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Introduction. Emergency medical services personnel have highly variable workloads. The resulting stress can differ intra- or
inter-individually. Consequences for health arise when there is insufficient compensation for prolonged stress. The analysis
of heart rate variability (HRV) is a valid noninvasive method for the objective monitoring of workload in the occupational
medicine.

The aim of the research is to systematically evaluate the literature on HRV as an objective indicator of the mental stress faced
by emergency medical services personnel.

Materials and methods of the research. A systematic literature review examining the HRV of prehospital emergency medical
services personnel in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement for reporting systematic reviews was performed. PubMed, Ovid, Cochrane Library, Scopus, and Web of Science
electronic databases were used. Modified STARD for HRV was used to evaluate the methodological quality of HRV measure-
ment. Two authors independently reviewed the papers and performed the evaluations.

Results. The literature search identified 5,637 citations. Four studies were included that investigated HRV during working days
compared to nonworking days, but no focus on alert operations. Two studies used Holter electrocardiographic, and two used
chest belts. Two studies evaluated cardiac autonomic function in the time and frequency domains, and the other two studies
used only the time domain. The results showed an adaptation of HRV under working conditions. The studies were not com-
parable, because the study protocols were different.

Conclusions. There is a need for occupational health studies that examine the strains and stress of emergency medical ser-
vices personnel, especially under alert interventions. The well-established HRV parameters seem to be suitable for objec-
tively measuring stress. HRV measurement is also suitable for active alert and operation around the patient. Future research
should further additionally investigate nonlinear parameters or parameters without clear assignment. Guideline standards
should be respected.
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Introduction intoxicated patients [2, 5, 29]. As a result, these per-

sonnel experience a high level of stress and suffer from

Emergency medical services personnel are constantly
exposed to multiple occupational stressors, such as
working in dangerous and uncontrollable conditions,
having limited use of equipment and resources, wit-
nessing serious accidents with or without deaths,
facing threats and violence, performing shift work,
having inadequate and interrupted break times,
making decisions under pressure regarding the care
of patients in critical condition, witnessing other types
of death, facing the risk of infection transmission and
encountering threats from mentally unstable and
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chronic stress, which could cause stress-related con-
sequences [2] such as fatigue [9, 22], sleep disorders
[9, 22], job dissatisfaction [33], anxiety [3], burnout
[11], depression [3], suicide [36], career changes [6],
and posttraumatic stress disorder [15].

Occupational stressors widely vary in different
work conditions, interpersonal relationships, cul-
tures, and social interactions and are affected by
intraindividual cognitive variability [2, 24]. These fac-
tors likely play a role in both risk and resilience to
stress-related consequences [24].
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An objective measurement of subjective stress is
highly relevant and important for research, occupa-
tional medicine and clinical practice [7]. In addition to
the determination of, e. g., stress hormones, skin
temperature, and electrodermal or muscular activity,
the determination of vegetative functions is possible
[7]. These include respiratory rate, blood pressure,
heart rate and heart rate variability [7]. Heart rate
variability (HRV) is a very sensitive indicator that
indicates mental stress in the case of a significant
decrease or indicates fatigue in the case of a moderate
decrease[7]. HRV is well established as a noninvasive
recording method in occupational medicine [ 16, 26].
[t can be determined from 24-h electrocardiographic
(ECQG) recording so that subjects perform their usual
daily/work activity. The 24-h recording is the gold
standard of HRV analysis [26, 34]. During HRV
analysis, the interaction between the sympathetic and
parasympathetic nervous systems is assessed to make
conclusions about different subjective stresses: in rest
and recovery phases of the body, the activity of the
parasympathetic nervous system dominates, whereas
in chronic stress situations, the activity of the sympa-
thetic nervous system dominates [26]. Time, fre-
quency and nonlinear domains are available for HRV
analysis [26]. An overview of HRV parameters and
norms is provided by various publications and guide-
lines [25, 26, 31, 34]. The HRV parameters that are
markers of vagal function are, for example, the root
mean square of successive differences (RMSSD),
percentage of successive NN intervals that differ by
more than 50 ms (pNNbO0), high-frequency spectrum
(HE, HF %, HFnu) and standard deviation of a point
plot to the transverse diameter (SD1)[26, 27]. Other
parameters are without clear assignment and can be
influenced by the sympathetic and parasympathetic
nervous systems (e. g., LF, LF/HF)[26]. HRV analy-
sis should be viewed critically. Adequate analysis time
should be chosen for each question, e. g., 24-h, short-
term (5 min), and ultrashort-term (< 5 min) periods
[31]. The numerous factors that impact HRV expres-
sion should also be considered [26]. In addition to the
objective evaluation of stress, the following additional
subjective evaluation of stress is recommended, for
example, questionnaires such as mental fatigue,
stress levels, levels of monotony, burnout, or mental
health [7].

