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Abstract
Background The present study examines impulsivity and posttraumatic stress disorder (PTSD) symptoms as factors that may 
help understand the relationship between adverse childhood experiences (ACEs) and adolescent binge drinking.
Methods Data were drawn from a subset of adolescents (N = 285) ages 12–22 from the National Consortium on Alcohol 
& Neurodevelopment in Adolescence (NCANDA). Impulsivity and PTSD symptoms were each predicted to moderate the 
relationship between ACEs and binge drinking.
Results The positive relationship between PTSD symptoms and binge drinking was stronger when impulsivity was included. 
The positive relationship between ACEs and binge drinking was also strengthened when accounting for PTSD symptoms.
Conclusion Our results provide evidence that impulsivity and PTSD symptoms may increase the risk for binge drinking 
during adolescence, including following ACEs. Interventions targeting PTSD symptoms and impulsivity could be valuable 
tools in preventing adolescent binge drinking.

Keywords Adverse childhood experiences · Impulsivity · Posttraumatic stress disorder · Binge drinking · Adolescence · 
Neurodevelopment

Introduction

Adverse childhood experiences (ACEs) refer to traumatic or 
potentially traumatic events, ranging from childhood abuse 
and neglect to family dysfunction (i.e., domestic violence, 
parental risky substance use, severe parental mental illness) 
(Felitti et al., 1998). These experiences are prevalent, with 
about 46% of adolescents in the USA reporting at least one 
ACE (Bethell et al., 2017). While this statistic represents 
nearly half of all teens, it is still likely an undercount of the 
actual number of adolescents who have experienced ACEs 
(Centers for Disease Control and Prevention, 2015). For 
example, several factors have been identified that may con-
tribute to the under-reporting of ACEs, including avoiding 
emotional pain associated with the event, feeling embar-
rassed or ashamed, and having a poorer ability to recall 
an adverse event (McKinney et al., 2009). ACEs are also 

associated with poorer behavioral, cognitive, social, and 
physiological outcomes (e.g., Andersen & Teicher, 2009; 
Bick & Nelson, 2016; Dube et al., 2003; Felitti et al., 1998; 
Glaser, 2000; Strine, 2012). Given the prevalence of ACEs 
and their potential for short- and long-term damaging con-
sequences, identifying factors that may impact the relation-
ship between ACEs and poorer outcomes is still needed. 
The present study focuses on factors that may impact the 
relations between ACEs and binge drinking in adolescents 
and young adults.

Several longitudinal studies examining ACEs and alcohol 
use in adults (e.g., Dube et al., 2002) and adolescents (e.g., 
Shin et al., 2009) have found that ACEs are linked to nega-
tive alcohol use behaviors. The Kaiser-Centers for Disease 
Control (CDC) ACEs study found that adults who retrospec-
tively reported more ACEs had earlier initiation of alcohol 
use and higher rates of alcohol use disorder and binge drink-
ing (Dube et al., 2002, 2005). In addition, among women, 
specific ACEs, such as child maltreatment, may lead to a 
shorter transition from the first use of alcohol to the meet-
ing criteria for alcohol use disorder (i.e., a process some-
times referred to as telescoping; Oberleitner et al., 2015). 
These findings in adults were also supported by prospective 
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research with adolescents in the National Longitudinal 
Study of Adolescent Health (AddHealth), which found an 
increased likelihood of binge drinking in adolescents fol-
lowing ACEs (Shin et al., 2009, 2013). While this research 
links ACEs to problematic adolescent and adult alcohol use, 
including binge drinking and alcohol use disorder, the fac-
tors that may interact with ACEs to lead to binge drinking 
during adolescence are still largely unknown.

Binge drinking is a prevalent form of high-risk alcohol 
use with a wide range of negative consequences, including 
drinking and driving, alcohol poisoning, sexual and physical 
assault, serious accidents or injuries, memory blackouts, and 
long-term alcohol addiction (Chung et al., 2018). In adults, 
binge drinking is typically defined as a blood-alcohol level 
of 0.08 or higher, which often corresponds to five or more 
alcoholic drinks in men and four or more alcoholic bever-
ages for women within one occasion (NIAAA, 2004). The 
current study utilizes the 5/4 + guideline to measure binge 
drinking behaviors, and while it is commonly used, it is not 
without limitations. It can underestimate the prevalence of 
adolescent binge drinking behavior due to some adoles-
cents’ smaller body sizes, making them likelier to reach the 
blood-alcohol level of 0.08 with fewer drinks than adults 
(Chung et al., 2018). In the present study, 85% of adoles-
cents and young adults were at adult body size and advanced 
puberty status at the time of measurement, supporting the 
overall acceptability of the use of the 5/4 + guideline for 
binge drinking. Furthermore, measuring blood-alcohol lev-
els when alcohol use behaviors occur is often not possible, 
making the 5/4 + guideline a practical, if imperfect, proxy 
to measure binge drinking.

