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ABSTRACT

A STUDY OF PATTERN OF SECRETION OF MELATONIN IN
SALIVA AND SLEEP PARAMETERSIN SHIFT WORKERS

Degree for which submitted : Doctor of Medicine(MiD)Physiology

Supervisor and guide : Prof.Dr.K.Padma
Director and Head of the Department

Department . Institute of Physgoand Experimental
Medicine

College . Madras Medical Cgbe
Chennai-600003.

University . The Tamilnadu Dr.MRGMedical
University,Chennai-600032

Year : 2013 - 2014

Back ground:

Globalization and industrialization has lead theftstworkers vulnerable for

circadian rhythm sleep disorders
Aim & Objective:

To know how far the sleep parameters secretoryepatf melatonin levels in

saliva are deviated in shift workers from thathaf tlay workers



M aterials & M ethod:

The study included 30 age matched male shift werkerean [SD] age: 21.33
[0.48] years) and 30 healthy day workers (mean [859: 24.97 [2.55] years).
Polysomnography was performed along with self redeljective sleep scoring
guestionnaires. Three Saliva samples for the measnt of melatonin were
collected from participants resting in dim light2zahr min intervals between 20:00

and 00:00 hr.
Result

Total sleep time, Sleep Efficiency, and durationrapid-eye-movement sleep
showed a significant reduction while Slow-wave plégtages 3+4) doesn’t show a
significant reduction in shift workers as compavéth day workers. A significant

decrease in time line trend of salivary secretibmelatonin was observed in shift
workers. Subjective sleep scores were significamibye towards inadequate sleep

for shift workers.
Conclusion:

The circadian phase is altered in shift workers@spared to day workers proved
using salivary melatonin concentration as a maokéhe same. This study showed
shift workers are more prone for sleep disordeffecing one’s health and
productivity in society. Early diagnosis, behavlosand life style modification,

health education and medication, may alleviate suohlems.

Keywords: shift work, polysomnography, melatonin, circad@scle



STUDY OF PATTERN OF SECRETION OF
MELATONIN IN SALIVA AND SLEEP PARAMETERS
IN SHIFT WORKERS

Introduction:

Until the mid 28' century, sleep was considered as a passive
happening, dormant phase of everyday life. Comrhongdht of sleep is
that “it is a passive, inactive part of our dailyek”. Recent studies
revealed that “during sleep our brains are verweattin addition, sleep
affects mental and physical wellbeing and hencedaily life in many

ways that we are just beginning to recognize.

Sleep is essential for survival and good wellbeing,necessary of
sleep and what sleep does to our wellbeing is uibt known. Sleeping
hours for an individual may vary widely, usuallyrn 6 to 10 hours a
day. Nearly all people sleep at night. Yet, mardnirduals ought to sleep
during the time of the day to become accustomewubotiing schedules—

a condition that is followed by sleep disorders.
Hours of slegp against age

Children need more sleep per day in order to a@gvahd function
properly: up to 18 hours forewborn babies, with a declining rate as a

child ages. REM sleep of a newborn is nearly 9 fiautday. After the age



of five REM sleep component declines nearly moemttwo hours. 10 to

11 hours of sleep is required for school childre@@denced by studies

Age and condition Sleep Needs
Newborns (0—2 months) 12 to 18 hours
Infants (3—11 months) 14 to 15 hours
Toddlers (1-3 years) 12 to 14 hours
Preschoolers (3-5 years) 11 to 13 hours

School-age children (5-10 years) |10to 11 hours
Adolescent$10-17 years) 8.5 t0 9.25 hours

Adults, including elderly 7 to 9 hours

Emotional imbalance or excitement, age, food halitsl use of
medications and aging are the factors known todgeitie hours of one’s
sleep and subsequently the feeling of refresheer afhking up. For
Instance, drugs can cause drowsiness as well #seoother hand make
difficult to fall asleep. Caffeine, spicy ingredisn and monosodium
glutamate (MSG), may interfere with onset of sledged people may
fall asleep soon as well as they have least adgistature to the change

of sleeping schedules.



1.1 Physiology of Sleep:

This is widely divided into two following Phased &leep
according to the multiple electrophysiological reting parameters as

Rapid Eye Movement (REM) and Non-Rapid Eye Moven{BIREM)

1.2 Stages of Sleep Cycles:

The EEG pattern recorded during sleep varies é¢gciic fashion,
which repeats in about every 90 minutes. Thereahmut four cycles in
normal 6 to 8 hours of sleep. In normal individyalleep cycle begins
with slow-wave sleep or Non-REM sleep. There angr &iages of slow-

wave sleep: stages 1 to 4.

A person when falls asleep, passes sequentiatiyudn these four
stages of increasingly deep sleep. After that, dleep lightens and he
enters into REM period. With completion of REM pbasleep cycle
completes. The REM phase is followed by the next ngcle, i.e. with

stage 1 of non-REM sleep.

Thus, the cycle repeats in every 70 to 90 minutesoughout the
night, people wake up briefly (called stage W) até typically unaware
of being awake. There are differences in the priogpoiof time spent in

the various sleep stages in different age groupsretber, each



individual has his or her own characteristic pattddsually, there is a
predominance of deep slow wave sleep during thig part of the night,

and the first REM sleep may occur after an hour.

REM stage becomes prevalent during the latergfatie night. In
general, REM sleep occupies about 25 per centtaf steep period. The
duration of REM sleep and stage 4 sleep decreaaduaglly with
advancing age. Newborns and infants sleep abouhdiB8s a day of

which 50% is spent in REM sleep.

1.3 EEG Features of Sleep

In 1953, Aserinsky, Dement and Kleitman throughGERNd
polygraphic analysis described different phases nofrmal sleep

characterized by EEG, autonomic and endocrine @gng

During wakefulness, EEG usually shows desynchrahizegh-
frequency, low amplitude known as beta waves inrérge of 14 — 30

Hz.

During quiet rest with eyes closed, waves rangenfto 12 Hz,

l.e. alpha waves.



1.4 Architecture

Non-REM sleep:

Stage 1 : Alpha rhythm is replaced by high freqydow

amplitude EEG waves.

Stage 2 : Appearance of sleep spindles and K coxepl

Stage 3 &4 : Delta waves (slow wave)

(Commonly called as deep sleep)

- Delta waves in EEG reflect synchronized osddlas of

thalamocortical circuit activity.

REM sleep:

- High frequency, low amplitude activity with PGpikes

REM is characterized by rapid eye ball movement prafound
atonia of other limb muscles (except for extraocuianer ear and

respiratory muscles).

Among these stage 2 sleep occupies50 percentrofotal sleep

time, REM sleep 20%, and the remaining 30 peraenhé other stages.



Infants sleep on the other hand, occupies 50%edf theep time in REM

sleep.

Recent evidences show that “theta oscillationanduREM are
driven by neurons in the proceruleus area in paws a&onia is caused
neurons in the adjacent sublaterodorsal area.t(al) 2006).These ‘REM
on’ zones are inhibited by nearby ‘REM off’ arealirding ventrolateral
PAG and lateral pontine tegmentum. ‘REM on’ area adso inhibit
‘REM off’ area. Mutual inhibitions between theseas produce ‘flip-flop
switch’ that ensures sharp and complete transitietween REM and

NREM sleep”.

REM switch is influenced by:

- Cholinergic neurons that promote REM sleep

- Noradrenergic and serotonergic neurons thabihREM sleep.

Awake
{stage W}

Heours 0 1 2 3 4 A [ 7 B

Figure 1 Stages of Sleep Cycle



NREM Sleep-changes in EEG and consciousness (wisch
primarily a cerebral function) are classified ifibmur stages respective to
increasing depth of consciousness. Depth of unoonmscess will
become more for as sleep progresses from stage4l EEG shows a
progressively slower in frequency and higher-vadtagpattern

(furthermore called slow wave, delta wave)

NREM-Thinking and Body Activities:

Thinking in NREM is short, rudimentary and not alite recollect,
Muscle tone is present, and Deep Tendon Reflexeaglicited. Chin and

limb muscles exhibit EMG activities.

NREM sleep-autonomic changes:

Widespread decrease in autonomic activities, reqmsaon and
decreased heart rate, and decreased generalizathrcaletabolism are

noted.

NREM sleep-Hormonal changes:

Growth Hormone, Cortisol and Prolactin secreticows mostly in
NREM sleep. GH is secreted in 30 to 60 minutesrdfte beginning of

sleep.



Biochemical changes like increased serotonin égtis noted in NREM

sleep.

Function of NREM sleep:

Main characteristics of NREM sleep are slow wawe HEG,
decreased generalized metabolic activities and deepnsciousness help

revitalize the body

Hence, early night time period is occupied by NREMslow wave
sleep predominantly, while late night phase is ped by REM which is

lighter and dream filled.

EEG/EMG characteristics of REM sleep:

EEG is more active than NREM. Low voltage fasthwocular
movement artifact is noted in EEG. EMG is relatyvedflecting atonia in
REM sleep related to flaccid muscles. While othedybactivities are as

active as like that of awake state.

LATENCIES:

“Sleep latency is defined as the interval to &slleep after retiring.

Normal range is 10-20 minutes”



“REM latency is defined as once asleep, the imtefom falling
asleep to the first REM sleep is called REM laténdy may last for 90-
120 minutes within one cycle. Variations of aboweo tlatencies are
useful in diagnosing many sleep disorders. Somerdigss may affect

one of the two latency and they are distinct tcheztber.

1.5 Hormone of sleep - Melatonin

An endocrine hormone related to sleep which wasigho to
maintain biological clock in human being is melatorThe pineal gland
situated in the posterior end of epithalamus pradanily secretes
melatonin. The melatonin signal form contributidncocadian cycle. Its
biological activities include causing drowsinessit Bhe daily cycle is
controlled by central nervous system by means ef éhdocrine and

paracrine systems considerably than the melatogirakalone.

Melatonin (5-methoxy-N-acetyltryptamine,)

Melatonin is a hormone present in all living beirfgom algae to
humans. Chemically it is N-acetyl-5-methoxytryptami It exhibits
diurnal variation that varies with the time of tday. Melatonin act on
melatonin receptors to exert its organic effectgldibnin also protects

nuclear and mitochondrial DNA thus exhibits itsiaxidant property.



Production

In higher animals, apart from pinealocytes in pireeal gland the
retina, lens and Gl tract are also tend to produe&atonin. Tryptophan
an essential aminoacid forms the precursor forr®gis of melatonin by
the enzyme 5-hydroxyindole-O-methyltransferase. dBction of
melatonin by the pineal gland is under the comtfdhe suprachiasmatic
nucleus (SCN) of the hypothalamuRetina is the one that mediates

information about the environmental light patteailyl

A small group of inner retinal ganglion cells semghe light by
special receptors and conveys light/dark infornratmvards SCN. These
cells represent 2% of retinal ganglion cells in lams and have the
photopigment melanopsin not involved in vision. Thkensitivity of
melanopsin is with peak sensitivity at 484 nm (bllight). This
photoperiod signal entrains the circadian rhythireréby subsequent
neural and endocrine signals regulates behaviondl hysiological

circadian rhythms.

Distribution

Melatonin produced and released into the blooé likat as an
endocrine hormone. While melatonin produced by thina and the

gastrointestinal (Gl) tract functions like a paraerhormone.



Light dependence

MEIANOPSIN -
NON VISUAL PIGMENT

l Retino-hypothalamicfibers

Master clreadian SCN of Hypothalamus (supra chiasmatic hucleus)

pacemaicer of brain
l Descending pathway

Intermediolateral Greycolumn of spinal cord

l Pre ganglionic sympathetic fibers

Superior cervical ganglion

Retina

Post ganglionic sympathetic fibers
Nerviconari

Pineal gland Seat of soul, clicunmventricular oroan
g 9

Lack of light

l

incresed adenylate cyvclase

l

increased cAMP
ﬂ protein kinase

phosphorylation of cAMP Response elementbinding protein

l

NAT(N Acetyl transferase) Transcription

l

melatonin synthesis



‘Production of melatonin by the pineal gland ikibited by light
and permitted by darkness as shown in above floartcht has been
called "the hormone of darkness" and its onset eaehing is called the
Dim-Light Melatonin Onset (DLMO)'. Secretion of nabnin, and its
level in the blood, peaks in the middle of the nigind gradually falls
during the latter half of the night, with normalriaions in timing

according to an individual's daily life sleepingoits.

Until recent century, humans in temperate zone® w&posed to
up to 18 hours of darkness in the winter. In theent world, electricity
reduces this to on average eight hours or lesgg@eall year round. Low
light levels can eb sufficient to inhibit melatonproduction to some
level. However bright light can reduce melatonidurction to greater

extent.

“Reduced melatonin production has been propose@ dikely
factor in the significantly higher cancer ratesnight workers, and the
effect of modern lighting practice on endogenoudatoain has been
proposed as a contributory factor to the largeraléncidence of some

cancers” in the developed world as revealed by ssindies.



Antioxidant

Apart from its chief function as synchronizer dietbiological
circadian clock, anti-oxidant activity of melatonsalso a notable one.
In many lower life forms, melatonin functions fonlg this purpose.
‘Melatonin is able to cross cell membranes andido®d-brain barrier’.
Contrasting to other antioxidants, redox cyclingnigt evidenced in
melatonin. Redox cycling is the property of a commwb to undergo

reduction and oxidation repeatedly.

Melatonin

+Free Radicals —— > stable end metabolites

Therefore, it has been referred to as a ‘termimasqicidal) antioxidant’.

Immune system

While it is clear that melatonin interacts witfetmmune system,
the details of those interactions are unclear. @heve been few trials

designed to judge the effectiveness of melatonimigease treatment.



Most existing data are based on small, incompletajcal trials. Any
positive immunological effect is thought to resiuim melatonin acting
on high affinity receptors (MT1 and MT2) expresseth
immunocompetent cells. The increased immune sysietivity may
aggravate autoimmune disorders. In rheumatoid iasthipatients,
melatonin production has been found increased vdoempared to age-

matched healthy controls.

Dreaming

Many supplemental melatonin users have reportethenease in
the vividness or frequency of dreams. Extremelhtdgses of melatonin
(50mg) dramatically increased REM sleep time anganr activity in

both narcoleptics and those without narcolepsy.

Melatonin level

Melatonin level in plasma is found to be in rarigem 30 to 250
pg/ml according to the decreasing age. Melatonuellgrogressively
declines as the age advances as shown in the fHiik hormone also

exhibit diurnal variation i.e. its level raises s the end of the day.



