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ABSTRACT
Background: Shift working inclusive of night shift working can severely compromise the autonomic nervous system.
Since there is limited literature available about cardiac autonomic activity in shift workers compared to regular (9 am- 5
pm) workers, the purpose of our study is to assess the impact of shift working on Heart Rate Variability (HRV), by

comparing HRV measures of shift workers to regular workers.

Material and Methods: the study was conducted in Department of Physiology, Gajra Raja Medical College, Gwalior.
The participants were security guards working in the same gated community with same working hours, but employed in
day and night shifts. 30 cases comprised of 30 night shift guards and 30 controls were 30 day shift guards (total subjects
being 60). 5 minute ECG samples were obtained for each respective group at shift beginning and shift end via
computerized 12 lead ECG equipment and HRV analysis was done in time domain and frequency domain parameters.
Comparisons were done done between cases and controls by independent T test within 95% CI.

Results: time domain parameters SDNN and RMSSD exhibited significantly diminished values in night shift workers.
Frequency domain analysis showed sympathetic dominance (LF nu, LF/HF ratio) and parasympathetic suppression (HF
nu) in night shift workers.

Conclusion: night shift working leads to a sympathetic dominant state in cardiac autonomic function, combined with
diminished parasympathetic activity, which is detrimental to cardiovascular health.

Key Words: Shift worker, Night Shift worker, Heart rate variability, Time domain, Frequency domain, Cardiac
autonomic function
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INTRODUCTION

We all have an internal clock in our brain that regulates human physiology and behavior, and was observed in most
parameters studied, such as hormone secretion, sleep propensity and architecture, and subjective and
electroencephalographic (EEG)-estimated alertness [1]. This is the same clock that tells us when it is time to go to sleep
and also when to wake up. This clock is called Circadian Rhythm. The two things that help set this clock are daylight and
night time darkness. Part of the brain responding to this light-dark cycle and thus the primary body clock is the
Suprachiasmatic nuclei, cluster of about 10,000 neurons located on either side of the midline above the optic chiasma
(approx. 3cms behind the eyes) [2]. Although in modern society artificial lighting makes it possible to have light for the
whole 24-hour span, body functions (e.g., hormonal, metabolic, digestive, cardiovascular, mental) are still mainly
influenced by the natural light/dark cycle, showing periodic oscillations that have, in general, peaks (acrophases) during
the daytime and troughs (nadirs) at night [3]. Peak of sleepiness is from midnight until 7 am. Shift work comprises work
schedules that extend beyond the typical ‘‘nine-to-five’” workday, wherein schedules often comprise early work start,
compressed work weeks with 12-hour shifts, and night work [1]. About 20% of the working population in the United
States, Australia and Europe are engaged in this work pattern [4]. Working night shifts forces us to stay awake and work
against our Circadian Rhythm. When the night shift ends and it is daylight, we try to sleep while we are alert. Cognitive
function, hormonal regulation and autonomic homeostasis get affected severely. Cognitive function impairment due to
shift work may be well assessed by measuring reaction times, while cardiac autonomic homeostasis is reliably assessed
using Heart rate variability. Extended working hours and shift or night work are well established risk factors for
workplace accidents and several negative health effects, including cardiovascular diseases [5].

Heart rate variability is the physiological phenomenon of the variation in time interval between consecutive heart
beats (R-R interval) in milliseconds [6]. A normal, healthy heart does not tick evenly but instead there is constant
variation between heartbeats. Heart rate variability gets affected by any disruption in autonomic homeostasis. Heart rate
is regulated by sympathetic and parasympathetic branches of autonomic nervous system. Sympathetic branch increases
heart rate and cardiac output and decreases HRV, which is needed during exercise and stress. Parasympathetic branch
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slows heart rate and increases HRV to restore homeostasis after stress passes [7]. If a person is experiencing stress for
long duration, like night shift working, body gets stuck in sympathetically dominant fight state, with low HRV and high
stress hormone levels and inflammatory cytokines, even when the person is resting. The fight-or-flight response is
elicited by the production of mediators like norepinephrine (NE) and epinephrine (E) from the sympathetic nervous
system (SNS) and the adrenal medulla [7]. This is very consuming on the body and can result in various mental and
physical health problems. Furthermore it was observed that cardiac autonomic function is mostly influenced by Sleep-
wakefulness cycle with very little influence by the internal clock [8], stark contrast to what is seen in other biological
variables like body temperature, cortisol etc. Shift workers have higher risk of CVD morbidity and mortality (17%) than
non-shift workers, with a 7.1% incremental risk for every five years of shift work exposure after the first five years [9].
Studies of HRV among workers with extended working hours have shown that extended hours of night work, in
particular, may lead to decreased HRV [5]. Therefore this study was designed to study the effect of shift working on
HRV and consequently cardiac autonomic function and cardiovascular health.

