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Abstract

Night-shift workers may develop poor cardiovascular health. Studies about heart rate variability (HRV) metrics could identify risk factors in this popu-
lation and be used to examine the effectiveness of interventions for optimizing the health of night-shift workers. The purpose of this review was to
examine the use of HRV methodologies in studies about night-shift work. Overall, 34 articles met the selection criteria and underwent a methodological
critique. The main conclusion across these studies was that night-shift work could increase the sympathetic influences on the variability between heart-
beats. In many cases, however, important methodological details were omitted (e.g., the number and duration of electrocardiogram recordings, sam-
pling rates, R-R segment duration, wavelet transform methods). Recommendations include adding measures of disease outcomes, using =250 Hz
sampling rates and 600-s R-R segments, and measuring sleep and circadian rhythms. With these approaches, researchers can design investigations that
identify therapeutic targets for improving the health of night-shift workers. Int J Occup Med Environ Health. 2020;33(4):409-25
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INTRODUCTION
Working at night — and sleeping during the day — may con-

tween night-shift work and cardiovascular diseases [2,3],
there was a consensus that certain workers could be vul-

tribute to poor cardiovascular health. Approximately 30%
of the workforce in industrialized countries works night
shifts [1], but the health effects of this schedule remain
poorly understood. The earliest reports about work sched-
ules as a cardiovascular disease risk factor were based on
longitudinal studies of men working in European facto-
ries [2-4]; a later series of publications examined cardio-
vascular outcomes in women enrolled in the U.S. Nurses’
Health Study [5,6]. Although data from some of these co-
horts did not conclusively demonstrate a relationship be-
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nerable, especially when night-shift work continued for
many years [35,6].

In a study of factory workers in Sweden, the incidence of
ischemic heart disease was significantly higher if night-shift
work was conducted for 11-15 years; the risk profile in-
creased further after working night shifts for 16-20 years [4].
In American nurses, =6 years of night-shift work was found
to increase the risk for developing coronary heart disease [5],
while nurses who reported >15 years of rotating night-shift
work had an elevated incidence of stroke [6]. Findings from
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these early longitudinal studies provided a limited under-
standing of disease mechanisms - the investigations did not
include direct measurements of cardiovascular and neuro-
biological function.

A 1994 paper by Hadjiolova et al. [7] marked an important
shift away from interpreting morbidity/mortality statistics
to measuring electrocardiogram (ECG) patterns in night-
shift workers. Hadjiolova et al. calculated hourly mean
heart rates to compare day- and night-shift workers, and
their findings demonstrated that circadian patterns in these
mean heart rates were different in men vs. women when
working at night [7]. Following their publication, ECG re-
cordings were added to many cross-sectional studies about
night-shift work, and researchers calculated heart rate vari-
ability (HRV) metrics.

Today, prevailing hypotheses suggest that autonomic
homeostasis could be affected by atypical work/sleep
schedules and that night-shift schedules may lead to re-
duced variability in the timing between heartbeats. Data
from patients with cardiovascular disease risk factors in-
dicate that alterations in the autonomic modulation of
the heart rate could predict which patients will develop
ischemic and hypertensive disease [8,9]. For example,
in patients with risk factors for coronary artery disease
(N = 1043), Goldenburg et al. [8] found that low HRV
was associated with myocardial ischemia detected by ex-
ercise stress echocardiography or myocardial perfusion
imaging. In a larger cohort (N = 11 061) with a 9-year
follow-up period, Schroeder et al. [9] found low HRV to
predict hypertension. These studies about the potential
predictive value of HRV did not, however, address oc-
cupational risk factors.

Generally, HRV metrics provide information about
the neural mechanisms regulating the heart rate. Electrical
activity of the sinoatrial node sets the timing for heartbeat
intervals; conduction of the electrical stimulus through
the ventricles is identified by upward deflections, R waves,
in the ECG tracing. A healthy cardiovascular system dem-
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onstrates fluctuations in the intervals between heartbeats,
rather than maintaining fixed intervals, in response to
physical and psychological stimuli [10]. Sympathetic effer-
ent nerves from the medulla innervate the sinoatrial node,
transmitting signals to accelerate the heart rate. Parasym-
pathetic signals, transmitted via vagus nerve branches in-
nervating the sinoatrial and atrioventricular nodes, slow
down the conduction of the electrical impulses. These
opposing neural influences regulate the intervals between
consecutive heartbeats [11].

To measure the sympathetic and parasympathetic ner-
vous system (SNS and PNS, respectively) influences
on HRYV, segments of the ECG tracing that are free from
artifact or arrhythmia are used to calculate R-R intervals
(RRIs [normal-to-normal R waves may also be called
N-N intervals]). The R-R (or N-N) interval series re-
flects a sequence of irregular intervals, which can be de-
composed to reveal the frequency content of the signal;
the bands are then classified as:

— very high frequency (VHF),

high frequency (HF),

low frequency (LF),

very low frequency (VLF),

ultra low frequency (ULF).

There are disputes about the origin and clinical utility of
the VHF oscillations (in the range of 0.4-0.9 Hz [12]).
Corresponding with respiratory-cycle heart rate varia-
tions, HF oscillations (in the range of 0.15-0.4 Hz) are
commonly used to estimate PNS regulation of the heart
rate. In turn, LF oscillations (in the range of 0.04-
0.15 Hz) have been attributed to SNS and PNS influenc-
es on the heart rate, and to baroreflex activity [13,14],
while VLF (0.003-0.04 Hz) and ULF (<0.003 Hz) re-
flect influences on HRV such as circadian rhythms, core
body temperature fluctuations, and metabolic and en-
docrine factors. Due to the long time period of the VLF
and ULF signals, ECG recordings lasting =24 h are re-
quired to accurately quantify these frequency bands [13].
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The spectral area (power) of each frequency is deter-
mined by applying a variety of possible methods, such
as the fast Fourier transform (FFT), used to convert
the RRI series from the time domain into the frequency
domain (revealing sinusoidal signals with different fre-
quencies [15]).

