


The Role of Circadian Rhythm Disruptions in Maternal and Fetal Health: A Consideration of Their Potential Effects.



Abstract: 
Circadian rhythms are the natural body clocks that regulate our sleep, hormone release, and metabolism. During pregnancy, these rhythms are essential for the well-being of both the mother and the developing baby. However, modern lifestyles, characterized by shift work, excessive exposure to artificial light, and irregular sleep patterns, can disrupt these rhythms. Such disruptions are associated with various complications, including miscarriage, preterm birth, and low birth weight. Additionally, misalignment of circadian rhythms may negatively impact fetal brain development, increasing the risk of mental health issues and learning difficulties later in life. Melatonin, a hormone that helps regulate sleep patterns, can play a protective role in reducing these risks. This review emphasizes the importance of maintaining stable circadian rhythms during pregnancy and suggests that lifestyle changes, along with melatonin therapy, may improve maternal and fetal health outcomes.
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1.Introduction:
1.1 Importance of Circadian Rhythms in Pregnancy: 
Circadian rhythm plays a crucial role in regulating various physiological functions in pregnant women, including hormone secretion, metabolism, and sleep patterns (Mendez et al., 2019; Goldstein & Smith, 2016). These rhythms followed a natural 24-hour cycle and were primarily influenced by light and darkness (Vidafar & Spitschan, 2023). Maintaining stable circadian rhythms during pregnancy is essential for ensuring maternal well-being and optimal fetal development (Serón-Ferré et al., 2001). Studies indicated that disruptions in circadian rhythms led to complications such as preterm birth, fetal growth restriction, and metabolic disorders in offspring (Hoyniak et al., 2024). Additionally, melatonin, a hormone produced during the night, protected the placenta from oxidative stress and helped regulate fetal biological clocks (Serón-Ferré et al., 2013). Any disturbance in melatonin production due to circadian misalignment increased the risk of gestational diabetes, hypertension, and low birth weight (Balieiro et al., 2021). Therefore, maintaining a stable circadian rhythm was crucial for a healthy pregnancy and long-term fetal well-being (Mark et al., 2017).	Comment by bhadmushassan3@gmail.com: Use ‘and ’ instead  of ‘&’	Comment by bhadmushassan3@gmail.com: Too old
1.2 Modern Lifestyle Factors Causing Circadian Disruptions: 
Modern lifestyles had significantly contributed to circadian disruptions in pregnant women. One of the major factors was shift work, which led to irregular sleep schedules, hormonal imbalances, and increased risks of miscarriage (Mahoney, 2010; Mark et al., 2017). Studies found that women working night shifts had disrupted melatonin production, leading to adverse pregnancy outcomes such as low birth weight and developmental delays in newborns (Nehme et al., 2019; Hoyniak et al., 2024). Another factor was excessive exposure to artificial light at night, which suppressed melatonin secretion and disturbed the natural sleep-wake cycle (Blask, 2009). This was particularly relevant in urban environments where blue light from screens and electronic devices further contributed to circadian misalignment. (Haghani et al., 2024)	Comment by bhadmushassan3@gmail.com: Too old
Additionally, stress and irregular eating patterns disrupted metabolic processes regulated by circadian rhythms, increasing the risk of gestational diabetes and hypertension (Reutrakul & Van Cauter, 2014). Social and economic pressures also played a role, as women from disadvantaged backgrounds often faced inadequate sleep conditions, leading to poorer pregnancy outcomes (Hoyniak et al., 2024).
2.Objectives of the review:
1. Examine the impact of circadian rhythm disruptions on maternal and fetal health. 
2. Identify key lifestyle factors contributing to circadian misalignment during pregnancy. 
3. Highlight the protective role of melatonin in maintaining maternal and fetal well-being.
3. Circadian Rhythms and Maternal Health
Circadian rhythm plays an essential role in regulating various physiological functions in pregnant women, ensuring proper hormonal balance, sleep quality, and metabolism. Any disruption in these natural cycles could lead to adverse maternal and fetal health outcomes.	Comment by bhadmushassan3@gmail.com: Reference??
3.1 Role of Circadian Cycles in Hormonal Regulation
Hormonal balance during pregnancy was crucial for fetal growth and maternal well-being. Circadian rhythms controlled the release of key hormones such as melatonin, cortisol, and progesterone, which were necessary for maintaining a healthy pregnancy (Reiter et al., 2014).
Melatonin:
 Melatonin, a hormone primarily secreted at night acted as a powerful antioxidant that protected the placenta and fetus from oxidative stress (Joseph et al., 2024; Cipolla-Neto and Amaral, 2018). It also helped in regulating the fetal biological clock and supporting brain development (Seron‐Ferre et al., 2007). When circadian rhythms were disturbed, melatonin production decreased, increasing the risk of complications like pre-eclampsia and preterm birth (Reiter et al., 2014).
Cortisol: 
Cortisol, the stress hormone follows a daily rhythm and played a vital role in fetal growth and maternal metabolism. A well-regulated cortisol cycle ensured proper immune function and blood pressure regulation. However, disruptions in circadian rhythms led to irregular cortisol secretion, contributing to conditions such as gestational hypertension and insulin resistance (Varcoe et al., 2018; Walker et al., 2020; Mohd Azmi et al., 2021).
Progesterone:
Progesterone, a hormone responsible for maintaining pregnancy is also influenced by circadian rhythms. Research suggested that irregular sleep patterns and night shift work could affect progesterone levels, leading to a higher risk of miscarriage and preterm labour (Mahoney, 2010; Varcoe et al., 2018).

