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Sleep Deprivation in Shift Work Alters Pain Perception
*Owoyele BV1, Yusuf FA1, Oniyide AA2, Olaniyi SK2, Olasehinde OF1
ABSTRACT
Shift work which is mainly characterized with sleep disruption has been reported to alter behavioral alertness,
cognition, emotion, attention and general systemic functions. However, it is not known whether sleep
deprivation in shift work would alter pain perception. The current study was designed to investigate the effect of
shift work on pain perception in healthy Nigeria human and to possibly know if the effect is â-Endorphin
dependent. Sixty healthy volunteers were randomly selected from Ilorin, Kwara State, Nigeria (consisting of 30
shift workers from MTN Telecommunication Company and 30 non-shift workers from the members of the
public). These individuals were recruited, trained on what they should expect during the study and informed
consent was obtained. Questionnaires were administered to gather volunteers' biodata and socio-demographic
background. Cold, ischemia and cold+ischemia-induced pain was administered, and the pain threshold and
tolerance were estimated. Our results show that shift work significantly decreases (p<0.05) the pain threshold
and tolerance during ischemia-induced pain test, and causes a significant increase (p<0.05) in pain tolerance
during cold-induced and cold+ischemia-induced pain tests. Also, the circulating plasma â-Endorphin
decreased (p<0.05) with shift work during cold-induced and cold+ischemia-induced pain tests when compared
with non shift work. The results demonstrate that shift work alters pain perception which is accompanied by
alteration in circulating level of plasma â-Endorphin.
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health, with many essential physiological
7
processes occurring during sleep . Also, it is a
8,9
basic human need and a fundamental process .
Sleep of sufficient duration, continuity, and
intensity (depth) without circadian disruption is
necessary to promote high levels of attention and
cognitive performance during the wake period,
and to prevent physiological changes that may
predispose individuals to adverse health
10
outcomes .
Sleep pattern disruption refers to a
reduced ability to achieve nocturnal sleep, with
increased wakefulness and altered sleep
architecture, resulting in a decrease in non-rapid
eye movement (non-REM) and short wave sleep11.
The evidence linking habitually short sleep or
circadian desynchrony to conditions such as
weight gain 11,12 , obesity 13 , diabetes 14 , and
8
15
hypertension , as well as to increased mortality ,
has accumulated over the past decade and this
16
remains provocative , which has been
experimentally demonstrated to result in
cumulative deficits in behavioural alertness and
vigilant attention.
Pain can be referred to as a sensory and
emotional experience, and its emotional
component varies from person to person and time
to time17. This unpleasant sensory and emotional

INTRODUCTION
Shift work remains a global trend that has
come to stay in this century, and studies have
1,2
shown its close association with sleep disruption .
Previous data have shown that about 20 million
workers experience work related health problems
and an average of 5,720 people die as a
3
consequence of this endemic situation in Europe .
Shift work is a major risk factor; yet, increasing
demands in global economy have rendered shift
work an integral constituent of modern society2,4.
From a competitive standpoint, shift work
is an excellent way to boost production and
customer service without major increases in
infrastructure. It is well documented that millions
of Americans are considered shift workers
especially professionals5.
Sleep is a recurring state of mind that is
characterized by altered consciousness, relatively
inhibited sensory activity, inhibition of nearly all
voluntary muscles, and reduced attention or
6
interactions . It is one of the most important
factors in maintaining good mental and physical
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experience is associated with actual or potential
18
tissue damage , and motivates individuals to
withdraw from damaging situations, to protect a
damaged body part while it heals, and to avoid
similar experiences in the future18,19.
Shift work has been associated with sleep
disruption1,2 and sleep pattern disruption has been
20
documented to cause pain but the effect on pain
perception and mechanism remains ill defined.
The present study aims at investigating the effect
of sleep deprivation in shift work on pain
perception in healthy Nigeria human and to
possibly know if the effect is â-Endorphin
dependent.

