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SUMMARY - A 24-hour shift is one of the major stressors for physicians because, apart from
causing fatigue and circadian rhythm disorders, it often requires making vital decisions for patients
within a short time frame. It is known that workplace stress leads to the activation of the coagulation
system, which can result in imbalance of the coagulation and fibrinolysis system. The state of stress can
also generate proinflammatory mediators. The aim of this study was to examine the effect of 24-hour
shift on global coagulation tests of D-dimers and fibrinolysis, and on C-reactive protein (CRP) as an
acute inflammatory agent and proatherosclerotic factor. Sixty physicians (residents) aged 25-35 par-
ticipated in this study (30 participants in the experimental group and 30 participants in the control
group). In experimental group, blood samples were collected on three occasions: shortly before 24-
hour shift, twelve hours after the shift had begun, and at the end of the shift. Blood samples were
collected from control group participants at the same time points. The results showed that there was
no statistically significant difference in the values of D-dimer and fibrinolysis between the experimen-
tal and control groups. CRP values were statistically significantly higher in the experimental (1.57,
1.49 and 1.50) than in the control group (0.79, 0.75 and 0.84) on all three measurements (p=0.024,
p=0.020 and p=0.030, respectively). These results confirmed the existence of proinflammatory changes

in the endothelium of blood vessels, which is a factor associated with accelerated atherosclerosis.
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Introduction

Stress can be defined as a situation in which a
stressor, or something we perceive as danger, triggers a
certain psychobiological response. This response helps
the individual deal with an unpredictable situation’.
One type of stress is occupational stress, which devel-
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ops as a result of increased demands and reduced abil-
ity to meet the said demands. It occurs when failure to
meet these demands leads to significant consequences.
A low level of stress can have motivating effects, but
too much stress leads to low productivity at work?®
Night work and shift work are very disruptive to phy-
sicians’ social lives. They are more often dissatisfied,
emotionally exhausted, and show signs of burnout.
Disruption of the circadian biological endogenous
rhythms has a strong impact on the psychological and
physical health of physicians. Long work hours, night
shifts, and exposure to stressful working environments
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all correlate with the activation of the hemostatic sys-
tem. The activation of coagulation cascade has been
proven, as well as parallel activation of the fibrinolytic
system, with coagulation activating to a greater extent,
which results in a hypercoagulable state. A study con-
ducted in 2011 among physicians working in intensive
care units showed an increase in serum concentration
of tissue factors as a physiological initiator of coagula-
tion. It also showed that its increased levels induced a
slightly hypercoagulable state®. Exposure to intense
psychological and intellectual demands, limited time
tor making decisions, working at night, and working in
shifts all act as stressors and increase the risk of cardio-
vascular incidents*’. The consequences of cumulative
exposure to such a work schedule are not entirely clear,
but it is known that they include autonomic dysfunc-
tion and neuroendocrine activation. There is also abun-
dant evidence suggesting that shift work increases the
risk of coronary heart disease, and that even brief ex-
posure to episodes of mental stress leads to endothelial
dysfunction and coagulation activation in healthy in-
dividuals®. Mediators of the autonomic nervous system
activity are stress hormones, primarily noradrenaline
and cortisol, which trigger a cascade of inflammatory
reactants (interleukin-6, interleukin-1, C-reactive pro-
tein (CRP), tumor necrotizing factor alpha, leptin, an-
giotensin II) causing proinflammatory conditions on
the endothelium of blood vessels”™.

'The aim of this study was to investigate the extent to
which stress as a consequence of 24-hour work leads to
activation of the coagulation and fibrinolysis system,
and whether changes could be detected by routine co-
agulation tests determining D-dimer values, fibrinolysis
and CRP value as an acute inflammatory reactant.

Subjects and Methods

Participants of the study were physicians (resi-
dents) aged 25-35 whose work was periodically orga-
nized as 24-hour shift. There were 60 participants in
total, including 30 subjects in experimental group and
30 subjects in control group. Experimental group con-
sisted of 15 women and 15 men. Control group con-
sisted of 19 women and 11 men, physicians of the
same ethnic background and age group. The study did
not include pregnant women, hormonal contraception
users, subjects with a positive history of thromboem-
bolic incidents, nicotinism, acute infectious diseases
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(CRP <5 mg/L), body mass index <18.5 and >25 kg/
m?, or physicians who had done their last 24-hour shift
less than five days before the experiment began, in or-
der to obtain results based exclusively on acute expo-
sure to stress at work.

