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Background: Due to the high prevalence in pregnant women and potential association
with pregnancy complications or perinatal outcomes, sleep-disordered breathing (SDB)
has become an increasing concern.

Methods: Pubmed and Embase were retrieved from inception until 2017 to conduct
a meta-analysis to explore the association of SDB and several outcomes during ges-
tation. A stratified analysis differentiated by the type of SDB [snoring alone/obstructive
sleep apnea (OSA)] was also performed. Pooled odds ratios were produced for binary
outcomes. Weighted mean differences were also produced for continuous outcomes.
Sensitivity analysis was performed to identify the impact of individual studies on summary
results and estimation of publication bias was performed by funnel plot.

Results: 35 studies with a total of 56,751,837 subjects were included. SDB during
pregnancy was associated with a significantly increased risk of gestational diabetes
mellitus (GDM), pregnancy-induced hypertension (PIH), and preeclampsia (PEC), but
not significantly associated with fetal maternal outcomes, namely APGAR score and
birth weight. Moreover, OSA was linked with an increasing risk of GDM, PIH, PEC and
preterm birth while snoring appeared to increase the risk of GDM, PIH, and PEC.

Conclusion: The finding provided potential evidence for association between SDB and
adverse perinatal outcomes. SDB increased the risk of some pregnancy complications
while its influence to fetal outcomes was not clear.

Keywords: sleep-disordered breathing, maternal and child health, meta-analysis, pregnancy complication,
gestational diabetes mellitus

Abbreviations: SDB, sleep-disordered breathing; SRBDs, sleep-related breathing disorders; OSA, obstructive sleep apnea;
GDM, gestational diabetes mellitus; PTH, pregnancy-induced hypertension; PEC, preeclampsia; PTB, preterm birth; BW, birth
weight; BMI, body mass index; aORs, adjusted odds ratios; CI, confidence interval; rORs, raw odds ratios; ORs, odds ratios;
WMDs, weighted mean differences.
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SDB during Pregnancy and Perinatal Outcomes

INTRODUCTION

Sleep-disordered breathing (SDB) or sleep-related breathing dis-
orders are characterized by abnormalities of respiration during
sleep. SDB can be further grouped into obstructive sleep apnea
(OSA), central sleep apnea disorders, sleep-related hypoventila-
tion disorders, and sleep-related hypoxemia disorder (1). A pub-
lished study indicated that SDB was highly prevalent in pregnant
women for substantial physiological and hormonal changes
during the gravid stage (2). Meanwhile, it has been confirmed that
pregnant women are more vulnerable to OSA than non-pregnant
women (3). A study conducted on 500 females suggested that the
prevalence of snoring increased from 7.9 to 21.2% through the
first to the third trimester of pregnancy (4).

The considerable prevalence of SDB in pregnant women has
drawn increasing attention. As suggested by recent studies, SDB
has potentially increased the risk of advanced pregnancy compli-
cations such as gestational diabetes mellitus (GDM), pregnancy-
induced hypertension (PIH), and preeclampsia (PEC) (5-7). These
pregnancy complications can be strongly related to several adverse
maternal outcomes. For instance, GDM has been recognized as
a risk factor for neonatal hypoglycemia, premature delivery and
fetal macrosomia (8-10). Besides, SDB may be associated with
preterm birth (PTB) and low birth weight (BW). It was sug-
gested by several studies that both snoring and OSA were linked
with an increased risk of PTB, a major cause of infant mortality
(6, 11-13). Low BW impacted neonatal mortality in a similar way
(14). Also, it was indicated that gestational SDB was likely to affect
the neurobehavioral development in infants (15).

In recent years, researchers attempted to clarify the association
between SDB and maternal-fetal outcomes. However, the cor-
responding results were not conclusive and some contradictions
have been found in the current literature. For instance, a recent
meta-analysis indicated a significant impact of SDB on GDM,
PIH, and BW (16) while another study denied such an impact
(17). Besides that, SDB was reported to induce the elevation of
circulating inflammatory markers and this trend can be used to
predict PTB (18), but this conclusion was challenged by a study
which revealed no significant association between SDB and PTB
(17). Apart from these controversies, the power of some studies
was limited by other factors such as the small sample size (19).
For this sake, we designed and conducted this meta-analysis to
examine whether SDB was associated with adverse pregnancy
complications and maternal-fetal outcomes.

MATERIALS AND METHODS

Literature Search Strategy

We commenced our study by systematically searching medical
databases including PubMed and Embase for relevant literatures
from inception until 2017.

