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Abstract

Obstructive sleep apnea (OSA) has been associated with adverse metabolic and obstetric outcomes
during pregnancy, but prospective evidence from Middle Eastern populations remains limited. This
prospective cohort study investigated the association between OSA and maternal and neonatal
outcomes among young pregnant women in Oman. Omani women aged < 35 years with singleton low-
risk pregnancies were recruited before 24 weeks' gestation from Sultan Qaboos University Hospital and
Ministry of Health primary healthcare centres between January 2021 and April 2024. OSA was assessed
using level Il home sleep apnea testing and classified according to the apnea—hypopnea index (AHI).
Daytime sleepiness was evaluated using the Epworth Sleepiness Scale, and participants were followed
until delivery. Maternal and neonatal outcomes were extracted from medical records and analysed using
multivariable regression models. Among 429 women who completed the study, 42.2% had OSA (AHI =5
events/hour). Gestational diabetes mellitus (GDM) occurred in 28.2% of participants and was the only
pregnancy outcome significantly associated with OSA (p = 0.031). No significant associations were
found between OSA and gestational hypertension, preterm birth, fetal growth restriction, cesarean
delivery, low birth weight, Apgar score, or neonatal intensive care unit admission. Third-trimester body
mass index and AHI independently predicted HbA1c levels (F =4.199, p = 0.006; R? = 0.030). OSA was
common and independently associated with GDM, supporting consideration of OSA screening during
pregnancy, particularly among women at increased risk of GDM.

Introduction

Sleep is a fundamental biological process essential for metabolic, cardiovascular, neurocognitive, and
endocrine homeostasis. Healthy sleep encompasses adequate duration, quality, regularity, timing, and
the absence of sleep disorders. Both insufficient and excessive sleep, as well as poor sleep quality, have
been associated with adverse health outcomes, including cardiometabolic disease, increased healthcare
utilization, and all-cause mortality [1-5]. These relationships are particularly relevant during pregnancy,
when physiological adaptations substantially alter sleep patterns and respiratory function. In Oman,
changing lifestyle patterns, including polyphasic sleep and prolonged daytime napping, may further
influence obesity and metabolic derangement, particularly among women balancing occupational and
domestic responsibilities [6].

Pregnancy is accompanied by profound physiological, hormonal, and anatomical changes that alter
sleep architecture and respiratory physiology. Although total sleep duration may increase during early
pregnancy, sleep quality generally deteriorates as gestation progresses owing to increased sleep
fragmentation, nocturnal awakenings, and reduced sleep efficiency [7]. Consequently, sleep disturbances
are common during pregnancy, with obstructive sleep apnea (0SA) and restless legs syndrome among
the most frequently reported disorders [8].

OSA is characterized by recurrent upper airway obstruction during sleep, resulting in intermittent hypoxia
and sleep fragmentation [9, 10]. Once considered predominantly a disorder affecting men, OSA is now
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increasingly recognized in women, particularly during pregnancy, when gestational weight gain, upper
airway oedema, and hormonal changes predispose to upper airway narrowing [11-13]. Even mild sleep-
disordered breathing may have clinically important consequences for maternal and fetal health [13, 14].
Although the prevalence of OSA in women of reproductive age is relatively low, pregnancy may unmask
or exacerbate the condition, increasing susceptibility to adverse metabolic and cardiovascular outcomes
[10].

Snoring, one of the most common symptoms of obstructive sleep apnea (0SA), is reported in
approximately 27-40% of adults and becomes increasingly prevalent during pregnancy [15, 16]. Maternal
snoring and OSA have been associated with several adverse pregnancy outcomes, including
hypertensive disorders of pregnancy, gestational diabetes mellitus (GDM), preterm birth, cesarean
delivery, low birth weight, small-for-gestational-age infants, and lower Apgar scores [17-21]. These
associations are biologically plausible, as intermittent hypoxia and recurrent sleep fragmentation
associated with OSA may promote sympathetic activation, oxidative stress, systemic inflammation,
endothelial dysfunction, and impaired placental perfusion [21-22]. Furthermore, emerging evidence
suggests that OSA may contribute to impaired glucose metabolism during pregnancy. In non-pregnant
populations, OSA is an established risk factor for insulin resistance, type 2 diabetes mellitus,
hypertension, and cardiovascular disease through mechanisms involving intermittent hypoxia,
sympathetic activation, inflammation, and hormonal dysregulation [4, 10, 23]. Similar pathways may
contribute to the development of GDM, one of the most common complications of pregnancy and an
important determinant of adverse maternal and offspring outcomes [24, 25]. Several prospective studies
have reported associations between short sleep duration, habitual snoring, and gestational glucose
intolerance [26], while meta-analyses have suggested possible associations between both short and
long sleep duration and GDM [27, 28]. However, findings remain inconsistent, as many studies rely on
self-reported sleep measures, lack objective assessment of sleep-disordered breathing, or inadequately
adjust for important maternal confounders.

