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Introduction

Objective This study aimed to provide the correlation of circadian rhythms of night
shift workers with blood glucose levels, saliva, and dental caries.

Materials and Methods This study was conducted on night shift and nonshift work-
ers to measure fasting blood glucose (FBG), 2-hour postprandial blood glucose (2-PP
BG), saliva flow rate, pH saliva, and caries with the decay-missing-filled total (DMF-T)
index. Data analysis was done using independent t-test and correlation test with Pear-
son correlation.

Results There were significant differences in night shift and nonshift workers in
FBG (p = 0.000), 2-PP BG (p = 0.000), flow rate saliva (p = 0.000), and DMF-T index
(p = 0.001). Correlation test showed positive correlation between FBG and pH saliva
(r=10.42, p = 0.029) and DMF-T index (r = 0.521, p = 0.005) of night shift workers.
The 2-PP BG also showed positive correlation with pH saliva (r=0.493, p = 0.009) and
DMF-T index (r=0.743, p = 0.000). The DMF-T index showed negative correlation with
flow rate saliva (r=-0.398, p = 0.04). In the nonshift workers, correlation test showed
a correlation between FBG and DMF-T index (r = 0.384, p = 0.048). The DMF-T index
showed correlation with flow rate saliva (r= 0.6, p = 0.001).

Conclusion There is a circadian rhythm correlation between night shift workers to
blood glucose levels, flow rate saliva, pH saliva, and dental caries.

works in the shifts. As many as 15 to 25% of workers in the
world work in the shift system.?

In the era of globalization, the needs of humans keep get-
ting increased. The development of technology encourages
people to explore their potential to fulfill their needs, both
physically and psychologically, by working. Shift working is
a human resource management in the working system to
maximize work productivity and to complete the customer’s
needs.! Currently, the shift working system has been applied
in various industrial, manufacturing, and service sectors. In
industrialized countries, more than 20% of the population
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Regulation of human body metabolism is influenced by a
system known as circadian rhythm. Circadian rhythm is the
daily oscillations of biological processes, which is influenced
by the body’s biological clock. The circadian rhythm is cen-
trally controlled by the suprachiasmatic nucleus, located in
the hypothalamus, which is linked to the dark-light cycle and
transmits information to peripheral organs including periph-
eral cycles to modulate the waking up-sleeping rhythms every
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day and other organ functions. The circadian system has a role
in regulating tissue metabolism and hormonal secretions.?

Night shift workers experience schedule changes differ-
ently from usual people with regard to mealtime, tempera-
ture, exercise, or other environmental factors and is known
as zeitgeber.* The synchronization between the circadian
system and zeitgebers of night shift workers can cause cir-
cadian misalignment, which is detrimental to their health.
The night shift workers are known to have a bad effect on
their general health, which is associated with several diseas-
es related to lifestyle. A study reports that night shift workers
have more systemic diseases, one of these is type 2 diabetes
mellitus.® Diabetes mellitus is a disease characterized by high
blood glucose levels, caused by an increase in cellular resis-
tance to insulin performance, leading to various metabolic
disorders.” Diabetes mellitus is a metabolic disease that often
occurs in Indonesia. The prevalence of diabetes mellitus in
Indonesia by the year 2007 was 5.7% and by the year 2013
was 6.9%.8 The night shift workers with type 2 diabetes melli-
tus have differences in pancreatic 3 cell response, glucose and
lipid metabolism, and increased risk of developing syndrome
metabolic. Sleeping time changes in night shift workers cause
impaired glucose tolerance and reduced insulin response.?

Diabetes mellitus is a predisposing factor for caries. Car-
ies prevalence in Indonesia increased from 43.4% in 2007 to
53.2%1in 2013.%19 Caries can occur in patients with poorly con-
trolled diabetes mellitus, because carbohydrate fermentation
in the saliva increases, causing increased acid production
that promotes caries. In patients with diabetes, the state of
saliva also changes, such as flow rate and pH saliva. Patients
with type 2 diabetes mellitus experience polyuria that causes
intensive fluid loss, reduction in response to infection, disor-
ders of connective tissue metabolism, and various microvas-
cular changes that can cause dental caries.”!!

