
Research Article
Influence of Obesity on Heart Rate Variability in Nurses with Age
and Shift Type as Moderators

Wen-Pei Chang ,1,2 Chia-Hui Wang ,2 and Yen-Kuang Lin 3

1Department of Nursing, Shuang Ho Hospital, Taipei Medical University, New Taipei City, Taiwan
2School of Nursing, College of Nursing, Taipei Medical University, Taipei, Taiwan
3Graduate Institute of Athletics and Coaching Science, National Taiwan Sport University, Taoyuan, Taiwan

Correspondence should be addressed to Wen-Pei Chang; 10479@s.tmu.edu.tw

Received 3 October 2021; Revised 4 November 2021; Accepted 8 November 2021; Published 17 November 2021

Academic Editor: Federico Carbone

Copyright © 2021 Wen-Pei Chang et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Obesity is a risk factor of cardiovascular disease-related mortality and may be associated with changes in the autonomic nerve
activity. Nurses working shifts and caring for patients are under great mental and physical pressure, and research has proven
that these can negatively affect the body. The objective of this study was to examine the influence of obesity in nurses on their
heart rate variability (HRV) and determine whether age or shift type moderates this influence. A questionnaire survey and
HRV measurements were conducted on nurses at a hospital in Taiwan during a routine employee health checkup. HRV
analysis was conducted using a noninvasive HRV monitor for five minutes. A total of 242 nurses with a mean age of 28:98 ±
6:56 years were enrolled in this study. An overly large waist circumference (WC) had a negative impact on high frequency
(HF), low frequency (LF), and standard deviation of normal-to-normal interval (SDNN), while an overly high body mass index
(BMI) had a negative impact on very low frequency (VLF) and SDNN. The interaction term “overly large WC × age” had a
negative impact on HF (β = −0:21, p = 0:010) and LF (β = −0:18, p = 0:030), whereas the interaction term “overly high
BMI×age” had a negative impact on HF (β = −0:27, p = 0:001), LF (β = −0:19, p = 0:023), and VLF (β = −0:17, p = 0:045). The
interaction terms “overly large WC × shift type” and “overly high BMI × shift type” did not influence any HRV parameters.
As age increased, so did the degree to which the HF and LF of nurses with an overly large WC were lower than normal, and
so did the degree to which the HF, LF, and VLF of nurses with an overly high BMI were lower than normal.

1. Introduction

The autonomic nervous system (ANS) controls the activities
of the organs, such as the heart. This system is divided into
two parts with mutually inhibitory actions: the sympathetic
nervous system and the parasympathetic nervous system.
The sympathetic nervous system can accelerate the heart
rate, dilate pupils, decrease gastrointestinal motility, cause
perspiration, and strengthen muscles to deal with stressful
or dangerous situations. Conversely, the parasympathetic
nervous system can lower the heart rate, constrict pupils,
increase gastrointestinal motility, reduce perspiration, and
relax muscles so that the body can relax. The two systems
inhibit each other to maintain a balance [1]. The ever-
present influences of the sympathetic and parasympathetic

nervous systems on heart rate are reflected in heart rate var-
iability (HRV). In recent years, the influence of rotating shift
work on HRV has been receiving a growing amount of
attention. Studies comparing the HRV of individuals work-
ing and not working rotating shifts have found a greater like-
lihood of dysautonomia among the former. Individuals
working rotating shifts are thus at greater risk of cardiac dys-
rhythmia, which can lead to sudden death [2, 3]. HRV has
even been found to be a predictor of postmyocardial infarc-
tion mortality [4].

By using HRV to analyze the autonomic function of
obese individuals, increases in adult obesity and decreases
in HRV have been found to be associated with dysautono-
mia and result in ANS dysfunction [5]. Moreover, a signif-
icant correlation exists between ANS regulation and
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cardiovascular disease-related mortality. Such cardiovascu-
lar diseases include hypertension and hemorrhagic shock
[6, 7].

Obesity refers to the excessive presence of adipose tissue
in the body, and adipose tissue is now considered a complex
organ [8]. Adipocytes can secrete vasoactive hormones and
proteins collectively referred to as vasoactive factors, which
include tumor necrosis factor α, interleukin 6, and leptin.
These substances can affect metabolism and cardiovascular
regulation [9]. Adipose tissue is also closely associated with
obesity, diabetes, and other complications [10].

