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ABSTRACT 

Studies have identified cerebral morphometric markers of binge drinking and 

implicated cortical regions in support of self-efficacy and stress regulation. 

However, it remains unclear how cortical structures of self-control play a role in 

ameliorating stress and alcohol consumption or how chronic alcohol exposure 

alters self-control and leads to emotional distress. We examined the data of 180 

binge (131 men) and 282 non-binge (93 men) drinkers from the Human 

Connectome Project. We obtained data on regional cortical thickness from the 

HCP and derived gray matter volumes (GMVs) with voxel-based morphometry. 

At a corrected threshold, binge relative to non-binge drinking men showed 

diminished posterior cingulate cortex (PCC) thickness and dorsomedial 

prefrontal cortex (dmPFC) GMV. Both PCC thickness and dmPFC GMVs were 

positively and negatively correlated with self-efficacy and perceived stress, 

respectively, as assessed with the NIH Emotion Toolbox. Mediation and path 

analyses to query the inter-relationships between the neural markers and 

clinical variables showed a best fit of the model with daily drinks → lower PCC 

thickness and dmPFC GMV → lower self-efficacy → higher perceived stress in 

men. In contrast, binge and non-binge drinking women did not show significant 

differences in regional cortical thickness or GMVs. These findings suggest a 

pathway whereby chronic alcohol consumption alters cortical structures and 

self-efficacy mediates the effects of cortical structural deficits on perceived 

stress in men. The findings also suggest the need to investigate multimodal 

neural markers underlying the interplay between stress, self-control and alcohol 

use behavior in women. 

 

Keywords: alcohol use disorder, cerebral morphometrics, impulsivity, loss-of-

control, anxiety and depression  

  



3 

 

 

1. Introduction 

1.1 Structural brain characteristics of binge drinking and heavy alcohol use 

Frequently observed in young adults, binge drinking is associated with 

severe health consequences (Garcia et al., 2020; Powers et al., 2016; Stolle et 

al., 2009; Woo et al., 2017; Zullig et al., 2001). Numerous studies have 

examined the effects of alcohol misuse, including binge drinking, on the brain. 

For instance, morphometric studies have associated binge, heavy and/or 

dependent drinking with smaller volumes of the frontal, temporal, and parietal 

cortex, hippocampal complex, insula, cerebellum, and dorsal striatum (Gröpper 

et al., 2016; Rando et al., 2011; Syaifullah et al., 2021). Some studies reported 

larger volumes of nucleus accumbens in binge drinkers (Howell et al., 2013; 

Sousa et al., 2020) but another work reported otherwise (Mackey et al., 2019). 

Studies examining cortical thickness likewise associated thinning of frontal, 

temporal, parietal and occipital cortex, posterior cingulate, precuneus, and 

insula with heavy drinking (Bae et al., 2016; Cservenka and Brumback, 2017; 

Mackey et al., 2019). In a longitudinal study, the number of binge drinking 

episodes in the prior year predicted decrement in frontal and parietal cortical 

thickness in youth (Pfefferbaum et al., 2016).  

Some of the studies reported sex differences, with adolescent male and 

female binge drinkers showing thinner and thicker left frontal cortices, 

respectively, as compared to their non-drinking counterparts (Squeglia et al., 

2012). Another study showed that, compared to non- or light-drinking 

individuals, male and female binge drinkers showed lower and higher volumes, 

respectively, in prefrontal, temporal, motor, somatosensory cortical and striatal 

regions (Kvamme et al., 2015). Frequency of heavy drinking was associated 

with reduced frontal cortical thickness with larger effects in men (Morris et al., 

2019). In contrast, a more recent work reported more negative effects of alcohol 

use on left orbitofrontal cortical thickness in women than in men (Thayer et al., 



4 

 

2016). Further, a descriptive review did not reveal sex differences in subcortical 

volumes or cortical thickness in relation to alcohol use (McPhee et al., 2018). 

While not entirely consistent, these findings suggest the importance of 

considering sex differences in examining the cerebral consequences of alcohol 

use. 

 

1.2 Perceived stress, self-efficacy, and binge drinking 

Other investigations identified volumetric correlates of psychological 

constructs that conduce to heavy alcohol use. For instance, we showed earlier 

that decreases in GMV of the left thalamus mediated the interaction effects of 

impulsivity and alcohol expectancy on problem alcohol use (Ide et al., 2017a). 

