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Background and Hypothesis: Excessive and uncontrolled gaming behavior in those with Internet Gaming Disorder is associ-
ated with impulsivity, which may correlate with reward network and cerebellar disruptions. Recent studies have uncovered the
cerebellum’s role in regulating impulsive activity. We hypothesized that decreased connectivity between the reward network and
cerebellar regions would be found in IGD patients and that impulsivity would be negatively correlated with functional connec-
tivity.
Methods: This study used resting-state functional magnetic resonance imaging (fMRI) to investigate whether differences in
functional connectivity exist in adolescents with IGD. Resting-state fMRI (rsFMRI) data of 89 adolescents with IGD and 101
healthy controls was analyzed using network-based analysis (NBS) to identify abnormal subnetworks, as well as exploratory
seed-based analysis to identify specific abnormal connections. Spearman’s correlation analysis was conducted between Barratt
Impulsiveness Scale-11 (BIS-11) scores and in IGD patients.
Results: Network-based analysis (NBS) revealed one disrupted subnetwork in IGD, with major disruptions between the thala-
mus, hippocampus, and cerebellum (lobules VI, V, and III). Four additional subnetworks were significantly associated with im-
pulsivity, with disruptions between the accumbens and lobule VIIA (Crus I and II). Seed-based analysis (SBA) showed decreased
connectivity with multiple cerebellar lobules (Crus I/II, lobule VIII/IX). Correlation analysis showed a negative correlation be-
tween functional connectivity and impulsivity.
Conclusion: Our results highlight cerebellum-reward network connectivity disruptions in those with IGD and in the development
of increased impulsivity, which could be a possible target for future intervention.

Introduction

Video games have skyrocketed in popularity in the past 20
years, and with it rates of problematic gaming have risen as
well. A 2018 meta-analysis calculated the prevalence of IGD
in adolescents as 4.6%1, and many more find gaming a daily
occurrence.

Increased impulsivity is often observed in patients with
IGD2, which in turn may be associated impaired self-
regulation and excessive gaming behavior3. Impulsivity is
also positively associated with reward network dysfunction,
particularly in circuits involving the striatum, orbitofrontal
cortex (OFC), and anterior prefrontal regions4. Within this
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network, the hippocampus contributes to tracking motiva-
tional salience5, the OFC encodes reward value6, and regions
of the striatum support reward prediction and error7,8. Dis-
ruptions in this network are hypothesized to promote behavior
favoring immediate rewards and weaken regulatory control,
contributing to impulsive decision making4.

Though traditionally associated with motor functions, re-
cent evidence supports the cerebellum’s role in cognition, risk
tolerance, and impulsivity9–11. Subcortical-cerebellar connec-
tivity is correlated with self-reported impulsivity4. Lower
striato-cerebellar functional connectivity strength is associ-
ated with a higher tendency to avoid or inhibit actions with
possibly negative outcomes such as punishment, a characteris-
tic of impulsivity12. In addition, the cerebellum plays a role in
inhibiting circuits responsible for initiating actions, as animal
and human patients with cerebellar lesions exhibited impaired
behavioral inhibition9. The cerebellum connects functionally
to the striatum13, a component of the reward network14.

The pathophysiology of IGD, as well as many other neu-
ropsychiatric disorders, implicates the cerebellum. Neuro-
modulation studies suggest that stimulating cerebellar regions
can alter cortical activity15, which may reduce impulsive be-
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haviors9, especially in IGD patients. When distinguishing
healthy controls from IGD patients, both the anterior and
posterior lobes of the cerebellum were the most impacted16.
In another study, using multi-variate pattern analysis to an-
alyze rsfmri data, the bilateral inferior cerebellum displayed
the strongest discriminative power when classifying IGD17.
Given previous evidence suggesting a role of the cerebellum
in IGD, we investigated whether cerebellar interactions with
the reward network are altered in IGD. This question provides
the rationale for the current study.

