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Abstract— Firefighting is a hazardous profession commonly
exposed to high stressthat can interfere with firefighter’s health
and performance. Nevertheless, on-duty stress levels
quantitative evaluationsarevery rarein theliterature. In order
to investigate firefighters’ occupational health in terms of stress
perceptions, symptoms, and quantified physiological reactions
under real-world conditions, an ambulatory assessment protocol
wasdeveloped. Therefore, cardiac signal from firefighter s (N=6)
was continuously monitored during two shiftswithin a working
week with a medical clinically certified equipment
(VitalJacket®), allowing continuous €electrocardiogram (ECG)
and actigraphy measurement. Psychological data wer e collected
with an android application, collecting potential stressful events,
stress symptoms, and stress appraisal. A total of 130 hours of
medical-quality ECG were collected, from which heart rate
variability (HRV) metrics were extracted and analyzed.
Statistical significant differences were found in some HRV
metrics - AVNN, RMSSD, pNN50 and LF/HF - between events
and non-events, showing higher levels of physiological stress
during events (p<0.05). Stress symptoms increase from the
beginning to the end of the shift (from 1.54 + 0.52 to0 2.01 + 0.73),
however the mean stress self-perception of events was very low
(3.22+2.38in ascaleranging from 0 to 10). Negative and strong
correlationswer e also found between stress symptoms and some
time-domain ECG measures (AVNN, SDNN and pNN50). It can
be concluded that stress may not always be detected when using
merely self-reports. These results enhance the importance of
combining both self-report and ambulatory high-quality
physiological stress measures in occupational health settings.
Future studies should investigate not only what causes stress but
alsoitsimpact on health and well-being of these professionals, in
order to contributeto the design of efficient stress-management
interventions.

I. INTRODUCTION

Firefighters (FFs) are considered a high-risk occupational
group, since they perform their typica occupational activities
in very challenging, unpredictable emergency conditions,
exposing them to severe stress [1]. Existing research has
demonstrated that stressors faced by FFs have an impact on
their physical and psychological welfare[2]. In fact, according
to a recent report by the Federa Emergency Management
Agency (2015), 67% of the fatalities among FFsin 2014 could
be attributed to stress and overexertion [3].

Stress can be defined as a process, whereas a situation is
perceived as exceeding one’s individual resources or
endangers the person’s well-being [4]. Stress perceptions are
likely to activate physiologica responses. Cannon was one of
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the first physiologists to explore the impact of stress, by
describing the instinctual “fight-or-flight” response [5]. When
adanger is perceived, the autonomic nervous system (ANS) is
activated: the parasympatheti c nervous systemisinhibited and
the sympathetic nervous system is triggered. This process
leads to the excretion of stress-related hormones leading to
vasoconstriction of blood vessels, increased blood pressure,
increased muscle tension and heart rate (HR) and adecreasein
heart rate variability (HRV). When the stressor is no longer
present, a sympathovagal balance is reestablished through
homeostasis between the parasympathetic and sympathetic
system [6]. Among a widespread range of physiologica
indicators (e.g., blood pressure, cortisol, skin conductance),
HRV has been proposed as a feasible and reliable measure to
assess physiological stressresponses[7]. HRV isrelated to the
beat-to-beat changesin heart rates or heartbeat interval's, which
has been recognized as an instantaneous quantitative measure
of ANS activity associated with stress [8]. However, little
agreement exists in ascertaining the best HRV classifiers for
stress [7]. The operationalization and understanding of the
stress  process is somewhat  complex.  Hence,
psychophysiological literature in this area proposed the
combination of subjective measures of stress with objective
and quantified physiologica parameters[9, 10].

Based on previous recommendations, the current study
developed a multimethod ambulatory stress approach for the
assessment of FFsstressduring their daily work duties. Taking
thisinto account, the current method consists of acombination
of self-reports with eectrocardiogram (ECG) data anaysis,
relying on user-friendly and non-intrusive technol ogy adapted
to these professional s needs and requirements for the typically
harsh environments they work. The current study aims to
understand psychophysiological stress among on-duty FFs.
Additionally, considering the lack of agreement in the
literature on the choice of the best HRV parameters that
mirrored stressful responses, the current study will aso
identify those parameters that change significantly under the
influence of stress.