METHODOLOGY

This study was conducted in the post-graduate laboratory of the Department of Physiology, Gajra Raja Medical
College, and J.A. group of Hospital, Gwalior (M.P.). Subjects were healthy males between ages of 25-50 years, working
as security guards involved in shift work for a period of not less than a year. Security guards who had hypertension or
any history of cardiac illness, chronic ailments which may affect sleep pattern or cognitive function, taking any regular
medication which may affect sleep pattern or quality, indulging in smoking, alcohol consumption or substance abuse
were excluded. Cases were 30 Healthy male subjects of 25 - 50 yrs age, working night shift between 8pm to 8am.
Controls were 30 Age matched healthy male subjects working day shift between 8am to 8pm. Following approval from
Institutional Research and Ethical Clearance committees, written informed consent was obtained from the subjects. A
detailed history and complete clinical examination were done of all the subjects. Subject details including shift work
experience, anthropometric measures & vital parameters were taken. ECG recording using computerized ECG machine
by RMS (RMS VIESTA 301i) was taken at shift beginning and shift end (once morning and once evening) for each
respective group. Recording was done in calm, serene environment with patient lying comfortably in supine position.
Heart Rate Variability analysis was done using Kubios HRV, version 2.1 (Department of Applied Physics, University of
Eastern Finland, Kuopio, Finland). It included time domain parameters: SDNN, RMSSD & PNN50. SDNN- Standard
deviations of the averages of NN intervals in all 5 minutes segments of the entire recording; RMSSD- the square root of
the mean of the sum of the squares of differences between adjacent NN intervals; PNN50- % of several instances in
which two consecutive NN intervals differ by more than 50 msec. Frequency domain analysis was performed using the
non-parametric method of Fast Fourier Transformation. The power frequency spectrum was subsequently quantified into
standard frequency—domain measurements as low frequency (LF) component (0.04-0.15 Hz), high frequency (HF)
component (0.15-0.4 Hz) in normalized units (nu) & LF-HF ratio.

Statistical Analysis: All data were expressed as Mean + SD. Differences between the study group and controls were
examined using independent T test.

RESULTS
Table of Anthropometric Data
Parameter Controls (n=30) Tests (n=30) P value Significance

Age 39.03 + 1.58 38.07 + 1.67 0.67 NO
BMI 2276 +0.34 22.99+0.40 0.66 NO
SBP 121 £0.77 120.7£0.78 0.81 NO
DBP 82.87 +0.81 82.93+0.71 0.95 NO
Pulse rate 73.57+1.26 74.27 +1.64 0.73 NO
Resp. rate 17.60 £ 0.30 17.80 £0.32 0.65 NO

The above table shows comparison between the controls i.e. Day shift guards & Tests i.e. Night shift guards
regarding age, BMI, blood pressure, pulse and respiratory rate. The differences with respect to each are not significant.
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Above is the graphical representation of comparison between controls and tests concerning anthropometric and vital
data. Results imply both groups to be matched in terms of age, BMI & essential vitals (blood pressure, heart rate,

respiratory rate)

Comparison between Shift Working experience

Shift work

Controls (n=30)

Tests (n=30)

P value

Significance

Experience (yrs)

