionally, women diagnosed with OSA had other medical conditions
like hypertension and diabetes, which must be taken into consideration. Other limitations
are various methods of OSA determination, like PSG, in-home portable PSG, self-reported
ESS, nocturnal pulse oximetry, etc.

5. Conclusions

OSA can lead to adverse maternal and neonatal outcomes regardless of other risk
factors, highlighting the importance of identifying and treating OSA in pregnant women via
improved screening methods and treatments. In some studies, we found a relation between
OSA and SGA, but we also know that other factors impact study results. Women with
multiple comorbid conditions were potentially more likely to be screened and diagnosed
with OSA.

Physicians and midwives managing pregnancies should pay special attention to
whether pregnant women have risk factors and symptoms of OSA and should include this
information in their interviews with patients at the first visit. Pregnant women should be
screened for OSA, and an increased level of health care should be provided to this group.
Women at risk or with symptoms of OSA should be offered PSG. Given that obesity is a
risk factor for OSA, obese women should be referred to a nutritionist to help treat obesity,
if possible, even before pregnancy. In the case of OSA in pregnancy, early diagnosis is very
important so that treatment can be quickly instituted and the adverse effects of this disease
on patients and their children can be reduced. Some consequences of OSA in pregnancy
may be irreversible if the treatment is delayed. It is necessary to improve screening methods
and increase the availability of treatment for OSA in pregnancy.

To summarize, larger randomized controlled trials are necessary to establish con-
clusive evidence of the maternal and fetal outcomes related to OSA diagnosis during
pregnancy. Additional research is required to identify and understand the potential impact
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of OSA-induced biochemical, metabolic, and immune alterations that occur in OSA and
understand their impact on maternal and fetal outcomes. Planned studies should focus on
eliminating the influence of other factors that may affect outcomes, such as comorbidities
like hypertension, diabetes, or other diseases that may result in maternal hypoxia, as well
as the influence of weight, age of maternal socioeconomic status, and smoking during
pregnancy. Control groups should be matched to study groups that account for the above
factors. In particular, the co-occurrence of diabetes and obesity among pregnant women
may have a key impact on the birth weight of fetuses of mothers with OSA. It is also
important to have homogeneous groups of patients concerning the severity of OSA to
study the relationship between the severity of OSA and the occurrence of complications
in mothers and fetuses. There is still a need for research on the effect of OSA treatment
in pregnancy on reducing the negative effects of the disease, as previous studies of the
efficacy and safety of CPAP in pregnancy have been conducted on small groups of patients,
so whether short-term CPAP treatment affects fetal well-being has not been sufficiently
investigated.
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