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29.1  Introduction to Shift Work

29.1.1  Definition and Main Features

The correct organization of health worker shift-
work is essential to ensure continuous 24-h 
patient care. Healthcare is the perfect example of 
the “24-h society,” whose milestones are the vari-
ous types of shift work (night work, split shifts, 
on-call work, part-time work, irregular and flexi-
ble working hours) and new technologies. In gen-
eral, “shiftwork” means any structure of work in 
which the operating time of a company is 
extended beyond the usual 8 or 9  h (typically 
between 7–8  a.m. and 5–6  p.m.), to cover the 
entire 24  h, through the alternation of different 
groups of workers [1, 2].

To ensure 24-h coverage, shift work must also 
include night work which, according to 
International Labour Organization Convention 
No. 171 [3], is defined as “all work which is per-
formed during a period of not less than seven 
consecutive hours, including the interval from 

midnight to 5 a.m. (night time).” The European 
Directive 2003/88/EC [4] defines a “night 
worker” as “(a) any worker who, during the night, 
works at least three hours of his daily working 
time as a normal course; (b) any worker who 
works a certain proportion of his annual working 
time, as defined at the choice of the Member 
State concerned.”

Shift scheduling may differ with respect to 
various parameters including:

• Duration of duty period: predominantly rang-
ing from 6 to 8 or 9 h, but it can last up to 12 h 
or more, or be reduced to 4 h (in the case of 
part-time work).

• Semicontinuous or continuous rota systems: 
depending on the inclusion of weekends or 
Sundays.

• Presence and frequency of work during the 
“nighttime.”

• Number and type of shifts: mainly two shifts 
(morning and afternoon) or three shifts 
(including the night) of 7–9 h, or four shifts of 
6 h (morning, afternoon, evening, night, in the 
so-called “6 × 6” shift system).

• Start and end times of each shift: for example, 
morning shift (starting after 03:00 and ending 
before 18:00), day shift (starting after 08:00 
and ending before 18:00), evening shift (start-
ing at any time between 18:00 and 23:00 and 
not categorized as a night shift), night (≥3 h 
between 23:00 and 06:00).
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• Direction of shift rotation: clockwise or phase- 
delayed (morning-afternoon-night), counter-
clockwise or phase-advanced 
(afternoon-morning-night).

• Speed of rotation among shifts: fast (every 
1–3  days), intermediate (every 4–6  days), 
slow (7 or more days), null (in the case of 
fixed shifts).

• Regularity/irregularity and length of the entire 
shift cycle (i.e., from 5 days up to 6 months or 
more).

Shift work can have adverse effects on the 
health and well-being of the worker who must be 
operative at all times and on days off. In particu-
lar, shift work causes significant interference in 
the different domains of human life (biological, 
behavioral, social) and alters the psychophysical 
balance of a person, in particular: (1) the pertur-
bation of circadian rhythms; (2) a reduction in 
vigilance and performance, leading to a conse-
quently greater risk of errors and accidents; (3) 
adverse health effects both in the short-term 
(sleep, digestive, mental and menstrual disor-
ders) and in the medium- to long-term (increased 
gastrointestinal, neuropsychic, metabolic, cardio-
vascular diseases); (4) difficulties in maintaining 
social roles, which have negative consequences 
on interpersonal relationships and family care. 
Several studies suggest that shiftwork also 
increases the risk of breast, prostate, and colorec-
tal cancers.

Shift workers must be adequately informed 
about this occupational risk factor and must be 
guaranteed adequate organization of working 
times based on proven ergonomic criteria as well 
as appropriate compensatory measures to miti-
gate adverse effects.

29.1.2  Chronobiological Aspects

“Circadian rhythm” describes the physiological 
oscillations occurring in biological functions over 
the course of 24 h. The word “circadian” comes 
from Latin, where “circa” means “around” and 
“diem” means “day.” In humans, the circadian 
master clock resides in the suprachiasmatic 
nucleus of the anterior hypothalamus and is syn-

chronized by environmental factors, in particular 
light/dark alternation. By way of the retino- 
hypothalamic tract, external light influences the 
expression of the CLOCK and BMAL1 genes, 
which are the main regulators of the periodic 
oscillations that occur during the light/dark cycle. 
The binding of CLOCK and BMAL1 activates 
other genes such as the Period genes that are also 
responsible for the physiological oscillation of the 
circadian rhythm by means of an inhibitory feed-
back loop. Period genes encode for the PER pro-
tein, whose level rises during the night and 
decreases during the day. Based on the light stim-
uli received and the genes activated as a result, the 
suprachiasmatic nucleus regulates the secretion of 
melatonin from the pineal gland: melatonin levels 
increase during the dark of night and decrease 
under the exposure to light during the day [5].

