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Abstract

Background: The phenomenology and neurobiology of depressive symptoms in anxious youth
is poorly understood.

Methods: Association networks of anxiety and depressive symptoms were developed in
adolescents with generalized anxiety disorder (GAD; N=52, mean age: 15.4+1.6 years) who had
not yet developed major depressive disorder. Community analyses were used to create consensus
clusters of depressive and anxiety symptoms and to identify “bridge” symptoms between the
clusters. In a subset of this sample (7=39), correlations between cortical thickness and depressive
symptom severity was examined.

Results: Ten symptoms clustered into an anxious community, 5 clustered into a depressive
community and 5 bridged the two communities: impaired schoolwork, excessive weeping, low
self-esteem, disturbed appetite, and physical symptoms of depression. Patients with more
depressive cluster burden had altered cortical thickness in prefrontal, inferior and medial parietal
(e.g., precuneus, supramarginal) regions and had decreases in cortical thickness-age relationships
in prefrontal, temporal and parietal cortices.

Limitations: Data are cross-sectional and observational. Limited sample size precluded
secondary analysis of comorbidities and demographics.
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Conclusions: In youth with GAD, a sub-set of symptoms not directly related to anxiety bridge
anxiety and depression. Youth with greater depressive cluster burden had altered cortical thickness
in cortical structures within the default mode and central executive networks. These alternations in
cortical thickness may represent a distinct neurostructural fingerprint in anxious youth with early
depressive symptoms. Finally, youth with GAD and high depressive symptoms had reduced age-
cortical thickness correlations. The emergence of depressive symptoms in early GAD and cortical
development may have bidirectional, neurobiological relationships.
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Depression; Adolescent; Generalized anxiety disorder (GAD); Network

Introduction

Anxiety disorders—which frequently emerge in childhood or adolescence—typically
precede the onset of depressive symptoms (Bittner et al., 2004) and increase the risk of
developing major depressive disorder (MDD) (Beesdo et al., 2010). Moreover, anxiety
disorders, when they co-occur in depressed youth, increase morbidity and treatment
resistance beyond what might be expected with either MDD or an anxiety disorder alone.
Indeed, the combination of these disorders increase the likelihood of suicidal ideation and
suicide attempts (Husky et al., 2012). Yet, little is known regarding: (1) risk factors for
developing depressive symptoms in adolescents with anxiety disorders and (2) how features
of an anxiety disorders are linked to early depressive symptoms.

Prior work demonstrated that anxiety disorders increase the risk of developing depressive
disorders. Three reports from the Early Developmental Study of Psychopathology (EDSP)
(Wittchen et al., 1998) reveal that certain anxiety disorders (/.e., social anxiety disorder),
when present in adolescence, increase the risk of developing MDD in early adulthood (Stein
et al., 2001). Additional analyses of this sample (Bittner et al., 2004) reveal that social
anxiety disorder, panic disorder, agoraphobia and generalized anxiety disorder (GAD)
increase the risk of developing depressive disorders while having multiple anxiety disorders,
more severe impairment, comorbid panic attacks specifically contribute to this risk of
developing MDD. Interestingly, the severity of anxiety-related impairment represents the
strongest independent predictor of developing MDD (OR: 2.2 [95% CI: 1.0 to 4.4]) (Bittner
et al., 2004). Also in this cohort, more than half of individuals who had social anxiety
disorder during adolescence developed MDD during the follow-up period (OR: 3.2 [95% CI:
2.510 4.1]) (Beesdo et al., 2007) and social anxiety disorder represented the first disorder to
emerge in most of these patients. Providing further evidence of the temporal association of
depressive and anxiety disorders, the age-of-onset distribution for GAD parallels the age-of-
onset distribution for depressive disorders although the age-of-onset distribution for GAD
emerges 2 years earlier than that of the depressive disorders (Beesdo et al., 2010).

Studies that examine GAD and MDD as distinct disorders are complicated by diagnostic,
phenomenologic, epidemiologic and clinical issues. First, diagnostic criteria for GAD and
MDD overlap (e.g., dyssomnia, fatigue or low energy, and poor concentration). Second,
these overlapping symptoms and features such as interference with schoolwork, somatic
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symptoms and appetite disturbances are assessed in rating scales for both depressive and
anxiety disorders (Birmaher et al., 1997; Isa et al., 2014; Kovacs, 1985; March et al., 1997;
Mossman et al., 2017). Third, multiple formulations have been offered to explain this
comorbidity. Tyrer, et al, for example, have proposed that MDD and GAD when present
concurrently in the same patient should constitute a distinct diagnosis of “cothymia” (Tyrer
et al., 2001). Indeed, given shared symptoms, genetic risk factors, and psychopharmocologic
interventions some have argued MDD and GAD are differing phenotypes of a similar
underlying genotype perhaps due to separate environmental triggers (Kendler, 1996; Kendler
et al., 2007; Roy et al., 1995). However, more recent studies (Kessler et al., 2008) have
argued against this conceptualization given each disorder’s distinct risk factors. GAD and
MDD share certain risk factors (e.g., childhood adversity and harm avoidance appear)
(Beesdo et al., 2010; Blanco et al., 2014). However, family history of GAD, behavioral
inhibition, childhood separation events, and parental overprotection specifically increase the
risk of developing anxiety disorders. Likewise, parental depression, low parental emotional
warmth, and parental rejection are specifically associated with the development of MDD
(Beesdo et al., 2010). Finally, a 15 year, longitudinal study of young adults (aged 19-20
years) suggests that anxiety disorders increase the likelihood of developing anxious-
depression or depressive disorders (Merikangas et al., 2003). Disorder-specific risk was not
evaluated (e.g., unique risk associated with panic disorder vs. generalized anxiety disorder
vs. social anxiety disorder).

