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Shift work, including the early start of work, compressed working weeks with 12-hour shifts and
night work, especially if prolonged over many years, alters the normal sleep-wake pattern, causing
short sleep with reduced quality, daytime dysfunction, and sleepiness. Recently, the effects of shift
work on sleep have been investigated more consistently and many studies have supported the
existence of an association between shift work and insufficient sleep and many chronic diseases,
such as coronary artery disease, stroke, obesity, type 2 diabetes, breast, prostate, and colorectal
cancer. In addition, occupational injuries have also been associated with the negative effects of shift
work on sleep. However, future studies are still needed to definitively identify shift work as a
causal factor of chronic health dysfunctions, which, inevitably, have repercussions on the work
activity as a risk factor in the performance of the same. Considering the small number of studies, it
is recommended that future research focus on reducing this knowledge gap.

© EuroMediterranean Biomedical Journal 2023

1. Introduction

Sleep is a complex and cyclic behavioral state characterized by a
reduction in motor activity, a decreased sensitivity to external stimuli, and
stereotypic posture and, unlike other states of altered consciousness, such
as coma and anesthesia, is rapidly reversible and self-regulating.! Sleep is
subdivided in two different behavioral states: non-rapid eye movement
(NREM) sleep and rapid eye movement (REM) sleep. In general, the state
transition from wake to sleep is characterized by significant changes in the
cortical electroencephalogram (EEG) from the desynchronized high-
frequency, low-amplitude waves typical of wakefulness. Indeed, at the
onset of NREM sleep, the EEG frequency slows, and EEG waves become
larger in amplitude, reflecting increased cortical synchrony. NREM sleep
is composed of three stages: drowsiness (N1), light sleep (N2), and deep
sleep (N3).* On the other hand, REM sleep is characterized by activation
of the cortical EEG (similarly to wakefulness), rapid eye movements
(REMs), skeletal muscle atonia, and often dreaming.! REM sleep cycles
periodically with NREM sleep, approximately every 90 minutes.

* Corresponding author: Ginevra Malta, ginevramalta@gmail.com
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From a physiologic point of view, sleep and wakefulness are regulated by
mutually inhibitory populations of neurons in many brain areas, such as
the hypothalamus and brainstem, thus generating stability in behavioral
state and facilitating rapid switching between sleep and wakefulness.
Although the entire neural circuitry underlying the regulation of sleep-
wake states is still puzzling, many specific interconnected neuronal
pathways, neurotransmitters, and receptors have been identified and these
are now the target of pharmaceutical intervention for the treatment of
sleep-wake disorders.

The neurobiological bases of “sleep drive” are still unknown, either.
However, it has been hypothesized that there exists a complex mechanism
characterized by the interplay of an homeostatic pressure, that builds
during the waking period and is dissipated by sleep?, with a putative
endogenous somnogen, adenosine (AD), thought to play a critical role,
and the circadian timing system which provides temporal organization for
virtually all physiologic, neurobiologic, and biochemical processes,
including sleep.
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The circadian regulation of sleep is ensured by signals originating from
the suprachiasmatic nucleus and communicated to the periphery via
synaptic and humoral mechanisms to generate circadian rhythms.

Among these, melatonin is a hormone produced by the pineal gland that is
suggested to play a fundamental role in sleep-wake regulation.*

Although a unified theory of sleep function has not been established, it
has been clearly demonstrated that sleep deprivation produces deleterious
cognitive and physiologic consequences, thus supporting a restorative
effect of sleep for the brain and body.

Recently, increasing evidence suggest that these harmful consequences
could be particularly emphasized in shift workers.

Shift work indicates work time arrangements outside of conventional
daytime hours (from 6 am to 6 pm), including fixed early morning,
evening, and night work, as well as roster work and rotating three shift
work, in which workers rotate between a day, an evening, and a night
shift. It has been reported that shift work is evenly diffused in Western
countries ranging from 20 to 30% of workers,* and many of these work
nights, at least once a month.* Because of its intrinsic nature, shift work
forcefully disrupts the normal sleep-wake cycle, leading to short sleep,
poor sleep quality, excessive fatigue, and reduced well-being®. It has also
been reported that shift work may affect long term health and safety, with
several studies reporting elevated risks for different chronic health
disorders,® probably because insufficient sleep may produce adverse
cardiometabolic changes, cognitive impairment, thus increasing the risk
for chronic diseases” 8 and repercussions in the performance of work
activities®.