Alcohol misuse is also known to be associated with behavioral inhibition traits 

that implicate emotional processing dysfunction and perceived stress, anxiety 

and depression (Lannoy et al., 2018). For instance, negative affect along with 

coping motives support the effects of perceived stress on alcohol use behavior 

(Anker et al., 2019). Occupational stress contributed to alcohol misuse through 

social motives for drinking (Temmen and Crockett, 2020). Stress caused by 

discrepancy in perceived masculine role was associated with binge drinking 

(Yang et al., 2019). Stress may promote alcohol consumption via glucocorticoid 

interactions with the reward pathways and, for some individuals, the anxiolytic 

effects of alcohol influence the motivation to drink (Becker, 2017). As a 

maladaptive strategy to cope with stress, alcohol use in turn compromises 

emotional regulation and aggravates emotional distress, perpetuating alcohol 

use (Lee et al., 2018; Wellman et al., 2014). Importantly, although men are more 

likely to engage in binge drinking than women (Merlo et al., 2017) (see 

(Wilsnack et al., 2018) for increasing rates of female binge drinkers), women 

appear to be more vulnerable to emotional stress and mood disturbance 

(Kuntsche et al., 2017) and the effects of stress on alcohol consumption 

(Deguchi et al., 2018). Thus, it is critical to examine sex differences in the 
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relationship between perceived stress and alcohol use and the neural bases of 

these differences. 

Perceived stress vary according to individual variation in self-efficacy 

across a wide variety of settings both in healthy and clinical populations. Self-

efficacy refers to individual’s belief in the competence in executing behaviors to 

achieve a desired outcome (Bandura, 1990; Haycock et al., 1998) or in the 

capacity to regulate behavior, thoughts and emotions (Carver and Scheier, 

1982). Self-efficacy may mitigate the effects of perceived stress on alcohol use 

in recovering alcohol dependent individuals (Gu et al., 2020) and on self-care 

across a variety of clinical conditions, including, for instance, sugar control in 

diabetics (Indelicato et al., 2017). Thus, it would be of importance to examine 

how alcohol use, self-efficacy and perceived stress are inter-related. 

 

1.3 Morphometric correlates of perceived stress and self-control 

Stress is a health risk, and individuals with higher daily stress 

demonstrated diminished GMV of the medial prefrontal cortex (mPFC) (Ansell 

et al., 2012), as observed in patients with depression and posttraumatic stress 

disorder (Kroes et al., 2011). Higher Perceived Stress Scale scores, an 

indicator of chronic life stress, predicted lower GMV in the right orbitofrontal 

cortex and hippocampus (Gianaros et al., 2007). Hippocampal GMV was 

negatively associated with perceived stress and the severity of depression 

(Joss et al., 2020; Merz et al., 2018) and anxiety (Gold et al., 2017; Mueller et 

al., 2013) across neurotypical and clinical populations. Notably, the mPFC is 

known to play a critical role in self-control (Cook, 2014). In structural imaging 

studies, for instance, lower mPFC GMV was associated with poor cognitive 

control in the Stroop task (Wang et al., 2015) and with individually reported lack 

of self-control (Matsui et al., 2002). Thus, it would be of specific interest to 

explore how the mPFC may be implicated in the inter-relationship of self-

efficacy, perceived stress, and alcohol use severity. 
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1.4 The present study 

We aimed to characterize the clinical characteristics and neural 

correlates of binge drinking by taking advantage of a large imaging data set of 

the Human Connectome Project (HCP). We employed group by sex covariance 

analyses to examine the clinical characteristics and structural brain measures 

and followed up with mediation and path analyses to reveal the potentially 

mediating roles of the structural brain markers in the relationship of perceived 

stress, self-efficacy and alcohol use. 

  

2. Materials and Methods 

2.1 Dataset and demographics 

For the current study, we have obtained permission from the HCP to 

use both the Open and Restricted Access data. As in our previous work (Li et 

al., 2020a; Li et al., 2020b, c), we employed the 1200 Subjects Release (S1200) 

data set, including behavioral and 3T MR imaging data of 1206 healthy young 

adult participants (1113 with structural MR scans) collected from 2012 to 2015. 

Binge drinking was defined as having four or more drinks for women, or five or 

more drinks for men on a single day (Wechsler et al., 1994). The binge drinking 

group comprised 180 adults who reported binge drinking at least once a week 

for the last 12 months (131 males, 72.8%). A total of 312 adults reported no 

binge drinking in the prior year. However, 30 of the 312 met criteria for life time 

history of either alcohol abuse or dependence and were excluded, leaving 282 

adults (93 males, 33.0%) in the non-binge drinking group. Thus, the data of a 

total of 462 adults (224 men, 22-36 with mean ± SD = 27.9 ± 3.6 years; 238 

women, 22-36 or 29.8 ± 3.6 years) were obtained in this study, with more men 

than women in the binge drinking group (x2 = 69.68, p < 0.001, chi-square test). 

Analysis of variance (ANOVA) showed a significant group (F(1,461) = 6.35, p = 

0.012) and sex (F(1,461) = 12.62, p < 0.001) main as well as group ×  sex 



7 

 

interaction (F(1,461) = 4.72, p = 0.030) effect in age. Thus, age was included as 

a covariate in all subsequent analyses.  

