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Abstract 

The circadian system maintains the main aspects of physiological and behavioral processes. Both 
circadian rhythm and sleep impact an organism’s health through interaction with environmental 
factors. Variations in external factors influence the functionality of clock genes and disrupt 24-hour 
rhythmic cycle. The disrupted circadian rhythm and disregulated sleep affect an organism’s health, 
thereby causing several disorders including cancer, depression and cardiac disorders. Considering 
the role of clock genes and environmental factors, extensive investigation is required focusing on 
pathways involved in development of life-threatening disorders. This review identifies the major 
risks and associated factors related with disruption in circadian system and sleep. 
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Introduction 
Specific phases of the day–night cycle, are linked 

to an internal biological clock that influences 
behavioral and physiological responses through 
synchronization of internal processes. The circadian 
system (comprising a network of tissue clocks) is 
coordinated in the suprachiasmatic nucleus (SCN) of 
the anterior hypothalamus by central pacemaker. 
Rhythmic transcriptional pathways are driven by 
molecular clock machinery in a tissue-specific 
manner. Proteins encoded by clock genes generate 
circadian rhythms in the SCN [1]. A circadian 
pacemaker is directly synchronized by light to the 
solar cycle (24-h). This synchronization (entrainment) 
process is an interplay between period of intrinsic 
pacemaker and daily light perception. The circadian 
pacemaker in SCN synchronizes sleep-wake cycle, 

hormone secretion, skin temperature and heart rate 
[2]. 

Circadian clock regulates early and late 
chronotypes through synchronization of the internal 
body time with the external cycle of light and dark. 
Light is associated with the wake, and dark with sleep 
period. However, self-selected sleep and wake timing 
differences are possible that are linked to specific 
chronotypes. Opposite to the late chronotypes, early 
chronotypes wake up and fall asleep early in the 
morning and evening respectively [3]. Irregular 
sleeping periods and altered light-dark cycles in 
shift-work and long distance travel are associated 
with altered environment cues, which further 
influence daily rhythms via central and peripheral 
clocks [4].  
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Adverse impacts of circadian dysrhythmia on 
body and mind are linked with lifestyle or routines 
such as frequently flying, working in repeatedly 
changing shifts and exposure to irregular light-dark 
conditions. Working around the clock and jetting 
around the globe are becoming necessary in our 
globalized world in some high-profile services. Cross-
ing multiple time zones results in “jet lag,” a circadian 
rhythm disorder, that disturbs spatial cognition and 
hippocampal neurogenesis. Jet lag immediately 
causes fatigue and indigestion while chronic exposure 
to jet lag has strong impacts on spatial cognition and 
temporal lobe [5]. Externally induced disruption in 
natural sleep-wake cycles [6] and circadian rhythms is 
associated with neuronal dysfunction [7,8], increased 
risk for psychiatric, cardiovascular and metabolic 
diseases [3], and affects bone health [9].  

Long-term exposure to irregular dark-light 
cycles increases the risk of sleep disorders, metabolic 
disorders, mental abnormalities, depressive disorders, 
and hormonal abnormalities, that further develop 
cancer, gastrointestinal, and reproductive disorders 
[10]. Trans meridian travel may develop general 
malaise, headaches, insomnia, daytime sleepiness, 
impaired cognitive or physical performance and 
gastrointestinal disturbances. Impacts of shift-work 
on sleep duration quality can disrupt the 
physiological rhythms via desynchronization between 
hormonal rhythms, metabolic function and sleep cycle 
[4]. Physiological clock alterations [11] increase the 
risk of peptic ulcer and diabetes [12-14].  

Exposure to irregular light-dark cycles 
(shift-work) and jet lag experiences are unavoidable in 
order to fulfill the fast-growing needs. Environmental 

and other external factors impact circadian rhythms 
and sleep regulations. These problems need proper 
investigation and development of preventive or 
curing techniques. Genetic mechanisms associated 
with severe diseases and circadian system and sleep 
regulation disruptions promoted by shift work, jet lag 
and other environmental factors, need to be 
investigated.  

