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Background: Alcohol use impacts brain structure, including white matter integrity, which can be quantified
by fractional anisotropy (FA) in diffusion tensor imaging (DTT). This study explored the relationship
between the severity of alcohol consumption and white matter FA changes, and its sex differences, in young
adults, using data from the Human Connectome Project.

Methods: We analyzed DTI data from 949 participants (491 females) and used principal component
analysis (PCA) of 15 drinking metrics to quantify drinking severity. Connectome-based predictive modeling
(CPM) was employed to predict the principal component of drinking severity from network FA values in
a matrix of 116x116 regions. Mediation analyses were conducted to explore the interrelationships among
networks identified by CPM, drinking severity, and rule-breaking behavior.

Results: Significant correlations were found between drinking severity and network FA values. Both men
and women showed significant correlations between negative network connectivity and drinking severity
(men: r=0.15, P=0.001; women: r=0.30, P<0.001). Sex differences were observed in the brain regions
contributing to drinking severity predictions. Mediation analyses revealed significant inter-relationships
between network features, drinking severity, and rule-breaking behavior.

Conclusions: The connectomics of white matter FA can predict the severity of alcohol consumption,
and by incorporating brain network pathways, identify sex differences. This approach provides new clues to
the biological basis of alcohol abuse and evaluates how these regions interact in broader brain networks for

understanding alcohol misuse and its comorbidities.
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Introduction

Alcobol exposure and structural white matter changes

Alcohol exposure is associated with deficits in white
matter integrity. Children with prenatal alcohol exposure
demonstrated deficits in white matter integrity (1). In
a longitudinal diffusion tensor imaging (DTI) study of
451 participants of 12 to 21 of age from the National
Consortium on Alcohol and Neurodevelopment in
Adolescence (NCANDA), alcohol consumption was
associated with detrimental microstructural changes in
the white matter, particularly in those initiating drinking
at a younger age (2). In another NCANDA study, those
who initiated drinking relative to non-drinkers exhibited
accelerated vermian white matter expansion over 3 to
4 years of follow-up (3). In young adults of 18 to 25 years of
age, the fractional anisotropy (FA) of the corpus callosum
was lower for most cortical regions in bingeing than for
non-bingeing men (but not women) except for the motor
segment, which significantly increased in FA. These white
matter changes were also associated with impairment
in spatial working memory (4). Heavier drinking was
negatively associated with white matter integrity in older
people as well, controlling for potential confounds (5,6).
A study of patients with early-phase psychosis associated
younger age of onset of regular alcohol use—more than
one drink per week—was associated with lower FA values
in the left thalamic radiation, parahippocampal, and
amygdala white matter (7). Other studies documented the
compounding impact of alcohol misuse and obesity on
white matter integrity (8) and associated changes in motor
speed, attention, and working memory with white matter
alterations in people with alcohol use disorders (AUDs) (9).
Brain stimulation may ameliorate white matter changes
and craving in treatment-seeking people with AUD and
patients with phenylketonuria under early phenylalanine
treatment (10). Patients with 3-phosphoglycerate
dehydrogenase deficiency, who showed delayed myelination
and severe white matter deficits, also benefited from brain
stimulation (11), suggesting that the white matter pathology
may be reversible (12). Thus, the impact of alcohol on white
matter structures appears to manifest across the entire life
span, influencing cognitive function, and appears reversible
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with treatment.

Notably, not all studies reported solely diminished
white-matter FA as a result of alcohol exposure. For
example, a previous study showed lower FA in nine regions
and higher FA in the left thalamus, in people with AUD
as compared to controls (13). AUD participants relative
to controls had higher FA values throughout the major
white matter tracts but lower FA values in cerebellar and
right insula tracts (14). In a larger sample of 377 middle-
aged men of the Vietnam Era Twin Study of Aging,
an inverted-U association was found between alcohol
consumption and FA of many white matter tracts, in
which FA elevated with increasing alcohol intake, peaking
at moderate use severity (9-28 drinks in 14 days) and
declining with heavier intake (15). These findings suggest
that the impact of alcohol exposure on white matter
integrity varies widely across studies and may depend on
alcohol use severity and likely other use metrics.

White matter network changes in alcobol misuse

The impact of alcohol on white matter integrity can also
be characterized from a network perspective. Studies have
employed graph theoretical analysis to examine white matter
network deficits, with AUD patients relative to controls
exhibiting altered global network properties, characterized
by e.g., increases in small-worldness and decreases in
global efficiency and local efficiency, particularly in
the default mode network (16). Similar findings were
reported in children and adolescents with prenatal alcohol
exposure, which decreased whole-brain global efficiency,
degree centrality and increased shortest path length and
betweenness centrality, as compared to unexposed controls,
reflecting reduced information processing efficiency,
inter-regional information transfer, disrupted functional
coordination and functionally compensate for other
connectivity changes (17). Another study employed a co-
classification index—an indicator of community association
strength—and showed lower co-classification of nodes
between ventral attention and default mode networks and
higher co-classification between nodes of visual, default
mode, and somatomotor networks in adults with AUD,
relative to controls (14). These studies together suggest the
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importance to characterize the impact of alcohol on white
matter integrity from a network perspective.

Sex differences in clinical and imaging measures of alcobol
misuse

Men drink more than women, although women have
shown an upward trend in alcohol consumption in the past
decade (18). Men and women may have different clinical
presentations and involve different pathophysiological
processes in the development of AUD (19). Further, men
and women show significant differences in structural and
functional brain changes as a result of alcohol misuse (20-27).

A study of abstinent chronic drinkers showed significant
group-by-sex interactions in FA of the medial forebrain
bundle, with male and female drinkers showing lower and
higher FA, relative to their counterparts (28). In another
study, men with AUD had diminished FA in the corpus
callosum, superior longitudinal fasciculi, arcuate fasciculus,
and extreme capsule, whereas women with AUD had higher
FA in these regions, as compared to their controls (29).
Studies of youth (9 to 16 years) showed that girls with
prenatal alcohol exposure exhibited lower FA in the inferior
fronto-occipital and uncinate fasciculi but boys with
exposure exhibited higher FA in the callosal body, cingulum,
corticospinal tract, optic radiation, and superior longitudinal
fasciculus, relative to age-matched controls (30).
In a study of abstinent AUD participants, men but not
women showed altered volumes and diffusion measurements
of the medial longitudinal fasciculus (31). Overall, females
and males differ in the impact of alcohol exposure on white
matter integrity, although the findings varied widely across
studies. Small sample sizes of most studies and differences
in participants’ age across studies may account for the
discrepancy. It should also be noted that some of the studies
described findings for men and women separately but did
not directly test for sex differences.

Comorbidities of AUD

As with other psychiatric illnesses, alcohol misuse
is associated with a myriad of behavioral traits and
comorbid conditions, including risk taking, callousness,
irresponsibility, and other externalizing personality
traits (32), as well as anxiety, depression, and other
internalizing traits (33). For example, an Adolescent Brain
Cognitive Development (ABCD) project associated rule-
breaking with alcohol sips in children 12 to 13 years of
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age (34). Alcohol misuse was associated with social anxiety
disorder and suicide attempts (35). A longitudinal study
reported a bidirectional relationship between AUD and
anxiety disorders; those with severe anxiety disorders,
medication use, and comorbid depression were particularly
at risk of developing AUD (36). Both epidemiological
and clinical studies have noted sex differences in the risk
factors and comorbidities of AUD; for instance, women
with AUD had significantly greater likelihood than men
of having early-life traumatic events, including parental
history of incarceration, a borderline personality disorder,
and pain condition (37), whereas men with AUD had higher
frequency of rule-breaking behavior (38,39), comorbid
antisocial personality and other substance use disorder (40).

