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Night shift work is associated with several long-term health complications including
metabolic syndrome and cardiovascular disease along with various adverse health effects.
This study was planned and conducted to learn the impact of Interleukin-6 (IL-6), a chronic
inflammatory cytokine among day and night shift health care workers, and to correlate the
relationship between the serum and tear fluid IL 6 in day and night shift healthcare workers at
a tertiary care hospital. This is a Cross-Sectional study with 100 (fifty-day shift and fifty-night
shift) participants including medical, paramedical students, and lab technicians. Blood and
tear samples were collected from both groups. SPSS version 26.0 was used to analyze the data
using Pearson’s correlation, chi-square test, and ROC. An Independent student’s t-test was used
to examine the differences between the mean scores. p-value < 0.05 is considered significant.
Serum and tear IL-6 levels were significantly increased in night shift workers when compared
to day shift workers with p-value < 0.0001. There was a positive correlation between tear and
serum IL-6 levels (r value 0.732 and 0.624) among day and night shift workers respectively.
A high prevalence of dry eye syndrome in night shift workers (40%) when compared to day
shift workers (14%). In ROC analysis, tear IL-6 shows the highest area under the curve (0.935)
compared to serum IL-6 (0.883) which reveals the superiority of tear fluid analysis and suggests
that tear fluid can be used as a minimally invasive technique to analyze IL-6 alternative to serum
IL-6 analysis. This study concludes that tear and serum Interleukin-6 (IL-6) is proportionately
increased in night shift workers compared to day shift workers. It also suggests that tear fluid
can be used as a minimally invasive technique and a superior method to analyze IL-6.
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Working hours apart from 7.00 am to 6:00
pm is known as night shift work.! Due to increased
competition, business demands, and technological
change in the modern world,? shift work among
working adults has become more common place.**

Many studies have suggested that both the short
duration of sleep (< 5 hours at night),’ and a night of
disturbed sleep due to sleep apnea and narcolepsy
are associated with increased levels of Interleukin-6
(IL-6) and other cytokines.®®
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From the expression of the gene behavior,
every single function (variability in heart rate, brain
waves, body temperature, energy expenditure,
hormone secretion, physical performance, cognitive
abilities, and sleep propensity) in the human body
is under the control of the circadian system.’ The
suprachiasmatic nuclei (SCN) of the hypothalamus
19 control the circadian rhythmicity of biochemical,
psychological, and physiological parameters."!
There are several molecular mechanisms postulated
underlying these intrinsic intracellular circadian
oscillations.'? The genes controlled by the circadian
clock are acknowledged as the molecular output
of the circadian rhythm. They are exhibited as
observable rhythms in behaviors, metabolic
functions of cells, and tissues in the body.” The
internal clock in the human body is adjusted
and is directly proportional to the changes in the
environmental brightness which is responsible for
the normal functioning of the vital organs through
neuronal and hormonal signals."*Night shift work
disrupts the normal circadian rhythmicity giving
rise to concerns regarding health issues,'*'¢ as the
adjustment to the environmental brightness by the
internal clock is lost.'” The above theory states
that night shift health care workers are at risk of
various systemic diseases, including metabolic
syndrome and cardiovascular disease (CVD) '8
due to the prolonged disturbance in the circadian
rhythm such as a sleep-wake cycle which leads to a
higher incidence of morbidity **-** like behavioral
changes, consciousness level, high blood pressure,?
high blood cortisol, and melatonin levels.*

IL-6 plays a major role in the acute phase
response as it is produced at the site of inflammation.
IL-6 along with its receptor (soluble)SIL-6Ro
transforms from acute inflammation to chronic
inflammation by altering the leucocyte infiltrate
i.e, from PMN (polymorphonuclear) neutrophils
to macrophages/monocyte by stimulatory effects
on B and T-cells. Strategies targeting IL-6 and its
signaling led to effective screening, diagnosis,
treatment, and prevention of chronic inflammatory
diseases.

The National Institute of Health (NIH)
defines a biomarker as, “a character that is
objectively measured and evaluated as an indicator
of normal biological processes, pathogenic
processes, or pharmacologic responses to a
therapeutic intervention”.”® The US Food and
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Drug Administration (FDA) defines a biomarker
as, “any measurable diagnostic indicator that is
used to assess the risk or presence of disease”.?
The advancements have led, to tear fluid can be
used as a minimally invasive technique for the
analysis of many biomarkers in the investigation
of PPPM - Predictive, Preventive, and Personalised
medicine.”’

