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RESEARCH ARTICLE                                         
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and cannabis use initiation
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dDepartment of Neuroscience, Yale University School of Medicine, New Haven, CT, USA; eConnecticut Mental Health Center, 
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ABSTRACT 
Objective: Negative life events (NLEs), e.g., poor academic performance (controllable) or being 
the victim of a crime (uncontrollable), can profoundly affect the trajectory of one’s life. Yet, their 
impact on how the brain develops is still not well understood. This investigation examined the 
National Consortium on Alcohol and Neurodevelopment in Adolescence (NCANDA) dataset for 
the impact of NLEs on the initiation of alcohol and cannabis use, as well as underlying neural 
mechanisms.
Methods: This study evaluated the impact of controllable and uncontrollable NLEs on substance 
use initiation in 207 youth who initiated alcohol use, 168 who initiated cannabis use, and com-
pared it to 128 youth who remained substance-naïve, using generalised linear regression mod-
els. Mediation analyses were conducted to determine neural pathways of NLE impacting 
substance use trajectories.
Results: Dose-response relationships between controllable NLEs and substance use initiation 
were observed. Having one controllable NLE increased the odds of alcohol initiation by 50% 
(95%CI [1.18, 1.93]) and cannabis initiation by 73% (95%CI [1.36, 2.24]), respectively. Greater cor-
tical thickness in left banks of the superior temporal sulcus mediated effects of controllable 
NLEs on alcohol and cannabis initiations. Greater left caudate gray-matter volumes mediated 
effects of controllable NLEs on cannabis initiation.
Conclusions: Controllable but not uncontrollable NLEs increased the odds of alcohol and canna-
bis initiation. Moreover, those individuals with less mature brain structures at the time of the 
NLEs experienced a greater impact of NLEs on subsequent initiation of alcohol or cannabis 
use. Targeting youth experiencing controllable NLEs may help mitigate alcohol and cannabis 
initiation.
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Introduction

Adolescence marks a critical period of increased vul-
nerability to addictions involving substances including 
alcohol and cannabis (Crews et al. 2007). Early initi-
ation of substance use (SU) has been associated with 
the subsequent development of problematic SU 
(Crews et al. 2007; Jordan and Andersen 2017; Gray 
and Squeglia 2018) and other mental concerns (Swahn 
et al. 2012; Bagot et al. 2015). This study focused on ini-
tiating SU before age 21, i.e., before legal drinking age, 
which poses a significant risk factor for developing 

lifetime SU disorders (Feinstein et al. 2012; Jordan and 
Andersen 2017). Additionally, the likelihood of having 
lifetime SU disorders decreases by 4–5% for each year 
of delaying in SU initiation for adolescents aged 
13–21 years (Jordan and Andersen 2017). Therefore, there 
is a need to identify modifiable risk factors for early initi-
ation of SU that could be targeted in preventative 
interventions.

Among risk factors for early SU initiation, negative 
life events (NLEs) have been linked to SU and other 
mental problems (Veenstra et al. 2006; Hyman and 
Sinha 2009; Low et al. 2012; Christensen et al. 2022). 
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NLEs include various stressful occurrences and can be 
categorised into uncontrollable and controllable 
events (Stern et al. 1982). Uncontrollable NLEs refer to 
events over which an individual has little agency to 
affect its occurrence, such as witnessing or being the 
victim of a crime or assault, parental divorce, or job 
loss. In contrast, controllable NLEs are events over 
which an individual has greater agency to affect its 
occurrence, such as poor academic performance, argu-
ments with parents and/or siblings, and not being 
accepted by peers. Several studies have found associa-
tions between uncontrollable NLEs, either individual 
items or total NLEs, and heavy drinking and/or SU dis-
orders in children and adolescents (Kilpatrick et al. 
2000; Pilowsky et al. 2009; Enoch 2011; Fite et al. 2016; 
Zilberman et al. 2019). However, NLEs/SU-initiation 
associations are less well-understood and few studies 
investigated the impact of NLEs on alcohol initiation 
(Hyman et al. 2006; Rothman et al. 2008). Moreover, 
the impact of NLEs on cannabis initiation remains 
unknown, and no study has compared whether control-
lable and uncontrollable NLEs differentially impact SU 
initiation.

