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Abstract

Background: Individuals who suffer from anxiety and/or depression have difficulty adaptively 

managing emotional responses, while accumulating evidence suggests impaired emotion 

regulation is a transdiagnostic feature of psychopathology. Effectual regulation in the context of 

negative stimuli is characterized by engagement of the prefrontal cortex (PFC) coupled with 

reduced amygdala reactivity. In anxiety disorders and major depression, PFC under-engagement 

and atypical PFC-amygdala connectivity has been observed, although patient findings based on 

case-control studies have been mixed with regard to magnitude, locality and extent of dysfunction. 

As anxiety disorders and major depression are heterogeneous disorders and frequently comorbid 

with one another, delineating relationships between reappraise-related substrates and symptoms 

may advance our understanding of emotion dysregulation in these populations.

Methods: We examined PFC activation and its functional connectivity (FC) to the amygdala 

using functional magnetic resonance imaging (fMRI) in a large sample of patients (N=174) with 

primary generalized anxiety disorder (n=47), social anxiety disorder (n=78), or major depressive 

disorder (n=49) during a reappraisal-based emotion regulation task. Comorbidity was permitted 

and the majority of participants had a concurrent psychiatric illnesses.

Results: Across participants, whole-brain results showed that: 1) greater anxiety and depression 

symptom severity was related to less engagement of the dorsal anterior cingulate cortex (dACC); 

and 2) less FC between the amygdala and ventrolateral prefrontal cortex. Results were driven by 

anxiety, while depression symptoms were not significant.

Conclusion: These findings demonstrate that individual differences in anxiety and depression 

may help explain ACC and PFC dysfunction during emotion regulation observed across anxiety 

and depressive disorders.
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Introduction

Anxiety and depressive disorders are prevalent, disabling, and highly co-morbid (Hirschfeld, 

2001). For instance, up to 75% of individuals with depression meet diagnostic criteria for an 

anxiety disorder in their lifetime, while nearly 79% of those with an anxiety disorder also 

have lifetime history of major depression (Alonso, Lepine, & ESEMeD/MHEDEA 2000 

Scientific Committee, 2007). Frequent comorbidity is due, in part, to a polythetic-categorical 

diagnostic taxonomy that allows for each disorder to be defined by a combination of 

multiple symptoms (Krueger & Bezdjian, 2009), while more than one symptom is shared 

across diagnostic boundaries (Zbozinek et al., 2012). Thus, although treated categorically, 

the presence of shared symptoms increases likelihood of dual-diagnoses. As shared 

symptoms are rational targets for remediation—given they hold the potential to 

simultaneously reduce both anxiety and depression symptom burden—more research is 

needed to evaluate the underlying neurobiological mechanisms associated with them. In 

particular and in the wake of accumulating evidence from neuroimaging studies 

demonstrating the utility of transdiagnostic neurobiological models to understand shared 

psychiatric disorders (Cuthbert, 2014, 2015), more information is needed on whether 

individual differences in anxiety and depression severity map onto similar neurobiological 

aberrations.

One such example of symptom overlap across those with anxiety and depressive disorders is 

emotion dysregulation, as evinced by reports of negative biases (Beck & Clark, 1997; 

Gotlib, Krasnoperova, Yue, & Joormann, 2004) and difficulty managing negative emotions 

in ways that are adaptive (Aldao, Nolen-Hoeksema, & Schweizer, 2010; Amstadter, 2008; 

Fernandez, Jazaieri, & Gross, 2016; Hostinar, Nusslock, & Miller, 2017; Shapero, 

Abramson, & Alloy, 2016; Tripp, McDevitt-Murphy, Avery, & Bracken, 2015; Tull, 

Bardeen, DiLillo, Messman-Moore, & Gratz, 2015). A well-studied form of emotion 

regulation is cognitive reappraisal, an antecedent emotion regulation strategy that occurs 

prior to or when an emotional experience is unfolding and involves the cognitive 

transformation (e.g., re-interpretation) of an emotional experience in order to change its 

emotional meaning (Gross, 1998). In healthy individuals, cognitive reappraisal in the context 

of negative information is associated with positive health and well-being (Cutuli, 2014); 

thus, deficiency or inefficiency in use of cognitive reappraisal has garnered significant 

attention in psychiatrically-ill populations.

In healthy individuals, cognitive reappraisal is associated with increased neural activation 

across a network of brain regions involving the dorsolateral prefrontal cortex (DLPFC), 

dorsal anterior cingulate cortex (dACC), ventrolateral prefrontal cortex (VLPFC), 

dorsomedial prefrontal cortex (DMPFC), dorsal anterior cingulate cortex (dACC), 

ventromedial prefrontal cortex (VMPFC), middle and superior temporal gyri, and the 
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inferior parietal lobe (IPL) (Buhle et al., 2014; Kanske, Heissler, Schonfelder, Bongers, & 

Wessa, 2011; Messina, Bianco, Sambin, & Viviani, 2015; Ochsner, Silvers, & Buhle, 2012). 

Engagement of dorsal and lateral regions of the PFC likely sub-serves in the selection of a 

reappraisal strategy (Yamagishi et al., 2016) and generation of inner speech that aids the 

reappraisal process (Geva et al., 2011; Jones & Fernyhough, 2007; Morin & Hamper, 2012). 

