Review

The Role of Sleep Deprivation and Urban Night Culture in PCOS Progression

Nimra Muskan !, Arooba Tariq 2, Hifza Arshad 3, Hira Mumtaz 4, Aliza Imtiazi%, Adeeba Hussain & Umer Farooq?’,

Rukhsana Parveens

Citation: Muskan, N.; Tariq, A.; Ar-
shad, H.; Mumtaz, H.; Imtiazi, A.;
Hussain, A.; Farooq, U.; Parveen, R.
The Role of Sleep Deprivation and
Urban Night Culture in PCOS Pro-
gression. Pakistan Journal of Biochem-
istry and Biotechnology, 2025, 6 (2),
156-168.
https://doi.org/10.52700/pjbb.v6i2.32
7

Received: 20 August,2025
Accepted: 15" December, 2025
Published: 19* December, 2025

I Centre for Applied Molecular Biology, University of the Punjab(PU), Lahore; nimrascholar891@gmail.com

2Centre for Applied Molecular Biology, University of the Punjab(PU), Lahore; Arubatarig86@gmail.com

3 Centre for Applied Molecular Biology, University of the Punjab(PU), Lahore; hifza.arshad39@gmail.com

4Lahore College for Women University(LCWU), Lahore; Hirramumtaz5@gmail.com
5 University of Central Punjab(UCP), Lahore; alizaimtiazi03@gmail.com

6 Centre for Applied Molecular Biology, University of the Punjab, Lahore; Adeebahussain097@gmail.com
7Allama Igbal Medical College(AIMC), Lahore; umergujer65@gmail.com

8 Centre for Applied Molecular Biology, University of the Punjab(PU), Lahore; rukhsana.camb@pu.edu.pk
* Correspondence: nimrascholar891@gmail.com ; Tel.: 0307-4306308

Abstract: Polycystic ovary syndrome (PCOS) is a common endocrine illness distinguished by hy-
perandrogenism, insulin resistance, and ovarian dysfunction, leading to infertility, metabolic con-
sequences (e.g., type 2 diabetes, cardiovascular disease), and psychological distress. This review is
a critical analysis of how sleep disturbances, circadian rhythm disruption and urban night culture
with artificial light at night (ALAN), shift work, and excessive screen exposure contribute to the
onset and progression of PCOS. To manage PCOS, lifestyle interventions must be considered with
particular emphasis on sleep management, regular sleep-wake cycles, and evening light exposure
reduction as well as more generally, encouragement of urban light management to cut artificial light
at night (ALAN). This is an important and innovative preventive and therapeutic strategy that can
complement traditional medical care.
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1. Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine disease affecting 20%
women of reproductive age marked by hormone imbalances specifically hyperandrogen-
ism and insulin resistance that cause abnormal menstrual cycles, sporadic ovulation, and
often visible ovarian cysts. It is strongly related with obesity, infertility, and long-term
metabolic and mental complications, and also associated with type II diabetes, cardiovas-
cular disease, endometrial cancer, and depression[1]. Despite its widespread effect on
women's quality of lifestyles and its status as a prime worldwide public health concern,
the precise etiology of PCOS stays unclear, with factors like genetic, metabolic, endocrine,
and environment believed to play a role[2]. A confluence of modern elements such as a
sedentary lifestyle, unhealthy diet (fast food), stress, and exposure to environmental tox-
ins, coupled with a genetic predisposition to metabolic syndrome, is propelling the rise of
Polycystic Ovarian Disease (PCOD), particularly among women in urban areas[3]. Con-
suming fast food that is rich in saturated fats and processed carbs raises the risk of obesity,
which exacerbates insulin resistance and hyperinsulinemia, two conditions linked to
PCOS[4]. Furthermore, smoking, drinking, and using drugs recreationally have been con-
nected to higher proinflammatory marker levels, lower antioxidant levels (such (3-caro-
tene), and poor PCOS consequences, like decreased fertility and increased hirsutism[5].
The etiology of PCOS includes an interaction between environmental components and
genetic variations; in spite of the fact that it has been proposed that hereditary variables
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contribute less than 10% to disease vulnerability[6]. Genetic determinants, such as auto-
somal dominant genes and other candidate genes, have been recognized as significant in
the pathophysiology of PCOS, including insulin signaling, metabolic health, and hormo-
nal balance such as INSR, SHBG, CAPN10, LHCGR, FBN1, FBN3 and clock- related genes
[7]. Numerous internal and external factors influence sleep, which has a multifaceted im-
pact on a person's physiological and psychosocial well-being. Sleep deprivation, altered
sleep-wake cycles, sleep disruption, and sleep disorders are physiological stressors that
affect associated molecular pathways and lead to endocrinopathies, which have a signifi-
cant impact on reproductive health[8].