Literature Review

Previous studies on cerebellar connectivity in Internet Gam-
ing Disorder (IGD) have primarily examined connectivity be-
tween the cerebellum and the entire brain18, rather than con-
nectivity between the cerebellum and individual regions in the
brain. In addition, investigations focusing specifically on al-
tered connectivity between the cerebellum and the reward net-
work remain limited, so we sought to investigate this connec-
tivity. In the present study, we analyzed resting-state func-
tional connectivity data using predefined regions of interest
(ROIs) within the cerebellum and reward network to identify
abnormal networks and connectivity patterns and their associ-
ations with impulsivity.

Based on prior research on cerebellar-reward network inter-
actions19, we hypothesized that individuals with IGD would
exhibit decreased functional connectivity between the cere-
bellum and reward-related regions, correlating with greater
impulsivity severity. By elucidating the neural networks and
pathways implicated in impulsivity within IGD, this study
aims to determine whether alterations in cerebellar connec-
tivity are associated with IGD.

Methods

Participants

This study utilized data from two scanning sites. Scanning site
1 consisted of 34 IGD and 41 HC participants from Xiangya,
China. Scanning site 2 consisted of 55 IGD and 60 HC partic-
ipants from Shanghai, China. Scanning site 1 contained both
male and female participants, while scanning site 2 contained
only male participants. Data from these sites, which contains
differing sex compositions, were pooled to model sex-related
effects.

All participants were Chinese and all IGD participants met
the diagnostic criteria according to International Classifica-
tion of Diseases 11th Revision (ICD-11). No psychiatric co-
morbidities and other neurological disorders were present in
both healthy and IGD participants and no participants used
medications. Demographic information for both sites is pro-

vided in Table 1. A one-tailed priori power analysis using
G*Power20 indicated that 122 participants were required to
detect a medium effect size (r = 0.30) with 80% power at α =
0.005.

Measures

Impulsivity was measured using the 11th version of the Barett
Impulsivity Scale(BIS-11)21.

Image Acquisition

For both sites, MRI data was acquired using a 3-T scanner
with a standard head coil. Before the scanning, all subjects
were instructed to keep their eyes closed, relax, keep their
head very still and think of nothing. Foam pads were used in
both sites to minimize head motion and reduce scanner noise.

For Site 1, participants were scanned using a Siemens Skyra
3-T Scanner. The resting-state BOLD fMRI images were ob-
tained by a single-shot, gradient-recalled echo-planar imaging
sequence with the following scanning parameters: repetition
time = 2,000 ms; echo time = 30 ms; slice gap = 1 mm; matrix
size = 64 x 64; flip angle = 80°; field of view = 240 x 240 mm;
slice thickness = 4 mm and number of slices = 32. For each
participant, 216 volumes were obtained, and the scan lasted
432 s.

For Site 2, participants were scanned using a 3-T GE Signa
HDx Scanner. The resting-state BOLD fMRI images were ob-
tained by a single-shot, gradient-recalled echo-planar imaging
sequence with the following scanning parameters: repetition
time = 2,000 ms; echo time = 24 ms; no slice gap; matrix size
= 64 x 64; flip angle: 90°; field of view = 230 x 230 mm; slice
thickness = 4 mm; number of slices = 34. For each participant,
220 volumes were obtained, and the scan lasted 440 s.

Image Preprocessing

For both sites, structural and functional MRI data were pre-
processed using AFNI22,23 and FSL24 (version 5.0.1). T1-
weighted anatomical images were deobliqued, reoriented to
Right-Posterior-Inferior (RPI) orientation, skull-stripped, and
a binary brain mask was generated and applied using voxel-
wise multiplication. For functional images, the first 10 vol-
umes were excluded from analysis. Then, functional images
were deobliqued, reorientated to RPI orientation, and motion
corrected using Fourier interpolation, two-pass registration,
and z-padding (4). Then, the images were skull-stripped, fol-
lowed by spatial smoothing (4 mm FWHM), intensity normal-
ization (10,000), temporal bandpass filtering (0.009-0.1 Hz)
and polynomial detrending.