Time-domain HRV metrics also provide information about
SNS and PNS influences on the heart rate. The standard
deviation of normal-to-normal RRIs (SDNN) reflects
the activities of both SNS and PNS [10]. Of note is the fact
that SDNN values of <50 m/s have been associated with
a greater risk for cardiovascular morbidity and mortal-
ity [16]. Another measure, the root mean square of suc-
cessive differences (RMSSD), is calculated by determin-
ing each successive time difference between heartbeats
(in m/s), calculating the average squared results, and then
determining the root of the total. The RMSSD provides
an index of vagal cardiac control; RMSSD values correlate
with respiratory modulation of the heart rate via the vagus
nerve [13]. Investigators also determine the number of
normal sinus intervals that differ by >50 m/s from the pre-
ceding interval (NN50). This value is often reported as
a percentage (pNN50), and is found to correlate with both
HF power and PNS activity [13].

Currently, there is no consensus about the relationships
among work schedules, cardiovascular function, and long-
term outcomes. While HRV studies might provide some
important insights into the associated neural mechanisms,
there is a lack of information about interpreting HRV mea-
sures in occupational health studies. Considering the need
to understand the risk factors unique to the night-shift pop-
ulation, the purpose of this review was to examine the use
of HRV methodologies in studies about night-shift work.

METHODS

A literature search was conducted using the recommend-
ed Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA [17]), as illustrated in Figure 1.

1700 records 64 articles selected
identified through ~ |——==—| after abstract review
database searching (duplicates removed)

Excluded if:

- the study was not designed
to determine the effects
of night-shift work (N = 12)
«no frequency domain 34 articles
HRV values were reported (N=8) | —— selected for
- the schedule was simulated review
in alaboratory (N =4)
- >1 publication from the same
study/same subjects (N = 6)

Figure 1. PRISMA flowchart for the selection of articles for
the review paper on the use of HRV methodologies in studies
about night-shift work

Publications in English were searched for in NCBI
PubMed, Google Scholar, and the Cochrane Library,
using the terms “heart rate,” “heart rate variability,” and
“night shift.” To be eligible for the review, studies were re-
quired to have subjects with work schedules that included
the clock hours of 0:00-6:00. Studies were excluded if their
aims were not relevant to examining the effects of night-
shift work on HRV (e.g., focused on exposure to work-
place hazards, workplace accidents, or workers’ fatigue/
job strain) or if night-shift schedules were simulated in
a laboratory setting.

To be eligible for the review, the study was required to in-
clude frequency-domain HRV metrics. If an author stated
that HRV metrics were measured but failed to report any
values in the text, tables, or figures, then the study was
excluded. In cases where the same subjects’ data were
summarized in different papers, only one of the publi-
cations (the one with the most detailed HRV methods
and results) was selected for the review. When authors
intentionally omitted methodological details because
the methods were reported in previous publications,
the papers cited for the methods were obtained and used
to evaluate their approach.

[JOMEH 2020;33(4)
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RESULTS

Thirty-four studies met the review criteria. As shown
in Table 1, sample sizes ranged 6-665 subjects. Inves-
tigators recruited samples that were exclusively male or
female for 20 of the studies [18-37]. Across the stud-
ies, women represented approximately 47% of the sub-
jects. Rotating schedules were common in law enforce-
ment agencies, factories, and healthcare facilities [19-
23,25,26,28,29,31,32,35,38,39].  Firefighters, emergency
medical technicians, and physicians were the only occu-
pations involving 24-h work periods; depending on their
responsibilities, these schedules allowed for rest breaks
when subjects could sleep [27,30,33,34,40-44]. Night-shift
start times and durations were variable across occupa-
tions. The average duration of night-shift work, exclud-
ing the extended duty schedules of physicians and first
responders, was 11+3 h, and the schedules typically re-
quired 3+2 consecutive days of working at night.

As shown in Table 2, half of the studies were cross-sec-
tional and obtained data from 1 ECG recording [21,22,25-
28,31,32,34,40,45,46]. Depending on the aims of the study,
the duration of a single ECG monitoring session ranged
3 min - 96 h. Other investigators required subjects to un-
dergo ECG recordings at multiple time points (lasting
5 min - 24 h) with a range of 1-28 days between the record-
ings [18-20,23,24,29,30,35,38,41-44,47,48]. One study re-
peated ECG monitoring after 1 year to determine the ef-
fects of a new scheduling policy [36]. As shown in Table 3,
most studies included both frequency- and time-domain
HRV measures.

Many different approaches to spectral analysis were found
across the studies. The RRI segment lengths, window meth-
ods, and wavelet transformation approaches varied across
the studies (Table 2). The shortest segments used for the RRI
series were 64, 100, or 120 s [18,22,35,45], but segment
lengths were typically 300 [24,26,33,34,38,40,42,47,49]
or 600 s [32,39,41,43,46]. Spectral windows were applied
in a few studies to remove discontinuities in the signal.

[JOMEH 2020;33(4)

Window functions were used to taper the sinusoidal shape
of the signal and served a variety of purposes, such as re-
ducing signal noise, improving time resolution, and en-
hancing the accuracy of signal amplitude. Most studies
did not report the use of windowing techniques, but others
identified the use of Hamming [18,38] and Hann [19,23,45]
windows. In 1 study, the ends of the data series were
padded with zeros to taper the signal to 0 before the power
spectrum was computed by FFT [49].

