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Summary

Obesity is prevalent among pregnant women in the United States; 15-20% of obese pregnant
women have obstructive sleep apnea. The prevalence of obstructive sleep apnea increases along
with body mass index, age and in the presence of other co-morbidities. Untreated obstructive sleep
apnea in women is associated with a range of cardiovascular, pulmonary and metabolic co-
morbidities; recent studies suggest that women with obstructive sleep apnea in pregnancy may be
at significantly greater risk of entering pregnancy with chronic hypertension and/or of developing
hypertensive disorders of pregnancy: gestational hypertension; preeclampsia; or eclampsia. This
has serious public health implications; hypertensive disorders of pregnancy are a major cause of
maternal and neonatal morbidity and mortality and are associated with a greater lifetime risk for
cardiovascular disease. The mechanisms that associated obstructive sleep apnea with hypertensive
disorders of pregnancy have not been defined, but several pathways are scientifically plausible. In
this review, we will present a comprehensive literature review of the following: the associations
between obstructive sleep apnea and hypertensive disorders of pregnancy; the proposed
mechanisms that may connect obstructive sleep apnea and hypertensive disorders of pregnancy;
and the effectiveness of treatment at mitigating these adverse outcomes.
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Introduction

In the United States, obesity is highly prevalent among pregnant women.[1] Among obese
pregnant women, 15-20% have obstructive sleep apnea (OSA); women with OSA have a
significantly increased risk of entering pregnancy with chronic hypertension and/or
developing hypertensive disorders of pregnancy (HDP), a spectrum of diseases that includes
chronic hypertension, gestational hypertension, preeclampsia, and eclampsia.[2—7] Obesity
is also more prevalent in African-American, Hispanic and Native American populations; this
may explain the increased risk of OSA associated with black race seen in some studies of
OSA in pregnant women (Table 2).[2, 6-8]

HDP are classified by the American College of Obstetricians and Gynecologists’ (ACOG)
Task Force on Hypertension in Pregnancy into four categories: 1) preeclampsia-eclampsia;
2) chronic hypertension (of any cause); 3) chronic hypertension with superimposed
preeclampsia; and 4) gestational hypertension (Table 1).[9] HDP affect approximately 4—
10% of pregnancies in high resource countries, and are more common in low resource
countries.[10] They are a major cause of maternal morbidity and mortality worldwide from
causes including, but not limited to postpartum hemorrhage, hemorrhagic stroke,
cardiomyopathy, acute renal insufficiency, myocardial infarction, and pulmonary edema.
[11, 12] Furthermore, several studies suggest that women with preeclampsia have a higher
risk of developing cardiovascular disease later in life.[13-17]

The underlying pathophysiologic mechanisms of HDP remain unclear, and treatments are
limited. Because the most effective treatment for preeclampsia and eclampsia is delivery of
the fetus and the placenta, these disorders are also a leading cause of preterm birth, which
results in significant morbidity and mortality for the fetus.[18] The mechanisms that link
OSA to HDP and other adverse outcomes in pregnant women have not been defined, but
several pathways are plausible given data from non-pregnant populations and animal studies,
and preliminary studies in pregnant women with OSA. The effect of OSA treatment on the
risk of HDP remains unknown, and these studies have been limited by cost, feasibility and
the narrow time window in pregnancy for diagnosis and treatment of OSA. Screening tools
for OSA in pregnancy have not been reliable, and data are lacking regarding the optimal
timing of screening.

Review question and purpose

Methods

In this review, we will present a comprehensive literature review of the following: 1) the
association between OSA and HDP; 2) the proposed mechanisms that may connect OSA and
HDP; and 3) the effectiveness of non-invasive positive airway pressure therapies at
mitigating these adverse outcomes.

