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Abstract

Aim: The levels of several hormones including melatonin, leptin, and ghrelin are regulated by circadian rhythm.
Deregulated hormone levels due to disruption of circadian rhythm may result in medical conditions like metabolic
syndrome (MetS). The aim of this cross-sectional study was to investigate the associations among circadian rhythm,
melatonin, leptin, ghrelin and metabolic syndrome by determining melatonin levels of healthy nurses who were
working on night-shift for at least 3 months and of those on day-shift for at least 3 months.

Methods: Venous bloods following 8-hour fasting of 50 nurses, who were aged at 20-40 age range and whose Body
Mass Index (BMI) were >25, were collected. Those working on night-shift were named as night group and the control
group of the study was named as day group. From the bloods collected; melatonin, leptin and ghrelin levels were
evaluated by ELISA method, insulin was evaluated by immunochemically, whereas fasting blood glucose, cholesterol,
triglyceride, high-density lipoprotein (HDL) and low-density lipoprotein (LDL) levels were evaluated
spectrophotometrically.

Results: Melatonin level was significantly lower in the night-shift group compared to the day-shift group (p=0.003).
Leptin level was slightly but not significantly lower in the night-shift group (p=0.097). In contrast, ghrelin level and
other biochemical parameters including triglyceride, fasting blood sugar (FBS), insulin, insulin resistance index
(HOMA-IR) and cholesterol were increased in the night-shift group but these increments were not statistically
significant.

Conclusion: Our results suggest that night-shift work might exhibit tendency towards MetS by disrupting circadian
rhythm.

Keywords: Night shift, Metabolic syndrome, Melatonin, Leptin, Ghrelin

Oz

Amag: Melatonin, leptin ve grelin dahil olmak tizere birgok hormonun seviyeleri sirkadiyen ritim tarafindan diizenlenir.
Sirkadiyen ritim bozulmasina bagl diizensiz hormon diizeyleri metabolik sendrom (MetS) gibi sorunlara neden
olabilir. Bu kesitsel ¢alismada, en az 3 aydir gece ve en az 3 aydir giindiiz vardiyasinda ¢alisan saglikli hemsirelerin
melatonin diizeylerini belirleyerek, melatonin, sirkadien ritim, leptin, grelin ve metabolik sendrom iligkisinin
arastirilmasi amaglanmustir.

Yontemler: 20-40 yas araliginda, Viicut Kitle indeksi (BMI) > 25 olan 50 hemsirenin sabah 8 saatlik aglikla venoz
kanlart almmustir. Gece nobet tutan grup gece grubu olarak, giindiiz ¢alisan kontrol grubu ise giindiiz grubu olarak
adlandirilmistir. Alinan kanlarda melatonin, leptin ve grelin diizeyleri ELISA metodu ile, metabolik sendrom
kriterlerinden olan insiilin immiinokimyasal olarak, aglik kan sekeri, kolesterol, trigliserid, yiiksek yogunluklu
lipoprotein (HDL) ve diisiik yogunluklu lipoprotein (LDL) diizeyleri ise spektrofotometrik olarak incelenmistir.
Bulgular: Melatonin diizeyleri gece grubunda, giindiiz grubuna gére anlamli derecede diisiik bulunmustur (p=0,003).
Leptin diizeyleri gece grubunda diigiik bulunmustur ancak istatistiksel olarak anlamli degildir (p=0,097). Aksine grelin
diizeyleri ve diger biyokimyasal parametreler olan trigliserit, aglik kan sekeri, insiilin, insiilin direnci ve kolesterol gece
grubunda artmustir, ancak bu artiglar istatistiksel olarak anlamli degildir.

Sonug: Bulgularimiz gece vardiyasinda calismanin sirkadiyen ritmin bozularak, MetS egiliminin artabilecegini
gostermektedir.

Anahtar kelimeler: Gece vardiyasi, Metabolik sendrom, Melatonin, Leptin, Grelin
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Introduction

Working night shift has deleterious effects on health by
disrupting human body circadian rhythm. It was considered to be
a risk factor for obesity and a wide range of chronic diseases and
chronic medical conditions. Approximately 2-5% of workers
have disorders associated with working night shifts [1,2]. The
levels of several hormones including melatonin, leptin and
ghrelin are regulated by circadian rhythm. Any deterioration in
circadian rhythmicity may result in medical conditions like
metabolic syndrome by changing hormone levels [3].

Melatonin, characterized at 1958 by Lerner et al., is
secreted at night under dark condition and involved in the
phasing of circadian rhythm. The circadian rhythm regulates
physiological processes including immune system, antioxidant
defenses, glucose regulation, and the control of sleep through
melatonin signal [4,5].