The ANS can regulate smooth muscle movement in
human organs as well as the secretion of hormones from
endocrine glands and is responsible for the release of neuro-
transmitters [11]. Catecholamines are a group of biogenic
amine neurotransmitters, to which epinephrine and norepi-
nephrine both belong. The former is associated with energy
metabolism whereas the latter is connected to neurotrans-
mission. Both are affected by sympathetic nerve activity.
Imbalanced catecholamine concentrations can lead to dys-
autonomia in the sympathetic and parasympathetic nervous
systems [12]. Obesity-associated induction of increased cat-
echolamine secretion from the adrenal gland indicates a
strong correlation between obesity and the ANS [13].

Panel surveys of the lifestyles of nurses have shown that
stress from rotating shifts and caring for patients often
causes fluctuations in their endocrine systems, which can
in turn lead to obesity or chronic diseases [14]. In addition,
rotating shifts can also affect the dietary habits of nurses,
such as increasing food intake, thereby increasing the
chances of suffering from metabolic syndromes such as obe-
sity and diabetes [15]. Rotating shifts also disrupt the daily
routines of nurses, change what they eat, and induce irregu-
lar meal times. In the long term, these changes affect their
endocrine systems and often result in obesity [16].

Despite literature indicating a close connection between
obesity and HRV, little research has been done on the corre-
lation between obesity and HRV in nurses working rotating
shifts. Furthermore, the factors that influence HRV also
include age, and research has shown that rates of obesity
increase with age [17]. Thus, the objective of this study

was to understand the influence of obesity on HRV in
nurses. Figure 1 displays the research framework, and our
proposed hypotheses were as follows.

Hypothesis 1. High waist circumference (WC) or body mass
index (BMI) reduces HRV.

Hypothesis 2. Age and work influence the impact of waist
circumference (WC) or body mass index (BMI) on HRV.

2. Materials and Methods

2.1. Study Design and Sample. This study is a subproject of a
large-scale project. We adopted a comparative-correlational
design for this study. During routine annual health checkups
for nurses at a teaching hospital in Taiwan from February to
April 2018, we explained the purpose of our study to the
nurses and gained their consent to collect their basic infor-
mation and HRV parameters. In accordance with the Per-
sonal Data Protection Act, each participant was assigned
an identification code to maintain anonymity. A total of
242 valid samples were obtained.

2.2. Research Instruments. A questionnaire and HRV analy-
sis were the primary research instruments of this study. The
content of the self-administered questionnaire included gen-
der, age, shift type, medical history, and smoking and drink-
ing habits of the nurses.

An increase in BMI, defined as bodymass ðkgÞ/body
height2 (m2), indicates weight gain and obesity in the entire
body. The participants of this study were divided into two
groups: BMI < 24 kg/m2 was defined as normal weight or
underweight, andBMI > 24 kg/m2 was defined as overweight
or obese. Abdominal obesity was determined using WC;
men with a WC over 90 cm and women with a WC over
80 cm were regarded as overly large [18, 19].

Nurses whose departments routinely require rotating
shifts were considered “shift workers,” while those who did
not need to rotate shifts and worked fixed day shifts were con-
sidered “fixed day shift workers.” All of the shift workers
worked slowly rotating shifts, in which they worked the same
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Figure 1: Research hypotheses and framework. Abbreviations: HRV: heart rate variability; HF: high frequency; LF: low frequency; LF/HF:
low- to high-frequency power ratio; VLF: very low frequency; TP: total power; SDNN: standard deviation of normal-to-normal interval.
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shift for a month and then changed shifts the next month.
There were three eight-hour shifts a day : day shift (08:00-
16:00), evening shift (16:00-24:00), and night shift (24:00-
08:00).

