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Abstract

Background: Epidemiological studies document increasing incident rates of mental

disorders across childhood and adolescence, with mood and anxiety disorders

particularly increasing among adolescent females. Research also indicates that these

emotional problems have become more prevalent in recent decades. Yet, there is

still a lack of understanding of the interrelated development of distinct emotional

symptoms from childhood to adolescence.

Methods: Here, we investigate and compare symptom dynamics in males and fe-

males. To accomplish this, we leveraged longitudinal data from the Avon Longitu-

dinal Study of Parents and Children study (N = 11,120, 50.1% males at baseline). We

used five items (worries, unhappy, nervous, fearful, somatic complaints) derived from

the parent‐reported Strength and Difficulties Questionnaire emotional problems

scale, measured at up to seven timepoints (mean age = 9.52, range = 4.0–18.3 years

old). We estimated a panel Graphical Vector Autoregressive network model (GVAR)

and statistically compared the networks of males and females.
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Results: The temporal network revealed largely reciprocal associations among

symptoms, with the strongest edges between fearful–nervous and unhappy–worries

(β = 0.04–0.06). The contemporaneous and between‐person networks showed

similar structures, although the between‐person network exhibited fewer but

stronger associations, reflecting more stable individual differences. Somatic com-

plaints were weakly connected in the temporal network but more strongly associ-

ated in contemporaneous and between‐person networks. Network invariance

testing indicated no significant sex differences in average network structure.

Conclusion: The study delineates the developmental dynamics of emotional symp-

toms across childhood and adolescence, highlighting bidirectional influences be-

tween core symptoms of depression and anxiety, but did not find support for sex

differences in their developmental interrelatedness.

K E YWORD S

ALSPAC, anxiety, depression, development, emotional problems, graphical vector
autoregression

INTRODUCTION

Mood and anxiety disorders increase substantially with age in late

childhood and across adolescence, especially in females (Dalsgaard

et al., 2020; Pasman et al., 2023). The prevalence of mental disorders

doubles from 5–9 years old (6.81%) to 20–24 years old (13.63%),

with sex‐specific patterns changing across development (Kieling

et al., 2024). Female preponderance is seen in anxiety, depression

and eating disorders with onset typically in adolescence, while males

show higher rates of attention deficit hyperactivity disorder, conduct

disorder and autism spectrum disorder with earlier onset (UNI-

CEF, 2021). Emotional disorders such as depression and anxiety,

particularly in girls, have increased notably in the past decades

(Thapar et al., 2022). As mental health problems tend to accumulate

across the lifespan (Caspi et al., 2014), and predict recurring disor-

ders in adulthood (Johnson et al., 2018), early identification is crucial.

Developmental cascades theory (Masten&Cicchetti, 2010), posits

that early symptoms ‘snowball’ over time into adolescence and

adulthood (Moilanen et al., 2010). These cascading effects involve

cumulative interactions within developing systems, including direct

effects and indirect effects. In developmental psychopathology, cas-

cades of adaptive and maladaptive symptoms are thought to shape

development across levels and functions. Testing cascade models re-

quires longitudinal data across domains, accounting for expected

continuity covariance, and sufficient time for effects to unfold (Mas-

ten&Cicchetti, 2010).Most researchhas focusedonbroaddimensions

or disorders rather than specific symptoms (Flouri et al., 2019), though

findings suggest that early externalizing problems may cascade into

later internalizing difficulties (Freichel et al., 2024).

In recent years there has been a shift in mental health research,

from applying diagnostic categories to more dimensional perspec-

tives (Conway et al., 2022). To better understand the emergence and

development of children's emotional problems, it is important to

consider the full range of symptom severity over time. Sub‐threshold
symptoms are common in children and adolescents and may be

precursors to later disorders (Bertha & Balázs, 2013). Prior work at

the indicator level shows that worry and unhappiness, along with stress

handling and thinking clearly, are particularly influential in adolescent

mental health (Black et al., 2022). These findings underscore the

value of symptom‐level investigations for adolescent mental health,

as greater insight into how distinct emotional problem symptoms

interact over time may aid in early detection and targeted inter-

vention before problems become severe or chronic.