Sleep deprivation negatively impacts fertility by altering the expression of Clock and
Clock-related genes [9]. Recent research indicates that both short-term and long-term
sleep deprivation can cause major epigenetic alterations, changing the patterns of gene
expression in both human and animals and potentially leading to PCOS[10]. Also, The use
of artificial light has been linked to an increased prevalence of reproductive disorders,
notably in younger women who are obese, rural women, and throughout the summer and
fall seasons[11]. Recent research has shown that such factors as poor sleep hygiene, active
night lifestyle, high exposure rates to artificial lighting, especially blue light, and dis-
rupted circadian rhythm could contribute to the manifestation and progression of PCOS
symptoms significantly. This review is of particular significance because it highlights ur-
ban night culture and circadian disturbance, an unrecognized yet important environmen-
tal determinant, as a major and manageable factor contributing to the pathophysiology of
polycystic ovarian syndrome (PCOS). Initial therapies for PCOS often include lifestyle and
behavioral changes aimed largely at weight loss and insulin resistance, as these are major
contributors to PCOS pathogenesis [12]. Very low-calorie diets, such as the ketogenic diet,
which consist of a daily carbohydrate intake of less than 50 g, as well as different amounts
of fat and protein based on optimal body weight, have been demonstrated to dramatically
enhance weight reduction outcomes in people with PCOS[13].

2. Sleep and circadian disruption in PCOS

Sleep is crucial for brain function, memory consolidation, hormonal balance,
immune system function, growth, and repair, and disruptions can negatively impact
human health and wellness[14]. Adults should get at least 7 hours of sleep every night[15].
For overall wellness and health, it is essential to get both enough sleep duration and
quality (e.g., low sleep latency, low number of awakenings, reduced waking after sleep
onset, and greater sleep efficiency)[16]. The circadian clock, which is based on the 24-hour
day-night (light-dark) cycle that is associated with biological cycles such as hormone
secretion, fasting-feeding, body temperature, and sleep-wake cycles, controls sleep-wake
cycles[14]. Hormones, like gonadotropins, sex steroids, and SHBG, are regulated by sleep
patterns and exhibit diurnal rhythms in reproductive age women[8]. Circadian rhythm
impaired due to disruption in cortisol and melatonin cycles and cause disorders
associated with sleep[17], low level of alertness or reduced glucose tolerance[18].
According to an Australian National Cohort research (n=6578 PCOS and n=6094 non-
PCOS), women with PCOS had analogous sleep durations to women without PCOS, but
they were more likely to have trouble falling asleep, with occasional reports of disturbed
sleep[19]. Short and disturbed sleep in women with PCOS is linked to obesity, insulin
resistance, and the metabolic syndrome. Sleep disorders and disturbances have been

linked to poorer metabolic health through processes such as increased sympathetic tone
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and oxidative stress, disruption of the body's ability to diminish adipose storage, and an
increase in endocrine and hedonic food drive[20]. Moreover, Significantly lowering their
quality of life, about 40% of PCOS patients suffered from mood problems including
depression[21].

