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syndrome among health care workers

Jyotirmayee Bahinipati’, Rajlaxmi Sarangi’, Mona Pathak?,
Srikrushna Mohapatra®

Department of 'Biochemistry and Research & Developement, Kalinga Institute of Medical Sciences, Bhubaneswar, Odisha,
India

ABSTRACT

Circadian desynchronization, sleep deprivation, changes in eating habit, and lack of physical activity resulting in an increase in
pro-inflammatory markers in night shift health care workers is associated with various risk factors for the development of metabolic
syndrome. This study aimed to estimate the pro-inflammatory markers in night shift work and find its relationship with different
criteria of metabolic syndrome. Materials and Methods: A total of 303 participants were recruited for the study. Demographic data
and parameters pertaining to the development of metabolic syndrome were taken. Highly sensitive C-reactive protein (Hs CRP) as
proinflammatory marker was analyzed. Fasting blood sugar (FBS), serum triglyceride (TG), and high-density lipoprotein (HDL) were
estimated. Criteria for metabolic syndrome were taken according to the National Cholesterol Education Program Adult Treatment
Panel III (NCEP ATP III) guidelines. Results: Night shift workers had higher hs CRP compared to day shift workers. TG and FBS were
increased significantly (P < 0.001). A total of 6.5% of the night shift workers had a waist circumference greater than 40 inches. It
was observed that night shift workers with higher hsCRP had significantly high waist circumference (P < 0.001) and FBS (P < 0.05).
A total of 3.57% of the night shift workers were diagnosed with metabolic syndrome with three criteria positive. Conclusion: Night
shift work is associated with an increase in pro-inflammatory markers and the development of risk factors leading to metabolic
syndrome. Thus, early screening and management of risk factors among night shift health care workers may improve their health
status and prevent the development of MS.
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Introduction

Metabolic syndrome (MS) is defined by the WHO as a pathologic
condition characterized by hypertension, dyslipidemia,
derangement in glucose metabolism, and abdominal obesity
secondary to insulin resistance.'! MS increases the risk of
chronic illness specifically cardiovascular disease (CVD) and
ischemic stroke. It is now a global epidemic affecting 12% to
37% of the Asian population and 12% to 26% of the European
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population. The incidence of MS even parallels the incidence
of obesity and T2DM. According to CDC data of 2017, 30.2
million adults (= 18 yrs) i.e. 12.2% of the USA have T2 DM.
The incidence increase with age to 25.2%. The prevalence of
prediabetes or MS is almost three times suggesting one-third of
the USA adults have MS.” The prevalence of MS in India has
been documented to be 11% to 41% across the country with
numerous socio-cultural variations.” Though pathogenesis of
MS remains an unclear variety of contributing factors such as
lifestyle, environmental and genetic factors, stress, shift work
has been associated with it.

