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1. Introduction

Family history of substance use disorder (SUD) is a major risk factor for adolescent
substance use (Whitesell et al., 2013). Specifically, parental SUD has been linked to SUDs
among adolescents (Thatcher & Clark, 2008). Accordingly, studies have analyzed how
family history of substance use impacts the brain’s reward circuitry, but an obstacle to
interpreting neuroimaging data in addiction is the relative lack of data from youth who have
not initiated drug use.

The existing literature suggests that reward processing is highly related to family history of
substance use (Cservenka, 2016). These studies commonly utilize the Monetary Incentive
Delay task (MID) (Knutson et al., 2000), which measures the expectation and obtainment of
rewards and losses (Casey et al., 2018). Stice and Yokum (2014) found enhanced putamen
activation in substance-naive adolescents who were family-history-positive (FHP) for
substance use relative to family-history-negative (FHN) adolescents. An fMRI study by Yau
et al. (2012) found diminished ventral striatum activation in youth who were FHP for
alcohol use disorder compared to controls. Similarly, Andrews and colleagues (2011) found
less nucleus accumbens activation during reward anticipation in adults FHP for alcohol
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abuse, relative to FHN counterparts. Other studies have found no difference in brain
activation between FHP and FHN participants (Bjork et al., 2008; Mdller et al., 2015).

Thus, previous studies have yielded directionally inconsistent findings. Potential
explanations include variable age ranges, sample sizes, and past participant substance use.
Collectively, these limitations result in significant confounds and supplementary issues with
study comparability. Accordingly, future studies are necessary to clarify the association
between family history and reward processing.

These impediments to our understanding of how family history impacts reward processing
can be uniquely addressed with the design and statistical power afforded in the Adolescent
Brain Cognitive Development (ABCD) Study, a longitudinal study tracking biological and
behavioral development in over 10,000 participants across the US, age 9-10 at enrollment
(Jernigan & Brown, 2018). Functional-neuroimaging data and other data are made available
through the NIMH Data Archive. With these data, we can begin to examine how brain
activation differs in drug-naive children who have, or do not have, a parental history of
substance-use problems.

Here we examined brain activation during a reward-processing task, the MID task, focusing
on a prioriregions of interest (ROIs): the nucleus accumbens (NAcc) (Andrews et al., 2011;
Knutson et al., 2001) and the putamen (Pu) (Stice & Yokum, 2014; Knutson et al., 2000).
We hypothesized that children who were parent-history-positive (PH+) for substance-use
problems would show differential activation in these areas compared to parent-history-
negative (PH-) children. Prior findings suggested that activation could be either greater
(Stice & Yokum, 2014) or smaller (Yau et al., 2012; Andrews et al., 2011).

2. Methods

2.1. Participants

The data were obtained from the ABCD Study, an observational study that recruited 11,874
children at 21 US study sites (Jernigan & Brown, 2018; National Institutes of Health, 2018).
This study follows youth for 10 years, conducting neurocognitive, genetic, and
environmental assessments every yearly and mid-year follow-up (Jernigan & Brown, 2018;
National Institutes of Health, 2020; Adolescent Brain Cognitive Development Study, n.d.b).

2.2. Measures

Family History Classification—The Family History Assessment evaluates
psychopathology and substance use within the family (Adolescent Brain Cognitive
Development Study, n.d.a). Biological or adoptive parents are asked whether any biological
relative of their child has had problems due to alcohol and/or drugs. Some examples
provided include marital separation or divorce, alcohol or drug treatment programs, and
others.

The MID task—The MID task (Knutson et al., 2000) is commonly utilized to evaluate
reward activation. The task commences with an incentive cue displayed for 2000
milliseconds (ms). There are five displays a participant can encounter: Win $.20, Win $5,
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Lose $.20, Lose $5, or $0-no money at stake (Casey et al., 2018). This display is succeeded
by an anticipation event presented for 1500-4000 ms and a target presented for 150-500 ms.
During this time, the participant makes a quick response by pressing a button in the scanner.
The next display communicates the result of the trial, and participants win money or avoid
losing money when the response is correct during the target duration. The average reaction
time for large reward trials with positive feedback for runs 1 and 2 of the task was 273.78 ms
(average standard deviation: 34.17 ms). (See supplement for further task information).