3.Urban night culture and environmental exposures

The lifestyle linked to urban night culture, characterized by exposure to artificial
light at night (ALAN), excessive screen time, and shift work, significantly contributes to
the progression of PCOS symptoms[22]. Artificial light at night (ALAN) is commonly seen
in urban environments and causes inhibition of melatonin, and alterations in the
expression of clock genes, a key regulator of ovarian functions. According to
epidemiological data, air pollution and traffic noise are linked to an increased risk of
cardiovascular, metabolic, and mental disease, such as hypertension, heart failure,
myocardial infarction, diabetes, arrhythmia, stroke, neurodegeneration, depression, and
anxiety disorders, primarily through stress hormone signaling activation, inflammation,
and oxidative stress[23]. ALAN destabilizes the normal glucose metabolism and increases
blood pressure through activation of the sympathetic nervous system and interference
with the hormonal cycles. In addition, several epidemiological studies confirm the
relationship between exposure to nighttime light and the incidence of such hormone-
related cancers as prostate and breast cancer[24]. Besides regulating the sleep-wake cycle,
melatonin has a direct impact on the ovary via its receptors, that is, MTNRIA and
MTNRI1B. Research showed that ALAN stimulates ovarian tissues to produce fewer
melatonin receptors thus interfering with the process of folliculogenesis and enhancing

the production of androgen [25] Figure 1.
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Figure 1. Effect of ALAN on ovarian function

Blue light, usually associated with screens, LED street lamps, and other urban objects
is widespread. Due to its low wavelength and great energy, blue light inhibits melatonin
particularly effectively, particularly at night. Pubertal symptoms and alterations of the
histomorphic structure of ovaries associated with PCOS-like ovarian histological
alterations were observed in pre-pubertal rats subjected to the blue light exposure (6 h/day)
in 2023, which included granulosa cell apoptosis, follicular cysts[26]. All these findings
help to conceive the possibility that the exposure to the night in urban centers could
interfere with the reproductive physiology and hormonal cycles and predispose to PCOS.
They have proven that shift jobs as well as nightlife schedules lead to a phenomenon
known as social jetlag which is a form of circadian misalignment that impairs metabolic

homeostasis. The results of the literature review indicate that night-shift workers are
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women with more severe phenotypes of PCOS [27], the most common of which are central
obesity, elevated fasting insulin, and frequent anovulation. Wang et al. discovered that
hyperandrogenism may contribute to chronic low-grade inflammation in the ovaries and
granulosa cells of PCOS by creating NLRP3 inflammasome, which further increases
granulosa cell pyroptotic death and ovarian fibrosis [28]. Such metabolic changes belong
to the main pathophysiology of PCOS, which means that in the genetically disposed
women, the development of the disease can be stimulated by the habit of urban

populations to eat and sleep abruptly.

3. Metabolic and hormonal mechanisms

Insulin, GH, ghrelin, LEAP-2, GnRH, the LH/FSH ratio, androgens, and estrogens are
among the hormones that are abnormal in PCOS. Certain changes, such as increased
insulin, decreased GH, increased ghrelin, and leptin resistance, increase the risk of
metabolic disorders like diabetes and obesity. Moreover, reproductive problems and
infertility in women with PCOS are associated with decreased GH, elevated LEAP-2, high
basal LH, an elevated LH/FSH ratio, high androgens, and low estrogen[29]. Increased
Luteinizing Hormone (LH) levels significantly contribute to reproductive and metabolic
diseases by stimulating androgen production in ovarian theca cells, resulting in
hyperandrogenemia and halted follicle development[30]. Moreover, elevated LH pulse
frequency disrupts estrogen and FSH production, hindering follicular development and
ovulation, while simultaneously stimulating ovarian IGF-1 secretion, which further
promotes LH binding and androgen production, ultimately leading to the development
of polycystic ovaries in patients with PCOS[31]. In PCOS patients, abnormally increased
AMH levels are also observed[32]. Compared to women without PCOS, women with
PCOS have greater levels of androgen and estradiol (E2), hyperinsulinemia, and
suppressed sex hormone binding globulin (SHBG). Additionally, women with PCOS and