Notably, FFT was the most commonly reported approach
for deconstructing the RRI series to determine HF and
LF power [18,23,34,35,39,40,43,47,49]; 7 studies specifical-
ly referred to using Welch’s method, which involves a dis-
crete Fourier transform to calculate periodograms that
are averaged to reduce variance in the individual power
measurements [19,21,26,30,33,36,45]. The parametric AR
method was applied in 5 studies [20,22,29,44,51]. Discrete
wavelet transform [38], Lomb-Scargle periodogram [24],
and coarse-graining spectral analysis [32] were also used
to transform the RRI series to reveal the power spectra.
None of the publications included a justification for se-
lecting a specific analytic method, and the approach to
reporting LF and HF power was not consistent across
the reviewed studies. Following the recommendations of
the HRV Task Force [50], several studies reported both
absolute values (m/s?) and normalized values (n.u., cal-
culated by dividing LF or HF power by total power and
multiplying by 100) [19,20,23,47]. It was also common to
square-root [19,42] or log [19,21,22,24,26,28,35,38,39,47,49]
transform the LF and HF values, an approach that im-
proves the likelihood of achieving normally distributed
data.

The majority of the studies concluded that SNS influenc-
es (using the LF component of HRV) on the heart rate
modulation were elevated in night-shift workers (Table 4)
[18,21,22,25-27,30,33-36,38-40,43-45,49,51]. However,
comparisons across the studies were challenging because
there were many differences in occupational norms and
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Boudreau et al. [38]
Van Amelsvoort et al. [49]

Monteze et al. [28]
Oriyama et al. [31]

One year after a hospital implemented a policy designed to improve nurses’ schedules (i.e., to reduce backward  Jirvelin-Pasanen et al. [36]

schedule rotations and the number of consecutive night shifts; as well as to increase flexibility), the researchers

found nurses to have lower normalized LF power and higher normalized HF power, compared with
associated with lower LF:HF ratios compared with non-adapted officers [38]. Although the study by Monteze

et al. was not designed to test any interventions, the findings showed that workers’ waist circumferences and
visceral fat areas correlated negatively with log-transformed HF power and RMSSD, suggesting that dietary

could not nap [31]. When bright light therapy was used to adapt police officers to working at night - by shifting
interventions may affect PNS modulation of the heart rate in night-shift workers [28].

The following interventions were hypothesized to reduce the adverse effects of night-shift work on HRV
metrics: forward-rotating schedules, bright light therapy, and workplace naps. Two studies indicated that

the parameters recorded before the policy was implemented [36]. In another study of nurses, taking two 15-min
naps during the night-shift was associated with lower LF:HF ratios during work, compared with nurses who

the phase of their peak salivary melatonin levels to occur during the daytime - officers’ daytime sleep was

cardiovascular health backward-rotating schedules may have the most detrimental effects on HRV and cardiovascular health [36,49].

for improving

ECG - electrocardiogram; HRV - heart rate variability; PNS - parasympathetic nervous system; SNS — sympathetic nervous system.

Other abbreviations as in Table 3.

Interventions

research designs. Two important themes emerged in
the review: disrupted sleep and circadian rhythms, and
job-related stress (Table 4). A variety of methods were
used to quantify sleep and circadian rhythms such as sleep
diaries and questionnaires [18,25,27,30,31,33,34,38,39,41,
42,46,47,52]; polysomnography recordings [18,38]; and
salivary, plasma, or urine biomarker levels (e.g., melato-
nin, cortisol [29,34,38,41,51,53]). Only a few studies ad-
dressed sleep apnea, citing the condition as an exclusion
criterion, rather than exploring the role of sleep apnea in
cardiovascular responses to night-shift work [33,38,39].
In healthcare providers, work-related cognitive and emo-
tional stress was proposed as a factor contributing to path-
ological patterns in HRV [36,39,40,43-45], but this theme
received less attention in other occupations.

CONCLUSIONS

Many of the reviewed studies indicated that working at
night - and sleeping during the day — may lead to cardiac
autonomic dysfunction. There were many inconsistent
findings across the studies, which could result from study-
ing different schedules and occupations, as well as using
different HRV metrics and methods. Recommendations
for strengthening future studies are listed in Table 5.
None of the studies provided data defining the relation-
ships between HRV metrics and cardiovascular disease
outcomes. In other populations, low HRV (low SDNN and
RMSSD) and the HF and LF power bands have been re-
ported as possible predictors of cardiovascular morbidity
and mortality [54-56]. In the Atherosclerosis Risk in Com-
munities Study, for example, lower SDNN and RMSSD
values were associated with an elevated risk of stroke in
subjects with diabetes [54]. After controlling for covari-
ates, women enrolled in the Stockholm Female Coronary
Risk Study were found to have a higher 5-year cardiovas-
cular mortality risk when they had low HRV (the SDNN
index) 3-6 months after hospitalization for acute coronary
syndrome; lower HE, LE, and VLF power also predicted

[JOMEH 2020;33(4)
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Table 5. Recommendations for future studies on the use of heart rate variability (HRV) methodologies in studies

about night-shift work, based on 34 studies

Recommendation

Rationale

Include multiple time- and frequency- domain parameters
and acknowledge the limitations of the LF:HF ratio

Conduct longitudinal studies tracking cardiovascular morbidity
and mortality outcomes

Conduct longer (224-h) ECG recordings when possible

Select appropriate ECG sampling rates for the study
(typically =250 Hz)

Select appropriate RRI segment duration

Report the wavelet transform method and window techniques

Include objective measures of sleep, physical activity,
and circadian rhythms when feasible; examine sleep apnea
syndrome as a contributing factor to HRV and adverse
cardiovascular outcomes

Include control groups and repeated measurements of HRV

to obtain sufficient and reliable data about cardiac autonomic
modulation

to determine which HRV metrics predict adverse outcomes
and identify specific profiles of night-shift workers
with an elevated cardiovascular disease risk

to examine circadian rhythms and obtain accurate measures
of the SDNN and VLF band

to obtain an adequate precision of the R-R series

to obtain an adequate resolution of the spectral information

to facilitate replicating studies and comparing findings across
studies

to advance knowledge about sleep neurobiology
in night-shift workers

to enhance the rigor of studies with between-subject
and within-subject comparisons

cardiovascular mortality in this cohort [55]. In a study
involving repeated HRV measures (4 time points) in pa-
tients with end-stage renal disease undergoing hemodi-
alysis, lower normalized LF power and higher normalized
HF power were independent predictors of cardiovascular
mortality within an 8-year period [56].