One approach increasingly used to address this complexity is the

network theory of mental health (Borsboom, 2017; Borsboom

et al., 2021; Ebrahimi, 2023). This framework views mental health

problems as emergent from systems of interacting symptoms, rather

than an underlying common cause. It accounts for comorbidity and

heterogeneity by focusing on symptom‐level interactions (Cramer

Key points

What's known?

� Emotional problems in childhood and adolescence are

key predictors of later mental health issues. Prior

research shows sex‐specific trajectories, with emotional

disorders increasing in adolescence, especially among

females.

What's new?

� This study is among the first to apply longitudinal

symptom‐level network modelling from childhood to

adolescence in a large, population‐based sample. It

uniquely disentangles dynamic within‐person processes

from stable between‐person patterns and formally tests

sex differences in emotional symptom networks—going

beyond sum scores and diagnostic categories.

What's relevant?

� Understanding how emotional symptoms evolve and

interact across development and between sexes can

inform more targeted prevention and intervention

strategies.
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et al., 2010), which may be obscured by categorical diagnosis or sum

scores (Ebrahimi et al., 2023; Fried, 2022). The statistical toolkit used

to infer network structures or models from data, is referred to as

network analysis (Bringmann et al., 2022).

Although, most network models have been estimated from cross‐
sectional data in adult samples (Fried&Cramer, 2017), they can also be

applied longitudinally using time‐series or panel data (Epskamp, 2020).

Longitudinal models disaggregate between‐person and within‐person
effects (Epskamp & Isvoranu, 2022), offering insight into how symp-

toms reinforce each other over time. These models go beyond snap-

shots of symptomco‐occurrence at a developmental stage, but also the

dynamic process though which these patterns emerge.

Research applying this framework to child development remains

limited, mainly focusing on the overall disorder level (Liu et al., 2023;

Speyer, Hall, et al., 2022; Speyer, Ushakova, et al., 2022). Moreover,

there is also a need to investigate whether males and females show

different symptom dynamics across development, potentially clari-

fying disparities in prevalence, trajectories, and clinical features

(Black et al., 2022).

In thepresent study,weexamined longitudinal associations among

specific emotional problem symptoms across childhood and adoles-

cence, and whether these differed between males and females on

average. We analysed parent‐reported item‐level data from the

emotional problemsscaleof theStrengthandDifficultiesquestionnaire

(SDQ) across seven waves (approximately at 4, 7, 8, 9, 11, 13,

16 years of age) in the population‐based Avon Longitudinal Study of

Parents and Children cohort (ALSPAC; Boyd et al., 2013; Fraser

et al., 2013). Items included worries, nervousness, fearfulness, unhap-

piness, and somatic complaints, which capture core features of anxiety

and depressive disorders and that have been validated as indicators of

emotional disorders across development (Armitage, Tseliou, et al.,

2023). We used a panel Graphical Vector Autoregression (panel‐
GVAR) model to estimate temporal, contemporaneous, and between‐
person networks. Sex‐differences were tested using a recently devel-

oped network invariance procedure (Hoekstra et al., 2024).

In line with the developmental cascade theory, we hypothesized

that higher‐than average levels of emotional problems would predict

higher levels at subsequent time points (i.e., a positive association).

Consistent with findings from Black et al. (2022), we also hypothe-

sized that worry and unhappy would represent the most central nodes

for both between‐person and within‐person effects. Lastly, given the

sex differences in prevalence of mood and anxiety disorders from

childhood to adolescence, we explored whether symptom associa-

tions also would differ by sex. As prevalence differences do not

necessarily imply differences in network couplings, these analyses

were treated as exploratory.

