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ABSTRACT
Despite the high stress levels, paramedics seem to ignore or even negate the stress. This can be detrimental and
lead to stress-related diseases. Therefore, we investigated the divergence between physiological and psychological stress responses of paramedics. Participants were 16 paramedics and 17 white-collar workers. We assessed
psychological stress parameters, cortisol awakening response (CAR), and quantified immune parameters. In paramedics, electrocardiogram (ECG) was measured during one complete 24-hour shift. Our results revealed that
CAR was higher in paramedics compared to controls. An alteration of immune parameters was observed even
during days of free time. Also, ECG recordings showed acute stress in paramedics during rescue situations.
Questionnaires revealed that rescue-service specific stressors affect psychological outcomes. However, paramedics reported significantly less mental stress and higher levels of depersonalization than controls. Taken together,
our results suggest higher stress in paramedics compared to controls. However, paramedics negate their daily
stress. Our findings underline therefore the importance to develop stress-management interventions for paramedics including sensitization for their stress reactions.
Keywords: Stress, burnout, coping, immune system, cortisol, heart rate variability, work/psychological demands
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INTRODUCTION
Employees working in so called medium
or high risk professions, such as emergency
workers, are often exposed to acute stressors
such as the confrontation with suffering persons, exposure to violence and death, low
perceived appreciation of their work, as well
as disruption of the day/night rhythm due to
shift work. The continuous confrontation
with stressors can lead to physical and mental stress signs, such as headache, high blood
pressure, impatience and defensiveness. A
recent study reveals a higher rate of sick
leave in nurses from the emergency department compared to other hospital staff, despite a general healthy psychosocial work
condition was reported (Rugless and Taylor,
2011). Another study reported over 19 % of
burnout in emergency department professionals, with higher incidence in paramedics
compared to physicians (Durand et al.,
2019). Exposure to major disasters such as
airplane crashes and earthquakes leads to serious mental disturbances, such as posttraumatic-stress-disorder (PTSD). Such
events are luckily very rare in rescue emergency operations. However, it was shown
that a substantial amount of emergency
workers (21 %) who were not exposed to
major disasters also experienced symptoms
of PTSD (Clohessy and Ehlers, 1999), and it
was suggested that frequently occurring critical incidents can be just as stressful for
emergency workers as disaster work
(Marmar et al., 1996). Of interest, there are
also studies showing that paramedics declare
to be less stressed compared to other professionals (Regehr et al., 2002; Janka and
Duschek, 2018), which contradicts the previous studies.
Accordingly, smaller but frequently recurring stressors may lead to major psychological changes in emergency workers and
should not be underestimated (van der Ploeg
and Kleber, 2003). Moreover, there seems to
be a discrepancy between subjectively reported stress and long-term outcomes such as
increased burnout in paramedics (Oldehinkel
et al., 2011; Hellhammer and Schubert,

2012). Our study thus aims for a better understanding of daily stressors and stress outcomes in paramedics using a broad measurement approach. Besides measuring subjective psychological stress markers, we included physiological stress markers from the
immune system, the endocrine system, and
the autonomous nervous system.
It has already been demonstrated that
stress can directly influence the immune system and also alter many physiological functions, such as heart rate and cortisol release
(Glaser and Kiecolt-Glaser, 2005; Fries et
al., 2009). Immune activation in response to
stressors serves to support the requirements
of the “fight or flight” response, and to get
the body ready for possible injuries and thus
infections. It is described that shortly after
the exposure to acute stressors immune cells
are recruited into the blood stream (Elsenbruch et al., 2006), and the amount of proinflammatory cytokines is increased (Segerstrom and Miller, 2004; Maydych et al.,
2018). These results indicate that the immune system is very effective in the acute
response to stressors.
However, the stressors of contemporary
society often do not require or even do not
allow behavioral “fight or flight”, and the response of the immune system during chronic
psychological stress substantially exceeds
physiological requirements (Cacioppo et al.,
1998). It is in fact reported that the amount
of proinflammatory cytokines is elevated in
the blood during chronic stress, but the ability of the immune cells to respond and fight
is reduced. It is, for example, demonstrated
that chronic stress suppresses or dysregulates
innate and adaptive immune responses by altering the Type 1-Type 2 cytokine balance
(Segerstrom and Miller, 2004; Dhabhar,
2014). On the other hand, during chronic
stress there is a reduction of the number of
cytotoxic T cells and of natural killer (NK)
cells (Glaser et al., 1986), a lower lymphocyte proliferation in response to specific mitogens (Halvorsen and Vassend, 1987;
Dobbin et al., 1991), as well as decreased
percentages of CD4 helper T cells and CD8

793

EXCLI Journal 2021;20:792-811 – ISSN 1611-2156
Received: March 11, 2021, accepted: April 07, 2021, published: April 16, 2021

cytotoxic T cells (Glaser et al., 1985), thus
suggesting that the immune system is exhausted due to the stress-related chronic alert
state.
It is important to point out that the same
stressor can have profoundly different effects
on the immune system activation across individuals or in different life circumstances
within the same individuals (summarized in
Cacioppo et al., 1998; Segerstrom and
Miller, 2004). Therefore, the amplitude of
the effects described above can strongly vary
within and between subjects.
Acute stress also activates the hypothalamic–pituitary–adrenal-axis (HPA) as well
as the sympathetic nervous and adrenomedullary systems. Enhanced sympathetic tone
increases cardiovascular arousal, causing rises in heart rate (HR). Typically, such stressinduced alternations are quickly counterregulated by the parasympathetic nervous
system. Measuring variations in HR over
longer time-periods therefore provides a
method to trace stress exposure and regulation by physiological means (Chandola et al.,
2010). Indeed, previous studies assessing
heart rate variability (HRV) parameters during work shifts have reported significant
negative associations of dominant parasympathetic activation with experienced stress
(Collins and Karasek, 2010; Clays et al.,
2011; Hernandez-Gaytan et al., 2013;
Tonello et al., 2014; Borchini et al., 2015).
The HPA axis is another highly stressresponsive system and persistent alterations
of its activity due to chronic stress are known
to be reflected in the cortisol awakening response (CAR). The CAR denotes a considerable increase of cortisol concentrations due
to awakening which was found to be altered
by work related stress (for review see Fries
et al., 2009).
So far, comprehensive studies investigating stress-related physiological changes in
paramedics during and after rescue operations are scarce. While increases in heart rate
during emergency call responses are established (Backe et al., 2009; Karlsson et al.,
2011), studies investigating the HRV pattern

reported changes only in paramedics with
many health complaints (Aasa et al., 2006).
Moreover, studies indicate higher morning
cortisol on days with emergency calls in
some paramedics compared to workfree days
or days working with non-emergency patients (Aasa et al., 2006; Backe et al., 2009).
Based on this knowledge, it is plausible
that recurrent stress situations also alter
physical health and wellbeing of emergency
workers. However, estimating the impact of
these changes (van der Ploeg and Kleber,
2003) seems difficult, as an understanding
about the interplay of immunological, psychological and physiological changes in paramedics is lacking. Aim of this study was
therefore to analyze and compare a large
spectrum of immunological, psychological
and physiological parameters in paramedics.
A multi-method approach was taken: First, a
cross-sectional study was used to look at
outcomes of rescue-service specific stressors. Second, we compared self-reported
stress and cortisol awakening response between paramedics and white-collar workers.
Third, immunological data of paramedics
was analyzed after a day of work and compared to immunological values after at least
one day of free time. As reference for immunological parameters, results from a healthy
cohort from another study were used. Last,
the impact of a 24 h shift on paramedics’
immediate psychological wellbeing and the
autonomous nervous system was tracked.
METHODS
Participants
Participants were 16 ambulance service
paramedics from four different rescue stations of the non-profit aid and rescue organization ASB [“Arbeiter-Samariter-Bund”,
Workers’ Samaritan Federation] and 17 ageand sex-matched white-collar workers as
control. The study has been performed in accordance with the ethical standards as laid
down in the 1964 Declaration of Helsinki
and its later amendments and was revised
and approved by the ethical committee
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(IfADo 2017/128/2017-10-07). Each subject
gave written informed consent for participation in the study after the nature and possible
consequences of the study had been fully explained. Participation to the study was completely voluntary and had no impact on the
operational procedures at work. As reference
for immune data, results from paramedics
were compared to an age- and sex-matched
healthy cohort from another study. Of interest, younger paramedics were more prone to
participate to the study than older colleagues.
Study design
A scheme of the study design is shown in
Figure 1. Measurement point 1 (MP-1): All
paramedics had a 24 h shift and at least two
days off prior to the shift. Paramedics neither
work in fixed teams nor are they allocated to
a fixed rescue station leading to new team
composition at every rescue station for every
shift. Cortisol awakening response of paramedics was measured immediately after
awakening at the day of the work shift (shift
started at 8 am) and one more cortisol measure was taken at the end of the work shift

