
Psychiatry Research: Neuroimaging 339 (2024) 111791

Available online 10 February 2024
0925-4927/© 2024 Elsevier B.V. All rights reserved.

Transdiagnostic symptom of depression and anxiety associated with 
reduced gray matter volume in prefrontal cortex 

Anna C. Cichocki a,*, Richard E. Zinbarg a,b, Michelle G. Craske c, Iris K.-Y. Chat a, 
Katherine S. Young c, Susan Y. Bookheimer c, Robin Nusslock a 

a Department of Psychology, Northwestern University, Swift Hall, 2029 Sheridan Road, Evanston IL 60208, United States 
b The Family Institute at Northwestern University, Evanston, IL, United States 
c Department of Psychology, University of California Los Angeles, Los Angeles, CA, United States   

A R T I C L E  I N F O   

Keywords: 
Depression 
Major depressive disorder 
Anxiety 
Structural MRI 
Dimensional models 
Symptoms 
Tri-level model 

A B S T R A C T   

Dimensional models of psychopathology may provide insight into mechanisms underlying comorbid depression 
and anxiety and improve specificity and sensitivity of neuroanatomical findings. The present study is the first to 
examine neural structure alterations using the empirically derived Tri-level Model. Depression and anxiety 
symptoms of 269 young adults were assessed using the Tri-level Model dimensions: General Distress (trans-
diagnostic depression and anxiety symptoms), Anhedonia-Apprehension (relatively specific depression symp-
toms), and Fears (specific anxiety symptoms). Using structural MRI, gray matter volumes were extracted for 
emotion generation (amygdala, nucleus accumbens) and regulation (orbitofrontal, ventrolateral, and dorsolat-
eral prefrontal cortex) regions, often implicated in depression and anxiety. Each Tri-level symptom was regressed 
onto each region of interest, separately, adjusting for relevant covariates. General Distress was significantly 
associated with smaller gray matter volumes in bilateral orbitofrontal cortex and ventrolateral prefrontal cortex, 
independent of Anhedonia-Apprehension and Fears symptom dimensions. These results suggests that prefrontal 
alterations are associated with transdiagnostic dysphoric mood common across depression and anxiety, rather 
than unique symptoms of these disorders. Additionally, no regions of interest were associated with Anhedonia- 
Apprehension or Fears, highlighting the importance of studying transdiagnostic features of depression and 
anxiety. This has implications for understanding mechanisms of and interventions for depression and anxiety.   

1. Introduction 

Major depressive disorder (MDD) and anxiety disorders are among 
the most prevalent and debilitating psychiatric disorders in the U.S. 
(Kessler et al., 2005; World Health Organization, 2017). MDD and 
anxiety disorders are highly comorbid (Fava and Kendler, 2000; Lamers 
et al., 2011). However, most research measures clinical constructs using 
the Diagnostic Statistical Manual of Mental Disorders (DSM), which uses 
a categorical model and assumes each disorder is distinct and separate. 
This classification method may limit insights into the nature of mental 
illness. As a result, initiatives such as the Research Domain Criteria 
(RDoC) framework and Hierarchical Taxonomy Of Psychopathology 
(HiTOP), have focused their efforts on data driven constructs and 
dimensional measures of psychopathology. The present study extends 
previous structural neuroimaging literature by examining gray mater 
volume of emotion generation and regulation regions using dimensional 

symptoms of depression and anxiety from the Tri-level Model (Pre-
noveau et al., 2010). These regions have been previously implicated in 
the depression and anxiety literature. 

1.1. Emotion generation and depression and anxiety 

The amygdala and nucleus accumbens (NAcc) are two brain regions 
involved in emotion generation, which is the facilitation of emotional 
processes and accompanying physiological processes. The amygdala is 
implicated in threat processing and mediates defensive emotional, 
behavioral, and physiological states (Hur et al., 2019). Although 
depression and anxiety are associated with elevated amygdala activa-
tion, the structural neuroimaging literature is more inconsistent (Ham-
ilton et al., 2008). Many studies have shown an association between 
depression and smaller amygdala gray matter volume (Bora et al., 2012; 
Sacher et al., 2012), though others have shown enlarged (Anand and 
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Shekhar, 2006; Frodl et al., 2002; Lange and Irle, 2004) or unchanged 
(Campbell et al., 2004; MacMaster et al., 2008) volumetric alterations. 
Anxiety has been associated with larger amygdala gray matter volumes 
(De Bellis et al., 2000; Hur et al., 2019; Schienle et al., 2011; Suor et al., 
2020), though not always (e.g., Blackmon et al., 2011; Hayano et al., 
2009; Warnell et al., 2018). How anxiety is defined and measured may 
contribute to these inconsistencies, in that larger amygdala volume is 
associated with generalized anxiety disorder (De Bellis et al., 2000; 
Schienle et al., 2011) and social anxiety (Suor et al., 2020), contrasted 
with smaller amygdala volume associated with panic disorder (Hayano 
et al., 2009), obsessive-compulsive disorder (Anand and Shekhar, 2006), 
and trait anxiety (Warnell et al., 2018). Inconsistencies in the neural 
structure literature may also reflect variability in the distribution of 
depression and anxiety symptoms not captured in categorical DSM di-
agnoses. For example, differences in amygdala structure may be driven 
in part by the common dysphoric mood and negative emotionality seen 
in depression and anxiety (Hur et al., 2019; Shackman et al., 2016). 