Management of circadian rhythms has been studied pre-
viously using melatonin therapy. Existing melatonin thera-
py is used to improve sleep quality in night shift workers."?
However, there has been no previous study of the circadian
rhythms related to the risk of diabetes mellitus and the risk of
dental caries in night shift workers.

Aims or Objective

The aim of this study was to determine the correlation
between circadian rhythm of night shift workers and the risk
of diabetes mellitus and caries risk. Flow rate saliva, pH sali-
va, and decay-missing-filed total (DMF-T) index were ana-
lyzed to describe the risk of caries. The fasting blood glucose
(FBG) and 2-hour postprandial blood glucose (2-PP FB) were
used to describe the risk of diabetes mellitus.

Materials and Methods

The type of research in this study was observational analytic
with a cross-sectional design. Ethical approval was obtained
from the Ethics and Law Committee of Universitas Airlangga
Hospital, Surabaya (185/KEH/2018).
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Research Subjects

The subjects of this study were night shift and nonshift
workers, males, aged 25 to 40 years, worked at least 1 year
at Universitas Airlangga Hospital and other hospitals in
Surabaya. The research subjects were 27 nightshift workers
as exposed and 27 nonshift groups as control. All data were
summarized as age, body weight, and height.

Blood Glucose Measurement

Fasting blood glucose and 2-PP BG measurements were per-
formed using glucometer (Accu-Chek; Roche Diabetes Care
Inc., United States). On FBG examination, the subjects were
asked to fast 8 hours (not allowed to eat and drink except
drinking water) before blood glucose examination. Then,
after 8 hours, an FBG examination was performed with glu-
cometer. Criteria for FBG for diabetes mellitus are fasting >
126 mg/dL. 2-PP BG examination was performed after FBG
measurement. Subjects were allowed to eat and drink, and
after 2 hours 2-PP BG examination was performed. Blood
glucose criteria of 2-PP for diabetes mellitus are > 200 mg/dL.

Flow and pH Saliva Measurement

Saliva samples were collected for measuring salivary pH using a
pH strip-meter (Whatman; PH1170-11A; GE Healthcare). Sali-
va samples were collected from each participant in the morn-
ing between 9 and 11 am using passive drool methods. For the
collection of these samples, all participants were requested to
be as quiet as possible. They were instructed to allow the saliva
to flow into the mouth as normally as possible and expectorate
into the large test tubes provided. In all, 6 mL of sample was
collected from each participant. The pH of each sample was
determined within the first half an hour after collection."

DMF-T Index Examination

DMF-T index examination was performed using a den-
tal explorer and dental mirror, followed by examining of
decayed teeth due to caries (decay), missing/removed teeth
due to caries (missing), teeth that were patched or filled with
caries and were filled were examined. Calculation of DMF-T
index was done by the formula:

D+M+F

number of subject

DMF -T

with criteria:

. 0-1.1 = very low
2-2 6 =low

. 7-4.4 = moderate
. 5-6.5 = high

. >=very high

UA W N =

Statistical Analysis

The data were analyzed statistically using SPSS 19. Indepen-
dent t-test was used for analysis between two groups. Pear-
son correlation was used for correlation analysis between the
two groups.



Night Shift Worker’s Risk of Diabetes and Caries

Results

Fifty-four subjects in this research were males: 27 as night
shift workers and 27 as nonshift workers. Night shift workers
had an average age of 32.26 + 4.53 years and nonshift workers
had an average age of 33.08 + 5.09 years. There were no age
differences between night shift worker and nonshift workers
(p = 0.537). Night shift workers also had a significantly high-
er body weight than nonshift workers (p = 0.000). There were
no differences in the body height showed no differences, but
the body mass index (BMI) showed a significant difference (p =
0.000). Both groups had experience of working for more than
5 years (48.1 and 44.4%, respectively). The highest frequency of
working in the night shift workers was thrice a week (44.5%),
followed by once a week (33.3%) and once a month (22.2%)
(~Table 1).

The night shift workers had higher FBG (121.56 + 31.82
mg/dL) and 2-PP BG (91.22 + 13.25 mg/dL) than FBG (163.06
+60.44 mg/dL) and 2-PP BG (98.67 * 19.8 mg/dL) in nonshift
workers (p = 0.000) (=~Table 2).