The metabolic syndrome (MetS) lowers quality of life
by increasing the risk of a range of disorders including type 2
diabetes mellitus (T2DM), cardiovascular disease (CVD), and
polycystic over syndrome (PCOS). A cluster of metabolic
abnormalities including insulin resistance, abdominal (visceral)
obesity, genetic susceptibility, high serum triglycerides, low
high-density lipoprotein (HDL) levels, atherogenic dyslipidemia,
elevated blood pressure, and chronic stress have been considered
as components of MetS [6]. The prevalence of MetS was
estimated to range from 20% to 30% in most countries and
increases continuously. MetS is considered to be the most serious
health problem for 21st century. The increased incidence of
obesity in populations may be a major reason for the elevated
prevalence of MetS worldwide [7].

Although the etiopathogenesis is still unclear, obesity
lead to MetS by disrupting metabolic parameters including
insulin resistance, blood pressure, cholesterol, and triglycerides
[8]. Adipose tissue as an endocrine organ is involved in whole
body homeostasis by secreting adipokines (adipocytokines) [9].
Leptin was characterized by Zhang et al. in 1994 as the first
adipokine [10]. The primary function of leptin is to prevent the
formation of obesity by regulating food intake of organism.
While serum leptin level decreases in case of fasting and after
weight loss, leptin production increases in obesity. The elevated
level of leptin induce low grade inflammation, and affects
cytokine production [11]. Ghrelin, another adipokine, was
characterized by Kojima et al. in 1999 [12]. Ghrelin is mainly
secreted by stomach to regulate food intake. In contrast to leptin,
ghrelin secretion increases in starvation in a fast-acting manner.
In addition, the involvement of ghrelin in the regulation of
immunity and inflammation has been established in detail [13].

The aim of this study is to investigate the potential
contribution of night-shift work on the development of metabolic
syndrome. To this and, peripheral blood samples were taken
from nurses working day-shifts and night-shifts, and the levels of
melatonin, leptin and ghrelin were analyzed.

Materials and methods

Study participants
The study population comprised 50 female nurses
working at a research hospital. The subjects were aged between
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20 and 40 years in premenopausal period. They were healthy
non-smoker individuals had no any medical treatment or no
metabolic diseases such as thyroid, diabetes mellitus,
hyperlipidemia, or hypertension. The night-shift group (NSG)
consisted of 25 subjects that were required to work night shift for
at least 3 months. The day-shift group (DSG) consisted of 25
subjects that were required to work day shift for at least 3
months. The physical (weight and height) and biochemical data
were obtained for all subjects. The study protocol was approved
by Institutional Ethics Committee. The study was carried out
according to Declaration of Helsinki. All subjects gave written
informed consent before participation.

Blood Sampling

A venous blood sample of 10 mL was drawn from all
subjects at 8 o’clock in the morning after 8 hours of fasting and
stored in pre-cooled biochemical tubes. In the NSG, the blood
samples were obtained at the end of the night shift. In the DSG,
the blood samples were obtained at the beginning of the day
shift. Within 15 minutes of sample collection, the blood sample
was spun at 1800 g for 10 min using a refrigerated centrifuge
(4°C), and incubated for some time for phase separation. Then,
the supernatant was transferred into polypropylene tubes and
stored at —80 °C for analysis of relevant hormones or
biochemical parameters.

Biochemical parameters

Plasma melatonin, leptin, and ghrelin concentrations
were determined by enzyme-linked immunosorbent assay
(ELISA) method. For this, commercially available melatonin
(Catalogue Number: E-EL-H2016, Elabscience, Wuhan, China),
leptin (Catalogue Number: KAP2281, DIAsource, Nivelles,
Belgium), and ghrelin (Catalogue Number: E-EL-H1919,
Elabscience, Wuhan, China) ELISA kits were used according to
manufacturers’ instructions.

Other relevant laboratory parameters including high and
low density lipoprotein (HDL and LDL), fasting blood sugar
(FBS), insulin, cholesterol, and serum triglyceride were
determined on Cobas ® 8000 modular analyzer (Roche
Diagnostics, Basel, Switzerland) via photometric and
immunochemical methods.

Calculation of body mass index and insulin resistance
index

Body mass index was calculated as the body mass
divided by the square of the body height (kg/m2) for all
participants. Insulin resistance index was calculated by using
formula of homeostasis model assessment (HOMA-IR) method:

HOMA-IR = Fasting insulin (uU/mL) x Fasting glucose
(mg/dL) / 405

Statistical analysis

Statistical analyses were performed using Predictive
Analytics Software (PASW) statistical software (version 15.0 for
Windows; SPSS Inc., Chicago, Illinois). Descriptive parameters
were presented as median. Since the number of data is below 30,
parametric conditions were not provided, and then nonparametric
tests were used to analyses. For comparison of independent
variables in the two groups, Mann-Whitney U tests were used.
Correlation analysis was also performed with the nonparametric
test, Spearman correlation. A p value less than 0.05 were
accepted as statistically significant.
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Results

