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Fe s . 35 W45 43 45 (bisection point, BP) 1514 Lk £
(Weber ratio, WR)3/M™545BE W [ i 4 1 6] iF 1 4] iy
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HLALE AR, B A AT BE R T A48 7S SR A O A e [R5
B TR e A8, DL R s ol A8 H 80 A B B FN T RE 1Y
HLA . 2 B AL T A AR e A2 2 s ] i T
ALFE NI A PSR = AR BOCER B{F BAL HE
BBt PR A 48 — > DL — R R Dk A A
AR —A Bk by B0 Es, i R T M bk
i E RS A BIngs ;e s TAEIEIZ
MW, TAEICICAAAE ST BE /) koo, =
RECAZ WA R B . T LU AR ERT R 2R
I FE X 2 AT I EE AN S B C A2 g SR RE AT
B, dE AN R, AERTEE B T, N1, P25
CNV(contingent negative variation)43 5|1t T .31 )
PEPEPE T 3 (selective attention) . F15E /Il T (perceptual
processing) 5 5 2% 14 I & (sustained attention). — it
Wr st iC iC R B R, NUSA AT e 5 B s 2 A K,
P2 A 20 W 1) Rl 5 4 A0 7 B A A O e T oY
F W], CNVIE 5 A fa] Wi 56 A9 — s o0, Hok i
2 bifi 25 2605 381 19 B 0 K 8 R A [) 2601 B A9 o it A i
A AR, FEAR R R CNV Y L5 4R R
AR R ey st ) SRR AG AR Y, i NV B e D) 3
I 25 5 8 0 B A 1 BR Ol 3 %o 1 b o B A9 T4 4E
f¢PY. CNVEE R 2 )5 5 B — 51T A C Y
i 381 1F 143 (late positive component of timing, LPCt),
I35 PSR B B) XA 0 PROME R B A O, LT
HAb PSR A /Y 1E /L4 (NP3, late positive deflection
Z)PI gf H A B ) 9 B AT 45 B30 B ) 7 A AT
55 POVRIE ) S AT 45 08 h A R . BeAh, AT
58K FHHCNV 2 3K W5 {55 1F fi 5% 1) A4k 5848 2 X6F ik (1] [
%% 20 15 B At S OB 1) AR AR Y, R g
A R A T I &5 B AT 5 P 5 P04, il Praamstra
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IEH, HIRME TR MRS RN E, LEIRAE, YEkE
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SO HT T A PR A E A R E A, MR UE.

(ii) Bkl SCEG L P R FHE-prime 2.0%044:
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(i) s mfd. Lt asm3 e, Eil%
B, T4 5% 25 0 28 B 5 B IE S 400111600 msHY
IR R . S 56 3 Hh BT R A oA 158 5 R G
BAEAE PR, KB -h85 cm, MR NT cm, B & N
168x218. #f [5 76 1 F sk BE T 45 S BLSWR, IF45 bk
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Bl 32 0 I A7 B I K i Y X, B BEAS T BT
Ay s AE YNGR B B, EER Wl 0t Bl AL 5L B AY B
HERTFE SR TR ml BT, 4P ReT BT R
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B B 1 3 5 22 58 A 10N Uk 1 I 2k, s o 4 J B B
F5W, NGRSk 2 H 43 2 | IE 6 gk A E X
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(Iv) TR BRI, o 1F 25256 By B 1) R
AT 208 S0 HAR 2 A BE 2 )< 7 (B 400,
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(1) R4 ki A B 7, %K s Bz b 3 1 A 7
(B2 A ) 7 (1) Y — PR 28 B 4R o 2 0 M (A
El2(a)), BFEEAYFR00 B2, F(6,228)=357.27, P<
0.001, 7°=0.90, 3% K 46 2% W K Ak 1 A0 4 Js2 17 e 4]
3 2 KT R A A S g L, AT PR R 2 ]
K s 7 EE BB 32 22 5 I 3 (Ps<0.05). B I Al a2k
AR A H AU B3, F(6,228)=4.21, P<0.01, 7°=0.10.
HE— 20 ] BN A AT R B, 7E400 msBTEE TR, HIARZH
) SN L9 22 F X BR A, {H4E 1200, 1400, 1600 ms
AFEE T, HA R R F /N 55 BR 4L, Ps<0.05; 7£600,
800, 1000 msiX3/HFHE T, Xt B8 41 FHm AR 2 9t i Y
KN FE R DL i 2 2 5%, Ps>0.05. 1K 5 i L Bl
PEATSEI MR AU A T 3 A5 2 ST AA He ], %
AR Y FUEE 3 ORI AFT B R A 7k S AR A o B
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Figure 1 Paradigm of the experiment. In the testing phase, participants were presented with one of seven durations (400, 600, 800, 1000, 1200, 1400,
and 1600 ms) in Experiment 1, and they were presented with one of five durations (400, 800, 1000, 1200, and 1600 ms) in Experiment 2
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Figure 2 (Color online) Behavioral results of the clinical depression group and control group in the temporal bisection task. (a) Proportion of long
responses at seven presented duration for the clinical depression group and control group; (b) reaction times at seven presented duration for the clinical

