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Abstract

This study aimed to investigate neuroimaging correlates of social media use and examine whether
genetic factors contribute to interindividual variability in these correlates. Seventy-seven participants
were enrolled and underwent multimodal MR, longitudinal assessments, and genotype sampling.
Multimodal MRI was used to evaluate cerebral blood flow (CBF), functional connectivity (FC), and white
matter integrity. The longitudinal protocol included short-term and long-term social media tasks. APOE
and BDNF genotypes were collected and incorporated into linear mixed-effects models. A control group
was also included, in which participants read science fiction on their smartphones. Short-term social
media use was associated with alterations in CBF and FC, with the magnitude of these changes differing
according to participants’ habitual levels of social media use. Long-term social media use was
associated with reduced white matter integrity, whereas no comparable changes were observed in the
science-fiction reading group. In addition, changes in functional network efficiency following short-term
social media use were associated with subsequent changes in structural network efficiency observed
after long-term use. Furthermore, interindividual variability in CBF and white matter integrity changes
was associated with APOE and BDNF genotypes, respectively. Short-term social media use was
associated with changes in CBF and FC, whereas long-term use was associated with reduced white
matter integrity. Functional changes observed following short-term use were related to structural
changes observed after long-term use. Variability in short- and long-term neuroimaging responses
associated with social media use was related to genetic background.

Trial registration

This study has been registered in ClinicalTrials.gov (NCT05097807).

1. Introduction

Daily social media use has been associated with alterations in attention, memory performance, and
learning-related processes, as well as higher levels of depressive symptoms and paranoid ideation
(Baumgartner, van der Schuur, Lemmens, & te Poel; Silk et al., 2014; Storm & Stone, 2015; Ward, 2013).
Despite growing interest, direct neurobiological evidence remains limited (Loh & Kanai, 2016; Mills,
2014). A major limitation of previous studies is their reliance on cross-sectional designs, which primarily
identify associations and provide limited insight into the temporal dynamics of brain plasticity (Choi et
al., 2021; Firth et al., 2019; Lamblin, Murawski, Whittle, & Fornito, 2017; Loh & Kanai, 2016; Moisala et al.,
2016; Uncapher et al., 2017; Uncapher & Wagner, 2018).

Longitudinal studies have enhanced our understanding of brain plasticity by revealing functional and

structural changes in the brain following behavioral interventions (Farrington, 1991; Kiihn, Gleich, Lorenz,

Lindenberger, & Gallinat, 2014; Kiihn et al., 2019; Takeuchi et al., 2016; West et al., 2018). Similar

longitudinal approaches may help characterize neural adaptations associated with social media use.

However, prior research has generally examined either short-term functional changes (Moisala et al.,

2016) or long-term structural alterations (Achterberg et al., 2022), without integrating both timescales.
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Because transient functional adaptations are thought to contribute to subsequent structural remodeling
(Boyke, Driemeyer, Gaser, Biichel, & May, 2008; Sagi et al., 2012; Sampaio-Baptista et al., 2014; Wang et
al., 2014), combining short-term and long-term assessments within a unified longitudinal framework may
offer a more comprehensive view of brain plasticity patterns associated with social media engagement.

Multimodal magnetic resonance imaging (MRI) provides complementary information on brain structure
and function. Diffusion tensor imaging (DTI) characterizes white matter microstructure (Perlini, Bellani, &
Brambilla, 2012), arterial spin labeling (ASL) quantifies cerebral perfusion (Hernandez-Garcia, Lahiri, &
Schollenberger, 2019), and blood oxygen level-dependent (BOLD) imaging assesses functional activity
and connectivity (Poldrack, 2012). Together, these modalities enable comprehensive assessment of
functional and structural brain changes associated with social media use. However, considerable
interindividual variability exists in neural plasticity, highlighting the need for imaging genetics
approaches to investigate the biological basis of these differences.