All subjects were physically healthy with no severe neurodevelopmental, 

neuropsychiatric or neurological disorders. Participants provided written 

informed consent and all aspects of the study, including subject recruitment, 

experimental procedures were conducted according to a protocol in 

accordance with the Declaration of Helsinki and approved by the Washington 

University Institutional Review Board (IRB #201204036; title: “Mapping the 

Human Connectome: Structure, Function and Heritability”). 

 

 

2.2 Behavioral and clinical measures 

All participants reported the average number of drinks consumed per 

drinking day (not just binge drinking day) in past 12 months: binge drinking men 

(mean ± SD = 4.3 ± 1.3), non-binge drinking men (1.2 ± 0.9); binge drinking 

women (3.3 ± 1.5); non-binge drinking women (1.1 ± 0.8). ANOVA with age as 

a covariate showed a significant group (F(1,461) = 520.79, p < 0.001) and sex 

(F(1,461) = 23.46, p < 0.001) main as well as group × sex interaction (F(1,461) = 

17.11, p < 0.001) effect. This along with other drinking metrics available from 

the HCP are summarized in Supplementary Table S1. 

All participants were evaluated with the NIH-Toolbox Emotion 

Measures – 18+ (i.e., > 18 years old) battery – which consists of 4 sub-domains: 

negative affect, psychological well-being, stress and self-efficacy, and social 

relationships, and a total of 17 subscales: anger-affect, anger-hostility, anger-

physical aggression, fear-affect, fear-somatic arousal, sadness, general life 

satisfaction, meaning and purpose, positive affect, friendship, loneliness, 

perceived hostility, perceived rejection, emotional support, instrumental support, 

perceived stress, self-efficacy.  

Perceived stress, characterized by self-reported perceptions about the 
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nature of events and their relationship to the values and coping resources of an 

individual. There are 10 items in Perceived Stress subscale each scored from 

1 to 5 or 5 to 1 (reverse scored), so the score sums to 10 - 50, with a higher 

score indicating higher perceived stress. Self-efficacy, characterized by a 

person’s self-reported belief in his/her capacity to manage functioning and 

effect control over meaningful events. There are 10 items in Self-Efficacy 

subscale each scored from 1 to 4, so the score sums from 10 to 40, with a 

higher score indicating higher self-efficacy. All NIH Toolbox Emotion measures 

are to be conducted with T-scores, which are standard scores in which a T-

score of 50 represents the mean of the US general population (based on the 

2010 Census) and 10 T-score units represents one standard deviation. 

The Perceived Stress T score ranged from 22.4 to 80.5 and Self-Efficacy 

T score ranged from 24.1 to 68.4 for the current sample.  

For perceived stress and self-efficacy scores, we performed a group by 

sex ANOVA with age as a covariate. We also performed a linear regression 

each between perceived stress and self-efficacy scores and the average 

number of daily drinks in the prior 12 months, with age as a covariate. 

 

2.3 Imaging protocol 

Magnetic resonance imaging was done using a customized 3 T Siemens 

Connectome Skyra with a standard 32-channel Siemens receiver head coil and 

a body transmission coil. T1-weighted high-resolution structural images were 

acquired using a 3D MPRAGE sequence with 0.7 mm isotropic resolution (FOV 

= 224 × 224 mm, matrix = 320 × 320, 256 sagittal slices, TR = 2400 ms, TE = 

2.14 ms, TI = 1000 ms, FA = 8°)  

 

2.4 Cortical thickness and gray matter volumes 

Cortical thickness was computed by the HCP (Van Essen et al., 2013). 

Briefly, structural T1-weighted and T2-weighted images were acquired on a 
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custom Siemens Skyra 3T scanner with sequence parameters optimized for 

cortical surface reconstruction. T1-weighted high-resolution structural images 

were acquired using a 3D MPRAGE sequence with 0.7 mm isotropic resolution 

(FOV = 224 × 224 mm, matrix = 320 × 320, 256 sagittal slices, TR = 2400 ms, 

TE = 2.14 ms, TI = 1000 ms, FA = 8°). T2-weighted high-resolution structural 

images were acquired using a 3D T2-SPACE sequence with 0.7 mm isotropic 

resolution (FOV = 224 × 224 mm, matrix = 320 × 320, 256 sagittal slices, TR = 

3200 ms, TE = 565 ms). Images were pre-processed to correct for distortions 

introduced by gradient non-linearities, remove readout distortions, correct for 

bias field distortions and align the images to the MNI space template. Next, both 

T1-weigthed and T2-weighted images were used to segment the cortical grey 

and white matter, and a cortical surface reconstruction generated with 

FreeSurfer. Morphometric parameters are derived from the surface 

reconstruction, with cortical thickness estimated as the geometric distance 

between the white and grey matter surfaces. There are a total of 68 regions of 

interest (ROI). Thus, we evaluated the results of group analyses at a corrected 

threshold of p < 0.05/68 = 0.00074. 

