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        Abstract



        Obstructive sleep apnea (OSA), characterised by apnea or hypopnea, often presents with symptoms such as gasping or snoring. However, these symptoms can be nonspecific and are frequently overlooked, particularly in pregnant women, where they are often attributed to normal physiological adaptations, leading to underdiagnosis and negative maternal and fetal outcomes.


        This narrative review examines the implications of OSA during pregnancy, highlighting the importance of early screening and evaluating available treatment options.


        We reviewed various articles on PubMed and Google Scholar about the impact of OSA during pregnancy, screening methodologies, and treatment effectiveness.


        OSA often increases sympathetic activity along with immune dysfunction, resulting in adverse outcomes like gestational hypertension, preeclampsia, gestational diabetes, cardiomyopathy, depression, and higher rates of cesarean deliveries, while the fetus suffers from intrauterine growth restriction (IUGR), preterm births, and perinatal mortality. Various screening tools, such as the Berlin Questionnaire, Epworth Sleepiness Scale (ESS), STOP-BANG, and Wisconsin questionnaires, aid in early diagnosis. Treatment options include lifestyle modifications, positive airway pressure (PAP) therapy, either continuous (CPAP) or bilevel (BiPAP), hypoglossal nerve stimulation (HGNS), mandibular advancement devices (MAD), and maxillomandibular advancement (MMA) surgery, with CPAP being identified as the preferred treatment.


        To reduce adverse outcomes for both the mother and the fetus, early detection and treatment of OSA in pregnant women are essential. Increased awareness among expectant mothers, routine screening using validated questionnaires, and appropriate treatment selection can not only decrease fetal complications but also reduce the risk of long-term adverse effects of OSA on maternal health.
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      1. INTRODUCTION


      Obstructive Sleep Apnea (OSA), caused by inspiratory upper airway collapse during sleep, is defined as five or more episodes of apnea (i.e., cessation of airflow for 10 seconds or more) and/or hypopnea (i.e., reduction in airflow by at least 30% for 10 seconds or more) per hour of sleep, resulting in a ≥3% drop in oxygen saturation (normal SpO2 ≥95%), hypercapnia (rise in pCO2), and arousal from sleep. It is accompanied by nocturnal breathing disturbance symptoms, such as snoring, snorting, gasping, or breathing pauses during sleep, which can lead to daytime fatigue and sleepiness [1]. Global estimates indicate that approximately 936 million adults between the ages of 30 and 69 have obstructive sleep apnea (OSA), of whom 425 million adults have moderate to severe OSA [2]. The National Healthy Sleep Awareness Project estimates that over 25 million adults in the United States suffer from OSA, with prevalence rates increasing significantly over the past 20 years, most likely due to the obesity pandemic, which affects approximately 26% of adults aged 30 to 70 years [3]. Prevalence is even higher among middle-aged (44–64 years) and elderly populations (≥65 years), with one study indicating a significant likelihood of developing obstructive sleep apnea in 56% of individuals aged 65 years and above [4]. The American Academy of Sleep Medicine (AASM) reports that OSA symptoms affect 24% of males and 9% of females [5]. The higher prevalence in men is attributed to factors such as longer upper airway length due to sex hormones, central distribution of adipose tissue, and higher visceral fat levels compared to females [6]. Desaturation following longer apneic episodes (>30s) could be more detrimental in females than in males, and since males and females exhibit different clinical presentations, females with OSA often remain underdiagnosed compared to males [7]. They are more prone to experience nonspecific symptoms like sleeplessness, mood swings, nightmares, exhaustion, and low energy, and report a higher frequency of sick days [8]. Pregnant women are more likely than other women of reproductive age to experience sleep disturbances resulting from physiological changes during pregnancy, such as pharyngeal narrowing and nasal obstruction, making them particularly vulnerable. Moreover, pregnancy-related edema and weight gain can exacerbate upper airway collapsibility, and hormonal changes may affect muscle tone and respiratory drive [9]. Pregnant women may present either with chronic OSA, which worsens during pregnancy, or gestational OSA, which develops due to weight gain and airway or respiratory changes, with the latter potentially improving or resolving completely after delivery [10, 11]. A high body mass index (BMI) at the start of pregnancy and increased edema in late pregnancy are associated with heightened snoring, with its frequency more than doubling between the first and third trimesters [12]. Pregnant women having a BMI over 35 kg/m2 are at a higher risk, while those with preeclampsia experience a more severe reduction in pharyngeal size; however, making adjustments to lifestyle and diet can help minimize the likelihood of OSA and its complications, especially when other conditions such as advanced age or chronic hypertension are present [13]. It was hypothesized that OSA may impact placental function through the above-mentioned potential mechanisms, a theory supported by evidence of placental tissue hypoxia and altered levels of placental secreted markers in women with OSA [14, 15]. This impact on the fetal placenta could result in fetal hypoxia, causing fetal growth restriction, preterm birth, and low birth weight. It has also been reported that women with OSA have a greater risk of premature delivery and rupture of membranes as compared to healthy women [16]. Intermittent hypoxia and disturbed sleep caused by OSA can cause hormonal and neurochemical imbalances, increasing sensitivity to mood disorders like depression and heightening stress reactions, which, in the case of perinatal depression, place an immense burden on both the developing fetus and the mother [17]. This review aims to analyze the sensitivity of pregnant females to OSA, the mechanisms involved in its development, its impact on pregnancy-related disorders, adverse fetal outcomes, and the psychological changes in the mother caused by OSA, as well as several screening and treatment alternatives to enhance health outcomes for both mother and child.

    


    
      

      2. METHODOLOGY


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


      
        

        2.1. Inclusion and Exclusion Criteria


        Studies were included if they:


        1) Examined OSA during pregnancy and its impact on fetal outcomes.


        2) Provided data on maternal complications like diabetes, preeclampsia, premature deliveries, etc., fetal complications like low birth weight, congenital anomalies, etc.


        Studies were excluded if they:


        1) Focused more on the non-pregnant population or discussed sleep disorders other than OSA


        2) Did not provide sufficient clinical evidence and data related to maternal-fetal implications


        3) Not published in English

      

    


    
      

      3. PATHOPHYSIOLOGY


      Obstructive sleep apnea (OSA) develops as a result of the interaction of several factors. Besides the anatomy of the upper airway that makes it susceptible to collapse, several non-anatomical factors contribute to the development of OSA, some of which are exacerbated by physiological changes that occur during pregnancy.


      [image: ]
Fig. (1)


      An overview of maternal and fetal outcomes due to OSA in pregnancy.


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


      
        

        3.1. Physiological Changes in Pregnancy


        Pregnancy triggers numerous physiological changes, most of which are driven by hormones secreted by the placenta to support the developing embryo. These hormones include elevated levels of human chorionic gonadotropin (hCG), human placental lactogen (hPL), progesterone, estrogen, and cortisol [18, 19]. Progesterone acts as a respiratory stimulant, increasing respiratory drive and ventilation, enhancing the sensitivity of upper airway dilator muscles during sleep, and preventing carbon dioxide accumulation [20]. Pregnant women with lower progesterone levels are more likely to develop OSA, suggesting that adequate progesterone may help prevent its onset [21]. In contrast to progesterone, the mechanism by which estrogen contributes to the development of OSA remains unknown. One study has indicated that nasal patency decreases during pregnancy due to vasodilation and hyperemia caused by the activation of estrogen receptors in the nasal mucosa, which may contribute to upper airway obstruction [22, 23]. However, this contrasts with a recent study where using nasal dilator strips to relieve the supposed nasal upper airway obstruction did not affect apnea/hypopnea events in pregnant females [24]. Along with hormonal changes, specific anatomical changes also occur during pregnancy, which can lead to OSA. Pregnancy can lead to the development of soft tissue edema due to increased fluid retention and fat deposition in soft tissues, which may contribute to sleep apnea during pregnancy. In this condition, the airway may collapse under the edematous soft tissue in the recumbent position [25]. The enlarging gravid uterus during pregnancy pushes the diaphragm upward, increasing abdominal pressure, especially during the third trimester, which induces basal atelectasis [26] and insufficient alveolar ventilation, leading to CO2 retention and exacerbating the effects of obstructive sleep apnea. Finally, systemic inflammation mediated by multiple cytokines and immunomodulators that increase during pregnancy can lead to airway swelling and inflammation, thereby increasing the likelihood of developing obstructive sleep apnea [27].