Circadian rhythm has an impact on many aspects of our
physiology. The circadian clock helps to regulate sleep patterns,
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feeding behavior, hormone release, blood pressure, and body
temperature.l! The molecular clock plays a critical role in tissues.
Clock genes exert a profound influence on metabolism through
the control of gluconeogenesis, insulin sensitivity, and systemic
oscillation of blood glucose.”! Chronic misalignment between our
lifestyle and rhythm dictated by our endogenous circadian clock
is associated with an increased risk of various diseases including
cancet, neurodegenerative diseases, metabolic disorders, and
inflammation.! Circadian rhythm desynchronization occurs
when internal oscillations are misaligned with the external
environment. Shift work specifically defined as working in the
night shift (6 PM to 7 AM) negatively affects the circadian rhythm
causing an alteration in the secretion of hormones, melatonin,
cortisol, leptin, ghrelin, etc., Alteration of these hormones affects
body metabolism, reduces glucose tolerance, and increases
insulin resistance.”? Night shift work generally results in a
mismatch between the light-sensitive central pacemaker in the
suprachiasmatic nucleus (SCN) and energy-sensitive peripheral
oscillators. At night, metabolic rate slows down, and anabolism
is favored. However, during nightshift, the working body is
challenged with high-energy requirements. With food intake,
there is an additional challenge in digestion and assimilation.
Sleep displacement and altered food timing due to shifting work,
disturb normal hormonal behavior involving key regulators of
satiety and hunger. Circadian regulation of immune response is
the integration of signals from the central clock and peripheral
clocks found in immune cells and organs and sites of infection.
Chronic low-grade inflammation has been suggested as a
major factor for both MS and subsequent clinical outcomes.
Highly-sensitive C-reactive protein (hs-CRP) is a known
biomarker of acute and chronic inflammation, and various
studies have correlated hsCRP with MS.”! Circadian misalignment
increases the levels of numerous inflammatory markers including
hs-CRP. This may further induce the development of various
components of MS and hence increases the risk of different
chronic diseases.'”! Although vatious studies have been done, the
link between shift work and MS cannot be firmly assorted. This
study aims to evaluate the prevalence of metabolic syndrome
and its components among night shift health care workers and
find its correlation with hsCRP.

Materials and Methods

This cross-sectional study was conducted in the dept of
biochemistry of a tertiary care medical college and hospital.
Health care workers (doctors, nurses, technicians, and attendants)
of age group 2545 years with 169 night shift and 134 day
shift health care workers were recruited for the study purpose.
Individuals with type 2 DM, hypertension, CVD, or with any
known inflammatory diseases were excluded from the study.

Approval from the Institutional Ethical Committee was
obtained (bearing IEC No: KIIT/KIMS/38/2019) before the
commencement of the study. Informed consent was taken from
each participant after a proper explanation of the study’s purpose.
The frequency and duration of night shift work were recorded.
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A minimum of 2 night shifts per week or 5 per month for at
least 2 years were included for the study purpose. Data were
collected regarding age, family history for any component of
metabolic syndrome, cardiovascular disease, intake of alcohol,
and smoking, The average of three subsequent measurements of
blood pressure in a relaxed state was taken. Weight in kilogram
and height in meter were recorded.

Wiaist circumference was measured in inches at the midpoint
between the lower border of the rib cage and iliac crest. Criteria
for the metabolic syndrome were taken according to the
updated National Cholesterol Education Program. Metabolic
syndrome was identified when three criteria were present: Waist
circumference >40.15 inches in men and >34.64 inches in
women, serum TG >150 mg/dL, HDL cholesterol <40 mg/dL
in men and <50 mg/dL in women, SBP >130 mm of Hg and
DBP >85 mm of Hg, and plasma glucose >100 mg/dL.

After overnight fasting, 3 mL of the venous blood sample was
collected. One mL was keptin a fluoride vial for glucose estimation
and 2 mL in red top vacutainer for estimation of TG, HDL, and
hs CRP. FBS was estimated by the hexokinase method. TG was
done by glycero phosphate oxidase peroxidase (GPO-POD
method). Serum HDL was measured by the colorimetric
non-HDL precipitation method. hs CRP was estimated by
particle enhanced turbidimetric assay. hs-CRP > 0.05 mg/dL
was considered as elevated. All the parameters were estimated
by Vitros 5600 (Ortho Clinical Diagnostic) after running of
daily QC.

Statistical Analysis: All of the metabolic syndrome parameters
are reported as number (%) for the day shift and night shift
workers. hs CRP levels were compared using the Wilcoxon
Rank Sum test among various metabolic syndrome parameters.
Association of MS criteria with shift work was tested using
Chi-square test. All the tests were considered significant at a
5% level of significance. SATA15.1. Stata Corp, Texas was used
for analysis.

