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Abstract

Aims/Background: Obstructive sleep apnea (OSA) and intermittent maternal hypoxia during pregnancy have been hypothesised to
impact fetal heart rate (FHR). To evidence this possible link, we performed a systematic review of the current evidence about maternal
OSA and FHR alteration. Methods: The following databases were analysed from the inception to June 2024: Cochrane Library, PubMed-
Medline, EMBASE, Web of Science, and Google Scholar. We included studies with pregnant women affected by OSA, and FHR assessed
via cardiotocography or fetal electrocardiography. Studies without polysomnography or home sleep testing, cross-over designs, or non-
English publications were excluded. Results: 168 studies were screened, and six were included. Five were prospective observational
studies, and one was a case report. Maternal age showed a value from 26.6 £ 7.1 to 34.8 & 3.3 years, and gestational age ranged from
32.1 +3.4t039.4 & 1.0 weeks. The body mass index (BMI) values ranged between 27.5 + 7.2 and 55 kg/m?. Polysomnography was the
primary diagnostic tool for OSA in most studies; one study utilised a home sleep test. Apnea/hypopnea episodes frequency varied from
8.4 to 159 events per hour. Findings about the FHR alterations were discordant: three studies did not report an association, other three
observed FHR changes linked to maternal respiratory events. Conclusion: Our systematic review evidenced a significant variability
about the maternal OSA impact on fetal heart rate. The study’s results were contradictory. These inconsistencies also derive from
different study designs, sample sizes, and outcomes analysed. Further studies are necessary to evidence the real impact of the OSA on
the fetal cardiac response. Systematic Review Registration: PROSPERO (CRD42024533801).
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1. Introduction OSA is more commonly associated with maternal
complications—such as excessive daytime sleepiness, ges-
tational hypertension, pre-eclampsia, and gestational dia-
betes [6]. Its role in intermittent fetal hypoxia is of grow-
ing concern. Prolonged or repeated hypoxic episodes may
impair placental function, ultimately compromising fetal

growth and development [3].

The assessment of fetal growth and well-being re-
mains a central focus of prenatal care [1]. In the last years,
studies have investigated maternal breathing disorders and
pregnancy compliance [2]. The sleep disorder also impacts
fetal growth. One such condition is obstructive sleep apnea
(OSA), with recurrent apneic episodes during sleep due to

upper airway collapse, with consequently intermittent hy-
poxia and sleep alteration [3].

Management of temporomandibular joint (TMJ) dis-
orders in patients with OSA typically involves conservative
treatment approaches aimed at symptom relief and func-
tional improvement [4]. Among these, oral appliances—
particularly mandibular advancement devices—are com-
monly used and have shown efficacy in addressing both
TMIJ disorders and OSA-related symptoms [5].

Different studies showed an increased prevalence of
OSA during pregnancy [7]. Common symptoms of OSA
include snoring, nocturia, personality changes, and exces-
sive daytime sleepiness [3]. The symptoms worsen during
the last pregnancy period due to the hormonal modification,
increased body mass index (BMI), reduced lung volume,
and trachea restriction [3]. Women with no previous his-
tory of sleep disorders may show symptoms during the third
trimester [6]. OSA increased the risk of preterm delivery,
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Table 1. Modified Newcastle-Ottawa scoring items.

(1) Study design and sample representativeness:

1 point: Study design involved a control group, sample size was greater than or equal to 50 participants.

0 points: Uncontrolled study, sample size less than 50 participants.

(2) Sampling technique:

1 point: Patients recruited consecutively.

0 points: Potential convenience sampling or unspecified sampling technique.

(3) Description of the FHR evaluation technique:

1 point: The authors provided a comprehensive description of the equipment, setting, and adopted technique.

0 points: The study did not report adequate information on the fetal evaluation technique.

(4) Quality of population description:

1 point: The study reported a clear description of the population (e.g., age, BMI, apnea/hypopnea events

were followed by decelerations, etc.) with proper measures of dispersion (e.g., mean, standard deviation).

0 points: The study did not report a clear description of the population, incompletely reported descriptive

statistics, or did not report measures of dispersion.

(5) Incomplete outcome data:

1 point: The study reported complete data on the procedures and/or fetal outcomes.

