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Background: Burnout is a rising concern among doctors. Heart rate variability (HRV), a non-invasive measure of autonomic nervous system
activity, can reflect physiological states of sympathetic (stress) and parasympathetic (recovery) nervous system activity.

Aims: This review aims to evaluate how continuous ambulatory HRV monitoring has been used to understand patterns of stress and recovery in
doctors.

Methods: The study protocol was preregistered (PROSPERO CRD42023413282). A comprehensive search was conducted. Studies were eligible
if they reported at least one HRV parameter combined with at least one contextual or psychological assessment over a 24-hour period in a doctor
population. Methodological quality was assessed using the Joanna Briggs Institute risk of bias assessment for case reports and the Standard for
Reporting Diagnostic Accuracy in HRV studies STARD ...

Results: We identified 805 records of which seven studies met the inclusion criteria. Meta-analysis was carried out for five different HRV param-
eters. Studies were conducted in seven different countries, ranged in participant numbers from 12 to 54 and each used a different HRV measurement
device. There was a statistically significant difference in HRV between stress and recovery periods with four of these five parameters; root mean
square of successive differences SMD =-0.63, P=0.005, standard deviation of the NN (inter-beat) intervals SMD = -1.05, P=0.001, low frequency
(LF) Standard Mean Difference (SMD) =0.54, P=0.01, LF/high frequency (HF) SMD =0.69, P=0.006. The quality of studies was moderate
at best.

Conclusions: Continuous HRV monitoring may offer a viable method for tracking stress and recovery patterns that may contribute to burnout.

INTRODUCTION

Burnout is a growing concern among doctors as indicated by the
2023 UK General Medical Council (GMC) survey of over 45000
doctors [1]. The findings reveal that 66% of trainee doctors and
52% of trainers (assumed to be senior doctors) report moderate
to high levels of burnout. Since initiating the survey in 2019, the
reported rates of burnout have consistently risen. This indicates a
growing problem in the UK doctor population. Notably 80% of
Emergency Medicine and Stroke Medicine trainees report mod-
erate to high levels of burnout, while numerous surgical and med-
ical specialities surpass 60% [1]. The training process itself does
not seem to be the sole problem, with senior doctors continuing
to experience moderate to severe burnout at rates exceeding 50%
[1]. This is a particular concern as it takes over 10 years to train
doctors to be a General Practitioner (GP) or consultant at a cost

of over £500 000 each [2], these senior doctors are responsible for
leading clinical service provision, carry significant management
responsibilities, are responsible for training and have a wealth of
clinical experience that allows them to manage the most complex
clinical cases. They cannot be easily replaced. In 2022, 52% of con-
sultant vacancies in England and Wales were unfilled and 14% of
senior doctor posts in Scotland were unfilled. This highlights the
need to urgently identify and address factors contributing to staff
attrition. The reasons behind high levels of attrition will be multi-
factorial and complex, however the physical and mental health
consequences related to burnout will be a contributing factor.
Burnout is characterized as a response to unmanaged chronic
workplace stressors [3]. Although some stress can enhance per-
formance, an imbalance between available resources and demands
can lead to chronic stress, contributing to burnout [4]. The main
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Key learning points

What is already known about this subject:

« Urgent solutions for managing occupational stress, burn-
out and workforce retention in healthcare are required.

What this study adds:

« There is international interest in using HRV as a bio-
marker of stress and recovery in doctors. The quality of
existing studies is moderate with high levels of method-
ological heterogeneity.

« Advancing technology in wearables may provide useful
tools for occupational assessments.

« This review demonstrates that several HRV parameters
may be used to detect statistically significant changes
between stress and recovery.

‘What impact this may have on practice or policy:

o This review suggests that there may be potential to use
HRV as a non-invasive biomarker of occupational stress
offering occupational health professionals an objective
tool to detect and monitor stress related responses in
doctors.

« Further high-quality work in the area is required, partic-
ularly in a UK medical workforce to further inform the
clinical application of HRV as a biomarker for occupa-
tional stress monitoring. Such evidence could inform
occupational medicine strategies for surveillance, risk
assessment and targeted support.

resources necessary for job performance include physical equip-
ment, time, mental capacity, and adequate training amongst oth-
ers. Stressors experienced by individuals accumulate over time,
necessitating appropriate recovery in order to prevent chronic
stress states. While subjective measures are available to assess the
need for recovery [ 5], little is known about the overall objective
stress burden and recovery requirements of doctors working
in the UK.