Many studies omitted important methodological details.
Mostly, information was lacking about ECG sampling
rates, R-R segment duration, and the methods for cal-
culating the power bands. There have been controversies
about the optimal ECG sampling rates required for an
adequate precision of the R-R series. Kwon et al. [57] ex-
amined different sampling rates by acquiring an ECG at
1000 Hz and then conducting comparisons of the down-
sampled recordings at 500, 250, 100, and 50 Hz. Kwon
et al. found that the 500 and 250 Hz sampling provided
excellent concordance with the frequency-domain metrics
calculated from the 1000 Hz sampling rate. As a result,

[JOMEH 2020;33(4)

they recommended sampling rates of =250 Hz for stud-
ies evaluating the LF and HF components of the HRV
signal [57].

Sampling rates are particularly important to those re-
searchers who are using portable devices for long-term
ECG monitoring because they are limited by battery
power and the size of data files. Data from Kwon et al.
indicate that researchers should utilize devices that pro-
vide ECG sampling rates of at least 250 Hz [57]. Singh
et al. [11] recommended using a 4-Hz rate for resampling
the RRIs obtained from the ECG so that the intervals are
evenly spaced in time before performing spectral analysis.
Only 13 of the 34 studies included in the present review
reported the ECG sampling rate, yet only 2 of these stud-
ies used a sampling rate that was lower than the recom-
mendation from Kwon et al [57].

The duration of R-R segments selected by investigators
affects the resolution of the spectral information con-
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tained in the signal. Heathers provided recommenda-
tions for optimal R-R segment lengths, emphasizing that
researchers should ensure that segments contain mul-
tiple cycles (at least 10) of the oscillatory information re-
quired for frequency-domain measures [14]. Compared
with the HF parameter, an accurate estimation of LF
oscillations requires longer R-R segments. For example,
the resolution of the HF component of a signal (which
oscillates at the frequency of respiratory sinus arrhyth-
mia [approximately 0.25 Hz]) can be adequately estimat-
ed using a 60-s RRI segment. Heathers recommended
that researchers use at least a 300-s RRI segment du-
ration, which allows at least 256 RRIs to be obtained,
because this length can be used to accurately determine
frequencies as low as 0.03 Hz [14].

Singh et al. [58] analyzed a simulated signal and compared
different R-R segment lengths (1024, 512, 256, or 128 sam-
ples; the R-R series was resampled at 4 Hz, to transform
the signal into an evenly sampled series, with 50% over-
lapping of segments). On that basis, they concluded that
the segments with 256 RRIs produced a smoothed spec-
tral estimate with clearly outlined peaks in the LF and HF
bands. The finding is consistent with the recommendation
from Heathers that 300 s (which correspond with 256 sam-
ples) provide an optimal RRI segment duration for quan-
tifying the LF and HF components of the signal [14,58].
To increase the number of R-R segments available for
analyses, researchers can overlap segments by 50%. Singh
et al. warns against drawing conclusions from groups of
studies using different R-R segment durations [58].
Although there is limited consensus about the optimal
methods for transforming the RRI series into the power
spectra, and many different approaches are available, it
is critical for investigators to report the details of their
methodologies (e.g., wavelet transform, overlap, window-
ing techniques) to aid readers in replicating methods, and
also for improving the ability to draw conclusions across
studies with similar methods.

Many studies included only a few of the possible HRV
metrics; the majority of the reviewed studies examined
the LF:HF ratio. It is important to note that the inter-
pretation of the LF:HF ratio is highly controversial.
Billman cautioned researchers against assuming that
the HF and LF bands reflect purely, and respectively,
PNS and SNS activity [59]. The neural information
contained in these frequency bands is more complex,
despite the fact that many researchers use the LF:HF
ratio as a measure of sympatho-vagal balance. Heathers
also challenged the widespread use of the LF:HF ratio
and argued that the LF and HF fluctuations observed in
studies are mediated by both SNS and PNS [14]. Con-
sidering these arguments, when investigators report
the LF:HF ratio, they should not interpret the value as
a quantitative relationship between SNS and PNS influ-
ences on heart rate.

Most studies failed to address the role of sleep, includ-
ing altered circadian rhythms and conditions such as
sleep apnea. Sleep disorders in night-shift workers — and
the effects on HRV - remain to be fully explored. Three
of the reviewed studies tested the effects of interventions
(bright light therapy, workplace naps, and schedule modi-
fications promoting flexibility and forward schedule rota-
tions). It is not possible to identify the effects of these
interventions on cardiovascular disease risk because none
of the studies tracked cardiovascular outcomes >1 year
post-intervention [31,36,38]. Because workers with ex-
isting cardiovascular disease were generally excluded
from HRV research studies, it also remains unknown
how night-shift work alters the course of cardiovascular
disease in high-risk individuals and whether interven-
tions (e.g., dietary changes, sleep apnea management,
work schedule modifications) can effectively reduce car-
diovascular morbidity in high-risk workers. Attention to
these important questions in the design of future stud-
ies can enhance the ability of HRV research to improve
the health of night-shift workers.

[JOMEH 2020;33(4)
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Clinical significance

Night-shift workers may develop cardiac autonomic dys-
function. It remains unknown how HRV changes corre-
late with cardiovascular morbidity/mortality in night-shift
workers because studies have lacked long-term out-
come data. Occupational health research could improve
the identification of night-shift related disorders through
research examining HRV methods, circadian/sleep-relat-
ed factors, and long-term cardiovascular outcomes.

REFERENCES

1. Boivin DB, Boudreau P. Impacts of shift work on sleep and
circadian rhythms. Pathol Biol (Paris). 2014;62(5):292-301,
https://doi.org/10.1016/j.patbio.2014.08.001.

2. Angersbach D, Knauth P, Loskant H, Karvonen MJ, Un-
deutsch K, Rutenfranz J. A retrospective cohort study com-
paring complaints and diseases in day and shift workers. Int
Arch Occup Environ Health. 1980;45(2):127-40, https://doi.
org/10.1007/bf01274132.

