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Abstract. Shift work has an irreplaceable role in many companies and posts, however the
negative health impacts are ineluctable, so it is worthy to clarify the possible influence that can
post on the metabolism and therefore causing dangerous disorders. The relationship between the
shift work and circadian rhythm including the master clock (SCN) and peripheral clock in the
tissue and the external environment is researched, in the meantime the various effects are also
mentioned. The main focus was on the metabolism, contending that glucose and lipid metabolism
has affected by the changes of the circadian rhythm and potential consequences like diabetes and
obesity might emerge. Additionally, insulin sensitivity drops as the circadian phases’ shifts, with
accompanied by the risk of type 2 diabetes. Other effects like influences on the hormone
secretion and functioning does also shows relationships with metabolic rhythms, for instance the
melatonin reduction can leads several diseases. With the clear understanding of these
relationships further clinical studies show be able to utilize the mechanisms and produce
therapeutic interventions.
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1. Introduction

The cyclical rotation of the Earth has led to the alternating periods of sunrise and sunset, creating a
converging trend for the organisms to develop a ‘clock’ inside them to determine their activities
according to the light-dark cycle. This clock take part in the suprachiasmatic nucleus (SCN) located in
the hypothalamus, which help synchronize the body's internal clock with the environment. Mammals'
transcriptional autoregulatory feedback loop, which is made up of the transcriptional activators CLOCK
and BMALLI as well as their target genes Period and Cryptochrome, produces cell autonomous circadian
clocks. These elements accumulate rhythmically to form a repressor complex, which then interacts with
CLOCK-BMALL to inhibit their own transcription.

The importance of maintaining a normal circadian rhythm on metabolism is well-documented in
several scientific studies, especially in various metabolic processes including the insulin activity, fat
storage and appetite. It is evident that insulin activity is highly adjusted according to the circadian rhythm,
for instance during the day time when the body is activated and requires more energy the insulin
sensitivity is relatively high, while vice versa [1].Moreover, the time for consuming food in a day is
particular important in maintaining metabolic health, since late time eating is associated with higher
blood glucose level [2].
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While in today’s modern society, shift workers are highly demanded, especially in the hospitality,
manufacturing, transport and policing industries. Approximately 20% of workers in the world are
engaged in shift work in some form [3], it is design to ensure the services and production processed to
work around the clock.

Night shift works can direct lead to circadian rhythm disturbance including changes in the sleep wake
schedule caused by artificial light entrainment, consumption of food at inappropriate times etc. A
mismatch could emerge between the center and peripheral clocks contributed to disorders include
metabolic disease, fatigue and sleep disturbance [4]. In molecular level, studies in human transcriptome
demonstrates that night shift works would affects the majority of transcripts into chaotic rhythms instead
of adapting to the night shift schedule [5]. While early research utilizing forced desynchrony technique
showed comparable outcomes, circadian disruption resulted in a 6-fold drop in circadian transcripts
when compared to sleeping in phase with the melatonin rhythm. [4].

Shift workers are required to change their schedules abruptly due to various rotating shift and non-
standard hours. So, adipocyte hypertrophy, fatty liver, abnormal lipid profile, hypoinsulinaemia,
hyperglycaemia and obesity are the metabolic syndromes that shown in the experiments in the rodents
which have disrupted circadian clock genes [6]. Alike studies were established on humans with circadian
disruption, a straightforward causal relationship between circadian disruption and the metabolic
syndrome has been confirmed such that low levels of melatonin secretion—caused by circadian
disruption, is linked with the reduction of insulin sensitivity, type 2 diabetes mellitus and obesity [7].
Additionally, when sleeping duration in workdays is far less than in free days is considered as another
category of jet lag which is widely observed on students named ‘social jet leg’. It contributes to higher
risks of cardiovascular disorder and adverse endocrine [8]. So, it is valuable to get fully understand of
the influences due to the disrupted circadian rhythm on the metabolome, and address the possible clinical
implications.

2. Impact of Shift Work on Circadian Rhythms

Our endogenous circadian timing system influences every section in our body, which includes our
biological behaviours, molecular processes and physiological parameters. So, shift work might influence
a person in every facet via the circadian clock.