One promising more objective measure may be heart rate vari-
ability (HRV). HRV is derived from beat-to-beat variations in
heart rate [6]. This is controlled by the primitive autonomic ner-
vous system. The sympathetic branch of the autonomic nervous
system, associated with acute stress responses, causes a decrease
in HRV, and the parasympathetic branch, associated with rest and
recovery, increases HRV. HRV measurements are increasingly
employed in sports science as a measure of athlete stress and
recovery and are accessible through commercially available wear-
able devices like WHOOP! *, Garmin), Fitbit, Oura” and Apple
Watch'. These devices use HRV measurements to indicate various
forms of stress, recovery and readiness scores which are user
friendly and are increasingly being utilised for managing overall
wellbeing in the general population. However, the use of HRV in
this way is also controversial in that it is far from the simplistic
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approach that the algorithms derived within wearable technolo-
gies portray [7].

There are several numerical parameters that are derived from
HRV measurements, with some reflecting sympathetic nervous
system function, some reflecting parasympathetic function, and
others reflecting overall balance of the autonomic nervous sys-
tem function and circadian rhythm. A summary of HRV param-
eters and their corresponding autonomic nervous system
function is provided in Appendix S1. These parameters are sig-
nificantly more complicated to interpret than commercially
derived scores; however, given that HRV can be measured
non-invasively and without significant cost, it has been proposed
that HRV could be a useful biomarker of occupational stress and
recovery in doctors [8,9].

Solely detecting physiological stress is problematic. Normal
physiological stress responses are expected, and daily variations
are essential for survival [ 10]. It is for this reason that any ambu-
latory HRV measurement necessitates an accompanying con-
textual or psychological measure. Otherwise, it is not possible
to distinguish, from the data, healthy physiological responses
from those that may be more harmful. What is less well under-
stood is whether HRV can be used to track overall stress burden
and recovery requirements that may lead to maladaptive
responses, burnout and the associated pathologies such as car-
diovascular disease in men and musculoskeletal disease in
women [11,12].

This review aims to evaluate the use of continuous ambulatory
HRV monitoring, combined with contextual and subjective stress
measures, to understand patterns of stress and recovery in medical
doctors.

METHODS

The study protocol was preregistered with PROSPERO prior to
commencement: (CRD42023413282) [13].

This systematic review was performed following the guide-
lines of the Cochrane Handbook of Systematic Reviews of
Interventions [14] and the preferred reporting items for sys-
tematic review and meta-analysis (PRISMA) statement.
Appendix S2 details the PRISMA checklist. Ethical approval
was not required.

Studies investigating the use of HRV as a measure of stress in
the normal workplace of medical doctors were included. They
were required to report at least one HRV parameter, have a mini-
mum of 10 participants, include measurements of at least 24 hours
and include at least one contextual or psychological measure
alongside HRV (see Table 1). Studies were excluded if they were
conducted with medical students as the main study population or
if the HRV monitoring period was carried out in simulated or
educational environments.

The literature search strategy was developed in conjunction
with a medical librarian. The searches were conducted in June
2023 and repeated in July 2024, on MEDLINE, the Cochrane
Library, Embase, PsychINFO. Reference lists were hand-searched
for relevant citations and grey literature was searched in Google
Scholar, MedArXivand PsyArXiv. Studies identified from 1982 to
the present day were included.
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Table 1. Inclusion and exclusion criteria using the participants, intervention, comparisons and outcomes (PICO) framework [14]

Inclusion criteria

Exclusion criteria

Study design All study types Books, commentaries, editorials, guidelines, letters,
news and opinions, reports, and reviews
Participants Minimum of 10 participants
Medical doctors of all grades and specialties Medical students
Intervention/exposure Time spent within a stressful environment in comparisonto  No defined stressful environment
resting, recovery or less stressful states No defined recovery or resting state
Comparisons Any contextual or psychological measure of stress and/or No comparison
recovery
Qutcomes 24hours or more of HRV monitoring Less than 24 hours of HRV

Figure 1. Flowchart according to preferred reporting items for systematic reviews and meta-analysis (PRISMA) methodology.

