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Mental fatigue detection based on heart rate variability
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Abstract: Objective To study the development trend and evaluation index of mental fatigue based on heart rate variability
(HRV). Methods Mental fatigue was induced by sleep deprivation. The HRV parameters of electrocardiogram signals of
subjects in a quiet and relaxed state were extracted. In different time points, the HRV parameters in combination with
subjective fatigue levels and attentional network task (ANT) results were applied to research the development trend and
evaluation index of mental fatigue. Results As the duration of sleep deprivation increased, the subjective fatigue level of
subjects gradually increased; the correct rate of ANT dropped and the mean reaction time increased significantly. However,
the heart rate and HRV index affected by circadian rhythm showed a trend of changes different from subjective fatigue
levels and ANT results. Heart rate decreased and HRV index increased significantly in the mental fatigue state. Conclusion
Considering the circadian rhythm and multi-dimensional information such as heart rate, HRV index and ANT results, it is
possible to make a more effective evaluation of mental fatigue caused by sleep deprivation in circadian rhythm groups.
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Fig.1 Changes in subjective fatigue level

KSS: Karolinska sleepiness scale
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CR: Correct rate; ANT: Attentional network task
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Fig.3 Changes in mean RT of ANT

RT: Reaction time
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Tab.1 Results of one—way repeated measures ANOVA of indicators
Length of sleep deprivation/h
Indicator
0 6 12 18 24 30
HR 72.93+5.23 68.18+7.69 68.67+4.99 59.73+6.02 63.38+5.75 68.24+7.87
P value - 0.574 0.089 0.000%** 0.000%** 1.000
SDNN 39.48+12.18 42.72+17.19 42.61+12.13 57.91£26.92 56.12+17.63 47.48+16.05
P value - 1.000 1.000 0.307 0.006** 0.504
PNNS50 0.13+0.12 0.24+0.22 0.25+0.19 0.37+0.22 0.38+0.20 0.25+0.22
P value - 0.779 0.220 0.010%** 0.002** 0.155
RMSSD 31.58+10.21 42.79+24.69 41.31+14.79 56.15+£29.27 53.09+20.20 42.09+19.52
P value - 1.000 0.177 0.054 0.003** 0.156
LF 458.37+399.93  467.224268.70  420.12+251.86 719.13+£753.46 795.26+691.80 530.82+308.41
P value - 1.000 1.000 1.000 1.000 1.000
HF 494.16+340.69 971.37+1373.81  778.87£562.31  1361.81+1457.17  1269.26+890.43 784.39+665.08
P value - 1.000 0.406 0.608 0.036* 0.404
LF/HF 1.13+0.91 0.87+0.81 0.80+0.74 0.82+0.84 1.02+1.15 1.25+1.46
P value - 1.000 1.000 1.000 1.000 1.000
LFnu 46.67+17.98 41.03+14.91 38.48+17.33 36.39+22.05 39.29423.62 43.48+21.67
P value - 1.000 1.000 1.000 1.000 1.000
HFnu 53.33+£17.98 58.97+14.91 61.52+17.34 63.61+19.77 60.71+23.62 56.52+21.67
P value - 1.000 1.000 1.000 1.000 1.000

HR: Heart rate; SDNN: Standard deviation of NN intervals; PNN50: Percentage of differences between adjacent NN intervals that are

greater than 50 ms; RMSSD: Root mean square of successive differences; LF: Low frequency power; HF: High frequency power;

LFnu: Low frequency power in normalized units; HFnu: High frequency power in normalized units; Compared with non-fatigue (0 h),

*P<0.05, **P<0.01, ***P<0.001
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Tab. 2 Comparison of indicators in non—fatigue (0 h) and

fatigue (24 h) states

Length of sleep deprivation/h

Indictor P value
0 24
KSS’ 4.73+0.79 7.64+1.50 0.007**
CR® 97.92+1.58 89.49+14.69 0.014*
RT 501.00+65.98 584.85+95.94 0.004%*
HR* 72.93+5.23 63.38+5.75 0.000%***
SDNN* 39.48+12.18 56.12+17.63 0.000%***
PNN50° 0.13+0.12 0.38+0.20 0.000%***
RMSSD* 31.58+10.21 53.09+20.20 0.000%**
LF* 458.36+399.93 795.26+691.80 0.140
HF® 494.16£340.69  1269.26+665.08 0.003%**
LF/HF* 1.13+£0.91 1.02+1.15 0.676
LFnu' 46.67+17.98 39.29+23.62 0.298
HFnu* 53.33+17.98 60.71+23.62 0.298

a: Paired #-test; b: Wilcoxon rank sum test; *P<0.05, **P<0.01,

**%P<0.001

#3 JEE 55 (6 h) 59857 (30 h) RS HIFEFRRT EL
Tab. 3 Comparison of indicators in non—fatigue (6 h) and
fatigue (30 h) states

Length of sleep deprivation/h

Indictor P value
6 30

KSS’ 5.45+0.82 6.91x1.45 0.006**
CR® 95.83+5.47 90.40+8.43 0.005**
RT* 498.20+76.28 575.57+103.28 0.016*
HR® 68.18+7.69 68.24+7.86 0.983
SDNN® 42.72+17.19 47.48+16.05 0.213
PNNS50° 0.24+0.22 0.25+0.22 0.724
RMSSD* 42.79+24.69 42.09+19.52 0.790
LF 467.21+286.70 530.82+308.41 0.323
HF® 971.36+1373.81  784.39+665.08 0.722
LF/HF® 0.87+0.81 1.25+1.46 0.534
LFnu’' 41.03+14.91 43.48+21.67 0.652
HFnu* 58.97+14.91 56.52+21.67 0.652

a: Paired #-test; b: Wilcoxon rank sum test; *P<0.05, **P<0.01
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