A systematic search was conducted for articles published between January 1, 1980 and May
1, 2017 using PubMed, and by searching bibliographies of relevant publications. Search
terms in PubMed included the following MeSH terms for SDB exposure: sleep apnea,
obstructive; sleep apnea syndromes; snoring. Search terms in PubMed included the
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following MeSH terms for HDP: hypertension, preghancy-induced; hypertension;
pregnancy; and preeclampsia. We focused on studies that included objective testing to
determine OSA status (either in-lab polysomnography, home sleep testing or ICD codes)
rather than symptom-based questionnaires, which have been shown by several studies to be
unreliable in pregnant women.[19-21]

The associations between obstructive sleep apnea and hypertensive

disorders of pregnancy

Chronic Hypertension

Chronic hypertension is part of the spectrum of HDP. It is defined by the ACOG as blood
pressure = 140 mm Hg systolic and/or 90 mm Hg diastolic or use of anti-hypertensive
medications prior to pregnancy or before 20 weeks gestation.[9]

In both pregnant and non-pregnant women, chronic hypertension seems to be an important
co-morbidity for OSA.[22, 23] The recent results of the prospective study of over 3000
women by Facco et al. (nuMoM2b Sleep Disordered Breathing Substudy) confirmed that
chronic hypertension is significantly more common among pregnant women with OSA, and
that this prevalence increases with OSA severity [2% vs. 8%, OSA negative vs. OSA
positive; p < 0.001].[6] In this study, women underwent level 3 home sleep testing.
According to the American Academy of Sleep Medicine, level 3 home sleep test devices do
not record sleep stages or sleep disruption; they typically record airflow, respiratory
movement, pulse oximetry and heart rate.[24] Home sleep testing was conducted twice
during pregnancy: 6 —15 and 22-31 weeks gestation. The strength of this study was the
number of women studied using objective testing at two time points in pregnancy. However,
the cohort was relatively low risk, and only 114/3132 valid studies had an apnea hypopnea
index (AHI) = 5 events/hour.

In a smaller prospective cohort study of high-risk parturients by O’Brien et al., 51 pregnant
women with a diagnosis of HDP underwent objective sleep testing and were compared with
16 normotensive pregnant controls of all gestational ages.[4] They found that the incidence
of OSA in pregnant women with chronic hypertension was 43% compared to 19% of
normotensive controls. In this cohort, a patient report of snoring along with HDP was
strongly associated with more severe OSA with clinically significant oxygen desaturation. In
particular, this study showed that chronic snoring was associated with chronic hypertension,
while pregnancy-onset snoring was associated with gestational hypertension.

Louis et al. also tested another high-risk cohort of obese pregnant women [body mass index
(BMI) > 30 kg.m~2] with home sleep studies and found that chronic hypertension was
significantly more common among women with AHI = 5 events/hour (58% vs. 33%, p =
0.02).[3] A prospective cohort study of 188 high-risk parturients by Facco et al. with a home
sleep test conducted early in pregnancy study (6—-20 weeks gestation) also found a
significant difference in the incidence of chronic hypertension among the AHI = 5/hour
group compared to AHI < 5/hour (47% vs. 24%, p = 0.004).[25] A prospective study of 248
parturients in the third trimester that underwent home sleep testing to determine AHI status
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reported a combined incidence of chronic and gestational hypertension of 57% among
women with AHI = 5/hour compared to 23% among women with AHI < 5/hour (p < 0.001).
[20]

Chronic hypertension in pregnancy is a known risk factor for preeclampsia; 17-29% of
women with chronic hypertension will go on to develop superimposed preeclampsia.[26, 27]
As in non-pregnant women, chronic hypertension seems to be an important risk factor for
OSA in pregnancy.

Gestational hypertension and preeclampsia

According to the most recent ACOG task force, gestational hypertension is characterized by
new blood pressure elevations after 20 weeks gestation without proteinuria in a woman that
was not previously diagnosed with chronic hypertension. However, preeclampsia is
diagnosed when a woman presents after 20 weeks gestation with blood pressure = 140 mm
Hg systolic and/or 90 mm Hg diastolic on two occasions at least 4 hours apart if her blood
pressure was previously normal, as well as proteinuria. In the absence of proteinuria,
preeclampsia is diagnosed when new-onset hypertension is accompanied by new onset of the
following: thrombocytopenia; renal insufficiency; impaired liver function; pulmonary
edema; and/or cerebral or visual symptoms.[9]

