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ABSTRACT

Background: The COVID-19 pandemic created a remarkable impact on healthcare providers
(HCP) both physically and psychologically. Perceived psychological stress (PSS) influences the
homeostatic equilibrium, involving activation of the sympathetic nervous system and hypotha-
lamus pituitary adrenal (HPA) axis. Copeptin, C-terminal portion of Vasopressin (AVP) precursor
is stable; however, evidence about impact of PSS on copeptin levels is limited.

Aim: The aim of this study was to estimate the influence of psychological stress on copeptin
levels among HCP working in intensive care unit (ICU).

Methods: A total of 70 HCP served in quarantine ICU participated in this prospective study; 35
physicians (28 males and 7 females) and 35 nurses (10 males and 25 females). A control group
of 40 HCP matched age, BMI and specialty in non- quarantine hospitals. Fasting morning blood
samples were withdrawn for determination of copeptin, cortisol, insulin at three points; pre-
quarantine at ICU. Second point at end of first week and third point was two weeks' post
quarantine. A questionnaire was conducted to all participants to assess stress (PSS). Cortisol
was determined by a chemiluminescence immunoassay while insulin and Copeptin were
measured by ELISA.

Results: Baseline plasma copeptin level pre-quarantine was significantly increased 15.76 + 8.6
pmol/l (P = 0.001*) and was positively correlated with high stress PSS score mean 66.9 + 18.3.
Post-quarantine copeptin was markedly reduced 3.98 + 1.28 pmol/l and mean PSS was
23.0 £ 7.95 (P = 0.001*). Also, there was positive correlation between plasma copeptin and
PSS, systolic blood pressure and serum insulin. On the other hand, there was no correlation
between copeptin and serum cortisol.

Conclusion: Our finding suggested that copeptin may be used a potential biomarker for
physiological strain during work in a stressful environment.
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1. Introduction

The recent coronavirus (SARS-CoV-2) disease 2019
(COVID-19) pandemic has generated an extraordinary
impact on healthcare providers (HCP) both physically
and psychologically worldwide [1].Conventionally, it is
well documented that global health workforce
encounters high levels of stress and stress-related
health problems, due to fear of acquiring infection,
concern of incompetence to provide effective and suf-
ficient care for patients given limited resources, worry
of carrying the virus home and delivery of disease to
comrades and family members [1,2]. Particularly, those
working in intensive care unit (ICU), are subject to
unique environment, looking after critically ill patients
with specific medical needs, encompassed by their
ability to apply stringent personal protection equip-
ment (PPE) and other infection prevention and control
(IPC) measures [3]. Nevertheless, lack of appropriate
experience for that crucial tragedy, feeling of insecurity
and uncertainty exposed medical staff to emotional

distress [4]. Furthermore, increased need for human
and resources both material supplies and funds
might have added weight of work concerns [5].

Perceived psychological stress (PSS) is defined as
feelings or thoughts individuals experience regarding
extent of stress they confront at a specified situation
over a particular time period [6]. It reflects the interac-
tion between individuals and environment specifically
threatening or constraining their capabilities in a way
supposedly upsets their wellbeing [7]. Perceived occu-
pational stress attributes has two major dimensions: (a)
Physiological reactions of the body reflected as head-
ache, migraine, fatigue, palpitation, sleep disturbance
and muscle ache, as well as digestive symptoms, sleep-
ing disturbance and smoking habits [7]. (b)
Psychological consequences often viewed as both
emotional reactions; in terms of irritability, anxiety
and depression and behavioral symptoms; as neglect-
ing responsibilities, hypnotic usage and nervous
habits [1,8].
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Furthermore, psychological stress influences the
homeostatic equilibrium of the body, comprising
a cascade of substantial events through activation of
the sympathetic nervous system and hypothalamic
pituitary adrenal axis (HPA) triggering glucocorticoid
secretion, which is considered a major contributor in
stress response [9]. Through neurons in the paraven-
tricular nucleus (PVN) of the hypothalamus releasing
two neuropeptides; corticotrophin-releasing factor
(CRF) and arginine vasopressin (AVP) into the hypo-
physial portal blood. Both peptide hormones exhibit
anxiogenic and depressive effects [10]. AVP is derived
from a larger precursor molecule along with two other
peptides; neurophysin Il and copeptin [11]. However,
AVP measurement has limitations due to its instability
and short half-life. Alternatively, Copeptin the
C-terminal portion of the AVP precursor is stable, and
established to be sensitive surrogate biomarker for
AVP release [12].