The nucleus accumbens (NAcc) is a sub-component of the ventral 
striatum that mediates motivation, reward, emotion processing, and 
reward-related behaviors (Harvey et al., 2007; O’Doherty, 2004). 
Reward functioning in the NAcc is blunted in depression Forbes et al. 
(2009) and implicated in anxiety (Guyer et al., 2012). Anatomically, 
smaller volume of the NAcc is associated with depression symptoms 
(Auerbach et al., 2017; Phillips, 2003; Wacker et al., 2009) and anxiety 
disorders (Anand and Shekhar, 2006; Hilbert et al., 2015), though a 
large portion of research did not support an association between 
depression or anxiety and alterations in NAcc structure (e.g., Besteher 
et al., 2020; Kempton et al., 2011). Some research suggests that smaller 
NAcc volumes may reflect reward-related dysfunction, impacting brain 
function and symptom presentation across internalizing disorders. 

1.2. Emotion regulation and depression and anxiety 

Emotion regulation is the process of implementing conscious or non- 
conscious processes to modulate the trajectory of an emotion (Phillips 
et al., 2008). The ventrolateral prefrontal cortex (VLPFC) and dorso-
lateral prefrontal cortex (DLPFC) have distinct roles from the orbito-
frontal cortex (OFC) in regulating behaviors and emotion processing via 
structural connections to subcortical emotion generation regions (Phil-
lips et al., 2008). Specifically, the VLPFC and DLPFC are involved in 
voluntary, purposeful emotion regulation processes, while the OFC is 
involved in automatic emotion regulation processes (Phillips et al., 
2008). Some suggest that the OFC may mediate connections between the 
VLPFC and DLPFC regions and subcortical regions (Phillips et al., 2008). 

Depression and anxiety are characterized by disordered emotion 
regulation (Amstadter, 2008; Cisler et al., 2010; Joormann and Stanton, 
2016). In particular, depression and anxiety are associated with the use 
of maladaptive strategies and reduced ability to use effective strategies 
for emotion regulation (Cisler et al., 2010; Joormann and Stanton, 
2016). This can include rumination, emotion suppression, experiential 
avoidance, emotional non-acceptance, negative reactivity to emotions 
and less use of reappraisal (Amstadter, 2008; Cisler et al., 2010; Joor-
mann and Stanton, 2016). These regulatory strategies can maintain or 
increase depression and anxiety symptoms (Amstadter, 2008; Joormann 
and Stanton, 2016). 

Anatomical differences in emotion regulation regions are associated 
with depression and anxiety. Depression is commonly characterized by 
reduced gray matter volume in the prefrontal cortex (Anand and Shek-
har, 2006; Phillips, 2003), including in the OFC (Anand and Shekhar, 
2006; Bremner et al., 2002; Koolschijn et al., 2009; Webb et al., 2014), 
DLPFC (Chang et al., 2011; Li et al., 2010), and VLPFC (Lener et al., 
2016; Salvadore et al., 2011). Anxiety is also associated with reduced 
prefrontal cortex gray matter volume (Syal et al., 2012), particularly in 
the OFC (Anand and Shekhar, 2006; Blackmon et al., 2011; Zhao et al., 
2017). Anxiety disorders are sometimes associated with smaller DLPFC 
(Fonzo et al., 2016; Hilbert et al., 2015) and VLPFC (Auday & 

Pérez-Edgar, 2019) gray matter volume, though often show 
non-significant results (Mohlman et al., 2009; Schienle et al., 2011; Zhao 
et al., 2017). In sum, prefrontal alterations seem to be a common feature 
of both depression and anxiety and may be a mechanism that underlies 
the transdiagnostic emotion regulation dysfunction seen in depression 
and anxiety. 