ACOG also differentiates between early- and late-onset preeclampsia; early preeclampsia is
diagnosed prior to 34 weeks gestation, while late-onset is diagnosed after 34 weeks and up
to 6 weeks into the postpartum period.[9] Early-onset preeclampsia has been associated with
more severe disease, and worse maternal and fetal outcomes; some theories of the
pathophysiology of preeclampsia suggest that the two phenotypes differ in their underlying
mechanisms.[28]

Known risk factors for preeclampsia include: primiparity; chronic hypertension; chronic
renal disease; thrombophilia; multiple gestation; family history; in vitro fertilization;
diabetes mellitus; obesity; maternal age greater than 40 years; and systemic lupus
erythematous. OSA shares multiple co-morbidities with HDP: chronic hypertension;
diabetes mellitus; obesity and advanced maternal age.[9] However, only recently has OSA
been considered a possible risk factor for HDP.

Several recent studies and two 2014 meta-analyses have suggested that women with OSA
during pregnancy are at increased risk of developing preeclampsia, or that women with HDP
are at increased risk for having SDB when identified and studied by objective testing.[2—7,
29-36] These studies are summarized in Table 2. Several important studies were published
after the two 2014 meta-analyses that are presented in Table 2. [2, 4, 6, 7, 25, 34]

This field of study has been limited by a lack of large, prospective studies with objective
sleep testing to define OSA. However, the first results of the Nulliparous Pregnancy
Outcomes Sleep Disordered Breathing (nuMom2b-SDB) substudy were recently reported in
2017.[6] The nuMom2hb-SDB was a substudy of the larger, prospective cohort nuMomz2b
study conducted across 8 clinical sites in the United States between 2011-2013.[37] The
study of 3702 nulliparous women who underwent unattended, level 3 home sleep testing at
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two time points in pregnancy showed an increased risk of preeclampsia for women with both
mild and severe OSA. In mid-pregnancy (22-31 weeks gestation), women with mild-
moderate OSA (AHI 5-14.9/hour had an increased risk of developing preeclampsia during
their pregnancy after adjusting for age, body mass index, pregnancy weight gain and chronic
hypertension [adjusted odds ratio (aOR) = 1.98 (95% CI, 1.12-3.48)]. This risk was greater
for women with severe OSA (AHI > 15/hour) [aOR = 4.27 (95% Cl, 1.74 — 10.45)].[6] The
number of women who developed preeclampsia in this cohort was within the range reported
by population studies of the incidence of preeclampsia (approximately 3-6%).[38] While
this was the largest, prospective cohort studied in this population to date, of the 114 women
who had AHI = 5/hour on home sleep testing early in pregnancy, only 16 women developed
preeclampsia. One other prospective study also showed an association between OSA and
preeclampsia, but two other prospective studies did not reproduce these findings. [3, 25, 34]
However, none of these studies was powered to detect differences in adverse pregnancy
outcomes, and the numbers of women with preeclampsia was small. Three of the studies
included in Table 2 that showed an association between HDP and OSA specifically enrolled
women with HDP and compared them to controls and found that the incidence of OSA was
higher in the HDP groups.[4, 29, 35]

Three retrospective population-based dataset studies have been conducted to date in Taiwan
and in the United States.[2, 7, 30] All found that pregnant women with OSA are at increased
risk for preeclampsia. These differences remained significant after controlling for obesity.
This is important because preeclampsia and OSA share many of the same risk factors:
obesity; diabetes mellitus; chronic hypertension; and advanced maternal age.

Both meta-analyses published on this topic also showed an increased risk for gestational
hypertension or preeclampsia in women with SDB.[5, 36] However, they both included
studies that assessed OSA by symptom-based measures, as well as PSG. Studies based on
symptom-based measures did not conduct objective testing for SDB, but rather classified
subjects as having SDB or not by self-report of symptoms of SDB such as snoring, fatigue,
and witnessed apneas or by using questionnaires validated in non-pregnant populations.
These methods have not been shown to be reliable in pregnant subjects.[19-21, 39]
However, when analyses were restricted to studies that used objective testing to classify
OSA status, the associations continued to remain significant (Table 2).

