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ABSTRACT

The round-the-clock demands of healthcare services, coupled with the shortage of healthcare
providers in many parts of the world, have made shiftwork widespread among healthcare workers. Understanding how to mitigate unfavourable effects of shiftwork on well-being is essential
to improve health promotion, to prevent disease prevention, and to increase quality of life. This
comprehensive review aims to present evidence linking shiftwork with cardiovascular diseases
and cancers among healthcare workers. Several studies have demonstrated evidence indicating
the relationship between long-term exposure to shiftwork tempo and a higher risk of cardiovascular diseases. Health workers are increasingly witnesing unfavourable effects of shiftwork on
their health state. Shiftwork disturbs circadian rhythm and cardiopulmonary processes, leading
to adverse health outcomes. Increasing prevalence of shiftwork in healthcare industries due to
population expansion and public health threat of cancers call for investigation towards a better understanding of the underlying mechanism of shiftwork-induced diseases. The shift work
period has been considered in different studies using various criteria, resulting in inconsistent
definition of measurement criteria leading to misclassification of the study population. There is a
need for a more considerable and holistic effort towards standardization of shiftwork definition
and conduct an assessment to establish a more conveniently appliacable framework for intervention strategies.
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ÖZ

Sağlık hizmetlerinin gece gündüz aralıksız devam etmesi gerekliliği, dünyanın birçok yerinde
sağlık hizmeti sunanların sayısındaki yetersizlik ile bir araya geldiğinde, gece nöbeti usulü çalışmanın sağlık çalışanları arasında oldukça yaygın olmasına neden olmuştur. Nöbet usulü çalışmanın sağlık üzerine getirdiği olumsuz etkilerin nasıl azaltılabileceğini anlamak sağlığın daha iyi
konuma getirilmesi, hastalıkların önlenmesi, ve yaşam kalitesinin artması için şarttır. Bu kapsamlı
derleme, sağlık çalışanlarında kardiyovasküler hastalıklar ve kanserlerin nöbet usulü çalışma ile
bağlantısını ortaya koyan bulguları sunmayı amaçlamaktadır. Birçok çalışma uzun süredir nöbet
usulü çalışma temposuna maruz kalmak ile kardiyovasküler hastalıklara yakalanma riski arasında
bağlantı olduğunu göstermiştir. Sağlık çalışanları, nöbet usulü çalışmaya bağlı gelişen sağlıkları
üzerindeki olumsuz etkilere giderek daha çok şahit olmaktadırlar. Nöbet usülü çalışmak, sirkadiyan ritmi ve ve kardiyopulmoner süreçleri bozarak olumsuz sağlık sonuçlarına sebep olur. Popülasyondaki büyümeye bağlı olarak sağlık hizmeti birimlerinde nöbet usulü çalışma sisteminin
sıklığının artması ve kanserlerin halk sağlığı üzerindeki tehdidinin artması, nöbet usulü çalışmanın
tetiklediği hastalıkların altında yatan mekanizlamarı daha iyi anlamak için araştırmalar yapılmasına ihtiyaç doğurmuştur. Nöbet usulü çalışılan süre farklı çalışmalarda çeşitli kritlerler kullanılarak
göz önüne alınmıştır, ancak bu durum ölçümün tanımlanmasında tutarsızlığa ve sonuç olarak da
çalışma popülasyonunun yanlış olarak sınıflandırılmasına yol açmıştır. Nöbet usulü çalışmanın
tanımını standardize etmek için daha büyük ve bütünsel bir çabaya ihtiyaç olup girişim stratejileri
için daha uygulanması müsait bir çerçeve kurmak gereklidir.
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INTRODUCTION
The healthcare sector has been one of the fastest-growing economies among the working industries. On average, the section employs 18
million personnel in the United States alone. It
is essential that healthcare services is provided
continuously,so shiftwork is among the core components of the healthcare service. The round-theclock demands of healthcare services, coupled
with the shortage of healthcare providers in many
parts of the world, has led to widespread use of
shiftwork among healthcare workers. According
to the third European Union (EU) Survey conducted in 2000, three-fourths of employers worked
longer than the regularly scheduled time1,2. The
prevalence rates of shiftwork exposure were
21.9, and 10.7 % in men and women, respectively, while permanent night shiftwork exposure
was 7% among working population3. Shiftworkassociated adverse health effects include, among
others; shiftwork disorders, cognitive impairment, cardiovascular risk, increased risks of cancers, and diabetes4-8. Shiftwork alters the body’s
biological clock resulting in physical, clinical, and
psychiatric symptoms1,9. Understanding how to
mitigate health effects associated with shiftwork
is essential for the promotion of public health,
disease prevention, and improvement of quality
of life. This comprehensive review aims to present evidence linking shiftwork with cardiovascular
diseases, and cancers among healthcare workers.
We have also highlighted some interventions to
alleviate the problems.
MATERIALS and METHODS