Age Plasmalevels :
1-3 yrs 250pg/ml
8-15yrs 120 pg/ml
20-27 yrs 70pg/ml

67-84 yrs 30pg/ml

Plasma melatonin

Elapsed time awake (h)

5k Salivary
melatonin

Melatonin concentration pg/fml
pg/mi

18 20 22 24 02 04 06
Clock time (h)

FIG.2 (Above) Time courses of subjective sleepiness as assessed on the Karolinske
sleepiness scale plasmamelatonin Adapted with permission from Cajochen et al.!
(Below) Time courses of subjactive sleepiness (for information on the Karolinsks
sleepiness scale). salivary melatonin in a baseline 7.5-h constant routine followed
by a 7.5-1 sleep episode. Continuously measured data are plotted in 30-min bins
Adapted with permission fromKra uchiet al.2

Figure 2 Plasma and Salivary Melatonin versus Time
Light inhibits the production of melatonin by the ping&nd and
darknesdgavors its production. For this purpose melatdras been called

“the hormone of darkness" and its onset during iegems called the



“Dim-Light Melatonin Onset” (DLMO). Dim light fava increased
production of hormone. In early hours of the nigint hormonal level
raises maximum in blood. This is due to increasectetion in initial
night hours and gradually falls during the nexff ledlthe night (fig: 2).

this may vary in timing according to one’s chrorpsy

1.6 Physiologic Effects of Sleep:

Nervous system and other functional systems inbthaty are the
two major aspects on which sleep exerts its phygioal effects. The
effects on nervous system are the more importacause any person
who has a transected spinal cord in the neck smowsarmful effects in
the body beneath the level of transection thatkbeattributed directly to
a sleep wakefulness cycle. Deprivation of sleep dmaseffect on the

normal activity of the central nervous system.

Prolonged wakefulness is usually coupled with peegive
malfunction of the thought processes and at timagses abnormal
behavioral actions. We are all well-known with thecreased
sluggishness of thought that occurs after a extbasieake period. But as
well, a person can become short-tempered or ewaxhpsc after forced
wakefulness. Thus, sleep in several ways bring& Ib@ecmal levels of

brain activity and normal “balance” among the diéig functions of the



central nervous system. Since overuse of some baagas during
wakefulness could easily throw these areas out adérice with the
remainder of the nervous system. We might postulsdé the principal
value of sleep is to restore natural balances antibageuronal centers.
The specific physiologic functions of sleep remaimystery, and they

are the subject of much resedrch
1.7 Shift work and Sleep

With the dawn of publicly available electric ligimt the late part of
19" century, mankind came out of the natural day—nfgintadian) cycle.
Economic and social requirements are now forcirggdbnstruction of a
24-hour society coupled with both economic profitl gossible risk of
health. A study in the United States, reveals thatre than 15 million
people (16.8%) of the full-time workers work oneaitate shift{beers
TM et al 2000)”, that is working hours are during periodeen than 6
AM to 6 PM. Major health troubles among shift warkenclude sleep
disorders (Akerstedt Tet al 1982), gastrointestinal disorder, increased
incidence of cardiovascular disease, and possiaeased incidence of

type Il diabetes mellitdgRajaratnam SMf al 2001).

“Shift work is highly prevalent in mechanized sdigs. An

alteration in the sleep wake cycle produced bydiscation of sleep to



the daytime and work to the night time will impealh the circadian and
homeostatic control of sleep. American Academy tdef Medicine

states that Shift-work sleep disorder consistsngbinia or excessive
sleepiness that occurs as transitory phenomendeta work hours that
are programmed during the usual sleep period. Sffk with deviant

sleep schedule imposes a stress on the reguladarc rhythm and the
exact margin between a normal response and a pgibal response to

this circadian stress remains unclear.

Shift work sleep disorder (SWSD) is a type of atfiean rhythm
sleep disorder in which the endogenous circadiaepsiwake cycle is
normal and the disturbance arises from controveedyeen the pattern
of sleep and wakefulness generated by the circasyatem and the

preferred pattern of sleep and wakefulness requiyeshift work.

Long duration shifts greater than 12 hours and viddal
susceptibility for phase intolerance may lead wiagnosis of shift work
disorder i.e., those workers on shift time schedwlth the greatest
sleepiness and performance impairment during tbéodical night and
insomnia during the biological day. Most of the noatldisability due to

shift work occurs in night or early morning shifokers.



A shift worker trying to sleep in the day timegdeneral sleeps 1.5
to 2 hours less than their night sleeping countérpaey tend to miss out
a major portion of REM sleep and the quantity afyst2 sleep is not as
much of a normal person. This results in "fragmensteep.” Less
daytime sleep is a result of the altered sleep/wakeae as well as
concerned with external daytime sound stimuli sasftalls, machineries
and dogs. It has been revealed that noise stiengin if it does not wake

one from sleep, has an impression on one's sledpscy

The night shift worker while working on nights leagot to deal
with sleep deprivation in addition to the effect tfe trough of the
circadian rhythm. Due to this it is difficult forshift worker to keep from

feeling tired.

The objective of this present study is to find ginevalence of Shift
Work Sleep Disorder, distribution of their stagefssteep, detectable
abnormalities in sleep study and their trough vaamplitude of pattern
of melatonin secretion in saliva during onset ofhi hours, widely
known as Dim Light Melatonin Onset in rotationalifstworkers and

comparing the same parameters with age and sehatattay workers.
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2.1 .1 Regulation of sleep:

Different factors are involved in regulation ofesp. The main
focus has been on the interaction between the hswaso and the
endogenous circadian procesfiegk DJ, et al 1995). The homeostatic
process accumulates as a function of prior wakegsni.e., there is more
homeostatic factor the longer you are aw@higk DJ, et al1990). If one
is awake for long time, he will get the sleep dedpereased slow wave
activity). The circadian factor on the other hamalyp an important role in
sleep quantity; that is, sleep duration is for mhest part determined by
when you go to bed. In other words, sleep lengtibisdependent on the
sleep homeostatic factor, but largely dependenwioen you go to sleep

according to your own circadian rhythm.

Night workers have experienced this as their sldepation is
usually shorter (often less than 6 h) than nornmfanvgoing to bed in the
morning, even though they often have been awakenfoe hours before
going to bed than daytime workérRkerstedt T.et al 2003). From a
practical point of view, this interaction betwedme thomeostatic and

circadian processes means that it is important @¢o alwake for a



substantial amount of time to get sleep of highligyaand to have

regular bed and rise times in order to have stslekep duration.

Also habits and behavioral factors have largeugrices on sleep.
We all go to bed at regular hours, not necessérlyause we are very
sleepyl/ tired, but because we know we need to dgget enough sleep.
Many people experience a high level of sleepineadyein the
evening/afternoon, but avoid going to bed knowingt tit is not time for
bed yet. Behavioral factors can override both tlmendostatic and
circadian factors. For instance, a night workealb¢e to stay awake even
though both the homeostatic and the circadian fadtvor sleep in the

middle of the night.

In these instances behavioral factors, like tglkio someone,
walking around, drinking coffee, increasing illuration, etc., help the
night workers to stay awake. Similarly, many teashwave experienced
students falling asleep at 9 a.m., even though Hwthhomeostatic and
circadian factors favor wakefulness. In this insggnlack of stimulation
may be a behavioral factor explaining the incraasgleepiness and risk
of falling asleep; that is, a boring lecture, sigtin a dark room, lack of

sensory input, etc.



2.1.2 Effect of sleep deprivation

A study done at Research Laboratory “Sports Perdoca
Optimization” National Center of Medicine and Saenin Sports
(CNMSS), Tunis, Tun isia, evaluated the effect ddrtipl sleep
deprivation on the diurnal variations of cognitiygerformance of
handball goalkeepers. 3 cognitive tasks by theaisthe reaction time
(RT), the stroop, and the barrage tests (to ewvaltr RT, the selective
and supported attention respectively) following ifuaions of sleep
deprivation. The results showed an increased RTadadl of the level of
the attention after the partial sleep deprivatiorthe afternoon hours. It
concluded that partial sleep deprivation affects diurnal variation of
cognitive performance by increasing the RT and ceduthe attentional

capacities in the afternoon houfslohamed Jarrayet al 2013).

“A survey of sleep deprivation patterns and theffects on
cognitive functions of residents and interns in &omrevealed severe
sleep deprivation was associated with higher leoklstress, more
frequent attention deficit, and difficulty in leang (P < 0.05), but not

with decreased neuropsychological test results (fe&imeet al)’.



2.1.3 Sleep and memory consolidation:

There is now a large body of literature supporting notion that
sleep plays a major role in memory consolidatione Thost prominent
theory regarding the mechanism is that recentlyumed representations
are preferentially reactivated during sleep. In toatext of declarative
memories, this involves reactivations of memorieghe MTLs during
slow wave sleep( Peigneux, P.et al. 2004 ; Wilson, M. A, &
McNaughton, B. L. 1994), which strengthen and $tabithe memories,
making them more resistant to interferéf(cBiekelmann, S.et al2011)
and more likely to be retain€4( Rasch, B.gt al. 2007; Rudoy, J. Det

al 2009).

2.1.4 Sleep - necessary for survival:

Even though we don’t know exactly why sleep is dezk by
people, there are evidences of animal studies hiaae proved the
necessity of sleep for survival. For example, tifee of rat is normally
two to three years. But the survival time of ratdmaes lesser for the
REM deprived rats as 5 weeks and as 3 weeks foratsewhich are
deprived of all stages of sleep. Body temperatfieisabnormally low

and sores were noticed on their tail and paws i daprived of sleep.



The etiology of sores was found to be compromisgaits’ immune

system.

Normal functioning of nervous system requires grogleep. This
is obvious in our day to day life, where in sleepuvation for one day
may lead to drowsiness and impaired concentratiomeémory and deter
our physical performance. Hallucinations and mowihgs have been
reported in prolonged sleep deprivation. Sleep idafion may lead to
break down of neurons due to depletion of energy ascumulation of
metabolites of normal cellular activities. Sleepoaimay give the brain a
chance to exercise .Important neuronal connectwmsh are required
for prevention of damage from lack of activity asl@éep helps in this

process.

Deep sleep coincides with the release of growthmiooe in
children and young adults. Many of the body's celé® show increased
production and reduced breakdown of proteins dudegp sleep. Since
proteins are the building blocks needed for cetgh and for repair of
damage from factors like stress and ultraviolesraleep sleep may truly
be "beauty sleep." Activity in parts of the bralmat control emotions,
decision-making processes, and social interact®msastically reduced

during deep sleep, suggesting that this type dadpslmay help people



maintain optimal emotional and social functioningile they are awake.
A study in rats also showed that certain nerveaigg patterns which
the rats generated during the day were repeatadgddeep sleep. This

pattern repetition may help encode memories andawgplearning.

2.1.5 Sleep disorders

A sleep disorder is a physical and psychologicahdition or
disturbance of sleep and wakefulness caused byrmfatites that occur
during sleep or by abnormalities of specific sleepchanisms. Although
the sleep disorder exists during sleep, recogrezapimptoms manifest
themselves during the day. Accurate diagnosis regui a

polysomnogram, widely known as a "sleep test”.

Sleep disorders involve disturbances in the gbilit fall asleep,
stay asleep, or stay awake or unusual behavionnglgteep, such as
sleepwalking. Sleep can be disturbed by many factocluding irregular

bedtimes, activities before bed, stress, diet,rdes, and drugs.

The most common symptoms of sleep disorders a@mnia and
excessive sleepiness during the day. People wsthnimia have difficulty
falling and staying asleep and wake up feeling fneshed. Lack of sleep
makes people feel sleepy, tired, and irritable uthe day. People with

excessive daytime sleepiness tend to fall asleemglunormal waking



hours. Some sleep disorders make people unablesist falling asleep

during the day.

Some sleep disorders involve involuntary movemente limbs
or other unusual behaviors (such as nightmaresht nigrrors, or
sleepwalking) during sleep. Other symptoms mayuihelproblems with
memory, coordination, and emotions. People mayop@rfless well in
school or at their jobs. The risk of having a motehicle accident or
developing a heart disorder is increased. A detailescription of the
problem, sometimes with information from a sleeg, losually indicates
the diagnosis, but sometimes testing in a sleegpradbry is needed”. This

testing includes polysomnography.

2.2 Shift work:

The term “shift work” refers to regular employmentitside of the
normal “day work” hours. “Human beings are diurosdatures for whom
it is biologically unnatural to work at night, thieading to the potential
for impairments in work alertness and interferencd day time sleep.
Society expects evenings and weekends to be frembmal, religious and
recreational activities, thus placing shift workatsa disadvantage, when
they are required to be at work during eveningseromight, or on

weekends.



Approximately one fifth of all employees are engdgn some
form of work that requires their presence outsifithe “standard” 7am to
6pm working day on a regular basis, and can thusebarded as “shift
workers”. “This figure is expected to rise to rige second jobbing and
mandatory overtime increas&(U.S.Congress, office of technology
Assessment: Biological Rhythms: Implications foe tivorker (OTA-

BA-463). Washington, DC, U.S. Government printirfjoe.1991).

The fastest —growing sector of most western ecoe®ns the
service sector, and people are increasingly demgndnd receiving
around the clock availability of such services. sTkeads to extended
works week and fewer different work teams coveiagh 24-hour day.
Physicians are thus increasingly confronted withtiegpés whose
conditions may be exacerbated by a failure to cefik the repeated
changes in schedule that shift work requires. Spewple cope well with
shift work, others poorly. At the extreme , moooe& Moore-Ede MC
et al 1986) and others have referred to a shift work acabtation
syndrome in those failing to cope. The internatiatassification of sleep
disorders”(ICSD 1990) formally lists shift work sleep disordes one of
the circadian rhythm sleep disorders. The diagooand statistical
manual of mental disordef§American psychiatric association; 1994)

lists shift work type as a subtype of circadianthiny sleep disorder.



Although listed within circadian rhythm-agtd sleep disorders, shift
work intolerance is a problem that should not bgarded as solely a
circadian rhythm (biological clock) issue, or agledisorder issue, or a
social and domestic issd&nauth P.et al 2003). Rather, it is a complex
interaction of these three factors, with each fartbuencing both of the
other factors and the final outcome of shift wasletance®® (Monk TH:

et al 1998).