2. Shift work reflections on sleep

The relationship between shift work and reduced sleep quality is well
established (Figure 1).%° Night work and early morning work are those
more affected, and about 20%-30% of shift workers report insufficient
sleep and excessive sleepiness in relation to night and early morning
work.% In line with these concepts, a recent systematic review reported a
16% increased risk for shift workers to develop chronic sleep
disturbances, such as insomnia symptoms °.
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Figure 1. Negative effects of shift work on sleep.

In addition, a systematic review on sleep in shift work in the offshore
petroleum industry found that shift workers reported more sleep problems
than day workers did.!* When the sleep-wake disturbances become
chronic (that is, lasting for more than three months), it is possible to
diagnose a “shift work sleep disorder” (SWD), which is a clinical
circadian rhythm sleep disorder according to the international

classification of sleep disorders,*? with a prevalence of 10-23% in rotating
shift and night shift workers,® and further increased prevalence in those
with more night shifts'® and global stress condition during waking hours®.
As stated, circadian effects of shift work highly impact on subjective sleep
quality, and sleep episodes that end close to the circadian trough (that is,
before starting early morning shifts) are often perceived as non-refreshing,
with difficulties in awakening.’® On the other hand, although daytime
sleep occurring after a night shift is usually reported to have short
subjective sleep latency and reduced awakenings, it is often terminated
prematurely after less than six hours'® similar to that found in subjects
practising sport in the evening or in the lunchtime intervals due to the
alteration of circulating cortisol levels®.

Sleep duration is also impaired by the effects of shift work!*'" and
daytime sleep after night work is frequently and significantly reduced, as
well as sleep before morning shifts, particularly those with an early start
time (before 6 am), or if preceded by an evening shift.

In addition, short recovery times (<11 hours) between shifts, stressful
work under extreme conditions, e.g. during the pandemic, showed the
occurrence of sleep disturbances even in young subjects®.

Speed of rotation, is another characteristic of shift schedules that impacts
on sleep duration, since it has been observed that slowly rotating
schedules (i.e. four to seven consecutive shifts of the same type) gave a
slightly longer sleep duration as compared to rapidly rotating schedules
(i.e. one to three consecutive similar shifts).

Although there are no systematic reviews on sleep duration on days off in
connection with shift work, a prolonged sleep period has been observed in
the first day off after a spell of work shifts.®

Despite these findings, there is still no substantial evidence of significant
chronic sleep loss among shift workers, and no difference in sleep
duration over an entire shift cycle has been observed between permanent
day workers and shift workers.? However, this field of study in shift
workers is biased by subjective reports that often overestimate sleep
duration and general paucity of objective assessments of sleep such as
polysomnography.

3. Health consequences of shift work and poor sleep

Shift work, short sleep (defined as four to seven hours of sleep a night),
and poor sleep quality are in relationship with a wide range of medical
conditions and safety problems, and many studies analyzed these potential
effects, although some methodological problems mitigated the
generalization of many results. First of all, they have been associated with
a significantly increased risk of cardiovascular and cerebrovascular
disease®, especially night shifts, although incomplete evidence exist for a
definite causal relation.’®?® Individual factors could probably be at the
root of this.

Moreover, shift work, short sleep, and poor sleep quality also have a role
in the development of metabolic disorders, including obesity and type 2
diabetes, 3 and have been associated with breast cancer, particularly
long exposure to night work (>20 years), thus suggesting a dose-response
relation.®5*2 Furthermore, shift work has been associated with prostate and
colorectal cancer.*** Other studies also show that sleep alterations affect
the onset of respiratory and auditory disorders, which is probably also
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related to the common increase in BMI and the sequelae of metabolic
disorders on the microcirculation®.

Finally, rotating shift work and permanent night work were associated
with a 21% to 36% increased relative risk of workplace accidents, and it
has been shown that car accidents are significantly increased in drives
following night shifts. Occupational accidents are also associated with
short sleep and poor sleep quality.