Shift work, in particular night work, modifies 
human exposure to the light/dark cycle and con-
sequently the normal circadian oscillation of bio-
logical functions. This alteration involves a 
flattening of the amplitude and a shift of the acro-
phase of circadian rhythms, the extent of which 
depends on the number of consecutive night 
shifts and the direction of rotation, clockwise or 
counterclockwise, of the on-duty periods. The 
type of shift work, whether rotating or fixed, can 
also affect the oscillation of circadian rhythms. 
Workers involved in continuously rotating shifts, 
the most widely used in the health sector, are 
forced to adapt as quickly as possible to changing 
work times, resulting in significant work-stress. 
Fixed-shift workers, on the other hand, are more 
likely to keep their sleep/wake cycle stable, pro-
vided they keep a consistent schedule even on 
days off.

29.2  Effects of Shift Work 
on Worker Health 
and Impact on Patient Safety

29.2.1  Sleep Deprivation 
and Vigilance

The disturbance of the psychobiological 
functions, linked to the modification of the 
sleep/wake cycle, plays an important role in 
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influencing work ability. Shift workers can suffer 
from a series of symptoms commonly known as 
“jet-lag syndrome,” characterized by fatigue, 
drowsiness, insomnia, digestive troubles, and the 
slowing down of mental functions and 
performance.

The timing of shifts (especially night and 
early-morning), the environmental conditions, 
and workers’ lifestyles can negatively affect both 
quantity and quality of sleep. After the night 
shift, a worker should be placed in favorable con-
ditions for psychophysical recovery. However, 
falling asleep and sleeping longer are very diffi-
cult due to environmental interference such as 
light and noise. Sleep is generally reduced by 
about 2–4 h: in particular, phase 2 of non-rapid 
eye movement sleep (NREM) and rapid eye 
movement sleep (REM) are disturbed. The REM 
phase is also particularly reduced by the early- 
morning shift (starting at 6  a.m. or earlier) 
because of a truncation of the last part of the 
sleep cycle; moreover, this advanced waking time 
usually causes excessive daytime sleepiness dur-
ing the waking period. The direction of rotation 
of shifts can also influence sleep patterns and cir-
cadian rhythms: clockwise-rotating shift sched-
ules are less disruptive than counterclockwise 
ones. In very quickly rotating shifts for example, 
the intervals between shifts rotating clockwise 
(1M-1A-1N) are longer (always 24 h) than those 
between shifts rotating according to a counter-
clockwise system (1A-1M-1N) which places the 
morning shift immediately after the afternoon 
shift and before the night shift of the very same 
day (“quick return”): in the latter case, rest inter-
vals between shifts are very short (only 8 h), thus 
implying the truncation of sleep preceding the 
morning shift and the possibility of only a very 
short sleep or nap before the night shift [6].

It is well known that sleepiness, sleep depriva-
tion, chronic fatigue, and fluctuations in vigilance 
are key factors in creating the conditions that lead 
to human errors and accidents through interac-
tions with other organizational factors, such as 
environmental conditions, workload, job content, 
and time pressure. Insomnia, one of the core 
symptoms of shift work disorder, has a preva-
lence of about 6% in the general population and 
between 29% and 38% in shift workers [7]. 

Symptoms include difficulties falling asleep, 
reduced sleep duration, frequent waking, and an 
intense preoccupation with the act of sleeping 
itself.