2.1. Disruption of the Master Clock

Light is significantly crucial to the entrainment of the central clock. With the absence of the
environmental light-dark signals, the center clock can function approximately identical with the
collection of clock gene, produce and sustain the circadian rhythm. The transcriptional auto-regulated
feedback loops make up the molecular clockwork's core. It is easier to synchronize tissue activities and
behaviors with the day/night cycles when using the most potent circadian rhythm modulator, the retinal
ganglion cell, which detects photonic inputs and transduces them to the SCN. In an experiment of
studying phase shift on the fruit flies shown that when expose to 600 lux of light during the midnight
(around 11p.m in the subjective circadian time), the phase response curve(PRC) have witness a
maximum 4 hour delay on the circadian rhythm; whereas when receiving similar amount of light at early
morning approximately 4 hours of advancements might emerge [9]. This data demonstrates that shift-
workers who often expose to both artificial light and natural sunlight can lead to chaos in their circadian
phase shift.

2.2. Desynchronization of Peripheral Clocks

The peripheral clocks are not as durable as the centre clocks to maintain, after a few days in vitro, the
oscillations seen in peripheral tissues often subside at the tissue level, albeit not always at the level of
individual cells [10- 11].However, some rhythmic activities oscillate on cycles of feeding and fasting
other than the light-dark cycle, which are the nutrient-sensitive hormones. Meanwhile, desynchrony
occurred between most of the peripheral clocks, for instance in at least 12 hours sampling of the shift
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work model studies, scalp hair follicle cells have a 2 h delay, oral mucosa cells encountered a 11h delay,
peripheral blood mononuclear cells were appeared to have a 3.17h postpone and etc [4].

2.3. Misalignment between master and peripheral clocks

Studies demonstrates that misalignment not merely emerge between the circadian clock and the
environment, also this relationship bridged between the centre and peripheral clocks. The findings of
Boivin DB et al illustrates that after three days on a night-oriented schedule, the expression of the PER1,
PER2, PER3, and BMALI clock genes desynchronized from the sleep-wake cycle and from each other
in a controlled laboratory setting [4]. The misalignments decreased the rhythmically expressed
transcripts and the amplitude of hormones to secrete [4].

2.4. Acute vs. Chronic Effects of shift work

Obviously, various affects were posted on the night-shift workers, some are straightforward while others
might be chronical. Sleep disturbance, cognition impairment and mood change are acute impacts that
can be observed on the people who has circadian disorder. Night shift workers, in particular, may lose
up to 4 hours of sleep per day compared to those on a regular schedule which is caused by excessive
daytime sleepiness and difficulty maintaining alertness during work hours. Besides, degrade of cognitive
function, including impaired decision-making and slower reaction times would show up. By contrast,
the chronic effects consist of altering glucose metabolism and manifesting of the diabetogenic state in
humans. The disrupted system of shown more significant postprandial glucose rise after the same meal,
caused by the decrease of the insulin sensitivity. Nonetheless, chronic effects also manifests on the
psychological level, surveys in South Koreans have compared the people who have major depressive
disorder(MDD) among the night shift-workers and within the normal workers, in around 4000 workers
the prevalence of the normal daytime employees was significantly lower than the night shift workers
[12]. Symptoms of circadian disruption and MDD are alike as both include non-rhythmic sleep-wake
cycle (decreased latency to rapid eye movement sleep, concurrent with increased rapid eye movement
sleep and reduced slow wave sleep), alternations of body temperature, changes of hormone rhythms and
social rhythms [13]. Clinical studies have illustrated relationships between the severity of MDD and the
degree of circadian misalignment to be highly correlated [14].

2.5. Other effect

The disrupted sleep and circadian rhythms are related to anxiety, bipolar disorders, and schizophrenia.
For the relationship between anxiety, mood change is associated sleep disturbances instead of the
circadian rhythm, with research supported [15]. While rapid switching from normal rhythm to rotate
shift work have no indication of their correlations in nurses [16]. Additionally, the relationships of the
other 2 mental disorders are either weak or with unclear nature.