Despite sleep disturbances, short sleep,
and deranged circadian rhythm amongst night shift
health care workers,? there is a dearth of studies
related to the correlation between shift work and
chronic inflammatory cytokines and their sequelae.
So, this study is planned to correlate the relationship
between the serum and tear fluid IL-6 and to create
awareness regarding the complications of chronic
stress on night shift workers.

MATERIALS AND METHODS

Study Design & Population

A Cross-sectional study was conducted
at Saveetha Medical College and Hospital,
Thandalam, Kanchipuram District, Tamil Nadu
between September 2021 — April 2022 (8 months)
after obtaining clearance from the Institute Scientific
and Ethical Committee. Detailed information about
the study was explained to the patients. Informed
and written consent was obtained from the patients.
Healthy workers without any comorbidities and
body mass index (BMI) <30 Kg/m? both males and
females between 20 — 40 years were included in the
study. Chronic diseases like systemic hypertension
(SHT), and DM, history of smoking, drugs (or)
alcohol abuse, participants with eye makeup, sleep
disorders, and body mass index (BMI) >30 Kg/m?
were excluded from the study. BMI was calculated
as, weight (in kg) / square of height in meters.
Sampling Technique & Sample Size

Non-probability convenience sampling
technique opted. This study included 100 healthcare
workers (hospital technicians, staff, nurses,
medical/ para-medical students, and interns)
according to the inclusion and exclusion criteria.
50- dayshift healthcare workers working between
7.30 am to 4 pm and 50- night shift healthcare
workers working between 7.30 pm to 7.30 am.
Blood collection

Approximately 3 ml of peripheral venous
blood was collected in a red-topped vacutainer
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without anticoagulant from 50 participants enrolled
in the day shift and 50 participants enrolled in the
night shift. The sample was incubated at room
temperature for 20 minutes for clot formation.
The serum was separated after centrifugation at
3500 rpm for 5 minutes. 80 pl of serum was taken
for IL-6 assay in VITROS 5600 by CLIA method.
Normal serum IL-6 is <6.65 pg/mL (according
to the kit insert received from ortho clinical
diagnostics).
Tear fluid collection

Tear fluid is obtained using Schirmer
strips without anesthesia. Schirmer strip is a small
piece of filter paper with printed graduations. Strips
are bent at the tip (on the zero line) to an angle
of 120 degrees and placed at the lower palpebral
conjunctiva. The patient is asked to close the eyes
for 5 mins.?’ 5 minutes later the strip is removed by
the examiner and the length of the strip wetted by
tears is measured. The wetting of the Schirmer strip
less than 15 mm without anesthesia indicates dry
eye syndrome.* The moistened part of the Schirmer
strip is cut and placed inside a 1.5 ml Eppendorf
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tube. 0.9% sodium chloride (NaCl), proportional to
the volume of tear fluid collected is added along the
soaked part of the Schirmer’s strip and incubated
for 2 hours (if the distance soaked in the Schirmer’s
strip is 10 mm, then the amount of tear secreted is
10 pl. To 10 pl of tear fluid, 10 pl of 0.9% NaCl is
added, mixed diluted and, incubated for 2 hours).”’
The Eppendorf is then centrifuged at 13000 rpm
for 3 minutes.>' 80 pl of the tear fluid is taken for
IL-6 assay in VITROS 5600 by CLIA method.
The assayed value is multiplied using the dilution
factor to get an accurate result. The normal reflex
tear fluid IL-6 range is < 13.3pg/ml.*

STATISTICAL ANALYSIS & RESULTS

All the results were statistically analyzed
using SPSS version 26.0 software. Normally
distributed continuous data is expressed as mean
+ standard deviation. p-value < 0.05 is considered
significant. Pearson’s correlation was performed to
correlate the relationship between the serum and
tear fluid IL-6 in both day and night shift workers.