The aim of the study of this systematic review is to
evaluate the literature on heart rate variability as an
objective indicator of mental stress in emergency

medical services personnel during their work (during
alert operations) in comparison to their leisure time.
The work of emergency medical services personnel is
restricted to certain time limits for saving lives during
alert operations, which can cause additional stress. In
addition, the job is characterized by shift work, which
can also last 24 h (including night work) and differs
from the normal working day. We hypothesized that in
periods of work, there is a greater reduction in vagal
tone.

Materials and methods of the research

A systematic literature review was performed to
examine heart rate variability in emergency medical
services personnel. This was in accordance with the
Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) statement for reporting
systematic reviews [20]. The complete study protocol
is available at Prospero via the link https://www.crd.
york.ac.uk/prospero/display_record.php?ID=
CRD42021241863.

The electronic databases PubMed, Ovid, Cochrane
Library, Scopus and Web of Science were used
(September 15, 2022). The search terms were defined
as follows (here, for example pubmed search): (ambu-
lance service) OR (emergency medical service) OR
(ambulance crew) OR (ambulance men) OR (ambu-
lance driver) OR (emergency workers) OR (para-
medic) OR (emergency medical technician) OR
(paramedic service) OR (rescue service) OR (front-
line workers) OR (emergency paramedic) AND (heart
rate variability) OR (HRV) OR (cardiac autonomic
control) OR (autonomic function) OR (parasympa-
thetic activity) OR (parasympathetic nervous system)
OR (cardiac vagal tone) OR (autonomic cardiac
modulation) OR (vagus nerve) OR (vagal tone) OR
(vagal activity) OR (coefficient of variation). Only
articles since January 1, 2005 (used as filter), were
included because the method of HRV analysis was
undergoing major technical progress at that time.
Another filter was «humans». The authors suspected
insufficient comparability to previous HRV analyses.

Regarding the inclusion criteria, studies needed to
involve workers in emergency medical services (only
in prehospital setting, not affiliated with a hospital),
measurement of HRV before or after and during
working hours with a protocol of activity, classification
into different psychological groups, recording of heart
rate through a Holter ECG or chest belt, clear state-
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ment of the data treatment for abnormal or ectopic
beats, and full text in the English or German lan-
guage. The exclusion criteria included having disea-
ses relevant to HRV analysis, such as a diagnosis of
mental or neurological diseases, endocrinological
diseases (diabetes, thyroid gland disease), cardiac
diseases, hypertension, or others. In addition, review
articles, guidelines, single-case studies, theses, dis-
sertations, scientific conference abstracts and HRV
assessment with automatic pulse rate or photople-
thysmography were also excluded. The national
guidelines on HRV do not suggest the method of
pulse rates or photoplethysmography for measure-
ment [26, 34]. Because of the small number of cases,
we deviated from the protocol and included one study
with a subject number of 9 [19] and one study with an
HRV measurement twice in 12 h [37].

A manual search was performed by checking the
reference lists of the included studies, but we found no
results. An overview of the procedure is shown in
Figure.

