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Table 1 Clinical information statistics

Clinical details Male college ~ Non-smokers

smokers (n=42)
(n=52)
Agelyears 20.3+1.8 19.5<1.6
Age range 16-24 15-23
Years of education 14.59+1.1 14.2+1.3
Initial smoking age 14.6+1.9 -
Daily consumption/(cigarettes-d™") 14.8£2.4 -
FTND score 7.1£2.1 -
mean FD/mm 0.141+0.083 0.165+0.150
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Fig. 1 Group differences in fractional anisotropy (FA) along the length of the five abnormal white—matter tracts

Solid lines represent group means, and shaded areas indicatetstandard error of the mean (SEM). Horizontal bars indicate segments with statistically

significant differences after false discovery rate (FDR) correction (P<0.05). The x-axis represents node positions along the tract (0-100), and the

y-axis represents F4 values.
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Fig. 2 Group differences in amplitude of low—frequency fluctuation (ALFF) along the length of the three abnormal
white—matter tracts
Solid lines represent group means, and shaded areas indicatetSEM. Horizontal bars indicate statistically significant segments after false discovery

rate (FDR) correction (P<0.05). The x-axis represents node positions (0—-100), and the y-axis represents ALFF values.
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Fig.3 Correlation results between imaging metrics (FA, ALFF) and clinical variables in smokers

Linear fits are shown with 95% confidence intervals.
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particularly for white matter development, understanding the neural correlates of smoking behavior during this
stage is of substantial importance for both neuroscience and public health. Methods A total of 115 male
undergraduate students were initially recruited for this study. After quality control and exclusion procedures, 52
male college smokers and 42 demographically matched healthy non-smokers were included in the final analysis.
All participants underwent multimodal magnetic resonance imaging (MRI), including diffusion tensor imaging
(DTI) and resting-state functional MRI (rs-fMRI). White matter fiber tracts were reconstructed using the
automated fiber quantification (AFQ) method, which enables precise identification and quantification of major
fiber bundles. Eighteen major white matter tracts were segmented for each participant. Along the core trajectory of
each tract, 100 equidistant nodes were sampled. Fractional anisotropy (FA) was calculated at each node to assess
white matter microstructural integrity, while amplitude of low-frequency fluctuation (ALFF) was computed to
evaluate spontaneous neural activity within white matter tracts. Between-group differences in F4 and ALFF were
assessed using two-sample #-tests, with appropriate corrections applied for multiple comparisons. Furthermore,
Pearson correlation analyses were conducted to examine the relationships between imaging-derived metrics (F4
and ALFF values in regions showing significant group differences) and nicotine dependence severity, as measured
by the Fagerstrom test for nicotine dependence (FTND). Results Compared with healthy non-smokers, male
college smokers exhibited significantly increased FA values in several white matter tracts, including the left
thalamic radiation, right corticospinal tract, forceps major of the corpus callosum, left uncinate fasciculus, and
right arcuate fasciculus. These findings suggest altered microstructural organization or increased directional
coherence within these pathways. In addition, smokers demonstrated significantly elevated ALFF values in the
forceps major, right uncinate fasciculus, and left arcuate fasciculus, indicating enhanced spontaneous neural
activity in these white matter regions. Correlation analyses revealed that F4 values in the left thalamic radiation
and right corticospinal tract were negatively correlated with FTND scores, suggesting that higher levels of
nicotine dependence were associated with reduced microstructural integrity or altered fiber organization in these
regions. In contrast, ALFF values in the forceps major and right uncinate fasciculus were positively correlated
with FTND scores, indicating that greater nicotine dependence was associated with increased spontaneous neural
activity in specific white matter pathways. Conclusion The present study provides evidence that male college
smokers exhibit distinct alterations in both white matter microstructure and functional activity. These
abnormalities are not uniformly distributed but rather localized to specific fiber tracts implicated in sensorimotor
processing, interhemispheric communication, and higher-order cognitive and emotional regulation. Importantly,
the observed associations between imaging metrics and nicotine dependence severity suggest that these structural
and functional alterations may reflect neurobiological mechanisms underlying addiction. The combination of
AFQ-based tract profiling and multimodal MRI offers a sensitive approach for detecting subtle changes along
white matter pathways, highlighting its potential utility in identifying neuroimaging biomarkers of nicotine
dependence. Overall, these findings indicate that smoking during early adulthood may disrupt ongoing white
matter maturation, potentially leading to long-term consequences for brain function. This study provides novel
insights into the neural basis of nicotine dependence and underscores the importance of early intervention and

prevention strategies targeting young smokers.

Key words male college smokers, white matter, fractional anisotropy, amplitude of low-frequency fluctuation,
automated fiber quantification
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