Adolescence is a critical developmental period, leaving 
youth at a higher risk for additional long-term consequences 
of binge drinking. For example, Silveri (2012) found that 
adolescents that engage in binge drinking are at increased 
risk for long-term impairments in learning and memory. 
Adolescent binge drinking has also been associated with 
abnormal brain development, including smaller hippocampal 
and white matter volumes in the prefrontal cortex (Jaco-
bus et al., 2013; Pfefferbaum et al., 2018; Squeglia & Gray, 
2016). Furthermore, adolescents engaging in binge drinking 
are not only at an increased risk for alcohol use disorders in 
adulthood (Hingson et al., 2006), but binge drinking initi-
ated during adolescence is also more likely to persist into 
adulthood (Degenhardt et al., 2013).

Binge drinking increases during adolescence, with an 
estimated 4.6% of 8th graders, 10.9% of 10th graders, and 
17.2% of 12th graders reporting binge drinking (Johnston 
et al., 2016). Worse is that youth exposed to ACEs are at 
an even higher risk for binge drinking. This risk is even 
greater for specific ACEs. For example, adolescents in the 
AddHealth study who had endorsed experiencing ACEs 
also reported more binge drinking than those who did not 

endorse ACEs. The relations between ACEs and risk for 
binge drinking remained strong even when age, race, paren-
tal alcohol misuse, and parental supervision were controlled. 
Adolescents and young adults who report maltreatment-
related ACEs had an increased likelihood of binge drink-
ing patterns persisting into adulthood (Shin et al., 2013). In 
addition, rates of adolescent binge drinking were highest for 
child maltreatment relative to other ACEs, suggesting that 
it may carry a more substantial negative impact than other 
ACEs (e.g., parental divorce; Shin et al., 2009). Given the 
long-term impact of ACEs on binge drinking in adolescence 
and beyond, identifying factors that may exacerbate risk for 
binge drinking among youth with ACEs is needed.

In examining the nature of these relations, trauma-related 
sequelae may increase the risk of binge drinking. For exam-
ple, hypothalamic pituitary adrenal (HPA) axis dysregula-
tion in the body’s response to stress has been associated with 
a heightened risk for binge drinking (De Bellis, 2001, 2002). 
Moreover, posttraumatic stress disorder (PTSD) symptoms 
related to ACEs that can follow from HPA axis activity have 
also been found to increase risk for transitions to moderate/
heavy drinking in adolescence (De Bellis et al., 2020). Last, 
neurocognitive capacities, such as impulsivity, which are 
also involved with the HPA axis, may predict an increased 
risk for binge drinking among ACE-exposed youth (Lejuez 
et al., 2010).

Chronic overactivation of the HPA axis in adolescence 
following ACEs can alter cognitive development and 
increase impulsivity (De Bellis, 2002). However, overac-
tivation of the HPA axis following ACEs can also manifest 
as the experience of PTSD symptoms, which can have the 
long-term effect of increased arousal and impact adoles-
cent cognitive development (De Bellis, 2001). Over time, 
PTSD symptoms may contribute to increased impulsivity 
during adolescence that could persist into adulthood (Twar-
dosz & Lutzker, 2010). Related research found that PTSD 
symptoms predicted some dimensions of impulsivity more 
so than experiencing childhood trauma itself (Kim & Choi, 
2020). However, this study was conducted with adults and 
PTSD symptoms only significantly predicted 3 out of the 
five dimensions of impulsivity (Kim & Choi, 2020). There-
fore, in addition to examining impulsivity, PTSD symptoms 
will also be examined as a potential mechanism that links 
ACEs with binge drinking in adolescents and young adults.

PTSD symptoms among youth with ACEs may increase 
the risk for behaviors associated with impulsivity, includ-
ing risky alcohol use (Brady et al., 2004; Jakupcak et al., 
2010; Weiss et al., 2012). As previously noted, one reason 
youth with PTSD symptoms may be more vulnerable to 
engaging in risky behaviors, such as alcohol use, is the 
dysregulation of the HPA axis (De Bellis, 2002; Jacobsen 
et al., 2001; Southwick et al., 1999). Periods of impulsivity 
associated with PTSD-related overactivation of the HPA 
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axis may have damaging effects (Bick & Nelson, 2016; De 
Bellis, 2002; Pynoos et al., 1999), including a heightened 
risk of problematic alcohol use (De Bellis, 2002; Twardosz 
& Lutzker, 2010). This prior research contributes to the 
present study’s hypothesis that PTSD symptoms following 
ACEs may exacerbate impulsivity, increasing the risk for 
binge drinking.

