-I-

Light & Engineering
Vol. 27, No. 3, pp. I4-25, 2019

Light
https://doi.org/I0.3

3

3B3/20I

B-

I20

synth
unit i

daily

pinea

LIGHT DESYNCHRONOSIS AND HEAITH

any

c

a sigr

on thr

Vladimir N. ANISIMOV

not

or

iolog
N.N. Petrov National Medical Research Oncology Centre of the Ministry of Health
of the Russian Federation, St. Petersburg, Russia
Email: aging@mail.ru

pecta
that tl
nifica
14,51

2.

SI

P1

l.INTRODUCTION

ABSTRACT

'

The most vital phenomenon of nature on the
planet Earth is the alternation of day and night,
light and darkness. The axial rotation ofour planet,
and at the same time, around the Sun, measures
the days, seasons and years of our lives. We accumulate the knowledge increasingly regarding the
role of the pineal gland as the main pacemaker of
body functions. Light inhibits the synthesis and secretion of melatonin hormone in the pineal gland,
and therefore the maximum blood level of this hormone in humans and animals of many species is observed at night, and the minimum level - during
daytime hours. The convincing data regarding circadian rhythm gene expression violation during aging has emerged in recent years [1]. It is significant
that with aging, the activity of the pineal gland is reduced, which is seen, first of all, by a rhythm disturbance and a decrease in melatonin secretion level
[2]. If the epiphysis can be considered as a biological clock of the body, then the melatonin can be

The review summarizes the modern knowledge
of the impact of day-night, light-darkness rhythm
disorders on the aging process and on the risk ofdevelopment of the age-related conditions. Significant
evidence has been obtained ofthat the constant artificial illumination and the daylight of the North
has a stimulating effect on the occurrence and development of tumours in laboratory animals. It has
been shown that long-term shift work, trans-meridian flights (jetlag) and insomnia increase the risk of
cardiovascular diseases, diabetes mellitus, and malignancies in humans. Particular attention is given
to the studies where the relationship between light
intensity, light wavelength and its ability to suppress the synthesis of melatonin produced at night
in the pineal gland, are investigated. It has been established that melatonin synthesis is most effectively suppressed with blue light sources of a wavelength from 446 to 477 nm. The use of exogenous
melatonin prevents premature aging of the reproductive system and the body as a whole prevents
the development of immune-suppression, metabolic
syndrome and tumours caused by light pollution.
An urgent task is to develop recommendations for
optimizing the illumination of workplaces and residential premises, of cities and towns as a prevention measure for premature aging and age-related
pathology, which, ultimately will contribute to the
long-term maintaining of performance and improving the quality of life.
Keywords: night light, light pollution, circadian
rhythm, melatonin, aging, cancer
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considered as a pendulum that runs these clocks; the
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decrease in the amplitude of the pendulum causes
the clocks to stop. Perhaps it will be more accurate
to compare the epiphysis with the sundial, in which
melatonin plays the role of a shadow from the an-