(8 am, 24 hours later). Due to the irregular
sleep phases during the 24 h shift, a cortisol
awakening response measurement at the end
of the shift was not evaluated. At the end of
the shift, blood samples were collected for
the measurement of immune parameters, as
described below. In the day prior to the shift,
paramedics completed the questionnaires described below. Paramedics were asked not to
talk about the content of the questionnaires
to other colleagues.
For the control group, the cortisol awakening response of the white-collar workers
and the cortisol level 24 hours later were collected at the same time points and in the
same way as those of the paramedics. Also,
the samples were collected in the same time
of the year for both groups. White-collar
control subjects filled in the psychological
questionnaires the day prior to cortisol
measurements. For immunological data, results from age- and sex-matched healthy donors from a previous study were used as reference. In both cohorts, blood samples were
collected 8-10 am, in order to minimize any
circadian difference.

Figure 1: Study design. Schematic representation of the study design for paramedics. MP = measurement point; DO = day off. Each measurement point represents one day of sample collection (for
MP1 and MP2 this means a work shift from 8 am to 8 am the day after, for MP-DO one day off) in
which samples and/or data were collected. MP-DO represents one resting day or vacation day of at
least 24 hours. For controls, cortisol awakening response, questionnaires and blood samples were
collected at the same day time and in the same way as in paramedics. Control subjects did not have a
24h shift.
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To find out if immunological parameters
are eventually altered in paramedics only
acutely after the shift or if the effects are
long-lasting, we collected blood samples
from the paramedics after at least 24 hours of
break (MP-DO) at the same time point as the
other blood samples (8 am).
Measurement point 2 (MP-2): To study
possible effects of emergency operations on
stress and sympathetic tone, a 24 hours ECG
was acquired during another 24 h shift (MP2). Paramedics had approximately 2-3 weeks
of regular work between MP-1 and MP-2.
Self-report questionnaires:
Participants were asked to complete selfreport questionnaires in order to access perceived stress during work and leisure time as
well as the handling of these stressors. In the
following we introduce the questionnaires
that are relevant to this study. The questionnaire was 15 pages long and participants
needed 35 minutes to fill it out. More detailed information about the questionnaires
including values of coefficient alpha as test
score reliability coefficients (Cronbach and
Warrington, 1951) are provided in the Supplementary Material.
Stress from rescue service specific
stressors was measured with the “Stress during rescue service mission Scale” (SIRE)
(Hagemann and Holtz, 2016) on a 5-point
rating scale. The SIRE refers specifically to
stressors during rescue missions. It consists
of six subscales named “competence”, “violence”, “not self-inflicted external factors”,
“emergency operation”, “migration”, and
“unpredictable missions”. 7 items were added to the scale, complementing the subscales
“interruptions”, “colleagues”, “alteration”
and “material”. The SIRE was only filled in
by the paramedics.
Mental Stress was assessed with the 8item Irritation Scale (Mohr et al., 2005) on a
7-point rating scale. The scale consists of the
two dimensions “emotional irritation” and
“cognitive irritation”.
Subjective strain was assessed with the
German version (Fliege et al., 2001) of the

Perceived Stress Questionnaire (Levenstein
et al., 1993) (PSQ) on a 4-point rating scale.
The questionnaire includes the four subscales “tension”, “demands”, “joy”, and
“worries”.
Chronic stress was assessed with the
Trier Inventory of Chronic Stress (TICS)
(Schulz et al., 2004). The inventory consists
of nine subscales named “work overload”,
“social overload”, “pressure to perform”,
“work discontent”, “excessive demands at
work”, “lack of social recognition”, “social
tensions”, “social isolation” and “chronic
worrying”. The items were rated on a 5-point
rating scale.
Detachment was measured with the Recovery Experience Questionnaire (Sonnentag
and Fritz, 2007) on a 5-point rating scale.
The questionnaire consists of four subscales
named “psychological detachment”, “relaxation”, “mastery” and “control”.
Coping Strategies were measured with a
4-point rating scale based on the German
Brief (Knoll et al., 2005) COPE questionnaire (Coping Orientation to Problems Experienced) (Carver et al., 1989). The subscales
are “acceptance”, “use of instrumental support”, “denial”, “positive reframing”, “behavioural disengagement”, “substance use”,
“self-distraction”, “use of emotional support”, “humour”, “active coping”, “venting”,
“planning”, “self-blame”, and “religion”. To
specify the subscale “use of instrumental
support” we divided between professional
advice, private advice and advices from colleagues.
Burnout risk was measured with the
German version (Büssing and Perrar, 1992)
of the Maslach Burnout Inventory (Maslach
and Jackson, 1981) (MBI). The two subscales “emotional exhaustion” (EE) and “depersonalisation” (DE) were used. The items
were measured on a 6-point rating scale.
Positive and Negative Affect were
measured with a German version (Krohne et
al., 1996) of the Positive and Negative Affect Schedule (PANAS) (Watson et al.,
1988) using a 5-point rating scale, to access
the “positive affect” and “negative affect”.
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Work-related flow experience was assessed with the 13-item Work-Related Flow
Inventory (WOLF) (Bakker, 2008) on a 7point rating scale. The inventory consists of
three subscales named “absorption”, “work
enjoyment”, and “intrinsic work motivation”.
Relationships between rescue-service
specific stressors and psychological outcomes were evaluated with Pearson correlations. In case of violation of the conditions
of normal distribution (skewness > |2| or kurtosis > |7|) (Curran et al., 1996; Ryu, 2011)
we used the Spearman correlation. In a further analysis, t-tests were calculated in order
to analyze significant differences between
the paramedics and the white-collar controls.
If the variances were unequal, we used the ttest for unequal variances (Welch’s t-test). In
case of violation of the conditions of normal
distribution (skewness > |2| or kurtosis > |7|)
(Curran et al., 1996; Ryu, 2011) we used the
Mann-Whitney-U-test.
Determination of cortisol levels
Saliva samples for determination of cortisol awakening response (CAR) were taken
immediately after wake up, and 30 min and
45 min after awakening in control participants and paramedics. An additional cortisol
sample was taken 24 h later in both groups
corresponding to the end of the shift for the
paramedics. Saliva was sampled using the
Salivette® Cortisol with synthetic swab
(Sarstedt, Germany). The participants were
instructed to place the swab in their mouth
for one minute with gentle movement. Samples were then stored at 4 °C and centrifuged
within 24 hours. Saliva samples were then
stored at -80 °C until analysis.
Cortisol levels were measured in saliva
by ELISA as described by the manufacturer
(IBL International, Hamburg, Germany).
The maximal level of cortisol reached within
the 45 min after awakening in comparison to
the cortisol level at time 0 min was evaluated
as cortisol awakening response (CAR). CAR
values and the area under the curve (AUC0,
as described in Figure 2B) of paramedics and
control group were compared using an un-