3. McNamee R, Binks K, Jones S, Faulkner D, Slovak A, Cher-
ry NM. Shiftwork and mortality from ischaemic heart dis-
ease. Occup Environ Med. 1996;53(6):367-73, https://doi.org/
10.1136/0em.53.6.367.

4, Knutsson A, Akerstedt T, Jonsson BG, Orth-Gomer K. In-
creased risk of ischaemic heart disease in shift workers. Lan-
cet. 1986;2(8498):89-92, https://doi.org/10.1016/s0140-6736
(86)91619-3.

5. Kawachi I, Colditz GA, Stampfer MJ, Willett WC, Manson JE,
Speizer FE, et al. Prospective study of shift work and risk of
coronary heart disease in women. Circulation. 1995;92(11):
3178-82, https://doi.org/10.1161/01.cir.92.11.3178.

6. Brown DL, Feskanich D, Sanchez BN, Rexrode KM,
Schernhammer ES, Lisabeth LD. Rotating night shift
work and the risk of ischemic stroke. Am J Epidemiol.
2009;169(11):1370-7, https://doi.org/10.1093/aje/kwp056.

7. Hadjiolova I, Mincheva L, Deyanov C. Cardiovascular
changes in operators on 12-hour shifts. Rev Environ Health.
1994;10(1):67-71

[JOMEH 2020;33(4)

8. Goldenberg I, Goldkorn R, Shlomo N, Einhorn M, Levitan J,
Kuperstein R, et al. Heart rate variability for risk assessment
of myocardial ischemia in patients without known coronary
artery disease: The HRV-DETECT (heart rate variability for
the detection of myocardial ischemia) study. ] Am Heart Assoc.
2019;8(24):¢014540, https://doi.org/10.1161/JAHA.119.014540.

9. Schroeder EB, Liao D, Chambless LE, Princas RJ, Ev-
ans GW, Heiss G. Hypertension, blood pressure, and heart
rate variability: The atherosclerosis risk in communities
(ARIC) study. Hypertension. 2003;42(6):1106-11, https://
doi.org/10.1161/01.HYP.0000100444.71069.73.

10. Shaffer E McCraty R, Zerr CL. A healthy heart is not a met-
ronome: An integrative review of the heart’s anatomy and
heart rate variability. Front Psychol. 2014;5:1040. https://doi.
org/10.3389/fpsyg.2014.01040.

11. Singh D, Vinod K, Saxena SC. Sampling frequency of
the RR interval time series for spectral analysis of heart rate
variability. Med Eng Technol. 2004;28(6):263-72, https://doi.
org/10.1080/03091900410001662350.

12. Estevez-Baez M, Machado C, Montes-Brown J, Jas-Garcia J,
Leisman G, Schiavi A, et al. Very high frequency oscillations
of heart rate variability in healthy humans and in patients with
cardiovascular autonomic neuropathy. Adv Exp Med Biol.
2018;1070:49-70, https://doi.org/10.1007/5584_2018_154.

13. Shaffer E, Ginsberg JP. An overview of heart rate variability
metrics and norms. Front Public Health. 2017;5:258, https://
doi.org/10.3389/fpubh.2017.00258.

14. Heathers JA. Everything Hertz: Methodological issues
in short-term frequency-domain HRV. Front Physiol.
2014;5:177, https://doi.org/10.3389/fphys.2014.00177.

15. Li K, Rudiger H, Ziemssen T. Spectral analysis of heart rate
variability: Time window matters. Front Neurol. 2019;10:545,
https://doi.org/10.3389/fneur.2019.00545.

16. Kleiger RE, Miller JP, Bigger JT, Moss AJ. Decreased
heart rate variability and its association with increased
mortality after acute myocardial infarction. Am J Cardi-
ol. 1987;59(4):256-2, https://doi.org/10.1016/0002-9149(87)
90795-8.


https://doi.org/10.1161/JAHA.119.014540
https://doi.org/10.1161/01.HYP.0000100444.71069.73
https://doi.org/10.1161/01.HYP.0000100444.71069.73
https://doi.org/10.3389/fpsyg.2014.01040
https://doi.org/10.3389/fpsyg.2014.01040
https://doi.org/10.1080/03091900410001662350
https://doi.org/10.1080/03091900410001662350
https://doi.org/10.1007/5584_2018_154
https://doi.org/10.3389/fpubh.2017.00258
https://doi.org/10.3389/fpubh.2017.00258
https://doi.org/10.3389/fphys.2014.00177
https://doi.org/10.3389/fneur.2019.00545
https://doi.org/10.1016/0002-9149(87)90795-8
https://doi.org/10.1016/0002-9149(87)90795-8
https://doi.org/10.1016/j.patbio.2014.08.001
https://doi.org/10.1007/bf01274132
https://doi.org/10.1007/bf01274132
https://doi.org/10.1136/oem.53.6.367
https://doi.org/10.1136/oem.53.6.367
https://doi.org/10.1016/s0140-6736(86)91619-3
https://doi.org/10.1016/s0140-6736(86)91619-3
https://doi.org/10.1161/01.cir.92.11.3178
https://doi.org/10.1093/aje/kwp056

HEART RATE VARIABILITY AND NIGHT-SHIFT WORK REVIEW PAPER

17. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred
reporting items for systematic reviews and meta-analyses:
The PRISMA statement. PLoS Med. 2009;6(7):e1000097,
https://doi.org/10.1186/2046-4053-4-1.

18. Chung MH, Kuo TB, Hsu N, Chu H, Chou KR, Yang CC.
Sleep and autonomic nervous system changes — enhanced
cardiac sympathetic modulations during sleep in perma-
nent night shift nurses. Scand J Work Environ Health.
2009;35(3):180-7, https://doi.org/10.5271/sjweh.1324.