Though not as abundant as the imaging literature of
AUD, studies have explored white matter correlations
of these behavioral traits and comorbid conditions.
For instance, people with pathological impulsive
aggression, as characterized in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) for intermittent explosive disorder, showed
lower white matter integrity in long-range frontal and
temporoparietal connections (41). Longer average white
matter path length—a graph theoretic metric—predicted
more externalizing symptoms in adolescents 12 years of
age (42). In youth 6 to 18 years, higher Child Behavior
Checklist anxiety/depression scores were associated with
lower age-related increases in FA in many major white
matter pathways (43). These studies suggest that white
matter changes as observed in problem drinking may also
manifest in link with its comorbidities.

The present study

This study explored the relationship between the severity
of alcohol consumption and network white matter
changes in young adults. We examined the DTT data of
949 participants (458 men) from the Human Connectome
Project (HCP). In this study, we focused on the impact of
sex differences on the relationship between white matter FA
and alcohol consumption severity. The HCP utilized the
Achenbach Adult Self-Report (ASR) and DSM-Oriented
Scale to evaluate behavioral traits and mental health. By
constructing connectome-based predictive modeling
(CPM), we aimed to predict overall severity of alcohol use
through network connectivity strength of FA values. CPM
identified connectivity networks significantly correlated
with alcohol use severity and, with cross-validation, assessed
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model performance, avoiding overfitting and enhancing
robustness of the findings. Additionally, we conducted
mediation analyses to explore the interrelationships among
networks identified by CPM, drinking severity, and rule-
breaking behavior as a comorbid behavioral trait of alcohol
misuse. This study supports earlier findings that individuals
with AUD exhibit more rule-breaking behavior, with
significant sex differences. Adding to this literature, the
study showed that CPM of FA values may identify sex
differences through brain network pathways. We present
this article in accordance with the TRIPOD reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-2131/rc).

Methods
Dataset and demographics

This study utilized the 1200 Subjects Release (S1200)
dataset from the HCP project (44) as described in our
earlier publications (45-49), we employed the S1200
dataset, which includes DTI from 1,065 subjects
(973 subjects with complete data). After excluding
24 subjects due to registration failures, the final study
included 949 participants, consisting of 458 men [mean age
+ standard deviation (SD), 27.9+3.6 years] and 491 women
(mean age = SD, 29.6+3.6 years) All participants were in
good physical health, with no major neurodevelopmental,
neuropsychiatric, or neurological disorders. Due to
the significant age difference between male and female
participants, age and sex were included as covariates in
the analysis of the entire cohort, while age was used as a
covariate in separate analyses for males and females. This
study adhered to the Declaration of Helsinki (as revised
in 2013). Data were provided by the HCP, WU-Minn
Consortium (Principal Investigators: David Van Essen
and Kamil Ugurbil; 1U54MHO091657) funded by the 16
National Institutes of Health (NIH) Institutes and Centers
that support the NIH Blueprint for Neuroscience Research;
and by the McDonnell Center for Systems Neuroscience
at Washington University. The HCP project was approved
by the Washington University Institutional Review Board
(IRB #201204036), and all subjects signed informed consent
forms.

Clinical measures

Drinking severity was quantified using 15 indicators derived
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from the Semi-Structured Assessment for the Genetics
of Alcoholism, reflecting alcohol consumption over the
previous year. Principal component analysis (PCA) was
utilized to reduce the dimensionality of the 15 Semi-
Structured Assessment for the Genetics of Alcoholism
(SSAGA) variables (50), with the first principal component
(PC1) serving as a quantitative indicator of alcohol use
severity. It is important to note that for some of these
measures, the signs were reversed to accurately represent
the drinking severity. The PC1 had an eigenvalue of 7.4
and explained 49.36% of the total variance in the data.
All participants were evaluated using the ASR and the
DSM-Oriented Scale. The ASR consists of 21 items,
including categories such as anxious/depressed, withdrawn,
somatic complaints, thought problems, attention
problems, aggressive behavior, rule-breaking behavior,
intrusive behavior, other issues, critical items, total items,
internalizing and externalizing problems. The DSM-
Oriented Scale includes depressive problems, anxiety
problems, somatic problems, avoidant personality problems,
attention deficit/hyperactivity problems, inattention
problems, hyperactivity problems, and antisocial personality
problems. Rule-breaking behavior (men: 3.35+3.19; women:
1.90+2.31; #=7.16; P<0.001) showed a significant correlation
with PC1 value (all: r=0.33, P<0.001; men: r=0.36, P<0.001;
women: r=0.29, P<0.001); in a slope test men and women
did not differ in the slope of regression (Z=1.18; P=0.238).
The correlations between other ASR measures and PC1 are
summarized in Table S1.

Neuroimaging data processing

DTT scans were obtained using a Siemens Connectome
3T scanner (Siemens, Erlangen, Germany) equipped with
a 32-channel head coil, providing a maximum gradient
strength of 100 mT/m. A single-shot spin-echo echo-planar
imaging sequence was used, achieving a spatial resolution
of 1.25 mm isotropic (TE =89.5 ms, TR =5,520 ms, FOV
=210 mm x 180 mm). For each of the three diffusion
weightings (b=1,000, 2,000, and 3,000 s/mm?°), three sets of
gradient tables were applied, each containing 90 diffusion-
weighted directions along with six non-diffusion-weighted
images (b=0), with both right-to-left and left-to-right phase
encoding directions (51).

DI data were preprocessed using DiffusionKit, a bash-
based software offering a command-line interface for
streamlined batch data processing (52). The preprocessing
steps included correction for eddy currents, skull stripping,

Quant Imaging Med Surg 2025;15(3):2405-2419 | https://dx.doi.org/10.21037/qims-24-2131


https://qims.amegroups.com/article/view/10.21037/qims-24-2131/rc
https://qims.amegroups.com/article/view/10.21037/qims-24-2131/rc
https://cdn.amegroups.cn/static/public/QIMS-24-2131-Supplementary.pdf

Quantitative Imaging in Medicine and Surgery, Vol 15, No 3 March 2025 2409

A Feature selection from FA matrices

FA matrices 116116 PC1

Fit brain-behavior model

0.825 1

Sum edge weights

o

Subject 1

Positive);1

&

r

- —

0.764 [ #_

|
s}

Negative}1

Summed edge weights
(=]

L
o

Subject 2

Most significantly
correlated (P<0.001) edges

o
N
IS

Drinking severity PC1

Y=cX+e

M=aX+e,

Y=c'X+bM+e;
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registration, and normalization. Subsequent to these steps,
diffusion tensor metrics such as FA and mean diffusivity
(MD) were calculated. The brain was segmented into 116
regions of interest (ROIs) using the AAL116 atlas (https://
diffusionkit.readthedocs.io/en/latest/) (53). A brain network
was then constructed by averaging the FA values of fiber
connections between pairs of ROIs using deterministic
tractography, resulting in the generation of the FA
connectivity matrix. All images underwent visual inspection
to confirm their quality and to ensure the absence of
artifacts or missing data.