Anatomical images were segmented into gray matter, white
matter (WM), and cerebrospinal fluid (CSF) masks using
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Table 1 Demographic and Clinical Information of Sample 1 and Sample 2

Site 1 Site 2

IGD (N = 34) HC (N = 41) HC versus IGD IGD (N = 55) HC (N = 60) HC versus IGD

Demographics
Age (years) 14.56 (1.28) 14.76 (1.34) t = 0.65 df = 73 P = 0.52 19.03 (2.99) 17.93 (3.69) t = 1.7293 df = 113 P = 0.087
Age Range 13 - 17 13 - 17 - 12 - 27 12 - 25 -
Male:Female 27:7 34:7 χ2 = 29.453 df = 1 P < .001 55:0 60:0 χ2 = 115.000 df = 1 P < .001
BIS Scores 56.73 (8.95) - - 63.11 (8.19) - -
BIS Score Range 36 - 74 - - 47 - 80 - -

Clinical Information
Gaming hours/week 46.42 (18.66) - - 46.21 (21.88) - -

Abbreviations: HC, healthy controls; IGD = patients with Internet Gaming Disorder; BIS = Barratt Impulsiveness Scale; SD = standard deviation.

FSL’s FAST. WM and CSF masks were transformed into func-
tional space, smoothed, and refined using tissue priors in the
MNI space. The resulting masks were thresholded and inter-
sected with the functional brain mask.

Functional-to-anatomical registration was performed using
rigid-body (6 DOF) linear alignment with a correlation ratio
cost function. Anatomical-to-standard (MNI152 2mm) reg-
istration used affine (12 DOF) linear alignment with corre-
lation ratio cost. The functional-to-standard registration was
obtained by concatenating both transformations and was re-
sampled into standard space using the concatenated matrix.
All transformations utilized FSL’s FLIRT with trilinear inter-
polation.

Nuisance regression was performed on preprocessed func-
tional data using a voxelwise GLM using FSL’s FILM. The
model included six rigid-body motion parameters, mean sig-
nals extracted from the whole brain, CSF, and WM masks de-
rived from subject-specific segmentation and aligned to func-
tional space. The WM and CSF regressors were included
to reduce non-neuronal variance through physiological noise
or scanner drift. Motion regressors were included to miti-
gate motion-related artifacts and distance-dependent bias. The
mean global signal was included as a regressor to reduce
widespread physiological/vascular noise and motion-related
global artifacts and did not materially affect correlation struc-
ture.

A design matrix was generated using a FEAT-based tem-
plate with TR = 2 s and 221 timepoints. Next, regression
was performed using FILM with prewhitening and spatial au-
tocorrelation smoothing (5). The minimum voxel intensity
within the brain mask was used as the threshold for model
fitting. Residual time series were extracted, mean-centered,
and shifted by a constant (+100) to preserve positive intensity
values via this equation:

residual = (a− ā)+100

Network-Based Analysis

We chose 44 ROIs (18 reward network ROIs and 26 cerebel-
lar ROIs). For reward network ROIs, we selected regions
based on Harber and Knutson’s proposed model of the re-
ward network14. For the cerebellar ROIs, we selected re-
gions based on the Automated Anatomical Labelling Atlas.
We extracted each reward network ROI individually from the
Harvard-Oxford Subcortical and Harvard-Oxford Cortical At-
las and each cerebellar ROI from the Automated Anatomical
Labelling Atlas25 via FSL. Then, we combined each individ-
ual ROI into one atlas file, extracting the mean signal from
each ROI using DPARSFA26 to create a 44 x 44 functional
connectivity matrix and Fisher-Z transformed to enhance nor-
mality.