The mean flow rate of saliva was found to be significantly
lower in the night shift workers than that in nonshift workers
(p = 0.000). The night shift workers had high DMF-T index

Table 1 Demographic of all subjects

Roestamadiji et al.

and nonshift workers had moderate DMF-T index (p = 0.000).
The saliva pH showed no differences between night shift
workers and non-night shift workers (p = 0.710) (~Table 3).

In the correlation analysis, there was a significantly posi-
tive correlation of FBG and 2-PP BG to saliva pH and DMF-T
index in night shift workers (=Table 4). There was a nega-
tive correlation between DMF-T index and saliva flow rate
(p=0.04; r=-0.398) (~Table 5).

In nonshift workers, there was only a significantly positive
correlation of FBG with DMF-T index (p = 0.048; r = 0.384)
(=Table 6). The DMF-T index had a positive correlation with
saliva flow rate (p = 0.001; r = 0.6) (= Table 7).

Discussion

This is the first study to analyze the circadian rhythms related
to the risk of diabetes mellitus and the risk of dental caries
in night shift workers. This study was conducted on night
shift and nonshift workers at Universitas Airlangga Hospital.
Surabaya is one of the biggest cities in Indonesia, which is
a tropical country. Tropical populations generally work from
morning to evening and sleep at night. Night shift workers

Variables Night shift worker Nonshift worker p-Value
(n=27) (n=27)
Mean + SD Mean + SD
Sex Male Male -
Ages (years) 32.26 £4.53 33.08 £5.09 0.537
Body weight (kg) 84.00 £ 10.03 53.93£6.87 0.000°
Body height (cm) 168 £6.29 167.37 £5.79 0.531
BMI 29.52 +1.89 19.17 +£1.32 0.000°
Lifetime of working
<ly 4 (14.8%) 5(18.5%)
1-5y 10 (37%) 10 (37%)
>5y 13 (48.1%) 12 (44.4%)
Lifetime for night shift
3 times a wk 12 (44.5%)
1 time a wk 9 (33.3%)
1 time a mo 6 (22.2%)
Abbreviations: BMI, body mass index; SD, standard deviation.
Results of independent t-test in the comparison between the case and the control groups, significant at p < 0.05
Table 2 FBG and 2-PP BG value in both groups
Variables Night shift worker Nonshift worker p-Value
(n=27) (n=27)
Mean + SD Mean + SD
FBG (mg/dL) 121.56 +£31.82 91.22£13.25 0.000°
2-PP BG (mg/dL) 163.06 * 60.44 98.67 £ 19.8 0.000°

Abbreviations: FBG, fasting blood glucose; 2-PP BG, 2 postprandial blood glucose; SD, standard deviation.
Results of independent t-test in the comparison between the case and the control groups, significant at p < 0.05.
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Table 3 Flow rate saliva, pH saliva, and DMF-T index in all groups

Roestamadiji et al.

Variables Night shift worker Nonshift worker p-Value
(n=27) (n=27)
Mean £ SD Mean + SD
Flow rate saliva (mL/min) 0.24 £0.15 0.57 £0.27 0.000°
pH saliva 5.89 + 1.48 5.74 +1.43 0.710
DMF-T 9.74 £5.07 3.52+2.46 0.001°

Abbreviations: DMF-T, decay-missing-filling total; SD, standard deviation.

*Results of independent t-test in the comparison between the case and the control groups, significant at p < 0.05.

Table 4 Correlation between FBG and 2-PP BG to flow rate saliva, pH saliva, and DMF-T in night shift workers

Flow rate saliva pH saliva DMF-T

FBG Person correlation | 0.109 0.420° 0.521°
P 0.588 0.029 0.005

2-PP BG Person correlation | 0.020 0.493° 0.743%
p-Value 0.922 0.009 0.000

Abbreviations: DMF-T, decay-missing-filling total; FBG, fasting blood glucose; 2-PP BG, 2 postprandial blood glucose.