long
ing tr

cient astronomical instrument, i.e. the gnomon a rod casting a shadow from the sun. In the afternoon the sun is high, and the shadow is short (the
level of melatonin is minimal), and in the middle of
the night, there is a peak of melatonin synthesis and
its secretion into the blood from the pineal gland. At
the same time, it is important that the melatonin is
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but most effectively in the interval from 446 nm
to 477 nm. Suppression of the nocturnal peak of
melatonin synthesis by illuminance exposure (200500) lx for t hour is the same for men and women
and is proportional to illumination. Low illuminance (90-180) lx, which is often present in living
rooms, is enough to suppress melatonin synthesis.
In apparently healthy subjects, the maximum sensitivity to light is within the range of very short wavelengths (420,440 and470 nm) [11-14].
Photosensitivity, assessed by suppressing melatonin levels, partly depends on the subject's previous exposure to light. It increases after exposure
to the dark or to the dull lighting, which suggests
an adaptation ofphotoreceptors or a response to the
previous light exposure.
It was shown in [15], that at illuminance 800 lx
the use of protective glasses blocking the most active short-wavelength part of the spectrum (lower
than 530 nm), prevents light-induced suppression of
noctumal melatonin content in saliva. At the same
time, individuals maintain night melatonin levels
similar to those under dim lighting, and subjective
drowsiness, anxiety and ability to act are not disturbed. Bright light at night causes a phase shift and
a switching of the circadian phase. Aphase shift can
be observed even with much less illumination (for
example, at 180 lx, normal lighting in a residential area). Moreover, it has been shown that very
dim lighting (20 lx) can synchronize the circadian
system in humans, normalizing sleep, awakening,
and meal times. The circadian phase shift caused
by short wavelengths radiation (with two peaks
at 436 nm and 456 nm) during a 4rhour exposure
(8Ix,29 pWcm2) after a normal awakening led
to a melatonin profile phase shift comparable to that
of white light (12000lx,4300 trrWcm2), despite the
fact that white light contains many more photons
than short wavelength radiation [15].
In addition to information on turning on and off
the daily photoperiod, melatonin provides information about the length of the day. Melatonin synthesis
and secretion duration in animals and humans varies
depending on the duration of the dark hours. The
longer dark period bfthe day takes in the laboratory
or the longer the night takes in nature, the longer
melatonin synthesis and secretion - regardless of
whether this period is the time of activity of nocturnal rodents or the time of rest of animals with daytime activity, including humans 16, l4l.In ordinary
laboratory animals, it is not possible to increase

in a daily rhythm, i.e. its measuring

unit is the chronological metronome, namely, the
daily rotation of the Earth around its axis [3]. If the
pineal gland is the body's sundial, then, obviously,
any changes in the length of daylight should have
a significant impact on its functions and, ultimately,
on the aging rate. The circadian rhythm is essential
not only for the temporal organization of the physiological functions but also for the human life expectancy. In a number of works, it has been shown
that the violation of photoperiods can lead to a significant decrease in the life expectancy of animals
[4, 5].

LIGHT ON THE
SYNTHESIS OF MELATONIN BYTHE
PINEAL GI,AND IN HUMANS AND
ANIMALS
2. EFFECT OF

Day and night (light and dark) is the main synchronizer (Zeitgeber) that regulates melatonin synthesis in the appendage of the brain - the pineal
gland (epiphysis). The endogenous rhythm managing the synthesis and secretion of melatonin is
adjusted to the duration of night-time in various

