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ABSTRACT

Objectives. Shift work results in changing worker’s behavior, food, and sleep patterns, which can cause circadian
rhythm disturbance, which is a cardiovascular risk. Until now, a biomarker of early prediction of cardiovascular risk
on shift workers is still not developed. This study aimed to assess the cardiovascular risk of shift worker nurses
by detecting endothelial microparticles (EMPs).

Methods. This longitudinal study compared six shift nurses and five non-shift nurses by measuring the EMPs
using antigen CD31"* flow cytometry. All met the inclusion criteria consisting of 28 blood samples followed in one
week shift.

Results. EMPs among non-shift nurses were below 200 uL. However, shift nurses’ EMPs increased above 200 pulL
with Man-Whitney U p = 0.000 on days 4 and 7 following a one shift per week schedule.

Conclusion. There was an increase in shift workers’ endothelial microparticles (EMP) which was a sign of cardio-
vascular risk.
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INTRODUCTION

As a service provider, hospitals must provide uninter-
rupted service, thus the need for seamless shift work. Shift
work is defined as work time outside the normal working
hours, either rotating or permanent, for 24 hours.!?

Shift work is primarily divided into three shifts:
morning, afternoon, and night shifts. Shift work can reduce
work ability, increase work errors, inhibit social and family
relationships, and increase health risks.?

About 8.6 million Americans who do shift work are

associated with an increased risk of obesity, diabetes, and
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the sleep or wake cycle.” Circadian rhythm is a biological
process regulating the body mechanism on a 24-hour basis.
'This mechanism consists of the SCN, the pacemaker center,
which regulates the entire body's physiological processes
through autonomic and neuroendocrine nervous systems.®

Shift work is generally associated with a discrepancy
between the time systems of endogenous circadian rhythms
and the cycle of behavior, including sleep cycles, wake cycles,
and feeding cycles. The SCN regulates leptin rhythms,
plasma glucose, glucose tolerance, corticosteroids, and
cardiovascular functions through neural or humoral signals
to tissues.” The incompatibility in the two systems leads to
metabolic and cardiovascular deregulation, which can be
detrimental to shift workers."

Generally, nurses in hospitals in Indonesia work in
three rotating shifts: a 7-hours morning shift (7:00 to
14:00), a 7-hours afternoon shift (14:00-21:00), and a
10-hours night shift (21:00-07:00). The two conventional
rotation models used are Continental Rota [2-2-3 (2)
(early in the morning, morning, noon, noon, night, night,
night, holidays)] and Metropolitan Rota [2-2-2 (2) early
in the morning, noon, nights, holidays)].!! Working in
shifts at night can incredibly disrupt the circadian rhythm.
If continued, it can translate to a cardiovascular risk by
disrupting the endothelial function. Therefore, this study
aimed to detect the endothelial microparticles (EMPs)
using antigen CD31* of shift workers by flow cytometry.

MATERIAL AND METHODS

The was a longitudinal study with purposive sampling
taking nurses who worked in the hospital. The inclusion
criteria were female nurses 25-30 years old with BMI less
than 25 kg/m? number of years in hospital >5 year, and no
preexisting cardiovascular disease. The study population
was nurses at the in-patient care and policlinic in Al-Thsan
Bandung, West Java, Indonesia. Two groups of eleven
nurses consisted of six shift and five non-shift nurses that
were twenty-eight blood samples were analyzed. The ethical
clearance for the study was approved by the Research Ethics
Committee of the Universitas Indonesia (No. 19121964).

'The nurses’ work shifts, morning, noon, and night shifts,
including holidays, were followed. Shift workers’ blood
samples were taken three times: on the day shift, after the
night shift, and after a holiday. Only two blood samples were
drawn from non-shift workers: the first and last days of the
week. The samples were taken in the morning between 8
and 10 AM to avoid the destruction of blood samples. In
addition, the subjects were requested to fast 6 hours before
the blood collection.

