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Introduction: The prediction of antidepressant treatment response may improve outcome. Functional magnetic resonance imaging (fMRI) of emotion processing in major depressive disorder (MDD) may reveal regional brain function serving as predictors of response to treatment with selective serotonin reuptake inhibitor (SSRI).

Methods: We examined the association between pre-treatment neural activity by means of fMRI during the perception of emotional stimuli in 22 patients with MDD and the treatment outcome after 6 weeks' medication with an SSRI. A whole brain correlation analysis with Beck Depression Inventory (BDI) change between pre- to post-treatment was conducted to identify neural regions associated with treatment response.

Results: During the perception of positive stimuli, responders were characterized by more activation in posterior cingulate cortex (PCC), medial prefrontal cortex, and thalamus as well as middle temporal gyrus. During perception of negative stimuli, PCC, and pregenual anterior cingulate cortex showed the highest correlation with treatment response. Furthermore, responders exhibited higher activation to emotional stimuli than to neutral stimuli in all the above-mentioned regions, while non-responders demonstrated an attenuated neural response to emotional compared to neutral stimuli.

Conclusion: Our data suggest that the activity of distinct brain regions is correlated with SSRI treatment outcome and may serve as treatment response predictor. While some regions, in which activity was correlated with treatment response, can be assigned to networks that have been implied in the pathophysiology of depression, most of our regions of interest could also be matched to the default mode network (DMN). Higher DMN activity has been associated with increased rumination as well as negative self-referential processing in previous studies. This may suggest our responders to SSRI to be characterized by such dysregulations and that SSRIs might modify the function associated with this network.
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INTRODUCTION

Clinically useful predictors of antidepressant treatment outcome in major depressive disorder (MDD) are needed. While antidepressants have been demonstrated efficient in treating MDD, there are differences in individual response (1, 2). Also, due to the time needed to take effect, every non-response with change of medication means weeks of continued depression (3).

Altered neural responses in psychiatric illnesses and neural modulation of psychopharmacological drugs have been investigated for years (4–9). Following, there has been an increasing amount of studies providing evidence that neural activity could function as a biomarker for response to different treatment approaches (10–12). For example, activity in the anterior cingulate cortex was found to predict treatment response (13). Negative cognitive biases, e.g., a bias toward the perception of negative rather than positive stimuli in MDD are generally accepted alterations in depression (14), with several models seeking to explain the underlying alterations on a neural level (7, 15, 16). Negatively biased thoughts and maladaptive rumination in depression has also been linked with heightened activity of the default mode network (DMN) (17). The DMN refers to a network which was originally thought to be active only during resting state (18), but research shows its function to go beyond that (19) and disruption of DMN function in psychiatric illnesses (20, 21). In a newer model of antidepressant drug action, they have been suggested to remediate negative affective biases by changing the processing of emotionally valenced information (22). Such negative biases have been studied by our research group, with (23) showing a neural correlate of a pessimistic attitude in healthy participants during expectation of unpleasant stimuli and stimuli of unknown valence. A similar setup in depressed patients identified distinct regions potentially corresponding to a negative cognitive bias in MDD (24, 25). Based on these results, we hypothesized a difference in information processing when perceiving/expecting emotional stimuli in MDD depending on improvement by treatment with a selective serotonin reuptake inhibitor (SSRI) for 6 weeks.



MATERIALS AND METHODS


Subjects

Thirty participants with MDD were recruited from the Psychiatric University Hospital in Zurich, its outpatient facility and the center for the treatment of anxiety and depression in Zurich (ZADZ). Inclusion criteria were moderate to severe MDD (Beckmann Depression Index, BDI ≥18 pt and/or Hamilton Rating Scale for Depression, HAM-D≥ 20) and righthandedness with no current pharmacological treatment. The decision for antidepressant therapy was not influenced by participating in the study, instead we recruited participants for which the beginning with antidepressant medication, especially SSRI, had already been planned.

The presence of MDD based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) was confirmed through a structured interview led by an experienced psychiatrist [Mini Neuropsychiatric Interview (26)]. Also the participants were asked to fill out the Beck Depression Inventory [BDI, (27)].

Participants were screened for exclusion criteria consisting of substance abuse, current antidepressant medication, psychiatric, or neurological comorbidities, previous head injuries as well as contraindications for magnet resonance imaging. Furthermore, pregnancy was excluded in female participants. This initial assessment took place within 2 days before the fMRI (functional magnetic resonance imaging) scan.

A total of eight participants had to be excluded: three due to technical problems with the fMRI which resulted in unusable material, one due to the diagnosis of a cerebral cyst, one participant decided against medication after undergoing the scan, two participants received only non-SSRI antidepressants and in one case follow up was not possible. The included participants received an SSRI for 6 weeks, after which the final assessment was done.

All participants gave informed consent after having received complete information about the study prior to inclusion. The study was approved by the local ethics committee in Zurich and was conducted per the ethical standards of the Declaration from Helsinki.



Neuroimaging Task

While undergoing fMRI scanning, the participants completed a task consisting of 56 trials (programmed with Presentation, Neurobehavioral Systems, USA), in which they were presented cues pointing to the emotional valence of the following pictures. During each trial, the participants were presented the cue for a duration of 1,000 ms (in the size of 1/20 of the screen) which was either “ ⌣ ” for positive pictures, “  ⌢  ” for negative pictures, “—“for neutral pictures, or “|” for “unknown” pictures, which could be either positive or negative (see Figure 1). After the cue followed an anticipatory period of 6,920 ms, during which a fixation cross was displayed. The respective, screen-filling picture was shown for 7,920 ms = another 4 TR (repetition time), followed by a baseline of 15,840 ms = 8TR to allow blood oxygenation level dependent (BOLD) Levels to return to normal. Pictures from the International Affective Picture System (IAPS) were used.


[image: Figure 1]
FIGURE 1. Experimental task. The four conditions with the respective cues and the duration are presented. The cues, presented for 1,000 ms, indicated the valence of the following picture, appearing after a delay of further 6,920 ms. In the figure, the cues are relatively enlarged for presentation reasons. In the experiment, they were about 1/40 of screen height. The experimental task design was identical to the one used and published before by Herwig et al. (24). The images used in the task came from the IAPS (International affective picture system), for which publication is not permitted, so for illustrative purposes here pictures under CC0 license are displayed.


The “unknown” condition was primarily for analysis of activation during the anticipatory period, the activation during the subsequently following negative or positive picture was not analyzed. Each of the four conditions consisted of 14 trials, which were displayed in randomized order. The whole neuroimaging task had a duration of about 30 min.

