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A B S T R A C T   

Background: Screen media activities (SMAs; e.g., watching videos, playing videogames) have become increasingly 
prevalent among youth as ways to alleviate or escape from negative emotional states. However, neural mech-
anisms underlying these processes in youth are incompletely understood. 
Method: Seventy-nine youth aged 11–15 years completed a monetary incentive delay task during fMRI scanning. 
Neural correlates of reward/loss processing and their associations with SMAs were explored. Next, brain acti-
vations during reward/loss processing in regions implicated in the processing of emotions were examined as 
potential mediating factors between difficulties in emotion regulation (DER) and engagement in SMAs. Finally, a 
moderated mediation model tested the effects of depressive symptoms in such relationships. 
Result: The emotional components associated with SMAs in reward/loss processing included activations in the 
left anterior insula (AI) and right dorsolateral prefrontal cortex (DLPFC) during anticipation of working to avoid 
losses. Activations in both the AI and DLPFC mediated the relationship between DER and SMAs. Moreover, 
depressive symptoms moderated the relationship between AI activation in response to loss anticipation and 
SMAs. 
Conclusion: The current findings suggest that DER link to SMAs through loss-related brain activations implicated 
in the processing of emotions and motivational avoidance, particularly in youth with greater levels of depressive 
symptoms. The findings suggest the importance of enhancing emotion-regulation tendencies/abilities in youth 
and, in particular, their regulatory responses to negative emotional situations in order to guide moderate 
engagement in SMAs.   

1. Introduction 

Screen media activities (SMAs) are central to people’s daily lives 
(Anderson and Subrahmanyam, 2017; Carter et al., 2016; Hutton et al., 
2020). In particular, since the emergence of COVID-19 pandemic in 
early 2020, SMAs have taken increasingly prominent roles, with some 
people, including early adolescent youth, using SMAs to relieve anxiety 

and nervousness related to fear of infection and social isolation (Col-
laborators, 2021; Francisco et al., 2020; Stieger and Swami, 2021). 
Youth may be particularly susceptible to SMAs given their developing 
control systems and greater inclinations to embrace new technologies 
(Jeong et al., 2020). A recent survey by the China Internet Network 
Information Center (CNNIC) showed that more than 60% of Chinese 
adolescents frequently engaged in SMAs like playing videogames, 
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watching short videos, engaging in online social activities and listening 
to music, and more than one-third of adolescents who used the internet 
have increased their online entertainment time to alleviate psychologi-
cal concerns associated with the pandemic (CNNIC, 2021). Moderate 
engagement in SMAs could help adolescents reduce unpleasant feelings 
in real life by providing online social support and satisfying entertain-
ment needs (Anderson and Subrahmanyam, 2017; Marciano et al., 
2021). However, excessive SMAs may occupy a majority of leisure time 
and compromise cognitive development of adolescents and have been 
demonstrated to be closely related to present or future physical and 
mental health problems (Hutton et al., 2020; Nagata et al., 2022). 
Therefore, it is important to examine antecedents of SMAs in youths in 
order to provide specific guidance for future preventative and inter-
vention initiatives that attempt to reduce the incidence of excessive 
SMAs. 

1.1. Difficulties in emotional regulation and SMAs engagement 

Adolescents often experience stress due to rapid physical, psycho-
logical, and interpersonal changes, which may lead to increased risk 
behaviors (Garakani et al., 2021; Li et al., 2021). Emotional regulation 
tendencies during this period are crucial for helping adolescents cope 
with stress and minimize risk behaviors (Beauchaine, 2015; Breaux 
et al., 2021). Better emotional regulation strategies have been linked to 
positive and healthy mental states in adolescents (Houck et al., 2016; Te 
Brinke et al., 2021). In contrast, adolescents with poor emotional 
regulation are more likely to adopt maladaptive coping strategies (such 
as avoidance and withdrawal), which could result in the development of 
various addictive behaviors (Hudak et al., 2022; Vintro-Alcaraz et al., 
2022; von Deneen et al., 2022) and emotional disorders (Miklowitz 
et al., 2022; Price et al., 2022). Although SMAs do not involve substance 
intake, they may influence dopaminergic and other systems, and may 
help adolescents relieve stress and manage negative emotions in the 
short term (Dong et al., 2021; Laier and Brand, 2018). However, pro-
longed or excessive engagement in SMAs could be a maladaptive way to 
cope with emotional difficulties and stressful life events (Blasi et al., 
2019; Brand et al., 2019; Zhang et al., 2020). Therefore, we hypothe-
sized that difficulties in emotional regulation (DER) in early adolescent 
youth would positively predict their SMAs (Hypothesis 1). 