HRV analysis was conducted using a noninvasive HRV
monitor (model: 8Z12, Cloud Care Inc.), which assesses
the HRV for five minutes and then displays the individual’s
ECG signal on its liquid crystal display. ECG and HRV
Analysis System v 0.3 beta were used to link the HRV mon-
itor to a computer for HRV analysis. This involved photo-
plethysmography (PPG); the signals of which can be used
to further understand peripheral blood circulation and pro-
vide a simpler, noninvasive way of measuring physiological
signals. Based on the principle of light sensors absorbing
light energy, the signals resulting from changes in light are
recorded. When light penetrates tissues in the body, some
of the light is absorbed and scattered by muscle tissue and
blood. When the blood pumped from the heart reaches the
blood vessels, the increase in blood causes slight changes in
the volume of the peripheral capillaries. With LED light
and light intensity detection, the signals following light
absorption change as a function of variations in blood vol-
ume during heartbeats. This is the principle of PPG [20, 21].

During the two hours prior to the HRV analysis, nurses
were confirmed to not have eaten; not have had any alcohol,
tea, or caffeinated beverages; and not have engaged in stren-
uous activity. The safety and inspection procedures of the
HRV monitor were explained before the analysis, which
was conducted in a quiet separate room at room tempera-
ture in suitable lighting. The participants were asked to sit
in a comfortable position on a chair with a backrest and were
reminded to remain still, not talk, not close their eyes, and
keep breathing naturally during the analysis. The HRV
parameters in this study were as follows [22]:

(1) Heart rate (HR): normal range between 60 and 80
beats per minute

(2) High frequency (HF) (ms2): variance of the normal
heart rate in the high-frequency range extracted
using the frequency domain; this represents the
activity of parasympathetic nerves

(3) Low frequency (LF) (ms2): variance of the normal
heart rate in the low-frequency range extracted using
the frequency domain; this represents the activity of
sympathetic and parasympathetic nerves

(4) Low- to high-frequency power ratio (LF/HF): an
indicator reflecting sympathovagal balance or sym-
pathetic regulation

(5) Very low frequency (VLF) (ms2): variance of the
normal heart rate in the very low0frequency range
extracted using the frequency domain

(6) Total power (TP) (ms2): total variance of the normal
heart rate in the high-frequency, low-frequency, and
very low-frequency ranges extracted using the fre-
quency domain; this clinically represents the overall
HRV assessment

(7) Standard deviation of normal-to-normal interval
(SDNN) (ms): standard deviation of intervals
between beats in time-domain heart rate data with
a normal sinus rhythm; this is the most clinically rec-
ommended indicator of overall HRV in time-
domain analyses. The optimal range of SDNN is
20-45; higher values indicate greater variability and
stronger parasympathetic nerve activity, whereas
lower values represent lower variability and weaker
parasympathetic nerve activity

2.3. Statistical Analyses. Data processing was performed
using SPSS 19 (SPSS Inc., Chicago, IL, USA). The descriptive
analysis encompassed the demographic variables of the
nurses and HRV analysis. Shift workers and fixed day shift
workers were compared using chi-square tests and t-tests.

To determine the impact of obesity on HRV, we
employed overly large WC and overly high BMI as indepen-
dent variables and used multiple linear regression analysis to
conduct impact analysis on the six HRV parameters (i.e.,
HF, LF, LF/HF, VLF, TP, and SDNN) with the enter
method. Age and shift type were control variables.

We then used multiple linear regression analysis to con-
duct impact analysis on HRV parameters, with overly large
WC or overly high BMI as the independent variable and
age as the moderator. The moderating effects of the interac-
tion effects between the two on HRV parameters were then
examined. Significant interaction effects would indicate that
age has a moderating effect on HRV. Similarly, we then per-
formed multiple linear regression analysis using overly large
WC or overly high BMI as the independent variable and
shift type as the moderator, and the moderating effects of
the interaction effects between the two on HRV parameters
were examined.

3. Results

3.1. Demographic and HRV Distributions of Nurses. The
study comprised a total of 242 nurses. Their mean age was
28:98 ± 6:56 years, and the vast majority was women (234
individuals, 96.7%). Most of the participants did not have a
habit of smoking (230 individuals, 95.0%) or drinking (178
individuals, 73.6%), and most had no medical history of
hypertension (241 individuals, 99.6%) or diabetes (239 indi-
viduals, 98.8%). Among the participants, 64 nurses (26.4%)
worked fixed day shifts, whereas 178 nurses (73.6%) worked
rotating shifts. In the demographic distributions of the two
groups, only age presented a significant difference (p < :001
); the mean age of those who worked fixed day shifts was
34:26 ± 8:18 years, which was significantly higher than the
mean age of 27:09 ± 4:59 years of those who worked rotating
shifts. The HRV parameters were found to have no signifi-
cant relationship with shift type (Table 1).