By contrast, involvement of the medial and ventral regions of the PFC as well as the dACC 

are important for the conflict monitoring between competing responses and automatic 

regulation of a “bottom-up” affective response (Bush, Luu, & Posner, 2000; Etkin, Egner, & 

Kalisch, 2011; Lane, Reiman, Ahern, Schwartz, & Davidson, 1997; Paradiso et al., 1999; 

Quirk & Gehlert, 2003). Greater reappraisal-related engagement in frontal and parietal 

cortices is associated with reductions in amygdala responding (Banks, Eddy, Angstadt, 

Nathan, & Phan, 2007; M. Beauregard, Levesque, & Bourgouin, 2001; Ochsner, Bunge, 

Gross, & Gabrieli, 2002; Phan et al., 2005; Schaefer et al., 2002; Urry, 2006), a region 

involved in the generation of negative affect (Costafreda, Brammer, David, & Fu, 2008). 

Thus, a functional relationship between frontoparietal structures and the amygdala are 

thought to characterize effectual reappraisal.

In support of this hypothesis, functional connectivity (FC) studies assessing the correlation 

of neural activity across spatially distributed brain regions during reappraisal have found 

that, using the amygdala as a seed region, greater activation within the amygdala is 

positively related to increased engagement to the DLPFC (Banks et al., 2007; Paschke et al., 

2016), inferior frontal gyrus corresponding to the VLPFC (Morawetz, Bode, Baudewig, & 

Heekeren, 2016), DMPFC (Banks et al., 2007; Sripada et al., 2014), VMPFC (Delgado, 

Nearing, LeDoux, & Phelps, 2008), MPFC (Paschke et al., 2016), ACC (Banks et al., 2007), 

and IPL (Banks et al., 2007). During reappraisal, positive correlations between the amygdala 

and cortical regions is also related to greater reduction in self-reported negative affect in 

some studies (Banks et al., 2007; Morawetz et al., 2016) providing support that amygdala-

PFC coupling represents successful regulation. Based on findings from both activation and 

connectivity studies, the neural profile of cognitive reappraisal is defined by greater 

engagement of the PFC, decreased excitability of the amygdala, and increased FC between 

these regions.

Findings from discrete fMRI studies investigating the neural profile of emotion 

dysregulation via reappraisal in those with anxiety or depression demonstrate atypical 

engagement of the PFC and aberrant PFC-amygdala connectivity in these populations. 

Compared to healthy controls (HCs), individuals with generalized anxiety disorder (GAD) 

and social anxiety disorder (SAD) under-engage the dACC (Blair et al., 2012; Goldin, 

Manber, Hakimi, Canli, & Gross, 2009), DMPFC (Ball, Ramsawh, Campbell-Sills, Paulus, 

& Stein, 2013), and DLPFC (Ball et al., 2013; Goldin, Manber, et al., 2009) when using 

reappraisal to make negative images appear less negative or to down-regulate response to 

threatening faces. Again during reappraisal, individuals with SAD display less FC between 

the amygdala and the DLPFC and VLPFC compared to HCs (Goldin, Manber-Ball, Werner, 

Heimberg, & Gross, 2009), while individuals with MDD do not exhibit any significant FC 

between the amygdala and PFC that is present in HCs (Erk et al., 2010). Other work shows 

that those with MDD over-recruit the dACC during reappraisal in response to sad film clips 

(Beauregard, Paquette, & Levesque, 2006) and over-engage the lateral PFC during 
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reappraisal to negative images (Johnstone, van Reekum, Urry, Kalin, & Davidson, 2007), 

demonstrating somewhat mixed findings with regard to direction of effects in those with 

depression. When directly comparing disorders, one study by Blair and colleagues found 

that individuals with GAD and SAD were similarly characterized by under-engagement of 

the dACC compared to HCs (Blair et al., 2012). Similarly, Ball and colleagues demonstrated 

that individuals with GAD do not differ from those with panic disorder (PD) in under-

engagement of the DMPFC and DLPFC during reappraisal (Ball et al., 2013). In addition to 

these neural findings, individuals with GAD (Fitzgerald et al., 2017) and SAD (Goldin, 

Manber-Ball, et al., 2009) report feeling more negative when viewing negative stimuli 

compared to healthy participants. Yet, when engaging in cognitive reappraisal, results are 

less consistent. Individuals with GAD report more negative affective state when using 

reappraisal than healthy controls (Fitzgerald et al., 2017) whereas those with SAD have a 

similar decrease in negative response as healthy participants (Goldin, Manber-Ball, et al., 

2009; Goldin, McRae, Ramel, & Gross, 2008). Also, individuals with MDD do not differ 

from HCs in self-reported affect during reappraisal but indicate a greater level of difficulty in 

the process (Beauregard et al., 2006). In general, individuals with anxiety or depression have 

intact regulation capability though certain disorders may be more prone to deficiencies or 

find it more difficult to use reappraisal. In addition, patients with anxiety and depression 

may be similar to one another with regard to aberrant PFC and ACC engagement during 

reappraisal, although mixed findings with regard to depression means that more research is 

needed. In addition, we are not aware of an investigation that has assessed neural 

engagement during reappraisal in the context of individual differences in anxiety and 

depression symptoms within a diverse patient sample.