obesity are more likely to have amenorrhea and ovarian dysfunction[33] Figure 2.
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Figure 2. Key metabolic and hormonal feedback loops in PCOS
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Hormone synthesis, secretion, and metabolism are regulated by sleep patterns
and in sync with the circadian rhythm[8]. Sleep parameters are also associated with
levels and secretion patterns of PRL, TSH, glucocorticoids, and melatonin, all of
which can have negative impacts on human reproductive health when disturbed [8].
Through the regulation of sex hormones and oxidation-antioxidation balance, the
fertility of modern women of childbearing age will eventually decline as a result of
the subsequent delay in melatonin secretion, which may cause a feedback increase
in the melatonin concentration in the ovarian environment [34]. According to recent
research, women with PCOS frequently have sleep disturbances and body clock
disruptions, which can exacerbate hormonal and metabolic problems. Research has
identified sleep issues such as difficulty falling asleep and obstructive sleep apnea.
A study found that PCOS patients' circadian rhythm is influenced by delayed
melatonin offset, leading to higher serum free testosterone levels and worse insulin
sensitivity [35]. Notably, 69% of PCOS patients are obese, and 64% fit the criteria for
metabolic syndrome [12]. According to earlier research, people who slept later had
altered metabolisms, which may raise their risk of obesity, diabetes, and
cardiovascular problems [36].

The rhythmicity of hormones that are part of the HPG axis, including
gonadotropins, sex steroids, and GnRH, can disrupt all aspects of reproductive
development, function, and consequences if they are changed [9]. The hypothalamic-
pituitary-gonadal (HPG) axis is disrupted when the rhythmicity of the SCN
(suprachiasmatic nucleus) is disturbed, as can happen with irregular sleep. This
results in the loss of synchronized release of reproductive hormones [9]. Lack of sleep
also alters the gut microbiota, decreasing beneficial species such as Lactobacillus and
Ruminococcus, while promoting the metabolism of tryptophan and kynurenine,
compromising the function of the intestinal barrier, causing systemic inflammation,
and weakening the blood-brain barrier [21]. One study found that women with
PCOS were found to have considerably higher amounts of Trp, kynurenine, and
quinolinic acid, as well as dysregulated Trp-kynurenine pathways [37]. According
to Wang et al., persons who experience sleep deprivation (SD) develop gut dysbiosis,
inflammatory reactions, and cognitive impairment [38]. In addition, by causing
inflammation, altering gut microbiota, and triggering neuroinflammation, binge
eating exacerbates metabolic dysfunction in PCOS patients, exacerbating symptoms
and raising the risk of depression [39]. In human regulation of metabolism is also
influenced by the natural light-dark cycle [40]. A study conducted since 2021
revealed that there is a strong relationship between exposure to nighttime light and
a higher risk of heart disease, a stroke, and metabolic syndrome [41]. Continuous
light exposure raises anti-Miillerian hormone (AMH) levels. It also leads to unusual
glucose metabolism and changes in gut bacteria, increasing the abundance of the
microbial genus Parasutterella while decreasing the presence of genus
Corynebacterium, Odoribacter, and Acinetobacter. Higher levels of Parasutterella

are linked to increased serum testosterone levels [42]. All these findings help to
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conceive the possibility that the exposure to the night in urban centers could interfere

with the reproductive physiology and hormonal cycles and predispose to PCOS
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Figure 3. Effects of circadian rhythm disruption