The characteristics and laboratory parameters of the
DSG and NSG were summarized in Table 1. Body mass indices
(BMI) of all subjects were more than 25 kg/m2. No significant
difference was found between the BMI values of the NSG
(26.81, 25.71 - 32.05) and DSG (27.89, 26.99 - 29.69).
Melatonin level was significantly lower in the NSG (p=0.003).
Leptin level was also lower in the NSG but the difference was
not statistically significant (p=0.097). Likewise, ghrelin level and
other biochemical parameters including triglyceride, FBS,
insulin, HOMA-IR, and cholesterol were found higher in the
NSG albeit not statistically significant (p=0.308, p=0.356,
p=0.915, p=0.923, p=0.884, respectively).

Correlation analyses for parameters of the DSG and
NSG were done by Spearman's rho test. Strong positive
correlation was found between HDL and melatonin levels (r:
0.602, p=0.001) in the NSG. In contrast, weak negative
correlations were found between melatonin and insulin levels (r:
-0.427, p=0.033) and between melatonin level and HOMA-IR (r:
-0.420, p=0.036) in the DSG. A weak negative correlation was
also observed between insulin and leptin levels in the NSG (r: -
0.425, p=0.034).

Table 1: Comparison of characteristics and laboratory parameters in the day-shift
and night-shift groups

. Day-shift grou| Night-shift grou

Variables Me);n (Mig.—ng.) Mgan (Min.g—;Mag.) p*

Melatonin (pg/mL) 534.11(295.39-657.54) 273.98 (202.33 - 390.29) 0.003
Leptin (ng/mL) 4.88 (2.8-7.31) 3.95(1.64-5.8) 0.097
Ghrelin (ng/mL) 1.57 (1.08 - 3.43) 2.03 (0.9 - 4.36) 0.977
FBS (mg/dL) 86 (84 - 91) 88 (82-94) 0.356
Insulin (pU/mL) 8.83 (6.87 - 12.43) 10.1 (6.51 - 13.2) 0.915
HOMA-IR 2(1.32-2.81) 2(1.59-2.77) 0.923
Cholesterol (mg/dL) 182 (173 - 205) 193 (166 - 237) 0.884
Triglyceride (mg/dL) 88 (68 - 130) 109 (86 - 154) 0.308
HDL (mg/dL) 48 (43 - 53) 47 (37 - 58) 0.892
LDL (mg/dL) 101 (90 - 115) 117 (95 - 145) 0.084
BMI (kg/m ?) 27.89 (26.99 - 29.69) 26.81 (25.71 - 32.05) 0.985

*Mann-Whitney U test, FBS: Fasting Blood Sugar, HOMA-IR: Homeostatic Model Assessment-Insulin
Resistance, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein, BMI: Body Mass Index

Discussion

The metabolic syndrome (MetS) involves several
metabolic abnormalities, and creates risks for wide range of
disorders. Increased prevalence of MetS is a problem in
developed and developing countries. Night-shift work is a reality
in industrialized populations, and nearly 15% of all employees
were estimated to work at nights regularly, including nurses. The
effect of working style and condition on the health of nurses has
been shown before [14,15]. It was established that the night-shift
work makes strong tendency towards the development of MetS
by disrupting circadian rhythm, but underlying mechanisms has
not been elucidated yet [16]. For this; plasma melatonin, leptin,
ghrelin and other relevant biochemical parameters were
comparatively investigated in nurses’ working day and night-
shifts. These hormones were accepted as immune system
regulators and the levels of them were regulated by circadian
rhythm [3,17]. Our study found a significantly decreased level of
plasma melatonin in the NSG. In addition, the HOMA-IR and the
plasma levels of ghrelin, triglyceride, FBS, insulin, and
cholesterol were increased in the NSG albeit not statistically
significant (Table 1). This suggests that night-shift work is a risk
factor for the MetS.
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Several metabolic processes in human body, such as
hormone secretion, are regulated by circadian rhythm. Although
circadian rhythm is generated endogenously, it can be modulated
by external factors such as the sunlight exposure and redox
cycle. The most likely external factor to disrupt circadian rhythm
is the contamination of night with light. The peak level of
melatonin is reached under dark condition in the middle of night.
The employees working at night shift are exposed to artificial
light leading to melatonin deficiency in the body [5,18]. Similar
to our findings, several studies found decreased levels of
melatonin and urinary 6-sulfatoxymelatonin (the primary
metabolite of melatonin) in night-shift workers [19]. Suppressed
levels of melatonin may lead to MetS as well as cancers although
the level of melatonin in response to light exposure during night
varies depending on racial differences [20]. The primary
mechanism in prevention of MetS by melatonin is considered to
be through the antioxidant effect of melatonin. The roles of the
oxidative stress in the development of MetS and the anti-oxidant
effect of melatonin by direct radical scavenging or upregulating
several antioxidant enzymes have been demonstrated before [5,
21]. Ulas et al. [15] have previously shown the increased levels
of oxidative stress parameters in nurses working night shifts.
Besides the lack of anti-oxidant effect, melatonin depletion is
also associated with deterioration of various metabolic
parameters such as increased triglyceride, FBS, insulin, HOMA-
IR, and cholesterol levels in the MetS [22]. Although not
statistically significant; triglyceride, FBS, insulin, HOMA-IR,
and cholesterol levels were increased in the NSG compared with
the DSG.

