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INTRODUCTION

The National Institute of Mental Health, USA, states that 
stress is a response of the human body to any demand placed 
upon it.1 Acute stress is known to increase heart rate and 
blood pressure transiently, through the action of the auto-
nomic nervous system.2,3 The effects of stress may be ob-
jectively perceived by using quantifiable surrogate markers 
which respond to stressors. The autonomic nervous system 
regulates the effect of stress on the heart through the sym-
pathetic and parasympathetic systems, the balance of which 
may be measured using heart rate variability or HRV.4 HRV 
is the variation of instantaneous heart rate and the series of 
intervals between successive peaks of the R-waves on an 
electrocardiogram (ECG). Analysing the power spectrum 

gives us various parameters like total power, low-frequency 
power (LF), and high-frequency power (HF). The ratio of 
LF/HF is the indicator of the balance between the sympa-
thetic and parasympathetic nervous systems. 

Several studies have demonstrated that HRV is the best tool 
to quantify mental stress based on autonomic function and 
sympathovagal balance, denoted by the LF/HF ratio. LF/
HF ratio reliably rises when the subject is under stress, and 
that frequency domain measures consistently supported the 
idea that during stress there is a general depression of HRV 
and displacement of sympathovagal balance towards sympa-
thetic activation due to elevation of LF, which accounts for 
sympathetic and parasympathetic system activation, and de-
pression of HF, which is associated with the parasympathetic 
system only.5,6 
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ABSTRACT
Introduction: The responses of the human body to stress are well documented. Usage of toys like slime and fidget-spinners has 
been a recent trend among the public to mitigate the harmful effects of stress on health. 
Objective: This study aims to evaluate the effectiveness of slime and fidget-spinners in relieving acute stress in young adults. 
Methods: Thirty healthy subjects were studied. Each subject underwent phases of rest, acute stress using mental arithmetic, 
and stress with simultaneous usage of either slime or fidget-spinner toys. The power spectrum of short term heart rate vari-
ability (HRV) was analysed in all three phases. The values obtained were compared using the Wilcoxon signed-rank test. A 
p-value<0.05 is considered statistically significant. 
Results: Average heart rate, total power, low-frequency power (LF), high-frequency power (HF) and the LF/HF ratio were sig-
nificantly raised in the mental stress phase compared to the resting phase. No statistically significant differences were found 
when comparing these parameters of a subject in mental stress to a subject using an either toy, except a significant increase in 
LF (normalised units) in the fidget-spinner experiment. 
Conclusion: The present study noted that usage of either toy (slime or fidget-spinner) produced no significant change in HRV 
parameters in a stressed subject. Based on these findings, these toys may not be advocated for the relief of acute stress since 
they have no significant effect on their autonomic parameters in young adults. Further studies may use parameters other than 
HRV to assess stress levels in an individual.
Key Words: The autonomic nervous system, Mental arithmetic, Mental stress, Power spectrum, Stress relief, Sympathovagal 
balance
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Due to greater recognition being given to the various detri-
mental effects of mental stress on human health, the focus 
is now on attempting to counteract it before health is im-
pacted adversely. Various techniques and methods have been 
employed for this purpose, including yoga and aerobic exer-
cise, music, and exposure to nature.7-9 In 1993, a lady by the 
name of Catherine Hettinger, who suffered from myasthenia 
gravis, created the prototype of the fidget-spinner as a means 
of bonding with her daughter. The palm-sized spinners con-
sist of a ball bearing which sits in a three-pronged plastic 
device which can then be flicked and spun around.  She ap-
plied for a patent, which lapsed in 2005, after which small 
manufacturers marketed the toy as a therapeutic tool for chil-
dren with attention deficit hyperactivity disorder (ADHD), 
anxiety, and autism, to help them focus and relieve stress. 
Nearly ten years later, the publicity surrounding the toy and 
its purported uses grew rapidly, creating a trend of using it as 
a stress-relief toy among both adults as well as children.10,11

While such toys have been extensively touted to provide 
immediate relief from stress, the public opinion has not yet 
been backed up by any significant research. This study is, as 
such, the first of its kind as it attempts to objectively evaluate 
the impact of such toys on the physiological markers of acute 
stress. The objectives of this study were to evaluate the ef-
fectiveness of and to compare the levels by which slime and 
fidget-spinners relieve acute stress by assessing heart rate 
variability in young adults.

