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Abstract
Introduction: Expanding upon prior investigations that identifi ed advantageous Far 

Infrared (FIR) properties associated with two minerals, namely tourmaline and terahertz, 
across diverse domains, including health and medicine. This study explores the impact of 
incorporating fi ne powders of these minerals into printing ink for patterns on shirts on HRV 
when wearing the shirts.

Methods: A total of 12 healthy adult males were surveyed in this study. Fine powders of 
the two minerals, tourmaline, and terahertz were incorporated into printing ink and used to 
print patterns on shirts. The impact of wearing these shirts on HRV was observed.

Result: The signifi cant differences in time-domain analysis parameters such as SDRR 
and RMSSD, frequency-domain analysis parameters including Total (ms2), VLF (ms2), LF 
(nu), HF (ms2), and nonlinear analysis parameters SD1 and SD2 were observed. 

Conclusion: The fi ndings suggest that both short-term and long-term wear of shirts 
containing these minerals lead to an increase in vagal nerve tension. Participants wearing 
shirts with mineral inclusions exhibited changes related to vagal nerve activity.

How to cite this article: Chen FS, Chung HY, Chen YJ, Li PY, Sasaki T, Ishikawa Y, Tanei S, Arai I. Analysis of the Impact of Tourmaline 

and Terahertz-Infused Clothing on Heart Rate Variability. J Biomed Res Environ Sci. 2024 Jan 05; 5(1): 001-004. doi: 10.37871/jbres1863, 

Article ID: JBRES1863, Available at: https://www.jelsciences.com/articles/jbres1863.pdf

Abbreviations
HRV: Heart Rate Variability; RMSSD: Root Mean Square of Successive 

Diff erences; SDRR: Standard Deviation of RR Intervals; pRR50: Percentage 
of RR intervals greater than 50 milliseconds; VLF: Very Low Frequency; LF: 
Low Frequency; HF: High Frequency; SD1: Standard Deviation of Short-
Term Variability; SD2: Standard Deviation of Long-Term Variability

Introduction
Heart Rate Variability (HRV) serves as a crucial indicator of stress and 

health, providing a window into the peripheral physiology of behavioural 
adaptability [1]. Through the exploration of new therapeutic methods to 
reduce stress levels, individuals strive to minimize the associated risks 
with adverse health conditions [2].

Tourmaline is a unique mineral with electrifying properties that 
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transform body heat into infrared radiation within 
the range of 3-20 micrometres when heated. This has 
a positive impact on increasing blood fl ow, improving 
microcirculation, and enhancing immune function 
[3-5].

Terahertz stone emits a vibration known as 
"terahertz waves," with a frequency like far-infrared 
radiation. When terahertz waves are directed towards 
the human body or substances, they may induce 
resonance phenomena, thereby increasing body 
temperature and vitality [6,7]. 

This research combines tourmaline and terahertz, 
printing them onto shirts, to explore the potential 
eff ects on individual heart rate variability when 
wearing shirts adorned with patterns of these two 
minerals.

Methods
This study, approved by the Ethics Committee 

of the Nihon Pharmaceutical University (Approval 
Number: JPU-3-18), aims to investigate the impact 
of mineral-infused shirts on Heart Rate Variability 
(HRV). Healthy male participants were recruited and 
provided written consent after detailed explanations. 
Two shirts with identical patterns were used, one 
containing a 1:1 ratio of Tourmaline and Terahertz 
with a particle size of 325 mesh, and the other 
without any minerals. The experiment was conducted 
in a crossover randomized double-blind manner, 
involving wearing the shirts, continuously for one 
week, with a shirt exchange every week. Participants 
underwent a 5-minute HRV test in a seated, eyes-
open state, recorded by the PowerLab system, and 
data analysis was performed using LabChart Pro 7.0 
and HRV v2.0.

Statistical analysis employed independent samples 
t-tests, with a signifi cance level set at α < .05 [8]. 

Results and Discussion
The study involved 12 male participants with an 

average age of 53 ± 12 years, wearing the shirts for 
over 23 hours daily for a continuous period of 14 days. 
Various indicators representing autonomic nervous 
system Heart Rate Variability (HRV) were assessed.

The results of this study demonstrate that wearing 
mineral-infused shirts containing Electric Stone and 
Terahertz stone has a notable eff ect on HRV. The 
European Society of Cardiology recommends using 

Root Mean Square of Successive Diff erences (RMSSD) 
for short-term HRV assessment, with Low Frequency/
High Frequency (LF/HF) refl ecting sympathetic and 
parasympathetic nervous system activity [9]. The 
RMSSD method is preferred as it is less infl uenced 
by respiratory rate, heart rate, or recording duration 
[10], primarily refl ecting parasympathetic nervous 
system activity [10,11]. 

The study results indicate a signifi cant increase 
in average RMSSD when wearing mineral-infused 
shirts containing Tourmaline and Terahertz stone, 
suggesting an elevation in vagal nerve tension after 
wearing these shirts (Table 1). This aligns with 
literature indicating that Tourmaline products can 
raise body temperature and induce relaxation [12-15].