3. Metabolic Impact of Circadian Rhythm Disruption in Shift Work

As the demand for shift work continues to rise in modern society, increasing research attention has been
focused on the adverse health effects associated with night shifts. Shift work can cause a disruption in
the circadian rhythm, which can have a significant impact on metabolic processes and increase the risk
of metabolic disorders and related diseases. Examining the health effects of shift work requires an
understanding of the connection between metabolism and the biological clock.

3.1. Circadian Regulation of Metabolic Processes

As the demand for shift work continues to rise in modern society, increasing research attention has been
focused on the adverse health effects associated with night shifts. Disruption of the natural circadian
rhythm due to shift work can have profound effects on metabolic processes, heightening the risk of
metabolic disorders and related diseases. Understanding the relationship between the biological clock
and metabolism is crucial for exploring the health implications of shift work. When the master clock is
entrained, the central rhythm synchronizes with the peripheral clocks in various body cells, including
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those in organs like liver and pancreas. While desynchronization often emerge in the night-shift workers
according to the previous finding, so reasonable assumptions may state that shift-work can be one of the
possible ethology that contributes to the metabolic disorders and metabolite syndrome [17].

3.1.1. Glucose metabolism

Meta-analysis and large databases have demonstrated a significant correlation between obesity rates and
shiftwork, shift workers had a higher possibility of developing abdominal obesity than other obesity
types [18]. And researchers have found clear evidence linking type 2 diabetes to sleep disorders [19-
20], This is supported by findings that night shift work is associated with poorer glycemic control in the
people with type 2 diabetes with the measurements of haemoglobin Alc level in their blood samples
[21].

The specific mechanism of how the glucose level is altered and affected by the clock gene
misalignments is further explained with the introduction of insulin resistance and glucose tolerance, the
insulin sensitivity is discussed later. For glucose tolerability, findings shows that healthy adults have
blood glucose level peak at morning while the nadir is at around 19:00 when glycemic control is at its
weakest. In obese and diabetic individuals, circadian rhythms are attenuated or phase-delayed,
suggesting that altered circadian rhythms may be both a cause and a consequence of various metabolic
diseases. [22].

Metabolic disturbances are not solely caused by the misalignment of circadian rhythm but partially
rely on the duration and quality of sleep. As previously mentioned, sleep deprivation has found to be a
factor that contributes to the extra consumption of calories. However, this is not the merely effect that
sleep has, the variation of glucose tolerance does hinges to the sleep-wake cycle, since brain is the major
site that demanded on numerous of glucose for energy. During sleeping even though fasting, the glucose
level remains or decrease with a minor amount, thus, indicated that there is a mechanism to maintain the
plasma glucose concentration in order to prevent a similar occurrence of decrease of glucose level in the
wake state. Meanwhile, the drop of glucose utility during the night causes a likewise fall in the glucose
tolerance but its level retrieved at the morning. These effects shows that sleep loss have detrimental
consequences to our endocrine systems and metabolic functions [23].

3.1.2. Lipid metabolism

Many rodent studies have demonstrated that lipid metabolism is regulated by the circadian rhythm, while
minor studies show this relationship in human. Studies is divided due to the different category of lipid
it is examined—diurnal findings of cholesterol and its subcomponents have discovered controversial
results; agreements have reached on the diurnal rhythm of the triglycerides despite the stages of the
rhythm [24- 25]. Other species of lipids are also researched on their rthythms, the circadian rhythm may
be one of the driving force of the lipid transportation, absorption, and division, since it is not confirmed
on human (only with animal protocol [26]). On the other hand, besides the diurnal studies, circadian
studies explained a greater proportion of the lipids having a rhythm compared to other metabolites.
Brown SA.’s paper illustrates that the majority of the plasma metabolites which expressed rhythmically
are lipids, while peaking at the period during the late morning to noon [27]. Besides, a research obtained
from young adults’ blood sample shows around one eight of the lipid species observed with rhythmic
oscillation in the whole, however, several distinctions within individual emerge on the amplitude of the
and the phase of the lipid rhythms [28].Circadian rhythm is apparently to be the most effective factor in
regulating the lipid metabolites among others whereas a few contract results have been also obtained. It
is now known that circadian disruption has a pathogenic role in metabolic illnesses, such as obesity,
type 2 diabetes, and metabolic syndrome.

