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(Abstract] Objective To explore the eye movement characteristics of adolescents with depression of liver stagnation and
spleen deficiency pattern, and to provide objective evidence for the early diagnosis of this condition. Methods Thirty —six
adolescents with depression of liver stagnation and spleen deficiency pattern and 36 healthy adolescents were enrolled. Eye
movement data were collected using an advanced eye—tracking system during three tasks: fixation stability, prosaccade/antisaccade,
and smooth pursuit. Differences in eye movement parameters, including total fixation duration and saccade amplitude, were
analyzed. Results Compared with the healthy control group, the patient group exhibited significant abnormalities in eye movement
parameters across all three tasks (P<0.05). During the fixation stability task, the patient group had a significantly shorter total fixation

duration, a greater number of saccades, and a larger saccade amplitude. During the prosaccade/antisaccade task, the patient group
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had a significantly lower correct saccade rate and a longer saccade latency. During the smooth pursuit task, the patient group

showed a shorter total fixation duration, higher velocity gain, and a greater positional difference. Conclusion Adolescents with

depression of liver stagnation and spleen deficiency pattern exhibit characteristic eye movement abnormalities. These characteristics

may serve as potential objective biomarkers for TCM pattern differentiation, thereby providing a reference for the objective diagnosis

of depression and the modernization of TCM theory.
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Fig.1 Flowchart of fixation stability task
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Fig.2 Flowchart of the prosaccade/antisaccade task
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Table 1 Definitions of eye movement parameters
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Table 2 Comparison of general data between the two

groups (n=36)

izt AL R IRAL oy PIE

AERY (s, %) 14.64+1.52 14.00x1.85 1.602 0.114
P (F 1, ) 11/25 13/23 0.250  0.617
THE IR (x2s 4F)  847+1.38  7.86x1.78 1.629 0.108

HAMD-24 1843/ (x+s ,5) 26.97+5.55
HAMA 1343/ (x+s , 57)
PHQ-9 1343/ (x+s , 57)

3.50+1.23 24.764 <0.001

20.06+3.99 2.92+1.90 23.251 <0.001

17.17+4.72  2.25+1.38 18.207 <0.001
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Fig.4 Example of a fixation—point distribution plot

during the fixation stability task
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Table 3 Comparison of eye movement parameters during the fixation stability task between the two

groups [xx$/M(Pys, Pys), n=36]

EiztD R fa Xt BRLL Al PAd
ST ] /ms 55 686.75+14 164.63 68 340.78+11 331.29 -4.186 <0.001
HRREL 84.14+49.54 65.22+32.63 1.913 0.060

iz MR YR £ 17.92+15.04 19.33+14.99 -0.400 0.690

B UCEAFZEHT (8] /ms 203.00(135.25, 539.75) 201.00(123.00, 543.00) -0.247 0.805
HR Bk %L 123.31462.06 74.72+38.30 3.997 <0.001
SRR Bk L/ (©) 2.65+1.15 1.91+1.02 2.889 0.005
HEATE LR IX R 18.339.40 9.83+5.77 4.624 <0.001
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Table 4 Comparison of eye movement parameters during the prosaccade task between the two groups [xxs/M(Ps, Pis), n=36]

£y N fE Xt R4 WZA8 PAH
A 3K I 166 %/ 9% 75.00(68.75, 87.50) 87.50(75.00, 93.75) 3.648 <0.001
AR Bk A 100.19+40.34 70.78+21.72 3.852 <0.001
AR AL 109.64+39.22 82.69+20.56 3.651 <0.001
iz IR Y 11.64+8.65 11.08+9.80 0.255 0.800
SEAAIRREE I 1) /ms 337.02+132.79 515.04+177.44 -4.820 <0.001
SRR B IREE/ (°) 4.45+1.53 3.8120.80 2.204 0.032
SR BV IR /ms 172.40+49.86 146.95+57.00 2.016 0.048
SRR B/ (°) /] 69.06(40.60, 154.00) 101.03(48.24, 172.57) 8.381 <0.001
HI ke 2/ () /s] 146.98(72.00, 360.20) 205.43(83.86, 364.77) 4930 <0.001
*5 WAERERRESFHRINISEFRIL S xts/M (Pas, Prs) ,n=36]
Table 5 Comparison of eye movement parameters during the antisaccade task between the two
groups [xxs/M(Pss, Pys), n=36]
izt R fat N R 2 uzZ g P
R K IEA /% 48.09+15.87 57.64220.49 -2211 0.030
R Bk AL 100.33+31.60 74.50+21.93 4,030 <0.001
AL 109.89+30.54 86.92+20.87 3.726 <0.001
Az MR AR 11.36+9.41 10.118.51 0.591 0.557
AL 1) /ms 353.31+185.59 504.78+174.07 -3.572 <0.001
SRR B IREE/ (°) 4.79+1.87 3.99+1.00 2275 0.027
- H R BV PR ] /ms 205.23+91.70 161.98+83.86 2.089 0.040
SRR B/ (°) /s8] 77.36(42.81, 166.17) 93.57(44.33, 172.18) 2.563 0.010
MR Bk /[ (°) /5] 171.52(75.04, 402.67) 193.82(75.26, 386.41) 0.153 0.878
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Fig.5 Example of a trajectory heatmap during the
smooth pursuit task
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o CRMTEAII B 4 ) R BRI Bl il BE i (HR Bk