Cardiovascular disease

Although preeclampsia is treated with the delivery of the placenta, mounting evidence
suggests that the spectrum of HDP can have long-term health consequences for the mother,
particularly from cardiovascular disease.[13-17] However, it is unknown whether HDP
cause cardiovascular disease, or whether it is an early indicator of women predisposed to
cardiovascular disease.[40]

Some have suggested that the interaction between OSA and preeclampsia may impart
additional long-term cardiovascular risk.[41, 42] Certainly, OSA is associated with long-
term cardiovascular disease in non-pregnant adults.[22, 43] Evidence from the large,
national inpatient database study by Louis ef a/. showed that pregnant women with OSA
were at significantly increased risk of having co-morbid cardiomyopathy [aOR = 9.0 (95%
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Cl, 7.47-10.87)], congestive heart failure [aOR = 8.94, (95% ClI, 7.45-10.73)], and
pulmonary edema [aOR = 7.5, (95% Cl, 4.63 — 12.15)] during their pregnancy or delivery
admission. This study also showed that pregnant women with OSA were 5 times more likely
to die in the hospital during a pregnancy or delivery admission than women without OSA.[2]
These effects were unchanged after controlling for obesity, but there was no distinction
made for OSA that pre-existed pregnancy. Data from the large, prospective nuMom2b Heart
Health study will hopefully shed light on the impact of OSA in pregnancy on a woman’s
future cardiovascular health.[44]

The pathogenesis of OSA and hypertensive disorders of pregnancy

As discussed previously, there are likely multiple phenotypes of SDB in pregnancy (snoring,
chronic OSA and gestational-onset OSA) and the interaction of these phenotypes with HDP
may be quite distinct. Certain hormonal, physiologic and pathophysiologic changes of
preghancy may increase a woman’s risk of worsening pre-existing OSA or developing SDB.
The upper airway undergoes several dynamic changes as pregnancy progresses: mucosal
hyperemia; oropharyngeal diameter narrowing; and increased Mallampati score.[45-47]
Snoring is quite common in pregnancy, and there is evidence to suggest that AHI increases
as pregnancy progresses.[6, 34] Increased upper airway resistance along with decreased
functional residual capacity and increased oxygen consumption can exacerbate nocturnal
hypoxemia.[46] Some of these airway changes are more pronounced in women who develop
preeclampsia; the association between OSA and preeclampsia may be bidirectional.[48, 49]

However, other pregnancy-related factors may be protective, such as preference for the
lateral sleep position and increased respiratory rate due to hormonal changes.[50, 51] The
health consequences of the timing of the onset of OSA, either prior to or during pregnancy,
are not well elucidated. O’Brien and colleagues have shown that pregnant women with
chronic hypertension were more likely to report snoring prior to pregnancy, while
pregnhancy-induced hypertension is more common among women who report new onset
snoring in pregnancy.[48]

Despite the significant impact of HDP on maternal and fetal health worldwide, their
underlying pathophysiologic mechanisms are unclear. These mechanisms are likely to be
multi-factorial, as HDP are a complex and heterogeneous group of diseases.[52] The
pathophysiology of HDP is accepted as being related to the placenta, as the incidence of
preeclampsia increases with multiple gestations and is seen in molar pregnancies.[52] The
current predominant theories suggest that abnormally shallow placental invasion and a lack
of spiral artery remodeling early in development lead to placental hypoperfusion that results
in placental hypoxemia, ischemia, oxidative stress and inflammation.[53] The conditions and
mechanisms that lead to abnormal placental implantation early in development remain
unclear. These insults are thought to trigger the release of a variety of vasoactive factors
from the placenta that cause systemic maternal endothelial dysfunction, and result in
hypertension and proteinuria.[52]

The mechanisms that link OSA to preeclampsia have also not been defined, although they
share some common and potentially converging pathophysiologic pathways (Figure 1). Few
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studies have investigated these underlying pathways. The pathophysiologic consequences of
OSA may interact with HDP in the following ways: 1) by potentiating abnormal placental
development early in pregnancy as an upstream mediator of HDP; 2) by fueling endothelial
dysfunction and sympathetic nervous system (SNS) imbalance further downstream; 3) by
some combination of these; 4) or the conditions may simply co-exist in the same high-risk
parturients.

