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A B S T R A C T

Context: Healthcare industry employees, work in rotating shift duties to provide 24/7 services. Shift work is
known to disrupt circadian rhythm and predispose the employees to metabolic risk and oxidative stress, sub-
sequently increasing the risk for Non-Communicable Diseases. Present study attempts to evaluate this associa-
tion.
Aims: To evaluate the association between metabolic risk and oxidative stress among health care personnel
working in rotating night-shift as compared to dayshift.
Settings and design: Cross sectional study.
Methods and materials: Eligible 124 employees [(night shift (61), Day shift (63)] working in a tertiary care
hospital in Bengaluru were randomly selected and tested for anthropometric and laboratory parameters per-
taining to metabolic risk and oxidative stress and categorized accordingly using standard criteria. Statistical tests
(student t-test) were applied to test for association between shift work, metabolic risk and oxidative stress.
Results: Metabolic risk and Oxidative stress were significantly higher in rotating night shift workers as compared
to day shift (p < 0.001) and (p < 0.017) respectively.
Conclusion: Rotating night shift work is associated with increase in metabolic risk and oxidative stress and there
is a need to consider this enhanced risk during periodical medical examination and employee health interven-
tions. There is a need for further research to quantify risk for metabolic risk and understand this association in
other occupations as well.

1. Introduction

Increase in modernization has increased the proportion of work-
force in India along with the rise in Non-Communicable Diseases
(NCDs) leading increase in Disability-Adjusted Life Year (DALY). DALY
quantifies the burden of disease from mortality and morbidity, which
means one DALY can be thought of as one lost year of "healthy" life loss
which is about 62% in India.1.The workplace setting has contributed to
increase burden of NCDs2 and there is need for undertaking workplace
interventions to reduce NCDs.3 Rotating night shift work as a predis-
posing factor for NCD risk is often debated in peer circles. Regular
exposure to long working nights and frequent disruption of sleep are
linked to metabolic risk.4 Circadian rhythm of hypothalamus is im-
portant for maintaining sleep/wake cycle, feeding behaviour, central
and peripheral tissue metabolism, disruption of which has major effect

on energy metabolism.5–9 Rotating night shift, changes the melatonin
levels thereby altering antioxidant enzyme activity and mRNA levels of
such antioxidant enzymes, thereby increasing oxidative stress.10 Epi-
demiological studies have suggested that a Circadian rhythm alteration
leads to metabolic syndrome (MS) which increases the risk for stroke
and Myocardial infarction.5,11–13 Healthcare industry stands second in
the number of workers reporting short sleep duration thus disrupting
the circadian rhythm.2 This present study seeks to evaluate the rotating
night shift healthcare workers for Metabolic, Oxidative and Anthropo-
metric alterations.

2. Subjects and methods

It is a cross-sectional study conducted among health staff (aged
between 20 and 60 years) working in day shift and rotating night shift,
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in a tertiary health care institution in Bengaluru, between
January–August 2016. Employees who reported working at least 5
night duties (8p.m.–8 a.m. expected 12 hrs duty/day) per month, for
the past two years, were considered as employed in rotating night shift
work. Employees working between 9:00 a.m. and 4.30 p.m. (expected
to work for 7.5 hrs duty/day) were considered as day shift workers.14

Workers reporting tobacco/alcohol use, self-reported inadequate
physical activity and those with less than 2 years service duration were
excluded from the study. Minimum of 2 years of service duration was
considered as exclusion criteria as per literature review by Lajoie P
et al. (2015),14 which indicated that minimum exposure duration of
two years is necessary for development of metabolic risk. Individuals on
Tobacco, alcohol users and those with physical inactivity were excluded
as they are commonly associated with oxidative stress and metabolic
risks.

2.1. Method of collection of data

Permission and support was sought from Institution authorities. List
of employees from clinical and non-clinical departments employed in
the institution served as the sampling frame. Subjects were selected by
simple random sampling and a questionnaire was administered to
gather information on age, service duration, tobacco, alcohol use and
physical activity. Employees reporting tobacco, alcohol use and in-
adequate physical activity and not willing to give informed consent
were excluded. A convenient sample size of 60 was considered, based
on review of literature as most similar studies were conducted on
sample size between 40-60.15–17 The process was repeated until a
minimum sample size of 60 was obtained in both the groups. Finally,
we recruited and studied 124 employees of which 63 were Day shift
employees (non-clinical departments in medical college) and 61 were
rotating night shift employees (clinical department employees).