Circadian System  
Circadian system is regulated by clock genes 

with the effects of oscillators, endocrine, and neural 
signals. However, circadian rhythm is maintained by 
a circadian clock through appropriate physiological 
activities [15]. Circadian clock organization at cellular 
level takes place through brain and muscle ARNT like 
protein 1 (BMAL1) and circadian locomotor output 
cycles kaput (CLOCK) (Figure, 1). Two different loops 
are formed for the complete organization and 
activation of the circadian clock [16]. In the first loop, 
CLOCK and BMAL1, positive clock arm comprising 
elements, heterodimerize in the cytoplasm and enter 
the nucleus to regulate the expression of negative core 
clock arm comprising elements which are; PER1, 
PER2, and PER3 and CRY1, CRY2. Various Per and 
Cry protein combination in cytoplasm interact with 
each other and enter the nucleus to inactivate 
BMAL1/CLOCK complexes. The expression of 
secondary feedback loop elements “REV-ERBα and 
RORα” is driven by CLOCK/BMAL1 that regulates 
Bmal1’s rhythmic expression [16]. RORα and 
REV-ERBα activate and represses BMAL1 expression 
respectively. 

 

 
Figure 1, shows the genetic process of circadian system disruption by external factors and the resulted disorders. External influences such as 
shiftwork and jetlag dysregulate the light-dark cycles which disrupt Bmal1, Clock, Cry and Per genes by causing alterations in RORα, Rev-erbα, kinases, phosphatases 
and ubiquitin ligases. These disruptions impose their influences on physiological functions. In addition to cancer and obesity external factors mediated disruptions 
cause abnormal gluconeogenesis, hormonal dysregulation, cardiac, diabetic, sleep and depressive disorders.  
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In case of activation, BMAL1 protein forms 
heterodimers with CLOCK that enters the nucleus to 
initiate the next cycle of gene activation of both loops 
[17,18]. Hence, the BMAL1’s circadian oscillation is 
regulated by RORs and REV-ERBs (positively and 
negatively). The auto regulatory feedback loops 
constitute a circadian molecular clock after complet-
ing a cycle in a 24-hour time-period. This timing of 
molecular clock is regulated by post-translational 
modification proteins, including kinases, phosphate-
ases, and ubiquitin ligases that affect the hetero-
dimerization and degradation of PER and CRY [19].  

Altered light-dark cycles or environmental 
factors can dysregulate clock either inactivating or 
overexpressing genes of core Clock genes. Core Clock 
genes and related factors if mutated, can lead to 
several abnormalities. For instance, Bmal1 and Clock 
mutations can cause abnormal gluconeogenesis, 
behavioral sensitization to psychostimulants and 
lipogenesis, and altered sleep pattern. Per1 and Per2 
can lead to developing cancer. Cry1, Cry2 and Rora 
mutations can develop altered sleep pattern and 
cerebellar ataxia respectively. Rorb dysfunctionality is 
related to locomotor difficulties and retinal 
degeneration [19]. Moreover, Some important 
metabolic process controlling genes are present in 
rhythmic transcriptome which is an indication of the 
fact that alteration in circadian rhythm causes 
metabolic problems [15,20–22]. For instance, Clock, 
Bmal and Per-2 are associated with obesity [23,24]. 

Circadian rhythms are synchronized with the 
day time work and nighttime sleep, require a phase 
adjustment (as occur with exposure to bright light at 
night, experiencing jet lag or shift work) by central 
and peripheral oscillators. Because Per1 and Per2 shift 
faster than Cry1, the phase adjustment in certain cases 
causes internal desynchronization. Surprisingly, Per1 
and Per2 behave differently during phase shifts (jet 
lag or shiftwork) [6,25] that may ultimately cause the 
disruption in the circadian clock. Along with sleep 
regulation, circadian rhythms also direct normal 
physiological processes, including hormone secretion, 
body temperature, feeding behavior, cell-cycle 
progression and drug, glucose and xenobiotic 
metabolism [10,22]. 

Disregulated Circadian Rhythm Disrupts 
Sleep 

Sleep is a critical component of human health. 
This sleep health mainly depends on factors 
determining sleep quantity and quality. Several sleep 
and circadian rhythms related physiological functions 
including the sleep/wake cycle and metabolism are 
maintained by the SCN of the hypothalamus [26]. 
Insufficient and poor sleep is associated with 

increased risk of metabolic disorders and 
exacerbating metabolic outcomes [27]. Light exposure 
influences human physiology including sleep 
modulation. Its impacts on circadian physiology 
cause circadian misalignment that further alters 
sleeping energy expenditure and affects substrate 
oxidation. The alterations in 24 h energy expenditure 
increase the risk of obesity [28]. 