The current study extends the literature by examining the relationship between reappraisal-

related activity and variance in anxiety and depressive symptoms in a sample of individuals 

with primary anxiety disorder (i.e., SAD, GAD) or depressive disorder (i.e., MDD). We 

tested for (i) group effects, (ii) individual differences across participants, and (iii) whole-

brain FC with bilateral amygdala as the seed region during cognitive reappraisal in this 

study. With regard to group effects, we anticipated no group differences would emerge 

owing to significant comorbidity within the sample. Second, we examined the extent to 

which anxiety and depression symptoms across participants was linked to frontal or 

subcortical neurofunctional activity. Based on prior research, we hypothesized that illness 

severity in both dimensions (anxiety, depression) would be related to less engagement of the 

PFC and more amygdala reactivity when using reappraisal to make negative images appear 

less negative. In addition, we hypothesized that during reappraisal both anxiety and 

depression symptoms would relate to negative connectivity between the amygdala and PFC.

Materials and Methods

Participants

Participants were included if they were (1) between the ages of 18–65, (2) able to give 

informed consent, (3) free from alcohol or drugs on the day of testing as confirmed by a 

urinary drug screen, (4) and had severe enough mood disturbances to warrant treatment as 

determined by a consensus panel that included a psychiatrist and psychologist. Exclusion 
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criteria included (1) history of congenital brain defects, (2) history or presence of severe 

psychiatric illness (e.g., schizophrenia, bipolar disorder), (3) substance dependence, and (4) 

active treatment either in the form of psychotherapy or medication. For fMRI testing, 

additional exclusion criteria included (1) the presence of ferromagnetic objects within the 

body, (2) being pregnant or actively trying to become pregnant, (3) fear of enclosed spaces 

(e.g., claustrophobia), and (4) inability to lie still in an enclosed space for up to one hour. All 

participants completed a consent form approved by the local Institutional Review Board at 

the University of Illinois at Chicago. Participants were compensated for their time and all 

procedures complied with the Helsinki Declaration.

Patients were assessed for presence of an Axis I anxiety or depressive disorder through the 

use of an in-person Structured Clinical Interview for Diagnostic Statistical Manual-IV 

(SCID-IV; (First, Spitzer, Gibbon, & Williams, 2002) conducted at screening by a clinically 

trained master’s or PhD-level researcher. Individuals in the present study were required to 

have a primary anxiety disorder or major depression, however, comorbidity was permitted. 

Severity of anxiety symptoms was assessed using the Hamilton Anxiety Rating Scale 

(HAM-A) (Hamilton, 1959) and, for depression symptoms, the Hamilton Depression Rating 

Scale (HAM-D) (Hamilton, 1960).

A total of N=174 patients were eligible for entry into this study based on Axis I diagnosis of 

GAD (n=47), SAD (n=78), or MDD (n=49) , a sub-set of which were included in prior 

publications (Klumpp, Fitzgerald, et al., 2017; Klumpp, Roberts, et al., 2017) that did not 

evaluate the relationship between neural engagement and connectivity during reappraisal and 

symptoms of anxiety and depression. Range of HAM-A (1–41) and HAM-D (0–26) scores 

reflected a distribution of no/minimal to severe symptoms. Participants with a principal 

diagnosis of MDD had greater HAM-D (M=15.31, SD=4.80) scores than those with SAD 

(t(125)=7.47, p<0.001; M=8.60, SD=5.00) and GAD (t(88.95)=5.80, p<0.001; M=10.30, 

SD=3.61). In addition, participants with a principal diagnosis of MDD (M=13.86, SD=7.78) 

had greater HAM-A symptoms than those with SAD (t(125)=4.69, p=0.001; M=13.89, 

SD=7.78) and GAD (t(94)=2.58, p=0.011; M=15.02, SD=6.09). Participants with a principal 

diagnosis of SAD and GAD did not differ from one another in terms of HAM-A scores 

(p>0.36), while participants with GAD had greater HAM-D scores than those with SAD 

(t(118.96)=2.19, p=0.030). Table 1 displays participant demographics.

fMRI Task

During fMRI scanning, participants completed a well-validated block-design Emotion 

Regulation Task (ERT) that utilized cognitive reappraisal as a regulation strategy (Fitzgerald 

et al., 2016, 2017; MacNamara et al., 2016; Phan et al., 2005; Rabinak et al., 2014). During 

ERT, participants were shown 64 negative and 32 neutral images from the International 

Affective Picture System (IAPS) (Lang, Bradley, & Cuthbert, 2008) across three conditions 

(Reappraise, Look-Negative, Look-Neutral). Participants were instructed to: 1) use a 

cognitive strategy to reduce negative affect to aversive images (‘Reappraise’ condition); 2) 

attend to the emotional state elicited by aversive images (‘Look-Negative’ condition); or 3) 

view neutral images (‘Look-Neutral’ condition). Task instructions are provided in full in 

Supplementary material. Prior to scanning, participants were instructed on the strategy of 
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cognitive reappraisal (Ochsner et al., 2002; Phan et al., 2005) and all conditions were 

practiced with eight images not used in the fMRI experiment to confirm understanding of 

task instructions.

