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Abstract
Depression and anxiety are highly prevalent and comorbid in adolescents, and this cooccurrence leads to worse prognosis and additional difficulties. The relationship between
depression and anxiety must be delineated to, in turn, reduce and prevent the comorbidity,
however our knowledge is still limited. We used network analysis to investigate bridge
symptoms; symptoms that connect individual depression and anxiety symptoms and thus can
help explain the comorbidity. We also examined the role of relevant risk/protective factors in
explaining these symptom-level associations between these disorders. We analyzed data from
the Avon Longitudinal Study of Children and Parents (n = 3,670). Depression and anxiety
symptoms, peer victimization, bullying, peer relational problems, prosocial behavior, and
parental monitoring were assessed at a single time point around age 13 years. Stressful life

COMORBID DEPRESSION AND ANXIETY IN ADOLESCENTS

events (SLEs) were assessed at age 11 years. We identified the most prominent bridge
symptoms among depression (“feeling unhappy”, “feeling lonely”) and anxiety symptoms
(“worrying about past”, “worrying about future”). Peer relational difficulties and SLEs were
strongly associated with several depression and anxiety symptoms, such that these two risk
factors created a link between individual depression and anxiety symptoms. Prosocial
behavior had several negative associations with symptoms of both disorders, suggesting it
can be an important protective factor.
Keywords: Depression, Anxiety, Comorbidity, Network Analysis, Adolescent, Avon
Longitudinal Study of Parents and Children (ALSPAC)
General Scientific Summary: Depression and anxiety very frequently co-occur in
adolescents, however, the specific relationships between these disorders that lead to this
phenomenon are still unclear. This study examined symptoms that act as a bridge between
depression and anxiety symptoms. In a second step, relevant risk and protective factors were
included in the model and the relationships between these factors and the symptoms were
investigated.
Introduction
Depression and anxiety are highly common in adolescents, with a 12-month
prevalence of 10% of any mood disorders and 24.9% of any anxiety disorders in adolescents
in the US (Kessler et al., 2012), and are often comorbid (Garber & Weersing, 2010). This
comorbidity causes further debilitation than depression or anxiety alone; it results in higher
suicidality, poorer prognosis, worse treatment outcomes, lower life satisfaction, more
physical health problems, less likelihood to attend college, greater overall impairment, and
academic difficulties (Newman et al., 1998; Cummings et al., 2014; Schoevers et al., 2005).
As such, prevention and reduction of comorbidity is important, yet at the same time,
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necessitates a deep understanding of the inter-relationship between depression and anxiety
(Jones et al., 2019). Importantly, the mechanisms that underlie this co-occurrence, to date, are
poorly understood (Karlsson et al., 2006). Delineating symptom to symptom relationships
and the relevance of risk and protective factors might constitute a sound step toward
understanding these mechanisms.
The network approach is considered a particularly useful method to investigate
comorbidity; it conceptualizes comorbidity resulting from mutual interactions among
symptoms (Cramer et al., 2010). Symptoms that are highly associated with both depression
and anxiety can be thought of as bridge symptoms, as they are considered active and
reinforcing between the two disorders (Fried et al., 2017). Bridge symptoms are thus thought
to contribute to the development and maintenance of comorbidity between disorders (Cramer
et al., 2010). As a result, network modelling allows for identifying specific pathways, at the
level of symptoms, through which disorders interact with each other (Cramer et al., 2010).
This implies that interventions targeting bridge symptoms may help reduce comorbidity
(Borsboom & Cramer, 2013).
A handful of network studies examined the associations specifically between
depression and generalized anxiety symptoms. These studies showed that several bridge
edges (i.e. associations between two symptoms belonging to different disorders) existed
between the disorders. The results from two adult samples (Cramer et al., 2010; Beard et al.,
2016) and one adolescent sample (McElroy et al., 2018) were comparable in that the
depression symptom of “sad mood” and anxiety symptom of “excessive worrying” were
among the most influential bridge symptoms. Depression symptom of “guilt” was also a
bridge symptom in two of these studies (McElroy et al., 2018; Beard et al., 2016). However, a
common limitation across these studies was that some of the items in the measures were
highly similar either within the same measure (e.g. anxiety symptoms of “too much worry”
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and “unable to control worry”, or the depression symptoms of “trouble sleeping” and “sleeps
less than most children” ) or between measures (e.g. symptom of “feeling restless” being
measured in both anxiety and depression measures). An overlap in symptoms can artificially
inflate edge weights and centrality indices (Beard et al., 2016).
Assessing how relevant risk or protective factors can affect symptom networks and
bridge symptoms is also important (Fried & Cramer, 2017). Cramer et al. (2010) suggested
that “etiological factors” such as stressful life events can provide insight into the complex
mechanisms underlying bridge symptoms between anxiety and depression. However, only a
few studies included risk factors in network models to date (Pereira-Morales et al., 2019;
Schellekens et al., 2019). For example, Schellekens et al. (2019) investigated how risk and
protective factors were interconnected with symptoms of depression, a fatigue sum score and
one anxiety symptom (“I felt fearful”) in cancer patients. Their results showed that risk
factors of helplessness and physical symptoms were positively associated with depression
symptoms and fatigue. They also found that the protective factor of illness acceptance was
negatively associated with the anxiety symptom and depression symptoms. These results shed