Multiple biological, environmental and social factors influence the complex relationship
between depressive and anxiety symptoms during childhood and adolescence. Anxiety
symptoms in children (A=2220) who were prospectively followed from late childhood
through late adolescence, initially decreased from age 10 until age 12-14 and then increased
during mid-to-late adolescence (Van Oort et al., 2009). In these adolescents, sex affects
anxiety symptom severity and this effect appears to contribute to the severity of depressive
symptoms, while time-dependent variability in anxiety and depressive symptoms differ
significantly between sexes. Thus, anxiety symptoms appear to predict later depressive
symptoms in youth but the mechanism of this phenomenon remains poorly understood (Van
Oort et al., 2009).

Few studies have evaluated the neurobiology of depressive symptoms in youth with anxiety
disorders. Most prior work in youth has focused on the functional neurocircuitry of either
MDD or anxiety disorders. These studies have observed non-disorder specific differences in
amygdala activation (i.e., amygdala hyperactivation in both MDD and anxiety disorders), but
differences in task-specific amygdala activation in youth with MDD and those with anxiety
disorders (Beesdo et al., 2009). Additionally, in a sample of youth who were at risk for
developing MDD (e.g., parental history of MDD), (Monk et al., 2008) functional differences
were observed in the amygdala and nucleus accumbens. However, in this small sample, 59%
of the at risk youth had a history of an anxiety disorder; this high prevalence precluded
specific examination of the neurofunctional risk contribution of anxiety disorders and the
“contribution of anxiety disorders to neural perturbations in at-risk individuals” could not be
specifically determined (Monk et al., 2008). Neurostructural evaluations of anxious
depression are rare in children, despite numerous studies of the neurostructural basis of
anxiety disorders and depressive disorders (as separate conditions) (Adleman et al., 2012;
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Gold et al., 2016; Mueller et al., 2013; Strawn et al., 2015, 2014). In one voxel-based
morphometry study of adolescents with anxiety disorders, depressive disorders or anxiety
disorders + MDD (anxious depression), adolescents with anxious depression exhibited
decreased gray matter volumes in the dorsolateral prefrontal cortex compared to patients
with MDD alone, while compared to healthy subjects, adolescents with anxious depression
had increased gray matter volumes in the pre- and post-central gyri (Wehry et al., 2015). To
date, no studies have examined the neurobiology of depressive symptoms in youth with
anxiety disorders.

To explore the relationship between depressive and anxiety symptom clusters, we focused on
patients with GAD. The decision to focus on GAD was based on (1) symptomatic
distinctiveness of GAD from other anxiety disorders with overlapping symptoms (Cho et al.,
2019) (2) reliability and validity of the diagnosis in adolescents (Lyneham et al., 2007;
Rappaport et al., 2017); (3) evidence that it is distinct from depressive disorders (Cummings
et al., 2014); longitudinal stability during childhood, adolescence and early adulthood
(Beesdo et al., 2010). Beyond this, most DSM-5 anxiety disorders in youth have specific
foci (e.g., separation from a primary attachment figure in separation anxiety disorder, fear of
humiliation or embarrassment in social anxiety disorder) whereas the anxiety that typifies
GAD is diffuse and prototypic of central cognitive aspects of anxiety—"repetitive chains of
thoughts about potentially adverse consequences of issues that present with some degree of
uncertainty” (Cho et al., 2019).

Although the comorbidity of anxiety disorders and major depression in youth has been
extensively studied (Cummings et al., 2014), there are substantial knowledge gaps regarding
subthreshold depressive symptoms in anxious youth. Identifying specific symptoms that
bridge anxiety and depressive disorders in anxious youth, will inform early intervention
development and precision medicine approaches. Targeted screening could prevent the
development of depressive disorders and decrease the morbidity of anxiety and depressive
disorders. With these considerations in mind, we sought to (1) identify predictors of
depressive symptoms in adolescents with a primary anxiety disorder; (2) explore potential
associations among features of anxiety and depressive symptoms; and (3) examine
neurostructural correlates of depressive symptoms in anxious youth.

The protocol was approved by the Institutional Review Board for the University of
Cincinnati and conducted in accordance with Good Clinical Practice guidelines. Written,
informed consent and assent were provided by parent/legal guardian and patients
respectively and the study was conducted at a single academic, outpatient site.

Study population

Study participants (A=52) were outpatient youth aged 12 through 17 years who met DSM-
IV-TR criteria for GAD, assessed by unstructured and semi-structured assessments by a
board-certified child and adolescent psychiatrist (JRS). The diagnosis of GAD was
confirmed with the Anxiety Disorders Interview Schedule for DSM-1V (ADIS-1V)
(Silverman et al., 2001). We included only patients who met criteria for GAD and excluded
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patients with MDD or PTSD. Patients treated with psychotropic medications were not
included. Patients with active substance abuse or dependence within the past 6 months were
excluded and patients had a negative urine drug screen. Data used for this study was
extracted from the screening phase of a randomized controlled trial of escitalopram in the
treatment of GAD including functional neuroimaging before and during escitalopram
treatment. Importantly, not all patient who were screened were randomized. Results and
further detail regarding this randomized controlled trial were recently published (Strawn et
al., 2020).

Demographic data including age, sex, and race were collected. Additionally, pubertal status
was determined using the Duke Self-Rated Tanner Scale (Self Report) (Duke et al., 1980).
The CGI-S, a clinician-administered instrument of global severity—which is performed by a
clinician—is based both on observed and reported symptoms, functional impairment and
behavior over a 7 day period (Guy, 1976).