We implemented voxel-based morphometry (VBM) to quantify regional 

gray matter volumes (GMVs) with the CAT12 toolbox (http://dbm.neuro.uni-

jena.de/vbm/), as detailed in the Supplementary Methods and our previous 

work (Hu et al., 2018; Ide et al., 2020). In group analyses we performed a group 

by sex flexible factorial with age and total intracranial volume as covariates and 

evaluated the group and sex main and interaction effects at voxel p < 0.001, 

uncorrected in combination with a cluster p < 0.05 FWE-corrected, on the basis 

of Gaussian random field theory as implemented in the SPM. 

 

2.5 Mediation and path analyses  

We performed mediation analyses following published routines 

(MacKinnon et al., 2007; Wager et al., 2008), as detailed in the Supplementary 

http://dbm.neuro.uni-jena.de/vbm/
http://dbm.neuro.uni-jena.de/vbm/
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Methods and our previous work (Hu et al., 2018; Ide et al., 2017b; Le et al., 

2020a; Le et al., 2019; Wang et al., 2020; Zhornitsky et al., 2019), to evaluate 

the relationships between neural markers, self-efficacy and perceived stress 

(see Results).  

With path analysis we evaluated the relationships among neural 

markers, the severity of recent alcohol use, self-efficacy, and perceived stress 

in men (see Results). Path analysis involves a set of exogenous variables with 

variance not accounted for by the model and endogenous variables with 

variance explained in part by other variables in the model (Le et al., 2020b; 

Wuensch, 2016). Path analysis is conducted with regression analysis, which 

predicts the effects of all other variables on the endogenous variables. The β 

weights from these multiple regressions are the path coefficients. Standardized 

path coefficients convey assumptions about the directionality of interactions 

between variables. Model fit is typically assessed with fit indices that include 

the root mean square estimation of approximation (≤0.08 for an acceptable fit), 

chi-square (2/df, ≤3), comparative fit index (≥0.9), and standardized root mean 

square residual (≤0.08) (Hu and Bentler, 1995). 

 

3. Results 

3.1 Clinical measures  

Perceived stress and self-efficacy scores were shown for each of the 

four groups in Figure 1A and 1B. Group by sex ANOVA with age as a covariate 

showed that there were no significant group (F(1,461) = 1.67, p = 0.197) or sex 

(F(1,461) = 0.02, p = 0.886) main or group by sex interaction (F(1,461) < 0.01, p = 

0.981) effect for perceived stress score; and no significant group (F(1,461) = 1.77, 

p = 0.184) or sex (F(1,461) = 0.06, p = 0.806) main or group by sex interaction 

(F(1,461) = 0.41, p = 0.523) effect for self-efficacy score. In simple comparisons, 

binge and non-binge drinking groups did not differ in perceived stress or self-
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efficacy in men or in women alone (all p’s > 0.150).  

Perceived stress and self-efficacy scores were negatively correlated 

across all subjects (r = -0.456, p = 4.7×10-25) and in men (r = -0.410, p = 2.0×10-

10; Figure 1C) and women (r = -0.497, p = 3.6×10-16; Figure 1D) separately. 

Group by sex ANOVA with age as a covariate showed that there were 

significant group (F(1,461) = 520.79, p = 1.7×10-77), sex (F(1,461) = 23.46, p = 

0.000002) main and group by sex interaction (F(1,461) = 17.11, p = 0.000042) 

effects in the average number of daily drinks consumed in the past 12 months 

(Figure 2C). In post-hoc analyses both men and women showed higher daily 

number of drinks in the binger than non-binger group (men: t = 19.085 p < 0.001; 

women: t = 12.030 p < 0.001; two-sample t test with age as a covariate) with a 

greater effect size in men. However, perceived stress scores and daily number 

of drinks were not correlated across all subjects (r = -0.026, p = 0.570), in men 

(r = 0.009, p = 0.888), or in women (r = -0.100, p = 0.123). Self-efficacy scores 

and daily number of drinks were also not correlated across all subjects (r = -

0.076, p = 0.103), in men (r = 0.056, p = 0.407), or in women (r = 0.094, p = 

0.148). 
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Figure 1. Perceived stress and self-efficacy scores. (A) Perceived stress and 

(B) self-efficacy score of men binger (MB), men non-binger (MnB), women 

binger (WB), and women non-binger (WnB): mean ± SE. Correlation between 

perceived stress and self-efficacy scores in (C) men and (D) women. Figure 1 

and 4 were generated by SPSS Statistics 22.0 

(https://www.ibm.com/support/pages/spss-statistics-220-available-download). 