light on the pathway to depression in cancer patients. Similarly, Pereira-Morales et al. (2019)
examined the associations between different types of childhood maltreatment, personality
traits, and a few selected depression and anxiety symptoms. Their results indicated that
sexual abuse in childhood was associated with anxiety symptoms of being unable to relax and
feelings of tingle. Emotional neglect in childhood was positively associated with anxiety
symptoms of worrying and feelings of tingle, and negatively associated with the personality
trait of openness. While these studies examined some depression and anxiety symptoms
together with other psychological distress items, no study to date investigated how relevant
risk factors and protective factors interacted with depression and anxiety symptoms
specifically, or the role these factors played in relation with comorbidity of these disorders.
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In the present research, we included risk factors that affect both anxiety and
depression symptoms. We examined these risks factors at 13 years of age, as early
adolescence is a common age of onset for anxiety and depression symptoms (Kessler et al.,
2007) and adolescent-onset is associated with poorer prognosis and stronger impairment
(Copeland et al., 2014; Dunn & Goodyer, 2006). We examined peer victimization, bullying
peers, low quality of peer relationships, and experiencing stressful life events (Stapinski et
al., 2015; Ivarsson et al., 2005; Oppenheimer & Hankin, 2011; Young & Dietrich, 2015). We
also included protective factors for the onset of anxiety and depression. These factors
included parental knowledge of child whereabouts, adolescent disclosure/discourse with
caregivers about their whereabout, and prosocial behaviors towards peers and adults (Garthe
et al., 2015; Hamza & Willoughby, 2011; La Greca & Harrison, 2005).
Therefore, we aimed to explore, by network analytic methods, which bridge
symptoms and risk/protective factors play an important role in the co-occurrence of
depression and anxiety in a large community sample of adolescents. We then explored how
the initial network changed in terms of structure and bridge centrality statistics after
introducing several risk/protective factors. We thus aimed to examine how risk/protective
factors contribute to high levels of comorbidity between depression and anxiety in
adolescents (Garber & Weersing, 2010). Based on previous research (McElroy et al., 2018;
Beard et al., 2016; Cramer et al., 2010), we expected depression symptoms related to “guilt”
and “sad mood” to be among the most influential bridge symptoms. Since GAD worry
symptoms have not previously been examined in this context, we did not have a priori
hypotheses regarding the GAD worry symptoms with the highest bridge properties. In
addition, we expected all of the risk factors included (e.g. peer victimization/bullying, peer
relational problems, and SLEs) would have several associations with symptoms of both
disorders since these are well-established risk factors for depression and anxiety in youth
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(Stapinski et al., 2015; Oppenheimer & Hankin, 2011; Young & Dietrich, 2015). Finally, in
line with prior studies (La Greca & Harrison, 2005; Garthe et al., 2015) we hypothesized the
protective factors (e.g. prosocial behavior and parental monitoring) would have negative
associations with the symptoms of depression and anxiety.
Method
Participants
Data was drawn from an ongoing epidemiological cohort study, the Avon
Longitudinal Study of Children and Parents (ALSPAC). The cohort consists of 14,541
pregnant women residing in southwest England, who gave birth between 1st April 1991 and
31st December 1992 (13,988 children alive at 1 year). The sample size was increased to
15,454 pregnancies (15,589 fetuses) when the oldest child was 7 years of age by including
additional eligible participants. 14,901 of these participants were alive at 1 year. The
participants, who are still being followed, were broadly representative of the United
Kingdom’s general population at the time of data collection (Boyd et al., 2013; Fraser et al.,
2013).
A subsample (n = 3,670) of this ALSPAC sample was used for the current study. The
subsample consists of children who had available data on depression, anxiety, relational and
overt victimization, relational and overt bullying behavior, peer relational problems, SLEs,
prosocial behavior, and parental monitoring around 13 years of age.
Ethical approval for data collection for ALSPAC was obtained from the ALSPAC
Ethics and Law Committee and the Local Research Ethics Committees (see
http://www.bris.ac.uk/alspac/researchers/research-ethics), and informed consent for the use of
data collected via questionnaires and clinics was obtained from participants following the
recommendations of the ALSPAC Ethics and Law Committee at the time. Please note that the
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study website contains details of all the data that is available through a fully searchable data
dictionary and variable search tool (http://www.bristol.ac.uk/alspac/researchers/our-data/).
Measures
Depression Symptoms
Child depression symptoms at 13 years and 1 month of age were assessed using the
parent reported version of the Short Mood and Feelings Questionnaire (SMFQ) (Angold et
al., 1995). The SMFQ has 13 items that measure the extent to which the child exhibited
depression symptoms (“feeling unhappy/miserable”, “not enjoying anything at all”, “feeling
so tired and sitting around doing nothing”, “feeling very restless”, “feeling self is no good
anymore”, “crying a lot”, “finding it hard to think properly/concentrate”, “hating self”,
“feeling like a bad person”, “feeling lonely”, “thinking nobody really loves them”, “thinking
self could never be as good as other kids”, “feeling self does everything wrong”) in the past
two weeks (recoded as 1 = not true, 2 = sometimes true, 3 = true). It has been previously
demonstrated that the SMFQ has high validity in capturing depression in the ALSPAC
sample (Turner et al., 2014).
GAD Worry Symptoms
Child GAD worry symptoms at 13 years and 10 months were assessed using
generalized anxiety disorder related items in the parent completed version of Development
and Wellbeing Assessment (DAWBA). DAWBA is consisted of a set of questionnaires,