METHODS

Sample

We used data from ALSPAC, a British longitudinal birth cohort study

available for approved users. Pregnant women resident in Avon, UK

with expected delivery dates from April 1991 to December 1992

were invited to participate in the study. The initial number of preg-

nancies enroled was 14,541 with 13,988 children alive at 1 year of

age (Boyd et al., 2013; Fraser et al., 2013). The study website con-

tains details of available data through a searchable data dictionary

and variable search tool (http://www.bristol.ac.uk/alspac/researche

rs/our‐data/). The present study used parent‐reported SDQ data

collected at ~4, 7, 8, 9, 11, 13, and 16 years of age. Across these

waves, 11,120 participants had at least one completed SDQ measure;

11,030 had at least one timepoint with full SDQ data (mean complete

waves = 4.53, SD = 2.13, range 1–7; Figure S1). A total of 7519

(68.17%) had complete data at ≥4 timepoints. The final sample

included 264,185 observations (50.13% male). ALSPAC's sex variable

refers to sex assigned at birth.

Ethical considerations

Ethical approval for the study was obtained from the ALSPAC Ethics

and Law Committee and the Local Research Ethics Committees.

Informed consent for the use of data collected via questionnaires and

clinics was obtained from participants following the recommenda-

tions of the ALSPAC Ethics and Law Committee at the time. Further

information is available elsewhere (https://www.bristol.ac.uk/alspac/

researchers/research‐ethics/). The present study was approved by

the ALSPAC Executive Committee, the Norwegian Regional Com-

mittees for Medical and Health Research Ethics, and the Norwegian

Centre for Research Data.

Emotional problem symptoms

We used the items from the emotional problems scale from the SDQ,

a widely used, valid continuous measure of child mental health,

suitable for distinguishing clinical and healthy groups (Goodman &

Goodman, 2009). In addition, the SDQ has been validated as an

appropriate measure to determine risk for emotional disorders like

depression and anxiety among males and females across childhood

and adolescence (Armitage et al., 2023). Items included were: ‘Many

worries, often seems worried’ (worries), ‘Often unhappy, down‐
hearted or tearful’ (unhappy), ‘Nervous or clingy in new situations,

easily loses confidence’ (nervous), ‘Many fears, easily scared’ (fearful)

and ‘Often complains of headache, stomach‐aches or sickness’ (so-

matic complaints). Each item is rated on a 3‐point Likert‐scale (Not

true, Somewhat true, Certainly true). Higher scores indicate greater

symptom burden. Items were rated based on the past 6 months or

school year. Cronbach's alpha values for each wave are reported in

Supplementary Table S12.

Statistical analysis

We estimated panel‐GVAR models using the psychonetrics package

and visualized results with the qgraph package (Epskamp et al., 2012)

in R (version 4.3.1; R Core Team, 2024). Models were fitted for the

full sample and by sex. The Graphical Vector Autoregressive (GVAR)

model estimates temporal, contemporaneous and between‐person
effects by separating within and between‐person effects by estima-

tion of random intercepts, within‐person deviations from those in-

tercepts, and the residual covariances as concurrent associations
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(Epskamp et al., 2018). As GVAR models assume stationarity, prior to

model estimation, the data was detrended for linear and quadratic

age trends and standardized across timepoints. This approach, which

is common in developmental GVAR studies (Speyer et al., 2021),

ensures that temporal dynamics reflect average within‐individual
change rather than group‐level age‐related trends. To adhere to

the model assumption of equidistant measures, we inserted a single

dummy wave between wave 6 and 7 (ages 14 and 16), which had an

unusually long interval (3.68 years), thereby aligning the spacing

more closely with that of earlier waves (e.g., Freichel et al., 2025).

Age summary by timepoint is provided in Table S1.

Model estimation leads to separation of variance into three

separate networks. The temporal network highlights the predictive

effect of one variable (also referred to as a node) on another variable

at the next measurement occasion (i.e., over time), while controlling

for all other nodes in the network. The temporal network includes

directed edges (i.e., predictive effects over time), visualised as one

headed‐arrowed lines, including both autocorrelations and cross‐
lagged relations. This network is useful for understanding temporal

dynamics between symptoms, for example, highlighting how one

symptom increases another at the next time‐point, or whether a vi-

cious cycle exists between two symptoms, amplifying each other over

time (Ebrahimi et al., 2021; Speyer et al., 2022). The contemporaneous

network reflects how momentary fluctuations in one variable is

associated with momentary fluctuations in another variable at a

given time, while controlling for both the temporal effects and all

other nodes in the network (Bringmann et al., 2022; Epskamp, 2020).