CPM

The CPM was performed using validated custom MATLAB
scripts (54). This approach utilized group-level connectivity
matrices and behavioral data (specifically PC1) as inputs
to develop a model predicting PC1 from the connectivity
matrices (Figure 1A4). Regression analyses were conducted to
correlate the pairwise inter-nodal connections (edges) and
PC1 values in the training dataset, identifying both positive
and negative predictive networks. Positive and negative
networks corresponded to networks where connectivity
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(edge weights) positive and negative associated with PCI,
respectively. These two networks were used separately to
predict PC1 and were mutually exclusive, as a single edge
could not serve as both a positive and negative predictor
simultaneously. For each individual, summary statistics
were calculated by summing the significant edge weights
in both networks, which were then used as predictors in a
linear model to estimate PC1. The resulting coefficients
from the model were applied to the test dataset to predict
PC1 values. Leave-one-out cross-validation was employed,
where each participant’s predicted value was calculated
using a model trained on the remaining participants in an
iterative process until all participants had predicted values.
Model performance was evaluated using Spearman’s rho
correlation, comparing predicted and actual PC1 values.
However, due to the non-independence of leave-one-out
folds, the degrees of freedom were overestimated, making
parametric P values inaccurate. Therefore, permutation
testing was used to assess significance and multiple
comparison was corrected by false discovery rate (FDR).
"To generate null distributions, the correspondence between
PC1 values and connectivity matrices was randomly shuffled
1,000 times, and the CPM analysis was repeated on the
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Figure 2 Macroscale network connectivities of FA in predicting drinking PCI. (A) Positive (red) and negative (blue) networks correlated

with PCI1, where larger and smaller nodes represent more and less connections, respectively. In the positive network, higher edge weights

were associated with more severe drinking, whereas in the negative network, lower edge weights were associated with more severe drinking.
(B) Correlation between actual (X-axis) and predicted (Y-axis) drinking PC1 values generated using CPM. (C) Mediation analysis illustrating
the relationship between negative network characteristics, PC1, and rule-breaking behavior scores. CPM, connectome-based predictive

modeling; FA, fractional anisotropy; L, left; R, right; Par, parietal; Cer, cerebellum; Mot, motor; Sub, subcortical; PFC, prefrontal; Ins,

insula; Tem, temporal; Occe, occipital; Lim, limbic; PC1, first principal component (obtained of PCAs of all drinking measures); PCA,

principal component analysis.

shuffled data. P values for leave-one-out predictions were
then derived from these null distributions.

Mediation analyses

We conducted mediation analyses according to established
protocols (55,56) (Figure 1B), as previously described in
detail (57-59), to assess the interactions between networks
identified by CPM, drinking PC1, and rule-breaking
behavior (see the “Results” section). Mediation analysis is
used to explore how an independent variable (X) influences
a dependent variable (Y) through a mediator variable (M).
Mediation analysis helps in evaluating whether the effect of
the independent on the dependent variable is significantly
supported through one or more mediating variables. The
results did not imply causality; rather, mediation analysis
helped to evaluate the relationships among multiple,
correlated variables.
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Results
Predicting drinking severity PCI: FA

We examined the contribution of each lobe by counting
the number of edges in the predictive networks. The
116 nodes were classified into 10 macroscale brain regions
(60,61), including the prefrontal lobe, motor lobe, insular
lobe, parietal lobe, temporal lobe, occipital lobe, limbic
lobe, cerebellum lobe, subcortical lobe, and brainstem
lobe. The positive and negative connectivity networks
predicting drinking severity PC1 comprised 9 (located
in parietal, cerebellum, subcortical) and 16 (located in
parietal, cerebellum, motor, cerebellum) edges, respectively
(Figure 2A). The main lobes contributing to PC1 prediction
were the parietal cortex, cerebellum, motor cortex, and
subcortical structures (Figure 2A).

The analysis of the entire population demonstrated
that the combined connectomics of positive and negative
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Figure 3 Macroscale network connectivities of FA in predicting drinking PC1 in male. (A) Positive (red) and negative (blue) networks are

shown in relation to PC1. Node size reflects the number of connections, with larger spheres indicating more edges and smaller spheres

indicating fewer edges. In the positive network, higher edge weights were associated with more severe drinking, whereas in the negative

network, lower edge weights were associated with more severe drinking. (B) The correlation between actual (X-axis) and predicted (Y-axis)
drinking PC1 values generated using CPM. (C) Mediation relationship among negative network features, PC1, and rule-breaking behavior
score. CPM, connectome-based predictive modeling; FA, fractional anisotropy; L, left; R, right; PFC, prefrontal; Cer, cerebellum; Mot,

motor; Occ, occipital; Ins, insula; Par, parietal; Tem, temporal; Lim, limbic; Sub, subcortical; PCI, first principal component (obtained of

PCAs of all drinking measures); PCA, principal component analysis.

networks significantly predicted drinking severity PC1
(r=0.18, P<0.001). Predictive power was also observed
within the positive network alone (r=0.12, P<0.001;
Figure 2B) and the negative network separately (r=0.23,
P<0.001; Figure 2B).

Rule-breaking behavior showed a significant correlation
with the negative network (all: r=-0.11, P<0.001; men:
r=-0.16, P<0.001; women: r=-0.13, P=0.004); men and
women did not differ in the slope of regression (Z=-0.44,
P=0.660). Rule-breaking behavior did not show a significant
correlation with the positive network (all: r=0.06, P=0.056;
men: r=0.12, P=0.010; women: r=0.10, P=0.024). At a
threshold of P<0.001, none of the other 20 ASR measures
showed a significant correlation with the negative (all
P values >0.018; men P values >0.022; women P values
>0.0012; Table S2) or positive (all P values >0.036; men P
values > 0.010; women P values >0.003; Table S3) network.

Thus, the negative network, PC1, and rule-breaking
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behavior score were correlated pairwise across all subjects
(Tables S1-S3). We performed mediation analyses to
examine the inter-relationship amongst these metrics and
showed the results in Table S4. Across all subjects, the
two models showing the PC1 mediating the relationship
between negative network and rule-breaking bidirectionally
were significant: rule-breaking — PC1 — negative network;
and negative network — PC1 — rule-breaking (Figure 2C).

Sex differences

Structural connectivity and drinking severity in males

In males, these network features resided primarily in the
motor, occipital, and cerebellar lobes (Figure 34). The
positive network does not show a significant correlation with
drinking severity PC1, considering multiple comparisons
(r=0.11, P=0.020, Figure 3B). The negative network (r=0.15,
P=0.001; Figure 3B) shows a significant correlation with

Quant Imaging Med Surg 2025;15(3):2405-2419 | https://dx.doi.org/10.21037/qims-24-2131


https://www.sciencedirect.com/topics/medicine-and-dentistry/insula
https://cdn.amegroups.cn/static/public/QIMS-24-2131-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-24-2131-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-24-2131-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-24-2131-Supplementary.pdf

2412

A Drinking severity networks identified by CPM: FA

Positive network

B Model fit: predicted vs. actual drinking PC1

Negative network

Li et al. Connectomics of white matter predicts alcohol use

Top 1 L-Tem Top 1 R-PFC
Top 2 L-Cer Top 2 L-Tem
Top 3 L-Occ Top 3 R-Mot

Cer
Sub

> PC1
P<0.001 P<0.001
a=0.10 b=-0.66
P=0.861
Rule c'=-0.01 Negative
breaking network

Mediation: P<0.001 c-¢'=-0.07

3 3

5 r=0.03, P=0.544 r=0.30, P<0.001
8 &
3 3
©° Q
8 8
a o

_2 -2

-2 -1 0 1 2 8 -2 -1 0

Actual PC1

Actual PC1

> PC1
P<0.001 P<0.001
a=-0.27 b=0.83
P=0.861
5 3 Negative c'=-0.02 Rule
network breaking