mammalian species, regardless of whether they
are of nocturnal or daytime habits [6-9]. In people
who are active throughout the day, the high melatonin concentration and excretion in epiphysis are
observed over the night. In addition to its effect as
a circadian clock adjusting agent, the light acts as
a masking factor when the body is exposed to light
during the usual light phase of the day. The photoreception system involved in the regulation of
clocks is different from the pattern recognition system. The daily change of light and darkness adjusts the endogenous circadian clock in the special
brain structure - the hypothalamus - to the astronomical duration of the day (24 hours). The congenital period of the hypothalamic clock is slightly
longer than 24 hours. Retinal receptors containing photo pigment constitute about 1 % of retinal
ganglion cells and directly respond to light, acting
as a synchronizer to the hypothalamic suprachiasmatic nucleus. The photo-pigment is melanopsin,
an opsin/vitamin,4 complex with a blue spectrum
sensitivity peak at 480 nm [10]. The radiation effect of different wavelength on melatonin synthesis
in epiphysis was investigated, as it was found that
melatonin synthesis is suppressed in a rather wide
range of wavelengths, from 420 nm up to 600 nm,
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daytime melatonin levels when placed into a dark
room, but there is strong evidence of a decrease
in their melatonin night time levels after exposure
to the short light flashes over the night. Most mammals use changes in the length of the day and night
to determine seasonal changes, thus adjusting the
seasonal and/or synchronizing the near-year behavioural rhythms. Seasonal differences in reproduction are directly controlled by the relative length
oflight and dark periods [6, 7].
In modern urban conditions of electrification, the
daylight and night time duration seasonal changes
and, accordingly, the duration of melatonin sectetion in humans, are obviously masked. In a number
of studies, it was acknowledged thatat low and middle latitudes the seasonal changes in melatonin secretion are absent. In contrast, seasonal changes associated with longer melatonin secretion in winter
were observed in sub polar and polar high latitudes,
with significant changes in photoperiod and illumination level, and high daytime levels of melatonin [7].
Light is the most powerful circadian synchronizer in humans and can have a prominent influence
on the phase and amplitude of a human circadian
pacemaker. Relatively intense illumination over
the night almost completely suppresses the night
peak of melatonin synthesis and secretion. Table 1
summarizes data on the extent of the blood melatonin inhibition in humans exposed to light, produced by incandescent and fluorescent lamps with
different intensity. Fluorescent lamps reduce the
melatonin concentration more intensively. The illumination level in residential areas rarely exceeds
200 lx. The data regarding operating rules adopted
in Russia of illumination level in different facilities
are summarized in Table 2.It is easy to see that the
light exposure of such intensity over the night can
significantly suppress the blood melatonin level.
Studies of melatonin synthesis suppression with
light made it possible to calculate a threshold illumination sufficient to decrease it by 15 o/o, which,
on illumination with white light and 30-minute exposure, is about 30 lx at the cornea level. It is important to note that in residential areas, when additional
light sources are turned on with a special purpose,
for example, for reading, sewing on a sewing machine or washing, the illumination at the level of the
comea can reach as much as (150-200) lx.
In the literature reports the individual variability
of sensitivity to light at night hours [2] was noted:
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deeper melatonin suppression with brighter light,
the ability of light to shift the melatonin rhythm
phase, with bdght light in the morning moving it
forward, while in the evening it causes night melatonin peak to delay. A valuable biomarker for circadian rhythm disorders may be a quantitative
measurement of the time dependence of the melatonin renal excretion level [2].
In turn, melatonin, depending on the stage of
the circadian rhythm, can synchronize it and shift
it to an earlier or later time. Low doses of melatonin (0.3-10) *g being administered during "biological day" when endogenous melatonin level is
low, can cause drowsiness or sleep and decrease the
body temperature [6]. The daytime single administration of 5 mg of highly soluble melatonin can
shift the internal clock forward by 1.5 hours. The
timely administration of melatonin (0.5-5) mg at
24-hotr intervals, preferably before bed, can completely fine-tune the free-running circadian rhythm
in most blind patients. Acting as circadian synchronizer between the central and peripheral "clocks",
melatonin optimizes phases in relation to the external time, thus providing the optimization of cellular
and systemic processes and enhancing the action of
defence systems, which significantly expands the
ranges of its possible therapeutic use.
Noteworthy, the effect of light on melatonin synthesis may depend on the season and individual sensitivity to light. In winter, the light inhibits the level
of human melatonin in saliva 2 times more intensely
than in summer [17]. Interestingly, the Arctic seasonal workers who worked in December in the open
air demonstrated the night melatonin secretion level
2 times higher than in April [18]. Authors suggest
that that the diffuse light reflected by snow in April
is enough to reduce melatonin levels.

3. GEOGRAPHIC I,ATITUDE
AND HEAIJTH
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It is known that health and life expectancy indicators in different geographic regions can vary significantly. I.A. Gundarov and N.L. Zilbert hypoth-
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fashion progressively from the South to the North,

f
t

with a correlation coefficient of 0.82 (p<0,01).
Even more marginal association was between geographic latitude and incidence of malignancy. According to the WHO data, the total mortality rate
in 72 countries in Europe and America in 19801985 increased progressively with the increased
distance from the equator, with a correlation coefficient of 0.65 (p <0.01). The value of standardized mortality from malignancies between males of
45 countries in Europe andAmerica in 1981*1985
differed 8.7 times: from 38.1 in Honduras to 330.0
in Hungary. The relationship with geographic latitude was shown with a conelation coefficient of
0.70 (p <0.01). Also, a positive correlation with geographic latitude was observed for hypertension,
atherosclerosis, and the incidence of hypercholesterolemia

t

!91.