8.8 £0.58

8.66 + 0.66

0.88

NO

Both groups are matched in context of duration/experience of working in the capacity of security guards, and thus
eliminates duration of working as a possible confounding factor

Table of Time Domain HRV indices

Parameter Controls (n=30) Tests (n=30) P value Significance
SDNN 123.3+13.01 72.46 £6.16 <0.01 HIGHLY SIGNIFICANT
RMSSD 181.4 £ 20.34 98.6 + 9.29 <0.01 HIGHLY SIGNIFICANT
PNN50 31.07 £3.19 26.24 + 2.88 0.26 NO

The above table shows significant differences between Day shift guards and Night shift guards in context of time
domain parameters SDNN & RMSSD, with Day shift guards reflecting higher values in both and thus having better HRV

outcomes
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Graphical representation of differences in time domain HRV parameters between control group/day shift guards &
test group/night shift guards, The significant differences with respect to SDNN & RMSSD can be clearly observed.

Table of frequency Domain HRV indices

Parameter Controls (n=30) Tests (n=30) P value Significance
LF power 33.62 £ 2.34 43.92 £ 3.10 0.01 SIGNIFICANT
HF power 61.76 + 2.24 51.92 + 3.03 0.01 SIGNIFICANT
LF/HF 0.99 +£0.31 1.34+£0.22 0.36 NO

Dr Aditya Naidu et al.: A Comparative Study of Heart Rate Variability in Shift Working Security Guards



Above table depicts the differences between Day shift guards & Night shift guards in context of frequency domain
HRV parameters, LF power & HF power. The results imply significantly higher sympathetic activity (LF power) in
Night shift guards & conversely significantly lower sympathetic activity in Day shift guards. On the other hand, Night
shift guards were found to exhibit significantly lower parasympathetic activity (HF power) in comparison to Day shift
guards
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Graphical representation of differences between controls/Day shift guards & tests/Night shift guards in context of
frequency domain indices of HRV, Significant differences observed in LF power and HF power indices is clearly
evident.

DISCUSSION

The intrigue of researching team into harmful effects of shift working and how to efficiently study it in scientifically
sound manner was the bedrock of our study conceptualisation. At its inception, shortcomings of contemporary studies
were earmarked and efforts were made to circumvent the said confounders. With the approval of institutional ethics
committee, appropriate subjects fulfilling the inclusion criteria (and dispossessed of the exclusion criteria) were chosen
and sampling was done after obtaining due informed consent. The control group were security guards working day shift
with shift duration of 12 hours. Test group comprised of security guards working night shift of same duration in the same
community. Only males were chosen so as to negate any gender-owing differences in HRV measures, since in females
they are known to variate with different phases of the menstrual cycle [10, 11, 12, 13, 14, 15, 16 & 17]. Selecting guards
from the same workplace with the same shift duration negated any work related bias from interfering with our measures.
Both groups were sampled at shift beginning & at shift end and final measures were considered after averaging the two.
In doing so, possibility of any difference in measures owing to subjective fatigue [18, 19, 20 & 21] was eliminated. Since
HRYV measures are also known to vary with time of the day [22, 23 & 24] i.e. diurnal variation, our method of morning &
evening sampling for each respective group eliminated any interference in measures arising from the aforesaid diurnal
variations.

Subjects from both group were found to be age & BMI matched, negating any differences in outcomes to be the
result of an age difference [25, 26, 27, 28 & 29] or BMI difference [30, 31]. Statistical analysis yielded significant
differences between test and control groups in HRV measures. Statistical analysis also ensured there were no significant
differences in shift work duration between the test and control groups (shift working duration matched).

In this study we observed a highly significant difference (p=0.0008) in SDNN between day shift guards (123.3 +
13.01 msec) vs. Night shift guards (72.46 + 6.16 msec). Similar findings were reported by Wehrens et al. [32], Neufeld et
al. [33] and other researchers [34, 35] who had investigated HRV differences amongst shift workers. However, some
studies of similar design, for e.g. those done by Amelsvoort et al. [36], lee et al. [37] and other researchers [38, 39, 40 &
41] show no significant difference in SDNN values amongst shift and non-shift workers. As SDNN is a well established
indicator of cardiovascular health, our finding of significantly reduced values in night shift guards implies that shift
workers suffer from poorer cardiovascular health.