The Children’s Depression Rating Scale-Revised (CDRS-R) is a 18-item semi-structured,
interview-based assessment is commonly employed in clinical research to monitor
depressive symptom severity in youth (Rintelmann et al., 1996). Each item represents a
feature or symptom of depression: (1) impaired schoolwork (difficulty with concentration);
(2) difficulty having fun (anhedonia), (3) social withdrawal, (4) sleep disturbance, (5)
appetite disturbance, (6) excessive fatigue, (7) physical complaints; (8) irritability; (9)
excessive guilt; (10) low self-esteem, (11) depressed mood; (12) morbid ideation, (13)
suicidal ideation, (14) excessive weeping, (15) depressed facial affect; (16) listless speech
and (17) hypoactivity. These items are rated from 1 to 5 or 1 to 7 (total possible raw score
range: 17-113). For the purposes of imaging analysis, we used the CDRS-R to categorize
patients into “high” and “low” burdens of depressive symptoms which we defined as CDRS-
R score greater than or less than to our sample-specific median, 35.

The Pediatric Anxiety Rating Scale (PARS), is a clinician-rated instrument that is commonly
used in clinical trials of anxious youth, queries anxiety symptoms, severity, and impairment
(RUPP, 2002). The PARS consists of 7 sub-scales, each rated 1-5, including: overall number
of anxiety symptoms (based on a symptom checklist), overall frequency of anxiety
symptoms, overall severity of anxiety feelings, overall severity of physical symptoms of
anxiety, overall avoidance of anxiety-provoking situations, interference with family
relationships and/or performance at home, and interference with peer and adult relationships
anad/or performance outside of home.

network

Descriptive statistics were calculated using Microsoft Excel. All statistical analyses were
performed in R (version 3.4.2). First, Pearson’s correlation coefficients calculated for each
pairwise combination of the following: (1) total PARS score, (2) each PARS item, and (3)
each CDRS item. Based on this correlation matrix, association networks were created using
ggraph (R package). Each partial correlation coefficient then constituted an “edge” for the
association network while each symptom subscale represented a “node.” ggraph uses the
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Fruchterman-Reingold algorithm (Fruchterman and Reingold, 1991), ported from the SNA
package (Butts, 2010) to create a force-directed layout which clusters correlated nodes and
prevents overlapping edges. This algorithm causes all nodes to repulse each other while
correlated or connected nodes also attract each other. The result is a representation of the
network of symptoms in which highly correlated nodes visually ‘cluster’ together in
proportion to their correlational coefficient. We included only edges with partial correlations
greater than 0.25, a cutoff used in previous network analyses (Epskamp et al., 2018; Jones et
al., 2018) to limit spurious correlations. Networks were developed to contain (1) PARS and
CDRS sub-scales, as well as (2) fotal PARS score and CDRS sub-scales. A sensitivity
analysis examining the associations between age and each node in the association network
was performed to assess the impact of age on depressive and anxious symptoms was also
performed.

Community Analysis

We performed a community analysis to assess which anxiety and depressive symptoms
formed highly correlated clusters. This approach has been previously used to identify
syndromic networks of psychopathology (Robinaugh et al., 2014). To detect communities,
we used five algorithms from the R package /graph (Csardi and Nepusz, 2006): (1) spin-
glass (spinglass.community), (2) walk-trap (walktrap.community), (3) leading eigenvector
(cluster_leading eigen), (4) edge-betweenness (cluster_edge_betweenness), and (5) fast-
greedy (cluster fast greed)).

Neuroimaging

In a subset of adolescents (imaging cohort, 7/=39), high resolution T;-weighted images were
obtained using a 3.0 Tesla Phillips Achieva MRI scanner. During each scan, subjects were
recumbent in the bed of the scanner and a magnetization-prepared radio-frequency pulses
and rapid gradient-echo (MPRAGE) was acquired in the sagittal orientation with 1 mm slice
thickness, over contiguous slices. Images were acquired with a repetition time (TR) of 6.8
ms, an echo time (TE) of 2.9 ms, a flip angle of 9°; a matrix size of 256 x 256, a field of
view of 256x256x160 mm.

Image Processing

Initial image processing was completed automatically using FreeSurfer package 6.0.0
(http://surfer.nmr.mgh.harvard.edu). Processing included motion correction, averaging of
multiple volumetric T1 weighted images, skull striping using a deformable template model,
automated registration to Talairach space, segmentation of subcortical white matter and deep
gray matter volumetric structures, normalization of intensity, tessellation of the gray matter,
and white matter boundaries, automated topology correction and surface deformation (based
on intensity gradients to optimally place the gray/white and gray/cerebrospinal fluid borders)
(Fischl et al., 2002). The segmentation procedure was visually inspected for inaccuracies
(HKS, MJL), and manual corrections were performed as needed by incorporating control
points. This was followed by surface inflation and registration to a spherical atlas (based on
subject cortical folding patterns) to harmonize the cortical geometry across the patients. The
cerebral cortex was subsequently auto-parcellated into 34 different gyral regions per
hemisphere using gyral and sulcal anatomy as previously described (Desikan et al., 2006).
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Individual cortical reconstructions were smoothed using a Gaussian kernel of 200mm FWHM
and fit to an average subject through recognition of cortical curvature for visualization of
results. Differences in cortical thickness, at each vertex of the cortical surface, between
groups (see next section) were determined using a general linear model (GLM). This was
performed in Freesurfer’s QDEC (Query, Design, Estimate, Contrast) graphic user interface
using a cross-subject GLM with a different offset different slope (DODS) design matrix that
co-varied for age with gender as a nuisance factor. A vertex-wise threshold of p<0.001 was
used and, to correct for multiple comparisons, a Monte Carlo simulation with 10,000
iterations was used to identify findings at a cluster-level significance threshold of 0.05, as
previously described (Strawn et al., 2014; Sylvester et al., 2016).

