Right fronto-temporal activation differs between Chinese first-episode and recurrent Major Depression Disorders during a verbal fluency task: A near-infrared spectroscopy study
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1. Introduction
Major Depression Disorder (MDD) is the second most common psychiatric disease, the prevalence of which is about 2-4% globally, and 1.7-2% in China Gu et al., 2013()
. Around 50-60% of these patients who have gone through the first-episode of MDD encounter recurrences Talarowska et al., 2015()
, and 20-60% of patients diagnosed with recurrent MDD experience more than two episodes of MDD in their lifetime Mead et al., 2008()
. 

Recurrent MDD is an increased risk of suicidal behavior Pezawas et al., 2003


( ADDIN EN.CITE )
, and associated with worse prognoses and resistance to pharmacological treatment. Previous investigations indicated one of the risk factors with recurrent MDD is personality pathology Hazlett et al., 2012


( ADDIN EN.CITE ; Koenigsberg et al., 2009; Sheets et al., 2014)
. For example, Sheets et al. (2014) examined the eight personality pathology factors using factor analysis in order to ascertain possible predictor variables for the recurrent MDD, three personality factors (interpersonal hypersensitivity, antisocial conducts and social anxiety) emerged as unique predictors of recurrent MDD Sheets et al., 2014


( ADDIN EN.CITE )
. In addition, other risk factors, such as depressive symptoms with anxiety, psychiatric and family history, early and recent adverse life events, being unmarried, and problems with friends and finances also predicted recurrent MDD van Loo et al., 2015


( ADDIN EN.CITE )
.

Several studies provided some neural evidence for recurrent MDD. For example, Carceller-Sindreu et al. (2015) reported reduced Habenula White Matter in patients with the recurrent MDD when compared to patients with the first-episode MDD (fMDD). Lu et al. (2010) using the recognition tasks of sad faces found that the patients with recurrent MDD, comparing with the patients with fMDD, showed decreased activation in right middle frontal gyrus (BA6), right thalamus, and right superior temporal gyrus (BA22). Talarowska et al. (2015) reported that cognitive skills such as memory and verbal fluency, which are often implicated as frontal lobe functions, were reduced in patients with recurrent MDD rather than patients with fMDD. However, the brain mechanism of the cognitive deficits in patients with recurrent MDD is still unclear.

Multichannel Near-infrared spectroscopy (NIRS) is another promising and noninvasive functional neuroimaging technique which monitors and measures hemodynamic changes, i.e., the changes in the concentration of oxygenated hemoglobin (oxy-Hb) and deoxygenated hemoglobin (deoxy-Hb) near the brain surface Ferrari and Quaresima, 2012()
. Compared with other neuroimaging techniques, NIRS is more portable and less sensitive to motion artifacts, these advantages make it particularly suitable for psychiatric patients who may be afraid of tight surroundings [e.g., in Nuclear Magnetic Resonance Imaging (MRI) / Positron Emission Computed Tomography (PET) scanners] or show motor restlessness [e.g., in MRI, electroencephalograph (EEG), Magnetoencephalography (MEG) or PET] Ehlis et al., 2014


( ADDIN EN.CITE ; Ferrari and Quaresima, 2012)
. 
The verbal fluency task (VFT) is a common neuropsychological task, which assesses the neurological patients’ language production skills Dieler et al., 2012()
. Previous research showed that the oxy-Hb changes (i.e., the changes in the concentration of oxygenated hemoglobin) during VFT task is not affected by antidepressant treatment, and therefore hypofrontality response (i.e., reduced activation in the frontal lobes) to a VFT may represent a potential trait marker for identifying depression Tomioka et al., 2015


( ADDIN EN.CITE )
. 