Ethics

Participants were recruited on voluntary basis. All
participants signed an informed consent form agreeing
to three venipunctures in aseptic conditions performed
by the professional medical staff of the hospital. Age
and sex were the only personal information recorded.
Prior to signing the written consent, each participant
was thoroughly informed about the purpose of the
study. The study was approved by the Ethics Commit-
tee, School of Medicine, University of Zagreb.

Venous blood samples were obtained by venipunc-
ture at the workplace on three occasions. The first sam-
ple was collected 15 minutes before the beginning of
24-hour shift. The second sample was collected 12
hours after the shift had begun. The third sample was
collected 24 hours after the beginning of the shift, i.e.
at the end of the shift. In control group, blood samples
were collected at the same time points. Blood was
drawn from cubital vein into two VACUETTE®
tubes, one for coagulation parameters containing 3.2%
Na-citrate (Greiner Bio-One GmbH, Austria), and
the other for CRP (Greiner Bio-One GmbH, Aus-
tria). The puncture site had to be disinfected and dried
beforehand, while the tourniquet used to increase
pressure in the veins in order to increase their visibility
was used for less than one minute to prevent hemo-
concentration. The vacuum tubes enabled drawing
blood directly into the tube by vacuum until the re-
quired amount was collected. In the tubes containing
3.2% Na-citrate, the ratio of blood to anticoagulant
was 10:1 (9 parts blood:1 part anticoagulant). The
samples collected were used to determine the follow-
ing parameters: D-dimer level, fibrinolysis and CRP
level.

D-dimer concentration was determined using the
automated coagulation analyzer Behring Coagulation
System-BCSXP with the Innovance D-dimer (Sie-
mens Healthcare Diagnostics, Marburg, Germany)
reagent by the immunoturbidimetric method using
monoclonal antibodies (covalently bound to polysty-
rene particles) specific to epitopes on the fibrin D-di-
mer fragment. The resulting reaction between D-di-
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Table 1. Differences in fibrinolysis, D-dimer and C-reactive protein (CRP) levels between two study groups

(independent t-test)

Group

On call (24 h) 8-hour working shifts

N=30 N=30 p

Mean |SD Median 95.0% (.:I Mean |SD Median 95.0% (.:I

for median for median

Fibrinolysis 0 h |172.00 |43.10 |185.00 |140.00 [210.00 |185.50 |37.65 |200.00 |200.00 |210.00 |0.149
Fibrinolysis 12 h | 127.33 | 39.56 |120.00 |120.00 |150.00 | 144.33 |37.41 |150.00 |150.00 [190.00 |0.214
Fibrinolysis 24 h | 175.33 |51.78 |210.00 |210.00 |210.00 |168.83 [51.34 |205.00 |135.00 [210.00 |0.698
D-dimers 0 h 035 |0.42 |0.24 0.19 030 |036 |0.21 |0.30 026 042 |0.463
D-dimers12h 031  [0.36  |0.20 0.17 028 [031 |0.19 |0.26 020 033 |0.573
D-dimers24h {029 |0.30 |0.18 0.17 028 |036 [0.24 ]0.31 027 1038 |0.965
CRPOh 1.57 |1.64 |0.95 0.50 |1.60 |0.79 |0.72 |0.55 040 |0.80 |0.024
CRP12h 1.49 1.63  [0.95 040 |1.60 [0.75 |0.69 |0.50 0.40 090 ]0.020
CRP24h 1.50 [1.57 |0.75 040 |1.70 |0.84 |0.63 |0.65 0.50 090 ]0.030

mer in plasma and monoclonal antibodies is detected
turbidimetrically, with an increase of adsorption at 405
nm proportional to the concentration of D-dimer in
the plasma sample. Normal D-dimer values are <0.5
mg/mL.

The fibrinolysis-euglobulin test is a non-automated
method of macroscopic detection of clot lysis. Nine
mL of distilled water, 100 pL of 1% acetic acid and
500 pL of sample is pippeted into a 10-mL test tube.
'The tube is gently mixed and put in the refrigerator for
30 minutes to form a precipitate, i.e. euglobulin frac-
tion that contains the plasminogen activator, plasmin-
ogen, plasminogen activator inhibitor-1 (PAI-1) and
fibrinogen. After centrifugation for 10 minutes at
4000 rpm, the supernatant is discarded and the tube
with the remaining content is put in reverse position
on the stack for 5 minutes. The tube is then transferred
to water bath at 37 °C, to which 500 pL of borate buf-
fer is added to dissolve the precipitate rich in fibrino-
lytic components, and 500 pL CaCl2 is added to de-
posit fibrinogen and form a clot. The clamping time is
recorded every 15 minutes and the clot lysis time is
observed using a macroscope. The result is expressed as
time in minutes, where complete lysis of the precipi-
tate is determined by macroscopic examination, i.e.
when it becomes transparent instead of milky white.
Normal fibrinolysis takes between 180 and 210 min-
utes.
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'The level of CRP was determined on an automat-
ed, multi-channel, selective analyzer Architect c8000
(Abbott, USA). The analytical method is based on the
reaction between CRP and anti-CRP antibodies
bound to latex particle reagent, resulting in optimal
sensitivity. Normal CRP concentration is <5 mg/L.