2Correlation is significant at the level 0.05.
®Correlation is significant at the level 0.01

Table 5 Correlation between flow rate saliva to pH saliva and
DMF-T in night shift workers

Flow rate saliva pH saliva DMEF-T
Person 0.205 -0.398°
correlation

p-Value 0.306 0.04

Abbreviation: DMF-T, decay-missing-filling total.
2Correlation is significant at the level 0.05.

Table 7 Correlation between flow rate saliva to pH saliva and
DMF-T in nonshift workers

Flow rate saliva pH saliva DMF-T
Person 0.182 0.6°
correlation

p-Value 0.364 0.001

Abbreviation: DMF-T, decay-missing-filling total.
2Correlation is significant at the level 0.01.

Table 6 Correlation between FBG and 2-PP BG to flow rate saliva, pH saliva, and DMF-T in nonshift workers

Flow rate saliva pH saliva DMF-T
FBG Person correlation 0.334 0.286 0.384°
p 0.89 0.147 0.048
2-PP BG Person correlation 0.243 0.197 0.371
p-Value 0.222 0.324 0.57

Abbreviations: DMF-T, decay-missing-filling total; FBG, fasting blood glucose; 2-PP BG, 2 postprandial blood glucose.

3Correlation is significant at the level 0.05.

work in the opposite of the usual conditions, which fight the
normal circadian rhythm."* When these workers are awake
at night, they receive light by the retina. Furthermore, it is
forwarded by the retinal hypothalamic tract to the suprachi-
asmatic nucleus located in the hypothalamus. The light sig-
nal is forwarded to the spinal cord and the superior cervical
ganglion toward the pineal gland. The pineal gland receives a
light signal, so it does not release norepinephrine to pinealo-
cyte.'> Then B-adrenergic receptors are not activated so that
there is a decrease in melatonin secretion.!® The decrease
in melatonin secretion causes a decrease in antioxidants
resulting more production of reactive oxygen species (ROS),"”
which is in body fluids and saliva. Increased ROS forms oxida-
tive stress that is followed by an increase in malondialdehyde

European Journal of Dentistry Vol. 13 No. 3/2019

(MDA), which continues to create imbalance in the body and
affect disease progression.'’®?° Increased blood glucose can
be affected by insulin, which experiences resistance that is
influenced by levels of ROS, namely excessive MDA in the cell.
Free radicals (MDA) are formed disproportionately by oxida-
tion of nonenzymatic proteins and oxidative degradation of
glycated proteins (advanced glycation end products) in type
2 diabetes mellitus.?!

In physiological conditions, pancreatic  cells produce
insulin in normal amounts that can transport glucose from
the blood into the cell. However, in night shift workers with
insulin resistance receptors, insulin receptors are not sensi-
tive leading to increased levels of blood glucose.?? Chronic
increase in the blood glucose levels can increase the risk of
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type 2 diabetes mellitus. In a previous study, it was found
that when subjects ate and slept at odd hours, plasma blood
glucose increased despite increasing in the dose of insulin.
This is caused by circadian misalignment that causes a dis-
ruption of the glucose/insulin regulation system in the body.**

In this study, there were significant differences between
FBG and 2-PP BG of night shift and nonshift workers.
Night shift workers had significantly higher blood glucose
(FBG=121.56 * 31.82 mg/dL and 2-PP BG=163.06 + 60.44
mg/dL) compared with nonshift workers (FBG=91.22 + 13.25
mg/dL and 2-PP BG=98.67 + 19.8 mg/dL). This shows that
night shift workers are more at risk of developing diabetes
mellitus than nonshift workers. In type 2 diabetes mellitus,
there is insulin resistance or decreased insulin secretion
that causes hyperglycemic conditions,??® increases plasma
osmolarity caused by cell osmosis to high blood glucose lev-
els. The body compensates for the presence of glucose from
the blood leading to the kidneys which causes increased kid-
ney filtration, so more urine is produced (polyuria). Polyuria
causes dehydration in the body and the oral cavity becomes
dry, causing a decrease in salivary flow. In this research, the
flow rate of saliva is different between night shift workers
and nonshift (p = 0.000) workers. In the night shift work-
ers, the flow rate is lower than nonshift workers. The lower
flow rate of saliva causes pH imbalance, and then causes the
oral cavity to become more acidic so that the salivary pH
decreases. But, the result of this study showed no difference
in pH saliva between night shift worker and nonshift worker
(p =0.710).

