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ABSTRACT
BACKGROUND: Previous investigations that have examined associations between family history (FH) of alcohol/
substance use and adolescent brain development have been primarily cross-sectional. Here, leveraging a large
population-based sample of youths, we characterized frontal cortical trajectories among 9- to 13-year-olds with
(FH1) versus without (FH2) an FH and examined sex as a potential moderator.
METHODS: We used data from 9710 participants in the Adolescent Brain Cognitive Development (ABCD) Study
(release 4.0). FH1 was defined as having $1 biological parents and/or $2 biological grandparents with a history of
alcohol/substance use problems (n = 2433). Our primary outcome was frontal cortical structural measures obtained at
baseline (ages 9–11) and year 2 follow-up (ages 11–13). We used linear mixed-effects models to examine the extent to
which FH status qualified frontal cortical development over the age span studied. Finally, we ran additional
interactions with sex to test whether observed associations between FH and cortical development differed
significantly between sexes.
RESULTS: For FH1 (vs. FH2) youths, we observed increased cortical thinning from 9 to 13 years across the frontal
cortex as a whole. When we probed for sex differences, we observed significant declines in frontal cortical thickness
among boys but not girls from ages 9 to 13 years. No associations were observed between FH and frontal cortical
surface area or volume.
CONCLUSIONS: Having a FH1 is associated with more rapid thinning of the frontal cortex across ages 9 to 13, with
this effect driven primarily by male participants. Future studies will need to test whether the observed pattern of
accelerated thinning predicts future substance use outcomes.

https://doi.org/10.1016/j.bpsgos.2023.100284
Having a family history of alcohol and/or substance use (FH1)
is a recognized risk factor for substance initiation, misuse, and
the development of alcohol and substance use disorders in
youths (1–6). Family history may increase risk for substance
use and misuse via a number of overlapping mechanisms,
including genetic propensity, increased substance availability,
substance-related life disruptions, and negative parenting roles
or behaviors (4,5,7–11).

Having a positive FH has been associated with altered brain
development, particularly of the prefrontal cortex (7,8,12–17).
For example, previous cross-sectional studies have shown
that FH1 children (ages 9–10 years) had lower whole-brain
mean cortical thickness, including thinner cortices in the left
precentral and paracentral lobules, and greater cortical area in
the right precentral lobule than children without an FH (FH2)
(7). FH1 adolescents exhibited thinner frontal cortices,
including the pars triangularis aspect of the inferior frontal
ª 2024 THE AUTHORS. Published by Elsevie
open access article under the CC BY-NC-
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gyrus as well as the lateral and medial orbital frontal cortices
(8). However, differences in orbital frontal cortical volume were
not observed in adolescents aged 12 to 14 years when FH1
and FH2 individuals were compared (16). Other studies have
shown that FH1 individuals exhibit worse executive func-
tioning and higher impulsivity levels than FH2 individuals,
which could reflect underlying differences in frontal brain
structures (8,13,17–21) and contribute to future substance use
and misuse (20–27).

The above inconsistencies may be a function of the
studies largely being cross-sectional (7–9,12,28,29), with
wide age ranges of the children studied [e.g., 13–18 years (8)
or 9–23 years (29)], varying degrees of alcohol use among the
offspring (12) (which can itself disrupt cortical development
and thus serve as a confounder) (30), and small and/or
nonrepresentative samples (12,31). Furthermore, because many
of the above studies did not specifically control for maternal
r Inc on behalf of the Society of Biological Psychiatry. This is an
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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prenatal use and pubertal development, the overall effects
of FH may be partially confounded by the direct in utero
effects of prenatal exposure or differences in pubertal stages
(32–35).