This study was conducted to investigate possible
relationship between circulating copeptin concentra-
tion and PSS among HCP working in ICU during COVID-
19 pandemic.

2. Subjects and methods

This prospective study was conducted at University
Quarantine Hospitals during the period from April to
November 2020. The study was approved by the Ethics
Committee of the Faculty of Medicine University
(Protocol ID 0304842). An informed consent was
obtained from all participants included in the study
after full explanation of the study purpose, and regis-
tered at clinicaltrials.gov (identifier NCT04757285).

A total of 70 HCP comprised study group; 35 physi-
cians (27 males and 8 females) and 35 nurses (12 males
and 23 females). All participants were in good physical
health, Exclusion criteria included hypertension, dia-
betes mellitus, individuals under treatment with glu-
cocorticoids, psychotropic drugs, with HPA axis
alterations or a previous diagnosis of mental health
disorders. Also, obesity BMI =30, subjects with serum
sodium <135 or = 145 mmol/L at baseline or females
receiving contraceptive pills.

Taking into consideration that all medical staff was
replaced every two weeks’ quarantine in ICU. PCR
(polymerase chain reaction) testing of
a nasopharyngeal swab was performed for each HCP
before admission into quarantine and at the end of
quarantine period in ICU.

All blood samples were withdrawn after 8 hours
fasting at 9:00 am; the baseline testing was the day
pre-quarantine; start of duty shifts at ICU, second sam-
ple was at end of first week of isolation and third
sample was two weeks after leaving quarantine (post-
quarantine period). Since, exposed HCP themselves
carried out active isolation at home, as recommended

by the infection control unit in University hospitals. The
questionnaire was conducted to all participants to
assess stress (PSS) before taking blood samples at the
pre- and post-quarantine periods . Study flow chart is
depicted in (Figure 1).

In addition, a control group was taken of 40 HCP not
working in quarantine hospitals (20 physicians and 20
nurses) of matched age and BMI. Qualitative test for
the COVID-19 IgG antibody from Abbott® (Abbott
ARCHITECT SARS-CoV-2 IgG test, lllinois, USA) were
performed for all controls. Nevertheless, questionnaire
wasn't administered to control group for two reasons;
first they weren't exposed to stress compared to study
group. Secondly, the control group was enrolled to
establish normal value for studied stress biomarkers,
as we hypothesized that both copeptin and cortisol
levels would increase upon psychological stress.

Blood was drawn into EDTA tubes (one; 1 ml for
complete blood count and second;1 ml for plasma
copeptin) and plain tubes (first; 2 ml for cortisol and
insulin, second; 2 ml for other chemistry parameters).
Afterwards serum samples were allowed to clot at
room temperature for 30 minutes, then centrifuged
at 4,000 x g. Then Sodium, urea, creatinine, fasting
glucose were quantified immediately; by automated
Hitachi autoanalyzer 704 (Hoffman-La Roche Ltd.,
Basel, Switzerland). For other biochemical parameters
plasma and serum samples were stored at —80°C until
analysis.

Cortisol was determined by a chemiluminescence
immunoassay (Siemens, Erlangen, Germany) with
a reference range for morning cortisol levels of
171-536 nmol/l. Copeptin levels were measured with
a new sandwich immunoassay by using Human copep-
tin ELISA kit in certain steps recommended by the
manufacturer Glory Science Co. Ltd (Del Rio, Texas,
USA). Fasting insulin level was measured by enzyme
linked immunosorbent assay (Monobind, Inc.
LakeForest, CA, USA).