depression group and control group
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(2) RIS TEEE S E 20 s, P Bk
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ABLH B S 07 B 8 35 R X HR AL A B 9 2 000 1
F(6,228)=14.17, P<0.001, 77=0.27, H:rifEE F1800F1

1000 msHY 2R A i 2% K400, 600, 140051600 ms
B 2 W B (Ps<0.05), H#%07E800, 100051200 msf¥
J N I 2% S I 25 (Ps>0.05), 400, 600, 140051600
ms P S BT 22 55 A8 1 2 (Ps>0.05).
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(1) #ak. AIEA SR+t XS0, SR
FHEE BRI RE 7 R U IR 76 17~29 % 2 [ 331256 44
POk (BHE1064, HE1502) S sk, i R R
ARG ) A COt i i 3R ) e T AR A
204 (104, Z0104%), V4RI H23.90£2.53% .
[i) R 3 BTG S AR X B 20 2044 (B 944, L 114%), 1y
AR H23.10£3.02% . AHIEST H BT AR AL 45 o 47
BB IR 515957 F 34~6141, REIARAH 73 =284, Bk
A5G (P EEMEIE R R 52 WibRiE ) (B2
i) & T HNABAE (1412 Wrbr 1 (5 3% B0 SR AE IR . falt B
XF BEZH i R AR R 545 40 16~2741, RAEITHRS
G1<1243. XA B 1R B AR S 4 AR S IR 1S
SO S FEA ek B, S5 SR o, R PAB A Y A T
AR 43 (42.8526.76) b 3 1 T f JE Xf 40 (21.75+
3.29), #(27.52)=12.55, P<0.001; [ K #AHBLH (R A4
453 53 (33.50+7.59) fnb 3 5 - fe B X iR 2 (5.55+3.33),
1(26.06)=15.08, P<0.001. W50 %% 3k 4 45 I Ak 5] 2
TG it 222 5 (Ps>0.05). 55514 r A3 w0l 71
Wr e, B IR TR RS AR E, TR,
VIR IEH B G 520, LA 5 4 7 — o 1Y o A Ab
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(i) etk CREBTIAR IR A5 ) (trait de-
pression scale, T-DEP): % JH20114E 58 24 Ak
T CIRSFEBTIIAR A A ) oSO, 404051 H,
AR S 5% B 200350 H RPRE AR ) . 15 233
TE16~64757, 1557 18 i 2% 7 FLARR BT 400 A0 i) A B 8 o
PERZ R R IR E: 58—, 8 FEZ R K
WMESZ, REARAT M SMARIRA E R I, 8, W
FH A8 F0 AR [) 45 0 £ T HL R 22 5 I PR A A1 i A8
X AR PRATAB TR (A 1) 155 28 728 A AN SR,

