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Background: Night-shifi workers experience circadian rhythm disruption, changes in sleep
time duration, and effects on their eating habits. All these factors may be related to the
release of inflammatory mediators and may affect oral inflammation and periodontal health
status. The objective of this study was to analyze the effects of sleep time duration on oral
inflammation and periodontal health status in night-shift workers and non-night-shift
workers.

Methods: This study involved two groups with 27 participants each: one group of night-
shift workers and one group of non-night-shift workers. Examination of depth of pocket and
bleeding on probing (BOP) was conducted with a periodontal probe. Non-stimulating saliva
samples were collected to analyze the levels of melatonin, malondialdehyde (MDA), and
tumor necrosis factor o (TNF-w) using ELISA. Comparisons for each parameter were
performed using independent ttests, and the relationships between duration of sleep and
depth of pocket, BOP, salivary melatonin, MDA, and TNF-a were calculated using linear
regression.

Results: The night-shift worker group had a short sleep time duration (p = 0.000). The
salivary melatonin level of the night-shift workers was lower than that of the non-night-shift
workers (p = 0.000). MDA, depth of pocket, and BOP were higher in the night-shift workers
(p = 0.000). Only salivary melatonin showed a cormrelation with sleep time duration in the
night-shift worker group (p < 0.05). Neither subject group showed an effect of sleep time
duration on depth of pocket, BOP, salivary melatonin, MDA, or TNF-u (p = 0.05).
Conclusion: Night-shift workers showed higher rates of oral inflammation and periodontal
health status, but there was no relationship between these factors and sleep time duration.
Keywords: night-shift worker, oral inflammation, periodontal health status, sleep time
duration, melatonin, malondialdehyde

Introduction

Circadian rhythms are human physiological rhythms that regulate cycles in the
body across a 24-hour period,' including the dark-light cycle and the sleep—wake
cycle, which are influenced by light.” Light passes through the retinal-hypothalamic
pathway to the suprachiasmatic nucleus. This brain area regulates the pineal gland’s
production of the circadian neurohormone melatonin (N-acetyl-5-methoxytrypta-
mine), which is secreted in large amounts at night and very small amounts during
the day. Melatonin provides coordination of physiological functions including the

sleep—wake cycle, food and water intake, hormone secretion, and metabolism.
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Changes in light intensity, duration, and spectral quality at
certain times, such as those that occur in night-shift work-
ers who are exposed to light during night-time hours,
acutely suppress melatonin levels and can cause various
diseases.’

Melatonin secretion levels can be enhanced in night-
shift workers who are exposed to low-intensity light such
as that emitted by technological devices including light-
emitting diodes (LEDs), computer or television screens,
and cellphones during night-shift working.* These workers
not only receive light exposure during working but also
experience changes in their food and drink intake habits.
Food and drink intake changes result from increased levels
of ghrelin and decreased levels of leptin hormones, which
can increase appetite; this occurs because the workers are
still awake during the night and sometimes suffer from
lack of sleep.’ Therefore, there is evidence that night-shift
workers are at higher risk of developing diabetes because
they have a higher body mass index (BMI), which can lead
to obesity.® This increased BMI can also contribute to
a decreased salivary flow rate and an increased incidence
of dental caries.”

Melatonin provides highly effective free-radical scaven-
gers, protects cells from inflammatory processes, and
reduces oxidative damage® by scavenging reactive oxygen
species (ROS) and reactive nitrogen species (RNS),” and
provides a protective effect by decreasing malondialdehyde
(MDA), lipid peroxidation,'®"" and inhibiting cytokine pro-
duction, especially tumor necrosis factor a (TNF-a).'? The
MDA level in the circulation is also reflected in the salivary
MDA level, which has a relationship with an increase of
ROS activity in some oral diseases.'* It is also postulated
that there is a relationship between salivary melatonin and
salivary MDA,

Night-shift workers are at risk for fatigue, anxiety, and
sleep disturbance. These conditions could exacerbate sys-
temic inflammation and oxidative stress, which are risk
factors for diabetes and periodontitis. Furthermore, period-
ontitis may portend systemic inflammation and oxidative
stress, as locally produced pro-inflammatory cytokines
from the periodontal tissue can spread to target organs
via systemic circulation.” Sleep disturbance and sleep
time duration in night-shift workers may thus have
a relationship with periodontal health status, and diabetes
may modify this association.'®

No previous evidence-based data exists regarding the
effects of sleep time duration on oral inflammation and

periodontal health status in night-shift workers. On this

basis, an analysis of sleep time duration in night-shift
workers in relation to salivary melatonin and its effects
on salivary MDA and salivary TNF-o as oral inflammation
indicators, together with depth of pocket and bleeding on
probing (BOP) as periodontal health status indicators, need

to be performed.