3. Questionnaire

One trained young physician administered the ques-
tionnaire to all participants. A pilot study was con-
ducted, in which the questionnaire was pretested on
a sample of six medical personnel (three physicians
and three experienced nurses) to assess data-
gathering mechanism, and to appraise practicality, as
well as reliability of the questionnaire

PSS was analyzed as an independent variable in the
current study. The PSS is a 20-question form. The partici-
pants rated their emotional and cognitive responses to
specific incidents in questionnaire on a 5-point Likert
scale, ranging from 0 to 5 (0 = never, 1 = almost never,
2 = sometimes, 3 = fairly often, and 4 = very often). The
maximum score of the scale is 80, higher scores are
indicative of greater symptom dominance [6] through



EGYPTIAN JOURNAL OF ANAESTHESIA e 229

Enrollment >

Study group n=70, control group n=40 Assessed for

eligibility

control group >

Allocated to non-quarantine hospitals blood samples
were withdrawn once.

Study group >

Allocated to quarantine hospitals ICU for 2 weeks’
blood samples were withdrawn at 3 points &
Questionnaire was undertaken 2 times pre & post

quarantine

Follow up >

For the Study group; during follow up 5 participants
were excluded as they didn’t appear in follow up

. Pre-
Times of

follow up

quarantine

At end of
first week

Post-
quarantine

. guestionnaire and biochemical parameters to evaluate
Analysis PSS

Figure 1. Study flow chart.

a computer-assisted methodology to determine stress;
The Stress and Adversity Inventory [STRAIN] [13]. STRAIN
has displayed excellent test reliability and predictive
validity in relation to a variety of health-related outcomes,
including memory and decision making, working mem-
ory capacity, insomnia and sleep problems, hypertension
and self-reported physical and mental health complaints

4. Sample size calculation

A minimum required sample size of 60 hHCP in study
group (total 110 HCP). Sample size of study required
can be calculated according to the following formula.

t2 -
,_txp(—p)
m2

Where n = required sample size; t = confidence level at
95% (standard value of 1.96); p = estimated probability
measurements; m = margin of error at 5% (standard
value of 0.05) [14].

5. Data analysis

All data were analyzed with Statistical Package for the
Social Sciences version 20 software (SPSS, Inc.,
Chicago, IL). Results were displayed as mean + SD.
Paired Student’s t-test was used to compare the data
pre-operative and nine months postoperative. The chi-
squared test was used for category Vvariables.
Spearman correlation coefficient was used to detect
the correlation between different variables. Statistical
correlations were calculated by Pearson’s correlation
test. P < 0.05 was considered significant.

6. Results

Out of the 70 originally committed participants, none
of them proved positive by the COVID-19 PCR test
performed after exit ICU quarantine. However, five
participants didn't come back for third samples (two
male physicians and three female nurses). Years of
experience in ICU was more than 3 years among all
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Table 1. Baseline clinical characteristics and metabolic variables of studied groups.

Quarantine study

Control group

group (n = 65) (n = 40) P value
BMI (kg/mz) 24.28 + 2.54 26.23 + 2.27 0.231
Systolic BP (mmHg) 137 £9.3 136.7 + 8.4 0.145
Diastolic BP (mmHg) 825+ 64 795+73 0.168
Heart rate beats/min 72+4 68 + 5 0.098
FBG (mmol/L) 4.88 +0.75 4.86 +0.71 0.425
S. sodium (mmol/L) 140.4 + 5.23 138.78 £ 4.95 0.311
Plasma copeptin (pmol/I) 15.76 + 8.6 4.18 £ 1.54 0.001*
S. cortisol (nmol/L) 501.7 (348.4-675.4) 488 (332.62-612.23) 0.097
S. insulin (pmol/L) 85.75 + 21.82 80.14 + 20.75 0.042*%

Data are means + SE or n (%). *P < 0.05.

study participants. 12.3% of participants were smokers.
65 participants completed the 4 weeks follow up and
constituted the material of this study. Age ranged from
26 to 38 years with a median of 31 years. Moreover,
male to female (M/F) ratio among participants was (37/
28) where 40 were married. On the other hand, M/F
ratio among control group was (26/14) and only 27
were married (Tables 1 and 2).