A comprehensive search strategy was applied with the fol-
lowing terms as keywords: “sleep apnea syndromes” or “snor-
ing” or “obstructive sleep apnea” and “pregnancy” or “pregnant
women” or “infant” and “APGAR score” or “gestational diabetes.”
Bibliographies of retrieved articles were also reviewed and
manually searched to avoid any potential omissions.

Inclusion Criteria

The retrieved literatures to be included in our study must meet
all the following criteria: (1) observational studies with pregnant
women as subjects; (2) observational (prospective or cross-
sectional) studies without any intervention; (3) SDB was diag-
nosed as either snoring or OSA using overnight sleep monitoring
(20), Berlin Questionnaire (21), or diagnostic criteria illustrated
in International Classification of Sleep Disorders Third Edition
(ICSD-3); (4) at least one of the pregnancy complications includ-
ing GDM, PIH, PEC, or fetal outcomes including BW, APGAR
(5min), and PTB was assessed in the study; and (5) Sufficient data
could be derived for evidence synthesis and statistical analysis.
As for the studies from the same researchers, the larger samples
one will be included. The precision is driven primarily by the
sample size, with larger studies yielding more precise estimates
of the effect size.

According to ICSD-3, diagnosis of OSA is confirmed by
obstructive events (apneas, hypopnea, and respiratory events
related to arousals) on polysomnography of >15 events/h or >5/h
in a patient who reports symptoms including unintentional sleep
episodes during wakefulness, daytime sleepiness, unrefreshing
sleep, fatigue, insomnia, waking up breath holding, gasping, or
choking; or the bed partner describing loud snoring, breathing
interruptions, or both during patient’s sleep. Snoring is one symp-
tom of breathing-related sleep disorder which leads to excessive
sleepiness or insomnia due to a sleep-related breathing condition
(e.g., obstructive or central sleep apnea syndrome) (22).

Data Extraction

Data were extracted from the included studies as follows: name
of author, publication year, country of origin, study type, sample
size, age, and body mass index (BMI) of study subjects as well
as the clinical outcomes including GDM, PIH, PEC, APGAR,

Literature searching result

367 records identified
through database searching

l 125 duplicates removed

. 242 records included
192 studies not related to the

research topic excluded .

50 studies included
15 studies containing
incomplete data

FIGURE 1 | Flow diagram of included and excluded studies.
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BW, and PTB as mentioned above. Two researcher extracted
data from original studies independently and any discrepancy
between two reviewers would be resolved by a third reviewer.

Statistical Analysis

Data were synthesized to compare the clinical outcomes of
pregnant women with and without SDB. For binary outcomes,
namely GDM, PIH, PEC, and PTB, odds ratios (ORs) and 95%

confidence intervals (CIs) were used to evaluate the effect size.
The weighted mean differences (WMDs) and their 95% CIs were
applied for continuous outcomes BW and APGAR.

Adjusted odds ratio (aOR) is OR extracted from included
study. Raw odds ratio (rOR) is OR calculated when only raw data
was accessible in previous studies.

All analyses were conducted by R version 3.3.3. Investigation
of heterogeneity among eligible studies was carried out according

TABLE 1 | Characteristics of Studies Included in meta-analysis.