Considering that there is a long night in polar
region, Erren and Pekarsky [20] suggested that the
indigenous population of the Arctic region should
have a reduced incidence of malignancy as compared to the residents of temperate latitudes. Indeed,

t

t

in Saami,
nationality living in the North of Europe [21].
At the same time, the mortality from breast cancer (BC) among Alaska Natives (Eskimos, Indians, and Aleuts) has tripled since 1969 - according to the authors, for an unknown reason [22].
In 2008 Circumpolar Inuit Cancer Review Working
Group published the results of cancer study in polar Innu (umbrella term which replaced the term
"Eskimo"), living in Alaska territory, in Canada and
Greenland, between 1989 and 2003 as compared
to the period between 1969-1988, i.e., for the total
of 35 years l23l.It was noted that there is a significant increase in the incidence of BC, uterine corpus cancer, lung cancer and colon cancer, which
is related with lifestyle changes of the natives due
to its so-called westernization. For the period of
1914-2003, the incidence of BC in female natives
of Alaska has been increased by 105 o%, whereas
in Caucasian females of the USA - by 3 I oh. In the
same years, the incidence of uterine corpus cancer has increased among Alaska native females by
500 Yo, while among white Americans it has decreased by 30 o/o. The analysis showed that a signiflcant increase in the incidence ofbreast and endometrial cancer in the Alaska natives can be best
explained by environmental changes. The authors
noted that in women ofAlaska the incidence of obethe incidence of malignancies is reduced
a

sity and diabetes has significantly increased for 30
years, and this increase is associated with a change
in dietary habits. However, along with the westernization of food, there is a significant increase in the
level of light pollution due to the doubling of the
population over the same time and the industrialization, which, in our opinion, can play a leading role
in the observed phenomenon. According to IARC
data for 1985 and 7992,the incidence of BC, uterine corpus cancer, ovarian cancer and colon cancer

in females was higher in countries located closer
to the poles (North and South), and less in equatorial countrie s [3, 24-26].
It should be considered that the differences
found (or the absence thereof) are not necessarily
related to the light regimen, and therefore, with geographic latitude. It is known that the above-mentioned malignancies have multiple etiological factors. As mentioned above, features of reproductive
status, excess fat, and carbohydrates in the diet,
etc. play their important role in the development
of female reproductive system neoplasm. Therefore, despite the character of the light regimen, it
is necessary to consider climatic conditions related
to geographic latitude, the extent of industrialization and lifestyle features. In general, it is not possible to state certainly that the light regimen or geographic location are the key factors of malignancies
development, but this statement should not be underestimated whatsoeve

r

127, 281.

4. SHIFT WORK: TERMINOLOGY
AND PREVALENCE

Shift work is referred to as a method of arranging the work process in a duty fashion where
workers change each other at one workplace
in a certain sequence, in accordance with approved
schedule. In addition to these definitions, in scientific literature the term "Shift work" is commonly
used, and normally includes any forms of workflow

arrangement different from the standard daytime
work (from 7-8 a.m. till 5-6 p.m.).
According to the International Agency for Research on Cancer (IARC) l29l data, there are several types of shift work:
. Constant work - employees regularly shift
only for one period, for example, morning, day or
night, or rotation takes place - employees change
their job shifts more or less periodically;
17
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.

Continuous work

-

employees work all

days of the week or calry out work intermittently
on weekends or on Sundays;

.

Night work

-

working hours include all or
part of the night, and the number of working nights
per week/montWyear can vary significantly. The period of night work may differ across countries: from
8, 9 or 10 p.m. until 5, 6 or 7 a.m., or from
or 12
p.m. until 5-6 a.m.

Il

Arrangement of shift work can also vary significantly [29], and this can variously affect the
health of workers, leading to circadian rhythm disturbances and important physiological dysfi.rnctions,
including insomnia.
In modern industrial society, also called ,,24hour", "round-the-clock" society, shift and night
work is becoming more and more common. Shift
work is required in many technological processes
(for example, power plants, oil refineries, and metallurgical production), social services (hospitals,
transporl, police and security services, fire fighting
services, hotels, telecommunications), some industries and services (for example, in manufacturing of
textile, paper, food, chemicals). According to the Intemational Labour Organization, more than2.5 million people officially have shift work, 213 of them
located in Asia. In European countries, more than
17 o/o of employees are shift workers.
5. SHIFT WORK AND HEALTH

A frequent sequel of internal circadian desynchronise with external environmental rhy.thms is the
development of various diseases. As shown in nu-

merous studies, shift workers often develop malignant neoplasm, diabetes mellitus, peptic ulcer
disease, hypertension and cardiovascular diseases,
psychogenic disorders and many other diseases [4,

5,30-341.
In all mammals, the cardiovascular system is
a highly organized system in terms of timing. It was
well documented in epidemiological studies that
many cardiovascular pathological processes, such
as myocardial infarction, stroke, arrhythmia, most
frequently occur in the early morning hours, and
this is the time when fatal outcomes are also more

'

common.