Subjects were made to sit comfortably in a
reclining chair that provides adequate support for
the head, arms and legs. The testing facility was at
a comfortable room temperature, and provides a
quiet and neutral environment with no distraction.
Having trained the subject about the procedures
and what to expect during the experiment, the
following assessments were performed:
Cold-induced pain
Cold sensation and pain in humans are mediated
by Ad and C fibres. The subjects were asked to
hold a cold gel bag maintained at 00c for as long as
21
possible as previously described .
Ischaemia-induced pain
The ischaemic pain testing was based on the
method by Plesan et al.,(2000)21; a blood pressure
cuff was placed around the non-dominant arm of
the subject. The cuff pressure was inflated to
20mmHg above the subject's systolic pressure.
With the pressure maintained, subject performed
a hand grip exercise on an elastic ball. The
subjects closed their eyes for the entire procedure
to minimize distraction and time clues. They were
asked to indicate when they first detected the pain
and when they could no longer tolerate the pain
(to a maximum of 5 minutes). Once pain tolerance
was reached, the pressure curve was immediately
deflated and end-points were measured in
seconds with the process performed 3 times and
average of the readings documented as previously
described22.

MATERIALS AND METHODS
Subjects and Grouping
Sixty healthy human subjects volunteered to
participate in the study. They were made up of 30
shift workers (15 males and 15 females) from
MTN Telecommunication Company and 30 non
shift workers (15 males and 15 females) from the
members of the public. All the subjects are within
the age of 18-40 years. These individuals were
recruited, trained on what they should expect
during the study.
Inclusion criteria for the selection of subjects
The subjects selected were free from diabetes
(Random blood sugar not greater than 7mmol/L,
which was determined using ONETOUCH®Life Scans, Inc., Milpitas, CA, USA),
hypertension (Blood pressure not greater than
120/80mmHg, which was determined using
sphygmomanometer), had normal sensation
(touch, pain, vibration etc), not on any
medications, not on hospital admission in the last
one month, did not have surgery done in the last
three month, not suffering from chronic pain
syndrome, with no comorbidity and were willing
to abide by the rules, protocol and voluntarily
signing the consent form. The investigation was
carried out under approval of the Research and
Ethical Review Committee of the University of
Ilorin, Ilorin, Nigeria.

Assessment of pain threshold and tolerance
The pain threshold is defined as the point between
being “about to be painful” and “just became
painful” and the time taken for this to occur is
recorded in seconds, while the pain tolerance is
defined as the point subject can no longer
withstand the pain and the time taken for this to
occur is recorded in seconds. The processes were
performed 3 times and the averages were
documented.
Biochemical Analysis
Blood sample was collected into EDTA bottles,
centrifuged for 30mins at 3000 rpm. The plasma
â-Endorphin was determined using ELISA kit
(Cruz Biotechnology, Canada).
Statistical analysis

Protocol
The subjects were visited in their working place
and informed about the study; subsequently
volunteers were recruited, trained and
administered questionnaires to obtain their
biodata and socio-demographic background.
7
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All data were expressed as the Mean ± S. E. M.
Statistical analysis was performed using SPSS
version 20 software. One-way analysis of
variance (ANOVA) was used to compare the
mean values of variables among the groups.
Duncan post hoc test was also used to compare
significant difference among groups. A difference
between two means was considered to be
statistically significant when p< 0.05.

induced pain threshold and tolerance
The results showed that there were significant
(p<0.05) decreases in pain threshold and
tolerance in shift worker compared with non shift
workers following ischemia-induced pain (Figure
2a, b).
Effect of sleep deprivation on cold+ishemiainduced pain threshold and tolerance
Cold+ischemia-induced pain showed that there
were no significant (p<0.05) changes in pain
threshold between shift workers and non shift
workers following cold+ischemia-induced pain
(Figure 3a), but the pain tolerance significantly
(p<0.05) increased in shift workers compared to
non shift workers (Figure 3b).

