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Abstract 

Maternal sleep is a crucial factor affecting the uterine environment. Sleep deprivation, whether in 

quality or quantity can impair the regulation of metabolic processes, neuroendocrine stress 

signals, inflammatory pathways essential for placental function, maternal vascular health, and 

cardiac adaptation. Sleep disturbances are common during pregnancy and often worsen as the 

pregnancy progresses influenced by physical and hormonal symptoms, as well as pregnancy-

related sleep disorders such as sleep apnea. This study combines human observational data and 

experimental findings on the impact of maternal sleep deprivation (including sleep 

fragmentation, insomnia, and its symptoms) on early fetal development, particularly during the 

highly sensitive organogenesis period. Scientific studies support the existence of a neural 

network through which maternal sleep deprivation leads to circadian rhythm disturbances, 

pituitary-adrenal axis dysfunction, metabolic and oxidative stress, melatonin imbalances, and in 

cases of sleep-disordered breathing, intermittent hypoxia. The placenta acts as a key mediator 

integrating these signals and regulating nutrient and oxygen transport, immune modulation, 

uteroplacental blood flow, and endocrine functions. Numerous studies have shown that 

inadequate prenatal sleep is strongly linked to behavioral and developmental outcomes in 

children, with growing evidence connecting prenatal sleep patterns to changes in the structure 

and function of the nervous system. To ensure healthy physical and brain development, it is 

crucial to understand the evolving nature of sleep and its relationship to pregnancy and age, as 

sleep plays a vital role in preventing prenatal and postnatal disorders . 
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1. Introduction 

Sleep is a fundamental biological function for human health and is essential for pregnant women. 

Previous studies have linked poor sleep quality to negative outcomes. The psychological and 

physical changes associated with pregnancy increase the risk of different complications like 

disturbances, fatigue, and lethargy. Problems during pregnancy and childbirth include premature 

birth, neonatal resuscitation, weak fetuses, cesarean delivery and NICU admission [1,2]. 

Worldwide, sleep disturbance is the main health problem amongst pregnant women that may 

have adverse perinatal outcome and morbidity [3]. Sleep needs vary with lifestyle, age, gender 

and other effects such as stress and work schedules [4]. Poor sleep is linked to metabolic 

neuroendocrine and inflammatory changes [5]. Studies have also demonstrated tharee sleep 

disturbances and inadequate sleep duration that may lead to Complications affecting general 

health [6]. Since most healthcare workers are women, disruption of the circadian rhythm can 

alter the finely coordinated growth processes, as the onset of specific developmental events is 

often regulated by a fluctuation in certain hormones, either increasing or decreasing them [7]. 

During night work, sleep is negatively affected by light exposure, consequently, many women 

experience heightened concern about the potential adverse effects of night work on their 

pregnancy and fetal development. The circadian rhythm, or biological clock, regulates bodily 

functions and behaviors such as sleep, appetite, blood pressure, hormone levels, alertness, and 

temperature according to a 24-hour day-night cycle. Frequent changes in the mother's circadian 

rhythm can impact fetal development. [8]. 

Recent evidence indicates that insufficient maternal sleep during pregnancy affects fetal health 

and birth outcomes, including intrauterine fetal growth restriction and premature birth [9] Studies 

have shown that a high sleep quality index (PSQI) in pregnant women during the first trimester 

may lead to preterm birth. Although the precise relationship between sleep quality in the first 

trimester and adverse birth outcomes is not fully understood, research suggests that sleep 

problems during the first 20 weeks of pregnancy may increase systemic inflammation, which is 

essential for the continuation of early pregnancy but may also exacerbate the inflammatory 

response that disrupts normal trophoblast inversion. This latter condition can lead to subsequent 

disruption of maternal vascular remodeling, contributing to preterm birth, preeclampsia, and 

intrauterine growth restriction. [10,11]. Studies have also reported a link between duration of 
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sleep-in pregnant women with   inflammation and postpartum depression. Poor sleep will 

increase levels of inflammatory markers such as, interleukin-1 (IL-1), IL-6, IL-2, tumor necrosis 

factor (TNF) α and C-reactive protein and women with postpartum depression have been 

observed to have elevated levels of pro-inflammatory cytokines [12]. The results of a study in 