The articles found via the literature search were
transferred to the reference manager Citavi 6 (Swiss
Academic Software, Waddenswil, Switzerland).
Duplicates were removed, and two authors (B. Thiel-
mann and L. VoB) independently reviewed the titles
and abstracts according to the inclusion and exclu-
sion criteria. The full text of each relevant article was
acquired. The authors B. Thielmann and L. VoB
independently screened the full text of these articles.
If no full text was available, the authors were con-
tacted, or the articles were ordered via interlibrary
loans from the Faculty of Medicine. Disagreements
were resolved through discussion with the third and
fourth authors (I. Bockelmann and H. Schumann).

The methodological quality of the included studies
was evaluated using the Standard for Reporting
Diagnostic Accuracy Studies (STARD) guidelines [8,
10, 18, 23]. The same two authors (B. Thielmann and
L.VoB) used a modified STARD for HRV [12]. It
included 25 items, so a maximum of 25 points could
be achieved. We modified the assessment tools slight-
ly, as done in previous work [ 14]. However, the maxi-
mum score did not change. Disagreement was solved
by discussion with the third and fourth authors
(I. Béckelmann and H. Schumann).

The HRV parameters of all four studies were
assessed. Increases are marked with an upward arrow,
decreases with a downward arrow, and no change with
an arrow pointing to the left and right. Significant

changes were marked with an asterisk. The HRV
parameters used in the studies and their assignment
to the autonomic nervous system (ANS) are shown in
Table 1.

Results of the research and their discussion

The literature search identified 5,637 citations. There
were 13 usable studies after review of the abstract and
evaluation inclusion and exclusion criteria considering
deviation from the protocol. Finally, 2 studies matched
the inclusion criteria with the use of HRV between
working days [1, 21]. Two other studies used HRV
during working days, but the protocol differed [19,
37]. There was no focus on alert operations. One
study differentiated between emergency medical
services personnel with few or many health complaints
[1]. The total shift was assessed. Only one study
reported the number of alert deployments (4.4 + 2.8)
during the shift [21]. An overview of the four included
studies is shown in Table 2.

The four studies comprised a total of 70 subjects.
Only 9 women (13 %) were included in two studies
[1,37]. The age ranged from 20 years[21] to 52 years
[19]. Three studies used a within-subject design that
examined emergency medical services personnel
during working days and nonworking days [1, 19, 21].
One study assessed them only during working days
[37]. One study differentiated between emergency
medical services personnel in the field or as dispat-
chers in the control center and shift work and only
working days [37].

Two studies used Holter ECG [1, 19], and two
used chest belts [21, 37]. Two studies evaluated car-
diac autonomic function in the time and frequency
domains[21, 37], and the other two studies used only
the time domain [1, 19]. Nonlinear HRV parameters
were not presented. Because of the measurement in
the field, a breath-controlled measurement and a sta-
bilization phase were not used in all studies.
Additionally, short-term measurements of heart rate
variability were not used as baseline values.

Outcome of heart rate variability in the time and
Jrequency domains

Table 2 comparesthe results ofall HRV measurements.
Emergency medical services personnel with many
health complaints showed significantly increased LF
and significantly decreased HF on working days
compared to nonwork days, especially during late
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Tahle 1
HRV parameters and their meaning of the studies under review
HRYV parameter Definition and explanation Part of ANS
Time domain
SDNN [ms] Standard deviation of all normal-to-normal R-R (NN) intervals :Z:sgizhse;iscteigd parasympathetic
RMSSD [ms] Root mean square of successive differences of NN intervals Parasympathetic nervous system
PNNS50 [%] Percentage of successive NN intervals that differ by more than 50 ms | Parasympathetic nervous system
Frequency domain