Greater susceptibility to initiating SU during adoles-
cence has been linked to imbalanced development of 
the prefrontal cortex (PFC) and subcortical regions (Casey 
et al. 2008; Steinberg et al. 2008; Hardee et al. 2018). 
Specifically, maturational imbalance or dual-systems mod-
els posit that cortical and subcortical brain areas mature 
at different rates with differential impacts on socioemo-
tional processing (mainly involving subcortical regions) 
relative to cognitive control processing (mainly involving 
the PFC) (Casey et al. 2008). Thus, relative to adults, ado-
lescents are less likely to inhibit impulses related to seek-
ing novelty or sensation, leading to increased risk-taking 
behaviours including SU initiation. Indeed, the PFC and 
some subcortical regions, such as the orbitofrontal cortex, 
caudate, nucleus accumbens, and amygdala, are defined 
as key brain structures in addiction circuits (Koob and 
Volkow 2016). In addition, alcohol and cannabis share 
some commonality in addiction circuits but also involve 
distinct neural alterations [see a recent meta-analysis 
(Klugah-Brown et al. 2020)]. Therefore, it is important to 
investigate whether overlapping and/or distinct brain 
structures may mediate NLEs/SU-initiation associations.

The investigation quantified the associations between 
types of NLEs and initiation of alcohol use (AUI) and can-
nabis use (CUI), and explored brain mediators of such 
associations. Analyses used data from the National 
Consortium on Alcohol and Neurodevelopment in 
Adolescence (NCANDA) (Brown et al. 2015). We hypoth-
esised that both controllable and uncontrollable NLEs 

would relate to AUI and CUI and that overlapping and 
unique brain regions would partially mediate these 
relationships.

Methods

Study design

The longitudinal NCANDA cohort (Brown et al. 2015) 
consists of 831 participants aged 12–21 years at base-
line, with a range of measures including self-reported 
use patterns, types of life events, and neuroimaging 
data at baseline and annual follow-ups. Participants 
with any use of alcohol or cannabis at baseline, initi-
ation of any illicit substance, or initiation of regular 
use of any substance (legal or illegal) before their alco-
hol or cannabis first use were excluded from analyses. 
Throughout this paper, SU refers to the use of alcohol 
or cannabis. Participants who never initiated alcohol 
or cannabis use up through follow-up year four were 
classified as non-using (NU) participants.

A prospective study design was employed. Visit 
time points at which self-reported alcohol or cannabis 
initiation occurred, along with the number of NLEs in 
the past 12 months, were identified for each partici-
pant. Neuroimaging data at the visit before the onset 
of SU were extracted. For NU participants, NLEs were 
extracted after the visit at which their last neuroimag-
ing data were collected. Participants with missing data 
on analysis variables were excluded. Final analyses 
included data from 207 AUI, 168 CUI, and 128 NU 
participants.

MRI preprocessing

The structural imaging data extracted from the 
NCANDA_PUBLIC_3Y_STRUCTURAL_V01 release (Pohl 
et al. 2023a) were pre-processed and quality-controlled 
by the NCANDA team (Pfefferbaum et al. 2018). 
Structural brain features included surface area, thick-
ness, and gray-matter volume (GMV) of 68 cortical 
regions from the Desikan-Killiany atlas (Desikan et al. 
2006) and 17 subcortical GMVs (Zhao et al. 2021, 2022). 
Eight participants with estimated intracranial volumes 
smaller than 100 mm3 were excluded from analyses.

Onset of alcohol and cannabis initiation

SU and other behavioural measures were extracted 
from the NCANDA_PUBLIC_4Y_REDCAP_V01 release 
(Pohl et al. 2023b). Participants were defined as having 
AUI if they had a full drink of alcohol for the first time. 
Having a taste or sip of alcohol was not counted as 
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having initiated alcohol use. Participants were defined 
as having CUI if they had ever tried a puff or more of 
cannabis for the first time. Among 207 AUI and 168 
CUI participants, 100 initiated both alcohol and canna-
bis after their baseline visit. Thirty-six initiated alcohol 
first, 16 cannabis first, and 48 both in the same year. 
On average, the second substance was initiated 8.56 
(68:48) months after the first.

