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Abstract

Introduction and purpose: Circadian rhythms are internal processes that regulate the sleep-

wake cycle and repeat roughly every 24 hours. These rhythms are driven by a biological clock,

primarily located in the suprachiasmatic nucleus (SCN) of the brain. Synchronized with

environmental cues such as light and darkness, they play a crucial role in regulating sleep-

wake patterns, hormone secretion, metabolism, and other physiological functions. Disruptions

in circadian rhythms can have wide-ranging effects on health. This review aims to synthesize

the current state of knowledge on how lifestyle factors affect circadian rhythms and explore

the subsequent implications for both mental and physical health.

Description of the state of knowledge: Modern lifestyles factors characterized by artificial

lighting, shift work, noise pollution, excessive caffeine use, worldwide traveling and irregular

eating habits can significantly disrupt natural circadian rhythms. Such disruptions are

associated with a spectrum of pathologies, such as sleep dysregulation, mood disorders (e.g.,

depression and bipolar disorder), metabolic impairments, and suboptimal immune responses.

Summary: This review synthesizes current research findings on the impacts of lifestyle-

induced circadian misalignment, highlighting the complex interactions between modern life

and circadian biology. Maintaining circadian rhythm integrity is crucial not just for enhancing
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overall well-being but also as a preventive strategy against a wide range of diseases.

Integrating this understanding into health practices is essential for addressing the pervasive

impact of circadian disruptions in modern society.

Keywords: Circadian rhythm, sleep, mental health, physical health

1. Introduction

1.1 Background

The term circadian rhythm was originally invented by Halberg to indicate the near-24-hour (h)

endogenous oscillations of biological processes in organisms associated with the earth’s daily

rotation cycle [1]. It originated from the Latin words: “circa” means “around” and “dies”

means “day”. The circadian rhythm, also referred to as the near-24-hour rhythm, is perhaps

the best characterized biological oscillator and they exist in virtually all light-sensitive

organisms. In mammals, it influences nearly all aspects of physiology and behavior, including

sleep-wake cycles, cardiovascular activity, endocrinology, body temperature, renal activity,

physiology of the gastro-intestinal tract and hepatic metabolism [2].

The central circadian pacemaker is located in the suprachiasmatic nucleus (SCN) of the

anterior hypothalamus. Its major tract, the retinohypothalamic tract (RHT), ensures

synchronization of day-night cycles. After exposure to light detected by the retina, non-visual

melanopsin-containing retinal ganglionic cells transmit photic signals to the SCN through the

RHT. The SCN clock projects to various brain centers, many of which contain local circadian

clocks that direct behavioral (for example, feeding–fasting and sleep–wakefulness),

autonomic and neuroendocrine circadian rhythms [3]. Notably, in the brain, beside the master

clock in SCN operating as self-sustaining clocks, other functional nuclei have been found to

act as semiautonomous clocks (i.e. olfactory bulb, dorsomedial hypothalamus, arcuate nucleus,

habenula) or as slave oscillators (i.e. bed nucleus of the stria terminalis, amygdala, preoptic

area, paraventricular nucleus, nucleus accumbens), both coordinated by the SCN [4]. While

the SCN coordinates overall circadian rhythm, peripheral clocks in organs like the liver, heart,
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and lungs operate somewhat independently, driven by local cues and systemic signals from

the SCN [4]. For example, feeding times can reset liver clocks, demonstrating how peripheral

clocks adapt to both central cues and environmental factors.

At the core of the circadian system are clock genes that drive the cyclical expression patterns

fundamental to the circadian rhythm. These genes include CLOCK, BMAL1, PER (Period),

CRY (Cryptochrome), REV-ERB, and ROR, which produce proteins that interact to create

rhythmic patterns lasting about 24 hours [5]. These interactions typically involve positive and

negative feedback loops:

Positive Feedback: Proteins CLOCK and BMAL1 pair up to enhance the expression of PER

and CRY genes [4]. Negative Feedback: As the levels of PER and CRY proteins increase,

they interact to form a complex that inhibits their own expression by suppressing the

CLOCK-BMAL1 activity, thus creating a self-regulating cycle [4]. This genetic and protein

interaction network is critical for the sustained and autonomous oscillations observed in

circadian rhythms across different organisms.