In this regard, studies conducted on groups of workers divided by shift
time (day vs. night) have shown that sleep disturbance is followed by an
increased susceptibility to the consumption of alcohol (with ethanol-
central effects by his metabolites) and psychotropic substances, probably
to compensate for the subjectively experienced disturbances during
waking hours. The consumption of such substances inevitably affects the
driving and attention paid when using machinery and/or structural devices
in the working environment.

The corresponding significant associations between shift work and
disturbed sleep support the hypothesis that short sleep or poor sleep
quality (experience of insomnia symptoms) is a plausible pathway for
how shift work increases the risk for adverse health outcomes and
accidents.

The mechanisms linking shift work with adverse health outcomes are
complex and still not fully understood. They include: behavioral
mechanisms (such as altered light exposure, wrong eating patterns,
insufficient sleep patterns, inadequate physical activity, smoking, and
alcohol use), psychosocial stress related to work-life balance (including
disruption of social rhythms, lower job control, and lower individual
control over work times), physiological mechanisms (such as circadian
disruption, immunologic, neuroendocrine and cardiometabolic stress,
cognitive  impairment), and genetic predisposition (such as
polymorphisms in genes associated with homeostatic processes and
circadian rhythms).

On the other hand, there is a lack of good quality intervention studies
aimed at mitigating the adverse health outcomes of shift work and poor
sleep, although the strongest support for improving sleep is for use of
forwardly rotating schedules (day-evening-night) and allowing at least 11
hours of recovery time between shifts.

Notwithstanding this intricate framework, a better understanding of the
mechanisms that link shift work and poor sleep with impaired health
should be a priority objective of future research since better scheduling,
precise legislation on working hours, screening plans, and effective
countermeasures could be implemented in order to increase productivity,
minimize workplace accidents, and improve quality of life for shift
workers.

4. Conclusions

Shift work, especially when prolonged, disrupts the sleep-wake pattern,
thus causing short sleep, reduced sleep quality, daytime dysfunction and
fatigue. Although, there is still insufficient evidence to definitively
identify shift work as a causal factor for chronic health dysfunction, many
studies supported a significant role for shift work and insufficient sleep
and many chronic medical conditions such as coronary heart disease,
stroke, obesity, type 2 diabetes, breast, prostate, colorectum cancer, and
those linked to occupational accidents. For this reason, more studies

should be conducted to deeply investigate these potentials and
unfavorable causal links. Moreover, since there is paucity of
interventional studies on health and sleep problems in shift work, it is
advisable that future research could be focused on reducing this gap of
knowledge.

References

1. Iber C, Ancoli-lsrael S, Chesson A, Quan SF. American Academy of
Sleep Medicine for the Scoring of Sleep and Associated Events:
Rules, Terminology and Technical Specifications. Westchester, IL:
American Academy of Sleep Medicine, 2007.

2. Borbely AA, Tobler I. Homeostatic and circadian principles in sleep
regulation in the rats in brain mechanisms of sleep. In: McGinty D,
Drucker-Colin R, Morrison A, Parmeggiani PL, eds. Brain
Mechanisms of Sleep. New York: Raven Press; 1985:35-44.

3. Lockley SW, Skene DJ, James K, et al. Melatonin administration can
entrain the free-running circadian system of blind subjects. J
Endocrinol. 2000;164(1):R1-6.

4. Alterman T, Luckhaupt SE, Dahlhamer JM, Ward BW, Calvert GM.
Prevalence rates of work organization characteristics among workers
in the U.S.: data from the 2010 National Health Interview Survey.
Am J Ind Med 2013; 56:647-59.

5. Wright KP Jr, Bogan RK, Wyatt JK. Shift work and the assessment
and management of shift work disorder (SWD). Sleep Med Rev 2013;
17:41-54.

6. Wang X-S, Armstrong MEG, Cairns BJ, Key TJ, Travis RC. Shift
work and chronic disease: the epidemiological evidence. Occup Med
(Lond) 2011; 61:78-89.