Author, year, country Study type Patient type Number Age (years) BMI (kg/m?) Outcomes
+ - + - + -
Loube, 1996, USA Prospective Snoring 49 301 27.0(9.0) 25.0 (6.0) 29.8 (4.0) 28.0 (4.0) @
Franklin, 2000, Sweden  Cross-sectional  Snoring 113 389 29.8 (5.4) 28.4 (4.7) - - [©©]
Koken, 2007, Turkey Prospective Snoring 40 43 30.8 (5.0 25.6 (3.9) 30.5 (6.4) 255 (5.1)
Perez-Chada, 2007, Cross-sectional  Snoring 156 291 28.9 (6.9) 27.5(7.9) 27.2 (4.3) 25.9(3.0)
Argentina
Sahin, 2008, Turkey Prospective OSA 4 31 34.8 (3.3) 30.7 (5.1) 37.5(8.4) 30.6 (6.7) @
Ursavas, 2008, Turkey Prospective Snoring 55 414 26.7 (6.1) 25.3 (4.8) 23.6 (4.1) 22.8(3.8) [©©]
Bourjeily, 2010, USA Cross-sectional  Occasional snoring 133 480 29.6 (5.9) 28.2 (6.0) 32.1(6.3) 32.1(6.9) 00]
Frequent snoring 331 30.3 (6.0) 32.1 (6.3) 0]
Louis, 2010, USA Prospective Snoring 57 114 30.0 (6.0) 23.0 (5.0 46.0 (18.0) 22.0(2.2)
Qiu, 2010, USA Prospective Snoring 89 1,169 33.3 (4.4) 33.3 (4.4) 23.5 (4.5) 23.5 (4.5) ®
Ayrim, 2011, Turkey - Snoring 4 158 27.4 (6.7) 27.4 6.7)- 28.2 26.7
Micheli, 2011, Greece Prospective Occasional snoring 151 892 - - 25.1 (4.8) 23.9 (4.8) ]
Severe snoring 48 - 26.8 (6.1) @
Higgins, 2011, USA Prospective OSA 1,343 2,731 33.0(1.8) 32.0(1.5) 32.0(1.5) 27.0(1.0)
Olivarez, 2011, USA Cross-sectional  OSA 56 164 29.5 27.9 33.4 29.5 [006)
Tauman, 2011, Israel Preliminary Snoring 48 74 30.7 (4.5) 30.3 (4.6) 22.9(3.6) 21.5(3.6)
Bourijeily, 2012, USA - OSA 38 722 29.1 (6.1) 29.1 (6.1) 26.0 (6.2) 26.0 (6.2) ®
Chen, 2012, Taiwan Cross-sectional  OSA 791 3,955 - -
Facco, 2012, USA Cross-sectional  Mild SDB 34 83 31.8(6.1) 31.0(56.3) 39.6 (12.1)  30.5(10.1)
Considerable SDB 26 32.5(4.9) 44.2 (11.0) ®
Louis, 2012, USA Prospective OSA 26 135 30.0 (6.4) 27.3(5.9) 48.3(11.8)  39.1(6.2)
Tauman, 2012, Israel - Chronic snoring 20 168 32.6 (4.0) 31.4 (4.6) 23.1 (3.9 21.9 (3.4)
New-onset snoring 58 30.4 (4.9) 22.9(3.5) ®
O’Brien, 2012, USA Prospective Snoring 584 1,128 30.3 (6.9) 29.4 (5.8) 29.3 (8.6) 25.0 (6.1)
Owusu, 2013, USA Cross-sectional  Snoring 53 167 29.1 (5.5) 28.8 (5.8)
Fung, 2013, Australia Prospective OSA 14 27 36.0 (4.4) 33.4 (4.8) 35.1 (5.4) 31.0(8.9) 00O 0]
Ko, 2013, Korea Prospective OSA 89 187 32.7 32.8 27.2 25.8 (0]
O’Brien, 2013, USA Prospective Snoring 586 1,087 29.8 (5.8) 29.8 (5.8) 26.5(7.2) 26.5(7.2)
Antony, 2014, USA Prospective OSA 456 1,053 29 28.7 31.9 28.8 [0@c}
Facco, 2014, USA Prospective Mild SDB 40 127 33.0(5.9) 33.0 (5.9) 32.8(8.7) 32.8(8.7)
Considerable SDB 20 33.0 (5.9) 32.8 (8.7)
Prospective Mild SDB 45 67 - - - -
Considerable SDB 16 - -
Louis, 2014, USA Cross-sectional  OSA 16,735 55,765,230 - - - -
Sarberg, 2014, Sweden  Prospective Gestational snoring 45 268 29.4 (4.08) 30.2 (4.33) 24.4(3.3) 23.6 (3.8) @
Habitual snoring 27 29.6 (6.7) 26.4 (5.0 @
Sharma, 2015, India Prospective Snoring? 53 156 - - - - (00
Bassan, 2016, Israel Prospective Snoring 1 33 32.3(2.8) 32.5(4.7) 30.5 (6.7) 23.0(2.7)
Ge, 2016, China Prospective Chronic snoring 361 2,568 26.5(3.5) 36.0 (3.5) - -
Habitual snoring 150 27.2 (4.6) - -
Spence, 2017, USA Retrospective OSA 266 304,735 26.72 (5.22) 30.68 (6.38) - -
Facco, 2017, USA Prospective SDB 114 3,017 27.1(5.5) 29.2 (5.8) - - (006
Bin, 2016, Australia Popular-base Sleep apnea 519 635,708 - - N -
Tauman, 2015, Israel - SDB 18 56 33.1(3.7) 32.7 (4.6) 25.3 (4.3) 21.9 (2.5) O]

“+” represents the study objectives with certain symptom, while “—" represents those without that symptom type.
Clinical outcomes ® GDM: gestational diabetes mellitus @ PIH: pregnancy-induced hypertension ® PEC: preeclampsia @ BW: birth weight (g) ® APGAR (6min): APGAR score

® PTB: premature birth.
aSnoring includes snoring once, twice, and three times or more, respectively.
OSA, obstructive sleep apnea; SDB, sleep-disordered breathing.
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Gestational Diabetes Mellitus (GDM)