Perhaps most importantly, cross-sectional studies are
unable to examine potential ties between FH1 and within-
participant change in brain structure over time. This point is
particularly relevant during periadolescence, when there is
rapid maturing of the key frontal circuits that govern executive
functioning and reward behaviors (36–44). Multiple processes
play a role in the maturation of the frontal cortex during
adolescence. Mechanisms such as dendritic development,
synaptic pruning, change in glial cell density, and myelination
likely contribute to magnetic resonance imaging (MRI)–
assessed thinning of the frontal cortex (36–44). Additionally,
different study designs (cross-sectional vs. longitudinal) can
interfere and underestimate age-related brain changes, as
reported in a recent study in which different statistical
methods were compared using large neuroimage datasets
(45). In addition, recent studies have highlighted the benefits
of large samples when examining structural brain trajectories
(31,46). To date, although robust associations between
cognitive functioning, income, and mental health with MRI-
assessed cortical structure have been reported, the exact
neurobiological mechanism that underpins MRI-assessed
trajectories of cortical structures remains understudied
(47–49).

Interestingly, sex assigned at birth (hereafter, “sex”) has not
been fully explored because most structural neuroimaging
studies have not included sex as a covariate in their models
(7,8,12) or have conducted analyses on all-male samples. (9).
Evidence suggests that there may be differences in brain
development and sex (with males presenting larger brain vol-
ume) (40,50,51), differences in rates of alcohol and substance
use and sex (with males presenting higher rates of alcohol and
other substance use than females) (52), and interactions of
frontal cortex, alcohol use, and sex (with declines consistently
demonstrated in prefrontal cortex volume among adolescents
aged 14–21) (53). Furthermore, previous research has already
shown sex-specific transmission of genetic risk factors for
alcohol use disorder (e.g., males seem to be mainly affected by
genetic factors, and females are more influenced by environ-
mental factors) (54). However, little is known about sex differ-
ences in the ways that FH may be associated with different
trajectories of frontal development. Therefore, there is a gap in
our knowledge about how sex could potentially differentially
impact frontal brain trajectories during preadolescent
development.

Longitudinal studies that have examined associations be-
tween FH and frontal neurodevelopment are limited. While
some studies have shown higher impulsivity behavioral tra-
jectories as a function of FH in preadolescents (13,15), to our
knowledge, no study has examined frontal cortical trajectories
among FH1 preadolescents prior to substance use exposure.
In this study, we leveraged the large, diverse, and longitudinal
nature of the Adolescent Brain Cognitive Development (ABCD)
Study cohort to examine the developmental trajectories of the
frontal cortex as a function of FH status before the initiation of
offspring substance use. Specifically, we tested whether hav-
ing a positive FH alters the trajectories of development of
2 Biological Psychiatry: Global Open Science March 2024; 4:-–- www
frontal cortical thickness, surface areas, and gray matter vol-
ume from age 9 to 13; whether these trajectories vary by sex;
and how individual frontal regions contribute to these
trajectories.

METHODS AND MATERIALS

We used the ABCD Study data release 4.0 (https://nda.nih.
gov/abcd) and selected youths with structural MRI measures
who passed quality control (55) and with complete data on
sociodemographic, prenatal exposure, and FH variables at 2
time points (baseline [n = 9710], mean age in years = 9.92,
range = 8.92–11.00; 2-year follow-up [n = 4896], mean age =
11.92, range = 10.58–13.50). We used questions answered by
the parents at baseline, using a modified version of the Family
History Assessment Module Screener (56), to identify in-
dividuals with an FH of substance use–related problems (e.g.,
alcohol/substance use–related separation/divorce, being laid
off/fired related to alcohol/substance use problems, arrests/
driving under the influence, being suspended or expelled from
school 2 or more times, alcohol/substance harming health,
being in an alcohol/substance treatment program, and causing
arguments or being drunk/intoxicated a lot).

FH1 (n = 2433, 25.1%) was defined as having $1 biological
parents and/or $2 biological grandparents with a history of
substance use–related problems. Individuals who had neither
parents nor grandparents with a history of substance use–
related problems were classified as FH2 (n = 5910, 60.9%),
consistent with previous studies including those that have
used ABCD Study data (7,57). Preadolescents who had only
one grandparent with a history of substance problems (n =
1367, 14.1%) (7,57) were not included because these partici-
pants would have a minimal genetic load of previous genera-
tions with FH; however, they could not be classified as having
a FH2. This definition has been used in previous neuroimaging
research (7,57), and it considers a broader representation of
FH (first- and second-degree relatives).