Factors associated with an individual that are likely to cause problems
coping with shift work

History of gastrointestinal complaints
Age=50vears

working second job for pay (moonlighting)
Heavy domestic workload

Morning type orientation(lark)

History ofsleep disorders
Psychiatricillness

History ofalcohol or drug abuse

Epilepsy

Diabetes

Heart disease
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Factors associated with Work systems and Work that are likely to
cause problems coping with shift work

More than five third shifts in a row without off time days
More than four 12 hournight shifts in a row

First shift starting time earlier than 7 am

Rotating hours that change once per week(weekly rotation)
Less than 48 hours oftime off after a run ofthird shift work
Excessiveregular overtime

Backward rotating hours (1 st to 3t to 214 shift)

12 hours shift involving critical monitoring task

12 hours shift involving a heavy physical workload

10. Excessive weekend working

11. Long commuting times

12. Split shifts with inappropriate shift breaks

13. 12 hours shifts with exposure to harmful agents & substances

14, Overly complicated schedules, which make it difficult to track or plan
ahead
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Circadian Factors

Shiftwork
coping

ability

Sleep Factors Domestic Factors

rigure 3 Circadian Rhythm coping ability- Triple Factors

2.2.1 CIRCADIAN FACTORS

“Unfortunately, it is quite clear that, like it oroh HOMO
SAPIENS are a diurnal species, biologically hard-wired te &ctive
during the day and sleepy at night. Working at higlust therefore be

regarded as an inherently unnatural act.

The prime negative influence of the circadian eysistems from
its inability to adjust instantaneously to the ofpas in routine that shift
work schedules requiré® (Aschoff J, Hoffmn K, pohl Hgt al: 1975;
Roach GF, Burgess H, Lamond B, al: 2001 ). Figure illustrates the

process of circadian system realignment (as meddwyr¢he phase of the



circadian temperature rhythm) in two young volurdee@ho worked 21

consecutive night shifts(Monk TH, Knauth P, folkard Det al: 1978).

Thus 5 or 6 days were needed before the melatorsat achieved
its desired timing, just prior to the (day) slegmsede. In most work
situations, however, this would bring the indivittm an off-duty break

when a reversion to a diurnal pattern would likehgsue.

As with other investigations, howev&fCzeisler CAet al: 1990),
these studies indicated that darkness during tbepsperiod was an
important as the light during the awake period. Sfltomplete bedroom
light proofing was required, and (more problemdlyya Eastman and
colleague¥ (Eastman Clet al 1994) showed convincingly that dark
sunglasses or welder's goggles usually needed terdse during the
morning commute home from night work for the reqdircircadian
system phase delay to be accomplished, a procethae might

sometimes compromise traffic safety.

Another way of enhancing circadian adjustment jys thking
melatonin pills - a strategy used by many night keos following the
attention given to that hormone in the popular pré¥hereas there is
some laboratory evidence for the effectiveness ddlatonin as a

chronobiotié® (Sack RL,et al 1997), its effects are comparatively weak



compared to those of daylight and are likely towseshed out for many
shift workers. Slightly different is the conceptudging melatonin pills to
facilitate daytime sleep (without necessarily chiagghe timing of the
circadian pacemaker). However, although there isdgdaboratory
evidence for such facilitation, double-blind stisli® melatonin's effects
in actual shift workers have resulted in few deifug improvements in
the quality or duration of daytime slé&ff Jorgensen KMet al 1998;

James Met al 1998).

In Europe, many companies are switching to rapidiyating
systems in which only one or two shifts are worleéda time, before a
different one is workedl (Knauth P,et al 1980). Thus, for example, on
the continentatotation, employees work two morning shifts, tw@ewg
shifts, and two night shifts, followed by two dagff. Most European
experts favour such systems because they allowitb@&dian to retain its
diurnal orientation, thus eliminating problems ofesginchronosis.
Because only one or two night shifts are workeaimefime off is given,
sleep loss and fatigue are minimized. The drawbatkapid rotation are

the circadian-related fatigue experienced durirgrtight shifts”.



2.2.2 SLEEP FACTORS

“Sleep is the major preoccupation of most shiftrkeos. In both
Europé® (Knauth Pet al 1980) and the United state¢Tasto DLet al
1978), surveys have indicated that night worketsadgpout 10 hours less
sleep per week than their day-working counterpdrtais, People who
happen to need 9 hours of sleep per 24 hours ier aodfeel well rested
very often find shift work extremely difficult toope with. In his survey
of field and laboratory shift work sleep studiekefsted?®*{Akerstedt T
et al 1985; Akerstedt Tet al 2005) concluded that the shortening in a
night worker's day sleep comes primarily from auattbn in stage 2 and
rapid eye movement (REM) sleep, with slow wave sleelatively
unaffected. Not surprisingly, given the prolongegtdls of partial sleep
deprivation involved, sleep latency can be somewhdticed in night
workers, and some studies have found shorter RE&hdses to occur.
Essentially, the problem is usually one of sleepateaance insomnia

rather than sleep onset insomnia.

In this closely protected environment, there washighly
significant difference in duration between the dégep of night workers
and the night sleep of day workers (306 minutesu®r401 minutes,

respectively). In addition there were reliable eiénces between the



polysomnographic characteristics of the sleep, aittmaller amount of
REM sleep and a greater proportion of slow wavesléor the night
workers. Thus, even if it were economically feasjbthe complete
soundproofing and light proofing all shift workdsedrooms would not

eradicate the problem of sleep for shift workers.

Unless the shift worker is in a well-adjusted hehsd, his or
(more especially) her sleep is liable to be trueddby the demands of
childcare, shopping and household management.ewing the sleep of
shift workers, one must therefore consider both ogedous and

exogenous factors that are going to limit sleegetim

The use of hypnotics as done in a study of radasinift workers,
Walsh and colleagu&gWalsh JKet al 1984) found that 0.5mg triazolam
could improve the quality and duration of day sledpwever the study
was also important in demonstrating that the drag ho significant

phase-resetting effects”.

2.2.3 Domestic factors

Certainly, if a shift worker's domestic and socidéife is
unsatisfactory, then the individual will not be omp satisfactorily,
however well adjusted the sleep and circadian rhytihhay be. The

additional tasks falls on the female shift workee ahild care and



household management. Another aspect of domestiapdion concerns

the role of the male shift worker as husband arrémiaThe factor may
increase the risk of divorce b57%35 (White L et al 1990) in a

longitudinal follow up study. Shift worker often féers from social
isolation from day working friends and from relig® community

organizations.
2.2.4 Coping strategies:

“Employee education programs should emphasize wegy
circadian, sleep and domestic factors can influgheeshift work coping
ability. Workers should be taught good sleep hygigiractice and
advised how they can manipulate zeitgebers to #thiantage, enhancing
those that are acting in their favour and attemgathose acting against
them. They should also be taught the benefit oplpytactic naps. In
some cases family counseling may be indicated souds solutions to
some of the social and domestic problems. The ioreaif self help
networks can often be of benefit, lessening somehef social and
community isolation that many shift workers feel.h& educational
strategies fail and shift schedule cannot be chdngee patient may

require to a day working job.



Management education include convincing the mansafjest for
realizing the potential of problem, and making Wide range of different
shift systems that are available, including thadigprotating systems so
popular in Europe. Recognition of factors suchiyge of job, nature of
workforce, average commuting time, male female oratiand
preponderance of moonlighting that should influeice selection of

optimal schedule for that work group in that sikoiat

Although some people cope well with shift work,mpathers have
significant problems that can adversely affectrtheialth and well being.
These problems can become a shift work sleep d#spwhich can be
guite debilitating to the patient. Shift work prebis can be usually
understood with a multifactored approach that recas the interaction
of circadian rhythms, sleep and social and domes#ictors in

determining shift work coping ability”.

2.2.5 Alertness Strategies:

A variety of strategies have been empirically sddand shown to
increase alertness in performance. These strategikesle planned naps,
caffeine, good sleep habits, managing the sleeframaent, exercise,

light and dark exposure, activity breaks, diet, atiee, hypnotic and



stimulant medication and sleegcheduling®™”*{ Howard SKet al

2002; Rosekind MRt al 2002; Rosekind MRt al 1999).

Scheduling:

An individual worker can seek every opportunityingrease work hours
and income, and an organization or corporation damt these

opportunities in order to reduce potential heaittl safety risks.
Healthy Sleep:

It is critical that individuals learn about potaitsleep disorders that may
affect them and seek help from accredited sleepgamedprofessionals to

identify and treat underlying cause of sleepiness.
Conclusion — Managing work schedules:

“Modern work schedules have evolved dramaticatignt their
roots as traditional shift work to meet historicahnufacturing and line
operations. Effective clinical interventions mayatve actions focused

on each of these areas for optimal outcomes.

Shift work sleep disorder is otherwise known asailian rhythm sleep
disorder. Its diagnostic criteria are published time international

classification of sleep disorders Revised (ICSD-2).



Delayed sleep phase type (DSPT) and advanced gleege type (ASPT)
are the two types of circadian rhythm sleep disoase the former is the

most commonly encountered in clinical practice”.
Clinical Feature — DSPT:

“It is characterized by sleep onset and wake tithas are usually
delayed 3 to 6 hours relative to conventional slegke times (see

figure).
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rigure 4 SChematic representation of the temporal distributbn of sleep
and wake in patients with circadian rhythm sleep dsorder

Patient typically finds it difficult to initial skep before sometime between
2 and 6am and when free of social constraints ppefavake time that is
between 10am to 1pfi° (Weitzman Eet al 1979; Weitzman EDet al
1981). The clinical picture may be similar to sleepset insomnia.
Enforced conventional wake times may result in oioally insufficient
sleep and excessive day time sleepiness. In adoliedte syndrome may

be associated with day time irritability and poahaol performance



where as in adulthood the symptoms are impaired petformanc#
(Thorpy MJ et al 1988) and associated financial difficulty as wed

marital problem¥ (Alvarez Bet al 1992).

Although actual prevalence in general populationrignown it is more
common in adolescent and young adults with a regdoprevalence of
7% (Pelayo Ret al 1988).In middle aged adults the prevalence may be
nearly 0.79%'Ando K et al 1995). In sleep disorder clinics,
6.7%"(Weitzman EDet al 1981) to 1698 (Regestein QRet al 1995)
patients with primary complaint of insomnia weretedmined to have

DSPT.”
2.2.6 Etiopathogenesis:

The tendency for late sleeping is not simply acfiom of
interaction between circadian drive for wakefulnaesl sleep homeostat
but is analogous to other physiological behaviarsdverlaid by varying
individual emotional social and medical sté‘?(esRegestein QRet al
1995). “Late wake times will delay exposure to tigin the morning and
may prevent active advancement of the circadiackcidlowing it to drift
to a new phase relation with the external clocketinThere is also

evidence for genetic basis to DSPT. In some cases familiar with

autosomal dominant mode of inheritaf}]Sél&Alvarez B et al 1992;



Ancoli-israel Set al 2001). Polymorphisms in circadian gene such as
hPer3, arylalkylamine N-accetyltransferase gene,AHbenes and

50515253
K

Cloc (Archer SNet al 2003; Hohjoh Het al 2003; Iwase et al

2002; Takahashi Y et al 2000)support the genetsisha
2.2.7 Diagnosis

The diagnosis of DSPT is usually made on the liddise patient’s
history of chronic or recurrent complaints of syomps of insomnia

resulting from a stable delay in the timing of tn@jor sleep and wake

. 545
periods

5(Americ:an academy of sleep medicine,2005; American
psychiatric association 2000). Sleep log or actibyamonitoring should
be performed for at least 7 days to demonstratéalales delay in the
timing of the habitual sleep period. A morningnessningness scale,
such as provided by the Horne-Ostberg questionnaralso useful to
gauge the patients best time of performance. Toenthk diagnosis,
medical, mental or sleep disorders that may caliseatons in the sleep-
wake cycle, insomnia or excessive sleepiness shbaldexcluded or
adequately treated. Nocturnal polysomnography metmes necessary
to exclude other sleep-disrupting pathology. Whearfggmed during

conventional sleep laboratory hours, PSG often shpmwlonged sleep

onset latency as well as prolonged rapid eye mowuesieep latency, and



this many times, in conjunction with an antecedse¢p log, be a clue to

the diagnosis.

The use of other physiologic markers of circadiaring, such as a
continuous recording of body temperaﬁ?ré(:zeisker CAet al 1980) or
dim light (plasma) melatonin onset (DLI\/IEYIShibui Ketal 1999), may
also aid in determining the phase relationship betwcircadian and
terrestrial time, although routine clinical availdp remains limited.
DLMO is probably the most useful marker for circadipacemaker
outpu?SSg(Lewy Adet al 1989; Lewy Adet al 1999). In individuals with
DSPT, the DLMO times usually occur after 108MShibui K et al
1999)(See figure). Determination of DLMO can be madby
measurements of melatonin from plasma or salivam@ercially
available salivary determination of DLMO for climic use may be

feasible in near future.



Figure 5 Dim light profiles of individual with Adva nced Sleep Phase
Type DLMO at 7 pm (top); Delayed Sleep Phase Typeith DLMO at
1.30 pm (Bottom) the arrows indicate that the DLMOcalculated as
two standard deviation above the baselines

2.2.8 Treatment

The use of chronotheraphy has been successfuhall group of

patients in laboratory settiﬁ]g(Czeisler CAet al 1981). Chronotheraphy



requires a successive delay of sleep times by 3shiaily over a 5 to 6

day period until a desired sleep time is achieved.

This shift is followed by rigid adherence to a siep-wake
schedule and good sleep hygiene practice. Therapywight light in the
morning should advance the phase of circadian rhgtin DSPT and
may be more practical than chronotherfB?(Levw Alet al 1985;Lewy
AJ et al 1985). Clinical application of bright light thenapremains

empiric and there are no standard criteria fonss in DSPT.

Administration of exogenous melatonin also shtfie phase of
endogenous circadian clock. It should be noted tthatPhase Response
Curve (PRC) for melatonin is nearly opposite to fRRC for light
exposure. Melatonin delays circadian rhythms wheémiaistered in the
morning and advances them when administered irafleenoon or early
evenin§4(Lewy Ald et al 1992s). The relatively small number of clinical
studies and variability in dose and time of adntiaifon have been
limiting factors in the development of a standaedizapproach for
treatment with melatonin. The combination of mogniright light and
early evening melatonin may be even more efficaiolcreating a phase
advance, although clinical data are lacking. In mary the clinical

approach to a patient with DSPT should initiallglide assessment of



circadian sleep phase by sleep diary or actigrapbgsures for a period
of at least 7 days. Behavioral interventions sushaastructured sleep
wake schedule, good sleep hygiene practices andlanae of exposure
to bright light in the evening should be prescrided all patients. In

addition exposure to bright light in the morningt¢12 hours shortly after
awakening) or administration of melatonin in theemwng (5 to 6 hours
before habitual sleep time) can advance the tinuhghe sleep wake

cycle, although melatonin has not been approvethfsrindication.