Each of the eligible study subjects was contacted in person by the
investigator and a pre-tested semi-structured questionnaire was ad-
ministered to gather information on age, designation, shift work, duties
per week and service duration. Anthropometric measurements (Waist
Circumference, Height in cm and weight in kg) were taken. Waist cir-
cumference was measured at the highest point of the iliac crest.
Reading was taken in standing position and at the end of expiration
according to standard convention. Venous blood sample was taken for
analysis of the following parameters which was conducted using stan-
dard laboratory methods:

Blood glucose levels: Measured by Glucose oxidase method using
spectrophotometer.

Total cholesterol: Measured by Zak's method using spectro-
photometer.

MDA: Measured by Thiobarbituric acid (TBA) method using spec-
trophotometer.

CRP: Measured by ELISA.
Total Thiols: Measured by Ellman's method (DTNB).
Catalase: Measured by Goth's method using spectrophotometer.
Total proteins: Measured by Biuret method using spectro-

photometer.
Blood pressure was measured with two subsequent measurements

and mean of two measurements was taken. Standard methods were
used for analysis of blood pressure.

2.2. Metabolic risk criteria

Operational definitions of metabolic risk have been proposed by
different institutions, according to World Health Organization and the
National Cholesterol Education Program, which includes similar cri-
teria for central obesity, hyperglycaemias, dyslipidaemia and high
blood pressure. Here we have considered according to the NCEP ATP III
definition.18 A participant was deemed to have the metabolic risk when
three or more of the following criteria were satisfied: 1) waist

circumference 102 cm in men and 88 cm in women; 2) Total cholesterol
200mg/dl 3) blood pressure 130/85mmHg or known treatment for
hypertension; and 4) Blood glucose level of 140mg/dl or known
treatment for diabetes. According to these criteria metabolic risk is
identified when more than or equal to 3 of the above conditions are
present in the same individual.

Body Mass index (weight in kg/height in meters square) was com-
puted and WHO criteria was followed, accordingly adults are con-
sidered healthy weight, if their BMI is 18.5–24.9, overweight if their
BMI is 25–29.9, and obese if their BMI is 30 or above .19

Oxidative stress criteria: Oxidative stress was evaluated with re-
ference to Sikka SC.et al.20 Oxidative stress was defined as persons with
either elevated Serum Thiols or MDA measurements (MDA>0.01
mmol/L and Thiols. > 0.48mmol/L).

2.3. Statistical analysis

Quantitative data following normal distribution (Blood glucose,
Blood pressure, Body mass index, serum Cholesterol, Waist cir-
cumference, Thiols, MDA, serum Catalase and serum Total proteins)
were presented as mean and standard deviation. Categorical data
(Metabolic risk, Oxidative stress and Antioxidants status) was presented
as frequency and percentages. Gender and age distribution between the
two study groups were compared using chi-square test to evaluate role
of selection bias. Shapiro-wilk test was applied to test for normality.
Based on the outcomes of normality tests, Independent ‘t’ test was ap-
plied to test for significant differences in mean levels of laboratory
parameters between the study subjects. Chi-square test was applied to
test for association between metabolic risk, oxidative stress and rotating
night shift work. Results were considered significant at p < 0.05.

Ethical clearance was obtained from the institutional ethics com-
mittee of Sapthagiri Institute of Medical Sciences and Research Centre,
Bengaluru.

3. Results

3.1. General characteristics of study subjects

We studied 61 workers who were predominantly on rotating night
shift and 63 workers working in day shift. There were no significant
differences in gender or age distribution between the two groups.
Nearly 60% of rotating night shift workers was involved in clinical
nature of work which was significantly higher as compared to day-shift
workers (39%). (Table 1). Metabolic risk assessment was done using
blood glucose, systolic/diastolic blood pressure, mean serum total
cholesterol, BMI and waist circumference. We observed that in night
shift working group, mean blood glucose (107.1 ± 36.2), systolic
blood pressure (129.6 ± 13.2), mean serum total cholesterol
(210 ± 47.1) and waist circumference, were significantly higher than
day shift workers (Table 2). Blood glucose levels were significantly
higher, 17mg/dl higher in rotating night shift working individuals.
Diastolic blood pressure, though observed to be higher in night shift
workers, the difference was not significant.