Three mL blood samples were collected in Vacutainer™
Citrate tubes that were centrifuged three times before EMP
assessment. The EMPs were detected with flow cytometry
antigen-antibody reaction using a specific marker of CD31*.
Two mL of the blood sample was collected from each
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citrated tube after discharging 1 mL of the fresh blood.
The first centrifuge was done at the speed of 1500 for 15
minutes at room temperature to separate the plasma. The
supernatant was removed. Second centrifugation was at
the rate of 14000 for 2 minutes at room temperature. The
supernatant was removed to collect platelet-poor plasma
(PPP). The samples were then frozen, transported, and
stored with the tube at -20°C until the following process.
The last centrifuge was done at 4000 rpm at 4°C for 20
minutes. Finally, a 100 pL aliquot was taken for staining
with CD31* and then stored at -80°C for further analysis.
Reagents for MPs (microparticles), including FITC-
Annexin V (Catalogue number 640906), were obtained
from Bioscience. Aliquot samples of 10 uL. were stained and
added to the bead-containing Truecount BD (Catalogue
340440 BD). Annexin buffer and double filter by a 0.22
Im filter was added to the tube to make a total volume and
analyzed on the BD Accuri C6 Cytometry (BD Biosciences).

An initial microparticle size gate was set with 1.0 pm
and 3.0 um calibration particles (Spherotech, Chicago) to
detect the microparticles by flow cytometry. We defined the
microparticles as particles that would be less than 1.0 pum.
The microparticles with positive staining for annexin and
surface markers (CD31%) separated the true events from
the background noise and unspecific binding of antibodies
to debris. Isotype controls were used as the negative
control. Absolute count using true count, which used
Truecount™ tubes, were calculated with the appropriate
dot plot values entered into a spreadsheet format formula
(# of events in the quadrant containing cell population)/(#
of events in absolute count bead region) x total # absolute
count beads (49600)/test volume 100uL. The blood samples
were processed at the Pathology Clinic of Cipto Mangun
Kusumo Hospital, Jakarta.

Statistical analysis to compare the data was used.
Parametric and independent t-test if the data was normal
and non-parametric test if the data was not normal. The
CD31* levels between shift nurses and non-shift nurses
would be considered statistically significant if the p-value

was <0.05 (2 tails).

RESULTS

Figure 1 describes the differences of the three samples
Dn (diamond), Ds (square), and Nd (triangle), representing
nurses who worked on shifts. St (cross) represents nurses
who were non-shift workers.

It can be concluded that non-shift nurses have a low-
level CD31* compared with nurses who were shift workers.
The increase in the levels of CD31* in non-shift nurse was
not drastic (74 to 111 uL. CD31*) compared with nurses
who worked on three shifts (Dn, from 421 to 268 to 1662
pL, Ds, from 380 to 105 to 466 pL. CD31, whether in Nd
from 420 to 240 to 432 pL CD31%). The CD31* values

in non-shift nurses (St) were relatively stable and below
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Figure 1. The comparison between mean CD31* values of
first shift, night shift, and last shift among the shift
work nurses and non-shift work nurses.

Table 1. Comparison mean of shift and non-shift worker nurse

Samples Mean of EMPs (uL) p

Shift Worker Nurse (n=18) 427.11 (165-1662)
Non-shift Worker Nurse (n=10) 115.7 +42.8
p significant if < 0.05

0.000

200 pl than shift nurses (Dn, Ds, and Nd), which were
higher than 200 pL.

Table 1 shows the average of the two samples’ CD31*
taken from non-shift nurses was 115,7 pL. compared with
shift workers’ three times of 427,11 pL. After comparing
these with Mann-Whitney U, a significant difference p =
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Figure 2. Box plot comparison of microparticles (CD31*) bet-
ween shift and non-shift worker nurses.

0.000 (using non-parametric Mann Whitney-U because
the data not normally distributed). Figure 2 above is a box
plot comparison of microparticles (CD31*) between shift
and non-shift worker nurses.