Relationship between depressive symptoms and cortical thickness

RESULTS

To investigate distinct anatomic correlates of depressive symptoms (/.¢e., the core depressive
symptoms identified in the community analysis), anxious adolescents were divided into 2
groups (“high” and “low” depressive symptoms) based on a core CDRS score greater than or
less than 35—the median core CDRS-R score in our sample. These groups were then
evaluated with regard to differences in cortical thickness as described in /mage Processing.
Additionally, to understand the neurodevelopmental effects of depressive symptoms in this
age range and given that this period of time—adolescence—represents a critical
neurodevelopmental period, we performed a post-hoc analysis of age-cortical thickness
relationships in anxious adolescents with high core depressive symptoms and a separate
analysis of age-cortical thickness relationship in those with low levels of core depressive
symptoms (/.e., “high” and “low” depressive symptom groups). A dichotomous approach to
our analysis was chosen due to concern that a continuous analysis may be more sensitive to
multicollinearity given the multidimensionality of our measures, however it should be noted
that dichotomization of continuous variables can lead to several disadvantages including
decreased power and loss of patient-level information (MacCallum et al., 2002).

Demographics and Suicidality

Of the 52 patients included in this analysis, 40 were female (76.9%) and 12 were male
(23.1%). Racially, our sample included 46 White patients (88.5%), 3 patients of mixed
parentage (5.8%), 2 African American patients (3.8%), and 1 Asian patient (1.9%). The
patients were aged 15.4+1.6 years and all patients were post-pubertal (12.2% Tanner 3,
42.9% Tanner 4, 42.9% Tanner 5). Family history was available for 51 of the 52 patients in
this study. Among these, many patients had a family history of a first degree relative with an
anxiety disorder (66.6%) or with major depressive disorder (37.3%). While all patients had
GAD, co-morbid anxiety was common, including panic disorder (55.8%), social anxiety
disorder (50.0%), separation anxiety disorder (25.0%), specific phobia (23.1%), ADHD
(21.2%) and dysthymia (7.7%). Anxiety symptoms were moderate to severe as reflected by a
total PARS score of 25.2+3.7 (clinical trial scoring: 19.1+2.7). The average CGI-S score was
4.2 + 1.0. Lifetime suicidality was assessed with the Columbia-Suicide Severity Rating
Scale (CSSRS) (Posner et al., 2011). Of the 52 patients for whom suicidality data were
collected, 32 (61.5%) endorsed CSSRS 1 ideation (“wishing to be dead”), 13 (25%) had
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previous non-specific suicidal thoughts (CSSRS 2 ideation), 8 (15.4%) had previous suicidal
thoughts with a specific method, but without intent to act, 4 (7.7%) had previous suicidal
thoughts with intent to act but without a specific plan, and 3 (5.8%) had previous suicidal
thoughts with both a specific plan and some intent to act. 2 (3.8%) patients had actually
attempted suicide in the past.

network

Our association networks are included as Figure 1-2. With correlations of /2>0.25 included,
all anxious and depressive symptoms connected to all other symptoms, either directly or
indirectly. All correlations were positive, except between anfiedonia and overall number of
anxiety Symptoms. Anxious symptoms were highly correlated with each other and
correlated with six depressive symptoms: physical complaints (to overall number of anxiety
symptoms, overall severity of anxiety feelings, overall severity of physical symptoms of
anxiety, and interference with family relationships and/or performance at home), morbid
fdeation (to overall frequency of anxiety symptoms), anhedonia (to overall number of
anxiety symptoms and overall severity of physical symptoms of anxiety), impaired
schoolwork (to overall severity of physical symptoms of anxiety and overall severity of
physical symptoms of anxiety), social withdrawal (to overall severity of physical symptoms
of anxiety, overall avoidance of anxiety-provoking situations, and interference with peer and
aault relationships and/or performance outside of home), and sleep disturbance (to overall
severity of physical symptoms of anxiety, overall avoidance of anxiety-provoking situations,
Interference with family relationships and/or performance at home, and interference with
peer and adult relationships ana/or performance outside of home). Total PARS score
correlated with the same depressive symptoms, with the exception of morbid ideation. Age,
which was not included in our association network, was weakly associated with excessive
weeping (R=0.29, p=0.038), but not with any other depressive/anxiety symptoms.

Community analysis

In the community analysis (Table 1), all 7 PARS sub-scores were grouped in a single
community (anxiety) in each of the five algorithms except for the “edge-between” algorithm
which overall number of anxiety symptoms formed a separate community with physical
complaints (CDRS-R). In each of the five algorithms, sleep disturbances was included in the
anxiety community. In four out of five algorithms, social withdrawal was included in the
anxiety community. In three out of five, excessive fatigue and physical complaints (CDRS-
R) were also included in the anxiety community. Similarly, depressive symptoms were found
in distinct communities. All five algorithms clustered anhedonia, depressed mood, depressed
affect, listless speech, and hypoactivity in a single community (depression). With some
algorithms, the Depression community included impaired schoolwork (3 of 5), irritability (3
of 5), morbid ideation (3 of 5), and appetite disturbances (2 of 5). A third cluster containing
the core symptoms excessive guiltand low self-esteem, which we will refer to as
Internalizing, emerged in three of the five community analyses. Other symptoms clustered in
the /nternalizing community include (in two analyses) suicidal ideation and (in one analysis
each) impaired schoolwork, social withdrawal, appetite disturbance, excessive fatigue,
physical complaints (CDRS-R), morbid ideation, and excessive weeping.
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An alternative association network with signs and symptoms group by community analysis
clustering (rather than whether they arose from PARS or CDRS-R) is presented in Figure
1B. We included signs and symptoms that clustered with depressed mood and anhedoniain
at least 4 of our 5 clustering methods in the depression group, while symptoms clustering
with the majority of the PARS items in 4 out of 5 clustering methods are grouped in an
anxiety group.