3.2. Influence of Obesity on HRV. As shown in Table 2, the
regression analysis of the influence of an overly large WC
on HRV parameters revealed that the regression coefficient
of the influence on HF was significantly negative (β =
− 0:14, p = 0:026), that of the influence on LF was
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significantly negative (β = −0:14, p = 0:035), and that of
the influence on SDNN was significantly negative (β =
− 0:14, p = 0:029).

The regression analysis of the influence of an overly high
BMI on HRV parameters revealed that the regression coeffi-
cient of the influence on VLF was significantly negative
(β = −0:15, p = 0:023) and that of the influence on SDNN
was significantly negative (β = −0:15, p = :020) (Table 2).

Note that B is the unstandardized regression coefficient,
and β is the standardized regression coefficient.

3.3. Moderating Effects of Age on the Influence of Obesity on
HRV. Table 3 shows the results of the regression analysis on
the moderating effects of age on the influence of an overly
large WC on the HRV parameters with the interaction term
“overly large WC × age.” The regression coefficient of the
influence on HF was significant (β = −0:21, p = :010) and that
of the influence on LF was significant (β = −0:18, p = 0:030).

The regression analysis on the moderating effects of age
on the influence of an overly high BMI on the HRV param-
eters revealed that with the interaction term “overly high
BMI × age,” the regression coefficient of the influence on
HF was significant (β = −0:27, p = 0:001), that of the influ-
ence on LF was significant (β = −0:19, p = 0:023), and that
of the influence on VLF was significant (β = −0:17, p =
0:045) (Table 3).

3.4. Moderating Effects of Shift Type on the Influence of
Obesity on HRV. Table 4 shows the results of the regression
analysis on the moderating effects of shift type on the influ-
ence of WC on the HRV parameters with the interaction
term “WC × shift type.” The regression coefficient of the
influence on HF, LF, LF/HF, VLF, TP, and SDNN did not
reach the level of significance.

The regression analysis on the moderating effects of shift
type on the influence of BMI on the HRV parameters

Table 1: Demographic characteristics and HRV values of participants.

Variable
All (N = 242) Rotating shifts (n = 178) Fixed day shift (n = 64) p†

n (%) n (%) n (%)

Gender 0.085

Male 8 (3.3) 8 (4.5) 0 (0)

Female 234 (96.7) 170 (95.5) 64 (100)

Smoking habit 0.255

None 230 (95.0) 167 (93.8) 63 (98.4)

Occasionally 5 (2.1) 4 (2.2) 1 (1.6)

Has quit 7 (2.9) 7 (3.9) 0 (0)

Drinking habit 0.136

None 178 (73.6) 92 (51.7) 40 (62.5)

Occasionally 64 (26.4) 86 (48.3) 24 (37.5)

Hypertension 0.548

Yes 1 (0.4) 1 (0.6) 0 (0)

No 241 (99.6) 177 (99.4) 64 (100)

Diabetes 0.112

Yes 3 (1.2) 1 (0.6) 2 (3.1)

No 239 (98.8) 177 (99.4) 62 (96.9)

Mean (SD) Mean (SD) Mean (SD)

Age 28.98 (6.56) 27.09 (4.59) 34.26 (8.18) <0.001
BMI 23.16 (4.69) 23.09 (4.44) 23.35 (5.38) 0.707