MATERIALS AND METHODS

Pre-experiment protocols
The study was conducted from April to June 2019 on 30 
male and female healthy students between the age of 18 
and 22 years. Students having any history of autonomic or 
cardiovascular dysfunction, or those students who were on 
any medication that might alter autonomic or cardiovascu-
lar function were excluded from the study. The experimental 
protocol was performed only after obtaining approval from 
the Institutional Ethics Committee (INST.EC/EC/033/2019-
20). Written informed consent was obtained from all partici-
pants. All subjects were requested to refrain from strenuous 
physical activity for at least 24 hours before recording, and 
not consume any caffeinated/non-caffeinated beverages for 2 
hours before recording. After taking a brief history, the par-
ticipants underwent the following experimental protocol:

• Height was measured by a wall-mounted stadiometer 
to the nearest 0.1 cm. The subjects were instructed to 
stand erect, without shoes, and with their hands by 
their sides. Weight was measured to the nearest 100 
gm using electronic weighing machine. Body mass in-
dex (BMI) was calculated as weight (kg) divided by 
height squared (m2).

• Resting Blood pressure was recorded using a non-in-
vasive intermittent automated blood pressure monitor-
ing device – Omron IA2 model.

Assessment of Heart rate variability
Heart rate variability (HRV) measurements were performed 
in three sessions in a quiet, temperature-controlled room 
(23±1°C). The three sessions included are i) baseline, ii) 
during mental stress task iii) during mental stress task with 
toy exercise. Following 15 minutes of rest, Lead II Electro-
cardiogram (ECG) was recorded in the sitting position for 5 
minutes in each session. The arm leads were placed on the 
shoulders to minimize interference with HRV when the sub-
ject played with the toy in the third session.

Baseline recording
Initially, the baseline ECG of the subject was recorded for 
five minutes (from time t=0 minutes to t=5 minutes). The 
subjects were asked to sit still and not move their limbs when 
the ECG was being recorded. This instruction was main-
tained across sessions.  

Mental stress test
For five minutes after baseline recording (from t=5 minutes 
to t=10 minutes), ECG was recorded while mental stress was 
being concurrently induced in the subject using mental arith-
metic. The mental arithmetic protocols commonly followed 
are variations of the serial subtraction of seven tests which 
is frequently used as an assessment tool in clinical practice 
to evaluate the ability of an individual to concentrate.12 This 
was done by instructing the subject to quickly subtract the 
number seven serially from a random three- or four-digit 
number, and verbally state the next number in the series.13,14 
For example, if the subject was given the number 589, he 
would have to give answers as 582, 575, 568, and so on. In 
an attempt to build up stress in the subject, the investigator 
constantly encouraged them to answer faster, and randomly 
changed the starting number of the series. If the subjects 
gave an incorrect answer, they were informed and told to 
correct themselves before proceeding. A break of three min-
utes (from t=10 minutes to t=13 minutes) was given between 
this session and the next in an attempt to bring the autonomic 
function back to baseline.

Intervention with toy
Once stress has been induced in the subject, one of two toys 
(either slime or a fidget-spinner) was given at random to the 
subject. The subject was instructed to play with the toy mov-
ing only his hands, and keeping the rest of the body as still as 
possible as they simultaneously performed the mental stress 
task described above, and the ECG continued to be recorded 
for five minutes (from t=13 minutes to t=18 minutes). The 
ECG recording was then analyzed for HRV indices.
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Analysis of recordings
Heart rate was obtained by R-R interval for which Lead II 
ECG was recorded using a bio amplifier data acquisition 
module, Powerlab 26T (AD Instruments, Australia). ECG 
was recorded at a sampling rate of 1000Hz. Raw record-
ings were manually edited to eliminate ectopics and arte-
facts above 5% and 2% respectively. From the obtained raw 
ECG data, the power spectrum of HRV was analyzed using 
HRV module of Lab Chart V7 (AD Instruments) based on 
non-parametric Fast Fourier Transformation. The power 
spectrum was expressed as total power in absolute units, LF 
(0.04-0.15Hz), HF (0.15-0.4Hz), LF normalized unit (LFnu), 
HF normalized unit (HFnu) and LF/HF ratio. In the power 
spectrum, the LF reflects cardiac sympathetic activity while 
the HF is a surrogate of cardiovagal function and therefore 
the ratio of LF to HF indicates sympathovagal balance.4,6

Statistical analysis
Mean and standard deviation of the anthropometric param-
eters as well as baseline blood pressure was calculated. Indi-
ces of heart rate variability (HRV) among the three sessions 
were presented as the mean and standard error of the mean. 
The variables were tested for normality of distribution, and 
the skewed data were compared using non-parametric tests. 
Wilcoxon signed-rank test was used to compare the various 
components of HRV. All the data were analyzed using IBM 
SPSS Statistics (version 20). A p-value < 0.05 is considered 
statistically significant. 