Statistical methods

The data obtained were presented in tables and
graphs. All continuous data were expressed by means
with corresponding standard deviations and medians
with corresponding 95% confidence intervals (95%
CI). Differences between the groups in fibrinolysis, D-
dimer and CRP levels at each measuring time were
assessed by independent t-tests. ANOVA for repeated
measures with within-between interactions was used
to analyze differences in dynamics between the groups
and according to time of measurement. Estimated
marginal means with 95% CI were calculated. All p
values below 0.05 were considered significant. The
IBM SPSS Statistics version 24 was used in all statis-
tical procedures.

Results

Difterences between the two study groups accord-
ing to fibrinolysis, D-dimer and CRP levels are shown
in Table 1. There were no significant differences in fi-
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Fig. 1. Differences in the dynamics of fibrinolysis,

D-dimer and C-reactive protein (CRP) levels between
study groups (repeated measures ANOVA).

=== 8h working time

brinolysis and D-dimer levels, while CRP levels were
significantly higher in the group having completed a
24-hour shift as compared with the group having
completed an 8-hour shift (1.57, 1.49 and 1.50 os.
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0.79, 0.75 and 0.84; p=0.024, p=0.020 and p=0.030,
respectively).

Difterences in fibrinolysis, D-dimer and CRP level
dynamics between the investigated groups are shown
in Figure 1. There were no significant differences in
dynamics between the groups in any of the three pa-
rameters. However, when looking at the average esti-
mated means for all three measures, CRP level was
significantly higher in the 24-hour shift group as com-
pared to the group that worked an 8-hour shift (1.52,
95% CI 1.07-1.96 ©s.0.79, 95% CI 0.35-1.24, respec-
tively; p=0.020).

Discussion

Twenty-four hour shifts are physically demanding
for physicians due to the lack of rest and sleep. They are
also accompanied by great psychological burden of re-
sponsibility for patients, urgent diagnostics and thera-
py, and the need to make decisions that are often of
vital importance for patient health. A study conducted
by Tir ez al. showed that doctors with various special-
izations working night shifts often faced stress. This
study also showed that younger physicians were often
under greater stress than their older colleagues, which
was expected due to their lack of experience’.

Our study included young residents aged 25-35.
Opting for a narrow age gap meant we could avoid the
influence of age-related defects on coagulation param-
eters and reactants of acute inflammation. In this
work, the dynamics of fibrinolysis, D-dimer and CRP
values in the experimental group of physicians was de-
termined at the beginning of shift (8 a.m.), halfway
through (after 12 h, 8 p.m.), and at the end of shift
(after 24 h, 8 a.m. on the next day). The same param-
eters were determined at the same time intervals in the
control group. The results obtained showed no statisti-
cally significant differences in D-dimer concentration
and fibrinolysis between the experimental and control
groups, whereas CRP level showed statistically signifi-
cant differences at all time points of measurement.

C-reactive protein is a protein with a ring-like
structure. Its concentration is an indicator of inflam-
matory events in the body. It is synthesized in hepato-
cytes and degraded by macrophages. CRP level is in-
creased in blood as a result of various factors, e.g., sleep
disturbances, smoking, stress, socioeconomic factors,
and extreme cold. Hormones/pathways that increase
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CRP are cytokines IL- 6, IL-1f, IL-17, TNF-a and
leptin. Lifestyles that lead to decreased CRP include
exercise, weight loss, balanced diet, moderate intake of
alcohol, sexual activity, and optimism. The normal
CRP levels vary among populations, with mean values
from under 1.0 up to 3.0 mg/L. Our research included
only those participants with CRP levels up to 5 mg/L,
thus excluding the possibility of acute infections.

