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Abstract

Major depressive disorder (MDD) is characterized by biased information processing that leads to 

difficulties regulating negative affect, which includes difficulty decreasing negative affect as well 

as maladaptively increasing negative affect via cognitive processes. To examine the underlying 

neural correlates, we scanned depressed and never-depressed adults as they completed a cognitive 

reappraisal task which required decreasing negative affect while viewing a negative image (down-

regulation) and increasing negative affect while viewing a neutral image (emotion generation). 

Compared to control participants, MDD participants had less recruitment of the dorsal anterior 

cingulate (dACC) and supplementary motor area (SMA) during early phases of down-regulation, 

the latter associated with poorer negative affect regulation. Further, MDD participants exhibited 

greater recruitment of the right middle temporal gyrus (MTG) during emotion generation, which 

was associated with lower negative affect. Dysregulated negative affect in MDD may be due to 

impairments in efficiently activating the dACC and SMA to meet regulation demands, and 

maladaptive generation of negative affect that characterizes individuals with MDD may be 

counteracted by compensatory activation in the MTG. Elucidating neural mechanisms that 

underlie the generation of negative affect in the absence of external stimuli is an important 

extension of previous work examining dysfunctional emotional processes in MDD.
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1. Introduction

Individuals with major depressive disorder (MDD) are impaired in regulating negative affect 

in two important ways: they have difficulty reducing negative emotions and they generate 

negative affect in the absence of external cues (Mathews and MacLeod, 2005). Several 

neuroimaging studies investigating MDD-associated dysfunction in reducing negative affect 

have used tasks in which participants are asked to reappraise negative stimuli in order to 

alter their affective experience, typically to decrease negative affect (e.g., Ochsner et al., 

2012; Rive et al., 2013). Fewer studies have investigated the neural correlates of the 

cognitive processes by which depressed individuals increase or exacerbate their experience 

of negative affect, or even generate negative affect in response to a neutral or ambiguous 

stimulus (Gollan et al., 2008; Gotlib and Joormann, 2010; Nolen-Hoeksema et al., 2008). 

The present study was designed to elucidate the neural substrates of these two “top-down” 

emotion regulation processes in MDD: cognitive reappraisal to reduce and to generate 
negative affect.

Cognitive reappraisal involves reframing or reinterpreting the meaning of a stimulus in order 

to change one’s affective response (Gross, 2002; Rive et al., 2013). As a whole, studies 

examining the neural substrates of reappraisal in healthy individuals have implicated key 

frontal, cingulate, and parietal control regions that play a role in modulating the emotion-

responsive activity of subcortical structures such as the amygdala (Etkin et al., 2015; Kohn 

et al., 2014). Neuroimaging studies examining depressed individuals as they use regulation 

strategies such as reappraisal in an attempt to decrease negative affect have identified 

overlapping regions but have also yielded mixed findings concerning differences between 

individuals with MDD and healthy comparison groups (Etkin et al., 2015). Whereas some 

investigators have found reduced amygdala activation during reappraisal, particularly in 

severe depression (Beauregard et al., 2006; Erk et al., 2010; Greening et al., 2014), other 

researchers have not found depression-associated differences in amygdala activation (Dillon 

& Pizzagalli, 2013; Johnstone et al., 2007; Sheline et al., 2009). Patterns of prefrontal 

activity indicate compensatory bilateral activation in MDD participants (Johnstone et al., 

2007), in addition to heightened dorsal anterior cingulate cortex (dACC) and default mode 

network (DMN) regional activation during the down-regulation of negative affect 

(Beauregard et al., 2006; Sheline et al., 2009). In a systematic review of neural correlates of 

reappraisal of negative stimuli in MDD, Rive et al. (2013) concluded that findings 

concerning the directionality of medial prefrontal cortex (mPFC) activation are equivocal, 

but highlighted ventromedial PFC (vmPFC) and dACC as regions of consistent 

dysfunctional activation.

Fewer studies have investigated conditions in which individuals use cognitive processes to 

generate or increase negative affect. Most relevant studies focus on healthy individuals 

responding to prompts to elaborate on or increase the personal relevance of negative stimuli 

(Ochsner et al., 2004; Ray et al., 2005; Urry et al., 2006). These studies have generally 

found increases in amygdala activation when individuals are prompted with this instruction. 

They have also identified patterns of prefrontal and cingulate activation that are similar to 

those seen during reappraisal; in addition, actively increasing negative affect recruits greater 

left lateralized frontal regions, mPFC, and posterior cingulate cortex (PCC) (Ochsner et al., 
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2004), and stronger activation of dorsolateral PFC, ACC, and orbitofrontal cortex (Eippert et 

al., 2007).