The search strategy included MeSH and text search terms
reflecting the population of interest (doctors). Details of the full
search strategy are listed in Appendix S3.

Titles and abstracts retrieved from the search were imported
into Covidence (https://covidence.org) and duplicates were

automatically removed. Titles and abstracts were reviewed inde-
pendently by two researchers (L.K. and C.R.) against inclusion
criteria. Disagreements were resolved by a third independent
researcher (J.C.). Two researchers (L.K. and C.R.) reviewed the
full texts against inclusion criteria with a third (J.C.) again
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resolving any disputes, ensuring that no relevant papers were dis-
carded [ 14]. Two texts published in a language other than English
were translated before screening.

Data were extracted following the predefined criteria outlined
in the registered protocol [ 13]. This included the number of par-
ticipants, medical speciality, years of clinical experience, length of
HRV measurement period, HRV device used, defined stress and
recovery periods, HRV parameters reported, STARD [15] cri-
teria and Joanna Briggs Institute (JBI) risk of bias for case series
information [16]. Custom data extraction forms were developed
in Covidence Data extraction was completed by a single reviewer
(L.K.) and double-checked by a second (C.R.).

At the time of registering the review protocol, it was predicted
that due to the novel area of study, broad search criteria and pre-
dicted heterogeneity, that data synthesis would not be possible.
However, following data extraction it became apparent that it
would be possible to perform a meta-analysis of five individual
HRV parameters. Quantitative analysis was performed using
RevMan™ (Web version $.6.0, The Cochrane Collaboration) ran-
dom effects analysis [ 17]. Results are expressed as standard mean
difference using Hedges’ adjusted g algorithms, with 95% confi-
dence intervals (Cls). A P-value of <0.05 was considered statisti-
cally significant. Random effects meta-analysis models were used
to account for data heterogeneity. Heterogeneity between studies
was assessed by the I* score.

All included studies met the Oxford Journal of Epidemiology
definition of a case series [ 18] therefore the JBI case series check
list [16] was used to assess overall study quality. Additionally,
STARD__ [15] was used to specifically assess how HRV was

HRV
recorded and measured during the studies.

RESULTS

The search strategy identified 805 results. After duplicate removal
and independent review of titles and abstracts, 39 full-text studies
underwent review. Seven studies met the inclusion criteria for
systematic review [19-25] (Figure 1).

Studies were conducted in a variety of international locations:
The Netherlands, Switzerland, Taiwan, Germany, Austria, Den-
mark, and Mexico. There was a total of 176 participants included
spanning a variety of medical specialities. Table 2 describes the
included study characteristics. The described high stress and low
stress (recovery) periods varied from study to study due to predict-
able variations in working environment, clinical demands and
shifts. High stress periods included operating time, prehospital
emergencies, labour ward, and double work duties while the peri-
ods of recovery ranged from complete non-working rest to
non-clinical administrative work to being completely outside of
work. Generally, these were determined or assessed via self-report
measures. A different HRV monitor was used in every study, includ-
ing commercially available devices, medical devices and experi-
mental devices. All studies measured HRV for 24 or 48 hours.

No single common HRV parameter was reported to make an
overall meta-analysis appropriate. Therefore, subgroup analyses
were conducted by grouping studies together based on which
HRYV parameters they reported for both stress and recovery peri-
ods: three studies reported root mean square of successive differ-
ences (RMSSD) [19,22,26], four studies reported standard
deviation of the NN (inter-beat) intervals (SDNN) [19,22,23,26],
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three reported high frequency (HF) parameters, three reported
low frequency (LF) parameters [ 19,22,26] and two reported HF
LF ratio [22,23].

RMSSD, is a measure of HRV that reflects parasympathetic
nervous system activity. A meta-analysis of three studies (n=43
participants) showed a statistically significant difference in
RMSSD between stress and recovery periods (Hedges g=-0.63,
P=0.005S, 95% CI: —1.07, —0.19) (Figure 2). The heterogeneity
was low (I=0%, might not be important).