Environmental stimuli (light at night) mediated 
sleep disruption is considered one of the potential risk 
factors for cardiovascular disease, dysregulation of 
immune function, stress, memory deficits and 
depression. Being the main environmental signal for 
circadian clock synchronization, light exposure in the 
early morning and late evening is associated with 
shifting of circadian phase [29]. Poor sleep develops 
endocrinal, psychiatric, cardiovascular and metabolic 
abnormalities. Its elevated affects are coronary artery 
calcifications, atherogenic lipid profiles, athero-
sclerosis, obesity, type 2 diabetes, and hypertension 
(Figure 2). Nocturnal environmental noise affects 
sleep architecture and quality in a similar way to that 
observed in endogenous sleep disorders. Being an 
important modulator sleep modulates cardiovascular 
function, hormonal release and glucose regulation. 
Both sleep restriction, and poor quality, reduces 
glucose tolerance and insulin sensitivity [30]. 

Several aspects of human behavior and 
physiology are dominated by 24-h circadian rhythms 
including vigilance and sleep–wake cycle. An internal 
pacemaker generates rhythms spontaneously based 
on daily retinal light exposure. Such synchronization 
processes pose problems in the context of jet lag or 
working night shifts [31]. Sleep is controlled 
genetically with the influence of environmental 
factors [32]. Sleep and circadian rhythms influence 
physiologic processes which are critical to brain 
health [33,34]. Sleep consists of two repeated cyclic 
patterns “non-rapid eye movement (NREM) and 
rapid eye movement” and regulated by cyclic guano-
sine monophosphate (cGMP) kinase, regulatory sub-
unit of Shaker, Sleepless (sss) gene and CLK and CYC 
proteins are the key players in sleep regulation [10]. 

Externally influencing factors may alter genetic 
expressions to develop sleep disorders. It can affect an 
SNP marker, MEIS1 locus and Neuronal nitric oxide 
synthase (NOS1) [10,35-37]. These factors can disrupt 
the normal functions of Per2, casein kinase Iδ and 
PRNP genes to develop Familial advanced sleep 
phase syndrome (FASPS) and fatal familial insomnia 
(FFI) respectively [10]. They can also affect daytime 
activity increasing glucocorticoids and NSAIDs [38], 
Protein NF-kB (up-regulated during sleep- 
deprivation) [32], TAK1 (TGF-b-activated kinase) and 
Sik3 (control sleep behaviors), Nalcn gene (involved 
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in REMS) [39]. Furthermore, expression of Sur2 gene 
(play role in energy metabolism) [40], daily patterns of 
human physiology, irregular energy patterns 
expenditure, hormones and lipids involved in energy 
metabolism [41,42] can be affected (Figure, 2).  

Major Health Problems 
Genetic variation, environmental factors and 

jetlag increase the risks of a wide range of health 
abnormalities through altering circadian rhythms [1]. 
Desynchrony induced by external/environmental 
factors is linked with high risk of serious health 
issues, including depressive disorders, cardiovascular 
disorders, diabetes and cancer [1,43]. Social jet lag is 
associated with depressive and metabolic syndromes 
that further enhance the consumption of nicotine, 
caffeine and alcohol [3] while inappropriately timed 
sleep is associated with endocrine, metabolic, 
cardiovascular, and neurological disorders [9]. 
Incompatibility between circadian rhythms and 
working periods causes sleep deprivation [44] that 
further causes fatigue, vigilance and attention 
impairments [45] (Figure 3). 

Delayed/advanced phase sleep syndrome 
Forcing late chronotypes to wake up early or 

early chronotypes to wake to up late irrespective to 
their biological wake-up time will disrupt the 
circadian clock system. This condition, if extenuated 
may lead to delayed or advanced sleep phase 
syndrome. Advanced sleep phase syndrome (ASPS) is 
inherited in an autosomal dominant mode where 
mutations in S662G and Csnk1d increase the risk [22]. 
In case of delayed sleep phase syndrome (DSPS) 
T3111C polymorphism in the 3'UTR of Clock, SNP 
association in 5'UTR of Per2 and mutation in Cskn1e 
gene, play a key role [22,46,47] where Per3 gene 
performs dominantly [48].  

Mutation in hPER2 is linked both with 
Advanced and Delayed Sleep Phase Syndromes. 
Alterations into casein kinase Iε (CKIε) and 
polymorphisms in 3' flanking region clock homolog 
(3111T/C) are associated with evening-ness and 
morning-ness [47].  