The task consisted of four 20 s blocks of each condition (four images presented for 5 s each 

without inter-stimulus interval). Blocks were interspersed by a rest period in which 20 s 

blocks of a white fixation cross were shown on a black background to enable the 

hemodynamic response to return to baseline. Block order was pseudo-randomized over the 

course of two separate runs, with each run lasting a total of five minutes. Prior to each block, 

an instruction screen (“Reappraise” or “Look”) was presented for 5 s. To assess self-reported 

negative affect in the form of behavioral responses, following each block, participants 

viewed a screen that asked them to answer the question “How negative do you feel?”. 

Participants indicated their response on a 5-item Likert scale (1=not at all; 5=extremely) via 

a 5-button response with their dominant hand.

FMRI scanning was performed on a 3 Tesla GE Discovery System (General Electric 

Healthcare; Milwaukee, WI) using a standard radiofrequency coil. Whole-brain functional 

images (i.e., BOLD) were collected using the following parameters: TR=2s, TE=25 ms, flip 

angle=90°, field of view=22 × 22 cm2, acquisition matrix 64 × 64; 44 axial, 3-mm-thick 

slices with no gap. The first 4 volumes from each run were discarded to allow magnetization 

to reach equilibrium.

Behavioral Analysis

Self-reported negative affect following each condition (Reappraise, Look-Negative, Look-

Neutral) was averaged across blocks and runs within individuals. First, we investigated 

whether there were differences in self-reported affect across conditions and groups using a 

condition-by-group repeated measures ANOVA. In the event of a significant effect of 

condition, planned comparisons included paired samples t-tests to evaluate differences in 

self-reported affect between Look-Neutral and Look-Negative, as well as Reappraise and 

Look-Negative. Subsequently, we examined the relationship between self-reported negative 

affect using difference scores reflecting (a) Look-Negative > Look-Neutral and (b) 

Reappraise > Look-Negative and symptom severity. Utilization of difference scores was 

done to mimic analysis plan involving fMRI contrast comparisons (see below). Finally, in 

post-hoc analyses we examined whether self-reported affect, again using two difference 

calculations, correlated with significant clusters of activation derived from focal analyses or 

significant amygdala connectivity derived from connectivity analyses.

fMRI Preprocessing

Conventional preprocessing steps were completed in Statistical Parametric Mapping (SPM8) 

software package (Wellcome Trust Centre for Neuroimaging, London www.fil.ion.ucl.ac.uk/

spm). Images were temporally corrected to account for slice time acquisition differences and 

spatially realigned to the mean image. Motion realignment parameters were entered as 

regressors of no-interest to control for minimal head movement during scanning, however 

functional images from all participants included in analysis met criteria for high-quality with 

minimal motion correction (e.g., movements were < 3 mm and < 3 degrees rotation in any 
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one direction). Images were subsequently normalized to a Montreal Neurological Institute 

(MNI) template using the echo-planar imaging template, resampled to 2 × 2 × 2 voxels and 

smoothed using an 8 mm isotropic Gaussian kernel.

A general linear model (GLM) was applied to the time series, convolved with the canonical 

hemodynamic response function and with a 128 s high-pass filter. Hemodynamic response 

during instruction, rest, collection of self-reported negative affect, and blocks of Reappraise, 

Look-Negative, and Look-Neutral were modeled separately, the effects of which were 

estimated for each voxel for each participant. Our primary objective was to measure neural 

functioning during cognitive reappraisal, controlling for variability in negative affect. 

Therefore, neural activity during Reappraise > Look-Negative was modeled as a primary 

contrast of-interest and taken to the second level for random effects analysis. In addition, 

analyses were also tested using a Look-Negative > Look-Neutral contrast to assess for a 

relationship between anxiety and depression severity during unregulated affect responding.

fMRI Analysis

Whole-Brain Analyses: Using the Reappraise > Look-Negative contrast, we evaluated 

group differences (GAD vs. SAD vs. MDD) using a whole-brain ANCOVA, controlling for 

age, gender, and education. To examine individual differences, a regression analysis for 

Reappraise > Look-Negative was performed with symptom measures. Specifically, owing to 

high concordance between HAM-A and HAM-D scores (r=0.82, p<0.001), the summation 

of HAM-A and HAM-D total scores was the covariate of interest (Klumpp, Hosseini, et al., 

2018; Klumpp, Kinney, et al., 2018) while age, education, gender, and diagnostic status 

(dummy coded) were added as covariates of no-interest. Analyses also controlled for age, 

education, and gender. To test whether anxiety (HAM-A) and/or depression (HAM-D) were 

more significant in driving neural activity, post-hoc analyses were performed. That is, beta-

weights in arbitrary units were extracted from significant clusters using the SPM MarsBar 

toolbox (Brett, Anton, Valabregue, & Poline, 2002) and subjected to stepwise linear 

regression in the Statistical Package for the Social Sciences (version 25.0) (SPSS) to 

determine if results were explained more by either symptom domain. In these analyses, 

neural activity was the dependent variable and HAM-A total scores, HAM-D total scores, 

age, gender, education, and diagnosis were the independent variables.

