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Objective: Evidence from previous studies indicates that impulsive behaviors 
are closely linked to alcohol use and misuse and that female drinkers are more 
impulsive than male drinkers. However, studies investigating the psychological 
mechanisms of alcohol use and impulsivity based on sex differences are relatively 
limited.

Methods: This cross-sectional study comprised 713 residents from 16 cities in 
Anhui Province, China. Each subject was evaluated for self-reporting measures 
using several questionnaires, including the general information questionnaire, 
the Alcohol Use Disorders Identification Test (AUDIT), the Prospective and 
Retrospective Memory Questionnaire (PRM), the Behavior Rating Inventory 
of Executive Function-Adult Version (BRIEF-A), and the Barratt Impulsiveness 
Scale-11 (BIS-11).

Results: Executive function and prospective memory may serve as intermediary 
links between alcohol use and impulsivity. Although the female alcohol usage 
level was significantly lower than that of males, the female drinkers had more 
severe executive dysfunction, prospective memory impairment, and impulsivity 
than male drinkers. Sex moderated the relationship between alcohol use and 
impulsivity. Furthermore, the indirect effect of executive function, and prospective 
memory between AUDIT and BIS was more significant in males than in females.

Conclusion: Alcohol consumption may be associated with impulsivity formation 
through executive dysfunction and PM impairment, implying that impulsivity in 
those with AUD or at risk for AUD might be  treated by improving EF and PM. 
Alcohol use may cause more severe executive dysfunction, PM impairment, and 
impulsive behavior in females than in males, and impulsive behavior in women 
with AUD was more likely to be due to the direct effects of alcohol consumption, 
while impulsive behavior in men with AUD was more likely to be due to the indirect 
effects of executive dysfunction and PM impairment. These findings provide both 
clinical and theoretical foundations for addressing issues related to alcohol use.
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1 Introduction

Alcohol Use Disorder (AUD) is a medical condition characterized 
by frequent and excessive alcohol consumption. This addiction 
disorder has persistently posed a significant social, health, and 
economic challenge. There has been a noticeable rise in the incidence 
of alcohol misuse among females in recent years. Therefore, 
understanding the potential mechanisms underlying alcohol use and 
how it varies by sex is crucial to developing new and more targeted 
therapeutic approaches (1).

Females progress more rapidly from the first alcohol intake to 
addiction or an illness than males (1–3). However, the number of 
studies investigating the psychological mechanisms of the effects of 
alcohol use based on sex differences is relatively limited. Impulsive 
behaviors are intimately associated with alcohol use and misuse, both 
as contributors and consequences of use. Drinkers with impulsive 
characteristics are more likely to relapse. Conversely, the acute and 
chronic effects of drug use may increase impulsive behaviors, 
facilitating further drug use (4, 5). Previous research reported that 
female heavy drinkers were more impulsive than their male 
counterparts (6, 7). Interestingly, the non-alcohol-seeking control 
males were similar or more impulsive than the female controls in these 
studies, implying a strong correlation between impulsive behavior and 
drug misuse among females than males. Consequently, exploring the 
psychological mechanisms between impulsivity and alcohol use is of 
great significance in AUD treatment (8).

Impulsivity is a concept that encompasses a wide range of poorly 
conceived, prematurely expressed, excessively risky, or situationally 
inappropriate actions that often result in undesirable outcomes (9). 
Growing evidence from preclinical laboratory animal trials and 
clinical studies indicates that impulsive behavior might be causally 
linked to multiple distinct drug addiction processes, including onset, 
maintenance, and relapse (10). However, the psychological mechanism 
underlying alcohol use and impulsivity remains unclear.

In 1995, Barratt and colleagues (11) defined impulsivity as swift, 
unplanned reactions without considering potential negative 
consequences. They posited that impulsivity encompasses three 
dimensions: “motor impulsiveness,” “non-planning impulsiveness,” 
and “attentional impulsiveness.” To measure impulsivity, they 
introduced the Barratt Impulsiveness Scale (BIS), which has since 
become a crucial tool worldwide. This study measured impulsivity in 
people who use or do not use alcohol, and measured the correlation 
between impulsivity and alcohol use severity. Thus, we utilized this 
scale to investigate impulsive behavior.

Based on its definition and composition, impulsivity may 
be associated with executive dysfunction and Prospective Memory 
(PM) impairment. Executive Functions (EFs) include abstract 
thinking, motivation, planning, attention to tasks, and suppression of 
impulsive responses. AUD interventions such as naltrexone 
pharmacotherapy and psychotherapy may exert therapeutic effects by 
enhancing EFs (5). On the other hand, PM is an ability to execute 
future intended actions, and its impairment could aggravate 
impulsivity (12). As a result, it can be  deduced that executive 
dysfunction and PM impairment in those with AUD or at risk for 
AUD could promote impulsive behavior by weakening inhibitory 
control and disrupting the ability to execute future intended actions. 
According to previous research, executive dysfunctions (failures in 
planning, set-shifting, selective attention, or working memory) are 

involved in PM deficits (13–15). Both executive dysfunction and PM 
impairment in those with AUD or at risk for AUD may result from 
alcohol-misuse-induced brain structural and functional damage (16, 
17). Moreover, evidence indicates that both sex and sex-related factors 
interact with AUD complexly, differentially impacting the risk of 
developing behavioral or medical problems in male and female 
drinkers (18).

Based on the above-mentioned findings, we hypothesized that EF 
and PM may play a chain intermediary role between alcohol use and 
impulsivity, and sex factors may differently affect EF and PM, leading 
to varied impulsivity outcomes in alcohol-dependent individuals. The 
findings of this study may offer a theoretical or clinical reference for 
AUD treatment.