Imaging genetics integrates genetic and neuroimaging data to explore sources of variability in brain
plasticity (Jickling et al., 2012; Mufford et al., 2017). The apolipoprotein E (APOE) gene, which supports
cerebrovascular integrity and contributes to cerebral blood flow regulation (Hays et al., 2019; Scarmeas,
Habeck, Stern, & Anderson, 2003; Tiraboschi et al., 2004; Wierenga et al., 2013; Yip et al., 2005), could be
examined for its association with CBF changes following short-term social media exposure. Similarly,
the brain-derived neurotrophic factor (BDNF) gene, critical for neuronal development, maintenance, and
structural plasticity (Bramham & Messaoudi, 2005; Chao, Rajagopal, & Lee, 2006; Park & Poo, 2013),
could be assessed in relation to white matter microstructural changes following prolonged social media
use. Together, these analyses provide a framework for linking genetic variation to individual differences
in neural responses associated with social media engagement.

In the present study, we combined a longitudinal design, multimodal MRI, and genetic information to
investigate: (1) neuroimaging changes associated with short-term social media use; (2) neuroimaging
changes associated with long-term social media use; (3) the relationship between short-term functional
alterations and long-term structural changes; and (4) the contribution of APOE and BDNF genotypes to
interindividual variability in these neuroimaging measures.

2. Methods

2.1 Subject recruitment

Participants were recruited from undergraduate students at our university through online
advertisements. The target sample size was determined with reference to previous longitudinal
neuroimaging studies investigating behavioral interventions, particularly video game training (lyadurai et
al., 2018; Kiihn & Gallinat, 2014; Kiihn et al., 2014; Kiihn et al., 2019; West et al., 2018), which typically
enrolled 48-90 participants. To account for potential exclusions and attrition during longitudinal follow-
up, approximately 90 participants were initially targeted for recruitment.
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A total of 85 individuals responded to the advertisement and underwent eligibility screening. Participants
with obesity (BMI > 30), current smoking, regular alcohol consumption, left-handedness, a history of
traumatic brain injury, or a family history of psychiatric disorders were excluded because these factors
have been associated with neuroimaging measures (Nutt et al., 2021; Potvin, Tikasz, Dinh-Williams,
Bourque, & Mendrek, 2015; Syan et al., 2021). Following screening, 8 participants were excluded due to
obesity, smoking or alcohol use, and left-handedness. The remaining 77 eligible participants were
enrolled in the study (Fig. 1).

The rationale for participant grouping and the reliability of this recruitment strategy have been described
previously (Hu et al., 2022). Briefly, the 35 participants reporting the highest daily social media use were
assigned to the heavy social media (HSM) group. The remaining 42 participants were randomly allocated
to either the light social media (LSM) group or the science fiction (SF) group, with 21 participants in each
group. Participants in the LSM group completed the social media protocol, while those in the SF group
engaged in smartphone-based science-fiction reading, serving as an active control condition.

This study was approved by the Institutional Review Board of Tangdu Hospital and conducted in
accordance with the Declaration of Helsinki. All participants provided written informed consent prior to
enrollment.

2.2 Study design
2.2.1 Social media task

Microblog (Weibo.com) is a widely used social media application in China, has features broadly similar
to Twitter or Facebook. To minimize variability introduced by different platforms, browsing Microblog on
a smartphone was designated as the social media task. For the short-term task, participants engaged in
this activity for two hours in an independent, quiet room, corresponding to the average daily usage of the
HSM group. For the long-term task, participants completed the same activity for two hours per day over
four consecutive weeks.

2.2.2 Science fiction task

To control for the potential effects of reading on a smartphone independent of social media use, the 21
participants in the SF group served as an active control. They completed short- and long-term reading
tasks using a science fiction text (The Three-Body Problem by Ci-Xin Liu) on their smartphones,
matching the duration and schedule of the social media tasks.