paired t-test. P values <0.05 were considered
significant.
Analysis of immunological parameters
Absolute cell count
To determine the absolute number of
leukocyte populations by multicolor flow cytometry, 50 µl fresh heparinized blood sample were added to TruCount tubes (BD Biosciences, Heidelberg, Germany) and incubated for 20 min at RT with the indicated antibodies (Supplementary Table 2). Samples
were subjected to erythrocyte lysis using
FACS Lysing Solution (BD Biosciences),
and were measured on a BD LSRFortessa
(BD Biosciences). Data were analyzed using
FlowJo Software (FlowJo LLC, USA). Absolute cell number in blood samples was calculated as:
(# events in cell gate)/(# events in bead
gate)*(# beads per test)/(test volume)
=cells per µl blood
Multicolor flow cytometry
Three different panels were set up to analyze the samples for (1) general overview of
lymphocytes and monocytes, (2) memory
and homing markers of natural killer (NK)
and T cells, (3) activation and memory
markers of NK and T cells. All antibodies
were individually titrated to determine the
optimal dilution. All antibodies and dilutions
are listed in Supplementary Table 2. Gating
strategy is shown in Supplementary Figure 1.
Detailed informations regarding the various
markers and gated lymphocyte subpopulations are provided by Claus et al. (2016).
Peripheral blood mononuclear cells
(PBMC) were used immediately after thawing and were kept on ice during the staining
procedure. For each panel, 0.2 x 106 cells
were stained with the indicated antibody
cocktails for 20 min at 4 °C in the dark and
then washed with FACS buffer (PBS / 2 %
FCS). Cells were resuspended in 150 µl
FACS buffer and kept on ice until analysis at
the same day on a BD LSRFortessa. Data
were analyzed using the FlowJo software

797

EXCLI Journal 2021;20:792-811 – ISSN 1611-2156
Received: March 11, 2021, accepted: April 07, 2021, published: April 16, 2021

(FlowJo LLC, USA). For the statistical analysis, Kruskal-Wallis test with Dunn's posttest was performed.
Cytokine assays
Cytokine levels in serum were measured
using the LEGENDplex Human Inflammation Panel (13-plex) (BioLegend) according
to the manufacturer's instructions with slight
modifications (Maydych et al., 2018).
Briefly, 10 µl serum or standard was
added to a V-bottom 96 well plate and mixed
with 30 µl assay buffer, 10 µl beads and 10
µl biotinylated detection antibody mix and
incubated for 2 h at RT on a shaker at 600
rpm. Then, 10 µl PE-conjugated Streptavidin
was added, followed by an additional incubation for 30 min at RT on a shaker at 600
rpm. After 2 washes with wash buffer (provided in the kit), PE fluorescence intensity of
the beads was measured on a LSRFortessa
flow cytometer (BD BioSciences). Beads
populations were identified by FSc/SSc features and fluorescence intensity in the APC
channel. Approx. 400 beads per analyte were
acquired. Data were analyzed using the
LEGENDplexTM Data Analysis Software
(VigeneTech). All samples were analyzed at
the same day to avoid inter-assay variation.
According to the manufacturer, intra-assay
variation is between 3 and 9 % CV. Minimum detectable concentration is between 0.6
pg/ml for IL-12 and 1.9 pg/ml for IL-17A.
The statistical analysis of IL-6 and IL-18
was performed with the Kruskal-Wallis test
with Dunn's post test. For IL-17 and IL-23,
the Χ2 test was used. Differences between
samples were not significant for IL-1, IFN, IFN-, TNF-, MCP-1, IL-8, IL-10, and
IL-12p70. Serum concentration of IL-33 was
below detection limit.
ECG recording and analysis
To trace stress exposure in paramedics
over the shift by physiological means we
aimed in this study to continuously acquire
ECG during the complete 24 h shift. Following previous findings, we expected to find
higher HR and reduced vagal tone during
emergency vs. resting periods and corre-

sponding associations with self-reported
stress and morning cortisol as a measure of
HPA-axis regulation.
A single-channel ECG was continuously
recorded with the mobile eMotion 360° Faros device (Mega Electronics, New Brunswick, NJ) during a 24 h shift at measurement
point 2, i.e. 2-3 weeks after measurement
point 1. The device was attached to a flexible
belt with integrated electrodes and placed directly beneath participants’ breast. This cablefree system allows for a non-interfering
and comfortable measurement of continuous
ECG data with low artifact contamination
over longer periods of time. The ECG signal
was stored to the device with a sampling rate
of 1000 Hz at 16 bit resolution. Beat detection and calculation of time- and frequency
domain HRV parameters were performed offline using HRV-Scanner software (Biosign,
Ottenhofen, Germany), as was artifact control. Identification of resting and emergency
call phases during the 24 h shift in the ECG
data was based on a provided, written documentation by the paramedics about the time
and duration of the emergency calls.
Sine rhythm was confirmed and epochs
with artifacts rejected via Poincaré-based filtering followed by visual inspection. The
percentage of rejected data epochs was below 5 % in all subjects. Heart rate, RMSSD
and normalized LF/HF-Ratio were calculated
for the whole 24 h shift as well as separately
for emergency calls and resting phases between emergencies. Resting and emergency
phases were then averaged separately with
each epoch weighted by its length. Frequency bands used for extraction of high and low
frequency spectral power ranged from 0.15 0.40 Hz and 0.04 - 0.15 Hz, respectively.
RESULTS
We enrolled 16 paramedics (69 % male,
mean age 32.4, age range 21-55) and 17 ageand sex-matched white-collar workers as
controls (71 % male, mean age 33.9, age
range 18-54). For immune data, results from
paramedics were compared to an age- and
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sex-matched healthy cohort from another
study (n=16, 69 % male, mean age 32.3, age
range 20-54). Due to outlier removal, the
precise n-number used for each analysis is
shown in the specific pictures and “results”
sections.

These results demonstrate the significant
effects of experiencing stress due to rescueservice specific stressors during a shift on
increased stress-related experiences, reduced
work enjoyment and the application of problematic coping mechanisms.

Correlations between rescue-service
specific stressors and psychological
consequences
Pearson correlations were calculated between stress from rescue service specific
stressors (SIRE) and psychosocial consequences such as stress, positive and negative
affect, and work-related flow experience.
The results are shown in Table 1. We found
that high values for experiencing rescue service specific stressors were significantly related to an increase in worries, social isolation, irritation, emotional irritation and negative affect and a decrease in work-related
flow, work enjoyment, joy and psychological
detachment. Furthermore, the experience of
rescue service specific stressors was positively associated with the use of coping
strategies, especially self-distraction, denial,
and religion.
There were a wide range of correlations
between the subscales of the SIRE and the
different psychological measurements. For
the sake of brevity, we just described a few
exemplary relationships here.
Particularly stress from the stressor unpredictable missions had a high mean value
and showed interesting correlations with our
outcome variables: it was related to increased work discontent, chronic worrying,
irritation, and negative affect, and to decreased work enjoyment. Regarding coping
strategies, high values of stress due to unpredictable missions was significantly related to
increased substance use and use of instrumental support, but to decreased acceptance
(Table 1).