0 points: Selective data reporting cannot be excluded.

The individual components listed above are summed to generate a total modified Newcastle-Ottawa risk of bias score for each

study. Total scores range from 0 to 5.

For the total score grouping, studies were judged to be of low risk of bias (>3 points) or high risk of bias (<3 points). Abbrevi-

ations: BMI, body mass index; FHR, fetal heart rate.

gestational hypertension and preeclampsia and gestational
diabetes [8].

Fetal well-being is evaluated through antenatal ultra-
sound test and cardiotocography (CTG) [9,10]. Antepartum
CTG is a primary method for evaluating fetal cardiac status
[11]. This test permits the evaluation of the fetal heart rate
(FHR) compensation due to fetal hypoxia [11]. Since CTG
is not routinely performed during maternal sleep, episodes
of OSA may impact fetal oxygenation and alter FHR vari-
ability without detection [9]. The impact of maternal OSA
on fetal well-being, particularly in relation to CTG-detected
FHR changes, remains under-researched and poorly under-
stood.

We aimed to evidence the maternal OSA impact on
the fetal heart rate. This represents a gap in the current re-
search and should improve our understanding of the OSA
influence on adverse prenatal outcomes.

2. Methods
2.1 Eligibility Criteria

The Population, Intervention, Comparison, and Out-
comes (PICO) framework was applied to our research:

* Population (P): Third-trimester pregnant woman
with a diagnosis of OSA.

¢ Intervention (I): FHR evaluation performed with
CTG or fetal electrocardiogram.

» Comparison (C): Normal pregnancy without OSA di-
agnosis.

* Outcomes (O): Apnea/hypopnea episodes per hour,
and apnea/hypopnea events followed by fetal heart alter-
ations.

Polysomnography or home sleep tests for the OSA di-
agnosis were necessary to include the studies in our review.
Cohort studies, case-control studies, case reports, case se-
ries and/or randomised controlled trials were considered el-
igible.

We excluded: (1) studies without polysomnography or
home sleep test diagnosis, (2) cross-over study designs, (3)
studies without the PICO framework, (4) no English lan-
guage, (5) reviews, editorials, letters, posters and confer-
ence abstracts.

2.2 Search Strategy

A systematic review was conducted using the fol-
lowing databases: Cochrane Library (https://www.cochra
nelibrary.com/advanced-search), PubMed-Medline (https:
//pubmed.ncbi.nlm.nih.gov/), EMBASE (https://www.em
base.com/landing?status=grey), Web of Science (https://mj
l.clarivate.com/search-results) and Google Scholar (https:
//scholar.google.it/). The search covered the period from
database inception to June 2024. No geographic restrictions
were applied in the selection of studies.

Various Medical Subject Headings (MeSH) were com-
bined to identify studies related to cardiotocography and fe-
tal heart monitoring, including: “decelerations”, “fetal as-
sessment”, “fetal electrocardiogram”, and “heart rate vari-
ability”. Obstructive sleep apnea (OSA) was explored using
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2009 Flow Diagram summarising the

study selection process and inclusion criteria. CTG, cardiotocography; OSA, obstructive sleep apnea; HRV, heart rate variability.

LRI

the MeSH terms: “polysomnography”, “pregnancy sleep”,
and “sleep apnea”.

We followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines. A completed PRISMA 2020 checklist is avail-
able as Supplementary Table 1. The review protocol was
registered PROSPERO ID: CRD42024533801 (https://ww
w.crd.york.ac.uk/PROSPERO/view/CRD42024533801).

2.3 Study Selection Process

Two authors (AP and RM), both holding medical de-
grees, independently screened the titles and abstracts of all
studies identified through the search strategy. Full-text ar-
ticles of potentially eligible studies were retrieved and as-
sessed for inclusion based on the predefined criteria. To
identify additional studies reference lists of included studies
and relevant reviews were explored. Discrepancies or un-
certainties regarding study inclusion were resolved through
discussion with a third reviewer (MLV).