Our outcome variables were surface area, average cortical
thickness, and gray matter volume within 11 frontal regions of
interest (ROIs) (caudal middle frontal, frontal pole, lateral orbital
and medial orbital frontal, paracentral, pars orbitalis, pars
opercularis, pars triangularis, precentral, superior frontal, and
rostral middle frontal), based on the Desikan-Killiany cortical
parcellation atlas (58). All structural neuroimaging processing
was completed according to standardized processing pipe-
lines for the ABCD Study (55). Cortical reconstruction and
volumetric segmentation were performed by the ABCD Data
Analysis, Informatics and Resource Center using the Free-
Surfer image analysis suite (details are described elsewhere)
(59–62).

Statistical Analyses

We ran descriptive analyses of the following baseline variables:
sex (male, female), race (Asian, Black, other/mixed, White),
Hispanic (yes/no), parental marital status (married: yes/no),
household income (#$50,000, .$50,000 and ,$100,000,
$$100,000), any prenatal tobacco exposure (yes/no), any
prenatal alcohol exposure (yes/no), any prenatal cannabis
exposure (yes/no), any prenatal substance (i.e., cocaine, crack,
opioids, other substances) exposure (yes/no), and Child
.sobp.org/GOS
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Behavior Checklist internalizing and externalizing symptoms
using T scores, comparing differences among the 3 distinct
family history groups (FH1, FH2, and only 1 grandparent).

Linear mixed-effects models were chosen as our primary
approach because these models allow using both fixed and
random effects, thereby capturing individual-specific variations
(random effects) in the data while concurrently modeling the
broader trends and relationships (fixed effects). Our primary
analyses consisted of 3 separate models: one for surface area,
another for cortical thickness, and a third model for volume.
The focus of each one of our 3 models was the overall frontal
region, which we represented as a new variable (region). This
approach involved accounting for the simultaneous variation of
individual frontal ROIs, as well as the effects of FH and age,
collectively influencing frontal cortical trajectories.

For example, to evaluate the overall frontal surface area
(dependent variable), first, we standardized (normalized) each
frontal ROI separately (i.e., 11 ROIs, a total of 22 including right
and left hemispheres), and then the dataset was stacked so
that each row represents 1 ROI of 1 participant at 1 time point
(22 rows). A linear mixed model was fit with the triple interac-
tion between the frontal ROIs, age, and FH plus independent
main effects for baseline sociodemographic variables (i.e., sex,
race/ethnicity, parental marital status, household income) as
fixed effects. Given that prenatal exposure has the potential to
interfere with brain development (34,35), we controlled for it
using 4 variables for any prenatal exposure (self-reported
substance use at baseline before and/or after knowledge of
pregnancy) for each substance separately—tobacco, alcohol,
cannabis, and other substances—and we included a time-
varying total intracranial volume as a fixed effect. Random in-
tercepts for family relatedness, MRI scanner device, and
participant ID were included, implying a compound symmetry
covariance structure for the repeated measures. Categorical
variables were parameterized as sum-to-zero contrasts, and
the model effects were assessed with type III sum of squares in
an analysis of deviance table. Estimated marginal means (i.e.,
model-based predicted values) were computed for each factor
combination in the triple interaction and selected age values to
better assess FH and ROI differences at each age; multiplicity
correction for these means comparisons was done using
Tukey’s method. Model diagnostics were carried out with
quantile-quantile plots to evaluate residual and random effects
normality and fitted values against the square root of absolute
standardized residuals plot to assess homoscedasticity.
Finally, we ran separate models without an interaction term
and 2-way interactions (Tables S6, S7) and models using
nesting structure with individuals within families (i.e., 1 | family
relatedness/participant ID).