Identification of Bridge Symptoms

We define a “bridge symptom” as a symptom found on the shortest direct route from the
anxiety group to the depression group, without being a member of either group, in our
clustered association network. Five symptoms were identified as bridge symptoms: /ow self-
esteem, impaired schoolwork, appetite disturbances, physical complaints relating to
depression and excessive weeping (Table 2). In a post hoc analysis, the average value of
bridge symptom was compared in subjects with and without each comorbid social anxiety
disorder, separation anxiety disorder, panic disorder, ADHD and dysthymia using a two-
tailed t-test. No statistically significant differences in these co-morbidities were detected.

Cortical Thickness and Depressive Symptoms

Cortical thickness differed between adolescents with “high” and “low” depressive symptoms
(7.e., greater or less than CDRS-R score of 35) in an ensemble of regions: bilateral
precuneus, bilateral cuneus, bilateral supramarginal, bilateral lateral occipital, bilateral
superior parietal, bilateral superior frontal, bilateral postcentral, bilateral inferior temporal,
bilateral inferior parietal, right posterior cingulate, right medial orbitofrontal, right middle
temporal, left precentral, left fusiform, left insula, left superior temporal sulcus, left
entorhinal and left superior temporal regions (Supplemental Table 3, Figure 3). Additionally,
in our post-hoc examination of age-cortical thickness relationships in patients with “high”
core depressive symptom burden, we observed decreased age-thickness correlations when
compared with patients with “low” core depressive symptom burden in the following:
bilateral caudal middle frontal, bilateral superior frontal, bilateral superior parietal, left
superior temporal, left precuneus, left lateral occipital, left rostral middle frontal, left
paracentral, left inferior parietal, right supramarginal, right precentral, right postcentral, and
right pericalcarine regions (Supplemental Table 3, Figure 4). Family history of a first degree
relative with an anxiety disorder or with major depressive disorder did not statistically differ
between adolescents with “high” or “low” depressive symptoms in this sample (p=0.9204
and p=0.4458, respectively).

Discussion

This study is the first to identify a constellation of symptoms that correlatively “bridge”
clusters of anxiety and depressive symptoms in adolescents with primary anxiety disorders.
Understanding the putative links between clusters of anxiety and depressive symptoms in
younger patients provides insights into this relationship before it is modified by the onset of
full, syndromic MDD. From a developmental psychopathology standpoint, bridging
symptoms (e.g., excessive weeping, low self-esteem, impaired schoolwork, appetite
disturbances, and physical symptoms), early in the course of illness may play critical roles in
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the pathogenesis of depressive disorders in youth with anxiety disorders and may represent
specific treatment targets. Additionally, our findings of two distinct symptom clusters
representing anxious and depressive symptoms extend the findings of a longitudinal
symptom network study, which focused on a broader and younger population (age 5-14
years) of developing children rather than those with anxiety disorders. In this prior analysis,
maternally-reported depressive and anxious symptoms did not form distinct networks and
symptoms highly correlated regardless of which diagnostic family to which a symptom
belonged (McElroy et al., 2018). Taken together with the current findings, clustering of
depressive and anxiety symptoms may emerge following the onset of an anxiety disorder.

For nearly two centuries, psychiatric diagnoses have been based on the identification of
symptom clusters that represent reported and observed symptoms. Within the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), (American Psychiatric
Association, 2013) diagnoses represent the consensus of symptom clusters which represent
distinct disorders. This approach represents the backbone of structured diagnostic
assessments and the DSM, however, it has been challenged in recent years. The last decade
saw dimensional approaches (e.g., Research Domain Criteria [RDoC]) to psychiatric illness
based on domains and valence which promised to elucidate the pathoetiology of these
disorders at genetic, molecular, circuit and behavioral levels (Insel, et al., 2010; Insel et al.,
2015). Although both RDoC and cluster-based (i.e., conventional) constructs classify
psychiatric illnesses based on empirical data, cluster-based approaches focus on reported
symptoms (e.g. excessive guilt or anhedonia) or observed signs (e.g., psychomotor
retardation or agitation). By contrast, RDoC focuses on “dimensions of observable behavior
and neurobiological measures” with little attention given to subjective experience of patients
(Cuthbert, 2015). Implementation of such construct-based based on specific domains (/.e.,
RDoC approaches) raises concerns with regard to (1) underlying developmental processes,
(2) classification of specific disorders within a dimensional framework, (3) shared symptoms
as well as circuits (Franklin et al., 2015). Additionally, some argued that RDoC approaches
are problematic an create biological reductionism (Franklin et al., 2015). Regardless of
whether neurobiologically based constructs such as RDoC or a symptom-focused cluster-
based construct are preferred, it is imperative that both the unique symptomatology of
disorders in youth and symptoms linking comorbid diagnoses are considered in research
settings and in the clinic.