The next parameter of time-domain indices of HRV we investigated is RMSSD, which is considered a reliable
indicator of cardiovascular health. We found highly significant group difference in RMSSD (p=0.0005), with much lower
values in test group/night shift guards (98.6 + 9.29 msec) compared to control group/day shift guards (181.4 + 20.34
msec). Similar findings were reported by Shanmugavaradharajan et al. [39] and other researchers [32, 34]. Few other
studies of similar design [38, 35 & 41] reported no signicant differences in RMSSD amongst shift workers.
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The third and last parameter of time-domain HRV indices we investigated is PNN50. Known to reflect
parasympathetic activity, higher PNN50 values reflect increased vagal activity over sympathetic activity in resting
conditions. Not much value has been ascribed yet to PNN50 as a diagnostic/screening/prognostic tool in medical science.
Although in our results PNN50 was lesser in the test group/night shift guards (26.24 + 2.88%) compared to control
group/day shift guards (31.07 + 3.19%), the difference was not statistically significant (p=0.26). Therefore we cannot
positively conclude that PNN50 measures would be adversely affected in shift workers until further scientific evidence
backs up the assumption.

The major influencer of HRV is the Autonomic nervous system, with its Sympathetic & Parasympathetic branches.
The PNS improves HRV while the SNS reduces HRV. Hence lower HRV reflects sympathetic over activity &
dominance over PNS while the vice versa is true as well. This Qualitative Analysis of HRV is done through Frequency
Domain measures. We compare power within the frequency spectral bands, namely LF (low frequency, 0.04-0.15 Hz)
and HF (0.15-0.40 Hz). LF band is reflective of sympathetic activity while HF band reflects parasympathetic activity. So
the measures of LF and HF power, expressed as ms%Hz or n.u. (normalized units) and the ratio of LF power to HF power
provides valuable insight into Sympathovagal balance of the individual, and helps in better discerning HRV findings of
the said individual. As for LF power, it was found to be significantly higher (p=0.01) in test group (43.92 + 3.10 nu)
compared to control group (33.62 + 2.34 nu). This clearly demonstrates higher sympathetic activity in night shift workers
compared to day workers. Similar findings have been reported by Tobaldini et al. [42] and other researchers [36, 32, 38
& 43]. However, some studies have yielded no such finding, like those of Adams et al. [44] and others [8, 37, 35, 45 &
41]. Study by Furlan et al. [46] upheld the opposite i.e. reduced sympathetic activity during night shift (lower LF).
Nonetheless, the statistically significant difference in our study clearly demonstrates sympathetic prevalence in shift
workers. Also noteworthy is the significantly (p=0.01) reduced HF power in test group/night shift guards (51.92 + 3.03
nu) compared to controls/day shift guards (61.76 £ 2.24 nu). Similar findings have been reported by Adams et al. [44]
and other researchers [36, 32, 42, 33, 34, 35, 45, 43, 47 & 48]. Few other studies [8, 46, 37, 38 & 41] report no
significant difference in HF power/parasympathetic activity amongst shift workers. However, in our case we observed
significant differences in both LF power (higher in night shift guards) and HF power (lower in night shift guards) to
positively conclude a sympathetic dominant state with reduced parasympathetic activity in night shift workers compared
to day workers.

CONCLUSION

Our results have shown cardiovascular compromise in night shift guards, evident through poorer HRV outcomes
compared to day shift guards. The compromise was found to worsen with increasing years of engaging in night shift
work. Further research into the impact of shift working must be carried out, not just into physiological aspects of health,
but also into other aspects of well being. The impact of working out of sync with natural circadian rhythm on workers’
psychological and social well being must also be looked into and adequate remedies must be implemented. The modern
world demands round the clock goods & services making shift work unavoidable, but its deleterious effects may be
lessened by various non-pharmacological & pharmacological measures.
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