In the Oxidative stress assessment, we measured serum thiols, CRP
and MDA. The Mean serum thiols (0.72 ± 0.39) were higher in night
shift working group compared to day shift group (0.66 ± 0.34).
Similarly, Mean Serum MDA (0.0351 ± 0.04), CRP (5.09 ± 2.8) was
observed to be significantly higher in night shift workers then day shift
(MDA=0.01 ± 0.00, CRP=1.09 ± 1.07) (Table 2). However, only
MDA and CRP showed statistically significant difference.

Antioxidant status was measured using serum Catalase and total
protein. We observed mean Catalase levels (1165.57 ± 278.2) were
significantly lower in night shift workers compared to day shift group
(1378.01 ± 393.1).

In the Anthropometry assessment, the mean Waist Circumference in
night shift group was (96.81 ± 14.13), significantly higher than the
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day shift (92.8 ± 14.13) and night shift workers BMI (26.7 ± 4.1)
were not significantly different from day shift worker BMI
(26.8 ± 3.6).

Metabolic risk and oxidative stress are grouped into high and low
risk. Metabolic risk is grouped according NCEP ATPIII criteria and
oxidative stress is grouped according to serum thiol/MDA levels (high
group when their MDA>0.01mmol/L and Thiols> 0.48mmol/L).
Antioxidant status is grouped into low risk if the catalase level is more
than 1100ku/l with normal total protein levels. The frequency data
among high risk group was compared between night shift and day shift
workers using chi square and data presented as odd ratio and p value.
The odds of metabolic risk was 2.53 times (95% CI, 1.2to 5.2) higher
among rotating night shift individuals compared to day shift workers.
Similarly, the odds of high oxidative was 4.84 times (95% CI 1.88 to
12.4) higher in night shift workers (Table 3). Female's subjects with
rotating night shift work had higher metabolic risk, oxidative stress and
lower antioxidants compared to male rotating night shift workers
(Fig. 1).

4. Discussion

Any biological process in the body that repeats itself over a period of
approximately 24 h and maintains this rhythm in the absence of ex-
ternal stimuli is considered a circadian rhythm.5,21 The major zeitgeber
(Keeper) for our body's circadian rhythm is light and thereby regulating

endocrinological signals downstream.6 The master Circadian clock is
located in suprachiasmatic nuclei (SCN). Since we are in the age of
modernization, many healthcare industries need to function around the
clock and thus there is demand for night shift work also, this puts
pressure on healthcare professionals to be awake and functional at odd
hours of the night. Due to exposure to light at odd times, downstream
signalling of SCN gets hampered, leading to dysregulation of endocrine
signals, resulting in increase in the non-communicable disease risk
(Fig. 2).22 Developing countries like India have burden of increasing
non-communicable disease and fast becoming major burden in mod-
ernization society and is reducing the productivity.23 Insufficient sleep,
changes in dietary habits, regularly exposed to working long nights and
frequent waking up in night, which are the feature of night shift work
schedules, have shown to be linked with metabolic risk.4

World health organization has observed increase in the risk of
cancers due to reduced melatonin secretion caused by light exposure
during nights.24 US Government included sleep health programs in its
Healthy people 2020 initiative recognising the adverse effect of in-
sufficient sleep.2 Night shift work carries considerable heath risk and
our objective of the present study was to find the metabolic risk, oxi-
dative stress and antioxidant status among health care personnel
working in rotating night shift as compared to those in day shift
working in South India.