2 Materials and methods

2.1 Participants and procedure

The researchers randomly selected a number of neighbourhoods 
with greater than 2,000 households in 16 cities in Anhui Province, 
China, between 3 July and 25 August 2021, and collected 
questionnaires within the neighbourhoods using a convenience 
sampling method. During the study, an online questionnaire survey 
method was employed, and only one questionnaire could be completed 
per IP address. 713 valid questionnaires were included in the final 
analysis. This study was approved by the Bengbu Medical College 
Institutional Review Board (Approval number: 2019–199), and all 
investigations complied with the regulatory approval.

2.2 Sample selection

The respondents who met the following criteria were included: (1) 
age above 18; (2) signed informed consent; (3) normal eyesight and 
hearing. The exclusion criteria were: (1) serious physical illness or 
mental illness (e.g., schizophrenia, affective disorders, epilepsy, or 
Parkinson’s disease); (2) dependence on substances besides alcohol 
(e.g., heroin, morphine and methamphetamine); (3) pregnancy; (4) 
alcohol allergy or medical advice not to drink alcohol.

2.3 Research tools

2.3.1 General information questionnaire
The general questionnaire included variables such as sex, age, 

education, marriage, residence based on the needs of the study.

2.3.2 Alcohol use disorders identification test 
(AUDIT)

The Chinese version of AUDIT with ten items was used to 
estimate drinking severity (19). A scoring system suitable for the 
Chinese population was used following recommendations in the 
literature (19, 20). Total scores ranged from 0 to 40; scores >7 and > 16 
indicated risky drinking and alcohol dependence, respectively. The 
Cronbach’s α of the standardized scale item and the KMO test 
coefficient (Bartlett’s test, p < 0.05) were 0.838 and 0.906, respectively, 
indicating that the scale had excellent reliability and validity.
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2.3.3 Prospective and retrospective memory 
questionnaire

The Prospective and Retrospective Memory Questionnaire 
(PRM), a scale designed to provide a self-report measure of 
prospective and retrospective memory failures in everyday life, was 
previously translated into Chinese and validated by Chinese 
researchers (21). The scale encompassed both prospective and 
retrospective memory. In particular, retrospective memory was 
regarded as the foundation for the execution of prospective memory 
tasks. Hence, the combined assessment of these two forms of memory 
gauged the individual’s prospective memory proficiency. It comprises 
16 items, eight each for PM and retrospective memory. The 
Cronbach’s α coefficients of the standardized item were 0.820 and 
0.824 for PM and retrospective memory, respectively, and the total 
scale score was 0.901, indicating that the scale had excellent reliability 
and validity.

2.3.4 Behavior rating inventory of executive 
function-adult version

The Chinese version of the Behavior Rating Inventory of Executive 
Function-Adult Version (BRIEF-A) developed by Roth et al. (22) was 
used to measure EF. It contains 75 items yielding an overall score and 
the Global Executive Composite (GEC) derived from two index scores 
[Behavioral Regulation Index (BRI) and Metacognitive Index (MI)]. 
The BRI comprises four clinical scales (Inhibit, Shift, Emotional Control, 
and Self-Monitor), whereas the MI comprises five clinical scales 
(Initiate, Working Memory, Plan or Organize, Task Monitor, and 
Organization of Materials). A 1–3 level scoring system with a score of 1 
for “never,” a score of 2 for “sometimes,” and a score of 3 for “often” was 
adopted. The higher the total score, the more severe the EF impairment. 
The internal consistency Cronbach’s α of this scale and the KMO test 
coefficient (Bartlett’s test, p < 0.05) were 0.958 and 0.956, respectively, 
indicating that the scale had excellent reliability and validity.

2.3.5 Barratt impulsiveness Scale-11 (BIS-11)
The Barratt Impulsiveness Scale-11 (BIS-11) (11) evaluates the 

impulsive characteristics of individuals. The Chinese version of the 
BIS-11 contains 30 questions divided into three dimensions: Unplanned 
impulsivity, Action impulsivity, and Cognitive impulsivity. Each 
dimension contains ten questions. Among them, action impulsivity is a 
positive item, corresponding to the 1 (never) to 5 (always) score range, 
while unplanned impulsivity and cognitive impulsivity are reverse 
items. The higher the total score, the more impulsive the individual. The 
internal consistency Cronbach’s α of this scale and the KMO test 
coefficient (Bartlett’s test, p < 0.05) were 0.765 and 0.914, respectively, 
indicating that the scale had good reliability and validity.

2.4 Statistical analysis

Mplus 8.3 was employed for conducting confirmatory factor 
analysis to assess the validity of variables. Given that data was 
non-normal distributed, Mplus Maximum Likelihood robust (MLr) 
was employed as parameter estimator (23). And SPSS 25.0 software 
was utilized for the statistical analysis in this study. The measured data 
were presented as median (interquartile range). To evaluate statistical 
differences among different groups, a Wilcoxon rank sum test was 
applied for variables with two categories, and a Kruskal-Wallis rank 

sum test was used for variables with three or more categories. 
Common method bias was examined using Harman’s single-factor 
test. Partial correlation analysis was conducted to discern relationships 
between variables, with a significance level (α) set at 0.05. Model 6 in 
Hayes’s (2013) PROCESS macro for chain mediation analysis to 
examine the mediating role of executive function and prospective 
memory. Additionally, we conducted moderated mediation analysis 
by employing Model 92 in PROCESS macro to establish whether sex 
moderated the indirect paths and direct path.

