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Establishment of an evaluation method of an individual®s mental and physical
stress level using heart rate variability
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The purpose of this study was to investigate an individualized method of
assessing the mental and physical stress using heart rate variability. Initially, we measured heart
rate variability over several days and examined intra- and inter-individual consistency. We found
that heart rate variability were not consistent among individuals, while intra-individual
consistency was observed, but with daily fluctuations. Therefore, we evaluated the difference from
the average of heart rate variability values over several days of individuals as daily changes, and
searched for factors causing daily changes in heart rate variability. We found that daily changes in

heart rate variability were related to these in physical activity, sleep status, and psychological
status. These results suggested the possibility of evaluating dailK physical and mental stress
states by individually evaluating differences from the average of heart rate variability values
measured over several days.
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Table 1.

1 1cc ( gsrj/uu ) P
RMSSD (ms)
4 x 3
x 3 x 3 0.923 (0.795, 0.990) <0.001
0.008 (-0.008, 0.150) n.s.
0.765 (0.499, 0.922) <0.001
0.008 (-0.014, 0.524) n.s.
0.695 (0.388, 0.895) <0.001
0.033 (-0.011, 0.700) n.s.
Table 0.656 (0.331,0.879) <0.001
0.012 (-0.021, 0.622) n.s.
_20%VO2max
0.737 (0.453,0.911) <0.001
0.049 (-0.004, 0.737) 0.048
_50%V0O2max
0.551 (0.197,0.832) 0.001
0.027 (-0.024,0.721) n.s.
RMSSD, root mean square of successive differences; ICC, intraclass
correlation coefficient, ; Cl, confidence interval,
VOzmax, ; n.s. not significant.
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Table 2.
RMSSD (ms)
20%V0O2max 50%V0O2max
FE( ) 0.000 0.002 0.000 0.000 0.001* 0.000
(METs ) -0.196 1.009 0.673 0.249 1.511* -0.033
(%) -0.019 0.327 -0.198 -0.084 0.196 -0.068
FABEARBSRI () 0.017 0.056 -0.063 -0.053 0.032 -0.019*
FEBRISR () 0.009 -0.091 -0.037 -0.012 -0.007 0.007
SRR () -0.399 -1.798 1.247 1.931 -1.018 0.357
EENEEL 0.031 -0.046 0.576 0.560 -0.413 0.026
W AbaE 0.073 0.534 -0.829 -1.124* -0.216 0.116
FABEARMT Fr{LIEER 0.063 0.265 -0.153 -0.321 -0.329 0.076
AH (a.u.) -0.035* 0.618 0.961 3.171* -2.481* -0.331
CB (a.u.) 0.035 2.024* 0.677 0.352 0.493 0.164*
DD (a.u.) -0.071 0.683 0.113 0.098 -0.172 0.150*
Fl (a.u) -0.050 0.340 0.088 -0.095 -0.152 -0.011
TA (a.u.) -0.096 -0.354 0.734 0.677 -0.167 -0.020
VA (a.u.) -0.086 0.242 0.428 0.599 -0.545 -0.011
F(au) -0.073* 0.043 0.079 0.748 -0.753 0.308*
TMD (a.u.) -0.141 0.213 0.029 0.034 0.002 0.019
RMSSD

. RMSSD, root mean square of
successive differences; AH, Anger—Hostility; CB, Confusion—Bewilderment; DD, Depression—Dejection; FI, Fatigue—Inertia; TA,
Tension—Anxiety; VA, Vigor—Activity; F, Friendliness; TMD, Total mood disturbance (AH+CB+DD+FI+TA-VA); a.u., Arbitrary
units. *p < 0.05.



M. N. Jarczok, K. Weimer, C. Braun, D. P. William, J. F. Thayer, H. 0. Giindel, et
al., Heart rate variability in the prediction of mortality: A systematic review and
meta-analysis of healthy and patient populations, Neurosci Biobehav Rev., 2022,
p104907

B. Xhyheri, 0. Manfrini, M. Mazzolini, C. Pizzi and R. Bugiardini, Heart rate
variability today, Prog Cardiovasc Dis., Vol. 55 Issue 3, 2012, p321-331.

M. Altini and D. Plews, What Is behind Changes in Resting Heart Rate and Heart Rate
Variability? A Large-Scale Analysis of Longitudinal Measurements Acquired in Free-
Living, Sensors, Vol. 21 Issue 23, 2021, p7932.



1 1 0 1

Tanoue Yukiya Nakashima Shihoko Komatsu Tomohiro Kosugi Miki Kawakami Saki Kawakami 23
Shotaro Michishita Ryoma Higaki Yasuki Uehara Yoshinari

The Validity of Ultra-Short-Term Heart Rate Variability during Cycling Exercise 2023

Sensors 3325 3325

DOl
10.3390/s523063325