Differences between paramedics and whitecollar controls
Referring to Table 2 we found significant
differences between paramedics and whitecollar controls of mental stress, particularly
on the subscale cognitive irritation, with paramedics reporting significantly less mental
stress than controls. Furthermore, we found
differences in the coping strategies positive
reframing and denial, which paramedics reported to use more frequently. In addition,
paramedics showed significantly higher levels on the burnout-subscale ‘depersonalisation’.
Paramedics have higher cortisol levels
compared to controls
Cortisol awakening response levels were
higher in the paramedics compared to whitecollar controls (Figure 2A). Despite the
moderate sample size (15 paramedics and 16
controls due to outliers removal), the differences in the cortisol awakening response
(CAR) and the total cortisol level between
paramedics and controls were significant
(Figure 2B-C). Cortisol levels after 24 h
were slightly higher but not significantly different compared to basal cortisol levels
measured the day before in paramedics,
whereas cortisol levels were almost identical
to the day before in the white-collar controls
(Figure 2A). Basal cortisol levels of the paramedics prior the 24 hours shift were similar
to those of white-collar controls (Figure 2A),
suggesting that the alterations of cortisol levels in paramedics are only elevated during
work and not chronically altered.
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Table 1: Pearson correlation of the rescue service specific stressors (SIRE) and its subscales with other psychological variables. Statistical tests
used are indicated in the table.

Mental Stress
‐ emotional irritation
‐ cognitive Irritation
Subjective strain
‐ tension
‐ demands
‐ joy
‐ worries
Chronic stress
‐ work overload
‐ social overload
‐ pressure to perform
‐ work discontent
‐ excessive demands at
work
‐ lack of social recognition
‐ social tensions
‐ social isolation
‐ chronic worrying
Detachment
‐ psychological detachment
‐ relaxation
‐ mastery
‐ control

SIRE
Total
score
.526*
.525*
.290
.279
.166
-.207
-.493*
.442*
.338
.034
-.059
.151
.074
.347

EXT

COM

VIO

EME

MIG

UNP

INT

ALT

COL

MAT

.266
.357
-.015
.057
-.099
-.176
-.328
.154
.086
.096
-.065
-.060
-.241
.128

.135
.159
.032
-.164
-.060
-.612**
-.233
-.049
.020
-.414
.384
.126
-.180
.016

.576**
.710**
.080
.233
.124
-.036
-.268
.376
.313
.190
-.125
-.105
.105
.204

.081
.019
.152
.294
.163
.277
-.014
.436*
.031
.420
-.334
-.178
-.216
.252

.218
.172
.200
.302
.322
-.142
-.332
.431*
.239
.202
.007
.033
.043
.116

.671**
.580**
.528*
.385
.320
-.214
-.611**
.512*
.514*
-.078
-.080
.254
.477*
.468*

.153
.103
.171
.068
-.069
-.265
-.455*
.134
-.019
-.214
-.110
-.041
.149
.045

.273
.238
.211
.485*
.453*
.586**
-.132
.335
.480*
.659**
-.155
.385
.068
.458*

.156
.118
.152
-.243
-.166
-.191
.273
-.150
.140
-.420
.006
.680**
.194
-.066

.238
.114
.349
.570*
.457*
.423
-.469*
.450*
.416
.193
.117
.302
.400
.638**

.050

-.067

-.070

-.226

-.105

.230

.023

.028

.381

.482*

.331

.385
.442*
.363
-.249
-.509*

.121
.284
.204
-.102
-.374

.140
.060
.253
-.014
-.619**

.585**
.588**
.225
-.248
-.219

.302
-.088
-.068
-.148
.095

-.012
.184
.393
-.360
-.176

.507*
.705**
.479*
-.097
-.528*

-.290
.237
.241
.044
-.162

.304
.030
.207
-.406
-.081

.305
.018
-.304
.012
-.286

.028
.018
.348
-.450*
-.110

-.049
-.261
.029

.088
-.157
.058

.259
-.369
.421

-.141
-.168
-.153

-.265
.081
-.202

-.336
-.345
-.114

.133
-.152
.131

.228
-.152
.098

-.495*
-.023
-.364

-.040
.076
.218

-.419
-.065
-.491*
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Table 1 (cont.): Pearson correlation of the rescue service specific stressors (SIRE) and its subscales with other psychological variables. Statistical
tests used are indicated in the table.

Coping Strategies
‐ self-distraction
‐ denial
‐ use of emotional support
‐ behavioural disengagement
‐ positive reframing
‐ humour
‐ active coping
‐ substance use
‐ use of instrumental
support
‐ venting
‐ planning
‐ acceptance
‐ self-blame
‐ religion1
Burnout risk (two subscales)
‐ emotional exhaustion
‐ depersonalisation
Positive and Negative Affect
‐ positive affect
‐ negative affect
Work-related flow experience
‐ absorption
‐ work enjoyment
‐ intrinsic work motivation

Total
score
.502*
.564*
.495*
.349

EXT

COM

VIO

EME

MIG

UNP

INT

ALT

COL

MAT

.601**
.573*
.616**
.203

.101
.582**
.271
.117

.442*
.156
.417
-.018

.355
-.162
.255
.383

.531*
.547*
.577**
.511*

.224
.482*
.237
-.018

.280
.559*
.207
.178

.259
-.039
.253
.691**

-.327
-.121
-.478*
-.079

-.137
-.029
-.123
.553*

.082

.283

-.079

.410

.074

.111

-.162

-.047

-.172

-.093

-.401

-.010
.016
.283
.375
.284

.243
.231
.145
.192
.093

-.033
.006
.026
.131
-.184

.039
.012
.172
.360
.443*

.036
-.266
.317
.140
.192

-.187
-.039
.183
.330
.293

-.079
-.116
.173
.452*
.453*

.018
.259
-.031
.370
.037

-.200
-.217
.516*
-.088
.048

.077
.059
.209
-.181
.088

-.487*
-.155
.097
-.041
.078

.169
-.202
-.362
.289
.491*
.001
.100
-.095

.487*
-.182
-.009
-.060
.606**
-.142
.026
-.262

-.113
.011
-.013
-.104
-.037
-.086
-.230
.078

.065
-.210
-.116
.269
.446*
.126
.047
.166

.352
.013
.106
.234
.198
-.228
.064
-.440*

.159
-.156
-.292
.310
.488*
.206
.482*
-.119

-.113
-.127
-.627**
.440*
.257
.121
.131
.076

.226
-.213
-.498*
.168
.424
-.067
.144
-.250

.253
-.031
-.171
.322
.535*
.115
.316
-.112

-.507*
-.050
-.114
-.169
-.221
.225
-.124
.492*

-.206
-.072
-.583**
.577**
.086
.020
.061
-.025

-.188
.623**
-.431*
-.308
-.585**
-.125

.101
.468*
-.362
-.346
-.452*
-.065

.107
.347
-.304
-.356
-.263
-.086

-.249
.446*
-.203
.010
-.188
-.246

-.253
.099
-.058
.091
-.273
.018

-.180
.591**
-.336
-.237
-.561*
-.026

-.295
.610**
-.522*
-.151
-.600**
-.407

.009
.334
-.372
-.395
-.367
-.106

-.282
.259
.132
-.103
-.255
.510*

.204
-.282
.030
.017
.143
-.062

-.584**
.341
.142
.025
-.323
.476*

Note. Significant results (one-tailed) are shown in bold. ** p < .01 (one-tailed); * p < .05 (one-tailed)
EXT = not self-inflected external factors; COM = competence; VIO = violence; EME = emergency operation; MIG = migration; UNP = unpredictable missions;
INT = interruptions; ALT = alteration; COL = colleagues; MAT = material
1
Spearman Correlation: due to the violation of the condition of normal distribution
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Table 2: Psychological stress parameters in paramedics and control. Means, standard deviations, significance test and effect sizes of paramedics and white-collar controls are shown.