2.2.3 Overall arrangement

The experiment was designed as follows (Fig. 1): (1) all subjects received genotype sampling and
multimodal MRI scanning on their first visit; (2) the subjects performed a short-term task; (3) the
subjects then received a second multimodal MRI scanning immediately after the short-term task; (4) the
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LSM group and SF group performed the long-term task; and (5) on the day after the long-term task, the
subjects received another multimodal MRI scanning.

2.3 Demographic information

A total of 175 undergraduate students completed a questionnaire assessing demographic
characteristics and smartphone use patterns (Supplementary Table S1). Demographic variables
included age, sex, height, weight, smoking status, alcohol consumption, color blindness, handedness.
Smartphone usage data were obtained from the built-in screen-time monitoring function of participants’
smartphones, including average daily time spent on social media, gaming, chatting, video streaming, and
other activities during the previous week. To standardize the assessment of social media exposure,
usage time was calculated based on the three most popular social media applications in China
(Microblog, TikTok, and Kwai).

2.4 Genotype

Genomic DNA was extracted from 3 mL of peripheral whole blood using the Illumina Infinium HTS Assay.
APOE (rs7412 and rs429358) and BDNF (rs6265) genotypes were determined for each participant.
Among the 77 participants included in the study, 70 underwent genotyping, while seven declined blood
sampling. The final genotyped sample consisted of 34 participants in the HSM group, 18 in the LSM
group, and 18 in the SF group.

2.5 Imaging data acquisition and analysis

Multimodal neuroimaging data acquisition and analysis were consistent with standard procedures
(Esteban et al., 2019; Smith et al., 2006), please see Supplementary note and Supplementary Fig. S1 for
details.

2.5.1 Cerebral perfusion

The CBF images were obtained from the ASL data. Then, it was processed in SPM12 software running
on the MATLAB 2014a platform. The preprocessing procedure of CBF images included normalization to

the MNI space (resampled to 2x2x2 mm?), z-score transformation, and smoothness.
2.5.2 White matter integrity

We used the FSL software (https://FSL.FMRIB.ox.ac.UK/FSL/fslwiki) to process DTl data, and the
fractional anisotropy (FA) and mean diffusion (MD) maps were derived to reflect the integrity of white
matter (WM). The FA and MD maps were then fed into the tract-based spatial statistics (TBSS) pipeline
(Smith et al., 2006). In TBSS, FA and MD images of all subjects were nonlinearly registered to the

standard template and the standard MNI space (resampled to 2x2x2 mm?).

2.5.3 Functional and structural network efficiency
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BOLD images were processed in SPM12 software, and the procedures included removing the first 10
time points, slice time correction, head motion correction, excluding scans with excessive head motion
(translation > 2.0 mm or rotation > 2°), normalization to the MNI space, smoothness, and nuisance signal
regression. After that, functional connectivity (FC) matrices were obtained with a 116-region anatomical
automatic labeling (AAL-116) atlas. The structural connectivity (SC) matrices were obtained from the DTI
data with probabilistic tractography and the AAL-116 atlas by the Diffusion Toolbox in FSL. Two of the
most commonly used graph-theory characteristics, namely global efficiency and local efficiency, were
calculated from the FC and SC matrices, separately.

2.6 Statistical analysis
2.6.1 Demographic information

Continuous variables were compared using the independent-samples t-test or the Mann—Whitney U test,
as appropriate. Categorical variables were compared using the chi-square test or Fisher's exact test.

2.6.2 Impact of short-term task on CBF

Voxel-wise paired t-tests were performed to assess changes in CBF before and after the short-term task.
Multiple comparisons were corrected using the false discovery rate (FDR) method, with statistical
significance set at P < 0.05.

2.6.3 Impact of short-term task on functional network

Changes in FC following the short-term task were assessed using paired t-tests combined with network-
based statistics (NBS). Statistical significance was determined using permutation testing (5,000
permutations), with a corrected threshold of P < 0.05. For network-level interpretation, brain regions were
classified into nine large-scale functional networks according to the atlas proposed by Schaefer et al.
(Schaefer et al., 2018) (Supplementary Fig. S2).