3.1.3. Insulin sensitivity

Likewise with the glucose tolerance level, the insulin sensitivity reaches its crest at morning and falls to
nadir at night, with strong diurnal variations in insulin-mediated inhibition of endogenous glucose
production. In studies of mice that has lesioned SCN, the primary cause of the modified insulin
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sensitivity is endogenous glucose production rather than blood glucose clearance, yet data interpretation
may be hampered by the greater body weight of SCN-lesioned mice. Meanwhile, clarified causal
relationship has been found that continuous light entrainment disrupts the SCN neural firing rthythm
which subsequently effects the insulin sensitivity [1]. The sensitivity of insulin is also affected by a
neurotoxin, which is the tetrodotoxin, via injection; however, injection at paraventricular nucleus (PVN)
has shown ineffectiveness, indicating that the insulin sensitivity's diurnal cycle is explained by PVN-
independent processes. The rhythmic insulin sensitivity is abolished without the BMALI gene on mice,
so it is heavily related to the circadian rhythm [29]. The natural rhythm of the insulin sensitive tissue
can be disturbed to cause insulin resistance and obesity [29].

3.2. Circadian Regulation of Hormone

Our body secretes numerous numbers of hormones in order to regulate, adjust and supervise the
biological reactions and processes which are essential to us. To be specific, melatonin and cortisol are 2
hormones made by the pineal gland and heavily involved in forming circadian rhythms and influencing
our energy metabolism.

3.2.1. Melatonin

Melatonin (N-acetyl-5-methoxytryptamine) is a crucial factor to regulate the diabetogenic syndrome
which consists of glucose tolerance and insulin sensitivity throughout the body. It emphasizes the role
of melatonin in the therapy of circadian disruptions, supportive findings proved when knocking off the
melatonin receptors (MT1 and MT2), metabolic syndromes appeared. The glucose tolerance and insulin
resistance are associated with melatonin on a molecular level—pathways and related gene expressions,
additionally, highlighting the functional synergy between melatonin and insulin, it was demonstrated
that melatonin activates the f-subunit of the insulin receptor's tyrosine kinase and induces rapid tyrosine
phosphorylation, as well as activating several intracellular transduction steps of the insulin-signalling
pathway [30- 31]. The first direct relationship demonstrated was about 3 decades ago, done by Lima FB
et al. Parkinson's disease and Alzheimer's disease are two pathologic conditions involving the nervous
system that have been linked to dysfunction in melatonin release or synthesis. Decreased melatonin has
also been linked to several malignancies, depression, myocardial infarction, atopic dermatitis, and other
dermatological, mental, cardiovascular, and genitourinary conditions.

3.2.2. Leptin and Ghrelin

Leptin and ghrelin are 2 antagonist hormones, responsible for altering the appetite via boosting and
retraining hunger respectively. Prior to regular mealtimes, ghrelin levels rise, and then it falls. Reports
discovered that ghrelin level become inertia when experiencing sleep deprivation; also, in a study with
a 28 hour per day protocol, the measurement made on the plasma leptin level witnessed a 17% decrease
in its circadian phase [32- 33]. Which indicates that circadian rhythm does affects the scale of appetite
and the appearing time. To be exact, when only sleep for 4 hours, participant exhibits an 18% decrease
in leptin, 24% increase in ghrelin, 24% increase in hunger, and 23% increase in appetite [34]. These
figures suggest that more energy is consumed when experiencing sleep deprivations.

4. Conclusion

Shift work has found to have numerous effects on the circadian rhythm by alternating the sleep quality
and duration, including the acute mood influence and chronic metabolic and mental impacts. The most
severe consequences occupied by metabolism dysfunction which consist of the type 2 diabetes, obesity,
insulin resistance and associated metabolic syndromes. Glucose and lipid metabolic pathways are
heavily hinges on the circadian oscillation in the cell, plus the type 2 diabetes correlated to insulin
sensitivity that is related to SCN neural firing rhythms while hormone secretion indirectly changes the
metabolism. Future research should focus on practical clinical applications, aiming to mitigate the
adverse effects of shift work through optimized schedules and early detection of metabolic disorders.