Shanghai in 2020 showed an increased risk of respiratory allergies in children, linked to short 

maternal sleep duration, excessive screen exposure, and lack of physical activity, but this was 

only found in boys [13]. Several studies of further investigations revealed a sex-specific effect, 

with a marked increase in risk for males compared to females, based on the quality and quantity 

of sleep during early pregnancy and in relation to small fetal size for gestational age. This sex-

specific effect can be explained by the different impact of maternal sleep disturbances on the 

placenta and yolk sac  ,Similar to other studies found that mothers pregnant with male fetuses 

who experienced sleep disturbances had significantly thicker and less homogeneous placentas 

and yolk sacs to compensate for the unfavorable uterine environment [14]. As is well known, 

melatonin plays a key role in reducing oxidative stress and has anti-inflammatory properties. Its 

levels increase in pregnant women, and it also works to eliminate free radicals and contains 

antioxidants [15]. The pineal gland produces and secretes melatonin during the dark period of the 

daily cycle (biological night). Exposure to light during pregnancy and sleep disturbances can 

lead to decreased melatonin levels, especially if this continues for several consecutive nights. 

[16]. 

A review study on mice found that melatonin may prevent premature birth associated with 

inflammation [17]. Melatonin has been reported to modulate progesterone secretion and  

contribute to the maintenance of pregnancy [18]. The first stages of fetal development in 

pregnancy are crucial, as organs and body systems develop during this period and are particularly 

vulnerable to harmful factors. Organogenesis is a stage of accelerated cell differentiation, tissue 

formation, and morphogenesis and disturbances during this period can affect both the long-term 

functional programming of the fetus    and structural development [19].   This review aims to 

consolidate the available evidence on the relationship between maternal sleep deprivation 

(including insomnia, insufficient sleep duration, and fragmented sleep) and it’s related to early 

fetal growth and organ development; to identify proposed biological mechanisms, particularly 

the role of placenta, inflammatory pathways, hormonal redox pathways, and circadian rhythm 

disruption to summarize its impact on the development of key nervous system organs. This 
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review will integrate molecular insights from experimental models and human observational 

studies, considering critical gestational periods when the mother is most vulnerable, and will 

identify important knowledge gaps to inform future applied research and preventive efforts in 

antenatal care.  [20]. 

1.1 Role of placenta as a central mediator between embryonic development and maternal 

sleep disturbance 

The placenta is the bridge that transmits functions between the maternal and fetal environments. 

Placental implantation and remodeling of the uterine spiral arteries by the trophoblast transform 

the uterine circulation into a high-flow, low-resistance system capable of organogenesis and 

supporting rapid fetal growth. This remodeling process is essential to ensure adequate 

uteroplacental oxygenation and perfusion, as its disruption is closely associated with major 

obstetric complications and fetal growth retardation in the early stages of pregnancy [21].  

Stress-related neuroendocrine signals, sympathetic nervous system activity, and inflammatory 

balance are affected by maternal sleep deprivation. It has also an impact on the immune and 

vascular state essential for optimal placental development, thus indirectly affecting fetal growth 

through placental dysfunction. The placenta also performs other vital functions according to fetal 

needs, such as regulating nutrients and oxygen delivery. The mechanisms for transporting lipids, 

amino acids, and glucose in the placenta are subject to precise and balanced regulation and can 

change in response to maternal hormonal and metabolic signals. Alterations in transport have a 

direct impact on fetal development and growth. Several studies have likewise indicated that the 

placenta contains genes essential for the biological clock (such as PER, BMAL1, and CLOCK) 

and may demonstrate the functional organization of the biological clock. It has been observed 

that circadian biology provides another pathway through which sleep disturbances may affect 

fetal development via the placenta. Human placental tissue can synthesize melatonin, a chemical 

important for circadian signaling and an antioxidant [22]. 

A study by Ross et al. 2025 on individual births showed that obstructive sleep apnea and 

insomnia are associated with an increased risk of postpartum syndrome and Parkinson's disease, 

Compared to individuals without sleep disorders and insomnia, obstructive sleep apnea is 

associated with an increased risk of certain complications, including low birth weight, placental 
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abruption, preterm birth before 32 weeks of gestation, and some serious complications such as 

stroke, hysterectomy and disseminated intravascular coagulation [23]. 

1.2 Effects of Maternal Sleep Loss in Embryogenesis 

The fetus is affected when the mother is deprived of sleep through a  series of interconnected 

biological processes that intersect at the level of the mother-placenta-fetus axis. Effects of sleep 

disorders or insomnia are not limited to one aspect alone, but also include physiological changes 

in the mother, characterized by stress-axis activation, oxidative stress, metabolic imbalance and 

disruption of the circadian rhythm. These factors combined can disrupt the delicate balance of 

the fetal environment, the normal function of the placenta and critical periods of fetal growth and 

organogenesis [24]. Melatonin performs biological clock and antioxidant functions; therefore, 

irregular or inhibited melatonin secretion during sleep may weaken antioxidant defenses and 

disrupt rhythmic hormonal signals that regulate placental function and fetal tissue growth [25]. 