2.4 Data Extraction Procedure

Two reviewers (AP and RM) independently per-
formed data extraction using a Microsoft Excel spreadsheet
(version 2501, build 16.0.18429.20132, licensed to Uni-
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versita della Campania “Luigi Vanvitelli”, Italy) specifi-
cally designed for individualised data collection. The ex-
tracted data included: (1) first author, (2) year of publica-
tion, (3) country of origin, (4) patient characteristics (age,
gestational age, and BMI), (5) type of sleep test or diag-
nostic criteria for OSA, and (6) fetal outcomes, including
decelerations following apnea/hypopnea events, the pres-
ence of sleep-disordered breathing, and the number of ap-
nea/hypopnea episodes per hour. Due to different study de-
signs and outcomes included, we did not perform a quanti-
tative synthesis. As a result, the findings were synthesised
descriptively.

2.5 Assessment of Risk of Bias

The risk of bias in the included studies was assessed by
two independent authors, adopting a modified Newcastle-
Ottawa Quality Assessment Scale [12]. The assessment
covered five domains: (1) study design and sample rep-
resentativeness, (2) sampling technique, (3) description of
the fetal heart rate evaluation method, (4) quality of pop-
ulation description, and (5) completeness of outcome data
(Table 1). Disagreements between reviewers were resolved
by consultation with a third reviewer (MLV).
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Table 2. Studies the characteristics of the included study.

. . o Patient characteristics Diagnosis
Author, year, questionnaire Study characteristics Country
Age mean (SD),y GA mean (SD), wk BMI mean (SD), kg/m?  Sleep test/criteria
[18] Prospective observational study ~ USA Not specified 36.2+0.8 >30 Polysomnography
[16] Prospective observational study ~ USA 32.0+£55 346+ 24 37.1+£8.0 Home sleep test
[13] Case report Canada 32 36 55 Polysomnography
[14] Prospective observational study  Turkey 348 +33 >34 375+ 84 Polysomnography
. . . FGR:31.6+£59 321+34 30.6 +7.6
[17] Prospective observational study Australia Polysomnography
C:31.6 +4.0 394+ 1.0 31.5+7.0
[15] Prospective observational study ~ USA 26.6 £7.1 323+35 275+72 Polysomnography

Abbreviations: GA, gestational age; FGR, fetal growth restriction; C, control group; SD, standard deviation.

Table 3. Risk of bias assessment of the 6 included studies.

Author, year Study design and sample Sampling Description of the fetal heart rate evaluation Quality of population description  Incomplete outcome  Total score
representativeness technique technique data
[18] - 1 1 1 1 4
[16] - 1 1 1 1 4
[13] - - 1 - - 1
[14] 1 1 1 1 - 4
[17] - 1 1 1 1 4
[15] - 1 1 1 - 3
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Table 4. The outcomes of the studies are included.

First author Fetal compromise evaluation Patients with sleep-disordered breathing Episodes of apnea/hypopnea per hour Apnea/hypopnea events were followed
events, number by decelerations

[18] fetal electrocardiogram (Monica 82 8.7 45/2936 (1.5%)

AN24)
[16] fetal electrocardiogram (Monica 23 84+£53 *
DK)

[13] CTG 1 159 0

[14] CTG 4 135+5.5 *x

[17] CTG 23 NR HoHE

[15] CTG 20 12.2 0

* A total of 37 late decelerations were observed in n = 18 women. Fifty percent (n = 9) of these women met the criteria for sleep-disordered breathing. Overall, 84% of late decelerations

were temporally associated with a maternal respiratory event.
** 3/4 women with obstructive sleep apnea (OSA) had fetal heart decelerations accompanying maternal desaturation.
**% 20.2% of fetal heart rate (FHR) events had one or more apnoeas or hypopnoeas in the 5 minutes prior to the event (deceleration 19%, prolonged deceleration 17%, prolonged period of

reduced variability 26%).
Abbreviations: CTG, cardiotocography; NR, not reported; DK, datakey.
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3. Results
3.1 Study Selection and Study Characteristics

168 studies were identified after the screening. After
removing duplicates and excluding studies that did not meet
the inclusion criteria, six articles were deemed eligible for
inclusion (Fig. 1) [13-18].

The key characteristics of the included studies are
summarised in Table 2 (Ref. [13-18]). One study was a
case report [13]. The remaining five studies were prospec-
tive observational studies [14—18]. Of these, four studies
were from North America [13,15,16,18], one from Turkey
[14] and one from Australia [17].