4.1. Brain glucose utilization during night shift work

Brain is the major organ for the utilization of blood glucose during
sleep, it uses 50% of blood glucose during fasting state by insulin de-
pendent manner. Studies have shown there is reduced glucose toler-
ances and increase in insulin resistance leading to metabolic syndrome
in night shift work, since brain is major organ utilising the glucose
during resting period, insulin resistance might lead to reduces utilisa-
tion of glucose by brain and further contribute to increase in blood
glucose concentration.8,9 In our study we observed blood glucose levels
in night shift group was 17mg/dl higher than day shift population.
Supporting our findings there were evidences regarding association
between blood glucose and shift work by Matheson A et al.25 and Pa-
dilha et al.26. Li Y et al. (2011), have showed that insulin resistance
leading to metabolic syndrome was more common in night shift
workers than in day workers.27 But in contrast, Biggi et al. found no
consistent effect of permanent night work on fasting glucose or insulin
resistance.28

4.2. Hypertension and night shift

BMI and antioxidant status are known to alter blood pressure in

Table 1
Descriptive statistics of study subjects.

Rotating night
shift (n=61)
N (%)

Day shift
(n= 63)
N (%)

Total
(124)

p value

Gendera

Male 23 (46.9) 26 (53.1) 49 0.68
Females 38 (50.7) 37 (49.3) 75
Nature of worka

Clinical 46 (60.5) 30 (39.5) 76 0.001*
Non-clinical 15 (31.2) 33 (68.8) 48
Age groupa

≤30 years 27 (57.4) 20 (42.6) 47 0.15
> 30 years 34 (44.2) 43 (55.8) 77
Age in Median years,

(intra quartile
range)b

33 years (19) 38 years (23) 36 years
(22)

0.18

Age group is divided into two group less than 30 years and more than 30 years.
*p < 0.05 is taken as statistical significant.

a Chi-square test is applied for gender, age group and nature of work and
data presented as frequency number and percentage.

b Mann Whitney U Test is applied for age and data presented as median.

Table 2
Comparison of means of metabolic, oxidative stress and anti-oxidant parameters among study groups.

Parameters Rotating night shift (n= 61) Day shift (n= 63) p value

Metabolic Risk Parameters
Blood glucose (mg/dl) 107.1 ± 36.2 89.9 ± 25.8 0.001*
Systolic Blood pressure (mm/Hg) 129.6 ± 13.2 120.6 ± 7.5 0.001*
Diastolic Blood pressure (mm/Hg) 86.4 ± 10.9 80.5 ± 10.7 0.612
Body Mass Index 26.7 ± 4.1 26.8 ± 3.6 0.191
Serum Total cholesterol (mg/dl) 210 ± 47.1 196.5 ± 32.3 0.001*
Waist Circumference (cms) 96.81 ± 10.59 92.8 ± 14.13 0.004*
Oxidative Stress parameters
Thiols Estimation (mmol/L) 0.72 ± 0.39 0.66 ± 0.34 0.401
CRP (mg/ml) 5.09 ± 2.8 1.09 ± 1.07 < 0.001*
MDA (mmol/L) 0.04 ± 0.04 0.01 ± 0.00 < 0.001*
Anti-oxidant parameters
Catalase (KU/L) 1165.57 ± 278.2 1378.01 ± 393.1 0.001*
Total Proteins (gm/dl) 9.9 ± 2.7 11.4 ± 3.7 0.019*

Independent student t-test was applied to compare between group and data are represented as means ± SD, *p < 0.05 is considered statically significant. CRP:C -
reactive protein, MDA:Malondialdehyde.
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essential hypertension patients.29,30 Normally blood pressure decreases
by 10–20% during sleep compared to daytime. This is mediated by
decrease in sympathetic output during nocturnal sleep. Sleep dis-
turbances leads to increase in sympathetic nervous activity thereby
increase systolic blood pressure.31 We observed in our study, their was
increase in systolic blood pressure around 9mmHg higher in rotating
night shift individuals and systolic blood pressure showed more dif-
ference than diastolic blood pressure. Puttonen S et al. (2009) in their
studies have shown a higher risk of hypertension in men than women in
the rotating shift working group, In their study on 712 men and 831
women, they have shown the men had higher Blood pressure even after
adjusting to all confounding factors such as adjustment for age and risk
factors, such as low socio-economic position, job strain, smoking, diet,
family history of CHD, physical inactivity, alcohol consumption, obe-
sity, homocysteine, C-reactive protein and lipids. The mechanism they
have observed is the increase cardiac artery intima media and in
women they did not find any association between shift work and car-
otid atherosclerosis indicators.32 The prevalence of hypertension ac-
cording to 2016 update in India was 22.6% of male population in the
age group of 35–44 years whereas 18.3% of females.33 But in our study,
we observed women where at higher risk compared to men in the ro-
tating night work group (29% women had higher risk compared 22%

men). However, there were limitations in the present study, study did
not account for diet, noise among work place, leisure time given etc.
Thus, future studies to confirm the association between hypertension
and gender are necessary to account for other confounding factors.