The present study operationalizes impulsivity as reacting 
to stimuli in a rapid, unplanned manner with limited regard 
for long-term consequences (Moeller et al., 2001). We adopt 
the biopsychosocial perspective that asserts impulsivity can 
arise individually or transactionally due to biological pre-
disposition, environment (i.e., learning from peers/family, 
ACEs), and psychopathology (e.g., PTSD, ADHD; Moeller 
et al., 2001). While retrospective studies among adults have 
suggested that ACEs are associated with increased impul-
sivity (Haaris Sheikh et al., 2018; Shin et al., 2018), there 
are limited studies on these relations during adolescence 
(Danese & McEwen, 2012; Sinha, 2009).

Impulsivity may contribute to the initiation of alcohol use 
in adolescence (Haaris Sheikh et al., 2018; Shin et al., 2012, 
2018) and increased binge drinking in adolescence and young 
adulthood (Clark et al., 2017; Shin et al., 2012; Tarter et al., 
2003; Townshend et al., 2014). There is a significant and 
systematic relation between impulsivity, measured in the con-
text of executive functioning, and binge drinking in pre-ado-
lescent and adolescent youth (Clark et al., 2017). A similar 
pattern emerged in the study conducted by Townshend et al. 
(2014), which found that adults who engaged in more binge 
drinking showed more impulse control and decision-making 
impairments. Findings such as these highlight that impulsiv-
ity may play a role in adolescent binge drinking and could 
have implications for intervention and prevention efforts.

Thus, the current study aims to understand the role of 
impulsivity and PTSD symptoms in the relations between 
ACEs and binge drinking in adolescence and young adult-
hood. Data from the multisite National Consortium on Alcohol 
and Neurodevelopment in Adolescence (NCANDA; Brown 
et al., 2015) were used to assess ACEs, impulsivity, PTSD 
symptoms, and binge drinking in adolescents and young adults 
(Brown et al., 2015). We examine the following three hypoth-
eses from baseline to year four in the NCANDA sample.

First, we predict impulsivity in year three will moderate 
the relations between ACEs at baseline and binge drinking in 
year four; higher impulsivity will predict a stronger positive 
association between ACEs and binge drinking.

Second, we predict impulsivity in year three will moder-
ate the relationship between PTSD symptoms in year two 
and binge drinking in year four; higher impulsivity will pre-
dict a stronger positive association between PTSD symptoms 
and binge drinking.

Third, we predict that PTSD symptoms in year two will 
moderate the relations between ACEs at baseline and binge 

drinking in year four; more PTSD symptoms will predict 
a stronger positive association between ACEs and binge 
drinking.

Methods

Participants and Procedures

Participants were 285 adolescents from the National Consortium 
on Alcohol and Neurodevelopment in Adolescence (NCANDA) 
cohort (50% female; mean age = 16.1 ± 2.2 years, 12–22 years 
age range; (S. A. Brown et al., 2015). These data were taken 
from five sites, each of which had Institutional Review Board 
approval from their institution: Duke University, the Univer-
sity of Pittsburgh Medical Center (UPMC), Oregon Health & 
Science University (OHSU), the University of California San 
Diego (UCSD), and SRI International (SRI). NCANDA aims 
to disentangle relations between alcohol use and neurodevel-
opment prospectively during adolescence (Brown et al., 2015). 
NCANDA uses an accelerated longitudinal design, which gives 
a diverse age range, allowing for a more thorough examination 
of development across larger age ranges. To achieve the overall 
study aim (i.e., identifying the onset of alcohol use), NCANDA 
recruited participants aged 12–21 while oversampling partici-
pants between the ages of 12–15 to examine better this criti-
cal development period (Brown et al., 2015). All participants 
completed informed consent or assent with parent permission 
annually.

To study the initiation of alcohol use in the adolescent 
brain, most participants had to meet the criteria of no his-
tory of heavy drinking to be included in the study; how-
ever, 17% of the sample had prior alcohol use (Brown 
et  al., 2015). Based on alcohol use history recorded at 
the baseline assessment, adolescents were divided into 
two groups: a no/low drinking group (n = 229; mean age 
15.46 ± 2.3 years) and an exceeds-threshold group (n = 56; 
mean age 18.50 ± 1.9 years) (Pfefferbaum et al., 2016). The 
exceeds-threshold group was recruited to ensure a range 
of drinking behaviors and comprises a significantly older 
cohort. Previous studies have demonstrated the contrast in 
neurodevelopmental trajectories between the no/low drink-
ing and exceeds-threshold groups, highlighting the impor-
tance of analyzing data from these two groups separately.