KB 22 P YR B EE3E K ) AT D fE 52 48 ()%

3.1 ERBVEHES BTERAGR E IE AY R BR 1 [ IR B IE A R A ) S AW S0 I8 B RG vEEAN JE (E
A RSB B AR RGNS TR/ R S0 E 2R IR I  IR sh S8 (i
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Table 6 Comparison of eye movement parameters during the horizontal smooth pursuit task between the

two groups [xxs/M(Ps, Pis), n=36]

£zt R {e X IR A PE
SRS ) /ms 15 557.00(10 052.25, 18 816.00) 18 679.50(17 245.00, 19 406.00) 3.165 0.002
AL 24.69+11.53 28.11+13.58 -1.151 0.245

1z AR VA 2.50(1.00, 7.75) 2.00(0.00, 5.00) -1.117 0.264

HR Bk v AL 35.33+17.59 30.92+18.18 1.048 0.298
FRTHR R L/ (°) 3.09+1.85 2.22+1.14 2.400 0.020
SRR MR R/ (°) /5] 64.69(44.95, 144.19) 59.24(42.82, 118.51) -2.822 0.005
BT 0.85(0.53, 1.13) 0.85(0.57, 1.03) -1.563 0.118

DE 2 1.13(0.48, 2.72) 0.63(0.35, 1.59) -7.631 <0.001

®7 PMAEEETRERESHIRIIEIRILR N+ /M(Ps, Prs) ,n=36]

Table 7 Comparison of eye movement parameters during the vertical smooth pursuit task between the two

groups [xxs/M(Ps, Pis), n=36]

izt cRiaE fe Xt R4 Z 1 PE
SRR ] /ms 16 017.00(10 915.50, 17 242.50) 18 030.50(16 415.50, 18 805.75) 3.688 <0.001
R 35.61x18.19 37.14%9.96 -0.442 0.660

Az BR B 5.50(2.00, 9.75) 2.00(0.25, 4.75) -2.719 0.007

R Bk VAL 42.50(27.75, 55.00) 36.50(32.00, 43.75) -1.042 0.297
SERHR B B/ (°) 3.54+1.75 2.94+1.23 1.687 0.096
SRR B BE/ () /s] 71.89(48.15, 121.14) 70.46(51.30, 103.21) -0.362 0.718
T 2 0.71(0.35, 1.15) 0.70(0.39, 0.93) -2.328 0.020
2 1.35(0.66, 3.07) 0.97(0.49, 2.07) -6.700 <0.001

% 8 WAEEFREFBERESPHRINIBIRIE B xts/M (Ps, Pss) ,n=36]
Table 8 Comparison of eye movement parameters during the circular smooth pursuit task between

the two groups [xxs/M(Pss, Pss), n=36]

izt e {e R} IR uzZ 1 PE
VAT ) /ms 11 159.08+4 342.79 15 182.61+3 471.87 —4.342 <0.001
ALK 27.72+8.93 32.5629.47 -2.228 0.029

1z AR 3L 6.00(1.00, 10.00) 3.00(0.00, 7.00) -1.733 0.083

AR Bk A 4231+11.94 37.83+11.66 1.608 0.112
PR BRAREE/(°) 423+1.88 2.70+1.19 4125 <0.001
SR BRIH B/ (°) /] 90.30(62.09, 151.15) 72.02(53.77, 109.35) -8.746 <0.001
Ui R 1.11(0.89, 1.41) 1.05(0.88, 1.23) -5.078 <0.001

o7 & 2% 0.91(0.43, 1.83) 0.54(0.30, 0.98) -12.211 <0.001
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F*9 WMAEEZFEBEERTSHHIRINIEIREB[x+s/M(Ps, Pys) ,n=36]

Table 9 Comparison of eye movement parameters during the sinusoidal smooth pursuit task between

the two groups [xs/M(Pss, Pss), n=36]

Bhn A {a ] IR zZ 1 P
SRS /ms 6 798.56+2 468.73 9 567.86+2 733.38 -4.511 <0.001
AL 12.94+5.31 15.14+6.63 -1.551 0.125

1z HR Y 3.50(1.00, 4.75) 2.00(0.00, 4.00) -1.114 0.265

HR kv & 20.61+7.89 18.61+10.02 0.941 0.350
SR BRR /() 2.03(1.44, 3.49) 1.20(1.02, 1.97) -2.963 0.003
SRS HR Bk B/ (°)/s] 64.98(43.12, 113.40) 55.38(42.16, 91.74) -2.469 0.014
B4R 3.41(2.50, 5.11) 2.53(1.70, 4.14) -9.126 <0.001

o7 2% 0.78(0.37, 1.56) 0.43(0.23, 0.86) -9.055 <0.001
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