      


      
        

        3.2. Maternal Pathophysiology in OSA


        Obstructive sleep apnea causes widespread effects on maternal health during pregnancy. Sleep-disordered breathing leads to the development of various maternal hypertensive disorders, including gestational hypertension, preeclampsia, and eclampsia [28]. Sleep-disordered breathing causes widespread inflammation induced by reactive oxygen species (ROS) and inflammatory molecules generated downstream of the nuclear factor kappa B (NFKB) pathway, such as tissue necrosis factor-alpha (TNF-alpha) and interleukin-6 (IL-6) [29]. This, along with low nitric oxide (NO) levels, contributes to widespread endothelial dysfunction and causes hypertension [30]. Continuous positive airway pressure (CPAP) treatment decreases the risk of preeclampsia, which prevents upper airway collapse, targeting the anatomical factors that cause OSA. However, the risk does not reach the same level as in pregnant women without sleep apnea [31]. Non-anatomical variables may contribute to the development of OSA and hypertension during pregnancy, which CPAP therapy does not address. Apnea syndromes in pregnancy are also linked to the development of gestational diabetes mellitus (GDM). This is most likely caused by sympathetic nervous system activation-induced hepatic insulin resistance, as indicated by elevated normetanephrine and inflammatory markers, such as interleukin-1 (IL-1) [32], in females with low oxygen saturation. This pathogenetic mechanism may be supported by the fact that CPAP therapy, which reduces sympathetic activation related to upper airway collapse-induced hypoxia, also improves insulin resistance [33]. Obstructive sleep apnea causes frequent nighttime waking, resulting in fragmented sleep and elevated cortisol levels. This further perpetuates the rise in glucose levels by increasing insulin resistance and stimulating the production of glucose [34]. Pregnancies with OSA are also associated with cardiovascular dysfunction and pulmonary edema [35]. OSA is associated with more negative intrathoracic pressures than usual, as the thoracic inspiratory muscles exert greater effort to overcome the upper airway obstruction. These negative pressures may be transmitted to the heart, preventing it from contracting efficiently (systolic dysfunction) [36]. Additionally, hypertension associated with OSA contributes to further systolic dysfunction, as the heart must pump against the higher pressure of the blood column (i.e., increased afterload). Moreover, diabetes mellitus resulting from the above-mentioned mechanisms can cause an inappropriately elevated renin-angiotensin-aldosterone system and increased oxidative stress, leading to the development of dilated cardiomyopathy [37]. Cardiac dysfunction arising as a result of these mechanisms, combined with the high circulating blood volume (due to fluid retention during pregnancy), contributes to pulmonary vascular congestion and subsequently an increased hydrostatic pressure, leading to pulmonary edema [38]. Pulmonary edema may also result from endothelial dysfunction caused by widespread inflammation, allowing for easier fluid extravasation. These comorbidities naturally lead to higher rates of cesarean deliveries, both urgent and planned, and account for the longer duration of hospital stays, increased ICU admissions, and elevated maternal mortality rates associated with obstructive sleep apnea in pregnancy [39, 40]. Obstructive sleep apnea is also linked to a variety of psychiatric disorders like depression, generalized anxiety disorder (GAD), and post-traumatic stress disorder (PTSD) in the peripartum period of pregnancy (Fig. 2) [41, 42]. Certain studies indicate that these disorders result from hormonal imbalances, such as elevated cortisol, progesterone, and estrogen levels during pregnancy [43, 44]. These psychological disturbances are also partly explained by preferential hypoxic damage to the prefrontal cortex in the frontal lobe, causing alterations in working memory and behavior [45], as well as persistent fatigue resulting from sleep disruption caused by apnea cycles [46].

      


      
        

        3.3. Fetal Pathophysiology in OSA


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


        [image: ]
Fig. (2)


        Pathophysiological pathway for effects of OSA on maternal health.


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

      

    


    
      

      4. DIAGNOSIS


      Screening followed by appropriate treatment can improve sleep quality, thereby normalizing AHI and oxygen saturation levels and minimizing adverse health outcomes [53]. The severity of OSA can be determined using the apnea-hypopnea index (AHI), calculated by dividing the total number of apneas and/or hypopneas by the total sleep time. Based on this index, OSA is classified as mild (5–14 events per hour), moderate (15–30 events per hour), or severe (more than 30 events per hour). Other, less commonly used indices include the Respiratory Disturbance Index (RDI) and the Respiratory Event Index (REI). The RDI also accounts for respiratory effort-related arousals (RERAs) in addition to apneas and hypopneas. An RERA can be defined as an increased effort in breathing lasting 10 seconds or more due to airflow restriction, causing arousal before the criteria for apnea and hypopnea are met [54, 55].


      [image: ]
Fig. (3)


      Pathophysiological pathway for the effects of OSA in pregnancy on fetal health.


      The present screening questionnaires such as Epworth Sleepiness Scale (ESS), the STOP Questionnaire (Snoring, Tiredness, Observed Apnea, High Blood Pressure), the STOP-Bang Questionnaire (STOP Questionnaire plus BMI, Age, Neck Circumference, and Gender), the Berlin Questionnaire, and the Wisconsin Sleep Questionnaire [56], were designed for the nonpregnant population, and research has shown limited sensitivity and specificity when applied to pregnant women, hence a new OSA screening questionnaire is needed. Since pregnancy involves continual physiological changes, serial monitoring and screening for OSA are essential in each trimester [57]. The Berlin and ESS questionnaires are weak indicators of sleep apnea in the pregnant population due to their reliance on symptoms like fatigue and daytime sleepiness, which are extremely common during pregnancy, leading to false positives [58, 59].


      Additionally, the Berlin questionnaire applies a binary BMI cutoff (≥30kg/m2) without accounting for the nature of weight changes during pregnancy [58]. A 2016 systematic review reported pooled sensitivity and specificity for Berlin in pregnancy at 0.66 and 0.62, and for ESS at 0.44 and 0.62, indicating limited accuracy [60]. These overlapping symptoms often lead to under-recognition of sleep-disordered breathing as normal gestational changes. This highlights the need for developing pregnancy-specific screening tools.


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

    


    
      

      5. TREATMENT


      Pregnancy is a highly sensitive condition in which even minor disturbances in normal homeostasis can lead to severe complications. Obstructive sleep apnea (OSA) in pregnancy is associated with significant adverse outcomes for both the mother and fetus, including eclampsia, gestational diabetes, heart failure, fetal hypoxia, intrauterine death, and increased maternal mortality. The reported prevalence of OSA in obese females can be as high as 43% during the second and third trimesters, with approximately one in five experiencing severe OSA [65]. This highlights the urgent need for active screening using questionnaires and early diagnosis through polysomnography, home sleep testing (HST), or newer wearable technologies. Once diagnosed, prompt treatment is essential to prevent OSA-related complications. However, the data related to guiding the treatment of OSA during pregnancy is insufficient. The studies attempting to assess the impact of treatment or safety during pregnancy were not adequately powered due to limited sample sizes. Instead, the benefits observed in the general population are extrapolated to pregnant women using existing treatment standards [66]. The ethical implications of assigning an inferior treatment to a vulnerable population, such as pregnant women, may explain the lack of randomized clinical trials supporting one treatment over another.


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


      A preferred mode of treatment for OSA during pregnancy is continuous positive airway pressure (CPAP) therapy [73]. CPAP delivers pressurized air through a mask to create a pneumatic splint that keeps the airway open throughout the respiratory cycle, preventing apneic and hypopneic episodes [74]. Studies have shown that CPAP reduces complications such as gestational hypertension and preeclampsia in pregnant females with OSA [73]. It has also been shown to reverse cardiomyopathy by improving heart rate and stroke volume, as well as enhancing insulin sensitivity [75]. However, CPAP did not significantly alter mean glucose levels in OSA patients with gestational diabetes [76]. CPAP has also been associated with decreased systemic inflammation, as indicated by reductions in markers such as interleukin-6, interleukin-8, C-reactive protein, uric acid, and tumor necrosis factor-alpha [75, 77]. Despite the known clinical benefits, the use of CPAP in pregnancy may be limited due to low compliance rates of around 33% as per a large randomized trial [55]. In another real-world cohort study, adequate compliance (use for ≥4 hours/night on 70% of nights) was achieved in only a minority of patients [31]. Therefore, more conclusive trials are necessary to evaluate the effectiveness of CPAP in this patient population.