3 Results

3.1 General demographic data of subjects

Here, 713 participants [363 males (50.9%) and 350 females 
(49.1%)] completed the survey. For age distribution, 226 (31.7%), 184 
(25.8%), 128 (18.0%), 132 (18.5%), and 43 (6.0%) respondents were 
aged 18–24 years, 25–34 years, 35–44 years, 45–54 years, and > 55 years, 
respectively. Table 1 shows the other general demographic data.

3.2 The test of common method bias

Questionnaires with good reliability and validity were used as 
measuring instruments to control the bias effect of common methods. 
The confidentiality of the results was emphasized in the test process, 

TABLE 1 General demographic data of subjects (n  =  713).

Variables Number Percentage (%)

Total 713 100

Sex Male 363 50.90

Female 350 49.10

Age 18–24 226 31.70

25–34 184 25.80

35–44 128 18.00

45–54 132 18.50

≥55 43 6.00

Education Elementary school 25 3.50

Junior high school 58 8.10

High school or technical 

secondary school

70 9.80

Junior college 168 23.60

College 327 45.90

College above 65 9.10

Marriage Not married 406 56.90

Married 255 35.80

Divorced 46 6.50

Widowed 6 0.80

Residence Country 151 21.20

Town 252 35.30

City 310 43.50
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and some questionnaire items were scored using the reverse 
scoring approach.

The common method was examined using the Harman single-
factor test (24, 25). The exploratory factor analysis revealed that there 
were 35 factors without rotation, and the variance interpretation 
percentage of the first principal component was <40% (22.221%), 
indicating that no significant common method bias was found in 
the measurement.

3.3 Confirmatory factor analysis

Before testing the hypothesis, we  used confirmatory factor 
analysis (CFA) to validate the measurement model. The measurement 
model includes four potential factors: AUDIT, BRIEF-A, PRM, and 
BIS-11. The CFA results of this study are shown in Table 2. Results 
showed that the data of the five-factor model were in good fit [χ2 
(1763) = 2546.870, values of CFI = 0.925, TLI = 0.922, SRMR = 0.045, 
RMSEA = 0.027]. These findings substantiate that the model’s 
goodness of fit surpasses that of other factor models significantly. The 
results from the CFAs strongly affirm the discriminant validity of our 
study instruments.

3.4 Comparison of different AUDIT groups 
between male and female

As shown in Figure 1, 11.3% of males and 30.9% of females were 
in the AUDIT = 0 group (no alcohol consumption). The AUDIT = 1–6 
group (low risk drinking) included 21.8% of males and 24.6% of 
females. The AUDIT = 7–15 group (risky/high risk drinking) included 
29.8% of males and 18.0% of females. The AUDIT ≥16 group (alcohol 
dependence) included 37.2% of males and 26.6% of females. 
Furthermore, males were significantly higher than females in total 
AUDIT scores (Ζ = −6.435, p<0.001). It might be indicated that there 
is a higher proportion of females who do not consume alcohol, and 
when the degree of alcohol consumption rises, the proportion of 
females declines while the number of males rises.

3.5 Comparisons of the PRM, BRIEF-A, and 
BIS-11 scores among the different AUDIT 
groups (median [IQR])

The results showed that the BRIEF-A and BIS-11 scores tended to 
increase gradually, while PRM tended to decrease gradually with the 
increase in AUDIT scores (p < 0.001; Table 3).

3.6 Sex differences in PRM, BRIEF-A, and 
BIS-11 scores among different AUDIT 
groups (median [IQR])

As indicated in Table  4, while there wasn’t a significant overall 
difference between males and females in PRM, BRIEF-A, and BIS scores 
(p > 0.05), male PRM scores were significantly higher than those of 
females in the AUDIT = 1–6 group (p < 0.01), and male BIS-11 scores 
were significantly lower than those of females in the AUDIT = 7–15 
group (p < 0.05). Furthermore, male BRIEF-A scores were significantly 
lower than those of females in both the AUDIT = 1–6 and AUDIT = 7–15 
groups (p < 0.05). This suggests a potential association between alcohol 
use and more severe executive dysfunction, prospective memory 
impairment, and impulsive behavior in females compared to males.

3.7 Comparisons of AUDIT, PRM, BRIEF-A, 
and BIS-11 scores among different 
demographic characteristics

There were significant differences in AUDIT, PRM, and BIS-11 
scores among different age, education, marriage, and residence 
groups, as well as in BRIEF-A scores among different marriage and 
residence groups (Table 5).

3.8 Correlation analysis

A partial correlation analysis of the variables controlling for age, 
education, marriage, and residence was performed to exclude the 
interference of demographic variables. Table  6 shows the median 
scores, interquartile range, and correlation values of all the observed 
variables. Sex exhibited a positive correlation with PRM and BIS-11, 
while displaying a negative correlation with AUDIT and BRIEF-A. This 
implies that females tend to have higher scores in PRM and BIS-11, 
and lower scores in AUDIT and BRIEF-A compared to males. On the 
other hand, AUDIT was positively correlated with BRIEF-A and 
BIS-11 and negatively correlated with PRM. Additionally, PRM was 
negatively correlated with BRIEF-A and BIS-11. Finally, BRIEF-A was 
positively correlated with BIS.

3.9 Testing for the chain mediation model

This study explored the intermediary role of BRIEF-A and PRM 
between AUDIT and BIS-11, with age, education, marriage, and 
residence as the control variables. The deviation correction method 

TABLE 2 Results of confirmatory factors analysis.