1.2. The mediating roles of neural responses to reward/loss processing 

In addition to the contribution of youth DER to the development of 
behavioral problems, various theories and empirical evidence highlight 
a role for neurodevelopment (Palmer et al., 2022; Vijayakumar et al., 
2018). Reward/loss processing is considered a crucial indicator of 
adolescent neurodevelopment (Armbruster-Genc et al., 2022) and has 
been linked to adolescents’ risk behaviors (Eckstrand et al., 2019; Iva-
nov et al., 2021). However, the relationship between SMAs, a potentially 
risky behavior in children and adolescents, and the neural mechanisms 
underlying reward/loss processing remains unclear. Given that the 
reward/loss stimuli may have either positive or negative emotional 
valences (Verdejo-Garcia et al., 2015), and reward/loss processing share 
overlapping neural mechanisms with emotional processing (Janak and 
Tye, 2015; Murray, 2007), we hypothesized that the neural activations 
during reward/loss processing would implicate brain areas related to 
emotional processing and be associated with SMAs. 

Dysfunctions in emotional neurocircuitry (Elsayed et al., 2021; 
Gupta and Kujawa, 2022) may increase adolescent vulnerability to risk 
behaviors including SMAs (Brumback et al., 2016). Therefore, it is 
important to explore whether neural activations associated with 
emotion processing during reward/loss processing underlie the associ-
ation between DER and SMAs. We hypothesized that neural responses 
during reward/loss processing, specifically neural activations impli-
cated in emotional processing associated with SMAs, would serve as one 
potential linking mechanism explaining how DER would relate to more 

frequent engagement in SMAs in youth (Hypothesis 2). 

1.3. A moderating role for depression 

Excessive SMAs may be more likely to develop in people with 
depressed states (Kiraly et al., 2020), possibly as SMAs could potentially 
be used as a maladaptive coping way to relieve depressive symptoms or 
negative emotional stress (Wegmann and Brand, 2022). Studies have 
suggested that compared to adolescents with low levels of depressive 
symptoms, DER may be more likely to prevent adolescents with high 
levels of depressive symptoms from immediately disengaging from 
negative emotions in response to negative stimuli (Lazarov et al., 2018; 
Li et al., 2022). Difficulties disengaging could further increase adoles-
cents’ motivations to engage in SMAs (Kardefelt-Winther, 2014), and 
could also lead to higher risk for maladaptively using SMAs (Teng et al., 
2021). In this case, high levels of depressive symptoms may strengthen 
the relationship between DER and SMAs among adolescents with high 
rather than low levels of depressive symptoms. 

In addition, specific neural correlates of reward/loss processing have 
been linked to risk behaviors (e.g., substance intake) among individuals 
with high rather than low levels of depressive symptoms (Baskin-Som-
mers and Foti, 2015; Muench et al., 2018). This may occur as people 
with high levels of depressive symptoms may have impaired motivation 
and emotion systems involved in reward/loss processes, and thus may 
increase their motivation to consume substances to alleviate/avoid 
negative emotions (Koob and Dantzer, 2020; Sullivan, 2018). Similar to 
substance intake, engaging in SMAs may also help adolescents allevia-
te/avoid depressive symptoms and negative emotional stress (Karde-
felt-Winther, 2014; Király et al., 2020). However, how precisely 
relationships between adolescents’ reward/loss neural responsiveness 
and SMAs may be influenced by depressive symptoms remains incom-
pletely understood. Thus, the present study explored whether there were 
moderating effects of depressive symptoms on the relationship between 
reward/loss neural responsiveness and SMAs. 

1.4. The present study 

Despite studies that have examined direct associations between DER 
and SMAs, the underlying mechanisms for the associations remain un-
clear (Blasi et al., 2019; Brand et al., 2019; Zhang et al., 2020). To fill 
this gap, the present study aimed to explore in early adolescents (a) 
neural activations associated with positive/negative events in relation to 
SMAs, (b) whether these neural activations could serve as linking 
mechanisms to explain how DER related to SMAs, and (c) whether 
depressive symptoms influenced associations among DER, neural acti-
vations associated with positive/negative events, and SMAs. 

The monetary incentive delay (MID) task is a widely used experi-
mental paradigm that can measure neural activations in response to 
positive events (rewards) or negative events (losses) among youth 
(Ivanov et al., 2021; Willinger et al., 2021). Thus, the MID task was used 
in this study to explore neural activations of reward/loss processing 
associated with SMAs. Specifically, SMAs-related neural activations in 
brain regions implicated in both reward/loss processing and emotional 
regulation, such as the dorsal striatum (DS), ventral striatum (VS), 
insula, and dorsolateral prefrontal cortex (DLPFC) were extracted 
(Chaarani et al., 2021; Goncalves et al., 2021; Yee et al., 2021). 

2. Methods and materials 

2.1. Participants 

Data of the present study derived from a longitudinal study on child 
brain development and mental health. A total of 112 adolescents (45 
females) between 10.92 and 15 years old (Mage = 13.07 ± 0.73 years) 
were recruited through posted advertisements. Exclusion criteria 
included any neurological, psychiatric or psychotic disorders, which 
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were confirmed by participants’ parents. All participants and their 
parents provided written informed assent/consent prior to enrollment. 

Of these participants, 18 were excluded due to the absence of im-
aging data, 13 were excluded due to the absence of SMAs information, 
and 2 were excluded due to head movement > 0.2 mm or 0.2◦. Finally, 
seventy-nine youth (31 females; Range age = 10.92–15 years, Mage =

13.11 ± 0.76 years) were included in subsequent analyses. 
The study protocol was approved by the Institutional Review Board 

of the State Key Laboratory of Cognitive Neuroscience and Learning, 
Beijing Normal University. Imaging data collection was performed using 
a 64-channel head and neck coil on a Siemens Prisma 3 T MRI scanner. 