2.6.4 Impact of long-term task on WM integrity

FA and MD maps were analyzed using the TBSS pipeline (Smith et al., 2006) (see Supplementary note).
Statistical significance was assessed using permutation testing (5,000 permutations) combined with
threshold-free cluster enhancement (TFCE), with P < 0.05 considered significant.

2.6.5 Relationship between short-term functional changes and long-term structural changes

The relationship between functional and structural changes was evaluated using two widely adopted
graph-theoretical measures: global efficiency and local efficiency. Changes in functional efficiency
following the short-term task were correlated with changes in structural efficiency following the long-
term task using Spearman’s rank correlation coefficient because the data did not satisfy the assumption
of normality. Differences between correlation coefficients were further evaluated using Fisher’s Z test
implemented in the Cocor software package (Diedenhofen & Musch, 2015).
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2.6.6 Genetic prediction of neuroimaging plasticity

Associations between genetic variation and neuroimaging plasticity were examined using linear mixed-
effects models. Post-task mean cortical CBF was modeled as a function of APOE genotype (rs429358
and rs7412), baseline CBF, age, and BMI, with group included as a random effect. Post-task mean FA or
MD values were modeled as a function of BDNF genotype (rs6265), baseline FA or MD values, age, and
BMI, with group included as a random effect. The models were specified as follows: (1) CBF after task ~
rs429358 +rs7412 + baseline CBF + age + BMI + (1|group); (2) FA (or MD) after task ~ rs6265 + baseline
FA (or MD) + age + BMI + (1|group).

3. Results

3.1 Demographic information

The statistics of demographic information, habits of smartphone use, and genotypic information are
listed in Table 1. demographic characteristics, including age, height, weight, and BMI, did not differ
significantly among the HSM, LSM, and SF groups (all P > 0.05). The HSM group spent significantly more
time on social media (1.96 [1.71-2.20] h) than the LSM (0.40 [0.31-0.50] h) and SF groups (0.35 [0.25-
0.46] h, P < 0.001), whereas time spent on chatting, gaming, film/TV viewing, and other activities was
similar across groups (all P > 0.05). Besides, APOE and BDNF genotype distributions did not differ
significantly among groups (all P > 0.05).

3.2 Short-term reading tasks were associated with CBF redistribution

Following the short-term social media task, participants in the HSM group exhibited widespread CBF
changes (Fig. 2a), including increased perfusion in the visual cortex, right middle frontal gyrus (MFG),
thalamus, and pons, together with decreased CBF in the left frontal lobe, bilateral medial prefrontal
cortex (mPFC), bilateral temporal lobes, and right angular gyrus. In the LSM group (Fig. 2b), increased
CBF was observed in the right MFG, whereas decreased CBF was detected in the bilateral superior
temporal gyrus and bilateral mPFC. Following the short-term science-fiction reading task, participants in
the SF group (Fig. 2c) showed increased CBF in the right MFG and left supramarginal gyrus,
accompanied by decreased CBF in the left middle temporal gyrus, left insula, and left superior frontal
gyrus. Detailed information on significant clusters, including cluster size, MNI coordinates, and peak t
values, is provided in Supplementary Table S2. Overall, the HSM group exhibited substantially more
extensive CBF redistribution than the LSM and SF groups.

3.3 Short-term social media use was associated with functional network changes

After short-term social media use, a resting-state subnetwork in the HSM group (Fig. 2d) showed a
significant decrease (P = 0.024), primarily between the visual network (VN) and limbic system, as well as
between the default mode network (DMN) and cerebellum (Fig. 2e). In contrast, a resting-state
subnetwork in the LSM group exhibited a widespread increase across nearly the entire brain, except for
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the VN (P = 0.028, Fig. 2d and 2e). No significant changes in functional networks were observed
following science fiction reading.