PPI Analyses: Generalized PPI analyses (O’Reilly, Woolrich, Behrens, Smith, & 

Johansen-Berg, 2012) was completed using SPM8 for the contrast Reappraise > Look-

Negative only given a priori hypotheses regarding the relationship between amygdala and 

PFC connectivity during reappraisal. In this approach, a (i) ‘psychological’ variable 

representing the epoch of cognitive reappraisal, (ii) a ‘physiological’ variable representing 

timecourse of activation in the bilateral amygdala, and (iii) the interaction of these two 

variables were modeled at the individual level. The interaction term provided a measure of 

which brain regions were statistically correlated with the bilateral amygdala as a function of 

cognitive reappraisal. First, condition onset times for Look-Neutral, Look-Negative, 

Reappraise, the preceding instruction screen, and the following affect rating period were 

separately convolved with the canonical hemodynamic response function for each condition 

to create psychological regressors. Next, deconvolved time series was extracted from a 
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bilateral anatomical amygdala based on Anatomical Automatic Labeling (AAL)-defined 

mask using the SPM toolbox to create the physiological variable. Finally, interaction terms 

(e.g., PPIs) were computed by multiplying the psychological and physiological variables. 

Effects representing connectivity values with bilateral amygdala were estimated for each 

voxel for each participant and taken to the second level for random effects analysis in an 

identical fashion to focal fMRI analyses listed above (e.g., we first evaluated group 

differences among patients and subsequently the relationship to severity of anxiety and 

depression scores). As before, all analyses controlled for age, education, gender, and 

diagnostic status.

In all analyses, significant clusters of activation were identified correcting for multiple 

comparisons across the entire brain (p<0.05 family-wise error [FWE]) using a gray matter 

mask excluding the cerebellum (MacNamara, Klumpp, Kennedy, Langenecker, & Phan, 

2017). This correction displayed clusters that were significant based on a height thresholds 

of F=12.56 and F=13.42 when evaluating group differences in focal neural engagement and 

connectivity, respectively; height thresholds of T=4.38 and T=4.60 were used when 

evaluating significant relationships between symptoms and focal neural engagement and 

connectivity, respectively.

Results

Behavioral Data

Ratings of self-reported negative affect were available for n=172/174 participants due to 

missing responses from two SAD participants. Results from repeated measures ANOVA 

demonstrated a significant effect of condition (F(2,338)=417.47, p<0.001) but no effect of 

group (p>0.85) or group-by-condition interaction (p>0.17). To explore condition effects, 

paired samples t-tests confirmed that negative affect ratings were higher following Look-

Negative (M=2.97±0.75) compared to Look-Neutral (M=1.34±0.46) conditions 

(t(171)=26.74, p<0.001) and that negative affect reduced following Reappraise 

(M=2.62±0.75) conditions compared to Look-Negative (t(171)=6.50, p<0.001). Symptom 

severity was not related to negative affect ratings following the Look-Negative > Look-

Neutral (p>0.92) or Reappraise > Look-Negative (p>0.85) conditions.

fMRI Group Results

The ANCOVA did not reveal group differences in terms of brain response during Reappraise 

> Look-Negative or Look-Negative > Look-Neutral, nor did groups differ in terms of whole-

brain amygdala connectivity during Reappraise > Look-Negative (p’s>0.05 FWE-adjusted).

fMRI Whole-brain Results: Association with Symptom Severity

Within the Reappraise > Look-Negative contrast, there was no positive association between 

symptoms and focal brain activation (p>0.05 FWE-adjusted). By contrast, there was a 

negative relationship between symptoms and the supplementary motor area (SMA; peak 

MNI: −6, 10, 72; T=−4.78; Z=−4.62; volume=272 mm3), precental gyrus (peak MNI: −38, 

−2, 30; T=−4.65; Z=−4.50; volume=104 mm3), cuneus (peak MNI: 24, −86, 6; T=−4.60; Z=

−4.46; volume=80 mm3), and dACC (peak MNI: −8, 24, 30; T=−4.46; Z=−4.33; volume=56 
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mm3). Figure 1 displays location of dACC cluster and scatterplot reflecting relationship 

between focal neural engagement and severity of symptoms. No significant negative or 

positive relationship with symptoms were found for the Look-Negative > Look-Neutral 

contrast (p’s>0.05 FWE-adjusted).

Post-hoc stepwise linear regressions in SPSS demonstrated that symptoms of anxiety (e.g., 

HAM-A) predicted decreased precentral gyrus (b = −0.01, p < 0.001), cuneus (b = −0.02, p 

< 0.001) and dACC activation (b = −0.02, p < 0.001), while symptoms of depression (e.g., 

HAM-D) were not related to these regions (p > 0.30). By contrast, symptoms of depression 

predicted decreased SMA activation (b = −0.05, p < 0.001), while symptoms of anxiety were 

not related (p > 0.07).

fMRI Connectivity with Amygdala: Association with Symptom Severity

There was no positive relationship between symptoms and whole-brain amygdala 

connectivity (p>0.05 FWE-adjusted). By contrast, there was a negative relationship between 

symptoms and amygdala connectivity with the right (peak MNI: 30, 60, 2; T=−6.22; Z=

−5.89; volume=4,360 mm3) and left VLPFC (peak MNI: −20, 62, 18; T=−5.32; Z=−5.11; 

volume=1,336 mm3). Figure 2 displays location of right-lateralized significant connectivity 

with amygdala and scatterplot reflecting relationship to symptoms. No other significant 

negative relationship with symptoms were found (p’s>0.05 FWE-adjusted).

