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Abstract. — OBJECTIVE: Nursing is a high-
stress occupation, and recent research of circadi-
an rhythm desynchronization has focused on its
consequences for nurses’ health. Moreover, shift-
work, sleep disturbances, nightmares, and health
issues are closely related to individual circadian
preferences (‘chronotype’). The aim of this narra-
tive mini-review was to check the available litera-
ture to collect findings on the interrelationships
among these aspects, as well as to determine the
possible consequences for performance.

MATERIALS AND METHODS: We explored
the PubMed, EMBASE and Google Scholar elec-
tronic databases using the search terms ‘Nurs-
ing’, ‘Stress’, ‘Sleep disturbances’, ‘Nightmares’,
‘Circadian rhythm’, ‘Desynchronization’, ‘Chro-
notype’, ‘Performance’, and ‘Sex/Gender’. Due
to the wide heterogeneity of studies, with most
including only some of these terms, we proceed-
ed to single data extractions after analyzing the
studies case by case and decided to conduct a
narrative mini-review.

RESULTS: Shift work, due to the regular alter-
ations of the daily light profile, disrupts the nor-
mal circadian sleep-wake cycle and is associat-
ed with impaired health among rotational shift
workers, with nurses on the frontline. Circadi-
an desynchronization may be associated with
adverse effects on nurses’ health and may be a
risk factor for stress, metabolic disorders, and
sleep disturbances, including nightmares, and
stress operates in a bidirectional fashion. Chro-
notype plays a crucial role as well, since the
asynchrony between one’s chronotype and so-
cial working hours (social jetlag) may gener-
ate problems, since the time-of-day and optimal
performance are strongly connected.

CONCLUSIONS: Circadian rhythms, chrono-
type, sleep, health, and working performance
are strongly connected. The assessment of

chronotype could represent a tool to identify
health care personnel at higher risk of circadian
disruption, allowing for mitigation of work-relat-
ed stress and sleep disturbances, and reducing
the risk of making working errors.
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Introduction

Stress has been considered an occupational
hazard since the mid-1950s!, and nursing rep-
resents a high-stress condition due to the clas-
sical four sources of anxiety: patient care, deci-
sion-making, taking responsibility, and change’.
A couple of decades later, Freudenberger® coined
the term “burnout” to describe workers’ reactions
to the chronic stress common in occupations in-
volving numerous direct interactions with people.
Burnout refers to a constellation of feelings of
exhaustion, depersonalization, and a low sense
of personal accomplishment that develops sec-
ondary to long-term occupational stress®. It has
been explored work stress among health care
personnel in different settings and countries, with
most of them focusing on nurses®. A recent sys-
tematic review® found that midwives are exposed
to moderate levels of emotional exhaustion and
low levels of personal accomplishment, although
midwives with less than ten years of experience
were more vulnerable to burnout than those with
ten years or more.
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Living organisms try to maintain biological
homeostasis during environmental or physio-
logical challenges and protect against internal
or external stress by using several mechanisms,
e.g., the hypothalamic-pituitary-adrenal (HPA)
axis, the sympatho-adrenomedullary system
(SAM), and the cardiovascular, metabolic, and
immune systems®. Exposure to psychological
stressors activates two different pathways, and
the final result includes either rapid SAM-medi-
ated reactions’ or delayed responses mediated by
the HPA axis®. Significant correlations between
nightmares and high levels of anxiety and stress
have been reported for university students’ and
stockbrokers!®. Moreover, individuals with fre-
quent nightmares could have a reduced physio-
logical adaptability to stressors, since a blunted
cortisol awakening response has been found in
working women®. Thus, given the high stress
level of nurses, the present minireview aimed
to verify, by consulting the literature, the pos-
sible relationship between sleep disturbances,
including nightmares, circadian rhythm desyn-
chronization, chronotype, nursing activity and
working performance, and even sexual activity
(Figures 1 and 2). We explored the PubMed,
EMBASE and Google Scholar electronic data-
bases using the search terms ‘Nursing’, ‘Stress’,
‘Sleep disturbances’, ‘Nightmares’, ‘Circadian
rhythm’, ‘Desynchronization’, ‘Chronotype’,
‘Performance’, and ‘Sex/Gender’. Due to the
extreme heterogeneity of the studies, with most
addressing only some of these topics, we pro-
ceeded to single data extractions and analyzed
the studies case by case, and only a narrative
mini-review was possible.
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Figure 1. The complex relationship between nursing activ-
ity and working performance.
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Figure 2. The multifaceted relationship between night-
mares and physical and psychological health.

