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DESCRIPTION
Modern societies depend heavily on occupations that operate 
throughout the night, including healthcare services, 
transportation systems, manufacturing facilities, communication 
networks, and emergency response departments. Although such 
schedules support economic and social activity, persistent 
disruption of biological timing systems has become associated 
with adverse physiological outcomes. Human circadian rhythms 
coordinate sleep patterns, hormone release, metabolism, cellular 
repair, and immune function through synchronized oscillations 
directed by central and peripheral clocks. Disturbance of these 
timing systems, especially in individuals engaged in rotating or 
permanent night work, has drawn attention from epigenetic 
researchers seeking to understand molecular adaptations linked 
with altered sleep-wake cycles.

Night shift workers frequently experience reduced melatonin 
secretion because artificial light suppresses pineal gland activity 
during nocturnal hours. Melatonin possesses antioxidant and 
immunomodulatory functions in addition to its role in sleep 
regulation. Reduced melatonin production has been associated 
with epigenetic variation involving genes linked with 
inflammation, metabolic regulation, and cellular aging. 
Investigations involving hospital employees working overnight 
schedules revealed altered methylation profiles in circadian genes 
when compared with daytime workers. Such modifications 
correlated with shortened sleep duration and increased fatigue 
severity.

Histone modification contributes significantly to circadian 
timing regulation because chromatin accessibility fluctuates 
according to daily cycles. Histone acetylation within circadian 
promoters permits rhythmic transcriptional activation, while 
deacetylation suppresses expression during specific periods. Sleep 
deprivation and irregular light exposure may alter activity of 
histone-modifying enzymes, leading to desynchronization 
between central and peripheral clocks. Experimental 
investigations involving laboratory animals exposed to reversed 
light-dark schedules demonstrated reduced rhythmic histone 
acetylation within hepatic and neural tissues. Such molecular 

changes corresponded with impaired metabolic regulation 
and abnormal feeding behavior.

Cardiovascular health may also be influenced by epigenetic 
effects linked with disrupted circadian organization. Blood 
pressure normally follows daily rhythmic variation, decreasing 
during nighttime sleep. Shift workers often lose this physiological 
pattern because activity and rest occur at irregular intervals. 
Researchers examining emergency medical personnel observed 
methylation alterations within genes associated with vascular 
inflammation and endothelial function. Such molecular patterns 
were connected with elevated blood pressure and increased 
inflammatory cytokine levels. Although cardiovascular outcomes 
involve multiple contributing factors, epigenetic regulation may 
represent one pathway linking schedule disruption with vascular 
dysfunction.

Immune regulation demonstrates strong circadian dependence as 
well. White blood cell trafficking, cytokine production, and 
inflammatory signaling fluctuate according to biological timing 
systems. Sleep restriction and nighttime activity may therefore 
alter immune balance through epigenetic pathways. Studies 
involving airline staff and healthcare employees reported changes 
in micro Ribonucleic Acid (microRNA) expression associated 
with inflammatory responses and immune cell activation. 
Certain microRNAs linked with oxidative stress appeared 
elevated after prolonged periods of rotating night duty. These 
findings indicate that chronic circadian disturbance may 
influence susceptibility to infection and inflammatory disease.

Psychological health has emerged as another area connected with 
circadian epigenetics. Night shift workers frequently report 
anxiety symptoms, mood instability, reduced concentration, and 
emotional exhaustion. Neurotransmitter regulation and neural 
plasticity depend partly on synchronized circadian signaling. 
Epigenetic variation within genes involved in serotonin pathways 
and stress hormone regulation has been observed among 
individuals exposed to chronic sleep disruption. Researchers 
studying overnight transportation personnel identified altered 
methylation within glucocorticoid receptor genes associated with 
stress responsiveness. Workers displaying greater methylation 
differences often reported increased depressive symptoms and 

Commentary

Correspondence to: Mateo Lindholm, Department of Biomedical Genetics, Northern Fjord University, Bergen, Norway, E-mail: 
mateo.lindholm.nfu@eclipsemail.org

Received: 01-Dec-2025, Manuscript No. EROA-25-41810; Editor assigned: 03-Dec-2025, PreQC No. EROA-25-41810 (PQ); Reviewed: 17-
Dec-2025, QC No. EROA-25-41810; Revised: 24-Dec-2025, Manuscript No. EROA-25-41810 (R); Published: 31-Dec-2025, DOI: 10.35248/
EROA.25.7.234

Citation: Moreau L (2025). Molecular Changes Linked with High-Altitude Adaptation in Human Populations. J Epigenetics Res. 7:234.

4 .

Copyright: © 2025 Moreau L. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J For Res, Vol.7 Iss.4 No:234 1

Epigenetics Research: Open Access



investigations may identify biomarkers capable of predicting 
which individuals possess greater vulnerability to circadian 
disruption. 

Several interventions are currently being examined to reduce 
biological stress associated with overnight work. Controlled light 
exposure, scheduled meal timing, melatonin supplementation, 
and structured sleep routines may support circadian adaptation.  
Preliminary evidence indicates that some interventions may 
partially normalize epigenetic patterns associated with disrupted 
biological timing. However, effectiveness varies considerably 
between individuals due to differences in genetics, occupational 
conditions, and lifestyle factors.

The relationship between night shift employment and epigenetic 
regulation demonstrates how environmental timing cues 
influence molecular activity throughout the body. Disturbance of 
circadian organization affects metabolic, cardiovascular, 
immune, neurological, and reproductive systems through 
coordinated epigenetic mechanisms involving Deoxyribonucleic 
Acid (DNA) methylation, histone modification, and non-coding 
RNA regulation. Continued investigation into circadian 
epigenetics may support development of occupational health 
strategies designed to reduce long-term physiological strain 
among individuals required to work outside traditional daylight 
schedules.
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reduced cognitive performance. Dietary behavior among 
overnight employees may intensify epigenetic alterations 
associated with circadian misalignment. Irregular meal 
timing, increased consumption of processed foods, and 
nighttime eating can influence metabolic gene regulation. 
Animal studies indicate that feeding during biologically 
inappropriate periods modifies methylation and histone 
patterns within liver tissue. Such alterations may impair lipid 
metabolism and energy utilization. Human investigations 
involving rotating shift workers found that meal timing 
interventions partially improved metabolic markers, suggesting 
that nutritional scheduling may influence epigenetic adaptation 
to altered work hours.

Research involving twin populations has provided insight into 
interactions between inherited characteristics and occupational 
schedules. In some cases, genetically similar individuals exposed 
to different work patterns developed distinct methylation 
profiles related to circadian regulation. These observations 
suggest that environmental timing disruption may 
exert substantial influence upon epigenetic organization 
independent of inherited sequence variation.

Technological developments in wearable monitoring systems 
now permit more accurate evaluation of sleep behavior, light 
exposure, and circadian physiology in real-world environments. 
Combining these measurements with epigenomic analysis may 
improve understanding of how occupational schedules influence 
molecular timing systems across diverse populations. Future 
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