52



Proceedings of ICBioMed 2024 Workshop: Computational Proteomics in Drug Discovery and Development from Medicinal Plants

DOI: 10.54254/2753-8818/75/2024.LA19350

References

[1]

[2]

[3]
[4]
[5]

[18]

[19]

Coomans C P, Van Den Berg S A, Houben T, Van Klinken J B, Van Den Berg R, Pronk A C,
Havekes L M, Romijn J A, Van Dijk K W, Biermasz N R and Meijer J H 2013 Detrimental
effects of constant light exposure and high-fat diet on circadian energy metabolism and insulin
sensitivity. Faseb j 27 1721-32

Knutsson A, Karlsson B, Ornkloo K, Landstrom U, Lennernds M and Eriksson K 2002
Postprandial responses of glucose, insulin and triglycerides: influence of the timing of meal
intake during night work. Nutr Health 16 133-41

Wright K P, Jr., Bogan R K and Wyatt J K 2013 Shift work and the assessment and management
of shift work disorder (SWD). Sleep Med Rev 17 41-54

Boivin D B, Boudreau P and Kosmadopoulos A 2022 Disturbance of the Circadian System in
Shift Work and Its Health Impact. J Biol Rhythms 37 3-28

Kervezee L, Cuesta M, Cermakian N and Boivin D B 2018 Simulated night shift work induces
circadian misalignment of the human peripheral blood mononuclear cell transcriptome. Proc
Natl Acad Sci U S A 115 5540-5545

Bishehsari F, Voigt R M and Keshavarzian A 2020 Circadian rhythms and the gut microbiota:
from the metabolic syndrome to cancer. Nat Rev Endocrinol 16 731-739

Mcmullan C J, Curhan G C, Schernhammer E S and Forman J P 2013 Association of nocturnal
melatonin secretion with insulin resistance in nondiabetic young women. Am J Epidemiol 178
231-8

Rutters F, Lemmens S G, Adam T C, Bremmer M A, Elders P J, Nijpels G and Dekker J M 2014
Is social jetlag associated with an adverse endocrine, behavioral, and cardiovascular risk
profile? J Biol Rhythms 29 377-83

Kaladchibachi S, Negelspach D C and Fernandez F 2018 Circadian phase-shifting by light:
Beyond photons. Neurobiol Sleep Circadian Rhythms 5 8-14

Yamazaki S, Numano R, Abe M, Hida A, Takahashi R, Ueda M, Block G D, Sakaki Y, Menaker
M and Tei H 2000 Resetting central and peripheral circadian oscillators in transgenic rats.
Science 288 682-5

Welsh D K, Yoo S H, Liu A C, Takahashi J S and Kay S A 2004 Bioluminescence imaging of
individual fibroblasts reveals persistent, independently phased circadian rhythms of clock gene
expression. Curr Biol 14 2289-95

Ohayon M M and Hong S C 2006 Prevalence of major depressive disorder in the general
population of South Korea. J Psychiatr Res 40 30-6

Walker W H, 2nd, Walton J C, Devries A C and Nelson R J 2020 Circadian rhythm disruption
and mental health. Transl Psychiatry 10 28

Emens J, Lewy A, Kinzie J] M, Arntz D and Rough J 2009 Circadian misalignment in major
depressive disorder. Psychiatry Res 168 259-61

Kalmbach D A, Pillai V, Cheng P, Arnedt J T and Drake C L 2015 Shift work disorder, depression,
and anxiety in the transition to rotating shifts: the role of sleep reactivity. Sleep Med 16 1532-
8

Eldevik M F, Flo E, Moen B E, Pallesen S and Bjorvatn B 2013 Insomnia, excessive sleepiness,
excessive fatigue, anxiety, depression and shift work disorder in nurses having less than 11
hours in-between shifts. PLoS One 8 70882

Khosravipour M, Khanlari P, Khazaie S, Khosravipour H and Khazaie H 2021 A systematic
review and meta-analysis of the association between shift work and metabolic syndrome: The
roles of sleep, gender, and type of shift work. Sleep Med Rev 57 101427

Sun M, Feng W, Wang F, Li P, Li Z, Li M, Tse G, Vlaanderen J, Vermeulen R and Tse L A 2018
Meta-analysis on shift work and risks of specific obesity types. Obes Rev 19 28-40