Materials and Methods
Ethical Approval

This study was conducted following the ethical standard and
complied with the Declaration of Helsinki. Ethical approval
was granted by the Universitas Airlangga Hospital (registra-
tion number 184/KEH/2018). The research was carried out
as an observational analytical study. After receiving written
and oral information about the study, all participants signed
written informed consent forms.

A power calculation was used to determine group size
based on an average difference in sleep time duration,
depth of pocket, BOP, and salivary melatonin, MDA, and
TNF-u levels between subject assuming a medium effect
size (d = 0.12, p = 0.5, respectively) n = 27 would be
required to achieve significance (p < 0.05) using an
ANOVA test (95% statistical power).

Subject

The subjects of this study met the criteria of being male,
being aged 2650 years old, not having a smoking habit,
and having worked for at least 1 year. All the subject
originates from the same hospital. The exclusion criteria
were patients with orthodontic treatment or a history of
tuberculosis, hepatitis B, human immunodeficiency virus
(HIV) infection, influenza, pneumonia, or diabetes melli-
tus. The selected subjects were then divided into two
groups. The workers in the first group worked night shifts
periodically, while those in the second group did not work
night shifts.

Sleep Time Duration
The subjects were interviewed about how many hours they

had slept every day for at least the previous three months.

Sampling of Saliva

A 6-mL sample of each subject’s saliva was collected:
sampling was carried out between 07:30 am and 09:00
am local time. Saliva samples were collected using the
passive drool method and stored in saliva collection equip-

ment. All saliva samples collected were centrifuged at
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13,000 rpm for 10 minutes at —4°C, divided into aliquots,
and then stored at —80°C.

Melatonin, TNF-o, and MDA Levels in
Saliva

The melatonin, TNF-a, and MDA levels in the saliva
samples were measured using the ELISA technique. The
primary antibody was human melatonin ELISA kits
(E1013Hu, Bioassay Technology Laboratory, Shanghai,
China), human TNF-a ELISA kits (E0082Hu, Bioassay
Technology Laboratory, Shanghai, China), and human
(E1371Hu,
Laboratory, Shanghai, China).

malondialdehyde Bioassay  Technology

Periodontal Health Status

Periodontal health status was assessed based on depth of
pocket and BOP. Periodontitis examinations were conducted
using a periodontal probe. Measurements were taken of
a minimum of six teeth (one tooth each anterior upper and
lower jaw, one tooth each posterior right upper and lower
Jjaw, one tooth each posterior maxillary and mandibular left).
The pockets were classified as shown in Table 1.'%!”

The measure of BOP was examined by checking all
gingival tissue surrounding each tooth for gingival inflam-
mation. Each tooth was probed in the area proximal both
mesial and distal, buccal and palatal or lingual aspect.
Each tooth was scored according to the following criteria:

If bleeding was found in at least one aspect, a score of
1 was assigned; and

If no bleeding was found, a score of 0 was assigned.

Statistical Analysis

The data for sleep time duration, depth of pocket, BOP,
and salivary melatonin, MDA, and TNF-a levels were
tabulated, and an independent sample ¢-test was performed
to determine significant differences between shift workers
and non-shift workers. The relationships between sleep

sleep time duration and oral inflammation and periodontal

health were calculated using linear regression.

A significant difference was defined as a p-value of <0.05.

Results

Subject Demographics

Observations were made for each sample group. There
were two groups in this study, with each group consisting
of 27 participants. The data analysis in this study utilized
data ratios. The characteristics of the subjects included
age, duration of work, and shift frequency. The night-
shift subjects had an average age of 33.07 years, and the
non-night-shift workers had an average age of 32.26 years.
Most of the night-shift subjects (14/27) and the non-night-
shift subjects (15/27) had a work duration of =5 years. The
most common night-shift frequency for the shift workers
was once per month (12/27), followed by once a week (9/
27), and then >3 times per week (6/27) (Table 2).

Sleep Time Duration

The sleep time duration for each respondent was different.
The night-shift workers had a shorter average sleep time
duration than the non-night-shift workers (p = 0.000).
There was at least a two-hour difference in sleep time
duration (Table 3).