Participants were instructed about the task, to be aware about the emotional valence and to expect emotional pictures following the cues. The task was identical to the one used by Herwig et al. (24).



Questionnaires

Additionally to the self-rating instrument BDI, a psychiatrist evaluated the scores for the Hamilton Rating Scale for Depression (HAM-D, (28) and the Montgomery–Åsberg Depression Rating Scale [MADRS, (29)], and the participants also completed a handedness questionnaire (Annett Hand Preference Questionnaire, and the Waterloo Handedness Questionnaire by Bryden) before undergoing the scan. Immediately afterwards, the participants rated the emotional valence of the presented pictures during the scan on a nine-point rating scale (shown again as printouts, 1—very negative, 9—very positive).

Furthermore, within a day after the scan, they were asked to fill out German versions of questionnaires concerning emotion regulation [Emotion Regulation Questionnaire, ERQ, (30)], personality traits [Eysenck Personality Inventory, EPI, (31)], and childhood traumatic experiences [Childhood Trauma Questionnaire, CTQ, (32)]. In Follow-ups after 1, 3, 5, and finally 6 weeks the medication status was assessed, HAM-D/MADRAS were re-evaluated by the same psychiatrist that did the initial assessment, and the participants asked again to complete the BDI via online-questionnaire.



Image Acquisition

Imaging was performed with a 3.0T Philips Achieva Scanner (Philips Medical Systems, Best, The Netherlands, equipped with an 8-channel receive head-coil array). Echoplanar imaging was performed for functional MR imaging [repetition time (TR)/echo-time 1,980/60 ms, 33 sequential axial slices, whole brain, slice thickness 3.0 mm, field of view (FOV ap, fh, rl): 240 × 99 × 240 mm, matrix 80 × 80 voxel, resulting voxel size: 3 × 3 × 3 mm, axial orientation]. High-resolution 3-D T1 weighted anatomical volumes were acquired [TR/echo-time 600/20 ms, 145 slices, whole brain, slice thickness 1.2 mm, FOV 225 × 230 × 174 mm, matrix 224 × 224, voxel size 1 × 1 × 1 mm) for co-registration with the functional data. Also, T2-weighted images were acquired to enhance detection of brain abnormalities which would have led to exclusion [TR/echo-time 3,000/125 ms, 24 slices, whole brain, slice thickness 4 mm, FOV 230 × 119 × 184 mm, matrix 512 × 512 voxel, voxel size 0.5 × 0.5 × 4 mm). Stimuli were presented via digital goggles (Resonance Technologies, Northridge, CA, USA).



MRI Data Analysis

fMRI data were analyzed using BrainVoyagerQX 2.8 (Brain Innovation, The Netherlands). Pre-processing included motion correction (using trilinear/sinc interpolation), slice scan time correction (using cubic spline interpolation), temporal high-pass filtering (using a GLM approach with 3 cycles), and removal of linear trends. Functional and 3-D structural measurements were co-registered and structural and functional datasets were transformed into Talairach space, resulting in a voxel size of 3 × 3 × 3 mm. Finally, the datasets were spatially smoothed with an 8-mm full-width half-maximum Gaussian kernel for subsequent group analysis. Eight predictors were used to build the design matrix, consisting of the anticipation and presentation conditions (respectively, positive, negative, neutral, and unknown).

The functional data were convoluted with a two-parameter gamma hemodynamic response function (HRF), provided by BrainVoyagerQX.

In the first stage of the analysis, we performed a random effects analysis in BrainVoyagerQX with separate subject predictors for each of the contrasts of interest (positive >neutral, negative >neutral, expectation negative >exp. neutral, exp. unknown >exp. neutral). In the next step, separate beta maps for each subject were computed, and correlation on the whole brain level with the change in BDI (pre-treatment BDI—post-treatment BDI) was conducted to identify regions of interest, separately for each contrast. The statistical significance level was set at p < 0.005 or lower. As a multiple comparisons correction, the cluster-level statistical threshold estimator was used with 1,000 iterations to calculate the minimal cluster size, provided as plugin in BrainvoyagerQX (Monte Carlo Simulation). This resulted in our primary outcome, various clusters which we defined as regions of interest (ROI), of which the beta weights were extracted for further analysis and external validation of the result. Identification of anatomical regions was based on the Talairach system. We also performed exploratory analysis of the anticipation and presentation (contrast exp. positive >exp. neutral, which was not previously defined as contrast of interest), and which yielded no results of interest.



Further Statistical Analysis

The beta weights from the correlation analysis were visualized using scatter plots.

The results from the neuroticism and extraversion score from the personality inventory, ERQ, and CTQ results were correlated with depression scores (pre-treatment BDI as well as change in BDI) and beta weights of regions of interest using Spearman's Correlation. The average and standard deviation in picture rating was also correlated with depression scores, as well as change of BDI during treatment, using Spearman's Correlation as well. To allow for a group comparison regarding the results of the questionnaires as well as clinical factors, participants were divided into responders (Reduction of BDI >=50%) and non-responders (Reduction of BDI <50%).

We conducted an independent samples t-test between responders and non-responders for the questionnaires to search for significant differences, also we applied a chi-square test to seek differences in the two groups regarding various clinical factors.

Statistical analysis was conducted using SPSS (IBM SPSS Statistics, Version 24).




RESULTS


Epidemiological and Behavioral Analysis

The 22 included participants had an average age of 39.5 y (range 20–63 y, standard deviation 11.5 y), 9 were male, 13 female. Mean pre-treatment BDI was 27 pts (range 17–41, mean responders 30 pts, mean non-responders 25.2 pts), mean post-treatment BDI was 18.4 pts (range 3–55 pts, mean responders 8.4 pts, mean non-responders 24.1 pts) (see Table 1, Supplementary Table 1). The analysis of the depression questionnaires (BDI, HAMD, MADRS) at T3 and T5 showed no unexpected developments or outliers, so the main analysis was done with the values of T1 and T6. The division between the two groups (responders and non-responders) was relatively clear, with the “best” non-responder having a change of 35% in BDI, and the responder with the least improvement having a change in BDI of 58%.


Table 1. Demographics, questionnaires and clinical factors of participants.

[image: Table 1]

We found no significant differences between responders and non-responders in regards to gender (chi-square test: χ(1) = 2.424, p = 0.119), various clinical factors like previous psychiatric history, family history for depression, or treatment setting (see Table 1), or for scores of CTQ, EPI, ERQ, or mean picture ratings (for average values see Supplementary Table 1). The participants all received an SSRI, 20 received escitalopram in dosages between 5 and 20 mg, 1 participant received citalopram 20/40 mg, and 1 participant received sertraline 50 mg. Additionally, two patients (both non-responders) received mirtazapine as add-on.