In a study of melatonin usage as a therapeutic agent,
melatonin was given to animal models (rat, hamster) with MetS
[23]. The study demonstrated a melatonin-induced protection
against functional and metabolic impairment. In addition, a
strong positive correlation between HDL and melatonin was
found in that study, similar to the findings of the current study.
The reduction in melatonin production has been linked to
deficiency in insulin-signaling pathway and insulin resistance,
and melatonin usage as a supplement has been recommended to
protect against metabolic syndrome for the night-shift workers
[24,25]. The weak negative correlations between the levels of
melatonin and insulin and between the melatonin level and
HOMA-IR in the DSG in our study support Cipolla Neto’s
proposal [25]. Solak et al. [26] previously established a
relationship between leptin and insulin levels. Similarly, a weak
negative correlation was observed between insulin and leptin
level in the NSG in our study.

Obesity has already been defined as a risk factor for
MetS [27]. It was proposed that short sleep duration and night-
shift work lead to obesity [28,29]. Although, the mechanism
between night-shift work and obesity has not been elucidated in
detail, that the night-shift work induces more consumption of
unhealthy food and associated with less energy expenditure were
assumed to be main factors for obesity [30]. A recent study by
Shea et al. revealed that a fluctuation in leptin level controlled by
circadian rhythm may be responsible for obesity related to night-
shift work [31]. Nowadays, the linkage between circadian
rhythm and adipokines including leptin and ghrelin has been
described [3]. Leptin and ghrelin are two main actors in energy
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balance. The imbalance between them is the primary reason for
obesity [32]. In our study, leptin level was decreased and ghrelin
level was increased in night-shift workers albeit not significantly.
These may cause more food intake by increasing appetite and
thus lead to obesity in the long term. These results are in
concordance with those of Taheri et al. [33] who used
questionnaires, sleep diaries, and blood samples from 1024
individuals to investigate the effect of sleep duration on leptin,
ghrelin, and BMI. They concluded that short or altering sleep
duration elevated ghrelin levels and reduced leptin levels. This
imbalance partially explained the increase in appetite after acute
partial sleep deprivation [34]. Over-eating for a long period of
time increases the circulating leptin levels to stop feeding.
However, a sustained increase in leptin level disrupts the leptin
system, and thus, hypothalamus develops a leptin resistance.
This also explains why leptin level remains high in obese
individuals compared with healthy individuals. Another factor
accompanying the high leptin level is low-grade inflammation.
Inflammation is another component of MetS, and leptin shows
low-grade inflammation in contrast to melatonin [35,36]. So,
obesity can make contribution to the development of MetS by
formation of inflammation [37]. The metabolic syndrome is a
multifactorial medical condition known as the black plague of
the 21st century. Night-shift work was shown to be a risk factor
for MetS formation [38]. Melatonin, leptin, and ghrelin are
defined as immune system regulators and establish a linkage
between metabolism and the immune system [17,39]. Melatonin-
based therapeutic approaches have already been established
[20,40]. However, underlying mechanisms has not been
described in detail. The identification of these mechanisms and
those at risk may be useful in the development of new treatment
methods.

Limitations

An important limitation of our study was low sample
size. This was in part due to the relatively strict exclusion criteria
that we applied. We only enrolled the nurses who do not smoke,
do not use any medication, have BMI>25, and do not have any
metabolic disease, which narrowed down the population we can
work with. Another important limitation was the enrollment of
different nurses in the NSG and DSG. Studying the same group
of nurses during a night-shift period and day-shift period was not
possible since the nurses in this particular hospital have
continuously worked day shift or night shift without switching
between two shifts.

Conclusions

Our experimental data suggests that the reduction of
melatonin level and impaired balance between leptin and ghrelin
might contribute to the development of MetS. Melatonin system
has already been targeted for therapeutic purposes; however, new
therapeutic approaches targeting the melatonin, leptin, and
ghrelin systems simultaneously might be developed for MetS.
Further investigations are needed to describe how these agents
may be used as targets in treatment of MetS.
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