Levels of Salivary Melatonin, TNF-q, and
MDA

The level of salivary melatonin in the night-shift subjects
(200.52 + 35.72) was lower than that in the non-night-shift
subjects (310.15 £ 81.22) (p = 0.000). The level of salivary
MDA in the night-shift subjects (2.62 + 1.54) was higher
than that in the non-night-shift subjects (1.73 £ 0.79) (p =

0.010). There was no difference between the levels of

Table 2 Subject Characteristics

time duration and periodontal status, and sleep time dura- Night Shift Non-Night Shift
tion and melatonin, MDA, and TNF-a levels were ana-
. . . Ages 33.07 32.26
lyzed by Pearson correlation. The relationships between
Duration of work
<5 years (13127) (12127)

Table | The Classification of Depth Pocket >5 years (14127) (1527)

Classification Depth of Pocket Interpretation Shife frequent

| 0-3 mm No pocket | time/week (9/27) -

2 4-5 mm Pocket >3 timesiweek (6/27) -

3 =6 mm Deep pocket | time/month (1227) -
Nature and Science of Sleep 2020:12 L 1085
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Table 3 Sleep Time Duration of the Subjects

Night Non-Night p
Shift Shift
Sleep time duration 543 + 068 | 746 + 052 0.000*
(hours)
Note: *The significance of the difference was d with an independent t-test

using p < 0.05.
Abbreviation: p, significance value.

salivary TNF-o in the night-shift or non-night-shift sub-
jects (p = 0.140) (Table 4).

Periodontal Health Status

The periodontal health status measures consist of depth of
pocket and BOP. The night-shift subjects had superior
periodontal health status to the non-night-shift subjects.
The depth of pocket in the night-shift subjects (3.48 +
3.06) was deeper than in the non-night-shift subjects
(0.19 £ 0.4R) (p = 0.000), and the BOP score for the night-
shift subjects (7.78 + 0.85) was severe compared with the
non-night-shift subjects (526 + 1.85) (p = 0.000)
(Table 5).

The Correlation Between Sleep Time
Duration and Periodontal Status

The results for the correlation between sleep time duration
and periodontal status are shown in Table 6. No correlation
was found between sleep time duration and depth of
pocket or BOP in either the night-shift subjects (depth of
pocket: p = 0.815, r= —0.470; BOP: p=0.725, r = 0.710)

Table 4 Subjects’ of Salivary Melatonin, TNF-u, and MDA Levels

Night Shift Non-Night Shift | p
Melatnin (nmal/ml) | 20052 + 35.72 31015 £81.22 0.000%
TNF-tt (nmalimL) 22764+ 36588 | 4227+ 1417 0.140
MDA (nmolimL) 262 + 154 173 £0.79 0.010%

Note: *The significance of the differences was assessed with independent t-tests
using p < 0.05.

Abbreviations: MDA, malondialdehyde; TNF-u, twmor necrosis factor o; p, sig-
nificant value.

Table 5 Subjects’ Periodontal Health Status

Night Shift | Non-Night Shift | p
Depth of pocket | 3.48 £3.06 | 0.19 + 048 0.000%
BOP 7.78 + 0.85 526 + 1.85 0.000%

Note: *The significance of the differences was assessed with independent t-tests

using p < 0.05.

Abbreviations: BOF, bleeding on probing; p, significant value.

Table 6 Correlation Analysis Between Sleep Time Duration and
Periodontal Status

Depth of Pocket | BOP

p r p r
Night shift Sleep ime | 0.815 —0.470 0725 | 0710
MNon-night shift | duration 0.753 —0.063 0.136 | 0294

Abbreviations: BOF bleeding on probing; p, significant value; r, Pearson correla-
tion ratio.

or the non-night-shift subjects (depth of pocket: p=0.753,
r=—0.063; BOP: p = 0.136, r = 0.294).

Relationship Between Sleep Time
Duration and Salivary Melatonin, MDA,
and TNF-a Levels

The correlation results for sleep time duration and salivary
melatonin, MDA, and TNF-a levels are provided in Table 7.
A correlation was found between sleep time duration and
salivary melatonin in the night-shift subjects (p=0.031;r=
—0.416) and the non-night-shift subjects (p = 0.005; r =
0.524). There was no correlation between sleep time dura-
tion and salivary MDA or TNF-a levels.

Relationship Between Sleep Time
Duration and Oral Inflammation and
Periodontal Health

The regression analysis showed no relationship between
sleep time duration and oral inflammation and periodontal
health in either subject group. In the night-shift subjects,
no effect of sleep time duration was observed on oral
0.480; p =
0.320). There was also no effect of sleep time duration
on depth of pocket (o =—0.066), BOP (o = 0.085), salivary
0.009), MDA (o = 0.000), or TNF-a (0=

inflammation and periodontal health (r =

melatonin (o =
0.001) (Table 8).