1.3. Need for and implementation of dimensional models of 
psychopathology 

Most research on the pathophysiology of depression and anxiety 
focuses on DSM classification, however there are some limitations to the 
DSM that may play a role in the inconsistent results presented thus far 
(see Nikolaidis et al., 2022). First, categorical classification uses arbi-
trary cut off points for assignment of a psychiatric disorder, which does 
not reflect the continuous nature of psychological functioning and many 
forms of psychopathology (Haslam et al., 2012). Second, continuous 
measures of psychopathology outperform discrete measures in terms of 
reliability and validity (Markon et al., 2011). Third, psychiatric disor-
ders are highly comorbid, particularly depression and anxiety (Kessler 
et al., 2005; Krueger and Markon, 2006; Rush et al., 2005), such that 
separation of discrete disorders may limit scientific research and 
applicability of interventions. Fourth, there is heterogeneity within and 
across DSM diagnoses, in that the clinical presentation for a disorder can 
vary widely, but also overlap with symptoms of different disorders 
(Allsopp et al., 2019). Further, phenomenology as defined by behavioral 
systems does not discretely map onto biology. Examples of this include 
common brain abnormalities across multiple illnesses (Krueger, 1999), 
overlapping genetic influences (Kendler, 1992), multiple etiological 
pathways leading to similar clinical manifestations (Kendler, 2019), and 
the effectiveness of the same treatments for multiple diagnoses (e.g. 
SSRIs; Barlow et al., 2017; Vaswani et al., 2003). 

As a solution to these limitations, there has been a large push in the 
field to use dimensional analyses as additional models of psychopa-
thology. These models could lead to a shift in how psychopathology is 
studied, classified, and treated (Michelini et al., 2021). Importantly, 
preliminary research shows that dimensional models have greater 
sensitivity and stronger associations to neural variables, compared to 
diagnoses (Kircanski et al., 2017; Michelini et al., 2021; Nikolaidis et al., 
2022; Reininghaus et al., 2019). 

The dimensional model we employ in the present study is the Tri- 
level Model, an empirically-derived, hierarchical structure underlying 
symptoms of unipolar mood and anxiety disorders (see Fig. 1 for model 
structure; Prenoveau et al., 2010). A broad, transdiagnostic factor, 
termed General Distress, is characterized by shared features of depres-
sion and anxiety, including distress, negative emotionality, and 
dysphoric mood. Then there are two intermediate level factors: (a) Fears 
is loaded on by anxiety specific symptoms, such as 
interoceptive-agoraphobic fears, social fears, and fears of specific stim-
uli, and (b) Anhedonia-Apprehension (previously termed 
Anxious-Misery) is loaded on by relatively specific depression symptoms 
of anhedonia and hopelessness. The Fears factor is significantly related 
to social phobia, specific phobia, and obsessive-compulsive disorder 
(Prenoveau et al., 2010). The Anhedonia-Apprehension factor is signif-
icantly related to major depression, social phobia, and 
generalized-anxiety disorder (Prenoveau et al., 2010). Though the 
model also defines narrower factors, these were not used in the current 
analyses due to our specific interest in transdiagnostic and disorder 
differences, rather than specific disorder subtypes. Additionally, we 
were concerned about having enough power to detect associations at the 
narrow factor level. This model has been independently replicated and 
published on by our group (Naragon-Gainey et al., 2016; Prenoveau 
et al., 2010; Williams et al., 2021; Young et al., 2021; Zinbarg et al., 
2022). The Tri-level Model is empirically driven and has never been 
examined in the context of structural brain data. We chose to use the 
Tri-level Model because it gives us the unique opportunity to study 
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transdiagnostic features as well as those that are more disorder specific, 
which is not possible using DSM diagnosis. 

For context, the Tri-level Model is similar to the Internalizing spec-
trum of the HiTOP model (Kotov et al., 2017). Both models have a hi-
erarchical structure and utilize dimensional symptoms of 
psychopathology, though the Internalizing spectrum of HiTOP is 
embedded in a larger higher order model. Specific dimensions, namely, 
the HiTOP Internalizing spectrum, Fear subfactor, and Distress subfactor 
largely overlap with General Distress, Fears, and 
Anhedonia-Apprehension, respectively (Kotov et al., 2017; Nar-
agon-Gainey et al., 2016; Prenoveau et al., 2010). There are a few minor 
differences between the two models. First, the Tri-level Model meth-
odologically relies on self-report indicators to this point, which is not yet 
a component of the HiTOP model which relies on diagnostic data to this 
point. Second, the HiTOP Internalizing spectrum includes additional 
forms of internalizing symptoms (e.g., sexual problems, eating prob-
lems) not found in the Tri-level Model. However, despite these differ-
ences, they are highly similar constructs, and we expect the Tri-level 
Model to largely generalize to the HiTOP Internalizing spectrum 
dimensions. 

1.4. Current study 

In the present study, we investigate structural metrics of emotion 
generation- and regulation-related neural regions and Tri-level Model 
symptom dimensions in young adults. We focused on young adulthood 
as it is an important time in regards to (1) neurodevelopmental change, 
particularly in prefrontal cortical regions, which are the last to develop 
(Powers and Casey, 2015; Shaw et al., 2011), and (2) the emergence of 
psychopathology, in that the peak of onset for depression and anxiety 
disorders is during adolescence and young adulthood (Paus et al., 2008). 