interviews, and rating techniques that generate DSM-IV and ICD-10 psychiatric diagnoses on
children and has been shown to have high validity for the population samples from the UK
(Goodman et al., 2000; Ford et al., 1999). ALSPAC administered nine generalized anxiety
disorder related items from DAWBA to parents when the study child was 13 years old. Due
to the significant overlap of some of these anxiety items with depression items (e.g. “feeling
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restless”, “difficulty concentrating”, “feeling tired”, etc.), only the items regarding the content
of the worry were included in the analyses. These items measure the amount the child
worried about a variety of things (past behavior, schoolwork, disasters, own health, bad
things happening to others, the future) in the past 6 months (1 = no, not at all, 2 = sometimes,
3 = often). Participants who replied to a previous skip question and reported that the study
child never worries were recoded as though they replied “no, not at all” to the following
generalized anxiety disorder items.
Peer Victimization and Bullying
Child bullying and victimization experiences at 12 years and 6 months were assessed
using a shortened version of the Bullying and Friendship Interview Schedule (Wolke et al.,
2001). The interviews were conducted by trained psychologists with the child and measured
the frequency of overt and relational victimization behavior directed to child by peers as well
as the frequency of overt and relational bullying behavior directed to peers by child over the
past 6 months (1 = seldom, 2 = frequently/ >4 times, 3 = very frequently/ > once a week).
Participants who reported not experiencing the situation being asked were recoded as having
a score of 0 for the relevant question. Overt victimization category is consisted of five items
(“had personal belongings taken”, “been threatened/blackmailed”, etc.), relational
victimization category is consisted of four items (“others wouldn’t play with them to upset
them”, “been made to do things didn’t want to”, etc.), overt bullying category is consisted of
five items (“threatened/blackmailed anyone”, “hit/beaten anyone up”, etc.), and relational
bullying category is consisted of four items (“told lies/nasty stories about them”, “spoilt
games just to upset them”, etc.).
Peer Relational Problems
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Peer relational problems at 13 years and 1 month of age were assessed using peer
problems subscale of the parent reported version of the Strengths and Difficulties
Questionnaire (SDQ) (Goodman, 1997), which has been shown to have satisfactory levels of
validity and reliability (Goodman, 2001). SDQ is a brief behavioral screening questionnaire
designed to use with 3 to 16-year-olds and it asks about 25 items that constitute five
subscales. The peer problems subscale is consisted of five items (“rather solitary, tends to
play alone”, “has at least one good friend", “generally liked by other children”, “picked on or
bullied by other children”, “gets on better with adults than with other children”) that ask
about the child’s peer relationships in the last 6 months. Item “picked on or bullied by other
children” was excluded from the analyses to minimize item overlap with the Bullying and
Friendship Interview. “Has at least one good friend” and “generally liked by other children"
items were reverse coded in order that higher scores for all items represent more severe peer
problems (recoded as 0 = not true, 1 = somewhat true, 2 = certainly true).
Stressful Life Events (SLEs)
Life events since the child’s 9th birthday were assessed at 134 months (11.16 years)
using a 47-item life event questionnaire completed by the mother (Jensen et al., 2015). Thirty
three out of 47 items are utilized as they reflected negative life events (“respondent's
husband/partner died since study child's 9th birthday”, “one of respondent's children has died
since study child's 9th birthday”, etc.). Scores are recoded in order that participants who did
not experience the event being asked are given a score of 0, participants who experienced the
event either at between 9 to 10 years of age or since age 11 years are given a score of 1, and
participants who experienced the event both at between 9 to 10 years of age and since age 11
years are given a score of 2.
Prosocial Behavior
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Prosocial behavior at 13 years and 1 month of age was assessed by the parent reported
version of the SDQ (Goodman, 1997). The prosocial subscale is consisted of five items
("helpful if someone is hurt, upset or feeling ill”; "kind to younger children", etc.) that ask
about the child’s engagement in prosocial behavior in the last 6 months (recoded as 0 = not
true, 1 = somewhat true, 2 = certainly true).
Parental Monitoring
Parental monitoring at 12 years and 6 months was assessed using the child reported
parental monitoring questionnaire developed by ALSPAC based on Stattin and Kerr’s (2000)
Parental Monitoring Questionnaire. Previous research has shown that this questionnaire loads
onto four separate subscales for an ALSPAC subsample at age 14 and subscales of “parental
knowledge” and “child disclosure” were found to have strong correlations with SMFQ scores
(Pesola et al., 2015). Parental knowledge subscale is consisted of 10 items (“frequency carers
know what teenager does in free time”, “frequency carers know what teenager spends money
on”, etc.) and child disclosure subscale is consisted of 5 items (“frequency teenager keeps
secrets from carers about what they do in free time”, ”frequency teenager keeps things from
carers about what they do nights/weekends”). Items measuring unawareness of parents were
reverse coded in order that higher scores for all items represent higher levels of parental
monitoring (recoded as 0 = never, 1 = hardly ever, 2 = sometimes, 3 = most of the time, 4 =
always).
Included vs. Not-Included Sample
Participants who did not provide an answer to more than two items of any measure
used in the study were removed from the current analysis sample. 112 participants did not
provide enough data on depression measures, 192 on anxiety measures, 429 on overt
victimization measures, 452 on relational victimization measures, 437 on overt bullying