Mediation: P<0.001 c-¢'=-0.23

Figure 4 Macroscale network connectivities of FA in predicting drinking PCI in female. (A) Positive (red) and negative (blue) networks

are shown in relation to PC1. Node size reflects the number of connections, with larger spheres indicating more edges and smaller spheres

indicating fewer edges. In the positive network, higher edge weights were associated with more severe drinking, whereas in the negative

network, lower edge weights was associated with more severe drinking. (B) The correlation between actual (X-axis) and predicted (Y-axis)
drinking PCI values generated using CPM. (C) Mediation relationship among negative network features, PC1, and rule-breaking behavior
score. CPM, connectome-based predictive modeling; FA, fractional anisotropy; L, left; R, right; Tem, temporal; Cer, cerebellum; Occ,

occipital; PFC, prefrontal; Mot, motor; Ins, insula; Par, parietal; Lim, limbic; Sub, subcortical; PC1, first principal component (obtained of

PCAs of all drinking measures); PCA, principal component analysis.

drinking severity PC1. The main lobes contributing to
PCI1 prediction were the prefrontal, cerebellar, motor,
and occipital structures in males. Rule-breaking behavior
showed a significant correlation with the negative network
(r=-0.16, P<0.001) and with PC1 (r=0.36, P<0.001) in men.
We performed mediation analyses to examine the inter-
relationship amongst the negative network, drinking PC1,
and rule-breaking in males, and showed the results in
Table S5. The two models showing the PC1 mediating the
relationship between negative network and rule-breaking
score bidirectionally were significant: rule-breaking — PCl1
— negative network; and negative network — PC1 — rule-
breaking (Figure 3C).

Structural connectivity and drinking severity in females
In females, the main lobes contributing to PC1 prediction
were the temporal, prefrontal, and motor structures by
negative network (Figure 44). The positive network did not
show a significant correlation with drinking severity PC1

© AME Publishing Company.

(r=0.03, P=0.544; Figure 4B). However, negative network
was significantly correlated with PC1 (r=0.30, P<0.001;
Figure 4B). Rule-breaking behavior showed a significant
correlation with the negative network (r=-0.13, P=0.004)
and with PCI (r=0.29, P<0.001) in women. We performed
mediation analyses to examine the inter-relationship
amongst the negative network, drinking PC1, and rule-
breaking scores in females, and showed the results in
Table S6. The two models showing the PC1 mediating the
relationship between negative network and rule-breaking
bidirectionally were significant: rule-breaking — PC1 —
negative network; and negative network — PC1 — rule-
breaking (Figure 4C).

Discussion

This study investigated the relationship between white
matter integrity, as quantified by FA, and the severity of
alcohol consumption in young adults, with a particular
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focus on sex differences. With white matter FA’s, CPM
successfully predicted drinking severity. Although the
specific features varied, both males and females showed
significant correlations between negative network
connectivity and drinking severity. The key nodes analysis
showed that brain regions contributing to the predictive
network of drinking severity PC1 included parietal,
cerebellum, subcortical, and prefrontal regions for the
entire sample. Prefrontal, cerebellar, motor, and occipital
regions predicted drinking severity PC1 in males, whereas
temporal, cerebellar, occipital, prefrontal, and motor
regions predicted drinking severity PC1 in females.

Regional white matter integrity in relation to drinking
severity

Previous research has suggested altered white matter
integrity as a marker of cognitive and behavioral
dysfunction in problem drinkers (4). Here, in men, negative
network connectivity in the motor regions, occipital lobes,
and cerebellum predicted drinking severity in CPM,
suggesting a link to motor control deficits and impulsive
behaviors, commonly observed in individuals with AUD.
The prefrontal cortex and subcortical regions were also
important predictors, in alignment with executive control
and reward processing dysfunction in alcohol misuse (62,63).
In women, negative network connectivity of the temporal
lobes, cerebellum, occipital lobes, prefrontal cortex, and
motor regions predicted drinking severity, suggesting
the role of emotion regulation and executive control
dysfunction in alcohol misuse. These findings suggest sex-
specific vulnerabilities to alcohol misuse.

AUD can be characterized by many different neural
markers identified of both structural and functional brain
imaging, and these neural markers appear to involve
different brain regions and networks. For instance, in a
study of AUD participants with longitudinal follow-up
at 6 months, relapsers as compared to abstainers, showed
higher inattention and non-planning impulsivity and lower
thickness of the inferior parietal lobule (64). Another
study reported a significant decrease in amplitude of low-
frequency fluctuation in the bilateral temporal, dorsolateral
prefrontal, insular, putamen, cerebellum, right precuneus,
mid-cingulate, and precentral gyri in AUD (65). Other
measures included gray and white matter volumes and
density (66-68) and resting state functional connectivities
(24,68-70). Notably, some of the neural markers, e.g.,
cortical thickness (71) and white matter integrity (72),
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may normalize following treatment and/or abstinence,
suggesting their utility in monitor of recovery and treatment
efficacy. Critical questions to address in future work include
(I) how do these neural markers compare in distinguishing
people with AUD from control participants and problem
from social drinkers; (IT) whether these neural markers
may be related (73) and/or to what extent the combination
of these markers would help in prediction; and (III) what
neural makers are most amenable to change following
abstinence, thus best serving as a monitor of treatment
response?

A previous study employed seed-based probabilistic
tractography using five target masks of the striatal circuits
to investigate white matter FA differences between male
AUD patients and healthy controls. The results indicated
significantly decreased FA in striatum-supplementary motor
area (SMA) and striatum-amygdala in the AUD group
compared to controls. Moreover, FA reduction in striatum-
ventral lateral prefrontal cortex (vIPFC) was associated
with increased impulsivity, and impulsivity mediated the
relationship between lower FA in striatum-vIPFC and
dependence severity (74). In a longitudinal study, the
IMAGEN investigators employed machine learning of
gray matter volumes and white matter integrity to predict
alcohol misuse in adolescents. Of the white matter features,
those of the corpus callosum, internal capsule, and brain
stem represented the best features (75). The current
findings add to this literature by characterizing white matter
network features predicting alcohol use severity in young
adults.

Sex differences in white matter networks predicting
drinking severity

The current findings suggest sex differences in the white
matter correlates of drinking severity. Although both
exhibited significant associations between negative network
connectivity and drinking severity, the specific brain regions
and the strength of these associations differed. In males, the
motor regions and occipital lobes were more prominent,
whereas in females, the temporal and prefrontal regions
showed stronger associations. These findings add to the
literature of sex-dependent white matter markers of alcohol
misuse (28,76-79). For instance, a prospective longitudinal
study of adolescents and young adults (age 12 to 21 years),
showed FA and lifetime alcohol use are negatively correlated
in males, while females demonstrated the opposite. Authors
suggested a role of sex hormones in manifesting these
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effects (76). Other studies demonstrated sex differences in
the effects of prenatal alcohol exposure on white matter
integrity (30). The hypothalamic-pituitary-adrenal (HPA)
axis plays a crucial role in physiological response to stress
and the regulation of hormonal, including cortisol, levels.
There are significant sex differences in HPA axis functions,
and these differences may influence drug use behaviors,
such as withdrawal responses (80). Nonetheless, it remains
to be investigated how sex differences in white matter
networks associate with these other sex-dependent neural or
physiological processes in link with alcohol misuse.

Risk-taking and rule-breaking behaviors are more likely
to influence adolescent boys to consume alcohol, whereas
adolescent girls are more likely to consume alcohol due to
cope negative emotion (81-83). One study found alcohol
consumption in male rats showed higher impairment of
myelination than in female rats, and the myelin of cortical
circuits of anterior cingulate cortex are essential for
cognitive executive and behavioral control (84). Another
study reported female rats exhibited worse damage of
hippocampus and prefrontal cortex than male rats due to
binge-like doses of alcohol drinking (85). These findings
highlight the differential mechanisms of white matter
damage associated with alcohol consumption across
genders.