      Bilevel positive airway pressure (BIPAP) is another option for positive airway pressure therapy. Unlike CPAP, BIPAP alternates between two levels of pressure, delivering a higher level during inspiration and a lower level during expiration, while allowing spontaneous breathing [78]. BIPAP serves as a viable second-line treatment for patients who fail or cannot adhere to CPAP therapy (defined as <4 hours of nightly use) or for those with coexisting conditions such as neuromuscular disorders, severe hypercapnia, or morbid obesity (BMI > 42.6 kg/m2) [79]. Studies have shown that BIPAP can reduce the AHI by 50% (from 15.2 to 7.4 events per hour) and improve arterial blood gas parameters [80]. However, due to higher costs and limited evidence of superior efficacy compared to CPAP in uncomplicated OSA cases, BIPAP remains a second-line option [81, 82].


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


      Surgical options such as MMA surgery are highly effective for CPAP-nonresponsive patients, achieving an approximately 80% success rate in treating OSA in individuals with a BMI >30 kg/m2 [89, 90]. Despite their efficacy, these surgeries are invasive and costly. Additionally, evidence guiding OSA treatment in pregnancy remains limited. Most studies on OSA treatments during pregnancy lack sufficient power due to small sample sizes, and current standards largely extrapolate benefits observed in the general population [66].

    


    
      

      6. DISCUSSION


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


      
        

        6.1. Effects on Maternal Health


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


        
          Table 1 Effects on maternal health.


          
            
              
                	Citation

                	Results

                	Conclusion
              

            

            
              
                	Passarella et al. (2021) [91]

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

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


              
                	Liu et al. (2018) [28]

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

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


              
                	Ryu et al. (2023 [92]

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

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


              
                	Reutrakul et al. (2013) [93]

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

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


              
                	Bublitz et al. (2018) [94]

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

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


              
                	Yang et al. (2020) [42]

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

                	Sleep difficulties during pregnancy were linked to worse perinatal outcomes.
              


              
                	Lu et al. (2021) [51]

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

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


              
                	Rubio et al. (2022) [41]

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

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


              
                	Louis et al. (2014) [95]

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

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


              
                	Malhamé et al. (2022) [70]

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

                	OSA increases the risk for cardiovascular morbidity and healthcare utilization.
              


              
                	Lui et al. (2021) [96]

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

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

            
          


        


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


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


        Finally, OSA has been associated with higher in-hospital mortality during pregnancy. In Louis et al.'s retrospective study, pregnant women with OSA had five times the risk of in-hospital mortality (OR: 5; 95% CI: 2.4–11.5) compared to those without OSA [95]. However, a recent cohort analysis of multi-state inpatient databases in the U.S. found no significant increase in in-hospital mortality, likely due to underdiagnosis and small sample size, as concluded by the authors [96]. These conflicting findings underscore the urgent need for further investigation into the relationship between OSA and maternal outcomes.

      


      
        

        6.2. Effects on the Fetus


        Increased sympathetic drive, oxidative stress, impaired endothelial function, and activation of the inflammatory system can result from OSA-induced intermittent hypoxia and hypercapnia. Together, these factors may hinder fetal development by reducing placental oxygen and nutrient exchange [40]. Retrospective case-control research by Ravishankar S et al. found that women with OSA had higher rates of fetal normoblastemia and increased expression of carbonic anhydrase IX (CAIX), a marker of tissue hypoxia, in their placentas compared to controls, suggesting persistent fetoplacental hypoxia [15]. This adverse intrauterine environment may also affect the expression of specific fetal genes. According to a recent study done using womb-cell samples (WCB) from women with OSA in REM, fetal gene expression is strongly impacted by maternal OSA. According to the mRNA expression profile results, WCB samples from women with OSA exhibited differential expression of 3,258 mRNAs compared to those from women without OSA. In the OSA group, 568 mRNAs were considerably downregulated, while 2690 mRNAs were significantly upregulated. Following maternal OSA, 13 candidate genes were identified as potentially dysregulated in WCB cells. This included one downregulated mRNA, PRKAR1A, and twelve upregulated mRNAs: PFN1, UBA52, EGR1, STX4, MYC, JUNB, MAPKAP1, IGF2, CAT, MCL1, PPP1CB, and AKT2. These genes are essential for numerous physiological functions; therefore, dysregulation of these genes has been associated with adverse prenatal outcomes and developmental disorders [97]. Research on neonatal umbilical cord blood supported this association by showing that fetuses subjected to their mother’s symptoms of sleep-disturbed breathing during pregnancy had shorter telomere lengths than their counterparts [98]. According to a research, mothers having OSA had, 2.31, 1.34, 1.76 1.74, 1.63, 1.60, and 3.18 times higher chances of having preterm, SGA, LBW, infants, Cesarean section (CS), gestational diabetes, preeclampsia, and prenatal hypertension than mothers without OSA [99]. However, research by Kneitel AW et al. found that mothers with and without OSA had similar percentages of SGA infants (23 vs. 25%, p = 1.0). The study found that maternal OSA is associated with slower fetal development in the third trimester, rather than a birth weight below the 10th percentile. In contrast to the women with OSA, pregnant women who utilized PAP therapy did not have higher chances of decreased fetal development, indicating that PAP therapy may be a promising method of improving the health of the fetus [100]. It is interesting to note that some studies have also discovered a connection between maternal OSA and LGA infants. According to a study by Ayana Telerant et al., even mild cases of maternal OSA during pregnancy are linked to rapid fetal growth, which manifests in many growth parameters like weight, length, and adiposity. Additionally, it raises the chance of LGA babies [101]. In a similar vein, Brener et al. found that offspring of women with mild SDB had improved adiposity acquisition throughout the initial three years of life, an impaired weight-to-length ratio at birth, and rapid catch-up growth. They also discovered a reduced head circumference at birth and a distinctive pattern of head circumference growth throughout the first three years [102]. In addition to the variations in birth weight, OSA is associated with increased risks of preterm deliveries and a variety of congenital disabilities in the fetus. Bourjeily G et al. discovered that OSA was associated with a higher incidence of congenital malformations in children (aOR 1.26, 1.11-1.43), with musculoskeletal anomalies having the highest risk (aOR 1.89, 1.16-3.07) after controlling for comorbidities and potential teratogens. Preterm birth was found to be more common among children born to mothers with OSA (31.3% vs. 13.0%, p < 0.001). Additionally, infants born to women with OSA needed resuscitation with intubation after birth more often (14.4% vs. 4.8%, p < 0.001 and 0.5% vs. 0.1%, p < 0.001, respectively), experienced a longer hospital stay (8.28 + 14.5 vs. 3.97 + 8.63 days, p < 0.001), and were more commonly admitted to neonatal critical care or special care units (48) (Table 2).


        
          Table 2 Effects of OSA on the fetus.


          
            
              
                	Ravishankar et al. (2015) [15]

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

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


              
                	Cànaves-Gómez et al. (2024) [97]

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

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


              
                	Salihu et al. (2015) [98]

                	Shorter telomere lengths in cord blood DNA.

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


              
                	Chen et al. (2012) [99]

                	Mothers with OSA had 1.76 (95% confidence interval [CI], 1.28-2.40), 2.31(95% CI, 1.77-3.01), 1.34 (95% CI, 1.09-1.66), 1.74 (95% CI, 1.48-2.04), 1.60 (95% CI, 2.16-11.26), 1.63, and 3.18 times more chances of having LBW, preterm, small for gestational age (SGA) infants, Cesarean section (CS), preeclampsia, gestational diabetes, and prenatal hypertension than mothers without OSA.

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


              
                	Kneitel et al. (2018) [100]

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

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


              
                	Telerant et al. (2018) [101]

                	Rapid fetal growth in the third trimester.

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


              
                	Brener et al. (2020) [102]

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

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


              
                	Bourjeily et al. (2019) [48]

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

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


              
                	Tauman et al. (2015) [103]

                	Sixty-four % of infants born to mothers with SDB had a low social developmental score at 12 months (adjusted p = .036; odds ratio, 16.7).