In a survey covering 17 studies where the relationship between shift work and cardiovascular diseases was investigated, it was estimated that
shift-working people have a 40 o/o increased risk of

cardiovascular diseases when compared with individuals with the daytime job [32]. The duration of
the shift work is also important: the morbidity was
higher in those who had it for more than 6 years.
Approximately 20 Yo of all workers cease working in shifts shortly after the start of such working
due to serious health problems, l0 o/o do not have
any problems associated with shift work during
their entire work activity, whereas 70 Yo are faced
with certain problems of varying severity, manifested as discomfort, everyday life troubles or diseases [29]. Some individual habits and features can
modif, the effects that shift work has on health. For
example, it is believed that there are more smokers among shift workers, they more often consume
caffeinated beverages or alcohol at night, eat more
sweets and carbohydrates. They are more likely
to have metabolic disorders, an increased risk of
cardiovascular diseases and obesity [29].
During long-distance trans-meridian fl ights, circadian systems do not immediately adjust to the
new local time. This requires several days, depending on the number of crossed time (hourly) zones,
and the more zones are crossed, the more time is
needed for normalization. It is believed that human
circadian systems adjust to no more than (60-90)
min per day [29].
Recovery is faster during the flights to the west
(about 1-day recovery for l-hour shift) than for
flights to the east (about 1.5 hours for a shift of
l-hour time zone). Full recovery after 6-time zone
travel takes 10 to 13 days, depending on the direction of the flight (to the west or east, respectively)
l29l.In addition, aircraft. crew members are affected
by other additional factors such as cosmic radiation,
electromagnetic fields, illumination, noise, acceleration, vibration, psychological stress, low mobility,
high atmospheric pressure [36].
Seafarers often have a rotation (shift) working
during the entire trip, and they also move through
time zones, although not as quickly as aircraft crews
do. Merchant seamen often use a 4-hour shift rotation, although the 6-hour shift is becoming increasingly popular. For oil workers, the rotation nature of
working usually includes a l2-hour work shift for
several weeks, followed by a rest at home. Similar
problems are observed in truck drivers, the so-called
"truckers", train locomotive drivers and conductors
on long-distance passenger trains.
In Japan, there was a study of the incidence of
diabetes mellitus in 2,860 "white-collar workers,,,
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with a fixed daytime job,
and "blue-collar workers" in shift work. The relative risk of diabetes in shift workers was 1.331.73 times higher than in "daytime blue collars"
and 2.01 times higher than in white-collar work"blue-collar workers"

chemically induced malignancies in laboratory animals kept under the constant illumination conditions or those of the Arctic region I3-5,26,28, 44,
4s).

Using satellites, the level of light pollution over
night was investigated and evaluated in 147 Israel
municipalities, after which, using the method of
multiple regression analysis, the relationship between night illumination and the frequency of breast
cancer and lung cancer in women were calculated.
After allowance for corrections on the ethnic composition, number of births, population density and
income level, a high degree of correlation was established between the intensity of night illumination and the frequency of breast cancer (p <0.05),

ers [37]. In shift "blue collars" body mass indices
and cholesterol level were significantly higher than
in daytime workers

[38].

In [39], it was shown that shift work contributes
to an increase in the incidence of GI disorders in car
factory workers. Sleep disturbances reported in shift
workers play an important role in the higher incidence ofpeptic gastric and duodenal ulcers in this
population [40]. There are findings indicating a significant increase in the risk ofduodenal ulcer development in shift workers infected

pilori

wilh Helicobacter

moreover, this association increased (p <0.0 1), when
statistically significant factors only were considered
for the regression analysis. On the other hand, no
association has been found between the night illumination intensity and the frequency of lung cancer
o/o
of the maximum breast
[46]. It was noted that73
cancer frequency estimates were in those public en-

l4ll.