In the non-night-shift subjects, there was no effect of
sleep time duration on oral inflammation and periodontal
health (r =0.593; p= 0.084). Duration of sleep also had no
effect on depth of pocket (a = —0.137), BOP (o = —0.026),
salivary melatonin (o = —0.003), MDA (a = 0.089), or
TNF-a (@ = 0.008) (Table 8).

Discussion

Working night shifts has a direct impact on people’s lives,
especially on the body’s homeostasis and well-being.
Night-shift workers can experience problems due to
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Table 7 Correlation Analysis for Sleep Time Duration and Salivary Melatonin, MDA, and TNF-u Levels

Melatonin MDA TNF-u
p r p r p r
Night shift Sleep time duration 0.031* 0416 0.054 0.790 0.820 0.260
Non-night shift 0.005% —0.524 0.180 0.266 0.257 0.266
Notes: *Difference significance with Pearsen correlation with p < 0.05. * Difference significance with Pearsen correlation with p < 0.01.
Abbreviations: MDA, malondialdehyde; TNF-r, tumor necrosis factor a; p, significant value; r, Pearson correlation ratio.
Table 8 The Relationship Between Sleep Time Duration and Oral Inflammation and Periodontal Health
Night Shift Non-Night Shift
r p ) r p )
Depth of pocket 0.480 0.320 —0.066 0.593 0.084 0.137
BOP 0.085 -0.026
Salivary melatonin —0.009 —0.003
Salivary MDA 0.000 0.089
Salivary TNF-u 0.001 0.008

Abbreviations: BOR, bleeding on probing; MDA, malondialdehyde; TNF-u, tumer necrosis factor «; r, correlation power; p, significant value; o, coefficient of regression.

disruption of their biological circadian rhythms and sleep—
wake cycle, which can result in physical and mental dis-
orders. The primary impacts on night-shift workers are
caused by long periods of light exposure, sleeping times,
and sleep duration. These factors will disturb the regula-
tion of the body, especially the release of melatonin.'®'?

Long periods of light exposure affect the secretion of
melatonin. Night-time exposure between midnight and
4:00 am (the peak of melatonin secretion) results in com-
plete inhibition of secretion for the duration of full expo-
sure. The effects of light exposure also depend on the
intensity, duration, and spectral properties of the light,
since intrinsic photosensitive retinal ganglion cells in the
eye contain melanopsin, which is a photoreceptor that
delivers light against dark signals in the retina.
Melanopsin is very important for the functioning of the
circadian system and for delivery to the suprachiasmatic
nucleus (SCN). Ewven low-intensity light, such as that
emitted by new technologies including LEDs, computer
or television screens, cellphones, and tablets, can cause
phase delays and slow melatonin secretion.”

Melatonin is released by the body into the saliva via
the salivary gland around 24%-33%. As only the free
melatonin in plasma enters the saliva, salivary melatonin
levels reflect the proportion of free-circulating melatonin,®
Night-shift workers experience light exposure while work-
ing, which decreases the release of melatonin into the

. . 20
plasma, thus decreasing the workers® sleepiness.

Physiologically, humans experience sleepiness at night
and wake up in the morning, which is in contrast to night-
shift patterns, which require workers to be awake at night
and fall asleep in the morning. Normal sleep duration is
around 7-8 hours, but with changes in sleep time, the
duration of sleep time will also change; this is because
the function of the sleep cycle follows a physiological
rhythm.?' This is confirmed in the findings of this study,
which indicate that night-shift workers have a shorter sleep
duration than non-night-shift workers. The effect on slee-
piness during working may stimulate workers to eat at
abnormal times. There are several reasons why night-
shift workers eat during their shifts, and the most common
of these is to remain alert. Night-shift workers experience
sleep pressure and decreased alertness. When this condi-
tion arises, they may choose to eat and consume caffeine
to help them stay alert.™ Eating during the night leads to
an increased risk of obesity, which causes a predisposition
to diabetes and increases dental caries, as confirmed in
a previous study by Roestamadji et al.”

In this study, melatonin levels were determined by
measuring salivary melatonin content. The salivary mela-
tonin levels in night-shift workers were found to be lower
than those in non-night-shift workers. This result is con-
sistent with other findings that indicate that circulatory
melatonin levels are lower in night-shift workers.® The
lower salivary melatonin level is caused by experiencing

a change in time orientation due to changes in working and

Mature and Science of Sleep 2020:12
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sleeping times. Such changes in time orientation can affect
the secretion and regulation of melatonin,>® which plays
a role in the regulation of body fat mass. If shift workers
do not sleep at night for a long period of time, there will be
a permanent reduction in their potential melatonin levels,
which can result in a decrease in fat-mass regulation in the
body and lead to obesity.”* These changes in fat-mass
regulation, which tend to cause increased fat deposition,
can affect the immune system, resulting in the production
One of the
inflammatory cytokines produced in this way is TNF-q,

of pro-inflammatory cytokines. pro-
which plays an important role in the activation of prosta-
glandins. The changes in TNF-a in night-shift workers can
also be caused by sleep disorders. In addition, increased
production of pro-inflammatory cytokines can be caused
by the appearance of cortisol induced by stress-related
conditions in shift workers.

