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Abstract

The objective of this paper is to present some re-
cent chronobiological findings related to shift
and night worker adaptation. First, some key
chronobiological concepts concerning the hu-
man species are presented. The authors then
discuss the possible impacts of work schedules
on shift workers’ and night workers’ health. Fi-
nally, countermeasures that might allow adjust-
ing the workers’ biological rhythm to shift and
night work are discussed.
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Chronobiology: the study
of biological rhythms

Our social life is governed by three different
clocks: the solar clock, that is, the alternation
between day and night, the social clock, which
we see or feel at the beginning of a day’s jour-
ney, and the biological clock 1. The interaction
between these three clocks results in rhythmic
behaviors called circadian rhythms, each last-
ing around 24 hours. The sleep/wake cycle, the
alternation between sleep and wakefulness, is
the most evident of such rhythms. A detailed
observation of the way our bodies work allows
a description of several circadian rhythms with-
in the different body systems; it can thus be
stated that the essence of living matter lies in
rhythmicity. Such rhythms establish temporal
relations or phase relations which constitute
the so-called internal temporal order. After
nightfall, before people fall asleep, their plas-
ma melatonin levels increase. Before dawn an
increase in plasma cortisol occurs, preparing
the body for wakefulness. During pre-dawn hours
the body temperature drops to its minimum,
reaching its maximum in the early evening.
The current idea that a biological clock in
the hypothalamus controls the expression of
such rhythms should be expanded to incorpo-
rate other structures both inside and outside
the nervous system and participating in the so-
called circadian timing system, essentially a
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multioscillatory system. Cultures of nerve cells
and other tissues (such as liver and lung) display
self-sustained circadian oscillations, demon-
strating that numerous tissues have molecular
clocks capable of generating and maintaining
circadian oscillations.

Recent studies suggest that the hypothala-
mic suprachiasmatic nuclei (known for some
decades as the mammals’ biological clock) act
not as pacemakers but as internal synchroniz-
ers, thus allowing different levels of synchro-
nization within our bodies 2. Internal synchro-
nization is the timed coordination of multiple
individual oscillators, without the need for an
external Zeitgeber 3.

Based on the above concepts, maintenance
of the organism’s temporal order can be said to
depend on two basic processes: the synchro-
nizing effect of environmental cycles - or ex-
ternal Zeitgebers — represented by the solar
and social clocks through a process called en-
trainment, and the interaction between the or-
ganism’s oscillators, which allows internal syn-
chronization. Entrainment depends on a cas-
cade of events, beginning with the perception
of light by the retinal ganglion cells. Processing
of such information by the central nervous sys-
tem allows entrainment, triggering the internal
synchronization process. In order to trigger this
process, the central nervous system uses differ-
ent output signals to spread the circadian mes-
sage throughout the brain and body 4. This
process involves direct and indirect neuronal
projections and secretion of polypeptides 5.
The internal synchronization process is based
on multiple feedback mechanisms, resulting in
a coordinated rhythmicity of the organism’s
physiology and behavior. One can thus under-
stand the mechanisms through by which changes
in the social clock are able to modify the func-
tioning of virtually the entire organism. Changes
in the internal temporal order are frequently
associated with several diseases 6.

The relationship between the circadian
rhythms and Zeitgebers can be described
through phase response curves (PRCs). A PRC
is derived by applying a given stimulus at dif-
ferent times or at circadian phases and mea-
suring the effect on the phases of the circadian
system. For example, light “pulses” applied be-
fore the time the core body temperature drops
to its minimum level, that is, in the first half of
the night, produces phase delays, whereas light
“pulses” applied after the time the core body
temperature reaches its minimum level (at the
end of the night) produces phase advances.
The magnitude of the phase shift depends on
the intensity and duration of exposure to light,
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although this relation is non-linear. Since the
human circadian system has an endogenous
period slightly longer than 24h, it tends to drift
later and later each day 7. Phase delays there-
fore occur more readily than phase advances in
the human species.

Detailing the mechanisms involving syn-
chronization processes allows understanding
both their plasticity and their limits. One of the
most important findings is that the human
species is diurnal. Although there are marked
individual differences in preferences for sleep
and wakefulness schedules, in the human species
night and sleep are events that should always
occur simultaneously.

Several recent studies have attempted to
establish the biological basis for individual dif-
ferences comprising the circadian timing sys-
tem, from which the so-called chronotype orig-
inates. Such studies suggest that differences in
diurnal preferences, which allow classifying
morning and evening individuals, may be re-
lated to polymorphisms in the genes that make
up the human species’ molecular clock 8.9.