2.2. Screen media activities 

SMAs were assessed using the adapted self-reported Screen Time 
Survey from the Adolescent Brain Cognitive Development (ABCD) Study 
(Nagata et al., 2021; Paulus et al., 2019). The survey inquired about 
SMAs during a typical weekday and a weekend day, respectively, not 
including time spent on school-related work. Two original items were 
removed because they involve the content of restricted movies and 
games, which is not eligible with current Chinese policies. The final 
SMAs assessment included six different activities: Watching television 
(TV) shows or movies, watching videos (e.g., Tiktok), playing video 
games, texting, video chatting (e.g., Wechat, QQ), and visiting social 
networking (e.g., microblog). A sample item was “On a typical week-
day/weekend day, how many hours do you watch TV shows or movies.” 
Items were rated on a 7-point scale (none, < 30 min, 30 min, 1 h, 2 h, 3 
h, and > 4 h). A total score was calculated based on the formula: (the 
sum of six SMAs on weekdays × 5) + (the sum of six SMA modes on 
weekend days × 2). Cronbach’ α in this study was 0.833. 

2.3. DER and depressive symptoms 

DER was assessed using the 36-item Difficulties in Emotion Regula-
tion Scale (11 reverse scoring items; e.g., “I am clear about my feel-
ings”), which includes nonacceptance of emotional responses 
(Nonacceptance, 6 items; e.g., “When I’m upset, I become angry with 
myself for feeling that way.”), difficulties engaging in goal-directed 
behaviors (Goals, 5 items; e.g., “When I’m upset, I have difficulty get-
ting work done.”), impulse-control difficulties (Impulse, 6 items; e.g., “I 
experience my emotions as overwhelming and out of control.”), lack of 
emotional awareness (Awareness, 6 items; e.g., “I pay attention to how I 
am feeling.” (reverse scored), limited access to emotion-regulation 
strategies (Strategies; 8 items, e.g., “When I’m upset, I believe that I 
will remain that way for a long time.”), and lack of emotional clarity 
(Clarity, 5 items; e.g., “I am clear about my feeling.” (reverse scored) 
(Gratz and Roemer, 2004). Items were rated on a 5-point Likert scale (1 
= almost never to 5 = almost always). Higher scores reflect more 
emotional regulation difficulties. Cronbach’ α of the whole scale was 
0.922. 

Depressive symptoms were measured using the 20-item Self-Rating 
Depression Scale (SDS) (Zung, 1967). The SDS assesses subjective feel-
ings of depressive symptoms (e.g., “I feel down-hearted and blue.”) 
during the prior week. Items were rated using a 4-point Likert-like scale 
(from 1 = none or a little of the time to 4 = most or all of the time), with 
higher scores indicating more depressive symptoms. The SDS has been 
found to be a reliable and valid assessment tool in prior studies with 
Chinese adolescents (Lu et al., 2022). Cronbach’s αwas 0.795. 

2.4. Reward/loss processing 

A modified version of the MID task from the ABCD Study was used to 
measure brain activations during anticipation and receipt of reward, 
loss, and no reward/loss (Casey et al., 2018). In the MID task, the cue 
picture was presented first for 2000 ms, indicating the valence (win/-
lose/no incentive) and the stake amount (CNY 0/1/25). After the cue 

presentation, the screen presented a fixation “+ ” (1500–4000 ms) as the 
jittered anticipatory delay. Then, when a black figure (i.e., the response 
target) consistent with the previous cue appeared, participants were 
required to press a button as quickly as they could in order to obtain a 
reward or avoid a loss. The presentation time of the response target was 
regulated by an adaptive algorithm to maintain a success rate of 60%. 
The result of a given trial (i.e., win CNY 1/25, not win CNY 1/25, lose 
CNY 1/25, not lose CNY 1/25, neither win nor lose + CNY 0/− 0) was 
presented on the screen after the response was completed, regardless of 
whether the participant pressed the button or not. The process of a trial 
is illustrated in Fig. 1. 

Before conducting the task, participants were instructed to complete 
a practice task in order to obtain their initial reaction time (RT). During 
the formal task, participants were required to complete a total of two 
runs, each containing 50 trials and lasting for approximately 10.6 min. 
In the present experiment, we focused on the following contrasts: (a) 
anticipation of reward (+ CNY 1/25) vs no incentive ( ± CNY 0), (b) 
anticipation of loss (- CNY1/25) vs. no incentive ( ± CNY 0), (c) receipt 
of reward (+ CNY 1/25) vs. no reward (+ CNY0), and (d) receipt of loss 
(- CNY 1/25) vs. avoidance of loss (- CNY 0). 