Familial Advanced sleep phase syndrome 
Familial advanced sleep-phase syndrome 

(FASPS) is a prototypical sleep disorder where the 
sleep and wake times are approximately three hours 
earlier than normal routines. In specific circumstances 
where healthy people tend to delay their wake-sleep 
times, FASPS patients profoundly advance their 
wake-sleep time [49]. Development of FASPS is linked 
with Per1-3 genes where hPER2, Ser-662 plays an 
important role [50]. Alteration in kinase activities by 

CK11 and CK1d mutation causes shorter circadian 
periods [19]. These genetic modifications indicate that 
FASPS can highly be induced by dysregulation of the 
circadian clock system and sleep. 

Bone health 
Unhealthy and weak bones increase the risks of 

injuries to the main organs including the brain and 
heart. Not only food, lifestyle and routine affect the 
bones, but also the disruptions in sleep and circadian 
rhythmicity have significant impacts on bone health. 
Daily rhythm in bone turnover markers and the clock 
genes existence in bone cells are indications for the 
circadian system and sleep role in bone health 
maintenance. It was observed in an experiment that 
clock gene knockout models resulted in altered 
skeletal phenotypes, and repeated sleep restriction 
arrests resulted in bone remodeling in rats [9]. 

Obesity and Diabetes 
Environmental/external factors mediated 

disruptions in sleep and circadian system alter the 
hormonal release pattern that ultimately reduces 
leptin level and induces diabetes. People facing 
irregular light exposures, are at higher risk of type II 
diabetes [42,52]. Sleep timing is regulated by circadian 
machinery and clock-controlled genes ClockD19, 
Bmal1, Per1, Rev-erbα and Dbp. Altered expression of 
these genes by irregular light and dark cycles, affect 
carbohydrate regulators such as insulin receptor 
substrate 2 (Irs2) and glucose transporter 2 (Slc2a2) 
[15]. An altered expression of these genes impact 
carbohydrates, and lipid utilization in the liver. 
Disturbance of this circadian control or environmental 
/behavioral cycle results in disturbed glucose control 
and increased type 2 diabetes risk [15]. 

Diabetes has reached epidemic proportions and 
the cases of type 2 diabetes are increasing 
uncontrollably. The involvement of approximately 
20% of the working population in shift-work even 
increases the risks associated with obesity and 
diabetes [52]. Insufficient sleep reduces insulin 
sensitivity and leads to an increased risk of diabetes 
[53]. 

Sleep disruption reduces glucose tolerance while 
inducing insulin resistance which can ultimately lead 
to obesity and diabetes. The glucose impairment, in 
this case, is carried by suppressing glycolysis and 
enhancing gluconeogenesis [54]. 

Sleep sickness 
Sleep sickness is basically a tropical disease 

which is caused by Trypanosoma brucei. It is 
characterized by sleepiness at day time while 
insomnia at night. The normal habitats of 
Trypanosoma brucei are bloodstream and interstitial 
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spaces of skin and adipose tissue. It can invade the 
brain and cause death if left untreated. This infection 
advances the phase through shortening of the 
circadian period [26]. Environmental or external 

inducers increases the risk of sleep sickness as well. 
Sleep pattern disruption via circadian rhythm 
dysregulation is the primary factor that develop this 
disorder. 

 

 
Figure 2, represents the disorders associated with disrupted sleep. Dysregulation at any stage of the 5 sleep stages, develop several health risking disorders. 
Serotonin, acetylcholine, GABA and histamine paly key role in sleep maintenance and their dysregulation can lead to sleep abnormalities or sleep deprivation. Sleep 
disruption is majorly associated with external influences such as shiftwork, jetlag and overtime work. These factors develop several disorders such as insomnia, sleep 
apnea, REM and NREM sleep disorders and delayed and advanced phase sleep syndromes. They can also cause sleep deprivation thereby causing obesity. 

 

 
Figure 3, represents the major disorders that can be caused by external factors. These disorders are developed by the imposed effects of environmental 
influences on circadian and sleep system. 
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Cardiovascular disorders 
Physiological and pathological functions, 

including heart rate, blood pressure, and endothelial 
function, of cardiovascular organs are related to 
circadian rhythms. Circadian system, if disturbed, 
will develop atrial arrhythmia, acute coronary 
syndrome and subarachnoid hemorrhage as the 
peripheral clock, tissues with rhythmic expressions 
are present in the cardiovascular system. Being tissue 
or cell type specific peripheral clock in cardiovascular  
system decides the fate of different functions, and its 
loss or dysfunctionality can develop cardiovascular 
disorders. Per2 mutation reduces the nitric oxide level, 
which causes impairment in endothelium-dependent 
vasodilatory responses. PAR transcription factors 
(Dbp, Hlf) and Anp are mainly related to hypertrophy 
[55]. Long-term exposure to non 24 hours light–dark 
(LD) cycles causes physiological disturbance and 
depression of cardiac function [1].  