Systolic pressure 103.88 (12.67) 103.44 (11.80) 105.09 (14.86) 0.425

Diastolic pressure 65.78 (10.09) 65.78 (10.09) 65.78 (10.09) 0.855

WC 76.98 (11.17) 76.50 (10.76) 78.31 (12.24) 0.268

HR 74.75 (11.36) 74.41 (10.62) 75.71 (13.24) 0.435

HF 6.26 (1.59) 6.32 (1.46) 6.12 (1.90) 0.442

LF 6.39 (1.50) 6.42 (1.43) 6.29 (1.68) 0.541

LF/HF 1.04 (0.18) 1.03 (0.16) 1.06 (0.23) 0.259

VLF 6.57 (1.31) 6.58 (1.30) 6.54 (1.35) 0.833

TP 7.62 (1.18) 7.69 (1.12) 7.45 (1.30) 0.172

SDNN 75.59 (107.36) 75.16 (105.13) 76.80 (114.18) 0.917
†Categorical variables were analyzed using a chi-square test, and continuous variables were analyzed using a t-test. Abbreviations: BMI: body mass index; WC:
waist circumference; HRV: heart rate variability; HF: high frequency; LF: low frequency; LF/HF: low- to high-frequency power ratio; VLF: very low frequency;
TP: total power; SDNN: standard deviation of normal-to-normal interval.
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indicated that with the interaction term “BMI × shift type,”
the regression coefficient of the influence on HF, LF, LF/
HF, VLF, TP, and SDNN did not reach the level of signifi-
cance (Table 4).

4. Discussion

The results of this study revealed that after age and shift type
were controlled, nurses with an overly large WC had signif-
icantly lower HF, LF, and SDNN, while nurses with an
overly high BMI had significantly lower VLF and SDNN.
As age increased, so did the degree to which the HF and
LF of nurses with an overly large WC were lower than nor-
mal, and so did the degree to which the HF, LF, and VLF of
nurses with an overly high BMI were lower than normal.
The differences between the HRV parameters of nurses with
an overly large WC or an overly high BMI and those of
nurses with normal or smaller/lower WC or BMI did not
vary with whether the nurses worked rotating shifts or a
fixed shift.

We employed PPG to measure various HRV parameters.
PPG optically measures changes in blood flow volume in
blood vessels. When LED light penetrates skin, tissues, and
blood vessels, the amount of light reflected changes with
the differences in vessel walls caused by heartbeats. The
amount of light reflected varies with skin color as well as
the wavelength of the light [21]. Because external light
sources can easily affect photodiodes when they receive sig-

nals, it is important that the sensor is in tight contact with
the skin. PPG and ECG signals can also be combined to cal-
culate blood pressure, which has greatly increased the accu-
racy of obtaining blood pressure values [23].

In addition, research has indicated that linear methods
are overly simple because physiological data (such as R-R
intervals) that are input into linear analysis methods can
only represent the linear ratios existing between the input
and output signals; thus, the complex conditions of the heart
rate cannot be fully represented [24]. The human system
itself is a complex nonlinear system in which only limited
data can be obtained from the observation of a single param-
eter alone. Moreover, self-similarity exists within the inter-
nal structures of this complex system, meaning that
patterns on smaller scales may be replicated on large scales
[25]. Small fluctuations could be missed when using large-
scale measurements, and these small fluctuations may con-
tain even smaller fluctuations. For this reason, no absolute
value can be measured, no matter how small the measure-
ment scale is. This phenomenon is called a fractal structure.
Many similar fractal structures exist in the human system.
The careful analysis of the rate of each heartbeat could
uncover that the heart rate exhibits immense variability.
This continuous HRV has been demonstrated to contain
fractal structures. Such unique structures have a certain
degree of complexity; the peak-to-peak intervals of each
heartbeat vary, and analysis of the rate of each heartbeat
reveals that the heartbeats are full of variability. Thus, the

Table 2: Summary table of regression coefficients of influence of WC on HRV.