In Chinese, Quan et al. (2015) developed a Chinese version of VFT in order to ascertain functional abnormality of Chinese schizophrenic patients during the VFT period with a multichannel NIRS Quan et al., 2015


( ADDIN EN.CITE )
. In the current study this Chinese VFT was also employed as the experimental stimuli with a 52 multichannel NIRS system in order to examine the hemodynamic signals in the bilateral prefrontal and superior temporal cortices during the performance of the VFT in patients with fMDD and with recurrent MDD as well as healthy controls. We hypothesized that as with Tomioka et al. (2015) the Chinese patients with recurrent MDD would show reduced activations in temporal-frontal cortices compared with the Chinese patients with fMDD and the Chinese healthy control participants during the Chinese version of the VFT. 
2.Methods

2.1. Participants
Inpatients with MDD during Nov. 2012 to Aug. 2013 from Peking University Sixth Hospital were enrolled in this study. 70 patients were diagnosed according to the Structured Clinical Interview for DSM-IVAmericanPsychiatricAssociation, 2000()
. Exclusion criteria: left-handedness, history of major physical illness, neurological disorder, and other psychiatric co-morbidity. According to the times of depression episodes, patients with MDD were divided into two groups: 36 patients with fMDD (fMDD group) (male/female: 21/15, age range: 18–60 years, mean 39.33±13.90 years) and 34 patients with recurrent MDD (recurrent MDD group) (male/female: 25/9, age range: 18–60 years, mean 43.82±13.97 years) (See Table 1). The recurrent MDD group consisted of patients who had had two or more previous episodes of depression. All of the patients used antidepressants medication in conventional dosages (See Table 1). In the fMDD group, 32 out of 36 patients took the ‘SSRIs’, two took the ‘mitrazapine’, and the other two took other antipsychotic drugs. In the recurrent MDD group, 30 out of 34 patients took the ‘SSRIs’, one took both of the ‘SSRIs’ and ‘mitrazapine’, and the other three took the other antipsychotic drugs. 
---------------------------------------

Table 1 about here

---------------------------------------
The 40 healthy control participants (male/female: 25/15, age range: 18–60 years, mean 35.10 ±11.17 years) were recruited through the local community and reported that they had no history of neurological or psychiatric diseases. They were all right- handed. All participants were native Chinese speakers and can read in Chinese. The current study was approved by the Peking University Sixth Hospital Ethics Committee and informed written consent was obtained from all the participants.
Severity of depression was assessed by well- trained psychiatrists (QW, WP) using the 17-item Hamilton Rating Scale for depression (HAMD) less than 1 week before NIRS measurement Hamilton, 1967


( ADDIN EN.CITE )
. Only participants with a minimum score of the 21 on the 17-item HAMD were included in the study (See Table 1). 

2.2. VFT description and Procedure

As described earlier, a Chinese version of phonological VFT was used in the study, which was developed by Quan et al., 2015


( ADDIN EN.CITE )
 for Chinese participants. The task paradigm consisted of a 30sec pre-task baseline period, a 60sec task period and a 30sec post-task baseline period. During the pre-task and post-task baseline periods, participants were instructed to fix their gaze at the center of the screen and repeat counting from one to five. During the 60sec task period, as described earlier three Chinese characters ‘白’, ‘天’, and ‘大’ (meaning ‘white’, ‘sky’, and ‘big’ respectively) were presented on the computer screen in order. These three Chinese characters are commonly used in daily life and Chinese people with different educational backgrounds can easily generate phrases or four-character idioms. Each character was presented for 2sec and then replaced by the fixation cross ‘+’ which lasted for 18sec at the center of the screen, thus each trial lasting 20sec for each cue character (see Figure 1)Li et al., 2015()
. Participants were required to verbally generate as many phrases or four-character idioms as possible beginning with each given character. 
---------------------------------------

Figure 1 about here

---------------------------------------

2.3. NIRS measurement

A 52 multichannel NIRS instrument (ETG-4000, Hitachi Medical Co., Japan) with two wavelengths of near-infrared light (695 nm and 830 nm) was employed to measure relative changes in oxy-Hb and deoxy-Hb levels. This system included 17 light emitters and 16 light detectors. The distance between the emitter and the detector probes was set at 3.0 cm, and the area measured between the probes was defined as a channel. The NIRS probes were all arranged in a 3 × 11 array to form 52 measurement channels with the lowest channels positioned along the Fp1–Fp2 line according to the international 10–20 system (see Figure 2A)Li et al., 2015()
. The arrangement of the probes measured relative oxy-Hb and deoxy-Hb signal changes in approximately the bilateral frontal and temporal cortices. The scalp positions of each probes and each channel were recorded using a 3-D magnetic digitizer (PATRIOT, Polhemus Inc.) on one of the participantsHuang et al., 2017()
, then a probabilistic registration process was performed to estimate the cortical sites using NIRS_SPM 4.0.49Ye et al., 2009()
 (see Appendix-1). The experimental setup was corroborated by means of a multi-individual study of the anatomical craniocerebral correction using the international 10–20 system Okamoto et al., 2004