2.3. Data Analysis

The data were derived from the publicly available ABCD Study (Data Release 2.0, N =
10,622). 60 total variables were used from the demographic questionnaires, family-history
assessment, and the fMRI MID task. fMRI preprocessing was conducted by ABCD’s
Informatics Center (Hagler et al., 2019). Data for the current analyses were processed with
statsmodels in Python (Seabold & Perktold, 2010). We also excluded fMRI data with null
values (n = 25) and data from Philips Scanners due to post-processing errors in this data
release (n = 1512). Participants with both usable fMRI baseline data from the MID task,
those with and without a family alcohol history (n = 4294), and with and without a family
drug history (n = 5882) were included in the analyses.

For children to be included in the PH+ group for the current analyses, their biological
parents had to report two or more problems with either alcohol (PH+A; n = 741) or other
drugs (PH+D; n = 638). This criterion was adapted from the clinical manual for the National
Consortium on Alcohol and Neurodevelopment in Adolescence Study (NCANDA), based on
the Collaborative Study on the Genetics of Alcoholism (Rice et al., 1995).

Children who were PH- for alcohol (PH-A) and other drugs (PH-D) were matched to the PH
+A children and PH+D children respectively (n = 699 matched those with alcohol histories,
615 matched those with histories with other drugs) based on race/ethnicity, sex assigned at
birth, family income, age, parental education, and parental marital status (Supplemental
material, Table 1; Table 2). Matching was intended to provide similar sample distributions
and to reduce confounding (Rose & van der Laan, 2009). Additionally, participants’ sex was
controlled to rule out potential sex differences in reward processing (Warthen et al., 2020).

Group differences in task-related activation during the anticipation of large rewards for the
four ROIs (left/right NAcc; left/right Pu) were assessed in four separate ANOVAs in Python
with Group as the only predictor. Analyses were conducted for both the alcohol and drug
groups (eight ANOVA s total) to evaluate disparities between the PH+ and PH- groups within
the alcohol and other drug categories. Brain activity within the ROIs were measured via
mean beta weights, and ROIs were taken from FreeSurfer 5.3 (Hagler et al., 2019). Bayesian
inference was also used to evaluate the evidence in favor of the null and alternative
hypotheses. We used a simple method (Faulkenberry, 2018) to compute the Bayes factor
from the ANOVA results. This approach builds upon the work of Masson (2011) and
computes the Bayes factor from the Bayes Information Criterion. Importantly, this approach
is consistent with the unit information prior (i.e. a normal distribution gathered at the effect
size value of the data and continuing over the distribution of the data). A normal prior seems
appropriate for data modeled with ANOVA, and it is appropriate to not put much prior
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probability outside this range (Raftery, 1999). Exploratory analyses during the anticipation
of large losses, small losses, and small rewards in the ROIs were also conducted
(Supplemental material, Table 3; Table 4).

3. Results

During the anticipation of large-reward trials, PH+A children showed greater activation than
PH-A children in the right NAcc, A1,1440) = 3.92, p=.048, Cohen d =.11 (CI95 .00-.20)
(Figure 1). [The estimated Bayes factor (null/alternative) suggested that the data were 5.34.1
in favor of the null hypothesis, or rather, 5.34 times more likely to occur under a model
without including an effect of parental history of alcohol problems, rather than a model with
it.] Activation did not significantly differ between the groups for the left NAcc, A1,1440) =
1.16, p= .28, Cohen d = .06 (CI95 -.04 to .16); right Pu, A1,1440) = 2.25, p= .13, Cohen d
=.08 (C195 -.02 to .18); or left Pu, A1,1440) = 0.49, p= .49, Cohen d = .04 (CI95 -.06 .14)
(Figure 1).

During large-reward trial anticipation, PH+D children showed greater activation than PH-D
children in the left Pu, A1,1253) = 4.25, p=.039, Cohen d = .11 (CI95 -.01-.21) (Figure 2).
[The estimated Bayes factor (null/alternative) suggested that the data were 4.22:1 in favor of
the null hypothesis, or rather, 4.22 times more likely to occur under a model without
including an effect of parental history of drug problems, rather than a model with it.] For
each of the other three ROIs, the activation was not statistically significant: right Pu,
A1,1253) = 3.22, p=.07, Cohen d = .10 (CI95 -.01 to .21); left NAcc, A1,1253) = 1.36, p
=.24, Cohen d = .07 (CI95 -.05 to .17); right NAcc, A1,1253) < 0.001, p>.99, Cohen d
=.0007 (CI95 -.09 to .13) (Figure 2).