Post-hoc stepwise linear regressions, results showed anxiety symptoms (e.g., HAM-A) 

predicted less amygdala-right VLPFC connectivity (b = −0.14, p < 0.001) and amygdala-left 

VLPFC connectivity (b = −0.12, p < 0.001). Again, symptoms of depression (e.g., HAM-D) 

were not related to clusters representing amygdala functional connectivity (p’s>0.21).

Relationship with Self-reported Negative Affect

No significant relationships were found between clusters identified in focal and connectivity 

analyses and self-reported negative affect following Look Negative (> Look-Neutral) 

(p>0.66) or Reappraise (> Look-Negative) (p>0.35).

Discussion

The current study investigated reappraisal-specific neurobiological correlates of individual 

differences in anxiety and depressive symptoms in a heterogeneous sample of patients with 

GAD, SAD, and MDD as primary diagnoses. Three main findings emerged from this 

investigation: (i) severity of anxiety and depression, when combined, was associated with 

deficits in recruiting the dACC, and (ii) reduced connectivity between the amygdala and 

bilateral VLPFC when using cognitive reappraisal to make negative images appear less 

negative. In post-hoc analyses we found that (iii) these results were significantly driven by 

anxiety symptoms and not significantly driven by depression symptoms. Behaviorally, all 

participants reported feeling more negative during the viewing of negative images compared 

to viewing neutral images and reduced their negative affect after reappraisal indicating 

patients successfully regulated emotion. Behaviorally, all participants reported feeling more 

negative during the viewing of negative images compared to viewing neutral images and 

reduced their negative affect after reappraisal, indicating patients successfully regulated 
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emotion. No group differences in self-reported affect were found, nor did we find evidence 

that severity of anxiety and depression symptoms were related to self-reported affect.

The result that under-engagement of the dACC during cognitive reappraisal was related to 

anxiety and depression severity replicates prior findings of under-engagement of this region 

in those with GAD (Blair et al., 2012) and SAD (Ball et al., 2013; Blair et al., 2012) when 

using cognitive reappraisal to reduce negative affect. The dACC is involved in conflict 

control, response selection, and error detection (Bush et al., 2000; Etkin et al., 2011) and 

forms little direct connection to the amygdala (Beckmann, Johansen-Berg, & Rushworth, 

2009). In the context of cognitive reappraisal, the dACC is likely involved in monitoring and 

balancing the mismatch between bottom-up affective responses generated in limbic and sub-

cortical regions with top-down reappraisals occurring in lateral portions of the cortex 

(Shenhav, Botvinick, & Cohen, 2013). While lateral prefrontal regions (e.g., DLPFC, 

VLPFC) are heavily implicated in cognitive reappraisal, the involvement of the dACC is to 

allocate control and attentional resources over incoming stimuli in light of interoceptive 

affective states (Shenhav et al., 2013). Together, diminished dACC activation may portend 

deficits in conflict-related processing in the wake of cognitive and affective demands. This 

deficiency as it specifically relates to anxiety symptoms replicates recent meta-analytic work 

completed by Zilverstand and colleagues, which found that individuals with anxiety 

disorders (e.g., GAD, SAD), consistently under-engaged the dACC during reappraisal in 

response to negative images (Zilverstand, Parvaz, & Goldstein, 2016).

Outside of the ACC, we also found that greater symptom severity was related to less 

engagement in the SMA, precentral gyrus, and cuneus. As cognitive reappraisal engages a 

wide network of brain regions (Kohn et al., 2014; Messina et al., 2015; Wager, Davidson, 

Hughes, Lindquist, & Ochsner, 2008), the present results suggest that anxiety and depression 

are negatively associated with deficiencies recruiting a broader neural network. Specifically, 

prior work confirms involvement of the SMA (Etkin, Büchel, & Gross, 2015; Kohn et al., 

2014; Wager et al., 2008) and precentral gyrus (Picó-Pérez, Radua, Steward, Menchón, & 

Soriano-Mas, 2017) during reappraisal. These regions are hypothesized to govern the 

behavioral output of reappraisal, as the SMA integrates input from frontal regions 

responsible for the formation of an internal representation of regulation goals with a 

behavioral response (Etkin et al., 2015), and the precentral gyrus governs internal emotional 

experiences that help guide motoric output (Hardee et al., 2017). Although involvement of 

the cuneus during reappraisal is not well-documented, this region is implicated in visual 

processing (Parker, Zalusky, & Kirbas, 2014). Deficiencies in cuneus recruitment may 

therefore suggest deficits associated with visual appraisal of emotional material instrumental 

for the reappraisal process (Gross, 1998), perhaps related to mid-level visual processing 

associated with attention (Corbetta et al., 1998).

In addition, we found that less connectivity between the amygdala and bilateral VLPFC 

during cognitive reappraisal was related to greater anxiety and depression symptoms, similar 

to prior work that found less connectivity between the amygdala and PFC in SAD (Goldin, 

Manber-Ball, et al., 2009) and MDD (Erk et al., 2010). The VLPFC is involved in semantic 

processing (Marumo et al., 2014), memory for semantic information (Nozari & Thompson-

Schill, 2016), and categorization of objects (Corbetta, Patel, & Shulman, 2008; Corbetta & 
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Shulman, 2002). During cognitive reappraisal, engagement of the left VLPFC may help in 

the generation of inner speech (Geva et al., 2011; Jones & Fernyhough, 2007; Morin & 

Hamper, 2012), which helps individuals categorize emotions for the reappraisal process 

(Kohn et al., 2014). That less connectivity between the VLPFC and amygdala was driven by 

anxiety severity therefore hints at the possibility that anxiety is also related to deficiency in 

the relationship between emotional responding, sub-served by amygdala, and language 

processing for either the appraisal or re-appraisal process, sub-served by VLPFC.