Group-level comparisons were performed using a General-
ized Linear Model (GLM) in CONN v204727, controlling for
age, gender, and site. Network-based statistics28 identified
abnormal subnetworks through non-parametric inference and
grouped related ROI connections into subnetworks. Abnor-
mal subnetworks were identified with a connection threshold
of P < 0.001, followed by network-level significance testing
with False Discovery Rate (FDR) correction (pFDR-corrected
< 0.05). The same methods and thresholds were applied to
identify networks responsible for impulsivity in those with
IGD, controlling for age, gender and scan site.

Seed-Based Analysis

Seed-based analyses were conducted as exploratory follow-
up analyses. As the functional organization of the cerebel-
lum does not always align with anatomical subdivisions, we
selected network regions from the subnetwork identified via
NBS to determine the specific cerebellar coordinates with al-
tered connectivity. To avoid data reuse bias (double-dipping),
we are unable to draw conclusions regarding seed-based anal-
ysis results. The mean signal from these reward network re-
gions was extracted and correlated with whole-brain voxels

© The National High School Journal of Science 2026 | 3



using Pearson correlation, followed by Fisher Z transforma-
tion to enhance normality. Group-level functional connectiv-
ity differences between IGD patients and HCs were then as-
sessed using SPM’s GLM, controlling for age, gender, and
site, with statistical significance set at cluster-level pFDR-
corrected < 0.05 and voxel level P < .001.

Correlation analysis between functional connectivity and
symptoms

We examined the relationship between abnormal functional
connectivity and impulsivity in patients with IGD using Spear-
man’s rank correlation, controlling for age, gender, and site
and applying the Benjamini-Hochberg FDR procedure (q <
0.05) for multiple comparisons29. We specifically focused on
abnormal networks found via network-based analysis.

Results

Network-Based Analysis

Network-Based Analysis found 1 disrupted subnetwork re-
flecting reduced connectivity in IGD relative to HC, contain-
ing 210 connections among 21 ROIs (Figure 1a). This subnet-
work primarily had disrupted connectivity between the thala-
mus, hippocampus, and the cerebellum, as well as within the
cerebellum (Network Mass = 1702.49, pFDR < 0.001).

Network-based analysis also identified 4 significant subnet-
works associated with BIS scores in patients with IGD (Fig-
ure 1b). These networks involved disrupted cerebellar con-
nections with thalamic and striatal (accumbens and putamen),
as well as intra-cerebellar connectivity. “Subnetwork 1” con-
sisted of 6 connections and primarily involved abnormal con-
nectivity between the thalamus, hippocampus, vermis (vermis
III, Network Mass = 166.57, pFDR < 0.001). “Subnetwork
2” comprised 4 connections between the accumbens, putamen
and vermis (vermis IV-V, Network Mass = 105.77, pFDR <
0.001). “Subnetwork 3” contained 1 connection between the
right middle frontal gyrus and the right cerebellum crus (Net-
work Mass = 24.46, pFDR = 0.02). “Subnetwork 4” contained
1 connection between the right Crus I and left Crus II (Net-
work Mass = 23.67, pFDR = 0.021).

Seed-Based Analysis

We used the significant regions identified in network-based
analysis, that being the thalamus, hippocampus, caudate, and
putamen, to conduct seed-to-voxel analysis.

For the left hippocampus, seed-based analysis discovered
a significant decrease in connectivity with the left cerebellum
crus I (Figure 2; peak coordinates: (-38, -56, -52), t = 4.8;
cluster-level pFDR-corrected < 0.001; voxel-level P < .001;