SDNN, reflects both sympathetic and parasympathetic nervous
system activity when measured over short periods; however, it is
more reflective of sympathetic nervous system activity when mea-
sured for more than 24 hours. A meta-analysis of four studies (n =63
participants) showed a statistically significant difference in SDNN
between stress and recovery periods (Hedges g=-1.05, P=0.001,
95% CI: —1.69, —0.41) (Figure 2). The heterogeneity was moderate
(I*=64%, may represent substantial heterogeneity).

High frequency (HF), reflects parasympathetic nervous system
activity. A meta-analysis of three studies (n=43 participants)
showed no statistically significant change in HRV between stress
and recovery periods (Hedges g=—0.24, P=0.28,95% CI: —0.68,
-0.20) (Figure 2). The heterogeneity was low (I* = 5%, might not
be important).

Low frequency (LF), reflects sympathetic nervous system
activity. A meta-analysis of three studies (n=43) showed a statis-
tically significant change in HRV between the stress and recovery
groups (Hedges g=0.54, P=0.01,95% CI: 0.11,0.97) (Figure 2).
The heterogeneity was low (I*= 0%, might not be important).

LF/HEF ratio, reflects both sympathetic and parasympathetic
nervous system function. This is based on LF being predominantly
generated by the sympathetic nervous system and HF by the para-
sympathetic nervous system. Higher LF/HF ratios are reflective
of sympathetic dominance and therefore an imbalance between
sympathetic and parasympathetic nervous system activity [27].
Meta-analysis of two studies (n=33) showed a statistically signif-
icant change in LF/HF ratio parameter between the stress and
recovery group (Hedges g=0.69, P=0.006, 95% CI: 0.19, 1.19)
(Figure 2). The heterogeneity was low (I>=0%, might not be
important).

Two studies were not included in any of the meta-analyses. One
study reported only LF power and HF power with P values but
no means and standard deviations [21] and one study only
reported mean values with no standard deviations [25] therefore
it was not possible to include these data in the meta-analyses.

Study quality was assessed using the JBI checklist for case series
[16]. This was converted into a risk of bias visualisation tool using
Robvis (Figure 3) [29]. All studies had a high risk of bias; how-
ever, overall risk of bias was low or unclear for the studies included
in the meta-analyses. The domains ‘D6—Was there clear reporting
of the demographics of the participants in the study?’ and
‘D9—Was there clear reporting of the presenting sites demo-
graphic information?’ both presented the highest risk of bias.

The measuring and reporting of HRV data were assessed using
standard for reporting diagnostic accuracy in studies using HRV
(STARD, ) [15]. Out of 25 points on the STARD,  scale, the
number of points completed in each study ranged from 9.5 to 14.5
(see Table 3). The maximum completion rate against the
STARD,,, criteria was 48% with one study as low as 24%.
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Figure 2. Random-effects meta-analysis assessing the root mean squared of successive differences (RMSSD), standard deviation in N-N
interval (SDNN)), high frequency (HF), low frequency (LF), and high frequency low frequency ratio (HF/LF) heart rate variability (HRV)
parameters as a measure of stress and recovery (VAS, visual analogue scale; STAIJ, state trait anxiety inventory).
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Figure 3. Risk of bias [28] of studies included in the meta-analysis.

Table 3. Points completed against STARD,,, criteria and reporting gaps (%)

Lead author Year STARD, ., Fully reported (%) Partially Gaps in
score (255 reported (%) reporting (%)
Rauchenzauner 2009 11.0 24 32 44
Hernandez-Gaytan 2013 14.5 36 28 36
Martinez de Tejada 2013 10.0 32 28 40
Amirian 2014 14.5 36 24 40
Lee 2016 12.5 28 32 40
Schneider 2017 11.5 40 36 24
Weenk 2018 12.0 48 20 32

No studies were excluded on the grounds of heterogeneity.
Heterogeneity ranged from 0% in the RMSSD, LF and LF/HF
ratio sub-groups to 5% in the HF sub-group and 64% in the SDNN
sub-group.