Models Variables χ2 df χ2/df CFI TLI SRMR RMSEA

Four-factor model AUDIT, BRIEF-A, PRM, BIS-11 2546.870 1763 1.444 0.925 0.922 0.045 0.027

Three-factor model AUDIT, BRIEF-A + PRM, BIS-11 3215.701 1766 1.821 0.861 0.856 0.051 0.037

Two-factor model AUDIT+BRIEF-A, PRM + BIS-11 3499.082 1768 1.979 0.834 0.829 0.055 0.040

Single-factor model AUDIT+BRIEF-A + PRM + BIS-11 3987.748 1769 2.254 0.788 0.781 0.055 0.045

AUDIT, Alcohol Use Disorders Identification Test; PRM, Prospective and Retrospective Memory Questionnaire; BRIEF-A, Behavior Rating Inventory of Executive Function-Adult Version; 
BIS-11, Barratt Impulsiveness Scale-11.
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(with 5,000 bootstraps) was used to obtain a 95% Confidence Interval 
(CI) to test the significance of the effects. The statistical outcome was 
considered significant if the CI did not contain 0. In this regard, 
AUDIT had significant predictive effects on BRIEF-A, PRM, and 
BIS-11 (Table 7). Moreover, BRIEF-A was significantly predictive of 
PRM and BIS-11, and PRM had significant predictive effects on 
BIS-11. Table  8 shows the mediating effects, direct effects, and 
corresponding effect scales, and they indicate that BRIEF-A and PRM 
act as intermediaries between AUDIT and BIS-11.

3.10 Testing for the moderated mediation 
model

The AUDIT-Sex interaction had significant effects on BRIEF-A 
(β = 0.1305, p < 0.05) and BIS-11 (β = 0.138, p < 0.05) (Table  9). 
Similarly, the BRIEF-A-Sex and the PRM-Sex interactions had 
significant effects on PRM (β = 0.126, p < 0.05) and BIS-11 (β = 0.206, 
p < 0.05), respectively. These findings indicate that sex influenced the 
associations between AUDIT and BRIEF-A, AUDIT and BIS-11, 
BRIEF-A and PRM, and PRM and BIS-11.

Additionally, simple slope analyses were conducted to illustrate 
these significant interactions and explore whether the male slopes 

differed from those of females in the four models. The results showing 
the relationships between AUDIT and BRIEF-A, AUDIT and BIS-11, 
BRIEF-A and PRM, and PRM and BIS-11 in different sexes were 
plotted in Figures  2A–D. Specifically, AUDIT was positively 
correlated with BRIEF-A, and the influence of AUDIT on BRIEF-A 
in females (β = 0.590, t = 12.08, p < 0.001) was stronger than in males 
(β = 0.459, t = 9.96, p < 0.001) (Figure 2A). Additionally, BRIEF-A was 
negatively correlated with PRM, and the influence of BRIEF-A on 
PRM in males (β = −0.593, t = −14.95, p < 0.001) was stronger than in 
females (β = −0.467, t = −10.11, p < 0.001) (Figure 2B). Furthermore, 
PRM was negatively correlated with BIS-11, and the influence of 
PRM on BIS-11  in males (β = −0.333, t = −6.74, p < 0.001) was 
stronger than in females (β = −0.127, t = −2.58, p < 0.05) (Figure 2C). 
Finally, AUDIT was not significantly linked with BIS-11 (β = 0.207, 
t = 1.69, p = 0.09) in males but was positively correlated with BIS-11 
(β = 0.068, t = 4.31, p < 0.001) in females (Figure 2D).

Furthermore, the analysis of conditional direct and indirect effects 
confirmed that, there was a significant difference between males and 
females in the indirect effect AUDIT→BRIEF-A → PRM → BIS; the 
indirect effect between AUDIT and BIS was more significant in males 
(β = 0.091) than in females [β = 0.035, 95%CI = (−0.106, −0.009)] 
(Table 10).

4 Discussion

Impulsivity is related to behavioral inhibition and encompasses 
a wide range of actions associated with an individual’s ability to 
suppress thoughts or actions appropriately (9). In this regard, 
addictive behaviors like substance misuse reflect multiple impulsive 
choices. A previous study reported that AUD patients performed 
worse than the control group in all the impulsive behavioral tests 
(26). Furthermore, growing data from separate lines of research 
suggest that impulsivity is associated with relapse in alcohol 
consumption (27). Several studies have also reported that impulsivity 
is associated with various socially risky behaviors (28–30). Therefore, 
studying the psychological mechanism of impulsivity in those with 
AUD or at risk for AUD is critical for managing alcohol addiction 
and preventing social harm.

FIGURE 1

Comparison of different AUDIT groups between male and female. 
AUDIT, Alcohol Use Disorders Identification Test.

TABLE 3 Comparisons of the PRM, BRIEF-A, and BIS-11 scores among different AUDIT groups (Median [IQR]).

Sex AUDIT  =  0 
(N =  149)

AUDIT  =  1–6 
(N =  165)

AUDIT  =  7–15 
(N =  171)

AUDIT≥16 
(N =  228)

Z p Post hoc

PRM scores Male 66 (56, 68) 66 (56, 73) 46 (41,61) 43 (40, 47) 121.326 <0.001*** 1 = 2>3>4

Female 61 (53, 70) 59 (52, 66) 43 (41, 49) 42 (39, 48) 156.787 <0.001*** 1 = 2>3 = 4

Total 62 (54, 70) 62 (54, 72) 45 (41,54) 43 (40,47) 267.329 <0.001*** 1 = 2>3>4

BRIEF-A 

scores

Male 108 (83, 137) 97 (80, 131) 134 (108, 140) 138 (130, 142) 63.336 <0.001*** 4>3>2 = 1

Female 102 (80, 126) 97 (86, 130) 138 (134, 142) 138 (134, 142) 139.779 <0.001*** 4 = 3>2 = 1