Depressive disorders 
Circadian system disruption as occurs in jetlag 

and shift-work has a strong impact on melatonin 
release, thereby increasing the risks of depressive 
disorders [56]. Specifically, late night lights exposure 
dysregulates the production of norepinephrine, 
melatonin and serotonin [57].  

Shiftwork sleep disorder 
Excessive sleepiness, insomnia, and reduction in 

alertness and performance are the major symptoms of 
the shift-work sleep disorder [11,41,58,59]. Among the 
shift-workers, 9% develop severe symptoms while 
35% develop mild symptoms of shiftwork sleep 
disorder which can cause hypertension [59]. The 
development of shift-work sleep disorder is directly 
linked to the working time period and age [14]. 
Shift-work sleep disorder increases the risks of 
depression, ulcers and sleepiness-related accidents 
[60]. The association of 3111C/C with delayed shift of 
sleep [47] and melatonin with circadian clock shift 
[61] indicates the involvement of 3111C and 
melatonin in shift-work sleep disorder. 

Circadian rhythm sleep disorder 
Sleep-wake pattern variations increase the risk of 

circadian rhythm sleep disorder. Neuroendocrine 
physiology, glucose level and insulin sensitivity are 
mainly affected by circadian rhythm dysregulation 
[42,51,62,63] which indicates that they can also get 
affected with circadian rhythm sleep disorder. 
Shiftwork sleep disorder is also linked with non 24 
hours sleep-wake syndrome [64].  

Neurological/psychiatric disorders 
External factors, including jet lag, shift-work, 

and other environmental factors affect the nervous 
system that in turn increase the risks associated with 
psychiatric disorders, which impose serious medical 
burdens [65–67] and cause disabilities [68]. 
Continuous light exposure during the night causes 
circadian misalignment, sleep deprivation and 
melatonin suppression that result in psychiatric 
disorder’s development such as depression and mood 
disorders [61].  

Bipolar disorder, a severely disabling disorder 
mainly affects emotional and social behavior. Bright 
and random light affects perception and thought with 
the help of genetic and environmental factors [69]. 
Major depression disorder is yet another nervous 
system debilitating condition which is symptomized 
by a loss in work productivity and less interest in 
social interactions [70,71]. Genetic and environmental 
factors enhance the risk of this neuro-progressive 
disorder [72].  

Cancer 
The disrupted circadian clock through bright 

light increases the risks of breast cancer [6,73]. 
Irregular light schedules affect clock-controlled genes 
which are linked with tumor suppressor genes, 
growth arrest and DNA damage-inducible alpha 
protein, murine double minute oncogene and P53 
encoding genes [6,74]. Per1 and per2 are tumor 
repressors [75], whereas in human mammary cells 
PER2 induces estradiol (E2) either by reducing 
estrogen receptor α response to E2 or enhancing E2 
activation. Mutated PER2 increases the cancer 
development rate by altering the normal functions of 
cMYC, CYCLIN D1, CYCLIN A, MDM-2, and 
GADD45A and P53 [76,77]. Non 24 hours rotation of 
light schedules, specifically exposure to bright light at 
night, accelerate the rate of colonic adenoma, colonic 
cancer, and breast cancer by affecting the normal 
expression of PER1, PER2 and PER3 [78,79]. 
Disrupted circadian system inactivates or suppresses 
P53 and overexpresses MYC [76,80] which induces 
tumor-genesis [6]. Long-term exposure to bright light 
at night affects IFNγ (interferon gamma), Aln 
repetitive elements and suppresses melatonin [81]. It 
further impacts the immune system to develop 
malignancies [6].  

Conclusions and benchmark prospects 
Clock genes play a crucial role in maintenance of 

behavior and other body functions. Avoiding 
exposure to irregular dark-light cycles and environ-
mental stresses is nearly impossible in today’s world. 
These external factors have strong impacts on internal 
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clock system, which make it necessary to be aware of 
complications related to them. Focusing on 
precautionary measurements is important to 
eliminate the chances of related health-risking 
disorders such as cancer, cardiac system disorders, 
sleep related disorders, depressive and other 
psychiatric disorders. Investigations related to 
changes in environmental conditions and associated 
disorders are needed to be carried which must focus 
on the genetic level alterations. Only in this way 
proper cure or precautions will become possible in 
future. 
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