To probe for potential sex differences, we conducted ana-
lyses exploring sex differences and frontal trajectories that
included all participants because FH was not the primary
exposure in these models (see Table S1 and Figure S1). Next,
we used a 4-way interaction (FH status, age, sex, frontal
cortical regions) in the same 3 main models, adjusting for the
same variables in our main models while including the puberty
development scale (63,64). As we did for the aforementioned
primary models, for sex differences analyses, we ran a model
without interaction terms, with 2-way and 3-way interactions
(see Tables S1–S7).
Biological Psychiatry:
Next, we generated estimated marginal means based on the
full model, running pairwise comparisons for each ROI to
examine differences in specific frontal cortical regions between
FH1 and FH2 individuals at ages 9.9 (mean age at baseline)
and 11.9 years (mean age at the 2-year follow-up) (see
Tables S1–S7). We performed a Bonferroni correction to adjust
for each modality (i.e., surface area, cortical thickness, and
volume), and an alpha of .017 or lower was considered
significant.

We ran exploratory analyses to investigate whether struc-
tural brain development was related to FH in other brain re-
gions. We ran similar models, with outcome variables being the
average cortical thicknesses of parietal, temporal, and occipital
lobes (see Tables S1–S7). In a series of post hoc exploratory
analyses, we first added pubertal stage measures [e.g., the
puberty development scale (63,64)] as a time-varying covari-
ate. Then, as noted above, because prenatal substance
exposure has been associated with atypical cortical develop-
ment (65–67), we removed these variables to probe for po-
tential differences that could be attributed to them. Next, we
ran analyses excluding participants who self-reported alcohol
and/or cannabis use initiation (defined as having 11 standard
drink of alcohol and/or puffing cannabis at the 1-year and/or 2-
year follow-up) and any alcohol and cannabis use including
sipping alcohol to isolate observed effects of FH on neuro-
development from youth substance use (20,68,69). These
sensitivity analyses were run because previous research had
found that 4.1% of the total ABCD sample reported alcohol/
substance use initiation (i.e., $1 standard drink, . puff/taste
cannabis or nicotine, or any other substance use) at the 2-year
follow-up, and 12.7% reported alcohol sipping at the 1-year
follow-up and 12.6% at the 2-year follow-up (70). In addition,
we repeated our primary analyses (linear mixed-effects models
3-way interaction) and sex (4-way interaction) including only
participants with complete MRI data (see Tables S1–S7).
Finally, we examined nonlinear effects of age and frontal
cortical development by modeling age as a quadradic function
in our analyses (i.e., age2). All analyses were conducted using
the lme4 (71) and emmeans (72) packages, and we used ggseg
(73) for visualization and interpretation of our findings in R
version 4.1.3.

RESULTS

Sociodemographic Characteristics

Baseline characteristics are shown in Table 1. Overall,
groups differed by race, ethnicity, parental marital status,
and household income. Lower proportions of individuals who
identified as Asian and parents reporting being married as
well as higher proportions of those reporting a household
income ,$50,000 were seen in the FH1 group. FH1 ado-
lescents had greater prenatal exposure to tobacco, alcohol,
cannabis, and other substances than those in the FH2 group
and greater levels of internalizing and externalizing symp-
tomatology at baseline.

FH, Age, and Frontal Cortex

We first ran models to test whether the effects of age on
average surface area, thickness, or volume might vary as a
Global Open Science March 2024; 4:-–- www.sobp.org/GOS 3
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Table 1. Sociodemographic Characteristics at Baseline According to FH of Alcohol and/or Substance Use–Related Problems
at Baseline, n = 9710

Overall, n = 9710 FH1, n = 2433 FH2, n = 5910 Only 1 Grandparent, n = 1367 p Value