 

3.2 Cortical thickness and gray matter volumes 

For cortical thickness, the results of the ANOVAs are shown for all brain 

regions (68 ROIs in the HCP data set) in Supplementary Table S2. At a 

corrected threshold of p < 0.05/68 = 0.00074 the thickness of left posterior 

cingulate cortex (left PCC, Figure 2A; F(1,461) = 11.6, p < 0.00071) showed a 

significant group main effect but not a sex main or interaction effect. In post-
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hoc analyses only men showed diminished left PCC thickness in the binger 

than non-binger group (Figure 2B; t = -3.513 p < 0.001; two-sample t test with 

age as a covariate).  

 

 

Figure 2. (A) Left posterior cingulate cortex. (B) The left PCC thickness and (C) 

average daily number of drinks consumed in the prior year (mean ± SE) of men 

binger (MB), men non-binger (MnB), women binger (WB), and women non-

binger (WnB). Note that these are mean numbers of daily drinks across all days 

and not just binge drinking days (D) Linear regressions of left PCC thickness 

vs. average daily drinks in the prior year in men and women. **p ≤ 0.001. 

Subplot of A was generated by MRIcron (https://www.nitrc.org/projects/mricron); 

subplots of B, C and D were generated by SPSS Statistics 22.0 

(https://www.ibm.com/support/pages/spss-statistics-220-available-download). 

 

 

    In the analyses of the GMVs, the left cerebellum (-50, -60, -48; Z = 4.50, 
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3648 mm3) showed higher GMV in binger vs. non-binger. There were no 

significant group by sex interaction effects. In men alone, the dorsomedial 

prefrontal cortex (dmPFC), in the area of the anterior cingulate and 

paracingulate gyri (8, 38, 30; Z = 5.12, 3463 mm3) and a large cluster (35, 5, -

18; Z = 3.99, 6237 mm3) comprising the right superior temporal gyrus, probably 

including the lateral amygdala and posterior insula, showed higher GMV in non-

binger vs. binger group (Figure 3). In post-hoc analyses, the latter cluster also 

showed a significant group by sex interaction effect (F(1,461) = 4.98, p = 0.026), 

with men (t = -3.257, p = 0.001) but not women (t = -0.273, p = 0.785) showing 

the group differences. Women alone did not show differences in GMVs between 

the two drinking groups. These clusters are summarized in Table 1. 

 

 

Figure 3. Regional gray matter volumes showing differences between binge 

and non-binge drinkers. (A) All, binger vs. non-binger, (B) Men, binger vs. non-

binger. Voxel p < 0.001, uncorrected. All clusters with cluster p < 0.05, corrected 

for family-wise error, are shown in Table 1. Color bars show voxel t values; 

warm: binger > non-binger, cool: non-binger > binger. Clusters are overlaid on 

a T1 structural image in neurological orientation: right=right. CBL: cerebellum; 

STG/IAMG: superior temporal gyrus/lateral amygdala; pIN: posterior insula; 
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dmPFC; dorsomedial prefrontal cortex. Figure 3 was generated by 

DPABI_V4.0_190305 (http://rfmri.org/dpabi). 

 

 

Table 1. GMV estimates of the ROIs identified from group analyses and 

statistics of ANCOVA.  

Cluster  

  MB 

(n=131) 

   MnB 

(n=93) 

WB 

(n=49) 

WnB 

(n=189) 

Two-way ANCOVA 

Group Sex Interaction 

F461 p F461 p F461 p 

All, binger > non-binger 

CBL 0.50 ± 0.06 0.47 ± 0.06 0.46 ± 0.06 0.44 ± 0.06 10.5 0.001 0.01 0.932 0.02 0.878 

Men, non-binger > binger 

dmPFC 0.67 ± 0.08 0.68 ± 0.08 0.61 ± 0.07 0.60 ± 0.07 3.12 0.078 0.14 0.710 2.44 0.119 

STG/lAMG/

pIN 

0.51 ± 0.05 0.53 ± 0.06 0.47 ± 0.04 0.47 ± 0.04 6.88 0.009 0.03 0.867 4.98 0.026 

Note: F and p values of two-way ANOVA with age and total intracranial volume as 

covariates. All values are mean ± SD. CBL: cerebellum (MNI: -50 -60 -48); dmPFC: 

dorsomedial prefrontal cortex (8 38 30); STG/lAMG/pIN: superior temporal 

gyrus/lateral nucleus of the amygdala and posterior insula (35 5 -18). MB: men binger; 

MnB: men non-binger; WB: women binger; WnB: women non-binger. 