Study ID OR (95%Cl) Weight
OSA .
Louis, 2010 —— 460 [1.5213.90] 22%
Olivarez, 2011 — 100 [0.50,2.01 3.9%
Louis, 2012 B 206 [0.67,632] 22%
Fung, 2013 320 [0.60,16.98]  1.2%
Atony 2014 -+ 100 [0.77,1.31] 67%
Louis, 2014 189 [1.67,214] 7.4%
Spence, 2017 - 287 [2.16,382] 66%
Bin, 2016 - 130 [0.97,1.74]  6.5%
Subtotal < 1.71 [1.23,2.38] 36.6%
Snoring
Bourjeily, 2010 (1) —— 120 [0.60,2.40]  3.9%
Bourjeily, 2010 (2) = 210 [1.30,3.40] 52%
Qiu, 2010 - 186 [0.88,3.94] 3.6%
Micheli, 2011 (1) - 197 [0.85,4.56] 3.2%
Micheli, 2011 (2) e 177 [1.04,3.00] 4.9%
Facco, 2012 (1) ++——— 7.78 [0.78,77.58] 0.7%
Facco, 2012 (2) —————— 14.43 [1.54,135.52]  0.7%
Facco, 2014a (1) b 202 [0.96,4.24] 3.6%
Facco, 2014a (2) e 5.08 [1.87,13.80] 2.5%
Facco, 2014b (1) —— 281 [1.15,6.83] 3.0%
Facco, 2014b (2) —_— 396 [1.22,12.89] 2.0%
Sharna, 2015 (1) 260 [0.81,8.37] 2.0%
Sharna, 2015 (2) : 220 [0.78,6.22] 2.4%
Sharna, 2015 (3) —f— 150 [0.48,470] 2.1%
Ge, 2016 (1) I~ 166 [1.09,253] 56%
Ge, 2016 (2) b 120 [0.88,1.64] 6.4%
Facco, 2017 — 6.30 [3.77,10.53]  5.0%
O'Brien, 2012 H- 129 [0.96,1.74]  6.5%
Subtotal > 214 [1.63,2.81] 63.4%
Overall ! 1.95 [1.60,2.37] 100.0%
[ T T 1
0.01 0.1 1 10 100
Pregnancy-induced Hypertension (PIH)
Study ID OR (95%Cl)  Weight
OSA
Louis, 2010 e 2.90 [1.50,5.60] 4.0%
Olivarez, 2011 0.73 [0.08,6.65] 0.6%
Bourjeily, 2012 —“—— 2.80 [1.28,6.11] 3.3%
Chen, 2012 - 3.18 [2.14,4.73] 6.0%
Louis, 2012 ——— 273 [1.16,6.42]  3.0%
Fung, 2013 : 0.58 [0.10,3.36] 1.0%
Ko, 2013 6.49 [0.67,63.28]  0.6%
Antony, 2014 — 0.59 [0.36,0.96] 5.2%
Louis, 2014 -+ 128 [1.08,1.52] 7.7%
Spence, 2017 —- 159 [1.08,2.36] 6.0%
Bin, 2016 o~ 227 [1.91,270] 7.6%
Subtotal < 1.80 [1.28,2.52] 45.0%
Snoring
Franklin, 2000 —— 2.03 [1.01,4.09] 3.8%
Perez-Chada, 2007 —— 1.82 [1.16,2.85] 55%
Ursavas, 2008 R 159 [0.74,342] 3.4%
Bourjeily, 2010 (1) A 170 [0.81,3.56] 3.6%
Bourjeily, 2010 (2) —— 2.30 [1.36,3.89] 4.9%
Micheli, 2011 (1) 3.24 [0.92,11.39] 1.7%
Micheli, 2011 (2) 0.98 [0.29,3.38] 1.8%
Sarberg, 2014 (1) 173 [0.35,8.63] 1.1%
Sarberg, 2014 (2) 143 [0.17,1211 0.7%
Sharna, 2015 (1) — 400 [1.32,12.10]  2.1%
Sharna, 2015 (2) 1.50 [0.50,4.50] 2.1%
Sharna, 2015 (3) 290 [1.01,830] 22%
Ge, 2016 (1) e 145 [0.87,2.40] 5.1%
Ge, 2016 (2) —— 1.86 [0.95,3.65 3.9%
Facco, 2017 —— 227 [1.46,353] 5.6%
Owusu, 2013 0.57 [0.19,1.73] 2.1%
O'Brien, 2012 e 236 [1.48,377] 54%
Subtotal 1.93 [1.63,2.28] 55.0%
Overall IS 1.84 [1.53,2.22] 100.0%
T T
0512 10

