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ARTICLE INFO ABSTRACT
Article History Background: The global prevalence of shift work is estimated to be around 20%.

Received:22/2/2022  Due to its untimely work schedule shift work affects the sleep-wake cycle and
Accepted:30/3/2022  increases cardiovascular risk. Autonomic dysfunction is one of the explanatory

Auvailable:31/3/2022 links that has been proposed. Here, we strived to gather evidence regarding this

association by assessing the cardiac autonomic activity of shift workers using
Keywords: Heart Rate Variability (HRV). Materials and methods:30 shift workers and 30-
Shift work: day workers were enrolled for the study as per the set criteria and subjected to

Time-domain analysis of short-term HRV. By appropriate statistical methods,

Cardiac autonomic  _. Lo :
Time-domain indices between shift workers and day workers were compared

a(_:tIVIty; HRV; based on their gender and Body Mass Index (BMI) and individual HRV measures
Time domain were correlated with BMI. Results: Shift workers had a significantly lower
measures; RMSSD [Square Root of the Mean of the Sum of the Squares of the Differences

between adjacent NN (normal-to-normal) intervals] (p- .004) and pNN50 (number
of pairs of adjacent NN intervals differing more than 50 milliseconds divided by
the total number of NN intervals) (p- .015) when compared to the day workers.
Shift working males had a reduced RMSSD (p- .012) and pNN50 (p- .03). Shift
workers showed a negative correlation between their BMI and time-domain
measures SDNN (Standard Deviation of all NN intervals) (r-0.020) and RMSSD
(r-0.005). Conclusion: Our study shows that shift work exposure is detrimental to
cardiac autonomic activity and especially males are at a higher risk. Obesity in
shift workers increases the risk.
INTRODUCTION
Shift work is generally defined as work that adheres to a work schedule that
deviates from the normal daylight working hours (7/8 am to 5/6 pm). In other words,
shiftwork consists of non-standard working hours which are irregular, and unusual (IARC,
2010). Prevalence of shift work is globally similar and the available data suggest that around
18% to 20% are involved in this grueling alternative schedule (McMenamin, 2007) (Paoli,
2001) (KUBO, 2014). In this modern era, shift work has attained paramount importance as it
provides round-the-clock service to the end-user, but on the negative side puts the employees
on an untimely work schedule (Harma&Kecklund, 2010). As it tampers with the sleep/wake
cycle and circadian patterns in the human body, shift work is found to be a major risk factor
for health disorders that are psychoneurotic, cardiovascular, gastrointestinal, and even
cancerous in nature (Costa, 2010).
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The risk of cardiovascular disorders
(CVD) in shift workers is found to be high
and it has been linked so far by physiological
mechanisms such as autonomic dysfunction,
inflammatory changes, dyslipidemia, and
hyperglycemia (Puttonen et al., 2010). It has
been shown that autonomic
dysfunction affects  the  cardiovascular
system by increasing blood pressure levels
and heart rate fluctuations that are
aggravated by emotional or physical stress
(Garland, 2009).

Any clinical and  subclinical
autonomic imbalance or dysfunction can be
detected by Heart Rate Variability (HRV)
fairly and accurately (Guo et al., 2013).
HRV analyses the beat-to-beat changes in
the heart rate and reflects cardiac autonomic
activity as the heart rate is continuously
modulated by the changes in the sympathetic
as well as the vagal activity
(Electrophysiology, 1996). Christensen et al,
have shown that any alteration in the HRV
may be considered an indication or a risk
factor for impending cardiac disease
(Christensen et al., 1999).

HRV can be analyzed by time
domain and frequency domain methods.
Time-domain method infers from the
changes in the time interval between two
successive normal to normal complexes
(NN). The time-domain measures we have
taken into account here are the Standard
Deviation of all NN intervals (SDNN),
Square Root of the Mean of the Sum of the
Squares of the Differences between adjacent
NN intervals (RMSSD), the number of pairs
of adjacent NN intervals which differ more
than 50ms in the entire recording (NN50),
and the number of pairs of adjacent NN
intervals differing more than 50 milliseconds
in the entire recording divided by the total
number of NN intervals (pNN50)
(Electrophysiology, 1996)).

Of these measures, SDNN measures
of total variability while RMSSD, NN50,
and, pNN50 reflect heart rate variations of
high-frequency nature (Electrophysiology,
1996). Literature shows that the time
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domain measures, especially SDNN and
RMSSD are valuable in assessing autonomic
function (Kang et al., 2016).