Scales

Paramedics
(n = 16)
Mean
SD

Controls
(n = 17)
Mean
SD

t

p(one-

Cohen’s d

tailed)

Mental stress
‐ emotional irritation
‐ cognitive irritation2
Subjective strain
‐ tensions
‐ demands
‐ joy
‐ worries
Chronic stress
‐ work overload
‐ social overload
‐ pressure to perform
‐ work discontent
‐ excessive demands
at work
‐ lack of social
recognition
‐ social tensions
‐ social isolation
‐ chronic worrying
Detachment
‐ psychological
detachment
‐ relaxation
‐ mastery
‐ control
Coping Strategies
‐ self-distraction2
‐ denial2
‐ use of emotional
support
‐ behavioural
disengagement
‐ positive reframing
‐ humour
‐ active coping
‐ substance use1
‐ use of instrumental
support
‐ venting
‐ planning
‐ acceptance
‐ self-blame
‐ religion1
Burnout risk
(two subscales)
‐ emotional
exhaustion2
‐ depersonalization

2.41
2.46
2.33
2.05
2.16
2.24
3.03
1.84
1.50
1.62
2.25
1.74
1.48
0.88

0.86
1.04
0.99
0.49
0.64
0.62
0.56
0.67
0.36
0.74
0.60
0.44
0.50
0.37

3.24
3.05
3.57
2.16
2.38
2.30
2.94
1.92
1.31
1.66
1.52
1.88
1.06
0.98

1.01
1.24
1.59
0.45
0.48
0.58
0.51
0.58
0.51
0.84
1.05
0.70
0.53
0.63

-2.53
-1.46
-2.70
-0.69
-1.09
-0.31
0.45
-0.37
1.22
-0.16
2.43
-0.72
2.32
-0.58

.009
.078
.006
.250
.142
.378
.328
.358
.116
.437
.011
.240
.014
.282

-0.883
-0.507
-0.927
-0.239
-0.380
-0.109
0.157
-0.128
0.424
-0.056
0.847
-0.249
0.809
-0.203

1.69

0.89

1.09

0.68

2.17

.019

0.757

1.00
1.39
1.36
3.35
3.61

0.76
0.72
0.98
0.58
0.72

0.57
1.09
1.72
3.39
3.12

0.38
0.58
0.90
0.39
0.92

2.08
1.31
-1.11
-0.24
1.70

.023
.100
.139
.405
.050

0.724
0.456
-0.385
-0.085
0.592

3.16
3.00
3.63
2.11
2.09
1.72
2.41

1.03
0.74
1.00
0.25
0.78
0.77
0.80

3.35
3.43
3.66
2.00
2.18
1.26
2.26

0.87
0.91
0.68
0.29
0.43
0.40
0.66

-0.59
-1.47
-0.12
1.17
-0.37
2.10
0.55

.279
.076
.451
.126
.356
.024
.292

-0.207
-0.512
-0.043
0.408
-0.132
0.744
0.193

1.75

0.61

1.76

0.50

-0.08

.470

-0.026

2.84
2.03
2.66
1.38
2.02

0.68
0.74
0.40
0.59
0.50

2.29
2.41
2.50
1.29
1.81

0.73
0.69
0.61
0.61
0.59

2.24
-1.53
0.86

.016
.069
.197

0.780
-0.532
0.301

1.08

.145

0.376

2.22
2.63
2.66
2.06
1.19
2.35

0.77
0.56
1.04
0.95
0.40
0.49

1.82
2.79
2.29
2.24
1.26
2.13

0.71
0.77
0.77
0.90
0.53
0.73

1.53
-0.72
1.14
-0.54

.068
.240
.132
.298

0.535
-0.249
0.396
-0.187

1.00

.162

0.349

2.09

0.44

2.29

0.87

-0.83

.208

-0.283

2.81

0.82

1.85

0.74

3.54

< .001

1.234
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Table 2 (cont.): Psychological stress parameters in paramedics and control. Means, standard
deviations, significance test and effect sizes of paramedics and white collar controls are shown.

Scales

Paramedics
(n = 16)
Mean
SD

Controls
(n = 17)
Mean
SD

t

p(one-

Cohen’s d

tailed)

Positive and negative
affect
‐ positive affect
‐ negative affect
Work-related flow
experience2
‐ absorption
‐
work enjoyment2
‐ intrinsic work
motivation2

3.58
2.37
4.11

0.51
0.51
0.63

3.59
2.22
4.13

0.42
0.84
1.25

-0.03
0.61
-0.05

.488
.275
.482

-0.011
0.211
-0.016

3.66
4.92
3.83

0.89
0.81
0.89

4.06
4.65
3.76

1.17
1.21
1.69

-1.11
0.77
0.13

.139
.224
.449

-0.385
0.265
0.044

Note. Significant results (one-tailed, p< .05) are shown in bold.
1
Due to the violation of the conditions of the normal distribution we performed the Mann-Whitney-UTest. The results for substance use (U = 120.00, Z = -0.71, p = .267) and religion (U = 128.50, Z =
-0.35, p = .378) were not significant.
2
Due to unequal variances we used the t-test for unequal variances (Welch’s t-test).

Figure 2: Cortisol levels are higher in paramedics compared to control group. A: Cortisol
awakening response in the paramedics (red, n=
15) compared to white-collar controls (blue, n=
16). B: CAR levels measured in paramedics
(red) and white-collar controls (blue). CAR = difference between the maximal cortisol level and
basal cortisol level, calculated for each subject.
C: Area under the curve (AUC0) measured in
paramedics (red) and white-collar controls (blue).
AUC0 = area under the curve set to baseline level. Results represent mean ± SEM. Paired t-test.
* = p 0.05.

Paramedics show altered immunological
parameters
We found significantly elevated levels of
IL-6 and IL-18 in serum of paramedics compared to healthy subjects (Figure 3A). This
increase was independent of possible acute
stress during work, as we found similarly elevated cytokine levels also after at least 24 h
of free time. Further, serum concentration of
IL-17 and IL-23 was more frequently above
the lower detection limit (LDL) of the assay,
indicating higher serum levels also of these
cytokines in paramedics (Figure 3B).
Analyzing the absolute numbers of lymphocytes, monocytes and granulocytes in
fresh blood samples, we found that the number of B cells was slightly increased in paramedics (Figure 4A). This effect was stable,
as we found a comparable increase in B cell
numbers also after at least 24 h of free time.
The changes in absolute B cell numbers
were paralleled by a shift of the B-to-T cell
ratio within peripheral blood lymphocytes
towards significantly higher B cell percentages in paramedics (Figure 4B).
Multicolor immunophenotyping by flow
cytometry allowed us to perform a more detailed analysis of PBMC subpopulations. We
developed three panels to analyze the most
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Figure 3: Cytokine concentration in serum. Cytokine concentration was determined in serum samples from paramedics
after a 24 h shift (MP-1) or after at least 24
h rest (MP-DO). Samples from healthy subjects served as controls (ctrl). A: IL-6 and
IL-18 serum concentrations are slightly increased in paramedics compared to controls. (Kruskal-Wallis test with Dunn's post
test. * p<.05, ** p<.01). B: Serum concentration of IL-17 and IL-23 is more frequently
above lower detection limit (LDL) of the assay in paramedics compared to controls.
Due to the low N number the differences
do not reach statistical significance (Χ2
test).