Childhood ACEs were assessed at baseline using the 
Childhood Trauma Questionnaire (CTQ; Bernstein et al., 
2003). The CTQ is a standardized self-report inventory that 
consists of categories of trauma, such as physical and emo-
tional abuse, emotional neglect, sexual abuse, and physical 
neglect. Each category contains five items rated on a 5-point 
Likert scale ranging from never true (= 1) to very often true 
(= 5), which gives scores of 5 to 25 for each trauma cate-
gory (e.g., physical abuse). The CTQ has demonstrated high 
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reliability and convergent and discriminant validity (Cron-
bach’s alpha = 0.94) (Bernstein et al., 2003). The total score 
from the CTQ at baseline was used in the analysis.

PTSD symptoms were assessed in year two using the 
Computerized Semi-Structured Assessment for the Genetics 
of Alcoholism (SSAGA; Bucholz et al., 1994a; Hesselbrock 
et al., 1999; Norman et al., 2007b). The SSAGA is a stand-
ardized psychiatric interview for alcohol and drug abuse/
dependence and other psychiatric disorders using DSM cri-
teria. Bucholz et al. (1994b) found that the SSAGA has high 
reliability and validity (Cronbach’s alpha = 0.47–0.85). Par-
ticipants were asked questions specific to DSM-IV diagnos-
tic criteria for PTSD at baseline before the DSM-5 release 
(Norman et al., 2007a). The sum of the total number of 
PTSD symptoms at year two was used in the analysis.

Impulsivity was measured at year three using a computer-
ized version of the Stanger Delayed Discounting Task, which 
assesses preference for smaller immediate rewards versus 
larger delayed rewards (Stanger et al., 2012). In this task, 
youth were presented with a choice between a smaller, imme-
diate monetary reward (at least 50% of the delayed reward) 
versus receiving a larger amount in the future. For example, 
for the $100 1-day delay, youth were given a choice between 
at least 50% of the $100 now or receiving the full $100 1 day 
later. The computerized delayed discounting task, published 
by Stanger et al. (2012), has been validated in adolescent sam-
ples. Furthermore, these tasks have shown discriminant valid-
ity across various substance use disorders. Individuals who 
use drugs are more likely to choose immediate rewards than 
non-users, indicating more impulsive choices (MacKillop 
et al., 2011). A higher discount value is related to an increased 
preference for short-term gains over larger long-term gains, 
indicating more impulsive choices or “impulsivity.” Data were 
analyzed following Sullivan et al. (2016), where the primary 
outcome variable, rate of discounting, is represented by k. 
The task was completed for two values ($100 and $1000) at 
varying delays (e.g., 1 day, 7 days, 1 month, or 6 months). 
The current study examines the delay rate across monetary 
conditions and time delays. The delay rate, the natural log of 
k (lnk), was calculated for each of the two values ($100 and 
$1000) and each of the four delays (1 day, 7 days, 1 month, 
and 6 months), yielding eight variables.

Binge drinking was assessed in year four using the Cus-
tomary Drinking and Drug Use Record (CDDR; Brown 
et al., 2015). The CDDR gives participants current (past 
3 months) and lifetime measures of the level of involve-
ment, withdrawal symptoms, psychological/behavioral 
dependence, and negative consequences of alcohol and 
other drugs (Brown et al., 1998). Before administering the 
CDDR, participants are shown the volume of one standard 
drink of wine, liquor, light beer, and IPA/malt liquor. This 
demonstration allows participants to quantify the number 
of standard drinks consumed more accurately. To assess for 

binge drinking, we assess responses to the following ques-
tion while viewing the standardized drink volumes, “During 
the past year, how many times have you consumed four or 
more (females) / 5 or more (males) drinks within an occa-
sion?” The CDDR has been shown to have high reliability 
and convergent validity for research and clinical purposes 
(Brown et al., 1998), making it a valuable assessment for 
measuring adolescent binge drinking. This measure utilizes 
the 5/4 + guideline to measure binge drinking, given that 
84% of adolescents and young adults in this study were at 
adult body size and advanced puberty status at the time of 
measurement as measured by the Pubertal Development 
Scale (PDS; Brown et al., 2015; Petersen et al., 1988). A 
count of the number of days spent binge drinking in the past 
year was used in the present analysis.

Statistical Analysis

The current study aimed to understand how impulsivity 
may impact the relations between ACEs and binge drink-
ing (hypothesis 1) and PTSD symptoms and binge drink-
ing (hypothesis 2). We also examined how PTSD symptoms 
may impact the relations between ACEs and binge drinking 
(hypothesis 3). To evaluate these three aims, we employed 
moderation analyses recommended when studying interaction 
effects (Baron & Kenny, 1986). To probe significant modera-
tion, simple slopes analyses were conducted using Kristopher 
Preacher’s interaction utility (Preacher et al., 2006).