Only a few works of literature
involving HRV are available that trace the
association between shift work and cardiac
autonomic modulation and many of them
made use of the frequency domain measures
(Amelsvoort et al., 2001). Also, the results
were found to be contradictory and variable
in  explaining the disease pathway
(Amelsvoort et al., 2001) (Jarvelin-Pasanen
et al., 2013). Even the ones that used time-
domain measures were of western origin and
do not provide a regional perspective
(Hulsegge et al., 2018) (Bernardes Souza et
al., 2014). Hence, in this study, by
comparing the time-domain measures of
short-term HRV between shift workers and
day workers, we aimed to assess the impact
of shift work on the cardiac autonomic
activity.

MATERIALS AND METHODS

Ours IS a  cross-sectional,
observational study. After getting approval
from the Institutional Human Ethics
Committee (Project N0.14/113), the study
was conducted in our tertiary care hospital.
A total of 60 participants were used for the
study. Study subjects were recruited from the
hospital staff as per the set criteria. Thirty
permanent day workers and thirty shift
workers of age between 20 - 35 years were
included as study participants. Shift workers
were identified as per the defined criteria
(IARC, 2010). Informed consent was
obtained from the participants and complete
confidentiality was ensured. Individuals with
hypertension, bronchial asthma, cardiac
issues, thyroid disorders, and pregnancy
were not included as subjects as these are
known to affect HRV.

Subjects were taken to the Research
laboratory was HRV analysis. They were
instructed to refrain from smoking, caffeine
intake for at least 2 hours, and alcohol intake
for at least 36 hours before the recording.
They were also advised to have adequate
sleep (at least 8 hours) on the previous night
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and a normal breakfast on the day of
recording. The assessment was done in a
supine position with the subject lying on a
couch in a dimly lit, quiet room that had an
ambient temperature of about 20 to 25 °C.
Before the recording, the procedure
was properly explained to the subjects and
they were asked to rest briefly for about 5
minutes on the couch to rid of the anxiety.
After the necessary rest, HRV was recorded
for 5 minutes. An electrocardiogram (ECG)
in Lead Il was recorded for 320 seconds at a
sampling rate of 1,024 Hz, using a
computerized student’s physiograph, three-
channel (INCO, Chennai). The recording

was analyzed using NIVIQURE-HRV
software  (Niviqure  Meditech  Private
Limited, Bangalore) and time-domain

measures were extracted.

The collected data were subjected to
statistical analysis by SPSS version 24.
Continuous variables were represented in the
mean + SD form and categorical variables by
their frequency. For comparison of the two
groups, the independent sample t-test and
Mann Whitney U test were employed. To
find out the association between two
continuous variables, Spearman and Pearson
correlation tests were used. The p-value, less
than or equal to 0.05 was taken as
significant.

RESULTS

Sixty subjects were recruited in this
cross-sectional study out of which 30 were
day workers who acted as controls and the
remaining 30 were shift workers, with an
equal number of males and females in each
group.

Table 1 shows, the comparison of
data between shift workers and day workers.
When time domain parameters of shift
workers RMSSD (p=0.004) and PNN50
(p=0.015) were found to be significantly
reduced when compared to the day workers
(Table-1).

Table 2 shows, the comparison of
data between male shift workers and male
day workers Here, male shift workers
showed a significant reduction in RMSSD
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(p=0.012), NN50 (p=0.06), and pNN50
(p=0.03) when compared to the male day
workers (Table-2).

Table 3 shows, the comparison of
data between female shift workers and
female day workers When females alone
were compared, there was no significant
difference in time domain measures (Table-
3). However, there is a significant difference
in their BMI (p=0.002).

Table -4 shows the comparison of
shift workers with day workers based on
their BMI. In the BMI >23 group, shift
workers showed a significant reduction in
RMSSD (p=0.04), NN50 (p=0.04), and
pNN50 (p=0.02), while in the BMI <= 23
category shift workers showed a significant
reduction in RMSSD (p=0.02) alone when
compared to the day workers.

As shown in Table 5, sub-group
analysis revealed, in the BMI <=23 group,
male shift workers had a significant decrease
in RMSSD (p=0.046) alone. However, the
groups consisting of males with BMI >23,
females with BMI <=23 and >23 did not
show any statistical difference between shift
workers and day workers. In a separate
subgroup analysis, a comparison between
male shift workers and female shift workers
revealed a significant difference (p=0.045) in
NNS50 alone.