3.2 Risk of Bias of Included Studies

Among the included studies, five demonstrated a low
risk of bias in at least three of the evaluated domains [14—
18], while one study was classified as having a high risk
of bias [13]. A detailed description of the risk of bias as-
sessment across all domains for each study is presented in
Table 3 (Ref. [13-18]).

3.3 Synthesis of the Results

Table 2 summarises patient characteristics and the
type of sleep test used in each of the included studies. The
studies analysed were published between 1991 and 2023.
The maternal age showed a mean of 26.6 + 7.1 years [15]
and 34.8 4 3.3 years [ 14]. Gestational age varied from 32.1
+ 3.4 weeks to 39.4 + 1.0 weeks [17]. The reported BMI
values ranged from 27.5 + 7.2 kg/m? [15] to 55 kg/m? [13].

OSA was diagnosed using polysomnography in five
studies [13—15,17,18], and one study adopted the home
sleep test [16].

Table 4 (Ref. [13-18]) presents findings related to
fetal compromise and sleep-disordered breathing events
in pregnant women. Two studies assessed fetal compro-
mise using a fetal electrocardiogram device (Monica AN24
and Monica datakey (DK), Monica Healthcare Ltd., Buck-
inghamshire, UK) [16,18], and four studies applied car-
diotocography (CTG) [13-15,17].

The sleep-disordered breathing events ranged from 1
to 82 events, with different apnea/hypopnea episodes per
hour among the studies [13—15,17,18]. DiPietro et al. [18]
reported an average of 8.7 apnea/hypopnea episodes per
hour, with only 1.5% of these events followed by fetal heart
rate decelerations.

This finding is consistent with the results of Pitts
et al. [16], who reported an average of 8.4 +5.3 ap-
nea/hypopnea episodes per hour, with 37 late decelerations
observed across 18 pregnant participants. 84% of late de-
celerations were associated with maternal respiratory dis-
turbances [16].

In the 1991 case report by Charbonneau et al. [13],
CTG revealed fetal heart rate variability, with a reported
159 apnea/hypopnea episodes per hour, yet no decelerations
were observed. Sahin et al. [14] reported an average of

13.5 £+ 5.5 apnea/hypopnea episodes per hour in a cohort of
four pregnant women. Among the four patients with OSA,
three exhibited fetal heart rate decelerations that coincided
with maternal oxygen desaturation episodes [14].
Skrzypek et al. [17] performed CTG monitoring on
23 pregnant women and found that 20.2% of fetal heart rate
alterations were preceded by one or more apneic or hypop-
neic events. Finally, Olivarez et al. [15] applied CTG to
100 patients, reporting an average of 12.2 apnea/hypopnea
episodes per hour, with no detected fetal abnormalities.

4. Discussion

Our systematic review included six studies published
between 1991 and 2023 that analysed the effects of mater-
nal obstructive sleep apnea (OSA) on fetal heart rate (FHR),
assessed using cardiotocography (CTG) and fetal electro-
cardiography (fECG) [13-19]. Except for Pitts ez al. [16],
which diagnosed the maternal sleep disorders with the home
sleep test, all the studies diagnosed sleep disorders with
polysomnography [13-15,17,18].

Half of the studies included in our review did not pro-
vide evidence of an impact of maternal OSA on fetal heart
rate [13,15,18]. Three studies evidenced the association be-
tween maternal OSA and fetal heart distress, despite the
limited sample [14,16,17]. Skrzypek et al. [17] investi-
gated OSA in pregnant women with preterm fetal growth
restriction (FGR) comorbidity. The results indicated that
fetuses with this condition have more acute FHR events
compared to the controls [17]. Moreover, FGR is a fetal
condition that predisposes to hypoxia and adversely affects
fetal outcomes [20,21].

Olivarez et al. [15] and DiPietro et al. [18] did not
evidence a direct correlation between OSA and fetal abnor-
malities. The predictive value of the Berlin screening ques-
tionnaire during pregnancy was explored by Olivarez et al.
[15]. They included 100 pregnant women with gestational
ages ranging from 26 to 39 weeks, and the authors con-
cluded that the mechanism by which OSA may affect the
fetus during maternal apneic episodes remains unclear [15].
DiPietro et al. [18] included 84 obese pregnant women at
term of gestation. They observed only a modest compen-
satory increase in fetal heart rate variability in response to
apneic and hypopneic episodes, without any pathological
fetal heart response [18].