White matter deficits and rule-breaking bebavior

Previous studies have reported white matter structural
correlates of disruptive behavior disorders (DBDs), which
frequently include rule-breaking and other conduct
problems as a core symptom. A study of the Adolescent
Brain Cognitive Development project reported higher
axonal density scores in children with DBDs, including
conduct disorder and oppositional defiant disorder, relative
to neurotypical children (86). An earlier work showed FA
of the corpus callosum and superior longitudinal fasciculus
increasing with age in typically developing children 13 to
17 years of age but significantly less so in those with
DBD (87). Relative to typically developing participants,
young children exhibiting early signs of conduct problems,
as evaluated by teacher/parent ratings, showed reduced FA
in the inferior fronto-occipital fasciculus, uncinate fasciculus,
corticospinal tract, and inferior longitudinal fasciculus (88).
In children, conduct problems were related to lower fiber
density in the fornix, with pathways implicated in socio-
emotional functioning (89). Another work suggested that
white-matter microstructural changes may be amenable to

© AME Publishing Company.

Li et al. Connectomics of white matter predicts alcohol use

behavioral intervention (90). The current findings on alcohol
misuse and rule-breaking add to this emerging literature.

Limitations

This study provides insights into the white matter
correlations of drinking severity, rule-breaking behavior,
and sex differences. Sex differences were observed in
the brain regions contributing to prediction of drinking
severity. However, there are several limitations to
consider. Using a single principal component to represent
drinking severity may not capture the variability across
the multifaceted behaviors of alcohol misuse. PCl1
does not reflect the diversity of drinking behaviors and
their interactions. The cross-sectional design limits
the ability to infer causal relationships between white
matter integrity, drinking, and rule-breaking behavior.
Longitudinal studies are needed to establish the temporal
relationships between these metrics. Additionally, using
only FA to measure white matter integrity may not fully
capture the complexity of white matter changes associated
with alcohol use. Future studies should include other
diffusion metrics, such as MD and radial diffusivity (RD),
to provide a more comprehensive assessment of white
matter changes. Finally, more research is needed to explore
the mechanisms underlying the observed sex differences.
Investigating hormonal influences, genetic factors, and
psychosocial variables may enhance the understanding of
how alcohol affects the male and female brain differently.
Expanding the sample to include a wider age range and
individuals with varying levels of drinking severity can also
enhance the generalizability of the findings.

Conclusions

To conclude, this study highlights the importance of
considering sex differences in the neural correlations of
drinking behavior and rule-breaking behavior. Identifying
distinct brain regions and circuits associated with drinking
severity and rule-breaking behavior in males and females
offers new perspectives on the pathophysiology of AUDs.
By further studying these network mechanisms, we can gain
deeper insights into the neurobiological basis of problem
drinking and its comorbidities.

Acknowledgments

None.

Quant Imaging Med Surg 2025;15(3):2405-2419 | https://dx.doi.org/10.21037/qims-24-2131



Quantitative Imaging in Medicine and Surgery, Vol 15, No 3 March 2025

Footnote

Reporting Checklist: The authors have completed the
TRIPOD reporting checklist. Available at https://qims.
amegroups.com/article/view/10.21037/qims-24-2131/rc

Funding: The current study was supported by the National
Natural Science Foundation of China (12402350), the
National Foreign Experts Program (H20240220), the
National Key Research and Development Program of
China (2022YFC2503904), the Natural Science Foundation
of Hebei Province (H2024206232), the Capital’s Funds for
Health Improvement and Research (CFH 2024-1-4112),
and the National Institutes of Health grant (DA051922,
C-SRL).

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-2131/coif).
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). This study utilized the 1200 Subjects
Release (51200) dataset from the HCP project, and HCP
project was approved by the Washington University
Institutional Review Board (IRB #201204036), and all
subjects signed informed consent forms.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Roos A, Wedderburn CJ, Fouche JP, Subramoney S, Joshi
SH, Woods RP, Zar HJ, Narr KL, Stein D], Donald KA.
Central white matter integrity alterations in 2-3-year-
old children following prenatal alcohol exposure. Drug

© AME Publishing Company.

2415

Alcohol Depend 2021;225:108826.

Zhao Q, Sullivan EV, Honnorat N, Adeli E, Podhajsky

S, De Bellis MD, Voyvodic J, Nooner KB, Baker FC,
Colrain IM, Tapert SE, Brown SA, Thompson WK, Nagel
BJ, Clark DB, Pfefferbaum A, Pohl KM. Association of
Heavy Drinking With Deviant Fiber Tract Development
in Frontal Brain Systems in Adolescents. JAMA Psychiatry
2021;78:407-15.

Sullivan EV, Brumback T, Tapert SE, Brown SA, Baker
FC, Colrain IM, Prouty D, De Bellis MD, Clark DB,
Nagel BJ, Pohl KM, Pfefferbaum A. Disturbed Cerebellar
Growth Trajectories in Adolescents Who Initiate Alcohol
Drinking. Biol Psychiatry 2020;87:632-44.

Smith KW, Gierski F, Andre J, Dowell NG, Cercignani
M, Naassila M, Duka T. Altered white matter integrity in
whole brain and segments of corpus callosum, in young
social drinkers with binge drinking pattern. Addict Biol
2017;22:490-501.

Daviet R, Aydogan G, Jagannathan K, Spilka N,
Koellinger PD, Kranzler HR, Nave G, Wetherill RR.
Associations between alcohol consumption and gray and
white matter volumes in the UK Biobank. Nat Commun
2022;13:1175.

Mewton L, Visontay R, Hughes G, Browning C, Wen W,
Topiwala A, Draper B, Crawford JD, Brodaty H, Sachdev
PS. Longitudinal alcohol-related brain changes in older
adults: The Sydney Memory and Ageing Study. Addict
Biol 2024;29:¢13402.

Cookey J, Crocker CE, Bernier D, Newman AJ, Stewart
S, McAllindon D, Tibbo PG. Microstructural Findings in
White Matter Associated with Cannabis and Alcohol Use
in Early-Phase Psychosis: A Diffusion Tensor Imaging and
Relaxometry Study. Brain Connect 2018;8:567-76.

Cao HL, Wei W, Meng Y], Deng RH, Li XJ, Deng W,
Liu YS, Tang Z, Du XD, Greenshaw AJ, Li ML, Li T,
Guo WJ. Interactions between overweight/obesity and
alcohol dependence impact human brain white matter
microstructure: evidence from DTL Eur Arch Psychiatry
Clin Neurosci 2024. [Epub ahead of print]. doi: 10.1007/
$00406-024-01760-9.

Crespi C, Galandra C, Canessa N, Manera M, Poggi P,
Basso G. Microstructural damage of white-matter tracts
connecting large-scale networks is related to impaired
executive profile in alcohol use disorder. Neuroimage Clin
2020;25:102141.

. Muri R, Reed MB, Maissen-Abgottspon S, Kreis R,

Hochuli M, Lanzenberger R, Trepp R, Everts R.

Reversible white matter changes following a 4-week high

Quant Imaging Med Surg 2025;15(3):2405-2419 | https://dx.doi.org/10.21037/qims-24-2131


https://qims.amegroups.com/article/view/10.21037/qims-24-2131/rc
https://qims.amegroups.com/article/view/10.21037/qims-24-2131/rc
https://qims.amegroups.com/article/view/10.21037/qims-24-2131/coif
https://qims.amegroups.com/article/view/10.21037/qims-24-2131/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

2416

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

© AME Publishing Company.

phenylalanine exposure in adults with phenylketonuria. J
Inherit Metab Dis 2025;48:¢12823.

de Koning TJ, Jacken J, Pineda M, Van Maldergem L,
Poll-The BT, van der Knaap MS. Hypomyelination
and reversible white matter attenuation in
3-phosphoglycerate dehydrogenase deficiency.
Neuropediatrics 2000;31:287-92.