In the correlation analysis, shift
workers had a significant  negative
correlation between their BMI and HRV
parameters, SDNN (r -0.020) and RMSSD (r
-0.005). Similarly, day workers also showed
a significant negative correlation between
their BMI and SDNN (r -0.002). However,
when they are grouped based on their gender
and analyzed, male shift workers showed a
significant negative correlation between their
BMI and HRV parameters RMSSD (r -
0.014) and NN50 (r -0.014) while female
shift workers had a significant negative
correlation between their BMI and SDNN (r
-0.039) alone. Male and female day workers
did not show any correlation between their
BMI and HRYV parameters.
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Table 1: Comparison between Shift workers and Day workers
Numbers | Shift workers | Day Workers | Significance
Mean + SD Mean+SD | (pvalue)t
Age 30 27.67+£4.48 27.63 £4.31 .98
BMI 30 22.39+2.71 24.5+3.98 .02
SDNN 30 51.95+25.13 53.01 + 17.29 .85
RMSSD | 30 34.93+12.49 47.62+19.49 .004*
NN50 30 50.93+£43.95 74.17£49.83 .06
pNN50 | 30 18.06+14.18 28.56x17.92 .015*

*p <0.05;T -Independent t test

Table 2: Comparison between Shift workers (Male) and Day workers (Male)

Numbers | Shift workers | Day Workers | Significance
Mean + SD Mean + SD (p-value)

Age 15 28.40+ 4.64 27.53+3.98 0.59

BMI 15 23.8+2.30 23.9+4.1 0.94

SDNN |15 57.74+30.86 59.43+18.14 0.86
RMSSD | 15 33.27+10.86 50.15+21.94 | 0.012*
NN50 15 33.07+27.92 62.07+48.94 0.06

pNN50 | 15 15.26+12.3 28.93+19.41 0.03*

*p <0.05;T -Mann Whitney U test

Table 3: Comparison between Shift workers (Female) and Day workers (Female)

Numbers | Shift workers |Day Workers | Significance
Mean+SD | Mean+SD | (pvalue)t
Age 15 26.93 +4.35 27.73+4.76 .64
BMI 15 20.99+2.38 25.1+3.9 .002*
SDNN 15 46.15+£16.86 46.59+14.2 94
RMSSD | 15 36.6+14.1 45.08+17.09 | .15
NN50 15 68.8+50.4 86.27+49.36 | .35
pNN50 |15 20.87+15.75 28.2+16.98 23

*p <0.05;T - Mann Whitney U test
Table 4: Comparison between Shift workers and Day workers with BMI <=23 and > 23

Numbers Shift workers | Day Workers | Significance
BMI Shift |[Workers | Mean = SD Mean + SD (p value)
workers | Days
>23 SDNN 12 19 49.05+20.81 | 50.23+12.92 .85
RMSSD | 12 19 33.06+£10.56 | 43.03+13.09 .04*
NN50 12 19 38.92+29.78 | 69.37+41.95 .04*
pNN50 12 19 14.61+10.14 | 25.08+£12.31 .02*
<=23 | SDNN 18 11 52.81+29.63 | 57.82+22.94 .64
RMSSD | 18 11 36.03+14.64 | 55.54+26.17 .02*
NN50 18 11 58.50+53.64 | 82.46+62.57 .29
pNN50 18 11 20.29+17.11 | 34.58+24.4 .09

* p <0.05; T - Mann Whitney U test



Heart Rate Variability in shift workers

Table 5: Comparison between Shift workers (Males, Females) and Day workers (Males,
Females) with BMI <=23 and > 23
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Numbers Shift workers | Day Workers | Significance
BMI Shift | Workers| Mean+SD Mean + SD (p value) T
workers Days

Male SDNN 4 6 73.84+49.91 71.57+19.98 .92
<=23 RMSSD 4 6 33.91+11.91 64.99+24.03 .046*

NN50 4 6 23.25+22.01 88.33+63.52 .09

pNN50 4 6 16.38+17.40 41.82+22.26 .09
Male SDNN 11 9 51.88+21.09 51.34+11.94 .94
>23 RMSSD 11 9 33.03+11.06 40.26+14.37 22

NN50 11 9 36.64+29.89 44.56+28.4 .55

pNN50 11 9 14.86+10.96 20.34+11.91 .29
Female | SDNN 7 5 45.80+17.42 41.32+£13.9 .62
<=23 RMSSD 7 5 36.73+15.85 44,19+26.37 48

NN50 7 5 70.25+56.47 75.40+68.05 .87

PNN50 7 5 21.59+17.58 25.9+26.38 .69
Female | SDNN 8 10 4754+17.8 49.23+£14.30 .87
>23 RMSSD 8 10 36.06+3.54 45,52+12.02 22

NN50 8 10 63.0+£12.49 91.7£40.41 .26

PNN50 8 10 17.97+4.62 29.34+11.59 A3

* p <0.05; t - Mann Whitney U test
DISCUSSION in  males (Hulsegge et al., 2018).