4.3. Inflammatory marker and night shift

Many studies have shown that inflammatory marker CRP raise with
reduce sleep duration.34–37 CRP is correlated with systemic inflamma-
tion and studies shows that IL-6 and CRP levels during night shift are
inversely correlates with melatonin.37,38 CRP elevation even moderate
for longer duration is always considered as presence of chronic in-
flammation.37 In our study, there was a significant increase in CRP
levels 4.021mg/dl higher in night shift group compared day shift
group. So increased CRP due to reduced sleep could lead to systemic
inflammation, but CRP is a nonspecific inflammatory marker and there
are factors that might have role in association between night work and
low grade inflammation including circadian disruption, poor sleep
quality and reduce sleep duration. Nevertheless CRP can be a useful
biomarker to assess the risk of future diabetes and metabolic syn-
drome,39 it could be used to monitor metabolic risk in night shift
workers.

Table 3
Association between metabolic risk, oxidative stress, antioxidant status and shift workers.

Parameters Rotating night shift (n=61)
N (%)

Day shift (n= 63)
N (%)

Total n (%) p value (Merged)

Metabolic Risk (high risk group) 26 (42.6%) 2 (3.2%) 28 (22.6%) < 0.001*
Blood glucose 12 (19.7%) 3 (4.8%) 15 (12.09%)
Hypertension 29 (47.5%) 8 (12.7%) 37 (29.8%)
Elevated BMI 28 (45.9%) 30 (47.6%) 58 (46.77%)
Serum Total cholesterol (mg/dl) 28 (45.9%) 25 (39.7%) 53 (42.7%)
CRP (mg/ml) 42 (68.9%) 1 (1.6%) 43 (34.6%)
Oxidative Stress parameters (high risk group) 34(55.7%) 32(50.8%) 66(53.2%) 0.017*
Thiols Estimation (mmol/L) 43 (70.5%) 47 (74.6%) 90 (72.5%)
MDA (mmol/L) 44 (72.1%) 8 (12.7%) 52 (41.9%)
Anti-oxidant status (low risk group) 13(21.3%) 52(82.5%) 65(52.4%) < 0.001*
Catalase (KU/L) 12 (19.7%) 49 (80.3%) 61 (49.1%)
Total Proteins (gm/dl) 1 (1.6%) 9 (14.3%) 10 (8.06%)

Metabolic risk and oxidative stress are grouped into high and low risk. Metabolic risk is grouped according NCEP ATPIII criteria and oxidative stress is grouped
according to serum thiol/MDA levels (high group when their MDA>0.01mmol/L and Thiols> 0.48mmol/L). Antioxidant status is grouped into low risk if the
catalase level is more than 1100ku/l and normal total protein levels. The frequency data among high risk group was compared between night shift and day shift
workers using chi square and p value < 0.05 is taken as statistically significant.

Fig. 1. Gender specific distribution of Metabolic risk, oxidative stress and antioxidant status among night shift and day shift groups.
Frequency of individual effected by high metabolic risk, high oxidative stress and high antioxidant status among male and female distributed between night and day
shift workers.
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4.4. Adipocyte dysregulation and night shift

Many studies have been documented regarding role of weight gain,
dietary choices and physical activity levels in causing metabolic risk.40