After fMRI scanning, participants were asked to complete a MID post- 
imaging questionnaire. This questionnaire asked participants to rate 
how they felt when viewing different cues (including how excited/ner-
vous they felt when they saw the following situations (win 1/25, loss 1/ 
25) and how hard they tried in the following situations (win 1/25) 
during MID task performance to assess feelings and motivations 
regarding the values of wins and losses. Monetary rewards earned dur-
ing task performance were provided to participants. 

2.5. Data acquisition and preprocessing 

Imaging data were acquired using a 3 T Siemens Prisma MRI scanner 
with a 64-channel head coil, at the State Key Laboratory of Cognitive 
Neuroscience and Learning of Bejing Normal University. Functional data 
during the MID task were acquired using T1 * -weighted echo-planar 
imaging sequence with multi-band acceleration factor of 6 and paral-
lel imaging factor (iPAT) of 10, TR = 800 ms, TE = 30 ms, flip 
angle = 52 degrees, field of view (FOV) = 216 × 216 mm, in plane 
resolution of 2 × 2 mm 30 degrees of the anterior commissure-posterior 
commissure line to reduce the frontal signal dropout, slice thickness of 
2.4 mm, 60 slices. For each functional run, 400 scans were acquired. 

Gradient echo field maps were acquired for each participant, with 
the following imaging parameters: TR = 600 ms, TE 1 = 4.92 ms, TE 
2 = 7.38 ms, flip angle = 60 degrees, FOV = 212 × 212 mm, in plane 
resolution of 2 × 2 mm, 60 slices with slice thickness of 2.4 mm. In 
addition, for each participant, high-resolution T1 weighted structural 
images were acquired using a magnetization prepared rapid gradient 
echo (MPRAGE) pulse sequence, 176 slices, TR = 2500 ms, 
TE = 2.45 ms, flip angle = 8 degrees, FOV = 256 × 256 mm, 
resolution = 1 × 1 × 1 mm. 

Results included in this manuscript come from preprocessing per-
formed using fMRIPrep 20.2.0 ((Esteban et al., 2019); RRID: 
SCR_016216), which is based on Nipype 1.5.1 ((Gorgolewski et al., 
2011); RRID:SCR_002502). Details regarding functional and anatomical 
data preprocessing are shown in Supplementary methods. Participants 
with a mean head movement > 2 mm or 2◦ were removed. 

2.6. First-level analyses 

After preprocessing, data were analyzed with Statistical Parametric 
Mapping (SPM12, https://www.fil.ion.ucl.ac.uk/spm/software/ 
spm12/). We examined event-related blood oxygen level-dependent 
signals in a model with regressors of interest: anticipation (“small/ 
large reward,” “small/large loss,” and “no reward/loss”) and feedback 
(“small/large reward,” “no small/large reward,” “small/large loss,” and 
“no small/large loss”). For each participant, we estimated a general 
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linear model (GLM) with the onsets of “anticipation” and “feedback” for 
each trial convolved with a canonical hemodynamic response function 
entered as regressors in the model (Friston et al., 1995). Realignment 
parameters in all 6 dimensions were also entered in the model as 
nuisance covariates, and a high-pass filter with a cut-off of 128 s was 
applied to improve the signal-to-noise ratio. 

2.7. Second-level analyses 

In group-level or random-effects analyses, we performed one-sample 
t tests of the whole brain on each of the four contrasts (i.e., anticipation 
of reward vs. no incentive, anticipation of loss vs. no incentive, receipt of 
reward vs. no reward, and receipt of loss vs. avoidance of loss). In 
addition, to investigate relationships between reward/loss processing 
and SMAs, we conducted whole-brain linear regressions with SMAs 
scores as the regressor. We performed whole-brain linear regression 
analyses on each of the 4 contrasts against SMAs with age, gender, 
monetary awards, and the post-questionnaire of the MID scores as 
covariates and reported the findings at voxel p < 0.001 uncorrected and 
cluster-level p < 0.05 FWE-corrected. The cluster thresholds varied 
across the task contrasts (contrast of anticipation of reward vs. no 
incentive: 79; contrast of anticipation of loss vs. no incentive: 138). In 
addition, the brain regions associated with SMAs in a given contrast (e. 
g., anticipation of loss vs. no incentive) were used as regions of interest 
(ROIs). Then the contrast β values of these ROIs were extracted to 
perform the mediation and moderated mediation analyses. 

2.8. Statistical analyses 

Mediating and moderating analyses were conducted using Mplus 8.3. 
First, the mediating model examined the mediating role of brain acti-
vations during MID task performance through which DER relate to 
SMAs. The indirect effect was considered significant if its 95% boot-
strapped confidence interval from 5000 bootstrap samples did not 
include zero (Muthén and Asparouhov, 2015). Second, the moderated 
mediation model was conducted to examine the potential moderating 
role of depression. The significant moderating effect of depression 
would be illustrated by examining the conditional effects of targeted 
associations (e.g., DER → SMAs) at one standard deviation (SD) above 
and below the mean of the SDS. The MID post-imaging questionnaire 
scores and monetary rewards were considered to be particularly rele-
vant to neural activations during the MID task. However, comparisons 
with and without MID post-imaging questionnaire scores and monetary 
rewards as covariates did not detect significant changes in the main 

results of the mediation and moderated mediation models (see Supple-
mentary Materials). Given the potentially limited power of models, the 
post-imaging questionnaire scores and monetary rewards were not 
included in the subsequent mediation and moderated mediation models, 
and only age and gender were included as covariates. 