Table 1. Comparison of Demographic Variables and IL-6 Levels Between Day & Night Shift Workers

Variables Day shift Night shift p-value

workers workers

n=50 n=50

Age 28.6 +5.7 29.2+6.3 0.654
Height (cm) 160.6 + 4.7 160.6 = 1.6 0.932
Weight (kg) 68.4+6.0 709+74 0.068
BMI (kg/m2) 26.7+2.7 27.6+2.9 0.108
SBP (mm Hg) 120 + 6.0 120.8+5.5 0.513
DBP (mm Hg) 75.1+4.8 76.7+4.7 0.098
Pulse (rate/min) 76.2+4.3 76.8+4.3 0.43
Serum IL-6 (pg/mL) 6.7+5.1 22.7+11.9 <0.0001"
Tear IL-6 (pg/mL) 13.6+12.8 53.6 49 <0.0001"
Distance traveled by the tear in Schirmer strip (mm) 255+12.2 259+83 0.858
Duration of the distance traveled(min) 1.7£1.3 32+1.4 <0.0001"

Data represented as mean + SD and p-value < 0.05 is statistically significant

Table 2. Correlation Between Tear and Serum IL-6 in
Day and Night Shift Workers

Work schedule r value p-value
Day shift workers 0.732 <0.0001*
Night shift workers 0.624 <0.0001*

*p value < 0.05 is statistically significant

A Chi-square analysis was done to calculate the
prevalence of dry eye syndrome in both groups.
ROC curve analysis to find out cut-off points of
serum and Tear fluid IL-6.
Characteristics of Study Participants

The study included 100 participants (50-
day and 50-night shift workers). The comparison of
demographic variables, serum and tear IL-6 levels
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Table 3. Prevalence Of Dry Eye Syndrome In Day
And Night Shift Workers

Work schedule

Dry Eye Syndrome Total

Yes No
Day shift workers 7 43 50
Night shift workers 24 26 50
Total 31 69 100

*p value < 0.05 is statistically significant

Tear IL6 (pg/mL)

Tears IL6 (pg/mL)

between day and night shift workers is shown in
Table 1. The day and night shift workers did not
differ significantly in age, height, weight, BMI,
systolic blood pressure (SBP), diastolic blood
pressure (DBP), pulse rate, and distance traveled
by tears in Schirmer strips. Serum and tear IL-6
levels were significantly elevated in night shift
workers when compared with day shift workers
(Serum IL-6 22.7 + 11.9 vs 6.7 + 5.1, p< 0.0001;
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Tear IL-6 53.6 = 49 vs 13.6 = 12.8, p< 0.0001).  Correlation Between Tear IL-6 and Serum IL-6
The duration taken to moisten 15 mm of Schirmer  in Day and Night Shift Workers

strips was significantly higher in night shift workers Tear IL-6 levels showed a significant
when compared with day shift workers (3.2 + 1.4  positive correlation with serum IL-6 levels with
vs 1.7+ 1.3, p<0.0001). r value 0.732 (p-value < 0.0001) and 0.624
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Table 4. ROC Curve Analysis, Cut-Off Points, Sensitivity and Specificity of Serum IL-6 and Tear Fluid IL-6

Variables Area under curve p-value Cut off point Sensitivity % 1-Specificity
0,

Serum IL-6 0.883 <0.0001" 16.6 90.3 87

Tear IL-6 0.935 <0.0001" 38.9 90.3 97

*p value < 0.05 is statistically significant

(p-value < 0.0001) in day and night shift workers
respectively (Table 2 and Figure 1).
Prevalence of dry eye syndrome in day and night
shift workers

A participant is diagnosed with dry eye
syndrome if the duration taken to moisten the 15
mm Schirmer strips is more than 5 minutes. Among
50-day shift workers, 7 had dry eye syndrome
(14%) and among 50-night shift workers, 24 had
dry eye syndrome (40%). The Prevalence of dry
eye syndrome was significantly higher in night shift
workers when compared with day shift workers.
(Table 3 and Figure 3).
ROC curve analysis to find out cut-off points of
serum and Tear fluid IL-6

In ROC curve analysis, tear IL-6 levels
showed the highest area under the curve (0.935)
compared to serum IL-6 levels (0.883). The cut-
off value for tear IL-6 was 38.9 pg/ml with 90.3%
sensitivity and 97% specificity and the cut-off
value for serum IL-6 was 16.6 pg/ml with 90.3%
sensitivity and 87% specificity (Table 4 and Figure
4). This reveals that the patients are at higher risk of
developing dry eye disease at a serum IL-6 level of
16.6 pg/ml and tear IL-6 level of 38.9 pg/ml. The
analysis also shows the superiority of tear fluid
analysis and suggests that tear fluid can be used
as a minimally invasive technique to analyze IL-6
alternative to serum IL-6 analysis.