HF [ms?] High frequency power Parasympathetic nervous system
LF [ms?] Low frequency power ig:gzzh:;iscteamnd parasympathetic
LF/HF LF/HF ratio; Quotient between LF and HF power izsgizh:}t/iscteamnd parasympathetic
HF/(HF+LF) HF/(HF+LF)-ratio Parasympathetic nervous system

nights and the early morning hours of the work shift
[1]. No significant differences in HRV parameters
were found in subjects with few health complaints. It
should be noted that subjects with many health
complaints were significantly older [1]. The second
study found no significant differences between waking
and sleeping periods on work days for the HRV
parameters LF/HF and HF/(HF + LF), but compared
to the values for nonworking days, LF/HF was
significantly increased and HF/(HF + LF) was
significantly decreased in the awake phase. The third
study showed significantly decreased SDNN and HF
during working days in comparison to nonworking
days [21]. The fourth study found significantly
decreased RMSSD in dispatchers compared to
emergency medical services personnel in the field
[37]. Emergency medical services personnel doing
shift work showed reduced HRV parameters compared
to those of day workers, but the difference was not
significant [37].

Quality assessment of HRV measurement

The quality of the HRV methodology was assessed
by STARDHRYV [12]. The scores were 11.5[1], 12.5
[19], 15 [37] and 16.5 points [21]. For all studies,
full points were given for elevation points 1
(identification as a study of validation), 2 (structured
summary of study objective, design, methods, the
results, and conclusions), 9 (setup of reference

standard and index device described in sufficient
detail to allow replication), 14 (description of how
estimates or comparison measures were calculated),
and 24 (full study protocol). Faults for all studies
(zero points) were found in the case of elevation
points 6 (intended sample size and how it was
determined), 8 (pretesting guidelines reported), 10
(description of environmental conditions), 11
(stabilization period priorto sampling was described),
and 13 (acknowledgment of breathing). Points 7
(eligibility criteria including specific restrictions), 12
(raw sampling rate and length of collection), 16
(interbeat artifact identification method), 17 (artifact
cleaning methods and percentage of beats corrected),
18 (description of metrics used and software), 19
(specification of frequency bands used and how they
were calculated), and other points were listed only in
isolated cases.

Discussion and Conclusions

The aim of this systematic review was to summarize
the existing literature on heart rate variability in
emergency medical services personnel during their
work.

The HRV parameters used in the studies provide
information about the measured workload. The trend
in HRV parameters appears to be adaptive to the
stress situation of emergency medical services per-
sonnel on working days. One study concluded that
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Table 2
Included studies with HRV assessment of emergency medical services personnel during working day
Author, year, Charact('erlstlcs of HRV Outcome and measurement of HRV STARD HRV
country subjects from (max. 25)
few health complaints: LF, HF no significant
differences
= 0, -
n =26 (women 8 %, 24-h ECG many health complaints: LF1*, HF | * on
men 92 %), Holter
work day compared to nonwork days; espe-
Age from 2 groups: . . . .
. cially during late night and early morning
Aasa, few health complaints: | between groups hours of the work shift
2006, (31 + 4) years, many within subject 11.5
Sweden health complaints: (43 design: WD, between groups: LF*: many health com-
+9) years, post-work eve- . .
. - plaints > few health complaints; HF* few
no diagnosed healthy | ning, RD 1 and 2 . .
health complaints > many health complaints
problems
age*: many health complaints > few health
complaints
24-h ECG
Holter work day: LF/HF, HF/(HF+LF) no significant
o n =9 (men 100 %) w1.th1n subject | differences between waking and sleeping time
Mitani, 2006, ace: 397+ 93 design: WD, RD 125
Japana ge: 27 " for waking and nonwork day: LF/HF*, HF/(HF+LF)* ’
healthy .2 - .
sleeping time between waking and sleeping time (awake
between awake, phase: LF/HF higher, HF/(HF+LF) lower)
sleep
24-h ECG
Neufeld, _ o chest belt
2017, n =14 (men 100 %) within subject work day: SDNN|*, HF | * in comparison to
age: 27+ 7, . . 16.5
USA health design: sleeping nonwork day
catthy time on WD and
RD
n =21 (women 33 %,
men 67 %),
oi%e g;om(:}glr Tgsé) 2x12 hours dur- | rotating shift: pNN50|, RMSSD|, HF | com-
y day (%3, i ing WD pared to day workers;
Wong, 2012, | years, rotating shift:
Canada?® (40.4 + 7.9) years chest belt, 15
: ’ i between subject | dispatcher: pNN501, RMSSD|*, HF | com-
ambulance worker: design ared to ambulance worker
43.1 + 7.7, dispatcher: & P
37.6 +5.6,
healthy