Search Strategy: A literature search was performed using the PubMed database from its inception to February 2019. The following search
terms were used to find eligible studies; [(“shift
work” OR “night shift” OR “rotation work” OR
“shiftwork rotation”) AND (“cardiovascular disease” OR cardiovascular OR stroke OR “heart disease” OR “myocardial infarction” OR “angina pec-
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toris”)) AND (cancer* OR tumor OR)))]. This paper
reported the summary findings of the included
relevant articles.

Data Extraction: The authors conducted a literature
search systematically but screened the relevant
studies from the retrieved articles in a snowball
manner. The authors extracted data based on the
relevance of study to the topic under review. The
summary of the included studies is in the result
section below.
RESULTS and DISCUSSION

Shiftwork Exposure: There has been an increasing
body of evidence concerning the association between shiftwork and adverse health effects among
healthcare workers. Healthcare workers are faced
with a number of occupational hazards leading to
health problems, such as violence, physical injuries, psychological stress, exposure to chemicals
and infectious agents, latex allergy, back and musculoskeletal disorders1,2,10,11. A study conducted
by the American Nurses Association demonstrated that exposure to occupational hazard, health,
and safety were the major concerns among 88%
of 4.826 participants. These major concerns significantly influence nurses’ decision to perform a
particular task and whether to remain in the profession4. Furthermore, only less than one-fifth of
the participants reported being safe from exposure to occupational hazards in their workplace.
Physical assaults such as exposure to verbal abuse
and threats while on duty were reported in 17%
and 56.9% of the participants, respectively. Approximately 70% of the participants were exposed
to either acute or chronic effects of stress during
shift work. More than two-thirds (69.4%) of the
participants had disabled back injuries. However,
the prevalence of exposure to infectious sources
was 45.4% for Human Immunodeficiency Virus
(HIV) or Hepatitis, while it was 37.4% for tuberculosis or needle-stick related infections. Other
reported exposures to occupational hazards include, exposure to workplace assault (24.7%),
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and latex allergy (20.9%). After a decade, the
American Nurses Association also investigated
the prevalence of occupational exposure to hazardous agents among nurses1. Findings from the
second study demonstrated that there was an
improvement in the work schedules. However,
the prevalence of exposure to shiftwork -related stressors increased. The reported prevalence
rates were 74% for stress and fatigue exposure,
62% for disabling musculoskeletal diseases, and
82% for work stress. Furthermore, concerns about
exposure to infectious agents remains at 43%1.
Similarly, another study conducted on 100 female
hospital staff, and including 511 observations,
found significant evidence of shiftwork exposure
and its adverse health effects12.

Health outcomes
Shiftwork disturbs the circadian rhythm, leading
to a decrease in nocturnal melatonin production
and its subsequent release. The impact of the
night shift leads to either short-term or long-term
effects. The short-term consequence of night shift
is known as “jet-lag effects,” and it is characterized by emotional fluctuations, indigestion, anxiety, insomnia, fatigue, and declining physical activity. The long-term effect results in numerous
health outcomes, such as metabolic disorders,
cardiovascular diseases, neurological and neurodegenerative disorders, reproductive problems,
and cancers13-17. Several studies were conducted
with the primary objective to investigate the adverse health outcomes associated with exposure
to shift work.