1.2 Problem Statement

In today's modern society, advancements in technology, changes in work patterns, and the

widespread availability of artificial lighting have led to significant disruptions in circadian

rhythms. Many factors such as chronic and acute jet lag, night meals, shift work, and extended

shifts, contribute to circadian dysfunction, which can lead to sleep disorders, metabolic

syndrome, decreased physical performance, cardiovascular and inflammatory diseases,

neuropsychiatric illnesses, and cancer [6-7].

1.3 Objective

This review aims to explore the impact of modern lifestyle factors on circadian rhythms and

the subsequent effects on mental and physical health. It seeks to synthesize research findings

to present a clear picture of how lifestyle-induced circadian misalignment occurs and how its

disruption affects overall health.

2. Impact of Modern Lifestyle on Circadian Rhythms

2.1 Artificial lighting
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Artificial lighting has become an integral part of modern life, extending productive hours well

beyond sunset and affecting our natural circadian rhythms. The widespread use of energy-

efficient lighting and electronic devices such as smartphones, tablets, and computers emit

significant amounts of blue light. This type of light is particularly impactful on melatonin

production, a key hormone secreted by the pineal gland that signals nighttime to the body.

The specific wavelengths of blue light emitted by electronic screens can inhibit the release of

melatonin more powerfully than other light forms [8-9]. This suppression occurs because blue

light is especially effective at stimulating photoreceptive cells in the retina called melanopsin-

containing retinal ganglion cells, which directly communicate with the brain's circadian

regulator, the suprachiasmatic nucleus (SCN) [9]. When melatonin release is delayed, it can

shift the entire sleep-wake cycle, leading to later sleep onset and potentially shortened sleep

duration [10].

2.2 Shift Work and Irregular Working Hours

Shift work and irregular working hours are prevalent in many modern industries, from

healthcare to manufacturing and services. Approximately 10–20% of the workforce of

industrialized nations participates in shift work [11]. In individuals with normal work hours,

and regular sleep patterns, daytime alertness is governed by the circadian clock, which

controls circadian rhythmicity leading to heightened alertness in the day and reduced alertness

at night [12]. This biological process is counteracted by a sleep-promoting homeostatic

pressure that accumulates throughout waking hours [13-14]. When working during daytime

hours, these two processes align with the environmental light/dark cycle to maintain alertness

while awake at work, while allowing for consolidated sleep during the night. Shift work,

especially night shifts, forces workers to be awake during the night and sleep during the day,

directly opposing the natural biological rhythm. This misalignment between the body’s

internal circadian clock and external environment leads to a disrupted circadian sleep-wake

cycle.

2.3 Sound and Noise Pollution

Noise from modern technology is an increasingly prevalent issue as more devices and

machinery become integral to daily life. It has been recognized as a significant environmental

stressor that affects both physical and mental health [15-18]. Devices such as smartphones,

tablets, and laptops often have notification sounds that can be disruptive, especially when
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multiple devices are in use simultaneously. Additionally, the sound output from personal

entertainment systems can contribute significantly to the noise level in residential areas.

Modern home appliances, including washing machines, dishwashers, air conditioners, and

refrigerators, are designed to be more efficient but can still contribute to background noise

levels. While individually they might not be overly loud, collectively, their operation can

create a constant hum or buzz that can be disturbing. That noise can affect circadian rhythms

primarily through its impact on sleep patterns. Sudden or continuous noise can cause sleep

fragmentation, delay sleep onset, and alter sleep architecture, impacting the quality and

quantity of sleep [15-17]. Furthermore, exposure to noise at night can shift the phase of

circadian rhythms, leading to misalignment between internal biological clocks and the

external environment [15,17]. During the sleep phase, noise activates the inflammatory

response and alters endothelial function. This oxidative stress damages vital organs’

vasculature and leads to various other clinical conditions [15].

2.4 Rapid travel across time zones (jet lag)

In our globalized world, rapid long-distance travel is both a privilege and a norm for many,

enabling unprecedented personal and professional opportunities. Jet lag occurs when long

travel by airplane quickly puts a person in another time zone. It is formally described as

circadian desynchrony, or a mismatch between the timing of the internal circadian clock(s)

and the external environment [19]. When traveling across time zones, the SCN receives light

cues at unexpected times, leading to confusion and misalignment. If the light exposure occurs

earlier or later than the SCN expects based on the previous environmental conditions, it

attempts to reset the body's internal clock accordingly. This shift, however, does not happen

instantly and usually requires several cycles of light and darkness to fully adjust [20].