Hypoxemia as an upstream mediator of HDP

The intermittent hypoxemia that occurs during sleep is a defining feature of OSA. Some
have suggested that hypoxemia may be an upstream mediator in the development of
preeclampsia.[54] Pregnant rodents exposed to chronic hypoxia developed preeclampsia-like
symptoms.[55, 56] Interestingly, pregnant women who live with chronically low arterial
oxygen partial pressures (at altitudes above 2700 meters) have an increased risk of
preeclampsia and intrauterine growth restriction. They also show less of a physiologic drop
in blood pressure in response to pregnancy than women living at lower altitudes. A drop in
systemic vascular resistance is a normal physiologic response to pregnancy and causes a
decrease in blood pressure.[57, 58]

In vitro and animal studies suggest that oxygen tension plays a very specific role in the early
development of the placenta, and that alterations in the oxygen tension may predispose to
the pathologic placental development seen in preeclampsia.[55, 59, 60] Hypoxia-inducible
factors-1 & 2 (HIF-1 & 2) are transcription factors that play a vital role in the cellular
response to low oxygen tension.[61] They have been found to be overexpressed in the
placentas of women living at high altitude.[62] Of note, HIFs have been studied for their role
in connecting OSA with hypertension in non-pregnant adults, as mediators of inflammation,
SNS activation, oxidative stress and endothelial dysfunction.[63]

One study has examined the placental tissues of women with OSA and habitual snoring
compared to those of non-snoring controls, and found evidence of placental hypoxia in the
placentas of women with SDB.[64] These SDB placentas manifested elevations in fetal
normoblasts (nucleated red blood cells); normoblastemia is a marker of fetal hypoxia.
Placentas of SDB mothers also manifested significantly increased expression of calcium-
exchanger 1 (CAX1), an indirect cellular marker of hypoxia and HIF-1 activation. These
differences remained significant after controlling for BMI, diabetes mellitus and
hypertension. In another recent study, normoblastemia and evidence of chronic inflammation
(chronic villitis) were also found in the placentas of obese gravidas (pregravid BMI = 38.2
+ 7.1 kg.m~2), compared to the placentas of women with lower BMIs (21.9 # 1.5 kg.m™2).
[65] This effect was more pronounced at higher BMIs. Interestingly, while this study
controlled for the effects of parity, hypertension and diabetes mellitus, OSA status was not
reported, but is likely to be much higher among the obese group and could be an important
contributor to the differences seen in the placentas of obese vs. non-obese gravidas. Human
and animal studies suggest there may be compensatory mechanisms that occur in the
placenta and the fetus to adapt to the low oxygen tension, but these adaptive responses have
not yet been studied in women with OSA.[52, 66]
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Downstream pathways to endothelial dysfunction

The mechanisms that are thought to contribute to hypertension and cardiovascular disease in
non-pregnant adults with OSA may contribute further downstream to the pathophysiology of
preeclampsia via common pathways: 1) oxidative stress, 2) systemic inflammation, 3) SNS
dysregulation and ultimately, 4) endothelial dysfunction.[51] The role of oxidative stress in
mediating the association between OSA and cardiovascular disease has recently been
questioned as CPAP therapy did not result in improvement in markers of oxidative stress in
middle-aged adults.[67] This is supported by recent evidence from a cohort of pregnant
women with OSA. Khan et al. conducted a case-controlled analysis of serum markers of
oxidative stress and antioxidant capacity in women with OSA in pregnancy and, contrary to
their hypotheses, found that the pregnant women with OSA had a significantly greater
antioxidant capacity and lower oxidative and carbonyl stress markers than controls.[68]

Preeclampsia has also been associated with increased levels of pro-inflammatory cytokines
[tumor necrosis factor-alpha (TNF-alpha); C-reactive protein (CRP); interlukin-6; and
interleukin-8] that have also been described in OSA and may have synergistic pathways
(Figure 1).[54, 69, 70] Several lines of evidence suggest that hypoxia-related signaling
pathways in preeclampsia may be mediated by the immune system.[52, 54] Inflammatory
pathways have been clearly implicated in the pathogenesis of cardiovascular disease, but
studies supporting their role in OSA have produced mixed results.[71, 72] Inflammation is
part of the pathophysiology of co-morbid disease states associated with OSA such as
diabetes mellitus and obesity, and clinical studies have been confounded by the multiple,
complex and interacting pathways.[73]