Finally, the between‐person network embodies effects on the between‐
person level, highlighting how higher levels on a symptom compared

to peers are associated with the mean levels of other symptoms

compared to others in the population (Freichel & Epskamp, 2024).

To ensure that the model fitted the data appropriately we used

different model fit statistics, specifically the Comparative Fit Index

(CFI), Tucker‐Lewis index (TLI), and Root Mean Square Error of

Approximation (RMSEA). Although these indices originate from SEM,

their use in panel GVAR models is supported by recent work (Du

et al., 2025), which recommends applying the same interpretive

guidelines to evaluate model fit in this context.

See Supporting Information S1 for comment on applied fit indices

(Appendix S1). The statistical models leveraged Full Information

Maximum Likelihood (FIML) to address missing data, which enables

inclusion of records with partially missing data. Use of FIML is

considered state‐of‐the‐art in treating missing data, increasing sta-

tistical power and decreasing bias in comparison to complete‐case
analysis (Enders & Bandalos, 2001). We also performed a missing-

ness analysis to explore potential patterns of missingness in the data

(Tables S2a and S2b). Models were fitted across all seven timepoints.

First, we estimated a saturated network model including all edges to

examine whether a lag‐1 process may appropriately describe the data

(Epskamp, 2020). The second step involved estimating a pruned

network model where non‐significant edges are removed (using

alpha = 0.05) to make the models robust against false positive con-

clusions. Model fit was evaluated after pruning, without reintroducing

edges through a step‐up procedure (Blanken et al., 2022;

Epskamp, 2020; Freichel, 2023).

To examine the relative importance of nodes in the temporal

network, we computed the in‐strength (the extent to which node is

predicted by other nodes at the previous timepoint) and out‐strength
(the extent to which a node predicts other nodes at the next time-

point) of the different nodes (see Figure S2) We also computed

strength centrality for the contemporaneous network (Figure S3). In

addition, we performed a case‐dropping bootstrapping procedure to

check for network stability (Epskamp et al., 2018).

To test for sex differences in the networks we used the network

invariance test, which has been validated as a useful technique in

detecting (in)difference between network structures (Hoekstra

et al., 2024). Network invariance across sex was tested by comparing

an equal and a freely estimated model using the Akaike Information

Criterion (AIC), with lower AIC values indicating better fit.

RESULTS

Sample descriptives

Descriptive statistics (sample sizes, means, SDs), for all seven waves

can be found in Tables S3–S9. To enhance the clinical characteriza-

tion of the sample, we report the percentage of participant with a

parent‐reported ICD‐10 diagnosis for any emotional, anxiety, or

depressive disorder at child ages 7.5, 10 and 13 years in Table S10.

Additionally, the SDQ categorizes emotional problem sum scores into

a normal, borderline and abnormal range. Table S11 presents the

distribution of participants within these categories, separately for

males and females for each timepoint.

Model fit

The saturated panel model provided an acceptable fit to the data

(CFI = 0.88, TLI = 0.88, RMSEA = 0.036). The pruned model showed

a similar fit to the data (CFI = 0.88, TLI = 0.89, RMSEA = 0.035).

Figure 1 shows the sparse temporal, contemporaneous and between‐
person networks. Bootstrapping revealed sufficient stability of most

associations (Figures S4 and S5). One iteration was excluded from

the correlation plot as the sampling process resulted in a matrix

containing not available values, likely due to the amount of missing

data introduced by the added dummy wave.

Longitudinal within‐person associations

The temporal network revealed mostly bidirectional positive associ-

ations, with the strongest associations between fearful‐nervous and

between unhappy‐worries, followed by worries‐fearful. Unhappy pre-

dicted nervous and fearful predicted somatic complaints—its only

temporal link. All symptoms showed self‐loops indicating a cumula-

tive within‐person effect (i.e., a child's worrying at one timepoint

predicted an increase in worry at the next timepoint on average).

Overall, the temporal network indicated reciprocal increases in

symptoms (apart from somatic symptoms) over time, however with

limited magnitude (most below 0.06). Node strength plots showed

that Fearful had the highest out‐strength, with its increase amplifying

unhappy, worries, and nervous to the largest extent. Worries and fearful

had the highest in‐strength, primarily predicted by unhappy and
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nervous. Overall, the temporal network showed modest, reciprocal

symptom amplification.