The study also notes a decrease in LF power, which 
is considered an indicator of stress refl ex function. 
While stress typically increases sympathetic nervous 
system components, resulting in an increase in LF and 
LF/HF ratio [16], the current study observes a decrease 
in LF, reaching statistical signifi cance (Table 1). This 
decrease in LF, along with reductions in indicators of 
parasympathetic nerve activity Standard Deviation 
of the RR interval (SDRR), Percentage of RR intervals 
greater than 50 milliseconds (pRR50), and Standard 

Table 1: Meaning and average values with standard deviation of 
various indicators of HRV.

Item/Group No ore group ore group

Average Heart Rate 64 ± 10.01 64.5 ± 10.39

Time Domain Analysis

Average RR (ms) 914.8 5 ± 93.53 923.58 ± 124.98

SDRR (ms) 39.73 ± 8.82 44.31 ± 12.22*

RMSSD (ms) 31.49 ± 9.39 36.25 ± 12.7*

pRR50 (%) 11.32 ± 8.66 14.89 ± 13.3

Frequency Domain Analysis

VLF (ms2) 569.05 ± 336.37 748.38 ± 566.97*

VLF % 41.89 ± 13.81 41.4 ± 16.38

LF (ms2) 409.24 ± 219.59 455.92 ± 273.71

LF % 29.4 ± 10.1 26.3 ± 11.2

LF (nu) 50.31 ± 11.22 45.45 ± 15.69*

HF (ms2) 376.88 ± 177.83 519.44 ± 302.16***

HF % 28.4 ± 9.07 30 ± 11.7

HF (nu) 48.92 ± 11.23 52.11 ± 13.44

LF/HF 1.12 ± 0.48 1.03 ± 0.58

Non-linear Indices

SD1 22.3 ± 6.65 25.7 ± 90*

SD2 51.4 ± 11.3 56.7 ± 16.7*

*p < 0.05, **p < 0.01, ***p < 0.001
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Deviation of short-term variability (SD1) Standard 
Deviation of long-term variability (SD2) (Table 1), 
suggests that wearing mineral-infused shirts is 
associated with increased parasympathetic nervous 
system activity, relaxation, and reduced stress. 

Additionally, previous studies have shown 
that fabrics woven with Tourmaline can promote 
parasympathetic dominance [14], and similar research 
in bedding has demonstrated the predominant role of 
the parasympathetic nervous system [15].

Non-linear indices, such as SD1 and SD2, are 
commonly used as supplementary measures of 
HRV [8]. Poincaré plot descriptors of RR intervals 
have been found to be signifi cantly correlated with 
measures of Spontaneous Barorefl ex Sensitivity (BRS) 
and major HRV indices, indicating physiological and 
psychological stress and pressure [17,18]. The study 
reveals a signifi cant increase in both SD1 and SD2 after 
wearing mineral-infused shirts (Table 1), indicating 
short-term and long-term eff ects on HRV.

However, it's important to note that this study is 
limited to comparing the eff ects of wearing and not 
wearing mineral-infused shirts. Further research is 
warranted to delve deeper into the observed eff ects. 
Overall, these fi ndings provide positive insights into 
the impact of mineral-infused shirts on heart rate 
variability.

Conclusion
Based on the comprehensive study results, wearing 

shirts infused with fi nely powdered Tourmaline and 
Terahertz stone appears to induce subtle changes in 
the heart rate variability of participants, including 
an increase in the activity of the autonomic nervous 
system. This suggests that mineral-infused shirts 
may have a potential impact on promoting relaxation 
and alleviating stress. While preliminary results 
indicate physiological eff ects of this specifi c clothing, 
further research and validation are necessary. This 
study serves as a noteworthy starting point for future 
in-depth research on the physiological eff ects of 
wearing similar garments.

Acknowledgement
Conceptualization: FC, YI, and IA. Methodology: 

YC and PL. Validation: HC and FC. Formal analysis: 
PL and ST. Investigation: HC and YC. Data curation: 
TS and YI. Writing – Original Draft: HC. Writing – 
Review & Editing: FC, ST, YI, IA. Visualization: HC. 
Supervision: FC. Project administration: IA.

References
1. Thayer JF, Ahs F, Fredrikson M, Sollers JJ 3rd, Wager TD. A 

meta-analysis of heart rate variability and neuroimaging studies: 
implications for heart rate variability as a marker of stress and 
health. Neurosci Biobehav Rev. 2012 Feb;36(2):747-56. doi: 
10.1016/j.neubiorev.2011.11.009. Epub 2011 Dec 8. PMID: 
22178086. 

2. Slavich GM. Life Stress and Health: A Review of Conceptual 
Issues and Recent Findings. Teach Psychol. 2016 Oct;43(4):346-
355. doi: 10.1177/0098628316662768. Epub 2016 Aug 16. 
PMID: 27761055; PMCID: PMC5066570. 