19. Freitas J, Lago P, Puig J, Carvalho MJ, Costa O, de Freit-
as AF. Circadian heart rate variability rhythm in shift workers.
J Electrocardiol. 1997;30(1):39-44, https://doi.org/10.1016/
$0022-0736(97)80033-7.

20. Furlan R, Barbic E Piazza S, Tinelli M, Seghizzi P, Malliani A.
Modifications of cardiac autonomic profile associated with
a shift schedule of work. Circulation. 2000;102(16):1912-6,
https://doi.org/10.1161/01.cir.102.16.1912.

21. Su TC, Lin LY, Baker D, Schnall PL, Chen ME Hwang WC,
et al. Elevated blood pressure, decreased heart rate variabil-
ity and incomplete blood pressure recovery after a 12-hour
night shift work. J Occup Health. 2008;50(5):380-6, https://
doi.org/10.1539/joh.17056.

22.Ishii N, Dakeishi M, Sasaki M, Iwata T, Murata K. Cardiac
autonomic imbalance in female nurses with shift work. Au-
ton Neurosci. 2005;122(1-2):94-9, https://doi.org/10.1016/;.
autneu.2005.08.010.

23.1to H, Nozaki M, Maruyama T, Kaji Y, Tsuda Y. Shift
work modifies the circadian patterns of heart rate variabil-
ity in nurses. Int J Cardiol. 2001;79(2-3):231-6, https://doi.
org/10.1016/s0167-5273(01)00439-9.

24, Karhula K, Henelius A, Harma M, Sallinen M, Lindholm H, Ki-
vimédki M, et al. Job strain and vagal recovery during sleep in shift
working health care professionals. Chronobiol Int. 2014;31(10):
1179-89, https://doi.org/10.3109/07420528.2014.957294.

25. Lee S, Kim H, Kim DH, Yum M, Son M. Heart rate variability
in male shift workers in automobile manufacturing factories in
South Korea. Int Arch Occup Environ Health. 2015;88(7):895-
902, https://doi.org/10.1007/s00420-015-1035-0.

26. Lo SH, Lin LY, Hwang JS, Chang YY, Liau CS, Wang JD.
Working the night shift causes increased vascular stress and
delayed recovery in young women. Chronobiol Int. 2010;27(7):
1454-68, https://doi.org/10.3109/07420528.2010.498067.

27. Lyytikainen K, Toivonen L, Hynynen E, Lindholm H, Kyro-
lainen H. Recovery of rescuers from a 24-h shift and its asso-
ciation with aerobic fitness. Int J Occup Med Environ Health.
2017;30(3):433-44, https://doi.org/10.13075/jjomeh.1896.00720.

28. Monteze NM, Souza BB, Alves HJ, de Oliveira FL, de Olivei-
raJM, de Freitas SN, et al. Heart rate variability in shift work-
ers: Responses to orthostatism and relationships with anthro-
pometry, body composition, and blood pressure. Biomed Res
Int. 2015;2015:329057, https://doi.org/10.1155/2015/329057.

29. Munakata M, Ichi S, Nunokawa T, Saito Y, Ito N, Fukudo S,
et al. Influence of night shift work on psychologic state and
cardiovascular and neuroendocrine responses in healthy
nurses. Hypertens Res. 2001;24(1):25-31.

30. Neufeld EV, Carney 1J, Dolezal BA, Boland DM, Coo-
per CB. Exploratory study of heart rate variability and sleep
among emergency medical services shift workers. Prehosp
Emerg Care. 2017;21(1):18-23, https://doi.org/10.1080/1090
3127.2016.1194928.

31. Oriyama S, Miyakoshi Y, Kobayashi T. Effects of two 15-min
naps on the subjective sleepiness, fatigue and heart rate vari-
ability of night shift nurses. Ind Health. 2014;52(1):25-35,
https://doi.org/10.2486/indhealth.2013-0043.

32. Yoshizaki T, Kawano Y, Tada Y, Hida A, Midorikawa T,
Hasegawa K, et al. Diurnal 24-hour rhythm in ambulatory
heart rate variability during the day shift in rotating shift
workers. J Biol Rhythms. 2013;28(3):227-36, https://doi.
org/10.1177/0748730413489957.

33. Lee HH, Lo SH, Chen BY, Lin YH, Chu D, Cheng TJ, et al.
Increased night duty loading of physicians caused elevated
blood pressure and sympathetic tones in a dose-dependent
manner. Int Arch Occup Environ Health. 2016;89(3):413-
23, https://doi.org/10.1007/s00420-015-1080-8.

34. Mitani S, Fujita ME Shirakawa T. Circadian variation of

cardiac autonomic nervous profile is affected in Japanese

[JOMEH 2020;33(4)

423


https://doi.org/10.3109/07420528.2010.498067
https://doi.org/10.13075/ijomeh.1896.00720
https://doi.org/10.1155/2015/329057
https://doi.org/10.1080/10903127.2016.1194928
https://doi.org/10.1080/10903127.2016.1194928
https://doi.org/10.2486/indhealth.2013-0043
https://doi.org/10.1177/0748730413489957
https://doi.org/10.1177/0748730413489957
https://doi.org/10.1007/s00420-015-1080-8
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.5271/sjweh.1324
https://doi.org/10.1016/s0022-0736(97)80033-7
https://doi.org/10.1016/s0022-0736(97)80033-7
https://doi.org/10.1161/01.cir.102.16.1912
https://doi.org/10.1539/joh.l7056
https://doi.org/10.1539/joh.l7056
https://doi.org/10.1016/j.autneu.2005.08.010
https://doi.org/10.1016/j.autneu.2005.08.010
https://doi.org/10.1016/s0167-5273(01)00439-9
https://doi.org/10.1016/s0167-5273(01)00439-9
https://doi.org/10.3109/07420528.2014.957294
https://doi.org/10.1007/s00420-015-1035-0

424

REVIEW PAPER ANNE M. FINK

ambulance men with a working system of 24-h shifts. Int
Arch Occup Environ Health. 2006;79(1):27-32, https://doi.
org/10.1007/s00420-005-0026-y.