Sex Assigned at Birth, Female 47.9% 49.0% 48.1% 45.0% .052

Race

Asian 2.0% 0.6% 2.8% 0.7% ,.001

Black 13.7% 14.9% 13.9% 10.7%

Other/mixed 16.8% 20.3% 15.4% 16.2%

White 67.6% 64.2% 67.8% 72.4%

Hispanic, Yes 19.0% 21.4% 18.4% 17.3% .002

Parental Marital Status, Married, Yes 70.4% 51.8% 76.8% 76.3% ,.001

Household Income, $

,50,000 28.3% 40.4% 25.2% 20.2% ,.001

$50,000 and ,100,000 43.0% 28.9% 47.8% 47.5%

$100,000 28.7% 30.7% 27.0% 32.3%

Prenatal Exposure to Substances

Tobacco 13.2% 27.9% 7.5% 11.7% ,.001

Alcohol 26.1% 33.0% 21.9% 32.0% ,.001

Cannabis 5.7% 13.3% 2.8% 4.5% ,.001

Drugs (cocaine, crack, opioids, other drugs) 1.8% 5.6% 0.6% 0.3% ,.001

CBCL Internalizing Symptoms 48.49 (10.58) 51.08 (11.13) 47.33 (10.19) 48.84 (10.41) ,.001

CBCL Externalizing Symptoms 45.60 (10.25) 48.78 (11.06) 44.29 (9.69) 45.60 (9.82) ,.001

Values are presented as % or mean (SD). After adjusting for multiple comparisons, an alpha, .017 is considered significant. FH1 refers to$1 biological parents and/or
$2 biological grandparents with history of alcohol/substance use related problems. FH2 refers to no parent or grandparent with history of alcohol/substance use related
problems.

CBCL, Child Behavior Checklist; FH, family history.

Table 2. Association Among FH (FH1 vs. FH2), Age, and
Cortical Frontal Brain Development

Models With a 3-Way
Interaction Terma

Frontal Lobe

Area
p Value

Thickness
p Value

Volume
p Value

FH1 vs. FH2 .40 .013 .54

Age ,.001 ,.001 ,.001

Region (11 Frontal
Parcellations)

,.001 ,.001 ,.001

FH 3 Age .31 .002 .30

FH 3 Region .98 .48 .69

Age 3 Region ,.001 ,.001 ,.001

FH 3 Age 3 Region .98 .21 .62

All the models were adjusted by intracranial volume, and for the following
baseline variables as fixed effects: sex assigned at birth, race/ethnicity, parental
marital status, household income, and prenatal exposure to tobacco, alcohol,
cannabis, and substance use. The models were also adjusted to random effects
of magnetic resonance imaging device, family relationship, and participant ID.
After adjusting for multiple comparisons, an alpha, .017 is considered significant.

FH, family history.
aWe ran 3 models with 3-way interaction term: FH3 age3 region (one for each

of the cortical measures: area, thickness, and volume).

Family History of Substance Use and Brain Development
Biological
Psychiatry:
GOS
function of FH. The results are shown in Table 2, with sig-
nificant age 3 FH interaction terms indicating that frontal
trajectories differed by FH. We found significant interactions
for average frontal cortical thickness (p = .002) but not for
surface area (p = .31) or volume (p = .30). To visualize this
interaction, we plotted the trajectories of frontal cortical
thickness across ages 9 to 13 for the FH1 and FH2 groups
separately. As shown in Figure 1, differences in cortical
thickness by FH increased with age. For example, at age 9,
the overall mean of frontal cortical thickness (standardized
mean) in the FH1 group was 0.144 (95% CI, 0.074 to 0.214)
and FH2 was 0.146 (95% CI, 0.076 to 0.217). At age 13, the
FH1 group had a standardized mean of 20.401 (95%
CI, 20.473 to 20.330), while the FH2 group’s mean
was 20.351 (95% CI, 20.422 to 20.280), indicating a more
rapid thinning in FH1 individuals.

We were interested in testing whether the relationship be-
tween FH and thinning differed based on sex. As a first step, we
plotted the impact of sex on these trajectories independently of
FH. We then added an additional sex interaction term to test
whether the above trajectories varied by sex (Table S1). Our
results showed a significant interaction between sex and age,
with females showing more rapid thinning than males
(Figure S1). For example, at age 9, the overall mean of frontal
cortical thickness (standardized mean) in the female group was
0.187 (95%CI, 0.116 to 0.257) and in the male group was 0.103
(95% CI, 0.034 to 0.173). At age 13, the female group had a
standardizedmean of20.334 (95%CI,20.405 to20.264) while
themale group’smeanwas20.418 (95%CI,20.488 to20.348).
4 Biological Psychiatry: Global Open Science March 2024; 4:-–- www
Next, we conducted our 4-way interaction models, and
the results indicated that the association between FH sta-
tus, age, and frontal cortical thickness was qualified by sex
(Table 3). To examine the nature of this interaction, we
plotted the trajectories of frontal cortical thickness across
.sobp.org/GOS
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Table 3. Association Among FH, Frontal Brain
Development, and Sex Assigned at Birth