                Moreover, 41.7% of mothers with SDB reported infant snoring compared to 7.5% of controls. (p = 0.004).

                	Maternal SDB during pregnancy may affect social development at 1 year and is also related to higher chances of snoring in infants.
              

            
          


        


        According to a study by Tauman et al., 64% of infants born to women with SDB had a low social developmental score at 12 months, compared with 25% of infants born to controls (adjusted p = .036; odds ratio, 2.6). Additionally, 41.7% of mothers with SDB reported that their infants snored, compared to 7.5% of controls (p = 0.004) [103]. Looking forward, various enhancements in healthcare technology can help transform the screening and diagnosis of OSA in pregnancy. Recent advancements, including wearable home sleep apnea testing tools such as the Watch-PAT device, can facilitate remote sleep pattern monitoring without transferring raw data, thereby preserving patient privacy, a crucial consideration in maternal healthcare. Federated learning is a privacy-preserving, decentralized approach to data analysis that keeps personal health information on local devices, while still allowing different hospitals, researchers, or devices to work together by sharing only model updates, not the raw data itself. A recent review on federated learning in smart healthcare highlights how Internet of Things (IoT) applications can help clinicians make diagnosis and treatment decisions based on real-time data, rather than relying on periodic checkups. This can help reduce patient hospital visits and improve their quality of life [64, 104].

      

    


    
      

      CONCLUSION


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


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


      
        
          
            	

            	
          


          
            	OSA

            	= Obstructive Sleep Apnea
          


          
            	IUGR

            	= Intrauterine Growth Retardation
          


          
            	PAP

            	= Positive Airway Pressure
          


          
            	CPAP

            	= Continuous Positive Airway Pressure
          


          
            	BiPAP

            	= Bilevel Positive Airway Pressure
          


          
            	AASM

            	= American Academy of Sleep Medicine
          


          
            	HDP

            	= Hypertensive Disorders of Pregnancy
          


          
            	BMI

            	= Body Mass Index
          


          
            	hCG

            	= Human Chorionic Gonadotropin
          


          
            	hPL

            	= Human Placental Lactogen
          


          
            	ROS

            	= Reactive Oxygen Species
          


          
            	NFKB

            	= Nuclear Factor Kappa B
          


          
            	TNF-alpha

            	= Tissue Necrosis Factor Alpha
          


          
            	NO

            	= Nitric Oxide
          


          
            	CO2

            	= Carbon dioxide
          


          
            	IL

            	= Interleukin
          


          
            	GDM

            	= Gestational Diabetes Mellitus
          


          
            	GAD

            	= Generalized Anxiety Disorder
          


          
            	PTSD

            	= Post Traumatic Stress Disorder
          


          
            	SGA

            	= Small for Gestational Age
          


          
            	LBW

            	= Low Birth Weight
          


          
            	LGA

            	= Large for Gestational Age
          


          
            	NRDS

            	= Neonatal Respiratory Distress Syndrome
          


          
            	PTB

            	= Preterm Birth
          


          
            	REM

            	= Rapid Eye Movement
          


          
            	NREM

            	= Non Rapid Eye Movement
          


          
            	SDB

            	= Sleep Disordered Breathing
          


          
            	EPDS

            	= Edinburgh Postnatal Depression Scale
          


          
            	ESS

            	= Epworth Sleepiness Scale
          


          
            	BATE

            	= BMI and Tongue enlargement
          


          
            	PSG

            	= Polysomnography
          


          
            	AHI

            	= Apnea Hypopnea Index
          


          
            	RDI

            	= Respiratory Disturbance Index
          


          
            	REI

            	= Respiratory Event Index
          


          
            	RERAs

            	= Respiratory Effort-related Arousals
          


          
            	HST

            	= Home Sleep Test
          


          
            	ODI

            	= Oxygen Desaturation Index
          


          
            	HGNS

            	= Hypoglossal Nerve Stimulation
          


          
            	MAD

            	= Mandibular Advancement Devices
          


          
            	MMA

            	= Maxillomandibular Advancement Surgery
          


          
            	NIS

            	= National Inpatient Sample
          


          
            	CAIX

            	= Carbonic Anhydrase IX
          


          
            	WCB

            	= Womb cell Samples
          


          
            	CS

            	= Cesarean Section
          

        
      

    


    
      

      CONSENT FOR PUBLICATION


      Not applicable.

    


    
      

      FUNDING


      None.

    


    
      

      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    Declared none.


    REFERENCES


    
      
        
          	

          	
        


        
          	[1]

          	Loscalzo J., Fauci A.S., Kasper D.L., Hauser S.L., Longo D.L., Jameson J.L.. Harrison’s Principles of Internal Medicine. (21st ed) New York: McGraw-Hill; 2022; Vol. 1
        


        
          	[2]

          	Benjafield A.V., Ayas N.T., Eastwood P.R., Heinzer R., Ip M.S.M., Morrell M.J., Nunez C.M., Patel S.R., Penzel T., Pépin J.L., Peppard P.E., Sinha S., Tufik S., Valentine K., Malhotra A.. Estimation of the global prevalence and burden of obstructive sleep apnoea: A literature-based analysis., Lancet Respir Med. 2019; 7(8): 687-698.

          [CrossRef] [PubMed]
        


        
          	[3]

          	Rising prevalence of sleep apnea in U.S. threatens public health - American Academy of Sleep Medicine – Association for Sleep Clinicians and Researchers., 2014<comment xmlns:xlink="http://www.w3.org/1999/xlink" xmlns:mml="http://www.w3.org/1998/Math/MathML">Available from: <ext-link ext-link-type="uri" xlink:href="https://aasm.org/rising-prevalence-of-sleep-apnea-in-u-s-threatens-public-health/">https://aasm.org/rising-prevalence-of-sleep-apnea-in-u-s-threatens-public-health/</ext-link></comment>
        


        
          	[4]

          	Braley T.J., Dunietz G.L., Chervin R.D., Lisabeth L.D., Skolarus L.E., Burke J.F.. Recognition and diagnosis of obstructive sleep apnea in older americans., J Am Geriatr Soc. 2018; 66(7): 1296-1302.

          [CrossRef] [PubMed]
        


        
          	[5]

          	Obstructive Sleep Apnea., 2008<comment xmlns:xlink="http://www.w3.org/1999/xlink" xmlns:mml="http://www.w3.org/1998/Math/MathML">Available from: <ext-link ext-link-type="uri" xlink:href="https://aasm.org/resources/factsheets/sleepapnea.pdf">https://aasm.org/resources/factsheets/sleepapnea.pdf</ext-link></comment>
        


        
          	[6]

          	Kulkas A., Duce B., Leppänen T., Hukins C., Töyräs J.. Gender differences in severity of desaturation events following hypopnea and obstructive apnea events in adults during sleep., Physiol Meas. 2017; 38(8): 1490-1502.

          [CrossRef] [PubMed]
        


        
          	[7]

          	Kritikou I., Basta M., Tappouni R., Pejovic S., Fernandez-Mendoza J., Nazir R., Shaffer M.L., Liao D., Bixler E.O., Chrousos G.P., Vgontzas A.N.. Sleep apnoea and visceral adiposity in middle-aged male and female subjects., Eur Respir J. 2013; 41(3): 601-609.

          [CrossRef] [PubMed]
        


        
          	[8]

          	Bonsignore M.R., Saaresranta T., Riha R.L.. Sex differences in obstructive sleep apnoea., Eur Respir Rev. 2019; 28(154): 190030.

          [CrossRef] [PubMed]
        


        
          	[9]

          	Ouzounian J.G., Elkayam U.. Physiologic changes during normal pregnancy and delivery., Cardiol Clin. 2012; 30(3): 317-329.

          [CrossRef] [PubMed]
        


        
          	[10]

          	Reid J., Glew R.A., Skomro R., Fenton M., Cotton D., Olatunbosun F., Gjevre J., Guilleminault C.. Sleep disordered breathing and gestational hypertension: Postpartum follow-up study., Sleep. 2013; 36(5): 717-721.

          [CrossRef] [PubMed]
        


        
          	[11]

          	Edwards N., Blyton D.M., Hennessy A., Sullivan C.E.. Severity of sleep-disordered breathing improves following parturition., Sleep. 2005; 28(6): 737-741.