FIGURE 2 | Continued

FIGURE 2 | Forest plots of the association between GDM/PIH and SDB
(snoring and OSA). Results are expressed as OR and 95% Cl. GDM,
gestational diabetes mellitus; PIH, pregnancy-induced hypertension; SDB,
sleep-disordered breathing; OSA, obstructive sleep apnea; OR, odds ratio;
Cl, confidence interval. The numbers after authors were used to distinguish
different groups within one trial.

to Cochran’s Q-statistic and I* test. Significant heterogeneity was
present when P-value of Cochran’s Q-test was less than 0.05 or
I proved to be larger than 50%. Under such a circumstance, a
random-effects model (DerSimonian-Laird method) was applied
to replace the fixed-effects model (Mantel-Haenszel method)
to improve the accuracy of research. Additionally, a sensitivity
analysis was performed by removing each study to evaluate how
individual studies impacted on the summary statistic produced by
our meta-analysis. The reappraised results after exclusion of each
study were compared with original results to estimate the reliability
of our analysis. Finally, publication bias was assessed by funnel plot.

RESULTS

Characteristics of Studies

The flow chart indicates the entire process of literature search,
identification and screening (Figure 1). The search range was
from inception to June 2017. A total of 367 records were identified
initially through database searching from PubMed and Embase
and 125 duplicates were later removed. Since 192 of the remaining
242 studies were not related to the research topic, 50 studies were
retained in the second step. Another 15 studies without sufficient
data or full-text content were removed afterward. The remaining
35 studies with a total of 56,751,837 subjects were finally identified
as eligible (4-7, 11, 12, 19, 23-50), covering a period from 1996 to
2017. For all included studies, baseline characteristics and target
outcomes of the enrolled studies were summarized in Table 1.

Gestational Diabetes Mellitus

As presented in Figure 2, pregnant women with SDB were
associated with a significant increased risk of GDM compared
to those without SDB (OR = 1.95, 95% CI = 1.60-2.37). We also
performed a stratified analysis based on the type of SDB (snoring
or OSA; Table 2). Women with snoring were associated with an
increased risk of GDM (OR = 2.14, 95% CI = 1.63-2.81), and
such an association was also significant between OSA and GDM
(OR=1.71,95% CI = 1.23-2.38).

Pregnancy-Induced Hypertension

Pregnant women with SDB appeared to take significantly higher
risk of PIH compared to those without SDB (OR = 1.84, 95%
CI = 1.53-2.22; Figure 2; Table 2). Stratified analysis indicated
that both snoring and OSA were significantly associated with an
increased risk of PTH (OR = 1.93,95% CI = 1.63-2.28; OR = 1.80,
95% CI = 1.28-2.52, respectively).

Preeclampsia
We also attempted to discover whether SDB was associated with
the risk of PEC and whether this association differed significantly
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TABLE 2 | Overall results of pregnancy complication and fetal outcomes.

Outcomes Snoring OSA SDB

P P-value OR (95% CI) P-value OR (95% CI) P P-value OR (95% CI)
Gestational diabetes mellitus 65%  <0.01 2.14(1.68, 2.81) 82%  <0.01 1.71(1.23, 2.38) 72%  <0.01 1.95 (1.60, 2.37)
Pregnancy-induced hypertension 0% 0.72 1.80(1.28, 2.52) 83% <0.01 1.93 (1.63, 2.28) 62%  <0.01 1.84 (1.53, 2.22)
Preeclampsia 58% <0.01 1.87 (1.27, 2.75) 78% <0.01 2.63(1.87, 3.70) 71% <0.01 2.19(1.70, 2.82)
Birth weight 33% 0.22 26.54 (-52.53,105.60) 93% <0.01  —47.46 (—242.09, 147.16) 91% <0.01  16.75(-53.53, 87.03)
APGAR score 0% 0.75  -0.02 (-0.06, 0.02) Not applicable —1.00 (-2.37, 0.37) 0 0.75  -0.02 (-0.06, 0.02)
Preterm birth 22% 0.22 1.22(0.87,1.70) 90%  <0.01 1.75(1.21, 2.55) 71%  <0.01 1.47 (1.14,191)

Results are expressed as OR with 95% Cl, birth weight, and APGAR are expressed with WMD with 95% CI.

between different types of SDB (snoring or OSA). Overall, there
was significant association between SDB and PEC (OR = 2.19,
95% CI = 1.70-2.82). Moreover, stratified analysis revealed
that pregnant women with OSA and snoring all appeared to
have an increased risk of PEC (OR = 2.63, 95% CI = 1.87-3.70;
OR =1.87,95% CI = 1.27-2.75, respectively; Figure 3; Table 2).