Sleep Disturbances and Nightmares
Sleep disorders are common across a woman'’s
lifespan, and women report more sleep difficul-
ties and insomnia than men'!. In addition to a
higher frequency of sleep disorders in women, a
series of sex-related differences for many sleep
and dreaming items exist, such as dream content
and recall, self-reported dream perspective, shar-
ing dreams, lucid dreaming, and daydreaming'.
Another consequence of poor sleep quality in
women is its association with sexual dysfunction.
Data from a recent study'® by the Mayo Clinic,
USA, on more than 3,400 subjects found that
women with poor sleep quality were 1.5 times
more likely to report female sexual dysfunction
(p<0.001), and sexually active women were more
likely to report good sleep quality than sexually
inactive women (25% vs. 21%, p=0.003)"3.
Parasomnias, and nightmares in particular, are
severe sleep disorders. Parasomnias represent a
group of sleep disorders characterized by ab-
normal, unpleasant, motor, verbal or behavioral
events that occur during sleep or wake-to-sleep
transitions. They can be observed during both
rapid eye movement (REM) and nonrapid eye
movement (NREM) sleep states, with a life-
time prevalence in adults of approximately 66%'".
Nightmare is defined as an “extended, extremely
dysphoric” dream that “usually involves efforts
to avoid threats to survival, security, or physical
integrity’”>'®. The prevalent emotion is fear, al-
though other emotions such as anger, shame and
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sadness may be reported. Nevertheless, contrary
to night terrors that exhibit confusional arousals,
incomplete awakenings and difficulties in being
comforted, individuals with nightmare disorder
usually wake up completely, orient immediate-
ly and remember the dream vividly"”. Frequent
nightmares are associated with several mental
complaints, sleep disruptions and insomnia, as
well as with compromised daytime functioning
and tiredness upon getting up'’. Moreover, day-
time sleepiness, lack of energy, difficulties in
concentrating, worries about insufficient sleep,
increased mental distress, anxiety, depression,
poor performance, maladaptive personality func-
tioning, and even increased risk of attempting
suicide have been reported”. In addition, night-
mares, by causing further stress and perpetuating
the psychopathology, could progress to the point
of becoming a chronic sleep disorder'.

Similar to other sleep disorders, nightmares
are more common in women. A meta-analy-
sis study"” demonstrated a gender difference in
nightmare frequency; i.e., women tended to re-
port nightmares more often than men, although
this gender difference was only found in adoles-
cents and young and middle-aged adults but not
in children or older persons”. The results from a
Japanese study™ on high school students found
that the incidences of nightmares among junior
and senior high school students were 28% and
7%, respectively. Significant predictive factors
for the onset of nightmares, among others, were
poor subjective sleep quality (OR 1.60, p=0.010)
and female sex (OR 1.82, p<0.001)8,

The majority of nurses are women, and they
may experience frequent nightmares due to their
stressful work, and nightmares and stress occur
in a bidirectional fashion. The bidirectional as-
sociation between stress severity and nightmares
was studied in a sample of approximately 400
nurses (92% women), 47% of whom reported
in a diary at least one nightmare across two
weeks?. Days with greater stress were associated
with higher odds of experiencing a nightmare
(OR=1.22, p=0.001), as well as a greater night-
mare severity (p=0.033), and a nightmare occur-
rence was associated with greater next-day stress
severity (p<0.001)%.