Results

A total of 302 individuals (176 female and 126 male) including
doctors, nurses, technicians, and attendants participated in the
study. The mean age of participants was 28.6 £ 7.8 years, which was
relatively lower among night shift workers (27.89 £ 6.57 years) in
comparison to day shift workers (29.5 £ 9.00 years). Among the
participants, there were 57 doctors, 98 nurses, 33 technical staff,
38 students, and 51 attendants. Among the night shift workers,
45% were nurses, 18% doctors, 14% technical staff, and 22%
were attendants. As 91% of the nurses were female, the female
proportion was significantly higher in night shift workers (70%)
in comparison to day shift workers (43%). Bodyweight (night
shift: 60.1 * 13.7 and day shift: 61.6 £ 13.2) and BMI (night
shift: 23.9 + 5.4 and day shift: 23.1 = 5.4) were well balanced
among both arms. Table 1 describes the number and percentage
of individuals with parameters more than the cut-off value for

Volume 11 : Issue 5 : May 2022



Bahinipati, et al.: Metabolic syndrome in Nightshift Health care workers

Table 1: Parameters more than the cut off value for metabolic syndrome

Parameters Day Shift (N=134) N (%) Night Shift (N=168) N (%) P

Blood Pressure >130/80 mm of Hg 4 (3%) 8 (4.7%) 0.438
Waist Circumference >40 inch 1 (0.7%) 11 (6.5%) 0.010
TG >150 mg/dL 16 (11.9%) 41 (24.3%) 0.006
HDL <40 mg/dL 88 (65.7%) 110 (65.1%) 0.916
FBS >100 mg/dL 0 (0%) 16 (9.5%) 0.000

Footnotes: TG: Triglyceride, HDL: High density lipoprotein, FBS: Fasting blood sugar

metabolic syndrome in the study subjects. Blood pressure and
HDL levels were similar among both night and day shift workers.
However, WC (6.5% v/s < 1% and TG (24% v/s 12%) wete
higher for a significantly a greater number of individuals in the
night shift in comparison to day shift workers. Higher FBS was
found among 16 (9.5%) night shift workers but among day shift
workers none had higher FBS. The participants having higher
WC had significantly higher level of hs CRP (0.19 = 0.22 v/s
0.64 £ 0.75 mg/dL). Similarly, individuals with higher FBS also
had higher hs CRP levels [Table 2]. The presence of criteria for
MS was seen among the study participants (including both day
and night shift). It was observed that six individuals (3.57%) of
night shift confirmed three parameters for metabolic syndrome
and were diagnosed as MS. Whereas, none of the day shift
individuals had MS [Figure 1]. Metabolic syndrome was found to
be significantly associated with the shift of working (P = 0.002).

Discussion

Repeated desynchronization and resynchronization associated
with rotating night shift work may alter the circadian rhythmicity
and alter accelerate or cause several chronic degenerative diseases.

In our study, 4.7% of the night-shift workers had blood pressure
greater than 130/80 mm of Hg. The blood pressute was though
increased in the night shift but was not significant statistically.
Similatly, the study done by Sfreddo C ez 4" found blood
pressure was not different in day and night shift workers. But in
a study done by the researcher of the University of California,
over 2011 workers for 10 years found a four-fold increase in the
risk of hypertension to the employees working mostly in the
night shift.'” Higher hypertension prevalence (P value 0.045)
was found in nutsing professionals doing shift work."] Even
night shift results in uncontrolled blood pressure among those

who are taking antihypertensives.!"*

Night shift work was associated with a significant increase in
waist circumference in our study population. Abdominal obesity
was one of the major components of metabolic syndrome
and even considered as a preclinical stage of diabetes and
cardiovascular disease. Body mass index is not gender-specific
and cannot differentiate between the fat and muscle tissue and
more importantly the fat distribution of the body hence waist
circumference suggesting visceral obesity is considered as it is
mote strongly associated with cardiovascular tisk."! Other studies
also have demonstrated a similar increase in waist circumference
compared to day shift workers. Night shift worker exhibits a
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Table 2: Relationship of higher hs-CRP with parameters
of MS