In addition to these know factors which leads to metabolic risk, studies
on Japanese population by Obayashi K et al., have observed that elderly
people exposed to illuminated rooms lead to higher body weight, BMI
and Waist circumference.41 Fonken LK et al. (2013) in their study ob-
served that exposure of light for increased duration during night leads
to compromised metabolic processes disrupting the normal circadian
rhythms and thereby increases the risk of obesity.40 Disruption of cir-
cadian rhythms leading to obesity was also demonstrated in animal
studies by Froy O et al., they reported mammals develops obesity fea-
tures due of light and dark cycles.42 Molecular basis of the development
of obesity due to disruption of circadian rhythm is described by Yang X
et al. (2006), they have studied the circadian genes related to nuclear
receptors such as Rev-erb, PPAR and ROR subfamilies which are af-
fected by the disruption of light dark cycle and directly affect meta-
bolism.43 Phenotypic expression of obesity has multifaceted mechanism
involving various mutations in clock genes, variations in metabolism,
drop in thermogenic response, disruption of neurohumoral parameters
like leptin and ghrelin and impairment in genes present in adipocyte.44

The disruption of the light dark cycle also plays an important role in
developing obesity phenotype, since Sun is our important source of the
light, the human body is evolved around the light dark cycle centred
around the sun light. Sun provides bright light during the day and
virtually no light at night and our endogenous circadian rhythms such
as core body temperatures, cardiovascular activity, endocrine system,
renal activity, gastrointestinal tract motility, many body metabolism,
gene expression and hormone productions have an oscillatory type
synced to this day night cycle. Rhythms are reset every day in 24 h cycle
with the exposure of sun light and a type of physiological anticipation
for many body metabolisms exist. Electric light, by contrast, is dim and
ill-timed, disrupting all aspects of our endogenous circadian rhythmi-
city. The intensity and spectral content of electric light are often not
adequate for proper circadian resetting and are too much during the
night for a true ‘dark’ to be detected. This can lead to ‘circadian dis-
ruption’ compromising general well-being and perhaps increasing risk
of a variety of specific diseases.45 In humans, increase in obesity is
caused by Engineered Junk Foods, excessive food addiction, Insulin
resistance, certain medications, Leptin Resistance, genetic

predisposition and hormonal imbalances, but it is also contributed by
our sleeping patterns and eating habits at late night.46 Sleeping patterns
alters the circadian rhythm and disruption normal metabolic processing
leading to development of insulin resistances and obesity. Eating ex-
cessive and during late night also has adverse effect on the body me-
tabolism, the energy requirement is at minimum during the night time
and eating during night will lead to deposition of the excess calorie in
adipose tissue contributing to obesity. Epidemiological studies done by
Knutson KL et al., have demonstrated association of reduced sleep
duration with increased body mass index and diabetes.46 Further,
sympathetic nervous system activity is elevated due to working late
night, this in turn leads to increase in free fatty acids which further
contribute insulin resistance47

Similar to these studies we found, waist circumference higher in
night shift workers compared to day shift workers in our study popu-
lation, but BMI was not significantly different between groups. The
difference observed might be influenced by confounding factors such as
calorie intake and physical activities47 which need to be further eval-
uated.

4.5. Oxidative stress and night shift

In our study night shift workers had 4.84 times (1.88–12.4; 95%CI)
(p= 0.001) higher oxidative stress compared to day shift workers.
Studies by Akbar S et al., have shown an increase in oxidative stress
during night shift.48 Experimental studies have also shown that circa-
dian rhythm effects expression and activity of oxidative and anti-
oxidative enzymes.10 However Ulas et al., have shown that there was no
significant difference of oxidative stress parameters among day and
night shift working subjects.17 Sharma A et al., demonstrated that in-
creased marker of DNA oxidation and increased levels of urinary 8-OH-
DG was seen among night shift workers and also showed a positive
correlation between urinary stress markers among night workers with
the age group of 35–45yrs.16 Serum malondialdehyde is one such
markers formed by cellular membrane lipid peroxidation due to oxi-
dative stress and its levels are increased in neurodegenerative diseases,
cardiovascular diseases and cancers.49–52 In our study we have ob-
served significant higher MDA levels among night shift group even
though levels of Total thiols were higher in night shift but not sig-
nificantly different between groups. Oxidative stress leads to cytokine
production, various different mechanism could increase cytokine

Fig. 2. Schematic representation of Melatonin related pathways.
Shows the various pathway in which metabolic and oxidative stress are linked with melatonin Pandi-Perumal SR et al., 2016)62.
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production along with oxidative stress like Age, obesity, blood glucose
levels, blood pressure and other metabolic risk factors make individuals
more vulnerable to harmful effects of oxidative stress during night shift
work.37,46,53