( ADDIN EN.CITE )
 (see Figure 2B). The correspondence between NIRS channels and cerebral cortex measurement points are presented based on the virtual registration method Singh et al., 2005(; Tsuzuki et al., 2007)
. The sampling frequency was 10 Hz. In addition, we applied an automated method for rejecting artifacts focused on three kinds of noise (high frequency, low frequency, and no signal) and body- movement Takizawa et al., 2014()
.
---------------------------------------

Figure 2 about here

---------------------------------------

2.4. NIRS data analysis

The raw data were filtered using a band pass filter with cutoff frequencies from 0.0016 Hz to 0.3 Hz to remove the systemic noise and physiological artifacts such as respiratory and heart rhythmsChaudhary et al., 2011


( ADDIN EN.CITE )
. The concentrations of NIRS signals were averaged within two time periods (30sec pre-task baseline and 60sec task periods). The activations were defined by relative changes of NIRS signals by subtracting the mean values of the pre-task period from the mean values of the task period. In the analysis of NIRS data, we focused on oxy-Hb data for the change in oxy-Hb levels which is believed to reflect cognitive activation more directly than a change in deoxy-Hb levels, as demonstrated by a stronger correlation with blood oxygenation level-dependent signals measured using functional MRI (fMRI) Strangman et al., 2002()
.

2.5. Statistical analysis

Firstly, Paired t-tests of the mean values of these two periods (task period vs. pre-task baseline period) were performed at all 52 channels to examine which channels were activated during the VFT Chaudhary et al., 2011


( ADDIN EN.CITE ; Takizawa et al., 2008)
. Secondly, one-way Analysis of Variance (ANOVA) (with Bonferroni corrections) was used for the comparison of the means of variables in three groups, i.e., fMDD, recurrent MDD and healthy control groups respectively. When the result of the ANOVA was significant, pairwise comparisons of groups using a Bonferroni-corrected alpha level of 0.0167 (0.05/3) were conducted.

Secondly, Pearson's correlation was employed to calculate correlation coefficients between brain activation and behavioral VFT performance, duration of illness. The dosages of daily ‘imipramine’ equivalent were also included in the analysis in order to investigate the effect of antidepressant drugs.

All statistical analyses were performed using the Statistical Package for the Social Sciences for Windows (version 17.0; IBM Corporation, Armonk, NY, USA). We set the value of q specifying the maximum false-discovery rate (FDR) at 0.05, such that the average false-positive rate was no greater than 5% during the processing of oxy-Hb data obtained from multiple channelsBenjamini and Yekutieli, 2001


( ADDIN EN.CITE ; Singh and Dan, 2006)
.

3. Results

3.1. Sample characteristics and behavioral data

The sample characteristics of participants in each group are shown in Table 1. 

Between the fMDD, recurrent MDD and Healthy Control groups there were statistically no significant differences in age [F (2, 107) = 2.993, p = 0.054], in gender [Chi-square test: χ2 (2) = 5.487, p = 0.064] and in years of education [F (2, 107) = 2.411, p = 0.095], although some of them were approaching significant. Also, there were no significant differences between the fMDD and recurrent MDD groups in the age of onset [t (68) = 1.086, p = 0.282], scores of HAMD [t (68) = 0.594, p = 0.555], and dosage of antidepressants [t (68) = -0.89, p = 0.377] respectively. However the length of illness was obviously significantly longer for the recurrent MDD group than the fMDD group, t (68) = -4.24, p < 0.001.

In addition, during the VFT there were significant differences between fMDD, recurrent MDD and Healthy Control groups in the number of phrases or four-character idioms generated, F (2, 107) = 3.836, p = 0.025. Post-hoc pairwise comparisons showed the performance of the fMDD and recurrent MDD groups were significantly poorer than the healthy control group, p = 0.039 and p = 0.035 respectively, but there was no significant difference between the fMDD and recurrent MDD groups (p = 1.0).