No participants had received an antidepressant for treatment of the current episode prior to the study, two participants had lorazepam if needed until 1 week before the inclusion. There was no significant association between maximal dosage of respective antidepressant and therapy response [Spearman's correlation, p = 0.544, calculated with dose equivalent of escitalopram, (33)]. Additional to antidepressant medication, all participants had access to psychotherapeutic sessions (cognitive behavioral therapy), usually once weekly, but the exact modality was determined by treating clinician. Average values in the childhood trauma questionnaire (see Supplementary Table 1) were well within the range of what has been demonstrated in patients with major depressive disorder before (34).

Paired samples t-test revealed post-treatment BDI scores to be significantly lower than pre-treatment scores, this also applied to HAM-D, MADRS (see Supplementary Table 2). There was a significant association between higher pre-treatment BDI and higher change in BDI (Spearman's r = 0.436, sig. p = 0.042), which may be associated to the fact that antidepressants have been proven more efficient in moderate to severe depression (1). Because of this, we additionally did a correlation analysis (Spearman's correlation) to search for significant associations between pre-treatment BDI and the extracted beta weights in our regions of interest, in order uncover whether the differences in brain activity might just reflect more severe depression. Other than a significant inverse association between pre-treatment BDI and mean picture rating (Spearman's r = −0.63, sig. p = 0.002), correlation analysis of the various questionnaires with depression scores and extracted beta weights revealed no meaningful associations.



fMRI Analysis Results

The whole brain correlation analysis with change in BDI was conducted for each contrast separately (Positive>neutral, negative>neutral, exp. negative>exp. neutral, and exp. unknown>exp. neutral).


Positive>Neutral

For this contrast p was set at <0.00005, and the calculated min. cluster size was 10 voxels (Cluster Thresholding Estimator (CTE) Plugin, run with FWHM (Full width at half maximum) of 3.098 and 1,000 iterations). This revealed the bilateral posterior cingulate cortex (PCC), bilateral middle frontal gyrus (mFG), as well as the right middle temporal gyrus (mTG). With r values over 0.8 (Pearson's correlation, calculated by BrainvoyagerQX and verified by SPSS), these regions showed a strong correlation with change in BDI. Correlation of beta weights of those ROI's with pre-treatment BDI was not significant (See Figure 2, Table 2).


[image: Figure 2]
FIGURE 2. Resulting regions of correlation analysis with change in BDI in contrast positive>neutral. The color bars represent r values, p < 0.00005. (A) PCC: posterior cingulate cortex; (B) mFG: middle frontal gyrus; (C) mTG: middle temporal gyrus; (D) thalamus, all shown in coronal slice, with sagittal or transverse slice shown in small. Additionally scatterplots of the depicted regions beta values and change in BDI are shown, as well as r = Pearson's correlation coefficient.



Table 2. Correlation analysis: activity in regions of interest significantly associated with change in BDI.

[image: Table 2]



Negative > Neutral

With p < 0.005 and a minimal cluster size of 32 (CTE Plugin, FWHM 2.345, 1,000 iterations) correlation analysis in this contrast revealed bilateral PCC, pregenual anterior cingulate cortex (ACC), left thalamus, and right hippocampus (see Figure 3, Table 2). While the beta weights from PCC and ACC did not correlate with pre-treatment BDI, those of right hippocampus and thalamus did.


[image: Figure 3]
FIGURE 3. Resulting regions of correlation analysis with change in BDI in contrast negative>neutral. The color bars represent r values, p < 0.005. (A) PCC: posterior cingulate cortex; (B) right hippocampus; (C) ACC; pregenual anterior cingulate cortex; (D) left thalamus, all shown in coronal slice, with transverse slice shown in small. Additionally scatterplots of the depicted regions beta values and change in BDI are shown, as well as r = Pearson's correlation coefficient.




exp. Negative >exp. Neutral

With a p < 0.005, and a minimal cluster size of 30 voxels there were no areas of interest.



exp. Positive >exp. Neutral

With a p < 0.005 there were no areas of interest.



exp. Unknown > exp. Neutral

With a p < 0.005 and a minimal cluster size of 19 (CTE Plugin, FWHM 1.899, 1,000 iterations) there was significant activation in an area including parts of the right inferior parietal lobule. Due to the expansion of the area outside gray matter, we considered this an artifact.



Inverse Pattern Between Responders and Non-responders

When examining activity in each condition on its own (instead of the contrast), there was a difference between responders and non-responders, which was seen to some degree in all the above-mentioned regions. Responders were characterized by higher activation during emotional stimuli compared to neutral stimuli, as well as compared to non-responders perceiving positive stimuli. Non-responders demonstrated attenuated activation during the perception of emotional stimuli compared to neutral stimuli. For visualization, see Figure 4.


[image: Figure 4]
FIGURE 4. Mean betas in responders and non-responders in each region of interest during the perception of emotional vs. neutral stimuli. (A) Non-responder; (B) Responder. Depicted are the mean betas of responders and non-responders in our regions of interest in the respective emotional and neutral condition, the two graphs on the left site concern the regions more active in responders during the perception of positive stimuli, the two graphs on the right the ones more active in responders during the perception of negative stimuli.






DISCUSSION

We examined whether neurobiological markers revealed from fMRI during emotion perception are associated with treatment response in depression in order to determine potential treatment response predictors. We found the following differences between responders and non-responders:

(i) During the perception of negative stimuli, responders were characterized by higher activation in bilateral pregenual ACC (BA 32), on the border to the anterior dorsal ACC, bilateral PCC (BA 29), as well as ventral posterior lateral nucleus of thalamus and right hippocampus. During the perception of positive stimuli, responders exhibited higher activation in bilateral PCC (BA 23), bilateral mFG (BA 9, medial prefrontal cortex), right medial dorsal nucleus of thalamus, and right mTG (BA 39), corresponding to the angular gyrus.

(ii) There was an interesting difference of the relation between activation during emotional vs. neutral stimuli in the two groups. While responders generally showed more activation during emotional than during neutral conditions (emotional >neutral), non-responders demonstrated an attenuation of activation during emotional conditions compared to neutral ones (neutral >emotional). When subtracting betas during neutral conditions from betas measured in emotional conditions this results in inverse algebraic signs.