Controllable and uncontrollable NLEs

The 61-item Life Events Questionnaire (LEQ) (Masten 
et al. 1994), collected at each annual visit, measured 
negative, positive, and ambiguous life events. To 
explore dose-response relationships, this study focused 
on the number of endorsed controllable and uncontrol-
lable NLEs in the past 12 months (eFigure 1). Briefly, 
controllable NLEs included 13 events (e.g., breaking up 
with boyfriend/girlfriend, arguments with parents and/ 
or siblings, running away from home, failing a grade, 
poor academic performance, peer non-acceptance, legal 
trouble, and suicidal thoughts), while uncontrollable 
events consisted of 22 items (e.g., death and/or illness 
of family members, familial financial problems, parental 
separation and divorce, parental job loss, arguments 
between family members, and family members devel-
oping severe emotional problems). The LEQ has good 
predictive validity (Segrin 2001).

Statistical analysis

Generalised linear regression models were fitted to 
assess relationships between types of NLEs and sub-
stance initiation. As an exploratory analysis, a two-step 
discovery approach (Zhao and Castellanos 2016) iden-
tified brain mediators of controllable NLEs on SU initi-
ation. In Step 1, an iterative Random Forest (RF) 
algorithm (Basu et al. 2018) was used to select the 
most important brain features for predicting AUI and 
CUI, respectively. The number of brain features to 
retain for Step 2 was determined empirically by identi-
fying the cut-off after which there was a significant 
drop in variable importance scores. RF analyses sug-
gested thickness of the left bank of the superior tem-
poral sulcus (STS) as a common candidate brain 
mediator for AUI and CUI, with left thalamus proper 
GMV as a unique potential mediator for AUI, and left 
caudate GMV for CUI (eFigure 1). In Step 2, causal 
mediation analyses determined the potential media-
ting roles of identified brain features in Step 1. 
Mediation analyses decomposed the total effects of 
NLEs on the outcomes into direct and indirect (i.e., 

mediation) effects with their confidence intervals 
(95%CIs) estimated using the quasi-Bayesian approxi-
mation approach (Imai et al. 2010).

We controlled for age, gender, race/ethnicity, par-
ental highest education level, pubertal stage, scanner 
type, and estimated intracranial volume in all models. 
The Benjamini–Hochberg procedure was used to con-
trol for a False Discovery Rate (FDR) at the 0.05 level. 
Adjusted p-values were reported unless specifically 
noted. All analyses were performed in R (V4.1.2).

Results

Group differences in demographic characteristics 
and NLEs

Both AUI and CUI groups did not differ from NU partici-
pants (Table 1) on basic demographics (e.g., age, gen-
der, parental education) except that both AUI and CUI 
groups had more White participants, and the AUI group 
had more participants from high-income families (i.e., 
�$100,000). The family income and AUI association 
could possibly be explained by financial resources avail-
able for drug purchasing in the high-income families. 
This finding supports the view from a recent large-scale 
study that increases in real alcohol prices could lead to 
delayed AUI (Paraje et al. 2021).

eFigure 2 shows the distribution of controllable and 
uncontrollable NLEs. Both AUI (b ¼ 0:43, p-value ¼
0.002) and CUI (b ¼ 0:67, p-value < 0.001) groups 
reported a higher mean number of controllable NLEs 
than NU participants. However, the mean numbers of 
uncontrollable NLEs in NU participants did not differ 
from those in the AUI (b ¼ 0:22, p-value ¼ 0.121) and 
CUI (b ¼ 0:22, p-value ¼ 0.121) groups. Item-level 
information on controllable NLEs is included in 
eFigure 3.