The baseline mean PSS score assessment was
66.9 + 18.3, which was calculated by questions dis-
persed in three dimensions incorporating; Anxiety
symptoms presented main object among 53% of par-
ticipants described in terms of having a lot of worried
thoughts, feeling afraid that something awful might
happen, awareness of heart beats in absence of phy-
sical exertion, as well as other autonomic signs as
muscle pains, dry mouth. Some participants conveyed
feeling of physical exhaustion, they stated excess
intake of caffeinated beverages during working
hours’ rest to withstand fatigue. Stress symptoms
among 52.31% of participants mentioned tendency
to over react to situations, difficulty to calm down
after being agitated, sometimes often feeling touchy.
They reasoned some belief of uncertainty with
respect of compelling disease control. Those com-
plained of insomnia were 44.29% described as poor
sleep quality existed, they deduced feeling

apprehensive about acquiring infection or would
become carrier and take the source of infection
home to their family. However, only 10.77% of them
reported using hypnotics. Conversely 29.23%
reported depression symptoms described by feeling
down, lack of interest to work up initiatives to do
things, sometimes feeling hopeless. On the other
hand, post-quarantine period with a mean PSS score
assessment was 23.0 + 7.95 (Table 3)

lllustrating correlation between plasma copeptin
and other variables. It was found that there was
a positive correlation between plasma copeptin and
PSS score, systolic blood pressure and serum insulin
(Table 4).

7. Discussion

All through COVID-19 pandemic, the general public all
over the world were counting on their healthcare
workers to face medical challenges imparted by illness.
Consequently, frontline healthcare workers were
obliged to work under intense pressure [15]. They
worked hard to optimize the treatment of COVID-19
patients and took difficult clinical and ethical decisions
concerned with patients’ mortality [16,17]. Hence, the
role they accomplished was crucial and vital, rendering
them more vulnerable to stress and anxiety [17].

Table 2. Studied parameters for quarantine HCP study group at the three measurements.

Pre-quarantine (Baseline)

At end of first week Post-quarantine

Plasma copeptin (pmol/L) 15.76 + 8.6
P1

P2
S. cortisol (nmol/L) 501.7 (348.4-675.4)
P1

P2
S. insulin (pmol/L) 85.75 +£ 21.82
P1

P2
Systolic BP(mmHg) 136.9 + 8.9
P1

P2
Diastolic BP(mmHg) 82.5+9.1
P1

P2

845 + 354 3.98 +1.28
0.003* 0.001*
0.001*
474.7 (262-628.6) 468(298-587.5)
0.125 0.098
0.13
83.65 + 20.93 77.34 + 23.98
0.236 0.042*
0.047*
149.0 £12.3 139.9 +£10.9
0.041* 0.465
0.045*
90.2 + 8.25 87.8 +89
0.062 0.082
0.123

Data are means + SE. *P < 0.05.

P1 comparison between pre-quarantine and both at end of first week and post-quarantine.

P2 comparison between at end of first week and post-quarantine.
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Pre-quarantine period

Post-quarantine period

No. % No. %
PSS score
low stress 8 123 29 44.6
Moderate stress 24 36.9 27 415
High stress 33 50.8 9 13.8
Range 31.0-72.0 16.0-42.0
Mean 66.9 23.0
S.D. 18.3 7.95
T test 5.98
P value 0.001*
Data are means + SE. *P < 0.05.
The following 3 categories: low stress (PSS score <20), moderate stress (PSS score 20-40), and high stress (PSS score >40)
Table 4. Correlation of copeptin with PSS, blood pressure, cortisol, and insulin.
Plasma copeptin Correlation coefficient P value
PSS score 0.465 0.0036*
Systolic blood pressure 0.353 0.012*
Diastolic blood pressure 0.153 0.107
Cortisol 0.089 0.562
Insulin 0.336 0.013*

In the current study, the ICU- HCP baseline mean PSS
score was 66.9 + 18.3; highest pre-quarantine in ICU. Our
results proposed that 53% of HCP suffered anxiety man-
ifestations. While Studies from various regions of the
world implied prevalence of anxiety among HCP to
range from 11.3% to 50% [15,18,19]. This noticeably
high incidence could be explained by inclusion of HCP
working in ICU, which impose greater responsibilities and
require intense patients care. In addition, 44.29% of par-
ticipants reported insomnia. Similarly, Lai et al. conveyed
34% insomnia among HCP [17]. Insomnia described by
variations in sleep criterion such as sleep latency, inter-
rupted sleep pattern and sleep deprivation, and daytime
dysfunctions ascribed to loads of worried thoughts about
work in crude settings established to handle overflow of
critically ill patients, need to cover additional periods due
to gush of patients [20]. Afterwards, PSS score became
significantly low post-quarantine; which was evaluated
two weeks after leave-taking, with a mean 23.0 + 7.95
explained by relief of strain.