3.4 Long-term social media use was associated with decreased integrity of WM tracts

Long-term social media use was associated with impaired WM integrity, as evidenced by significantly
decreased FA (Fig. 2f, P, = 0.038) and increased MD (Fig. 2g, Ppe,k = 0.027). These alterations were
primarily observed in the corpus callosum, bilateral corona radiata, bilateral superior longitudinal
fasciculus, bilateral posterior thalamic radiation, optic radiation, and sensorimotor cortex. In contrast, no
significant changes in either FA (Pyeq = 0.289) or MD (Pp,e, = 0.365) were detected following the long-
term science fiction reading task.

3.5 Functional efficiency changes after the short-term social media use were related to structural
efficiency changes after long-term social media use

As shown in Fig. 3, changes in functional efficiency following short-term social media use were
negatively associated with structural efficiency changes after long-term social media use (global
efficiency: Spearman’s p =-0.230, P = 0.358; local efficiency: Spearman’s p =-0.517, P = 0.028). In
contrast, after science fiction reading, the correlation was positive (global efficiency: Spearman’s p =
0.565, P = 0.008; local efficiency: Spearman’s p = 0.359, P = 0.110). Moreover, both correlations in the SF
group were significantly stronger than those in the LSM group (global efficiency: P = 0.006; local
efficiency: P = 0.003).

3.6 APOE and BDNF predicted the neuroimaging plasticity after tasks

According to Table 2, the APOE genotype (rs7412) significantly predicted mean CBF changes following
the short-term task (F = 5.017, P = 0.036). After the long-term task, the BDNF genotype (rs6265)
significantly predicted mean FA changes (F = 3.987, P = 0.034) and showed a trend toward predicting
mean MD changes (F = 3.378, P = 0.053). To further examine the specificity of these associations, we
also tested whether APOE genotype predicted FA and MD changes and whether BDNF genotype
predicted CBF changes. None of these analyses reached statistical significance (all P > 0.4, Table 2),
supporting the specificity and robustness of the observed genotype-imaging associations.

4. Discussion

Using a longitudinal multimodal MRI and imaging genetics framework, we found that short-term social
media exposure was associated with changes in cerebral blood flow and functional connectivity,
whereas long-term exposure was associated with reduced white matter integrity. Moreover, short-term
functional changes were related to long-term structural alterations, and individual variability in these
neuroimaging responses was partly explained by APOE and BDNF genotypes.
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After short-term social media use, heavy social media users exhibited activation in the visual cortex,
which may partly explain why individuals using social media before sleep often experience insomnia and
increased dreaming (LeBourgeois et al., 2017; Levenson, Shensa, Sidani, Colditz, & Primack, 2016).
Consistent with this, Sherman et al. (Sherman, Payton, Hernandez, Greenfield, & Dapretto, 2016) reported
visual cortex activation when participants viewed photos with many “likes” on social media. Additionally,
the right MFG was activated, overlapping with findings by Moisala et al. (Moisala et al., 2016), who
associated this region with media multitasking scores and susceptibility to distraction. Notably, similar
MFG changes were also observed in the SF group, suggesting a potential relation to screen-based
reading in general. CBF was decreased in the medial prefrontal cortex, temporal pole, and angular gyrus,
key nodes of the default mode network (Raichle, 2015) that are typically deactivated during tasks.
Moreover, decreased CBF was observed in the dorsolateral prefrontal cortex, a region critical for decision
making (Greene, Sommerville, Nystrom, Darley, & Cohen, 2001) and working memory (Barbey, Koenigs, &
Grafman, 2013), indicating suppression of these cognitive functions during social media use.