Repetitive nocturnal apneic episodes result in cycles of hypercapnia, intermittent hypoxia
and reoxygenation that trigger chemoreflexes which stimulate the SNS.[74] These
perturbations, combined with intrathoracic pressure changes and frequent arousals from
sleep, lead to vascular endothelial dysfunction.[75, 76] In turn, these pathophysiologic
processes can contribute to hypertension in adults with OSA, and could play a role in the
pathogenesis of preeclampsia in women with OSA.[42] Increased blood pressure variability
and decreased baroreceptor sensitivity have been observed in preeclamptic women as
indicators of SNS over-activity.[77, 78] In non-pregnant, hypertensive and obese adults,
increased nocturnal blood pressure variability is associated with long-term adverse
cardiovascular outcomes, including increased mortality.[79, 80] Increased blood pressure
variability and decreased baroreceptor sensitivity have also been observed in children and
adults with OSA, and have improved with CPAP therapy [81-84] To our knowledge, there
are no published studies on these indicators of SNS activation in pregnant women with OSA.

In non-pregnant adults with OSA, endothelial dysfunction and hypertension have been
shown to result from repetitive cycles of hypoxemia and reoxygenation, frequent arousals
during sleep, and changes in intrathoracic pressure.[75, 76] While the mechanisms that
implicate OSA in the pathogenesis of cardiovascular disease in non-pregnant adults are
complex, considerable evidence suggests that vascular endothelial dysfunction may play a
role in the pathogenesis of these diseases and may share mechanistic pathways with
preeclampsia (Figure 1).[75, 85, 86]
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Vascular endothelial homeostasis depends on a complement of angiogenic and
antiangiogenic proteins with complex roles in a number of physiologic and pathophysiologic
processes throughout the body, including in the placenta. Vascular-derived endothelial
growth factor (VEGF) and its cousin, placental growth factor (PIFG), are angiogenic
proteins secreted by endothelial cells that promote vasodilation. The soluble circulating form
of one of their receptors, soluble fms-like tyrosine kinase 1 (sFlt-1, also known as
SVEGFR-1), is a potent VEGF/PIGF inhibitor. Soluble endoglin (SEng), a co-receptor for the
transforming growth factor (TGF) -1 and p-3 receptor complex, is released by endothelial
cells in response to vascular injury, and may interfere with vasodilation by inhibiting the
binding of transforming growth factor (TGF) -1 & B-3 to endothelial cells.[87] Both sFlt-1
and sEng are released in response to hypoxia in experimental models; this may be mediated
by HIF-1.[55, 61, 88, 89] In non-pregnant adults with OSA, up-regulation of sFlt-1 and s-
Eng were associated with hypertension and endothelial dysfunction.[90, 91] This study
suggested that differential release of these angiogenesis inhibitors may account for
differences in individual responses to similar degrees of hypoxemia, and thus, differences in
the progression of hypertension and cardiovascular disease.[91]

Interestingly, this protein imbalance is also implicated in the clinical manifestations of
preeclampsia: vasoconstriction, hypertension, and proteinuria.[44, 55, 92-94] The role of
these angiogenic and antiangiogenic proteins secreted by the placenta in the pathogenesis of
preeclampsia has been studied extensively. Administration of excess levels of sFlt-1 has
been associated with hypertension and clinical features of preeclampsia in animals.[95, 96]
Blood pressure was reduced by administering PIGF to animals in an experimental model of
preeclampsia.[97]

SFIt-1 and sEng levels are both associated with increased levels of endothelin-1, another
potent vasoconstrictor that is elevated in preeclampsia.[98] Antagonism of its downstream
receptor (endothelin Type A receptor) has been studied as a means of mitigating the
hypertensive effects of these proteins in animal models, and as a potential future therapeutic
target in humans.[56, 99] Others have explored removing the proteins from circulation; a
case series reported improvement in blood pressure control, reduction of proteinuria, and
prolongation of pregnancy in women with preterm severe preeclampsia after serial removal
of plasma sFlt-1 using extracorporeal apheresis.[100]