2.2.9 Shift work- a health risk:

Shift work, and night work in particular, is asgded with
negative effects, such as shortened and distutbeg,datigue, decreased
alertness, cognitive decrements, increased injudesl accidents,
reproductive problems and risks to cardiovasculat gastrointestinal
diseas&® (Akerstedt Tet al 1990; Boivin DB et al 2007). These
symptoms are experienced because shift workerdy raaigift their
endogenous circadian rhythms to align with the sleake schedule
demanded by their occupations”. Night workers &erdfore often in a
constant state of circadian misalignment, and bailk and sleep at the
“wrong” circadian phase. The symptoms due to adi@n misalignment

can be reduced even if the optimal phase relatipnshnot completely



established. The magnitude of phase shift is pedytirelated to the
extent of improved performance and alertness duhiegight, and better

daytime sleep at home(Burgesséial 2002)".

In 2001, two studies were published suggesting) disxuption of
the day-—night cycle by exposure to light-at-nigbgpecially through
nighttime shift work, may be associated with inse incidence of
breast cancer (Davis & al 2001; Schernhammer E& al 2004}
Dauvis et aP reported on a case— control study among womenwarked
the night or “graveyard” shift, showing a greateskrof breast cancer
associated with greater frequency and longer duradf night shift work.
Graveyard shift work was associated with an odd® raf 1.6 (95%
confidence interval _ 1.0- 2.5). In the Nurses’ lHe&tudy cohort,
Schernhammeet al ™ examined 2441 incident breast-cancer cases and
reported a trend of increasing breast cancer righ mcreasing duration
on the night shift. They conclude that women whaokaen rotating night
shifts with at least three nights per month haveaerately increased
risk of breast cancer after extended periods aitirg shift work. A third
study on shift work and risk of breast cancer régggbincreasing risk by

increasing duration of night work (Hanseat &l 2001Y-.



“A 2003 study suggested an association betweeh wbrk and
risk of colorectal cancer (Schernhammer &Sl 2003)%. Exposure to
light at- night may increase risk of cancer by segping endogenous
production of the neurohormone melatonin (SchermhamESet al
2004; Stevens R@t al 2005; SchernhammerdE al 2004)**"*which has
been observed to have potentially beneficial oratmst antioxidant,
antiadduct, anti estrogenic, and immune modulagictivities (Brzezinski
A et al 1997; Reiter REt al 2004}, The antiestrogenic activities of
melatonin are highly relevant to breast cancer rakd include
interference with the estrogen receptor, reduatibaestrogen production,

and reduction of circulating estrog§8anchez-Barcelo El al 2005)”.

The primary function of melatonin is to conveyadmhation on
night length to physiologic systems to organizeaiian functions such
as core body temperatut&(Claustrat Bet al 2005; Scheer FAet al
2005) as well as seasonal physiology in other madmmaspecie®
(Arendt Jet al 2003). Serum and saliva melatonin levels are atym
very low during the day and the levels rise aftarkd peaking in the
middle of the night. Exposure to light during tharkl cycle inhibits
melatonin secretion in a dose-dependent manndr,antihreshold of 200—
400 lux (lumens per square meter) and maximum itibrbafter 600 lux

for 1 h, 11 as well as being wavelength-sensitvigéh maximum effect at



approximately 446-477 rifff(Lockley SWet al 2003; Brainard Gt al

2001).

Future analytic studies of light-at night and @mwould benefit
from surrogate measures to estimate lifetime exgosDccupation, in
particular shift work, may be correlated with imfaont patterns of light
exposure, but few direct measurements of light expoin the workplace
have yet been publish&{Koller M et al 1994; Dumont Met al 2001),
and none have reported measurements for periodgidhan 56 hours
outside the laboratory. Longer measurement perioasild allow
comparison of rest days with workdays on differshifts or rotation

patterns.

The high subjective self rated sleep scores duvirding and
working hours are consistent with reported fatignd lack of alertness in
shift workers, a major concern in occupational teahd safety as with
the study done by Borges FNt al 2003 and Mistlberger REet al

2003"® Borges FNet al 2003; Mistlberger REt al 2004).

Measurement of melatonin has been performed pilyniar the
laboratory as well, using multiple samples of seraman overnight urine
sample, although one study used salivary melatesmmples (5 per day) 1

or 2 days per week over a period of 4 wé&€kewden Aet al 2004).



Serum and urine sampling methods have drawbackshwdur three-
sample saliva protocol avoided, including the logs of drawing
multiple blood samples, and the lack of informatwon24-hour variation
available from an overnight urine sample. Researtthlight-at-night as
a cancer risk factor is at a very early stage aedsurement is a critical
area. This study addressed the feasibility and paabédity of 24-hour
exposure measurement for an extended time periothdimde both
workdays and days off in natural residential andupational settings,
and looked at whether years of shift work can beduss a surrogate for

exposure to light-at-night.

A study conducted in telecom female workers in NB®lhi on
various shifts revealed that in case of the rogashift, the increased
demand in the perceptual and motor and the modinatiaspects of work
caused greater negative influence on physical thesymptoms, and
social and domestic disruption. The somatic anxwe#g greater among
women in night work. Findings of the multiple asfseof supported that
the behavioral response to the work stressorshaatth and well being
dimensions did vary with shift schedules. The jasign interventions
tailoring to the type of work and work place ergomnos might improve
the work stressors. The overlapping schedules ef rtitating shift,

including night work are the documented risk fastddelayed morning



shift for the operators in the rotating shift ardjustment of shift length
based on the work and climatic load (e.g : reduwedk hours in the
evening shift to avoid peak workload, extend wodkifs in the day shift
during the extremely hot summer months) might &i&vwork stresses

and enhance health and well béi(l.Naget al 2004).

2.3.1 Marker of circadian rhythm - Melatonin

For the treatment of Circadian rhythm sleep dismsd an
understanding of the circadian timing system iscafcial importance.
Sleep usually takes place when the melatonin laselhigh, and
wakefulness normally coexists with low plasma nuiat levels. Based
on the close correspondence between sleep/waksful@md body
temperature/melatonin, the core body temperature amelatonin
(measured in saliva, urine or plasma) constituge ttho most common
physiological measures of circadian rhyt#{ Sack RLet al 2007;

Brown ENet al 1992; Lewy Alet al 1998).

The main site of this endogenous rhythm has beeatéd in the
Suprachiasmatic Nuclei situated bilaterally abdwedptic chiasma in the
anterior basal hypothalantt(&illette MU et al 1999). Ablation of the
Suprachiasmatic Nuclei in mammals has been showrelitminate

circadian rhythms, and transplantation restoresrtiyéghm to the period



of the donor anim&l (Ralph MRet al 1990). There exist several major
input fiber systems in the Suprachiasmatic Nucléie most important
stems from photo receptors in the retina, whichegosignals to the
suprachiasmatic nucleus via a monosynaptic pathwhg retino
hypothalamic tract. Recently it was discovered tihat retinal rod and
cone cells are not required for photoentraiment, that there exists a
subset of retinal cells (2500 of a total of 100@@ds) containing a light
sensing pigment, melanopsin, which is assumed toinkelved in
circadian photo entrainméh(Hattar Set al 2002). Measurement of the
circadian rhythm based upon the melatonin comprse®ral samples
(normally with a 30 or 60 min interval) of salivatine or plasma. The
level of illumination currently recommended for gsamg is 10
lux®’(Pandi-Perumal SR et al 2007). The most commonrdyl ygarameter
from these measures is the dim light melatonin D(BeEMO), normally
defined as the time when the melatonin level rea@pmgy/ml in plasma
%(Lewy AJ et al 1999) or when a level of 4pg/ml is reached in
saliva®(Nagtegaal Jt al 1998)".

2.3.2 Treatment with exogenous melatonin

“Exogenously administered melatonin has phase rmhifti
properties, and the effect follows a phase respeunsee (PRC) that is

about 12hour out of phase with the PRC of ligkt**{Sack RLet al



2007 Lewy AJet al 1998; Arnedt Xt al 2005). Melatonin administered
in the afternoon or early evening will phase delag circadian rhythm,
whereas melatonin administered in the morning wilase delay the
circadian rhythm. The magnitude of phase shifténe dependent and
the maximal phase result when melatonin is schelddateund dusk or

drawn'®(Arnedt Jet al 2005).

The effect of exogenous melatonin is minimal wiagiministered
during the night, at least during the first halftloé night** (Lewy AJet al
1996). Furthermore, similar to the effects of brtidight, melatonin
administered at an inappropriate time can actuallysen the Patient's
condition. Melatonin has in addition to phase gift properties,
soporific effects. This is seen especially wheningk melatonin
medication during the daytime, when endogenous towila is low
5(Arnedt Jet al 2005). This effect may account for some of itsdfgnn

the treatment of jetlag and shift work disorder.

There is no consensus regarding the appropriatee dor
formulation of melatonin. Most studies use faseaske melatonin, but
sustained-release preparations are commerciallylabl@ The doses
used in most studies range from 0.5 to 5mg. Sewgaudies show that the

effects of melatonin are not clearly dose-reldt§&ack RLet al 2007),



and the phase shifting effect is considered less those associated with

light exposure”.

Treatment of circadian rhythm disorders

Exogenous melatonin, usually taken orally in tHerabon or evening, is,
together with light therapy upon awakening, thendtad treatment for

delayed sleep phase syndrome and non-24-hour glak@-syndrome.

2.3.3 Studies related to SWSD and melatonin

In a Double-blind placebo-controlled study conedcin Private
Suite of a general clinical research center whea¢ melatonin (0.3 mg
or 5.0 mg) was administered 30 minutes prior tohe@®&7-hour sleep
episode. Both doses of melatonin improved polysayraqehically
determined sleep efficiency from 77% in the placgboup to 83% for
sleep episodes occurring during circadian phasesnwdndogenous
melatonin was absent. However, this remained bélmvaverage sleep
efficiency of 88% observed during sleep episoddé®daled during the
circadian night, when endogenous melatonin wasepted/elatonin did
not significantly affect sleep initiation or coreody temperature.
Melatonin appeared to maintain efficacy across stely and did not
significantly affect percentages of slow-wave sleep rapid eye

movement sleep (Wyatt J& al 2006).



“The study was a randomized, double blind, placdpPd)-
controlled crossover trial, lasting 5 wks. A sndise of melatonin given
daily, administered in the afternoon, advanced #heep timing in
teenagers. Twenty-one students, aged 14-19 yrd) sleep-onset
difficulties during school weeks were recruited Dgrthe first 6 days in
wks 2 and 4, the students received either PL oatarin (1 mg) capsules
between 16:30 and 18:00 h. During the first 6 dafywk 5, all students
received melatonin. Wks 1 and 3 were capsule-fRremary analysis
over 5 wks gave significant results for melatonsieep and KSS
(Karolinska Sleepiness Scale,). Post hoc analysisved that reported
sleep-onset times were advanced after melatonimoseteeks compared
with PL school weeks ( p < .005) and that sleegtienwas longer ( p <
.05). After the last melatonin school week, thalstus fell asleep 68 min
earlier and slept 62 min longer each night compavegld the baseline
week. Morning melatonin values in saliva diministesanpared with PL
(p <.001) and evening values increased ( p <),00dicating a possible
sleep phase advance. Compared with PL school web&sstudents
reported less wake up ( p < .05), less school aeeysleepiness ( p < .05)
and increased evening sleepiness ( p < .005) daomglgtonin weeks. The
concluded that a small dose of melatonin givenydaiiministered in the

afternoon, could advance the sleep timing and mhb&estudents more



alert during school days even if they continuedrtbéen irregular sleep

habits during weekends (Berndt Eckerbey,dl 2012)".

“A double-blinded study involving One-hundred riyxwo adults
(n = 127 women, 65 men; mean age, 46 years) wgbnmia on an
outpatient basis conducted in department of Negsoldlorthwestern
University Feinberg School of Medicine, Evanstob, Both doses of
melatonin (0.3 or 3.0 mg) advanced the circadiaasphof endogenous
melatonin. The magnitude of phase advance in djim-Inelatonin onset
correlated strongly with the time of melatonin adisiration, with earlier
times being more effective (r2 = 0.94, P < .0004¢de results indicate
that melatonin advances the circadian clock andpsie patients with

DSPS in a phase-dependent manner (Mundelyak 2005).



AIMS AND OBJECTIVES



AIM & OBJECTIVE OF THE STUDY

The primary aim of the study is to investigate flagtern of sleep
among shift workers and compare their sleep paemmeind salivary

melatonin levels with the day workers.

Objectives:

1. To assess the polysomnographic parameters duragp sh shift
and day workers

2. To assess the salivary melatonin level in shift dag workers

3. To assess the subjective measure of daytime tieepisiess in
shift workers using Epworth Sleepiness Scale

4. To assess the subjective measure of quality ofpslesing

Pittsburgh Sleep Quality Index



MATERIALS AND
METHODS



MATERIALS AND METHODS

The study was conducted during the year 2014 eatitktitute of
Physiology and Experimental Medicine, Madras MeldiCallege after
getting approval from Institutional Ethics CommétdlEC), Madras

Medical College Chennai.

Selection of subjects

Thirty subjects on rotational shift work with wamg hours other
than 7 am to 7 pm duration of not less than 6 n®ntere selected
between age group 20 to 40 years of male gendeaty Ttormal day shift
workers working on 7 am to 7 pm basis were takeooadrols matching

age working in offices.
Inclusion Criteria:

Patients both men and women in the age group of 20 years

working on shift work pattern not less than 6 manth

Exclusion Criteria:

Patient with the following conditions were excludeaim the study:
Obstructive sleep disorder,

Patients with known psychiatric iliness, or



Patients on sleep medications,

Pregnancy,

Post-partum period

Subjects with neoplastic, hepatic, diabetic, redgpny and any
cardiovascular disorder or other concurrent medidiiess (i.e.

respiratory and heart failure and renal disease)

Patients with secondary infections

In addition those under medications which affdeeg were also

excluded.

Controls were age matched healthy subjects withmab sleep

habits.