Exposure to Shiftwork and Cardiovascular
Disease
Exposure to shiftwork disrupts sleep patterns
and circadian rhythm resulting in an increase in
sympathetic activity and hyperproduction of inflammatory cytokines5,18-20. This disruption leads
to the dysregulation of lipid and neuroendocrine
systems, cardiometabolic disorders, and hyper-

tension among shift workers21.
A hemostatic balance between the parasympathetic and sympathetic activity of the autonomous
nervous system (ANS) is necessary for a healthy
cardiovascular system. The functional state of the
cardiovascular system determines the performance of the cardiopulmonary system, and both
systems operate with regular circadian patterns.
Their circadian rhythms can be measured by monitoring heart rates and blood pressure22. In normal physiological conditions, the average heart
rate is decreased at night compared to daytime,
gradually increases in the early morning, reaches
an apex at about noon, and then starts declining
towards the end of the daytime23. This physiological pattern is essential for normal physiological
processes. The cardiovascular disturbances such
as sudden cardiac death, embolism, stroke, and
myocardial infarction and their subsequent risks
also follow similar patterns of circadian rhythms,
with a a gradual increase in severity in the early
morning compared to night period22,24. Therefore,
circadian rhythms influence cardiopulmonary
processes. Irregular work patterns or shiftwork
disturb circadian rhythms leading to an adverse
health outcome in individuals trying physiologically to synchronize shiftwork with circadian processes. Boudreau et al.25 2013 investigated the
effects of circadian adaptation to night shiftwork
on performance, alertness, sleep, mood, and cardiac autonomic responses in night shift workers
(n=15). Findings from this study have demonstrated that thanks to physiologically adapted circadian rhythm night shift workers tend to perform
better, be alert, and have a better mood, and less
sympathetic firing during sleep than in-circadian-adapted group after seven consecutive night
shifts. The investigators concluded that the failure of circadian synchronization with night shiftwork is associated with different adverse health
outcomes. Similarly, numerous studies have reported a plausible relationship between longterm exposure to shiftwork and the higher risk of
cardiovascular diseases18,21,26. Other studies have
investigated the effects of sleep disturbances and
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shiftwork on heart rate variability and other autonomic physiological responses27-29. The heart rate
variability has been used as a non-invasive marker
of circadian-shiftwork adaptation processes25,30,31.
This non-invasive biomarker has been proven to
be valid and its use can be extended to the cardiopulmonary system to study long-term effects32-34.
A balanced ANS activity in the cardiopulmonary
cycles is critical for maintaining homeostasis and
normal physiological function. Stimulating vagal
parasympathetic activity and HRV have been suggested as intervention points to improve health
outcomes and prevent adverse health effects,
including the risk of mortality35,36. An increasing
body of evidence suggested that interventions
targeting Heart Rate Variability (HRV) coherence
among shift workers could reduce their shiftwork
-related adverse health effects. Specifically, improvement in symptoms such as anxiety, stress,
depression, cognitive issues, and sleep was postulated indices demonstrating better health outcomes37-39.
Moreover, findings from another cohort study
showed a significant association between exposure to shiftwork and a higher risk of type 2 diabetes16. Exposure to shiftwork was found to be associated with 13, 40, and 40% increases in the risks
of type 2 diabetes, for 5, 10-19, and more than
20 years of exposure to shift work, respectively.
None of the adjusted confounding factors were
found to abate the risk16. Another prospective
cohort study with 189,158 women followed up
over 24 years was conducted to investigate the
association between night shiftwork and the risk
of Coronary Heart Diseases (CHD)17. It was also
shown that night shiftwork was associated with
a significantly higher risk of CHD among nurses
compared to unexposed nurses. The duration of
exposure to shiftwork was significantly associated with a higher risk of CHD in a dose-response
manner. Furthermore, a time-dependent association has been demonstrated between duration
since quitting the exposure to shiftwork and the
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lower risk of developing CHD. Compared to the
unexposed group the risk of developing CHD decreased 15%, and 13.1% for every 5-9 years, and
more than 24 years since quitting shiftwork17.