Controllable NLEs link to initiating alcohol and 
cannabis use

Controllable NLEs increased odds of AUI (b ¼ 0:39, SE ¼
0.12, p-value ¼ 0.004) and CUI (b ¼ 0:52, SE ¼ 0.12, 
p-value < 0.001). eFigure 4 shows having one control-
lable NLE increased the odds of AUI by 48% (95%CI 
[1.17, 1.89]) and CUI by 69% (95%CI [1.34, 2.17]), respect-
ively. Having two and three controllable NLEs in the past 
12 months increased the odds by 118 and 224% for AUI 
and 185 and 381% for CUI, respectively. In contrast, 
uncontrollable NLEs were not associated (unadjusted 
p-value ¼ 0.051) with AUI (b ¼ 0:25, SE ¼ 0.13, p-value 
¼ 0.103) or CUI (b ¼ 0:27, SE ¼ 0.14, p-value ¼ 0.103).
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Association among controllable NLEs, brain 
mediators, and onset of substance use

Cortical thickness in the left banks of the STS mediated 
the effects of controllable NLEs on SU initiation 
(Figure 1). Having one controllable NLE was associated 
with an increase in cortical thickness by 0.026 mm 
(b ¼ 0:026, SE ¼ 0.011, p-value ¼ 0.028; Figure 1(A)) in 
the AUI sample and by 0.032 mm (b ¼ 0:032, SE ¼
0.011, p-value ¼ 0.016; Figure 1(B)) in the CUI sample. 
Moreover, controlling for the effect of the exposure, 
increasing cortical thickness in left banks of the STS by 
0.026 mm (i.e., corresponding to having one controllable 
NLE) increased the odds of AUI by 5.8% (b ¼ 2:169, SE 
¼ 0.628, p-value ¼ 0.002; Figure 1(A)) and CUI by 5.5% 
(b ¼ 2:046, SE ¼ 0.615, p-value ¼ 0.002; Figure 1(B)), 
respectively. In addition, in the CUI sample, an increase 
in controllable NLEs by one event was associated with a 
0.06 cm3 increase in left caudate GMV (b ¼ 0:06, SE ¼
0.021, p-value ¼ 0.016; Figure 1(C)). While controlling for 
exposure, a 0.06 cm3 increase in left caudate gray-matter 
volume was associated with increasing the odds of CUI 
by 5.3% (b ¼ 0:864, SE ¼ 0.340, p-value ¼ 0.011; 
Figure 1(C)).

Left banks of the STS thickness partially mediated the 
effects of controllable NLEs on both AUI (indirect effect 
¼ 0.031, 95% CI: (0.005, 0.066), p-value ¼ 0.04, propor-
tion mediated:13.1%, Figure 1(A)) and CUI (indirect 
effect ¼ 0.035, 95% CI: (0.008, 0.072), p-value ¼ 0.02, 

proportion mediated:11.0%, Figure 1(B)). Additionally, left 
caudate GMV mediated the effect of controllable NLEs 
on CUI (indirect effect ¼ 0.028, 95% CI: (0.004, 0.062), 
p-value ¼ 0.04, proportion mediated:8.7%, Figure 1(C)). 
Taken together, findings suggest children and adoles-
cents with less mature brains in the left banks of STS 
and/or caudate are at increased risk of initiating SU in 
response to controllable NLEs.

Discussion

This investigation examined relationships between 
types of NLEs and SU initiation and explored brain 
structural mediators. Our findings partially supported 
hypotheses and showed that controllable, but not 
uncontrollable, NLEs were associated with AUI and 
CUI. Moreover, mediation analyses suggest that indi-
viduals with less mature brain structures at the time 
of the NLEs in regions involved in social brain net-
works (left banks of the STS) and impulsivity and other 
cognitive functions (left caudate) might be at greater 
risk for SU initiation.

Controllable NLEs as a modifiable risk factor for 
AUI and CUI

Prior research has assessed the impacts of total or 
uncontrollable NLEs on SU problems including heavy 

Table 1. Demographic characteristics of the study sample.
Variables NU AUI CUI

Sample size, n 128 207 168
Age at imaging collection, mean (SD) 16.41 (1.74) 16.36 (1.73) 16.43 (1.49)
Onset age – 17.14 (1.71) 17.17 (1.50)
Gender (female), No. (%) 68 (53) 101 (49) 86 (51)
Race, No. (%)�

White 81 (63) 169 (82) 129 (77)
Black 23 (18) 15 (7) 17 (10)
Other 24 (19) 23 (11) 22 (13)