With these criteria a total of 60 individuals ofalm gender were
selected. Of this 30 were rotational shift workangl remaining 30 were
day workers. After thorough explanation of the gtuchformed verbal
and written consent was obtained from the partima and
polysomnography (PSG) was conducted when patieninisstable

condition.

STUDY DESIGN: cross sectional study



TYPE OF STUDY: comparative study

PLACE OF STUDY: Institute of Physiology and Expeemtal Medicine,

Madras Medical College, Chennai 03.

POLYSOMNOGRAPHY

STUDY OF NORMAL SLEEP

There are mainly two ways to define the stagesesips

A. Clinical observations

B. Physiologic information

The term polysomnography was coined by HollandnBet, and
Raynall in 1974 a common method employed to sthegd changes by
recording of Electro encephalogram (EEG), Elecicalogram (EOG),
Electromyogram (EMG), Electrocardiogram (EKG), Vitsigns and
breathing parameters. Polysomnography is a comps@herecording of
the biophysiological changes that occurs during tlsbeep.
Polysomnography is usually performed during thehnhigthen patient
sleeps. Polysomnography is the technique of reogrdinalyzing and
interpreting multiple simultaneous physiologic paeders during sleep.

Scientific effort was made to characterize all pihgsiological events that



occur during sleep and provide a standardized rsgomanual with

universally accepted terminology and specifications

The manual for the recording and scoring of hunséeping
activity was published by A.Rechtschaffen and Ad€alin 1968.
Technical advancement, digitization, and discovefy multiple new
concepts in sleep medicine, led to incorporatiomofe comprehensive
scoring rules and terminologies by the American dsray of Sleep
Medicine (AASM) in 2007. It framed standardized ieav for
specifications, rules for scoring normal sleep a@eninology for the
evaluation of pathological findings during slee@A3M uses the term N
for NREM sleep stages and R for REM sleep stagésadl N2 are used
for stage 1 and stage 2; N3 indicates the sumagiesB and stage 4. Yet
another change is regarding to the nomenclature rEgording
placements, calling the post auricular placemeritsalild M2 (rather than

Al and A2).

The night is divided into epochs time for conveie so that it
corresponds to the length of each paper page. @perspeed for speed
recording is 10 mm/s ; a 30 —cm page correspon88 & the segment of
time represented by each page is called an epdebp Stage scoring is

done in epochs. With technical and digital advarers) sleep recording



at present is done digitally but still sleep isrgetbconventionally using a

30 second epoch window.

Clinical polysomnogram in addition to these valgsbis used to
diagnose various sleep disorders through airflownitoos of nasal and
oral cavity, respiratory effort gauges placed atbuhest and abdomen,
pulse Oximetry — non invasive measure of oxygenura#on,
electrocardiogram, EMG of anterior tibialis musdte detect periodic
limb movements and audiovisual means to monitoiepg$ gross body
movements. According to the International Clasatitn of Sleep
Disorders (AASM, 2005), there are 90 distinct slebporders. Nasal
pressure sensors connected to the nose via nasgygare accurate in
recording apnoea and hypopnoea when compared tondhesensors
(Series F, Mrc |, 1999). During inspiration , aigvaressure is negative
relative to atmospheric pressure and during expmat it is relatively
positive. The resulting alteration in nasal airwagssure can provide a

surrogate estimate of airflow.

Respiratory effort is monitored using respiratomyductance
plethysmography which detects changes in inspiyatord expiratory
volumes by chest and abdominal wall motion. It distps to distinguish

between central apnoeic event which is not assetiatith respiratory



effort and obstructive apnoeic event where a plsdsi in respiratory
effort is recorded. The abdominal wall moves outivdue to the descent
of the diaphragm while the thoracic wall moves imvalue to the

negative pressure generated by upper airway cellaps

Transcutaneous pulse Oximetry is used to recorfflerdnt
parameters such as total number of desaturatiorygeo desaturation
index (ODI), number of desaturation per hour , lsiM8pO2, and total
time SpO2 spent below 90%. A 4% fall in saturai®oonsidered to be a
significant measure of hypopnoea. Oxygen saturai®rthe oxygen
content of blood divided by oxygen capacity andregped in volume
percent. The desaturation recorded is delayed aftespiratory event
because of the circulation time from the heartht® finger. The normal

delay is about 10 to 12 seconds .

Components of polysomnography recording systemudiec:

= Quality amplifier

= Filter design and configuration

» Independent filter selections for each channel

» Adequate sampling rates and bit resolution for eesmtorded
parameter

= [nput signal referencing capabilities



= Provisions for standard calibration procedures asignal
verification

= Appropriate signal display

Polysomnography may be digital or analog type. Theital
systems are computer based instruments. It hasiatkegtorage capacity
. a typical device might require 50 megabytes ofagje for an 8 hour
recording. Data are usually downloaded onto a cder@mystem separate

from the recording device.

SIGNAL SOURCE

There are three sources of signals:

» Bio electric potentials example EEG, EOG, EMG, ECG

= Trasnduced signals from sensors attached to thenpatxample
signal obtained from respiratory, snoring and baquhsition
Sensors.

= Ancillary equipment signals example Oximeter. Thesparate
instruments have their own processing circuitspaiglisplay and

signal outputs.



Signal pathway and Processing in Polygraphic Circuit

Electrical signal produced in the patient’s body

'

Signal is transmitted from the skin to the electrode

;

From the electrode through lead wire it goes to head box

,

From head box it goes to differential amplifier through a shielded cable

.

Differential amplifier subtracts a reference signal and a ground signal from the original signal

using a method called COMMON MODE REJECTION

-

The new signal is sent to polysomnograph

.

DC devices send other data about the patient through DC amplifier to polysomnograph

There are two types of amplifier — alternatingreat amplifier to
record physiologic parameter of high frequency gx@rEEG, EOG,
EMG, ECG and a direct amplifier to record slowlyanling potentials as

signal from pulse Oximeter.
DIFFERENTIAL AMPLIFIER

It amplifies the difference between electrode ispatther than the

absolute voltage at any electrode.

The electrical noise present at both the electisdmibtracted out

and therefore does not contaminate the recording.



The ability of the amplifier to suppress a signatls as noise, that
is present simultaneously at both the electrodeslied common mode

rejection.

FILTERS:

The differential amplifier eliminates most of tbawanted signals
and the remaining unwanted signals are removedhbyuse of filters.

Filters are of the following types:

High frequency filter (HFF)- it determinates thepep limit of
frequencies that a channel displays at full amgéituthe amplitude of the

electrical signal with frequencies greater than KEfings is attemuated.

Low frequency filter (LFF)- it determinates the lemwlimit of
frequencies that a channel displays at full amgéturhe amplitude of the

electrical signal with frequencies lower than LigRiags are attenuated.

Notch filter — 50/ 60 Hz filters are provided aseanporary means

of eliminating 50 or 60 Hz frequency interferenoani amplifier output.

Digital filter - it uses software algorithms to d&d selected
frequencies after the amplified signals have bemmverted into digital

form.



PATIENT TRAY CONSISTS OF

EEG paste

Measuring tape

Cotton swabs

Electrodes, sensors, and lead wires

Spirit

Micropore

Gloves

Scissors






DIGITAL SPECIFICATION FOR ROUTINE
POLYSOMNOGRAPHY (AASM GUIDELINES)

Electrode| Desirable Minimal High Low Maximum
sample | sampling| frequency| frequency| impedance
rate(Hz) | rate (Hz)| filter (Hz) | filter (Hz) | (K Ohms)

EEG 500 200 35 0.3 5

EOG 500 200 35 0.3 5

EMG 500 200 100 10

EKG 500 200 70 0.3

Snoring 500 200 100 10

Airflow 100 25

Oximetry | 25 10

Chest and 100 25

abdominal

movement

Body 1 1

position

SIGNAL MEASUREMENT

The recorded signal can be measured according to



1. Frequency- frequency is described as cycles peanseor Hertz
which refers to the number of waves appearing engban of one
second.

2. Amplitude — Amplitude refers to the vertical heigiita wave and
represents electrical voltage of the wave. It depewon the

sensitivity setting of amplifier .

Sensitivity is defined as the amount of voltage essary to
produce a set deflection of the pen. Greater tinsitbaity, lesser is the

recorded amplitude.

REQUIREMENTS FOR CONDUCTING POLYSOMNOGRAPHY

» Air conditioned room with attached bathroom

» Polysomnographic recording system

e Computer

* Amplifiers

» Electrodes and application material

» Pulse oximeter-to detect blood gas analysis

» Abdominal and thoracic belts-to detect respiratfifprt
* Nasal airway pressure transducer- to detect nasava

» Access to emergency medical care



Prestudy procedure:

* Detailed sleep wake history is taken

* a complete medical history and clinical examinatstrould
be completed

» information is provided to the patient about thepgmse and
procedure of sleep study

» Patient should be made aware that their sleep bell
monitored throughout the entire study and they khde

told how to contact the technologist if necessary.

The patient was asked to follow the instructions:

* To take a bath in the evening and shave of faaial h
* Not to apply oil anywhere on the body

» To take dinner at least one hour before sleep study
* Not to consume alcohol on the day of study

» Avoid coffee or tea at least 3 hours before thdystu

» Dress in routine sleep wear

* Remove all ornaments

» To bring all previous medical reports

* Report for sleep study at the appointed time



SLEEP STUDY PROCEDURE:

Patient hookup: - it involves placement of vari@ensors to record the

different parameters during sleep.

ELECTROENCEPHALOGRAM:

EEG is the surface recordings of the summatioaxgitatory and
inhibitory postsynaptic potentials generated byapyidal cells in cerebral
cortex. The advantage of EEG recordings in rese@ctheir non —
invasive nature and high temporal resolution sa theanges of even a
few milliseconds can be detected. Recordings resalatle differences in
brain function, which are not always accompanigd dehavioural

performance.

The disadvantage is their low spatial resolutiord dahey only
reflect synchronous electrical activity of large ure assemblies.
Contamination of EEG recordings by artifacts (eyehead movements,
muscle movements, and external electrical noisahpromises the
interpretation of the data if such artifacts aré¢ removed. The EEG is

recorded using six “exploring” and two “referenegéctrodes.

The acceptable derivation for the purpose of sgpsleep stages

are C3 or C4 referred to opposite mastoid; two nkénare recorded with



one used as backup for technical problems durig@tniThe opposite
side derivation is used to maximize inter electrddgance as amplitude
of EEG is dependent on inter electrode differenad the criteria for

scoring sleep stages Il and IV are dependent griiarde.

International 10 -20 system was developed as adatd
measurement tool for placing electrodes on the lieadecording EEG.
The following electrode sites are located accordinB&K criteria — two
mastoid ( known as aural , Al, A2), two central (@34) and two
occipital (01, O2) . EEG is recorded using eithetdgcup or silver
chloride electrodes. Electrode impedance shouldlligbe less than 500
ohms. Standard gain for EEG electrodes is a deflecf 1 cm for every
50 pv. Recommended EEG deviations are : C4-A1AD2with C3-A2

as a backup.

STEPS IN INTERNATIONAL 10-20 ELECTRODE PLACEMENT

SYSTEM

Location for four landmarks-nasion, inion, lefepuricular region ,

and right preauricular region.

The distance from nasion to inion was measured.Ilh% of total

distance from nasion is marked as Fpz and frormimie Oz along the



line joining them. The halfway point between nasan inion is marked

as Cz. 20 % distance from Cz in front is marke&zaand back as Pz.

The distance between left and right preauricutanfpivas measure,
with the tape passing through the halfway mark nf @om the Cz 20 %
of the distance on the left is marked as C3 anltrag C4 on the line

joining the left and right preauricular points.

The circumference of the head is measured by mgas$ise through
all the 10% marks. 50% of this measurement coirgscidigh Oz at the
back and Fpz in the front. 5% of circumferenceh left of Oz is marked
as Oland right as O2. Similarly 5% circumferenceletd of Fpz is

marked as Fpl and right as Fp2.

The distance from Fpl to O1 passing through C&éasured.
50%o0f this distance should intersect at C3. 25%hisfdistance is marked

on the line joining Fpland C3 as F3 and similanytioe right side as F4.

Al and A2 are placed behind the ears on the nthptocess.

For recording the electro oculogram, the placenoémin electrode
is located 1 cm out and below the outer canthubhefleft eye (E1) and

another electrode placed 1 cm out and above thier canthus of right



eye (E2) with reference to the right mastoid pred@s?). It records the

retino- corneal potential difference .

For recording the electromyogram of the chin ,wkectrodes are
placed just below the chin , one electrode placad Below and 2cm left

of midline and the others is 2cm below and 2cnhéoright of midline.

Respiratory effort belts are placed snugly arotimsl thorax and

abdomen.

Airflow sensors- Nasal prongs connected to a presgansducer
is used for measuring nasal flow (gives an indirmetsure of flow based
on the recording of the pressure at the gives dimeiat measure of flow
based on the recording of the pressure at the proelgtive to the

atmospheric pressure.)

Oximeter sensor is placed on any of the three mifidgers. It is a
noninvasive method for monitoring the hemoglobimcpatage saturated

with oxygen. Snore sensor is also connected.

Leg EMG leads records activity of anterior tibsalmuscle.

Electrodes are placed on the outer aspect of lbaiiof each leg.



Nasion (bridge of the nose)
_—@m- -
LTI o 'e?
Right

Pre-Auricular Pre-Auricular
/Point

- _ Inion (Occipital
“Protuberance)

STEP IV

rigure6 10 -20 system of electrode placement for EEG

PARAMETERS RECORDED:

« ELECTROENCEPHALOGRAM

« CHIN ELECTROMYOGRAM

« ELECTRO OCULOGRAM

« ELECTROCARDIOGRAM

 AIRFLOW

« ABDOMINAL AND THORASIC RESPIRATORY
EFFORT

* LEG/ARM ELECTROMYOGRAM

« SATURATION



* SNORING
« BODY POSITION

« HEART RATE

After all sensors are applied, the impedance agdasiof all the
electrodes was checked. Physiologic biocalibrati@s done at the start
of the study before lights out and just after lggloin at the end of the

study.

Close eyes-instruct patient to lie down with eyéssed for 30

seconds. This helps to reveal the alpha activity.

Open eyes-instruct patient to lie still down wityes open for 30

seconds. This helps to eliminate the alpha activity

Look left and right- instruct patient to look toftleand right
repeatedly while holding the head still. This mimithe eye movement

seen during REM sleep

Look up and down- instruct patient to look to the and down
repeatedly while holding the head still. This diéfetiates the vertical and

horizontal eye movements.