Selim MK, Harel M, De Santis S, Perini I, Sommer
WH, Heilig M, Zangen A, Canals S. Repetitive deep
TMS in alcohol dependent patients halts progression of
white matter changes in early abstinence. Psychiatry Clin
Neurosci 2024;78:176-85.

Pandey AK, Ardekani BA, Kamarajan C, Zhang ], Chorlian
DB, Byrne KN, Pandey G, Meyers JL, Kinreich S,
Stimus A, Porjesz B. Lower Prefrontal and Hippocampal
Volume and Diffusion Tensor Imaging Differences Reflect
Structural and Functional Abnormalities in Abstinent
Individuals with Alcohol Use Disorder. Alcohol Clin Exp
Res 2018;42:1883-96.

Chumin EJ, Grecco GG, Dzemidzic M, Cheng H, Finn
P, Sporns O, Newman SD, Yoder KK. Alterations in
White Matter Microstructure and Connectivity in Young
Adults with Alcohol Use Disorder. Alcohol Clin Exp Res
2019;43:1170-9.

McEvoy LK, Fennema-Notestine C, Elman JA, Eyler
LT, Franz CE, Hagler D] Jr, Hatton SN, Lyons M],
Panizzon MS, Dale AM, Kremen WS. Alcohol intake and
brain white matter in middle aged men: Microscopic and
macroscopic differences. Neuroimage Clin 2018;18:390-8.
Cao HL, Wei W, Meng Y], Deng W, Li T, Li ML,

Guo WJ. Disrupted white matter structural networks

in individuals with alcohol dependence. J Psychiatr Res
2023;168:13-21.

Long X, Little G, Treit S, Beaulieu C, Gong G, Lebel C.
Altered brain white matter connectome in children and
adolescents with prenatal alcohol exposure. Brain Struct
Funct 2020;225:1123-33.

Grucza RA, Sher KJ, Kerr WC, Krauss MJ, Lui CK,
McDowell YE, Hartz S, Virdi G, Bierut L]. Trends in
Adult Alcohol Use and Binge Drinking in the Early 21st-
Century United States: A Meta-Analysis of 6 National
Survey Series. Alcohol Clin Exp Res 2018;42:1939-50.
Flores-Bonilla A, Richardson HN. Sex Differences in

the Neurobiology of Alcohol Use Disorder. Alcohol Res
2020;40:04.

Maggioni E, Rossetti MG, Allen NB, Batalla A, Bellani
M, Chye Y, et al. Brain volumes in alcohol use disorder:
Do females and males differ? A whole-brain magnetic

21.

22.

24.

25.

26.

27.

28.

29.

30.

Li et al. Connectomics of white matter predicts alcohol use

resonance imaging mega-analysis. Hum Brain Mapp
2023;44:4652-66.

Rossetti MG, Patalay P, Mackey S, Allen NB, Batalla

A, Bellani M, et al. Gender-related neuroanatomical
differences in alcohol dependence: findings from the
ENIGMA Addiction Working Group. Neuroimage Clin
2021;30:102636.

Li G, Le TM, Wang W, Zhornitsky S, Chen Y, Chaudhary
S, Zhu T, Zhang S, Bi J, Tang X, Li CR. Perceived stress,
self-efficacy, and the cerebral morphometric markers

in binge-drinking young adults. Neuroimage Clin
2021;32:102866.

. Li G, ChenY, Le TM, Zhornitsky S, Wang W, Dhingra

I, Zhang S, Tang X, Li CR. Perceived friendship and
binge drinking in young adults: A study of the Human
Connectome Project data. Drug Alcohol Depend
2021;224:108731.

Li G, Chen Y, Chaudhary S, Li CS, Hao D, Yang L, Li
CR. Sleep dysfunction mediates the relationship between
hypothalamic-insula connectivity and anxiety-depression
symptom severity bidirectionally in young adults.
Neuroimage 2023;279:120340.

Li G, Zhong D, Zhang N, Dong J, Yan Y, Xu Q, Xu S,
Yang L, Hao D, Li CR. The inter-related effects of alcohol
use severity and sleep deficiency on semantic processing in
young adults. Neuroscience 2024;555:116-24.

Li G, Cao 'Y, Yang C, Li X, Yang Y, Yang L, Hao D, Li
CR. Sex differences in dorsolateral prefrontal cortical and
superior colliculus activities support the impact of alcohol
use severity and sleep deficiency on two-back memory.
Quant Imaging Med Surg 2024;14:4972-86.

Ritchie SJ, Cox SR, Shen X, Lombardo MV, Reus LM,
Alloza C, Harris MA, Alderson HL, Hunter S, Neilson

E, Liewald DCM, Auyeung B, Whalley HC, Lawrie

SM, Gale CR, Bastin ME, McIntosh AM, Deary IJ.

Sex Differences in the Adult Human Brain: Evidence
from 5216 UK Biobank Participants. Cereb Cortex
2018;28:2959-75.

Rivas-Grajales AM, Sawyer KS, Karmacharya S,
Papadimitriou G, Camprodon JA, Harris GJ, Kubicki M,
Oscar-Berman M, Makris N. Sexually dimorphic structural
abnormalities in major connections of the medial forebrain
bundle in alcoholism. Neuroimage Clin 2018;19:98-105.
Sawyer KS, Maleki N, Papadimitriou G, Makris N,
Oscar-Berman M, Harris GJ. Cerebral white matter sex
dimorphism in alcoholism: a diffusion tensor imaging
study. Neuropsychopharmacology 2018;43:1876-83.

Uban KA, Herting MM, Wozniak JR, Sowell ER;

Quant Imaging Med Surg 2025;15(3):2405-2419 | https://dx.doi.org/10.21037/qims-24-2131



Quantitative Imaging in Medicine and Surgery, Vol 15, No 3 March 2025

31.

32.

33.

34.

35.

36.

37.

38.

39.

© AME Publishing Company.

CIFASD. Sex differences in associations between

white matter microstructure and gonadal hormones in
children and adolescents with prenatal alcohol exposure.
Psychoneuroendocrinology 2017;83:111-21.

Seitz J, Sawyer KS, Papadimitriou G, Oscar-Berman M,
Ng I, Kubicki A, Mouradian P, Ruiz SM, Kubicki M,
Harris GJ, Makris N. Alcoholism and sexual dimorphism
in the middle longitudinal fascicle: a pilot study. Brain
Imaging Behav 2017;11:1006-17.

De la Rosa-Ciceres A, Narvaez-Camargo M, Blanc-
Molina A, Romero-Pérez N, Dacosta-Sanchez D,
Gonzilez-Ponce BM, Parrado-Gonzilez A, Torres-
Rosado L, Manchefio-Velasco C, Lozano-Rojas OM.
Bridge Nodes between Personality Traits and Alcohol-Use
Disorder Criteria: The Relevance of Externalizing Traits
of Risk Taking, Callousness, and Irresponsibility. J Clin
Med J Clin Med 2022;11:3468.

Barr PB, Neale Z, Chatzinakos C, Schulman J, Mullins N,
Zhang J, et al. Clinical, genomic, and neurophysiological
correlates of lifetime suicide attempts among individuals
with an alcohol use disorder. medRxiv 2024. doi:
10.1101/2023.04.28.23289173.

Elam KK, Su J, Aliev F, Trevino A, Kutzner J, Seo DC.
Polygenic Effects on Individual Rule Breaking, Peer Rule
Breaking, and Alcohol Sips Across Early Adolescence

in the ABCD Study. Res Child Adolesc Psychopathol
2023;51:1425-38.