The FBG and 2-PP BG in the night shift worker are differ-
ent compared with that in nonnight shift worker. One of the
factors related to this condition is the duration of working
and especially duration of working during night. Most of
subjects in this research has lifetime of working more than
5 years (48.1%) and lifetime of night working with higher
frequency is three times a week (12 times a month) (44.5%).
This condition can support the emergence of hyperglycemia
that leads to diabetes. This result is similar to the study by
Vetter et al who explain that work schedules including night
shifts for 10 years had a significantly higher type 2 diabe-
tes likelihood than those who never worked in night shifts.
Working for more than eight night shifts per month had a
significant 36% higher likelihood of type 2 diabetes compared
with who never worked in night shifts.?”

A decrease in saliva pH causes an acidic condition in the
oral cavity. The aciduric and acidogenic bacteria that develop
in an acidic condition, namely Streptococcus mutans, increase
in the oral cavity. Streptococcus mutans colonize to form
biofilms in the teeth which then form plaques. In the early
stages, caries can form a white lesion called the white spot.
The organic acids produced by caries bacteria diffuse in the
enamel and dentine resulting in increased demineralization
and decreased remineralization.?® The process occurs con-
tinuously in later periods. Night shift workers have glucose
intake at night?® that is not balanced with maintaining oral
hygiene by brushing their teeth or gargling properly that
affect the progression of cavity formation and lead to den-
tal caries. The dental caries is one of the indicators in DMF-T
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index. There is DMF-T difference between night shift work-
ers and nonshift workers (p = 0.001). The night shift work-
ers have very high DMF-T index and non-night shift work-
ers have moderate DMF-T index. In a previous study, it was
found that night shift workers had the possibility of having
untreated teeth and thus decreased oral health status. Health
behaviors in brushing teeth twice a day can also affect this
aspect.’® Based on previous study, 20 people who woke up at
night were less likely to brush their teeth than someone who
woke up in the morning, increasing the risk of dental caries
in night shift workers.

The night shift working has some clinical consequences
like higher incidence of obesity and diabetes. The oral status
is also affected. Shift workers had a 27% greater possibility
of having periodontitis than daytime workers.! The other
effect shift workers may face is dental caries. There is a posi-
tive correlation between FBG and 2-PP BG with pH saliva and
DMF-T index as caries status in night shift workers. The risk
of increasing caries in night shift workers is indicated by a
decrease in salivary flow rate (r=-0.398, p = 0.04). The risk of
increased caries is also supported by an increase in FBG level
(r=0.521,p=0.005)and 2-PP BG (r=0.743, p = 0.000). Dental
caries in night shift workers can be caused by a decrease in
threshold value of sweet taste, causing decreased sensitivity
to sweetness, especially a decrease in sensitivity to the papil-
la fungiform.3? Decreased sensitivity to sweetness causes
the night shift workers to not feel the sweet taste, leading to
increased glucose consumption.®* Excessive increase in glu-
cose consumption triggers dental caries. Significant decrease
in the salivary flow rate was found in hyperglycemia status
as in both type of diabetes. Among the several reasons that
contribute to the decreased salivary flow rate in diabetes,
lies the fact that following the hyperglycemia and glucosuria,
body fluids are more excreted, and subsequently, secretion of
saliva is reduced.*