Shift work is a pattern of work that
is known to be associated with circadian
misalignment (Costa, 2010). It has been
shown already that autonomic impairment is
associated with sleep restriction (Grimaldi et
al., 2016). As it is a sensitive device to gauge
autonomic function (Guo et al., 2013), short-
term HRV is used to compare the autonomic
functions of shift workers and day workers.

To start with, we found a
significantly lower RMSSD and pNN50 in
shift workers (Table 1). These measures
reflect heart rate variability of high
frequency in nature (Electrophysiology,
1996), and the reduction implies that the
shift workers have reduced cardiovagal
activity when compared to the day workers.
Moreover, these findings also imply that
shift workers have a higher cardiovascular
risk (Christensen et al., 1999).

Our findings are ably supported by
Souza et al., who showed lifetime shift work
exposure decreases cardiac parasympathetic
modulation (Bernardes Souza et al., 2014).
Our findings also concur with Hulsegge et
al., who found a significantly lower
cardiovagal activity in shift workers but only

Furthermore, Amelsvoort et al., have also
demonstrated an autonomic impairment in
shift workers, but an increase in the cardiac
sympathetic modulation (Amelsvoort et al.,
2001).

However, our  findings are
contradicted by Jarvelin-Pasanen et al., who
found a few but insignificant differences
between normal and extended shift workers
(Jarvelin-Pasanen et al., 2013), and Freitas et
al., who found no differences between day
and night shifts (Freitas et al., 1997).

Our study also revealed that the shift
working males have a significantly lower
RMSSD, NN50, and pNN50 when compared
to the day working males (Table 2). As all
these measures are indicative of cardiovagal
activity (Electrophysiology, 1996), these
findings imply that males when exposed to
shift work are more likely to have a
decreased parasympathetic modulation. Our
study is supported by Hulsegge et al., who
found a similar autonomic imbalance in shift
working males (Hulsegge et al., 2018).

Our study revealed no significant
differences between shift working and day
working females (Table 3). This implies that
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the risk of autonomic impairment due to
shift-work exposure is considerably less in
females when compared to males. Our
finding is again supported by Hulsegge et
al., who also found no differences in time
domain HRV parameters in female shift
workers (Hulsegge et al., 2018).

Shift workers when compared to the
day workers, showed a significant reduction
in time-domain measures that reflect
parasympathetic activity, in both the obese
(BMI >23) and non-obese (BMI <=23)
groups (Table 4). However, the shift workers
belonging to the obese group had alterations
in multiple measures indicating that obese
shift workers are at a higher risk. This
finding is supported by a past study, which
found an increase in BMI negatively affects
parasympathetic components of HRV
(Koenig et al., 2014). Hence, based on our
findings we propose that obese shift workers
are more prone to develop autonomic
dysfunction.

Also, non-obese male shift workers
(Table 5) showed a significant reduction in
RMSSD than the non-obese male day
workers. However, obese male shift workers
did not exhibit any significant change. This
may be explained by the fact that obesity-
induced HRV changes may mask the shift
exposure effect.

In our study, among the shift
workers, there was a significant difference in
HRV measures between males and females.
This difference between genders is supported
by Ramaekers et al., but they found a
decrease in sympathetic modulation in
healthy  females (Ramaekers,  1998).
However, we found reduced -cardiovagal
activity in males who are exposed to shift
work. This finding again reiterates the
hypothesis that males are more prone to
develop autonomic dysfunction due to shift
work exposure (Hulsegge et al., 2018). Our
study also shows a significant negative
correlation between HRV parameters and
BMI in shift workers, especially in men.
This finding is supported by Hulsegge et al.,
(Hulsegge et al., 2018), and Koenig et al.,
(Koenig et al., 2014), who showed that the
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shift work exposure and obesity can
precipitate autonomic dysfunction and the
risk is higher in men when compared to
women.

Hence, as per our study findings, we
hypothesize that shift work precipitates
autonomic imbalance, the reasons being
circadian misalignment and sleep restriction
(Grimaldi et al., 2016). Males are more
prone to this effect and this can be explained
by their decreased vagal activity during
waking (Elsenbruch et al., 1999).

On the limitations part, the cross-
sectional nature of the study design and a
smaller sample size prevents us from
gathering more evidence. A larger
population sample followed up periodically
through a longitudinal study might be needed
to reveal more information on the effects of
shift exposure.

Conclusion

Based on our findings, we conclude
that shift work exposure is detrimental to
cardiac autonomic activity, and shift working
males are at a higher risk for cardiovascular
complications when compared to females.
Obesity in shift workers increases the risk by
precipitating autonomic imbalance.
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