3. Results 

3.1. Behavioral results 

The mean accuracy rate for the MID task was 57.9%. One-way 
ANOVAs were conducted on participates’ reaction times (RTs) and ac-
curacy rates under different MID cues (i.e., Win, Loss, and Neutral). The 
accuracy rates differed significantly across the three conditions (F(2, 78) 
= 39.060, pbonf < 0.001, η2 = 0.334). Post-hoc analyses showed that the 
accuracy rate in the win condition was significantly higher than those in 
the loss (t78 = 2.998, pbonf = 0.011, d = 0.337) and neutral conditions 
(t78 = 7.531, pbonf < 0.001, d = 0.847). The accuracy rate in the loss 
condition was also significantly higher than that in the neutral condition 
(t78 = 5.805, pbonf < 0.001, d = 0.653) (Fig. 2). There were no significant 
differences in the RTs across the three conditions (F(2,78) = 2.459, pbonf 
= 0.108, η2 = 0.031), and we have provided additional comparison 
results for RTs relating to wins and losses in the supplementary material. 

Fig. 1. The timeline of one trial in the mone-
tary incentive delay (MID) task. In the MID 
task, the cue picture was first presented for 
2000 ms, indicating the valence (win/lose/no 
incentive) and the stake amount (CNY 0/1/25). 
After the cue presentation, the screen presented 
a fixation “+ ” (1500–4000 ms) as the jittered 
anticipatory delay. Then, when a black figure (i. 
e., the response target) consistent with the 
previous cue appeared, participants were 
instructed to press a button as quickly as they 
could in order to try to obtain a reward or avoid 
a loss.   

Fig. 2. The accuracy rates under different conditions.  
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3.2. Regional activations during the MID task in relation to SMAs 

The brain activations of anticipation of reward vs. no incentive, 
anticipation of loss vs. no incentive, receipt of reward vs. no reward, and 
receipt of loss vs. avoidance of loss are presented in the Supplementary 
materials. For the contrast anticipation of win > no incentive, the acti-
vations in the left calcarine cortex and right lingual gyrus correlated 
positively with SMAs (Fig. 3A and Table 1). For the contrast anticipation 
of loss > no incentive, the activations in the left anterior insula (AI), left 
calcarine cortex, right DLPFC, and right lingual gyrus correlated posi-
tively with SMAs (Fig. 3B and Table1). No significant correlations 
emerged between activations in brain regions and SMAs for other 
contrasts. 

3.3. The mediating model 

First, there was a significant positive correlation between DER and 
SMAs in adolescents (r = 0.292, p = 0.009). We proceeded to examining 
potential mediating roles of emotional components (including the AI 
and DLPFC, which are considered important nodes in an emotion neu-
rocircuit; Kebets et al., 2021), which were associated with SMAs in 
reward/loss processing (Fig. 4). The model fit the data well: χ2(2) =
0.182, p = 0.928, CFI = 1.000, RMSEA = 0.000, 90% CI, [0.000, 0.091], 
SRMR = 0.011. Bootstrapping results supported the proposed mediating 
effects: DER → AI/DLPFC → SMAs (bAI = 0.087, βAI = 0.115, 95% CI =
[0.018, 0.218]; bDLPFC = 0.048, βDLPFC = 0.063, 95% CI = [0.007, 
0.131]). The direct effect and indirect effects are presented in Table 2. 

Since the data were cross-sectional, we also calculated possible 
alternate mediating pathways (neural activation to reward/loss → DER 
→ SMAs), but no mediating effect was found. These results are presented 
in the Supplementary Material. 

3.4. The moderated mediation model 

Further, we explored the moderating effects of depressive symptoms 
in the identified associations. The moderated mediation model fit the 
data well: χ2(1) = 0.011, p = 0.917, CFI = 1.000, RMSEA = 0.000, 90% 
CI, [0.000–0.113], SRMR = 0.003. In the full model, the moderating 
effect of SDS was not significant in both the DER → SMAs and the neural 
activations → SMAs pathways, but SDS did demonstrate a trend level of 
a moderating effect in the relationship between AI activation and SMAs 
(b = 0.343, β = 0.256, p = 0.076) (Fig. 5A). The follow-up exploratory 
analyses indicated that depressive symptoms amplified the positive as-
sociation between activation in the AI under loss anticipation and SMAs 
(Fig. 5B). Specifically, the AI activation significantly predicted the SMAs 
among adolescents with high levels of depressive symptoms (+1 SD, b =

0.072, β = 0.558, p = 0.009), but not among those with low levels of 
depressive symtoms (− 1 SD, b = 0.018, β = 0.139, p = 0.369). 

Given the small sample size in the moderated mediation model in the 
present study, we further removed the non-significant paths involving 
SDS in the model and ran the test again. The moderating effects of SDS in 
the relationship between AI and SMAs were significant (b = 0.308, 
β = 0.230, p = 0.015; see Supplementary Material). Moreover, the 
pattern of results remained the same when including the post- 
questionnaire MID scores and monetary awards in mediation and 
moderated mediation analyses (see Supplementary Material). 