The DMF-T index in this research found different base
on blood glucose status in night shift and nonnight shift
workers. The higher DMF-T index in night shift worker has
positive correlation with FBG (r = 0.005, p = 0.521) and 2-PP
BG (r=0.743, p = 0.000). The other factor that influences the
higher DMF-T index is flow rate of saliva. There is a nega-
tive correlation between flow rate of saliva and DMF-T index
(r=-0.398, r = 0.04). This result is similar with that reported
by Seethalakshmi et al (DMF-T index was higher in the dia-
betic group).® This is due to loss of protective mechanism
of the saliva in diabetics. The cleansing and buffering action
of saliva are also impaired. Low salivary pH promotes the
growth of aciduric bacteria that then allows the acidogenic
bacteria to proliferate creating an inhospitable environment
for the protective oral bacteria. This allows for a shift in the
oral environmental balance to favor cariogenic bacteria,
which further lowers the salivary pH and the cycle contin-
ues.’® pH saliva, flow rate of saliva, and calcium have protect-
ing roles in dental caries. pH saliva is itself determined by
bicarbonate, phosphate, and protein, which play an import-
ant role as a buffer.?” Calcium has solubility that affected
development and reservoir of tooth decayed. The amount of
calcium in tooth decayed not only from tooth but also from
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exchanged process with calcium saliva that surrounds teeth.
The diabetic condition showed low levels of calcium.! Anoth-
er factor that stimulates the caries in diabetic patient is high
glucose concentration in saliva. Highest glucose concentra-
tion in saliva affected the presence of Streptococcus mutans
and Lactobacillus, which play important role in caries.?”

In the present study, there was significant correlation
(p = 0.04) between the flow rate of saliva and DMF-T index
in night shift worker. But the DMF-T index and pH saliva are
influenced by blood glucose status (p < 0.05). The hyper-
glycemia condition as diabetes mellitus patients, they had
significant decrease in flow rate saliva and causes the lower
pH saliva. But this condition was not found in this research.
The lower pH saliva is not correlated with the reduced flow
rate of saliva (p = 0.306). This could be caused by increased
fluid intake by diabetics due to polydipsia. Because buffer-
ing capacity is dependent on the pH levels, diabetic condi-
tion had salivary buffering capacity correlating with the pH
saliva.®

The nonshift worker only showed the correlation between
FBG to DMF-T index (p = 0.048). The DMF-T index has positive
correlation with flow rate of saliva (r = 0.6, p = 0.001). This
result is opposite to Shetty et al who in her study showed that
there is correlation between decreased saliva flow rate and
increased DMF-T index.* During rest, saliva flow rate is only
to keep the mouth moist and lubricate the mucous membrane.
Generally, greater the flow rate, better the cleansing action of
saliva on tooth surface; hence, it lessens the chance of dental
caries. The results suggest the lesser DMF-T status could be
having similar flow rates. The conditions found in this study
may be influenced by other factors not examined such as
dietary patterns and the habit of maintaining oral hygiene.

A strength of this study is the evaluation of multiple fac-
tors (FBG, 2-PP BG, BM], lifetime of working, lifetime of night
working, saliva, and caries status) in the night shift worker
in hospital. However, there are limitations. Sleep quality,
dietary assessments, and naps were not available; data on
exercise and medication compliance were not available; and
light exposure at night was not measured. The night shift
workers were recruited from different hospitals, and there
are possibly other confounders not controlled for that could
affect blood glucose control.

In summary, night shift workers are associated with higher
FBG and 2-PP BG status, which can lead to diabetic develop-
ment. The oral health status including flow rate of saliva, pH
saliva, and caries is also affected and has correlation with blood
glucose status. The management of night shift working and
maintaining the oral health in night workers is very important
to be considered as risk factor of diabetes and dental caries.

The night shift workers experience a change in time
orientation due to changes in the time of working and
duration of sleep. Most of night shift worker will experi-
ence the disturbance of sleep. Sleep disturbance will affect
food intake, water, and metabolic processes that may play
arole in the process of developing diabetes. The night shift
worker received more light in the night than non-night
shift worker. The increased light received will reduce the
production of melanin. Research by Sadeghniiat-Haghighi
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et al showed that the melatonin treatment on night shift
worker is able to increase the sleep quality and sleep effi-
ciency.” This result supports the administration of mel-
atonin therapy to night shift workers, so it is able to reg-
ulate circadian rhythm that results in control of diabetes
risk and caries risk

Conclusion

There is a circadian rhythm correlation between night shift
workers and blood glucose levels, flow rate saliva, pH sali-
va, and dental caries. The results of this study can provide
insight into caries control and diabetes in night shift work-
ers. Further, there exists a possibility that maintaining good
blood glucose can improve the health status of night shift
workers. In addition, improving sleep quality so that the risk
of diabetes and caries is also lower and melatonin therapy
may also be options for night workers.
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