3.2. Brain activation during the task period relative to the pre-task baseline in VFT

The group-level statistical results of paired t-tests between the mean values of the pre-task baseline and those of the task period during the VFT in the Control, fMDD and recurrent MDD groups are shown in Figure 3A. 

---------------------------------------

Figure 3 about here

---------------------------------------

In order to facilitate the observation, we used gray circles to mark the channels that reached statistical significance during the task period relative to the pre-task baseline. In the healthy group, there were 20 channels with significant increases of oxy-Hb, with 12 channels in the left hemisphere and 8 channels in the right hemisphere. In the fMDD group, there were 14 channels that revealed significant increases of oxy-Hb, i.e., 5 channels in the left hemisphere and 9 channels in the right hemisphere. In contrast in the recurrent MDD group, there were only seven channels with significant increases of oxy-Hb, all in the left hemisphere and none in the right hemisphere. All results were corrected using the FDR method at p<0.05, see t value in Figure 3A.

3.3. Group comparisons of brain activation

Figure 3B illustrates the results of one-way ANOVA showing significant Group effects between fMDD, recurrent MDD and Control groups in five channels [Ch.3 (Dorsolateral prefrontal cortex), 13 (pars triangularis Broca's area), 32-34 (Supramarginal gyrus part of Wernicke's area; Superior Temporal Gyrus; Inferior prefrontal gyrus), F (2, 107)  = 3.58-5.27, p=0.007-0.031]. Further, the results of post-hoc tests revealed that the recurrent MDD group had significantly lower increases of oxy-Hb than the fMDD group in 4 channels (Ch.3 (Dorsolateral prefrontal cortex), 13 (pars triangularis Broca's area), 33 (Superior Temporal Gyrus) & 34 (Inferior prefrontal gyrus), p=0.004-0.033). After Bonferroni correction [alpha level of 0.0167 (0.05/3)], only 2 channels (Ch. 3 (Dorsolateral prefrontal cortex) & 13 (pars triangularis Broca's area), p=0.011-0.014) emerged as significant. This is illustrated in Figure 3C.  

Also, in grand-average waveforms (time-course), we can easily find that the patients with fMDD had similar pronounced cortical activation with the recurrent MDD group in most NIRS channels, except for Ch.3 (Dorsolateral prefrontal cortex) & 13 (pars triangularis Broca's area) (see Figure 4 & 5).
---------------------------------------

Figure 4 about here

---------------------------------------

---------------------------------------

Figure 5 about here

---------------------------------------

3.4. Correlational analysis

Correlational analyses were conducted between VFT performance and NIRS changes during the VFT in all of three groups. The range of correlation coefficient was from −0.20 to 0.31 in the Control group, from 0.08 to 0.18 in the fMDD group and from −0.04 to 0.34 in the recurrent MDD group respectively. All the correlation coefficients were not significant after FDR correction (p<0.05). 

Moreover, in the MDD groups, further correlation analyses were conducted between brain activation, dosage of daily ‘imipramine’ equivalent, and duration of illness. The Pearson correlation coefficients ranged from −0.24 to -0.02 in the fMDD group, and ranged from −0.21 to -0.09 in the recurrent MDD group between dosage of daily ‘imipramine’ equivalent and brain activation changes. These ranged from − 0.16 to 0.11 the fMDD group, and ranged from − 0.16 to 0.04 in the recurrent MDD group for duration of illness. All the correlation coefficients were not significant after FDR correction (p<0.05).

4. Discussion

In this study, a multichannel NIRS was applied to explore the possible changes of brain activation pattern in the bilateral prefrontal and superior temporal cortices in the patients with fMDD and recurrent MDD as well as healthy controls during a verbal fluency task in Chinese. There were significant activations in bilateral frontal and temporal regions in healthy controls and the patients with fMDD, but only left frontal and temporal cortices were activated in patients with recurrent MDD. In comparison with patients with fMDD, patients with recurrent MDD group had reduced brain activation in the right prefrontal cortex and superior temporal cortex. 
Compared with healthy Controls, the patients with both MDD generated significantly smaller numbers of phrases or four-character idioms during VFT - this is in agreement with the evidence indicating that patients with MDD are said to have cognitive impairments Han et al., 2015


( ADDIN EN.CITE ; McIntyre, 2014)
. However, there were no significant differences in the number of phrases or four-character idioms generated during VFT between the patients with fMDD and those with recurrent MDD, which are also consistent with majority of the results obtained in similar tasks using NIRS by other researchers Suto et al., 2004


( ADDIN EN.CITE ; Tsujii et al., 2014)
. The only possible explanation for this null effect between the patients with fMDD and recurrent MDD might be that the time settings of 20s per word in the VFT task in the majority of studies that have used NIRS could not detect subtle group differences in behavioral performance as two patient groups were well matched in clinical data, such as onset of illness and scores of HAMD Hamilton, 1967


( ADDIN EN.CITE )
. 