Il. MATERIALSAND METHODS

A. Acquisition system

Six male FFs (mean age 29.50 + 8.55) from a Portuguese
Fireunit volunteered to participate in this study. The exclusion
criteria for the study were participants having a history of
cardiovascul ar disease and/or taking prescription drugs known
to affect cardiovascular function. Participants underwent
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ambulatory monitoring on 2 shifts of the same work week.
They were equipped with a wearable t-shirt that is awearable
ECG monitor - Vital Jacket® [11, 12] - and an electronic diary
based on a custom made Android smartphone application that
enable data synchronization and event marking. Fig. 1
illustrates the monitoring system workflow.
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Fig. 1. System block diagram explaining the monitoring system functioning
workflow.

This system pairs with Vital Jacket® via Bluetooth and
enables the exact time annotation of eventsin the device, using
“Radiobuttons”. This action allowsto register the eventsin the
device and synchronize them with the ECG that is being
acquired simultaneously. Theandroid application storesall the
information about the eventsin an SQL Light DataBase, from
where areport of the event data can be generated and exported
for processng and analysis, aways warranting the
synchronization between those eventsinformation and the data
collected by the Vita Jacket®.

B. Self-reports

Demographic and medica surveys were used to assess
participants’ current health state. The Android smartphone
application includes a stress symptoms questionnaire [13].
This instrument includes four questions related to physica
aspects and four questions related to cognitive aspects of stress
(ranging from ‘1 — not felt at all’ to ‘5 — extremely felt’). An
example of a physical symptom question is ‘I have a stiff
neck’; an example of a cognitive symptom question is ‘I lack
concentration’. These questions were answered at the
beginning and at the end of the shift, aming to evaluate
whether there were changes in stress symptoms experienced
from the beginning to the end of it. Additionaly, a Visual
Andogue Scale (VAS) [14] was used after each event and
before and after each shift to assess perceived stress levels on
a 10 levels scale (ranging from “0 - None’ to ‘10 - As bad as
it could be’). Work stress was classified as high when VAS >
6 and low when VAS < 3 [15]. The FFs aso provided
information regarding the experienced events in an open-
ended event question displayed in the smartphone application.

C. ECG data

Physiological stress was quantified based on diverse
measures of HRV. These measures are in accordance with the
guidelines presented by the Task Force of the European
Society of Cardiology and the North American Society of
Pacing and Electrophysiology [16] that are viable for stress
assessment: AVNN - Average of (normal-to-norma) NN
intervals (expressed in milliseconds (ms)); SDNN - Standard
Deviation of all NN intervals (ms); RMSSD - Root Mean

Square of Differences between successive NN intervals (ms);
PNN50 - the percentage of pairs of adjacent normal sinus
(NN) intervalsdiffering by more than 50 ms and LF/HF Ratio
- this is the ratio between the power of Low Frequency and
High Frequency ECG components.

Decreased values of AVNN, SDNN, RMSSD, pNN50 and
increased values of LF/HF are indicative of stress [7]. Table
1 sum up these HRV parameters and their trend under stress.

TABLE I. HRV measures and their trend under stress[7].

Featurestrend
under stress

Type Measure

AVNN
SDNN

RMSSD
pNN50

LF/HF

Time-domain

- e — — —

Frequency-domain

I1l. DATA ANALYSIS

A. Statistical analysis

Data were statistical analyzed using IBM SPSS AMOS
(v.24) software. Taking into account the few number of
population samples, some parameters failed in the normality
test, so all parameters were analyzed using non-parametric
statistical tests[17]. Therefore, Wilcoxon-Signed Test was
performed to compare means between the variables.
Spearman correlation was also used in order to find
significant correlations between psychological variables and
physiologica data (ECG-related measures).

B. ECG data analysis

In order to extract heartbeat datafrom the ECG recordings,
we used the Biodevices, SA. ECG andyzer, which has an
agorithm based on Pan and Tompkins approach [18] that
detects each heartbeat in the ECG recording, locating the ‘R’
points of the ECG waveform. Using this analyzer, the RR
intervals were extracted. A simple verification according to
Clifford et a [19] was implemented to verify if al the RR
intervals were physiologicaly valid. This procedure can
eliminate any possi ble mistake made by the analyzer that could
occur in case of anoisy ECG signa. The RR intervalsthat have
physiological vdidation are named normal-to-normal (NN)
intervals.

Datawere collected during the entire shift, including non-
events and events. HRV metrics - AVNN, SDNN, RMSSD,
pNN50, and LF/HF were computed using 5 minutes’
windows, without overlapping and excluding participant’s
movement data. However, since the total number of 5-minute
ECG blocks among all subjects was not balanced between
non-events and events, a minimum number of 5-minute ECG
blocks was chosen randomly from the raw samples
distribution of HRV shift analysis. Hence, 10 blocks of 5-
minutes per person, for each condition (non-events vs events)
were considered in the statistical analysis. This alowed to
perform statistical comparisons and correlations considering a
balanced sample number per condition.