4. Discussion 

The present study contributes to the literature on youth SMAs by 
identifying potential neural mechanisms underlying associations be-
tween DER and SMAs. Specifically, the neural activations in emotion- 
processing-related brain regions (i.e., AI and DLPFC) associated with 
SMAs served as linking mechanisms underlying the association between 
DER to SMAs in youth. Moreover, this study further identified the 
amplifying effect of youth depressive symptoms in such associations, 
providing insights for developing future targeted prevention and inter-
vention efforts that aim to reduce the incidence of youth excessive 
engagement in SMAs. 

4.1. Brain activations of reward/loss processing associated with SMAs 

We found that the activations associated with SMAs were present in 
the anticipation phase. The anticipation of future positive or negative 
outcomes may arouse various emotional and motivational states prior to 
action (Robinson et al., 2014) and consequently may influence subse-
quent behaviors. Thus, neural activations during the anticipation phase 
associated with SMAs may reflect emotional and motivational states 
influencing engagement in SMAs. 

First, the present study found that SMAs was associated positively 
with activation in the left calcarine cortex and right lingual gyrus during 
reward or loss anticipation. This finding was consistent with findings 
from prior studies suggesting that children and adolescents with prob-
lematic use of the internet and emotional problems may have abnor-
malities in these brain regions (Chen et al., 2021; Lorenz et al., 2013; 
Wang et al., 2019; Wilcox and Adinoff, 2016). Both the calcarine cortex 
and the lingual gyrus belong to the visual attention network (Gebodh 
and Kelly, 2017), which is implicated in attention and processing visual 
stimuli (Eggebrecht et al., 2017; Goodale and Milner, 1992). Thus, the 
findings speculatively suggest that youth with greater engagement in 
SMAs may be more sensitive to visual stimuli. 

In addition, SMAs were associated positively with activations in the 

Fig. 3. Brain activations during reward/loss processing associated with SMAs. (A) Regional activations associated with SMAs during reward anticipation. (B) 
Regional activations associated with SMAs during loss anticipation. 
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left AI and right DLPFC during loss anticipation. The DLPFC and AI have 
been considered as important nodes in emotion processing and 
emotional regulation circuits (Lai, 2021; Santos et al., 2019; Zhang et al., 
2020). In particular, the DLPFC has been suggested as a central hub for 
facilitating connectivity of structures involved in processing and regu-
lating affective states (Wu et al., 2019). Treatment protocols using the 
DLPFC as a neural target in interventions that aim to reduce depressive 
symptoms as well as addictive behaviors have been investigated and 
supported (Li et al., 2020; Neacsiu et al., 2021; Santos et al., 2019). The 
sustained recruitment of the DLPFC during emotional regulation may 
reflect continued attention to and autoregulation of negative stimuli 
(Shackman et al., 2009; Zhao et al., 2021). The AI is located deep in the 
anterior region of the lateral fissure of the brain and is associated with 
multiple psychological functions including interoception, emotion, 
motivation, and cognition (Quarmley et al., 2019; Reisch et al., 2020). In 
emotional networks, there is often a strong response to aversive stimuli 
(Fazeli and Buchel, 2018; Liljeholm and O’Doherty, 2014). A previous 
study suggested that changes in insular-mediated anticipation and 

prediction of future events may lead to heighten negative emotion, 
which may trigger avoidance behaviors (Gogolla, 2017). Furthermore, 
both DLPFC and AI activation were associated with anticipated aversive 
responses (Nitschke et al., 2006) and increased negative emotional 
avoidance motivation (Aupperle et al., 2015). Thus, albeit speculatively, 
motivations to avoid negative emotions may increase the use of 
compensatory SMAs (Ahmed et al., 2022). Therefore, the present study 
suggests that the greater AI and DLPFC activations during loss antici-
pation may be important neural foundations for increased SMAs in ad-
olescents, possibly reflecting complex and relevant cognitive responses 
to negative stimuli. This may suggest that SMAs should be used 
moderately and not as a main avoidance coping strategy for managing 
negative emotions. It is notable that these results showed lateralization. 
However, given that the present study was exploratory, the lateraliza-
tion results require further investigation and validation. 

Previous studies have suggested that reward and loss constitute in-
dependent components (Fonagy and Luyten, 2018). Consistent with 
prior research, the present study found that longer response times and 
poorer accuracy to loss rather than reward stimuli were observed, sug-
gesting that loss processing may have more complex cognitive compo-
nents (Sozinov et al., 2020). Meanwhile, similar to another study 
(Goncalves et al., 2021), the present study observed that emotional re-
sponses under loss rather than reward anticipation appeared to be 
associated with SMAs in adolescents. Speculatively, this may reflect 
imbalanced development of reward/loss sensitivity in early adolescents 
(Feldmann et al., 2021), such that the loss anticipation modulates 
broader insula connections than the reward anticipation and thus is 
more closely associated with future motivated behaviors (Cho et al., 
2013; Leong et al., 2021). However, the present study was unable to 
make effective inferences about this. Further longitudinal follow-up 
studies are warranted to explore and examine why emotional 

Table 1 
Brain activations associated with SMAs in different contrasts.   