Figure 4: Distribution of lymphocyte
subpopulations. A:
Percentage of T and B
cells was determined
by flow cytometry. T
cells were identified
as CD3+ and CD56-,
B cells were CD19+
and CD3-. B: Absolute number of leukocytes was determined
by flow cytometry using
BD
TruCount
tubes. B cells were
CD19+ and CD3-. Absolute numbers of B
cells and percentages
of T cells and B cells
in paramedics are
changed compared to
control samples. C:
Percentage of naive
and memory T cell
subsets was measured by flow cytometry. In CD4 T cells, the
ratio between central
(CD45RA-, CCR7+) and effector (CD45RA-, CCR7-) memory cells is inverted compared to control
samples. (Kruskal-Wallis test with Dunn's post test. * p<.05, ** p<.01). MP-1: samples from paramedics after 24 h shift; MP-DO: samples from paramedics after at least 24h rest; ctrl: samples from
healthy subjects.
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common lymphocyte subpopulations in clinically healthy individuals. We were particularly interested in alterations in subset composition and the expression of markers for
activation or maturation of lymphocytes in
response to chronic stress. Detailed information about the analyzed markers and lymphocyte subpopulations is provided by Claus
et al. (2016). This analysis revealed that in
addition to the lower T cell percentages,
there was also a shift among the different
memory T cell subpopulations. In paramedics, we observed a significant reduction in
the percentages of CD4+ effector memory T
cells and, accordingly, an increase in CD4+
central memory T cells (Figure 4C).
Percentage of NK cells correlates with
stress from rescue service specific stressors
NK cell percentages were lower in paramedics who showed higher scores of stress
from rescue service specific stressors (Figure
5A). A more detailed analysis revealed an
increase of the less mature CD56bright /
CD16- NK cell subset with increasing rescue
service specific stress scores and a negative
correlation of rescue service specific stress
scores with the percentage of more mature
CD56dim / CD16+ NK cells (Figure 5B). A
similar shift towards less mature NK cell

subsets was found when we analyzed the distribution of more mature CD57+ / CD62Land less mature CD57- / CD62L+ NK cells
(Figure 5C). Taken together, these results indicate a reduced amount of mature NK cells
in paramedics with higher rescue service
specific stress. Similar results were also observed for the stress due to the stressors “violence” and “unpredictable missions” (Supplementary Figure 2).
HR and HRV differ between emergency
and resting phases
ECG data were available from 11 participants. Separate repeated-measures ANOVAs were conducted on heart rate, RMSSD
and LF/HF-Ratio with phase (emergency,
rest, total 24 h) as within-subject factor revealing a main effect of phase for all dependent variables. Heart rate was significantly elevated during emergency calls compared
to rest and 24 h recording as was LF/HF. By
contrast, RMSSD was lower during emergency compared to rest and 24 h total (Figure 6A). These results demonstrate that acute
stress during the shift is reflected in the ECG
recordings in a meaningful way, with increases in heart rate, parasympathetic withdrawal (lower RMSSD) and enhanced sym-

Figure 5: Correlation of paramedics NK cell subsets with stress from rescue service specific
stressors (SIRE). A: NK cells (CD56+ / CD3- lymphocytes) were analyzed by flow cytometry and
percentage of NK cells was correlated with SIRE score. B: Maturation state of NK cells was defined by
CD56bright / CD16- (less mature) and CD56dim / CD16+ (more mature) and correlated with SIRE
scores. C: Maturation state of NK cells was defined by CD57- /CD62L+ (less mature) and CD57+ /
CD62L- (more mature) and correlated with SIRE scores. Pearson correlation was performed and
showed statistically significant correlation for almost all the observed parameters (A: p = 0.02; B: p =
0.011 for CD56 bright/CD16- and p = 0.012 for CD56dim/CD16+ NK cells; C: p = 0.042 for CD57/CD62L+ and p = 0.056 for CD57+/CD62L- NK cells).
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pathetic tone (increased LF/HF ratio) observable during emergency situations.
HRV and HR during a 24 h shift are
correlated with psychological variables
in paramedics
We computed Pearson correlations between HRV indices ‘psychological stress’
and ‘work questionnaires’. Some significant
correlations of psychological variables with
HR and HRV parameters could be observed.
In particular, heart rate during emergency
showed a strong positive relation to the PSQ-

subscale “demands”. The opposite relation
was observed for detachment (measured with
the Recovery Experience Questionnaire),
which was negatively correlated to emergency heart rate, i.e. higher heart rate during
emergency was related to reduced detachment from work. Furthermore, flow in total
and particularly work enjoyment was negatively correlated with the LF/HF ratio under
rest indicating that a lower LF/HF ratio under rest was associated with higher flow and
work enjoyment (Figure 6B).

Figure 6: Effects of the 24 h shift on heart rate and heart rate variability. A: Heart rate, ratio of
high and low frequency heart rate variability (LF/HF Ratio) and root mean square of successive differences (RMSSD) during the complete 24 h shift (“total”, black boxes) as well separately during emergency calls (“emergency”, red boxes) and in-between emergencies (“rest”, blue boxes). Heart rate was
significantly elevated during emergency calls compared to rest and 24 h recording as was LF/HF Ratio. RMSSD was lower during emergency compared to rest and 24 h total. B: Associations of HRV indices during rest (blue) and emergency (red) with psychological stress questionnaires. Heart rate during emergency was positively correlated to the PSQ-subscale “demands” (r = .65, p = .044) and negatively correlated to the detachment as measured with the Recovery Experience Questionnaire (r =
-.77, p = .010). Flow was negatively correlated with the LF/HF ratio under rest (r = -.62, p = .043)
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DISCUSSION
Stress from rescue service specific
stressors was associated with increased psychosocial stress – especially emotional irritation –, increased negative affect, and reduced
work enjoyment. Especially stress from the
category ‘unpredictable missions’ was associated with increases in chronic worrying
and work discontent, presumably resulting
from the aversive requirements (Schulz et
al., 2004).
Also, we found associations of stress
from unpredictable missions with alcohol
and drug consumptions as coping mechanisms – which is peculiar and alarming.
When comparing paramedics with
healthy controls, our results reveal that paramedics show lower stress values than the
white-collar workers. However, when looking at the cortisol-awakening response
(CAR), a marker of current or chronic stressful circumstances, we found just the opposite
pattern: paramedics show a more pronounced CAR before the acute work situation, which could be a sign of increased
stress levels compared to the white-collar
workers. A possible explanation for these
seemingly incompatible results could be that
paramedics tend to deny the experience of
psychological strain to keep the picture of
the “strong paramedic” upright – even without being aware of this (Regehr et al., 2002).
Also, dissociations between psychological
and physiological stress markers have been
found before (Oldehinkel et al., 2011;
Hellhammer and Schubert, 2012). Accordingly, our results confirm our prior assumption that psychological stress markers are not
increased in paramedics compared to controls, while the physiological markers tell
another, unbiased picture.
Interestingly, previous studies indicated
that higher morning cortisol in paramedics
may be restricted to days actually working
emergency calls, suggesting that these physiological changes may be transient (Aasa et
al., 2006; Backe et al., 2009).
However, our results also show a general
alteration of specific immune parameters