DISCUSSION

Around 10-30% of the working population
do night shifts. Irregular hours from working night
shifts lead to frequent alterations in the sleep
pattern and awakening hours. This situation further
paves the way for misalignment between the light-
dark and sleep-wake cycles. The endogenous/
oscillatory components of the circadian system
are also affected. Various mental and physical
health disorders are observed in this population,

suggesting the risks of unfavorable circadian
rhythms. IL-6 is usually secreted in a biphasic
circadian pattern.’>* In order to restrict this
diurnal variation of secretion, we assayed IL-6
between 7 am and 8 am. Since the t /2 of IL-6
is approximately 60 minutes, a one-day wash-
out period is sufficient. However, the carryover
effect of IL-6 has been observed in several studies
and thus leading to investigation of the further
relationship between the shift work.** There is a
significant elevation of IL-6 in night shift workers
when compared with day shift workers in several
studies. The reason for the above statement may
be due to insufficient sleep and disturbances in the
circadian rhythm which leads to chronic stress.*
In our study, we have also found that participants
who work night shifts frequently had significantly
elevated IL-6 levels than those who had regular
day shift work schedules supporting the above
statement. We noted that there is no significant
difference between height, weight, age, SBP, DBP,
and pulse rate between day and night shift workers
but the serum and tear IL-6 levels are significantly
elevated in night shift workers compared to day
shift workers with the p-value<0.0001*. A positive
correlation was also observed between serum and
tear IL-6 between both groups in an earlier study.*
The night shift work was associated with the risk
of obesity due to altered food intake at odd hours.
Overeating in order to be awake favors a positive
energy balance, and weight gain.’’* The short
sleep pattern and altered circadian rhythm lead to
a reduction in leptin — a satiety hormone * and an
increase in ghrelin —a hunger hormone that induces
high energy intake.*” In contrast, our study revealed,
that there is no significant difference in weight and
BMI between the day and night shift groups with
p-values of 0.068 and 0.108.

People working night shifts have high
BP compared to day shift workers. A dip was
observed in BP during sleeping hours which was
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attenuated at the beginning of the night shift.***!
Sleep deprivation is associated with changes in
the endocrine system and autonomic nervous
system which leads to decreased parasympathetic
tone, increased secretion of stress hormones like
cortisol and nor-epinephrine and so increase in
BP.**In our study, we found no difference in the
systolic and diastolic blood pressure between the
day and night shift groups. Sleep deprivation can
potentially impair tear secretion and can cause
dry eye syndrome. The prevalence of dry eye
syndrome was significantly high in night shift
workers when compared with day shift workers.*>*
Similarly in our study also we found the same. Tear
cytokine biomarkers provide critical information
to fill the gaps between the mechanisms involved,
etiopathogenesis, diagnosis, treatment, and
response to treatment in dry eye syndrome.**
Our analysis also showed the superiority of tear
fluid analysis and that tear fluid can be used as
a minimally invasive technique to analyze IL-6
alternative to serum IL-6 analysis.

However, there are several disadvantages
of tear fluid analysis like limited tear sample volume,
sample extraction difficulties, evaporation of the
tear fluid, and inter/intra-individual variations.
Despite its less cost-effectiveness, the tear fluid-
based analysis needs further deep understanding
of its chemistry, composition, ease of sampling,
and transport mechanisms as well as an established
correlation between tear and blood concentrations
of other analytes in further studies.®

CONCLUSION

The present study concluded that tear
fluid and serum IL-6 are raised in night shift
workers compared to day shift healthcare workers.
Our study also proved that tear fluid can be
used as a minimally invasive technique and a
superior method to analyze IL-6. These findings
help us to understand the etiology underlying
the relationship between work schedule and
inflammatory cytokines. The night shift work
stress-induced systemic inflammation can lead to
various systemic diseases including cardiovascular
disorder (CVD) and insulin resistance syndrome/
metabolic syndrome in the future if proper lifestyle
modification and health awareness are not provided
on time.
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We had the Healthcare providers from
various specialties from a single tertiary care
hospital engaged and it was a Cross-sectional
survey design, which helped us to identify causality
between study variables which was our strength in
this study. The study is limited to one tertiary care
center with a limited number of participants and
correlation between other inflammatory cytokines
should be considered in future studies.
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