Regions BAa x, y, zb Max t Number of voxels Hemispherec 

Anticipation of win > no incentive       
Positive Calcarine cortex 18 -13, -79, 10 5.28 568 L  

Lingual Gyrus 18, 19 16, -59, -5 4.63 138 R 
Negative NA – – – – – – – 
Anticipation of loss > no incentive       
Positive Dorsolateral Prefrontal Cortex 8 44, 12, 50 5.15 78 R  

Anterior Insula 13 -33, 18, 4 4.78 109 L  
Lingual Gyrus 18, 19 12, -53, -7 4.63 73 R  
Calcarine cortex 18 -13, -79, 10 4.99 259 L 

Negative NA – – – – – – – 

Note. a Brodmann’s area. b Peak Montreal Neurological Institute (MNI) coordinates. c The activation area was on the right side (R) or the left side (L) 

Fig. 4. The mediation model.  

Table 2 
Bootstrap testing of multiple mediation models for the AI and DLPFC.  

Path Unstandardized b 95% CI Standardized β 

(SE) Low High (SE) 

Direct effect     
DER → SMAs 0.105 (0.080) -0.043 0.272 0.139 (0.101) 
Indirect effect     
DER → AI → SMAs 0.087(0.048) 0.018 0.218 0.115 (0.054) 
DER → DLPFC → SMAs 0.048 (0.029) 0.007 0.131 0.063 (0.038) 

Note. AI: Anterior Insula; DLPFC: Dorsolateral Prefrontal Cortex; DER: Difficulty 
in Emotion Regulation. 
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responses in loss anticipation rather than reward anticipation may be a 
salient neural feature predicting SMAs during early adolescence. 

4.2. The mediating effects of SMAs-related activations in the AI and 
DLPFC during loss anticipation in the relationship between DER and SMAs 

In addition to replicating the positive relationship between DER and 
SMAs (Ji et al., 2021; Marchica et al., 2020), the present study further 
identified neural activations during loss anticipation as an underlying 
neural mechanism that accounted for the association between DER and 
SMAs. Specifically, activations in the AI and DLPFC during loss antici-
pation served as linking mechanisms in the associations between DER 
and SMAs. The loss cues signified possible negative outcomes, which 
may have inadvertently increased participants’ psychological stress and 
emotional responses during the anticipation phase (Kermer et al., 2016; 
Weidacker et al., 2021). The activation in the AI was associated with 
greater negative anticipation, suggesting greater aversion to loss 
(Rothenberg et al., 2019; Sheppes and Gross, 2015). Therefore, adoles-
cents with DER may have shown greater activation of the AI during loss 
anticipation due to their increased sensitivity to aversive stimuli, which 
may have promoted their avoidance motivation (Gogolla, 2017) and 
facilitated avoidance behaviors, including possible engagement in 
SMAs. Moreover, the DLPFC is involved in emotion processing (Kohn 
et al., 2014), and has been implicated in approach/avoidance behaviors 

(Aupperle et al., 2015; Rolle et al., 2022). Studies have demonstrated the 
DLPFC hyperactivity in individuals with DER, which might be involved 
in attentional regulation of emotional information (Rive et al., 2015; 
Robinson et al., 2008). In the present study, adolescents with DER had 
increased recruitment of the DLPFC during loss anticipation, suggesting 
possible increased attention to negative stimuli (Barnhofer et al., 2021). 
Furthermore, activation in the right DLPFC has been associated with 
increased motivation for avoidance behavior (Gueguen et al., 2021; Xia 
et al., 2021). Therefore, increased activation in the DLPFC during loss 
anticipation in adolescents with DER may speculatively promote 
avoidance behaviors. SMAs may represent common negative-emotion 
avoidance behaviors among adolescents, which may help them escape 
from negative states, seek online support, and meet social needs (Marino 
et al., 2020). However, SMAs may also be maladaptive as they may be 
reinforced and develop into addictions, which in turn may compromise 
individuals’ cognitive and neural development (Brand et al., 2019, 
2016). While these possibilities are currently speculative and warrant 
further direct examination, they are in line with prior data and theo-
retical models. 

As multimodal integration sites, the AI and DLPFC have been asso-
ciated with other subcortical emotion-related brain regions such as the 
amygdala, striatum, and thalamus, which have also been implicated in 
various advanced cognitive functions (Fang et al., 2020; Royer et al., 
2020). The extensive connections of the AI or DLPFC with subcortical 
brain regions have been implicated in excessive SMAs, including gaming 
and internet addictions (Dong et al., 2019; Zeng et al., 2021). These 
cortical-subcortical associations should also be examined in future 
studies. 

The present results did not support alternate pathways for the re-
lationships among DER, brain activations and SMAs. However, consid-
ering that the present data were cross-sectional, it is important to 
explore other possibilities (e.g., brain activations → DER → SMAs) in 
future longitudinal studies. 