4. Discussion

This study examined neural correlates of reward processing among pre-adolescents whose
parents did or did not have histories of substance use. We hypothesized that PH+ youth
would show differential NAcc and Pu activation relative to PH- youth. Youth with a parental
history of alcohol problems showed greater right NAcc activation during the anticipation of
large rewards. In contrast, participants who were PH+ for drug problems showed enhanced
left Pu activation during the anticipation of large rewards. Bayesian analyses showed
moderate evidence (BF > 3) in favor of the null hypothesis.

These findings suggest that parental substance use history may negligibly influence
adolescent reward processing. These alterations can arise from several factors, including
genetic and environmental factors (Meyers & Dick, 2010). One particular factor is parenting
style, in which the prevalence of child neglect is higher among children with parents with
substance-use problems (Kirisci et al., 2001). Another is risk variants in the genomic pool,
such as addiction risk variants in dopaminergic receptors important for drug reward
processing (Ducci & Goldman, 2012). However, given the positive evidence in support of
the null hypothesis in the current analyses, these factors appear to confer little impact on
reward processing among substance-naive youth.
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No previous study, as far as the researchers are aware, demonstrates that parental history of
substance use is associated with monetary reward processing in substance-naive children
entering early adolescence. The results partly align with prior evidence of enhanced activity
in the Pu among FHP youth relative to FHN youth (Stice & Yokum, 2014). However, our
results largely differ from previous work. Whereas our findings demonstrate a small effect
size of enhanced NAcc activation in youth who were PH+ for alcohol problems, previous
studies found diminished NAcc activity (Yau et al., 2012; Andrews et al., 2011) or no
difference in NAcc activation (Bjork et al., 2008; Mller et al., 2015) among FHP
participants. The differing findings may stem in part from our focus on a younger sample
than prior studies.

There are several limitations of this work that will be important to address in future studies.
The study does not address the mechanism by which a parental history of substance use may
confer risk via alterations in reward processing and cannot rule out potential confounds, such
as prenatal exposure. Given this and the low effect sizes found, which serve as a further
limitation, future studies should investigate the effects of genetic risk and in utero exposure
on reward processing in substance-naive adolescents, which cannot be disentangled from
this study. Additionally, the lack of p-value adjustment in this work is an additional
limitation, potentially causing alpha error growth. Interpreting p-values near the 0.05
significance threshold in high-powered designs may result in erroneous claims of evidence
for hypotheses with little to no meaningful significance, resulting in misleading study
conclusions (Lin et al., 2013). Furthermore, generating a stratified sample among the PH-
participants, although executed to address unbalanced sample sizes, may result in diverging
results if the analyses are re-conducted.

Future studies utilizing ABCD Study data should also consider evaluating the impact of peer
influence on reward processing, given prior evidence that peer contexts can increase neural
activity during reward processing (Smith et al., 2018). Additionally, investigations of
connectivity will help elucidate more nuanced effects of family history on pre-adolescent
reward processing. Prior work suggests alterations in functional networks implicated in
substance abuse among individuals with a family history of substance abuse (Just et al.,
2019).

Ultimately, findings from this study suggest that pre-adolescents with a parent history of
substance abuse show small alterations in reward neurocircuitry. Still, these findings
highlight the utility of studying substance-naive youth, a population that has been
understudied. Future research that addresses the impact of parental substance use and
delineates mechanisms that underlie risk to adolescents may ultimately inform approaches to
prevention or intervention for PH+ individuals, which could promote normative brain
development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. More accumbens activity was found in youth with a parent history of alcohol
abuse.
. Greater putamen activity was found among youth with a parent history of
drug abuse.
. Parent history for substance problems appears to impact reward system
activity.
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Monetary Incentive Delay (MID) Task Nucleus Accumbens (NAcc; top) and Putamen (Pu)
activation: Anticipation of Large Rewards versus Neutral Response. An analysis of variance
showed more right NAcc activation among PH+A subjects compared to their PH-A peers.
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Figure 2.
Monetary Incentive Delay (MID) Task Nucleus Accumbens (NAcc; top) and Putamen (Pu)

activation: Anticipation of Large Rewards versus Neutral Response. An analysis of variance
showed enhanced left Pu activation among PH+D youth relative to PH-D youth.
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