 

3.3 Correlation between morphometric and clinical measures 

Left PCC thickness was not significantly correlated with perceived 

stress in entire cohort (r = -0.054, p = 0.252), with age and sex as covariates, 

but significantly correlated with self-efficacy (r = 0.137, p = 0.003) and daily 

number of drinks (r = -0.223, p < 0.001). In men, with age as a covariate, left 

PCC thickness was significantly correlated with perceived stress (r = -0.145, p 

= 0.030), self-efficacy (r = 0.209, p = 0.002), and daily number of drinks (r = -

0.293, p < 0.001); in women, none of the correlations were significant 

(perceived stress: r = 0.049, p = 0.454; self-efficacy: r = 0.053, p = 0.415; daily 

number of drinks: r = -0.100, p = 0.123). Slope tests showed that the linear 
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regressions were significantly different in slope between men and women in 

perceived stress (Z = -2.08; p = 0.0375; Figure 4A) and daily number of drinks 

(Z = -2.15; p = 0.0316; Figure 2D), but not in self-efficacy (Z = 1.7; p = 0.0891; 

Figure 4B) vs. left PCC thickness.  

Two clusters were identified showing lower GMV in binge vs. non-binge 

drinking men. We derived for all subjects the GMV of these two regions of 

interest (ROI) for a linear regression each against perceived stress and self-

efficacy score, with age, sex, and TIV as covariates for the entire group. We 

also performed the same regression for men and women separately with age 

and TIV as covariates. The results showed a negative correlation between 

dmPFC GMV and the perceived stress (r = -0.226, p = 0.000692) and a positive 

correlation between dmPFC GMV and self-efficacy score (r = 0.208, p = 0.002) 

in men, but no significant correlations in women. We examined whether men 

and women differed in these correlations with a slope test (Zar, 1999). The 

results showed that the two linear regressions were significantly different in 

slope between men and women (perceived stress: Z = -2.68, p = 0.0074, 

Figure 4C; self-efficacy: Z = 2.22, p = 0.0264, Figure 4D). 
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Figure 4. Linear regression between cortical thickness of the left PCC and (A) 

perceived stress, (B) self-efficacy, and between GMV of dmPFC and (C) 

perceived stress, (D) self-efficacy in men, (M, blue) and women (W, green). 

 

The GMV of neither cluster showed a significant correlation with daily 

number of drinks (both p’s > 0.134). 

 

3.4 Mediation and path analysis 

  Because the perceived stress and self-efficacy scores were 

significantly correlated in men, we performed a mediation analyses to 

investigate the inter-relationship between perceived stress, self-efficacy and 

dmPFC GMV as well as left PCC thickness, with age as a covariate, in men. 
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Figure 5. Mediation analyses between perceived stress, self-efficacy and (A) 

dmPFC GMV and (B) left PCC cortical thickness with age as covariate in men. 

(C) Path analysis showed the model with a significant fit. Red arrows and blue 

arrows mean positive and negative relationship, respectively. **p < 0.01, *p < 

0.05. 

 

For each set of analysis, we examined all six models and employed a 

corrected p value of 0.05/6 = 0.0083 to evaluate the mediation effects. In men, 

the model of dmPFC GMV  self-efficacy  perceived stress showed a 

significant (path c – c’, p = 0.00797) and complete (path c’, p = 0.112) mediation 

effect (Figure 5A). The model of left PCC thickness  self-efficacy  

perceived stress showed a significant (path c – c’, p = 0.00798) and complete 

(path c’, p = 0.256) mediation effect (Figure 5B). The results of all other 

mediation models are shown in Supplementary Figure S1 and S2, 

respectively. 

As described earlier, the average daily number of drinks in the prior year 

was significantly correlated with left PCC thickness (r = -0.223, p < 0.001) in 

men, in accord with previous findings of diminished PCC thickness and volumes 

as a result of chronic drinking (Mashhoon et al., 2014; Rando et al., 2011). Thus, 

we built on the findings of mediation models and conducted path analyses to 
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characterize the relationship among the daily number of drinks, left PCC 

thickness, dmPFC GMV, self-efficacy and perceived stress. Specifically, we 

aimed to distinguish the directional influences between left PCC thickness and 

dmPFC GMV. The results showed a significant model fit with daily drinks → 

lower PCC thickness → dmPFC GMV → lower self-efficacy → higher perceived 

stress (Figure 5C; fit indices: RMSEA = 0.035 [90% CI: 0.000 0.105], 2/df = 

1.280, SRMR = 0.042, and CFI = 0.984) but not with daily drinks → dmPFC 

GMV → lower PCC thickness → lower self-efficacy → higher perceived stress 

(fit indices: RMSEA = 0.131 [90% CI: 0.082 0.186], 2/df = 4.830, SRMR = 0.077, 

and CFI = 0.783). 