Fatigue, drowsiness, and insomnia resulting 
from a disturbed sleep-wake cycle can manifest 
themselves as the so-called “shift work sleep dis-
order,” which negatively affects physical and 
mental health, quality of life, performance, and 
productivity. A study by Drake et al. [8] investi-
gating 2570 US workers aged 18–65  years 
reported that 14% of night workers and 8% of 
rotating shift workers met the criteria for shift 
work sleep disorder. Such individuals had signifi-
cantly higher rates of ulcers (odds ratio of 4.18), 
sleepiness-related accidents, absenteeism, and 
depression, and missed family and social activi-
ties more frequently compared to shift workers 
who did not meet the criteria.

Concerning personal characteristics, 
Kalmbach et  al. [9] reported that in a group of 
normal sleeping, non-shift workers, the chances 
of developing shift work disorder after transition-
ing to rotating shifts were over five times greater 
for highly sleep-sensitive individuals. In a longi-
tudinal study including 1533 Norwegian nurses, 
Waage et al. [10] showed that the risk of develop-
ing a shift work disorder was significantly associ-
ated with the number of night shifts worked in the 
previous year, the Epworth sleepiness score, the 
use of melatonin, the use of bright light therapy, 
and symptoms of depression.

29.2.2  Interference in Performance 
Efficiency and Patient Safety

Shift and night work, as well as prolonged and/or 
irregular working hours, are also risk factors for 
patient safety, a fact well documented by many 
epidemiological studies. The working conditions 
of the night shift differ from those of the day 
shift. In particular, the night shift involves fewer 
employees who have to take care of many 
patients. The increased workload and the altera-
tion of the sleep-wake rhythm increases the risk 
of making clinical errors.

Studies in the industrial sector have shown 
that risk grows with the number of consecutive 
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night shifts (6% increase for the second night, 
17% for the third, and 36% for the fourth) and 
with the lengthening of work shifts, noting an 
exponential increase in the occurrence of acci-
dents after the eighth hour of work and estimat-
ing a doubling of the risk for 12-h shifts compared 
to 8-h shifts, for which there is no corresponding 
reduction in workload or introduction of ade-
quate breaks.

Similar results are also reported for the hospital 
workers, including a higher relative risk of acci-
dents in afternoon and night shifts, resulting in 
longer periods of absence, as well as reduced lev-
els of attention and vigilance and increased error 
associated with long shifts (24 h or more) [11–13]. 
On the other hand, it is also known that a signifi-
cant improvement of these outcomes can come 
from limiting the length of work shifts [14, 15].

According to a study of 2737 US medical resi-
dents [16], the incidence of at least one major 
mistake was 3.8%, 9.8%, and 16%, in the case of 
0 shifts, 1–4 shifts, and more than 4 shifts of pro-
longed duration (32 h on average), respectively, 
with a 300% increase in preventable adverse 
events due to fatigue and/or sleep deprivation 
resulting in the death of the patient. Other core 
symptoms of fatigue are exhaustion, tiredness, 
and lethargy, resulting in loss of efficiency, diffi-
culty in concentrating, as well as a decrease in 
productivity and safety at work.

In the case of nurses, too, an increase has been 
documented in the occurrence of errors, that 
jeopardize patient safety, dependent on the dura-
tion of a shift beyond 8  h, overtime, and night 
work shifts [17–19]. In addition, other studies 
have shown that, when coupled with high patient 
turnover, extended shifts or a reduced number of 
staff are associated with an increase in hospital 
mortality. In addition, other studies reveal signifi-
cant association between increased hospital mor-
tality rates and extended shifts or reduced staff 
along with high patient turnover (YES IT IS) [20, 
21].

A very recent national survey on work pat-
terns and fatigue-related outcomes carried out on 
3133 nurses of 6 practice hospital areas (child 
health including neonatology, cardiac care/inten-
sive care, emergency and trauma, inpatient men-

tal health, medical, and surgical nursing) in New 
Zealand showed that 30.8% of errors in the previ-
ous 6 months were fatigue-related while 64% of 
responders reported having felt sleepy at the 
wheel in the previous 12 months. Fatigue-related 
outcomes were associated with shift timing and 
sleep. Risk increased with more night shifts and 
decreased with more nights of sleep between 
11  p.m. and 7  a.m. during which nurses had 
enough sleep to feel fully rested. Risk also 
increased with roster changes and more shift 
extensions greater than 30  min, and decreased 
with more flexibility regarding shifts [22].