4.3. The moderating effect of SDS 

In the present study, a moderating effect of depressive symptoms in 
the association between DER and SMAs was not found. However, the 
present study provided some evidence for the moderating effect of 
depressive symptoms in the relationship between the AI activation 
during loss anticipation and SMAs. Further exploration revealed that the 
AI activation during loss anticipation significantly and positively pre-
dicted SMAs among adolescents with higher levels of depressive symp-
toms, while such an association was not found among those with lower 
levels of depressive symptoms. These findings are in line with the 
proposition of a negative reinforcement theory such that depressive/ 
negative states may strengthen the relationship between internal dis-
rupted emotion/neurocircuitry regulation and external risk behaviors 
(e.g., substance-seeking) to alleviate/avoid negative emotions and 
maintain a emotional homeostatic (Koob and Dantzer, 2020), although 
additional research is needed to investigate this possibility. Individuals 
with high levels of depressive symptoms have demonstrated impaired 
cognitive functioning (e.g., emotion dysregulation) (Grahek et al., 2019) 
and disrupted emotional neurocircuitry (Andreescu et al., 2019; 
Workman and Raab-Graham, 2017). Therefore, they may be more 
vulnerable to abnormal activation in the AI in response to negative 
stimuli (Zhang et al., 2022), and could be more likely to do something to 
manage negative emotions aroused by AI activation (Fauth-Bühler et al., 
2014). Considering that SMAs may be one common, easily available 
compensatory way to disengage individuals from negative emotions 
(Kardefelt-Winther, 2014), it is not surprising that the AI activation 
during loss anticipation leads to increased SMAs for those adolescents 
with high levels of depressive symptoms. 

In sum, the present study suggests that effects of AI activation during 
processing of negative stimuli on SMAs in adolescents varied across 
different levels of depression. However, molecular mechanisms of 

Fig. 5. Depressive symptoms moderated the associations among DER, AI ac-
tivity during loss anticipation, and SMAs. (A) The path diagram of the 
moderated mediation model. (B) The simple slopes for the moderating effect of 
depression in the relationship between AI activity and SMAs. Note. Parameter 
estimates were standardized coefficients. For simplicity of presentation, control 
variables (age and gender) are not shown. *p < 0.05, **p < 0.01, ***p < 0.001. 
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possible AI-related homeostatic influences were not studied here and 
require further examination in future studies. Meanwhile, considering 
the potential risks, excessive SMAs among adolescents, especially those 
with high levels of depressive symptoms, need to be identified and tar-
geted in interventions. Strengthening adolescents’ acquisition of effec-
tive emotion-regulation skills may constitute a promising way to address 
daily negative emotions and reduce the incidence of excessive SMAs. 

4.4. Limitations 

Some limitations should be noted. First, the cross-sectional design 
limited the exploration of potentially causal relationships among DER, 
neural activations during reward/loss processing, and SMAs. Given the 
potentially complex natures of emotion processing and youth engage-
ment in SMAs, future studies are warranted to examine the unfolding 
processes of these dynamic relationships. Second, engagement in SMAs 
was based primarily on youth self-report. Adolescents and their signif-
icant others (e.g., parents) may have disparate perceptions of media use, 
either in forms or magnitude. Future studies may want to employ multi- 
informant reporting (e.g., from both parents and adolescents) in 
assessing SMA and more objective measures of engagement in SMAs. 
Third, the present study focused on the relationship between escaping 
from negative mental states and SMAs, but did not consider possible 
roles of other motivations. Future studies should consider potential in-
fluences of other relevant motivations such as seeking online support 
and social affiliation with respect to SMAs in adolescents. Fourth, while 
age was included in models, different pubertal stages may associate 
differentially with age across subjects. Future studies should also assess 
and consider pubertal stage. Fifth, some additional variables, such as 
parental restrictions on SMAs, may be important and warrant consid-
eration in future studies. Sixth, limited information on screen media use 
were collected, and future studies could consider additional measures of 
problematic use of SMAs in youth (e.g., the Bergen Social Media 
Addiction Scale (Andreassen et al., 2012)). Finally, this study empha-
sized the independent roles of the AI and DLPFC activations under loss 
anticipation. As important hub nodes, it remains worthwhile to explore 
how their activations at a network level may influence relationships 
between DER and SMAs. 

5. Conclusion 

In conclusion, the present study demonstrated that the activations in 
the AI and DLPFC during loss anticipation may be a biological basis for 
linking the relationship between DER and SMAs. Greater DER in youth 
contributed to more frequent engagement in SMAs through brain acti-
vations possibly linked to higher emotional reactions (AI activation) and 
greater cognitive attention and regulation to negative events (DLPFC 
activation). In particular, for adolescents with high rather than low 
depressive symptoms, DER were associated more strongly with SMAs 
through specific neural correlates implicated in emotional responses to 
negative events. Therefore, this study suggests the importance of 
considering youth emotional problems with respect to engagement in 
SMAs. Further, it seems important to help youth in a timely manner to 
appropriately cope with negative emotions and enhance their 
emotional-regulation capabilities. 
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