Patel TA, Cole SL, Cougle JR. Correlates of alcohol use
and alcohol use disorder among individuals with DSM-5
social anxiety disorder: A population based study. ] Affect
Disord 2024;360:55-61.

Ummels SA, Seldenrijk A, Bos EH, de Graaf R, Batelaan
NM, Ten Have M. The bidirectional relationship between
anxiety disorders and alcohol use disorders in adults:
Findings from a longitudinal population-based study. ]
Affect Disord 2022;314:126-32.

Rhee TG, Rosenheck RA. Gender Differences in
Psychiatric and Behavioral Health Burden Among Adults
With Alcohol and Other Substance Use Disorders in the
United States. J Addict Med 2022;16:295-302.

Li G, Chen Y, Chaudhary S, Tang X, Li CR. Loss and
Frontal Striatal Reactivities Characterize Alcohol Use
Severity and Rule-Breaking Behavior in Young Adult
Drinkers. Biol Psychiatry Cogn Neurosci Neuroimaging
2022;7:1007-16.

Li G, Dong Y, Chen Y, Li B, Chaudhary S, Bi J, Sun H,
Yang C, Liu Y, Li CR. Drinking severity mediates the
relationship between hypothalamic connectivity and rule-

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

2417

breaking/intrusive behavior differently in young women
and men: an exploratory study. Quant Imaging Med Surg
2024;14:6669-83.

Pandey S, Bolstad I, Lien L, Bramness JG. Antisocial
Personality Disorder Among Patients in Treatment

for Alcohol Use Disorder (AUD): Characteristics and
Predictors of Early Relapse or Drop-Out. Subst Abuse
Rehabil 2021;12:11-22.

Lee R, Arfanakis K, Evia AM, Fanning J, Keedy S, Coccaro
EF. White Matter Integrity Reductions in Intermittent
Explosive Disorder. Neuropsychopharmacology
2016;41:2697-703.

Jarvers I, Kandsperger S, Schleicher D, Ando A, Resch F,
Koenig J, Kaess M, Brunner R. The relationship between
adolescents' externalizing and internalizing symptoms
and brain development over a period of three years.
Neuroimage Clin 2022;36:103195.

Albaugh MD, Ducharme S, Karama S, Watts R, Lewis JD,
Orr C, Nguyen TV, Mckinstry RC, Botteron KN, Evans
AC, Hudziak JJ; Brain Development Cooperative Group.
Anxious/depressed symptoms are related to microstructural
maturation of white matter in typically developing youths.
Dev Psychopathol 2017;29:751-8.

Van Essen DC, Ugurbil K, Auerbach E, Barch D,
Behrens TE, Bucholz R, et al. The Human Connectome
Project: a data acquisition perspective. Neuroimage
2012;62:2222-31.

Li G, Chen Y, Le TM, Wang W, Tang X, Li CR. Neural
correlates of individual variation in two-back working
memory and the relationship with fluid intelligence. Sci
Rep 2021;11:9980.

Li G, Chen Y, Wang W, Dhingra I, Zhornitsky S, Tang
X, Li CR. Sex Differences in Neural Responses to the
Perception of Social Interactions. Front Hum Neurosci
2020;14:565132.

Li G, LiY, Zhang Z, Chen Y, Li B, Hao D, Yang L,

Yang Y, Li X, Li CR. Sex differences in externalizing

and internalizing traits and ventral striatal responses to
monetary loss. ] Psychiatr Res 2023;162:11-20.

Li G, Zhang S, Le TM, Tang X, Li CR. Neural responses
to negative facial emotions: Sex differences in the
correlates of individual anger and fear traits. Neuroimage
2020;221:117171.

Li G, Zhong D, Li B, Chen Y, Yang L, Li CR.

Sleep Deficits Inter-Link Lower Basal Forebrain-
Posterior Cingulate Connectivity and Perceived

Stress and Anxiety Bidirectionally in Young Men. Int J
Neuropsychopharmacol 2023;26:879-89.

Quant Imaging Med Surg 2025;15(3):2405-2419 | https://dx.doi.org/10.21037/qims-24-2131



2418

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

© AME Publishing Company.

Acion L, Kramer J, Liu X, Chan G, Langbehn D, Bucholz
K, McCutcheon V, Hesselbrock V, Schuckit M, Dick D,
Hesselbrock M, Kuperman S. Reliability and validity of
an internalizing symptom scale based on the adolescent
and adult Semi-Structured Assessment for the Genetics
of Alcoholism (SSAGA). Am J Drug Alcohol Abuse
2019;45:151-60.

Kochunov P, Jahanshad N, Marcus D, Winkler A,
Sprooten E, Nichols TE, et al. Heritability of fractional
anisotropy in human white matter: a comparison of
Human Connectome Project and ENIGMA-DTT data.
Neuroimage 2015;111:300-11.

Xie S, Chen L, Zuo N, Jiang T. DiffusionKit: A light one-
stop solution for diffusion MRI data analysis. ] Neurosci
Methods 2016;273:107-19.

Zhou Y, Li G, Song Z, Zhang Z, Huang H, Li H, Tang
X. Associations between Brain Microstructure and
Phonological Processing Ability in Preschool Children.
Children (Basel) 2022;9:782.

Shen X, Finn ES, Scheinost D, Rosenberg MD, Chun
MM, Papademetris X, Constable RT. Using connectome-
based predictive modeling to predict individual behavior
from brain connectivity. Nat Protoc 2017;12:506-18.
MacKinnon DP, Fairchild AJ, Fritz MS. Mediation
analysis. Annu Rev Psychol 2007;58:593-614.

Wager TD, Davidson ML, Hughes BL, Lindquist MA,
Ochsner KN. Prefrontal-subcortical pathways mediating
successful emotion regulation. Neuron 2008;59:1037-50.
Hu S, Ide JS, Chao HH, Castagna B, Fischer KA, Zhang
S, Li CR. Structural and functional cerebral bases of
diminished inhibitory control during healthy aging. Hum
Brain Mapp 2018;39:5085-96.

Ide JS, Zhornitsky S, Hu S, Zhang S, Krystal JH, Li CR.
Sex differences in the interacting roles of impulsivity

and positive alcohol expectancy in problem drinking:

A structural brain imaging study. Neuroimage Clin
2017;14:750-9.

Zhornitsky S, Zhang S, Ide JS, Chao HH, Wang W,

Le TM, Leeman RE, Bi J, Krystal JH, Li CR. Alcohol
Expectancy and Cerebral Responses to Cue-Elicited
Craving in Adult Nondependent Drinkers. Biol Psychiatry
Cogn Neurosci Neuroimaging 2019;4:493-504.

Shen X, Tokoglu F, Papademetris X, Constable RT.
Groupwise whole-brain parcellation from resting-state
fMRI data for network node identification. Neuroimage
2013;82:403-15.

Feng C, Yuan J, Geng H, Gu R, Zhou H, Wu X, Luo Y.
Individualized prediction of trait narcissism from whole-

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Li et al. Connectomics of white matter predicts alcohol use

brain resting-state functional connectivity. Hum Brain
Mapp 2018;39:3701-12.

Zhao'Y, Constable RT, Hien D, Chung T, Potenza MN.
Brain anatomical covariation patterns linked to binge
drinking and age at first full drink. Neuroimage Clin
2021;29:102529.