The analyses presented herein suggest the validity of cluster-based constructs. Specifically,
we observed that patients with predominantly anxiety-related symptoms included all seven
PARS items as well as dysomnia and fatigue whereas a second group featured
predominantly of depression-related symptoms and included listless speech, depressed
affect, hypoactivity, depressed mood, and anhedonia. The symptoms in the depressive cluster
are specific for depression and include anhedonia and depressed mood—core depressive
symptoms. Within the depressive cluster, anhedonia is the only directly linked symptom to
the anxiety cluster (through anxiety-related distress). Given the link between anxiety-related
distress and anhedonia (but not depressed mood), the emergence of anhedonia in anxious
youth may be a more sensitive risk marker for developing MDD than depressed mood. This
finding is consistent with lower animal studies in which chronic stress reduces dopamine
release in response to pleasurable stimuli (Di Chiara et al., 1999) and decreases engagement
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in pleasurable activities (Papp et al., 1991; Treadway and Zald, 2011). Therefore, a treatment
focusing on discriminating between rewarding and non-rewarding behaviors, such as
behavioral activation, may be useful in preventing the development of depression in at-risk
anxious youth (Treadway and Zald, 2011).

We identified five symptoms that bridge depression and anxiety clusters (low self-esteem,
impaired schoolwork, appetite disturbances, physical symptoms of depression (CDRS-R)
and excessive weeping). Some of these symptoms (e.g., self-esteem and excessive weeping)
represent sequelae of anxiety (e.g., crying in times of severe anxiety or when experiencing
anxiety-related distress when being overwhelmed by anxiety, etc.). Additionally, some
bridging symptoms reflect functional impairment (e.g., impaired schoolwork) and could be
attributed to either the anxiety disorder or to an emerging depressive disorder. To this end,
both severe anxious symptoms and emerging depressive symptoms could result in poor
schoolwork but would not necessarily be due to the same underlying symptoms or disease
process. Specific bridge symptoms (e.g., impaired schoolwork) may lend themselves to
specific intervention (/.e., increased educational support and accommodations). Many of
these symptoms can be recognized and reported by family members (e.g., appetite
disturbances, excessive weeping, impaired schoolwork) and thus, clinicians might increase
vigilance in monitoring these specific symptoms with the hopes that early identification
could forestall the development of MDD. Finally, the bridging role of physical symptoms
which represent somatic manifestations of internalizing disorders in pediatric populations
(Bernstein et al., 1997; Crawley et al., 2014; Ginsburg et al., 2006), may reflect a shared
neurobiologic/psychological etiology. Specifically, in patients with anxiety disorders and in
those with depressive disorders, neurostructural and neurofunctional abnormalities in the
anterior insula and salience network have been described (Craig, 2009; Peters et al., 2016).
This network processes interoceptive information and somatic afferent signals and the
processing of this information is disrupted in both anxiety and depressive disorders. Whether
altered interoceptive processing represents a specific endophenotype of youth with anxiety
or depressive disorders remains to be determined. At this time, the relationship between
abnormal interoceptive functioning and high somatic symptom burden in individuals with
anxiety disorders and those who develop depressive symptoms represents a significant void
in our understanding of the relationship between anxiety and depression. Importantly,
although comorbidities and family history were not significantly related to bridge symptoms,
these results should be interpreted with caution given our limited power to detect these
differences. Further research with larger samples is needed to elucidate the relationship
between genetic loading and various comorbidities and symptoms bridging anxious and
depressive symptom clusters.

Social withdrawal, a symptom found in our anxiety cluster, is the starting point for a bridge
to our depressive cluster (specifically, depressed mood and depressed affect). That social
withdrawal begins a cascade leading to depressive symptoms is consistent with previous
observations that more than half of patients with social anxiety disorder in childhood or
adolescence later develop MDD (Beesdo et al., 2007). Importantly, the correlation between
social withdrawal and depressed mood and affect is not direct, but rather linked through low
self-esteem and excessive weeping. We postulate that future longitudinal studies will find
these linking symptoms to precede more frank and specific signs of MDD (/.e., anhedonia
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and depressed mood). Further, by addressing low self-esteem, specifically in adolescents
with anxiety-related social withdrawal we may thwart the development of depressive
disorders in youth with primary anxiety disorders. Similarly, disturbed sleep clustered with
other anxiety-related symptoms but form the start point to a bridge to anhedonia, a
depressive-cluster symptom. Previous studies have found that sleep deprivation can confer
greater risk for psychopathology and medical illness in adolescents and may portend poorer
outcomes irrespective of diagnoses (Owens, 2014). For this reason, researchers have begun
targeting sleep from a transdiagnostic perspective (Dong et al., 2020) which could be
particularly useful in youth with mixed depressive and anxious symptoms.

In anxious adolescents with more depressive symptoms, abnormalities were observed in key
cognitive networks including the salience, default mode and ventral attention networks.
These three networks have been associated with the pathophysiology of anxiety disorders
but also the pathophysiology of depressive disorders in adults and in pediatric populations
(Williams, 2016). Thus, cortical abnormalities in these regions likely relate to shared
cognitive processes and functions. First, we observed cortical thickness differed in the
salience network (/.e., cingulo-opercular network) and specifically within the bilateral
superior frontal, left insula, bilateral supramarginal cortex. This network putatively
processes negative affect, pain, and cognitive control, (Seminowicz et al., 2007; Shackman
et al., 2011) functions that are shared by both depressive and anxiety disorders. Second, we
observed differences in cortical thickness in the bilateral precuneus and cuneus, as well as
the bilateral inferior temporal, right posterior cingulate, right medial frontal, left superior
temporal cortices. These regions collectively belong to the default mode network which has
been implicated in the pathophysiology of both anxiety and depressive disorders (Ho et al.,
2015; McVoy et al., 2019) in children and adolescents. It should be noted that within our
sample anxious adolescents with high depressive symptom burden showed relative increased
and decreases in cortical thickness contingent on specific foci involved. It has been
hypothesized that depressive and anxiety disorder are the result of abnormal trajectories of
childhood brain development (Bale et al., 2010; Insel et al., 2010). Early adolescence is a
major period of brain development that is characterized by dynamic structural and functional
brain maturation as well as reorganization. While the specific cellular and molecular changes
underlying these developmental changes are unknown, likely mechanisms include increasing
myelination and axon caliber, pruning and synaptogenesis which have variable importance
relative to age and neuroanatomical region (Benes et al., 1994; Tamnes et al., 2017). These
factors ultimately result in region-specific cortical thickness and surface area changes that
are likely result from a complex interplay of age, sex, genetic and environmental factors
(Mills et al., 2014; Whitaker et al., 2016).