Long-term social media use was associated with impaired WM integrity, consistent with previous
findings (He, Turel, & Bechara, 2018; Hutton, Dudley, Horowitz-Kraus, DeWitt, & Holland, 2020). WM
organization and myelination are highly sensitive to environmental factors such as music training,
reading, and physical activity (Forbes & Gallo, 2017). Specifically, long-term social media exposure led to
reduced integrity in the corpus callosum, corona radiata, superior longitudinal fasciculus, posterior
thalamic radiation, optic radiation, and sensorimotor cortex. Prior studies have reported deleterious
effects of internet addiction on the corpus callosum (Lin et al., 2012), which may further compromise
decision-making abilities (Olson et al., 2009). The superior and inferior longitudinal fasciculi connect
visual cortices to parietal and frontal regions, supporting social-semantic processing and memory
formation. Consequently, deficits in these tracts have been linked to impaired working memory, language
deficits, and schizophrenia (Karlsgodt et al., 2008; Romeo et al., 2018).

Genotype has been previously linked to baseline brain MRI signals (Wen, Goyal, Astafiev, Raichle, &
Yablonskiy, 2018), fMRI patterns (Zhong et al., 2021), and DTl metrics (Zhao et al., 2021), and has been
used to predict disease diagnosis and severity (Stenton, Zou, Cheng, Prokisch, & Fang, 2021; Wiberg et
al., 2019). Prior studies utilized genetic information at the single-gene (Hiatt et al., 2019), polygenic (Cao,
Zhou, & Cannon, 2021), and genome-wide association study (GWAS) levels (Elliott et al., 2018). To our
knowledge, this study is the first to leverage genotypes to predict neuroimaging plasticity in the context
of social media use, providing a potential avenue to understand individual differences in susceptibility
and to identify those more vulnerable to social media effects.

Several limitations should be noted. First, the 4-week reading task may not have been sufficient to fully
capture the neural effects of social media, although prior studies have shown that this duration is
adequate for detecting structural brain changes (Wang et al., 2014). Second, our sample size, particularly
in the longitudinal component, was relatively small, and future studies should include more participants
to improve reliability. Third, due to a highly imbalanced sex ratio, only male subjects were included to
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minimize bias. This was a difficult decision, as females typically engage more with social media than
males (Spiller, Ackerman, Spiller, & Casavant, 2019).

5. Conclusion

Short-term social media use was associated with changes in CBF and FC, whereas long-term use was
associated with reduced white matter integrity. Functional changes observed following short-term use
were related to structural changes observed after long-term use. Variability in short- and long-term
neuroimaging responses associated with social media use was related to genetic background.
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Table 1. Demographics of subjects in the HMSR, LMSR, and SF groups
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Age (years)

Height (cm)

Weight (kg)

BMI (kg/m?)

HSM
(N = 34)

21.00

[20.73, 21.27]
175.15

[173.67, 176.85]
67.25

[64.71, 69.39]
21.86

[21.23, 22.48]

Smartphone use habits

Chatting (h)

Game (h)

Film/TV series (h)

Social media (h)

Other activities (h)

Genotype

APOE: rs429358
(TT/TC/CC)
APOE: rs7412
(CC/CT/TT)
BDNF: rs6265
(GG/GA/AA)

1.03
[0.73,1.33]
0.59
[0.34, 0.84]
0.33
[0.15,0.52]
1.96
[1.71,2.20]
0.44
[0.28,0.61]

24/10/0

29/5/0

10/17/7

LSM
(N = 20)

20.90

[20.43, 21.38]
174.51
[171.05,177.37]
67.75
[63.77,71.13]
22.07
[21.31,22.83]

0.91
[0.49,1.32]
0.60
[0.32,0.87]
0.19
[-0.01, 0.39]
0.40
[0.31,0.50]
0.39
[0.11,0.67]

15/2/0

16/1/0

6/8/3

SF

(N=21)

20.91
[20.52,21.30]
177.41
[174.68,180.14]
68.93

[64.66, 73.21]
21.82
[21.02,22.63]

1.11
[0.83,1.40]
0.69
[0.32,1.06]
0.35
[0.12,0.58]
0.35
[0.25, 0.46]
0.81
[0.37,1.26]

13/5/0

16/2/0

5/10/3

P value

0.905

0.171

0.679

0.880

0.715

0.869

0.519

<0.001

0.092

0.278

0.407

0.737
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The 95% confidence interval (Cl) values are given in square brackets.