Irregular routines such as late-night work, shift work, and irregular sleep patterns indicate 

disruption of the biological clock and melatonin secretion. The placenta exhibits a genetic 

mechanism for the biological clock, and studies have examined gene expression of melatonin 

signals and placental clocks as elements of communication between mother and fetus [26]. 

Experimental and applied evidence indicates that long-term maternal exposure to disruption of 

the biological clock exposes the offspring to significant metabolic stress and affects the growth 

characteristics of the placenta and the newborn [27]. 

1.3 The effect of disruption of circadian rhythms on the development of the fetal nervous 

system 

Nervous systems are mainly sensitive through early development due to the formation of 

autonomic circuits and hypothalamic pituitary within severely restricted timeframes and 

appearance of neuronal migration, synaptogenesis, and neurogenesis. Not with standing direct 

evidence in human concerning fetal brain development is limited by practical consideration and 

ethical, converge data from human cohorts’ studies (sleep quality/period, insomnia signs, sleep 

disturbance breathing) and regulated animal models (sleep restriction/deprivation during definite 

pregnancy days) demonstrate a relation between modified neurodevelopmental outcomes and 

maternal sleep deprivation, encompassing behavior and cognition. Many investigations recorded 

that inadequate prenatal sleep health constantly relation with behavioral and developmental 
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outcomes in offspring, with growing indication connecting antenatal sleep patterns with 

alteration in offspring brain function and structure [28]. The poor sleep effects on eye movement 

by reducing rapid eye movement (REM) sleep, restriction of REM sleep during late gestation 

results in depression like traits in newborns which continuous until middle age [29]. 

Experimental investigations using animal models provide the strongest mechanistic evidence. In 

rats, motherly sleep deficiency during different phases of pregnancy is associated with decrease 

in hippocampus-dependent memory and learning, raise disquiet and depressive attitude, and 

reduce adult hippocampal neurogenesis in offspring, as shown by reduce BrdU-positive cells 

counts [30]. Maternal sleep deficiency led to cognitive-behavioral impairments in progeny 

correlation neuroinflammation markers and diminished neurogenesis, confirm the hippocampus 

as a vulnerable neural aim that indicate with Zhao et al. [31]. The studies show that prenatal 

sleep deficiency can "program" developing neural circuits alternation in the ways that persist 

Postnatally, with consistent involvement of the hippocampus and limbic networks 

Many essential biological methods link maternal sleep deficiency to effect on the embryonic 

neural system the main pathway is oxidative stress and maternal–placental irritation that affected 

fetal neural development by convert vascular function, oxidative damage and cytokine exposure. 

The relation of sleep deficiency with miscarriage and intrauterine growth limited with high 

indices of oxidative damage and pro-inflammatory changes in placenta and maternal serum, 

along with reduced melatonin signaling components (MT1/MT2, AANAT) in chorionic tissue, 

this demonstration by (Li et al.) who utilized a rat model [25]. This was found to be relevant to 

brain development as inflammation and oxidative stress can impact placental perfusion and the 

transfer of nutrients and oxygen necessary for embryonic neural development, in addition to 

altering endocrine signals that regulate neural differentiation. Sleep deficiency, mainly when 

collective with circadian disorder, may reduce maternal melatonin signals and potentially 

deteriorate antioxidant resistance during critical brain developmental duration [32].  

For development of body and brain in a healthy way it's important to understand the changing 

nature of sleep in correlation to state of pregnancy and age plays a crucial role in preventing the 

conditions of prenatal disorder. Even though sleep is important for a dynamic brain (work during 

day) it still an undervalued pattern for a development of body and brain in a healthy way it's 

important to understand the changing nature of sleep in correlation to state of pregnancy and age 
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is plays a crucial role in preventing the aforementioned conditions of prenatal disorder. Even 

though sleep is important for a dynamic brain (work during day) it is still an undervalued pattern. 

1.4 Clinical Relevance and Applications 

Sleep should be recognized as a routine component of maternal health "vital sign" in prenatal 

cure. Considering the susceptibility for sleep quality to disturbers as development progresses and 

explain the high prevalence of insomnia manifestations during gestation, Healthcare providers 

could systematically integrate concise screening tools of sleep duration and quality into routine 

prenatal evaluations, excessive daytime sleepiness insomnia symptoms, snoring or observed 

apneas, restless legs syndrome, and into standard prenatal care. This is demonstrated by 

healthcare assessments indicating that sleep disorders are common and affect obstetric outcomes 

[33]. Physicians should exercise caution when assessing pregnant women at elevated risk of 

sleep-disturbance breathing/obstructive sleep apnea, and the clinical approach should focus on 

targeted rather than comprehensive screening (hypertension, obesity, marked apnea, loud 

snoring, and excessive sleepiness), since the sympathetic nervous system activation associated 

with OSA (obstructive sleep apnea) and intermittent hypoxia may plays significant role to 

placental impairment and fetal risks [34]. 