The recent COVID-19 pandemic, due to the
impressive burden of stress placed on health
workers, caused an increase in sleep disturbanc-
es and nightmares. A Chinese study?' of more
than 500 health care workers engaged in Wu-
han during the coronavirus 2019 outbreak (114
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doctors, 414 nurses) found that 27% of subjects
reported frequent nightmares®. Reduced sleep
duration and reduced sleep efficiency were inde-
pendently associated with frequent nightmares
(OR=1.96 and OR=2.17, p=0.029 and p=0.027, re-
spectively), and subjects with both reduced sleep
duration and sleep efficiency were also associated
with frequent nightmares (OR=2.70, p<0.001)*".
The Nightmare Disorder Index (NDI), an efficient
and valid tool for self-assessment of nightmare
disorders, could be recommended for nightmare
screening, particularly for high-risk populations
such as health care workers?.

Circadian Rhythms, Chronotype, and
Desynchronization

Circadian rhythms represent ubiquitous bio-
logical oscillations of approximately 24 h periods
that are present and conserved in all living or-
ganisms. The daily timekeeping system is called
“circadian” from the Latin “circa diem,” which
means “approximately a day,” derived from the
duration of a cycle of Earth rotation®. This system
1s both autonomous and self-sustainable, based
on cell autonomous, transcriptionally based, mo-
lecular mechanisms, named circadian clocks but
also continuously entrained by external time cues
(called “synchronizers”)®. The endogenous cir-
cadian system confers a selective advantage of
anticipation to living organisms, enabling them
to prepare and respond to environmental factors
in a temporally appropriate manner®. Thus, these
circadian rhythms also prepare the cardiovascu-
lar system for optimal function to match the daily
anticipated behavioral and environmental cycles,
including variable activities when awake during
the day and recuperation when sleeping at night®*.

In humans and other mammals, many phys-
iological processes are affected by circadian
rhythms, but individual and gender differenc-
es exist, roughly summarized under the con-
cept of morningness/eveningness®. Horne and
Ostberg?® first published a self-assessment ques-
tionnaire to evaluate individual differences in
circadian attitudes, categorizing people as eve-
ning-type (E-type), morning-type (M-type), and
neither-type or intermediate (I-type)*. Individual
differences in chronotype, or in other words, the
individual’s preference for the timing of daily
activities, are associated with markers of circa-
dian physiology such as the peak, amplitude, or
period of core body temperature, melatonin, and
cortisol®?”, Individual chronotypes also exhibit
differences by sex and age. Men are on average
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more evening-oriented than women, but these
sex differences decrease with time: young wom-
en are more morning-oriented than young men,
but older women are less morning-oriented than
older men®. Chronotype may be associated with
general health issues. Findings of a review by
Fabbian et al*” reported that E-type is more likely
to be associated with unhealthy dietary habits,
smoking, alcohol drinking (in younger people),
diabetes and metabolic syndrome, psychopatho-
logical issues, and reduced school performance.
The eveningness influence over psychological
issues may also be gender-specific, and female
E-types report less positive affect after the morn-
ing wake-up than female M-types®. In contrast,
men do not show such a relationship®!. Sex/gender
differences have also been found for risk-taking,
a complex form of decision-making that involves
a calculated assessment of potential costs and
rewards, immediate or delayed. Although men
show a higher propensity for risk-taking, E-type
women take significantly more risks than I-type
and M-type women*?.

While homeostasis with the environment en-
sures a regular thythm in biological pathways,
‘modern’ perturbations have been shown to alter
rhythmic patterns. Light is the strongest synchro-
nizer of the human circadian timing system, and
the discovery of electric light and the consequent
possibility of artificial lighting opened up the era
of shiftwork and night work. Moreover, the possi-
bility of rapid air travel across several time zones
exposes the traveler to a shift in the internal bi-
ological clock, with transient rhythm desynchro-
nization, which lasts until the biological rhythms
adjust to the new environmental conditions®. In
particular, eastward flights (phase advance) take
longer to re-entrain the circadian clock than west-
ward flights (phase delay)®*. A growing body of
evidence has also shown that daylight saving time
(DST) is a cause of rhythm desynchronization. In
fact, quite similar to jet lag, DST produces a tem-
porary misalignment of the endogenous circadian
clock, and the spring DST shift (phase advance)
is likely to disrupt circadian rhythms more than
the autumn DST (phase delay)**. Transitions into
and out of DST may lead to sleep disturbance and
sleep deprivation, fatigue, headache, loss of atten-
tion and alertness, reduced motivation, and expo-
sure to a higher risk of cardiovascular disease®>-*.