Models With 4-Way Interactiona
Area

p Value
Thickness
p Value

Volume
p Value

FH, FH1 vs. FH2 .65 .78 .78

Age ,.001 ,.001 ,.001

Region, 11 Frontal Parcellations .02 ,.001 .86

Sex Assigned at Birth .05 ,.001 ,.001

FH 3 Age .47 .89 .87

FH 3 Region .95 .68 .58

Age 3 Region .49 ,.001 ,.001

FH 3 Sex Assigned at Birth .89 .007 .42

Age 3 Sex Assigned at Birth .10 ,.001 .14

Region 3 Sex Assigned at Birth .49 .18 .59

FH 3 Age 3 Region .97 .39 .46

FH 3 Age 3 Sex Assigned at Birth .68 .007 .61

FH 3 Region 3 Sex Assigned at
Birth

.90 .96 .83

Age 3 Region 3 Sex Assigned at
Birth

.86 .81 .94

FH 3 Age 3 Region 3 Sex
Assigned at Birth

.91 .93 .81

All the models were adjusted by intracranial volume and puberty scale, and for
the following baseline variables as fixed effects: sex assigned at birth, race/
ethnicity, parental marital status, household income, and prenatal exposure to
tobacco, alcohol, cannabis and substance use. The models were also adjusted
to random effects of magnetic resonance imaging device, family relationship
and participant ID. After adjusting for multiple comparisons, an alpha , .017 is
considered significant.

FH, family history.
aWe ran 3 models with 4-way interaction term: FH 3 age 3 region 3 sex

assigned at birth (one for each of the cortical measures: area, thickness, and
volume).

Figure 1. Development of frontal cortical thickness and family history of
substance misuse. For example, at age 9, the overall mean of frontal cortical
thickness (standardized mean) in the family history positive (FHP) group was
0.144 and family history negative (FHN) was 0.146, and at age 13, the FHP
group had a standardized mean of 20.401 while the FHN group’s mean
was 20.351, indicating a more rapid thinning of the overall frontal thickness
in the FHP group. The model was adjusted by intracranial volume, and for
the following baseline variables as fixed effects: sex assigned at birth, race/
ethnicity, parental marital status, household income, and prenatal exposure
to tobacco, alcohol, cannabis, and other substance use. The model was
also adjusted to random effects of magnetic resonance imaging device,
family relationship, and participant ID.

Family History of Substance Use and Brain Development
Biological
Psychiatry:
GOS
ages 9 to 13 for the male and female groups separately. As
shown in Figure 2, effects of FH on thickness were observed
in males but not in females. For example, for females, the
FH1 group mean was 0.194 (95% CI, 0.118 to 0.270) and
the FH2 group mean was 0.219 (95% CI, 0.144 to 0.293). At
age 13, the FH1 group had a standardized mean of 20.325
(95% CI, 20.405 to 20.246) while the FH2 group’s mean
was 20.297 (95% CI, 20.374 to 20.220). For males at age
9, the overall mean of frontal cortical thickness (standard-
ized mean) in the FH1 group was 0.097 (95% CI, 0.022 to
0.017) and in the FH2 group was 0.075 (95% CI, 0.002 to
0.149). At age 13, the FH1 group had a standardized mean
of 20.408 (95% CI, 20.486 to 20.330) while the FH2
group’s mean was 20.341 (95% CI, 20.415 to 20.266),
indicating a more rapid thinning of the overall frontal
thickness among FH1 males (compared with FH1 females,
p = .0002 at age 9 and p = .006 at age 13; results were
obtained from pairwise comparisons using emmeans be-
tween sex at ages 9 and 13 years for participants classified
as FH1).