Notes. @ Protocol deviation; significant p-values are marked with asterisks (*for p < 0.05). SLS = stable low strain, RHS = recently high
strain, PHS = prolonged high strain. WD = working day, RD resting day. HRV parameter: Time domain: SDNN (standard deviation of
all normal-to-normal R-R intervals, RMSSD (root mean square of successive differences of R-R intervals, pNN50 (percentage of suc-

cessive NN intervals that differ by more than 50 ms). Frequency domain: LF (low frequency power, 0.04—0.15 Hz), HF (high frequency
power, 0.15—0.4 Hz), LF/HF-ratio, HF/(HF+LF)-ratio.

circadian variation in the cardiac autonomic nervous
system is disturbed on working days [19], but the
number of subjects studied was very small. The study
protocols are inconsistent, so that the HRV parame-

ters can be assessed only to a limited extent.
Generalization is not possible. Because the studies
are voluntary, selection bias is to be expected.
Therefore, we recommend that researchers use quality
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criteria for recording cardiac actions and perform
HRYV analysis according to international and national
guidelines. Deficiencies were found in the methodo-
logical quality and in the quality of study reports
regarding HRV. Monitoring during workdays (regard-
less of whether alarm operations or normal work)
could lead to movement artifacts, which limits assess-
ment. Conducting further research is needed here.
The search did not include the keyword «prehospital
care», but the keyword «paramedic» explains the
prehospital setting.

Similar to emergency physicians [35], there is a
need for and high potential for occupational health
studies to objectively measure the workloads of
emergency medical services personnel during their
work but also during alert operations. The first stu-
dies show an increasing workload among parame-
dics, especially under the SARS-CoV-2 pandemic
[28, 30]. For example, studies show that paramedics
have suffered significantly from emotional exhaus-
tion and depersonalization as symptoms of burnout
[17] or suffered from burnout [ 13, 32]. Burnout can
be seen here because of inadequate stress manage-
ment. The use of an additional objective stress
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TinemaH B.!, @occ A}, 3asropoasiii 1.2, WymaH X.!, GekkeAnbmaHH 1.}

BAPIAGEABHICTb CEPLEBOINO PUTMY SIK NOKASHUK HANPYIN NCNXOAOri4YHOro
CTPECY B NEPCOHAAY WBNAKOI MEAW4YHOI AONOMOIr NPOTSIFOM POE0O40I0
AHS:: CUCTEMATUYHUA OrASIA

THCTUTYT MeanuvHn npaui, MeanyHui akyabTeT, OTTo-oH-Iepike-YHiBepcuTeT, Maraebypr, Hivey4rHa
2Kadpeapa ririeHn Ta exonorii N2 2, XapkiBCbKuii HaLiOHaAbHUIN MeAVYHUN YHiBepcuTeT, YipaiHa

Bemyn. TlepcoHain cyX01 eKCTpEeHOi MEIMYHOI TOIMTOMOTM Ma€ 1yKe pisHOMaHiTHe poboye HaBaHTaxXeHHsI. Pe3ynbTyrounii
CTpeC MOXe Pi3HUTHUCS BCEPEIMHi UM MiX iHIuBinyymamu. Haciinku mis 310poB’st BUHUKAIOTh 32 HEOCTATHbOI KOMITEH-
catlii TpuBajoro crpecy. AHaii3 BapiabenbpHOCTI ceprieBoro putMmy (BCP) € nieBum HeiHBa3MBHUM METOIOM 00’ €KTUBHOTO
MOHITOPUHTY PpOOOUYOTro HaBaHTAXXEHHS Y MEAULIMHI Mpalli.