Figure 3 shows the shift day of two nurse’s samples,
Dn (diamond) and Ds (square), to detect endothelial
microparticles CD31* after following a one-week shift
schedule. From the picture above, we found that there
were two peak curves on days 4 and 7. First, at night and
holidays, CD31* increased. Second, based on the CD31*
total average, the peak was on days 4 and 7.

Figure 4 shows one sample’s CD31"PE measuring
by using zona R4 from the formula by calculating (events
in area CD31*(R4): event in R2) x beads in true count
(49600) / volume sample uL).
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Figure 3. The comparison between CD31* values one following week shift among the shift work nurses and non-shift work nurses.
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Figure 4. Zone measuring CD31" in spreadsheet formula.

DISCUSSION

This study showed EMPs among non-shift nurses are
not drastically increased and below 200 pL, whether in shift
nurse drastically increased above 200 pL after comparing
the mean of two groups (shift worker vs. non-shift workers
nurses) Mann Whitney-U p = 0.000, there statistically
significantly different. However, they increased EMPs,
especially on day four and day seven, by following one shift
working week. This indicated an increase of microparticles
by detecting antigen CD31* on shift workers compared with
the non-shift worker, which was a sign of cardiovascular risk.

Changes in the workers' circadian rhythms with the
shift rotation method, mostly at night shifts, can affect
sleep quality, cortisol, melatonin, and body temperature,
increasing the risk of hypertension and other cardiovascular
disorders.”? Nurses are one of many workers who work in
shifts. Working on alternate days such as morning-morning-
noon-noon-night-night could change the circadian rhythm.

Changes in the circadian clocks may influence health
or disease, which translates to circadian rhythm disruption
or sleep deprivation, which is harmful to the cardiovascular
system. We found in this study a significant decrease in
nitric oxide (NO) in a group of healthy female nurses after
three sequential night shifts. This could a sign of impaired
endothelial function or endothelial dysfunction.’®

Endothelial dysfunction is defined as an imbalance
between coagulation and thrombosis factors, loss of vasodila-
tation response-ability in endothelium-dependent stimuli,
loss of bioavailability in NO, increased vasoconstriction
agents, and disruption in inflammatory regulation, and cell
growth in the vascular wall, these are predispositions for
atherosclerosis lesions.” One method to predict endothelial
dysfunction is to derive the circulating microparticles,
especially EMPs, that affect the endothelial nitric oxide
synthesis implying their potential role for endothelial

autoregulation and thus reflecting the main endothelial
system. 51

Microparticles are small cell vesicles released by
almost human cells during cellular stress or cell activation.
It thereby has been shown that microparticles released by
platelets, leukocytes, and endothelial cells can be found in
conditions of endothelial dysfunction.”” One biomarker
based on antibody against specific surface antigen reaction
for microparticles endothelial was CD31+.1

This study found that shift workers’ CD31* increased
on days 4 and 7 following a one-shift working day. The rise
in the microparticles may be attributed to a late release of
the endothelial microparticles due to the expressing Tissue
factor (TF), which required NFkB and expression of
proinflammatory such as IL-1 and TRAIL/Apo2L which
fuelled the release of the microparticles.'*

There was an increase of CD31" microparticles on
shift workers compared with non-shift worker nurses,
which detects activation of the endothelial cells, which
is a sign of earlier endothelial dysfunction. Therefore, an
increase of microparticles as CD31* in shift workers could
also increase cardiovascular risk.

Limitations of Study

Due to the preliminary study, the subject of this study
is still limited. Still, in a small number of subjects, we can
found that in shift worker nurses increasing drastically
of microparticles EMPs CD31* rather than non-shift

worker nurses.
CONCLUSION

Non-shift workers’ CD31* did not drastically increase
and remained below 200/ pL. However, shift workers’
CD31* drastically increased significantly on days 4 and 7,
following a one-shift workday.
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