Contemporaneous within‐person associations

The contemporaneous network showed positive associations be-

tween all symptoms, with the strongest associations between

unhappy‐worries, fearful‐nervous, and worries‐fearful. This indicated

that children that worry more also tend to feel more unhappy within

the same time window. In contrast to the temporal network, the

contemporaneous network showed associations between somatic

complaints and all other symptoms in the network, indicating that

somatic complaints were only associated with the remaining symp-

toms on a shorter timescale, but not to the same extent across

development.

Between‐person associations

The between‐person network showed the fewest, but strongest

edges of all the three networks. It shared an overall similar archi-

tecture as the contemporaneous network. Here, somatic complaints

were less connected to other nodes than in the contemporaneous

network, but more so than the temporal network. Given its mea-

surement of person‐specific means over time, the between‐person
network highlights relationships between trait‐like stable ten-

dencies between individuals across development.

Sex specific networks of emotional problem
symptoms

The saturated networks for males showed acceptable fit (CFI = 0.86,

TLI = 0.86, RMSEA = 0.038), as did the pruned model (CFI = 0.86,

TLI = 0.86, RMSEA = 0.038). The male temporal network largely

mirrored the full sample, with bidirectional associations between

most symptoms, except for a unidirectional effect from fearful to

somatic complaints and no link between nervous and unhappy. All

edges were positive. The contemporaneous network showed asso-

ciations among all symptoms, with a structure similar to the full

sample. The male between‐person network displayed the strongest

associations, linking worries‐unhappy, nervous‐fearful, fearful‐worries,
and unhappy‐somatic complaints (Figure 2).

For females, both the saturated (CFI = 0.88, TLI = 0.88,

RMSEA = 0.037), and pruned model (CFI = 0.88, TLI = 0.88,

F I GUR E 1 Full group networks. (A) The within‐person temporal Graphical Vector Autoregressive network standardized to directed partial
correlations, (B) the within‐person contemporaneous partial correlation network, and (C) the between‐person partial correlation network.
Blue edges (solid lines) indicate positive associations.
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RMSEA = 0.036) showed an acceptable fit. The temporal female

network showed bidirectional links between nervous‐fearful, worries‐
unhappy, and fearful‐worries. Along with directed edges from nervous

to somatic complaints and from somatic complaints to unhappy. The

female contemporaneous network resembled the temporal network,

but included stronger associations and more connections to somatic

complaints. The female between‐person network had a similar

structure to the within‐person networks, but with fewer and stronger

associations (Figure 3). The network invariance yielded an AIC of

680,340.24 for the Difference model and an AIC of 680,320.01 for

the Equal model, indicating no significant differences between male

and female networks. This result was replicated for the pruned

networks.

DISCUSSION

This study employed a longitudinal network analysis approach to

investigate within‐person and between person associations among

emotional problem symptoms across childhood and adolescence. We

hypothesized that higher than average levels of emotional problems

would predict higher levels at subsequent time points (i.e., a positive

associations) and that the structure of longitudinal symptom net-

works would differ between males and females. Overall, findings

supported the first hypothesis: symptoms were positively associated

both within and across timepoints and highlight the deleterious

interconnectedness between symptoms aggravating each other over

time. However, contrary to expectations, we found no significant

differences in the average networks of males and females.

Across temporal, contemporaneous, and between‐person net-

works, we found stronger associations between symptoms typically

grouped in within mood (unhappy‐worries) and anxiety disorders

(fearful‐nervous), than across these domains. Unlike prior work, which

has typically examined emotional problems at the subscale or diag-

nostic level, our approach allowed us to disentangle dynamic, short‐
term within‐person fluctuations from longer‐term, trait‐like covari-

ation at the symptom level. This granularity provides a more nuanced

picture of symptom co‐development across childhood and adoles-

cence, highlighting processes that may otherwise be obscured by

broader diagnostic categories.