Birth Weight

No significant difference in BW between pregnant women with
SDB and those without SDB was observed in our study. Results
of stratified analysis by the type of SDB were consistent with the
overall analysis (Figure 3; Table 2).

APGAR (5 min)

Results also suggested no significant difference in APGAR (5 min)
score between pregnant women with SDB or not (Figure 4; Table 2).

Preterm Birth

As presented in (Figure 4; Table 2), significant association between
SDB and PTB was existed (OR =1.47,95% CI =1.14-1.91). Besides,
pregnant women with OSA took high risk of PTB (OR = 1.75,
95% CI = 1.21-2.55) while no significance was identified with
snoring in pregnant women (OR = 1.22, 95% CI = 0.87-1.70).

Sensitivity Analysis and Publication Bias
Sensitivity analysis was carried out to confirm whether the above
results were significantly influenced by a set of studies. As dis-
played in Figures S1 and S2 in Supplementary Material, estimates
with respect to all outcomes did not differ substantially. We also
conducted statistical tests for assessing the risk of publication
bias and small-study effects. The funnel plots were displayed in
Figures S3-S5 in Supplementary Material. Since the included
studies roughly appeared a symmetry distribution and no abnor-
mal point was shown in the plots, we concluded that there was no
significant publication bias with respect to each outcome.

DISCUSSION

Pregnancy is a unique physiological stage in which women
experience remarkable changes in hormone secretion, respiration
physiology, cardiovascular function and sleep. Several studies
have suggested that the incidence of SDB increased with the
progression of pregnancy. Thus, we speculated that the above

changes were likely to have some impact on the pathology of SDB.
For instance, a high estradiol levels during pregnant may cause a
narrowing of the upper airways and this could lead to snoring.
It was also reported in a previous survey that weight gain might
be another conceivable mechanism to explain why women with
SDB during pregnancy experienced significant increase (24).
As suggested by the famous Developmental Origins of Health
and Disease, adverse maternal events during the early course
of pregnancy may produce permanent and structural changes
in infants through the process of Early Life Programming and
Imprinting (51). As a result, identifying key adverse maternal
events plays a critical role in maternal and infant care. In our
study, the exploration of the association between SDB during
pregnancy and perinatal outcomes is essential.

The present study conducted a meta-analysis to detect the
association between SDB during pregnancy and perinatal out-
comes. Unlike previous studies, both pregnancy complications
and fetal-maternal outcomes were investigated in our study:
GDM, PIH, PEC, BW, APGAR score, and PTB (4, 31). We
discovered that gestational SDB appeared to be associated with
some pregnancy complications, specifically with an increased
risk of GDM, PIH, PEC, and PTB. As suggested by our study,
there was no association between gestational SDB and fetal
outcomes (APGAR scores, BW). A stratified analysis by the type
of SDB (snoring/OSA) further suggested that pregnant women
with snoring alone were associated with an increased risk of
GDM, PIH, and PEC, the similar association existed in OSA.
Our meta-analysis updated the included studies and supported
the conclusions from Ding 2014 (16) article. Besides, our meta-
analysis made a distinction between snoring and OSA while
Ding 2014 article did not. In addition, we also updated data
when it comes to comparison with prior studies. However, our
study did not show significant association between snoring and
the risk of PTB, but we confirmed that pregnant women with
OSA exhibited a higher risk of PTB.

The majority of current studies investigated the epide-
miological features of SDB and their potential association
with maternal health. However, studies rarely explained the
corresponding mechanism underpinned the potential associa-
tion. For example, a large scale studies conducted in the USA
revealed that gestational OSA accompanied with obesity may
increase its association with GDM, PIH, PEC, and PTB (38),
but in this typical cross-sectional study the possible causal
relationship between OSA and pregnancy complications was
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Preeclampsia (PEC)

Study ID OR (95%Cl) Weight
OSA :

Higgins, 2011 P 6.17 [442,861 7.7%
Olivarez, 2011 +— 211 [0.82,547]  3.9%
Chen, 2012 - 160 [1.05244]  7.2%
Louis, 2012 ——— 354 [1.26,993]  3.6%
Fung, 2013 —_— 2.00 [0.12,34.60] 0.7%
Ko, 2013 — 1.99 [0.23, 17.46] 12%
Antony, 2014 - 162 [1.03,255  6.9%
Louis, 2014 » 250 [2.19,2.85] 8.7%
Spence, 2017 + 298 [2.12,4.19] 7.7%
Subtotal > 2,63 [1.87,3.70] 47.6%
Snoring :