Family income, No. (%)�

<$35,000 22 (17) 10 (5) 12 (7)
$35,000–$99,999 41 (32) 63 (31) 44 (27)
�$100,000 64 (50) 129 (64) 108 (66)

Parental education, No. (%)
�12 years 13 (10) 7 (3) 9 (5)
13–16 years 49 (38) 85 (41) 72 (43)
�17 years 66 (52) 115 (56) 87 (52)

Parental marital status (Yes), No. (%) 93 (73) 166 (80) 130 (77)
Number of controllable NLEs, No. (%)�

0 67 (52) 73 (35) 50 (30)
1 38 (30) 63 (31) 49 (29)
�2 23 (18) 71 (34) 69 (41)

Number of uncontrollable NLEs, No. (%)
0 77 (60) 119 (58) 94 (56)
1 36 (28) 50 (24) 47 (28)
�2 15 (12) 38 (18) 27 (16)

AUI: alcohol use initiation; CUI: cannabis use initiation; NLEs: negative life events; NU: non-using; SD: standard deviation.
Onset age: self-reported age at substance use initiation; available only for AUI and CUI.
�p< 0.05.
Compared to the NU group, the AUI group had more White participants; both AUI and CUI groups had more participants 
from high income families (�$100k) and more controllable NLEs than NUs.
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drinking and SU disorders (Kilpatrick et al. 2000; 
Hyman et al. 2006; McBride et al. 2009; Pilowsky et al. 
2009; Enoch 2011; Fite et al. 2016; Zilberman et al. 
2019; Schmaling et al. 2020). Only limited retrospect-
ive studies have explored the negative impacts of 
uncontrollable NLEs (e.g., childhood emotional abuse) 
on onset (Rothman et al. 2008) and onset age of 

alcohol use (Hyman et al. 2006). This investigation sep-
arated controllable from uncontrollable NLEs and 
established a dose-response relationship between con-
trollable, but not uncontrollable, NLEs and early initi-
ation of alcohol and cannabis use. This indicates that 
controllable NLEs may be more critical than uncontrol-
lable NLEs in impacting SU initiation, thus highlighting 

Figure 1. Mediation analysis shows how brain features explain relationships between controllable NLEs and initiation of alcohol 
and cannabis, respectively. Potential confounding effects due to age, gender, race/ethnicity, parental highest education level, 
pubertal stage, scanner type, and estimated intracrine volume were controlled in the mediation analyses. Cortical thickness of the 
left banks of the superior temporal sulcus mediates the effects of controllable NLEs on initiations of alcohol (A) and cannabis (B) 
use, respectively, (C) left caudate gray-matter volume mediates the effect of controllable NLEs on initiation of cannabis use. The 
figure includes the following regression coefficients: (1) the effects of controllable NLEs on each brain mediator; (2) the effects of 
brain mediators on initiation of alcohol and cannabis first use when adjusting for controllable NLEs; (3) the direct and indirect 
associations along with the 95%CIs between controllable NLEs and the onset of alcohol or cannabis use, respectively. �p< 0.05. 
��p< 0.001. The right column shows the location of each corresponding brain region. Note, NLEs and substance initiation data 
were collected at the same visit. While brain feature measures were collected at the visit before substance initiation, therefore, 
brain immaturity should be regarded as a pre-existing condition in the mediation analyses.
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an important but arguably overlooked role of control-
lable NLEs. Unlike uncontrollable NLEs (e.g., sexual 
assault, death of close ones), controllable NLEs repre-
sents a modifiable risk factor, as the occurrences of 
controllable NLEs (e.g., arguments with parents or sib-
lings, poor academic performance) may be controlled 
and preventable. Moreover, controllable NLEs are 
closely related to individual’s behaviours and may 
occur more frequently during adolescence (Jhang 
2020). The observation that controllable events may 
have a bigger impact on a person’s substance use tra-
jectory may be because they can create a sense of 
personal responsibility or accountability. When a nega-
tive outcome is perceived as being within a person’s 
control, they may feel a strong sense of guilt or regret 
for not making different choices. This can lead to feel-
ings of failure, low self-esteem, and negative self-per-
ceptions. Furthermore, the sense of control over one’s 
life is an important aspect of a person’s sense of well- 
being, so any perceived loss of control can have a sig-
nificant impact. On the other hand, uncontrollable 
events are often seen as random or outside of a per-
son’s control, which can reduce feelings of guilt or 
responsibility and mitigate their impact on a person’s 
life. Taken together, focusing on these psychological 
processes might be an important target for preventing 
youth alcohol and substance use initiation.