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measures, 453 on relational bullying measures, 122 on peer relational problems measures,
122 on prosocial behavior measures, 1,518 on child disclosure measures, and 1,666 on
parental knowledge measures. SLEs were measured at 11 years of age and 152 out of 7,596
participants who had provided any data at all at the given time point did not provide enough
data for this study. The remaining participants who provided enough data on all of these
measures were included in the study, resulting in a final sample size of 3,670 (51.6% of total
ALSPAC sample at age 13, n = 7,108). Detailed explanation on the pattern of missingness
can be found in the Supplementary Materials and is also visually presented in Supplementary
Figure-1 (S1).We tested whether there were differences between those excluded and included
on mother’s highest level of education, mother’s socioeconomic status, facing financial
difficulties during pregnancy, and whether the mother lived with a partner during pregnancy.
We found that participants with lower levels of maternal socioeconomic status (OR = 0.9, CI
= 0.86, 0.94, p=0.00) and whose parents faced financial difficulties during pregnancy (OR =
0.74, CI = 0.63, 0.88, p=0.001) were less likely to be included in the analyses while
participants with higher maternal education levels (OR = 1.29, CI = 1.23, 1.35, p=0.00) were
more likely to be included in the analyses.
Statistical Analysis
A two-step approach was adopted. In Step-1, the network structure of depression and
GAD worry symptoms alone were examined. Depression symptoms and GAD worry
symptoms were specified as two different communities when performing bridge centrality
calculations. Communities are groups of predefined nodes and are used to estimate bridge
centrality indices (Jones et al., 2019). In Step-2, measures for peer victimization, bullying,
peer problems, prosocial behavior, parental monitoring, and SLEs were included in the
network. Three different communities were specified for depression symptoms (Depression),
GAD worry symptoms (Anxiety), and SLEs scores (Stressful Events). Parental knowledge
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and child disclosure scores were combined into a fourth community (Parental Monitoring).
Overt victimization score, relational victimization score, overt bullying score, relational
bullying score, peer problems score, and prosocial behavior score were combined into a fifth
community (Peer Relationships).
Network Estimation
All statistical analyses were performed using R (R Core Team, 2019) version 3.6.0.
An unregularized Gaussian graphical model (GGM; Costantini et al., 2015) was used to
estimate the networks at both steps, as regularization is not needed with high sample size and
low‐dimensional settings (p < n), and unregularized models may be more efficacious in
returning the true network model (Williams & Rast, 2019). The networks were computed
using the ggmModSelect function from R package qgraph (Epskamp et al., 2012) version
1.6.4, which chooses the best GGM according to Bayesian information criterion. Spearman’s
correlation matrix was calculated for nodes in the networks and partial correlations were
estimated based on these correlations. In such partial correlation networks, the associations
(i.e. edges) between two variables (i.e. nodes) indicate conditional dependence relations.
Accordingly, if an edge exists between two nodes, this means these nodes are associated after
controlling for all other nodes in the network (Schellekens et al., 2019). Finally, the algorithm
used to plot the networks aims to place highly correlated nodes closer together, and nodes
with fewer or weaker correlations are placed in peripherals of the graph (Fruchterman &
Reingold, 1991).
Node Centrality
Four centrality indices were estimated to examine the overall importance of each node
in the networks (Opsahl et al., 2010). Four bridge centrality indices were estimated to
examine how connected each node was with nodes in communities other than their own
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(Jones et al., 2019). R packages qgraph version 1.6.4 and networktools (Jones, 2017) version
1.2.2. were used for the estimations.
Recently developed index of bridge expected influence (1-step) (BEI) was of special
interest given it distinguishes between positive and negative edges unlike other commonly
used indices. BEI sums up the edge weights from a node to all other nodes from communities
other than the node’s own community. Because BEI does not take the absolute value of the
edge weights, it can gauge the node’s cumulative influence on overall network activation
(Robinaugh et al., 2016), and was shown to have the highest robustness at high sample sizes
among other bridge centrality indices (Jones et al., 2019). The top 20% scoring nodes on BEI
centrality index are colored and labelled as “bridge” nodes in both networks (Jones et al.,
2019). The edge widths of networks in both steps are visually comparable given the same
maximum value of edge width (0.65) was used when plotting the networks.
Stability of Networks and Node Centrality
R package bootnet (Epskamp et al., 2018) version 1.3 was employed to assess the
stability of network parameters. Accuracy of the edge weights was estimated by running
2,500 nonparametric bootstraps and constructing 95% confidence intervals (CI) around each
edge in the network (Epskamp, 2018). Significance tests provided by this package were also
employed to test whether any given edge was stronger than other edges in the network.
Correlation stability coefficients (CS-coefficient) were also calculated with the
bootnet package to assess the stability of centrality and bridge centrality indices. CScoefficients were calculated by running 2,500 case-dropping subset bootstraps and represent
what proportion of participants can be dropped from the analysis such that the correlation
between the original centrality indices and the new ones are not lower than 0.7. Only
centrality and bridge centrality indices found to have a CS-coefficient higher than the
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suggested cut off score of 0.25 were reported and interpreted (Epskamp et al., 2018).
Significance tests provided by this package were also employed to test differences between