29.2.3  Health Disorders

The literature in recent years shows that shift 
work can cause serious medium- and long-term 
effects on the worker health due to the disruption 
of physiological circadian rhythms [1, 23]). 
Hence, the socioeconomic and health- related 
consequences of sleep and circadian rhythm dis-
orders in shift workers, such as absenteeism and 
mood disorders, should likewise not be underes-
timated [24].

Irritability, nervousness, and anxiety are fre-
quent complaints from shift workers, relating to 
more stressful working conditions. In association 
with persistent disruption of circadian rhythms 
and sleep deficit, they may lead to mood disor-
ders, chronic anxiety, and/or depression,  fostering 
absenteeism and often requiring the administra-
tion of sedatives and hypnotics [25].

After the aforementioned sleep troubles, gas-
trointestinal disorders are the most frequent mor-
bidities found among shift workers. In particular, 
the risk of gastroduodenitis, peptic ulcer, and irri-
table bowel syndrome is two to five times higher 
for shift and night workers [26]. The mismatch 
between circadian phases of the gastrointestinal 
tract (i.e., gastric, bile, and pancreatic secretions, 
intestinal mobility, hunger and satiety hormones) 
and meal times is one of the causes for this 
increased prevalence among shift workers, who 
are most frequently forced to consume “junk 
food,” which are pre-packaged and more caloric, 
and “pep” and soft drinks [27].
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Many epidemiological studies have demon-
strated a significant association between shift 
work and metabolic syndrome [28], insulin resis-
tance, and type 2 diabetes [29, 30].

Moreover, according to several authors, shift 
workers have a 40% higher risk than day workers 
of suffering from ischemic heart disease [31, 32], 
relating to circadian disruption along with dis-
turbed cardiac autonomic control and detrimental 
lifestyle changes, such as obesity and smoking 
[33]. A recent meta-analysis by Manohar et  al. 
[34] also reported a significant association 
between hypertension and rotating shift work.

Night shift work negatively affects female fer-
tility and reproductive health and is associated 
with an increased risk of adverse pregnancy out-
comes such as miscarriage and impaired fetal 
development, including pre-term birth and low 
birth weight [35]. In 2007, “shift work involving 
circadian disruption” was classified as “probably 
carcinogenic to humans” (Group 2A) by the 
International Agency for Research on Cancer 
(IARC) on the basis of sufficient evidence in ani-
mal models and limited evidence in humans, in 
particular for breast cancer. A positive associa-
tion between high-intensity, long-duration night 
shift work and breast cancer has also been 
reported in large populations of nurses [36]. 
Experimental animal and cellular studies found 
immunosuppression, chronic inflammation, and 
cell proliferation caused by the disruption of the 
light-dark cycle. According to recent epidemio-
logical studies, weaker evidence is also emerging 
for colorectal and prostate cancer: this has lead 
the IARC to confirm very recently its assessment 
of night shift work as a probable carcinogen [37].

29.3  Preventive Actions 
and Recommendations

29.3.1  Ergonomic Criteria 
for the Organization of Shift 
Schedules

Healthcare companies must also consider the 
well-being of their employees when organizing 
shift work. Shifts must be planned based on ergo-

nomic criteria that protect the psychophysical 
integrity and social well-being of workers. These 
criteria must take into account biological adapta-
tion, work performance, health status, and per-
sonal and social problems, and can be summarized 
as follows [38, 39]:

• The amount of night work and the number of 
consecutive night shifts should be reduced as 
much as possible (2–3 at most) to limit inter-
ference with circadian rhythms and sleep.

• Quickly rotating shift systems should be cho-
sen over slowly rotating ones, since they 
interfere less with circadian rhythms and 
minimize the extent of any cumulative sleep 
deficit.

• Clockwise rotation (morning-afternoon-night) 
should be preferred to counterclockwise rota-
tion (afternoon-morning-night) since it is bet-
ter adapted to endogenous circadian rhythms 
(which show a periodicity slightly longer than 
24  h in “free-running” experiments), avoids 
quick changeovers (e.g., having morning and 
night shifts within the same day), and allows 
for longer rest periods for immediate recovery 
from fatigue and sleep deficit.