Though other work has explored the neural correlates of trans-
diagnostic and comorbid depression and anxiety (see review Sinder-
mann et al., 2021), this is the first study to explore the association 
between brain structure and the Tri-level Model. This work has the 
potential to provide insight into the association between the structure of 
specific brain regions and specific dimensional symptoms of depression 
and anxiety. We expected alterations in gray matter volumes of emotion 
generation regions, the amygdala and NAcc, to be negatively associated 
with the General Distress symptom dimension based on the literature 
linking these regions to negative emotionality and dysphoric mood. We 
predicted that volumetric alterations in the amygdala and NAcc would 

also be associated with Fears and Anhedonia-Apprehension symptom 
dimensions, respectively. This is based on literature linking the amyg-
dala to anxiety and NAcc to depression both functionally and structur-
ally. Lastly, we expected that emotion regulation regions (OFC, VLPFC, 
DLPFC) would be negatively associated with the General Distress, 
Anhedonia-Apprehension, and Fears symptom dimensions, due to this 
association being mostly consistent across the depression and anxiety 
literature. We tested these predictions using linear regression analyses 
and significant results were followed up with specificity analyses by 
adjusting for the other Tri-level Model symptom dimensions. 

2. Methods 

2.1. Participants 

Participants were recruited at University of California, Los Angeles 
and Northwestern University for the Brain, Motivation, and Personality 
Development (BrainMAPD) study investigating the relationship between 
threat and reward neurocircuitry and risk for depression and anxiety in 
late adolescence and early adulthood. We enrolled 272 young adults 
(183 female, mean age 19.15 years, SD = 0.52) in the study from a larger 
sample of 2461 screened individuals. Participants were recruited based 
on reward sensitivity using the Behavioral Activation Scale (BAS) and 
threat sensitivity using the trait Neuroticism scale from the Eysenck 
Personality Questionnaire-Neuroticism (EPQ-N). Institution IRB 
approval at both sites and participant written, informed consent was 
obtained for all procedures. See supplement for additional details on 
recruitment and study exclusion criteria. 

Three participants were excluded based on excessive motion during 
their MRI scan and poor FreeSurfer segmentation, resulting in a total 
sample of 269. For OFC specific analyses, additional participants were 
removed due to FreeSurfer parcellation errors, resulting in a subsample 
of 241 individuals for those specific analyses. This method was used to 
maximize the total sample size for all other analyses. See Table 1 for 
participant characteristics. 

2.2. Tri-level symptom assessment and factor analysis 

To implement the Tri-level Model, participants completed a symp-
tom assessment consisting of specific, a priori defined items from seven 
self-report measures of depression and anxiety (Naragon-Gainey et al., 
2016; Prenoveau et al., 2010): Albany Panic and Phobia Questionnaire 

Fig. 1. Structural specification for the initial (baseline) tri-level model. Note that items are not labeled and not all items are shown for the sake of presentational 
clarity. Dep = depression, PA = positive affect, Soc Anx = social anxiety, Spec = specific fears, OC = obsessive-compulsive symptoms, AA/SS = anxious arousal/ 
somatic sensations, Int/Agor = interoceptive/agoraphobic fears. All factors are uncorrelated. Figure adapted from Naragon-Gainey et al. (2016). 
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(Rapee et al., 1994), Fear Survey Schedule-II (Geer, 1965), Penn State 
Worry Questionnaire (Meyer et al., 1990), Self-Consciousness subscale 
of the Social Phobia Scale (SPS; Mattick and Clarke, 1998; Zinbarg and 
Barlow, 1996), Obsessive Compulsive-Inventory Revised (Foa et al., 
2002), Mood and Anxiety Symptom Questionnaire (MASQ; Watson 
et al., 1995, 1995), and Inventory to Diagnose Depression (Zimmerman 
and Coryell, 1987). Using the present study data, others have shown 
goodness of fit of the Tri-level Model in using these specific self-report 
items through confirmatory factor analyses (for details see Zinbarg 
et al., 2022). Factor score estimates from this model were saved and used 
to represent symptom dimensions of a broad factor, General Distress, 
and two intermediary factors of Anhedonia-Apprehension and Fears. 
Only broad and intermediate factors of the Tri-level Model were used in 
analyses due to interest in transdiagnostic and disorder specific mea-
sures of depression and anxiety symptoms, rather than subtypes or 
narrower factors of these disorders. 