Fig. 1 Network-based Analysis Results. The results were ob-
tained using NBS with a connection-level threshold of P < .001 and
network-level false discovery rate (FDR)-corrected P < .05. a, Group
comparison: network-based statistics (NBS) revealed 1 abnormal
subnetwork in those with Internet Gaming Disorder (IGD) compared
to healthy controls (HCs). Subnetwork 1 primarily showed disrupted
connectivity in the thalamus, putamen, caudate, and cerebellum (lob-
ules VI, IV-V, and III). b, Symptom-related analysis: 4 symptom-
related subnetworks were identified in relation to scores on the Bar-
rett Impulsivity Scale. Subnetwork 1 primarily involved abnormal
connections between the pallidum, cerebellar lobules, and vermis re-
gions. Subnetwork 2 showed disrupted connectivity between the bi-
lateral putamen and the middle frontal gyrus. Subnetwork 4 showed
disrupted connectivity between the right middle frontal gyrus and the
right cerebellum Crus. Subnetwork 4 involved abnormal connections
between the right Crus I and left Crus II.

cluster size = 347 voxels). For the right hippocampus, seed-
based analysis discovered a significant decrease in connectiv-
ity with the left cerebellum lobule VIII (peak coordinates: (-
36, -58, -46), t = 5.9; cluster-level pFDR-corrected < 0.001;
voxel-level P < .001; cluster size = 492 voxels) as well as in
the right cerebellum crus I (peak coordinates: (18, -74, -30),
t = 5.3; cluster-level pFDR-corrected = 0.03; voxel-level P <
.001; cluster size = 77 voxels).

For the left putamen, a significant decrease was found in
connectivity with the left cerebellum crus II (peak coordi-
nates: (-08, -72, -34), t = 5.4; cluster-level pFDR-corrected
< 0.001; voxel-level P < .001; cluster size = 171 voxels). For
the right putamen, seed-based analysis discovered a signifi-
cant decrease in connectivity with the right cerebellum lob-
ule IX (peak coordinates: (+10 -42 -42), t = 5.7; cluster-level
pFDR-corrected = 0.003; voxel-level P < .00; cluster size =
367 voxels).

Interestingly, for the left caudate, we found a significant in-
crease in functional connectivity with the right cerebellar lob-
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ule VI (peak coordinates: (16, -74, -24), t = 8.7; cluster-level,
pFDR-corrected < 0.001; voxel-level P < .001; cluster size =
788 voxels). For the right caudate, we also found an increase
in functional connectivity, this time with the left cerebellum
crus I (peak coordinates: (-38, -66, -44), t = 5.6; cluster-level,
pFDR-corrected < 0.001; voxel-level P < .001; cluster size =
804 voxels).

Fig. 2 Seed-based Analysis Results. Group Differences in Whole-
brain Functional Connectivity for Core Regions of the Reward Net-
work. This figure displays group differences in seed-to-voxel con-
nectivity using the core regions of the reward network as seeds:
(A) putamen, (B) left hippocampus, (C, D) right hippocampus (E)
right caudate and (F) left caudate. Cooler colors represent decreased
functional connectivity, warmer colors represent increased functional
connectivity.

The thalamus yielded no significant results during seed-to-
voxel analysis.

Correlation Analysis Between Functional Connectivity
and Symptoms

IGD patients exhibited significantly reduced functional con-
nectivity of the left cerebellar lobule VI with both the puta-
men and caudate nucleus. We also sought to examine whether
there would be a positive correlation with impulsivity when
assessing connectivity between the caudate and the cerebel-
lum. We conducted 4 correlation analyses between connectiv-
ity strength (lobule V-hippocampus, lobule X-thalamus, lob-
ule III-thalamus) and impulsivity (Figure 3). These 4 con-
nections were chosen as they had the highest network mass
out of all connections when conducting network-based anal-
ysis. We controlled for sex, age, and site. Connectivity be-
tween the right lobule V and the left hippocampus was signifi-
cantly negatively correlated with impulsivity (Spearman’s ρ =
−0.435, P< 0.001). Lobule X-left thalamus also showed neg-

ative correlation with impulsivity (Spearman’s ρ = −0.279,
P = .008). Right lobule III-left thalamus connectivity showed
significant negative correlations with impulsivity (Spearman’s
ρ =−0.222, P = .037). The Crus I-caudate connection, how-
ever, was positively correlated with BIS scores (Spearman’s
ρ = 0.298, P = .005). All four connections remained signifi-
cant after FDR correction (q < 0.05).