Total 102 (81, 128) 97 (85, 130) 136 (113, 141) 138 (132,142) 196.757 <0.001*** 4>3>2 = 1

BIS-11 

scores

Male 76(57,84) 68 (58, 82) 90 (70, 97) 93 (87, 98) 93.793 <0.001*** 4>3>2 = 1

Female 73 (64, 85) 76(66,86) 93 (86, 99) 94 (88, 100) 134.952 <0.001*** 4 = 3>2 = 1

Total 74 (64, 84) 73 (61, 84) 91 (78, 98) 93 (87, 99) 211.810 <0.001*** 4>3>2 = 1

AUDIT, Alcohol Use Disorders Identification Test; AUDIT = 0 means no alcohol consumption; AUDIT = 1–6 means low risk drinking; AUDIT = 7–15 means risky/high risk drinking; 
AUDIT ≥ 16 means alcohol dependence; PRM, Prospective and Retrospective Memory Questionnaire; BRIEF-A, Behavior Rating Inventory of Executive Function-Adult Version; BIS-11, 
Barratt Impulsiveness Scale-11. *p < 0.05, **p < 0.01, ***p < 0.001. The median scores and IQR were round up to the nearest whole number.
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4.1 EF and PM may play a chain 
intermediary role between alcohol use and 
impulsivity

Herein, we discovered that impulsivity increased with the severity 
of alcohol use, as did executive dysfunction and PM impairment, 
implying that impulsivity in those with AUD or at risk for AUD 
correlates with both executive dysfunction and PM impairment. 
Furthermore, after controlling for variables such as age, education 
level, marital status, and place of residence, mediation analysis 
indicated that EF and PM may mediate between alcohol use and 
impulsivity. We detail how previous relevant research supports our 
mediation model in this section.

4.1.1 Alcohol use is associated with executive 
dysfunction

As a higher-order cognitive ability, EF comprises several 
tenets, including attention, perseveration, goal-orientation, 
planning, problem-solving, and working memory (31, 32). These 
abilities allow individuals to organize and change their behavior 
to achieve set goals (33). A previous study (34) revealed that 
alcohol-related executive function deficits encompass each EF 
subcomponent. Furthermore, a systematic review (35), indexed 
‘Studies published from 2012 to 2022’, concluded that excessive 
alcohol consumption caused frontal lobe damage and that changes 
in prefrontal white-matter pathways underlie executive 
dysfunction in AUD patients.

TABLE 4 Sex differences in PRM, BRIEF-A, and BIS-11 scores among different AUDIT groups (Median [IQR]).

Sex Median (IQR) Z p

AUDIT = 0 PRM scores Male 63 (55, 68) −0.136 0.892

Female 61 (53, 70)

BRIEF-A scores Male 103 (82, 138) −0.572 0.567

Female 102 (80, 126)

BIS-11 scores Male 76 (60, 84) −0.096 0.924

Female 73 (64, 85)

AUDIT = 1–6 PRM scores Male 66 (56, 73) −3.059 <0.01

Female 59 (52, 66)

BRIEF-A scores Male 97 (80, 131) −0.728 0.467

Female 97 (86, 130)

BIS-11 scores Male 68 (58, 82) −3.200 <0.01

Female 76 (66, 86)

AUDIT = 7–15 PRM scores Male 46 (41, 61) −1.930 0.054

Female 43 (41, 49)

BRIEF-A scores Male 134 (108, 140) −2.550 <0.05

Female 138 (134, 142)

BIS-11 scores Male 90 (70, 96.75) −2.300 <0.05

Female 93 (86, 99)

AUDIT≥16 PRM scores Male 43 (40, 47) −0.924 0.356

Female 42 (39, 48)

BRIEF-A scores Male 138 (130, 142) −0.787 0.431

Female 138 (134, 142)

BIS-11 scores Male 93 (87, 98) −1.757 0.079

Female 94 (88, 100)

Total PRM scores Male 49 (42, 65) −0.670 0.497

Female 51 (43, 62)

BRIEF-A scores Male 132 (100, 140) −1.667 0.096

Female 130 (93, 139)

BIS-11 scores Male 87 (70, 94) −0.348 0.728

Female 86 (72, 94)

AUDIT, Alcohol Use Disorders Identification Test; AUDIT = 0 means no alcohol consumption; AUDIT = 1–6 means low risk drinking; AUDIT = 7–15 means risky/high risk drinking; 
AUDIT ≥ 16 means alcohol dependence; PRM: Prospective and Retrospective Memory Questionnaire; BRIEF-A: Behavior Rating Inventory of Executive Function-Adult Version; BIS-11: 
Barratt Impulsiveness Scale-11. The median scores and IQR were round up to the nearest whole number.
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4.1.2 Alcohol use is associated with PM 
impairment

A PM is the cognitive capacity to recall and execute a task at a 
designated time in the future (36). Studies investigating the impact of 
excessive alcohol use on PM have consistently found that excessive 
drinkers reported more lapses in various aspects of their everyday PM 
than low-dose alcohol users or non-users (37, 38). Leitz et  al. 
discovered that alcohol use acutely caused global impairments across 
all (regular, irregular, event-based, and time-based) PM tasks (39) and 
that future event simulation (a PM training method) significantly 
improved PM performance on these tasks and attenuated the acute 
alcohol consumption-induced PM deficit (40, 41).