Overall, these findings align with developmental cascade theory

and corroborate previous findings at both the indicator and subscale

level (Black et al., 2022; Freichel et al., 2025). This suggests that

emotional problem symptoms reinforce each other over time,

creating self‐perpetuating vicious cycles. While edge weights were

modes, this is expected in autoregressive models that account for

stability effects and the inherent persistence of symptoms over time

(Adachi & Willoughby, 2015). While model fit values (CFI and TLI)

were slightly below conventional SEM thresholds, recent simulation

work (Du et al., 2025) suggests these criteria may be overly con-

servative for complex panel network models, though some degree of

interpretative caution is warranted.

Temporal effects

The temporal network, capturing average within‐person effects over

time, revealed moderate autoregressive associations (self‐loops) for

F I GUR E 2 Male networks. (A) Fixed‐effect within‐person temporal Graphical Vector Autoregressive network standardized to directed

partial correlations, (B) fixed‐effect within‐person contemporaneous partial correlation network, and (C) random‐effects between‐person
partial correlation network. Blue edges (solid lines) indicate positive associations.
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all symptoms, particularly for nervous, fearful and somatic complaints

(edge weights: 0.14–0.16), which is in line with former work at both

the symptom level (Black et al., 2022) and the subscale level (Speyer

et al., 2022). This finding indicates that the symptoms are fairly stable

over time, with a tendency to persist within the same individual.

Fearful emerged as the most influential symptom, predicting in-

creases in other symptoms, and was the only node showing a positive,

albeit weak, link to somatic complaints (0.02). This contrasts previous

findings of Black et al. (2022) and our second hypothesis, who

identified unhappy and worry to be the most central nodes in their

network. However, their network involved a larger number of nodes

as well as different assessment scales, making direct comparison

difficult (Bringmann et al., 2022). Although the reciprocal associa-

tions between items were generally modest, they indicate meaningful

co‐development among symptoms over time. These findings are

consistent with developmental cascade models (Masten & Cic-

chetti, 2010), which posit that difficulties in one domain may spill

over and reinforce difficulties in others. The persistent ties between

fearfulness, worry, and unhappiness may reflect an underlying

negative affectivity construct, supporting theories suggesting early

emotion dysregulation as a transdiagnostic vulnerability (Eisenberg

et al., 2001). It is important to note that these temporal associations

are based on parent reports, which may therefore be more sensitive

to observable behaviours such as nervousness or fearfulness than

internal states like unhappiness.

Contemporaneous effects

The contemporaneous network, which captures partial correlations

between symptoms within the same timepoint, while controlling for

temporal effects, revealed strong co‐activation among core symptoms

at the same moment in time. The strongest associations emerged be-

tweenworries and unhappy (0.27), fearful and nervous (0.22), and fearful

and worries (0.20), suggesting tight clustering of anxiety related

symptoms within a given developmental window. These patterns

highlight fearfulness as a central node in short‐term symptom co‐
occurrence. Many edges overlapped with those in the temporal

network, but were stronger in magnitude, reflecting more immediate

symptom interaction. Interestingly, somatic complaints were more

connected to other symptoms (e.g., 0.10 with worries, 0.07 with un-

happy) compared to the temporal network. This suggests that somatic

issues may co‐occur with emotional problems on a shorter timescale

(here within approximately 1–2 years' timescale), but are less inte-

grated into the broader temporal emotional symptom network.

Between‐person effects

The between‐person network, capturing partial correlations among

individuals' average symptom levels across time, reveals which

symptoms tend to co‐occur consistently across people. Between‐
person associations likely reflect more stable vulnerabilities, such

as temperament (i.e., neurotic tendencies), persistent environmental

exposures (i.e., childhood maltreatment), or early neurobiological risk

factors (i.e., genetic risk). These stable factors may predispose in-

dividuals to co‐occurring emotional symptoms, regardless of short‐
term fluctuations. Importantly, such trait‐like associations could

help identify youth at heightened long‐term risk, informing early,

preventative interventions (Fried & Robinaugh, 2020).