Sensitivity analysis was considered, however due to there being
no clear outliers in terms of study quality this was not deemed to
be appropriate. Additionally, it was not possible to assess publica-
tion bias due to the small number of studies included in this review.

DISCUSSION

The main outcome of the review was that the individual HRV
parameters SDNN, RMSSD, LF and LF/HF ratio all demonstrated
a statistically significant change, and in the expected direction,

between stressful and recovery (i.e. less stressful) periods as defined
by the contextual or psychological measures. The HF parameter
showed no statistically significant change between stress and recov-
ery states.

SDNN is known to reflect both sympathetic and parasympa-
thetic nervous system function [27]. The larger effect size in the
SDNN sub-group may indicate that this parameter is more useful
in detecting changes between stress and recovery states. This is
likely due to both the sympathetic and parasympathetic relation-
ship with SDNN in particular and that it is known to be more
accurate when calculated over a 24-hour period which all studies
included in this analysis were. Jastrow et al. [19], Lee et al. [26],
and Schneider et al. [22] report both SNDD and RMSSD, and the
effect size in the RMSSD group is far lower. This may be because
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RMSSD is known to be a better indicator of sympathetic nervous
system function and therefore only stress states, so when used to
detect changes between the two states the effect size is lower. Sim-
ilarly, this may be the case in the LF/HF ratio sub-group.

The LF/HF ratio parameter is also known to detect both sym-
pathetic and parasympathetic nervous system function, both
stress and recovery, which again may be why it demonstrates a
higher effect size. LF/HF ratio has previously been known as a
marker of ‘sympatho-vagal balance’ [29]. This is a title that been
challenged on the grounds that up to half of the variability may
actually be due to parasympathetic activity [29,30], may be con-
founded by respiration and can vary greatly depending on testing
conditions [31]. From this review, it could be postulated that
SDNN may be more useful in detecting changes between stress
and recovery states, but that RMSSD is better are detecting acute
stress during real-time monitoring, hence its popularity in wear-
able technology. This would be useful if analysing HRV over lon-
ger time periods that is, a working week, whereby RMSSD could
be used to detect acute changes in stress levels and SDNN used
for tracking patterns of stress and recovery over the course of
the week.

HF HRV is known to better reflect only parasympathetic activ-
ity, so while it may have utility for detecting recovery states, it may
not be appropriate to use to detect changes between stress and
recovery, this is supported with our findings that there was no
statistically significant change between stress and recovery states
for this parameter.

In their review of the metrics and norms that can be applied to
HRV analysis, Chand et al. [ 32] identified the several independent
variables that result in differences in HRV without any interven-
tion, such as, age, gender, health status and physical fitness. This
makes it important to adequately report participant demographics
in conjunction with HRV, which was found to be lacking in several
studies [19,22,23,33] when we conducted our risk of bias assess-
ment. This may have occurred for a number of reasons, such as
failing to recognise the need for within person analysis, failure to
recognise that HRV is affected by so many individual variations,
ethical or publication restrictions.

Perhaps most problematic is the variation in reporting of all of
the HRV parameters. Our quality assessment against STARD
showed demonstrable gaps in the reporting of HRV and our risk
of bias assessment showed a particularly high risk of bias in both
the reporting of both participant site demographics. We can also
speculate that although HRV may seem like a simple objective
measure of stress, if established guidelines are followed, such as
the European Task Force [34] study methods as well as the anal-
ysis of HRV, becomes incredibly complex and may benefit from
specialist electrophysiology support. Some publication bias aris-
ing from reporting only select parameters, which may arise for a
number of reasons, such as aforementioned complexity in analysis
or word count restrictions may mean that we are only evaluating/
identifying work that has shown statistically significant results. We
were unable to confirm this using funnel plots due to the small
number of included studies in the review that met our stringent
criteria.

Strengths of this review are that it was conducted according to
the PRISMA guidelines [14] for conducting systematic reviews
with the protocol registered with PROSPERO [13] in advance.
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It includes seven independent, international studies looking at
HRV over stress and recovery periods in doctors. We were able to
conduct meta-analysis for individual HRV parameters, RMSSD,
SDNN, HF, LF and LE/HF.