Table 2. The prediction of plasticity of CBF and white matter integrity

Mean CBF  Fvalue
P value
Mean FA F value

P value

Mean MD F value

P value

Age

0.002
0.967
4.310
0.050

1171
0.292

BMI

2.373
0.138
0.266
0.611

1.212
0.283

Baseline value

1.885
0.184
172.427

1.359x10711*
496.828

4.248x10716*

APOE
rs7412
5.017
0.036*
0.078
0.783

0.002
0.962

rs429358
0.349
0.561
0.140
0.712

0.691
0.415

BDNF

rs6265

0.762
0.478
3.987
0.034*

3.378
0.053

Group

0.766
0.477
0.895
0.355

0.057
0.813

A linear mixed-effect model was built, in which the APOE genotype (or BDNF genotype) contained fixed
effects independent of behavioral tasks, and the group variable contained random effects specific to

behavioral tasks, and CBF value (or FA, MD value) at baseline, age, and BMI were considered as

covariates of no interest. Significant predictors were marked with asterisks.
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Figure 1

Subject recruitment and experimental design. A total of 175 participants completed the questionnaires.
Among them, the 35 participants with the highest daily social media use and the 42 participants with the
lowest daily social media use were selected for further study, whereas the remaining 98 participants
were excluded. The 35 high-use participants were assigned to the heavy social media (HSM) group. The
42 low-use participants were randomly allocated to either the light social media (LSM) group or the

Task: Sci-fi novel
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science fiction (SF) group. Participants in the HSM and LSM groups underwent short-term and long-term
social media intervention tasks, together with multimodal MRI scans acquired at baseline and following
the short- and long-term interventions. The SF group followed the same experimental protocol as the
LSM group, except that both intervention tasks consisted of science fiction reading. HSM, heavy social
media; LSM, light social media; SF, science fiction.
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The impact of social media use and science fiction reading on cerebral blood flow (CBF), functional
connectivity (FC), and white matter integrity. (a) Effects of short-term social media use in the HSM
group. Increased CBF was observed in the visual cortex, right middle frontal gyrus (MFG), and thalamus,
whereas decreased CBF was detected in the left frontal lobe, bilateral medial prefrontal cortex (mPFC),
bilateral temporal lobes, and right angular gyrus. (b) Effects of short-term social media use in the LSM
group. Increased CBF was observed in the right MFG, while decreased CBF was found in the bilateral
superior temporal gyrus and bilateral mPFC. (c) Effects of short-term science fiction reading in the SF
group. Increased CBF was observed in the right MFG and left supramarginal gyrus, whereas decreased
CBF was detected in the left middle temporal gyrus, left insular gyrus, and left superior frontal gyrus. (d)
Significantly altered FC patterns following short-term social media use. An increased functional network
was identified in the LSM group, whereas a decreased functional network was observed in the HSM
group. (e) Brain network-level visualization of the increased and decreased functional connections. (f)
Long-term social media use was associated with reduced fractional anisotropy (FA) in the bilateral
corpus callosum (CC), superior longitudinal fasciculus (SLF), and sensorimotor regions. (g) Long-term
social media use was also associated with increased mean diffusivity (MD) in the bilateral CC, SLF, and
sensorimotor regions.
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Figure 3

Associations between short-term functional network efficiency changes and long-term structural
netowkr efficiency changes following social media use.In the LSM group, changes in functional
efficiency were negatively correlated with changes in structural efficiency. In contrast, a positive
correlation was observed in the SF group. Moreover, the strength of this relationship was significantly
greater in the SF group than in the LSM group.
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