35.Ha M, Kim J, Park J, Chung HK. Blood pressure and heart
rate variability in workers of 8-hour shifts. ] Hum Ergol (To-
kyo). 2001;30(1-2):229-33.

36. Jarvelin-Pasanen S, Ropponen A, Tarvainen M, Paukko-
nen M, Hakola T, Puttonen S, et al. Effects of implementing
an ergonomic work schedule on heart rate variability in shift-
working nurses. J Occup Health. 2013;55(4):225-33, https://
doi.org/10.1539/joh.12-0250-0a.

37. Takeyama H, Itani T, Tachi N, Sakamura O, Murata K, In-
oue T, et al. Effects of shift schedules on fatigue and physi-
ological functions among firefighters during night duty. Er-
gonomics. 2005;48(1):1-11, https://doi.org/10.1080/0014013
0412331303920.

38. Boudreau P, Dumont GA, Boivin DB. Circadian adaptation
to night shift work influences sleep, performance, mood and
the autonomic modulation of the heart. PLoS One. 2013;8(7):
70813, https://doi.org/10.1371/journal.pone.0070813.

39. Malmberg B, Persson R, Flisberg P, Orbaek P. Heart rate
variability changes in physicians working on night call. Int
Arch Occup Environ Health. 2011;84(3):293-301, https://
doi.org/10.1007/s00420-010-0593-4.

40. Amirian I, Toftegard Andersen L, Rosenberg J, Gogenur L.
Decreased heart rate variability in surgeons during night
shifts. Can J Surg. 2014;57(5):300-4, https://doi.org/10.1503/
¢js.028813.

41. Harbeck B, Suefke S, Haas CS, Lehnert H, Kropp P, Moe-
nig H. No stress after 24-hour on-call shifts? ] Occup Health.
2015;57(5):438-47, https://doi.org/10.1539/joh.14-0276-OA.

42. Thurman RH, Yoon E, Murphy KE, Windrim R, Farru-
gia MM. Heart rate variability in obstetricians working 14-
hour call compared to 24-hour call in labour and delivery.
J Obstet Gynaecol Can. 2017;39(12):1156-62, https://doi.
org/10.1016/j.joge.2017.05.009.

43. Wang ML, Lin PL, Huang CH, Huang HH. Decreased

parasympathetic activity of heart rate variability during

[JOMEH 2020;33(4)

anticipation of night duty in anesthesiology residents. Anesth
Analg. 2018;126(3):1013-8, https://doi.org/10.1213/ANE.000
0000000002439.

44, Dutheil F, Boudet G, Perrier C, Lac G, Ouchchane L,
Chamoux A, et al. JOBSTRESS study: Comparison of
heart rate variability in emergency physicians working
a 24-hour shift or a 14-hour night shift--a randomized trial.
Int J Cardiol. 2012;158(2):322-5, https://doi.org/10.1016/j.
fjcard.2012.04.141.

45. Adams SL, Roxe DM, Weiss J, Zhang F, Rosenthal JE.
Ambulatory blood pressure and holter monitoring of
emergency physicians before, during, and after a night
shift. Acad Emerg Med. 1998;5(9):871-7, https://doi.
org/10.1111/j.1553-2712.1998.tb02816.x.

46. Hulsegge G, Gupta N, Proper KI, van Lobenstein N, Ijzelen-
berg W, Hallman DM, et al. Shift work is associated with
reduced heart rate variability among men but not women.
Int J Cardiol. 2018;258:109-14, https://doi.org/10.1016/.ij-
card.2018.01.089.

47. Kunikullaya KU, Kirthi SK, Venkatesh D, Goturu J. Heart
rate variability changes in business process outsourcing em-
ployees working in shifts. Indian Pacing Electrophysiol J.
2010;10(10):439-46.

48. Wong IS, Ostry AS, Demers PA, Davies HW. Job strain and
shift work influences on biomarkers and subclinical heart dis-
ease indicators: A pilot study. ] Occup Environ Hyg. 2012;9(8):
467-77, https://doi.org/10.1080/15459624.2012.693831.

49. Van Amelsvoort LG, Schouten EG, Maan AC, Swenne KA,
Kok FJ. 24-hour heart rate variability in shift workers: Im-
pact of shift schedule. J Occup Health. 2001;43(1):32-8.

50. Task Force of the European Society of Cardiology and
the North American Society of Pacing and Electrophysi-
ology. Heart rate variability: Standards of measurement,
physiological interpretation and clinical use. Circulation.
1996;93(5):1043-65.

51. Tobaldini E, Cogliati C, Fiorelli EM, Nunziata V, Wu MA,
Prado M, et al. One night on-call: Sleep deprivation af-

fects cardiac autonomic control and inflammation in phy-


https://doi.org/10.1213/ANE.0000000000002439
https://doi.org/10.1213/ANE.0000000000002439
https://doi.org/10.1016/j.ijcard.2012.04.141
https://doi.org/10.1016/j.ijcard.2012.04.141
https://doi.org/10.1111/j.1553-2712.1998.tb02816.x
https://doi.org/10.1111/j.1553-2712.1998.tb02816.x
https://doi.org/10.1016/j.ijcard.2018.01.089
https://doi.org/10.1016/j.ijcard.2018.01.089
https://doi.org/10.1080/15459624.2012.693831
https://doi.org/10.1007/s00420-005-0026-y
https://doi.org/10.1007/s00420-005-0026-y
https://doi.org/10.1539/joh.12-0250-oa
https://doi.org/10.1539/joh.12-0250-oa
https://doi.org/10.1080/00140130412331303920
https://doi.org/10.1080/00140130412331303920
https://doi.org/10.1371/journal.pone.0070813
https://doi.org/10.1007/s00420-010-0593-4
https://doi.org/10.1007/s00420-010-0593-4
https://doi.org/10.1503/cjs.028813
https://doi.org/10.1503/cjs.028813
https://doi.org/10.1539/joh.14-0276-OA
https://doi.org/10.1016/j.jogc.2017.05.009
https://doi.org/10.1016/j.jogc.2017.05.009

HEART RATE VARIABILITY AND NIGHT-SHIFT WORK REVIEW PAPER

sicians. Eur J Intern Med. 2013;24(7):664-70, https://doi.
org/10.1016/j.ejim.2013.03.011.