Clinicians and public health practitioners must consider sleep as a critical aspect of health equity. 

Sleep deprivation is often shaped by modifiable social determinants, namely extended working 

hours; alter work, housing conditions, caregiving duties and psychosocial stressors. Identifying 

these influences during prenatal assessment support practical interventions (including organized 

sleep therapy, asses to social support resources, work schedule adjustments and mental health 

assistance) mainly for patients with an elevated baseline threat of adverse outcomes, Guidance 

and management should demonstrate the relation of sleep to maternal issues that affect fetal 

growth. Meta-analytic records links negative pregnancy outcomes with shortened and extended 

sleep periods with, particularly GDM, therefore endorsing the obligation for regular counseling 

on good sleep habits, symptom recognition, and prompt treatment escalation, such as assessment 

and continuous positive airway pressure (CPAP) for OSA when appropriate   and cognitive 

behavioral therapy for insomnia (CBT-I) [35]. 

 



Al-Bayan Journal for Medical & Health Sciences, Volume No. (5), Issue No. (1), June 2026, ISSN 2789-911X 

 

25 
 

1.5 Future research directions 

Patterns that continuously evaluate sleep patterns and systemic health indicators during the 

begging stages of gestations are useful for accurate differentiation between the effects of uterine 

implantation/ placental formation and fetal development and growth. A helpful next step would 

be to standardize the reporting of "sleep health" (timing, duration, regularity, quality, and fatigue) 

regularly throughout all three trimesters and the postpartum period, especially given the dynamic 

changes in sleep patterns during the perinatal period. To link sleep exposure to fetal organ 

development, research should correlate sleep measurements with developmental stages rather 

than relying on "overall averages for each stage of pregnancy. Further investigation should 

incorporate objective assessment of sleep alongside detailed placental characterization including 

evaluation of (oxidative stress and inflammatory biomarkers, perfusion/vascular indices, 

endocrine outputs and expression of circadian regulatory gene) and examine their association 

with early developmental organ phenotypes. This provides the most direct translational evidence 

of relationships between maternal sleep patterns and the multi-organ programming on the 

embryo. Subsequent studies should examine the environmental exposures (obesity, diabetes, 

stress, smoking, mood disorder, irregular work schedule), evaluate fetal-sex specific prenatal 

effect, and analyze the role of social and economic condition on sleep deprivation. This 

reinforced causal validity and improved the applicability of the findings for prenatal care 

implementation and public health policy. 

2. Conclusion 

Problems from distributed maternal sleep throughout gestation are common and progressively 

recognized as a prominent physiological influence during embryonic growth and development. 

The accumulating evidence suggests a integrated multi-pathway model found disrupt or 

inadequate sleep is often related with circadian disorder and in certain instances, sleep-

disturbances respiratory influences maternal neuroendocrine regulation, inflammatory-oxidative 

conditions, autonomic balance and metabolic equilibrium. Alteration in the maternal condition 

can be transferred to the embryo essentially via the placenta, which integrate maternal signals 

and regulate oxygen transfer, immune system regulation, uteroplacental perfusion, function of 

endocrine system and nutrition during fetal organ development.  Experimental study offers 

causal evidence that disorder in pregnancy sleep can cause persistent changes in child 
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neurocognitive and behavioral profile, energy hemostatsis set level, liver susceptibility to 

steatotic injury, blood pressure control, reproductive consequences renal physiology and 

modified immunological. Human evidence, even though frequently limited by subjective sleep 

measures and confounders, generally support these mechanisms linked to inadequate sleep with 

gestation complications (e.g., hypertensive disorders and pregnancy diabetes) and later-life child 

outcomes reflecting early developmental risk. 

These results suggest the need to integrate sleep health into routine prenatal nurturing through 

early diagnosis of sleep-disturbance respiratory and insomnia, along with the application of safe 

and widely available treatments, such as protocols for treating suspected obstructive sleep apnea, 

cognitive behavioral treatment for accurate diagnosis and insomnia. From a public health 

perspective, mitigating circadian rhythm disruption and promoting sleep, particularly for 

pregnant women experiencing high levels of stress, shift work, or socioeconomic challenges, is a 

modifiable factor in promoting placental health and reducing the risk of fetal abnormalities. 
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