4.1.3 EF and PM may play a chain intermediary 
role between alcohol dependence and 
impulsivity

A previous study reported that impulsivity is mediated by specific 
EF components, such as behavioral flexibility, behavioral inhibition, 
planning, and so on (42). Therefore, executive dysfunction might 
be associated with impulsive behavior. According to research, poor EF 

increases the likelihood of healthy young adults engaging in risky and 
potentially dangerous acts (28). Koob and Volkow (43) proposed that 
excessive alcohol consumption may promote EF deficits by 
dysregulating glutamatergic, GABAergic, and Dopaminergic (DA) 
neuronal networks in the prefrontal cortex, which perpetuates the 
dysregulation of reward and stress function and induces impulsive 
drug use.

Furthermore, EF is involved in PM formation. A previous study 
reported that the four phases of the PM process (intention formation, 
intention retention, intention reinstantiation, and intention execution) 
are assumed to require different amounts of executive processing, 
most of which is demanded in the intention formation and intention 
execution phases and that EFs are related to PM performance across 
a range of prospective paradigms (44). Some studies reported that 
substance misusers have impaired PM attributable to central executive 
deficits caused by the substance misuse-associated frontal lobe 
damage (45).

Moreover, some studies have confirmed that PM may affect 
impulsive behavior. For example, PM performance was reported to 
be negatively associated with impulsivity (12). By adding weights to 

TABLE 5 Comparisons of AUDIT, PRM, BRIEF-A, and BIS-11 scores among different demographic characteristics (Median [IQR]).

AUDIT PRM BRIEF-A BIS-11

Age 18–24 4 (1, 14) 55 (44, 67) 128 (92, 139) 84 (68, 92)

25–34 12 (0, 18) 48 (42, 62) 132 (92, 139) 87(72, 94)

35–44 12 (1, 17) 48 (43, 61) 133 (102, 138) 88(72, 97)

45–54 14 (5, 18) 49 (42, 61) 132 (97, 140) 87 (67, 96)

≥55 15 (3, 20) 47 (40, 56) 134 (107, 145) 89 (83, 95)

Z 25.591 17.001 6.221 9.891

p <0.001 <0.01 0.183 <0.05

Education Elementary school 12 (2, 20) 48 (42, 57) 134 (114, 141) 88 (77, 96)

Junior high school 7 (0, 17) 48 (40, 63) 132 (93, 139) 88 (70, 97)

High school or technical secondary school 13 (3, 17) 48 (42, 63) 132 (105, 138) 88 (75, 94)

Junior college 14 (1, 19) 48(42,58) 134 (99, 139) 90 (74, 95)

College 7 (1, 16) 52 (43, 66) 129 (92, 139) 84 (67, 93)

College above 11 (1, 18) 51 (44, 67) 131 (93, 140) 81 (66, 96)

Z 10.051 14.167 6.221 12.817

p 0.074 <0.05 0.285 <0.05

Marriage Not married 3 (0, 14) 57 (45, 67) 125 (89, 139) 81 (66, 92)

Married 12 (1, 17) 49 (42, 61) 131 (96, 139) 87 (72, 95)

Divorced 19 (13, 22) 43 (40, 47) 139 (135, 145) 94 (90, 102)

Widowed 16 (12, 20) 42 (39, 50) 143 (120, 150) 88 (76, 102)

Z 61.553 50.002 37.125 38.722

p <0.001 <0.001 <0.001 <0.001

Residence Country 14 (6, 20) 44 (41, 51) 136 (127, 141) 91 (84, 99)

Town 13 (1, 18) 48 (42, 60) 134 (102, 140) 89 (74, 97)

City 4 (1, 15) 57 (46, 68) 115 (85, 137) 79 (66, 91)

Z 33.083 63.250 44.340 60.429

p <0.001 <0.001 <0.001 <0.001

AUDIT, Alcohol Use Disorders Identification Test; PRM, Prospective and Retrospective Memory Questionnaire; BRIEF-A, Behavior Rating Inventory of Executive Function-Adult Version; 
BIS-11, Barratt Impulsiveness Scale-11. The median scores and IQR were round up to the nearest whole number.
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delayed benefits, Episodic Future Thinking (EFT) has been confirmed 
as an effective method to counter impulsive behavior and decisions 
(46–48). It has been reported that damage to the brain area responsible 
for EFT impairs the use of EFT in reward-based decision-making (49).

In summary, our study’s mediation model implies that alcohol 
consumption may be associated with impulsivity formation through 
executive dysfunction and PM impairment. Recognition of the 
relationship between EF, PM, and impulsivity may inform the 
scientific inquiry into behavioral problems in those with AUD or at 
risk for AUD. It suggests that impulsivity in those with AUD or at risk 
for AUD may be treated by improving EF and PM.

4.2 Sex factors play a moderating role in 
the alcohol use and impulsivity mediating 
model

This study found that alcohol use levels among female participants 
were significantly lower than in males. However, the female alcohol 
users had more severe executive dysfunction, PM impairment, and 
impulsivity than the males. Furthermore, previous research found no 
difference in EF (50) and PM (51–53) between normal males and 
females. Therefore, the more severe executive dysfunction, PM 
impairment, and impulsivity in females with AUD [or who report 
risky drinking] may be attributed to the physiological susceptibility of 
the females to alcohol consumption.

As of now, we  have not come across specific research reports 
addressing sex differences in executive dysfunction and prospective 
memory impairment related to alcohol use. However, in line with our 
own findings, a substantial body of research suggests that AUD is 
more likely to lead to both physiological and psychological 
repercussions in females.

TABLE 8 The 95% Confidence Interval (CI) of the mediating effect test 
and deviation corrections.