RESULTS

ECG data were collected for 36 subjects of whom only 30 
were utilised since the software was unable to analyse the 
HRV indices of the other 6. The mean age of the participants 
was 20.17±0.87 years, with a mean body-mass index (BMI) 
of 21.90±3.42 kg/m2. The subjects’ basic data, including age, 
height, weight, BMI, and blood pressure are given as mean 
± standard deviation in Table 1. The HRV indices were de-
scribed in terms of mean ± standard error. Histograms were 
plotted and it was found that each variable did not have a 
normal distribution. Thus, variables were compared using a 
non-parametric, Wilcoxon signed-rank test. A p-value < 0.05 
is considered to be statistically significant.

First, HRV indices of subjects in the resting and mental stress 
phases of the experimental protocol were compared (Table 
2). As is evident from the table, differences in all the vari-
ables were found to be statistically significant, except the 
absolute values for high frequency. Tables 3 and 4 show 
the comparisons made between mental stress phase and the 
phase of intervention with fidget-spinner and slime toys re-
spectively. None of the comparisons was statistically sig-
nificant except the normalised low-frequency values in the 
fidget-spinner experiment.

DISCUSSION

The amount of mental stress faced by an individual in to-
day’s world is indisputably detrimental to the health of the 
individual. There are various ways of identifying and subse-
quently quantifying the amount of stress an individual may 
perceive including, but not limited to galvanic skin response 
(electrodermal activity) and skin temperature. However, the 
best known physiological marker of acute stress is widely 
known to be heart rate variability derived from an electro-
cardiogram since it gives information about instantaneous 
changes in heart rate which is used as a surrogate for auto-
nomic function.15

While the heart rate of a subject appears to be regular clini-
cally, there are a remarkable amount of minute variations be-
tween individual heartbeats. These variations can be found 
by analysing the RR-intervals recorded on an ECG, from 
which one may derive the heart rate variability power spec-
trum. The power spectrum consists of total power, low fre-
quency (LF), high frequency (HF), each of their normalised 
units (LFnu and HFnu respectively) as well as the LF/HF 
ratio. The various parameters of the power spectrum give ex-
tensive data regarding the autonomic status of the individual 
using the beat-to-beat variations in heart rate as the basis for 
variation in autonomic function.10-12

The present study evaluated the differences between HRV 
power spectrum parameters between the resting phase and 
the phase of mental stress-induced by mental arithmetic. 
Predictably, the mean absolute LF and mean LFnu both in-
creased significantly during the phase of mental stress as 
compared to the resting phase. This depicts that the sympa-
thetic nervous system was activated in the phase of mental 
stress.12,13 The mean absolute HF showed an increase from 
resting phase to the phase of mental stress, but this increase 
was not statistically significant. Nonetheless, the mean HFnu 
values decreased significantly from the resting phase to the 
phase of mental stress, indicating that parasympathetic ac-
tion was substantially dampened during the phase of mental 
stress. These findings are consistent with the consensus on 
the effect of mental stress on heart rate variability, which is 
to say that the stressor (in this case verbalised mental arith-
metic) decreases the RR interval, pushing the frequency of 
RR into the LF band, increasing the LF power and simul-
taneously decreasing the HF power leading to an ultimate 
statistically significant increase in LF/HF ratio.9,14,16 Such a 
shift to sympathetic predominance is also seen in hyperten-
sive patients and may be associated with increased risk of 
cardiac mortality as well as predict an increased risk of car-
diac events.17

Attempting to intervene in the induced mental stress with a 
toy (either fidget-spinner or slime) has shown a relative de-
crease in the mean values of average heart rate, an increase 
in mean total power, LF, and LFnu from the phase of men-
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tal stress. In the fidget-spinner toy, a decrease was seen in 
mean absolute HF while the slime toy showed an increase; 
in both toys, absolute HF was reduced, and the mean LF/
HF ratios were increased as compared to the phase of men-
tal stress. Considering these values alone, it could be said 
that the toys potentiated the stress created in the subject. 
This is a surprising finding, considering that the toys were 
expected to alleviate the mental stress faced by the subject. 
However, none of these comparisons is statistically signifi-
cant (except LFnu in the fidget-spinner experiment) and 
it would therefore be misguided to draw such conclusions 
based on this data. Furthermore, it is futile to compare the 
slime and fidget-spinner toys since both have shown that 
they do not decrease the induced stress at all but rather in-
significantly increase it.14,15

Since this study appears to be the first of its kind, there 
is no other data to compare these findings. Based on this 
study, it could be inferred that slime and fidget-spinner toys 
have no significant effects on the physiological markers of 
stress.  Nevertheless, it cannot be disallowed that these toys 
have any impact on the effects of acute stress; they may act 
by placebo or by mechanisms that this study has not taken 
into account. It is entirely possible that the sample size of 
this study is very small, and has thus not given significant 
results.16,17 Further studies with larger experimental groups 
are needed to verify the findings of this study. Other pa-
rameters assessing stress levels in an individual, both be-
fore and after intervention with these toys also need to be 
included in further studies; they may encompass a wide va-
riety of tools ranging from stress questionnaires to salivary 
cortisol secretion. 