          [CrossRef] [PubMed]
        


        
          	[12]

          	Sarberg M., Svanborg E., Wiréhn A.B., Josefsson A.. Snoring during pregnancy and its relation to sleepiness and pregnancy outcome - a prospective study., BMC Pregnancy Childbirth. 2014; 14(1): 15.

          [CrossRef] [PubMed]
        


        
          	[13]

          	Ghesquière L, Deruelle P, Ramdane Y, Garabedian C, Charley-Monaca C, Dalmas A F. Obstructive sleep apnea in obese pregnant women: A prospective study., PLoS One. 2020; 15(9): e0238733.

          [CrossRef] [PubMed] [PubMed Central]
        


        
          	[14]

          	Bourjeily G., Mazer J., J Paglia M.. Outcomes of sleep disordered breathing in pregnancy., Open Sleep J. 2013; 6(1): 28-36.

          [CrossRef]
        


        
          	[15]

          	Ravishankar S., Bourjeily G., Lambert-Messerlian G., He M., De Paepe M.E., Gündoğan F.. Evidence of placental hypoxia in maternal sleep disordered breathing., Pediatr Dev Pathol. 2015; 18(5): 380-386.

          [CrossRef] [PubMed]
        


        
          	[16]

          	Sağ İ., Cakmak B., Üstünyurt E.. Obstructive sleep apnea syndrome is associated with maternal complications in pregnant women., Ginekol Pol. 2021; 92(8): 571-574.

          [CrossRef] [PubMed]
        


        
          	[17]

          	Redhead K., Walsh J., Galbally M., Newnham J.P., Watson S.J., Eastwood P.. Obstructive sleep apnea is associated with depressive symptoms in pregnancy., Sleep. 2020; 43(5): zsz270.

          [CrossRef] [PubMed]
        


        
          	[18]

          	Gangakhedkar G.R., Kulkarni A.P.. Physiological changes in pregnancy., Indian J Crit Care Med. 2022; 25(S3): S189-S192.

          Suppl. 3[CrossRef] [PubMed]
        


        
          	[19]

          	Jung C., Ho J.T., Torpy D.J., Rogers A., Doogue M., Lewis J.G., Czajko R.J., Inder W.J.. A longitudinal study of plasma and urinary cortisol in pregnancy and postpartum., J Clin Endocrinol Metab. 2011; 96(5): 1533-1540.

          [CrossRef] [PubMed]
        


        
          	[20]

          	Venkata C., Venkateshiah S.B.. Sleep-disordered breathing during pregnancy., J Am Board Fam Med. 2009; 22(2): 158-168.

          [CrossRef] [PubMed]
        


        
          	[21]

          	Lee J., Eklund E.E., Lambert-Messerlian G., Palomaki G.E., Butterfield K., Curran P., Bourjeily G.. Serum progesterone levels in pregnant women with obstructive sleep apnea: A case control study., J Womens Health. 2017; 26(3): 259-265.

          [CrossRef] [PubMed]
        


        
          	[22]

          	Philpott C.M., Conboy P., Al-Azzawi F., Murty G.. Nasal physiological changes during pregnancy., Clin Otolaryngol Allied Sci. 2004; 29(4): 343-351.

          [CrossRef] [PubMed]
        


        
          	[23]

          	Karataş M., Çam O.H., Tekin M.. Assessment of nasal airway patency during pregnancy and postpartum period: Correlation between subjective and objective techniques., Kulak Burun Bogaz Ihtis Derg. 2016; 26(2): 92-100.

          [CrossRef] [PubMed]
        


        
          	[24]

          	Maxwell M., Sanapo L., Monteiro K., Bublitz M., Avalos A., Habr N., Bourjeily G.. Impact of nasal dilator strips on measures of sleep-disordered breathing in pregnancy., J Clin Sleep Med. 2022; 18(2): 477-483.

          [CrossRef] [PubMed]
        


        
          	[25]

          	Brown E.F., Fronius M., Brown C.H.. Vasopressin regulation of maternal body fluid balance in pregnancy and lactation: A role for TRPV channels?, Mol Cell Endocrinol. 2022; 558: 111764.

          [CrossRef] [PubMed]
        


        
          	[26]

          	Vajanthri S.Y., Mohammed S., Kumar M., Chhabra S., Bhatia P., Kamal M., Paliwal B.. Evaluation of ultrasound airway assessment parameters in pregnant patients and their comparison with that of non-pregnant women: A prospective cohort study., Int J Obstet Anesth. 2023; 53: 103623-3.

          [CrossRef] [PubMed]
        


        
          	[27]

          	Challis J.R., Lockwood C.J., Myatt L., Norman J.E., Strauss J.F., Petraglia F.. Inflammation and Pregnancy., Reprod Sci. 2009; 16(2): 206-215.

          [CrossRef] [PubMed]
        


        
          	[28]

          	Liu L., Su G., Wang S., Zhu B.. The prevalence of obstructive sleep apnea and its association with pregnancy-related health outcomes: A systematic review and meta-analysis., Sleep Breath.. 2018[PubMed]
        


        
          	[29]

          	Arnardottir E.S., Mackiewicz M., Gislason T., Teff K.L., Pack A.I.. Molecular signatures of obstructive sleep apnea in adults: A review and perspective., Sleep. 2009; 32(4): 447-470.

          [CrossRef] [PubMed]
        


        
          	[30]

          	St-Onge M.P., Zuraikat F.M., Laferrère B., Jelic S., Aggarwal B.. Response to comment on zuraikat et al. chronic insufficient sleep in women impairs insulin sensitivity independent of adiposity changes: Results of a randomized trial. Diabetes care 2024;47:117–125., Diabetes Care. 2024; 47(4): e37-e38.

          [CrossRef] [PubMed]
        


        
          	[31]

          	Rice A.L., Bajaj S., Wiedmer A.M., Jacobson N., Stanic A.K., Antony K.M., Bazalakova M.H.. Continuous positive airway pressure treatment of obstructive sleep apnea and hypertensive complications in high-risk pregnancy., Sleep Breath. 2023; 27(2): 621-629.

          [CrossRef] [PubMed]
        


        
          	[32]

          	Serednytskyy O., Alonso-Fernández A., Ribot C., Herranz A., Álvarez A., Sánchez A., Rodríguez P., Gil A.V., Pía C., Cubero J.P., Barceló M., Cerdà M., Codina M., D Peña M., Barceló A., Iglesias A., Morell-Garcia D., Peña J.A., Giménez M.P., Piñas M.C., García-Río F.. Systemic inflammation and sympathetic activation in gestational diabetes mellitus with obstructive sleep apnea., BMC Pulm Med. 2022; 22(1): 94.

          [CrossRef] [PubMed]
        


        
          	[33]

          	Chen L., Kuang J., Pei J.H., Chen H.M., Chen Z., Li Z.W., Yang H.Z., Fu X.Y., Wang L., Chen Z.J., Lai S.Q., Zhang S.T.. Continuous positive airway pressure and diabetes risk in sleep apnea patients: A systemic review and meta-analysis., Eur J Intern Med. 2017; 39: 39-50.

          [CrossRef] [PubMed]
        


        
          	[34]

          	Meo S.A., Hassain A.. Metabolic physiology in pregnancy., J Pak Med Assoc. 2016; 66(9): S8-S10.

          Suppl. 1[PubMed]
        


        
          	[35]

          	Uchôa C.H.G., Pedrosa R.P., Javaheri S., Geovanini G.R., Carvalho M.M.B., Torquatro A.C.S., Leite A.P.D.L., Gonzaga C.C., Bertolami A., Amodeo C., Petisco A.C.G.P., Barbosa J.E.M., Macedo T.A., Bortolotto L.A., Oliveira M.T., Lorenzi-Filho G., Drager L.F.. OSA and prognosis after acute cardiogenic pulmonary edema., Chest. 2017; 152(6): 1230-1238.

          [CrossRef] [PubMed]
        


        
          	[36]

          	May A.M., Van Wagoner D.R., Mehra R.. OSA and Cardiac Arrhythmogenesis., Chest. 2017; 151(1): 225-241.