For hypothesis one (impulsivity in ACEs and binge 
drinking), negative binomial regressions were conducted 
separately for the no/low and the exceeds-threshold drink-
ing group. The CTQ total score at baseline (ACEs) was 
the independent variable and the CDDR variable (binge 
drinking) at year four as the outcome, with the delayed 
discounting variable (impulsivity) at year three as the 
moderator (run for each value/delay). CDDR data were 
positively skewed, which was expected given the nature 
of these data (i.e., many adolescents do not binge drink; 
Chung et al., 2018). Negative binomial regressions were 
used for the analyses recommended for “overdispersed” 
data (i.e., when the outcome variable’s variance exceeds 
the mean; Long, 1997). This hypothesis was a priori and 
specific; however, to account for possible type I error 
with four negative binomial regression analyses for each 
delayed discounting value ($100 vs. $1000), a Bonfer-
roni corrected alpha level of 0.0125 was employed (Arm-
strong, 2014).

For hypothesis two, negative binomial regression was 
conducted separately for the no/low and the exceeds-thresh-
old drinking group with PTSD symptoms in year two as the 
independent variable, the CDDR variable in year four as 
the outcome, and the delayed discounting variable in year 
three as the moderator. A Bonferroni corrected alpha level 
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of 0.0125 was also used for hypothesis two, which had four 
negative binomial regression analyses.

For hypothesis three, negative binomial regression 
was conducted separately for the no/low and the exceeds-
threshold drinking group, with the CTQ total score at 
baseline as the independent variable, the CDDR vari-
able at year four as the outcome, and PTSD symptoms 
at year two as the moderator. An alpha level of 0.05 
was employed as there was only one negative binomial 
regression.

Results

The descriptive statistics for age, sex, race, and ethnic-
ity are presented in Table 1 for the no/low drinking and 
exceeds-threshold drinking groups, which were set at 
baseline. The means and standard deviations of the inde-
pendent and outcome variables for the no/low drinking and 
exceeds-threshold drinking group are presented in Table 2. 
It is worthwhile noting that there was a significant dif-
ference in the mean number of days spent binge drinking 
between the no/low drinking and exceeds-threshold groups. 
Specifically, the exceeds-threshold group had higher aver-
age days spent binge drinking than individuals in the no/
low drinking group.

Hypothesis 1: We predicted impulsivity would moderate 
the relationship between ACEs and binge drinking among 
adolescents in the no/low drinking and exceeds-threshold 
groups.

Results are summarized in Table 3. For both the exceeds-
threshold and no/low drinking groups, the relationship 
between ACEs and adolescent binge drinking was not 
impacted by impulsivity. Therefore, the moderation was not 
probed (all p’s > 0.01).

Hypothesis 2: We predicted impulsivity would moder-
ate the relationship between PTSD symptoms and binge 
drinking among adolescents in the no/low drinking and 
exceeds-threshold groups.

Table 1  Descriptive statistics for NCANDA sample (N = 285)

Age No/low drinking group (n = 229) Exceeds-threshold group (n = 56)
M SD M SD
15.46 2.30 18.50 1.90

Sex No/low drinking group Exceeds-threshold group
N % N %

Male 118 51.5% 26 46.4%
Female 111 48.5% 30 53.6%
Race/ethnicity No/low drinking group Exceeds-threshold group
Caucasian/White 170 74.2% 46 74.2%
African American/Black 26 11.4% 5 11.4%
African American/Caucasian 4 1.7% 0 0%
Asian 17 7.4% 4 7.1%
Asian/White 7 3.1% 1 1.8%
Asian/Pacific Islander 1 .4% 0 0%
Native American/American Indian 1 .4% 0 0%
Pacific Islander 2 .9% 0 0%
Not disclosed 1 .4% 0 0%

Table 2  Descriptive statistics for independent and dependent variables 
(N = 285)

CTQ, Child Trauma Questionnaire; CDDR, Customary Drinking and Drug 
Use Record; PTSD, posttraumatic stress disorder; DD, delayed discounting
* Represents statistically significant (p < .01) differences in binge 
drinking between groups

No/low drinking 
group

Exceeds drinking 
group

Mean SD Mean SD

CTQ 33.80 9.84 34.56 10.84
CDDR past year binge 20.28* 31.40 12.32* 17.86
PTSD symptoms .580 2.89 .950 3.52
DD $100 1 day .971 .046 .959 .125
DD $100 7 days .917 .129 .872 .194
DD $100 1 month .831 .204 .784 .254
DD $100 6 months .712 .284 .671 .305
DD $1000 1 day .979 .057 .966 .094
DD $1000 7 days .953 .114 .920 .179
DD $1000 1 month .901 .173 .864 .207
DD $1000 6 months .806 .244 .809 .241
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Results for hypothesis two are summarized in Table 3 and 
Table 4.