Even fewer studies have reported results from a condition in which participants are 

instructed to generate negative affect in the absence of a negative stimulus (i.e., to a neutral 

image), and no study has yet examined this process in MDD. Importantly, individually-

generated negative affect without an external negative cue is a strong parallel to maladaptive 

cognitive processes in MDD, such as negative cognitive biases that affect the interpretation 

of neutral or ambiguous external cues (i.e., selective focusing on the negative aspects of a 

situation or overgeneralizing to make broad negative conclusions) (Beck, 1963; Gotlib and 

Joormann, 2010), as well as some forms of rumination, in which negative affect occurs in 

response to thinking about internal states (Nolen-Hoeksema, 1991). Although these 

processes may become automatic or habitual over time (Beck, 1963), the instruction to 

deliberately generate negative affect should activate the underlying neural networks to a 

differential extent for those who habitually engage in these processes versus those who do 

not (as in Ray et al., 2005).

In a study of healthy individuals, Ochsner et al. (2009) used a top-down emotion generation 

paradigm and found that cognitively reappraising neutral images to be negative activated the 

amygdala, as well as lateral and medial PFC and dACC, temporal cortex, and putamen. Ray 

et al. (2005) also reported activation of the amygdala and ventrolateral PFC (vlPFC) in 

response to instructions to increase negative affect to a neutral image, particularly in 

individuals high in trait rumination. The authors suggest that ruminators more readily or 

more efficiently engage in the process of applying negative interpretations and amplifying 

negative affect. Even though there were no associations found between rumination and 

negative affect ratings in their task, the neuroimaging results revealed differential activation 

in networks that may underlie the habitual and maladaptive cognitive behaviors documented 

in ruminators. Finally, McRae, Misra, Prasad, et al. (2011) found amygdala activation when 

healthy adults were provided with narrative content to make a neutral stimulus more 

negative.

We used a modified version of a well-validated cognitive reappraisal neuroimaging 

paradigm (Ochsner et al., 2004, 2009) in which, during an “increase negative” condition, 

depressed and healthy control participants engaged in elaborative semantic processing of a 

neutral scene, enhancing or adding negative information that might fit in the image. 

Importantly, in the absence of a negative image, group differences in neural activation during 

this condition should be independent of any depression-related differences in bottom-up 

reactivity to a negative stimulus (McRae et al., 2011). Instead, when contrasted with an 

unregulated emotional response to viewing a neutral stimulus, activation to this condition 

should reflect top-down negative emotion generation from participant-generated appraisal 

(Ochsner et al., 2009). We also explored a “decrease negative” reappraisal condition similar 

to that used in previous studies, in contrast to unregulated or natural emotional responding to 

a negative stimulus.

We expected to find an MDD-related decrease in activation in medial and lateral PFC and 

dACC when participants used reappraisal, an explicit voluntary emotion regulation strategy, 
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to decrease negative affect in response to negative images (Rive et al., 2013), and possibly 

increased activation in the PFC that may serve a compensatory role (Johnstone et al., 2007). 

We hypothesized further that similar brain regions would be engaged during the generation 

of negative affect to a neutral image. In addition, we expected to find MDD-associated 

increased activation in regions such as the PCC that are involved in self-relevant information 

processing, and in parietal and temporal regions (e.g., superior temporal gyrus, angular 

gyrus) that support altering semantic representations, which would be engaged when 

participants add negative content to a neutral image (Binder et al., 2009). We first conducted 

whole-brain analyses to identify group differences during the regulation conditions across a 

distributed regulatory network. We then followed up with a region-of-interest (ROI) 

approach specifically to probe group differences in amygdala activation, given previous 

equivocal findings and the use of ROI analyses in previous studies (e.g., Ochsner et al., 

2004; Wager et al., 2008). Finally, previous studies have highlighted the temporally extended 

nature of regulation processes (Kalisch, 2009; Sheline et al., 2009), including depletion of 

regulatory strength over time (Schmeichel et al., 2006); perhaps not surprisingly, therefore, 

sustained emotional engagement to negative stimuli has been documented in depression 

(Siegle et al., 2002). Thus, we contrasted early versus late runs of the task in the hope of 

clarifying mixed findings concerning the directionality of MDD-related anomalies in 

prefrontal activation during reappraisal.

2. Methods

2.1 Participants

Participants (n=46) were recruited via community and online advertisements and were 

invited to complete the assessment interview if they met initial inclusion criteria based on a 

telephone screen. All participants were required to be between the ages of 18-59 years, 

female, have no current or past psychosis, mania, or hypomania, have no substance abuse or 

dependence symptoms in the past 6 months, meet MRI safety criteria including no history of 

major head trauma, and to be free of psychotropic medication. We included only female 

participants in this study given evidence of sex differences in neural responses to negative 

stimuli (Cahill et al., 2001; Canli et al., 2002; McRae et al., 2008). We also included only 

unmedicated depressed individuals given the effects of medication on emotion regulation 

processes and neural activation (McRae et al., 2014; Rive et al., 2015, 2013). All procedures 

were approved by the Stanford Institutional Review Board and participants provided written 

informed consent.