Testing Specificity to Frontal Cortical Thickness

To test whether the associations described above were spe-
cific to the frontal cortex, we ran analogous models for average
cortical thickness for the parietal, temporal, and occipital
lobes, but found no associations for the temporal and occipital
lobes (Table S3). No significant interactions were noted in any
of the 9 models (3 models for each lobe: surface area, cortical
thickness, and volume) (Table S3).
Biological Psychiatry:
Exploratory Post Hoc Examination Analyses

To examine the potential influence of confounding factors, we
ran models similar to our primary analyses, with the following
modifications: 1) accounting for puberty using a time-varying
pubertal scale; 2) removing participants with prenatal to-
bacco, alcohol, cannabis, and substance exposure variables;
3) excluding children with alcohol and cannabis initiation to rule
out the possibility that cortical trajectories were being influ-
enced by substance use; 4) removing participants who re-
ported alcohol/cannabis experimentation; and 5) including
internalizing and externalizing symptoms as time-varying var-
iables in the model. Our main findings were similar in all these
models (a total of 15 models, 3 for each criterion of inclusion of
variables or exclusion of participants). Afterward, our findings
from the repeated primary analyses (linear mixed-effects
models with 3-way interaction) and sex (4-way interaction)
that only included participants with complete MRI data
remained the same (Tables S4, S5). Also, when rerunning our
primary analyses with nested random effects, our findings
were not meaningfully changed (3-way interaction model, p
value = .002 [interaction term: FH 3 age]; 4-way interaction
model, p value = .0008 [FH 3 age 3 sex assigned at birth]).
Finally, our results were not meaningfully altered when frontal
Global Open Science March 2024; 4:-–- www.sobp.org/GOS 5
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Figure 2. Development of frontal cortical thickness, family history of
substance misuse, and sex assigned at birth. For example, for males at age
9, the overall mean of frontal cortical thickness (standardized mean) in the
family history positive (FHP) group was 0.097 and family history negative
(FHN), 0.075, and at age 13, the FHP group had a standardized mean
of 20.408 while the FHN group’s mean was 20.341, indicating a more rapid
thinning of the overall frontal thickness among males with a FHP. While for
females, the FHP group was 0.194 and FHN, 0.219, and at age 13, the FHP
group had a standardized mean of 20.325 while the FHN group’s mean
was 20.297. The model was adjusted by intracranial volume and pubertal
scale, and for the following baseline variables as fixed effects: race/ethnicity,
parental marital status, household income, and prenatal exposure to to-
bacco, alcohol, cannabis, and substance use. The model was also adjusted
to random effects of magnetic resonance imaging device, family relation-
ship, and participant ID.

Family History of Substance Use and Brain Development
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cortical trajectories (surface area, cortical thickness, and vol-
ume) were modeled as a quadratic function.

DISCUSSION

This is the first large longitudinal study to examine the asso-
ciations between FH of alcohol and/or substance use and
frontal cortical thickness trajectories across a critical peri-
adolescent window (ages 9–13 years). Our findings suggest
that from pre- through early adolescence (approximately 9
through 13 years), there is more rapid age-related thinning in
the frontal cortex among FH1 than among FH2 individuals.
Results are consistent with previous research (7,8) indicating
that the neurological development of youths may be affected
by FH of alcohol/substance use problems. Additionally, thinner
cortices in early adolescence were associated with increased
risk for initiating alcohol use in a longitudinal study of 137
adolescents, assessed at ages 12 to 14 and again by age 18
(26). In addition, prefrontal cortex thinning has been reported
among adults with substance use disorders (74). Therefore, the
thinner cortical structures observed among FH1 youths in the
current investigation add to the literature and may help explain
differences in future alcohol/substance use outcomes.