Exceeds‑Threshold Group The relationship between PTSD 
symptoms and adolescent binge drinking was not impacted 
by impulsivity. Therefore, the moderation was not probed 
(all p’s > 0.01).

No/Low Drinking Group The relationship between PTSD 
symptoms and binge drinking increased as a function of 
impulsivity across five of the eight delayed discounting 
conditions (i.e., except for the $100 1-day and 6-month 
delays, and $1000 6-month delay). To probe moderation, 
simple slopes analyses were conducted for the significant 
five delayed discounting conditions (i.e., $100 7 days and 
1 month; $1000 1-day, 7-day, and 1-month delay), and are 
presented in Fig. 1A–E and Table 4. Figure 1 depicts sim-
ple slope plots for binge drinking regressed onto PTSD 

symptoms at low (1 SD below the mean), moderate (at the 
mean), and high (1 SD above the mean) values of delayed 
discounting. High values (i.e., 1 SD above the mean) of 
delayed discounting suggest higher levels of impulsivity 
(i.e., preference for a smaller, immediate reward versus 
a larger, delayed reward). The following are the no/low 
group results in the five significant delayed discounting 
conditions.

$100 7-day delay: In the no/low drinking group, the sim-
ple slopes analyses revealed that PTSD symptoms were 
positively associated with binge drinking for low, moder-
ate, and high levels of impulsivity (all p’s < 0.01). Results 
are presented in Fig. 1A.
$100 1-month delay: In the no/low drinking group, the 
simple slopes analyses revealed that PTSD symptoms 
were more positively associated with binge drinking for 
low and moderate levels of impulsivity (p < 0.01) than for 
higher levels (p > 0.01). Results are presented in Fig. 1B.

Table 3  Summary of study 
hypotheses (N = 285)

Hypothesis one: impulsivity as a moderator 
with ACEs and binge drinking

Hypothesis two: impulsivity as a moderator 
with PTSD symptoms and binge drinking

No/low group Exceeds group No/low group Exceeds group

Delayed discounting $100 condition
  1 day β = .575, p = .135 β =  − 6.04, p = .091 β =  − 22.1, p = .026 β =  − 22.1, p = .754
  7 days β = .206, p = .079 β = .031, p = .931 β =  − 12.5, p = .008 β =  − .674, p = .859
  1 month β = .063, p = .362 β =  − .267, p = .526 β =  − 1.37, p = .008 β =  − 1.37, p = .414
  6 months β = .000, p = .991 β =  − .075, p = .823 β =  − 2.18, p = .019 β =  − .946, p = .457

Delayed discounting $1000 condition
  1 day β = .082, p = .818 β =  − .172, p = .926 β =  − 3.0, p = .010 β =  − 84.7, p = .067
  7 days β =  − .107, p = .623 β =  − 1.93, p = .340 β =  − 1.36, p = .011 β =  − 1.04, p = .850
  1 month β =  − .015, p = .909 β =  − 2.01, p = .045 β =  − 1.54, p = .007 β =  − .213, p = .952
  6 months β =  − .012, p = .868 β =  − 1.52, p = .046 β =  − 1.15, p = .020 β =  − .472, p = .755

Hypothesis three: PTSD symptoms as a moderator with ACEs and binge drinking
  PTSD symptoms X ACEs No/low group Exceeds group

β =  − .051, p = .006 β =  − .0 24, p = .688

Table 4  Summary of simple 
slopes analysis

Hypothesis two: impulsivity as a moderator with PTSD symptoms and binge drinking

Impulsivity Low (1 SD below mean) Moderate (at the mean) High (1 SD above the mean)

Delayed discounting $100 condition
  1 day ns ns ns
  7 days t = 2.643, p < .01 t = 2.6409, p < .01 t = 2.6381, p < .01
  1 month t = 2.445, p < .01 t = 2.387, p < .01 t = 2.281, p < .05
  6 months t = 2.265, p < .05 t = 2.257, p < .05 t = 2.247, p < .05

Delayed discounting $1000 condition
  1 day t = 2.487, p < .01 t = 2.481, p < .01 t = 2.474, p < .01
  7 days t = 2.365, p < .05 t = 2.341, p < .05 t = 2.31, p < .05
  1 month t = 2.532, p < .05 t = 2.500, p < .01 t = 2.452, p < .01
  6 months ns ns ns
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$1000 1-day delay: In the no/low drinking group, the sim-
ple slopes analyses revealed that PTSD symptoms were 
positively associated with binge drinking for low, moder-
ate, and high levels of impulsivity (all p’s < 0.01). Results 
are presented in Fig. 1C.
$1000 7-day delay: In the no/low drinking group, the sim-
ple slopes analyses revealed that the relationship between 
PTSD symptoms, impulsivity, and binge drinking did 
not significantly differ based on level of impulsivity (all 
p’s > 0.01). Results are presented in Fig. 1D.
$1000 1-month delay: In the no/low drinking group, the 
simple slopes analyses revealed that PTSD symptoms 
were more positively associated with binge drinking for 
moderate and high levels of impulsivity (p < 0.01) than 
for low levels (p > 0.01). Results are presented in Fig. 1E.