IV. RESULTSAND DISCUSSION

A tota of 130 hours of clinical-grade ECG was obtained
during the fire summer season in Portugal (August to October,



2017). A total of 12 fire events were reported by the FFs,
which was expectable since they were part of a specia team
dedicated to fire combat.

Regarding the ECG andysis, results from Wilcoxon-
Signed test reveadled statistical significant differences for
AVNN, RMSSD, pNN50 and LF/HF when comparing events
and non-events (p<0.05) (Fig. 2). Vaues below shown in Fig.
1 are normalized to Voss's et d study (N=1906) for healthy
population (controlling for age and gender) [20].

B

Fig. 2. Normalized mean values for ECG-derived measures using Voss ‘s et
al. study with an healthy population. Values of AVNN, SDNN, RMSSD and
pPNNS50 below dashed line are suggestive of stress. Values of LF/HF above the
dashed line could aso be suggestive of stress, *dtatistical significant
differences using Wilcoxon-Signed test, p<0.05.

The satistical significant lower values of time-domain
measures during events (with the exception of SDNN), and
higher values of LF/HF during events, when comparing to
non-events suggest that fire events cause physiological stress
arousal [7]. However, the overall mean of stress self-perceived
VAS after fire events was low (M=3.22) (Table 2).

TABLE I1. Self-reports mean values and standard deviation of self-

reports
Beginning of End of
the shift shift After event
StressVAS (0-10) 169+ 191 256 +2.37 3.22+2.38
Stress symptoms
questionnaire (1-5) 1.54 +0.52 201+0.73 n.a

VAS - Visual Analogue Scales; n.a. - not gpplicable

The possible mismatch between self-reports levels after
events and their physiological responses, could be related with
the fact that the reported events are regularly experienced by
FFs, thus they do not perceive them as stressful, but rather as
aroutine part of their daily work. Similar results were reached
in a study with police officers using a similar methodology
[21].

Complementarily to stress perceptions and physiology,
stress symptoms were aso analyzed. Findings suggest that
there was aslight increase in symptoms from the beginning to
the end of the shift (Table I1). However, this increase was not
statistically significant, possibly due to the reduced sample
size. The observed tendency supports previous work
conducted among Portuguese FFs that physical and cognitive
stress symptoms increase during the working day, probably
due to the experience of stress events [22]. These results
suggest that this population may be experiencing potential
cumul ative stress effects along the days. Future longitudinal
studies are required to confirm this assumption.

Finally, significantly negative and strong correlations were
found between the stress symptoms reported by the FFs and
some of the ECG-derived measures — AVNN, SDNN and
PNN50 obtained during events (Tablel11).

TABLE I1l. Significant correlations between stress symptoms and ECG-
derived measures and correspondent values.

Correlated variables Spearman r value
Stress symptoms? vs AVNN -.829*
Stress symptoms' vs SDNN -.943**
Stress symptoms? vs SDNN -.829*
Stress symptoms® vs pPNN50 -.943**
Stress symptoms? vs pNN50 -.829*

1 Mean of stress symptoms for the beginning of the shift; 2 Mean of stress symptoms obtained at the end
of the shift; *p < .05; ** p<.01;

These results showed that stress symptomatol ogy (either
physical or cognitive) at the beginning and at the end of shifts
is related with a depressed HRV during stressful events.
These results propose parasympathetic withdrawal, when
experiencing stress symptoms [23]. Practical implications of
these results could be, for example, abetter organization time
for rest and leisure or exercise program and/or change the
cause instigating the stress symptoms.

V. CONCLUSION

In sum, there is evidence that stress is part of FFs
routines, but they may not betruly aware of their stresslevels,
therefore, they are unlikely to ask for help. Further attention
should be dedicated to these professional’s occupational
health by collecting not only information about what causes
stress but also concerning itsreal impact on psychological and
physical health. This study has limitations, particularly the
reduced sample size and the fact that stress symptoms were
correlated with fire events, without controlling the time of the
event. However, this study reinforces the importance of
research for the design of prevention and intervention plans
and programs adapted to this hazardous population’s real
needs. Furthermore, the multi-dimensional and complex
essence of stress among first responders demands that
administrators, management authorities, and associated
policy makers take a comprehensive approach for the
management of stress in these occupations. Such approach
will improve the well-being, security, and productivity not
only of the individual workers but also the communities they
serve. Future studies should be conducted with larger samples
and with different professionals.
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