such as the amount of proinflammatory cytokines and the percentage of immune cell
subpopulations in paramedics, even during
days of free time. These immunological alterations are well described in chronic stress
situations (for reviews, see Herbert and
Cohen, 1993; Yang and Glaser, 2002;
Segerstrom and Miller, 2004) and suggest
that paramedics are subjected to stressrelated immunological changes. The amount
of cytokine measured is not pathological, but
the significant higher levels even in the small
sample size reveals an alteration of the immune response due to typical daily stress experienced by paramedics. Also, we found a
lower level of mature NK cells, which was
previously demonstrated to correlate with
high stress levels. Similar results were also
observed in a previous study (Maydych et
al., 2017). The reason for the reduced
amount of mature NK cells during stress is
not clear so far, but our hypothesis is that
mature immune cells migrate into
lymphnodes instead of circulating in the
blood. Taken together, the alteration of immune parameters is a good indicator of a
chronic stress situation, even if the paramedics deny the stress.
The analysis of HRV parameters obtained during a 24 h work shift also confirmed the presence of acute physiological
stress symptoms in paramedics. Specifically,
stress exposure due to emergency calls was
reflected in an increased heart rate, as well as
lower RMSSD and higher LF/HF Ratio. This
pattern thus clearly indicates heightened
sympathetic activation and reduced vagal
tone which are characteristic of a stress situation (Karlsson et al., 2011).
Previous research assessing HRV during
work shifts in other professions reported an
association of HRV parameters with psychological stress measures indicating that low
RMSSD and high LF/HF-Ratio are predictive of higher subjectively experienced
work-related stress (Collins and Karasek,
2010; Clays et al., 2011; Karlsson et al.,
2011; Hernandez-Gaytan et al., 2013;
Borchini et al., 2015). In line with that, we
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also found that higher heart rate reactions
during emergency are related to reduced detachment from work and with higher scores
on the PSQ subscale “demands”. Furthermore, work related flow was higher in participants exhibiting less stress during the shift
as indicated by lower LF/HF-Ratio. However, associations with other more obvious
psychological stress measures failed to reach
significance. Although a lack of power due
to the small sample size needs to be
acknowledged, these findings may indicate
that less explicit psychological measures
such as work demands or detachment are
more likely to reflect paramedics’ stress burden.
Finally, we compared paramedics with
white-collar workers regarding their coping
strategies. Our findings here are also in line
with the observed discrepancy between the
psychological and the physiological stress
parameters in paramedics compared to controls: more often than white-collar workers
they used the strategies of denial and positive reframing. Also, paramedics showed
higher values of depersonalization – a facet
of burnout, which could also be understood
as a coping strategy to deal with traumatic
events. However, not being aware of one’s
own stress reaction might lead to insufficient
stress-management and self-care (Brosschot,
2010). This could be one reason for the fact
that paramedics have an increased risk for
burnout (Reardon et al., 2020) and are more
likely to quit their job (Chapman et al.,
2009). Accordingly, effective interventions
should be developed that address the awareness of one’s own stress reaction as well as
strategies that tackle rescue service specific
stressors and physiological stress reactions.
As a limitation of our study we need to
acknowledge that due to the sample size we
lacked the power to detect small to mediumsized effects. Further studies with larger
samples need to be conducted in the future
for deeper insights into this important topic.
In conclusion, this study analyzed and
compared many different psychological and
physiological stress parameters in paramed-

ics. Despite the high-perceived stress during
rescue operations, alteration of heart rate,
higher cortisol levels and higher levels of
proinflammatory cytokines, paramedics tend
to deny their psychological strain. Therefore,
questionnaires alone are not sufficient to
measure physical stress perception. Moreover, stress denial can lead to an increase in
stress-related disease and burnout. Therefore,
the paramedic-specific stressors should be
addressed in target group specific trainings
and coaching. Aim of those trainings is to
learn to recognize and to handle these stressors in order to assure employability and psychological health. Accordingly, future research should also address paramedicspecific resources that can be implemented
in order to counter work-related adversities.
Acknowledgments
We thank the ASB group and all the participants of the study for investing their time
and make this study possible at all.
We would also like to thank Mrs. Gabi
Baumhoer and Dr. Meinolf Blaszkewicz for
the analysis of the saliva samples.
Fundings
This research did not receive any specific
grant from funding agencies in the public,
commercial, or not-for-profit sectors.
Competing interest
The authors declare that they have no
conflict of interest.
REFERENCES
Aasa U, Kalezic N, Lyskov E, Angquist KA,
Barnekow-Bergkvist M. Stress monitoring of ambulance personnel during work and leisure time. Int
Arch Occup Environ Health. 2006;80:51-9. doi:
10.1007/s00420-006-0103-x.
Backe EM, Kaul G, Klussmann A, Liebers F, Thim C,
Massbeck P, et al. Assessment of salivary cortisol as
stress marker in ambulance service personnel: comparison between shifts working on mobile intensive
care unit and patient transport ambulance. Int Arch
Occup Environ Health. 2009;82:1057-64. doi:
10.1007/s00420-009-0428-3.

808

EXCLI Journal 2021;20:792-811 – ISSN 1611-2156
Received: March 11, 2021, accepted: April 07, 2021, published: April 16, 2021

Bakker AB. The work-related flow inventory: Construction and initial validation of the WOLF. J Vocat
Behav.
2008;72:400-14.
doi:
10.1016/j.jvb.2007.11.007.

Collins S, Karasek R. Reduced vagal cardiac control
variance in exhausted and high strain job subjects. Int
J Occup Med Environ Health. 2010;23:267-78. doi:
10.2478/v10001-010-0023-6.

Borchini R, Bertu L, Ferrario MM, Veronesi G,
Bonzini M, Dorso M, et al. Prolonged job strain reduces time-domain heart rate variability on both
working and resting days among cardiovascularsusceptible nurses. Int J Occup Med Environ Health.
2015;28:42-51. doi: 10.2478/s13382-014-0289-1.

Cronbach LJ, Warrington WG. Time-limit tests: Estimating their reliability and degree of speeding. Psychometrika.
1951;16:167-88.
doi:
10.1007/BF02289113.

Brosschot JF. Markers of chronic stress: Prolonged
physiological activation and (un) conscious perseverative cognition. Neurosci Biobehav Rev. 2010;35:4650.
Büssing A, Perrar K-M. Die Messung von Burnout.
Untersuchung einer deutschen Fassung des Maslach
Burnout Inventory (MBI-D). Diagnostica. 1992;38:
328-53.
Cacioppo JT, Berntson GG, Malarkey WB, KiecoltGlaser JK, Sheridan JF, Poehlmann KM, et al. Autonomic, neuroendocrine, and immune responses to
psychological stress: the reactivity hypothesis. Ann N
Y Acad Sci. 1998;840:664-73. doi: 10.1111/j.17496632.1998.tb09605.x.
Carver CS, Scheier MF, Weintraub JK. Assessing
coping strategies: A theoretically based approach. J
Pers
Soc
Psychol.
1989;56:267-83.
doi:
10.1037//0022-3514.56.2.267.
Chandola T, Heraclides A, Kumari M. Psychophysiological biomarkers of workplace stressors. Neurosci
Biobehav
Rev.
2010;35:51-7.
doi:
10.1016/j.neubiorev.2009.11.005.
Chapman SA, Blau G, Pred R, Lopez AB. Correlates
of intent to leave job and profession for emergency
medical technicians and paramedics. Career Dev Int.
2009;14:487-503.
Claus U, Dychus N, Ebel M, Damaschke J, Maydych
V, Wolf OT, et al. Measuring the immune system: a
comprehensive approach for the analysis of immune
functions in humans. Arch Toxicol. 2016;90:2481-95.
doi: 10.1007/s00204-016-1809-5.

Curran PJ, West SG, Finch JF. The robustness of test
statistics to nonnormality and specification error in
confirmatory factor analysis. Psychol Meth.
1996;1(1): 16.
Dhabhar FS. Effects of stress on immune function: the
good, the bad, and the beautiful. Immunol Res.
2014;58:193-210. doi: 10.1007/s12026-014-8517-0.
Dobbin JP, Harth M, McCain GA, Martin RA, Cousin
K. Cytokine production and lymphocyte transformation during stress. Brain Behav Immun.
1991;5:339-48. doi: 10.1016/0889-1591(91)90029-a.
Durand AC, Bompard C, Sportiello J, Michelet P,
Gentile S. Stress and burnout among professionals
working in the emergency department in a French
university hospital: Prevalence and associated factors.
Work. 2019;63:57-67. doi: 10.3233/WOR-192908.
Elsenbruch S, Lucas A, Holtmann G, Haag S, Gerken
G, Riemenschneider N, et al. Public speaking stressinduced neuroendocrine responses and circulating
immune cell redistribution in irritable bowel syndrome. Am J Gastroenterol. 2006;101:2300-7. doi:
10.1111/j.1572-0241.2006.00837.x.
Fliege H, Rose M, Arck P, Levenstein S, Klapp B.
Validation of the" Perceived Stress Questionnaire"(PSQ) in a German sample. Diagnostica.
2001;47:142-52.
Fries E, Dettenborn L, Kirschbaum C. The cortisol
awakening response (CAR): Facts and future directions. Int J Psychophysiol. 2009;72:67-73. doi:
10.1016/j.ijpsycho.2008.03.014.
Glaser R, Kiecolt-Glaser JK. Stress-induced immune
dysfunction: Implications for health. Nat Rev Immunol. 2005;5:243-51. doi: 10.1038/nri1571.