Hypothesis 3: We predicted that PTSD symptoms would 
moderate the relationship between ACEs and binge 
drinking among adolescents in the no/low drinking and 
exceeds-threshold groups.

Exceeds‑Threshold Group The interaction between PTSD 
symptoms and ACEs did not significantly predict adolescent 
binge drinking. Therefore, the moderation was not probed 
(n = 56; β =  − 0.024, p > 0.05, 95% CI [− 0.140, 0.092]).

No/Low Drinking Group The interaction between the ACEs 
and PTSD symptoms was significant (n = 229; β = 0.051, 
p < 0.01, 95% CI [0.015, 0.088]). The simple slope analysis 
indicated that ACEs were more positively associated with 
binge drinking for low levels of PTSD symptoms (− 1 SD; 

Fig. 1  Days spent binge drinking in the past year regressed onto 
PTSD symptoms at low (1 SD below the mean in green), moderate 
(at the mean in red), and high (1 SD above the mean in black) values 
of delayed discounting (impulsivity) in the no/low drinking group. 

Panels A through E represent interactions that are referred to in the 
text and are the $100 7 days (A), 1 month (B), and $1000 1 day (C), 
7 days (D), 1 month (E) delayed discounting conditions. The values 
on the X and Y axes are Z-scores
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b = 6.548, t =  − 3.240, p < 0.01) than for moderate (mean; 
b = 3.842, t =  − 2.288, p > 0.01) and higher levels (+ 1 SD; 
b = 1.136, t = 1.841, p > 0.01).

Discussion

The current study examined how impulsivity and PTSD 
symptoms may influence the relations between ACEs and 
binge drinking in the NCANDA sample. While links have 
been reported between ACEs and high-risk alcohol use (e.g., 
Dube et al., 2002; Felitti et al., 1998), much of this research 
has been retrospective (e.g., Felitti et al., 1998) or cross-sec-
tional with adult participants (e.g., Fang & McNeil, 2017). 
The present prospective study found that for adolescents 
and young adults who were in the no/low drinking group 
(determined by baseline level of alcohol use), PTSD symp-
toms were related to higher rates of binge drinking. There 
was also some evidence that for youth in the no/low drink-
ing group, impulsivity moderated the relationship between 
PTSD symptoms and binge drinking. These findings were 
not observed in the exceeds-threshold drinking group. Given 
that most of the sample was in the no/low drinking group, 
understanding the role of impulsivity for youth in this group 
could help with binge drinking prevention efforts. The impli-
cations of these results should also be understood in the con-
text of the three study hypotheses.

We first tested the hypothesis that impulsivity strength-
ens the relationship between ACEs and binge drinking. The 
present study’s results did not find significant interactions 
between impulsivity as a moderator in the relationship 
between ACEs and adolescent binge drinking in either group 
(i.e., no/low and exceeds-threshold drinking groups). Adult 
studies examining ACEs, impulsivity, and binge drinking 
are mixed (Kirsch et al., 2020). Some report that impulsivity 
moderates the relationship between ACEs and binge drink-
ing (Shin et al., 2015, 2018). Others have results similar to 
the present adolescent and young adult study (Skeer et al., 
2009). Given the variation among current and prior research, 
how impulsivity is measured may be important to consider 
in future studies.

Different facets of impulsivity (i.e., premeditation, sensa-
tion seeking, negative urgency, and positive urgency) may 
contribute to varying results for impulsivity, ACEs, and 
binge drinking. For example, some studies have indicated 
that negative urgency (i.e., impulsive actions functioning 
to relieve negative emotions) may be a predictor of alcohol 
problems (Bø et al., 2016; Coskunpinar et al., 2013), espe-
cially among youth with ACEs (Shin et al., 2018; Wardell 
et al., 2016). It has also been posited that delayed discount-
ing, as measured in the present study, may also be an indica-
tor of negative urgency (Steward et al., 2017), while others 
suggest premeditation (Secades-Villa et al., 2016) or reward 

processing (Madden et al., 2010). Future studies may ben-
efit from determining the facets of impulsivity involved in 
delayed discounting and examining these facets with binge 
drinking behavior.