Despite increasing global interest in the relationship between sleep disordered breathing and pregnancy
outcomes, evidence from Middle Eastern populations remains limited with increased prevalence of
obesity. In Oman, rapid socioeconomic transition has been accompanied by increasing rates of obesity,
diabetes, and pregnancy-related complications, highlighting the need for region-specific evidence [29,
30]. To date, sleep-disordered breathing among pregnant women in this region has not been
systematically investigated.

Therefore, this prospective cohort study aimed to examine the association between OSA during
pregnancy and adverse pregnancy outcomes The primary outcome was gestational diabetes mellitus
(GDM), while secondary outcomes included preeclampsia, cesarean delivery, preterm birth, low birth
weight, and Apgar scores.

By following women prospectively from early pregnancy through delivery and adjusting for key maternal
confounders, this study is expected to provide region-specific evidence to inform future screening and
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preventive strategies for improving maternal and neonatal outcomes.

Materials and Methods
Study design and setting

This prospective cohort study was conducted among pregnant Omani women attending antenatal clinics
at Sultan Qaboos University Hospital (SQUH) and Ministry of Health (MOH) primary healthcare centres in
Muscat, Oman from Jan 2021-April 2024. Participants were recruited before 24 weeks of gestation and
followed until delivery.

Participants

Eligible participants were Omani pregnant women aged < 35 years with singleton, low-risk pregnancies.
Exclusion criteria included pre-existing diabetes, chronic hypertension, grand multiparity (> 5), and known
psychiatric disorders. Written informed consent was obtained from all participants after explaining the
purpose of the study and providing a patient information sheet.

Exposure assessment

Sleep parameters were assessed using a combination of subjective and objective measures at the time
of recruitment which was early 2nd trimester. Daytime sleepiness was evaluated using the validated
Arabic version of the Epworth Sleepiness Scale (ESS).. Obstructive sleep apnoea (0OSA) was assessed
using a level Il home sleep apnea testing (HSAT) device (Somnotouch, Somnomedics, Germany), with
diagnosis and classification based on the apnoea—hypopnoea index (AHI); mild OSA (AHI = 5-15),
moderate OSA (AHI = 16—30) and severe OSA (AHI > 30). HSAT was scored based on American academy
of sleep medicine (AASM) guidelines [31]. Scoring of sleep study was done according to American
academy of sleep medicine guidelines (AASM)[31].

Outcomes

The primary outcome was gestational diabetes mellitus (GDM), diagnosed according to national
guidelines based on fasting blood glucose and/or oral glucose tolerance testing [32]. Secondary
maternal outcomes included anaemia (Hb less than 11 g/dL), pre-eclampsia (BP = 140/90 with
proteinuria), preterm delivery (s 37 weeks of gestation), and mode of delivery. Fetal outcomes included
fetal growth restriction (FGR), low birth weight (LBW) < 2500 grams, low Apgar scores, and neonatal
intensive care unit (NICU) admission.

Data collection
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Baseline demographic, obstetric, and anthropometric data were collected at recruitment. Maternal
weight, height, and blood pressure were measured using standardised procedures, and body mass index
(BMI) was calculated.

Participants were followed through routine antenatal visits, and pregnancy outcomes were obtained
from medical records at delivery.

Sample size

Sample size was calculated using nMaster 2.0 software based on expected prevalence of key outcomes
and an assumed relative risk of 2.5 among women with sleep disturbances. For 80% power and 5%
significance level, the required sample size required was 430. A total of 600 women were recruited, of
whom 429 completed the full study protocol.