Activity in ACC during emotional stimuli predicting treatment response is in line with several previous studies (35–38). Confirming this not only as a marker, but also as an antidepressant target in MDD, (39) found decreased activation in the ACC during a negative emotion task after treatment with a SSRI. However, emotional task designs varied, our task design combined pictures which might reflect anger, induce sadness, or provoke fear all as negative stimuli. In their treatment response prediction study with a face matching task (11) found a significant positive treatment response prediction for angry faces, and an inverse association with fearful faces.

The association between higher baseline anterior cingulate activity and better treatment response has been found by a more diverse set of studies, and has been meta-analytically confirmed (13, 40). Better treatment response has been demonstrated also for greater gray-matter volume of ACC (35). Dunlop et al. (41) showed higher connectivity between the subcallosal cingulum and various regions to predict treatment response to either antidepressant therapy or CBT, and several other studies showed the ACC as a treatment predictor for Behavioral Activation Therapy (42, 43).

Traditionally, the ACC has been divided into a dorsal—cognitive part, and a ventral—emotional part (44), but this classification has been challenged in recent years. Etkin et al. (45) proposes both sections to be involved in emotion processing, but with the dorsal regions playing a role in evaluation and expression of negative affect, and the ventral regions (subgenual and pregenual ACC) having a regulatory role by inhibiting the emotional response via the limbic system. Our results support the notion that, additionally to resting state, activity in the ACC during perception of negative stimuli is a marker of treatment-response to antidepressants, possibly through better regulatory control of emotional networks.

Activity in thalamus and right hippocampus during perception of negative stimuli was also associated with treatment response, but in contrast to the other regions of interest also significantly correlated with pre-treatment BDI. Thus, this might also reflect a biomarker of more severe depression, instead of a treatment response predictor. Functional and structural changes of Hippocampus in depression have been well-established (8, 9), but plasticity under treatment has also been demonstrated by Arnone et al. (46) where hippocampal gray matter reduction reverted under successful treatment with SSRI (citalopram), pointing it out as biomarker for early intervention.

However, activity in PCC was one of the strongest predictor of treatment response in our data, which has been associated to pharmacological treatment response before (47–49). PCC and ACC have both been assigned to the default mode network (DMN) (50), which refers to several regions that have been demonstrated active during resting state, independent from external stimuli (18). The DMN has also been shown to be involved with self-referential processing, e.g., relating (external) information to the self (51) and retrieval of memories (52, 53). While the DMN was initially thought to deactivate when performing a cognitive task, this opinion has been challenged, and its function is thought to go beyond passive resting state. It has been divided into several distinct subsystems, with a core system (comprising of PCC, angular gyrus and amPFC including the cingulate cortex), a dorsal medial subsystem, and a medial temporal subsystem (19).

Many of our found regions match to this network. PCC, mPFC including ACC as well as mTG (corresponding to the angular gyrus) could be attributed to the core system.

The core system is thought to be extensively connected to the rest of the DMN, and mainly involved in self-referential processing of thoughts/information and integration with autobiographical memories or knowledge, possibly constructing a “personal meaning” from internal or external input (19). The dorsal medial subsystem is involved rather in metacognitive processes like mentalizing, while the medial temporal subsystem plays a role in retrieving autobiographical memories and simulating future scenarios. While the thalamus is itself not described as a part of the DMN, patients with MDD seem to have significantly higher connectivity to the DMN compared to controls (54, 55). This might explain the similarly high activity of thalamus and PCC in our responders.

Disruptions of the DMN have been demonstrated for various psychiatric disorders. For example, negatively biased self-generated thoughts and heightened activity of the DMN have been associated with depression (20, 21, 54, 56–58), as well as maladaptive rumination (55). Maladaptive rumination (“brooding”) has been associated with higher depressive symptoms in the later course of the disease (59). Our results of responders exhibiting higher activity in core areas of the DMN might be an expression of rumination and more active self-referential processes during the perception of both positive and negative emotional stimuli.

Altered activity in cortical midline structures, corresponding to areas of the DMN has also been viewed as a treatment target [see (17) for a review]. For example, Di Simplicio et al. (60) found that citalopram attenuated neural response in mPFC and ACC during negative word categorization in a self-referential task in participants at risk for depression. Posner et al. (61) found that duloxetine, and not placebo normalized heightened DMN connectivity in resting state in patients with dysthymic disorder. Arnone et al. (62) showed citalopram to increase static connectivity between areas of the DMN as opposed to placebo. Fu et al. (63) found SNRI (duloxetine) to significantly alter DMN connectivity in response to negative attentional biases. In a longitudinal pharmacological fMRI study, (64) demonstrated enhanced de-activation of the amPFC—as mediator of the DMN—under escitalopram being associated with recovery. Nejad et al. (17) also supported the notion of antidepressant treatment leading to diminished neural response to negative self-referential content.

Our finding (ii), the inverse pattern of activation seen between responders and non-responders when examining each condition on its own illustrates the differences between the two groups. Responder exhibited higher activation during perception of emotional stimuli (both positive and negative) than neutral stimuli, and non-responder higher activity during perception of neutral stimuli than emotional ones (see Figure 4).

Higher activity in DMN regions during perception of negative stimuli in patients with MDD is a known alteration (58). In contrast, healthy controls showed no significant differences between negative and neutral stimuli (65). We propose that the higher activity of our responders during negative stimuli compared to neutral ones reflects stronger self-referential activity in DMN regions and therefore a negative cognitive bias, which might be remedied by antidepressant therapy (17, 22, 66).

On the other hand, the pattern in our non-responders with attenuated activation during perception of positive stimuli compared to neutral stimuli might reflect less positive self-referential processing/anhedonia, resulting in higher resistance to therapy. Kumari et al. (67) found participants with treatment resistant depression to exhibit lower activation in several regions including ACC, Thalamus, and PCC during perception of positive stimuli, which matches the pattern seen in our non-responders. In comparison, healthy controls were shown to exhibit higher activation during the perception of happy faces compared to neutral faces in DMN regions (65).

Our finding (ii) is additionally interesting in regards to treatment prediction on an individual level. When subtracting betas of regions of interest during neutral conditions from betas measured in emotional conditions this results in inverse algebraic signs in responders vs. non-responders. Many previous studies demonstrated differences in activation between responders and non-responders, but the difficulty is to define a cut-off, which can be used for treatment prediction when looking at a single patient. However, the inverse relation that our responders/non-responders showed, doesn't need a cut-off, since it clearly divides them into two groups.