2.2 Procedures

2.2.1 Diagnostic assessment and self-report measures—At their initial session, 

participants completed a structured diagnostic interview (Structured Clinical Interview for 

the DSM-IV; First et al., 1997) with a trained interviewer to establish a current primary 

diagnosis of MDD (depressed group) or no current or past history of any Axis I disorders 

(control group; CTL). These criteria were verified within two weeks of the scan session if 

more than a month had passed since initial interview (17 CTL and 9 MDD participants). The 

Hamilton Depression Rating Scale, 17-item version (Hamilton, 1967, HDRS-17; 1960) was 
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also administered. Participants provided demographic information and completed the Beck 

Depression Inventory-II (BDI-II; Beck et al., 1996).

2.2.2 fMRI task—The scan task was programmed using E-Prime software (PST Inc.) and 

was composed of 6 runs with 12 trials each. During each trial, either a negative or a neutral 

image from the International Affective Picture System (IAPS; Lang et al., 2008) was 

presented for 2000 msec. The negative and neutral pictures were matched for valence 

intensity across the instruction conditions. A cue word was then presented under the image, 

and the image and word together were displayed for 8000 msec. There were three cue words 

that were explained outside the scanner: “look” cued the participant to “have whatever 

thoughts and feelings you would naturally have” in response to the image, “decrease” cued 

the down-regulation of negative affect in response to a negative image (“think of the picture 

in a way that helps you feel less negative”), and “increase” cued the generation of negative 

affect to a neutral image (“think of something to tell yourself that makes you feel more 

negative about the picture”). These instructions were derived from similar tasks (Ochsner et 

al., 2009, 2004). The combination of image valence (negative or neutral) and instruction cue 

word were pseudo-randomly ordered and counterbalanced to create four experimental 

conditions with a total of 18 trials each: Decrease Negative (to negative image), Look 

Negative, Increase Negative (to neutral image), and Look Neutral. Following each cued 

regulation phase, participants used a button box to rate how negative they were feeling in 

that moment from 1-5 (1=not at all; 5=very) during a 4000-msec rating window. Between 

each trial were periods of rest lasting 1000 msec, followed by 8000 msec of a Flanker-type 

arrows task in which participants pressed a key in response to the direction of the middle 

arrow, intended to serve as a “wash-out” phase during which they were distracted from 

processing the emotional content of the previous trial.

Prior to the scan, participants were provided with task instructions and practiced the task on 

a computer, with an opportunity to ask questions and receive feedback on strategy use to 

ensure comprehension and task compliance. Following the scan, participants rated the 

difficulty they experienced when regulating their affect in the two regulation conditions 

(Decrease Negative and Increase Negative).

2.3 fMRI image acquisition

Neuroimaging data were acquired on a 3 Tesla GE Healthcare Discovery MR 750 system 

(GE Healthcare Systems, Milwaukee, WI) and analyzed with the FMRIB Software Library 

version 5.0.6 (FSL; www.fmrib.ox.ac.uk/fsl) using FEAT version 6.0.0 (fMRI Expert 

Analysis Tool). A T2*-sensitive gradient spiral in/out pulse sequence (Glover and Law, 

2001) was used for whole brain functional imaging with the following parameters: 6 scans 

each 5:48 long, 30 interleaved 4 mm thick axial slices, field of view (FOV)=220 mm 

(64×64), repetition time (TR)=2000 ms, echo time (TE)=30 ms, flip angle=80, in plane 

voxel size 3.4 mm2. A T1-weighted spiral spoiled gradient high resolution structural image 

was acquired for 160 interleaved 1 mm thick axial slices, FOV=220 mm (192×256), TR/TE/

TI=8.5/3.4/400 ms,. flip angle = 15, in plane voxel size 0.86 mm2.
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2.4 Data analysis

Responses to self-report measures were analyzed with repeated measures analyses of 

variance (ANOVAs) as appropriate; similarly, demographic and clinical variables were 

compared with χ2 tests or t-tests, with degrees of freedom adjusted using the Welch-

Satterthwaite method in the event of inhomogeneity of variance, determined by the Levene’s 

test.

Standard preprocessing steps applied to functional images included discarding the first 4 

volumes from each functional run, applying a 100 Hz high pass filter, and performing slice 

timing correction, brain extraction using BET, and motion correction using MCFLIRT. All 

included subjects had <3mm total motion translation in x, y, and z planes. Data were 

spatially smoothed using a 5 mm FWHM Gaussian kernel. Functional datasets were 

coregistered to each participant’s high-resolution structural image using a 6-parameter 

transformation and then normalized to Montreal Neurological Institute (MNI) standard 

space at 2mm3 resolution using a 12-parameter transformation. Functional data was 

analyzed in a three stage pipeline: first a whole-brain general linear model at the single 

subject level, second combining runs within a single subject in a fixed effects model, and 

third comparing across subjects in the MDD vs. CTL groups in a random effects model.