The present study found that there were activations in bilateral frontal and temporal regions, with more channels in left than right hemisphere in healthy Controls, and more channels in right than left hemisphere in patients with fMDD. However, only the channels in the left hemisphere were activated in patients with recurrent MDD. Previous studies demonstrated that language-related tasks such as a VFT task activated bilateral brain region, though the left hemisphere activation was greater than the right hemisphere Herrmann et al., 2003


( ADDIN EN.CITE ; Woon et al., 2012)
. 

So why is the brain activation pattern for the current Chinese MDD patients, in particular, fMDD patients so different from that of the Control group?  It can be speculated that the right dominance in the fMDD group may indicate that at the first-episode of MDD some cognitive impairment is already present, and there might be a compensatory activity in the right hemisphere to overcome the shortfalls of the left hemisphere. Unfortunately, after a long course of the disease, the compensatory mechanism disappeared perhaps due to the effects of the antidepressants, and only activated left hemisphere, the activation level of which was significantly lower in patients with recurrent MDD. For previous studies found that antidepressant, for example, SSRIs’, ‘paroxetine’ and ‘escitlopram’ decreased the oxy-Hb level Peran et al., 2008


( ADDIN EN.CITE ; Vollm et al., 2006; Wingen et al., 2008)
. These are only speculations, and clearly more research needs to be conducted in order to confidently support these. 

Compared with patients with fMDD, the oxy-Hb changes in right frontal regions (CH3, 13) induced by VFT were significantly smaller in the patients with recurrent MDD. These channels are located approximately in the ventrolateral (BA45) and dorsolateral (BA46) prefrontal cortex. Neuroimaging studies demonstrated that the dorsolateral prefrontal cortex has been implicated in sustaining attention and working memoryOwen, 1997()
 and it may relate to the personality Hazlett et al., 2012


( ADDIN EN.CITE ; Koenigsberg et al., 2009)
. The ventrolateral prefrontal cortex was also involved in the regulation of emotionKeedwell et al., 2005


( ADDIN EN.CITE )
. From these empirical data, our results can be interpreted as the patients with recurrent MDD may have more impairment to attention, working memory and emotion regulation than the patients with fMDD. Also, recurrent MDD may relate to certain personality characteristics (Hazlett et al., 2012; Koenigsberg et al., 2009; Sheets et al., 2014), which are considered as the predictor variables for recurrent MDD (e.g., Sheets et al., 2014). 

There was a tantalizing trend that recurrent MDD group had lower increases of oxy-Hb than fMDD group at Ch. 33 and 34. Ch33 is located approximately in the right superior temporal cortex (BA22), while Ch34 is located approximately in the right inferior frontal cortex (BA47). The result, though only a trend, is consistent with Lu et al.’s (2010) study that found patients with recurrent MDD showed decreased activation in right superior temporal gyrus (BA22) during recognition of sad faces Lu et al., 2010()
. Taken together with previous research findings, the current dampened/attenuated activation in the right superior temporal gyrus of the patients with recurrent MDD may be due to the recurrent MDD disease itself, but not due to the experimental tasks. However, this difference between recurrent MDD and fMDD patients in the right superior temporal cortex was not significant after Bonferroni correction, which may because of our small sample size, further studies are needed to confirm this. Previous studies found that duration of illness was inversely related to regional gray matter volume in the inferior frontal gyros (BA 47) Burke et al., 2008()
. The decreased activation in inferior frontal cortex (BA47) may be caused by the longer duration of illness in the patients with recurrent MDD than the patients with fMDD in the current study.