In hypothesized regions (e.g., deficiency in dACC recruitment and negative amygdala-

VLPFC connectivity), neurobiological aberrations were only significantly driven more 

significantly by anxiety symptom severity, despite the fact that anxiety and depression 

severity were highly correlated in this sample. In addition, both disorders are associated with 

deficiency in emotion regulation and use of cognitive reappraisal based on prior research. 

This points to the possibility that although the manifestation of emotion dysregulation as 

seen within clinical settings appears similar across the two disorders, they may be dissimilar 

in the underlying neural mechanisms that make regulating negative states difficult. This 

possibility is supported by the fact that while prior neuroimaging studies in anxiety 

uniformly report under-engagement of the dACC and PFC during cognitive reappraisal of 

negative affect (Ball et al., 2013; Blair et al., 2012; Goldin, Manber, et al., 2009), findings 

with regard to MDD are inconsistent (e.g., under-recruitment (Erk et al., 2010) and over-

recruitment (Beauregard et al., 2006) of these regions are both reported). Therefore, in 

depression, deficiency in recruiting frontal regions during reappraisal may reflect co-

occurring anxiety severity. Under-engagement of additional cortical regions outside the PFC 

and ACC (e.g., precentral gyrus, cuneus) was also associated with anxiety symptom severity, 

suggesting even greater non-specificity and widespread deficiencies in the reappraisal 

process tied to anxiety. By contrast, the SMA was the only region associated with depression 

symptom severity in the present study. Prior research has found less SMA engagement 

during reappraisal in those with depression (Davis, Foland-Ross, & Gotlib, 2018) and 

anxiety disorders (e.g., GAD, SAD, Panic Disorder, Posttraumatic Stress Disorder) (Wang et 

al., 2018). Comorbid depression was allowed in this latter study, while the effects of anxiety 

versus depressive symptoms were not disentangled (Wang et al., 2018). Findings of the 

present study support the conclusion that under-engagement of the SMA, involved in 

integrating regulation goals with behavioral response, is specific to depression, more so than 

anxiety.

Notably, we did not find evidence of a relationship between amygdala activation and anxiety 

or depression symptom severity. The failure to find group differences in the amygdala 

replicates prior work using a similarly-crafted large, trans-diagnostic sample of GAD, SAD, 

and MDD participants during exposure to negative stimuli but outside the context of 

reappraisal (MacNamara et al., 2017). In addition, although numerous prior studies report 

over-active amygdala in response to varied negative stimuli (e.g., scenes, faces, words), there 

are also number of studies that fail to find such effects in those with GAD and SAD (Blair et 

al., 2008; Burklund, Torre, Lieberman, Taylor, & Craske, 2017; Davies et al., 2017; Etkin, 

Prater, Hoeft, Menon, & Schatzberg, 2010; Mochcovitch, da Rocha Freire, Garcia, & Nardi, 

2014; Nakao et al., 2011; Palm, Elliott, McKie, Deakin, & Anderson, 2011; Strawn et al., 

2012; Whalen et al., 2008) or MDD (Almeida, Versace, Hassel, Kupfer, & Phillips, 2010; 
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Beauregard et al., 2006; Davidson, Irwin, Anderle, & Kalin, 2003; Grimm et al., 2008; Irwin 

et al., 2004; Lawrence et al., 2004; Townsend et al., 2010). Lack of amygdala differentiation 

between patients and controls is also consistent with prior studies that did not find amygdala 

differences between HCs and those with GAD (Fitzgerald et al., 2017) or HCs and those 

with MDD (Erk et al., 2010) during reappraisal specifically. In addition, recent meta-

analytical work found no elevated amygdala reactivity during reappraisal in individuals with 

anxiety and depressive disorders (Picó-Pérez et al., 2017). As a result, amygdala response to 

these types of stimuli may not be strongly associated with anxiety and depression symptoms, 

suggesting that this neural trait may not best characterize these disorders (Hägele et al., 

2016).

Finally, failure to find group differences in brain engagement during emotional responding 

and cognitive reappraisal underscores the need for individual differences approach in the 

study of emotion dysregulation in these populations. That is, when treated as a homogenous 

group, individuals with GAD, SAD, MDD did not differ extensively in neural engagement 

during emotional responding or regulation. Nevertheless, individual differences in anxiety 

and depression symptom severity related to neural deficiencies in expected regions across 

the patient sample (e.g., dACC, VLPFC). These findings are consistent with similar studies 

that have failed to find categorical diagnostic differences in brain functioning but found that 

individual and trans-diagnostic measures of anxiety and depression related to differences in 

brain functioning in tasks of emotion processing (MacNamara et al., 2017). Extending this 

work, we provide the first account of a similar relationship during a task of active explicit 

regulation in the form of cognitive reappraisal.

