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ABSTRACT. The use of stress training induction is very important for
psychology and neuroscience studies. It allows the researcher to
manipulate the emotional activation of subjects to determine its effect on
their behavior. This study was performed to explore the link between
stress and heart rate variability (HRV) measures. HRV in the field of the
nonlinear domain is also useful in determining the autonomic balance
and is a more reliable marker of mortality and problems in patients with
cardiovascular diseases. These protocols let researchers examine the
physiological paths of a stress reaction in physical condition and
infection, which is crucial to stress research. This study aimed to support
reliable information about psychological stress protocols and HRV
measures during nonlinear measures. To conduct a systematic review of
the evidence, a meta-analysis of the proof was carried out according to
the inclusion criteria, performing a comprehensive search of electronic
sources and a linear review of references. Once conference papers were
removed, journal papers illustrating well-made studies analyzing HRV
with healthy subjects were considered for inclusion if the stress-inducing
protocols were the same. A total of 147 volunteers were enrolled in the
four studies, which investigated 11 non-linear HRV measures. Mental
Arithmetic Task is primarily used as a stress-inducing test, and three
studies extracted SD1, SD2, and SD1/SD2 for HRV non-linear
measurements. This study shows that induction of mental stress can
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increase the levels of cortisol in healthy subjects. In conclusion, the
results showed that investigating nonlinear HRV measures for the
duration of mental stress is still needed. Furthermore, the nonlinear HRV
measures can be spread over to other fields where HRV has been shown
to be clinically meaningful.
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INTRODUCTION

Stress has been well-defined by medical professionals, social scientists,
anthropologists, psychologists, and even ordinary people (Selye, 1963). It occurs when the
body needs natural defense against dangers (Salleh, 2008). In response to stress, the body
produces specific hormones to prepare for defense (Kumar et al., 2013). Stress responses
are known as fight or flight responses and are physiological responses when a person is
stressed (Chu et al., 2022). Hormones that induce stress include adrenaline, cortisol, and
norepinephrine. Stress causes the adrenal glands to release the cortisol hormone

As a response to a variety of stressors, the brain releases that hormone (Ranabir
and Reetu, 2011). A high cortisol level increases blood pressure and heart rate. Excessive
cortisol levels result in cardiovascular disease, and Cushing's syndrome is the result of
primary or secondary overproduction of cortisol (Whitworth et al., 2005). Cortisol levels
can measure in blood, urine, or saliva (El-Farhan et al., 2017). The most common method
for measuring cortisol is through blood tests. A high or low cortisol level indicates an
adrenal gland problem (Dineen, et al., 2019).

There have been several stress-inducing exercises deployed both in laboratory
settings and clinical health settings such as Stroop color words, trier social stress, mental
arithmetic, public speaking, and cold pressor tests. Both the Cold Pressor Task (CPT) and
Trier Social Stress Test (TSST) were created as a way to generate stress in humans, and
both were widely used in psychology and neuroscience experiments (Ferreira et al., 2019).

A CPT test involves a concentration of the non-dominant hand in cold water (0 °C -
4 °C) for one to three minutes (Silverthorn and Michael, 2013). The TSST consists of
preparing an oral presentation, executing the display, and participating in an arithmetic
mental challenge (Birkett, 2011). Color-word test in which the terms "RED," "BLUE,"
"GREEN," and "YELLOW" are printed in colors that do not match the one stated in the
text, causing intervention. Participants should read the text without mentioning its color
(Scarpina and Tagini, 2017).

Heart rate variability is described as a variation in the interval between adjacent
heartbeats (HRV). HRV controls autonomic balance, gas interchange, blood pressure, and
vascular feeling in the gut, heart, and blood vessels. By measuring linearly and nonlinearly,
HRYV is estimated (Mansier et al., 1996; Francesco, 2012). Linear calculations are the most
popular, but nonlinear calculations provide important clinical health information (Young
and Benton, 2015; Shachar et al., 2018). Linear measures may be examined in both the
frequency and time domains. It is critical to select the duration of the wave to be examined.

The length of the passage is determined by factors such as the experimental
conditions and the study question. In the literature, there are three primary standardized
lengths: (a) long-term situation, which implies short 24-hour HRV excerpts; (b) short-term
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situation, which implies five-minute extracts; and (c) ultra-short-term situation, which
implies extracts of less than five minutes (Massaro and Pecchia, 2019). In general,
frequency-domain procedures are effective for processing data from short-term segments;
time-domain studies are perfect for examining long-term situation recordings (Massaro and
Pecchia, 2019).