Effect 
value

95% 
confidence 

interval

Effect 
ratio

LLCI ULCI

Total effects 0.47 0.41 0.54

Direct effects 0.09 0.03 0.15 18.57%

AUDIT→BRIEF-A → BIS-11 0.25 0.20 0.31 53.59%

AUDIT→PRM → BIS-11 0.06 0.04 0.09 13.50%

AUDIT→BRIEF-A → PRM → BIS-

11

0.07 0.05 0.10 14.56%

Indirect effects 0.39 0.33 0.45 81.65%

AUDIT, Alcohol Use Disorders Identification Test; PRM, Prospective and AUDIT: Alcohol 
Use Disorders Identification Test; PRM, Prospective and Retrospective Memory 
Questionnaire; BRIEF-A, Behavior Rating Inventory of Executive Function-Adult Version; 
BIS-11, Barratt Impulsiveness Scale-11.

TABLE 6 Partial correlation analysis on Sex, AUDIT, PRM, BRIEF-A, and BIS-11, respectively (Median [IQR]).

Median [IQR] 1 2 3 4 5

1 Sexa 0 (0, 1) 1

2 AUDIT 11 (1, 17) −0.24** 1

3 PRM 50 (43, 64) 0.03 −0.52*** 1

4 BRIEF-A 131 (95, 139) −0.06 0.49*** −0.68*** 1

5 BIS-11 86 (70, 94) 0.02 0.47*** −0.64*** 0.72*** 1

aSex is a dummy variable, Male = 0, Female = 1.
AUDIT, Alcohol Use Disorders Identification Test; PRM, Prospective and Retrospective Memory Questionnaire; BRIEF-A, Behavior Rating Inventory of Executive Function-Adult Version; 
BIS-11, Barratt Impulsiveness Scale-11. *p < 0.05, **p < 0.01, ***p < 0.001. The median scores and IQR were round up to the nearest whole number.

TABLE 7 The chain-mediation analysis of BRIEF-A and PRM between AUDIT and BIS-11.

Predictors Model 1 (BRIEF-A) Model 2 (PRM) Model 3 (BIS-11)

β SE t β SE t β SE t

Age −0.38 0.76 −0.50 0.12 0.31 0.40 −0.26 0.37 −0.71

Education −0.04 0.72 −0.06 0.41 0.29 1.41 −0.61 0.35 −1.76

Marriage 0.81 1.37 0.59 1.21 0.55 2.18* −0.50 0.66 −0.75

Residence −4.60 1.09 −4.21*** 1.49 0.45 3.35*** −1.12 0.54 −2.09*

AUDIT 1.47 0.10 15.03*** −0.37 0.05 −8.16*** 0.16 0.06 2.87**

BRIEF-A −0.27 0.02 −18.11*** 0.32 0.02 14.62***

PRM −0.32 0.05 −7.09***

R2 0.30 0.55 0.60

F 61.78 145.33 152.89

AUDIT, Alcohol Use Disorders Identification Test; PRM, Prospective and Retrospective Memory Questionnaire; BRIEF-A, Behavior Rating Inventory of Executive Function-Adult Version; 
BIS-11, Barratt Impulsiveness Scale-11. *p < 0.05, **p < 0.01, ***p < 0.001.
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Firstly, according to research, progress from initiation of substance 
use to the onset of physical and psychological health complications is 
more rapid and severe among females with Substance Use Disorder 
(SUD) (54). Compared to their male counterparts, females develop 
comparable or more pronounced alcohol-related liver and 
cardiovascular diseases at lower alcohol consumption levels and are 
also more vulnerable to brain damage and related cognitive 
impairments (55). AUD generally leads to the development of health 
complications much more rapidly in females than in males. For 
example, cirrhosis, alcohol-induced cardiomyopathy, and peripheral 
neuropathy develop in females after fewer years of heavy drinking 
than in males (56).

Secondly, females are more vulnerable to brain damage and 
neurotoxic effects of alcohol than males (56, 57). Compared to 
non-drinking individuals, both males and females with AUD show 
reduced brain volume, but brain shrinkage and cognitive dysfunction 
appear to develop much more quickly in females than in males (56, 
57). Additionally, females with AUD may experience a greater short-
term memory impairment than their male counterparts (57). In a 
previous study, it was found that females showed larger total cerebellar 
brain volume than males at any given alcohol consumption level and 
that the females were much more susceptible to the undesirable effects 
of alcohol (58). Therefore, the sex-based differences in brain volume 
between females and males may be interpreted as causing a much 
faster alcohol absorption rate in females than males (58). The above 
study explains the neurophysiological mechanism of alcohol in 
causing more severe executive dysfunction, PM impairment, and 
impulsive behavior in females than in males.

Moreover, this investigation revealed that the indirect influence of 
EF and PM in the relationship between AUDIT scores and BIS scores 
was more pronounced in males than females (Table 10). In summary, 
the direct impact is more robust in the female group, whereas the 
mediating effect is more pronounced in the male group. The influence 
of executive dysfunction on male PM outweighed that on female PM 
(Figure 2B), and the effect of PM impairment on impulsive behavior 

in males exceeded that in females (Figure  2C). This implies that 
enhancing executive dysfunction in males may be  more likely to 
enhance PM, while ameliorating PM impairment may be more likely 
to mitigate impulsive behavior.

To conclude, this study suggests that alcohol consumption may 
contribute to the development of impulsivity through the pathways 
of executive dysfunction and PM impairment. Even though the 
prevalence of alcohol use among females is lower than that of males, 
it is associated with more pronounced executive dysfunction, PM 
deficits, and impulsive behavior in females. Furthermore, the study 
proposes that the indirect impact of EF and PM in the relationship 
between AUDIT scores and BIS scores is more prominent in males 
than females. These findings provide both clinical and theoretical 
foundations for addressing issues related to alcohol use (see 
Figure 3).