4. Impact of Night Shifts and Irregular Work Schedules on Maternal and Fetal Health
In today’s fast-paced world, many women work night shifts or irregular schedules, which can disrupt their natural body clock (Lunn et al., 2017). During pregnancy, this disruption can create serious health problems for both the mother and the baby. Studies have shown that shift work increases the risk of miscarriage, preterm birth, low birth weight, and long-term developmental problems in children (Varcoe et al., 2018; Cai et al., 2019). The body's internal clock, or circadian rhythm, controls important functions such as hormone release, metabolism, and sleep cycles, which are all essential for a healthy pregnancy (Reiter et al., 2014).
4.1 Impact of Night Shifts and Irregular Work Schedules
The human body follows a 24-hour biological rhythm known as the circadian clock, which regulates sleep, feeding patterns, and hormone release. Disruption of this rhythm, as seen in pregnant women working night shifts, significantly affects hormonal balance and metabolic processes (Nehme et al., 2019). Key hormones such as melatonin and cortisol play vital roles in pregnancy maintenance and fetal development. Melatonin, predominantly secreted during nighttime darkness, is crucial for placental function and fetal growth (Napso et al., 2018). Exposure to artificial light during night shifts suppresses melatonin production, potentially leading to placental stress, fetal growth restriction, and metabolic complications (Varcoe et al., 2018).
Night shift work is also associated with disturbed sleep patterns and irregular eating habits, both of which adversely impact maternal metabolism (Wallace et al., 2023; Lowden et al., 2010). Pregnant women engaged in night shifts are prone to sleep deprivation, heightened stress, and suboptimal nutritional intake. These factors collectively increase the risk of gestational diabetes, hypertension, and other pregnancy-related complications (Mendez et al., 2019). Furthermore, compromised sleep quality weakens the immune system, rendering the mother more susceptible to infections that can jeopardise maternal and fetal health (Mahoney, 2010).
4.2 Association with Miscarriage, Preterm Birth, and Low Birth Weight
Evidence suggests that pregnant women engaged in night shift work face an elevated risk of adverse pregnancy outcomes such as miscarriage, preterm birth, and low birth weight (Cai, C. et al., 2019; Varcoe et al., 2018). These outcomes are largely attributed to stress-induced hormonal imbalances and disturbed sleep-wake cycles. Elevated cortisol levels, commonly linked to irregular work schedules, can impair fetal development and increase the likelihood of preterm delivery (Varcoe et al., 2018).
A study by Hoyniak et al. (2024) highlighted that infant born to shift-working mothers exhibited increased susceptibility to respiratory and metabolic disorders. The reduction in maternal melatonin levels due to nighttime light exposure compromises placental function, impairing fetal nutrient supply and resulting in lower birth weights. Consequently, low birth weight infants are more prone to developmental delays, weakened immune function, and chronic diseases such as diabetes and cardiovascular conditions later in life (Serón-Ferré et al., 2013).
4.3 Neurological and Developmental Effects on the Fetus
In addition to birth complications, maternal circadian disruption during pregnancy may have long-term effects on the child’s neurological and cognitive development. Disturbances in the maternal sleep-wake cycle interfere with the fetal brain's ability to establish healthy circadian rhythms, which are critical for proper neurological maturation. Such disruptions have been associated with attention deficit disorders, learning difficulties, and emotional instability during childhood (Hoyniak et al., 2024).
Chronic sleep deprivation and heightened maternal stress during pregnancy can impair placental efficiency, reducing the supply of essential nutrients necessary for optimal fetal brain development (Serón-Ferré et al., 2013). Notably, studies have reported smaller brain volumes in children born to mothers with disrupted circadian rhythms, which correlates with lower cognitive function and behavioural challenges (Hoyniak et al., 2024).
5.Melatonin as a Protective Agent:
Melatonin is a hormone produced by the pineal gland that regulates the body’s internal clock, known as the circadian rhythm (Reiter et al., 2024). It plays a crucial role in maintaining healthy sleep patterns and overall well-being.
5.1 Role of Melatonin in Stabilizing Circadian Rhythms:
Melatonin production naturally increases in response to darkness, signalling the body to prepare for sleep. Conversely, light exposure reduces melatonin secretion, promoting wakefulness (Pandi‐Perumal et al., 2006). This cycle helps align the body's sleep-wake pattern with the day-night cycle. However, lifestyle factors such as shift work, frequent travel, or exposure to artificial light can disrupt this rhythm (Tähkämö et al., 2019).	Comment by bhadmushassan3@gmail.com: Too old
Melatonin supplements can effectively regulate sleep patterns in individuals with disturbed circadian rhythms. Research has shown that melatonin can improve sleep quality, reduce sleep onset time, and promote better adaptation to time zone changes (Herxheimer & Petrie, 2010). Furthermore, melatonin has demonstrated positive effects in individuals with delayed sleep phase disorder and insomnia (Zisapel, 2018). Studies also highlight melatonin's role in improving sleep in shift workers and those with jet lag (Herxheimer et al., 2010).	Comment by bhadmushassan3@gmail.com: Too old