In examining our second and third hypotheses, we found 
support for the role of impulsivity symptoms in understand-
ing binge drinking in adolescents. In hypothesis two, we 
found that the relationship between PTSD symptoms and 
binge drinking differed according to impulsivity in three 
of the eight delayed discounting conditions (i.e., all except 
the $100 1-day and $1000 6-month conditions). These find-
ings suggest impulsivity could be a worthwhile target in 
binge drinking prevention, particularly for teens with PTSD 
symptoms.

In hypothesis three, PTSD symptoms were examined as a 
moderator between ACEs and binge drinking. We found that 
PTSD symptoms significantly strengthened the relationship 
between ACEs and binge drinking for the no/low drinking 
group but not for the exceeds-threshold group. The simple 
slopes analyses for the no/low drinking group found that 
only the low levels of PTSD symptoms (i.e., not moderate 
or high) significantly strengthen the positive relationship 
between ACEs and binge drinking. While not statistically 
significant, the slopes for the moderate and high levels of 
PTSD symptoms were also in the positive direction. Given 
the overall pattern of results, moderate or high levels of 
PTSD may still play a role in the relations between ACEs 
and binge drinking that was not captured in the present 
analyses. At moderate to higher levels of PTSD symptoms, 
a complete PTSD diagnosis or other trauma-related disor-
der (e.g., mood or anxiety disorders) may be more strongly 
related to ACEs than binge drinking. Overall, the findings 
from hypotheses 2 and 3 align with research suggesting that 
PTSD symptoms are more likely to confer vulnerability to 
ACE-related consequences (i.e., SUDs, depression, anxiety, 
executive function deficits) than the ACEs themselves (e.g., 
Cole et al., 2019; De Bellis, 2001; De Bellis et al., 2020; 
Jaycox et al., 2004; Kirsch et al., 2020).

Moreover, the results presented here support prior find-
ings regarding the relations between impulsivity and binge 
drinking. Previous research has noted that impulsivity 
alone is a salient risk factor for adolescent binge drinking 
(Lejuez et al., 2010; Shin et al., 2012; Townshend et al., 
2014). Retrospective reports of higher impulsivity in child-
hood were associated with more co-occurring PTSD symp-
toms and binge drinking behaviors in adulthood (Walker 
et al., 2018). The present results add to prior research by 
presenting data collected over a four-year timespan. Youth 
in the no/low drinking group at baseline were more likely 
to transition to binge drinking at year 4 if they had experi-
enced PTSD symptoms at year 2. Furthermore, our results 
suggested that PTSD symptoms increase the risk for later 
binge drinking even when the symptoms are not high.
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While the study has many strengths, including a pro-
spective adolescent and young adult sample, it also has 
limitations that should be discussed. One limitation is the 
relatively small sample in the exceeds-threshold drinking 
group. A major focus of NCANDA is examining the onset 
of alcohol use in adolescence. Most NCANDA partici-
pants had to meet the criteria of no to low drinking habits 
to be enrolled in the study. This design is a strength of 
NCANDA because it facilitates measuring the onset of 
drinking. However, having a comparatively small exceeds-
threshold drinking group was a limitation for the compari-
sons in the present study. Previous studies have demon-
strated the contrast in developmental trajectories between 
the no/low drinking and exceeds-threshold groups, high-
lighting the importance of analyzing data from these two 
groups separately. Specifically, previous studies have 
demonstrated that participants in the exceeds-threshold 
group had significantly smaller total, frontal, and temporal 
cortical volumes and thinner total, frontal, temporal, and 
cingulate cortices than those in the no/low drinking group 
(Pfefferbaum et al., 2016).

In addition, it is worth noting that the CTQ was only 
given to participants once (at baseline), and a new measure 
of ACEs was added in the second wave. This latter meas-
ure was not available for the present study. As a result, 
there is a possibility that participants under the age of 
18 experienced additional ACEs that were unaccounted 
for in the present study. Last, participants in the exceeds-
threshold drinking group were older than those in the no/
low drinking group. While the analyses were conducted 
separately for the no/low and exceeds-threshold drinking 
groups, it would be helpful to continue to consider age 
further in future work.

Our results suggest that PTSD symptoms may impact 
binge drinking through neurocognitive pathways such 
as impulsivity measured via delayed discounting. More 
specifically, the risk exists across a spectrum. This risk 
includes youth with lower PTSD symptoms and impulsiv-
ity, who may still be at risk for increased binge drinking 
relative to youth with no PTSD symptoms and minimal 
impulsivity. Adolescence and young adulthood represent a 
critical period in development whereby the effects of binge 
drinking may have lifelong negative consequences, such as 
the development of alcohol use disorder. Understanding 
these relations can inform targeted binge drinking preven-
tion and intervention strategies for adolescents and young 
adults, including the full spectrum of PTSD and impulsive 
symptoms.
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