5 Limitation

This study had some limitations. First, it relied on self-report 
measures of EF, PM, and impulsive behavior. Second, there were 
issues about polydrug use, the need to control for the co-morbidity 
of other conditions such as depression, and better drug screening 
methods, such as excluding antidepressant drug and anxiolytics. 
Third, we  adopted a cross-sectional design, indicating that the 
mediating equations in this study are merely inferential and cannot 
provide evidence for causality. What’s more, many of the associations 
in the model are very weak; it may be due to the small sample size of 
this study and the need to further increase the sample for future 
studies. We therefore advise caution when interpreting this measure. 
Moreover, some longitudinal studies found that impulsivity was the 
cause of AUD (59), and therefore impulsiveness is both a cause and 
a consequence of AUD. Based on the risks of clinical AUD leading 
to impulsive conduct and the fact that impulsivity, in turn, 
encourages alcohol misuse, more research on alcohol use leading to 

TABLE 9 Regression results of moderated mediation.

Predictors Model 1 (BRIEF-A) Model 2 (PRM) Model 3 (BIS-11)

β SE t β SE t β SE t

AUDIT 0.523 0.04 15.18*** −0.283 0.03 −8.82*** 0.136 0.03 4.34***

Sex 0.130 0.07 1.98* −0.147 0.05 −2.79** 0.179 0.05 3.65***

Age −0.008 0.03 −0.258 0.002 0.02 0.10 −0.004 0.02 −0.18

Education −0.002 0.03 −0.060 0.027 0.02 1.20 −0.029 0.02 −1.40

Marriage 0.040 0.05 0.76 0.074 0.04 1.72 −0.002 0.04 −0.05

Residence −0.161 0.04 −3.82*** 0.098 0.03 2.85** −0.045 0.03 −1.39

BRIEF-A −0.532 0.03 −17.46*** 0.488 0.03 14.40***

PRM −0.232 0.04 −6.63***

Sex* AUDIT 0.131 0.07 2.00* −0.088 0.06 −1.40 0.14 0.06 2.22*

Sex* BRIEF-A 0.126 0.06 2.07* −0.11 0.07 −1.69

Sex* BRI 0.206 0.07 2.97**

R2 0.31 0.56 0.62

F 45.59 99.34 105.25

AUDIT, Alcohol Use Disorders Identification Test; PRM, Prospective and Retrospective Memory Questionnaire; BRIEF-A, Behavior Rating Inventory of Executive Function-Adult Version; 
BIS-11, Barratt Impulsiveness Scale-11. *p < 0.05, **p < 0.01, ***p < 0.001.
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impulsivity is recommended. Consequently, this study explored the 
mechanism by which alcohol consumption leads to impulsivity and 
developed mediating equations. These findings need to be validated 
in practice.

Further, some other research had shown that females tended to 
have less impulsivity and less AUD and alcohol consumption than 

males (60). This seemed contrary to our findings. However, the low 
average level of impulsivity in females might be  due to the low 
proportion of women who drink or have AUD. Our study was more 
focused on showing that women’s impulsivity scores were more likely 
to rise compared to men’s as their AUDIT scores rise. In this study, 
we  found that males had significantly higher AUDIT scores than 

FIGURE 2

(A) The simple slope test of the moderator effect of sex on the relationship between BRIEF-A and PRM. (B) The simple slope test of the moderator 
effect of sex on the relationship between PRM and BIS-11. (C) The simple slope test of the moderator effect of sex on the relationship between AUDIT 
and BIS-11. (D) The simple slope test of the moderator effect of sex on the relationship between AUDIT and BRIEF-A. AUDIT, Alcohol Use Disorders 
Identification Test; BRIEF-A, Behavior Rating Inventory of Executive Function-Adult Version; PRM, Prospective and Retrospective Memory 
Questionnaire; BIS-11, Barratt Impulsiveness Scale-11.

TABLE 10 Bootstrapped conditional direct and indirect effects.

Direct effect and mediating effect on male and female groups Index

Sex β BootSE LLCI ULCI Index BootSE LLCI ULCI

Direct effect Male 0.0683 0.04 −0.011 0.148

Female 0.207 0.05 0.113 0.301

Indirect effect 1 Male 0.250 0.04 0.178 0.334 0.004 0.054 −0.099 0.110

Female 0.254 0.04 0.187 0.327

Indirect effect 2 Male 0.080 0.02 0.042 0.127 −0.038 0.028 −0.097 0.013

Female 0.042 0.02 0.008 0.077

Indirect effect 3 Male 0.091 0.02 0.057 0.133 −0.056 0.025 −0.106 −0.009

Female 0.035 0.02 0.007 0.069

Indirect effect 1: AUDIT→BRIEF-A → BIS-11. Indirect effect 2: AUDIT→PRM→BIS. Indirect effect 3: AUDIT→BRIEF-A → PRM→BIS. AUDIT, Alcohol Use Disorders Identification Test; 
PRM, Prospective and Retrospective Memory Questionnaire; BRIEF-A, Behavior Rating Inventory of Executive Function-Adult Version; BIS-11, Barratt Impulsiveness Scale-11.
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females overall. Although there was no significant overall difference 
in BIS-11 scores between males and females, females had significantly 
higher BIS-11 scores when AUDIT = 1–6 and AUDIT = 7–15. 
Interestingly, there was no difference in BRIEF-A, PRM and BIS-11 
between males and females in the AUDIT≥16 group. More 
sophisticated and differentiated methods of detection may be required 
to further assess these measures in those with AUD. Therefore, further 
studies should employ objective measures alongside self-report 
measures and incorporate better controls for the use of other drugs 
and mood status.
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