4. Epigenetics and gene regulation

Epigenetics refers to the alteration of gene expression without changing the
DNA sequence, accomplished by three primary mechanisms: DNA methylation (the
addition of methyl groups to cytosine in CpG dinucleotides), the action of
microRNAs (miRNAs), and post-translational changes of histones. DNA
methylation, characterized by the addition of a methyl group to the 5' carbon of
cytosine adjacent to guanine (CpG dinucleotides), results in chromatin condensation,
typically resulting in decreased gene transcription in hypermethylated areas and
increased transcription in hypomethylated areas. Alterations in this process are
associated with conditions frequently observed in women with PCOS, including
cancer, cardiovascular disease, and type 2 diabetes [43]. Numerous studies have
demonstrated that sleep influences DNA methylation. According to a study DNA
methylation patterns differed between twins with distinct diurnal preferences[10].
52 genes have distinct methylation patterns in people who sleep less than 6.8 hours
(short sleepers) compared to those who sleep more than 7.8 hours (long sleepers)[44].
It has been demonstrated that circadian genes, whose expression is controlled by
histone modification, play a role in maintaining the circadian rhythm and sleep
homeostasis[45]. Androgens may have epigenetic effects by binding to androgen
receptors in the promoter regions of particular microRNA (miRNA) genes,
stimulating transcription and boosting miRNA production. Elevated androgen
levels in women with PCOS are connected with increased expression of miR-155,
miR-223, and miR-374, all of which are linked to insulin resistance, inflammation,

and metabolic abnormalities[46]. Johnson et al. (2022), found that peripheral blood
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mononuclear cells from women with PCOS showed significantly reduced expression
of core circadian genes CLOCK, BMAL1 and NPAS2 compared to healthy controls.
Significantly they discovered that the CLOCK-BMAL1 complex directly targets the
transcription of CYP17A1, a crucial gene in androgen production, indicating a
molecular link between disruption of circadian genes and hormonal imbalance[47].
A study reported that women with PCOS have considerably low levels of BMAL1
expression in their granulosa cells, suggesting that the ovary’s circadian control is
compromised[48]. Expanding on this, whang et al. (2021), analyzed the circadian
transcriptome of human granulosa cells GCs Cultured under a 24-hour stimulated
light-dark cycle[49]. Their findings revealed disrupted rhythmic gene expressions
across the genome in PCOS samples. Genes involved in protein secretion, carbon
metabolism, and programmed cell death-particularly those in the pentose phosphate
and pyruvate pathways- being most affected. These results highlight the broader
effects of circadian rhythm disruption on reproductive and systemic health and
suggest that such misalignment, potentially driven by urban sleep disorders, may

lead to epigenetic reprogramming of key metabolic and cellular processes[48] Figure
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Figure 4. Epigenetic mechanisms linking sleep disruption to PCOS
5. Prevention and therapeutic strategies

Due to the substantial advantages it offers those who suffer from polycystic
ovarian syndrome (PCOS), sleep management is becoming more and more
acknowledged as an important part of PCOS treatment. Studies have shown how
crucial getting enough sleep, both in terms of quantity and quality, is to managing
PCOS. First of all, it has been demonstrated that improving sleep patterns has a
beneficial effect on insulin sensitivity and glucose metabolism, two processes that

are disturbed in PCOS[50]. Restoring circadian rhythms and improving metabolic



Pakistan Jounal of Biochemistry and Biotechnology 2025, 6 (2) 163

and reproductive function can be achieved with targeted lifestyle interventions, such
as regular sleep-wake cycles, time-restricted eating, consistent meal timing, reduced
exposure to evening light, and improved nutrition quality[51]. By addressing
artificial light at night (ALAN), a shift in city planning and light management could
enhance health[52]. Light pollution can be decreased by putting in place lighting
solutions that minimize glare, sky glow, and light trespass[53]. Unnecessary artificial
light can be reduced using smart lighting. Public health initiatives can encourage
healthier sleeping patterns and inform the public about light pollution[54]. These
initiatives seek to protect urban residents from the debilitating issue of
chronodisruption in addition to reversing ecological circumstances at night.
Avoiding alcohol, nicotine, and caffeine are examples of sleep hygiene habits that
can have a substantial impact on the quality of one's sleep alongside regular exercise
and good stress management. Furthermore, maintaining regular sleep patterns and
minimizing noise are advantageous; nevertheless, their specific impacts vary based
on individual and environmental variables, indicating a necessity for future studies
to emphasize personalization and optimal guidelines[55]. Music therapy and aerobic
exercise are two lifestyle changes that have been shown to dramatically enhance
sleep quality in students and women with PCOS[56]. Although lifestyle changes
including stress reduction, regular exercise, balanced eating, and getting enough
sleep have been shown to be successful in controlling PCOS, there is still a lack of
public and healthcare professional knowledge, underscoring the critical need for
improved education. Without specifically emphasizing on body weight loss, self-
esteem strengthening with help from a psychotherapist or counselor to reframe
negative self-talk, cultivate self-compassion, and boost confidence may lower the
likelihood of developing eating disorders[57]. In order to improve the reproductive,
metabolic, and psychological health of women with PCOS, future research should
examine the long-term effects of such lifestyle modifications, create standardized
techniques for evaluating symptoms, and provide culturally appropriate
management and education programs[58].