Brain maturity in social-brain-network regions 
partially mediates effects of controllable NLEs

The underlying processes involved in NLE/SU-initiation 
relationships remain unclear; however, our results pro-
vide some evidence that social cognition could con-
tribute significantly. Specifically, adolescents are more 
sensitive than children to acceptance and rejection by 
their peers and others (Blakemore 2008), and this 
period is important for social competence develop-
ment. Four of the five most endorsed NLEs are social 
in nature (eFigure 1), including breaking up with boy-
friend/girlfriend, having too many arguments with sib-
lings, having too many arguments with parents, and 
not getting into a group/activity in which he/she 
wanted to participate. The fifth item, performing 
worse than expected on an important exam/in a 
course, might also be related to social skills, given that 
academic underachievement has been frequently asso-
ciated with more child-parent conflicts, peer shaming, 
and negative social and behavioural skills (Dyck and 
Piek 2010). Longitudinally, more NLEs that are social in 
nature (e.g., personal conflicts) have been associated 
with poorer social skills (Segrin 2001). These findings 

along with the self-change model (Kiecolt 1994) sug-
gest that individuals experiencing controllable NLEs 
may have diminished self-perceived competence and 
poor social skills (Segrin 2001). Consequently, as a 
‘self-coping’ or ‘self-medication’ strategy (Khantzian 
1985), they may choose to use substances over the 
natural rewards of substance-free social interactions to 
experience positive feelings. Mediation analyses also 
provide supporting evidence for the involvement of 
social skills in the impacts of controllable NLEs on SU 
initiation. We found that greater thickness of the left 
banks of the STS and greater left caudate GMV medi-
ated the effects of controllable NLEs on SU initiation. 
Both brain structures play important roles in social 
cognition. Taken together, the nature of the NLE and 
the brain structures mediating associations between 
NLE and SU initiation are consistent with the notion 
that altered social cognition (e.g., exaggerated 
response to acceptance or rejection) may contribute 
to early-onset SU in these participants.

First, the STS bank is a region exhibiting robust 
changes in cortical thickness during adolescence 
(Modabbernia et al. 2021) and is located mainly in 
posterior STS (eFigure 3). The posterior STS is a key 
component in the social brain network (Blakemore 
2008) implicated in social cognition including lan-
guage comprehension and social processing 
(Beauchamp 2015). This region processes information 
about the nature of social interactions (Isik et al. 
2017), is involved in simulating the mental processes 
of others (Beauchamp 2015), and responds to learning 
from romantic interest and rejection (Cooper et al. 
2014). Although the posterior STS has been mainly 
studied in social cognition research, there is an 
increasing understanding of functional specialisation 
within the STS for different social tasks (Beauchamp 
2015). The left posterior STS has been associated with 
addictive behaviours, such as internet gaming disorder 
(Lee et al. 2020) and cue-induced craving in recently 
abstinent patients with alcohol use disorder 
(Schneider et al. 2001). Thus, it is conceivable that 
brain immaturity in the banks of the STS may be 
linked to poor social processing skills in children and 
adolescents who are experiencing controllable NLEs, 
rendering them more vulnerable to risk behaviours.

Second, the role of caudate nucleus in addictions 
has been well documented (Koob and Volkow 2010), 
and its link to social intelligence has emerged. The 
caudate is an information hub that receives axons 
from nearly all parts of the cortex apart from primary 
visual, auditory, and olfactory cortices (Grahn et al. 
2008). Increasing evidence supports the contribution 
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of the caudate to goal-directed learning and incentive 
motivation (see Grahn et al. 2008 and references 
therein). The caudate may also play a causal role in 
decision-making that balances internal reward and 
external uncertain visual information (Doi et al. 2020). 
Interestingly, the functional integration between the 
caudate and brain regions involved in the Theory of 
Mind network was recently shown to be positively cor-
related with social intelligence, where social intelli-
gence involves abilities to have effective interpersonal 
interactions (Votinov et al. 2021). Taken together, the 
mediation findings suggest that imbalanced matur-
ation of different brain regions involved in social-infor-
mation processing may mediate the effects of 
controllable NLEs on SU initiation in adolescents.