7. Buysse DJ. Sleep health: can we define it? Does it matter? Sleep
2014, 37:9-17.

8. Kecklund G, Axelsson J. Health consequences of shift work and
insufficient sleep. BMJ 2016; 355:i5210.

9. Cannizzaro E., Cannizzaro, C., Martorana D., Moscadini, S., Lo
Coco, D. Effects of shift work on cardiovascular activity, serum
cortisol and white blood cells count in a group of italian fishermen.
EuroMediterranean Biomedical Journal, 2012, 109-113. Doi:
10.3269/1970-5492.2012.7.2;

10. Linton SJ, Kecklund G, Franklin KA, et al. The effect of the work
environment on future sleep disturbances: a systematic review. Sleep
Med Rev 2015; 23:10-9.

11. Fossum IN, Bjorvatn B, Waage S, Pallesen S. Effects of shift and
night work in the offshore petroleum industry: a systematic review.
Ind Health 2013; 51:530-44.

12. American Academy of Sleep Medicine. International classification of
sleep disorders.3rd ed. American Academy of Sleep Medicine, 2014.

13. Cannizzaro E, Cirrincione L, Mazzucco W, Scorciapino A, Catalano
C, Ramaci T, Ledda C, Plescia F. Night-Time Shift Work and Related
Stress Responses: A Study on Security Guards. Int J Environ Res
Public Health. 2020 Jan 15; 17(2):562. Doi: 10.3390/ijerph17020562.

14. Waage S, Pallesen S, Moen BE, et al. Predictors of shift work
disorder among nurses: a longitudinal study. Sleep Med 2014;



EUROMEDITERRANEAN BIOMEDICAL JOURNAL 2023, 18 (6) 30-33 33

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

15:1449-55.

Akerstedt T, Kecklund G, Gillberg M. Sleep and sleepiness in
relation to stress and displaced work hours. Physiol Behav 2007;
92:250-5.

Cannizzaro E., Plescia F., Cirrincione L., Lo Pinto E., Plescia, F.
Sport for job differences in cortisol levels in a water polo team at
different times of workout. EuroMediterranean Biomedical Journal,
13(41), 181-184.

Malta G. et al., Long-Term COVID: Case Report and Methodological
Proposals for Return to Work. Sustainability 2022, 14, 9332.

Pilcher JJ, Lambert BJ, Huffcutt Al. Differential effects of permanent
and rotating shifts on self-report sleep length: a meta-analytic review.
Sleep 2000;23:155-63.

Lo Coco D, Cupidi C, Mattaliano A, Baiamonte V, Realmuto S,
Cannizzaro E. REM sleep behavior disorder in a patient with
frontotemporal dementia. Neurol Sci. 2012 Apr;33(2):371-3. doi:
10.1007/s10072-011-0702-5. Epub 2011 Jul 13. PMID: 21751100
Axelsson J, Akerstedt T, Kecklund G, Lowden A. Tolerance to shift
work-how does it relate to sleep and wakefulness?Int Arch Occup
Environ Health 2004;77:121-9.

Yang X, Chen H, Li S, Pan L, Jia C. Association of sleep duration
with the morbidity and mortality of coronary artery disease: a meta-
analysis of prospective studies. Heart Lung Circ 2015;24:1180-90.
Cirrincione, L.; Plescia, F.; Ledda, C.;.; et al. Technical note 1
COVID-19 Pandemic: New Prevention and Protection Measures.
Sustainibility 2022, 14, 4766.

Leng Y, Cappuccio FP, Wainwright NW, et al. Sleep duration and
risk of fatal and nonfatal stroke: a prospective study and meta-
analysis. Neurology 2015;84:1072-9.

Sofi F, Cesari F, Casini A, Macchi C, Abbate R, Gensini GF.
Insomnia and risk of cardiovascular disease: a meta-analysis. Eur J
Prev Cardiol 2014;21:57-64.

Li Y, Zhang X, Winkelman JW, et al. Association between insomnia
symptoms and mortality: a prospective study of U.S. men. Circulation
2014;129:737-46.

Ramaci T, Barattucci M, Vella F.et al. Straining at Work and Its
Relationship with Personality Profiles and Individual Consequences
in Healthcare Workers (HCWs). Int J Environ Res Public Health.
2020 Jan 17;17(2):610.

McDermott M, Brown DL, Chervin RD. Sleep disorders and the risk
of stroke. Expert Rev Neurother 2018;18(7):523-531.