Swimming against the tide

The maintenance of stability between the so-
lar, social, and biological clocks goes almost
unnoticed throughout the lifetime of a person
who works during the day and sleeps at night.
On the other hand, night workers suffer from
the incompatibility between their work sched-
ule and family/social engagements. As with
night workers, shift workers are subject to prob-
lems arising from the temporal contradictions
to which they are exposed.

Shift work is characterized by the continu-
ity of production or provision of services, which
is only possible with several teams of workers
at the same workplace. These teams can either
change their time of work or work under a fixed
schedule, including night shifts. Both changes
in schedules and night work can be factors for
several diseases, such as gastric, cardiovascu-
lar, and sleep disorders.

For example, gastric disorders can be relat-
ed to changes in dietary habits as a consequence
of the work schedule. Many workers increase
their coffee, alcohol, and drug consumption,
presumably to help stay awake.

In a study of 40 truck drivers working under
fixed schedules (only during regular working
hours) and truck drivers who had irregular
schedules (including night work), Pasqua et al. 10
compared the consumption of food and drugs.
Most truck drivers exposed to irregular sched-



ules (83.3%) consumed an average of 54 stimu-
lant pills (pills that stimulate the central ner-
vous system) per month. On the other hand,
consumption of stimulants by truck drivers
working regular schedules was much lower; a
low percentage (6.3%) stated that they con-
sumed an average of 0.5 pills per month. In ad-
dition to drug consumption to stay awake,
most night workers change their dietary habits
as a function of the availability of food during
the early morning hours. According to Water-
house et al. 11, night workers have an altered
food intake during the working hours when
compared to days off and are more dependent
on snacks than day workers.

Assis 12 studied the dietary habits of garbage
collectors in the city of Florianépolis, Santa Ca-
tarina State, Brazil, according to the shift (morn-
ing, evening, and night). During the night and in
the early morning hours, night workers usually
had meals and snacks with a higher caloric con-
tent (fat and carbohydrate) than day workers.

In short, gastric problems in shift and night
workers may result from the summation of sev-
eral factors: changes in dietary habits, con-
sumption of substances that presumably help
stay awake, and availability of food in the early
morning hours. According to Costa 13, 20.0-
70.0% of night workers complain about several
gastric disorders, ranging from appetite and di-
gestive disorders, heartburn, abdominal pains,
constipation, borborygmus, and flatulence to
more serious diseases such as chronic gastritis,
gastroduodenitis, peptic ulcer, and colitis.
Among day workers, this percentage drops to
10.0-25.0%.

Shift work can also represent a risk factor
for the development of cardiovascular diseases.
However, the main difficulty in establishing a
causal relationship between shift/night work
and cardiovascular diseases is to eliminate
confounding factors, which can act both as risk
factors and as mediators in the development of
these diseases. Age, tobacco consumption, obe-
sity, and social status are some factors that re-
quire more in-depth investigation in order to
determine the relationship between shift work
and cardiovascular diseases 14.

For example, in a group of truck drivers
where the majority worked irregular schedules,
there was a high prevalence of sedentary habits,
inadequate dietary habits, and overweight 10,15,
A large number of smokers and hypertensive
individuals were also observed in this group 16.
These characteristics represent risk factors for
various cardiovascular diseases such as systemic
arterial hypertension, hypercholesterolemia,
and coronary disease.

WHAT HAPPENS TO THE BODY WHEN ONE WORKS AT NIGHT?

In other words, many shift and night work-
ers display several risk factors for cardiovascu-
lar diseases, and such diseases do in fact occur
within this professional category, exactly be-
cause individuals work at unusual times. The
numerous risk factors involved hinder studies
that include adequate control of confounding
factors. Nevertheless, based on the results of
several longitudinal studies, it is now possible
to ascertain a strong association between shift
work and coronary disease 6.

Risk factors related to sleep disorders are
also frequently observed in some professional
categories (such factors can also simultaneous-
ly contribute to other disorders). For example,
obesity, which is highly prevalent among truck
drivers, is a strong independent risk factor for
obstructive sleep apnea (OSA), defined as re-
current respiratory alterations during night-
time sleep resulting from obstruction of the
upper airways 17. Such nighttime respiratory
interruptions lead to sleep fragmentation and
activation of the sympathetic nervous system.
Sleep fragmentation, typical of individuals with
OSA, results in excessive diurnal sleepiness. A
complex physiopathology sets in, including ac-
tivation of the sympathetic nervous system,
which can contribute to cardiovascular com-
plications in individuals with OSA. In short,
obesity, a risk factor for both OSA and cardio-
vascular disease, is highly prevalent among some
professional categories, usually shift workers.