Shift work (SW) with night work, due to the
frequent changes of daily light profiles, disrupts
the normal circadian sleep-wake cycle and is as-
sociated with impaired health. In particular, sleep

disturbances and sleep deprivation represent the
most common problems among rotational shift
workers and night workers®*. Moreover, the
altered phase misalignment between the internal
clockwork and the external environment causes
decreased metabolic efficiency and disrupted car-
diac function®. Energy intake and expenditure,
sleep deprivation and fat intake have crucial roles
in the genesis of obesity, metabolic syndrome and
diabetes*’. Thus, night shift workers sleep fewer
hours, have a higher weight and body mass index
and have an almost three times higher rate of ab-
dominal obesity than day shift workers*'.

In addition to metabolic disturbances, SW
is associated with an increased overall risk of
mental health disorders, in particular, depression.
A meta-analysis** of more than 28,000 subjects
showed that SW women were more likely to
experience depressive symptoms than non-SW
women. Nursing, characterized by working in
shifts to ensure continuity of care throughout the
24 hours, is a prototype of SW. Thus, circadi-
an thythm desynchronization may be associated
with adverse effects on nurses’ health, since SW
is associated with an alteration in psychophysical
homeostasis, an obstacle for social and family
relationships, and it represents a risk factor for
stress, sleep disorders, metabolic disorders, dia-
betes, and cardiovascular disorders®.

The results of a systematic review showed that
working night shifts increased the odds of sick-
ness absence in nurses, a common indicator of
a stressful occupation*. Shift workers are more
likely to have unhealthy habits and sleep depri-
vation, and eating behavior is associated with a
more unbalanced diet and abnormal eating pat-
terns among female nurses*. Shan and colleagues
showed that the duration of rotating night shift
work and unhealthy lifestyle were independently
and jointly associated with a higher risk of type
2 diabetes mellitus among nurses*. A random-
ized, double-blind, crossover controlled clinical
trial conducted on a sample of overweight female
nurses working on a fixed night shift showed that
a short duration of nighttime sleep and high so-
cial jet lag (SJL)—the asynchrony between one’s
chronotype and social working hours—were risk
factors for dyslipidemia*’. In particular, 1 h less
of nighttime sleep increased very-low-density
lipoprotein cholesterol levels by 2.8 mg/dL*".