CONCLUSIONS

The heart rate variability parameters of subjects responded 
significantly to the induction of acute mental stress by men-
tal arithmetic, although the present study noted that an at-
tempted intervention with either toy (slime or fidget-spinner) 
produced no significant change in the same parameters. It 
would thus seem that further studies are required to verify 
these findings, perhaps with larger sample sizes as well as 
evaluation of other mechanisms by which these toys may 
act, which this study has not accounted for. Firm conclu-
sions regarding the effectiveness of these toys may only be 
drawn when all possible avenues of investigation have been 
exhaustively explored.  
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Table 1: Subject Characteristics (N=30)
Subject Characteristics Mean ± Standard Deviation

Age (years) 20.17 ± 0.87

Height (cm) 165.73 ± 8.99

Weight (kg) 60.30 ± 11.41

BMI (kg/m2) 21.90 ± 3.42

Systolic blood pressure (mm Hg) 114.43 ± 11.4

Diastolic blood pressure (mm Hg) 73.00 ± 7.07

Table 2: Comparison of HRV indices between resting and mental stress phases presented as Mean ± Standard 
Error (N=30)
HRV Indices Resting Phase Mental Stress p-value

Average Heart Rate (bpm) 78.79 ± 1.49 88.24 ± 1.41 0.000*

Total Power (ms2) 3862.54 ± 718.03 5239.24 ± 830.84 0.023*

Low Frequency (ms2) 1247.03 ± 275.91 2089.39 ± 361.51 0.000*

High Frequency (ms2) 1266.30 ± 345.59 1420.53 ± 376.42 0.544

Low Frequency (normalised units) 50.47 ± 3.56 58.84 ± 3.20 0.027*

High Frequency (normalised units) 38.42 ± 3.22 29.92 ± 2.23 0.016*

LF/HF Ratio 1.80 ± 0.27 2.56 ± 0.33 0.006*

Wilcoxon signed-rank test.
*Statistically significant (p<0.05). 

Table 3: Comparison of HRV indices between phases of mental stress and intervention with fidget-spinner 
toy presented as Mean ± Standard Error (N=15)
HRV Indices Mental Stress Intervention with

Fidget-spinner
p-value*

Average Heart Rate (bpm) 89.47 ± 1.83 89.06 ± 1.64 0.609

Total Power (ms2) 5497.32 ± 1238.23 3831.81 ± 976.34 0.069

Low Frequency (ms2) 2043.60 ± 496.90 1594.22 ± 339.60 0.955

High Frequency (ms2) 1462.36 ± 494.07 979.70 ± 369.04 0.053

Low Frequency (normalised units) 56.75 ± 4.61 63.33 ± 3.99 0.036*

High Frequency (normalised units) 30.57 ± 3.25 27.36 ± 2.75 0.125

LF/HF Ratio 2.54 ± 0.55 2.98 ± 0.51 0.100

Wilcoxon signed-rank test.
*Statistically significant (p<0.05).



Int J Cur Res Rev   | Vol 13 • Issue 02 • January 2021 38

Sadri et al: Effectiveness of toys in relieving acute stress measured by heart rate variability in young adults

Table 4: Comparison of HRV indices between phases of mental stress and intervention with slime toy pre-
sented as Mean ± Standard Error (N=15)
HRV Indices Mental Stress Intervention with slime p-value

Average Heart Rate (bpm) 87.01 ± 2.17 86.51 ± 2.46 0.570

Total Power (ms2) 4981.16 ± 1147.62 5994.58 ± 1416.48 0.570

Low Frequency (ms2) 2135.18 ± 542.41 2366.42 ± 425.59 0.281

High Frequency (ms2) 1378.69 ± 585.37 1543.34 ± 563.84 0.776

Low Frequency (normalised units) 60.92 ± 4.52 61.33 ± 4.85 0.910

High Frequency (normalised units) 29.27 ± 3.17 28.10 ± 3.10 0.609

LF/HF Ratio 2.59 ± 0.40 2.89 ± 0.54 0.776

Wilcoxon signed-rank test.
*Statistically significant (p<0.05).