One small, retrospective study of pregnant women with OSA provides preliminary evidence
that elevated sFIt-1/PIGF ratios are associated with a diagnosis of OSA.[101] This study also
detected lower serum levels of the placental peptide, pregnancy-associated plasma protein A
(PAPP-A), in women with OSA, an alternation usually associated with preeclampsia.
Women who subsequently developed preeclampsia were excluded, and the differences
remained significant. The significance of these findings in the pathogenesis of OSA and
HDP is not entirely clear. However, taken together, the preliminary evidence from studies in
preghant and non-pregnant subjects suggests that OSA-related nocturnal hypoxemia may
affect the normal development and function of the placenta, and could be part of the pathway
that leads to endothelial dysfunction in HDP.
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The effect of OSA treatment on HDP

Treatment of OSA with continuous positive airway pressure (CPAP) has improved daytime
sleepiness, mood, quality of life, hypertension, sympathetic dysregulation and endothelial
function in a number of studies of non-pregnant adults.[102-105] However, while a large
observational study of the impact of CPAP on cardiovascular morbidity and mortality in
non-pregnant women suggested a positive effect of CPAP, particularly with good
compliance, randomized controlled trials have produced mixed results.[43, 105, 106]

Additional studies are needed to determine if treatment of OSA with CPAP may play a role
in the prevention of HDP.[107, 108] Previous studies by two research groups have
investigated the role for CPAP in treating preeclampsia, but none have shown an effect of
CPAP at preventing HDP. These studies provided preliminary evidence that CPAP may have
arole in improving markers of fetal well-being in preeclamptic women, as well as improving
blood pressure control and increasing cardiac output during sleep.[107, 109-111] Women
with preeclampsia had greater mean AHI and flow limitation than gestational age and BMI-
matched controls, but none of the women had diagnosed SDB prior to the study.[107]

A recent case report describes a parturient with untreated OSA who developed severe
preeclampsia, and was treated with nightly CPAP.[112] She showed improved blood
pressure control into the mild range, without medication, and a decrease in urinary protein
and uric acid levels within a week of starting CPAP therapy, such that induction of labor was
postponed for 30 days after diagnosis of severe preeclampsia. Interestingly, this case report
also demonstrated a decrease in sFlt-1 and sEng levels, and in the sFIt-1/PIGF ratio after
starting CPAP therapy. These findings suggest that OSA treatment with CPAP may play a
role in stabilizing or reversing the endothelial dysfunction involved in the pathogenesis of
preeclampsia. Further studies are needed to evaluate the efficacy of CPAP therapy to
mitigate adverse pregnancy outcomes.

Discussion

Despite the public health importance of HDP and evidence that OSA is associated with these
conditions, we have surprisingly limited data regarding the pathophysiologic mechanisms
that may connect these diseases, and whether treatment of OSA might prevent or improve
HDP. To better understand these mechanisms, it seems promising to build on the existing
preliminary literature and to carry out rigorous studies to investigate the various pathways
that may be converging in pregnant women with OSA: hypoxia-induced placental
dysfunction; SNS dysregulation; systemic inflammation, and endothelial dysfunction.

Most importantly, there is a pressing need to determine if treatment of OSA may play a role
in impacting these various pathways, and thereby mitigating the risk of developing HDP and
other adverse pregnancy outcomes. Carrying out rigorous studies to address this need poses
some methodologic challenges including: identifying a reliable and efficient means of
screening women to identify those at risk for OSA as early as possible in pregnancy;
identifying an optimal control condition that balances the need for scientific rigor with the
ethics of not delivering effective treatment to pregnant women with OSA; and carrying out
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diagnosis and implementing effective treatment quickly enough to be able to have a
significant impact during the limited time window of pregnancy.

There is a relative lack of studies in pregnant women with OSA that have investigated the
underlying pathophysiology of these conditions. Existing studies are preliminary; the data
presented here is largely based on the scientifically plausible intersection of pathways based
on animal and human studies of the pathophysiology of OSA and cardiovascular disease and
of HDP. No published studies to date have investigated the impact of OSA therapy on
adverse pregnancy outcomes, and our discussion here is based on a few preliminary studies
of the impact of CPAP on hemodynamics of women with preeclampsia, and on the existing
literature from non-pregnant populations. Limitations of this review include the following:
only papers written in English were reviewed; studies were identified using only the
PubMed database and a review of relevant reference lists; and we did not review
unpublished dissertations.