Clays E, De Bacquer D, Crasset V, Kittel F, de Smet
P, Kornitzer M, et al. The perception of work stressors is related to reduced parasympathetic activity. Int
Arch Occup Environ Health. 2011;84:185-91. doi:
10.1007/s00420-010-0537-z.

Glaser R, Kiecolt-Glaser JK, Stout JC, Tarr KL, Speicher CE, Holliday JE. Stress-related impairments in
cellular immunity. Psychiatry Res. 1985;16:233-9.
doi: 10.1016/0165-1781(85)90111-8.

Clohessy S, Ehlers A. PTSD symptoms, response to
intrusive memories and coping in ambulance service
workers. Br J Clin Psychol. 1999;38:251-65. doi:
10.1348/014466599162836.

Glaser R, Rice J, Speicher CE, Stout JC, KiecoltGlaser JK. Stress depresses interferon production by
leukocytes concomitant with a decrease in natural
killer cell activity. Behav Neurosci. 1986;100:675-8.
doi: 10.1037//0735-7044.100.5.675.

809

EXCLI Journal 2021;20:792-811 – ISSN 1611-2156
Received: March 11, 2021, accepted: April 07, 2021, published: April 16, 2021

Hagemann V, Holtz M. Entwicklung eines webbasierten Fragebogens zur Messung von "Stress im
Rettungsdiensteinsatz - SIRE". Wirtschaftspsychologie. 2016;18(1):78-90.
Halvorsen R, Vassend O. Effects of examination
stress on some cellular immunity functions. J Psychosom Res. 1987;31:693-701. doi: 10.1016/00223999(87)90018-3.
Hellhammer J, Schubert M. The physiological response to Trier Social Stress Test relates to subjective
measures of stress during but not before or after the
test. Psychoneuroendocrinology. 2012;37:119-24. doi:
10.1016/j.psyneuen.2011.05.012.

Maslach C, Jackson SE. The measurement of experienced burnout. J Organiz Behav. 1981;2:99-113.
Maydych V, Claus M, Dychus N, Ebel M, Damaschke J, Diestel S, et al. Impact of chronic and acute academic stress on lymphocyte subsets and monocyte
function. PLoS One. 2017;12(11):e0188108. doi:
10.1371/journal.pone.0188108.
Maydych V, Claus M, Watzl C, Kleinsorge T. Attention to emotional information is associated with cytokine responses to psychological stress. Front Neurosci. 2018;12:687. doi: 10.3389/fnins.2018.00687.

Herbert TB, Cohen S. Stress and immunity in humans: A meta-analytic review. Psychosom Med.
1993;55:364-79. doi: 10.1097/00006842-19930700000004.

Mohr G, Rigotti T, Müller A. Instrumente der Arbeits-und Organisationspsychologie. Irritation - ein
Instrument zur Erfassung psychischer Beanspruchung
im Arbeitskontext. Skalen-und Itemparameter aus 15
Studien. Z Arb & Organisationspsychol A&O.
2005;49:44-8.

Hernandez-Gaytan SI, Rothenberg SJ, Landsbergis P,
Becerril LC, De Leon-Leon G, Collins SM, et al. Job
strain and heart rate variability in resident physicians
within a general hospital. Am J Ind Med. 2013;56:3848. doi: 10.1002/ajim.22098. PubMed PMID:
22886873.

Oldehinkel AJ, Ormel J, Bosch NM, Bouma EM, Van
Roon AM, Rosmalen JG, et al. Stressed out? Associations between perceived and physiological stress responses in adolescents: the TRAILS study. Psychophysiology. 2011;48:441-52. doi: 10.1111/j.14698986.2010.01118.x.

Janka A, Duschek S. Self-reported stress and psychophysiological reactivity in paramedics. Anxiety Stress
Coping.
2018;31:402-17.
doi:
10.1080/10615806.2018.1454739.

Reardon M, Abrahams R, Thyer L, Simpson P. Review article: Prevalence of burnout in paramedics: A
systematic review of prevalence studies. Emerg Med
Australas. 2020;32:182-9. doi: 10.1111/17426723.13478.

Karlsson K, Niemela P, Jonsson A. Heart rate as a
marker of stress in ambulance personnel: a pilot study
of the body's response to the ambulance alarm. Prehosp
Disaster
Med.
2011;26:21-6.
doi:
10.1017/s1049023x10000129.
Knoll N, Rieckmann N, Schwarzer R. Coping as a
mediator between personality and stress outcomes: A
longitudinal study with cataract surgery patients. Eur
J Pers. 2005;19:229-47.
Krohne HW, Egloff B, Kohlmann C-W, Tausch A.
Untersuchungen mit einer deutschen Version der "Positive and negative Affect Schedule" (PANAS). Diagnostica. 1996;42:139-56.
Levenstein S, Prantera C, Varvo V, Scribano ML,
Berto E, Luzi C, et al. Development of the Perceived
Stress Questionnaire: a new tool for psychosomatic
research. J Psychosom Res. 1993;37:19-32.
Marmar CR, Weiss DS, Metzler TJ, Ronfeldt HM,
Foreman C. Stress responses of emergency services
personnel to the Loma Prieta earthquake Interstate
880 freeway collapse and control traumatic incidents.
J
Trauma
Stress.
1996;9:63-85.
doi:
10.1007/BF02116834.

Regehr C, Goldberg G, Hughes J. Exposure to human
tragedy, empathy, and trauma in ambulance paramedics. Am J Orthopsychiatry. 2002;72:505-13. doi:
10.1037/0002-9432.72.4.505.
Rugless MJ, Taylor DM. Sick leave in the emergency
department: Staff attitudes and the impact of job designation and psychosocial work conditions. Emerg
Med Australas. 2011;23:39-45. doi: 10.1111/j.17426723.2010.01372.x.
Ryu E. Effects of skewness and kurtosis on normaltheory based maximum likelihood test statistic in multilevel structural equation modeling. Behav Res Meth.
2011;43:1066-74.
Schulz P, Schlotz W, Becker P. Trierer Inventar zum
chronischen Stress: TICS. Göttingen: Hogrefe, 2004.
Segerstrom SC, Miller GE. Psychological stress and
the human immune system: a meta-analytic study of
30 years of inquiry. Psychol Bull. 2004;130:601-30.
doi: 10.1037/0033-2909.130.4.601.

810

EXCLI Journal 2021;20:792-811 – ISSN 1611-2156
Received: March 11, 2021, accepted: April 07, 2021, published: April 16, 2021

Sonnentag S, Fritz C. The Recovery Experience
Questionnaire: development and validation of a
measure for assessing recuperation and unwinding
from work. J Occup Health Psychol. 2007;12:204-21.

Watson D, Clark LA, Tellegen A. Development and
validation of brief measures of positive and negative
affect: the PANAS scales. J Pers Soc Psychol.
1988;54: 1063-70.

Tonello L, Rodrigues FB, Souza JW, Campbell CS,
Leicht AS, Boullosa DA. The role of physical activity
and heart rate variability for the control of work related stress. Front Physiol. 2014;5:67. doi:
10.3389/fphys.2014.00067.

Yang EV, Glaser R. Stress-induced immunomodulation and the implications for health. Int Immunopharmacol. 2002;2:315-24. doi: 10.1016/s15675769(01)00182-5.

van der Ploeg E, Kleber RJ. Acute and chronic job
stressors among ambulance personnel: predictors of
health
symptoms.
Occup
Environ
Med.
2003;60(Suppl
1):i40-6.
doi:
10.1136/oem.60.suppl_1.i40.

811