Fig. 3 Symptom-correlation in Internet Gaming Disorder (IGD) Pa-
tients. All associations shown survived false discovery rate (FDR)
correction (q < 0.05). (A) Negative correlation between cerebellar
lobule III-thalamus connectivity and impulsivity. (Spearman’s ρ =
-0.222, P = .037) (B) Negative correlation between cerebellar lobule
V-hippocampus (Spearman’s ρ = -0.435, P < 0.001) (C) Negative
correlation between cerebellar lobule X-thalamus (Spearman’s ρ = -
0.279, P = .008) (D) Positive correlation between Crus I-caudate and
impulsivity. (Spearman’s ρ = 0.298, P = 0.005)

Discussion

This study examined differences in functional connectiv-
ity between the cerebellum and the reward network in
IGD. Network-based analysis revealed abnormalities in the
cerebellar-basal ganglia network, with the most pronounced
abnormalities in the thalamus, caudate, hippocampus, and
putamen. Reduced functional connectivity in the accumbens
and separately, in the middle frontal gyrus, was also observed
when associating functional connectivity with BIS scores.

The thalamus, caudate, hippocampus, and putamen are key
components of the basal ganglia, a collection of anatomically
and functionally distinct subcortical regions responsible not
only for motor control, but also reward processing and cod-
ing prediction error8,30. The thalamus provides an alerting
signal that shapes striatal action selection when anticipating
reward31. Decreased connectivity between the thalamus and
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the cerebellum could be associated with altered integration of
reward, timing, and cognitive control processes, which also
involve the thalamus.

The hippocampus, which is involved in memory encod-
ing32, has also been implicated in IGD. Structural or func-
tional alterations in this region may be linked to greater pref-
erence for immediate rewards33. The putamen and caudate
comprise the dorsal striatum. In addition to maintaining infor-
mation about the rewarding outcomes of actions and select-
ing and initiating actions based on rewards34, it also receives
dopaminergic projections from the substantial nigra35. The
decreased functional connectivity found in both regions could
reflect an abnormality in action initiation based on reward. A
previous meta-analysis found reduced functional connectivity
in the striatum for those with IGD across 30 studies36, and a
separate study found decreased connectivity in the putamen37.
Our finding of altered connectivity in the accumbens in re-
lation to impulsivity aligns with current evidence that differ-
ent regions of the nucleus accumbens play regulate distinct
facets of impulsive behavior38. This suggests that disruptions
in functional connectivity within these regions is associated
with increased impulsivity and greater illness severity, consis-
tent with prior reports of a positive correlation between impul-
sivity and IGD severity39,40.

Abnormalities in these previously identified regions have
been reported in those with IGD41. An fMRI study on cau-
date, putamen, and nucleus accumbens volumes found in-
creased volume in those with IGD and that caudate volume
correlated with Stroop task performance42. These findings
are consistent with the altered connectivity in found in those
areas in the present study. However, results in previous litera-
ture have been mixed, with one task-based fMRI study finding
increased activation in the left Crus II43 and another finding
decreased activation in the left Crus I44.

We identified cerebellar lobules V, Crus I, and Crus II as re-
gions with the most significant decreased connectivity with the
reward network. Crus I and II are located in the posterior cere-
bellum, a region implicated in emotional processing45. Meta-
analyses have suggested that the posterior lobe, particularly
lobules VI and Crus I, is involved in working memory, spatial
tasks, executive functions, and emotional processing46. Pre-
vious studies have reported a reduction in gray matter volume
in the Crus I and II lobules in individuals with IGD47, with
these differences associated with cognitive alteration and in-
creased impulsivity. Animal studies demonstrated intercon-
nected activity between the cerebellum and basal ganglia48,
while human research has reported similar results. Negative
connectivity between the cerebellum and components of the
reward network has been reported in other substance use dis-
orders, like mehampetamine49 and alcohol use disorder50,51.
The negative connectivity in individuals with IGD may reflect
patterns that overlap with those reported in other substance use