Cappuccio F P, D'elia L, Strazzullo P and Miller M A 2010 Quantity and quality of sleep and
incidence of type 2 diabetes: a systematic review and meta-analysis. Diabetes Care 33 414-20

53



Proceedings of ICBioMed 2024 Workshop: Computational Proteomics in Drug Discovery and Development from Medicinal Plants

[20]

[21]

[22]

[23]

[24]

DOI: 10.54254/2753-8818/75/2024.LA19350

Buxton O M and Marcelli E 2010 Short and long sleep are positively associated with obesity,
diabetes, hypertension, and cardiovascular disease among adults in the United States. Soc Sci
Med 71 1027-36

Manodpitipong A, Saetung S, Nimitphong H, Siwasaranond N, Wongphan T, Sornsiriwong C,
Luckanajantachote P, Mangjit P, Keesukphan P, Crowley S J, Hood M M and Reutrakul S
2017 Night-shift work is associated with poorer glycaemic control in patients with type 2
diabetes. J Sleep Res 26 764-772

Poggiogalle E, Jamshed H and Peterson C M 2018 Circadian regulation of glucose, lipid, and
energy metabolism in humans. Metabolism 84 11-27

Leproult R and Van Cauter E 2010 Role of sleep and sleep loss in hormonal release and
metabolism. Endocr Dev 17 11-21

Bo S, Fadda M, Castiglione A, Ciccone G, De Francesco A, Fedele D, Guggino A, Parasiliti
Caprino M, Ferrara S, Vezio Boggio M, Mengozzi G, Ghigo E, Maccario M and Broglio F
2015 Is the timing of caloric intake associated with variation in diet-induced thermogenesis
and in the metabolic pattern? A randomized cross-over study. Int J Obes (Lond) 39 1689-95

Sennels H P, Jorgensen H L and Fahrenkrug J 2015 Diurnal changes of biochemical metabolic
markers in healthy young males - the Bispebjerg study of diurnal variations. Scand J Clin Lab
Invest 75 686-92

Hussain M M and Pan X 2015 Circadian regulators of intestinal lipid absorption. J Lipid Res 56
761-70

Dallmann R, Viola A U, Tarokh L, Cajochen C and Brown S A 2012 The human circadian
metabolome. Proc Natl Acad Sci U S 4 109 2625-9

Chua E C, Shui G, Lee I T, Lau P, Tan L C, Yeo S C, Lam B D, Bulchand S, Summers S A,
Puvanendran K, Rozen S G, Wenk M R and Gooley J J 2013 Extensive diversity in circadian
regulation of plasma lipids and evidence for different circadian metabolic phenotypes in
humans. Proc Natl Acad Sci U S' A 110 14468-73

Shi S Q, Ansari T S, Mcguinness O P, Wasserman D H and Johnson C H 2013 Circadian
disruption leads to insulin resistance and obesity. Curr Biol 23 372-81

Anhé G F, Caperuto L C, Pereira-Da-Silva M, Souza L C, Hirata A E, Velloso L A, Cipolla-Neto
J and Carvalho C R 2004 In vivo activation of insulin receptor tyrosine kinase by melatonin
in the rat hypothalamus. J Neurochem 90 559-66

Picinato M C, Hirata A E, Cipolla-Neto J, Curi R, Carvalho C R, Anhé G F and Carpinelli A R
2008 Activation of insulin and IGF-1 signaling pathways by melatonin through MT1 receptor
in isolated rat pancreatic islets. J Pineal Res 44 88-94

Scheer F A, Hilton M F, Mantzoros C S and Shea S A 2009 Adverse metabolic and cardiovascular
consequences of circadian misalignment. Proc Natl Acad Sci U S 4 106 4453-8

Dzaja A, Dalal M A, Himmerich H, Uhr M, Pollmécher T and Schuld A 2004 Sleep enhances
nocturnal plasma ghrelin levels in healthy subjects. Am J Physiol Endocrinol Metab 286 E963-
7

Nedeltcheva A V, Kilkus J M, Imperial J, Kasza K, Schoeller D A and Penev P D 2009 Sleep
curtailment is accompanied by increased intake of calories from snacks. Am J Clin Nutr 89
126-33

54