Depending on the direction of travel, the phase of the circadian rhythm shifts. Traveling east

typically causes a phase advance (needing to sleep and wake earlier than usual), while

traveling west causes a phase delay (needing to sleep and wake later than usual) [21]. These

shifts require the SCN to recalibrate its control over melatonin secretion and other circadian

signals. The process of resetting the circadian genes to a new time zone involves complex

transcriptional and translational feedback loops. Light perceived by the SCN during new

daytime hours triggers signaling pathways that alter the expression of these core clock genes,

gradually shifting their peak activity to align with local time [22].

2.5 Irregular Eating Patterns
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Irregular eating patterns are common in modern lifestyles due to long work hours and social

engagements. Eating times have a substantial impact on circadian rhythms. Besides the

central circadian clock in the brain, peripheral clocks exist in almost all tissues and organs,

including the liver, pancreas, and adipose tissue [23]. These clocks are primarily synchronized

by the central clock in the SCN, which responds to light cues. However, peripheral clocks are

also strongly influenced by timing cues from eating [23]. Food acts as a powerful zeitgeber

(time-giver) for peripheral clocks [24]. Regular feeding schedules reinforce the alignment of

these clocks to the central circadian rhythm. Irregular eating disrupts this alignment, leading

to circadian dysregulation and metabolic processes disruption [24].

2.6 Excessive Caffeine use

Caffeine use is a significant modern lifestyle factor that impacts circadian rhythms,

particularly because of its widespread consumption to counteract sleepiness and enhance

alertness. Caffeine delays the human circadian clock and affects cellular timekeeping through

an adenosine receptor–dependent mechanism [25]. Caffeine has been shown to delay the

human circadian melatonin rhythm, affecting the body's internal clock by about 40 minutes,

similar to the impact of exposure to bright light before bedtime [25]. Although further

research is needed to investigate the exact role of Caffeine on circadian rhythm disruption.

3. Implications of disrupted circadian rhythm on health

3.1 Sleep disorders

Sleep is a critical biological function that rejuvenates the body and mind, influencing nearly

all systems within the human body. The synchronization of sleep with the circadian rhythm,

or the body’s internal clock, is crucial for optimal health. Disruptions in the circadian rhythm

can lead to significant sleep disorders also called Circadian Rhythm Sleep-Wake Disorders

(CRSWDs). The essential feature of CRSWDs is a persistent or recurrent pattern of sleep

disturbance due primarily to alterations in the circadian timekeeping system or a

misalignment between the endogenous circadian rhythm and exogenous factors that affect the

timing or duration of sleep [26]. The American Academy of Sleep Medicine released in 2014

The International Classification of Sleep Disorders (ICSD-3). According to the ICSD-3

classification criteria, CRSWDs can be roughly divided into two categories: endogenous

caused by alterations in the circadian rhythm system resulting from chronic changes in the

regulation or capture mechanism of the biological clock and exogenous which results from a

mismatch between the sleep-wake time and the internal circadian rhythm attributable to

environmental changes [26]. The symptoms vary depending on the specific type of CRSWD
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but typically revolve around the inability to sleep, excessive daytime sleepiness and Insomnia

[27]. If not addressed, the symptoms of CRSWDs can lead to broader health and lifestyle

issues.

3.2 Depression

A growing body of evidence suggests a strong link between the misalignment of circadian

rhythms and the development of depressive disorders. The most direct manifestation of

circadian rhythm disruption is seen in sleep patterns. Individuals with depressive disorders

frequently experience insomnia or hypersomnia, both of which are indicative of a misaligned

circadian clock. Research has shown that these sleep disturbances often precede the onset of

depressive episodes, suggesting a causative role in the development of the disorder [28]. In

addition, a cross-sectional study of 91 105 participants from the UK Biobank, have shown

that lower amplitude in circadian activity cycles correlates with higher rates of depressive

symptoms, illustrating how diminished circadian signaling can affect mood [29]. Furthermore,

molecular study from 2010 which examined 209 single-nucleotide polymorphisms (SNPs)

covering 19 circadian genes in a sample of 534 patients (335 with unipolar major mood

depression (MDD) have revealed associations between certain circadian genes and mood

disorders [30-31].