Circadian misalignment and its adverse effects
on metabolism seem to show sex-specific differ-
ences independent of behavioral and/or environ-
mental factors. In fact, the 24 h average levels of
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the satiety hormone leptin exhibit a 7% decrease
in women and an 11% increase in men, whereas
only in women does the hunger hormone ghrelin
increase by 8% during wake periods*. Chrono-
type plays a crucial role as well. A South Korean
study* on shift-working nurses revealed that SJL,
day-shift fatigue, and sleep quality during night
shifts affected the nurses’ sleep quality, and these
variables accounted for nearly 25% of the vari-
ance in overall sleep quality. Again, a study*® on
nurses working in a three-shift schedule (3S), fire-
fighters working in a 24-h-every-other-day shift
schedule (EOD), and dayworkers (DW) showed
that sleep disturbances were more frequent in
shift workers than DWs, and the evening chrono-
type had a relationship to the depressive mood in
shift workers. A systematic review®' showed that
evening-oriented female nurses were more likely
to show sleep disorders, insomnia, fatigue, and
anxiety than men and morning-oriented women.
Finally, sleep deprivation may also be a source of
long-term risk. In fact, positivity during screen-
ing for a sleep disorder in hospital shift workers
was associated with an 83% increased incidence
of adverse safety outcomes in the following six
months, such as motor vehicle crashes, near-miss
crashes and occupational exposures™.
Parasomnias and nightmares represent com-
mon complications of SW in nurses as well. A
Norwegian study* conducted on more than 2,000
nurses (91% women) with different work sched-
ules showed that nurses working a 2-shift (day
and evening) rotational schedule and a 3-shift
(day, evening and night) rotational schedule had
a higher prevalence of parasomnias than nurses
working days or nights only. Statistical signif-
icance was found for confusional arousal and
nightmares (OR 2.10 vs. 1.71 and 1.64 vs. 1.57,
respectively), and crude logistic regression with
nightmares as the dependent variable showed that
age, being married/cohabiting, and caffeine in-
take were negatively associated with nightmares,
whereas working 2-shift or 3-shift rotations were
associated with an increased risk of nightmares®.
In the adjusted analysis, 2-shift and 3-shift rota-
tional schedules remained significant, increasing
the risk of nightmares by 57% and 36%, respec-
tively>. A Turkish study** on more than 1,400 par-
ticipants, with three different professional groups
working different shift schedules (daytime, night,
or rotating shifts), showed that the lifetime and
l-year parasomnia (including nightmares) prev-
alence were 44% and 24.4 overall, respectively.
In particular, the l-year parasomnia prevalence
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among and daytime workers was 28% and 13%,
respectively, and working rotating shifts were an
independent risk factor for parasomnias®. Night-
mares and nightmare severity also showed sex/
gender and chronotype-linked associations. In
fact, nightmares were recalled more frequently
and rated as more distressing by E-type women
than by M-type women®. This association did
not hold for men, and the eveningness/night-
mares association in women showed age-depen-
dent variations®. A tentative explanation could be
that E-types, compared with M-types, habitually
wake up at a later clock time and during an earlier
circadian phase, closer to the nadir of the core
body temperature (CBT) rhythm?"*3. Since the
acrophase of REM sleep propensity coincides
with the CBT minimum, E-types could be more
likely to recall the most intense dreams (and
nightmares)>’*%.

Time of Day and Performance

A few years ago, an interesting study> inves-
tigated the circadian and sleep-wake-dependent
regulation of cognition in a sample of men and
women in a forced dyssynchrony protocol. The
authors found circadian effects for reported sleep-
iness, mood, and effort in both men and women,
but with quantitative differences by sex. In fact,
the amplitude of circadian modulation was great-
er in women by several performance measures,
so their performance was impaired in the early
morning hours. In particular, the largest circadi-
an modulation was observed for effort, whereas
accuracy exhibited the largest sex difference in
circadian modulation®. Thus, the relationship be-
tween circadian rhythmicity, sex, and impaired
morning performance may have implications for
SW, since nurses are usually women.

The hypothesis of an association between
nightshift work and decreased psychomotor vig-
ilance has been further confirmed by Behrens et
al®®, who studied the mean reaction time, percent-
age of lapses and false starts, combining reaction
time and error frequencies, in a sample of female
shift workers. At the end of a night shift, reaction
times were increased, and the number of lapses
was higher compared to day shifts®. Time-of-day
and optimal performance are strictly connect-
ed, and brain imaging studies performed with
functional magnetic resonance found that task
performance during nonoptimal times of the day
may result in cognitive impairments leading to
increased error rates and slower reaction times®'.
The so-called ‘synchrony effect’ (in other words,
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better performance at optimal times of the day
according to the chronotype) plays a role in cog-
nitive performance. A group of young, healthy
participants, divided into M-types and E-types,
performed a given task in two sessions, in the
morning and in the evening®. E-types were more
accurate in the task than M-types, regardless of
the time of day. Based on both objective measures
(reaction times for hits, false alarms) and subjec-
tive evaluations (effort put into the performance),
the reaction times were slower in the morning,
whereas the effort was greater in the evening®.

A study® on more than 500 female nurses
working fixed day and rotating night shifts in the
United Arab Emirates reported that rotating night
shift nurses were more likely to have evening
or intermediate chronotypes and more likely to
report an alignment of shift work to their chrono-
type compared with fixed day shift participants.
Very recently, a systematic review® examined the
association between chronotype, heart rate vari-
ability (HRV), mood and stress response. Despite
the diversity of study designs, the results showed
that chronotype was associated with HRV, and
individual chronotype does not play a secondary
role in determining the level of performance.
In fact, it has been showed® that E-types per-
formed better during the evening or nighttime
tasks, whereas M-types performed better during
morning activities. Specifically, E-types showed
decreased HRV and HRV recovery in relation to
tasks performed during the morning or daytime
compared to M-types®.