The between‐person network was the sparsest (i.e., fewest

edges) but exhibited the strongest associations. The most robust link

F I GUR E 3 Female networks. (A) Fixed‐effect within‐person temporal Graphical Vector Autoregressive network standardized to directed

partial correlations, (B) fixed‐effect within‐person contemporaneous partial correlation network, and (C) random‐effects between‐person
partial correlation network. Blue edges (solid lines) indicate positive associations.
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was between fearful and nervous (0.54), suggesting that individuals

who are generally nervous also tend to be generally more fearful.

Strong trait‐level associations were also found between worries and

unhappy (0.53), suggestive of stable anxiety tendencies (Boschloo

et al., 2015). Notably, somatic complaints showed their strongest as-

sociations in this network, particularly with unhappy (0.35), which

may indicate a somatization pattern not captured by shorter‐term
associations. Together, these findings suggest that emotional prob-

lem symptoms, especially fearfulness, worry and unhappiness, cluster in

trait‐like patterns across individuals, pointing to a subgroup of chil-

dren and adolescents with heightened global emotional vulnerability.

Again, as these associations are derived from parental ratings, they

may reflect broader, trait‐like impressions of a child's emotional

functioning, which might differ from self‐perceptions, especially in

adolescence.

Non‐specific sex‐effects

Given the known sex‐disparities in the prevalence and development

of mood and anxiety disorders during childhood and adolescence, we

explored whether symptom associations would differ by sex. Our

findings suggest no differences in the developmental networks of

emotional problems in males and females on average, contrary to our

hypothesis.

Several factors may help explain this finding. Firstly, sex‐specific
symptom dynamics might unfold over shorter timescales or in more

nuanced ways than can be captured by our current model (Hasl-

beck & Ryan, 2022). Notably, our analysis compares average networks

of males and females, without accounting for heterogeneity within

each group. Recent work (e.g., Bolger et al., 2019; Chaku &

Beltz, 2022) emphasizes that psychological processes may differ

considerably among individuals within the same demographic cate-

gory. Accordingly, future studies employing idiographic methods or

intensive longitudinal designs may be better suited to detect such

individual‐level dynamics (Russell & Gajos, 2020).

In line with this, Black et al. (2022) suggested that the absence of

sex differences in developmental networks may reflect qualitative

rather than quantitative differences in symptom expression. Quan-

titative differences refer to variations in the strength of associations

or symptom severity, whereas qualitative differences involve

different patterns or types of symptom interrelations. For example,

girls and boys may both experience anxiety and sadness, but these

may manifest in different behavioural expressions or be influenced

by different contextual factors (e.g., peer dynamics, parental factors;

Do et al., 2023; Höltge et al., 2022). Additionally, sex‐specific pro-

cesses such as hormonal changes, socialization patterns, or coping

strategies may emerge over shorter windows (e.g., during puberty),

which may not be captured by biennial measurements (Crone &

Dahl, 2012; Olivier et al., 2022).

In contrast to our findings, recent research using large and more

recent longitudinal datasets have reported notable sex differences in

the developmental networks of externalizing and internalizing diffi-

culties (Liu et al., 2023). However, such differences may not manifest

clearly at the symptom level and might only emerge when examining

broader indicator‐level patterns (Speyer et al., 2022). It is also

plausible that males and females share the same underlying symptom

‘wiring’, while differing primarily in prevalence, incidence, or overall

risk load rather than in the structure of symptom interactions.

Finally, it is worth considering that the ALSPAC cohort, launched in

the early 1990s, may not fully reflect current sex‐disparities in

mental health and more recent cohorts may yield different insights

(Armitage, Kwong, et al., 2023).

Practical implications and future directions

From a clinical standpoint, our findings underscore the value of

symptom‐level assessments, which might inform early identification

and intervention. The centrality of fearfulness and its predictive role

in symptom escalation suggests that targeting fear responses in

childhood in interventions (i.e., cognitive therapies, exposure‐based
therapies or family‐based therapies) could mitigate broader or

spiralling emotional difficulties later on. Integrating dynamical

network models into applied settings has also been suggested as a

way of tailoring care, by highlighting specific symptom constellations

that warrant attention (Burger et al., 2022; Ebrahimi et al., 2023).