2.3. MRI acquisition and analysis 

Structural images were acquired at UCLA and Northwestern Uni-
versity using a Siemens Prisma 3.0 Tesla scanners with 64-channel head 
coils. High resolution structural images were collected using a magne-
tized prepared rapid acquisition gradient-echo (MPRAGE) T1-weighted 
sequence using 0.8 mm isotropic voxels, TR/TE/flip angle=2300 ms/ 
2.99 ms/7◦, FOV=256 mm2, 208 slices. Gray matter volume estimates 
were extracted using FreeSurfer automatic recon-all segmentation and 
parcellation (http://surfer.nmr.mgh.harvard.edu/; (Fischl et al., 2002). 
All segmentations were visually inspected for processing and segmen-
tation/parcellation errors, consistent with Raamana et al. (2020), see 
supplement for details. Due to significant errors in the FreeSurfer par-
cellation of the OFC, additional subjects were removed from those 
specific analyses by removing their OFC data from the dataset. Free-
Surfer parcellation and segmentation was not manually edited due to the 
lack of benefit of this time-intensive process (Ross et al., 2021). Scans 
determined to be unusable were removed from analyses moving forward 
(full sample due to motion n = 3, plus OFC-specific unusable n = 28). 

We restricted current analyses to gray matter volume measures, 
rather than cortical thickness or surface area measures, based on its 
common use and robust findings in the depression and anxiety litera-
ture. Only one metric was selected for analysis to minimize the number 
of tests, due to concerns of type I error rate inflation from multiple 
comparisons. Gray matter volume preforms similarly to other metrics 
(Schwarz et al., 2016) and therefore is an optimal metric for the pur-
poses of the present study. 

Bilateral gray matter volumes for NAcc, amygdala, VLPFC, DLPFC, 
and OFC regions-of-interest (ROIs) were then extracted for analyses. See 
supplement for ROI details. Other ROIs commonly studied in the 

literature, such as hippocampus and anterior cingulate cortex, were not 
the focus of these analyses examining emotion generation and regula-
tion specifically. See Fig. 2 for segmentations and parcellations from a 
representative participant. Estimates of total intracranial volume, which 
we used as a covariate in our analyses, was also obtained using 
FreeSurfer. 

2.4. Analytic approach 

Using R, we separately regressed each Tri-level Model dimensional 
symptom factor (General Distress, Anhedonia-Apprehension, Fears) 
onto the gray matter volume for each ROI, separately. If these initial 
statistical tests were significant, a subsequent linear regression analysis 
was preformed additionally adjusting for the other two Tri-level symp-
tom factor scores to investigate specificity of findings. For the OFC only, 
any significant analyses using the subsample were rerun using the full 
study sample to test for sensitivity and confirm findings were not specific 
to the subsample. This was done by adding back in the raw OFC volume 
data from the analysis dataset for the participants with unusable OFC 
parcellation as defined by the quality checks. We adjusted for psycho-
tropic medication use at the time of the scan because these affect gray 
matter volume and were associated with higher Tri-level factor scores 
(p<.01). Additionally, we adjusted for racial and ethnic identity given 
their possible association with emotion regulation (Weiss et al., 2022) 
and self-report symptom ratings (Dunlop et al., 2020; Kalibatseva and 
Leong, 2018), which is particularly relevant for our diverse sample (i.e., 
high proportion of Hispanic and Asian participants). We coded racial 
and ethnic identity as follows: 0=Non-Hispanic White, 1=Asian, 
2=Black, 3= Native American, 4=Pacific Islander, 5=Multiracial, 
6=Hispanic White. We also adjusted for scan site (e.g. UCLA, North-
western), total intracranial volume, age, and sex in all analyses. 

2.5. Demographic characteristics 

Demographic participant characteristics are presented in Table 1. 
Linear regression, two sample t-tests, and ANOVAs were used to examine 
demographic differences across each of the three Tri-level symptom 
dimensions. The Tri-level factor scores did not correlate with age 
(p’s>0.1) or racial and ethnic identity (p’s>0.1) and did not differ by 
scan site (p’s>0.1). Females had significantly higher Fears factor scores 
than males, t(269,1)=− 2.01, p=.045, which is consistent with known 
sex differences in anxiety prevalence (Bekker and van Mens-Verhulst, 
2007). There were no significant sex differences for General Distress 
nor Anhedonia-Apprehension factor scores (p’s>0.1). Intracranial vol-
ume was negatively associated with Fears, F(270,1)=8.36, p=.004, and 
General Distress, F(270,1)=4.57, p=.03, but not 
Anhedonia-Apprehension (p>.1). This was somewhat expected due to 
the strong association between intracranial volume and sex, along with 
sex differences associated with anxiety and these dimensions (Ruigrok 
et al., 2014). Psychotropic medication use was associated with higher 
General Distress factor scores t(270,1)=− 2.67, p=.008, but not Fears 
nor Anhedonia-Apprehension (p’s>0.1), consistent with the expected 
relationship between General Distress and severity of symptoms. 