Strengths and Limitations

Regarding recruiting and evaluation of psychometric data, we see the small number of participants with an imbalance between responders (n = 8) and non-responders (n = 14), and an imbalance between genders in the total sample (9 male and 13 female) as limitations. Due to the nature of this study, we also did not have a control group, since it was not supposed to be randomized pharmacological trial, but rather intended to recruit patients within a short time window—after the diagnosis of an episode of MDD had been confirmed but before the beginning with antidepressant medication. The lack of a control group receiving placebo is a widespread phenomenon in response prediction studies (40), most likely because of the ethical challenge this implies. With antidepressants being more effective than placebo (2) it is difficult to justify withholding more effective treatment. But as with any treatment, a certain placebo effect is to be expected with antidepressants (68), and the differences in brain activitiy in our responders might also just point out the participants which would also get better with placebo (69). However, since antidepressants seem to be even more efficient than placebo in severe depression (1), and our participants showed more BDI reduction dependent on the severity of depression, we assume this to mostly due to treatment with an SSRI.

Another limiting factor due to our study design is the use of only one neuroimaging modality (4), however, in clinical practice a simple application for treatment response prediction (TRP) is needed with a useful approximate result.

As advantage, we see the fact that one single psychiatrist evaluated all the participant's psychometric data, which excludes a bias due to different examiners.

Regarding fMRI data acquisition, it was not possible to make sure that participants paid attention during the complete scan due to the nature of our (passive) experimentation setup, which might falsify results. However, we performed exploratory analysis of the activation in the visual cortex during the different conditions, which showed no relevant differences between the group of responders and non-responders. Regarding (pharmacological) treatment, we didn't limit the antidepressant medication to one specific substance, so that one participant received a different SSRI (sertraline), and one received citalopram, the precursor of escitalopram. In addition to psychopharmacological treatment, all participants were seen regularly by a psychiatrist and had access to some form of psychotherapy. Therefore, it is not possible to specifically attribute treatment success to the SSRI. As strength of this study we see the analysis of both negative and positive conditions in regions of interest, while most previous studies focused on negative contrasts, furthermore the experimental design allowed analysis of the neutral condition as well.




CONCLUSION

Our results support the findings that functional brain activity can act as treatment predictor. Most of our regions of interest matched core regions of the DMN, corresponding to previous findings of altered DMN activity in depression, which may reflect increased (negative) self-referential processes and rumination. This coexists with diminished ability of regulation, and the significant differences between responders and non-responders support the notion of altered neural activity in the DMN being a target of the antidepressant mode of action of SSRI, and/or predicting treatment response. Our result of non-responders exhibiting attenuated activity to positive and negative emotional stimuli compared to neutral ones, with responders demonstrating the opposite pattern are especially interesting in regards to finding a treatment-response predictor which could be applied at the individual level, and warrants further investigation.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

This study involving human participants was reviewed and approved by the Cantonal Ethics Committee of Zurich. The participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

AP, UH, AB, and BB contributed conception and design of the study. AP was responsible for most of the fMRI and psychometric data acquisition. BB performed data organization and statistical analysis and wrote the first draft of the manuscript with continued input of AP, who also wrote sections of the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.



FUNDING

This study received support by the Swiss National Science Foundation.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2020.538393/full#supplementary-material



REFERENCES

 1. Fournier JC, DeRubeis RJ, Hollon SD, Dimidjian S, Amsterdam JD, Shelton RC, et al. Antidepressant drug effects and depression severity. a patient-level meta-analysis. JAMA. (2010) 303:47–53. doi: 10.1001/jama.2009.1943 

 2. Cipriani A, Furukawa TA, Salanti G, Chaimani A, Atkinson LZ, Ogawa Y, et al. Comparative efficacy and acceptability of 21 antidepressant drugs for the acute treatment of adults with major depressive disorder: a systematic review and network meta-analysis. Lancet. (2018) 391:1357–66. doi: 10.1016/S0140-6736(17)32802-7 

 3. Frazer A, Benmansour S. Delayed pharmacological effects of antidepressants. Mol Psychiatry. (2002) 7:S23–8. doi: 10.1038/sj.mp.4001015

 4. Phillips ML, Chase HW, Sheline YI, Etkin A, Almeida JR, Deckersbach T. Identifying predictors, moderators, and mediators of antidepressant response in major depressive disorder: neuroimaging approaches. Am J Psychiatry. (2015) 172:124–38. doi: 10.1176/appi.ajp.2014.14010076 

 5. Kraus C, Kadriu B, Lanzenberger R, Zarate CA, Kasper S. Prognosis and improved outcomes in major depression: a review. Transl Psychiatry. (2019) 9:127. doi: 10.1038/s41398-019-0460-3 

 6. Arnone D. Functional MRI findings, pharmacological treatment in major depression and clinical response. Prog Neuropsychopharmacol Biol Psychiatry. (2019) 91:28–37. doi: 10.1016/j.pnpbp.2018.08.004 

 7. Phillips ML. Understanding the neurobiology of emotion perception. Implications for psychiatry, Br J Psychiatry. (2003) 182:190–2. doi: 10.1192/bjp.182.3.190 

 8. Fitzgerald PB, Laird AR, Maller J, Daskalakis ZJ. A meta-analytic study of changes in brain activation in depression. Hum Brain Mapp. (2008) 29:683–95. doi: 10.1002/hbm.20426

 9. Palmer SM, Crewther SG, Carey LM, START Project Team. A meta-analysis of changes in brain activity in clinical depression. Front Hum Neurosci. (2014) 8:1045. doi: 10.3389/fnhum.2014.01045

 10. Drysdale AT, Grosenick L, Downar J, Dunlop K, Mansouri F, Meng Y, et al. Resting-state connectivity biomarkers define neurophysiological subtypes of depression. Nat Med. (2017) 23:28–38. doi: 10.1038/nm.4246

 11. Langenecker SA, Klumpp H, Peters AT, Crane NA, DelDonno SR, Bessette KL, et al. Multidimensional imaging techniques for prediction of treatment response in major depressive disorder. Prog NeuroPsychopharmacol Biol Psychiatry. (2019) 91:38–48. doi: 10.1016/j.pnpbp.2018.07.001

 12. Langenecker SA, Crane NA, Jenkins LM, Phan KL, Klumpp H. Pathways to neuroprediction: opportunities and challenges to prediction of treatment response in depression. Curr Behav Neurosci Rep. (2018) 5:48–60. doi: 10.1007/s40473-018-0140-2