Theoretically psychological stress contributes to
upset the body’s metabolic equilibrium. Conceivably,
the body responds to acute stress by immediate AVP
release, together with copeptin. AVP being an essential
part of the endocrine stress response, stimulating ACTH
and cortisol expression [21]. In the present work, pre-
quarantine; baseline copeptin concentration was signif-
icantly high 15.76 + 8.6 pmol/l, then gradually declined
in the subsequent evaluations respectively (8.45 + 3.54
pmol/l and 3.98 + 1.28 pmol/l). In contrast, serum corti-
sol level didn't reveal any significant difference in the
three measurements. This is in agreement with Nickel
et al., who reported elevated copeptin level in patients
admitted to emergency department presented with

various acute illness [22]. Similarly, Katan et al. com-
pared copeptin in different stress settings; healthy con-
trols, hospitalized patients and hospitalized patients
exposed to major surgery. They also reported highest
level in third setting [11]. Furthermore, copeptin is sup-
posed to be more sensitive than cortisol in evaluating
acuity of psychological stress owing to absence of
cross-reactivity with other steroid hormones [23].
Moreover, in contrast to cortisol, no consistent circadian
rhythm was detected for serum copeptin [23]. Also,
coherently serum cortisol represents peripheral endo-
crine response of the adrenals to stress, nevertheless,
AVP plays a crucial role in stress perception at the
central hypothalamic level [24].

Interestingly serum insulin level was significantly ele-
vated pre-quarantine 85.75 + 21.82 mlU/ml, as compared
to post- quarantine 77.34 + 23.98 mlU/ml. This was
explained by psycho-neuroendocrine system influence
of neural intermediates resulting in increased insulin
secretion together with observed rise in systolic blood
pressure observed in our results [25]. Similar results were
obtained by Alvarez et al. who perceived lack of variation
of blood glucose levels in spite of enhanced insulin sen-
sitivity in conjunction with stress conditions [25]. Another
elucidation during acute stress conditions involves corti-
sol influences on glucose metabolism, it reduces glucose
uptake in peripheral tissues as fat and muscle, through
impaired translocation to plasma membrane of glucose
transporter-4 [26]. Also, cortisol augments gluconeogen-
esis in hepatic tissue, resulting in elevated blood glucose
[27]. Furthermore, Murakami et al. reported that
increased copeptin may potentiate insulin release from
B-cells of the pancreatic islets. However, if persistent may
result in insulin resistance and exhaustion of the p-cells
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and consequently development of diabetes mellitus [28].
This could explain positive correlation between copeptin
and insulin obtained in our results.

In addition, plasma copeptin was positively associated
with systolic blood pressure. Comparable results were
obtained by Mucci et al. [29]. Considering that both AVP
and copeptin are released into circulation in equimolar
amounts. Afsar, implied that copeptin influence blood
pressure through several mechanisms [30]. Primary
mechanism is through local tissue Renin Angiotensin
Aldosterone System activation which provokes the pro-
duction of AVP. Another mechanism comprise vasocon-
striction due to both direct stimuli on smooth muscle
cells and indirectly by exciting renin secretion.
Additionally, copeptin impels increased tubular sodium
retention [31]. Moreover, stress induced blood pressure
reactivity may merely be due to stress hormones
release [30].

8. Conclusion

The finding of present study indicated that HCP working
in the ICUs experienced more psychological stress than
others. Therefore, psychological amendments are
urgently needed to reduce stress and enhance concep-
tual well-being among HCP exposed to COVID-19.
Additionally, copeptin might represent a sensitive sub-
stitute to cortisol or even adrenocorticotrophic hormone
to evaluate perception of work related psychological
stress.
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