Parameters Number of Participants Hs-CRP P
MeantSD

BP (mm of Hg) 0.232

<130/80 291 0.21+0.27

>130/80 12 0.27£0.21

Waist Cir (Inches) 0.000

Normal (<40) 290 0.19£0.22

High (>40) 13 0.64£0.75

TG (mg/dL) 0.09

Normal<150 246 0.20£0.22

High (>150) 57 0.281+0.42

HDL (mg/dL) 0.20

Normal 105 0.27+0.38

Low 198 0.18£0.19

FBS (mg/dL) 0.005

Normal 287 0.19+0.22

High 16 0.54%+0.70

Footnotes: TG: Triglyceride, HDL: High-density lipoprotein, FBS: Fasting blood sugar, BP: Blood
pressure, hs-CRP: highly sensitive C-reactive protein

higher proportion of increased waist circumference or abdominal
obesity.'"! The tisk of abdominal obesity steadily increases over
time (1.40 (95% CI 1.23-1.58 & 1.60 (95% CI 1.36-1.87) in different
age groups which was shown by a follow-up study done by Lee G |
et a/!"V Shift work causes disruption in the circadian thythm which
could resultin changes in eating and exercise habits leading to weight
gain. Besides, sleep deprivation can also result in appetite-regulating
hormone imbalance (leptin and ghrelin). Furthermore, they have
limited opportunities for physical activity.'”

Dyslipidemia was significantly associated with night shift workers
in our study (significant increase in triglyceride and insignificant
changes in HDL). Studies have shown high levels of TG more
prevalent in night shift workers with no difference in serum HDL
level.l' Sleep quality and its influence in shift work play a role
in the alteration of some lipid parameters!"” But some studies
found no such difference for triglyceride and HDL between
day and night shift work.”” Lipid metabolism is susceptible
to the effects of irregular shift work schedules and deranged
sleep. Two proteins involved in circadian regulation circadian
locomotor output cycles caput (CLOCK) and nocturnin play
an important role in the regulation of dietary lipid absorption.
CLOCK plays a role in turning off the genes involved in lipid
absorption at the onset of the day and its deficiency increases
lipid absorption. Its disruption triggers lipid accumulation in
the liver. Nocturnin deficiency decreases lipid absorption. Night
shift work disrupts the circadian rhythm, hence affecting the
physiology of the lipids."
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Figure 1: Positive Metabolic syndrome criteria

Shift work adversely affects the blood glucose level. In our study,
9.47% of the night shift workers had raised fasting blood sugar
levels. The study has shown higher odds for type 2 diabetes
mellitus in night shift work.”? Wyse e 2/ suggested a 7%
increase in likelihood for type-2 diabetes mellitus in night shift
workers after multivariable adjustment. A report from NHS2
had suggested that the type 2 diabetes risk is dependent on the
chronotype and rotating night shift work.*¥ Hence, in the night
shift, there is more risk for the development of diabetes mellitus
compared to the day shift.

Mean hs CRP in night shift workers was significantly
increased (0.300 £ 33 mg/dL) compared to those who work
in the day shift (0.10 = 0.09 mg/dL). A cutoff value of
0.5 mg/dL was taken for higher hs CRP. Components of
metabolic syndrome were seen in night shift individuals who had
higher than the cutoff value for hs CRP. It was observed that
waist circumference and fasting blood sugar were significantly
higher among those who had high hs CRP, TG was though
increased but not significant. Blood pressure and HDL were not
affected by high hs CRP levels.