COLE . HAMAR A LR ) (center for epide-
miologic studies depression scale, CES-D): & 2010
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() 48 143 A 16 BT A X sk 1) FL B2 CP1, CPZ, CP2,
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A B AN 38, F(4,152)=2.57, P<0.05, 1°=0.06,
HE— RN AT R, 75400 msETIE T, B0
AR S 7 9] f 2 T B ZH, 761600 mshf#E T,
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P<0.05, W55 50 B % 2% 5, 1(38)=-0.39, P>
0.05. Wi Ay A LB . A4 55 43 ) 5 HA AR
PR MR R A AR SR e by, SR E 4R FiAt
) 5 AR ZS AR 3 IEAHE, r=0.37, P<0.05, [alifd 5
B AR BTIIARAS 73 IEAHOC, r=0.34, P<0.05; {H W
S5 03 RS IR AS TR EURR BT A AR Y A 56 (Ps>0.05).
Xof S B A GE T4 AN 3(b) R A A 25 5
¥, F(1,38)=4.79, P<0.05, 7°=0.11, B F AR i
oy Btk 2 T R A BRI G R0 B, F(4,152)=
71.49, P<0.001, 7°=0.65, #1000 msf s i i} i
FERTHANEE, HE 740051200 ms2 8] 507 I
ZRABEI, AFZE AL BT 2 5] 22 535 5 3

1.01 10007 (p)
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Figure 3 (Color online) Behavioral results of the subthreshold depression group and control group in the temporal bisection task. (a) Proportion of
long responses at five presented duration for the subthreshold depression group and control group; (b) reaction times at five presented duration for the

subthreshold depression group and control group
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Figure 4 Correlation charts of depression level and Weber ratio ((a), (b)) and depression level and bisection point ((c), (d))
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Figure 5 (Color online) P2s of the subthreshold depression group and control group in all of the durations (take the electrode PZ as an example)
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Patterns and neural mechanisms of time perception
in individuals with clinical depression and
subthreshold depression
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Time perception is the basis of cognitive processing, and it may be affected by depression levels. People with depression
often report slower subjective time experience; however, whether depression levels affect time perception has not been
determined. More than 300 million people of all ages suffer from depression globally, and this number might be much
larger if people with subthreshold depression, which indicates that an individual has clinically relevant depressive symp-
toms without meeting the criteria for full-blown major depressive disorder, are included. In this study, we examined the
behavioral characteristics of time perception in patients with clinical depression and individuals with subthreshold de-
pression based on a temporal bisection within the range of 400—1600 ms. The data were then fitted to a sigmoidal curve
in order to calculate the subjective bisection point and Weber ratios. In addition, the event-related potential (ERP) re-
sponses of time perception in individuals with subthreshold depression were recorded to explore the possible mecha-
nisms. The results were as follows: (1) The Weber ratios of individuals in the clinical and subthreshold depression groups
were higher than those in the control group. There was no significant difference in the subjective bisection point between
either the subthreshold depression group or the clinical depression group and the control group. Both the clinical and
subthreshold depression groups had longer reaction times in each duration, and they tended to overestimate short dura-
tions and underestimate long durations. (2) The levels of depression (both trait depression and state depression) were
positively related to the Weber ratio, and there was no correlation between the bisection point and either trait depression
or state depression. (3) The P2 amplitude of the subthreshold depression group showed a decreasing trend, and the laten-
cy of the contingent negative variation (CNV) was delayed. The amplitude of the late positive component of timing
(LPCt) decreased at the duration of 400 ms, but there was no difference in N1 between the subthreshold depression group
and the control group. The above results suggest that there were similar changes in time perception between the sub-
threshold depression group and the clinical depression group; moreover, as the degree of depression increased, subjects
showed greater variation in time perception. The higher Weber ratios of the clinical and subthreshold depression groups
imply changes in the subjects’ internal clock, and such changes might be caused by the lack of sufficient cognitive re-
sources for participating in time processing, which is revealed by the lower P2 amplitude. In the subthreshold depression
group, the longer reaction time, longer CNV peak latency, and smaller LPCt amplitude, which is the positive deflection
followed by CNV, suggest that the subthreshold depression group also exhibited some changes in temporal decision pro-
cesses. In addition, there was no evidence of changes in working memory for the subthreshold depression group in time
perception, as there was no difference in the bisection point. The current study did not record ERP signals of individuals
with clinical depression; thus, it is necessary to explore the neural mechanism of time perception in individuals with
clinical depression in the future.

clinical depression, subthreshold depression, time perception, event-related potentials
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