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Figure 1 Analysis and results of resting state functional magnetic resonance. The resting-state functional magnetic resonance imaging (rs-fMRI) was
preprocessed in a standardized way. The study constructed the functional brain networks under the anatomical automatic labeling (AAL) atlas and the
time series of 90 big brain regions extracted from the preprocessed rs-fMRI data. The significant functional connectivities were obtained and used as
classification features. Then, the sensitivity, specificity and accuracy of the support vector machine classifier were obtained by the leave one subject out
cross validation. By modeling the relationship between the functional brain network’s time durations and classification performances, the nonlinear
models of classification performances were obtained
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Table 1 Demographic information and clinical measures of depres-
sion patients and healthy controls”
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Figure 2 Model of classification performances. (a) Sensitivity curve model; (b) specificity curve model; (c) accuracy curve model. The red dashed

lines are the corresponding 95% confidence boundaries
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Table 2 Model parameters”
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K B2 8.2x107% (3.1x107%, 13.4x107) 2.1(1.7,2.6) 1.9x1072 (1.5x107%, 2.3x1072)

a) *: B{EKFa=005F, BERKTZE

1 38/ TR A4 g 9 28 it 4101 A8 S5 1432 Wi 4 L 1] A5 X 43
P 114 TR i ) 2 5 AT B8 b i S dF 2GR« 232
ASTR G P9 45 B AN R A 21 de a8 s, B R ]
R XA, BeAh, Ko R BIALA 2oR, R
38/ TR 5. 75 T BEI0G 190 4% A S 32 JE 9 ) TR 391
TARAE 55 BEAN PR A, 1 B 20 28 3R 34 0 {5 M 1t B
LS HIIS50%. Pk, BAT 55 28808 0 T e s X 4%
14y LAY R ] RS A T 46 R1218NTRZ ], 17 v ] K8
S 114 TR i X 265 R 3R A5 5 - R

2.2 WRIRE ) ROSE i R4 10 S i Y422

LR ) RUJE 194 Fi 1) 4 5 DO e 38 B2 4 [B1 3 i /s
(I AR AE 25 A X il Bl X B4, P<0.05, FDRAFIE).
I 46~ TR B4 3 I 4% = B4 3K 17 107 [ 5 HE 251 -
B2 HEAR STt | e SR J 2 L Rt hdn
M Ia] 5 B A - A] Y 22 4% S 3 0 (5 U AR T
FARFRIE WEAMISE, P<0.01, FDREFIE), Hrh, AR
JiE 5 N S A8 5 1 D) R E B A AE T A4S SR Al ml 5 A2
a1 i S 1 PR U N CINE I (51 P S = 1 s A T K DA
] ELD, X5 s w5580 F Il a]; A2 BESR 4
51 S 31 £ 1 N 2 1 - S e =1 = 1 =
5 ha], 22N S A AR A2 B 5
{0 A 2 I = 1 TR/l S G RS DR R S R G 21 P

bsov el o b S e N P K 1 S [T T o
A 55 ) S AT AE T A BE SR AR o Il 5 47 & L [l ).

BF K 1144 TRV #5228 i 3K T 44 5% 58
R (SMARAREE B3 M 2%, P<0.01, FDRAFIE), H
i, BRI 464 TR I 265 T 4 3 B4 36 22 5 8 — 3
A, ARIE 5 N S8 AR B A D RE E A T A B
i 55 XU ASLI 8], A o A 50U A i A R L T[]
Fg LS4 E R, A2 RS A ERCS 2R
[l i) s T S AR 55 04 2 4 R A AR T S M S A
B), A5 22 L ml ) A5 S 4 TR 2 W
eSS L AR R . dnai el TR 2%
fall, B mlE;, AR S A LR A
(), Z2%k b 1nl 545 RE R4 T [mlfa).

AF 218 TR DI BBl X 45 2Lk B 170 5% 573 i
B, M TATPIA LS, ERERR T R EEDY)
REIEHE, AR T 1015 1T GBS P ARAE s BEAS 241
KM EH (S MABRE AN B M E, P=0.01, FDRKF
1E). FERIAE DA I D REFE B (2 0L T 0l 5 42
Wirp el WENER LR A7 e sg Nk AR S A
MR E] L =T ELAL; A A H ] 5 XU e ), T S A 5
1) T e 2 (2 TR (0] 5 22 = A3 1 [l A 350 [
52 By 5 R vl 228 b ] S A E R ] AR [l
A E AR BOIR R AL R AR HE N LD, dE sh

2097



a4 % B 3 20184 7H $£63% F20MH

B3 MR fi) FRUBE ARG P25 1A S5 S RESAE 4

Figure 3 Abnormal functional connectivities of brain networks with typical time durations
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Influence of resting-state functional brain network’s time
duration on recognizing major depressive disorder
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Machine learning has recently been applied into automatically recognizing major depressive disorder by taking functional
connectivities as classification features. It opened the good clinical application of computer assisted major depressive
disorder diagnosis. However, it is still unclear how much the neuropathology information of major depressive disorder
can be captured by resting-state functional brain networks with different time durations, and it is unknown what the
influence of resting-state functional brain network’s time duration on recognizing major depressive disorder is. The
present research established the nonlinear models that describes the influence of functional brain network’s time duration
on recognizing major depressive disorder by using the method of nonlinear regression, and illustrated the neuropathology
information of major depressive disorder that is represented by functional brain networks with typical time durations. In
the experiment, the resting-state functional magnetic resonance imaging (rs-fMRI) and Hamilton depression ratings were
acquired, and the data of 64 clinical first-episode major depressive disorder patients and 53 control subjects were
analyzed. The study constructed the resting-state large scale functional brain networks and the functional connectivity
matrices under the anatomical automatic labeling (AAL) atlas and rs-fMRI data for each subject, and found the
significant functional connectivities used as classification features by two sample t-test between the patient and control
groups. Then, the sensitivity, specificity and accuracy of the support vector machine classifier were obtained by the leave
one subject out cross validation. By modeling the relationship between the functional brain network’s time durations and
classification performances, we obtained the nonlinear curve models of classification performances. The functional brain
networks with about 46 TRs length have credible classification performance for the first time, and it show that the patient
have enhanced functional connectivities between the posterior cingulate gyrus and the orbital frontal cortex, between the
right orbital frontal middle gyrus and the left angular gyrus, and between the left gyrus rectus and the left hippocampus.
The functional brain networks with about 114 TRs length have the best classification performance, and capture some
more weakened functional connectivities between the right angular gyrus and the bilateral inferior parietal but
supramarginal and angular gyri, middle frontal gyrus, between left amygdala and left supramarginal gyrus, right rolandic
operculum. These abnormal functional connectivities support the hypothesis that major depressive disorder is the
neurogenic disorder of distributed brain network with abnormal interactions. With the increase of time duration,
functional brain networks capture certain functional connectivities that may not be directly related to the neuropathology
mechanisms of major depressive disorder, and hence the classification performance decrease. Thus, the law of the
influence of resting-state functional brain network’s time duration on recognizing major depressive disorder appears to be
the inverted U-shape tendency. This may provide certain new references for further effectively investigating the
neuropathology mechanisms and improving the intelligent recognition effects of major depressive disorder.

major depressive disorder, resting-state fMRI, brain network, functional connectivity, time duration, pattern
recognition
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