Mema docaidoicennss — cucTeMaTUyHa olliHKa Jiitepatypu 3 BCP sk 06’€KTMBHOIO MOKa3HMKA TICUXiYHOTO CTPECY, 3 SKUM
CTUKAETHCS TIEPCOHAI CJIY>KO HEeBiIKIJIaAHOI MEIUYHOI JIOTIOMOTH.

Mamepiaru ma memoou docaidxcenns. [IpoBeaeHo cucTeMaTUUHUIA OIS JliTepaTypu 3 BuBYeHHs BCP nepconaiy norocii-
TaJbHOI HEBIIKJIAAHOI MEAMYHOI JOMTOMOTHY BiAnoBiaHO 10 [1on0XeHHs Mpo Kpallli 3BiTHI OMUHULI JUISI CUCTEMATUYHUX
orsaniB Ta MetaaHanizy (PRISMA) mst 3BiTHOCTI 100 crCTEeMaTUYHUX OTJISINIB. BUKOpUCTaHO eeKTpOHHI 6a3u qaHuX
PubMed, Ovid, Cochrane Library, Scopus Ta Web of Science. Momudikosanuit STARD miss BCP BukopucToByBaiu aJist
OLIIHKM METOI0JIO0TiYHO]I siKocTi BuMiptoBaHHs BCP. [IBa aBTOpM He3aleXXHO PO3ISHYIN TOKYMEHTH Ta BAKOHAIU OLIIHKMU.
Pesyavmamu. Tomiyx nitepaTypu BUsBUB 5637 mocuiaHb. By1o BKIIIOYEHO YOTUPH TOCTIIKEHHsI, B SIKUX BuBYajaacst BCPy
po06oUi JHI MOPiBHSIHO 3 HEPOOOUMMM JHSIMU, ajie Oe3 aKLIeHTY Ha HeBiIKJIaaHi Ail. Y 1BOX JOCTiIKEHHSIX BUKOPUCTOBYBa-
Jlacsl XOJTepiBChKa eJieKTpoKapaiorpama, a y IBOX — HarpyaHi peMeHi. Y JIBOX JOC/iIKEHHSIX OlliHIoBajacs BereraTuBHa
(yHK11ig ceplisi B TUMYACOBIl 1 YaACTOTHIN 00JIaCTSIX, a B IBOX iHIIUX JOCIIIXKEHHSIX BUKOPUCTOBYBAJIAacs JIMIlIE TUMYACOBA
obnacte. Pesynpraty moxaszanmm amantauito BCP no ymoB mpaii. JlocimkeHHsT OyJu MOPiBHSIHI, OCKIIBKM TPOTOKOIU
JOCTIIXEeHDb OyIM Pi3HUMU.

Bucnosru. HeoOXimHO TTpoBeCcTH AOCIIIKEHHS B rajysi TirieHu mpaili AJ1si BABUEHHSI HATIpyTy Ta CTpecy MepCcoHaty Ciayxko
HEBiIKJIaIHOI MEAUYHOI IOMIOMOTH, 0COOJIMBO 3a HeBiakiIanHux BTpyvyaHb. [Tapamerpu BCP, 110 nodpe 3apekoMeHayBaiu
cebe, € MPUIATHUMMU JIJI1 00’ €KTUBHOTO BUMiptoBaHHs ctpecy. Bumip BCP Takox miaxXoauTs 1jis aKTUBHOTO OMOBILLIEHHS
Ta poOOTH MOPsiA 3 MalieHTOM. MailOyTHI TOCTIIKEeHHS MOBUHHI JOIATKOBO JOCJIKyBaTU HEJiHiliHI mapameTpu abo 0e3
YiTKOro rnpusHayeHHs. KepiBHi cTaHaapTy MOBMHHI JOTPUMYBATHCh.

KarouoBi cioBa: BapiaGesbHICTH cepiieBOro puTMy, po6oue HaBaHTAKEHHS, IICUXiYHA HANpPyra, pATYBaJbHUKH,
TPUBOTa, MOPATYHOK
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