More broadly, this symptom‐level approach highlights emotional

problems as reinforcing, co‐evolving systems, and offers a nuanced

understanding of how symptoms persist and escalate across devel-

opment. These insights may ultimately support more precise pre-

vention strategies and more effective timing of interventions.

Limitations

This study offers novel insights into the dynamics of emotional

problems from childhood to adolescence using a large, population‐
based sample. However, several limitations should be considered.

Firstly, our analyses are based on sample‐average networks, which

may mask individual differences in emotional development. Future

research should consider person‐specific or subgroup approaches to

better capture this heterogeneity (Cusack et al., 2024; De Smet

et al., 2024).

Secondly, the temporal resolution of the SDQ (i.e., recall over the

past 6 months) limits the ability to capture more rapid fluctuations in

emotional problems that may occur at daily or weekly scales. Future

studies using more intensive, high‐frequency assessments could offer

more granular insight into short‐term symptom dynamics. Nonethe-

less, our findings are informative about the slower paced changes in

emotional problems unfolding across months or years, illuminating

one aspect of developmental trajectories and emotional problems

(McLaughlin et al., 2015). Retrospective bias is also a consideration

when interpreting these findings, as it may affect the accuracy of

symptom reports. Moreover, the dynamics of emotional problems

may differ depending on the temporal granularity of measurement,

where shorter intervals between assessment waves could reveal

within‐person fluctuations, while longer intervals may better capture

between‐person variability (Bringmann et al., 2022). Future studies

could vary the spacing between assessments to capture different

symptom dynamics, but this would require measures with shorter

recall periods than the SDQ's 6‐month frame.

Third, all emotional problem symptoms were reported by parents

across all waves, which may become less appropriate as children age,

8 of 12 - AKSNES ET AL.
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given the increasing salience of internal experiences that are less

observable. While self‐report may improve accuracy in adolescence,

shifting reporters across time brings comparability challenges.

Fourth, as with any prospective cohort study, ALSPAC experi-

enced attrition over time, particularly among families facing greater

adversity during pregnancy, potentially leading to underestimation of

outcomes of interest. Although imputation techniques address some

of this bias (Fraser et al., 2013), missingness remains a concern. In our

sample, 30% of the participants had between one and three mea-

surement points, which we acknowledge entails not an unsubstantial

proportion of missingness, which in turn might influence the

robustness of the results.

Fifth, we used a 3‐point Likert scale in the panelGVAR estima-

tion, which treats responses as continuous. While this is not ideal,

research suggests that in large samples, treating ordinal variables as

continuous yields comparable results (Johal & Rhemtulla, 2023;

Mircioiu & Atkinson, 2017; Robitzsch, 2020).

Sixth, our modelling approach does not detect non‐linear effects,

which may be important in understanding complex developmental

trajectories (Freichel, 2023). Finally, the SDQ items were zero‐
inflated or exhibited non‐normal distributions, which is common in

population‐based samples (Figures S6–S10). Although the GVAR

model is relatively robust to such deviations, violations of the

normality assumption may influence the precision and interpretation

of the parameter estimates (Epskamp, 2020).

In general, only considering symptom level dynamics also omits

important connections between symptoms and potential antecedents

(socioeconomic risk factors, family factors, early life stress etc.), that

are relevant in emotional problem development (Armitage

et al., 2024). The integration of different levels of variables in

multilayer networks has been proposed moving forward (Ebra-

himi, 2023). Accordingly, a clear understanding of developmental

systems may require an aggregation of evidence across multiple

studies and methodological approaches.

Conclusion

This study explored how specific emotional symptoms interrelate

across childhood and adolescence and examined potential sex dif-

ferences. Fearfulness consistently emerged as a central symptom,

linking multiple emotional difficulties. Worries showed strong

contemporaneous, but weaker temporal associations, suggesting it

signals situational co‐occurrence rather than long‐term progression.

Stronger between‐person than within‐person associations under-

score the role of stable, trait‐like vulnerabilities in shaping emotional

development. Contrary to expectations, no average sex differences

were found in symptom dynamics. Future research integrating bio-

logical and social factors across varying timescales may improve

understanding of individual mental health trajectories and support

more targeted prevention strategies.
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