Within the default mode network, previous work has examined functional connectivity in
patients who were at high and low risk for developing depressive and anxiety disorders and
observed that children who are at high risk (based on the presence of behavioral inhibition)
have decreased default mode network connectivity, although salience network connectivity
did not differ between the two groups (Bellgowan et al., 2015). Taken together with the
current findings, these results raise the possibility that structural and functional
abnormalities within these networks may be related. Additionally, the two regions within the
ventral and dorsal attention networks (bilateral interior and superior parietal cortex) differed
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between those patients with and without high levels of depressive symptoms. Within this
network, resting state functional connectivity differs between those youth 8-12 years of age
with a history of anxiety or depressive disorders and healthy, age-matched youth (Sylvester
et al., 2013). Further, these networks may already exhibit distinct connectivity patterns in
infants who are at risk for developing depressive disorders (Sylvester et al., 2018)—which
typically precede the development of anxiety disorders (Asselmann et al., 2014; Pine et al.,
1998) suggesting the neurobiological underpinnings of anxiety and depressive disorders may
far precede clinical manifestations of illness. Although functional connectivity analyses are
beyond the scope of the present study, processing of fMRI data in this sample before and
during treatment as part of a larger randomized control trial is ongoing (clinicaltrials.gov,
NCT02818751).

Finally, in our post-hoc examination of cortical thickness-age relationships, anxious
adolescents with more depressive symptoms had thicker cortices than expected for their age
in many of the same structures within with salience, default mode, and ventral attention
networks. During adolescence, these regions typically undergo pruning (Blakemore, 2008;
Blakemore et al., 2006) although environmental factors can alter network connectivity in
these regions during childhood and early adolescence (Rebello et al., 2018). Importantly,
neurostructural changes (e.g., changes in cortical thickness, synaptic pruning, and
myelination) impact network dynamics (He et al., 2007; Sur et al., 2005) and likewise
network dynamics can modify the physical structure of a network (Katz et al., 1996;
Majewska et al., 2006). The aberrancies in cortical thickness-age relationship that we
observed could suggest delayed cortical maturation (/e, slowed cortical migration or
pruning) in anxious adolescents who develop more severe depressive symptoms. This delay
in cortical maturation could then disrupt network connectivity and pathogenically contribute
to depressive symptoms in anxious adolescents.

The present article has important limitations. First, our data are observational and cross-
sectional. We cannot comment on the time course of the development of these depressive
symptoms or predict in which patients these depressive symptoms will indeed later present
as full MDD. Second, our sample size is relatively small, which increases the risk of Type Il
error. Third, whether these individuals go on to develop MDD or continue to experience
persistent levels of depressive symptoms remains to be determined. Fourth, the primary
rating scales used in this study (/e, CDRS-R and PARS) were developed to characterize
symptoms as they relate to depressive and anxiety disorders, respectively. Network
clustering of one scale’s items with other items on the same scale could be due to biased
terminology used in the rating scale rather than unbiased appraisal of a given symptom. For
example, the CDRS-R defines severely “impaired schoolwork” as “no motivation to
perform” which implies impaired schoolwork is related to an amaotivational state rather than
avoidance or poor concentration due to anxiety (Mayes et al., 2010).

While these cross-sectional analyses cannot causally link anxiety and depressive symptoms
nor can they establish that anxiety-cluster symptoms predate depression-cluster symptoms,
our findings are consistent with several lines of evidence concerning the relationship
between anxiety and depression. First, anxiety disorders typically precede depressive
disorders in youth (Beesdo et al., 2007; Bittner et al., 2004). Second, our patients’ primary
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diagnosis of GAD, rather than MDD, makes these bridge symptoms areas of interest for
further, longitudinal studies in the pathogenesis of MDD in anxious adolescents. Third, the
clustering of classically depression-related symptoms (e.g., social withdrawal, poor sleep,
and fatigue) within our anxious cluster underscores their poor specificity for depression;
they may not constitute true “bridge” symptoms. Further, these three symptoms do not
directly correlate with either core depression symptom (/.e., anhedonia and depressed mood)
in our association network. Therefore, in the case of youth with anxiety disorders, these
three symptoms can arise solely due to the anxiety disorder and should not be seen as
evidence of an emerging depressive disorder.