 

 

4. Discussion 

Young adult binge as compared to non-binge drinkers did not 

demonstrate significant differences in perceived stress or self-efficacy as 

evaluated by the NIH Emotion Toolbox, whereas perceived stress was 

negatively correlated with self-efficacy across subjects. Binge relative to non-

binge drinkers showed diminished GMV of the dmPFC and thickness of the left 

PCC in men only. The relationship between dmPFC GMV or left PCC thickness 

and perceived stress in men was completely mediated by self-efficacy. Further, 

in path analysis, daily number of drinks in the prior year modulated perceived 

stress via PCC thickness, dmPFC GMV and self-efficacy in men. Both PCC and 

dmPFC are implicated in self-control and these structural brain findings may 

suggest dysfunctional self-control, likely as a result of chronic alcohol 

consumption, in male drinkers. In contrast, the lack of significant findings 

suggest the need of multimodal, including functional, imaging markers to 

investigate the inter-relationship of self-control, perceived stress and problem 

alcohol use in women. We discuss the main findings in the below. 
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4.1 Morphometric correlates of binge drinking and potential sex differences 

Compared with non-binge drinkers, binge drinkers showed larger GMV 

in the cerebellum. While not consistent with alcohol’s neurotoxic effects on the 

brain (Lisdahl et al., 2013), similar findings have been reported in some of the 

earlier volumetric studies (Anderson et al., 2010; Kühn et al., 2019; Wilson et 

al., 2015). This along with these previous findings can be considered together 

with the literature implicating cerebellar dysfunction in alcohol addiction (Pitel 

et al., 2015). In particular, alcohol is known to alter the development of 

cerebellar circuitry following the loss of Purkinje cells, and the increases in 

cerebellar volume may reflect functional compensation, in contrast with findings 

of volume loss in chronic, dependent drinkers (Sullivan et al., 1995). 

In men only, binge drinkers demonstrated smaller GMV in the dmPFC 

and a cluster encompassing the right-hemispheric superior temporal gyrus, 

lateral amygdala, and posterior insula. While smaller GMV of the latter regions 

have been reported in problem drinkers (Jang et al., 2007; Kvamme et al., 2015; 

Makris et al., 2008), the functional significance remains to be investigated. In 

men, dmPFC GMV was positively and negatively correlated with self-efficacy 

and perceived stress, respectively, consistent with previous volumetric studies 

of heavy drinkers (Cservenka and Brumback, 2017) and impulse control 

dysfunction in binge drinkers (Banca et al., 2016).  

We also observed thinner PCC in binge drinkers, in accord with an 

earlier report (Mashhoon et al., 2014). Although post-hoc simple comparisons 

confirmed the difference only in men, the ANOVA did not show a significant sex 

difference. Women did not differ in any regional thickness measures at the 

same statistical threshold. Therefore, in contrast to earlier studies reporting 

lower cortical GMV and/or thickness in male but the opposite in female binge 

drinkers (Kvamme et al., 2015; Squeglia et al., 2012), we did not observe 

morphometric differences in opposite directions between the sexes. The PCC 

is a hub of the default mode network and, as with the dmPFC, has been 
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implicated in decision-making particularly in situations that require mentalizing 

and internal representation (Leech and Smallwood, 2019). With its extensive 

connections with the limbic motor (e.g., midcingulate) and emotional memory 

(e.g., hippocampus) circuit, the PCC may support emotion-modulated actions 

(Rolls, 2019). Notably, our studies of the HCP data showed higher PCC 

activation in men vs. women during identification of facial emotions (Li et al., 

2020b) and social interactions (Li et al., 2020a). In a study of alcohol drinkers 

engaged in a reward go/no-go task, PCC response to avoidance – behavioral 

inhibition to prevent monetary loss – completely and bidirectionally mediated 

the relationship between punishment sensitivity and hazardous alcohol use (Le 

et al., 2019). Thus, the current findings of thinner PCC may suggest higher 

vulnerability of male binge drinkers to emotion processing dysfunction and 

affect-laden decision making. 

 

4.2 Perceived stress, self-efficacy, and structural brain markers of drinking   

Perceived stress did not differ between drinking groups in this cohort of 

young adults, consistent with previous findings (Brook et al., 2017; Garcia et al., 

2020; Tavolacci et al., 2013). In contrast with earlier reports (Bonar et al., 2011; 

Martínez-Montilla et al., 2020), we did not observe a significant difference in 

self-efficacy between binge and non-binge drinkers. On the other hand, 

perceived stress was negatively correlated with self-efficacy for the entire 

cohort as well as for all four sub-groups, suggesting self-efficacy as a 

psychological mediator of perceived stress (Guo et al., 2019; Liu and 

Aungsuroch, 2019; Makara-Studzińska et al., 2019; Smeds et al., 2020) even 

in a young, non-clinical population.  

In men, dmPFC GMV was negatively and positively correlated with 

perceived stress and self-efficacy, respectively. Further, self-efficacy mediated 

the relationship between dmPFC GMV and perceived stress. This finding is 

broadly consistent with an earlier report of more significant loneliness in men 
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relative to women and of the role of self-efficacy in associating reduced regional 

white matter density in the dmPFC with loneliness (Nakagawa et al., 2015). As 

described earlier, self-efficacy refers to individual’s ability in goal-directed 

behavioral control. Extensive research has implicated dmPFC in cognitive 

control, including error and conflict monitoring (Barch et al., 2000; Brown and 

Braver, 2005), reward processing and outcome evaluation (Hadland et al., 2003; 

Rogers et al., 2004), as well as decision making under risk and uncertainty 

(Hadland et al., 2003; Kennerley et al., 2006). Thus, the current findings of self-

efficacy inter-relating diminished dmPFC GMV to perceived stress in men is 

consistent with the broad conceptual scheme of dmPFC function. 