In this study, we found higher salivary TNF-a levels in
night-shift workers. This higher circulation of TNF-o and
salivary TNF-a can cause a reduction in tooth attachment
and alveolar bone resorption, as signs of periodontitis.
This result is supported by Erica et al, who also show
that shift workers have higher levels of salivary TNF-a
than ordinary workers.” Meanwhile, an increase in TNF-
o, IL-1P, and IL-6 production serves as an indicator of
inflammation in shift workers.>® In our results, the higher
salivary TNF-a content is a sign of increased incidence of
oral inflammation.

In addition, the confounding factor of periodontal
damage can be caused by night-time eating behavior,
which is influenced by the feeling of wanting to eat.’
Increased eating is caused by a decrease in melatonin
that is compensated for by an increase in the hormone
ghrelin, which functions as an appetite controller. As
a result, if circadian rhythm disturbances occur continu-
ously, causing eating activity at night will increase. This
has a negative influence on oral health behaviors such as
brushing teeth and sugar intake.”® Based on the results of
the research, there are significant differences in BOP and
depth

a mechanism for increasing the number of neutrophils as

of pocket. These factors are controlled by
the main defense in inflammatory responses. A high
increase in neutrophils that is offset by an increase in
ROS in the periodontal tissue will trigger gingival tissue
damage, which can cause BOP and periodontal pockets.
The presence of BOP and higher depth-of-pocket values

can increase the likelihood of periodontitis development.®

The current study found that night-shift workers had
significantly higher salivary MDA levels than non-night-
shift works. The increase of MDA may cause increased
ROS and lead to increased TNF-o. Increased MDA causes
damage to cell organelles and enzymes, which increases
lipid peroxidation.* An increase in salivary MDA can also
fight the oral defense system, which interferes with
intraoral balance. An increase in MDA in saliva can lead
to the progressive development of pathogenic bacteria.

In our final analysis, we found no relationship between
sleep duration and oral inflammation and periodontal
health status in either night-shift workers or non-night-
shift workers. There was, however, a correlation between
sleep duration and salivary melatonin in both night-shift
workers and non-night-shift workers. The increase of sleep
time duration will have the effect of decreasing the sali-
vary
released by the body into the saliva and blood. The sali-

melatonin. As mentioned before, melatonin is
vary melatonin is released via the salivary gland of less
than 33%. As only the free melatonin in plasma enters the
saliva, salivary melatonin levels reflect the proportion of
free-circulating melatonin.® The reason why there is no
relationship between sleep duration and oral inflammation
and periodontal health status is illustrated in Figure 1.
Night-shift workers have decreased circulatory melatonin
and salivary melatonin due to their decreased sleep dura-
tion. This condition will impact upon salivary flow rate
saliva. A previous study has shown that night-shift work-
ers have decreased salivary flow rate saliva and increased
dental caries.” The incidence of dental caries is affected by
abnormal eating times and oral hygiene maintenance beha-
viors, and this condition may lead to increased oral inflam-
mation. Night-shift workers are also at higher risk of
developing diabetes due to obesity. Obesity occurs due to
increased BMI related to abnormal eating times and
decreased circulation of melatonin that leads to increased
metabolism. Previous research also confirms that night-
shift workers have high BMI values.” The increase in fat
metabolism has the effect of increasing BMI*' as well as
TNF-a production,®” which has a direct effect on period-
ontal status.

The limitation of this study lies in the sample size.
Future research should be performed on a larger sample
and with other types of night-shift workers. The complex-
ity of the sample is very important to help predict the
possible mechanisms of the effects of night-shift working
on general health issues such as obesity, diabetes, and oral

health problems (eg, caries, salivary dysfunction, and
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Figure | Possible mechanism of the relationship between sleep duration and oral inflammation and periodental health status.

periodontal health problems). With an understanding of

these mechanisms, it is expected that preventive programs

can be planned and provided for night-shift workers to

improve their welfare.

Conclusions
The night-shift workers in our sample had lower salivary

melatonin levels than the non-night-shift workers, and these

levels had a correlation with sleep time duration. Overall, the

night-shift workers also had higher levels of oral mflamma-

tion and periodontal health issue but there was no relation-

ship between these factors and sleep time duration.
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