52. Wehrens SM, Hampton SM, Skene DJ. Heart rate variability
and endothelial function after sleep deprivation and recov-
ery sleep among male shift and non-shift workers. Scand J
Work Environ Health. 2012;38(2):171-81, https://doi.org/
10.5271/sjweh.3197.

53. Wong IS, Ostry AS, Demers PA, Davies HW. Job strain and
shift work influences on biomarkers and subclinical heart
disease indicators: A pilot study. J Occup Environ Hyg.
2012;9(8):467-77, https://doi.org/10.1080/15459624.2012.69
3831.

54. Fyfe-Johnson AL, Muller CJ, Alonso A, Folsom AR, Got-
tesman RE, Rosamond WD, et al. Heart rate variability and
incident stroke: The atherosclerosis risk in communities
study. Stroke. 2016;47(6):1452-8, https://doi.org/10.1161/
STROKEAHA.116.012662.

55. Janszky I, Ericson M, Mittleman MA, Wamala S, Al-Khalili
Schenck-Gustafsson K, et al. Heart rate variability in long-
term risk assessment in middle-aged women with coronary
heart disease: The Stockholm female coronary risk study.
J Intern Med. 2004;255(1):13-21, https://doi.org/10.1046/
j-0954-6820.2003.01250.x.

56. Chang YM, Huang YT, Chen IL, Yang CL, Leu SC, Su HL,
et al. Heart rate variability as an independent predictor
for 8-year mortality among chronic hemodialysis patients.
Sci Rep. 2020;10(1), https://doi.org/10.1038/541598-020-
57792-3.

57.Kwon O, Jeong J, Kim HB, Kwon IH, Park SY, Kim JE,
et al. Electrocardiogram sampling frequency range accept-
able for heart rate variability analysis. Health Inform Res.
2018;24(3):198-206.

58. Singh D, Vinod K, Saxena SC, Deepak KK. Effects of RR
segment duration on HRV spectrum estimation. Physiol
Meas. 2004;25(3):721-35.

59. Billman GE. The LF/HF ratio does not accurately measure
cardiac sympatho-vagal balance. Front Physiol. 2013;4:26,
https://doi.org/10.3389/fphys.2013.00026.

60. Langelotz C, Scharfenberg M, Haase O, Schwenk W. Stress
and heart rate variability in surgeons during a 24-hour shift.
Arch Surg. 2008;143(8):751-5, https://doi.org/10.1001/arch-
surg.143.8.751.

61. Myers GA, Martin GJ, Magid NM, Barnett PS, Schaad JW,
Weiss JS, et al. Power spectral analysis of heart rate variabil-
ity in sudden cardiac death: Comparison to other methods.
[EEE Trans Biomed Eng. 1986;33(12):1149-56, https://doi.
org/10.1109/TBME.1986.325694.

62. Boudreau P, Yeh WH, Dumont GA, Boivin DB. A circadian
rhythm in heart rate variability contributes to the increased
cardiac sympathovagal response to awakening in the morn-
ing. Chronobiol Int. 2012;29(6):757-68, https://doi.org/10.31
09/07420528.2012.674592.

63. Tochikubo O, Ikeda A, Miyajima E, Ishii M. Effects of in-
sufficient sleep on blood pressure monitored by a new mul-
tibiomedical recorder. Hypertension. 1996;27(6):1318-24,
https://doi.org/10.1161/01.hyp.27.6.1318.

64. Malliani A, Pagani M, Lombardi E Cerutti S. Cardiovascu-
lar neural regulation explored in the frequency domain. Cir-
culation. 1991;84(2):482-92, https:/doi.org/10.1161/01.cir.
84.2.482.

65. Bootsma M, Swenne CA, Van Bolhuis HH, Chang PC, Cats VM,
Bruschke AV. Heart rate and heart rate variability as indexes
of sympathovagal balance. Am J Physiol. 1994;266(4 Pt 2):
H1565-71, https://doi.org/10.1152/ajpheart.1994.266.4.H1565.

This work is available in Open Access model and licensed under a Creative Commons Attribution-NonCommercial 3.0 Poland License - http://creativecommons.org/

licenses/by-nc/3.0/pl/deed.en.

[JOMEH 2020;33(4)

425


https://doi.org/10.3389/fphys.2013.00026
https://doi.org/10.1001/archsurg.143.8.751
https://doi.org/10.1001/archsurg.143.8.751
https://doi.org/10.1109/TBME.1986.325694
https://doi.org/10.1109/TBME.1986.325694
https://doi.org/10.3109/07420528.2012.674592
https://doi.org/10.3109/07420528.2012.674592
https://doi.org/10.1161/01.hyp.27.6.1318
https://doi.org/10.1161/01.cir.84.2.482
https://doi.org/10.1161/01.cir.84.2.482
https://doi.org/10.1152/ajpheart.1994.266.4.H1565
https://doi.org/10.1016/j.ejim.2013.03.011
https://doi.org/10.1016/j.ejim.2013.03.011
https://doi.org/10.5271/sjweh.3197
https://doi.org/10.5271/sjweh.3197
https://doi.org/10.1080/15459624.2012.693831
https://doi.org/10.1080/15459624.2012.693831
https://doi.org/10.1161/STROKEAHA.116.012662
https://doi.org/10.1161/STROKEAHA.116.012662
https://doi.org/10.1046/j.0954-6820.2003.01250.x
https://doi.org/10.1046/j.0954-6820.2003.01250.x
https://doi.org/10.1038/s41598-020-57792-3
https://doi.org/10.1038/s41598-020-57792-3
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