Variable
HF LF LF/HF VLF TP SDNN

B β p B β p B β p B β p B β p B β p

WC-
overly
large†

-0.49 -0.14 0.026 -0.44 -0.14 0.035 0.02 0.04 0.504 -0.31 -0.11 0.091 -0.23 -0.09 0.146 -32.80 -0.14 0.029

Age -0.04 -0.16 0.030 -0.03 -0.13 0.075 00.002 0.07 0.358 -0.02 -0.09 0.232 -0.04 -0.24 0.001 -0.76 -0.05 0.526

Shift type-
fixed day
shift

0.12 0.03 0.654 0.12 0.04 0.629 0.02 0.04 0.624 0.11 0.04 0.602 0.10 0.04 0.618 10.02 0.04 0.574

R2 0.046 0.036 0.011 0.020 0.064 0.023

F 1.87 2.96 0.90 1.60 5.44 1.85

p 0.010 0.033 0.441 0.190 0.001 0.139

BMI-
overly
high†

-0.35 -0.10 0.103 -0.34 -0.11 .089 0.01 0.02 0.757 -0.40 -0.15 0.023 -0.20 -0.08 0.200 -33.60 -0.15 0.020

Age -0.04 -0.17 0.018 -0.03 -0.14 0.049 0.002 0.07 0.325 -0.02 -0.10 0.179 -0.04 -0.25 0.001 -0.99 -0.06 0.410

Shift type-
fixed day
shift

0.12 0.03 0.640 0.13 0.04 0.610 0.02 0.04 0.623 0.13 0.04 0.554 0.10 0.04 0.601 11.04 0.05 0.535

R2 0.037 0.030 0.010 0.029 0.062 0.025

F 3.07 2.43 0.78 2.41 5.27 2.07

p 0.028 0.066 0.504 0.068 0.002 0.104

B is the unstandardized regression coefficient, and β is the standardized regression coefficient. †WC ≤ 90 cm for men andWC ≤ 80 cm for women served as the
reference group; BMI < 24 kg/m2 served as the reference group. Abbreviations: BMI: body mass index; WC: waist circumference; HRV: heart rate variability;
HF: high frequency; LF: low frequency; LF/HF: low- to high-frequency power ratio; VLF: very low frequency; TP: total power; SDNN: standard deviation of
normal-to-normal interval.
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analysis and processing of physiological data that are input
into nonlinear analysis methods do not maintain linear
ratios with the output signal, which applies to the HRV ana-
lyzed in this study [26].

The ANS plays a crucial role in regulating energy con-
sumption and body fat content; however, there is no consen-
sus so far on whether this is different in obese individuals.
Guarino et al. believed that sympathetic and parasympa-
thetic nerve activities change [12], whereas Browning et al.
believed that it is mainly the parasympathetic nerve activity
that reduces [27]; Straznicky et al. though indicated that
obesity is more associated with the reduction in the sympa-
thetic nerve activity [28]. Following the control of age and
shift type, the results of this study revealed that nurses with
an overly large WC displayed significantly lower HF, which
represents parasympathetic nerve activity, lower LF, which
represents sympathetic and parasympathetic nerve activity,
and lower SDNN, which represents overall autonomic nerve
activity. Nurses with an overly high BMI displayed signifi-
cantly lower VLF, which is associated with the sympathetic
nerve activity, and lower SDNN, which is associated with
the overall autonomic nerve activity. Thus, our findings
indicate changes in both the sympathetic and parasympa-
thetic nerve activities in obese or overweight nurses.

Research from as early as 1987 has demonstrated that
like left ventricular ejection fraction (LVEF) or ventricular
arrhythmia, SDNN can serve as an independent predictor
of postmyocardial infarction mortality [29]. A later study
investigated whether HRV could be used to predict sudden
cardiac deaths in patients with congestive heart failure.
Among 127 patients, those with lower SDNN (<65.3ms)
presented a higher sudden death rate. In addition, SDNN
was the only HRV factor that could independently predict
the overall mortality rate [30]. Following the control of age
and shift type, the results of our study demonstrated that
nurses with an overly large WC or an overly high BMI also
had lower SDNN, thereby supporting that SDNN can serve
as an effective predictor of cardiovascular diseases in nurses.