As a general rule, data gained from short-term situation segments are most excellent
managed with frequency-domain techniques calculation; time-domain analyses are well
suited for analyzing long-term situation recordings (Cowan, 2009; Li et al., 2019). The
basic step is to use an electrocardiogram (ECG) or a photoplethysmogram to monitor
electrical signals (PPG). The next stage is to evaluate the sampling frequency.

On the other hand, lower sample charges might jeopardize the authenticity of HRV
frequency-domain and non-linear indications (Merri et al., 1990).

As a general rule, sampling rates of 125 Hz or 200 Hz are suitable (Kwon et al.,
2018). The final phase in HRV analysis is filtering or eliminating artifacts. In all frequency
ranges, artifacts may enhance power (Peltola, 2012).

A non-linear association among the variable quantity cannot be shown as a
straightaway line. The randomness of a time series is measured using non-linear dimensions
(Goswami, 2019), which is due to the intricacy of the HRV regulation mechanisms. When
the same process provides both frequencies- and time-domain measurements, there is a link
between non-linear indicators and particular frequency- and time-domain data. Stress and
illnesses such as diabetes, on the other hand, can lower non-linear measures, improve
values, and are not commonly linked to health. Enhanced non-linear HRV is a hazard
component for mortality in people who have had a heart attack (post-MI) (Stein et al.,
2005).

S, SD1, SD2, SD1/SD2, sample entropy (SampEn), approximate entropy (ApEn),
detrended fluctuation analysis (DFA) 1 and DFA 2, and D2 are non-linear characteristics
(Shaffer and Ginsberg, 2017). According to nonlinear HRV indicators, a defective heart rate
regulating mechanism is linked to reduced cardiac function, fluid buildup, and poor physical
health (Ferrario et al., 2015).

A Poincaré plot is formed by scheming each R-R interval in opposition to the last
gap. Poincaré plot analysis can be used to uncover hidden patterns in a time series (a
sequence of measurements) (Hsu et al., 2012).

A Poincaré plot is unaffected by changes in R—-R interval trends (Karmakar et al.,
2011). Poincaré plots are examined after fitting an ellipse to the plotted points (Golinska,
2013). This yielded triplet non-linear metrics: S, SD1, and SD2. The baroreflex sensitivity
(BRS), HF and LF power, and RMSSD are all represented by the total HRV (S) region of
the ellipse (Guzik et al., 2007).

The standard deviation (consequently SD) of each point's distance after the y = x-
axis determines the ellipse's diameter (SD1). SD1 is a short-term HRV measure based on
milliseconds that is linked to baroreflex sensitivity (BRS), which is defined as changes in
IBI length for each unit shift in Blood Pressure and HF power (Ciccone et al., 2017). The
RMSSD and the non-linear measured SD1, which assesses short-term HRV, are
indistinguishable (Martin et al., 2016). SD1 anticipates diastolic BP, HR Max, HR Min,
SDNN, pNN50, RMSSD, power in the LF and HF bands, and overall power throughout 5-
minute records (Robert, and Ginsberg, 2020).
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The standard deviation of every point after the y = x + average R-R interval
determines the duration of the ellipse (SD2). SD2 is an ms-based short- and long-term HRV
measurement that is correlated with LF power and BRS (Drury et al., 2019).

The SD1/SD2 proportion evaluates the RR time series' unpredictability in
measuring autonomic balance when the examining cycle is prolonged and sympathetic
activation occurs. The SD1/SD2 proportion is linked to the calculation of the LF/HF ratio
(Drury et al., 2019). Approximate entropy is used to analyze the reliability and difficulty of
a time series. ApEn was created for short time sequences with interference, and it makes no
expectations about the system changes in volume (Delgado-Bonal and Marshak, 2019).
When employed in HRV data, significant ApEn values imply a low probability of
oscillations in succeeding RR intervals (Henriques et al., 2020).

The associations among subsequent RR periods over various time scales are
extracted using detrended fluctuation analysis (Cornforth et al., 2015). This analysis yields
slope 1, which denotes short-term swings, and slope 2, which denotes long-term volatility
(Drury et al., 2019). The baroreceptor reflex is reflected in the short-term correlations
retrieved via DFA, whereas the monitoring structures that limit the modification of the beat
sequence are reflected in the long-term correlations (Drury et al., 2019).

