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Identification of Differences in Brain Functions at Varied Degrees of Acclimatization to High Altitudes Based on
Resting-State Electroencephalogram Signals LI Hao" >, WANG Lin"?, LIU Xiaotong"?, WU Yifan"?, WANG
Niannian"?, REN Hongl’z, SU Rui®* MA Hailin**%. 1. High-Altitude Brain Science Center, Tibet University, Lhasa 850000,
China; 2. Tibet Autonomous Region Key Laboratory of High-Altitude Brain Science and Environmental acclimatization ,
Lhasa 850000, China
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[ Abstract]  Objective To explore the differences in brain functions between individuals with good
acclimatization to high altitudes and those with poor acclimatization based on microstate and functional connectivity
analysis of resting-state electroencephalogram (EEG) activities. Methods A total of 44 residents exposed to the high-
altitude environment of 3650 m above sea level were enrolled. They were divided into two groups according to their
findings for the high-altitude acclimatization index (AAI), with 22 in the good acclimatization group and 22 in the poor
acclimatization group. The good acclimatization group had 10 males and 12 females of the mean age of (20.48+2.09)
years. Among them, 10 were Tibetans, and 12 were Han Chinese. The poor acclimatization group consisted of 18 males
and 4 females, with a mean age of (18.90£1.25) years. Among them, 7 were Tibetans, and 15 were Han Chinese. The K-
means clustering algorithm was used to classify EEG microstates into four categories of A, B, C, and D. The average
duration, coverage, occurrence frequency, and transition probabilities between microstates were compared. Coherence
analysis (COH) was performed to assess the strength of brain network connectivity. Results Compared to the good
acclimatization group, the poor acclimatization group exhibited a longer duration, higher occurrence frequency, and
coverage of microstate C. The coverage of microstate D was also higher, while the occurrence frequency and coverage of
microstate B were lower. The poor acclimatization group showed a decrease in transitions from microstate B to A or D,
while transitions from C to B or D, and those from D to A or C increased, showing statistically significant differences
between the groups (P<0.05). In the a, B, §, and 0 frequency bands, the poor acclimatization group had higher COH
strength in regions such as the frontal and occipital lobes, showing symmetrical functional connectivity between the left
and right hemispheres. Conclusion The good and poor high-altitude acclimatization groups exhibit different neural
mechanisms in terms of microstates and functional connectivity. There are significant differences between individuals
with good acclimatization and those with poor acclimatization regarding visual information processing, interference
resistance, brain network stability, and coherence.
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Fig 1 Topological map of microstates in the group well adapted to high altitude and the group poorly adapted to high altitude
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Table 1 Statistical analysis of duration, occurrence, and coverage

Index Microstate The well-adapted group (n=22) The poorly-adapted group (n=22) t P
Duration/ms A 70.57+11.00 68.27+8.78 0.731 0.469
B 75.84+14.16 70.00+8.26 1.668 0.104
C 65.60+6.54 75.25%12.32 —3.019 0.006
D 85.23+18.54 91.87£20.50 —1.098 0.279
Occurrence/s™' A 2.34+0.57 2.07+0.52 1.573 0.124
4.02+0.85 3.21+0.97 2.845 0.007
C 2.10+£0.99 2.72+0.83 —2.153 0.037
D 4.87+1.09 4.97+1.33 —0.255 0.800
Coverage A 0.17£0.04 0.1434+0.04 1.573 0.124
B 0.30+0.06 0.2207+0.05 4.574 <0.001
C 0.13£0.06 0.2032+0.06 —3.401 0.002
D 0.40£0.03 0.4327%0.02 —3.946 <0.001
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Table 2 Statistical analysis of transition probabilities

Transition probabilities

Transition
direction  The well-adapted ~ The poorly-adapted t P
group (n=22) group (n=22)
A->B 0.22+0.07 0.17£0.06 2.353  0.024
A->C 0.18+0.05 0.16+0.07 1.303  0.200
A->D 0.23+0.07 0.24+0.08 —0.548  0.587
B>A 0.38+0.09 0.27+0.08 4.206 <0.001
B>C 0.28+0.11 0.22+0.08 1.931  0.061
B>D 0.53+0.12 0.41£0.12 3.211  0.003
C>A 0.16+0.08 0.2+0.08 —1.687  0.099
C>B 0.14+0.05 0.19+0.09 —2.557  0.014
CsD 0.23+0.12 0.34+0.12 —2.852  0.007
D>A 0.46+0.07 0.53+0.07 —3.144  0.003
D->B 0.64+0.09 0.63+0.11 0.083  0.934
D>C 0.54+0.12 0.62+0.14 —2.063  0.046
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Fig 2 The coherence (COH) matrices of the channels at each frequency

band for the two groups of subjects

H refers to the well-adapted group; B refers to the poorly-adapted group.
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Fig 3 The results of brain region functional connectivity across different frequency bands for the two groups of subjects

The well-adapted group (H) has good adaptability, while the poorly-adapted group (B) has poor adaptability. Significant pairs H>B: The connectivity of group H is

significantly greater than that of group B (P<0.05); significant pairs H<B: the connectivity of group B is significantly greater than that of group H (P<0.05).
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