of cardiovascular disdevelopment in shift workers are not completely understood, although circadian rhythm
disorders and concomitant factors like smoking, irregular diet, and social issues are considered to play
a key role, causing usual stress in shift workers [29,
The exact mechanisms

eases

tities with maximum illumination at night.
Using the same approach, the relationship between night illumination and the frequency of the
three most common malignant tumours (prostate,
lung, colon cancer) in men in 164 countries was
studied. A high positive association was found between the light exposure of the population at night
and the incidence ofprostate cancer, but not lung or
colon cancer la7l. The authors explain the presence
of the found association between prostate cancer
and night time illumination by suppressing the level
of melatonin and clock-genes dysfunction. The risk
of prostate cancer in countries with the most intensive night illumination was 110 o/o higher than that
in countries with the lowest light pollution.
Subsequently, the same authors compared the
frequency of the five most common neoplasm
in women In 164 countries with the level of night illumination and found a high positive correlation between illumination and the frequency of breast cancer [48]. No such correlation was found between
night illumination and colon cancer, and malignancies of larynx, liver, and lungs. The breast cancer
risk in countries with the highest night illumina-

421.

Desynchronisation of circadian clocks that can

by shift work, leads to hypertension,
dyslipidemia, insulin resistance and obesity [29].
The serum level of total cholesterol and low-density lipoproteins in shift workers was significantly
higher as compared with the controls, i.e. those
working in daltime, which allowed shift working
to conclude in a risk factor for employees.
Glucose tolerance has fluctuations from day
to day, and the observed variability is due to inconstant cortisol level during the day. Glucose tolerance decreases in normal individuals through the
day-time, and eating at night is, therefore, a cause
of increased obesity and weight gain, which are often seen in shift workers [29]. Abdominal obesity,
hypertriglyceridemia (> 1.7 mmol / 1), low level of
high density liptoproteins (<1.03 mmol / I in men
and<1.29 mmol/l in women) and impaired glucose
tolerance were detected more often in night shift
be caused

workers, more susceptible to the development of the
metabolic syndrome [43].

6.

tion was 30-50 o/ohigher than in countries with the
least illumination.
Several cohort studies have shown that women,
who often turn on lights in the bedroom at night,
have an increased risk ofbreast cancer 129,49,50].

ILLUMINATION OVERNIGHT

AND CANCER
A number of papers have convincingly demonincidence of spontaneous and

strated an increased
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An analysis of the effect of night-time bedroom
illumination intensity performed in Israel found that
this factor is very significant and increases the risk
of breast cancer in women with a habit of sleeping
with the lights on (OR: 1.22, p <0.001) [48].
Comparing their own data with the results obtained in 1491, the authors of [48] note that during the 15 years since this study (1992-95), the
light pollution has been increased, and currently
women are exposed to a more intensive illumination as energy-saving lamps emitting in the blue
spectrum (at 460 nm) are increasingly used. It is
emphasized that this is the first large-scale randomized study where a positive correlation between illumination in the bedroom (habit to sleep in the light),
light overnight hours (light pollution) and breast
cancer (BC) has been established, and where the evidence was provided that the relative risk of BC increases proportionally to the intensity of night-time
illumination in the bedroom. Therefore, not only the

shift work over night hours is a risk factor for BC,
but also the habit of sleeping in the light 14,5,291.
According to the International Agency for Research on Cancer in 2000 BC accounted for the majority of cancer cases in developed countries. The
most common malignancy among women - breast
cancer - each year affects about I million women
(22 % of all female malignancies with the number of deaths of 375,000). More than half of all
new cases are reported in economically developed
countries: around 335,000 in Europe and 195,000
in North America [51]. Breast cancer is still not the
most common among women in developing countries, but even in those countries, there is a steady
increase in incidence. Increasing risk ofbreast cancer is caused with high socio-economic status (annual income, education, housing, etc.), because it
is related with such health indicators as the onset
of menstrual activity and menopause, obesity, big