Hold breath-Instruct the patient to take a deepathrand hold it for

5-10 seconds. This mimics the central apnoea



Respiratory effort- Instruct he patient to move tbleest and
abdomen in and out while holding breath. This mgnan obstructive

apnoea.

Move feet- Instruct the patient to move the fedtisTmimics leg

movements during sleep.

During the study the observer should document

Time of sleep study

Biocalibration

Technical difficulties and methods of correction

Patient complaints

Post study procedure

Ensure that study is saved properly

Clean and sterilize the electrodes and varions@s

Scoring and data analysis is done to recognize tii@lowing events

Sleep staging

Arousal



Cardiac events

Respiratory events

Movement events

SCORING BY EPOCHS

The polygraph record is divided into segments aqfad size, with

epoch length of 300mm and duration of 30 seconds.

A single stage score is assigned to each epoch-winge than one
stage is present in each epoch-the stage scohe @poch is determined

by the stage that takes up the greatest portidimeoépoch.

SLEEP STAGES SCORING

Sleep stage are scored at 30 sec sequential negerkdnown as

epochs.

Wake — A>50% of an epoch has alpha EEG waves twer
occipital region with eye closure or if alpha wawasent the presence of

any of the following

Eye blinks (0.5-2Hz)



Reading eye movement which consists of slow caipg

movement followed by a rapid movement in the opjeodirection,

Rapid open eye movements associated with normalgbr chin

tone.

Stage-I- alpha waves being replaced by a low aogsit, mixed
frequency (4 to 7Hz) waves occupying >50% of thecdp or the

presence of (for those who do not generate alpivasya

Vertex sharp waves of <0.5 seconds duration tteatreaximal over

central region

Slow eye movement

Stage II- defined by the presence of K complexesa®p spindles.

Stage Ill and IV — indicated when >=20%of the epsbbws slow

wave (0.5-2Hz and >75uV) EEG activity.

REM — presence of low amplitude, mixed frequencyGEA€tivity |,

rapid eye movement on EOG, and low tone on EMG.
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RESPIRATORY EVENTS SCORING RULES:

APNOEA-decrease in airflow amplitude by =>90% fravaseline for a

duration of minimum10 seconds. It is scored as

Obstructive-if inspiratory effort is present thrénogit the entire period

Central -if the inspiratory effort is absent thrbogt the period

Mixed —if inspiratory effort in the initial part dhe period is followed by

the presence of inspiratory effort.

Hypoapnoea-decrease in airflow amplitude by =>300baseline for
duration of at least 10 seconds accompanied by =ef%oxygen

saturation.

Arousal

During NREM sleep — abrupt frequency shift (eg.alph theta or
frequencies >16 Hz) lasting =>3 seconds and precbge=>10 seconds

of stable sleep.

During REM sleep abrupt EEG frequency shift (e.ghal theta, or
frequencies >16 Hz) lasting =>3 seconds and peztéyg =>10 seconds
of stable sleep, accompanied by an increase in EM& that is =>1

second duration.



Respiratory Effort Related Arousal (RERA)- breathssociated with
heightened respiratory efforts or flat airflow vederm with a duration
=>10 seconds and preceding an arousal but not mgeetiteria for either

apnoea or Hypoapnoea.

Periodic limb movement in sleep

Four consecutive leg movements (each 0.5 to 1@nskscin
duration with an amplitude 8uV above resting EM@Gamacterized by
period lengths of between 5 and 90 seconds betaeset of consecutive

movements.

Leg movements on different legs are counted as mogement if

they are separated by <5 seconds between movemsstso

SLEEP ARCHITECHTURE DEFINITION AND FORMULAE

% Stage | = | Minutes of Stage | *100/ Total
SleepTime (TST)

% Stage |l = | Minutes of Stage Il *100/ Total
Sleep Time(TST)

% Stage Ill & IV = | Minutes of Stage &IV *100
Total Sleep Time(TST)

% Stage R = | Minutes of Stage R *100/ Total
Sleep Time(TST)

% Wake time = | Minutes of Wake *100/ Sleep
Period Time (SPT)




Sleep Onset

The first three consecutive Epoc
of Stage | sleep

hs

Latency to REM

The period of time from sleep ons
to first Epoch of REM

set

o

NAP onset (Sleep) the period of time to lights out f
latency sleep onset

Sleep Period Time The time from sleep onset to I
(SPT) Epoch of sleep

St

Total Recording Time

174

The time from lights out to lights o

n

(TRT)
Total Sleep Time The amount of sleep recorded
(TST) during TRT

Wakefulness
Sleep Onset (WASO)

After

The Wakefulness occurring fro
sleep onset to last Epoch of sleep

m

OTHER INDICES

Apnoea Hypoapnoe:Total number of apnoeas and Hypoapnageas

Index (AHI)

occurring per hour of sleep

Respiratory
Disturbances
(RDI)

Total number of apnoeas and Hypoapnaoeas
Indexand Respiratory Effort Related Arousals
occurring per hour of sleep

Desaturation Index

Total number of desaturation events per hour
of sleep




4.3SUBJECTIVE SLEEP ASSESSMENT QUESTIONNAIRES

PITTSBURGH SLEEP QUALITY INDEX (PSQI)

INSTRUCTIONS: The following questions relate to your usual sleep habits during the past month only.
Your answers should indicate the most accurate reply for the majority of days and
nights in the past month. Please answer all questions.

1. During the past month, when have you usually gone to bed at night?
USUAL BED TIME

2. During the past month, how long (in minutes) has it usually take you to fall asleep each night?
NUMBER OF MINUTES

3. During the past month, when have you usually gotten up in the morming?
USUAL GETTING UP TIME

4. During the past month, how many hours of actual sleep did you get at night? (This may be different than the
number of hours you spend in bed.)

HOURS OF SLEEP PER NIGHT

INSTRUGTIONS: For each of the remaining questions, check the one best response.
Please answer all questions.

5. During the past month, how often have you had trouble sleeping because you...

Not during the ~ Less than Once or Three or more
pastmonth  onceaweek  twice aweek times a week
(a) ...cannot get to sleep within 30 minutes = J U ]
(b) ...wake up in the middle of the night or
early morning L] L L] []
(c) ...have to get up to use the bathroom [ L] U L]
(d ...cannot breathe comfortably [] I L []
(e) ...cough or snore loudly [ (] [] L
(f) ..feel too cold [ (] [l L]
(9) ...feel too hot [] L] [ [
(h) ...had bad dreams [] L I L
(i) ..have pain [] r ] ]
()) Other reason(s), please describe
How often during the past month have
you had trouble sleeping because of this? L] L B |

PSQ! Page 1



Very good Fairly good Fairly bad very bad

6. During the past month, how would you - ‘
rate your sleep quality overall? [] L L ]

Not during the Less than Once or Three or more
pastmonth  once aweek twice aweek times a week

7. During the past month, how often have
you taken medicine (prescribed or
"over the counter") to help you sleep? _ L] ] r
8. During the past month, how often have
you had trouble staying awake while driving, ‘ o _
eating meals, or engaging in social activity? ; H - [

No problem Onlyavery  Somewhat of Avery

atall slight problem  a problem big problem
9. During the past month, how much of a
problem has it been for you to keep up
enough enthusiasm to get things done? [ L [ L
No bed Partner/  Partner in same
partner or roommate in - room, but not Partner in
roommate other room same bed same bed
10. During the past month, how much of a
problem has it been for you to keep up o -
enough enthusiasm to get things done? L ] L] 1

If you have a roommate or bed partner, ask him/her how often in the past month you have had...

Not duringthe  Less than Once or Three or more
past month once aweek  twice aweek  times a week
(@) ...loud snoring LJ ] [ L
(b) ...long pauses between breaths while asleep ] L (]
(c) ...legs twitching or jerking while you sleep ] [ L
(

d) ...episodes of disorientation or confusion

]
L

during sleep ] [ [ [
[

(e) Other restlessness while you sleep;
please describe

PSQI Page 2



Epworth Sleepiness Scale

Name:

Date:

Your age: (Y1} Yoursex [] Male [ Female

How likely are you to doze off or fall asleep in the situations described below,
in contrast to feeling just tired?

This refers to your wsual way of life In recent times.

Even if you haven't done some of these things recently try to work out
how they would have affected you

Use the following scale to choose the most appropriate number for each situation:-

0 = would never doze
1 = Slight chance of dozing
2 = Moderate chance of dozing
3 = High chance of dozing
Situation Chance of dozing

St o PRa I - oy e e A R A A R A e
Sitting, inactive ina public place {e.g. a theatre or a meeting) .......
A5 & passenger in a ¢ar for an hourwithout abreak ... _..... ... ..
Lying down to rest in the aftemoon when drcumstances permit ... ..

Sitting and talking to someone - ... .. .o ool e iiieeaaa,

Sitting guietly after alunch without aloobol ... ... ... ... ...
in & car, while stopped for a few minutes in the traffic ... ... ...

JULLEEH

Tl S e e e e S e e e e e,

Sonra

010 Normal range
i0-12 Bomderine
12-24 Abnormal




4.4 ESTIMATION OF SALIVARY LEVELS OF MELATONIN

“Traditionally, serum has been used for analy$imelatonin, but
there are practical limitations with using this ¢éypf measurement in the
home or the workplace, particularly when repeatadpes are needed to
estimate the time of the melatonin peak. Overnmghfirst-void urine
specimens are also widely used, and although telialp information on
overnight melatonin  productidi'®(Travis RC et al 2003;
Schernhammer E& al 2004). They do not provide information on the
24-hour variation in levels. For the purposes ab tetudy, multiple
samples of saliva provided a simple and reliablasuee of daily patterns
of melatonin level$**° (Voultsios Aet al 1997; Nagtegaal Et al 1998),
which was more practical than repeated urine arnsegsamples for use in
occupational and residential settings. Even in dlderly, where hypo
salivation and lower melatonin levels limit fea$ilyj salivary melatonin
assessment was correlated with serum melatonira(8ya& rho _ 0.659,

P _ 0.001)*.



4.4.1 Collection of saliva

The participants are given instructions about ctilbe of saliva in
sterile tube along with sterile cotton swabs. Thghnworkers 30 out of
30 were agreed to sample their saliva, while in wuwek in their call
center were advised to collect saliva samples ecigpe time 8 pm, 10
pm, 12 am, as instructed prior, with light levelimained constantly dim
< 10 lux, such that endogenous secretion of melatomas not
suppressed. Soon after the collection of salivaoootswabs were
disposed safely and the samples were transportadaimang -20 degree
c until they are stored in a deep freezer withd2@ree c. Saliva samples
were frozen and then stored at -20°C until theyewstipped frozen to
TamilNadu Dr.MGR Medical University for melatonievels determined

by ELISA reader.



4.4.2 Storage of samples

A well maintained deep freezer with -20 degreeas available in
the Institute of Physiology and Experimental Mexl&i Madras Medical
College, Chennai. All the samples were stored endbep freezer until

estimation of salivary melatonin.

4.4.3 Estimation of salivary melatonin:

Estimation was done using Human melatonin ELISA GEB-
E08132h Cusabio Biotech Co., LTD. Dongou Hi-tech évelopment

Area, Wuhan, Hubein province, P.R China (refer phobgraph 2).



Principles of assay:

“This assay employs the quantitative sandwich Brezy
immunoassay technique. Antibody specific for MT theen pre-coated
onto a microplate. Standard and samples are pigpete the wells and
any MT present is bound by the immobilized antibhodfter removing
any unbound substances, abiotin —conjucated antibpecific for MT is
added to the wells. After washing, avidin conjudateélorshdish
peroxidase (HRP) is added to the wells. Followmgvash to remove any
unbound avidin-enzyme reagent, a substrate soligiadded to the wells
and color develops in proportion to the amount df bbund in the initial
step. The color development is stopped and thesitie of the color is

measured by ELISA reader values plotted to geMMfieconcentration”.

Contents of the kit

1. Wash Buffer

2. Biotin antibody and its diluent
3. HRP avidin and its diluent

4. Standard

5. TMB substrate

6. Stop solution

7. Sample Diluent



STATISTICAL ANALYSIS

The data collected were subjected to Statistinalysis using the
software SPSS version 21.

Student’sT testwas carried out to compare the means of variables

between day worker sand shift workers.