There are several limitations in this study. First, NIRS is limited to the monitoring of only the cortical surface areas, and thus it cannot detect the activation in deeper brain regions, such as amygdala. Second, we did not find any relationships between oxy-Hb changes and dosage of antidepressants in patients. Similarly, Tomioka et al. (2015) found antidepressant drugs did not influence the task mean oxy-Hb changes, however, in the same study, Tomioka et al. also found that antidepressant drugs did have an effect on baseline mean oxy-Hb values during VFT Tomioka et al., 2015


( ADDIN EN.CITE )
. Earlier fMRI studies showed that different antidepressant treatments produced different results. For example, Vollm et al. (2006) found that ‘mitrazapine’ increased the oxy-Hb level, while Peran et al. (2008) and Wingen et al. (2008) found ‘SSRIs’, ‘paroxetine’ and ‘escitlopram’ decreased the oxy-Hb level Peran et al., 2008


( ADDIN EN.CITE ; Vollm et al., 2006; Wingen et al., 2008)
. It is therefore clear that further studies need to be conducted in order to rule out the effects of antidepressants. Finally, our sample size was not very large, and if the sample size is increased, the subtle differences between the two MDD groups might also become significant, e.g., the hemodynamic responses in Ch. 33-34 were slightly different between the fMDD and recurrent MDD.

5. Conclusion

In summary, the multichannel NIRS results showed that, in comparison with healthy Chinese controls and the Chinese patients with fMDD, the Chinese patients with recurrent MDD had significantly lower brain activation over the right prefrontal and superior temporal cortices during the verbal fluency task (VFT) in Chinese. Further the patients with recurrent MDD activated significantly fewer channels and moreover these activations were only seen in the left hemisphere when compared to the patients with fMDD, suggesting functional differences between the patients with fMDD and recurrent MDD. 

Such findings can add to our understanding of the neural functional deficits in patients with recurrent MDD and in turn might also lead to a better diagnosis and prognosis of recurrent MDD.
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Table 1 Sample characteristics of patients and normal controls [mean (S.D.)]
	
	First-episode MDD
(n=36)
	rMDD
(n=34)
	Controls

(n=37)
	P valueb


	Age
	38.75(13.86)
	43.26(13.85)
	35.70(11.39)
	0.054

	Gender (M/F)a
	15:21
	11:23
	22:15
	0.064

	Education
	12.92(4.01)
	12.65(3.66)
	14.35(2.90)
	0.095

	VFT c
	8.72(3.86)
	8.65(3.99)
	10.97(4.31)
	0.025

	Length of illness
	2.76(5.06)
	10.62(9.82)
	--
	<0.001

	Onset
	36.22(14.53)
	32.65(12.92)
	-- 
	0.282

	HAMD
	24.39(11.92)
	22.82(9.97)
	--
	0.555

	Daily ‘imipramine’ equivalent (mg)
	163.19

(102.16)
	188.97

(138.44)
	-- 
	0.377


Note: a. M for male and F for female. b. χ2 test for gender, one-way ANOVAs for age, education and VFT, t tests for the other measures. c. VFT - Verbal Fluency Test

MDD- Major Depression Disorders, rMDD-recurrent Major Depression Disorders

Figure Captions 
Figure 1 Overall VFT task flow in this study. The task was divided into 3 periods: a 30s pre-task baseline period, a 60s VFT task period, and a 30s post-task baseline period.

Figure 2 The schematic diagram of near-infrared spectroscopy probe and channel settings. a). The distribution of all 52 channels shown as circles. Hexagons and squares indicate the near-infrared light emitters and detectors, respectively.  b). The location of probe array according to the international 10–20 system. The probe array is centered in the NASION–INION line and its lowest boundary is positioned along the Fp1–Fp2 line.
Figure 3. 

3A). The statistical results for brain activation based on [oxy-Hb] during the task period relative to the pre-task baseline within the healthy group (top row), first-episode major depression disorder (second row) and recurrent major depression disorder (bottom row), respectively. The t-value maps are colored according to the color bar at the right. We use gray cycles to mark the channels that reached the statistical significance. Abbreviations: R: right; L: left.
3B). P-Value significance map of ANOVA analysis of mean oxy-Hb changes in the three groups (fMDD, recurrent MDD and HCs) using FDR correction. fMDD, first-episode major depression disorder; recurrent MDD, recurrent major depression disorder; and HCs, healthy controls. The p-value are colored according to the color bar at the right.
3C). The results of post-doc analysis of mean oxy-Hb changes in 5 channels (CH 3, CH13, CH32-34) in the groups of fMDD, recurrent MDD and healthy controls using Bonferroni correction. Abbreviations: fMDD, first-episode major depression disorder; rMDD, recurrent major depression disorder. HC, healthy controls.