In all three measurements, CRP levels showed sta-
tistically significantly higher values in the 24-hour
shift group. Since 24-hour shift presupposes increased
mental and physical tension, sleepless nights and ex-
haustion, the results obtained in our work correspond
to the present understanding of the impact of stress on
CRP?™. Furthermore, this research demonstrated that
the higher level of this parameter in the experimental
group was present throughout the 24-hour shift. The
CRP values in all three measurements showed statisti-
cally significantly higher value in the experimental
group compared to the control group. Statistically sig-
nificantly elevated CRP values in the first measure-
ment in the experimental group could be explained by
the fact that psychological preparation for 24-hour
shift was present for a definite period of time before
the beginning of the shift. In both groups, CRP
showed constant values in all three measurements,
which was expected, since the half-life of this protein
is around 19 hours. This also explains the statistically
significant difference in the last measurement in the
experimental group because on 24-hour shift, there
was not enough time to lower the value to the level
observed among physicians in the control group.

C-reactive protein is not just a systemic inflamma-
tory marker. It is also a local pro-atherosclerotic factor.
It can cause hardening of arteries. CRP has proin-
flammatory effects on blood vessel cells and may play a
causal role in the pathogenesis of heart artery disease'.
It can activate the cells that line the interior of blood
vessels, and can cause their dysfunction. CRP reduces
nitric oxide (NO) release from arterial and venous
cells. NO is important because it relaxes narrowed
blood vessels, and increases oxygen and blood flow®.

From the afore-mentioned data, it can be conclud-
ed that the physicians from the experimental group
were at a greater risk of developing atherosclerosis and
all accompanying complications, including cardiovas-
cular and cerebrovascular incidents. A study which ex-
amined the connection between exposure to current
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and cumulative night shift work and subclinical pa-
rameters of atherosclerosis showed significantly in-
creased arterial stiffness, resulting in flow velocity in-
crease for individuals with night shifts compared to
non-night workers'®. A conclusion drawn in the clini-
cal review that summarizes the material available on
shift work and how it relates to chronic diseases, insuf-
ficient sleep and accidents, is that shift work, including
night shift work, can be linked to an increased risk of
coronary heart disease (myocardial infarction), isch-
emic stroke, type 2 diabetes, obesity/weight gain,
breast cancer, prostate cancer and colorectal cancer’’.
Fibrinolysis is a process that involves degradation
of the clot formed in blood vessels. During the fibrino-
lysis process, the fibrin mesh, which is an important
factor in clot formation, is cleaved by plasmin, wherein
smaller parts are removed by kidney and liver protease
activity. Fibrinolysis is expressed in minutes. Coagula-
tion and fibrinolysis work together to ensure optimal
tunctioning of blood flow and to repair vessel wall le-
sions. In many healthy individuals, coagulation and fi-
brinolysis are activated simultaneously as a response to
acute mental stress, with the balance shifted towards
procoagulant milieu. From an evolutionary standpoint,
the procoagulant response is biologically sensible in
that it may protect the body from the potential blood
loss in a fight-or-flight situation'®. Many years ago, it
was discovered that fibrinolytic activity in blood
showed a sinusoidal variation within 24 hours; it in-
creased substantially during the day, peaking at 6:00
p-m., and then dropped to trough levels at 3:00-4:00
a.m. In our study, fibrinolysis in second measurement
(at 8 p.m.) was shorter in both groups, corresponding
to the circadian rhythm. Increased fibrinolytic activity
and shorter fibrinolysis in the late afternoon resulted
in faster clot degradation. There was no statistically
significant difference in fibrinolysis between the ex-
perimental and control groups. In the first measure-
ment, fibrinolysis was shorter in experimental group
compared to control group, which was expected con-
sidering psychological preparation for 24-hour shift.
In the second measurement, fibrinolysis was shorter
compared to the first measurement in both groups,
corresponding to the circadian rhythm. In the third
measurement, inversion in fibrinolysis duration was
observed. After 24-hour shift, fibrinolysis was longer
than in the control group. This could indicate strain of
defense mechanisms in the body. These facts were not
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corroborated by statistical significance, which opens
and expands the possibilities for further research.