Kervezee L, Kosmadopoulos A, Boivin DB. Metabolic and
cardiovascular consequences of shift work: The role of circadian
disruption and sleep disturbances. Eur J Neurosci 2020;51(1):396-
412.

Santos |, Rocha I, Gozal D, Meira E Cruz M. Obstructive sleep
apnea, shift work and cardiometabolic risk. Sleep Med 2020;74:132-
140.

van Drongelen A, Boot CRL, Merkus SL, Smid T, van der Beek AJ.
The effects of shift work on body weight change - a systematic
review of longitudinal studies. Scand J Work Environ Health

3L

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

2011,;37:263-75.

Gan Y, Yang C, Tong X, et al. Shift work and diabetes mellitus: a
metaanalysis of observational studies. Occup Environ Med
2015;72:72-8.

Cappuccio FP, D’Elia L, Strazzullo P, Miller MA. Quantity and
quality of sleep and incidence of type 2 diabetes: a systematic review
and meta-analysis. Diabetes Care 2010;33:414-20.

Oosterman JE, Wopereis S, Kalsbeek A. The Circadian Clock, Shift
Work, and Tissue-Specific Insulin Resistance. Endocrinology
2020;161(12):bgaal80.

ljaz S, Verbeek J, Seidler A, et al. Night-shift work and breast
cancer—a systematic review and meta-analysis. Scand J Work
Environ Health 2013;39:431-47.

He C, Anand ST, Ebell MH, Vena JE, Robb SW. Circadian
disrupting exposures and breast cancer risk: a meta-analysis. Int Arch
Occup Environ Health 2015;88:533-47.

Gehlert S, Clanton M, On Behalf Of The Shift Work And Breast
Cancer Strategic Advisory Group. Shift Work and Breast Cancer. Int
J Environ Res Public Health. 2020 Dec 20;17(24):9544.

Albano GD, Malta G, La Spina C, Rifiorito A, Provenzano V, Triolo
V, Vaiano F, Bertol E, Zerbo S, Argo A. Toxicological Findings of
Self-Poisoning Suicidal Deaths: A Systematic Review by Countries.
Toxics. 2022 Oct 29;10(11):654.

Uehli K, Mehta AJ, Miedinger D, et al. Sleep problems and work
injuries: a systematic review and meta-analysis. Sleep Med Rev
2014;18:61-73.

Plescia F, Cirrincione L, Martorana D, Ledda C, Rapisarda V,
Castelli V, Martines F, Vinnikov D, Cannizzaro E. Alcohol Abuse
and Insomnia Disorder: Focus on a Group of Night and Day Workers.
Int J Environ Res Public Health. 2021 Dec 14;18(24):13196.

Vitale E, Ledda C, Adani R, Lando M, Bracci M, Cannizzaro E,
Tarallo L, Rapisarda V. Management of High-Pressure Injection
Hand Injuries: A Multicentric, Retrospective, Observational Study. J
Clin Med. 2019 Nov 16;8(11):2000. Doi: 10.3390/jcm8112000.
Cannizzaro E, Lo Coco D, Lo Coco G. Post-traumatic stress disorder:
A frequent work-related illness. EuroMediterranean Biomedical
Journal. 2012. 101-108. Doi: 10.3269/1970-5492.2012.7.22
Cannizzaro E, Ramaci T, Cirrincione L, Plescia F. Work-Related
Stress, Physio-Pathological Mechanisms, and the Influence of
Environmental Genetic Factors. Int J Environ Res Public Health.
2019 Oct 21;16(20):4031. doi: 10.3390/ijerph16204031.

Cavallaro A, Martines F, Cannizzaro C, Lavanco G, Brancato A,
Carollo G, Plescia F, Salvago P, Cannizzaro E, Mucia M, Rizzo S,
Martini A, Plescia F: Role of Cannabinoids In The Treatment of
Tinnitus. Acta Medica Mediterranea 2016; 32:903-909

Plescia F. et al., Acetaldehyde Effects In The Brain. Acta Medica
Mediterranea, 2015, 31: 813.

Zerbo S, Bilotta C, Perrone G, Malta G, Re GL, Terranova MC, Argo
A, Salerno S. Preventable fatal injury during rally race: a
multidisciplinary approach. Int J Legal Med. 2021 May;135(3):893-
901.