Limitations are that the maximum number of participants
included in meta-analysis was 63 and the lowest 43. Heteroge-
neity was high for the SDNN parameter and there was signif-
icant methodological variation across the studies. For example,
with there being different medical specialities included, this
meant there were different study environments with different
definitions of being in high-stress, low-stress, or recovery envi-
ronments. This is unavoidable in studies of doctors in their
normal working environments in various locations internation-
ally. Additionally, there are insufficient studies conducted in
just any one speciality to do sub-group analysis. There was also
a different HRV measurement device used in every study, in
addition to the different methods to contextually or psycho-
logically report stress. Notably, no included studies were con-
ducted in the UK.

The studies included in this review were conducted between
2009 and 2018. Wearable technology has progressed since this
time. Devices with longer battery life are now available, there
are less invasive, more comfortable devices and advanced ana-
lytical software now available. While commercial devices offer-
ing HRV measurements are often worn on the wrist as a watch,
with some now also offering ring based measurements. Due to
the peripherally worn nature of these devices they are measur-
ing pulse rate variability, often via photoplethysmography. This
may present some additional challenges. First, vascular stiffen-
ing associated with age may affect the reliability of results [33].
Second, photoplethysmography measurements are known to
be affected by skin tone [34] and finally, somewhat unique to
this study population, is infection prevention control regula-
tions that prevent both wrist watches or rings being worn by
doctors in the workplace. Therefore, high quality HRV mea-
surements in doctors may be best taken using chest worn
devices capturing raw inter-beat interval data from ECG
measurements.

The studies included in this review ranged from 24 to 48
hours in duration. Chronic stress and recovery imbalances con-
tributing to burnout are likely to accumulate over much longer
periods of time. Therefore, while this review indicates that HRV
has some promise in detecting changes between stress and
recovery states, utilizing the technology now available to us to
take longer measurements may help us better understand the
long-term patterns of occupational stress that contribute to
burnout. Longer measurements would also then allow us to
capture both occupational and life stressors as well as the
behaviours and coping mechanisms utilised by individuals to
deal with these stressors.

Both continuous measurement of HRV and completion of
self-report measurements may introduce a degree of measurement
reactivity during ambulatory assessment [35]. Future studies
could aim to address this problem by ensuring that there is no
immediate bio-feedback available to participants thus preventing
behaviour modification secondary to visualisation of their own
data. Furthermore, any self-report measures could be repeated at
over the course of a study period. This could also be completed
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utilising technology available to fill in surveys remotely via mobile
phone for example.

In a post-pandemic era where the challenges within our med-
ical workforces are unprecedented, with the vast majority of
individuals reporting moderate to high levels of burnout in the
most challenged specialties, there is an urgent requirement for
turther high-quality studies utilising up to date HRV technol-
ogy as a biomarker of stress to enhance our understanding of
stress and recovery in medical doctors. These studies should
have robust basic methodology and adhere to the European
Task Force for HRV studies [34] and report in line with
STARD, ,, [15]. Greater understanding of how individual HRV
parameters can be utilised as health metrics in this context is
required.

This review finds that the HRV parameters RMSSD, SDMM,
LF and LF/HF ration can detect a statistically significant change
between stress and recovery states in medical doctors in their usual
clinical workplaces. Due to relatively small study sample sizes,
methodological heterogeneity in the included studies and mod-
erate study quality, it is not possible to draw any meaningful clin-
ical conclusions. Little is known about what the minimum
meaningful clinical difference in HRV would need to be between
stress and recovery to positively reduce burnout risk. Therefore,
we would recommend robust measurement techniques and com-
prehensive reporting of HRV parameters in keeping with the
European Task Force [34] and STARD,, [15] as well as strong
basic study methodology, particularly in reporting of participant
demographics and within person design for future studies. This
may help inform the clinical application for HRV as a biomarker
of occupational stress.

ABBREVIATIONS

ANS Autonomic nervous system
ECG Electrocardiogram

GMC General Medical Council

HRV Heart rate variability

JBI Joanna Briggs Institute

PNS Parasympathetic nervous system
RevMan Review manager

SD Standard deviation

SNS Sympathetic nervous system
STARDHRY Standard for reporting diagnostic accuracy in heart
rate variability
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