In path models, we showed that dmPFC GMV mediated the effects of 

PCC thickness on self-efficacy and perceived stress. When the average 

number of daily drinks was included in the model, we further demonstrated an 

effect of the severity of recent alcohol consumption on PCC thickness in its path 

to influence perceived stress. Although we did not observe a significant 

correlation between perceived stress and recent alcohol use severity, the 

finding does not necessarily suggest that perceived stress is inconsequential 

as a risk factor of alcohol misuse. In fact, a few studies also failed to observe a 

significant relationship between the level of perceived stress and frequencies 

of binge drinking (Garcia et al., 2020), or between depression or anxiety levels 

and hazardous drinking in college students (Nourse, 2017). It is possible that 

the impact of perceived stress on alcohol use behavior would best reveal in 

studies with longitudinal assessment of stress and alcohol use. 

 

4.3 Limitations of the study and conclusions 

 A number of limitations need to be considered for the current study. 

First, the findings of mediation and path analyses only suggest directional 

influences. Whether or how lower dmPFC GMV and left PCC thickness 

aggravates emotional distress via diminished self-control needs be verified 
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experimentally. Second, although alcohol use severity varied significantly 

across individuals, the HCP data represent largely a non-clinical sample. Thus, 

whether the current findings extend to addicted individuals needs to be 

examined. Third, the “negative” findings in women may result from less severe 

alcohol use in women than in men, as reflected in the average daily number of 

drinks in the prior year. Studies with multimodal imaging may also be needed 

in identifying neural markers of binge drinking in women. Investigations of the 

sex differences in the psychological and neural processes would inform both 

the pathophysiology and treatment of problem alcohol consumption. 

To conclude, we showed that morphometric alterations of the dmPFC 

and PCC as a result of chronic alcohol consumption may alter self-control and 

aggravate emotional distress. It is likely that, as stress elicits alcohol use, this 

pathophysiological process perpetuate habitual and heavy alcohol use. 
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Figure legends 

Figure 1. Perceived stress and self-efficacy scores. (A) Perceived stress and 

(B) self-efficacy score of men binger (MB), men non-binger (MnB), women 
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binger (WB), and women non-binger (MnB): mean ± SE. Correlation between 

perceived stress and self-efficacy scores in (C) men and (D) women. Figure 1 

and 4 were generated by SPSS Statistics 22.0 

(https://www.ibm.com/support/pages/spss-statistics-220-available-download). 

 

 

Figure 2. (A) Left posterior cingulate cortex. (B) The left PCC thickness and (C) 

average daily number of drinks consumed in the prior year (mean ± SE) of men 

binger (MB), men non-binger (MnB), women binger (WB), and women non-

binger (MnB). (D) Linear regressions of left PCC thickness vs. average daily 

drinks in the prior year in men and women. **p ≤ 0.001. Subplot of A was 

generated by MRIcron (https://www.nitrc.org/projects/mricron); subplots of B, C 

and D were generated by SPSS Statistics 22.0 

(https://www.ibm.com/support/pages/spss-statistics-220-available-download). 

 

Figure 3. Regional gray matter volumes showing differences between binge 

and non-binge drinkers. (A) All, binger vs. non-binger, (B) Men, binger vs. non-

binger. Voxel p < 0.001, uncorrected. All clusters with cluster p < 0.05, corrected 

for family-wise error, are shown in Table 1. Color bars show voxel t values; 

warm: binger > non-binger, cool: non-binger > binger. Clusters are overlaid on 

a T1 structural image in neurological orientation: right=right. CBL: cerebellum; 

STG/IAMG: superior temporal gyrus/lateral amygdala; pIN: posterior insula; 

dmPFC; dorsomedial prefrontal cortex. Figure 3 was generated by 

DPABI_V4.0_190305 (http://rfmri.org/dpabi). 

 

Figure 4. Linear regression between cortical thickness of the left PCC and (A) 

perceived stress, (B) self-efficacy, and between GMV of dmPFC and (C) 

perceived stress, (D) self-efficacy in men, (M, blue) and women (W, green). 

 

Figure 5. Mediation analyses between perceived stress, self-efficacy and (A) 

dmPFC GMV and (B) left PCC cortical thickness with age as covariate in men. 

(C) Path analysis showed the model with a significant fit. Red arrows and blue 

arrows mean positive and negative relationship, respectively. **p < 0.01, *p < 

0.05. 
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