When testing FH 3 sex interactions, we observed that FH1
males exhibited a greater rate of age-related prefrontal thinning
than FH1 females (Table 3; Figure 2). While examining sex
differences, our analyses revealed that females presented a
more rapid frontal cortical thinning (than males) when evalu-
ated independently of their FH status (Table S1; Figure S1).
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These results indicate that our primary findings seem to be
primarily driven by males. Interestingly, previous functional
MRI and FH investigations have observed similar sex differ-
ences in frontal regions (75,76). For example, FH1 individuals
had greater activation in the left anterior insula and inferior
frontal gyrus during successful inhibitions on the stop-signal
task, an effect also driven mainly by males (75). In addition,
FH1 males exposed to childhood maltreatment had greater
blood oxygen level–dependent response on functional MRI
during the stop-signal task in the bilateral middle frontal gyrus,
left inferior frontal gyrus, dorsomedial prefrontal cortex, and
posterior cingulate cortex; the same effect was not observed in
females (76). Although previous research has already shown
sex-specific transmission of genetic risk factors for alcohol use
disorder (e.g., males seem to be mainly affected by genetic
factors, and females are more influenced by environmental
factors) (54), more research investigating how FH impacts
frontal cortical trajectories, future alcohol use, and develop-
ment of alcohol use disorder is needed.

Previous studies have reported associations between
behavioral traits (e.g., aggression, hyperactivity, and impul-
sivity) and alterations in frontal cortical trajectories among
children and adolescents (77–80), with mixed findings on sex
differences (79,81–83). Additionally, the impact of FH on
behavior and brain development trajectories should be further
explored in large longitudinal studies. For example, there is a
critical need to understand how neurodevelopmental trajec-
tories may mediate the relationship between an FH of alcohol/
substance use and behavioral traits and how sex assigned at
birth may moderate these putative associations. A better un-
derstanding of these relationships could help inform future
intervention strategies.

Results showing differences in cortical structure between
FH1 and FH2 youths at baseline, as well as evidence of
accentuated differences across development, suggest
persistent effects of FH1 on the neurodevelopment of youths’
brains. Past research indicates that FH1 youths may be
impacted by developmental alterations in their neurological
maturation (84). Because the ABCD Study sample is still
young, future analyses will examine whether the frontal cortical
trajectories continue, stabilize, or normalize and whether they
predict future alcohol and/or substance use and misuse as the
youths get older.

Taken together with previous research, our results suggest
that more longitudinal approaches to studying the effects of
FH of substance use on neuroanatomical development of
youths are warranted. Incorporating trajectories of frontal
cortical changes can offer more comprehensive information
about future risk for initiation and escalation of substance use.

This study has significant strengths including a large lon-
gitudinal sample of participants, and 2 neuroimaging time-
points scanning a critical period of development using state-
of-the-art neuroimaging protocols (31). Some limitations
should also be noted. First, data on FH of alcohol and sub-
stance use problems were provided by one parent (most often
the mother) for all parents and grandparents, leading to po-
tential reporting misclassification. FH variables were created
based on problems related to use, and not necessarily a DSM
diagnosis. Nonetheless, examining associations between FH
and trajectories of frontal cortical development will lay the
.sobp.org/GOS
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foundation for subsequent studies to delineate causal
pathways by first demonstrating associations between FH
and frontal cortical development. Follow-up work can then
examine the extent to which genetic, environmental, and
interactions between genetic and environmental mechanisms
may account for observed associations. Finally, future
research could use different thresholds (e.g., severity of
substance use, dependence, or other clinical diagnoses) to
examine effects on youth neurobiological development and
subsequent substance use.

FH effects likely comprise a combination of environmental
and genetic influences, and future investigations should be
conducted with the aim of disentangling whether the
observed associations between cortical thickness and family
risk are predominately related to genetic risk factors or
psychosocial risk factors (e.g., adverse childhood experi-
ences) or to the interplay between genetics and psychoso-
cial risk factors
Conclusions

This is the largest longitudinal study to date to observe that
having a positive FH for alcohol and/or substance-related
problems is associated with more thinning of the frontal cor-
tex across ages 9 to 13, a critical period for neurodevelopment,
reinforcing the value of examining FH effects over a time
continuum in youths.
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