RESULTS
Physiological parameters of shift and non shit
workers
There were no significant difference in the blood
pressure and blood glucose level of the shift
workers when compared with the non shift
workers (Table1).

Effect of sleep deprivation on circulating level
b-Endorphin during cold-induced pain,
ischemia-induced pain and cold+ischemiainduced pain tests
The circulating plasma level of b-Endorphin
significantly (p<0.05) decreased in shift workers
compared to non shift workers in all the tests
(Figure 4) except during ischemia-induced pain
where a decrease was observed in the circulating
level of b-Endophin of shift workers but not
statistically significant (Figure 4b).

Effect of sleep deprivation on cold-induced
pain threshold and tolerance
There was no difference in the pain threshold in
the two groups following cold-induced pain
(Figure 1a). However, a significant increase
(p<0.05) was observed in pain tolerance when
shift workers (84.90±23.80) were compared with
non shift workers (74.10±14.40).
Effect of sleep deprivation on ischemia-

Table 1: Physiological parameters of shift and non-shit workers

Age (year)
Blood Glucose (mmol/L)
Systolic Blood Pressure (mm/Hg)
Diastolic Blood Pressure (mm/Hg)

Shift Workers

Non Shift workers

31.1±0.4
5.2±0.1
111.3±2.1
73.9±1.5

28.4±0.9
5.0±0.1
112.0±1.8
67±1.0

Duncan post hoctest. (*p<0.05 vs control).CIP;
cold-induced pain, IIP; ischemia-induced pain

Data are expressed as mean ± S.E.M. n=10. Data
were analysed by one-way ANOVA followed by
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Fig.1. Effect of sleep deprivation on cold-induced pain threshold (a) and tolerance (b). Data are expressed as mean ± S.E.M.
n=10. Data were analysed by one-way ANOVA followed by Student t-test. *P<0.05 vs NSW (Non-shift workers); SW (Shift
workers).
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Fig.2. Effect of sleep deprivation on ischemia-induced pain threshold (a) and tolerance (b). Data are expressed as mean
±S.E.M. n=10. Data were analysed by one-way ANOVA followed by Duncan post hoctest. *P<0.05 vs NSW (Non-shift
workers); SW (Shift workers).
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Fig.3. Effect of sleep deprivation on cold+ishemia-inducedpain threshold (a) and tolerance (b). Data are expressed as mean ±
S.E.M. n=10. Data were analysed by one-way ANOVA followed by Duncan post hoctest. *P<0.05 vs NSW (Non-shift
workers); SW (Shift workers).
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Fig. 4.Effect of sleep deprivation on â-Endorphin during cold-induced pain (a), ischemia-induced pain and cold+ischemiainduced pain tests. Data are expressed as mean ± S.E.M. n=10. Data were analysed by one-way ANOVA followed by
Duncan post hoctest. *p<0.05 vs NSW (Non-shift workers); SW (Shift workers).

increases sensitivity to pain23. This observation
implies that people with low pain threshold as in
shift work-induced sleep disruption are highly
sensitive to ischemia-induced pain test compared
with non-shift workers. In addition, the pain
threshold was significantly reduced during the
test, which is also consistent with a previous study
that pressure pain tolerance was significantly
reduced after one night of total sleep deprivation
and remained lower after rapid eye movement
sleep interruption24. Furthermore, the observation
that pain tolerance significantly increased in
telecommunication shift workers during coldinduced pain test is in consonance with earlier
study, which reported that pain tolerance to cold
25
pressortest were increased in shift workers ,
therefore sleep disruption decreases sensitivity to
cold-induced pain. This is contrary to another
earlier observation which reported that sensitivity
to thermal pain is enhanced by both slow-wavesleep deprivation and forced awakenings during
24
REM sleep in humans . In addition, the
concomitant administration of cold and ischemiainduced pain tests significantly increased pain
tolerance without altering the pain threshold
during sleep disruption through shift work