Vol. 27, I{o. 3

Light

in each group), it was shown that evening work
significantly increases the risk of breast cancer

r

in women aged 30 to 54 years. Among those working at night, the most reliable results were found
among waiters of restaurants working on night shifts
(300 cases). Similar observations were made during
a survey of flight attendants in a large breast cancer risk cohort study in Finland. In California flight
attendants, breast cancer was found 30 % more often and malignant melanoma was detected 2 times
more often than in the rest of the population of Califomia [29].
An epidemiological randomized study conducted in the US in 813 breast cancer female patients investigated the lifestyle features ofthese patients over the past 10 years compared with healthy
women. At the same time, the light exposure at
night was considered, based on the following parameters: night insomnia, lighting level in a bedroom at night and working in night shifts (at least 3
nights per month). It was found that the risk of cancer increases with increasing night insomnia, increased lighting level in a bedroom and when working on night shifts. In the latter case, the risk also

IE

increased with work experience [49].
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meta-analysis based on 13 studies, including 7 studies in workers of airlines and 6 studies in workers of

TI
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60)Hz[s2].
Much higher mortality rates from malignancies
are reported in shift workers who worked in production for at least 10 years, compared with those
employed only in day shifts. In Denmark, in a large
controlled randomized study (about 7,000 subjects

l2el.
The risk of colon cancer and rectal canoer was
reported to increase in women working on radio and
telegraph. The authors of [53] examined the Harvard data on the health research of79,000 nurses
20

tr

According to [53] data from health research
among nurses, which included questions on their
experience, shift work, day, night and evening
shifts, among nurses with more than 30 years of experience and shift work, the relative BC risk was
1.36 when compared to those nurses not working
in shifts. Nurses who work for a long time with
night shifts had a reduced level of melatonin and
an increased level of oestrogen in the blood. The

other professions with night shifts, shown that the
overall risk assessment was 1.48. The flight crew
of airlines and women working on night shifts had
a significant risk of developing BC.
The study, which focused on the health data of
almost 45,000 nurses in Norway, found that working at night for 30 years or more poses the additional risk of breast cancer of 2.21. An increased
risk of BC and colon cancer was found in Seattle
residents who worked for a long time at night shifts

height, alcohol consumption, late age of first birth,
small number of births, hormone replacement therapy, dietary patterns, etc. Two more factors characteristic of developed countries that may be of importance: the increasing night illumination exposure
[29] and low-frequency electromagnetic fields (50-
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Table 1. The Degree of Suppression of the Night Melatonin Level Under the Illumination with

Incandescent Lamps

(IL) or Fluorescent Lamps (FL) t16l

Suppression of melatonin concentration after turning on the light,%

IL

FL

IL

FL

IL

FL

0.1

0

0

0

0

0

0

0.3

0

(J

0

0

il

I

t,

I

I

I

2

2

J

2

4

J

I

10

J

6

5

9

5

10

30

8

14

ll

t9

13

20

100

19

29

25

36

27

39

300

35

47

42

53

45

55

000

54

62

59

65

60

66

3000

65

69

68

7l

69

7l

I

use of melatonin reduced the relative risk of death
within 1 year to 0.66, and no side effects of the drug
were recorded.
Possible mechanisms of the inhibitory effect of
melatonin on carcinogenesis have been intensively
discussed recently [54]. Melatonin has been found
to have effects on both systemic and tissue levels
and on cellular and sub cellular levels. At the same
time, the action of melatonin prevents processes
leading to aging and cancer. In particular, at the system level, melatonin reduces the synthesis of hormones that contribute to these processes and stimulates the immune surveillance system. At the same

working at night shifts have
risk of breast cancer. The authors also
that colon and rectal cancer are more com-

and found that nurses
a higher

found

After 90 min

After 60 min

After 30 min

Illuminance, lx

who have at least 3-night shifts
15 years or more. The mechanisms
underlying this increased risk of cancer among night
workers and flight crews may be similar. Probably,
mon among workers
per month

for

rhythms disturbance and the forced
light exposure at night both lead to a decreased production of melatonin, which is a known biological
blocker of the development of malignant tumours.
the circadian

THE EFFECT OF MELATONIN ON
THE DEYELOPMENT OF TUMOURS IN
ANIMALS AND HUMANS
7.

time, the formation of oxygen free radicals is suppressed, and the antioxidant defence system is stimulated. Melatonin inhibits the proliferative activity
of cells and increases the level of apoptosis, preventing the tumour onset and development. At the
genetic level, it inhibits the effect of mutagens, and
also suppresses the expression ofoncogens [55, 57].