The CD (D2) calculates the bare least amount of variables needed to build a system
changes in volume pattern. The additional factors need to forecast a time series, the
additional complicated it becomes (Drury et al., 2019).

The standard deviation of every point from the y = x + average R-R interval
determines the length of the ellipse (SD2). SD2 is an ms-based short- and long-term HRV
measurement that is correlated with LF power and BRS (Drury et al., 2019). The objective
of this research was to look at stress-inducing methods that were built consistently and non-
linear HRV analysis studies that offered correct information about the hundreds of HRV
measures recorded under mental stress.

As a result, this review focused on the relationships between an acute mental stress-
inducing procedure and nonlinear HRV analysis using short-term HRV. The review was
written following systematic review and meta-analysis guidelines (Schmid et al., 2021).

MATERIAL AND METHODS
Research Strategy

Many researchers investigate the effects of various psychosocial elements, such as
concern and stress, on humans, as well as the feasibility of evoking (using proper
psychological procedures) stressful experimental settings and determining the degree of
resistance of those tested. By scanning the PubMed and IEEE databases, appropriate works
on identifying acute mental stress by assessing the nonlinear HRV analysis were identified
and selected. To discover relevant literature, Boolean combinations of heart rate variability,
mental stress, and emotional stress were employed. Studies published within the previous
ten years (since 2011), a study on adult humans (rather than animals), no children, no
cancer, and no pregnancy were utilized to reduce the scope of the study.

Inclusion and exclusion criteria for paper selection:
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Studies published before November 2011 were counted proper for this evaluation if
they encountered all of the subsequent criteria after a cursory inspection of the titles and
abstracts:

A peer-reviewed paper published in a scientific publication.

The study used non-linear HRV analysis to investigate mental stress.

The trials used a well-designed, robust design that included repeated measurements
in an identical class of healthy volunteers during rest and stress portions.

The study didn't just look at acute stressors.

The participants were adults over the age of 18.

Studies were excluded if they:

Concentrating on top of long-term stress.

HRYV analysis was used on snippets that were extended to 10 minutes.

Qualified athletes are registered.

Pain perception was investigated.

HRV measurements were reported with insufficient excellence such as no unit
measures stated or not proper statistical descriptors.

Shortlisting papers, data extraction, and desired outcomes:

Using the research method indicated above, all titles reacting to the selected
keywords were found. Studies were shortlisted based on inclusion/exclusion criteria, which
comprised titles, abstracts, and full papers after duplicates were removed (titles indexed in
both PubMed and IEEE).

Non-linear HRV values were taken from the studies in this review. Multiple
publications combining statistical analysis were published. The p-values were calculated
using a 0.05 p-value because the publications only provided parameter distributions (i.e.,
means and standard deviations).

The 78 titles were found using the above-mentioned search strategy, 62 in PubMed
and 16 in IEEE. Seventy-four articles did not match the inclusion requirements. As a result,
four papers were chosen as candidates for inclusion in this systematic review. A flow chart
depicting the findings of the literature search is shown in Figure 1.

| 62 Articles from PubMed = = 16 Articles from IEEE |
y

| 78 Total Title I
74 Excluded:
*No Healthy Subjects
ePregnant Subjects
«Children
«Elderly
«Long-term HRV
*No Statistics
*No Stress Protocol
*Conference

| 4 Total Title |

Figure 1. Titles, Abstracts, and Full Papers Included/Excluded in the PRISMA Flow Chart of Literature Search.
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Characteristics of the studies that were included:

The four investigations enrolled 19 to 78 people each, for a total of 147 subjects,
which were then combined for this study. Table 1 contains information on the population,
HRV analysis provided in each study, HRV length, and statistical approaches used to
investigate significant differences. Each task's statistical methods can be changed.

Table 1: Earlier Attempts to Recognize and Evaluate HRV and the Stress Employing Laboratory Stress
Inducing Stimuli.