When dealing with shift and night workers,
close attention should be given to sleep disor-
ders, sleep-related complaints, and diurnal
sleepiness, since these factors hinder adapta-
tion to shift and night work. Such disorders no
doubt result from disruption in the diurnal na-
ture of the human species, which has to cope
with the inversion of the sleep and wakefulness
periods.

Several authors have described sleep for
shift and night workers as shorter than that of
day workers. Diurnal sleep also displays some
structural differences, that is, the duration of the
diurnal sleep phases is not the same as that ob-
served in nocturnal sleep 18,19. The result of this
reduction leads to chronic sleep deprivation,
typically observed in shift and night workers.

The relationship between shift work and
several diseases such as cancer and diabetes
has been investigated in some studies 20.21, but
further research is required to establish con-
clusive findings 6.

It might appear that other factors besides
the work schedule itself may lead to the con-
clusion that night work is a risk factor for a se-
ries of diseases. However, several studies have
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demonstrated that inversion of the sleeping/
waking cycle by night work per se can be con-
sidered an isolated risk factor.

Reduction of diurnal sleep, for example, oc-
curs due to a circadian effect; the duration of
diurnal sleep depends on the time of the day in
which it takes place 22. Morgan et al. 23 have re-
cently suggested that the time-dependent dif-
ferences in postprandial responses can also be
related to the risk of several diseases among
shift and night workers.

The fact that night workers do not show any
signs or symptoms of a disease previously re-
lated to night work suggests the importance of
individual differences in adaptation to work 24.
Individuals appear to deal with the several fac-
tors that influence adaptation to a given work
schedule in different ways.

It is exactly in extreme situations that indi-
vidual differences become most evident, as in
night work. Inversion of the work schedule,
which acts as a social synchronizer, generates a
change in the phase relationships among the
rhythms. This change occurs subsequently to a
sudden change in the environmental synchro-
nizer. This is exactly what happens with night
workers or shift workers. In other words, a
change in the temporal reference responsible
for the entrainment of biological rhythms takes
place. The result is disruption of the internal
temporal order, as the resynchronization of the
several rhythms does not occur at the same
speed. Thus, differences between individuals
in such disruption and the subsequent reestab-
lishment of the internal temporal order be-
come quite clear. Therefore, for the morning
chronotype, staying alert during night shifts is
more difficult than for the evening chronotype.

As for gender differences and adaptation to
work, some studies have demonstrated that
women’s social role exerts an influence on the
magnitude of their adaptation. This is because
in many countries women are responsible for
both household tasks and the children, thus
bearing a double burden (work plus domestic
chores) 25. However, there is strong evidence of
an association between shift work and prob-
lems related to pregnancy. In a review of dis-
eases related to shift work, Knutsson 6 high-
lights that consistent results have been ob-
served between shift work and low birth weight,
preterm birth, and miscarriage. The author al-
so emphasizes that even in the absence of ad-
ditional studies, pregnant women should avoid
shift work or night work.
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Could knowledge of biological
rhythms help shift workers?

Monk 26 has published a review article on the
role of chronobiology in minimizing problems
faced by shift workers, with the following excit-
ing title: What Can the Chronobiologist Do to
Help Shift Workers?. Shift workers do need help,
he says. Could knowledge of biological rhyth-
micity help them? No doubt it could, since the
problems they face are not merely adjacent to
work schedules, but are caused by disruption
of the stability between the external and inter-
nal clocks.

An example is the phase changes in biologi-
cal rhythmicity resulting from the inversion of
sleeping and waking times experienced by shift
and night workers. In other words, shift and
night workers have to be alert during the phase
opposite to their natural waking time. Knowl-
edge of workers’ biological rhythms would al-
low intervention in (and consequent adjust-
ment of) such rhythms. Circadian phase indices
could be used to investigate phase changes in
workers’ biological rhythms. Among these in-
dices, the urinary melatonin metabolite 6-sul-
phatoxymelatonin (aMT6s) has been widely
utilized in studies involving shift workers.

Barnes et al. 27 studied oil workers on a ro-
tating system consisting of 2-week day shifts
(06:00-18:00) and a 2-week period of night shifts
(18:00-06:00) throughout a sequence of day
and night shifts. The results showed adaptation
to night shifts by delaying the 6-sulphatoxymela-
tonin rhythm in the first week of the night shift
period. Among the adjustments observed in
night workers’ biological rhythms, the phase
delay prevails, matching the 10-hour delay in
the sleep onset. In general, shift workers go to
bed around 9:00 am (depending on the end of
their shift), thus having the opportunity to en-
joy the company of the family in the late evening
hours 24,28,

Barnes et al. 29 studied the crews of two off-
shore drilling rigs working under a one-week day
(12:00-00:00) and one-week night (00:00-12:00)
swing shift. Members of one crew (n = 11), stud-
ied in winter, showed no change in their 6-sul-
phatoxymelatonin rhythm during the night shift.
Members of the other crew (n = 7), studied in
summer, showed a significant phase advance in
their melatonin rhythm during the night shift.
Such data indicate that both the type of shift and
the season influence the direction and degree of
adaptation. This explains why melatonin onset
does not always match sleep onset.