Shiftwork and Cancers
The presence of a significant positive association
between work shift exposures and different cancer types has been investigated among healthcare
workers over the past decade. For example, five
years of shiftwork exposure was associated with a
3.3% (95% CI, 1.012-1.056) increase in the risk of
breast cancer40. This dose-response relationship
has been reported from numerous epidemiological studies40. Similarly, dose-response relationships have been established between exposure
to night shiftwork and skin cancer, lung cancer,
and digestive system cancers41-43. However, night
shiftwork exposure was not significantly associated with ovarian and cervical cancers44. Furthermore, another study revealed that long-term exposure to night work shift is attributed to 57.7%
and a 28% increase in the risk of breast cancer and
lung cancer, respectively45.
The underlying mechanisms that mediate the effects of shiftwork on health effects are largely unknown. Several dimensions have been explored
to better understand the circumstances surrounding shiftwork-induced health effects. Socio-behavioral factors significantly influence the association between exposure to shiftwork and adverse
health outcomes. Healthcare workers exposed to
shiftwork are more likely to gain a higher Body
Mass Index (BMI) compared to unexposed. BMI
has been implicated in many metabolic disorders
such as diabetes, and this may shed more light
on the current understanding of the underlying
mechanism of shiftwork-related health outcomes.
A dose-response relationship between duration
of exposure to shiftwork and changes in BMI has
been reported16,46. It has been demonstrated that
every 5-year-increase in exposure to shiftwork
was significantly associated with a 0.17 unit in-
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crease in BMI among nurses16,46. Moreover, another study (n=1163 nurses) revealed a significant
association between working for more than 12
hours per day combined with working for more
than 40 hours per week and a higher risk of musculoskeletal diseases. The authors measured the
psychological demands using the validated Job
Control Questionnaire34,47. The risk of musculoskeletal diseases decreased by 50% when the researchers adjusted shiftwork for psychological and
physical job demands. Therefore, psycho-physical
components are important intervention points for
addressing the risk of musculoskeletal diseases
associated with exposure to shiftwork15,48.
There has been a plausible relationship between
melatonin and circadian rhythms. This melatonincircadian relationship alters the oxidative stress
balance, immune system, antiangiogenesis, and
other processes of carcinogenesis49. During the
night, melatonin levels are low, particularly among
night shift workers50,51. Numerous studies demonstrated low levels of melatonin in lung52, breast51,
ovarian49, prostate53, gastrointestinal54, and skin
cancer. The pathophysiology of shiftwork-induced
cancers could be attributed to the observed suppression of melatonin level and hormonal imbalance in night shift workers and cancer patients,
respectively. The overall mechanism underlying
the molecular and hormonal basis of shiftworkrelated diseases has been proposed to be systemic, not local. However, organ-specific cancers
were reported among shift workers, compared to
non-shift workers41,42,55-58. An increasing body of
evidence demonstrates the association between
shiftwork and the risk of prostate cancers, albeit
contradictory findings59.
One of the postulated mechanisms of shiftworkrelated cancers is that night shiftwork alters circadian rhythm leading to an increase in sex
hormones. Increase in sex hormones has been
implicated in hormone-dependent cancers60. Secondly, exposure to light during night shiftwork
disrupts circadian rhythm leading to low produc-

tion of melatonin61. Oncostatic effects of melatonin are protective against sensitive cancers62.
Reduction in melatonin production in people exposed to light increases risks of cancers by stimulating the production of pituitary gonadotropins
via negative feedback mechanism63. Several in
vitro and in vivo studies have demonstrated the
roles of melatonin in cancer protection and inhibition64-73. Another postulated pathway is that night
shiftwork reduces sunlight exposure leading to a
low level of vitamin D. Several epidemiological
and experimental studies have demonstrated that
low level of vitamin D was associated with the
risks of cancers74-77. The essential nature of health
care sectors makes healthcare workers work in a
24-hour mode, not the routine 8-hour-schedule.
Most of the studies that have reported a significant increase in the risks of cancers, such as digestive cancers, breast cancers, and lung cancers
in nurses, were characterized by a limited sample
size. Many of the published studies among healthcare workers were conducted among nurses44.
Future studies should involve a large sample size,
multiple disciplines of healthcare, and numerous
centers or regions to improve the generalizability of findings to policy development in public
health. Another significant result from our review
is the presence of distinct variations in the definition of night shift work. Different studies considered shiftwork periods differently using various criteria, resulting in inconsistent definitions
based on diverse measurement methods of shift
work. This inconsistency might have contributed
to the misclassification of the study population.
Greater number of significant efforts are needed
towards standardization of shiftwork definition,
and assessment of its effects to establish an applicable intervention framework. Increasing prevalence of shiftwork in healthcare industries due to
population expansion and its public health threats
call for further investigation towards shiftworkinduced cancers. The bioinformatics and system
biology approaches may be promising pathways
toward a better understanding of the relation-
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ships between shiftwork exposures and the risks
of cancers in healthcare workers and the general
population. Establishing how shiftwork mediates
cancer risk could offer promising intervention
points and help establish effective strategies towards prevention and improving public health.
Routine cancer screenings, physical and medical
examination of shift workers would provide opportunities for early detection and a better understanding of first exposure to shift work, especially
among long-term night shift workers.