Systemic inflammation is associated with greater adiposity
measured in the form of waist circumference and BMI. Studies
have found a strong positive relationship of hs CRP both with
waist circumference and BMI. Obesity results in an increased
risk of many metabolic and cardiovascular complications. Santos
AC found that mean CRP levels were significantly higher in
the presence of central obesity (2.45 Vs 1.24 mg/dL). They
suggested that an increase in the severity of metabolic syndrome
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is associated with an increase in CRP.*! When the relation was
analyzed on regression analysis, the correlation of hs CRP with

waist circumference (r = 0.42) was strong;

I Chronic low-grade
inflammation has been suggested as an important factor for both
metabolic syndrome and its corresponding clinical outcome.
Diverse cross-sectional studies have also documented hs CRP
as a biomarker of acute and chronic inflammation as being
associated with metabolic syndrome.?” Oxidative stress and
inflammation tend to be a central component of diabetes, and
itis a complication and is also associated with impaired glycemic
regulation and further pathogenesis. A significant positive
correlation is observed between hs CRP and FBS.”*!

As seen in shift employees, when the circadian rhythm does
not fit the sleep-wake cycle, it induces opposition signaling
called circadian desynchrony. This desynchronization disturbs
the rhythm of the suprachiasmatic nucleus and hormonal
release for which it retains time leading to sleep and metabolic
disorder. Circadian desynchronization presents with numerous
abnormalities in hormonal levels including an increase in cortisol,
ghrelin, decrease in TSH, growth hormone, insulin, leptin, and
serotonin. The decrease in insulin sensitivity in them explains the
disturbance in glycemic status in shift workers. A similar effect
on ghrelin results in an increase in appetite for high-energy food.

In our study, all three parameters for metabolic syndrome were
seen in six (3.57%) individuals doing night shift work. Whereas,
none of the individuals from the day shift had all the three
parameters to be diagnosed with metabolic syndrome. A total
of 78.57% of night shift health care workers were either having
one or two components of metabolic syndrome. Hence, in the
night shift, there is a high risk of metabolic syndrome. Studies
have shown night shift workers have an increased incidence of
metabolic syndrome, which raises the risk of cardiovascular

2 An incidence of

disease, stroke, and type 2 diabetes mellitus.
5.7% of metabolic syndrome was seen in a total of 738 patients
with a total of 9% occurring in night shift workers and 1.8%

among day shift with a relative risk of 5.0 (95% CI 2.1-14.6).F"

In a study conducted on 26,382 workers, long-term shift work
was associated with metabolic syndrome without adjustment for
any confounding factor.P! In another study, the author suggested
that there was no sufficient evidence showing an association
between shift work and prevalent metabolic syndrome when

confounders were taken into account.?

Limitation: Our study had certain limitations. We were not able
to obtained details regarding physical activity or exercise, personal
eating habits, sleep patterns, or disorders associated with sleep.
Further estimation of hormonal level (cortisol, melatonin) impacting
the circadian rhythm for their diurnal variations could have helped
more suggesting the relevance of night shift, proinflammatory
markers increasing the risk for metabolic syndrome.

Conclusion: Raised proinflammatory markers in night shift
health care workers increases the risk of metabolic syndrome.
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MS is associated with functional hypercortisolism. As
cortisol has a role in modulating circadian rhythm via the
hypothalamic-pituitary axis, regulating the cortisol level can
improve sleep quality by circadian synchronization. Regular
physical activity and exercise have an important role in reducing
the cortisol level specifically in individuals with metabolic
syndrome. Regular shift and clockwise rotation of shift duties
can avoid circadian desynchronization. Farly identification and
primary prevention through lifestyle modifications can provide
better long-term health benefits for the health care workers
involved in night shift duty.

Strategy must be initiated to increase awareness among health
care workers including primary physicians and health care
workers regarding dietary pattern, physical activity, regular
metabolic parameters screening for their health benefits as they
are providing 24 h service to society.

Abbreviations: hs-CRP: highly sensitive C-reactive protein,
HDL: High density lipoprotein, MS: Metabolic syndrome,
NCEP ATP III: National Cholesterol Education Program
Adult Treatment Panel ITI, CDC: Centers for disease control
and prevention.
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