          [CrossRef] [PubMed]
        


        
          	[37]

          	Jia G., Whaley-Connell A., Sowers J.R.. Diabetic cardiomyopathy: A hyperglycaemia- and insulin-resistance-induced heart disease., Diabetologia. 2018; 61(1): 21-28.

          [CrossRef] [PubMed]
        


        
          	[38]

          	Dennis A.T., Solnordal C.B.. Acute pulmonary oedema in pregnant women., Anaesthesia. 2012; 67(6): 646-659.

          [CrossRef] [PubMed]
        


        
          	[39]

          	Brown N.T., Turner J.M., Kumar S.. The intrapartum and perinatal risks of sleep-disordered breathing in pregnancy: A systematic review and metaanalysis., Am J Obstet Gynecol. 2018; 219(2): 147-161.e1.

          [CrossRef] [PubMed]
        


        
          	[40]

          	Bourjeily G., Danilack V.A., Bublitz M.H., Lipkind H., Muri J., Caldwell D., Tong I., Rosene-Montella K.. Obstructive sleep apnea in pregnancy is associated with adverse maternal outcomes: A national cohort., Sleep Med. 2017; 38: 50-57.

          [CrossRef] [PubMed]
        


        
          	[41]

          	Rubio E., Levey E.J., Rondon M.B., Friedman L., Sanchez S.E., Williams M.A., Gelaye B.. Poor sleep quality and obstructive sleep apnea are associated with maternal mood, and anxiety disorders in pregnancy., Matern Child Health J. 2022; 26(7): 1540-1548.

          [CrossRef] [PubMed]
        


        
          	[42]

          	Yang Z., Zhu Z., Wang C., Zhang F., Zeng H.. Association between adverse perinatal outcomes and sleep disturbances during pregnancy: A systematic review and meta-analysis., J Matern Fetal Neonatal Med. 2020: 1-9.

          [PubMed]
        


        
          	[43]

          	McCurdy B.H., Weems C.F., Bradley T., Matlow R., Carrión V.G.. Evidence of differential prediction of anxiety and depression by diurnal alpha‐amylase and cortisol in development., Dev Psychobiol. 2024; 66(7): e22549.

          [CrossRef] [PubMed]
        


        
          	[44]

          	Bloch M., Aharonov I., Ben Avi I., Schreiber S., Amit A., Weizman A., Azem F.. Gonadal steroids and affective symptoms during in vitro fertilization: Implication for reproductive mood disorders., Psychoneuroendocrinology. 2011; 36(6): 790-796.

          [CrossRef] [PubMed]
        


        
          	[45]

          	Kahn-Greene E.T., Killgore D.B., Kamimori G.H., Balkin T.J., Killgore W.D.S.. The effects of sleep deprivation on symptoms of psychopathology in healthy adults., Sleep Med. 2007; 8(3): 215-221.

          [CrossRef] [PubMed]
        


        
          	[46]

          	Chellappa S.L., Aeschbach D.. Sleep and anxiety: From mechanisms to interventions., Sleep Med Rev. 2022; 61: 101583.

          [CrossRef] [PubMed]
        


        
          	[47]

          	Nalivaeva N.N., Turner A.J., Zhuravin I.A.. Role of prenatal hypoxia in brain development, cognitive functions, and neurodegeneration., Front Neurosci. 2018; 12: 825.

          [CrossRef] [PubMed]
        


        
          	[48]

          	Bourjeily G., Danilack V.A., Bublitz M.H., Muri J., Rosene-Montella K., Lipkind H.. Maternal obstructive sleep apnea and neonatal birth outcomes in a population based sample., Sleep Med. 2020; 66: 233-240.

          [CrossRef] [PubMed]
        


        
          	[49]

          	Ducsay C.A., Goyal R., Pearce W.J., Wilson S., Hu X.Q., Zhang L.. Gestational hypoxia and developmental plasticity., Physiol Rev. 2018; 98(3): 1241-1334.

          [CrossRef] [PubMed]
        


        
          	[50]

          	Sanapo L., Hackethal S., Bublitz M.H., Sawyer K., Garbazza C., Nagasunder A., Gonzalez M., Bourjeily G.. Maternal sleep disordered breathing and offspring growth outcome: A systematic review and meta-analysis., Sleep Med Rev. 2024; 73: 101868-8.

          [CrossRef] [PubMed]
        


        
          	[51]

          	Lu Q., Zhang X., Wang Y., Li J., Xu Y., Song X., Su S., Zhu X., Vitiello M.V., Shi J., Bao Y., Lu L.. Sleep disturbances during pregnancy and adverse maternal and fetal outcomes: A systematic review and meta-analysis., Sleep Med Rev. 2021; 58: 101436.

          [CrossRef] [PubMed]
        


        
          	[52]

          	Romero R., Dey S.K., Fisher S.J.. Preterm labor: One syndrome, many causes., Science. 2014; 345(6198): 760-765.

          [CrossRef] [PubMed]
        


        
          	[53]

          	Goyal M., Johnson J.. Obstructive sleep apnea diagnosis and management., Mo Med. 2017; 114(2): 120-124.

          [PubMed]
        


        
          	[54]

          	Berry R.B., Budhiraja R., Gottlieb D.J., Gozal D., Iber C., Kapur V.K., Marcus C.L., Mehra R., Parthasarathy S., Quan S.F., Redline S., Strohl K.P., Ward S.L.D., Tangredi M.M.. Rules for scoring respiratory events in sleep: Update of the 2007 AASM Manual for the Scoring of Sleep and Associated Events., J Clin Sleep Med. 2012; 8(5): 597-619.

          [CrossRef] [PubMed]
        


        
          	[55]

          	Tantrakul V., Ingsathit A., Liamsombut S., Rattanasiri S., Kittivoravitkul P., Imsom-Somboon N., Lertpongpiroon S., Jantarasaengaram S., Somchit W., Suwansathit W., Pengjam J., Siriyotha S., Panburana P., Guilleminault C., Preutthipan A., Attia J., Thakkinstian A.. Treatment of obstructive sleep apnea in high risk pregnancy: A multicenter randomized controlled trial., Respir Res. 2023; 24(1): 171.

          [CrossRef] [PubMed]
        


        
          	[56]

          	Jonas D.E., Amick H.R., Feltner C., Weber R.P., Arvanitis M., Stine A., Lux L., Harris R.P.. Screening for obstructive sleep apnea in adults., JAMA. 2017; 317(4): 415-433.

          [CrossRef] [PubMed]
        


        
          	[57]

          	Tantrakul V., Sirijanchune P., Panburana P., Pengjam J., Suwansathit W., Boonsarngsuk V., Guilleminault C.. Screening of obstructive sleep apnea during pregnancy: Differences in predictive values of questionnaires across trimesters., J Clin Sleep Med. 2015; 11(2): 157-163.

          [CrossRef] [PubMed]
        


        
          	[58]

          	Facco F.L., Ouyang D.W., Zee P.C., Grobman W.A.. Development of a pregnancy-specific screening tool for sleep apnea., J Clin Sleep Med. 2012; 8(4): 389-394.

          [CrossRef] [PubMed]
        


        
          	[59]

          	Facco F.L., Kramer J., Ho K.H., Zee P.C., Grobman W.A.. Sleep disturbances in pregnancy., Obstet Gynecol. 2010; 115(1): 77-83.

          [CrossRef] [PubMed]
        


        
          	[60]

          	Tantrakul V., Numthavaj P., Guilleminault C., McEvoy M., Panburana P., Khaing W., Attia J., Thakkinstian A.. Performance of screening questionnaires for obstructive sleep apnea during pregnancy: A systematic review and meta-analysis., Sleep Med Rev. 2017; 36: 96-106.

          [CrossRef] [PubMed]
        


        
          	[61]

          	Izci Balserak B., Pien G.W., Prasad B., Mastrogiannis D., Park C., Quinn L.T., Herdegen J., Carley D.W.. Obstructive sleep apnea is associated with newly diagnosed gestational diabetes mellitus., Ann Am Thorac Soc. 2020; 17(6): 754-761.

          [CrossRef] [PubMed]
        


        
          	[62]

          	Aurora R.N., Putcha N., Swartz R., Punjabi N.M.. Agreement between results of home sleep testing for obstructive sleep apnea with and without a sleep specialist., Am J Med. 2016; 129(7): 725-730.