The case report by Charbonneau ef al. [13] described
a 32-year-old pregnant woman at 36 weeks of gestation, af-
fected by severe obesity (155 kg), gestational diabetes, and
fetal growth restriction. Despite an apnea—hypopnea index
of 159 events per hour and maternal oxygen desaturation,
CTG monitoring showed normal fetal heart rate reactivity
in this patient [13].

Sahin ef al. [14] analysed 35 term pregnant women,
among whom only four were diagnosed with OSA. In these
four cases, a strong correlation (75%) was observed be-
tween fetal heart rate decelerations and maternal oxygen de-
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saturation [14]. Furthermore, neonates of women affected
by OSA showed lower Apgar scores and birth weights [ 14].
Similarly, Pitts ef al. [16] reported a strong correlation be-
tween maternal respiratory events and the occurrence of late
and prolonged fetal heart rate decelerations. In their co-
hort of 40 women, 17 were diagnosed with sleep-disordered
breathing during the third trimester; among them, 37 late
decelerations were recorded, 84% of which were associated
with maternal respiratory events [16].

Other studies evidenced the relation between the ma-
ternal hypoxic episodes and the fetal growth restriction,
preterm delivery, and other adverse perinatal outcomes
[22-24]. Apneic phase is associated with maternal desatu-
ration, with an impact on the fetal circulation and fetal heart
rate [25]. This association is not well recognised in preg-
nant populations. Fetal and placental circulatory systems
may be well adapted, allowing the fetus to tolerate brief
episodes of maternal desaturation without adverse effects
[26-28].

Other risk factors—such as elevated body mass index
(BMI), gestational hypertension, and gestational diabetes—
may worsen fetal outcomes, predisposing affected individ-
uals to increased susceptibility to the effects of maternal
sleep disorders [29-31]. According to DiPietro ef al. [18],
maternal apneic episodes may cause fetal compensatory
mechanisms.

Based on our systematic review, the studies included
showed contradictory findings. This difference may origi-
nate from different study designs and different outcomes.
Even studies that employed overnight polysomnography
with continuous fetal ECG monitoring during maternal res-
piratory events reported contrasting findings [16,18]. The
presence of comorbid conditions may directly influence
fetal heart rate patterns and confound the study’s results
[13,17].

Obesity remains the most significant confounding fac-
tor, as the majority of patients with maternal sleep disor-
ders associated with fetal heart abnormalities were also af-
fected by severe obesity [32]. Most studies were conducted
in obese pregnant women, which represent an independent
risk factor [13,14,16-18].

Other limitations are related to the geographic vari-
ability among the study settings [33]. Main studies were
conducted in high-resource settings, North America and
Australia [13,15-18], and could not represent the low-
resource setting. The high-resource study predominance
limits our generalizability [33-35].

Biases were evaluated with the modified Newcastle-
Ottawa scale, to a rigorous systematic review.

5. Conclusion

OSA represents a possible risk factor for the fetal well-
being and fetal heart modification. The current evidence
are not unanimous about the OSA impact on the fetal heart
modification. Despite these unclear findings, early diag-
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nosis and management of maternal sleep disorders remain
a significant point of prenatal care. Further standardized
studies are needed to understand the complete relationship
between OSA and fetal heart adaptation.

Key Points

* We conducted a systematic review of the literature
on the influence of maternal OSA on FHR.

« Six studies were included in our analysis, with three
showing no significant effect on FHR and the other three
demonstrating fetal distress in OSA pregnant women, char-
acterised by FHR decelerations and changes.

* These discrepancies could be related to differences
in study settings, sample size, diagnostic criteria for OSA,
and methods of fetal monitoring.

* Despite those limitations, for the first time, this re-
view has focused on the possible relationship between ma-
ternal OSA and FHR, which is significant for maternal sleep
disorder management during pregnancy in order to optimize
prenatal care and minimize the impacts of associated risks.
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