3. Results 

3.1. Emotion generation gray matter volumes 

There were no significant correlations between gray matter volumes 
of the amygdala nor NAcc and any of the Tri-level Model symptom factor 
scores (General Distress, Anhedonia-Apprehension, Fears), adjusting for 
all covariates (all p’s>0.05). 

3.2. Emotion regulation gray matter volumes 

Smaller gray matter volume in the bilateral OFC (sr2=0.022, 

Table 1 
Sample Demographics and variables of interest.   

All 
(n = 269) 

OFC analysis (n = 241) 

Age [mean (s.d.)] 19.15 (0.52) 19.17 (0.52) 
Sex (F/M/O) 181/87/1 161/79/1 
Scan Site (UCLA/NU) 124/145 114/127 
Psychotropic Medication Use (%) 7.7% 8.3% 
Sample Race/Ethnicity (%) 
White/Caucasian 

(Non-Hispanic) 
33% 34% 

Black/African American 9% 7% 
Hispanic 19% 20% 
Asian 28% 29% 
Native American 1% 1% 
Pacific Islander 0% 0% 
Multiracial 8% 8% 

F=female, M=male, O=other; NU=Northwestern University, 
UCLA=University of California Los Angeles. 
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B=− 0.211, 95% CI [− 0.388, − 0.034], t233=− 2.34, p=.020; Fig. 3) and 
bilateral VLPFC (sr2=0.017, B= − 0.163, 95% CI [− 0.311, − 0.016], 
t261=− 2.18, p=.030; Fig. 4) were each significantly associated with 
higher General Distress factor scores, adjusting for all covariates. To 
examine the specificity of these findings, we reran these significant 
analyses with the addition of Anhedonia-Apprehension and Fears factor 
scores as covariates. These associations remained significant, and barely 
diminished (e.g., by less than 10%), such that smaller bilateral OFC 
(sr2=0.018, B= − 0.191, 95% CI [− 0.372, − 0.016], t231=− 2.15, 
p=.032) and VLPFC (sr2=0.014, B= − 0.150, 95% CI [− 0.297, − 0.003], 
t259=− 2.00, p=.046) gray matter volumes are associated with higher 
General Distress factor scores when adjusting for all covariates as well as 
Anhedonia-Apprehension and Fears. A follow up analysis also showed a 
negative correlation between the bilateral OFC and General Distress 
factor scores using the full study sample, adjusting for all covariates 
(sr2=0.016, B= − 0.177, 95% CI [− 0.339, − 0.015], t261=− 2.15, 
p=.033). Additionally, 86% of the association between gray matter 
volume in the bilateral DLPFC and General Distress factor scores 
remained when adjusting for all covariates, albeit the association only 
approached conventional levels of statistical significance (sr2=0.013, 

B= − 0.153, 95% CI [− 0.312, 0.006], t261=− 1.90, p=.059). The gray 
matter volumes in all bilateral ROIs were not significantly associated 
with Anhedonia-Apprehension or Fears factor scores (all p’s > 0.1). To 
minimize type I error, we limited the number of statistical tests by using 
a small set of a priori ROIs, bilateral variables for each ROI, and only one 
neuroanatomical metric (gray matter volume). 

4. Discussion 

Reliance on diagnostic categorization of depression and anxiety may 
contribute to gaps and inconsistencies in neuroanatomical research, 
which dimensional models, such as the Tri-level Model, aim to rectify. 
The present study addresses this gap as the first to investigate the re-
lationships between Tri-level Model symptom dimensions and gray 
matter volumes of emotion generation and regulation regions. As ex-
pected, smaller gray matter volumes of emotion regulation regions (OFC 
and VLPFC) were associated with the General Distress symptom 
dimension. Following specificity analyses, this relationship remained 
significant showing smaller gray matter volume in the OFC and VLPFC 
are specific to the General Distress symptom dimension, independent of 

Fig. 2. Gray matter segmentation and parcellation of the 5 regions of interest. All gray matter volume and total intracranial estimates were extracted in individual 
brain space. Structures visualized here are from a representative participant, displayed from a (left) inferior and (right) sagittal perspective. OFC = orbitofrontal 
cortex; VLPFC = Ventrolateral Prefrontal Cortex; DLPFC = Dorsolateral prefrontal cortex; A = anterior; P = posterior; R = right; L = left; D = dorsal; V = ventral. 

Fig. 3. A. Visualization of the OFC region of interest from an inferior view of a representative participant. B. Reduced gray matter volume of the bilateral OFC 
significantly predicts higher General Distress symptom factor scores. OFC = orbitofrontal cortex; A = anterior; P = posterior; R = right; L = left. 
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Anhedonia-Apprehension and Fears symptom dimensions. We unex-
pectedly did not find any significant associations between any Tri-level 
symptom dimension and DLPFC, amygdala, or NAcc gray matter vol-
ume. These findings are unlikely attributable to age, sex, racial and 
ethnic identity, scan site, intracranial volume, and psychotropic medi-
cation use, as we adjusted for these variables in all analyses. 