DISCUSSION
Considerable evidence has substantially
shown that work related health problems are a
major concern for public health. Also, pain has
been documented as the most important symptom
2,3
of work related problems . However, there is
dearth in information regarding the effect of sleep
disruption on pain perception.
The current findings show that sleep
disruption through shift work in
telecommunication workers led to significant
increase in pain tolerance during cold-induced
pain test and significant decrease in both pain
threshold and tolerance during ischemia-induced
pain test. In addition, a significant increase in pain
tolerance was observed during cold+ischemiainduced pain test. Sleep disruption in
telecommunication workers further showed
significant alteration in circulating level of bEndorphin.
The observation in this study showing that
sleep disruption through shift work in
telecommunication workers significantly
decreases the pain threshold during ischemiainduced pain test is in consonance with previous
observation that disruption of sleep pattern
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compared to non-shift work. This implies that the
sensitivity to cold+ischemia-induced pain is
significantly low during sleep deprivation
through shift work. The decrease in pain
sensitivity during cold and cold+ischemiainduced tests might be due to earlier report that
cooling may have significant analgesic properties
than ischemic pain and this is in agreement with
other studies that cooling of the body reduces pain
26
in patient with fibromyalgia syndrome , post
27
episiotomy pain and postpartum perinea
28
pain .Cooling reduces serum level of
inflammatory markers thereby reducing pain
perception. Various inflammatory biomarkers
have been previously quantified in subjects
exposed to very low temperatures. One of the
earlier studies showed that treating top-level
rugby players with whole body cooling (WBC)
for 1 week led to reduced rates of proinflammatory cytokines (IL-2 and IL-8) and
increased levels of anti-inflammatory cytokines
29
(IL-10) . Also, cooling or cold exposure has been
shown to activate reticular activating system and
central nervous system (CNS) to recruit motor
neurons as well as activating the sympathetic
nervous system (SNS).
b-endorphin is an endogenousopioid
peptide derived from pro-opiomelanocortin, a
neurohormone secreted by the anterior pituitary
into the systemic circulation. Endorphins are
found in regions of the brain involved in the
perception of pain, including the nucleus
accumbens and the arcuate nucleus. It has been
documented to be involved in natural reward
circuits such as feeding, drinking, sex and
maternal behavior30. However, the role of plasma
b-endorphin in pain regulation is unclear, plasma
b-endorphin levels have been reported to
correlate inversely with pain levels in cancer
pain30, chronic daily headache31 and post32
operative pain . That is, plasma b-endorphin
levels are lower in patients with poorly controlled
pain, and increase with pain relief. Evidence has
shown that b-endorphin is involved in attenuation
33
of the experience of pain , and it has been found
to reduce the experience of emotional and
physical distress including pain20,34. In this study,
plasma b-endorphin was measured and there was
a significant decrease in plasma level of bendorphin in shift work compared to the non shift
work. This implies that sleep disruption through

shift work alters plasma b-endorphin; this
corroborates earlier studies that b-endorphin
depletion might result from prolonged stress and
trauma, leading to an increase in distress, anxiety,
35
and depression . Also, low levels of b-endorphin
could mirror a defective endogenous pain control
system in the shift workers. In 1978, Almay et al.
reported that levels of unspecific “endorphins”
was low in the plasma of patients with
predominantly “neuralgic” pain, compared both
to patients with what was labelled “psychogenic”
35
pain and to healthy controls . Also, in 1988,
Tonelli et al., found low b-endorphin in patients
scheduled for spinal cord stimulation, compared
to historic controls36.
Generally, sleep disruption has been
clinically associated with longer reaction time,
distractedness, attention/concentration deficit,
memory deficit, stress, tiredness, drowsiness,
pain, increased irritability, decreased work
effectiveness, low motivation and declined
20,37
reasoning . However, the results from the
present study become the first to suggest that
sleep disruption through shift work alters pain
perception which is dependent on the circulating
level of plasma b-endorphin.
CONCLUSION
The present study demonstrates that sleep
disruption through shift work alters pain
perception which is accompanied by alteration in
circulating level of plasma b-Endorphin.
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