For health care professionals, errors represent
the downside of performance, and medication er-
rors in particular are a major concern for health
care systems worldwide. The ‘near misses’, de-
fined by the World Health Organization as “an
error that has the potential to cause an adverse
event (patient harm) but fails to do so because it
is intercepted”®, are the most frequently report-
ed incidents. This is particularly important for
nurses since medication administration accounts
for 40% of the nursing clinical activity in hos-
pitals, and nurses, being directly responsible for
the patient’s care and safety, play a crucial role®.
Although the results from a systematic review
indicated stress, fatigue, increased workload,
night shifts, nurse staffing ratio, and workflow
interruptions as the main reasons for medica-
tion errors®, circadian misalignment and related
consequences, such as sleep deprivation, day-
time sleepiness, difficulty maintaining wakeful-
ness and alertness during waking hours, repre-

sent factors impairing performance and causing
errors. Nurses’ sleep quality immediately prior
to a working 12-h shift, was shown to be more
predictive of error than sleep quantity®’, but lack
of adequate resting can have consequences on
nursing performance even in the presence of
self-perceived high quality of sleep. A recent
web survey-based study®® evaluated the quality
of sleep and self-perception risk of medication
errors in a large sample of Italian nurses. Poor
quality of sleep was found in 88% of subjects,
and the risk of medication errors during the last
shift was reported by 76% of them, although
more than 60% of nurses reported a self-per-
ceived good/excellent quality of sleep. Thus, the
risk of medication errors was associated with
a poor quality of sleep and was independently
associated with a short resting time after a night
shift and a poor self-perception quality of sleep
(OR 3.165, p=0.003)%. Another study®, deliber-
ately based on the same methodological design,
showed that the perception of the risk of medi-
cation errors was also present in one out of two
midwives in Italy. In particular, midwives who
were younger, who had less working experience,
and who operated in shiftwork, were at higher
risk of potential medication error.

Conclusions

The quality of sleep is the most influential
parameter of workers’ quality of life, not only in
night shift workers but also for white-collar day-
time workers’”. Although the wide heterogeneity
of the studies may represent a potential source
of bias, a growing body of evidence indicates
the existence of a close association between
circadian rhythms, sleep, general and psycho-
logical health, and working performance. More-
over, personal circadian preference (chronotype)
seems to play a crucial role. In fact, a study of
older nurses working in direct patient care in
the United States identified factors at the (1)
individual, (2) unit-based work level and (3) or-
ganizational level associated with work ability”.
‘Protective’ individual factors include teamwork
and feeling healthy and capable of doing their
job. For unit-based work, a schedule capable of
accommodating work-life balance and person-
al chronotype promotes work ability”'. Night-
mares, coupled in a bidirectional manner with
stress, shiftwork, and chronotype, represent a
complicated puzzle of good health and perfor-
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mance in nurses. Assessment of individual chro-
notype and sleep attitude by means of validated
questionnaires has been proposed as an easy and
inexpensive way to identify nurses at a higher
risk of developing metabolic diseases’™. In fact,
the results from a national, cross-sectional study
of nurses in the United States showed that nurses
with mismatched chronotype and above average
sleep quality had an estimated 3.5 times higher
odds of being obese”. The assessment of chro-
notype could represent a tool to identify health
care personnel at higher risk of circadian dis-
ruption, to mitigate work-related stress, to pro-
duce better sleep quality, to improve personal
performance, and finally to reduce the potential
risk of possible errors. Thus, the organizational
policy could consider ergonomic turnaround,
characterized by proper shift assignment, chro-
notype and alignment with shift work, as well
as a novel model for work schedules that allows
for adequate off-duty days for sleep recovery
among nurses and that limits absenteeism due
to sickness.
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