Conclusions

Anxiety and depressive symptoms form distinct clusters in adolescents with primary anxiety
disorders who do not meet criteria for MDD. These clusters mirror groupings in common
assessment instruments (/.e., CDRS-R and PARS) for youth with anxiety or depression;
however, some key symptoms (e.g., excessive weeping, low self-esteem, impaired
schoolwork, appetite disturbances, physical symptoms) fail to cluster within either the
anxiety or depressive cluster and form correlative links between anxious and depressive
clusters. These “bridge” symptoms may be important in the pathogenesis of depressive
disorders in anxious youth. Further, adolescents with GAD and high depressive symptom
burden show specific changes in default mode and central executive networks which may
serve as a neurostructural fingerprint in anxious youth with early depressive symptoms.
Moreover, these same youth have reduced age-cortical thickness correlations relative to
anxious youth with low depressive symptom burden suggesting the emergence of depressive
symptoms in early GAD and cortical development may have bidirectional, neurobiological
relationships. Finally, longitudinal studies are needed to explore the development of
depression in anxious youth.
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Highlights
. -Anxious and depressive symptoms form separate correlative clusters in

adolescents with generalized anxiety disorder

. -Key symptoms bridge depressive and anxious symptoms in youth with
generalized anxiety disorder

. -Anxious adolescents with depressive symptoms have altered cortical
thickness in regions that comprise the default mode and central executive
networks
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Figure 1:
Network association plot of anxiety and depression symptoms. In Figure 1a, symptoms are

coded by their rating scale of origin (CDRS-R nodes in black, PARS nodes in white). In
Figure 1b, symptoms are grouped by consistent clustering in 4 out of 5 clustering
algorithms (see Table 1) with the depressive cluster in black, the anxious cluster in white,
and symptoms clustering to neither group in grey.

Avoidance = overall avoidance of anxiety-provoking situations; CDRS-R = Children’s
Depression Rating Scale-Revised; Freq = frequency; Interference (home) = interference with
family relationships and/or performance at home; Interference (other) = interference with
peer and adult relationships and/or performance outside of home; PARS = Pediatric Anxiety
Rating Scale; Phys = physical; Withdrawal = social withdrawal; Sx = symptoms
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Figure 2: Cortical thickness in anxious adolescents with core depressive symptom burdens that
are greater than the median core depression symptom score compared to those with fewer than
the median core depression symptom score.

(A) Cortical thickness was increased in the caudal middle frontal, lateral occipital, rostral

middle frontal, superior parietal, superior temporal and inferior parietal regions in the right
lateral cortex. (B) Cortical thickness was decreased in the pericalcarine and superior frontal
regions. In the left lateral cortex (C) cortical thickness was increased in the precentral,
postcentral, supramarginal and superior parietal regions and decreased was observed in the
superior frontal region. (D) Cortical thickness was increased in superior frontal, precuneus
and paracentral regions.
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Figure 3: Age-cortical thickness correlations are decreased in anxious adolescents with greater
core depressive symptoms.

In anxious adolescents with greater depressive symptoms, cortical thickness-age correlations
were decreased in (A) inferior parietal, postcentral, lateral occipital, mid-temporal, superior
frontal, inferior temporal, superior parietal and supramarginal regions. (B) Cortical
thickness-age correlations were decreased in the precuneus, cuneus, superior frontal regions
and was increased in the entorhinal region. (C) Cortical thickness was decreased in the
superior parietal, pre- and postcentral, inferior parietal, supramarginal, inferior/superior
temporal, lateral occipital, insula, superior temporal regions. (D) Cortical thickness-age
relationships were decreased in the medial orbital frontal, posterior cingulate, precuneus,
cuneus and superior frontal.
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Study sample demographic and diagnostic features characterized, with imaging group compared to group

without imaging data available.

Imaging (n=39)°  No Imaging (n=13)  Total (N=52)* P value
Age £ SD (in years) 155+0.91 15.0+1.8 154+1.6 0.3674
Females (%) 31 (79.4) 9 (69.2) 40 (76.9) 0.4661
Race
White (%) 35 (89.7) 11 (84.6) 46 (88.5)
0.6323
Non-white (%) 4(10.3) 2 (15.4) 6 (11.5)
SAD (%) 9(23.1) 4(30.8) 13 (25.0) 0.7137
Social anxiety disorder (%) 21 (53.8) 5 (38.5) 26 (50.0) 0.5218
Specific phobia (%) 10 (25.6) 2 (15.4) 12 (23.1) 0.7063
Panic disorder (%) 20 (51.3) 9(69.2) 29 (55.8) 0.4202
ADHD (%) 7(17.9) 4(30.8) 11 (21.2) 0.4350
Dysthymia (%) 3(7.7) 1(7.7) 4(7.7) 1
Family History *of Anxiety Disorder (%) 26 (68.4) 8 (61.5) 38 (66.6) 0.7379
Family History *of MDD (%) 17 (44.7) 2(15.4) 19 (37.3) 0.0960
CGI-S£SD 41+10 43+09 42+10 0.5819
Total 39 13 52

ADHD = attention deficit hyperactivity disorder; CGI-S = Clinical Global Impression-Severity; MDD = major depressive disorder; SAD =

separation anxiety disorder; SD = standard deviation

*
Family History refers to first degree relatives, no information available for one patient (adopted)
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Identified symptoms bridging the cluster of anxious symptoms and the cluster of depressive symptoms.

Anxiety Cluster

Bridge Symptoms

Depression Cluster

Sleep disturbance

Excessive weeping

Depressed mood;
Depressed affect

Social withdrawal

Low self-esteem

Excessive weeping

Depressed mood;
Depressed affect

Anxiety-related distress, physical
symptoms (PARS)

Impaired schoolwork

Anhedonia

Sleep Disturbance

Appetite disturbance

Anhedonia

Number of anxiety sx, Anxiety-related
distress, Physical symptoms (PARS),
Anxiety interference at home

Physical symptoms

(CDRS-R) Low self-esteem

Excessive weeping

Depressed mood;
Depressed affect
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