LiY, Yang L, Hao D, Chen Y, Ye-Lin Y, Li CR, Li

G. Functional Networks of Reward and Punishment
Processing and Their Molecular Profiles Predicting the
Severity of Young Adult Drinking. Brain Sci 2024;14:610.
Yang K, Du R, Yang Q, Zhao R, Fan F, Chen S, Luo

X, Tan S, Wang Z, Yu T, Tian B, Le TM, Li CR, Tan

Y. Cortical thickness of the inferior parietal lobule as

a potential predictor of relapse in men with alcohol
dependence. Brain Imaging Behav 2024;18:331-42.

Dai X, Yu ], Gao L, Zhang J, Li Y, Du B, Huang X,
Zhang H. Cortical thickness and intrinsic activity changes
in middle-aged men with alcohol use disorder. Alcohol
2023;106:15-21.

Fan S, Goldfarb EV, Lacadie C, Fogelman N, Seo D,
Sinha R. Binge drinking is associated with higher cortisol
and lower hippocampal and prefrontal gray matter
volume: Prospective association with future alcohol intake.
Neurobiol Stress 2023;25:100540.

Manuweera T, Kisner MA, Almira E, Momenan

R. Alcohol use disorder-associated structural and
functional characteristics of the insula. ] Neurosci Res
2022;100:2077-89.

Park SE, Jeon Y], Baek HM. Functional and Structural
Brain Abnormalities and Clinical Characteristics of Male
Patients with Alcohol Dependence. Brain Sci 2023;13:942.
de Bruin EA, Hulshoff Pol HE, Schnack HG, Janssen ],
Bijl S, Evans AC, Kenemans JL, Kahn RS, Verbaten MN.
Focal brain matter differences associated with lifetime
alcohol intake and visual attention in male but not in
female non-alcohol-dependent drinkers. Neuroimage
2005;26:536-45.

Gerhardt S, Karl D, Mann K, Kiefer F, Vollstidt-Klein

S. Association Between Functional and Structural Brain
Connectivity of the Default Mode Network in Non-
treatment Seeking Individuals With Alcohol Use Disorder.
Alcohol Alcohol 2022;57:540-51.

Durazzo TC, Stephens LH, Meyerhoff D]J. Regional
cortical thickness recovery with extended abstinence after
treatment in those with alcohol use disorder. Alcohol
2024;114:51-60.

Zou Y, Murray DE, Durazzo TC, Schmidt TP, Murray
TA, Meyerhoff DJ. White matter microstructural

Quant Imaging Med Surg 2025;15(3):2405-2419 | https://dx.doi.org/10.21037/qims-24-2131



Quantitative Imaging in Medicine and Surgery, Vol 15, No 3 March 2025

73.

74.

75.

76.

77.

78.

79.

80.

81.

correlates of relapse in alcohol dependence. Psychiatry Res
Neuroimaging 2018;281:92-100.

Lee ], Ju G, Son JW, Shin CJ, Lee SI, Park H, Kim S.
White matter integrity in alcohol-dependent patients
with long-term abstinence. Medicine (Baltimore)
2021;100:€26078.

Wu E, Dong P, Wu G, Deng J, Ni Z, Gao X, Li P, Li B,
Yuan J, Sun H. Impulsive trait mediates the relationship
between white matter integrity of prefrontal-striatal
circuits and the severity of dependence in alcoholism.
Front Psychiatry 2022;13:985948.

Rane RP, de Man EF, Kim J, Gorgen K, Tschorn M, Rapp
MA, et al. Structural differences in adolescent brains can
predict alcohol misuse. Elife 2022;11:e77545.

Jones SA, Kliamovich D, Nagel BJ. Sex hormones partially
explain the sex-dependent effect of lifetime alcohol use on
adolescent white matter microstructure. Psychiatry Res
Neuroimaging 2021;307:111230.

Ruiz SM, Oscar-Berman M, Sawyer KS, Valmas MM,
Urban T, Harris GJ. Drinking history associations with
regional white matter volumes in alcoholic men and
women. Alcohol Clin Exp Res 2013;37:110-22.

Sawyer KS, Oscar-Berman M, Mosher Ruiz S, Gilvez DA,
Makris N, Harris GJ, Valera EM. Associations Between
Cerebellar Subregional Morphometry and Alcoholism
History in Men and Women. Alcohol Clin Exp Res
2016;40:1262-72.

Thatcher DL, Pajtek S, Chung T, Terwilliger RA, Clark
DB. Gender differences in the relationship between

white matter organization and adolescent substance use
disorders. Drug Alcohol Depend 2010;110:55-61.
Waldrop AE, Price KL, Desantis SM, Simpson AN,

Back SE, McRae AL, Spratt EG, Kreek M]J, Brady KT.
Community-dwelling cocaine-dependent men and women
respond differently to social stressors versus cocaine cues.
Psychoneuroendocrinology 2010;35:798-806.
Wallin-Miller KG, Chesley ], Castrillon J, Wood RI.

Sex differences and hormonal modulation of ethanol-
enhanced risk taking in rats. Drug Alcohol Depend
2017;174:137-44.

Cite this article as: Li Y, Li G, Yang L, Yan Y, Zhang N, Gao M,
Hao D, Ye-Lin Y, Li CSR. Connectomics modeling of regional

networks of white-matter fractional anisotropy to predict the

severity of young adult drinking. Quant Imaging Med Surg
2025;15(3):2405-2419. doi: 10.21037/qims-24-2131

© AME Publishing Company.

82.

83.

84.

85.

86.

87.

88.

89.

90.

2419

Kuntsche E, Miiller S. Why do young people start
drinking? Motives for first-time alcohol consumption and
links to risky drinking in early adolescence. Eur Addict Res
2012;18:34-9.

Bekman NM, Winward JL, Lau LL, Wagner CC, Brown
SA. The impact of adolescent binge drinking and sustained
abstinence on affective state. Alcohol Clin Exp Res
2013;37:1432-9.

Tavares ER, Silva-Gotay A, Riad WV, Bengston L,
Richardson HN. Sex Differences in the Effect of Alcohol
Drinking on Myelinated Axons in the Anterior Cingulate
Cortex of Adolescent Rats. Brain Sci 2019;9:167.

Maynard ME, Barton EA, Robinson CR, Wooden ]I,
Leasure JL. Sex differences in hippocampal damage,
cognitive impairment, and trophic factor expression in

an animal model of an alcohol use disorder. Brain Struct
Funct 2018;223:195-210.

Guberman GI, Theaud G, Hawes SW, Ptito A, Descoteaux
M, Hodgins S. White matter microstructure, traumatic
brain injury, and disruptive behavior disorders in girls and
boys. Front Neurosci 2024;18:1391407.

Hummer TA, Wang Y, Kronenberger WG, Dunn DW,
Mathews VP. The relationship of brain structure to age
and executive functioning in adolescent disruptive behavior
disorder. Psychiatry Res 2015;231:210-7.

Graziano PA, Garic D, Dick AS. Individual differences

in white matter of the uncinate fasciculus and inferior
fronto-occipital fasciculus: possible early biomarkers for
callous-unemotional behaviors in young children with
disruptive behavior problems. ] Child Psychol Psychiatry
2022;63:19-33.

Burley DT, Genc S, Silk TJ. Childhood conduct problems
are associated with reduced white matter fibre density and
morphology. ] Affect Disord 2021;281:638-45.

O' Brien S, Sethi A, Blair J, Viding E, Beyh A, Mehta MA,
Dallyn R, Ecker C, Petrinovic MM, Doolan M, Blackwood
N, Catani M, Murphy DGM, Scott S, Craig MC. Rapid
white matter changes in children with conduct problems
during a parenting intervention. Transl Psychiatry
2023;13:339.

Quant Imaging Med Surg 2025;15(3):2405-2419 | https://dx.doi.org/10.21037/qims-24-2131