Results of the present study should be considered in light of several limitations. First, the 

current study did not include positive stimuli. Prior research suggests that the processing of 

positive stimuli, along with negative stimuli, may be disrupted be MDD (Grotegerd et al., 

2014; Keedwell, Andrew, Williams, Brammer, & Phillips, 2005; Matthews, Strigo, 

Simmons, Yang, & Paulus, 2008; van Tol et al., 2012). Therefore, neural deficits during 

cognitive reappraisal may be pronounced when using positive images in this population, 

perhaps as it relates to using reappraisal to up-regulate positive affect. Second, only 

individuals with GAD, SAD, and MDD were included. Thus, results cannot be generalized 

to other anxiety disorders like panic disorder and specific phobia. Third, HAM-A and HAM-

D may be more sensitive to measuring symptom severity in some groups, but not others. 

Specifically failure to find a robust relationship between depression severity and neural 

functioning may be tied to qualities of the HAM-D as an instrument for measuring 

depression psychopathology (Watson et al., 2007). Fourth, despite high comorbidity across 

patients, the majority were diagnosed with a primary anxiety disorder; therefore, it will be 

important to replicate findings in a patient sample matched on primary diagnoses. Fifth, due 

to high comorbidity and shared variance in depression and anxiety symptoms, results may 

not generalize to ‘pure’ (e.g., GAD only) diagnostic groups.

Conclusion

In conclusion, we found that anxiety symptoms were related to under-engagement of the 

dACC and to less connectivity between the amygdala and the VLPFC during cognitive 
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reappraisal of negative affect in a diverse sample of patients. Results suggest that while 

trans-diagnostic disturbances in neural engagement are related to measures of anxiety and 

depression severity, neural deficits in cortical recruitment may be more closely tied to 

anxiety symptoms. Findings offer added insight into neurobiology underlying emotion 

dysregulation in anxiety and depression. Ultimately, results underscore the fact that deficits 

in ability to explicit down-regulate negative affect in those with principal anxiety and 

depressive disorders may be tied to aberrations in cortical regions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Spatial location of negative relationship with summation of symptom severity across 

Hamilton Anxiety Rating Scale (HAM-A) and Hamilton Depression Rating Scale (HAM-D) 

scores with dorsal anterior cingulate cortex (dACC [peak MNI coordinate: −8, 24, 30]) 

during Reappraise > Look-Negative.
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Figure 2. 
Spatial location of negative relationship with summation of symptom severity across 

Hamilton Anxiety Rating Scale (HAM-A) and Hamilton Depression Rating Scale (HAM-D) 

scores with amygdala-right ventrolateral prefrontal cortex (VLPFC) connectivity (peak MNI 

coordinate: 30, 60, 2).
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Table 1.

Sample Demographics

GAD (n = 47) SAD (n = 78) MDD (n = 49)

M (SD) M (SD) M (SD) test statistic p

Age 27.79 (7.35) 24.91 (6.46) 25.49 (8.46) 2.35 0.10

Years of Education 16.72 (3.50) 15.41 (2.47) 15.06 (2.50) 4.85 0.01

HAM-A 15.02 (6.09) 13.86 (7.78) 18.55 (7.23) 6.52 <0.01

HAM-D 10.30 (3.61) 8.60 (5.00) 15.31 (4.80) 32.51 <0.001

n (%) n (%) n (%) test statistic p

Gender (Female) 29 (61.70%) 55 (70.51%) 39 (79.59%) 3.71 0.16

Race 12.18 0.27

 Caucasian 33 (70.21%) 48 (61.54%) 31 (63.27%)

 African-American 3 (6.38%) 5 (6.41%) 8 (16.33%)

 Asian or Pacific Islander 6 (12.77%) 15 (19.23%) 9 (18.37%)

 Native American 2 (4.26%) 1 (1.28%) 0 (0%)

 More than one race 2 (4.26%) 8 (10.26%) 1 (2.04%)

 Other or unknown 1 (2.13%) 1 (1.28%) 0 (0%)

Ethnicity (Hispanic) 7 (14.89%) 20 (25.64%) 12 (24.49%) 2.12 0.35

Comorbidity 49.93 <0.001

 AD 21 (44.68%) 23 (29.49%) 26 (53.06%)

 AD, MDD 9 (19.15%) 16 (20.52%) -

 AD, PTSD 0 (0%) 1 (1.28%) 9 (18.37%)

 AD, MDD, PTSD 1 (2.13%) 0 (0%) -

 MDD 3 (6.38%) 13 (16.67%) -

 MDD, Substance Abuse 0 (0%) 2 (2.56%) -

 PTSD 1 (2.13%) 0 (0%) 1 (2.04%)

 None 12 (25.53%) 23 (29.49%) 13 (26.53%)

Note. HC=healthy control; PT=patient; HAM-A=Hamilton Anxiety Rating Scale; HAM-D=Hamilton Depression Rating Scale; GAD=generalized 

anxiety disorder; SAD=social anxiety disorder; MDD=major depressive disorder; AD=anxiety disorder; PTSD=posttraumatic stress disorder. 

Group comparisons were performed using Analysis of Variance (ANOVA), except for gender, race, ethnicity, and comorbidity, which was 

calculated using Pearson chi-square.
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