Single-subject analyses used a generalized linear model that modeled the 4 experimental 

conditions as 8 second epochs during which the IAPS image and instruction cue were 

presented simultaneously: Decrease Negative, Look Negative, Increase Negative, and Look 

Neutral. Other events modeled at the first level included image viewing (without cue), rating 

phase, and the arrows task. Boxcar regressors of these events were convolved with a 

canonical double-gamma hemodynamic response function. Phases where the participant 

viewed a fixation cross during rest served as the baseline.

Voxelwise patterns in activation were assessed across the whole brain modeling subject as a 

random effect using FMRIB’s Local Analysis of Mixed Effects (FLAME; Woolrich et al., 

2004). Group (MDD, CTL) differences during reappraisal were examined by modeling 

group by regulation condition interactions for two contrasts of interest, selected to examine 

the neural correlates of top-down emotion regulation to change one’s affective experience, 

controlling for unregulated or spontaneous affective responses to a same-valence stimulus: 

Decrease Negative > Look Negative and Increase Negative > Look Neutral. Significant 

interactions were decomposed by extracting percent signal change for each participant and 

cluster and then analyzing using repeated measures analyses of variance (ANOVAs) and 

pairwise comparisons. Finally, we computed correlations between percent signal change and 

both in-scanner affect ratings and post-task ratings of regulation difficulty. We also modeled 

the first 3 runs of the task and the second 3 runs separately in order to investigate group 

differences in early- versus late-task (early > late or late > early) patterns of neural 

activation. Statistical images for these higher level analyses were thresholded at Z>3.1 and 

cluster probability p<0.01, corrected for whole-brain multiple comparisons using Gaussian 

random-field theory (Worsley et al., 1992).

In addition to our whole-brain analyses, we conducted an ROI analysis for bilateral 

amygdala clusters, defined by the Harvard-Oxford Subcortical Atlas and thresholded at 90% 
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extent. For these analyses, we applied a more liberal corrected voxelwise threshold of 

p<0.05 and cluster threshold of p<0.05 to ensure that we would detect potential group 

differences in this small region.

3. Results

3.1 Participant demographic and clinical characteristics

Three control participants were excluded due to unusable fMRI task data (one for excessive 

motion, one for the presence of artifacts, and one for premature termination of task), and 7 

control participants were excluded due to technical malfunction during the behavioral task. 

The final sample used in analysis consisted of 16 females with current MDD and 20 healthy 

CTL females. The participants had a mean age of 33.2 years; the MDD and CTL groups did 

not differ with respect to age or other key demographic variables and all had at minimum of 

a high school education (see Table 1). The sample was approximately half Caucasian and the 

majority was right-handed. Twelve MDD participants met criteria for at least one current 

comorbid anxiety disorder (6 social phobia, 7 generalized anxiety, 1 panic disorder, 2 post-

traumatic stress disorder, and 3 specific phobia), and all but one MDD participants reported 

>2 previous depressive episodes. All were free of psychotropic medication at the time of 

scan for at least 1 year; 6 had a history of medication use for MDD. As expected, the MDD 

group had significantly higher scores than did the CTL group on the HDRS-17 and BDI-II 

(Table 1).

3.2 Behavioral results

In-scan behavioral data were not available for 2 of the 16 depressed participants due to 

technical difficulties with the button box. MDD and CTL participants did not differ 

significantly in their negative affect ratings during any of the regulation conditions (Table 2); 

a repeated measures ANOVA yielded no significant main effect or interactions involving 

diagnostic group, ps>.42. As expected, across the entire sample affect ratings were 

significantly more negative during Look Negative vs. Look Neutral (p<.001), and we found 

the predicted decreases in negative affect during the down-regulation task: negative affect 

ratings were significantly lower during Decrease Negative than during Look Negative trials 

(p<.001). We also found significant increases in negative affect during top-down emotion 

generation: ratings during Increase Negative were significantly greater than during Look 

Neutral (p<.001). Ratings during Decrease Negative and during Increase Negative did not 

differ significantly from each other (p=.98), potentially due to the range of the rating scale 

we used.

When examining affect ratings separately for early versus late runs, there was similarly no 

significant effect of diagnostic group (ps>.43); across all subjects, affect ratings in response 

to negative stimuli became more negative over time (Decrease Negative and Look Negative 

ps<.001). To examine ratings of difficulty following regulation instructions during Decrease 

Negative and Increase Negative conditions, we conducted a 2 (diagnostic group) by 2 (task 

condition) repeated measures ANOVA with diagnostic group as a between-subjects factor 

and task condition as a within-subject factor. Difficulty ratings did not differ significantly by 

diagnostic group or task condition (main effects and interaction ps>.2).
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3.3 Decreasing negative affect to a negative image: whole brain results

3.3.1 Group differences across the entire task—When examining all 6 runs of the 

task combined, there were no regions in which there were group differences in activation 

when comparing the Decrease Negative and Look Negative conditions for negative stimuli 

(the main effect of this contrast across all participants is presented in the Supplement).