Some workers sleep either a few hours be-
fore starting work, or a few hours soon after



finishing the night shift. On a study of female
night workers, Moreno 30 observed that some
women either delayed or advanced their sleep
episodes as a function of their household tasks
and activities involving the children. However,
in some individuals this endogenous human
capacity, that is, having more than one episode
of sleep in a 24-hour period, is barely ex-
pressed. Their sleep follows a monophasic pat-
tern; in other words, they tend to sleep only
once a day.

At any rate, experiencing more than one pe-
riod of sleep per day or taking naps has been
suggested as one of the possible strategies to
adapt to shift and night work.

Exposure to light as a means to promote
adjustment of workers’ biological rhythms is
another strategy that has been studied for the
last two decades. Several field studies by the
National Aeronautics and Space Administra-
tion (NASA) resorted to long high-intensity ex-
posures to produce adaptation to shift work
31,32 It has also been demonstrated that short
periods of exposure to light can produce the
same effects as long periods of exposure to
light. Another study has demonstrated that ex-
posure to intermittent light (six 40-minute light
pulses) produces an adjustment in the circadian
rhythm. In an extensive review article, Burgess
7recommends exposure to medium-intensity
light and/or to intermittent light during night
work as a strategy to promote adaptation to the
work schedule. On the other hand, exposure to
sunlight on the way home after a night shift
may impede adaptation. Wearing sunglasses
on the way home has also been recommended
by several researchers 7,33.

In addition to exposure to light at specific
times and amounts, the administration of ex-
ogenous melatonin is another possible strategy
for promoting adjustment of biological rhyth-
micity, but there have been few field studies on
the subject 31. Burgess 7 also points out that in
the majority of these studies no index related
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to the circadian phase has been used, which
makes it difficult to evaluate the actual adjust-
ment of the rhythms. Moreover, the author
points out that these studies were developed in
laboratories, not in the field.

So far, only one field study where an index
of the circadian phase was used to evaluate the
effects of melatonin on the circadian rhythms
of nurses and hospital clerical staff has been
published 34. The participants worked for sev-
en consecutive night shifts, having seven days
off. During two consecutive weeks, a low dose
of melatonin (0.5mg) or placebo was taken at
bedtime after the night shift. Melatonin pro-
duced larger phase delays than the placebo in
7 of the 24 subjects studied. Three subjects also
experienced a phase advance due to the use of
melatonin. The results of this study appear to
be promising concerning the use of melatonin
as a strategy to adapt to work. Nevertheless,
additional studies are needed before the use of
melatonin becomes common among shift and
night workers.

Final remarks

Intervention with the purpose of reducing the
impact caused by the dissonance between the
environmental synchronizer and the circadian
timing system should be based on two ap-
proaches. The first relates to changes in the or-
ganization of work shifts by establishing sched-
ules that would minimize the risk of accidents
and damage to the worker’s health. The other
involves measures that would facilitate adapta-
tion of the worker’s body, thus reducing inter-
nal desynchronization. The habit of taking
naps, manipulating light stimulation by the use
of artificial light, wearing sun glasses, and ad-
ministration of exogenous melatonin seem to
be promising measures, but further detailed
studies are needed to make such measures
safer and to preserve workers’ health.
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Resumo

Este artigo tem o objetivo de apresentar alguns avan-
cos cronobiologicos recentes relacionados a adaptagdo
de trabalhadores a esquemas de trabalho noturno e/ou
em turnos. Em um primeiro momento, é feita uma
apresentacdo de conceitos cronobioldgicos e de recen-
tes achados nessa drea relacionados a espécie huma-
na. Em seguida, sdo apresentados possiveis efeitos dos
hordrios de trabalho na satide desses trabalhadores.
Por ultimo, sdo discutidas medidas de intervengdao
para possibilitar o ajuste da ritmicidade biologica dos
trabalhadores como promogao a adaptagdo ao traba-
lho em turnos e noturno.

Trabalho Noturno; Trabalho em Turnos; Satide Ocu-
pacional; Cronobiologia
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