RESULTS



RESULTS

TABLE |

Comparison of parameters between Day worker anitl \Bbrker
Variable Group N Mean

Age Day worker 30 21.33+0.48
Shift worker 30 24.97+2.55
BMI Day worker 30 22.81+1.65
Shift worker 30 24.04+1.64

TABLE I

Comparison of Sleep Efficiency between Day worked &hift worker

Variable Group N Mean SD P -Value
SLEEP Day worker| 30 91.52 3.71
Shift .0001**
EFFECIENCY 30 83.81 7.38
worker

** P —Value <0.001 Very Highly Significant

The Sleep Efficiency percentage of shift worker vgtoa very
highly significant decrease (**P-Value < 0.001) wheompared to day
worker
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TABLE Il

Comparison of Sleep Stage | between Day workerSinfi worker

[1%)

Variable Group N Mean SD P -Valu
Sleep stage Day worker| 30 20.9 5.59
| Shift 0.193
. 30 22.77 5.38
(Minutes) | worker

* P —Value <0.05 Significant

The Sleep stage | of shift worker shows a decrdasge not
significant (P-Value 0.193) when compared to daykep

TABLE IV

Comparison of Sleep Stage Il between Day worker&mtt worker

Variable Group N Mean SD P -Value
Sleep stage Day worker | 30 203.67| 14.93
[l _ 0.617
(Minutes) Shift worker 30 205.65 15.60

* P —Value < 0.05 Significant

The Sleep stage Il of shift worker shows a decréaseot
significant (P-Value 0.617) when compared to daykeo
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TABLE V

Comparison of Sleep Stage lll between Day worker @inift worker

Variable Group N Mean SD P —Valu

D

Sleep stage Day worker | 30 39.28 5.99

1 0.017*
(Minutes) Shift worker 30 35.40 6.25

* P —Value <0.05 Significant

The Sleep stage Il of shift worker shows a sigaifit decrease
(*P-Value) when compared to day worker

TABLE VI

Comparison of Sleep Stage IV between Day worker&imtt worker

Variable Group N Mean SD P —Value
Sleep stage Day worker 30 42 8.11
\Y 0.07

(Minutes) Shift worker 30 38.13 8.49

* P —Value <0.05 Significant

The Sleep stage IV of shift worker shows a decrdase not
significant (P-Value 0.07) when compared to daykeor
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TABLE VII

Comparison of REM Sleep Stage between Day worke Sinift worker

Variable Group N Mean SD P —Value

REM Sleep  Day worker | 30 80.47 | 10.10

Stage .0001**
(Minutes) Shift worker 30 64.03 11.58

** P —Value <0.001 Very Highly Significant

The REM Sleep Stage of shift worker shows a verghlyi
significant decrease (**P-Value) when comparedayg aorker

TABLE VI

Comparison of NAP onset latency between Day woaket Shift worker

Variable Group N Mean SD P —Value
NAP onset| pay worker 30 13.25 4.69

latency .0001**
(Minutes) | Shift worker 30 19.73 3.26

** P —Value <0.001 Very Highly Significant

The NAP onset latency of shift worker shows a véighly
significant increase (**P-Value) when compared &y dvorker
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TABLE IX

Comparison of Sleep Stage Percentage between Dikgmand Shift

D

worker
Variable Group Mean SD P -Valu
Stage | % Day worker | 5.40% | 1.41%
(Stage I/Total _ 0.030*
Sleep Time*100) Shift worker |  6.22% 1.45%
Stage Il % Day worker | 52.75%| 3.58% 0.001*
(Stage ll/Total _ . '
0
Sleep Time*100) Shift worker | 56.26% 4.07%
Stage 1l % Day worker | 10.17% 1.51%
(Stage Il /Total 0.224
i 0 0
Sleep Time*100) Shift worker |  9.67% 1.68%
Stage IV % Day worker | 10.85% 1.93%
(Stage IV/Total Shif ‘ 10.379% > 04% 0.350
Sleep Time*100) tworker 20 i
REM % Day worker | 20.82%| 2.45%
(REM/Total Sleep 0.0001**
Time*100) Shift worker | 17.47% 2.89%

*

** P —Value <0.001 Very Highly Significant

P —Value < 0.05 Significant
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TABLE X

Comparison of NAP time between Day worker and Shdtker

Variable Group N Mean SD P -Value

Day worker| 30 386.32 16.69

NAP time Shift .0001**
30 | 365.98 | 20.62

worker

** P —Value <0.001 Very Highly Significant

TABLE XI

Comparison of subjective sleep scores between alyer and Shift

worker
Variable Subjects | QuestionnainedMean SD P -Value
day worker PSQI 0.77 1.33 0.000%
octi _
Subjective gt worker PSQI 4 2.69
sleep
SCOres day worker ESS 6.23 2.21 0.009*
shift worker ESS 8.56 4.22

* P value < 0.01 highly significant
** P —Value <0.001 Very Highly Significant




PP time minubes

410

400

330

380

370

340

350

340

330

320

310

Comparison of NAP time between Day
worker and Shift worker

B Mean

Day waorker Shift worker

8.56

H day worker

B shift worker

psaQl ESS




TABLE XII

Comparison of salivary melatonin level (pg/ml) beém Day
worker and Shift worker

e

Salivary
i Worker | Number| Mean SD| P —Vall
melatonin
Melatonin Day 15 3.97 0.42
0.295
8 pm Shift 15 3.77 | 056
' Da 15 574 | 0.34
Melatonin y 0.000%
10 pm Shift 15 489 | 0.66
Melatoni Da 15 6.85| 0.18
elatonin -y 0,000+
12 am Shift 15 5.83 | 0.25

**

P —Value < 0.001 Very Highly Significant
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DISCUSSION



DISCUSSION

This study was done to record the sleep stage$irohthe salivary
melatonin secreting pattern between day workers eotdting shift
workers along with their subjective sleep scorese Thean age of the
study groups were comparable 21.33+0.48 for day kersr and
24.97+2.55 for shift worker as well as the body snasdex for day
worker (22.81+1.65) and shift worker (24.04+1.6Mhne of them were
obese by means of BMI. Both the group persons vemllgected to
polysomnography for a minimum period of 6 hoursrtaximum period
of 8 hours. The obtained data were analyzed statiist and independent

sample T test was used to obtain the significance.
Scoring of sleep stages:

Sleep stages were interpreted with respect talthmation of each
sleep stage, latency onset of sleep stage, taap dlluration and sleep
efficiency. Total sleep time was recorded as the @i all 30 second
epochs of REM and non REM sleep. The mean totapstene (NAP
time) for day worker 386.32 +16.69 minutes shiftriker 365.98+20.62
minutes. These results were consistent with theysiyy Akersted Tet al

1991*2and Tepas Dkt al 1981,



The mean Sleep Efficiency percentage of shift woghows a very
highly significant decrease 83.81+7.38% when comgpdo day worker
91.52+3.71 %. This may be a cause of sleep maingenamsomnia in
shift workers in whom internal circadian rhythm desynchronized.
However SE did not differ between shifts in thedgtaone by Akersted

Tetal 1991 and Dahlgren Kt al 1981

Sleep stage | of shift worker 22.77+5.38 minutésnean value
shows a decrease but not significant when comp&reday worker
20.9145.59 minutes. Sleep stage Il of shift workleovgs a decrease but
not significant, when compared to day worker 20318793 minutes,
shift worker 205.65 = 15.60 minutes. Similar desgedn stage Il was
obtained in the study done by AkerstedtTal 1991. Excessive day time
sleepiness is associated with increase in slege dtancreased arousal
frequency leading to loss of continuity in sleepciase in duration of
slow wave sleep and REM sleep which is consistatit the results of

the study (Alexandros N.Vgontzasal., 1994)°

Sleep stage Il of shift worker shows a significdiecrease when
compared to day worker, 39.28 £5.99 minutes, shdtker 35.40+6.25
minutes. Sleep stage IV of shift worker shows are@se but not

significant when compared to day worker, 42+8.1hutes, shift worker



38.13+£8.49 minutes. These slow wave sleep weredidarbe decreased

in the study done by AkerstedeTal 1991 and Torsvall ket al 1981°.

Rapid Eye Movement Sleep Stage of shift workemsha very
highly significant decrease when compared to daykern80.47+10.10
minutes, shift worker 64.03+11.58 minutes. Simiksults were obtained
in the study done by Akersted & al 1991and Matsumoto kKt al

1978

NAP onset latency is defined as the durationimietbetween
lights out and sleep onset, defined by consecwgpechs of stage | or
first stage of deeper NREM stage. The NAP onseni@t measured in
minutes for shift worker shows a very highly sigraint increase when
compared to day worker 13.25+4.69 minutes, andt shibrker
19.73£3.26 minutes. This may be related to sleepetbimsomnia as
commonly reported in sleep clinics by employeese Tiesult was

consistent with the study done by Foret dl 1972

The mean percentage value of the sleep stagesdh@duction in
deep slow wave sleep and rapid eye movement stagye, by occupying
the counter portion by the stage | & Il as thedwling : Sleep stage | day
worker 5.40%+1.41%, shift worker 6.22%+1.45%, $letage Il day

worker 52.75% +3.58%, shift worker 56.26% + 4.078tgep stage |l



day worker 10.17% + 1.51%, shift worker 9.67% 248 Sleep stage
IV day worker 10.85%+1.93%, shift worker 10.37% .84%6, stage REM
day worker 20.82% +2.45%, shift worker 17.47% =9 Similar
results were obtained in the study done by Tordvadt al 1989*°. The
slow wave sleep is reduced and the part is occupyedtage 1 & 2 of

sleep.

Subjective sleep scores for shift workers 4+2.68 RSQI were
higher than for the day worker 0.77+ 1.33, as wasllhigher scores for
ESS obtained for shift worker 8.56+4.22 as compamediay worker
6.23+2.21, showing poor quality of sleep for shifbrkers and more
prone for dozing during the period when he usu@lyawake. These

results were consistent with the study by Tilleyehadl 1982%°.

Melatonin secretory pattern in saliva showed aelotkend for shift
worker as evidenced by salivary melatonin ELISAagsShift worker
8pm 3.77£0.56 10 pm 4.89+0.66 12 am 5.83 + 0.26p@/ml) as
compared to day worker 8pm 3.97 +0.42 10pm 5.7434,012 am
6.85+0.18 (in pg/ml). The limitation of the studyhase line secretion of
melatonin prior to 20:00 and melatonin concentratadter 00:00 were
not measured. Therefore DLMO occurred beyond tierval could have

been missed. A study done by gooneratra'** stated that mean DLMO



was 21:00 under strict dim light conditions in digfive subjects. The
difference in time line trend of melatonin secretivetween the day and
shift workers during dim light may be an associatiwith disrupted
circadian rhythms in rotating shift workers, whiake further supported

by the melatonin results.

There was no significant difference in the melatdavel at 8 pm,
between shift and day worker. But melatonin lexald0 pm and 12 am
were found to be statistically significant (p <@1). Melatonin levels in
those working rotating shifts were abnormal, watv llevels. This pattern
possibly suggests that fast-rotating shifts (6 d&@ysights, a day off
between switch over) might not have allowed suéfiti time for

adaptation to occur. The consequences of thigrdreard of.

So it is unclear from this study whether rotatisigift workers
actually produce less melatonin as a result of supoto light-at-night,
or just at different times. It is also unknown wiet exposure to
melatonin at different times results in differemtypiologic effects. Our
study was conducted with rotating male shift woskewho might be
more compliant than their female counterpart amdaverage population,

so response and acceptability may vary in othekwelated groups.



Comparisons of self-reported data and measured dat not
support the utility of asking shift workers aboweidpoom lighting, but did
support a possible association of years of shiftkwwith exposure to
light at- night and abnormal melatonin levels. Selforted data can in
certain circumstances be more valid than exposusasorements;
especially when only one point in time is measutssiause self-report
may take into account average exposure insteadsiiighe snapshot in

time'?? (Teschke Ket al 2002).

Accordingly, the bedroom lighting question couléripaps be
improved to be more inclusive of the different cibiods relevant to shift
work, and then may show a closer association widlasared light. Our
observations must be interpreted cautiously, ihtligf two limitations:
the size of the study and the use of a 3-samplesunement of salivary
melatonin. In this study, we cannot rule out charare potential
confounders such as BMI, alcohol intake or co nditigis as alternate

explanations.

Overnight or first-void urine specimens are alsdely used, and
although reliable for information on overnight mtelasin production
123129 Travis RCet al 2003; Schernhammer E$ al 2004), they do not

provide information on the 24-hour variation in ééz For the purposes



of this study, multiple samples of saliva was cdased as a simple and
consistent measure of daily patterns of melatoaele**?°(Voultsios A

et al 1997; Nagtegaal Et al 1998), which was more practical than
repeated urine or serum samples for use in ocanmtiand residential
settings. Even in the elderly, where hypo salivagmd lower melatonin
levels limit feasibility, salivary melatonin assasnt was correlated with
serum melatonin (Spearman rho _ 0.659,  0.001¥%". More
measurement time-points are desirable, and oftasilfie in laboratory
studies, but in the field, the practical issue ompliance also was a

consideration when selecting three sample times.

Few studies have attempted to measure light expatitectly for
an extended period of time, or correlate such nreasents with
surrogate variables such as self reported shifkworself-reported home
lighting levels, though in one study, melatonin watadied in night
workers over four consecutive week$(Lowden Aet al 2004). Kolleret

al’®® measured light exposure in permanent night-shiftkers for a

period of 48 hours, while Dumostal 2001*°

did measurements of light
exposure and urinary 6-sulfatoxymelatonin in peremtnnight shift
nurses for a period of 56 hours, followed by 24 rsom a laboratory

setting. Dumont and colleagd&sreported that 22 of their 30 permanent

night nurses had a timing of melatonin secretigricyl of day-oriented



people, and that the 24-hour profiles of light esype were very
distinctive, similar to our observations in rotatishift workers. A cross-
sectional study in US of health and performancekerarin 188 day and
night shift health care workers{Demoss Cet al 2004) reported an
association with night shift work and unpredictabtdedules, decreased
energy levels, sleep disturbance and difficultyf@@ning routine orders

because of sleepiness or fatigue.

High waking and low sleeping melatonin could pagkplain the
results seen by DeMossal 2004 These results contribute possibility
of data for the study of light at-night exposuretle workplace. They
demonstrated that larger measurement studies a@wbfe, and that
rotating shift work may be associated with abnormalatonin levels and
irregular light exposure patterns, so its use asreogate is supported by

the data.

Shift work is related to possible differences iight-at-night
exposure, and may be a valid surrogate measurethlsuneeds to be
confirmed with larger studies, wherein it will bmportant to look at both
rotating shift and straight night-shift work. Thegh waking melatonin
levels may contribute to problems of fatigue arertakss, which might

be addressed by interventions such as exéf@Barger LK et al 2004),



or exposure to bright light during work and wearing dark glasses after
work to improve adsptation to shift work **(Boivin DB et al 2002). The
low levels of melatonin during slegp may be addressable with exogenous
melatonin'® (Arendt J et al 2005), though no long-termsafety, dosing or

formulation data yet exist.



CONCLUSION



CONCLUSION

The following conclusions have been derived from gtudy:

» The Sleep Efficiency percentage of shift worker vgboa
significant decrease when compared to day worker

» The Sleep stage |, Il and IV of shift worker shoavelecrease but
not significant when compared to day worker indicat

» The Sleep stage Il of shift worker shows a sigmifit decrease
when compared to day worker indicate shift workeres not
undergo a satisfactory deep sleep, which make tHemgd
unrefreshed while in wake period after day timegle

» The REM Sleep Stage of shift worker shows a sigaift decrease
when compared to day worker

» While in the view of percentage wise occupatiorsigfep stages,
rapid eye movement stage and slow wave sleep \eeeced and
the counterpart occupied by the stage I, Il ahd I

» The NAP onset latency of shift worker shows a digant increase
when compared to day worker denoting the cumulakack of
sufficient sleep in shift workers.

» Subjective self rated sleep scores (PSQI & ESSystancreased
values for shift workers stating that their dozingments in active

wake period, due to inadequate sleep.



» Trend of melatonin secretion in dim light for shiforkers were
lower when compared to day worker indicating tmeisalignment

of hormone for shift worker.

Further studies may be necessary to define accaratdian phase
of shift worker by assessing 24 hour melatonin aisd influence of other
hormones on melatonin. In future association of w®mMcognition and
prospective well being can also be studied fort skdfrker for obtaining

mechanisms underlying pathophysiology of the fi¢efs.