Regarding the influence of an overly large WC or overly
high BMI on HRV parameters, Windham et al. performed a
longitudinal study to analyze the connection between HRV
and WC and found that increases in the WC of middle-
aged individuals with a mean age of 45 years were associated
with decreases in SDNN; thus, abdominal obesity is highly
correlated with HRV [5]. Grewal and Gupta studied 100 vol-
unteers who were recruited in India. The 50 participants
with a BMI > 30 kg/m2 were designated as the study group
(mean age 33:38 ± 8:73 years), and the other 50 participants
with a BMI < 30 kg/m2 were the control group (mean age
34:86 ± 10:24 years). After six noninvasive ANS function
tests, the authors discovered that the sympathetic and para-
sympathetic nerve functions of the study group were all
lower than those of the control group, which means that
an overly high BMI affects the sympathetic and parasympa-
thetic nerve functions [31]. Our study demonstrated that the
age of nurses strengthens the influence of an overly large
WC on HF and LF as well as strengthens the influence of
an overly high BMI on HF, LF, and VLF. Age influences
the impact of obesity in nurses on the autonomic nerves in

their cardiovascular system, and this impact is even more
prominent in older nurses, which reduces the activity of
sympathetic and parasympathetic nerves.

Although BMI is a measure of the relationship between
the body weight and height, individuals with strong or dense
bones or muscles can be mistaken as overweight or obese,
and individuals with a normal BMI may actually have a per-
centage of high body fat. Including WC can mitigate the
inadequacies of BMI and also determine the amount of fat
accumulation in the abdomen [32]. In other words, WC is
a health assessment index; not only does it reflect the degree
of obesity in the body and the severity of visceral fat accu-
mulation, but also it is a way to measure the risks of chronic
disease and cardiovascular disease [33].

As for the relationship between shift work and HRV, one
study examined middle-aged individuals (mean age 45 ± 10
years) and observed that shift work increases work pressure,
which affects the sympathetic nerves [34]. Ito et al. analyzed
nurses with a mean age of 33 ± 3 years and found no signif-
icant differences between their HRV-related indicators when
they worked night shifts or day shifts [35]. Indeed, our study
found that the differences between the HRV parameters of
nurses with an overly large WC or an overly high BMI and
those of nurses with normal or smaller/lower WC or BMI
did not vary with shift type. In other words, the impact of
an overly large WC or overly high BMI on HRV is not
affected by shift type. The mean age of the nurses in this
study though was lower than those in the two studies men-
tioned above, and fewer years working rotating shifts could
explain the reduced influence of shift type.

The nurses examined in this study were younger than
participants in other studies, which prevented us from deter-
mining whether long-term shift work strengthened the
impact of obesity on HRV. We suggest that more large-
scale studies be performed in the future and that longitudi-
nal studies be conducted to verify the moderating effects of
age or shift type on the impact of obesity on HRV in nurses.

The ANS plays a dominating role in the regulation of
many functions in the body. The cardiac ANS includes the
sympathetic nervous system and the parasympathetic ner-
vous system. In the cardiovascular system, the heart rate
and the contraction and relaxation of blood vessels are con-
trolled by the cardiac ANS. The sympathetic nervous system
can accelerate the heart rate, contract the blood vessels, and
increase blood flow resistance, whereas the parasympathetic
nervous system can lower the heart rate, relax the blood ves-
sels, and reduce blood flow resistance. These two systems
perform their functions in a mutually competing way.
Therefore, the drive of the sympathetic and parasympathetic
nervous systems, the baroreflex of the carotid sinus and the
aortic arch, and the vasomotor tone of the surrounding
blood vessels all regulate the heartbeat in the body [36]. Note
that this study did not investigate the regulation process of
the vasomotor tone of the surrounding blood vessels. We
suggest that future studies include physical activity interven-
tions to observe whether the parasympathetic activity in
obese nurses with lower autonomic nerve activity can be
improved. Furthermore, HRV reflects autonomic nerve
activity levels and can serve as a crucial indicator of an
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individual’s overall health. Abnormal HRV means poor auto-
nomic nerve functions and may indicate poor physical and
mental health [37]. Note also that we did not collect such data
in this study; therefore, we suggest that future studies could
also take physical and mental factors into account.

5. Conclusion

In conclusion, after age and shift type were controlled, this
study found that nurses with an overly large WC had signif-
icantly lower HF, LF, and SDNN, while nurses with an
overly high BMI had significantly lower VLF and SDNN.
The age of nurses strengthens the influence of an overly
large WC on HF and LF and also strengthens the influence
of an overly high BMI on HF, LF, and VLF. In contrast, shift
type did not moderate the impact of an overly large WC or
overly high BMI on HRV.
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