Statistical analysis

Data were analysed using SPSS version 26. Continuous variables were summarised as mean (SD) or
median (IQR), and categorical variables as frequencies and percentages. Group comparisons were
performed using t-tests or non-parametric equivalents for continuous variables and x2 tests for
categorical variables. Logistic regression analysis was used to assess associations between sleep
parameters and pregnancy outcomes, adjusting for potential confounders including maternal age, BM|,
gravidity, and prior obstetric history. Results were reported as odds ratios (ORs) with 95% confidence
intervals (Cls). A p-value < 0.05 was considered statistically significant.

Ethical approval

The study was approved by the College of Medicine and Health Sciences Medical Research and Ethics
Committee of Sultan Qaboos University (MREC-2040) and the Ministry of Health Research and Ethics
Review Committee (MoH/CSR/20/24144). All research was performed in accordance with relevant
guidelines/regulations.

Results

Study population

A total of 500 pregnant women were recruited into the study, of whom 429 (71.5%) completed the study
protocol and were included in the final analysis. All participants were Omani women aged <35 years with
singleton, low-risk pregnancies who were enrolled before 24 weeks of gestation and followed
prospectively until delivery.

The mean (SD) maternal age was 31.96 (3.77) years, and the mean baseline body mass index (BMI) was
25.46 (1.43) kg/m?2. Approximately one-third of participants were primigravida (34.5%) and 36.1% were
nulliparous. Baseline demographic and obstetric characteristics are presented in Table 1.
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Maternal and neonatal outcomes

Gestational diabetes mellitus (GDM) was diagnosed in 121 women (28.2%), making it the most frequent
pregnancy complication observed. Anemia occurred in 49 participants (11.4%), whereas gestational
hypertension was identified in only one participant (0.2%). No cases of pre-eclampsia were recorded
during the study period.

Preterm delivery (<37 weeks of gestation) occurred in 25 women (5.8%), and 61 participants (14.2%)
underwent emergency cesarean section. Fetal growth restriction (FGR) was documented in 27
pregnancies (6.3%), while postpartum hemorrhage occurred in 22 women (5.1%). The mean (SD)
gestational weight gain was 6.96 (4.34) kg, and the average estimated blood loss at delivery was 272.49
(202.24) mL. Maternal pregnancy outcomes are summarized in Table 2.

The mean (SD) neonatal birth weight was 2,972 (468) g, with 51 neonates (11.9%) classified as having
low birth weight. Mean Apgar scores at one and five minutes were 8.70 (0.99) and 9.75 (0.85),
respectively. Four perinatal deaths (0.9%) occurred, resulting in an overall live birth rate of 99.1%. Twenty-
one neonates (4.9%) required admission to the neonatal intensive care unit (NICU). Detailed neonatal
outcomes are presented in Table 3.

Sleep characteristics

Obstructive sleep apnea (OSA), defined as an apnea—hypopnoea index (AHI) >5 events/hour, was
identified in 181 participants, corresponding to a prevalence of 42.2%. Based on the Epworth Sleepiness
Scale, 253 women (59.0%) had excessive daytime sleepiness (ESS >10), whereas 176 (41.0%) had ESS
scores <10. The distribution of sleep-related characteristics is shown in Table 2.

Association between obstructive sleep apnea and pregnancy outcomes

The association between OSA severity and maternal and neonatal outcomes is presented in Table 4.
Among all pregnancy outcomes evaluated, only gestational diabetes mellitus demonstrated a
statistically significant association with OSA severity (p = 0.031). Approximately half of the women
diagnosed with GDM had OSA, whereas women without GDM were significantly more likely to have no
evidence of OSA.

No statistically significant associations were observed between OSA and gestational hypertension,
anemia, preterm birth, mode of delivery, fetal growth restriction, postpartum hemorrhage, neonatal birth
weight, Apgar scores, or NICU admission.

Predictors of glycemic status

Multiple linear regression analysis was performed to evaluate whether third-trimester BMI, Epworth
Sleepiness Scale score, and AHI independently predicted maternal HbA1c levels. The overall regression
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model was statistically significant (F(3,413)=4.199, p=0.006), explaining 3.0% of the variance in HbA1c
(R2=0.030).