• Setting the start of morning shifts too early 
should be avoided in order to reduce the trun-
cation of sleep (of the REM phase in particu-
lar) and the consequent sleepiness and risk of 
error.

• Prolonged work shifts (9–12 h) should only be 
considered when the workload is suitable, 
adequate pauses may be taken, and the shift 
system is designed to minimize the accumula-
tion of fatigue as well as the exposure to toxic 
substances.

• Shift cycles should be as regular as possible 
and should ensure as many weekends free as 
possible, in order to allow workers to better 
plan and enjoy their leisure and social time.

• Fixed night work should be implemented only 
for particular work situations, which require a 
complete adjustment to night work to ensure 
the highest levels of safety.

• Flexible working time arrangements should 
be promoted in order to meet workers’ needs 
and preferences.
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However, there doesn’t exist a “best” shift sys-
tem that can be recommended across the board. 
Each shift-based work schedule should be 
planned around and tailored to the different job 
activities and demands involved, as well as the 
specific traits, social habits, and personal back-
grounds of the workers involved. Workers must 
participate in the analysis, design, and implemen-
tation of the shift system chosen. This is impor-
tant for motivating workers and improving their 
psychophysical tolerance: indeed, shift schedules 
often fail because they do not reflect the condi-
tions and needs of workers. On the other hand, 
workers sometimes prefer less favorable shift 
patterns (i.e., 12-h shifts or counterclockwise 
rotation) in order to have longer rest periods 
between cycles. As previously mentioned, in sev-
eral cases the rapid transition from morning to 
night shift in the same day, in particular waking 
early in the morning, prefigures an extremely 
stressful and risky condition.

The duration of work shifts should be adjusted 
according to workload and the type of task, as 
well as the number of workers available. Jobs 
requiring high levels of vigilance and physical 
activity (i.e., emergency and intensive care units) 
should have shorter shifts while, on the other 
hand, shifts may be longer for jobs with a lighter 
workload (i.e., basic assistance or support activi-
ties) or jobs during which workers can take 
breaks.

29.3.2  Other Organizational Aspects

When introducing or modifying a shift scheme, 
an effective methodology should follow precise 
steps, including in particular:

 1. A preliminary, general plan taking into 
account the various conditions at play, such as 
legislative and contractual provisions, service 
and/or production requirements, working 
conditions.

 2. A careful analysis of the traits of the persons 
involved, with a focus on demographic aspects 
(e.g., age, gender), workloads in the different 
shifts, risk factors, personal conditions (e.g., 
family and social status, commuting).

 3. The structure of the shift schedule based on 
the previously mentioned ergonomic criteria.

 4. The shift system’s introduction and a verifica-
tion of the degree of acceptability by a sample 
group of workers for a given period, including 
the recording of appropriate indicators (e.g., 
subjective assessment, working behavior, 
absenteeism, errors).

 5. The final implementation of the new shift sys-
tem after adequate adjustments addressing 
any indications emerging from the previous 
phase.

The planning of shift work in hospitals is 
complex because it involves multiple organiza-
tional aspects based on the type of assistance pro-
vided (e.g., intensive care, medical, surgical, 
laboratory, and specialist services) and the opera-
tional standards in terms of the staff/patient ratio, 
the type of intervention, and the quantity and type 
of professionals available and/or necessary in 
each shift. Various interventions aimed at com-
pensating for the inconveniences caused by shift 
work have been proposed and adopted in recent 
years, often in very different and empirical ways 
depending on the different working conditions 
and specific, company-wide problems. According 
to Thierry [40], these interventions can be divided 
into two categories:

 (a) The “counterweights,” intended solely to 
compensate for inconveniences or 
 disturbances caused by the shift system. One 
that is usually (and often uniquely) adopted 
is the increase in remuneration for work per-
formed at night and during holidays. This 
constitutes a simple translation of the various 
aspects of the problem into monetary terms, 
which often has no direct connection to their 
specificity or seriousness, as the increase in 
remuneration may differ considerably as a 
function of contractual rules, trade union 
power, economic conditions, and company 
production needs. Other, more useful “coun-
terweights” represent actions aimed at 
improving working conditions such as envi-
ronmental hygiene, workload, and pace.