Franklin, 2000 —— 251 [1.13,5.59] 4.7%
Ursavas, 2008 = 1.49 [0.55, 4.04] 3.7%
Louis, 2010 —_— 317 [1.20,8.39]  3.8%
Micheli, 2011 i —————— 37.96 [3.38,426.14] 1.0%

(1
Micheli, 2011 (2 24.11 [2.68,217.18] 1.1%
Facco, 2014a (1
Facco, 2014a (2
Facco, 2014b (1
Facco, 2014b (2

061 [0.22,173] 36%
107 [0.33,350]  3.0%
041 [0.12,1.33]  3.0%
059 [0.12,294]  19%

Ge, 2016 (1) 180 [0.86,3.76]  5.1%
Facco, 2017 273 [158,473] 63%
Owusu, 2013 347 [147,817]  44%
O'Brien, 2012 159 [1.06,2.38)]  7.3%

Subtotal

Ge, 2016 (1) +—— 193 [0.68,549]  3.5%
S 1.87 [1.27,2.75] 52.4%
<&

Overall 2.19 [1.70,2.82] 100.0%

0.01 0.1 1 10 100

Birth Weight (BW)

Study ID WMD (95%Cl) Weight
OSA g

Sahin, 2008 —————f— -436.40 [-1036.25,163.45] 1.2%
Higgins, 2011 101.00 [ 90.93,111.07] 9.1%
Louis, 2012 — -60.50 [-304.17,183.17] 4.3%
Fung, 2013 —_— -189.00 [-500.19, 122.19] 3.3%
Subtotal = -47.46 [-242.09,147.16] 17.9%
Snoring i

Loube, 1996 +— 84.00 [ -67.79,235.79] 6.4%
Koken, 2007 g 277.00 [ 47.17,506.83] 4.6%
Perez-Chada, 2007 -11.00 [-134.37,112.37] 7.1%
Louis, 2010 F 138.00 [-141.38,417.38] 3.7%
Ayrim, 2011 -~ f -142.50 [-183.91,-101.09] 8.8%
Micheli, 2011a — -124.00 [-276.07,28.07] 6.4%
Micheli, 2011b — 167.00 [ 91.79,242.21] 82%
Tauman, 2012a —— -46.20 [-252.26,159.86] 5.1%
Tauman, 2012b + 3510 [ -72.36,142.56] 7.5%
O'Brien, 2013 + 1490 [ -4895, 78.75] 8.5%
Bassan, 2016 —— -25.30 [-263.10,212.50] 4.5%
Tauman, 2015 —— -14.30 [-241.91,213.31] 4.7%
Tauman, 2011 +— 90.00 [ -47.15,227.15] 6.7%
Subtotal > 26.54 [ -52.53,105.60] 82.1%

Overall ﬁ> 16.75 [ -53.53, 87.03]100.0%
[ T 1 T 1

-1000 -500 O 500 1000

FIGURE 3 | Forest plot of the association between PEC/BW and SDB
(snoring and OSA). Results are expressed as OR or WMD with 95% Cl.
PEC, preeclampsia; BW, birth weight; SDB, sleep-disordered breathing;
OSA, obstructive sleep apnea; OR, odds ratio; WMD, weighted mean
difference; Cl, confidence interval. The numbers after authors were used
to distinguish different groups within one trial.