centrality indices for each node.
Results
Descriptive Statistics
The sample is consisted of 3670 participants (50.7% female). Frequencies of
depression and anxiety symptoms are presented in Table-1 and descriptive statistics of sum
scores are presented in Table-2.
Step-1
The network is presented in Panel-A in Figure-1. Based on the 95% bootstrapped CI,
the edge weights appeared rather stable (S2). Indices of strength, closeness, expected
influence, and BEI were found to be stable and are presented in Figure-2. Depression and
GAD worry symptoms were more densely connected within their own communities, and their
centrality values (i.e. indices depicting relative importance of the symptoms in the network)
were comparable. GAD worry symptoms of “worrying about bad things happening to others”
and “worrying about school”, and depression symptoms of “feeling self is no good anymore”
and “feeling unhappy” had the highest node strength values in the network, meaning these
had the highest number and magnitude of direct associations with other symptoms. Further
details regarding the most central symptoms can be found in Supplementary Materials.
Bridge Symptoms
The top 20% scoring nodes on BEI are colored in green and labelled as “bridge” in
the network in Panel-A in Figure-1.
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Out of these highest-ranking bridge nodes, the most prominent bridge symptoms
among GAD worry items were “worrying about past” and “worrying about future.” As can be
seen in Panel-A in Figure-1, GAD worry symptom of “worrying about past” had edges with
depression symptoms of “hating self” and “feeling lonely.” GAD worry symptom of
“worrying about future” had edges with depression symptoms of “feeling lonely”, “feeling
tired”, and “feeling like doing everything wrong.”
The most prominent bridge symptoms among depression items were “feeling
unhappy” and “feeling lonely.” Depression symptom of “feeling unhappy” had edges with
GAD worry symptoms of “worrying about school” and “worrying about bad things
happening to others.” Depression symptom of “feeling lonely” had edges with GAD worry
symptoms of “worrying about past” and “worrying about future” as reported above. The list
of all such bridge edges between depression and GAD worry symptoms are listed in Table-3.
Finally, relevant CS-coefficients indicating the stability of the centrality and bridge
centrality indices (S3), significant differences between symptom rankings on these indices
(S4-S7), and significant differences between edge weights (S8) can be found in
Supplementary Materials.
Step-2
The network is presented in Panel-B in Figure-1. Based on the 95% bootstrapped CI,
the edge weights were very stable (S9). Indices of strength, closeness, betweenness, expected
influence, bridge strength, and BEI were also stable and are presented in Figure-3.
Depression symptoms, GAD worry symptoms, victimization and bullying measures, and
parental monitoring measures were more densely connected within their own communities.
Depression symptoms of “feeling self is no good anymore” and “feeling unhappy”, and GAD
worry symptoms of “worrying about bad things happening to others” and “worrying about
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school” had the highest node strength values in the network, replicating the findings in Step1. Overt victimization was the highest-ranking risk factor and parental knowledge was the
highest-ranking protective factor on node strength index. Further details regarding the most
central symptoms and risk/protective factors can be found in Supplementary Materials.
Bridge Symptoms
The top 20% scoring nodes on BEI are colored in green and labelled as “bridge” in
the network in Panel-B in Figure-1.
With the addition of the risk and protective factors in this step, results of Step-1 both
remained the same and changed. With regard to remaining the same, the edges between
depression symptom of “feeling unhappy” and GAD worry symptom of “worrying about
school”, and between depression symptom of “feeling lonely” and GAD worry symptoms of
“worrying about past” and “worrying about future” remained largely unchanged. The edges
between GAD worry symptom of “worrying about past” and depression symptoms of “hating
self” and “feeling lonely” still existed in this step. In addition, “feeling unhappy” and “feeling
lonely” remained the most influential bridge symptoms from the depression community, and
“worrying about past” remained the most influential bridge symptom from the GAD worries
community. “Worrying about bad things happening to others” became a bridge symptom as
influential as “worrying about future.” Even though BEI values of “worrying about bad
things happening to others” and “worrying about future” were comparable, a closer
examination of the edges these nodes had with nodes outside of GAD worries community
suggests some differences. “Worrying about bad things happening to others” had stronger
bridge edges with the SLEs and prosocial behavior, rather than with depression symptoms.
This indicates that “worrying about bad things happening to others” was influential in
associating risk/protective factors and GAD worry symptoms with each other, but not in
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directly associating GAD worry symptoms and depression symptoms.” On the other hand,
“worrying about future” ranked as high as “worrying about bad things happening to others”
on BEI and still had bridge edges with depression symptoms including “feeling lonely.”
These results suggest “worrying about future” was still more influential in associating GAD
worries and depression than “worrying about bad things happening to others.” A new bridge
edge between the depression symptom of “feeling like self did everything wrong” and GAD
worry symptom of “worrying about health” emerged. The list of these bridge edges and how
they changed compared to the bridge edges in Step-1 can be found in Table-3.
Other Bridge Nodes
Peer relational problems and SLEs were the most prominent risk factors that acted as
bridge nodes in linking certain depression and GAD worry symptoms. For example, GAD
worry symptom “worrying about future” and depression symptom “feeling tired” became
associated via peer relational problems. Similarly, GAD worry symptom of “worrying about
bad things happening to others” and depression symptom of “feeling unhappy” became