Our findings specifically highlight structural alterations in emotion 
regulation regions as a pathway of General Distress, independent of 
Anhedonia-Apprehension and Fears. The commonality of deficits in 
emotion regulation across depression and anxiety may explain why this 
association was seen only for the General Distress symptom dimension, 
and not Anhedonia-Apprehension or Fears symptom dimensions. 
Together, these findings are an extension of prior research that shows 
that alterations in the PFC are associated with depression and anxiety 
symptoms (Besteher et al., 2020). We, however, show that it is likely the 
shared distress, dysphoric mood, and negative emotionality features 
present in depression and anxiety that may account for these brain 
structure alterations. 

Emotion regulation may affect the relationship between emotion 
reactivity and depression and anxiety symptoms (Cisler et al., 2010; 
Joormann and Stanton, 2016), possibly via increased bottom-up reac-
tivity in emotion generation regions (e.g. amygdala, NAcc), and atten-
uated top-down regulatory influence of emotion regulations regions on 
emotion generation regions (Disner et al., 2011). The OFC, involved in 
automatic emotion regulation, also plays a role in mediating the influ-
ence of more lateral regions in voluntary emotion regulation onto 
emotion generation regions (Phillips et al., 2008). Smaller OFC volumes 
may reflect less or dysfunctional communication between the lateral 
prefrontal regulatory regions and emotion generation limbic regions. 
Smaller OFC volumes may also directly impact emotion generation, in 
offering less regulatory control of the hyperactive subcortical regions. 
For example, smaller OFC volume may increase negative emotionality 
via less regulatory control of the many connections from the OFC to the 
amygdala, particularly since there are fewer connections from the 
lateral PFC regions to the amygdala (Phillips et al., 2008). 

We also showed that General Distress was associated with alterations 
in those lateral regions, the VLPFC specifically, which likely impacts 
voluntary emotion regulation. Smaller VLPFC, volumes may reflect less 
use of adaptive and greater use of maladaptive emotion regulation 
strategies associated with depression and anxiety. Together, these 
structural alterations may lead to prolonged failure to regulate 
emotional reactivity, which puts individuals more at risk for developing 
depression and anxiety disorders (Amstadter, 2008; Powers and Casey, 
2015). Importantly, the prefrontal deficits were not associated with all 

symptoms of depression and anxiety, but rather one transdiagnostic 
symptom, General Distress. This set of results suggests that alterations in 
emotion regulation regions may be a mechanism impacting trans-
diagnostic features of distress and dysphoric mood, which are core to 
depression and anxiety. 

Emotion regulation regions (e.g. OFC and VLPFC) could be a target 
for intervention, including psychotherapeutic, pharmacological, or 
transcranial magnetic stimulation (TMS), to improve depression and 
anxiety symptoms (Cisler et al., 2010; de Wit et al., 2015; Joormann and 
Stanton, 2016; Månsson et al., 2016; Shackman et al., 2016). Not only 
are these regions good candidates for TMS, but TMS used upon lateral 
emotion regulation regions have been shown to improve emotion 
regulation abilities in OCD (de Wit et al., 2015). Our findings suggest 
that interventions that act upon emotion regulation regions may spe-
cifically improve dysphoric mood and negative emotionality symptoms 
common across depression and anxiety. These results contribute to our 
understanding of mechanisms of emotion regulation in depression and 
anxiety and can inform the development of improved prevention and 
treatment strategies. 

Failing to support our hypotheses, none of the emotion regulation 
regions of interests were significantly associated with Anhedonia- 
Apprehension or Fears symptom dimensions. Based on the depression 
and anxiety literature (e.g. Anand and Shekhar, 2006), we expected 
smaller volumes to be associated with these disorder specific symptom 
dimensions. However, our findings suggest that it may be the common 
dysphoric mood driving these associations in the literature, rather than 
the unique symptoms of depression and anxiety. This is supported by our 
finding that General Distress was associated with smaller OFC and 
VLPFC gray matter volumes independent of Anhedonia-Apprehension 
and Fears. Therefore, it is possible we would not see a relationship be-
tween emotion regulation regions and Anhedonia-Apprehension or 
Fears symptom dimensions if the transdiagnostic dysphoric mood ac-
counts for these neural alterations. This further highlights the impor-
tance of this transdiagnostic features of depression and anxiety. Future 
research is needed to explore and better test this relationship. 