          [CrossRef] [PubMed]
        


        
          	[63]

          	Dominguez J.E., Krystal A.D., Habib A.S.. Obstructive sleep apnea in pregnant women: A review of pregnancy outcomes and an approach to management., Anesth Analg. 2018; 127(5): 1167-1177.

          [CrossRef] [PubMed]
        


        
          	[64]

          	O’Brien L.M., Bullough A.S., Shelgikar A.V., Chames M.C., Armitage R., Chervin R.D.. Validation of Watch-PAT-200 against polysomnography during pregnancy., J Clin Sleep Med. 2012; 8(3): 287-294.

          [CrossRef] [PubMed]
        


        
          	[65]

          	Kember A J, Elangainesan Praniya, Ferraro Z M, Jones C, Hobson S. Common sleep disorders in pregnancy: A review., Frontiers in Medicine. 2023; 10[CrossRef]
        


        
          	[66]

          	Epstein L.J., Kristo D., Strollo P.J.. Clinical guideline for the evaluation, management and long-term care of obstructive sleep apnea in adults., 2009<comment xmlns:xlink="http://www.w3.org/1999/xlink" xmlns:mml="http://www.w3.org/1998/Math/MathML">Available from: <ext-link ext-link-type="uri" xlink:href="https://pubmed.ncbi.nlm.nih.gov/19960649/">https://pubmed.ncbi.nlm.nih.gov/19960649/</ext-link></comment>
        


        
          	[67]

          	Carneiro G., Zanella M.T.. Obesity metabolic and hormonal disorders associated with obstructive sleep apnea and their impact on the risk of cardiovascular events., Metabolism. 2018; 84: 76-84.

          [CrossRef] [PubMed]
        


        
          	[68]

          	Ng S.S.S., Chan R.S.M., Woo J., Chan T.O., Cheung B.H.K., Sea M.M.M., To K.W., Chan K.K.P., Ngai J., Yip W.H., Ko F.W.S., Hui D.S.C.. A Randomized controlled study to examine the effect of a lifestyle modification program in OSA., Chest. 2015; 148(5): 1193-1203.

          [CrossRef] [PubMed]
        


        
          	[69]

          	Zafereo M.E., Taylor R.J., Pereira K.D.. Supraglottoplasty for laryngomalacia with obstructive sleep apnea., Laryngoscope. 2008; 118(10): 1873-1877.

          [CrossRef] [PubMed]
        


        
          	[70]

          	Malhamé I., Bublitz M.H., Wilson D., Sanapo L., Rochin E., Bourjeily G.. Sleep disordered breathing and the risk of severe maternal morbidity in women with preeclampsia: A population-based study., Pregnancy Hypertens. 2022; 30: 215-220.

          [CrossRef] [PubMed]
        


        
          	[71]

          	Currie A.C., Kaur V., Carey I., Al-Rubaye H., Mahawar K., Madhok B., Small P., McGlone E.R., Khan O.A.. Obstructive sleep apnea remission following bariatric surgery: A national registry cohort study., Surg Obes Relat Dis. 2021; 17(9): 1576-1582.

          [CrossRef] [PubMed]
        


        
          	[72]

          	Akhter Z, Rankin J, Ceulemans D, Ngongalah L, Ackroyd R, Devlieger R, Vieira R, Heslehurst N. Pregnancy after bariatric surgery and adverse perinatal outcomes: A systematic review and meta-analysis., PLoS Med. 2019; 16(8): e1002866.

          [CrossRef] [PubMed] [PubMed Central]
        


        
          	[73]

          	Lee Y.C., Chang Y.C., Tseng L.W., Lin W.N., Lu C.T., Lee L.A., Fang T.J., Cheng W.N., Li H.Y.. Continuous positive airway pressure treatment and hypertensive adverse outcomes in pregnancy., JAMA Netw Open. 2024; 7(8): e2427557-e7.

          [CrossRef] [PubMed]
        


        
          	[74]

          	Izci-Balserak B., Pien G.W.. Sleep-disordered breathing and pregnancy: Potential mechanisms and evidence for maternal and fetal morbidity., Curr Opin Pulm Med. 2010; 16(6): 574-582.

          [CrossRef] [PubMed]
        


        
          	[75]

          	Migueis D.P., Urel A., Dos Santos C.C., Accetta A., Burla M.. The cardiovascular, metabolic, fetal and neonatal effects of CPAP use in pregnant women: A systematic review., Sleep Sci. 2022; 15(Spec 1): 264-277.

          [PubMed]
        


        
          	[76]

          	Chirakalwasan N., Amnakkittikul S., Wanitcharoenkul E., Charoensri S., Saetung S., Chanprasertyothin S., Chailurkit L., Panburana P., Bumrungphuet S., Thakkinstian A., Reutrakul S.. Continuous positive airway pressure therapy in gestational diabetes with obstructive sleep apnea: A randomized controlled trial., J Clin Sleep Med. 2018; 14(3): 327-336.

          [CrossRef] [PubMed]
        


        
          	[77]

          	Xie X., Pan L., Ren D., Du C., Guo Y.. Effects of continuous positive airway pressure therapy on systemic inflammation in obstructive sleep apnea: A meta-analysis., Sleep Med. 2013; 14(11): 1139-1150.

          [CrossRef] [PubMed]
        


        
          	[78]

          	Katz-Papatheophilou E., Heindl W., Gelbmann H., Hollaus P., Neumann M.. Effects of biphasic positive airway pressure in patients with chronic obstructive pulmonary disease., Eur Respir J. 2000; 15(3): 498-504.

          [CrossRef] [PubMed]
        


        
          	[79]

          	Omobomi O, Quan SF. BPAP for CPAP failures: For the many or the few., Respirology. 2020; 25(4): 358-359.

          [CrossRef] [PubMed]
        


        
          	[80]

          	Tondo P., Pronzato C., Risi I., D’Artavilla Lupo N., Trentin R., Arcovio S., Fanfulla F.. Switch of nocturnal non-invasive positive pressure ventilation (NPPV) in obstructive sleep apnea (OSA)., J Clin Med. 2022; 11(11): 3157.

          [CrossRef] [PubMed]
        


        
          	[81]

          	Li H., Hu C., Xia J., Li X., Wei H., Zeng X., Jing X.. A comparison of bilevel and continuous positive airway pressure noninvasive ventilation in acute cardiogenic pulmonary edema., Am J Emerg Med. 2013; 31(9): 1322-1327.

          [CrossRef] [PubMed]
        


        
          	[82]

          	Ho K.M., Wong K.. A comparison of continuous and bi-level positive airway pressure non-invasive ventilation in patients with acute cardiogenic pulmonary oedema: A meta-analysis., Crit Care. 2006; 10(2): R49.

          [CrossRef] [PubMed]
        


        
          	[83]

          	Alrubasy W.A., Abuawwad M.T., Taha M.J.J., Khurais M., Sayed M.S., Dahik A.M., Keshk N., Abdelhadi S., Serhan H.A.. Hypoglossal nerve stimulation for obstructive sleep apnea in adults: An updated systematic review and meta-analysis., Respir Med. 2024; 234: 107826.

          [CrossRef] [PubMed]
        


        
          	[84]

          	Hutz M.J., Plata D.M., LoSavio P., Herdegen J., Zhang Y., Mokhlesi B.. The impact of neck circumference on hypoglossal nerve stimulator therapy outcomes., J Clin Sleep Med. 2024; 20(11): 1755-1761.

          [CrossRef] [PubMed]
        


        
          	[85]

          	Koretsi V., Eliades T., Papageorgiou S.N.. Oral interventions for obstructive sleep apnea., Dtsch Arztebl Int. 2018; 115(12): 200-207.

          [CrossRef] [PubMed] [PubMed Central]
        


        
          	[86]

          	Uyaner A., Schneider H., Parikh A., Paeske-Hinz K., Konermann A.. Mandibular advancement devices in osa patients: Impact on occlusal dynamics and tooth alignment modifications—a pilot prospective and retrospective study., Dent J. 2024; 12(11): 370-0.

          [CrossRef] [PubMed]
        


        
          	[87]

          	Belanche Monterde A., Zubizarreta-Macho Á., Lobo Galindo A.B., Albaladejo Martínez A., Montiel-Company J.M.. Mandibular advancement devices decrease systolic pressure during the day and night in patients with obstructive sleep apnea: A systematic review and meta-analysis., Sleep Breath. 2024; 28(3): 1037-1049.