3.3 Bipolar disorder

Bipolar disorder (BD) is a complex mood disorder characterized by significant fluctuations in

mood, energy, and activity levels. Research has demonstrated that individuals with bipolar

disorder often exhibit significant disruptions in their circadian rhythms, including altered

sleep patterns and hormonal imbalances [32]. These disruptions are not only symptoms of the

disorder but may also contribute to its development [32]. For instance, genetic studies have

identified mutations in various circadian-related genes that are associated with an increased

risk of bipolar disorder, highlighting a potential genetic link between circadian rhythm

regulation and mood dysregulation [32-33]. Although future research is needed to clarify the

associations between circadian rhythm disturbances and BD.

3.4 Schizophrenia

Schizophrenia is a complex psychiatric disorder characterized by symptoms such as delusions,

hallucinations, disorganized thinking, and significant social or occupational dysfunction.

Sleep and circadian rhythm disruption (SCRD) is a common feature of schizophrenia, and is

associated with symptom severity and patient quality of life. It is commonly manifested as

disturbances to the sleep/wake cycle, with sleep abnormalities occurring in up to 80% of

patients, making it one of the most common symptoms of this disorder [34]. Dopamine, a key
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neurotransmitter involved in schizophrenia, is influenced by circadian processes [35].

Abnormalities in circadian rhythms can lead to dysregulation of dopamine pathways, which

are central to the psychotic manifestations of schizophrenia. This dysregulation is not limited

to increased levels but also involves the timing and synchronization of dopamine release,

which is critical for normal cognitive and emotional processing [34].

3.5 Metabolic dysfunction

The circadian system coordinates the timing of essential metabolic hormones such as insulin,

glucagon, and cortisol. Insulin regulates glucose levels in the blood, facilitating its uptake by

cells for energy production. Disruptions in circadian rhythms can lead to irregular insulin

release, increasing the risk of metabolic disorders such as diabetes [36]. Similarly, cortisol,

which helps regulate metabolism and response to stress, follows a circadian pattern. Altered

cortisol rhythms can lead to increased appetite and fat deposition, contributing to obesity [36].

Circadian disruption affects lipid metabolism, influencing cholesterol synthesis and storage.

Studies have shown that a misaligned circadian rhythm can increase the production of

triglycerides, leading to hyperlipidemia and associated cardiovascular risks [36].

3.6 Dysregulation of the Immune system

The circadian clock influences multiple aspects of the immune system, such as the trafficking

of immune cells, the ability to recognize pathogens, the phagocytic capacity, and the secretion

of inflammatory cytokines, chemokines, and complement factors [37]. Disruption of the

circadian clock can lead to a dysregulated immune response, which may contribute to chronic

inflammation, tissue damage, and endotoxin shock [38]. Such chronic inflammation is often

seen in conditions like type 2 diabetes, obesity, and various neurodegenerative and

neuropsychiatric diseases [38]. Moreover, the timing of infections can affect the severity of

outcomes, as the immune system's effectiveness varies across the circadian cycle. The innate

immune system, which serves as the first line of defense against pathogens, is also strongly

influenced by circadian rhythms. Components such as macrophages and natural killer cells

display circadian variations in both number and function. For instance, macrophages contain

intrinsic circadian clocks that regulate their response to signals that trigger inflammation and

pathogen recognition [39]. Disruption of these clocks can lead to an inappropriate

inflammatory response, potentially leading to chronic inflammation or failing to respond

adequately to pathogens [39].
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4. Conclusions

This review emphasizes that maintaining and restoring circadian rhythm integrity is not

merely beneficial but essential for health and well-being in a modern, interconnected world.

Latest technologies and lifestyle choices play significant roles in disturbing circadian rhythms.

Disruptions in these rhythms have been closely linked with numerous health challenges,

including sleep disorders, metabolic dysregulation and mood disorders like depression and

bipolar disorder. Awareness and appropriate management of circadian rhythms could lead to

significant improvements in global health outcomes, highlighting the critical interplay

between our biological clocks and the environments we inhabit. Future research should focus

on defining the most effective interventions for circadian realignment and exploring the

genetic basis of circadian sensitivity to further tailor personalized medicine approaches.
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