3.3.2 Group differences in early vs. late phases of the task—Next we examined 

whether the MDD and CTL participants exhibited hypothesized different patterns of 

activation from the first 3 runs to the second 3 runs of the task, due to differences in 

habituation, burden of the reappraisal task, or delayed engagement of regulatory resources. 

This analysis yielded a significant three-way interaction of group, condition, and time for 

two clusters: dACC (peak −4, 30, 24), extending dorsally to paracingulate (228 voxels), 

F(1,34)=16.63, p<.001, and left supplemental motor area (SMA) extending to the precentral 

gyrus (peak −2, −14 56, 153 voxels), F(1,34)=20.87, p<.001 (Figure 1A). Decomposing 

these interactions indicated that whereas dACC activation for the contrast Decrease Negative 

> Look Negative significantly increased over time for the MDD group (F(1,34)=13.40, p=.

001), this activation marginally decreased over time in the CTL group, F(1,34)=4.1, p=.051 

(Figure 1B). In addition, the CTL group had higher activation than did the MDD group in 

the early runs (F(1,34)=20.12, p<.001). Similarly, SMA activation increased over time for 

the MDD group (F(1,34)=18.05, p<.001), but decreased over time in the CTL group 

(F(1,34)=4.43, p=.043) (Figure 1C). The two groups significantly differed during both early 

(p=.005) and late (p=.007) runs: whereas the CTL group had higher activation in the early 

runs, the MDD group had higher activation in the late runs.

3.3.3 Correlations with affect ratings and self-report measures—There were no 

significant correlations between dACC activation and negative affect ratings or scores on 

self-report measures. Higher SMA activation in the Decrease Negative > Look Negative 

contrast during early runs was significantly correlated with larger decreases in negative 

affect during those runs in the MDD group (r=−.83, p<.001) but not in the CTL group (r=−.

06, p=.82). In addition, higher SMA activation in the late runs was correlated with less 

overall difficulty regulating for the CTL participants, as reported post-task (r=−.54, p=.014).

3.4 Decreasing negative affect to a negative image: amygdala ROI results

There was no evidence of amygdala activation at our thresholds for the contrast of Look 

Negative > Decrease Negative. For Look Negative > Baseline, there was evidence of right 

amygdala activation across all participants during the first half of the task (155 voxels, peak 

24, 0, −10). During the latter half of the task, however, and when averaging across all 6 runs, 

there was no amygdala activation that reached threshold. MDD and CTL participants did not 

differ significantly in amygdala activation during Look Negative trials, and percent signal 

change did not correlate with the self-reported affect or ratings of regulation difficulty. The 

contrast of Decrease Negative > Baseline did not yield significant amygdala activation, nor, 

as expected, did the contrast of Decrease Negative > Look Negative.

Davis et al. Page 8

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2019 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3.5 Generating negative affect to a neutral image: whole brain results

3.5.1 Group differences across the entire task—No regions showed significant 

activation for CTL > MDD when contrasting the Increase Negative and Look Neutral 

conditions across the 6 runs of the task (the main effect of this contrast across all participants 

is presented in the Supplement). For the comparison of MDD > CTL, a cluster in the right 

middle temporal gyrus emerged (peak 42, −56, 12; 219 voxels), F(1,34)=14.83, p<.001. 

Local maxima extended through the temporal lobe including the supramarginal gyrus, 

planum temporale, and bordering on the angular gyrus. Post-hoc pairwise comparisons on 

the extracted percent signal change from this cluster showed that MDD individuals exhibited 

greater activation than did CTLs during the Increase Negative condition (F(1,34)=4.37, p=.

044); in contrast, there were no group differences for Look Neutral (F(1,34)=0.12, p=.73) 

(see Figure 2). Moreover, both the CTL and MDD groups showed significant differences in 

activation between the two conditions, but in opposite directions: whereas CTLs had greater 

MTG cluster activation for Look Neutral compared to Increase Negative (p=.002), MDD 

participants had greater MTG cluster activation for Increase Negative compared to Look 

Neutral (p=.033).