disorders.
Correlation analyses between BIS impulsivity scores and

connectivity strength in the cerebellum found a strong nega-
tive correlation, especially in cerebello-striatal and cerebello-
mesolimbic networks. Notably, connectivity strength
across several cerebellar-subcortical pathways (lobule V-
hippocampus, lobule X-thalamus, and lobule III-thalamus)
showed robust negative correlations with impulsivity, even
after controlling for demographic and site-related factors.
Higher BIS scores were associated with weaker connectivity
within these circuits. Prior studies have found that blunted
cerebellar influence on reward and memory-related subcorti-
cal structures is associated with heightened impulsivity52. A
previous study on 1,205 first- and second-year college stu-
dents found that impulsivity greatly predicted tendencies for
IGD, and that the strength of thalamic-cortical connectivity
also helped predict IGD tendency53. Taken together, our find-
ings suggest that disrupted functional connectivity between
the cerebellum and basal ganglia is associated with impul-
sivity and may represent a neural correlate of maladaptive
reward-related behavior in IGD.

Our results indicate that altered cerebellar connectivity is
associated with impulsivity and maladaptive decision-making
in IGD and highlights cerebellar-reward network connectivity
for further investigation in therapeutic research. Prior stud-
ies have demonstrated that non-invasive cerebellar stimulation
is associated with improved impulsivity in individuals with
IGD54, indicating the need for additional study on the modula-
tion of cerebellar circuits. Our research suggests that targeting
specific lobules, like the Crus I and II, may be particularly rel-
evant to target impulsivity-related symptoms, though further
replication and validation is necessary. Previous studies have
found the cerebellum to be associated with other symptoms
of IGD, like adehonia55. Thus, future research should further
examine the impact of substance use disorders on cerebellar
structure and function, as well as the role of cerebellar-reward
network connectivity across substance use disorders.

Limitations

The samples of study only included East Asian, specifically,
Han Chinese, individuals. The culture around gaming is dif-
ferent in East Asia compared to the rest of the world, and
many IGD studies have focused on Asian populations where
the diagnosis is more commonplace56. Future studies should
include a diverse group of adolescents for study and should
recruit older individuals as well.

Scanner- or site-related variability was introduced due to
multi-site acquisition of data despite statistical control for
site effects. In addition, the sex composition of our sam-
ples were not balanced, with one site having few female-
identifying participants and the other site having no female-
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identifying participants, limiting generalizability and poten-
tially confounding gender and site-related differences. Self-
report measures used to report impulsivity are also subject to
bias and does not fully capture all aspects of impulsivity. Fu-
ture studies should incorporate consistent acquisition of fMRI
data, gender-balanced samples, and objective behavioral as-
sessments to strengthen the interpretability of these findings.

The cross-sectional design of this study also limits our abil-
ity to draw causal inferences regarding the observed connec-
tivity alterations. Specifically, it remains unclear whether dis-
rupted cerebellar-striatal coupling reflects a predisposed neu-
ral vulnerability for IGD in certain patient groups or a con-
sequence of prolonged excessive gaming. Future longitudi-
nal studies, or investigations tracking individuals during absti-
nence or treatment, will be necessary to determine whether
these connectivity patterns normalize with reduced gaming
and recovery.

Conclusion

Disrupted cerebellum-striatum connectivity is associated with
IGD and with reduced functional connectivity between thala-
mus and caudate and posterior cerebellar lobules Crus I and II.
Cerebellum-thalamus connectivity is also associated with im-
pulsivity. These findings uncover specific circuit-level associ-
ations that could have therapeutic applications but that warrant
further validation through hypothesis-gathering experiments.
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