5.2 Benefits of Maternal Melatonin Supplementation: 
Melatonin plays a vital role in pregnancy. During gestation, maternal melatonin helps regulate the developing fetus's circadian rhythm (Mendez et al., 2012). Supplementing melatonin during pregnancy may protect against oxidative stress, improve placental function, and support fetal brain development (Valenzuela-Melgarejo et al., 2021). Research suggests that melatonin may reduce risks associated with pregnancy complications, such as preeclampsia, intrauterine growth restriction, and preterm birth (Marseglia et al., 2016).
5.3 Potential Therapeutic Applications for Pregnant Women:
 Melatonin’s antioxidant and anti-inflammatory properties make it a promising therapeutic agent for maternal health (Chitimus et al., 2020). Studies indicate that melatonin supplementation may improve maternal sleep quality, reduce anxiety, and promote better birth outcomes (Feng et al., 2023). Additionally, melatonin may provide protective effects in cases of preterm birth, gestational diabetes, or other pregnancy-related complications (Valias et al., 2022).
6. Long-term Health Impacts on Offspring:
The sleep patterns of parents, particularly the mother, play a significant role in shaping a child’s long-term health. Disruptions in the mother’s circadian rhythm during pregnancy can impact the baby’s metabolism, increase the risk of chronic diseases, and affect neurological development.	Comment by bhadmushassan3@gmail.com: References??
6.1 Influence of Maternal Circadian Misalignment on Offspring Metabolism
A mother’s internal body clock is crucial during pregnancy as it regulates hormones and metabolic processes that support the baby’s growth. When this natural rhythm is disturbed, often due to night shifts, irregular sleep patterns, or heightened stress, it can negatively impact the baby’s metabolism.	Comment by bhadmushassan3@gmail.com: References??
Research suggests that maternal circadian misalignment may increase the risk of metabolic issues in children. Disruptions in the mother’s sleep-wake cycle can interfere with the production of key hormones such as insulin and cortisol, which are essential for controlling blood sugar and fat storage. This hormonal imbalance may raise the child’s chances of developing obesity, diabetes, or metabolic syndrome (Weiss et al., 2013). Maternal circadian misalignment can alter the expression of genes that regulate metabolic processes. Such changes may increase the baby’s vulnerability to metabolic conditions later in life. These findings emphasise the importance of maintaining consistent sleep routines during pregnancy to reduce potential metabolic risks for the child (Wang et al., 2015).	Comment by bhadmushassan3@gmail.com: References??
6.2 Links to Chronic Diseases and Neurological Disorders
In addition to metabolic risks, disrupted maternal sleep has been linked to chronic diseases and neurological disorders. Studies indicate that maternal circadian rhythm disturbances may elevate the risk of cardiovascular problems, hypertension, and immune system imbalances in the offspring (Palinski et al., 2014). Poor sleep during pregnancy can affect the baby's brain development. This may increase the risk of mental health problems like anxiety, depression, and trouble focusing. (Chang et al., 2010; Rubertsson et al., 2014). Circadian misalignment during pregnancy can alter and impact memory, learning ability, and emotional regulation (Benca et al., 2009).	Comment by bhadmushassan3@gmail.com: These references are too old, kindly cite recent articles
 
7. Conclusion: 
Disruptions in circadian rhythms during pregnancy pose significant risks to both maternal and fetal health. Evidence shows that night shift work, irregular sleep schedules, and artificial light exposure can lead to hormonal imbalances, metabolic issues, and impaired fetal brain development. Melatonin has emerged as a promising protective agent due to its antioxidant properties and role in stabilising the body’s internal clock. To minimise risks, pregnant women are encouraged to maintain regular sleep schedules, limit evening light exposure, and adopt healthy lifestyle habits. Future research should explore the long-term effects of circadian misalignment on children and evaluate the effectiveness of melatonin therapy in improving birth outcomes.
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