3.5.2 Group differences in early vs. late phases of the task—Next, we examined 

whether the MDD and CTL participants exhibited different patterns of activation from the 

first 3 runs to the second 3 runs. This analysis yielded a significant three-way interaction of 

group, condition, and time for one cluster in the cerebellum, peak −8, −48, −16 (172 voxels), 

F(1,34)=34.71, p<.001. Posthoc tests indicated that the group differences were driven by the 

Increase Negative condition: at a trend level, the CTL group had greater activation than did 

the MDD group during the early runs (p=.069), while the reverse pattern was true for the late 

runs (p=.065). Whereas the CTL individuals decreased activation for both conditions over 

the course of the task (p=.028 for Look Neutral, p=.002 for Increase Negative), the MDD 

group showed decreased activation at a trend level for only the Look Neutral condition (p=.

052), not the Increase Negative condition (p=.27).

3.5.3 Correlations with affect ratings and self-report measures—Across the 

entire sample, affect ratings during the Increase Negative condition were negatively 

correlated with activation in the MTG cluster specifically during that condition, r=−.34, p=.

048 (Figure 3), but were not correlated with MTG activation during Look Neutral or the 

contrast of Increase Negative > Look Neutral (ps>.05). The interaction of group and affect 

ratings did not predict activation (p=.69). Greater self-reported difficulty with emotion 

regulation during the Increase Negative condition was correlated with greater MTG 

activation during Increase Negative trials (r=.43, p=.009) (Figure 3); there was no interaction 

with group (p=.49). Finally, affect ratings and difficulty ratings were not correlated with 

cerebellar activation (ps>.15).

3.6 Generating negative affect to a neutral image: amygdala ROI results

When comparing Increase Negative > Look Neutral across all 6 runs of the task for CTL and 

MDD groups combined, we found significant activation in a 162-voxel cluster in the right 

amygdala (peak 24, 4, −14) and a 274-voxel cluster in the left amygdala (peak −14, −6, −12; 

Figure S2). In addition, a left amygdala cluster (297 voxels, peak −12, −8, −14) showed 
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significant activation within the first 3 runs of the task both at the combined group level and 

within the MDD group; however, the MDD and CTL groups did not differ significantly with 

respect to the percent signal change (ps>.4). Moreover, the percent signal change in 

amygdala clusters for Increase Negative > Look Neutral was not correlated with affect 

ratings or with self-reported difficulty with emotion regulation within either group. Finally, 

as expected, there was no significant amygdala activation for Look Neutral > Increase 

Negative.

4. Discussion

This study was designed to examine the neural substrates of top-down modulation of 

negative affect in MDD, specifically decreasing negative affect through reappraisal and 

generating negative affect in the absence of an external trigger. We found that during 

reappraisal of negative images in order to decrease negative affect, depressed participants 

differed from their nondepressed counterparts with respect to the patterns of activation in 

dACC and SMA over the course of the task. During Decrease Negative compared to Look 

Negative trials, depressed individuals exhibited less activation in these areas than did CTLs 

during early phases of the task, but in contrast to the CTLs, who decreased their activation 

over the course of the task, MDD participants increased activation during regulation. In 

addition, during a novel condition in studies of depressed individuals – the generation of 

negative affect in response to a neutral stimulus – MDD participants activated a temporal 

lobe region including the MTG to a significantly greater extent than did CTLs; moreover, 

this activation was related to lower negative affect and to greater difficulty generating 

negative affect. These findings increase our understanding of mechanisms that underlie 

dysfunctional reappraisal in MDD by highlighting two potential neural sources of impaired 

regulation of negative affect: inefficiency in recruiting dACC and SMA during the down-

regulation of negative affect and a greater reliance on MTG to compensate for increases in 

negative affect.

During both Increase Negative and Decrease Negative trials, our task successfully activated 

canonical reappraisal-related neural regions (e.g., Buhle et al., 2014), including 

frontoparietal and lateral and medial PFC regions (vlPFC, dACC, and superior parietal 

lobule; see Supplement). We also explored amygdala activation given its frequent 

identification in a priori analyses in previous studies (e.g., Ochsner et al., 2004; Ray et al., 

2005); however, we found no MDD-associated differences in activation in this structure. 

Across all participants, we observed bilateral amygdala activation during the top-down 

generation of negative affect that persisted for the duration of the task; in contrast, amygdala 

activation in response to viewing a negative image decreased over time and was not 

significantly modulated by reappraisal. Persistent amygdala activation during the generation 

of negative affect could be due to participants’ elaborative efforts working in opposition to 

habituation effects and indicates that our task effectively engaged this emotion-responsive 

region. In addition, both groups reported more negative affect during both the Look Negative 

and Decrease Negative conditions over the course of the task. Thus, viewing the negative 

images seems to have been increasingly unpleasant over time.
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Although all participants’ negative affect ratings changed significantly as a function of 

regulation instructions, the MDD and CTL groups did not differ either in their ratings in any 

task condition or in the change in their affect during the regulation conditions relative to the 

baseline look conditions. This null finding is consistent with evidence that unmedicated 

depressed individuals can engage in instructed and trained emotion regulation (Dillon and 

Pizzagalli, 2013; Ehring et al., 2010).