Our results also did not detect significant associations between 
structural alterations of emotion generation regions and any Tri-level 
Model symptom dimension. We may need a larger sample size to 
detect these associations. The unexpected lack of significant association 
between the amygdala and the General Distress symptom dimension 
may be explained by other research utilizing the HiTOP model, which 
shows internalizing symptoms of fear disorders, rather than distress 
disorders, are more strongly associated with threat reactions, and thus 
the amygdala (Gorka et al., 2017). However, we also did not detect an 

Fig. 4. A. Visualization of the VLPFC region of interest from a coronal view of a representative participant. B. Reduced gray matter volume of the bilateral VLPFC 
significantly predicts higher General Distress symptom factor scores. VLPFC = ventrolateral prefrontal cortex; D = dorsal; V = ventral; R = right; L = left. 
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association between amygdala volume and the Fears symptom dimen-
sion, contrary to the anxiety literature. It is important to study this in 
future work based on the amygdala’s established involvement in threat 
and fear processing (Hur et al., 2019). We also did not find any signif-
icant correlations between volume of the NAcc and any Tri-level Model 
symptom dimension, which was relatively unsurprising based on many 
non-significant findings in the literature (e.g. Besteher et al., 2020; 
Kempton et al., 2011). Additionally, the NAcc is a difficult region to 
study due to its small size and limitations of FreeSurfer segmentation 
approaches (Khan et al., 2008). 

As noted, HiTOP is another dimensional model of psychopathology 
used in the literature. Though there are some differences, there are many 
similarities between the model employed in the present study and 
HiTOP Internalizing spectrum. Accordingly, we do not see our results as 
being limited to the Tri-level Model and may be applicable to similar 
dimensional models. Specifically, we would expect the present General 
Distress findings to generalize to the HiTOP Internalizing spectrum 
dimension. Future research should test this hypothesis. 

Few studies investigate neuroanatomical differences associated with 
comorbid depression and anxiety (see Sindermann et al., 2021 for a 
review). The current findings add to this literature by documenting the 
association between emotion regulation brain structures and a dimen-
sional and transdiagnostic symptom (i.e., General Distress). Future work 
would benefit from the more frequent use of transdiagnostic measures to 
better elucidate the neural similarities of clinical disorders. Future 
studies should also directly compare the sensitivity of diagnosis and 
dimensional measures of psychopathology, which was not in the scope 
of the present study. 

4.1. Study limitations and future directions 

The present study should be considered in the context of its limita-
tions. First, the study utilized a community sample with oversampling 
for variability on neuroticism and reward sensitivity, however this is not 
equivalent to a clinical sample. The study may lack severe forms of 
psychopathology, therefore we may find stronger associations in sam-
ples with greater variability in the clinical range (as suggested by Sackett 
and Yang, 2000). Second, the Tri-level Model symptom dimensions in 
the present study rely solely on self-report. The reliance on self-reporting 
may affect the accuracy of emotion and emotion regulation data as we 
are skeptical of people’s ability to validly report on their ability to 
regulate emotion (e.g. Lewis et al., 2010). Third, the present study may 
not have adequate power to detect small associations, which may 
contribute to our limited number of significant findings. More studies 
utilizing the Tri-level Model with different and/or larger samples could 
improve upon these limitations. Lastly, the cross-sectional nature of the 
data limits our understanding of the influence of neuroanatomical al-
terations on symptoms over time. Future work using longitudinal studies 
would help to inform these effects on symptom progression and their 
underlying mechanisms. Additionally, it is important to investigate 
these associations across different developmental periods since neural 
correlates of dimensional symptoms may change across development 
(Michelini et al., 2021; Tseng et al., 2019). 

5. Conclusion 

The present study was the first to use the Tri-level Model to inves-
tigate neuroanatomical differences and similarities of depression and 
anxiety. We focused on emotion generation (amygdala, NAcc) and 
regulation (OFC, VLPFC, DLPFC) regions implicated in depression and 
anxiety. We provide preliminary evidence for gray matter volume al-
terations in emotion regulation regions associated with the General 
Distress symptom dimension. Specifically, we found that smaller bilat-
eral OFC and VLPFC gray matter volume is associated with greater 
elevation in the transdiagnostic General Distress symptom dimension, 
independent of Anhedonia-Apprehension and Fears symptom 

dimensions. These expected negative relationships are consistent with 
diagnostically defined depression and anxiety research. No other sig-
nificant relationships were found. Based on the results, emotion regu-
lations regions, particularly the OFC and VLPFC, may be central to the 
distress, dysphoric mood, and negative emotionality symptoms that are 
common across depression and anxiety, rather than unique symptoms of 
these disorders. This research highlights not only the importance of 
studying dimensional models of psychopathology, but also the impor-
tance of transdiagnostic symptoms of depression and anxiety, often 
overlooked in the literature. 
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