It is worth noting that the impacts of NLEs on SU 
initiation may also be mediated by other processes 
(e.g., emotional regulation). For example, activation of 
key brain regions including the PFC (along with the 
insula, cingulate, and hypothalamus), hippocampus, 
amygdala, and temporal cortex in response to emo-
tional treatments has been found to mediate the 
effect of NLEs in the development of anxiety or 
depression disorders (Gollier-Briant et al. 2016; Brieant 
et al. 2021). Given that emotional regulation under-
goes considerable maturation in childhood and early- 
to-mid adolescence and is implicated in addictions 
(Arain et al. 2013), it will be important to assess 
whether such processes may also mediate the effects 
of controllable NLEs on SU initiation.

Limitations

Finding interpretations are limited by several factors. 
First, the estimated effect sizes for uncontrollable NLEs/ 
SU-initiations were small (i.e., odds ratio ¼ 1.28 for AUI 
and 1.3 for CUI). Given these effect sizes and the current 
sample sizes (n¼ 335 for AUI and 296 for CUI), post-hoc 
power analyses revealed that our study had �40% 
power to detect a significant uncontrollable NLEs/SU-ini-
tiation association. In fact, one prior study (n¼ 3592) has 
linked uncontrollable NLEs with an increased likelihood 
of initiating alcohol use before age 14 (Rothman et al. 
2008). Therefore, future research on uncontrollable NLEs 
and SU initiation is needed. Second, the data-driven 
approach was used to select brain mediators of control-
lable NLEs. Brain features not identified as top predictors 
in the RF analyses may also mediate the effects of con-
trollable NLEs. Third, the thickness of STS banks as a 
common brain mediator of alcohol and cannabis initi-
ation should be interpreted with caution. Since a large 
portion of the participants (n¼ 100, corresponding to 

48.3% of AUI and 59.5% of CUI) initiated both alcohol 
and cannabis use, further research is warranted. 
Moreover, it is a correlational study by nature, which 
inherently restricts us from making causal inferences. 
Fourth, the psychiatric history of the study sample is 
unclear, which could introduce bias in the analysis of 
the results. Fifth, the study did not measure impulsivity 
or social processing so the interpretation of the results 
regarding these functions is limited. Finally, additional 
factors could contribute to the onset of substance use. 
For example, in certain cultures, the consumption of 
alcohol by children is more common as normal meal- 
time activities. Within these contexts, adolescent-onset 
of alcohol use may be less likely to cause negative 
health consequences (DeWit et al. 2000). Similarly, can-
nabis use may have different underlying motivations. 
Taken together, some adolescents may view their first 
drink or use of cannabis as a positive rewarding event 
personally, not necessarily as an escape from emotional 
and/or social problems. Nonetheless, considerable evi-
dence suggests negative social and mental health conse-
quences of adolescent-onset of cannabis (Meier et al. 
2012; Melchior et al. 2017) and alcohol (DeWit et al. 
2000) use. Therefore, it is important to understand which 
circumstances related to SU initiation are detrimental 
and which are not. Given that negative urgency pro-
spectively statistically predicts greater occurrences of 
controllable NLEs (Liu and Kleiman 2012) and has been 
linked to problematic SU (Kaiser et al. 2012; Um et al. 
2019), we suspect SU initiation induced by NLEs could 
lead to potentially detrimental effects, suggesting the 
need for future research on characterising neural mecha-
nisms underlying developmental pathways from nega-
tive urgency to NLEs and subsequent problematic SU.

Conclusion

In conclusion, this investigation showed that control-
lable, but not uncontrollable, NLEs were associated 
with substance initiation in adolescents. Moreover, 
mediation analyses suggested an important role for 
the banks of the STS and caudate in exerting the 
effects of controllable NLEs on substance initiation, 
pointing towards immature social processing as a 
potential target. Future investigation is to examine 
these relationships longitudinally in larger cohorts.
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