Within the model, both AHI and third-trimester BMI were independent predictors of HbA1c (p<0.05),
whereas Epworth Sleepiness Scale score was not significantly associated with HbA1c. The resulting
regression equation was:Predicted HbA1c = 4.612 - (0.012 x AHI) + (0.020 x third-trimester BMIThe
regression coefficients are presented in Table 5.

Discussion

The main finding of the present study is that OSA is associated with GDM but does not affect other
maternal or fetal outcomes. The mechanisms that link OSA to GDM are not yet clear. OSA is associated
with autonomic imbalance, increase in inflammatory process and endothelial dysfunction, which have
been implicated in the development of gestational diabetes and gestational hypertension [33]. Some
studies proposed that OSA impairs glucose-induced insulin secretion from pancreatic B cells and causes
the aggregation of inflammatory factors in adipose tissue, leading to the occurrence of diabetes or
insulin resistance [34].

The study did not support the evidence associating OSA with various maternal hypertensive disorders,
including gestational hypertension, preeclampsia, and eclampsia. Oxidative stress is proposed to be one
of the main intermediate mechanisms. However, the effects of OSA on systemic oxidative stress are
unknown in pregnancy [35].

During pregnancy, weight gain, hormones, and upper airway edema can trigger or worsen OSA. This
breathing disruption causes sleep fragmentation and nocturnal desaturation, leading to inflammation
and insulin resistance, which increase the risk of gestational diabetes [36]. The studies evaluating the
association between OSA and GDM are mostly retrospective with small numbers and conflicting results.

Two small case-control studies found a higher prevalence of obstructive sleep apnea (OSA) in women
with gestational diabetes mellitus (GDM) compared with controls, suggesting a significant association
between OSA and GDM. However, both studies were limited by small sample sizes and study
populations consisting largely of women with obesity and predominantly non-Caucasian ethnic groups.
Because obesity and ethnicity are independent risk factors for both OSA and GDM, these findings may
not be generalized to the broader pregnant population [37,38].

The largest prospective pregnancy study (2,474 women) found that obstructive sleep apnea (0OSA)
diagnosed by sleep study in mid-pregnancy was independently associated with an increased risk of
gestational diabetes mellitus (GDM) (OR 2.79, 95% Cl 1.63-4.77). However, the study was primarily
designed to assess pre-eclampsia [39]. A questionnaire-based study concluded that Poor sleep
conditions and specific sleep hygiene behaviors in early pregnancy may be independent risk factors for
GDM [40].
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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 [41].
Moreover, a multicenter study in Spain including 177 women didn’t find an association between OSA and
GDM [42].

This study has several important strengths. To our knowledge, it is among the first prospective cohort
studies from the Middle East to objectively evaluate obstructive sleep apnea (OSA) during pregnancy
and its association with maternal and neonatal outcomes. Participants were enrolled early in pregnancy
and followed until delivery, minimizing recall bias and establishing the temporal relationship between
OSA and pregnancy outcomes. OSA was assessed using validated objective methods, including home
sleep apnea testing and the Epworth Sleepiness Scale. Additionally, the relatively homogeneous cohort
of young women with singleton, low-risk pregnancies reduced potential confounding from pre-existing
maternal comorbidities.

This study has several limitations. Although the overall sample size was adequate, the low frequency of
some maternal and neonatal outcomes may have limited the power to detect significant associations.
The inclusion of only young Omani women with low-risk singleton pregnancies may also limit the
generalizability of the findings. In addition, OSA was assessed using level Il home sleep apnea testing
rather than gold-standard polysomnography, which may underestimate disease severity. Finally, residual
confounding cannot be excluded, as lifestyle factors such as diet and physical activity were not
assessed.

Conclusion

This prospective cohort study demonstrated that obstructive sleep apnea is common among young
pregnant Omani women and is associated with an increased risk of gestational diabetes mellitus, while
no significant associations were observed with other maternal or neonatal outcomes. These findings
support greater awareness of sleep-disordered breathing during pregnancy and suggest that screening
women at high metabolic risk may facilitate earlier identification of gestational diabetes. Further
multicenter studies with larger populations are warranted to determine whether early diagnosis and
treatment of OSA can improve pregnancy outcomes.
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