 13. Fu CH, Steiner H, Costafreda SG. Predictive neural biomarkers of clinical response in depression. a meta-analysis of functional and structural neuroimaging studies of pharmacological and psychological therapies. Neurobiol Dis. (2013) 52:75–83. doi: 10.1016/j.nbd.2012.05.008

 14. Mathews A, MacLeod C. Cognitive vulnerability to emotional disorders. Ann Rev Clin Psychol. (2005) 1:167–95. doi: 10.1146/annurev.clinpsy.1.102803.143916

 15. Hamilton JP, Etkin A, Furman DJ, Lemus MG, Johnson RF, Gotlib IH. Functional neuroimaging of major depressive disorder. a meta-analysis and new integration of base line activation and neural response data. Am J Psychiatry. (2012) 169:693–703. doi: 10.1176/appi.ajp.2012.11071105

 16. Phillips ML, Drevets WC, Rauch SL, Lane R. Neurobiology of emotion perception II. implications for major psychiatric disorders. Biol Psychiatry. (2003) 54:515–28. doi: 10.1016/S0006-3223(03)00171-9

 17. Nejad AB, Fossati P, Lemogne C. Self-referential processing, rumination, and cortical midline structures in major depression. Front Hum Neurosci. (2013) 7:666. doi: 10.3389/fnhum.2013.00666

 18. Raichle ME, MacLeod AM, Snyder AZ, Powers WJ, Gusnard DA, Shulman GL. A default mode of brain function. Proc Natl Acad Sci USA. (2001) 98:676–82. doi: 10.1073/pnas.98.2.676

 19. Andrews-Hanna JR, Smallwood J, Spreng RN. The default network and self-generated thought. component processes, dynamic control, and clinical relevance. Ann N Y Acad Sci. (2014) 1316:29–52. doi: 10.1111/nyas.12360

 20. Anticevic A, Cole MW, Murray JD, Corlett PR, Wang XJ, Krystal JH. The role of default network deactivation in cognition and disease. Trends Cogn Sci. (2012) 16:584–92. doi: 10.1016/j.tics.2012.10.008

 21. Whitfield-Gabrieli S, Ford JM. Default mode network activity and connectivity in psychopathology. Ann Rev Clin Psychol. (2012) 8:49–76. doi: 10.1146/annurev-clinpsy-032511-143049

 22. Pringle A, Browning M, Cowen PJ, Harmer CJ. A cognitive neuropsychological model of antidepressant drug action. Prog Neuropsychopharmacol Biol Psychiatry. (2011) 35:1586–92. doi: 10.1016/j.pnpbp.2010.07.022

 23. Herwig U, Abler B, Walter H, Erk S. Expecting unpleasant stimuli–an fMRI study. Psychiatry Res. (2007) 154:1–12. doi: 10.1016/j.pscychresns.2006.02.007

 24. Herwig U, Kaffenberger T, Baumgartner T, Jancke L. Neural correlates of a 'pessimistic' attitude when anticipating events of unknown emotional valence. NeuroImage. (2007) 34:848–58. doi: 10.1016/j.neuroimage.2006.09.035

 25. Herwig U, Brühl AB, Kaffenberger T, Baumgartner T, Boeker H, Jäncke L. Neural correlates of 'pessimistic' attitude in depression. Psychol Med. (2010) 40:789–800. doi: 10.1017/S0033291709991073

 26. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al. The mini-international neuropsychiatric interview (M.I.N.I.). the development and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry. (1998) 59 (suppl. 20):22–33.

 27. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring depression. Arch Gen Psychiatry. (1961) 4:561–71. doi: 10.1001/archpsyc.1961.01710120031004

 28. Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry. (1960) 23:56–62. doi: 10.1136/jnnp.23.1.56

 29. Montgomery SA, Asberg M. A new depression scale designed to be sensitive to change. Br J Psychiatry. (1979) 134:382–9. doi: 10.1192/bjp.134.4.382

 30. Gross JJ, John OP. Individual differences in two emotion regulation processes: Implications for affect, relationships, and well-being. Gross JJ, John OP. Individual differences in two emotion regulation processes: Implications for affect, relationships, and well-being. J Pers Soc Psychol. (2003) 85:348–62. doi: 10.1037/0022-3514.85.2.348

 31. Eysenck HJ, Eysenck SBG. Manual of the Eysenck Personality Questionnaire (Junior and Adult). London: Hodder and Stoughton (1975).

 32. Bernstein DP, Fink L. Childhood Trauma Questionnaire. A Retrospective Self-Report : Manual. San Antonio, TX: Harcourt Brace and Co. (1998).

 33. Hayasaka Y, Purgato M, Magni LR, Ogawa Y, Takeshima N, Cipriani A, et al. Dose equivalents of antidepressants. evidence-based recommendations from randomized controlled trials. J Affect Disord. (2015) 180:179–84. doi: 10.1016/j.jad.2015.03.021

 34. Wingenfeld K, Spitzer C, Mensebach C, Grabe HJ, Hill A, Gast U, et al. Die deutsche version des Childhood Trauma Questionnaire (CTQ). Erste befunde zu den psychometrischen kennwerten. Psychother Psycho Med Psychol. (2010) 60:e13. doi: 10.1055/s-0030-1253494

 35. Chen C–H, Ridler K, Suckling J, Williams S, Fu CH, Merlo-Pich Y, et al. Brain imaging correlates of depressive symptom severity and predictors of symptom improvement after antidepressant treatment. Biol. Psychiatry. (2007) 62:407–14. doi: 10.1016/j.biopsych.2006.09.018

 36. Davidson RJ, Irwin W, Anderle MJ, Kalin NH. The neural substrates of affective processing in depressed patients treated with venlafaxine. Am J Psychiatry. (2003) 160:64–75. doi: 10.1176/appi.ajp.160.1.64

 37. Fu CH, Williams SC, Cleare AJ, Scott J, Mitterschiffthaler MT, Walsh ND, et al. Neural responses to sad facial expressions in major depression following cognitive behavioral therapy. Biol Psychiatry. (2008) 64:505–12. doi: 10.1016/j.biopsych.2008.04.033

 38. Keedwell P, Drapier D, Surguladze S, Giampietro V, Brammer M, Phillips M. Neural markers of symptomatic improvement during antidepressant therapy in severe depression. subgenual cingulate and visual cortical responses to sad, but not happy, facial stimuli are correlated with changes in symptom score. J Psychopharmacol. (2009) 23:775–88. doi: 10.1177/0269881108093589