Despite these gaps in knowledge, all of these challenges can and must be addressed. A
systematic effort is needed to develop a screening tool that is valid for use in pregnant
women. The limited time window of pregnancy can be addressed by implementing
streamlined procedures for rapidly carrying out diagnostic studies and CPAP titration in
pregnant women coupled with a facilitated process for getting CPAP devices and related
equipment to those women for whom this treatment is indicated. Health disparities related to
access to diagnostic sleep studies and treatments are poorly described in the pregnant
population, and warrant study so that these disparities can be addressed. Lastly, there is a
need to develop study designs that allow for rigorous controlled trials in pregnant women
with OSA without withholding CPAP therapy. Addressing these challenges and carrying out
the needed studies, though difficult, promises to have a substantial positive impact on public
health.
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The relationship between OSA and HDP:
1.
2.

Practice Points

is supported by several retrospective and prospective studies.
has unclear underlying mechanisms.

may contribute to one of the leading causes of maternal morbidity and
mortality worldwide, as well as a leading cause of preterm birth.

once elucidated, may lead to identification of a treatable risk factor for HDP.
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Research Agenda
Future research studies should be aimed at:

1. building on preliminary evidence to better understand if OSA-induced
hypoxemia may play a role in the placental pathology that leads to
preeclampsia.

2. elucidating the pathophysiologic mechanisms that connect OSA and HDP
along shared pathways of sympathetic dysregulation, inflammation and
endothelial dysfunction.

3. determining if treatment of OSA may play a role in the prevention and
treatment of HDP and other adverse pregnancy outcomes.

4, developing better screening tools and algorithms focused on the early
diagnosis and treatment of OSA in pregnant women.
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Figure 1.
We propose plausible mechanisms by which intermittent hypoxemia due to maternal

obstructive sleep apnea may converge with pathways implicated in the pathogenesis of
preeclampsia. The factors that lead to the abnormal placental implantation and vascular
development associated with preeclampsia are still under investigation, but several studies
suggest that oxygen tension is an important modulating factor early in placental
development. Inflammatory cytokines are released both in response to intermittent
hypoxemia, and placental hypoperfusion and both may contribute to endothelial dysfunction.
Hypoxemia-inducible factors released in response to intermittent hypoxemia and
reoxygenation have been implicated as mediators of sympathetic activation, oxidative stress,
and angiogenic factors that lead to endothelial dysfunction and subsequent essential
hypertension or preeclampsia.

interleukin 6 (IL-6); placental growth factor (PIFG); soluble endoglin (SEng); soluble fms-
like tyrosine kinase 1 (sFlt-1); transforming growth factor-beta (TGF-beta); tumor necrosis
factor-alpha (TNF-alpha); vascular-derived endothelial growth factor (VEGF)
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Table 1

Definitions of the four classes of hypertensive disorders of pregnancy

Chronic hypertension

SBP = 140 mmHg and/or DBP = 90 mmHg or use of anti-hypertensive medications prior to pregnancy or
before 20 weeks gestation

Gestational hypertension

SBP = 140 mm Hg and/or DBP =90 mmHg in a woman not previously diagnosed with chronic hypertension
after 20 weeks gestation

Preeclampsia-eclampsia

SBP = 140 mm Hg and/or DBP =90 mm Hg on two occasions at least 4 hours apart if BP was previously
normal, as well as proteinuria or thrombocytopenia, renal insufficiency, impaired liver function, pulmonary
edema, and/or cerebral or visual symptoms.

Chronic hypertension with

superimposed preeclampsia

proteinuria or thrombocytopenia, renal insufficiency, impaired liver function, pulmonary edema, and/or
cerebral or visual symptoms.

Systolic blood pressure (SBP); Diastolic blood pressure (DBP)

According to the American College of Obstetricians and Gynecologists Task Force on Hypertension in Pregnancy [9]
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