associated via SLEs. Following SLEs and peer relational problems, overt and relational
victimization were the risk factors that emerged as moderately influential bridge nodes.
SLEs had edges with depression symptoms of “feeling unhappy”, “feeling restless”,
“feeling tired”; and GAD worry symptoms of “worrying about past” and “worrying about bad
things happening to others.” Peer relational problems had edges with depression symptoms of
“feeling lonely”, “thinking self cannot be as good as others”, “feeling tired” and “finding it
hard to think properly/concentrate”, and GAD worry symptoms of “worrying about past” and
“worrying about future.”
Prosocial behavior emerged as the most prominent protective factor. This node ranked
the highest in bridge strength, indicating it had the highest number of associations with the
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rest of the nodes in the network. However, it ranked extremely low on BEI, indicating most
of these associations were negative, as also can be seen in the network. Prosocial behavior
was negatively associated with depression symptoms of “feeling lonely”, “feeling like doing
everything wrong”, “not enjoying anything at all”, and “feeling restless.” Interestingly, the
only positive association between prosocial behavior and the symptoms was with GAD worry
symptom of “worrying about bad things happening to others.” Prosocial behavior also had
positive associations with other protective factors from parental monitoring community.
Finally, relevant CS-coefficients indicating the stability of the centrality and bridge
centrality indices (S10), significant differences between symptom rankings on these indices
(S11-S16), and significant differences between edge weights (S17) can be found in
supplementary materials. The most central risk/protective factors were discussed in
Supplementary Materials.
Discussion
In this study, we aimed to examine bridge symptoms between depression and nonoverlapping anxiety symptoms (i.e. GAD worry symptoms) as these bridges can say a lot
about how one disorder is actively associated with – or can innervate –another disorder. In
addition, we explored the risk (and protective) factors that may have facilitated (and
impeded) these associations. While this study is the first to specifically examine the bridge
symptoms of depression and anxiety in adolescents, we based our expectations on existing
network research on adults and adolescents (Beard et al., 2016; Cramer et al., 2010, McElroy
et al., 2018). This study is also one of the first in this line of research to show that certain risk
factors played an important role in the comorbidity of depression and anxiety as well as to
identify an influential protective factor. These results contribute to the existing knowledge of
comorbidity between depression and anxiety in three main ways.
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Firstly, in Step-1, we identified the most influential bridge symptoms for depression
(“feeling unhappy”, “feeling lonely”) and GAD worries (“worrying about past”, “worrying
about future”). It is important to note that even though “feeling lonely” is not a depression
symptom listed in the versions of the DSM, it has been included in several other depression
questionnaires as a theoretically relevant item (e.g. Child Behavior Check List, Birleson’s
Depression Self Rating Scale, and Children’s Depression Scale). Previously, research has
found other non-DSM symptoms to be more influential than some of the DSM symptoms
(Fried et al., 2015) and assessing the importance of non-DSM depression symptoms were
advised (Fried & Nesse, 2015). Our results support the idea that examining relevant nonDSM depression symptoms might reveal more insights into the nature of depression. Overall,
the said most influential bridge symptoms remained essentially unchanged in Step-2,
suggesting these symptoms may be maintaining comorbidity between depression and anxiety
by innervating inter-disorder associations (Cramer et al., 2010), even after controlling for the
effects of risk factors and protective factors included in Step-2.
The cross-sectional nature of this study precludes interpretating the directionality of
the bridge pathways (Schoevers et al., 2016). Accordingly, the edges present in this study
could be reflecting unidirectional relationships of either direction or bidirectional
relationships which were previously shown to exist between depression and anxiety
(Jacobson & Newman, 2017). Hence, future research will want to explore directional
inferences in network models. To this end, the edges between depression symptoms of
“hating self” and “feeling lonely” and GAD worry symptom of “worrying about past” may be
interpreted as worrying about past events leading one to have negative feelings toward
themselves, as well as to feel lonely, which might represent an important pathway to
comorbidity. Equally, feeling lonely may result in negative feelings about the self and prompt
worries about past behavior that have led to this. Interestingly, rumination, a process
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involving perseveratively thinking about one’s problems and their causes, is also found to
strongly associate with hating self (Flett et al., 2020) and can even be involved in a loss of
social support (Nolen-Hoeksema et al., 2008). In addition, as rumination increases, the
association between depressed and anxious mood gets stronger (Starr & Davila, 2011).
Accordingly, this finding is in line with the existing literature given the close relationship
between rumination and worries about the past.
Secondly, we examined the role of several risk factors and protective factors with
regard to these bridge symptoms. Peer relational problems and SLEs were the risk factors that
exhibited the highest bridge properties. For example, GAD worry symptom of “worrying
about future” and depression symptom of “feeling tired” were directly associated in Step-1,
but they became associated via peer relational problems in Step-2. Accordingly, it is possible
that peer relational problems can act as a common cause for depression and GAD worry
symptoms; or that the associations between these symptoms were facilitated by this risk
factor (Epskamp & Fried, 2017).
In addition to facilitating relationships between symptoms, a risk factor can influence
the comorbidity between the disorders due to having several associations with multiple
symptoms of both mental health problems. Here, peer relational problems was strongly
associated to depression symptoms related to feelings of loneliness and low self-esteem; and
the GAD worry symptom of “worrying about future.” This may be interpreted as having
problems with peers leading to both feelings of loneliness/worthlessness and worries about
the future, hence adding to the direct association between these symptoms and contributing to
comorbidity. Conversely, having peer problems due to having more severe
depression/anxiety symptoms is equally plausible. Indeed, previous research indicated
depression and anxiety symptoms may lead to peer relational problems (Oppenheimer &
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Hankin, 2011) and vice versa (La Greca & Harrison, 2005) without being able to provide
insight into which specific symptoms might play the most important role in this phenomenon.
SLEs showed similar results as peer relational problems. Anxiety symptom of
“worrying about bad things happening to others” and depression symptom of “feeling
unhappy” became associated via SLEs in Step-2. This may be interpreted as experiencing
SLEs may lead one to both experience low mood and worry about the safety of the loved
ones. That is plausible given SLEs include loved ones getting harmed and one might worry
about experiencing a similar event in the future and feel unhappy. SLEs also had edges with
multiple depression symptoms of “feeling unhappy”, “feeling restless”, “feeling tired”; and
GAD worry symptoms of “worrying about past” and “worrying about bad things happening
to others.” Thus, SLEs may lead to exacerbations in all of these symptoms, some of which
also inter-related with each other. Accordingly, in line with previous research (Young &
Dietrich, 2015; Van Veen et al., 2013), it may be hypothesized that experiencing SLEs
exacerbates symptoms of both disorders and contributes to comorbidity by functioning like a
common cause.
Thirdly, our results showed that prosocial behavior acted as a protective factor; it was
negatively associated with a large number of depression and GAD worry symptoms. This
indicates engaging in prosocial behavior may function as an important protective factor by
decreasing symptom severity (Kramer et al., 2014), or that individuals less frequently engage
in prosocial behavior as symptom severity increases (Broeren et al., 2012). Prosocial
behavior was also positively associated with other protective factors of parental knowledge
and child disclosure, which may be enhancing its protective effect indirectly. Interestingly,
prosocial behavior was positively associated with GAD worry symptom of “worrying about
bad things happening to others.” That suggests while engaging in prosocial behavior and
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caring about others is generally a protective factor, this characteristic might also predispose
one to worry about safety of others.
Our results have several clinical implications. Depression symptoms of “feeling
lonely” and “feeling unhappy”, and GAD worry symptoms of “worrying about past” and
“worrying about future” emerged as the most important symptoms in enabling and
maintaining the comorbidity between depression and anxiety. Accordingly, targeting these
bridge symptoms, thus preventing the interactions between the disorders, may be a good
strategy to treat comorbid depression and anxiety (Fried et al., 2017). Similarly, our results
suggest that peer relational problems and SLEs were highly influential in contributing to the
co-occurrence of depression and anxiety. Hence, experiencing these may put adolescents in
higher risk of developing comorbid depression and anxiety. Thus, prevention of peer
relational problems and providing early intervention to adolescents who experienced peer
relational problems and SLEs may lead to decreases in comorbidity.
Finally, our ﬁndings should be considered in light of a number of limitations. Firstly,
network analysis has been criticized on a number of grounds, including failure to replicate
within and between samples, being non-causal, and that edges can result by chance (Forbes et
al., 2017a; Forbes et al., 2017b; Steinley et al., 2017; Forbes et al., 2019). However, these
critics themselves, have been criticized, on a number of grounds, including estimating
unsuitable network models for the given data, using different network models that result in
different network structures, and ignoring the impact of sampling variability on the results of
network models (Borsboom, 2017; Epskamp et al., 2018; Fried, Van Borkulo, & Epskamp,
2020; Jones, 2020). Secondly, the data analyzed here is cross-sectional as these risk and
protective factors, and symptoms of anxiety and depression were present together only at age
13. Additional research should test if the associations identified here replicate in longitudinal
network analysis that spans early- to late-adolescence. Thirdly, the variability of the items
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was low due to the low symptom and risk factor endorsements of the non-clinical sample,
which was argued to possibly influence edge strengths (Terluin et al., 2016). Finally, most of
the measures used were parent-reported and that might have limited the capacity to capture
the true states of the psychological constructs.
These limitations notwithstanding, our study is first to specifically examine bridge
symptoms/edges between depression and anxiety in a large community sample of adolescents
and to investigate how risk and protective factors are relevant to these associations.
Examining these associations around 13 years of age may be particularly informative given
age of onset of depression and anxiety is in early adolescence (Kessler et al., 2007) and the
associations around this time point may be setting in place the patterns for long term
comorbidity. Thus, our findings provide first steps for understanding symptom to symptom
associations between depression and anxiety, while also considering prominent
risk/protective factors.
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Tables and Figures
Table 1
Frequencies of depression and anxiety symptoms
Symptom

Score of 1

Score of 2

Score of 3

"unhappy": has felt unhappy/miserable

2029

1278

122

“enjoy”: hasn't enjoyed anything at all

2982

406

38

“tired”: has felt so tired they sat around and did nothing

2531

813

87

“restless”: has felt very restless

2528

852

49

“no good”: has felt they were no good anymore

3123

270

37

“crying”: has cried a lot

3167

244

20

“concent.”: has found it hard to think properly/concentrate

2772

604

55

“hating”: has hated themselves

3230

188

12

“bad”: has felt they were a bad person

3275

144

9

“lonely”: has felt lonely

2900

504

24

“love”: has thought nobody really loved them

3124

274

31

“worse”: has thought they could never be as good as other kids

2992

393

44

“wrong”: felt they did everything wrong

2825

564

39

“past”: worries a lot about past behavior

2723

676

29

“school”: worries a lot about school

1849

1413

168

“dssters”: worries a lot about disasters

2897

504

27

“health”: worries a lot about their own health

2902

485

39

“others”: worries a lot about bad things happening to others

2595

781

48

“future”: worries a lot about the future

2591

780

49

Depression Symptoms

Anxiety Symptoms
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Table 2
Descriptive statistics of risk variable sum scores
Risk Factor
“ovt_vic”: overt victimization sum score

Mean
1.31

Standard Deviation
1.91

Median
1

Minimum
0

Maximum
14

“rlt_vic”: relational victimization sum score

0.54

1.19

0

0

10

“ovt_bly”: overt bullying sum score

0.56

1.17

0

0

13

“rlt_bly”: relational bullying sum score

0.15

0.58

0

0

7

“peer_pr”: SDQ peer problems subscale sum score

1.07

1.49

1

0

10

“pro_soc”: SDQ prosocial subscale sum score

8.27

1.68

9

1

10

“disclsr”: child disclosure subscale sum score

14.09

3.64

14

0

20

“knowldg”: parental knowledge subscale sum score

26.05

4.29

27

3

32

“SLE”: SLEs sum score

2.88

2.59

2

0

21
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Table 3
List and comparison of bridge edges in Step-1 and Step-2
Bridge Edges
Hating self -- Worrying about past

Step-1
Y

Step-2
Y

Feeling unhappy -- Worrying about
school

Y

Y

Feeling very restless -- Worrying
about health

Y

Y

Feeling lonely -- Worrying about past

Y

Y

Feeling self is a bad person -Worrying about disasters

Y

Y

Feeling lonely -- Worrying about
future

Y

Y

Thinking self cannot be as good as
others -- Worrying about school

Y

Y

Feeling self is a bad person -Worrying about school

Y

Y

Feeling unhappy -- Worrying about
bad things happening to others

Y

Feeling unhappy -- SLEs -- Worrying about bad
things happening to others

Feeling so tired they sat around and
did nothing -- Worrying about future

Y

Feeling so tired they sat around and did nothing -Peer relational problems -- Worrying about future

Feeling self did everything wrong -Worrying about future

Y

N
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Feeling like self did everything
wrong -- Worrying about health

N

40
Y

Figure 1
Networks from Step-1 and Step-2

Note. A) Depression and anxiety symptoms network in Step-1. B) Depression and anxiety symptoms, peer
victimization, bullying, peer problems, prosocial behaviour, parental monitoring, and SLEs network in Step-2.
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Figure 2
Centrality indices from Step-1

Note. Centrality and bridge centrality indices for depression and anxiety symptoms network in Step-1.
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Figure 3
Centrality indices from Step-2

Note. Centrality and bridge centrality indices for depression and anxiety symptoms, peer victimization, bullying,
peer problems, prosocial behaviour, parental monitoring, and SLEs network in Step-2.