D-dimer was originally described in the 1970s and
found diagnostic application in the 1990s. The D-di-
mer antigen is a unique marker of fibrin degradation
that is formed by the sequential action of three en-
zymes, i.e. thrombin, factor XIIIa and plasmin. It is a
small protein fragment present in the blood after a
blood clot has been degraded by fibrinolysis. It is
named D-dimer because it contains two D fragments
of the fibrin protein joined by a cross-link™. In this
study, the values of D-dimer were the same in the first
and second measurements in both experimental and
control groups, with a note that in the second mea-
surement, the value of D-dimer was lowered in both
groups. In the third measurement, further reduction of
D-dimer values was observed in experimental group,
while in control group the values recovered to the level
recorded in the first measurement. It could be con-
cluded that the lowered D-dimer values in the last
measurement in the experimental group fit the above-
mentioned data on prolonged fibrinolysis at the end of
24-hour shift, i.e. in the third measurement in the par-
ticipants having worked the night shift. The prolonged
fibrinolysis indicates a long time for blood clot degra-
dation, which changes the hemostatic system balance
to hypercoagulability. Other authors’ findings suggest
an attenuated immediate D-dimer stress response and
delayed recovery of D-dimer levels post-stress. In par-
ticular, the prolonged hypercoagulability after stress
cessation might contribute to the atherothrombotic
risk previously observed with vital exhaustion, even at
subclinical levels®.

Hospital physicians were included in the present
study. They have to make decisions that directly affect
their patients’ health, and very often their lives. They
are under pressure due to urgency of decision-making
and a large number of patients. In this work, no statis-
tically significant differences were found in coagula-
tion parameters (D-dimers and fibrinolysis) between
the two groups, however, a statistically significantly
higher CRP value was verified through all three mea-
surements in the experimental group. It was previously
indicated that CRP is a pro-atherosclerotic indicator.

We believe that further research is needed due to
the very stressful work of physicians. Thus, better in-
sight could be gained concerning the risk of develop-
ing thromboembolic incidents and cardiovascular dis-
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eases. These results could affect the possible reorgani-
zation of work in 24-hour shifts and introduction of
more frequent preventive health check ups, along with
determination of more useful biochemical indicators
of stress-induced changes.
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Sazetak

POVEZANOST STRESA NA RADNOM MJESTU S AKTIVACIJOM SUSTAVA HEMOSTAZE I UPALE
H. Matijaca, P. Gacina, G. Rincic, A. Matijaca, J. Josipovic'i S. Stojsavijevic

U ovom istrazivanju ispitivan je ucinak stresa tijekom produljenog radnog vremena (24-satno dezurstvo) kod mladih
lije¢nika na specijalistickom usavr$avanju na aktivaciju sustava hemostaze i upale te mogu li se promjene otkriti osnovnim
koagulacijskim testovima mjere¢i vrijednosti D-dimera i vrijeme fibrinolize te odredivanjem razine C-reaktivnog proteina
(CRP) kao akutnog reaktanta upale i proaterosklerotskog ¢imbenika. Dezurstvo kroz 24 sata jedan je od vedih stresora za
lije¢nike, jer uz umor i poremecaj cirkadijalnog ritma ukljucuje odgovornost u donoenju Cesto vitalnih odluka za bolesnike
u kratkom roku. Poznato je da stres na radnom mjestu dovodi do aktivacije koagulacijskog sustava, §to mozZe rezultirati ne-
ravnotezom sustava koagulacije i fibrinolize. Takoder u stanju stresa dolazi do stvaranja proupalnih medijatora. Cilj ovoga
rada bio je ispitati utjecaj 24-satnog dezurstva na globalne koagulacijske parametre D-dimere i vrijeme fibrinolize te na CRP
kao akutni reaktant upale i proaterosklerotski ¢imbenik. Istrazivanje je provedeno u 60 lije¢nika na specijalistickom usavrsa-
vanju u dobi od 25 do 35 godina (30 lije¢nika kojima je rad povremeno organiziran u obliku 24-satnog dezurstva i 30 lije¢-
nika u kontrolnoj skupini). Lije¢nicima je krv uzeta tri puta: neposredno prije deZurstva, nakon 12 sati te na kraju 24-satnog
dezurstva. Lije¢nicima u kontrolnoj skupini su uzeti uzorci krvi u istim vremenskim to¢kama. Rezultati su pokazali da nije
bilo statisti¢ki znacajne razlike u vrijednostima D-dimera i trajanju fibrinolize izmedu ispitivane i kontrolne skupine. Medu-
tim, pokazalo se da je vrijednost CRP-a statisticki znacajno visa u ispitivanoj (1,57; 1,49; 1,50) nego u kontrolnoj skupini
(0,79; 0,75; 0,84) u sva tri mjerenja (p=0,024; p=0,020; p=0,030). Navedeno potvrduje postojanje proupalnih promjena na
endotelu krvnih Zila, $to je ¢imbenik razvoja ubrzane ateroskleroze.

Kljuéne rijeci: Stres na radnom mjestu; Rad u smjenama; Medicinsko osoblje, bolnicko; Fibrinoliza; C-reaktivni protein; Atero-
skleroza
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