Despite exhibiting equivalent changes in negative affect during Decrease Negative compared 

to Look Negative trials, MDD and CTL participants differed in their patterns of activation in 

the dACC and SMA. Both of these regions have been implicated in emotional down-

regulation (Etkin et al., 2011; Kohn et al., 2014); they function as hubs for the execution of 

reappraisal by connecting and integrating information from prefrontal cognitive control 

regions and subcortical emotion-responsive regions. Indeed, the SMA has been linked to 

regulation success (Kohn et al., 2014; Wager et al., 2008), and researchers have highlighted 

its role in cognitive control processes, particularly in support of the selection and execution 

of voluntary responses, as might be seen in reappraisal (see also Etkin et al., 2011). 

Depressed individuals in this study did not activate the dACC or SMA during the reappraisal 

of negative stimuli to the same extent as CTL participants during the early phases of the 

task; moreover, they increased activation in these regions over time, whereas CTL 

participants decreased activation. Higher early activation of the SMA during reappraisal was 

associated with greater decreases in negative affect for the MDD group. Previous studies 

have documented associations between ACC activation and reappraisal success (Ochsner et 

al., 2002; Phan et al., 2005; Wager et al., 2008), supporting our interpretation that activating 

these regions during reappraisal is important for effective affect modulation. The relatively 

lower dACC and SMA activation in MDD participants when reappraising vs. viewing 

negative stimuli in the early phases of the task might reflect less effectively regulated 

negative affect, as has been documented in MDD (Davidson et al., 2002) By the latter half of 

the task, the MDD individuals appear to have corrected this imbalance, suggesting that 

although they are not able to modulate the dACC and SMA to meet reappraisal demands 

initially, they can do so over time. Their increased activation over time during reappraisal, 

however, diverged notably from the CTL participants’ pattern of decreasing activation in 

these regions, with no accompanying impact on the effectiveness of their reappraisal efforts, 

perhaps due to increased efficiency and reduced effort needed during ongoing down-

regulation for the CTL group.

Perhaps the most important contribution of this study concerns the difference between MDD 

and CTL participants during the instructed generation of negative affect in response to a 

neutral image. Compared with the CTL participants, MDD participants had higher activation 

in a temporal lobe cluster that included the posterior right middle temporal gyrus and 

supramarginal gyrus. A similar middle temporal cluster was identified in a study in healthy 

individuals during reappraisal to generate negative affect (Ochsner et al., 2009). Across both 

CTL and MDD groups, higher activation in this cluster was associated with lower negative 

affect and with greater difficulty following the Increase Negative instructions. When 

instructed to deliberately generate a negative interpretation of a neutral stimulus, the MDD 

individuals who reported the most difficulty and the least change in affect were those who 

activated the MTG most strongly, suggesting that the MTG serves a compensatory function, 

Davis et al. Page 11

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2019 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



particularly in the MDD group. Alternatively, across both groups, participants who are least 

likely to generate negative affect may engage this region more, including during affect 

regulation. Activation in this region has been reported in previous studies of emotion 

regulation, including as part of a set of DMN regions underlying reappraisal (Sheline et al., 

2009), during up-regulation to a negative image (Eippert et al., 2007), and during down-

regulation (Buhle et al., 2014; Kim and Hamann, 2007), pointing to its role in executing 

reappraisal efforts that involve reinterpreting the meaning of a stimulus and, thereby, 

changing its semantic representation (Buhle et al., 2014; Kohn et al., 2014).

We should note four limitations of this study. First, several aspects of the regulation task 

design may have influenced the results (see Ochsner et al., 2012, for a review of these 

issues). For example, our presentation of the stimulus image two seconds before the 

regulation cue likely allowed a natural emotional response to unfold before participants 

attempted to change it, making the regulation potentially more difficult, although more 

generalizable to real-world scenarios (Gross, 2002). Moreover, there is evidence that cues 

intended to increase affect are more effective when presented after the image (Ochsner et al., 

2012). However, some of the null amygdala results may have been due to habituation during 

the initial image viewing phase. Second, our sample was composed of unmedicated female 

MDD individuals with moderate depression, thus limiting the generalizability of our 

findings to more severely depressed or medicated samples (Dillon and Pizzagalli, 2013; Rive 

et al., 2013). As a related point, our sample included left-handed participants, which may 

have introduced some laterality differences in activation. We should note, however, that the 

proportion of left-handed participants was comparable in the MDD and CTL groups; further, 

when including handedness as a covariate, our analyses remained significant (ps<=.001 for 

all group by condition interactions). Third, contrary to our expectations, the MDD and CTL 

groups did not differ in self-reported affect in the Increase Negative condition that was 

intended to assess dysregulated emotional processes that characterize MDD. The relatively 

small 5-point range of the negative affect rating scale may have limited variability in 

reported affect. It is also noteworthy that although the MDD individuals did not report the 

predicted higher levels of negative affect, patterns of neural activation point to group 

differences in the processes that underlie the generation of negative affect. Finally, the 

reappraisal instructions were phrased slightly differently in the two regulation conditions, 

which may have introduced variability in the strategies that individuals applied. For 

example, the lack of group differences in semantic processing regions activated during the 

Decrease Negative condition may have been due to participants using distancing strategies 

(i.e., thinking that the picture was not real) instead of reinterpreting the meaning of the 

picture itself.