 39. Cullen KR, Klimes-Dougan B, Vu DP, Westlund Schreiner M, Mueller BA, Eberly LE, et al. Neural correlates of antidepressant treatment response in adolescents with major depressive disorder. J Child Adolescent Psychopharmacol. (2016) 26:705–12. doi: 10.1089/cap.2015.0232

 40. Pizzagalli DA. Frontocingulate dysfunction in depression. toward biomarkers of treatment response. Neuropsychopharmacology. (2011) 36:183–206. doi: 10.1038/npp.2010.166

 41. Dunlop BW, Rajendra JK, Craighead WE, Kelley ME, McGrath CL, Choi KS, et al. Functional connectivity of the subcallosal cingulate cortex and differential outcomes to treatment with cognitive-behavioral therapy or antidepressant medication for major depressive disorder. Am J Psychiatry. (2017) 174:533–45. doi: 10.1176/appi.ajp.2016.16050518

 42. Carl H, Walsh E, Eisenlohr-Moul T, Minkel J, Crowther A, Moore T, et al. Sustained anterior cingulate cortex activation during reward processing predicts response to psychotherapy in major depressive disorder. J Affect Disord. (2016) 203:204–12. doi: 10.1016/j.jad.2016.06.005

 43. Walsh E, Carl H, Eisenlohr-Moul T, Minkel J, Crowther A, Moore T, et al. Attenuation of frontostriatal connectivity during reward processing predicts response to psychotherapy in major depressive disorder. Neuropsychopharmacology. (2017) 42:831–43. doi: 10.1038/npp.2016.179

 44. Bush G, Luu P, Posner MI. Cognitive and emotional influences in anterior cingulate cortex. Trends Cogn Sci. (2000) 4:215–22. doi: 10.1016/S1364-6613(00)01483-2

 45. Etkin A, Egner T, Kalisch R. Emotional processing in anterior cingulate and medial prefrontal cortex. Trends Cogn Sci. (2011) 15:85–93. doi: 10.1016/j.tics.2010.11.004

 46. Arnone D, McKie S, Elliott R, Juhasz G, Thomas EJ, Downey D, et al. (2013). State-dependent changes in hippocampal grey matter in depression. Mol psychiatry. 18:1265–72. doi: 10.1038/mp.2012.150

 47. Spies M, Kraus C, Geissberger N, Auer B, Klöbl M, Tik M, et al. Default mode network deactivation during emotion processing predicts early antidepressant response. Transl Psychiatry. (2017) 7:e1008. doi: 10.1038/tp.2016.265

 48. Rizvi SJ, Salomons TV, Konarski JZ, Downar J, Giacobbe P, McIntyre RS, et al. Neural response to emotional stimuli associated with successful antidepressant treatment and behavioral activation. J Affect Disord. (2013) 151:573–81. doi: 10.1016/j.jad.2013.06.050

 49. Samson AC, Meisenzahl E, Scheuerecker J, Rose E, Schoepf V, Wiesmann M, et al. Brain activation predicts treatment improvement in patients with major depressive disorder. J Psychiatr Res. (2011) 45:1214–22. doi: 10.1016/j.jpsychires.2011.03.009

 50. Vogt BA, Vogt L, Laureys S. Cytology and functionally correlated circuits of human posterior cingulate areas. NeuroImage. (2006) 29:452–66. doi: 10.1016/j.neuroimage.2005.07.048

 51. Gusnard DA, Akbudak E, Shulman GL, Raichle ME. Medial prefrontal cortex and self-referential mental activity. relation to a default mode of brain function. Proc Natl Acad Sci USA. (2001) 98:4259–64. doi: 10.1073/pnas.071043098

 52. Andrews-Hanna JR. The brain's default network and its adaptive role in internal mentation. Neuroscientist. (2012) 18:251–70. doi: 10.1177/1073858411403316

 53. Buckner RL, Andrews-Hanna JR, Schacter DL. The brain's default network. anatomy, function, and relevance to disease. Ann N Y Acad Sci. (2008) 1124:1–38. doi: 10.1196/annals.1440.011

 54. Greicius MD, Flores BH, Menon V, Glover GH, Solvason HB, Kenna H, et al. Resting-state functional connectivity in major depression. abnormally increased contributions from subgenual cingulate cortex and thalamus. Biol Psychiatry. (2007) 62:429–37. doi: 10.1016/j.biopsych.2006.09.020

 55. Hamilton JP, Farmer M, Fogelman P, Gotlib IH. Depressive rumination, the default-mode network, and the dark matter of clinical neuroscience. Biol Psychiatry. (2015) 78:224–30. doi: 10.1016/j.biopsych.2015.02.020

 56. Sambataro F, Wolf ND, Pennuto M, Vasic N, Wolf RC. Revisiting default mode network function in major depression. evidence for disrupted subsystem connectivity. Psychol Med. (2014) 44:2041–51. doi: 10.1017/S0033291713002596

 57. Sheline YI, Price JL, Yan Z, Mintun MA. Resting-state functional MRI in depression unmasks increased connectivity between networks via the dorsal nexus. Proc Natl Acad Sci USA. (2010) 107:11020–5. doi: 10.1073/pnas.1000446107

 58. Sheline YI, Barch DM, Price JL, Rundle MM, Vaishnavi SN, Snyder AZ, et al. The default mode network and self-referential processes in depression. Proc Natl Acad Sci USA. (2009) 106:1942–7. doi: 10.1073/pnas.0812686106

 59. Treynor W, Gonzalez R, Nolen-Hoeksema S. Rumination reconsidered: a psychometric analysis. Cogn Ther Res. (2003) 27:247–59. doi: 10.1023/A:1023910315561

 60. Di Simplicio M, Norbury R, Harmer CJ. Short-term antidepressant administration reduces negative self-referential processing in the medial prefrontal cortex in subjects at risk for depression. Mol Psychiatry. (2012) 17:503–10. doi: 10.1038/mp.2011.16

 61. Posner J, Hellerstein DJ, Gat I, Mechling A, Klahr K, Wang Z, et al. Antidepressants normalize the default mode network in patients with dysthymia. JAMA Psychiatry. (2013) 70:373–82. doi: 10.1001/jamapsychiatry.2013.455

 62. Arnone D, Wise T, Walker C, Cowen PJ, Howes O, Selvaraj S. The effects of serotonin modulation on medial prefrontal connectivity strength and stability: a pharmacological fMRI study with citalopram. Prog Neuropsychopharmacol Biol Psychiatry. (2018) 84:152–9. doi: 10.1016/j.pnpbp.2018.01.021