4.6. Antioxidants and night shift

In our study we have found reduce antioxidant levels among night
shift worker compared to day shift workers and odds ratio for
Antioxidant status of night shift workers was 3.75 times (1.6–8.5;
95%CI) (p=0.0016) lesser antioxidants compared to day shift
workers. Melatonin have been found to produce antioxidants and re-
duce reactive oxygen species.54 Melatonin have found to alter anti-
oxidants m-RNA expression (Catalase, SOD, Glutathione peroxidase), in
mouse liver.55 Hirayama J et al., have shown genes like BMAL1/
CLOCK, RORs and Rev-ErbS are under direct regulation by the circadian
clock transcriptional factors.56 Even in plants antioxidant TRX system is
been shown to be under circadian rhythm as shown by Lemaire SD
et al.57. Exposure to light reduces the melatonin synthesis, decreasing
antioxidants like glutathione peroxidase, catalase and other enzymes of
antioxidative pathway. Pro-oxidant levels also reduces the antioxidant
levels in the boby, they tend to increases redox sensitive transcription
factors such as signal transducer and activator of transcription (STAT),
CREB, NF-kB, AP-1. Induction of these transcription factors induces
inflammatory cytokines (TNFalpha, IL-1, IL-6, IL-8) and growth factors,
these are shown to down regulated antioxidants through two mechan-
isms, 1. Direct Transcriptional factors regulation 2. By influencing PGE2
synthesis.58–60 Increase in healthcare demands has lead to difficulty in
adaptation even for the trained recruits in case of night shift work.
Studies says that different age group have varied adverse health out-
come as shown by Ramin et al. 15.

5. Conclusions

Our study data suggest that chronic, insufficient sleep in rotating
health care workers decreases blood glucose tolerance, increased hy-
pertension, obesity, leads to oxidative stress with decrease antioxidants,
which further may contribute to increase cancer and other degenerative
diseases along with metabolic syndrome.

Shift and night work appear to have a negative effect on worker
health, possibly due to its impact on sleep-wake cycles, eating and ex-
ercise habits, thermogenesis, hormone secretion, and blood pressure
levels. Thus, indicating that lifestyle interventions for night shift should
be recommended. We should find ways to minimize the health burden
of shift work. Main corrective steps to be taken is by making sleep, a
priority in the healthcare professionals personal life by education,
training programs to all workers as described in many health care in-
itiative.61 Further to take preventive steps by education and training
programs for all the hospital managers and healthcare professionals
working during night shifts which could also give encouragements and
appreciation about the services provided, thereby reducing the psy-
chological burden of long working hours related to sleep and fatigue
issues. Hospital Managers should foster the need for improving the
work schedule design and promptly implement policies and systems
that decrease the risk of fatigue and health problems. Healthcare
workers should be periodically examined to evaluate the influence of
work schedules on factors like alertness, errors in handling responsi-
bilities and illnesses. Enough time for sleep and encouragements for
good practices and behaviours to improve sleep and alertness should be
encouraged. Healthcare professionals having sleeping problems should
be facilitated to seek special help and support from sleep clinics. Among
the life style modification, ways to avoid weight gain based on low-
calorie diets, personalized health care and nutritional orientations, in
addition to physical exercise programs which can be adapted to the
worker's routine. Healthcare workers need to be subjected to (1)
Training programs to handle night shift work schedule. (2) To monitor

their health status by regular checkup with relevant blood investiga-
tions. (3) Assurance of changing work schedules, to minimize the re-
duce the outcome of the night work on health. Recognizing the im-
portance of adverse impact of prolonged night shift on health itself will
go a long way in reducing its impact on health burden.

6. Limitations

Limitation of our study is the samples size we have included con-
venience sampling method and due to very stringent selection criteria,
allowing the inclusion of less number of subjects, due to which we can't
generalize the results completely and also study had more of young and
healthy population. Population was healthcare workers, and hence, the
findings cannot be generalized to other night shift workers in different
occupation. Lastly the present study, was conducted in a single tertiary
care teaching hospital, hence results may not be generalized. Further
studies are recommended to explore more on the effects of night shift
working.
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