APGAR
Study ID WMD (95%Cl)  Weight
OSA
Sahin, 2008 -1.00 [-2.37,0.37] 0.2%
Subtotal ———T oo -1.00 [-2.37,0.37] 0.2%
Snoring
Koken, 2007 S 0.00 [-0.43,0.43] 0.9%
Ayrim, 2011 —_— -0.20 [-0.89,0.49] 0.4%
Tauman, 2012 —— 0.00 [-0.19,0.19] 4.9%
Tauman, 2012 - 0.00 [-0.10,0.10] 17.7%
O'Brien, 2013 — -0.10 [-0.20, 0.00] 15.6%
Bassan, 2016 — -0.10 [-0.47,0.27] 1.2%
Tauman, 2011 + 0.00 [-0.05,0.05] 59.1%
Subtotal -0.02 [-0.06, 0.02] 99.8%
Overall 1 -0.02 [-0.06, 0.02] 100.0%
-0.5 0 0.5
Premature Birth (PTB)
Study ID OR (95%Cl) Weight
OSA
Chen, 2012 — 231 [1.77,3.01] 11.9%
Louis, 2012 —_— 0.63 [0.18, 2.22] 3.2%
Louis, 2014 1 1.20 [1.06,1.36] 13.1%
Spence, 2017 —— 230 [1.60,3.30] 10.7%
Bin, 2016 —- 210 [1.70,2.59] 12.5%
Subtotal < 1.75 [1.21,2.55] 51.4%
Snoring :
Louis, 2010 e 2.60 [1.01,6.68] 4.8%
Ayrim, 2011 0.94 [0.19, 4.59] 2.2%
Micheli, 2011 (1) 1.14 [0.50, 2.61] 5.7%
Micheli, 2011 (2) — 0.68 [0.38, 1.23] 8.0%
Facco, 2012 (1) — T 1.23 [0.22,7.08] 1.9%
Facco, 2012 (2) +—————— 359 [0.83,15.53]  2.5%
Facco, 2014a (1) _ 0.78 [0.21,2.90]  3.0%
Facco, 2014a (2) —_—t 1.69 [0.43,6.61] 2.8%
Facco, 2014b (1) _ 047 [0.09,2.44] 21%
Facco, 2014b (2) 065 [0.07,5.75] 1.3%
Ge, 2016 (1) 0.98 [0.52,1.85] 7.4%
Ge, 2016 (2) e 222 [1.13,4.38] 7.0%
Subtotal = 1.22 [0.87,1.70] 48.6%
Overall <> 1.47 [1.14,1.91] 100.0%
T T T |

0.1 05 1 2 10

FIGURE 4 | Forest plot of the association between APGAR/PTB and SDB
(snoring and OSA). Results are expressed as OR or WMD with 95% Cl.
APGAR, APGAR score; PTB, preterm birth; SDB, sleep-disordered breathing;
OSA, obstructive sleep apnea; OR, odds ratio; WMD, weighted mean
difference; Cl, confidence interval. The numbers after authors were used to
distinguish different groups within one trial.

not particularly explained. To our knowledge, SDB can induce
intermittent hypoxia and sleep fragmentation which may cause
sympathetic activation, oxidative stress and inflammation
(52). Sympathetic activation may further trigger blood pres-
sure changes, alter glucose homeostasis and induce insulin
resistance, eventually causing hypertension and diabetes (53).
Similarly, both oxidative stress and inflammation were also
thought to be responsible for insulin resistance and gestational
diabetes (54). Furthermore, SDB during pregnancy experiences
significant increase in the chest load when they begin inhala-
tion. This can decrease the cardiac output by 33% on average
and further cause a reduction in the placental blood supply (55).
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Deficiency in placental blood supply may be associated with an
increased risk of adverse maternal outcomes (12, 16, 56-58).
Also, as we knew, snoring was a typical mild symptom of OSA.
Patients with OSA were supposed to encounter a similar or even
greater risk of adverse maternal-fetal outcomes than those with
snoring alone. However, this trend was not distinctly observed
in our result except for PTB. The influence of small size studies
might be the cause or our assumption was not accurate.
Several limitations needed to be noted in this meta-analysis.
To begin with, the results were possibly impacted by potential
confounding factors. We extracted aORs from included study
when they were available and calculated rORs when only raw
data was accessible. The aORs provided by the previous studies
were results after adjustments of confounding factors, while the
rORs that we obtained were exposed to the influence of con-
founding factors. Since the risk factors may interact with SDB,
thereby they may influence the risk of pregnancy complications
or adverse maternal outcome in a different way. The most note-
worthy confounding factor was obesity. As admitted by ICSD-3,
snoring is linked to obesity and the major predisposing factor
for OSA is excess body weight. However, OSA and obesity com-
monly coexist and even have similar clinical consequences such
as insulin resistance and oxidative stress. Thus, it was a huge
challenge to separate the effects of OSA from obesity. Moreover,
trials in this field were not sufficient enough to get a convinc-
ing result. In addition, some other factors which may also have
great impact such as chemo sensitivity and ethnicity are not
fully considered. Sleep apnea prevalence is known to be differ-
ent among various ethnicities. For instance, OSA mechanisms
might vary across ethnicities according to a prior study (59).
Yet only one trial of 35 included studies pointed out that the
ethnic difference has been adjusted, which renders our research
lack consideration of ethnic difference. In summary, our meta-
analysis provided a comprehensive review for the association
of SDB and adverse pregnancy complications or maternal-fetal
outcomes. SDB during pregnancy was significantly associated
with an increased risk of GDM, PIH, PEC, and PTB, but not
with fetal maternal outcomes (APGAR and BW). Respectively,
OSA was linked with an increased risk of GDM, PIH, PEC, and
PTB, snoring alone appeared to increase the risk of GDM, PIH,
and PEC. The result from our study provided new insights into
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