Figure 4. Grand average waveforms of hemoglobin concentration changes during the VFT in the fMDD. The X-axis represents the time (the unit is [sec]), and Y-axis represents hemoglobin concentration (the unit is [m(mmol/l)*mm]). Different types of hemoglobin concentrations are presented with different colors (blue for [oxy-Hb], green for [deoxy-Hb] and red for [total-Hb]) in 52 channels. Abbreviations: R: right; L: left. 
Figure 5. Grand average waveforms of hemoglobin concentration changes during the VFT in the recurrent MDD. The X-axis represents the time (the unit is [sec]), and Y-axis represents hemoglobin concentration (the unit is [m(mmol/l)*mm]). Different types of hemoglobin concentrations are presented with different colors (blue for [oxy-Hb], green for [deoxy-Hb] and red for [total-Hb]) in 52 channels. Abbreviations: R: right; L: left. 
APPENDIX-1:

Correspondence between channels and brain regions. Each channel corresponds to a BA number and an anatomical location
	Channel
	Braodman’s area (BA)
	Anatomical label

	CH01
	40
	Supramarginal gyrus part of Wernicke's area

	CH02
	6
	Pre-Motor and Supplementary Motor Cortex

	CH03
	46
	Dorsolateral prefrontal cortex

	CH04
	10
	Frontopolar area

	CH05
	10
	Frontopolar area

	CH06
	10
	Frontopolar area

	CH07
	10
	Frontopolar area

	CH08
	46
	Dorsolateral prefrontal cortex

	CH09
	9
	Dorsolateral prefrontal cortex

	CH10
	2
	Primary Somatosensory Cortex

	CH11
	40
	Supramarginal gyrus part of Wernicke's area

	CH12
	6
	Pre-Motor and Supplementary Motor Cortex

	CH13
	45
	pars triangularis Broca's area

	CH14
	10
	Frontopolar area

	CH15
	10
	Frontopolar area

	CH16
	10
	Frontopolar area

	CH17
	10
	Frontopolar area

	CH18
	10
	Frontopolar area

	CH19
	46
	Dorsolateral prefrontal cortex

	CH20
	6
	Pre-Motor and Supplementary Motor Cortex

	CH21
	40
	Supramarginal gyrus part of Wernicke's area

	CH22
	40
	Supramarginal gyrus part of Wernicke's area

	CH23
	6
	Pre-Motor and Supplementary Motor Cortex

	CH24
	47
	Inferior prefrontal gyrus

	CH25
	10
	Frontopolar area

	CH26
	11
	Orbitofrontal area

	CH27
	11
	Orbitofrontal area

	CH28
	11
	Orbitofrontal area

	CH29
	47
	Inferior prefrontal gyrus

	CH30
	45
	pars triangularis Broca's area

	CH31
	43
	ubcentral area

	CH32
	40
	Supramarginal gyrus part of Wernicke's area

	CH33
	22
	Superior Temporal Gyrus

	CH34
	47
	Inferior prefrontal gyrus

	CH35
	11
	Orbitofrontal area

	CH36
	11
	Orbitofrontal area

	CH37
	11
	Orbitofrontal area

	CH38
	11
	Orbitofrontal area

	CH39
	11
	Orbitofrontal area

	CH40
	47
	Inferior prefrontal gyrus

	CH41
	22
	Superior Temporal Gyrus

	CH42
	22
	Superior Temporal Gyrus

	CH43
	22
	Superior Temporal Gyrus

	CH44
	21
	Middle Temporal gyrus

	CH45
	47
	Inferior prefrontal gyrus

	CH46
	11
	Orbitofrontal area

	CH47
	11
	Orbitofrontal area

	CH48
	11
	Orbitofrontal area

	CH49
	11
	Orbitofrontal area

	CH50
	11
	Orbitofrontal area

	CH51
	21
	Middle Temporal gyrus

	CH52
	21
	Middle Temporal gyrus
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