Stress inducing . Nonlinear . N
Methods Subjects Features Length (min)  Significance tests
Real-Time Detection of
Acute Cognitive Stress . .
He et al, Using a Convolutional Mental Arithmetic 20 SD1, SD2, and 5 ANOVA
2019 Task SD/SD2
Neural Network From
Electrocardiographic Signal
. Identification of Stress State SD1, SD2, - .
IZ_(I)SBaI, for Drivers Under Different .SI.ESIOD Color Word 19 SD/SD2 7 Eteza;:flﬁlr?alh’)ll ?ﬁgzjnse
GPS Navigation Modes CorrCoef, g
Detection of major SD1, SD2, .
depressive disorder from . . CorDim, Maanhltney u
Byun et al, . . Mental Arithmetic test, chi-square tests
2019 linear and nonlinear heart Task 78 ApEn, 5 and Beniamini
rate variability features SampEn, al Hochberj method
during mental task protocol and a2 9
Sensory trigeminal ULF-
TENS stimulation reduces . .
. . Shapiro-Wilk test,
Monao et HRYV response to Mental Arithmetic o
al, 2017 experimentally induced Task 30 RR and DET 20 ANOVA, and Tukey's

arithmetic stress: A posthoc analysis

randomized clinical trial

RESULTS AND DISCUSSION

The findings of a systematic literature review were provided in this paper, which
included a meta-analysis of articles that looked at how short-HRV nonlinear measurements
altered under generated acute mental stress. Nonlinear HRV analysis was accomplished in
most investigations using SD1, SD2, and SD/SD2.

As a stress-inducing acceptable method, the Mental Arithmetic Task is used. A total
of 37 people were involved in the study. Also, as is customary in research, the recording
time was five minutes. In addition, for the majority of the activities, the ANOVA served as
a standard evaluation.

The first study used convolutional neural networks to detect acute stress by
applying heart rate variability. A one-lead electrocardiogram (ECG) was monitored while a
mental arithmetic task was utilized to elicit tension. Six classic HRV techniques were
isolated from ECG signals and compared to the performance of the Convolutional Neural
Networks CNN-based method. They conclude the study by establishing the chance of
super-short windows and the superiority of CNN in identifying acute cognitive stress (Li et
al., 2019).

The second experiment used the Global Positioning System (GPS), an in-lab
conduct experiment, and an in-car investigation to evaluate if GPS guidelines might
diminish or raise driver mental stress. Electrocardiography (ECG) data are accumulated in
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the conducted experiment, and the obtained heart rate variability (HRV) features are
examined.

Tension is induced as a result of the Stroop color-word test. The data were
classified using three classifiers: k-Nearest Neighbor (k-NN), Support Vector Machine, and
Random Forest. The proportion of time the driver is stressed is computed for each incident.
They discovered that GPS guidelines affect the second major time-measurement of stress
after turning events, but are higher than events like ready and waiting for traffic lights and
further traffic situations (Li et al., 2020).

In the third trial, HRV data was gathered from 37 MDD patient roles and 41
healthful volunteers through 5-minute stages: baseline, mental stress assignment, stress
healing, relaxation assignment, and relaxation task healing. The study's purpose was to
determine how autonomic reactions to stress and healing differed.

Each stage produced twenty HRV features, totaling 100, which were utilized to
classify the data by applying a support vector machine (SVM).

They were able to achieve 74.4 percent precision, 73 percent feeling, and 75.6
percent specificity in the categorization using two variables retrieved from the stress task
recovery and mental stress phases.

They also discovered that when certain segments were applied as input data on their
own, classification performance suffered compared to when all stages were included (Byun
etal, 2019).

Finally, the effects of trigeminal Ultra Low-Frequency Transcutaneous Electric
Nervous Stimulation (ULF-TENS) motivation on autonomic behavior in conditions of HRV
and respiratory factors will be examined by experimentation with a developed arithmetic
stress test in healthful participants. They used mathematical tasks, and the outcomes showed
that HRV factors and respiration rate (BR) changed considerably throughout the arithmetic
stress paradigm (p0.01) (Monaco et al., 2017).

For HRV analysis, the nonlinear calculation approach is ignored, while the linear
calculation method is more widely used. The findings of the nonlinear process, on the other
hand, indicate accomplishments in a lab setting or clinical health (Bolea et al., 2016). It is a
future approach that has been promised (Young and Benton, 2015; Godoy, 2016).
Furthermore, utilizing various stress-inducing protocols will lead to outstanding results.

CONCLUSIONS

This study found that HRV values changed regularly during mental arithmetic tasks,
indicating that they were producing psychological stress. Surprisingly, the pooled outcomes
of the nonlinear HRV analysis procedures reveal the limitations of nonlinear investigations
from ten years ago.

Furthermore, this review revealed that more research is needed to determine the
appropriate stress technique for causing non-linear HRV measurements. It could incorporate
both short and lengthy recording times, as well as non-linear elements.
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