LIMITATION OF THE STUDY

24 hour serial assay of melatonin level was nofopered, so our
study could have missed the possible raise of todndelatonin in

shift workers in their day time sleep.

Only 15 individuals from each group were taken falivary

sample collection considering the cost of the ELKRA

Sleeping environment and socio economic profilestuft workers
are not same for everyone. Social, personal, daenfesitors may

influence their quality of sleep further then thewrk.

Sleep quality was assessed subjectively which cooldexclude

personal scoring bias.



SUMMARY



SUMMARY

Globalization leads round the clock service prevsd (shift
workers) vulnerable for circadian rhythm sleep digoss. It should be
considered in the differential diagnosis of patemresenting with
symptoms of insomnia or excessive sleepiness. Bdlaleep phase type
and advanced sleep phase type circadian rhythrp sliserders may be
associated with other types of sleep disorderstiorg the diagnosis and
treatment even more difficult for health care pdmvi For successful
management of circadian rhythm sleep disorders, mnet obtain as
accurate measure of circadian timing as possibleepSonset time
(determined by sleep diary or actigraphy) can befulsto determine
circadian phase (dim light melatonin onset occpgr@ximately 2 hours

after sleep onset) in the clinical setting.

Health education, awareness of sleep physiologghatioral
interventions such as sleep hygiene, enforcemesiable sleep and wake
times, prevention of exposure for light at the wyame of the day and
exposure to light at the correct time of day aee ltlasic approach for all
the patients. For the treatment of DSPT and noammad type,
administration of melatonin may be useful. Howewsse of melatonin

for the treatment of circadian rhythm sleep dismsdbBas not been



approved by the U.S Food and Drug Administration, and vascular and
endocrine adverse effects need to be taken into account, particulardy in

patients who are at increasedrisk.

Bright light and melaonin can be used succesfully in the
treament of circadan rhythm deep disorders. However, appropriate
timing of the treatment is crucial for the effect. An estimation of the
Patient's circadian phase is therefore important before the treament is
started. In clinicd practice, a careful patient history may give sufficient
information in order to estimate the circadian phase. Appropriate timing

of melatonin administration is about 12hour after bright light treatment.
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Title of the study: “Study of pattern of secretion of Melatonin in
saliva and sleep parameters in shift workers as comared to day
workers”
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For adult participants:
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PROFORMA

—

. Name :

Age:

Sex:

Address :

Occupation :
Complaints/duration:
History of present illness:

History of any hearing problem after the onset of epilepsy?

N S AR B T

Past history:
10.History of any drug intake
11. History of associated illness:
a. Diabetes
b. Hypertension
c. Ischemic heart disease
d. Respiratory diseases
e. Renal diseases
Investigations:
Salivary melatonin levels

EXAMINATION

General examination:

Temperature: Pulse rate Blood pressure:

Systemic examination:
Cardiovascular system:
Respiratory system:

Gastrointestinal system:

Central nervous system:
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PROFORMA

. Name :

. Age:

. Sex:

. Address :

. Complaints/duration:
History of present iliness:

. History of any hearing problem after the onsetpfepsy?

1
2
3
4
5. Occupation :
6
7
8
9

. Past history:
10 History of any drug intake

11. History of associated illness:

a. Diabetes
b. Hypertension

c. Ischemic heart disease

d. Respiratory diseases
e. Renal diseases
Investigations:
Salivary melatonin levels
EXAMINATION

General examination:

Temperature: Pulse rate

Systemic examination:
Cardiovascular system:
Respiratory system:
Gastrointestinal system:

Central nervous system:

Blood pressure:
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MASTER CHART- DAY WORKER

SNo | age | BMI |stagel | stage Il | stage III | stage IV | REM |stage 1% | stage 1% | stage [l1% | stage IV% R;,});S.‘,E/fe TST 1;1:112 sljﬁtll’s Nll:fezlcl;et PSQI | ESS melatonin level
8:00 PM 10:00 PM 12:00 AM

1 21 20.24 25 191 54 46 81.5 6.29% 48.05% 13.58% 11.57% 20.50%| 397.5 397.5 91.27 5 0 13 3.5 4.8 6.6
2 21 22.95 19.5 201.5 40 48 82.5 4.98% 51.47% 10.22% 12.26% 21.07%| 391.5 391.5 92.23 12.5 0 3 3.8 5.5 7.1
3 22 23.53 34 220 40 32 71 8.56% 55.42% 10.08% 8.06% 17.88% 397 397 89.92 14 1 7 3.7 5.8 6.9
4 21 23.60 31.5 195 40 52 74.5 8.02% 49.62% 10.18% 13.23% 18.96% 393 393 75.6 18 ! 4 3.6 5.7 6.7
5 21 21.30 29 221 30 35 67|  7.59% 57.85% 7.85% 9.16% 17.54% 382 382 88.02 16.5 5 8 4 5.6 7
6 22 20.66 13.5 191 39 43 91 3.58% 50.60% 10.33% 11.39% 24.11%| 377.5 377.5 92.52 7.5 5 7 3.9 5.9 6.8
7 21 20.76 18 195 44 56 85| 4.52% 48.99% 11.06% 14.07% 21.36% 398 398 89.54 14 0 6 3.8 6 6.7
8 22 22.68 12.5 184 46 44.5 93.5 3.29% 48.36% 12.09% 11.70% 24.57%| 380.5 380.5 90.38 6 0 6 4.2 5.5 6.8
9 21 21.71 28 180 43.5 46| 64.5 7.73% 49.72% 12.02% 12.71% 17.82% 362 362 95.89 14 0 8 3.6 5.8 6.9
10 22 25.28 18 202.5 37.5 34.5 68.5 4.99% 56.09% 10.39% 9.56% 18.98% 361 361 95.76 7 0 8 3.8 5.6 7.1
11 21 22.95 21.5 216.5 32 29.5 63 5.93% 59.72% 8.83% 8.14% 17.38%| 362.5 362.5 94.03 6.5 2 8 4.6 5.7 6.6
12 21 22.48 28 223.5 42 32.5 79 6.91% 55.19% 10.37% 8.02% 19.51% 405 405 90 8.5 0 7 3.7 6 6.7
13 21 25.97 19 213 40 49 70.5| 4.85% 54.41% 10.22% 12.52% 18.01%| 391.5 391.5 91.15 17.5 2 4 4.7 6.2 6.8
14 22 24.51 11.5 202 42.5 39 70.5 3.15% 55.27% 11.63% 10.67% 19.29%| 365.5 365.5 93.24 18 0 6 4.8 5.9 6.9
15 21 25.10 15.5 198.5 31 37 102]  4.04% 51.69% 8.07% 9.64% 26.56% 384 384 91.43 14 2 4 3.8 6.1 7.2
16 21 22.68 26 201 41.5 43 88.5 6.50% 50.25% 10.38% 10.75% 22.13% 400 400 93.35 15 0 5

17 22 23.59 16 172 43 39 91 4.43% 47.65% 11.91% 10.80% 25.21% 361 361 94.63 15.5 0 3

18 22 22.04 25.5 203 28 34 87 6.75% 53.77% 7.42% 9.01% 23.05%| 377.5 377.5 91.29 9.5 0 4

19 21 21.80 19 182 48 61 91 4.74% 45.39% 11.97% 15.21% 22.69% 401 401 91.66 7.5 0 9

20 21 23.53 14.5 216.5 38 26 90.5 3.76% 56.16% 9.86% 6.74% 23.48%| 385.5 385.5 95.54 10 0 6

21 22 23.60 19 202 31 43 70.5 5.20% 55.27% 8.48% 11.76% 19.29%| 365.5 365.5 90.25 16.5 0 4

22 21 20.62 16.5 219 40.5 39 71.5 4.20% 55.80% 10.32% 9.94% 19.75%| 392.5 392.5 92.57 12 1 8

23 21 22.06 22 212 36 32 75 5.84% 56.23% 9.55% 8.49% 19.89% 377 377 93.66 18 0 5

24 21 24.02 17 210 33 41 68 4.61% 56.91% 8.94% 11.11% 18.43% 369 369 95.6 22 1 8

25 22 24.39 19.5 232 38 48 79| 4.68% 55.70% 9.12% 11.52% 18.97%| 416.5 416.5 88.52 22.5 0 6

26 21 25.97 24.5 199 49 50.5 82 6.05% 49.14% 12.10% 12.47% 20.25% 405 405 90.5 17 0 4

27 22 23.51 20 224 37 42.5 91.5| 4.82% 53.98% 8.92% 10.24% 22.05% 415 415 92.53 13.5 0 6

28 21 21.61 21 218 34 49 86.5 5.14% 53.37% 8.32% 12.00% 21.18%| 408.5 408.5 89.49 17 1 4

29 21 21.16 22 200 36 48 90| 5.56% 50.51% 9.09% 12.12% 22.73% 396 396 93.95 10.5 ! 9

30 21 20.07 20 185 44 40 82 5.39% 49.87% 11.86% 10.78% 22.10% 371 371 91.04 12 1 7




MASTER CHART- SHIFT WORKER

S No | age [ BMI | stageI | stage Il | stage III | stage IV | REM | stage I% | stage II1% | stage IlI% | stage IV% R;f;g.};?’e TST |NAP time slj;::s N;:re::;et PSQI | ESS melatonin level
8:00 PM| 10:00 PM[ 12:00 AM

1 28 | 23.46 24 204 15 20.5 45 7.78% 66.13% 4.86% 6.65% 14.59%| 308.5 308.5| 67.95 9 1 2 35 5 5.7
2 29 | 23.80 20.5 205.5 38 46 62.5 5.50% 55.17% 10.20% 12.35% 16.78%| 372.5 372.5| 80.54 18 3 5 2.9 4.8 6.1
3 22 | 24.74 36 222 38 30 43 9.76% 60.16% 10.30% 8.13% 11.65% 369 369| 89.89 19 7 11 3 3.8 5.8
4 25 | 2439 325 198 38 49 52 8.80% 53.59% 10.28% 13.26% 14.07%| 369.5 369.5| 74.57 22 3 13 3.1 42 5.6
5 23 | 22.96 30.5 224 28.5 33 57 8.18% 60.05% 7.64% 8.85% 15.28% 373 373] 9131 18 4 1 3.2 4.4 5.9
6 24 | 24.16 15.5 194 37 40 69 4.36% 54.57% 10.41% 11.25% 19.41%| 3555 3555 89.21 17.5 6 1 4 5.8 5.7
7 25 | 20.80 21 197 41 54 75 5.41% 50.77% 10.57% 13.92% 19.33% 388 388 86.9 19 2 11 3.8 5.7 6.2
8 29 | 24.09 14.5 188 43 42 81.5 3.93% 50.95% 11.65% 11.38% 22.09% 369 369| 8237 20 4 4 4.2 5.5 5.9
9 28 | 25.40 30 183 41 44 53.5 8.53% 52.06% 11.66% 12.52% 15.22%| 351.5 351.5 84.6 22 4 12 3.8 4.3 6
10 21 | 24.96 19.5 205.5 35 31 57.5 5.60% 58.97% 10.04% 8.90% 16.50%| 348.5 348.5]  92.07 19.5 7 6 4 4.5 5.2
11 23 | 26.29 23.5 220 29 26.5 52 6.70% 62.68% 8.26% 7.55% 14.81% 351 351] 89.88 16.5 4 10 3.9 4.8 5.8
12 21 | 2491 30 227 39 29 54.5 7.91% 59.82% 10.28% 7.64% 14.36%| 379.5 379.5| 85.96 20.5 2 12 4.8 5.2 5.7
13 23 | 24.01 21 215 38 46 52.5 5.64% 57.72% 10.20% 12.35% 14.09%| 372.5 372.5| 86.73 18.5 3 10 3.8 4.1 5.8
14 27 | 22.86 13.5 205 39.5 36 59.5 3.82% 57.99% 11.17% 10.18% 16.83%| 353.5 353.5] 90.06 221 13 9 4.7 5.4 6.1
15 26 | 2439 17.5 201.5 28 34 78 4.87% 56.13% 7.80% 9.47% 21.73% 359 359 88.97 23 4 12 3.9 5.8 6
16 23 | 2439 28 204 38.5 40 71.5 7.22% 52.58% 9.92% 10.31% 19.97% 388 388 72.73 19.5 3 11

17 23 | 25.97 19 175 40.5 36 76 5.48% 50.51% 11.69% 10.39% 21.93%]| 346.5 346.5[ 89.65 18.5 2 11

18 26 | 24.98 28 206 26 31 76 7.63% 56.13% 7.08% 8.45% 20.71% 367 367| 80.57 19 8 9

19 30 [ 24.51 21 186 45 57 80 5.40% 47.81% 11.57% 14.65% 20.57% 389 389 75.61 17 6 9
20 30 | 27.05 17.5 188 35 24 71.5 5.21% 55.95% 10.42% 7.14% 21.28% 336 336 67.6 19.5 3 15

21 25 | 26.03 21.5 205 29 40 59 6.06% 57.83% 8.18% 11.28% 16.64%| 3545 354.5| 86.67 21.5 1 11
22 23 | 22.41 19 223 38.5 35 47 5.24% 61.52% 10.62% 9.66% 12.97%| 362.5 362.5( 87.77 21.5 4 10
23 24 | 23.51 24 215.5 33.5 30 64 6.54% 58.72% 9.13% 8.17% 17.44% 367 367 84.66 22.5 4 7

24 26 | 22.48 19.5 214 30 38.5 57 5.43% 59.61% 8.36% 10.72% 15.88% 359 359 88.86 23.5 2 10
25 24 | 24.74 21.5 235 35.5 45 64 5.36% 58.60% 8.85% 11.22% 15.96% 401 401 79.88 28.5 8 12
26 24 [ 21.83 22.5 180 42 41.5 58 6.54% 52.33% 12.21% 12.06% 16.86% 344 344 67.92 23 3 12

27 23 | 21.94 21.5 226.5 35 38.5 80.5 5.35% 56.34% 8.71% 9.58% 20.02% 402 402| 85.81 20 4 13
28 23 [ 21.99 26 222 32 45.5 75.5 6.48% 55.36% 7.98% 11.35% 18.83% 401 401 92.18 18.5 2 7
29 24 ] 21.08 23.5 210 32.5 445 74 6.11% 54.62% 8.45% 11.57% 19.25%| 384.5 384.5 88.7 16 2 2

30 27 [ 27.01 21 190 41 36.5 68.5 5.88% 53.22% 11.48% 10.22% 19.19% 357 357 84.7 19 1 2