3. Inoué S, Kabaya M. Biological activities caused by far-infrared 
radiation. Int J Biometeorol. 1989 Oct;33(3):145-50. doi: 
10.1007/BF01084598. PMID: 2689357.

4. Su LH, Wu KD, Lee LS, Wang H, Liu CF. Effects of far infrared 
acupoint stimulation on autonomic activity and quality of life in 
hemodialysis patients. Am J Chin Med. 2009;37(2):215-26. doi: 
10.1142/S0192415X09006783. PMID: 19507267.

5. Oosterveld FG, Rasker JJ, Floors M, Landkroon R, van Rennes 
B, Zwijnenberg J, van de Laar MA, Koel GJ. Infrared sauna in 
patients with rheumatoid arthritis and ankylosing spondylitis. 
A pilot study showing good tolerance, short-term improvement 
of pain and stiffness, and a trend towards long-term benefi cial 
effects. Clin Rheumatol. 2009 Jan;28(1):29-34. doi: 10.1007/
s10067-008-0977-y. Epub 2008 Aug 7. PMID: 18685882. 

6. Sun L., Zhao L, Peng RY. Research progress in the effects of 
terahertz waves on biomacromolecules. Military Med Res. 
2021;8:28. doi: 10.1186/s40779-021-00321-8.

7. Zhang J. A terahertz emission material, a terahertz emitter, 
and a terahertz bedding product. (12) Patent application. State 
Intellectual Property Offi  ce of the People's Republic of China. 
2021.

8. Laborde S, Mosley E, Thayer JF. Heart Rate Variability and 
Cardiac Vagal Tone in Psychophysiological Research - 
Recommendations for Experiment Planning, Data Analysis, and 
Data Reporting. Front Psychol. 2017 Feb 20;8:213. doi: 10.3389/
fpsyg.2017.00213. PMID: 28265249; PMCID: PMC5316555.

9. Heart rate variability: standards of measurement, physiological 
interpretation and clinical use. Task Force of the European 
Society of Cardiology and the North American Society of Pacing 
and Electrophysiology. Circulation. 1996 Mar 1;93(5):1043-65. 
PMID: 8598068. 

10. Penttilä J, Helminen A, Jartti T, Kuusela T, Huikuri HV, Tulppo 
MP, Coffeng R, Scheinin H. Time domain, geometrical and 
frequency domain analysis of cardiac vagal outfl ow: effects of 
various respiratory patterns. Clin Physiol. 2001 May;21(3):365-
76. doi: 10.1046/j.1365-2281.2001.00337.x. PMID: 11380537. 

11. Kleiger RE, Stein PK, Bigger JT Jr. Heart rate variability: 
measurement and clinical utility. Ann Noninvasive Electrocardiol. 
2005 Jan;10(1):88-101. doi: 10.1111/j.1542-474X.2005.10101.x. 
PMID: 15649244; PMCID: PMC6932537.



004Chen FS, et al. (2024) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1863

12. Ayano K, Nobuko N. Development of tourmaline silk. J. Jpn. Soc. 
Hortic. Sci. 2003;12:78-79.

13. 13, Machi  Y. Physiology effects when wearing apfi ber cloth 
containing special tourmaline crystal powder. J. Int. Soc. Life 
Inf. Sci. 2001;19:69-74.

14. Yoshio M. Physiology effects when wearing apfi ber cloth 
containing special tourmaline crystal powder. J. Int. Soc. Life 
Inf. Sci. 2001;19:69-74.

15. Hiromichi E, Yukihiro K. Effects of health goods made from 
tourmaline on the human body: Spectral analysis of heart rate 
variation. Shimane Nursing College. 2004;9:63-67.

16. Hammoud S, Karam R, Mourad R, Saad I, Kurdi M. Stress and 

Heart Rate Variability during University Final Examination among 
Lebanese Students. Behav Sci (Basel). 2018 Dec 27;9(1):3. doi: 
10.3390/bs9010003. PMID: 30591634; PMCID: PMC6358958.

17. Melillo P, Bracale M, Pecchia L. Nonlinear Heart Rate Variability 
features for real-life stress detection. Case study: students under 
stress due to university examination. Biomed Eng Online. 2011 
Nov 7;10:96. doi: 10.1186/1475-925X-10-96. PMID: 22059697; 
PMCID: PMC3305918.

18. Collins S, Karasek R. Reduced vagal cardiac control variance in 
exhausted and high strain job subjects. Int J Occup Med Environ 
Health. 2010;23(3):267-78. doi: 10.2478/v10001-010-0023-6. 
PMID: 20934956.

How to cite this article: Chen FS, Chung HY, Chen YJ, Li PY, Sasaki T, Ishikawa Y, Tanei S, Arai I. Analysis of the Impact of Tourmaline 

and Terahertz-Infused Clothing on Heart Rate Variability. J Biomed Res Environ Sci. 2024 Jan 05; 5(1): 001-004. doi: 10.37871/jbres1863, 

Article ID: JBRES1863, Available at: https://www.jelsciences.com/articles/jbres1863.pdf