Despite these limitations, this study is important in identifying differences between 

depressed and nondepressed participants in the neural mechanisms that underlie two specific 

types of dysfunctional affective processes posited to be characteristic of MDD: impaired 

reappraisal to decrease negative affect and maladaptive top-down increases in negative 

affect. Participants with MDD were characterized by ineffective recruitment of dACC and 

SMA in early phases of the down-regulation task followed by increasing activation in these 

regions over time, and by heightened recruitment of MTG during top-down emotion 

generation, highlighting two possible compensatory strategies in MDD. The group 
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differences identified in this study point both to sources of dysfunctional emotion regulation 

and to potential mechanisms that underlie the maladaptive increases in negative affect 

documented in MDD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• This novel fMRI paradigm prompts both regulation and generation of 

negative affect

• Depressed subjects vs controls show inefficient neural activation during 

regulation

• Groups differ in middle temporal gyrus activation during negative affect 

generation

• Emotion regulation in depression may require compensatory neural activation

Davis et al. Page 16

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2019 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Significant activation for interaction of group, condition, and time, depicting regions in 

which activation was greater for the CTL than for MDD group in the Decrease Negative > 

Look Negative contrast, for the early runs (1-3) vs. the late runs (4-6) of the task. Panel A: 

This contrast yielded two significant clusters: in supplementary motor area (SMA) and in 

dorsal anterior cingulate cortex (dACC). Panel B: In the early runs of the task, MDD 

participants’ dACC activation was less during Decrease Negative vs. Look Negative, and 

significantly lower than activation in the CTL group. The dACC activation increased for the 

MDD group over the task, while the CTL group showed a marginal decrease. Panel C: 

Similarly for the SMA, the MDD group showed less activation than did the CTL group 

during Decrease Negative vs. Look Negative in early runs of the task, and the MDD group 

significantly increased activation by the later runs; in contrast, the CTL group had higher 

SMA activation initially, which decreased over time. * p<.05
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Figure 2. 
MDD and CTL groups differ significantly in right middle temporal gyrus (MTG) activation 

during Increase Negative emotion generation. * p<.05
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Figure 3. 
Activation in right middle temporal gyrus (MTG) during Increase Negative is inversely 

correlated with negative affect ratings and positively correlated with difficulty increasing 

negative affect across all participants, suggesting that higher activation is protective against 

excessive negative affect generation.
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Table 1

Demographic information and group comparison

Variable CTL (n=20) MDD (n=16) Statistics

Age (in years) 32.8 +/− 11.8 33.7 +/− 10.6 t(34)= −0.26, p=.80

Race/Ethnicity 13 Caucasian, 3 Asian, 2 African-
American, 1 Hispanic, 1 Mixed race

10 Caucasian, 4 Asian, 1 African-
American, 1 Hispanic

χ2(4)=2.2, p=.70

English language 79% Native English 75% Native English χ2(1)=0.08, p=.78

Education 40% <4 year college, 35% 4 year college, 
25% at least some graduate school

37.5% <4 year college, 31.3% 4 year 
college, 31.3% at least some graduate 
school

χ2(2)=0.18, p=.92

Handedness 75% right handed 94% right handed χ2(1)=2.3, p=.13

MDD duration (in years) N/A 18.4 +/− 13.0 N/A

HDRS-17 score 1.8 +/− 2.3 16.5 +/− 5.2 t(19.8)=−10.4, p<.001

BDI-II score 3.6 +/− 4.3 34.3 +/− 7.9 t(21.9)=−13.9, p<.001

Note: CTL = Nondepressed control group; MDD = Major Depressive Disorder group; HDRS-17 = Hamilton Depression Rating Scale, 17-item 
version; BDI-II = Beck Depression Inventory-II
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Table 2

Affect ratings during task

Task condition CTL (n=20) MDD (n=14) Pairwise comparison

Decrease Negative 2.77 2.57 F(1,32)=0.84, p=.37

Look Negative 3.42 3.15 F(1,32)=1.57, p=.22

Increase Negative 2.67 2.66 F(1,32)=0.002, p=.97

Look Neutral 1.18 1.36 F(1,32)=2.43, p=.13

Note. CTL = Nondepressed control group; MDD = Major Depressive Disorder; Sample size for MDD group for these ratings is 14 (2 participants’ 
data are missing due to button box malfunction)
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