 (b) The “counter-values,” aiming at reducing or 
eliminating the causes of adverse conse-
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quences or inconveniences. Among these, the 
following must be reported at an organiza-
tional level: the reduction of night work by 
limiting the number of night shifts during the 
year and/or reducing the duration of the shift 
itself; the introduction of scheduled breaks 
providing an opportunity to enjoy hot meals 
and take short naps; a higher number of com-
pensatory rest days or holidays proportional 
to the number of night shifts worked; the pro-
vision of adequate social services (e.g., trans-
portation, nursery schools, kindergartens) 
through appropriate agreements with local 
authorities and commercial organizations; 
the possibility to switch to day work tempo-
rarily, at regular intervals, and/or perma-
nently after a certain number of years 
assigned to the night shift or at a certain age.

29.4  Some Considerations 
for Resident Doctors

The path to becoming a doctor is notoriously dif-
ficult. Medical residencies are institutional 
internships and are therefore structured to serve 
the dual, often competing, purposes of training 
new generations of professionals while respond-
ing to the working needs of a hospital. Despite 
improvements brought about by good-faith 
efforts, the physical and emotional demands on 
residents have few comparisons in modern soci-
ety. Some of these pressures are inherent to the 
nature of the profession. Most people cannot 
imagine a workday when a mental lapse or an 
error in judgment can deprive another person of 
their hearing, brain functioning, or even life. But 
those in the medical profession are expected to 
grin and bear it, and come back the next morning 
for their 6 a.m. shift.

Other demands are less easily explicable. 
Residents in the USA are expected to spend up to 
80  h a week in the hospital and endure single 
shifts that routinely last up to 28  h, with such 
workdays required on average about four times a 
month [41]. Overall, residents usually work more 
than twice as many hours annually as their peers 
in other white-collar professions, such as attor-
neys in corporate law firms, and face a grueling 

schedule that potentially puts both caregivers and 
patients at risk. In Europe, on the other hand, 
residents are subject to a maximum workweek of 
48 h, with no “apparent” harm to patient care or 
to the educational component of residencies. This 
workweek policy in Europe is just considered to 
be a legal formality, as the extension of work 
hours is common practice in any hospital and 
clinical ward. This disregard for the law, due to 
economical and organizational deficiencies, is 
not just an injustice to the worker, but also a seri-
ous clinical risk to patient safety. Residents are a 
cheap source of skilled labor that can fill gaps in 
staff coverage while being paid a fixed, modest 
salary. Hence the non-compliance with the 
European directive is something even more 
important in the context of residency. Residents 
are usually the last step in the health ladder and 
the more expendable.

This misconduct is so deeply rooted within the 
health system not only by systemic problems 
(such as a shortage of trained medical doctors, a 
lack of nurses, and difficulties in logistics) but 
also because of an overreliance on residents. In 
fact, usually owing to their willingness to learn 
more and learn faster, residents choose to work 
more than dictated by the law, without concern 
for their condition and, unfortunately, for patient 
safety. Surely there is a bigger problem among 
US residents in particular, seeing as, before 2011, 
it was routine for them to spend 100 or even 
120 h a week in the hospital, with single shifts 
extending up to 48  h and beyond. In 2011, the 
Accreditation Council for Graduate Medical 
Education established additional restrictions [42] 
among other things, by reducing the maximum 
shift duration to 16 h for first-year residents (also 
known as “interns”) and to 28 h for more experi-
enced residents [43]. But looking closely at the 
effects of the new rules, it is unclear how much 
residents’ working lives have actually changed. 
Averaging 80-h workweeks and regularly putting 
in 28-h shifts is still brutal by any measure. On 
the other hand, in 2017, the limit placed by the 
2011 law was reverted back to 24 h per shift for 
first-year surgery residents. This change was jus-
tified by the publication of the Bilimoria study 
[44], which claimed that longer shifts may be 
better for patients and for the training of young 
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doctors. The findings of this article have been 
confirmed by another article written about resi-
dents of internal medicine and published in 2019, 
in which it was shown that the exposure of inter-
nists to working time reforms during their resi-
dency was not associated with post-training 
differences in patient mortality, readmissions, or 
costs of care [45].
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