 63. Fu CH, Costafreda SG, Sankar A, Adams TM, Rasenick MM, Liu P, et al. Multimodal functional and structural neuroimaging investigation of major depressive disorder following treatment with duloxetine. BMC Psychiatry. (2015) 15:82. doi: 10.1186/s12888-015-0457-2

 64. Meyer BM, Rabl U, Huemer J, Bartova L, Kalcher K, Provenzano J, et al. Prefrontal networks dynamically related to recovery from major depressive disorder: a longitudinal pharmacological fMRI study. Transl Psychiatry. (2019) 9:64. doi: 10.1038/s41398-019-0395-8

 65. Sreenivas S, Boehm SG, Linden DEJ. Emotional faces and the default mode network. Neurosci Lett. (2012) 506:229–34. doi: 10.1016/j.neulet.2011.11.012

 66. Dutta A, McKie S, Downey D, Thomas E, Juhasz G, Arnone D, et al. Regional default mode network connectivity in major depressive disorder: modulation by acute intravenous citalopram. Transl Psychiatry. (2019) 9:116. doi: 10.1038/s41398-019-0447-0

 67. Kumari V, Mitterschiffthaler MT, Teasdale JD, Malhi GS, Brown RG, Giampietro V, et al. Neural abnormalities during cognitive generation of affect in treatment-resistant depression. Biol Psychiatry. (2003) 54:777–91. doi: 10.1016/S0006-3223(02)01785-7

 68. Quitkin FM. Placebos, drug effects, and study design: a clinician's guide. Am J Psychiatry. (1999) 156:829–36. doi: 10.1176/ajp.156.6.829

 69. Benedetti F, Mayberg HS, Wager TD, Stohler CS, Zubieta J. –K. Neurobiological mechanisms of the placebo effect. J Neurosci. (2005) 25:10390–402. doi: 10.1523/JNEUROSCI.3458-05.2005

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Preuss, Bolliger, Schicho, Hättenschwiler, Seifritz, Brühl and Herwig. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-11-538393-t001.jpg
n
Mean age, years

Gender

Male

Female

Mean depression and anxiety scores
BDIT1

BDIT6

HAM-D T1

HAM-D T6

MADRS T1

MADRS T6

Chronology and clinical factors

First episode of MDD

Recurring MDD (average previous episodes)
Duration of current episode, mean(SD)
Positive family history

Psychosocial strain

Outpatient

Inpatient

22
22
22
22
22
21

All

220
395

2.0
13.0

27.0
18.4
255
181
286
204

72.7%
27.3% (2.3)

3 weeks (1.3)
31.8%

13.6%

68.2%
31.8%

S.D.

1.5

8.0
12.0
6.1
10.1
7.4
10.1

N ® oo ® e

N

Responder

8.0
38.0

5.0
3.0

30.0
85
263
83
30.5
929

62.5%
37.5% (1.7)

2.9 weeks (1.1)
25%

25%

62.5%

37.5%

S.D.

14.6

7.3
4.3
4.5
57
7.3
3.7

14
14
14
14
14
14

Non-responder

14.0
403

4.0
10.0

252
244
25

236
276
257

78.6%
21.3% (3)

3 weeks (1.8)
35%

%

1.4%

28.6%

S.D.

9.9

82
11.2
69
a1
7.6
7.7

S.D, Stendard deviation; n, number of participants; BDI, Beck Depression inventory; HAM-D, Hemilton Depression scale; MADRS, Montgomery-Asberg Depression Rating Scale
Indicated are demographical facts, mean questionnaire scores as well as chronology and various clinical factors of all participants, as well as divided into subgroups of responders and
non-responders. Positive family history refers to a frst-degree relative with MDD. Psychosocial strain refers to exceptional events or stressful periods preceding symptoms. Out- and
inpatient treatment refers to the time-period of the study only. There were no significant differences between the two groups concerning chronology and clinical factors.





OPS/images/fpsyt-11-538393-t002.jpg
Anatomic region

Positive >neutral

Posterior cingulate cortex R>L
Middle frontal gyrus L>R
Thalamus R

Middle temporal gyrus R
Negative >neutral

Thalamus L

Posterior cingulate cortex L>R
Hippocampus R

Anterior cingulate cortex R = L

BA

23

29

32

Cluster size

2,356
974
221

1,697

1,220

1,294
976

1,104

-18
-8
30
12

-37
50
-10
-58

-22

—46

=31
32

25
25
16
25

1
10
-8
28

0.8807
0.8360
0.8173
0.8615

0.6635
0.7064
0.652
0.6626

0.000000
0.000001
0.000003
0.000000

0.000761
0.000239
0.001010
0.000779

r(BDITY)

025
029
0.15
029

0.54 (0.009)
033
0.49 (0.022)
013

BA, Brodmann area; 1, Pearson's correlation coefficient; p where significant, BDI T1, pre-treatment BDI. Activated regions according to the whole brain correlation analysis in the contrasts
positive >neutral and negative>neutral. Indicated s the cluster size of each region in voxels, the Taiarach coordinates (x, y,z) o the peak activation of the cluster, and Pearson's correlation
coefficient between change in BDI and beta values, as well as the corresponding p-value. The thalamic region in contrast positive>neutral corresponds to the medial dorsal nucleus,
and in contrast negative>neutral to the ventral posterior lateral nucleus. The anterior cingulate cortex refers specifically to the pregenual anterior cingulate. The correlation coefficient r

is printed in bold when significant.





OPS/images/fpsyt-11-538393-g003.gif





OPS/images/fpsyt-11-538393-g004.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		SSRI Treatment Response Prediction in Depression Based on Brain Activation by Emotional Stimuli



		Introduction



		Materials and Methods



		Subjects



		Neuroimaging Task



		Questionnaires



		Image Acquisition



		MRI Data Analysis



		Further Statistical Analysis







		Results



		Epidemiological and Behavioral Analysis



		fMRI Analysis Results



		Positive>Neutral



		Negative > Neutral



		exp. Negative >exp. Neutral



		exp. Positive >exp. Neutral



		exp. Unknown > exp. Neutral



		Inverse Pattern Between Responders and Non-responders













		Discussion



		Strengths and Limitations







		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Psychiatry

SSRI Treatment Response Prediction
in Depression Based on Brain
Activation by Emotional Stimuli





OPS/images/fpsyt-11-538393-g001.gif
pleasant v

unpleasant ~

neutral -

unknown |

e

o .

1000ms
\ 6920ms "“',

7020ms.





OPS/images/fpsyt-11-538393-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychiatry





