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Abstract:

Adolescence represents a critical period of vulnerability for the
development of mental health disorders. The COVID-19 pandemic has
exerted psychological impacts not only on adults but also on adolescents,
largely due to various containment and transmission control measures.
Identifying these psychological effects and exploring their
interrelationships is essential for informing mental health services. The
present study aimed to use network analysis to cross-sectionally identify
the most central symptoms within the depressive-anxiety symptom
network in a sample of adolescents during the pandemic. Depressive
symptoms were assessed using The Patient iHHealth Questionnaire-9 (PHQ-
9), while anxiety symptoms were measured with The Generalized Anxiety
Disorder-7 (GAD-7) scale. The network analysis revealed that PHQ-2 (sad
mood), GAD-1 (nervousness), PHQ-4 (fatigue), and GAD-2 (uncontrollable
worry) emerged as the most central symptoms in the network model.
Additionally, the key bridge symptoms linking depressive and anxiety
symptom clusters were PHQ-6 (feelings of guilt), PHQ-2 (depressed mood),
and GAD-5 (restlessness). Identifying these central and bridge symptoms
through network analysis may offer valuable insights for designing
targeted interventions for adolescents. Furthermore, this study provides
an important foundation for future research, representing the first

investigation conducted within a Turkish adolescent sample.
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1. Introduction

During the COVID-19 pandemic, which affected populations
worldwide, a series of control measures—including mass quarantines,
home confinement, and school closures—were implemented to curb the
rapid transmission of the virus. These interventions significantly
disrupted the normal flow of daily life. Numerous studies have indicated
that such disruptions had adverse effects on the mental health of
adolescents !. Research conducted during the pandemic has
consistently found elevated levels of depressive and anxiety symptoms

among adolescents 2.

Adolescence is a pivotal developmental phase characterized by
distinct biological, psychological, and social alterations. Given that the
onset of most mental disorders typically occurs during adolescence,
mental health professionals need to examine the challenges faced by
individuals in this age group 3. Although depression and anxiety are
classified as distinct diagnostic categories, they frequently co-occur.
Traditional psychopathological approaches, which rely on total scale
scores, may overlook important associations between specific symptoms

contributing to comorbidity 4.

Network analysis has arisen as a viable methodological strategy to
overcome this limitation. Unlike traditional models, network analysis
focuses on the structure and interplay of individual symptoms,
identifying how they cluster and influence one another. In this

framework, each node represents a psychiatric symptom, and some



nodes may act as bridge symptoms—Ilinking distinct disorders and
contributing to comorbidity 5-6. Network analysis thus provides valuable
insights into both the underlying mechanisms of comorbid conditions

and the mapping of symptom-specific interactions.

Numerous network analysis investigations have been performed
across various communities during the COVID-19 pandemic 37. For
example, a study among Chinese adolescents identified sad mood,
irritability, and guilt as central symptoms, while sad mood, suicidal
ideation, and guilt were identified as bridge symptoms 3. In Turkey,
recent epidemiological reports have documented elevated rates of
depressive and anxiety symptoms among adoclescents during the
pandemic, likely driven by prolonged school closures, social isolation,
academic uncertainty, and disrupticn of daily routines 2.8. However, to
date, no study has applied network analysis to examine anxiety and
depressive symptoms among adolescents in Turkey during the
pandemic. Therefore, the present study aims to fill this gap by
conducting a network analysis of anxiety and depressive symptoms in a
Turkish adolescent sample during the COVID-19 pandemic. Guided by
prior international findings, the study explores the following question:
Which depressive and anxiety symptoms emerge as the most central and
interconnected within this population? This research seeks to inform
future symptom-targeted interventions for adolescents in the context of

large-scale public health crises.

2. Methods



2.1. Participants and Procedure

This research utilized a cross-sectional design with an online
questionnaire disseminated via Google Forms. The survey link was
disseminated throughout multiple social media sites, including Facebook,
Instagram, and Twitter, and was available from June 22 until July 5, 2020.
A snowball sampling technique was adopted to recruit participants through
these platforms. Participation criteria included (1) secondary school
students residing in Turkey during the COVID-19 pandemic who were (2)

capable of comprehending the goal and content of the study.

Only adolescents were included in the study, consistent with the
World Health Organization definition of adolescence. A total of 655
individuals completed the survey. However, data from 10 respondents
were excluded due to invalid or inappropriate responses. As a result, the

final sample comprised 645 participants.
2.2. Measures

The sociodemographic data form was developed by the study's
authors and included items assessing participants' sex, age, living
environment, perceived financial status, history of psychiatric or physical

illnesses, and the amount of time spent online.

Generalized Anxiety Disorder Scale -7 (GAD-7): The GAD-7 is a self-
report scale used to assess symptoms of generalized anxiety experienced
over the past two weeks. Each of the seven items is evaluated on a scale
from O (not at all) to 3 (almost every day), yielding a cumulative score that

indicates the severity of anxiety symptoms °. The Turkish validity and
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reliability results show that the scale has good psychometric properties for

Turkish society 19. Cronbach's Alpha GAD-7 is 0.905 in the current study.

Patient Health Questionnaries-9 (PHQ-9): The severity of depression
was assessed using the Turkish version of PHQ-9. PHQ-9 is a scale that
scores nine depression symptoms according to DSM-4 criteria in the range
of 0-3 and was developed by Kroenke et al.!ll The Turkish validity and
reliability results show that the scale has good psychometric properties for
the Turkish society !2. Cronbach's Alpha PHQ-9 is 0.882 in the current

study.
2.3. Ethics Approval

No financial compensation was offered for participation. Data
collection ensured anonymity to maintain confidentiality and enhance the
reliability of responses. Ethica! approval for the study was granted by the
Ethics Committee of Gazi University Faculty of Medicine (Approval No:
704/2020, date: 07.08.2020) in accordance with the Declaration of

Helsinki.
2.4. Statistical Analysis

Descriptive statistics were performed using SPSS version 22.0,
including sociodemographic distribution and mean scores (IBM Corp.,

Armonk, NY, USA).

Network estimation: The R package "qgraph" was utilized to
estimate and visualize the network 13. The network structure was assessed

utilizing the Enhanced Least Absolute Shrinkage and Selection Operator



(eLASSO) approach, which integrates logistic regression analysis with an
optimization process to identify the optimal connection strategy for each
symptom. All PHQ-9 and GAD-7 items were retained in their original 0-3
ordinal format, and no dichotomization was applied. To appropriately
account for the ordinal nature of the data, a polychoric correlation matrix
was computed using the “cor auto” function in “qgraph”, after which the
network was estimated with the EBICglasso algorithm. The tuning
parameter was established at 0.25 to equilibrate the sensitivity and

specificity of the actual network edges 14.

The symptom network was analyzed utilizing Expected Influence (EI),
bridging Expected Influence (bEI), and node predictability with the R
packages qgraph, networktools, and mgm, respectively °15. Expected
Influence (EI) was selected as the primary centrality index because it
incorporates both the magnitude and sign of edges, offering a more
informative estimate of a symptom’s influence within psychopathology
networks compered to Strength or Betweenness, which may overlook
negative associations or show instability. A higher EI value signifies a
heightened significance of the node within the network. A higher bEI value
indicates a heightened probability of contagion to other communities, with
one-step and two-step bEI denoting direct and indirect bridge effects
between a node and other nodes, respectively. In line with the aims of the
study, interpretation focused on Expected Influence (EI) and Bridge
Expected Influence (bEI), while other centrality indices were not
interpreted. The threshold for diagnosing bridging symptoms was

established at the 80th percentile °. Predictability was quantified by the
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ratio of explained variance, spanning from 0 to 1, where 0 signifies a
complete lack of predictive capability of one node by others in the network,

and 1 denotes precise predictive efficiency.

The network's accuracy and stability were assessed using the R program
bootnet 16. A non-parametric bootstrapping technique was employed to
calculate the 95% confidence interval (CI) for each edge weight.
Subsequently, the stabilities of EI and bEI were assessed using the
correlation stability coefficient (CS) by the case-dropping subset bootstrap
method, with the stipulation that the CS value should not be less than 0.25

and ideally exceed 0.50.

3. Results

3.1. Descriptive Statistics

Six hundred fifty-five adolescents were invited to participate in the
study, with 645 individuals completing the survey and being included in
the final analysis. The mean age of participants was 17.46 years (SD =
2.10), with an age range of 13 to 19 years, and 61.6% were female. Most
participants resided in highly urbanized metropolitan areas, with 64.3%
living in cities with populations exceeding five million. In terms of
educational background, 60.2% were enrolled in public schools. Perceived
family socioeconomic status was generally favorable: 76.1% reported that
their household could meet essential needs and some discretionary wants,
13.3% stated that they could purchase anything they desired, 9.3%
indicated having just enough income to cover basic necessities, and only

1.2% reported difficulty meeting essential expenses. Together, these



characteristics suggest that the sample largely reflects adolescents from

middle socioeconomic backgrounds living in metropolitan settings.

The mean scores on the PHQ-9 and GAD-7 were 12.36 (SD = 7.03)

and 10.73 (SD = 5.95), respectively. Detailed participant characteristics

are shown in Table 1.

Table 1. Demographic characteristics of the participants (n = 645)

Variables Sam | Percenta Variables Samp | Percenta
ple ge le ge
Gender Living area
Male 248 38.4% Metropolitan 415 64.3%
Female 397 61.6% Medium City 114 17.6%
Small City 116 18.0%
Educational level Previous
psychiatric
< admission
Secondary school | 5l 8.7% Yes 167 25.8%
High School | 589 91.3% No 478 74.2%
School Type
Public school 388 60.2 %
Private school 257 38.8 %

Table 2 presents the mean scores, standard deviations, normality,

item abbreviations, and predictability for each symptom detailed in the

GAD-7 and PHQ-9. Predictability values for individual nodes ranged from

0.07 to 0.19, indicating that a relatively small proportion of each symptom's

variance was explained by its direct connections within the network. While

low predictability may limit the explanatory power of the network for some

nodes, it does not undermine the utility of centrality and bridge analyses,




which remain

intervention planning.

informative for identifying key symptom targets in

Table 2. Item abbreviation, Mean scores, predictability normality,

and Expected Influence of each symptom noted in the GAD-7 and PHQ-9

Item ,
abbreviatio | M+ SD 1;1:edlctab S-w Expected
a ility Influence
Anxiety Mea | CL lower/
(GAD-7) n CL Upper
GAD 1 Nervousnes | 1.87%0. 0.172 0.851** | 1.14 | 1.056/1.2
S 991 * 8 56
GAD 2 Uncontrolla | 1.31+1. 0.159 0.864*F | 1.13 |1.030/1.2
ble worry 051 * 3 37
GAD 3 Excessive 1.71+1. 0.155 0.855%¢ | 0.98 | 0.895/1.0
wWorry 078 * 9 90
GAD 4 Trouble 1.40+1. 0.109 0.864** | 0.89 |0.788/1.0
relaxing 065 * 9 11
GAD 5 Restless 1.09+1. 0.098 0.826** | 0.87 | 0.783/0.9
064 * 9 93
GAD 6 Irritability 1.80x1. 0.115 0.848* | 0.78 | 0.701/0.8
063 * 7 81
GAD 7 Feeling 1.56+1. 0.087 0.847** | 0.83 | 0.746/0.9
Afraid 141 * 5 27
Depressi
on
(PHQ9)
PHQ1 Anhedonia | 1.65%1. 0.148 0.863*¢ | 0.78 | 0.686/0.8
053 * 0 71
PHQ2 Sad Mood 1.59+1. 0.181 0.864** | 1.21 |1.122/1.3
074 * 9 22
PHQ3 Sleep 1.63%1. 0.123 0.839** | 0.71 | 0.630/0.8
160 * 8 08
PHQ4 Fatigue 1.73+1. 0.190 0.854** | 1.14 | 1.042/1.2
080 * 4 43
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PHQ5 Appetite 1.60+1. 0.104 0.851** | 0.83 | 0.746/0.9
128 * 4 27

PHQ6 Feelings of | 1.67x1. 0.082 0.833** | 0.82 | 0.732/0.9
Guilt 165 * 1 12

PHQ7 Concentrati | 0.98+1. 0.074 0.781*¢ | 0.75 | 0.665/0.8
on 107 * 9 60

PHQ8 Motor 0.79+1. 0.078 0.748*¢ | 0.76 | 0.675/0.8
Disturbance | 016 * 9 73

PHQ9 Suicidal 0.73=+1. 0.070 |0.679*¢ | 0.75 | 0.655/0.8
Ideation 080 * 1 60

Notes: SD =standard deviation, S-W = Shapiro-Wilk test, GAD-
7 = Seven-Item Generalized Anxiety Disorder scale, PHQ-9 = Nine-Item

Patient Health Questionnaire, ***p < 0.001
The network structure of anxiety-depression symptoms

Figure 1 illustrates the network structure of anxiety and depressive
symptoms. The average edge weight in the constructed network model was
0.084, with 35.8% of the edges displaying values near zero. The network
density was calculated at 0.725. These metrics suggest the model
demonstrates high specificity, retaining primarily meaningful associations.
Overall, the relationships among symptoms appear moderate, with certain
symptom clusters emerging as more prominent within the network. The
strongest edge within the anxiety symptoms was the edge GADI1
(Nervousness) - GADG6 (Irritability) (edge weight = 0.366), followed by
GAD2 (Uncontrollable worry) - GAD3 (Excessive worry) (edge weight
=0.306). The strongest edge within the depressive symptoms was the edge
PHQ1 (Anhedonia) - PHQ2 (Sad mood) (edge weight = 0.398), and all the

aforementioned strongest edges were much larger than any other edges,
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according to the edges difference test. (see Supplementary Figure 1). The
correlation stability (CS) coefficients for both strength and expected
influence were 0.75, indicating a high level of reliability in node centrality

estimates across resampled data.

Expected Influence

PHQS
) PHQg

El

Figure 1. Network structure of anxiety and depressive symptoms in

adolescents.

NOTES: In the left panel, blue nodes denoted depressive symptoms, whilst
red nodes indicated anxiety symptoms. The edge thickness indicated the
intensity of the association between two nodes, with greater thickness
signifying stronger relationships. The EI (expected influence) values of the

nodes are graphically displayed in the right panel.
Central symptoms and bridge symptoms

Examination of the centrality plot (Figure 1) revealed that PHQ-2
(sad mood), GAD-1 (nervousness), PHQ-4 (fatigue), and GAD-2

(uncontrollable worry) demonstrated the highest Expected Influence (EI)

12



values, indicating their roles as the most central symptoms within the
network. In contrast, PHQ-3 (sleep) and PHQ-9 (suicidal ideation), both
associated with depressive symptomatology, exhibited the lowest EI
values, indicating that these symptoms had the lowest degree of
interconnection within the network structure. Bootstrap difference tests of
EI values confirmed that the centrality of these key symptoms was

significantly higher than that of the others (see Supplementary Figure 2)

Bridge Expected Influence (1-step) Bridge Expected Influence (2-step)
GAD1-
GAD2 -
GAD3 -

GAD4 -

GADS - 7*
GADG - &
/
GADT - /
/
PHQ1- (e
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PHQG - )
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PHQ8 - <% /
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Figure 2. Bridge symptom analysis in the depression-anxiety

network among adolescents

Bridge expected influence (1-step and 2-step) were computed to
identify the key symptoms linking depressive and anxiety clusters. (Figure
2). Across indices, PHQ-2 (sad mood) and PHQ-6 (feelings of guilt)
consistently emerged as the most influential bridge symptoms. These

nodes demonstrated the highest bridge expected influence values in both
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1-step and 2-step calculations, underscoring their prominent role in

connecting the two symptom communities.

.

%%Qvovéovoﬂr@v@v
Node

Mean_Bridge_EI

0.4
03
02

0.1

Mean Bridge EI

d* c? db Q\ <

Figure 3. Mean bridge expected influence (bEI) and 95%CL

To evaluate the robusiness of the findings, a non-parametric
bootstrap procedure with 500 iterations was applied to the manually
estimated bridge expected influence values. This analysis produced narrow
95% confidence intervals for nodes with high bridge centrality, indicating
the stability and reliability of these estimates. A visual representation of
the bridge expected influence values and their corresponding confidence

intervals is provided in Figure 3.

Furthermore, pairwise bootstrap difference testing revealed several
statistically significant contrasts. Specifically, the bootstrapped difference
test indicated that these key bridge symptoms significantly differed from

47% to 80% of the other symptoms (see Supplementary Figure 3). Notably,
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PHQ-2 (sad mood) and PHQ-6 (feelings of guilt) exhibited significantly
higher bridge centrality than nearly all other nodes, underscoring their

critical role in linking depressive and anxiety symptom clusters.

Network Stability

The anxiety-depression network demonstrated remarkable stability.
The CS-C of node EI was 0.75, indicating that EI remained associated with
the original data (r = 0.75) after excluding 75% of the data. The CS-C of
bEI was 0.594, indicating a commendable performance (Figure 4). Figure
5 illustrates the outcome of the non-parametric bootstrap procedure. The
bootstrapped 95% confidence intervals were narrow, signifying high

accuracy.

bridgeE=spectedinfluence =*= expectedinfluence

=)
n

Average correlation with original sample
=
=

=)
n

90% 30% 70% 60% 50% 40% 30%
Sampled cases
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Figure 4. The stability of network structure by case dropping subset
bootstrap. Correlation stability coefficients (CS) for the nodes' centrality

and edge weights

* Dootstrap mean ¢ Sample

edge

if

)

J

-01 0.0 01 0.2 0.3 04

Figure 5. Non-parametric bootstrapped confidence intervals for

calculated edge weights.

NOTES: The red line denotes the boundary approximated in the sample.
The gray area represents the 95% bootstrapped confidence interval. The
x-axis denotes the edges, whereas each line on the y-axis signifies a

particular edge.
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4. Discussion

This is the initial network analysis study examining depressive and
anxiety symptoms in a general adolescent sample in Turkey during the
COVID-19 pandemic. Analysis indicated that PHQ-2 (sad mood), GAD-1
(nervousness), PHQ-4 (fatigue), and GAD-2 (uncontrollable worry) were
central symptoms in the network model. Also, bridge symptoms linking
anxiety and depressive symptoms in this sample were nodes PHQ-6
(feelings of guilt), PHQ-2 (sad mood), and GAD-5 (restlessness). A review
of 33 studies employing network analyses on anxiety and depression
identified PHQ-2 (Sad mood), GAD-2 (Uncontrollable worry), and GAD-3
(Excessive worry) as the most central symptoms across networks.
Additionally, PHQ-2 (Sad mood), GAD-5 (Restlessness), and PHQ-8 (Motor
disturbance) emerged most frequently as symptoms with high bridge

centrality 17.

Network theory proposes that symptoms occupying central
positions—reflected by high Expected Influence (EI)—may play a
disproportionate role in maintaining the broader symptom structure by
being more strongly connected to other nodes within the network. 1819
Within this framework, highly central symptoms are often considered
promising points of focus for clinical attention, as changes in such nodes
may have downstream effects on the wider network. PHQ-2 (sad mood) was

one of the most central symptoms to emerge within the depression-anxiety
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network of Turkish Adolescents. Comparable findings have been reported
in prior network analysis studies examining depressive and anxiety
symptoms among U.S. children and adolescents, as well as adults with

psychiatric disorders 6.20,

Furthermore, studies conducted during the COVID-19 pandemic
consistently identified sad mood as a central symptom in adults, nursing
students, and general adolescent populations3.7.21-23, Georgiades et al. also
identified sad mood as a highly salient symptom within depressive
presentations, which is consistent with the central role of PHQ-2 observed
in our network 2¢. Adolescence is a developmental stage during which peer
relationships play a crucial role in emotional growth. Peer interactions
have been recognized as significant social predictors of adolescents'
psychological well-being, while a lack of social support has been linked to
an increased risk for depression 2°. The social isolation measures
implemented to mitigate the spread of COVID-19 disrupted the typical face-
to-face nature of peer interactions. Additionally, global uncertainty and
deviation from daily routines during this study may have contributed to
heightened feelings of hopelessness among adolescents. Together, these
factors—social isolation and the interruption of routine life—may have

elevated the risk of depressive symptoms in this population 26.27,

GAD-1(Nervousness) and GAD-2 (Uncontrollable worry) also
emerged as prominent nodes within the anxiety-depression symptom
network. Nervousness reflects anticipatory anxiety regarding potential

threats or disasters, whereas uncontrollable worry represents a cognitive

18



process marked by recurrent and intrusive thoughts about possible
negative events, dangers, or risks 28, At the time the study was conducted,
lockdown measures were widely implemented in Turkey, as in many other
countries, and education had transitioned to online platforms. Moreover, a
COVID-19 vaccine was not yet available in Turkey, and daily death tolls
were regularly broadcast on media outlets. The disruption of typical means
of social interaction, coupled with misinformation about the pandemic
circulating through various media channels, may have contributed to
heightened feelings of helplessness, fear, and anxiety among adolescents
2, Additionally, difficulties adapting to online learning environments may

have exacerbated concerns related to academic demiands and performance

29

PHQ-4 (Fatigue) emerged as & key node within the anxiety-
depression network, a finding that aligns with previous research 19.22,30_ In
the context of Turkey, Morgul et al. reported that 64.1% of participants
experienced fatigue during the COVID-19 pandemic 31. Fatigue in this
period has been attributed to several factors, including increased academic
demands, reduced physical activity, and poor sleep quality 1922, Beyond
behavioral and environmental explanations, psychobiological processes
may also account for the centrality of fatigue in the network. Prolonged
stress and uncertainty associated with the pandemic may dysregulate the
hypothalamic-pituitary-adrenal (HPA) axis and autonomic nervous system
functioning, contributing to diminished energy and physiological

exhaustion 32.33, These interacting biological and contextual factors may
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help explain why fatigue emerged as a central symptom within the

adolescent anxiety-depression network.

PHQ-9 (suicidal ideation) and PHQ-3 (sleep disturbance) emerged as
the two most isolated symptoms in the network, showing the lowest
Expected Influence values. This pattern suggests that both symptoms may
function less as drivers of other internalizing symptoms and more as
downstream outcomes of broader emotional distress. Supporting this
interpretation, Wang et al. used a directed acyclic graph (DAG) approach
and identified PHQ-9 as a receiver node—one that was influenced by other
symptoms but did not exert effects on them34. In the case of suicidal
ideation, prior research indicates that such thoughts in adolescents are
frequently shaped by higher-order consiructs such as hopelessness,
perceived burdensomeness— domains not fully represented within the
PHQ-9 or GAD-7 3536, Its low connectivity may therefore reflect influences
external to the depressive-anxiety symptom constellation assessed here.
Similarly, sleep disturbance may arise from lifestyle, behavioral,
environmental, or physiological factors (e.g., circadian rhythm disruption,
screen exposure, irregular routines) that operate partly independently of
core internalizing processes 3738, While these interpretations should be
approached cautiously given the cross-sectional design, the relative
isolation of PHQ-9 and PHQ-3 suggests that they may represent outcome-
oriented or context-sensitive nodes rather than central drivers within this

adolescent internalizing network.
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Bridge Expected Influence (bEI) values provide valuable insights into
identifying bridge symptoms contributing to mental disorders' comorbidity
39, Comorbid symptoms of anxiety and depression have been associated
with poorer treatment outcomes and increased rates of hospitalization 40,
In the present study examining the anxiety-depression network, PHQ-6
(feelings of guilt), PHQ-2 (sad mood), and GAD-5 (restlessness) emerged as
key bridge symptoms. This finding is consistent with previous network
analyses conducted in adolescent populations, which identified 'guilt' and
‘'sad mood' as prominent bridge symptoms linking anxiety and depression
3,41 Similarly, a network study conducted among children aged 5 to 14
reported comparable results, with both 'guili’ and 'sad mood'
demonstrating central bridging roles 20, With specific reference to PHQ-6
(feelings of guilt), it is noteworthy that data collection coincided with a
period in which national high school and university entrance examinations
were administered and report cards were distributed. This timeframe
typically involves heightened academic expectations from adults, which
may evoke feelings of guilt among adolescents. In response to such
external pressures, adolescents may experience increased anxiety and self-
criticism, potentially contributing to the development of depressive
symptoms 42, Additionally, PHQ-2 (sad mood) has consistently been
identified as a bridge symptom in previous research, highlighting its

central role in the comorbidity between anxiety and depression. 43,

GAD-5 (restlessness) also emerged as a prominent bridge symptom
in the anxiety-depression network. The transdiagnostic nature of

"restlessness" has been supported by previous network studies 22.39.44,
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While restlessness is a fundamental characteristic of anxiety, findings from
at least one study indicate that early alleviation of restlessness symptoms
correlates positively with remission from major depressive disorder,
underscoring the potential benefit of addressing restlessness in the
treatment of major depressive disorder 4°. A study indicated that
psychomotor symptoms, including restlessness, were more prominent

during the COVID-19 pandemic than in the pre-pandemic period 21,

Interestingly, PHQ-8 (psychomotor disturbance) did not emerge as a
central or bridging symptom in our network. Although this result aligns
with Tao et al.’s findings in a large adolescent sample from China, it
contrasts with the broader literature, in which PHQ-8 has frequently
served as a connector between depressive and anxiety clusters 46. One
possible explanation is its conceptual overlap with GAD-5 (restlessness),
which demonstrated stronger associations with both symptom domains in
our sample. Restlessness may be particularly salient in this population, as
the sample predominantly consisted of female adolescents, and previous
studies have reported a stronger bridging effect of restlessness among
females 3944, Several studies suggest that restlessness may represent a
prodromal or early emerging feature of depression?’.48, Together, these
developmental, demographic, and physiological factors may help explain
why GAD-5 captured motor-related variability more strongly than PHQ-8 in
our dataset, resulting in the relatively peripheral role of PHQ-8 within the

network.
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To our knowledge, this is the first network analysis study
investigating anxiety and depressive symptoms among adolescents in
Turkey. Nonetheless, the study possesses specific limitations. A major
limitation of the present study is its cross-sectional design, which restricts
the interpretation of the network structure. Mathematically, the partial
correlations estimated by EBICglasso reflect only contemporaneous
conditional associations rather than temporal dependencies. As
highlighted in recent methodological critiques, cross-sectional
psychological networks risk producing spurious or misleading edges
because they cannot separate true symptom-symptom influence from
shared variance*®. Consequently, the present network should be
interpreted as exploratory and hypothesis-generating rather than evidence
of dynamic symptom interactions. Future longitudinal network studies are
needed to determine whether central symptoms identified here
prospectively predict the emergence or persistence of internalizing
difficulties in adolescence. Such work would advance causal inference and
strengthen the translational relevance of symptom network models.
Second, although snowball sampling increased the feasibility of data
collection during pandemic restrictions, this method may have limited
sample representativeness. Snowball recruitment typically spreads
through existing social or digital networks, which increases the likelihood
that adolescents already engaged with mental-health content, exposed to
similar stressors, or connected through the same online communities and
peer groups are overrepresented. This may have contributed to higher

symptom reports in our sample and reduced the generalizability of the
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findings to the broader adolescent population. Third, many participants
were female and residing in metropolitan areas. Female adolescents are
more likely to report higher levels of internalizing symptoms, and the
metropolitan composition of the sample may not accurately reflect the
demographic distribution of the national adolescent population. Fourthly,
anxiety and depressive symptoms were assessed using self-report

measures, which may introduce recall bias.
5. Conclusion

Despite these limitations, identifying central and bridge symptoms
within the anxiety-depression network has important implications for
intervention strategies. The current findings demonstrate that 'sad mood'
(PHQ-2) functions as both a central and bridge symptom in the adolescent
network, while 'feelings of guilt' (PHQ-6) and 'restlessness' (GAD-5) also
serve as bridge symptoms. Given that adolescence is a critical period for
the onset of mental disorders, early identification of symptoms contributing

to comorbidity is essential.

In school-based counseling services—whether delivered face-to-face
or through telehealth platforms—screening initiatives aimed at identifying
persistent sad mood may help facilitate early referral and preventive
support. For example, during pandemic-related academic disruptions, an
adolescent experiencing guilt (PHQ-6) about perceived academic failure,
restlessness (GAD-5) and sadness (PHQ-2). In such cases, targeted
interventions such as cognitive restructuring and other cognitive-

behavioral strategies could strategically address central and bridging
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symptoms like sadness and guilt, thereby reducing broader internalizing
distress 9. For restlessness, a documented bridge symptom in the anxiety-
depression network, mindfulness-based and behavioral regulation
approaches have shown effectiveness and may help interrupt cross-

diagnostic symptom spread °1.

Collectively, interventions focused on these bridge symptoms may
support more efficient prevention and treatment efforts by reducing the

likelihood of co-occurring anxiety and depression in adolescents.
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