          [CrossRef] [PubMed]
        


        
          	[88]

          	Polecka A., Nawrocki J., Pulido M.A., Olszewska E.. Mandibular advancement devices in obstructive sleep apnea and its effects on the cardiovascular system: A comprehensive literature review., J Clin Med. 2024; 13(22): 6757.

          [CrossRef] [PubMed]
        


        
          	[89]

          	Diemer T.J., Nanu D.P., Nguyen S.A., Ibrahim B., Meyer T.A., Abdelwahab M.. Maxillomandibular advancement for obstructive sleep apnea in patients with obesity: A meta‐analysis., Laryngoscope. 2025; 135(2): 507-516.

          [CrossRef] [PubMed]
        


        
          	[90]

          	Diecidue R.J., LaNoue M.D., Manning E.L., Huntley C.T., Harrington J.D.. Comparing treatment effectiveness and patient-reported outcome measures of four treatment options for obstructive sleep apnea., J Oral Maxillofac Surg. 2024; 82(12): 1537-1548.

          [CrossRef] [PubMed]
        


        
          	[91]

          	Passarella E., Czuzoj-Shulman N., Abenhaim H.A.. Maternal and fetal outcomes in pregnancies with obstructive sleep apnea., J Perinat Med. 2021; 49(9): 1064-1070.

          [CrossRef] [PubMed]
        


        
          	[92]

          	Ryu G., Kim Y.M., Lee K.E., Choi S.J., Hong S.D., Jung Y.G., Oh S., Kim H.Y.. Obstructive sleep apnea is associated with late-onset preeclampsia in overweight pregnant women in korea., J Korean Med Sci. 2023; 38(2): e8.

          [CrossRef] [PubMed]
        


        
          	[93]

          	Reutrakul S., Zaidi N., Wroblewski K., Kay H.H., Ismail M., Ehrmann D.A., Van Cauter E.. Interactions between pregnancy, obstructive sleep apnea, and gestational diabetes mellitus., J Clin Endocrinol Metab. 2013; 98(10): 4195-4202.

          [CrossRef] [PubMed]
        


        
          	[94]

          	Bublitz M.H., Monteiro J.F., Caraganis A., Martin S., Parker J., Larson L., Miller M.A., Bourjeily G.. Obstructive sleep apnea in gestational diabetes: A pilot study of the role of the hypothalamic-pituitary-adrenal axis., J Clin Sleep Med. 2018; 14(1): 87-93.

          [CrossRef] [PubMed]
        


        
          	[95]

          	Louis J.M., Mogos M.F., Salemi J.L., Redline S., Salihu H.M.. Obstructive sleep apnea and severe maternal-infant morbidity/mortality in the United States, 1998-2009., Sleep. 2014; 37(5): 843-849.

          [CrossRef] [PubMed]
        


        
          	[96]

          	Lui B., Burey L., Ma X., Kjaer K., Abramovitz S.E., White R.S.. Obstructive sleep apnea is associated with adverse maternal outcomes using a United States multistate database cohort, 2007–2014., Int J Obstet Anesth. 2021; 45: 74-82.

          [CrossRef] [PubMed]
        


        
          	[97]

          	Cànaves-Gómez L., Fleischer A., Muncunill-Farreny J., Gimenez M.P., Álvarez Ruiz De Larrinaga A., Sánchez Baron A., Codina Marcet M., De-La-Peña M., Morell-Garcia D., Peña Zarza J., Piñas Zebrian C., García Fernández S., Alonso A.. Effect of obstructive sleep apnea during pregnancy on fetal development: Gene expression profile of cord blood., Int J Mol Sci. 2024; 25(10): 5537-7.

          [CrossRef] [PubMed]
        


        
          	[98]

          	Salihu H.M., King L., Patel P., Paothong A., Pradhan A., Louis J., Naik E., Marty P.J., Whiteman V.. Association between maternal symptoms of sleep disordered breathing and fetal telomere length., Sleep. 2015; 38(4): 559-566.

          [CrossRef] [PubMed]
        


        
          	[99]

          	Chen Y.H., Kang J.H., Lin C.C., Wang I.T., Keller J.J., Lin H.C.. Obstructive sleep apnea and the risk of adverse pregnancy outcomes., Am J Obstet Gynecol. 2012; 206(2): 136.e1-136.e5.

          [CrossRef] [PubMed]
        


        
          	[100]

          	Kneitel A.W., Treadwell M.C., O’Brien L.M.. Effects of maternal obstructive sleep apnea on fetal growth: A case-control study., J Perinatol. 2018; 38(8): 982-988.

          [CrossRef] [PubMed]
        


        
          	[101]

          	Telerant A., Dunietz G.L., Many A., Tauman R.. Mild Maternal obstructive sleep apnea in non-obese pregnant women and accelerated fetal growth., Sci Rep. 2018; 8(1): 10768.

          [CrossRef] [PubMed]
        


        
          	[102]

          	Brener A, Lebenthal Y, Levy S, Dunietz G L, Sever O, Tauman R. Author Correction: Mild maternal sleep-disordered breathing during pregnancy and offspring growth and adiposity in the first 3 years of life., Scientific Reports. 2020; 10(1): 19810.

          [CrossRef] [PubMed] [PubMed Central]
        


        
          	[103]

          	Tauman R., Zuk L., Uliel-Sibony S., Ascher-Landsberg J., Katsav S., Farber M., Sivan Y., Bassan H.. The effect of maternal sleep-disordered breathing on the infant’s neurodevelopment., Am J Obstet Gynecol. 2015; 212(5): 656.e1-656.e7.

          [CrossRef] [PubMed]
        


        
          	[104]

          	Abbas S.R., Abbas Z., Zahir A., Lee S.W.. Federated learning in smart healthcare: A comprehensive review on privacy, security, and predictive analytics with IOT integration., Healthcare. 2024; 12(24): 2587-7.

          [CrossRef] [PubMed]
        

      
    

  

OEBPS/Images/cover.jpg
Obstructive Sleep Apnea in Pregnancy and its
Impact on Maternal-Fetal Health: A Hidden
Threat - Narrative Review






OEBPS/Images/e18743064411633_F3.jpg
Pregnancy with OSA

!

|

l

Feal Hypoxia

Placental Hypoxia

Maternal Hormonal
Disturbances

QT
Regulat

Placental inefficiency

High fetal Insulin

Impaired
Neurogenesi
Synapse formation

. Impaired
Organogenesis

Inirauterine growth
Restriotion / Small for
Gestational Age

Large for Gestalional | [Decreased surfactant
GA)

Behavioral Disorders
(Autism Spectrum

S
Preterm Delivery

Disorder) (Cardlomycpaihy)

Res|

tory System
Immaturity

Neonatal Morbidity

and Mortality






OEBPS/Images/e18743064411633_F2.jpg
Pregnancy with OSA

! I v

Inappropriately low. Fluid retention and
BEHC Progesterone soft tissue deposition

Reduced Nasal Sieep Disordered Pharyngeal
Patency Breathing obstruction

! l ] ]

Prefrontal Cortex

Negative Intrathoracic| | Sympathelic Nervous| | High L1, 1L-6, TNF .
Pressures, st High Cortisol levels

systom Activation Hypoxia
Cardiac systolic Hypertension, Endothelial Gestational Diabtes e
dysfunction Preeclampsia dysfunction Melitus e

Cardiomyopaty,
Heartfailure &
Pulmonary Edema

Maternal Mortality





OEBPS/Images/e18743064411633_F1.jpg
Large for

Gestational Age

Neonatal Resp\rxtorJ

L Effects on Fetus

Gestational Diabetes
Mellitus

Gestational

Distress

Fetal Organ
malformations

Intrauterine Growth
Restriction / Small for |
Gestational Age

Perinatal Mortality &
Stillbirths.

Childhood

Behavioral Disorders
(Autism)

OSAin
Pregnancy

Effects on Mother

Disorders

Depression,
Anxiety & PTSD

Peripartum
Cardiomyopathy &
Pulmonary Edema

High Maternal
Mortality & Longer
durations of
Hospital stay

Higher rates of

Cesarean Delivery






OEBPS/Images/orcid.png