In experiments using various carcinogens and
experimental designs, it was found that the use of
melatonin has a suppressive effect on the development of tumours in animals. The specftum of the anti-carcinogenic effect of melatonin is quite wide - it
inhibits the carcinogenesis in the skin, subcutaneous

8. THE EFFECT OF

cervix and vagina, endometrium,

LIFE EXPECTANCY

tissue, breast,

lung,liver, and colon I27,28,55, 56]. Experimental data are in compliance with the results of clinical

MELATONIN ON

Numerous studies have shown the ability of
melatonin to slow down the aging process and increase the lifespan of laboratory animals (fruit
flies, flatworms, mice, rats) 126,57]. Some optimism is raised by publications about the ability
of melatonin to increase resistance to oxidative

observations. So, the work of Canadian researchers
provided the results of a meta-analysis of 10 randomized controlled studies of the effectiveness of

of solid cancer patients
patients
received
treatment. The
643
In
total,
[58].

meiatonin for the treatment
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Table 2. Some Russian Regulatory Yalues of Light Illumination in Public, Residential and Auxiliary
Premises (SP52. 13330.20 16)
Illuminance of working
surfaces in general

Type ofroom

lighting,lx
Administrative buildings
Computer rooms

200-400

Business and work facilities, offices

300

Conference rooms, meeting rooms

200

Recreations Coulouirs, lobbies

150

LABORATOzuES

400

Lighi

that

1

of th,

prev(
meta

by lil
LED

guidt
and I
ment

work
mate

ture i
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Institutions of general education, primary secondary and higher

R

Classrooms, schoolrooms, secondary school rooms

500

Sports halls

200

Classrooms, training rooms, laboratories of technical schools and universities

400

Classrooms and teachers' rooms

300

Healt

Recreations

200

V.P.,
tiona

Medical institutions

1.

V.N.

In:

1

C

0.10

Adult wards

100

2.

Procedural, manipulation rooms

500

tweer

Operating rooms

500

Massage and physical therapy exercises rooms

200

tion,
anisn

pp.9,

Shops

Supermarket retail spaces

500

tion

a

Vol.2
Trading rooms of the shops without self-service

300

4.

al. Li1

stress and reduce the manifestations of some agerelated diseases, such as retinal macular dystrophy, Parkinson's disease, Alzheimer's disease, diabetes, etc. [55, 58]. Comprehensive clinical trials
are needed for melatonin use in various diseases,
which, as we believe, will significantly expand its
use for the treatment and prevention of age-related
desynchronosis.

pollution. The light exposure overnight has been increased and became an essential part of the modern
lifestyle, being accompanied by many serious behavioural and health disorders, including premature
aging, cardiovascular diseases, obesity, diabetes and
cancer 114,28,29, 45,60]. Obtained in animal ex-

periments, strong evidence of carcinogenicity of
light-induced desynchronosis, caused by constant
lighting or daylight of the North, served as a basis for recognizing circadian rhythm disorders by
the Intemational Agency for Research on Cancer as
afactor increasing the risk of cancer in humans [29,
33]. In experiments using various carcinogens and
experimental designs, it was found that the use of
melatonin has a suppressive effect on the development of tumours of differentlocalizations. Convincing experimental evidence has also been obtained

9. CONCLUSION
Data provided in a new atlas of artificial night
sky lighting, suggest that 80 %o of the world and
99 o/o of American and European populations live
under light pollution 1591. 23 Yo of the Earth's surface between 75'N. and 60" S, 88 % of Europe and
almost half of the United States are subject to light
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6.

Gland
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that the use of melatonin prevents premature aging
of the reproductive system and the body as a whole
prevents the development

of immune-suppression,

metabolic syndrome and different tumours caused
by light pollution. The widespread introduction of

LED light sources sets a problem of developing
guidelines for optimizing the light mode of working
and living areas, for lighting cities and other settlements, which will ensure long-term maintenance of
working performance, high quality of life, and ultimately

will contribute to the prevention of prema-

ture aging and the development

of diseases, includ-

ing malignant neoplasm.
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