Proposed Interventions
Several interventions have been suggested based
on the major factors mediating the shiftwork associated with health effects. Three major factors
available in the literature include physical stressors such as fatigue, violence, and stress. The
second category of factors is psychological factors such as irregular sleep patterns and body’s
response to other stressors. The third is sociobehavioral stressors such as body mass index and
diet behaviors. Several interventions have been
proposed to mitigate the listed factors. One of
the proposed interventions was napping. Providing time to take a short nap in between or during shiftwork could be a crucial intervention. This
could reduce sleep deprivation and lowers sleep
inertia leading to improved mental and psychological alertness during shift work. A cross-over
study investigated the effectiveness of 20-minute
nap between periods of shift works. Their findings demonstrated that taking a nap for a 20minute daytime was significantly associated with
improved vigilant performance among workers.
Furthermore, their findings revealed that taking
a nap for about 20-30 minutes during the night
shift was significantly associated with improved
performance during shiftwork78. Also adjustment
of work schedules was proposed as a measure to
mitigate shiftwork-related adverse health effects.
Revision of scheduling policies to capture all the
stakeholders proved effective. A participatory
work schedule significantly supports shift workers
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during adjustment of their circadian clock towards
adaptation of nightshiftwork79. Abrupt changes in
the work schedule have been highly discouraged.
The time interval between one shift and another
should allow workers to have minimum recommended sleep for average healthy adults. For example, closing shift late evening and reporting on
duty at 7 or 8 the following day deprive worker of having enough sleep. Among healthcare
workers, an average of at least eleven hours of
sleep has been suggested between one shift and
another80,81. Thirdly, psychological, and behavioral measures have been proposed. Some researchers explored the use of Cognitive and Behavioral
Therapy (CB-T) towards the mitigation of health
disorders associated with exposure to shift work.
The CB-T strategy seems promising, and further
studies are needed to fully reap the results of its
potential application in this regard82,83.
SUMMARY and CONCLUSION
The available evidence demonstrates that exposure to night shiftwork is associated with cardiovascular and cancer risks among healthcare
workers. Four postulated biological mechanisms
underlying the pathophysiology of shiftworkrelated cardiovascular diseases and cancers are
available in the literature. The first mechanism is
the disruption of regular circadian cycles and biological clock, leading to sleep disorders, eating
problems, and subsequent adverse health effects.
Melatonin regulation pathway was the second
postulated molecular mechanism implicated in
many shifts work-related to adverse health effects, including cancers and cardiovascular diseases, among others. A better understanding of
the mechanistic pathways of shiftwork-related
diseases is essential for improvement of public
health and quality of life.
The third postulated pathway is decreased exposure to sunlight that has been reported among
night shift workers. Reduced sunlight exposure is
known to cause a decrease in vitamin D levels, a
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documented risk factor for prostate cancer, and
may also contribute to other adverse health outcomes and quality of life. Fourthly, the effects of
night shiftwork on sex hormones have been implicated in the underlying pathophysiology of shiftwork associated with cancers and cardiovascular
diseases. Plausible epidemiological evidence coupled with findings from in vitro and in vivo studies
support the role of this pathway. There are inconsistent findings in some shiftwork-related cancers
and subclinical cardiovascular effects. Generally,
greater number of well-designed epidemiological
studies with larger sample size and long-term follow up are required to further evaluate the causal
relationship between exposure to shiftwork and
health outcomes, including cancer and cardiovascular diseases. The findings presented here are
not exhaustive, and it is imperative to state that
collaborative efforts from the employees, employers, policymakers and the management team
is required to mitigate the adverse health effects
associated with exposure to shift work.
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