For PCOS patients who are overweight or have metabolic syndrome,
metformin, an insulin sensitizing drug, is presently advised as a first-line treatment
in addition to lifestyle changes[59]. The study also highlights the importance of
monitoring liver enzymes as possible goals for managing PCOS in girls and young
women[60]. Combined oral contraceptives lower serum androgens by increasing the
synthesis of luteinizing hormone (LH) and SHBG[61]. According to a prior clinical
trial, taking melatonin can improve the menstrual cycle, raise FSH, and dramatically
lower serum androgen levels and AMH[62]. Studies have examined into the use of
pharmaceutical antioxidants in PCOS patients because of the importance of
inflammation, elevated oxidative stress, and reduced antioxidants in the disease
process. Coenzyme Q10 (CoQ10), vitamin E, vitamin D, and inositols are the more
well-known antioxidants[5]. One study showed that after three months of treatment,

vitamin D supplementation decreased the levels of testosterone and
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androstenedione in PCOS patients[63]. It has been demonstrated that the subsequent
dysbiosis in PCOS can be reversed by probiotic or synbiotic treatment or measures
targeted at enhancing the quality of the diet[51]. It has been proposed that lipid-
lowering medications, including statins, may be helpful in treating PCOS patients,
either by as such or in conjunction with other medications[64]. Although this data is
encouraging, more study is required to provide a more precise prescription about
the type, duration, and dosage of statin medication (individual or combination)[65].
Agonists for glucagon-like peptide-1 (GLP-1) GLP-1 receptor agonist that acts on
small intestinal L cells to increase satiety, decrease appetite, and regulate appetite[66].
According to recent research, KNDy neurons may be a viable clinical target that is
crucial for controlling GnRH/LH hyperactivity in PCOS as an etiology-based
treatment, at least in some PCOS patient’s phenotypes[67]. The possibility of
dynorphin and AMH as therapeutic targets in the management of lean PCOS
patients need more investigation[68]. For PCOS patients, assisted reproductive
technology (ART) is typically the last option for getting pregnant[34]. Polygenic risk
scores (PRS) have been developed as a result of recent large-scale GWAS that
identified common genetic loci underlying the many clinical features of PCOS. In
PCOS patients, these PRSs may function as indicators of cardiometabolic risk
independently of ovarian dysfunction. In the future, genetic analysis might be a
crucial diagnostic tool for PCOS management, even though genetic screening is not

currently a common practice [5] Figure 5.
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5. Conclusion

The existing literature shows a strong likelihood that urban night culture,
which is a chronic disturbance of sleep, shift work, and chronic exposure to Artificial
Light at Night (ALAN), is an important and frequently neglected contributor in the

onset and development of PCOS. The mechanism through which this connection is
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formed is a complex and multilevel pathology, which includes hormonal imbalance,
metabolic illness, and melatonin inhibition. More importantly, the circadian
misalignment based on lifestyle causes epigenetic reprogramming, which alters the
transcription of the key clock genes, and hence directly alters the molecular
pathways that regulate the androgen synthesis and breakdown. In turn, the focus on
such areas of behavior and the environment, in particular, with a complete approach
to the treatment of sleep and ALAN, is crucial and provides a new significant way
to prevent and successfully manage Polycystic Ovary Syndrome. One of the future
trends is to validate the specific interventions, including melatonin supplementation,
in well-mobilized human clinical trials prior to their incorporation into a standard
clinical practice and to incorporate genetic testing to treat individuals in a

personalized manner.
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