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ABSTRACT

Aims To examine whether moderate adolescent cannabis use has neurocognitive effects that are unexplained by familial
confounds, which prior family-controlled studies may not have identified. Design A quasi-experimental,
sibling-comparison design was applied to a prospective, observational study of adolescents with moderate cannabis use.
Participants were recruited from 2001 to 2006 (mean age = 17 years). A second wave of data was collected from
2008 to 2013 (mean age = 24 years). Setting Two US metropolitan communities. Participants A total of 1192 ad-
olescents from 596 families participated in this study. Participants were primarily male (64%) and racially and ethnically
diverse (non-Hispanic white = 45%). A sibling in each family was a clinical proband identified due to delinquent behaviors.
Whereas prior family-controlled studies have used samples of primarily infrequent cannabis users (mean = 1-2 days/
month), participants here endorsed levels of cannabis use comparable to findings from epidemiological cohort studies
(mean = 7-9 days/month). Measurements Semi-structured clinical interviews assessed drug use, and a neuropsycho-
logical battery assessed cognitive abilities. Covariates included age at assessment, gender and alcohol use. Findings ~ After
correcting for multiple testing, a greater frequency and earlier onset of regular cannabis use were associated with poorer
cognitive performance, specifically on tests of verbal memory. Further, after accounting for familial factors shared by
siblings and alcohol use, poorer verbal memory performance was still associated with greater life-time frequency of can-
nabis use at wave 1 [b = —0.007 (—0.002, —0.012), adjusted P = 0.036]; earlier cannabis use at wave 2 [b = —0.12
(—0.05, —0.19), adjusted P = 0.006; b = —0.14 (—0.06, —0.23), adjusted P = 0.006]; and greater frequency of past
6 months use at wave 2 [b = —0.02 (—0.01, —0.03), adjusted P = 0.002; b = —0.02 (-0.01, —0.03), adjusted
P = 0.008]. Conclusions Moderate adolescent cannabis use may have adverse effects on cognitive functioning,
specifically verbal memory, that cannot be explained by familial factors.
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INTRODUCTION

Cannabis use is broadly associated with adverse outcomes,
including poorer cognitive functioning and academic per-
formance [1-3]. Quasi-experimental, family-controlled
studies suggest that familial factors, not direct cannabis ex-
posure, explain the association between cannabis use and
cognitive outcomes [4—6]. Specifically, among twin pairs,
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co-twins who use more cannabis do not tend to have worse
cognitive functioning. Although these studies are inconsis-
tent with cannabis use causing cognitive deficits, their au-
thors have noted that they may not address effects due to
‘long-term’ or ‘intense’ cannabis use [4,5]. For example,
previous family-controlled studies have examined adoles-
cent samples that used cannabis, on average, 1-2 days
per month [5,6], compared to 5-9 days per month in the
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US nationally representative National Longitudinal Survey
of Youth (assessed at approximately the same time as prior
family-controlled studies and the current study) [7]. Thus,
prior family-controlled studies are most informative with
regard to the effects of infrequent cannabis use, rather than
levels of use that are more common in adolescents. The
current study extends this literature by examining the ef-
fects of cannabis use on cognitive functioning via
sibling-comparison analysis in a sample of adolescents with
early initiation and moderate-to-heavy use (mean
age = 13.6 years at onset of regular use; mean frequency
of use = 7-9 days/month at age 17 years).

Ongoing shifts in the US cannabis landscape highlight
the need for more research on the effects of cannabis. In
the last 25 years, the Monitoring the Future Study suggests
that cannabis use has almost doubled (22-36%) and per-
ceived risk from regular use has dropped by more than half
among 12th graders (77-31%) [8]. Further, 11 states (in-
cluding the District of Columbia) have legalized recrea-
tional cannabis. Cannabis products have also become
increasingly potent, which may exacerbate any neuropsy-
chological consequences [9]. The increasing tetrahydro-
cannabinol (THC) potency of confiscated, black-market
cannabis is well documented (4-12% THC, 1995-2012)
[10,11] and legal market products are now many times
more potent (20+ % flower, 80+ % concentrates). Thus,
there is a clear and pressing need to understand the effects
of cannabis.

Several studies suggest that initiating cannabis use ear-
lier in life may be especially detrimental to cognitive func-
tioning, including IQ [3], visual search [12], executive
functioning [13,14], sustained attention [15], impulse
control [15] and verbal memory [16]. These neuropsycho-
logical deficits may, in part, occur via THC activating the
cannabinoid-1 receptor, which is particularly abundant in
the adolescent brain [17] and in substrates involved in
cognitive functioning (e.g. prefrontal cortex) [18].
Additionally, the acute and long-term effects of cannabis
are THC-dose dependent [19,20], suggesting that
high-potency products or persistent use beginning in ado-
lescence may pose substantial consequences [21].

Although studies on the consequences of cannabis use
have primarily focused on adolescents, cannabis may also
have adverse effects into adulthood. Neurodevelopment
continues throughout emerging adulthood, including in
prefrontal substrates involved in executive functioning
and emotion regulation [22,23]. Further, meta-analytical
studies have identified adverse cognitive effects of cannabis
use up to age 26 [24]. The cognitive effects of cannabis use
should, therefore, be considered beyond adolescence.

Despite a large body of evidence linking cannabis use to
cognitive deficits, plausible alternative explanations must
be ruled out to support a causal relationship [25]. Cannabis
use and lower cognitive functioning share many
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environmental risk factors, including peer group deviance,
parental psychopathology, parental drug use, parental
marital instability and lower parental socio-economic sta-
tus [26-28]. Additionally, genetic factors may explain
shared risk for worse cognitive functioning and earlier or
heavier cannabis use [29]. Thus, family-controlled studies
of high-risk adolescents can fill a critical gap by rigorously
testing the effects of moderate-to-heavy THC exposure.
The current study used a sibling-comparison design in
a sample of high-risk adolescents, in which one sibling
was a clinical proband identified due to delinquent behav-
iors. First, analyses examined the association between can-
nabis use and cognitive functioning. Second, multi-level
models  partitioned phenotypic
between-family (i.e. genetic and environmental factors
shared by siblings) and within-family effects (i.e. the effects
of differential cannabis use among siblings). A final

associations  into

multi-level model accounted for alcohol use. If within-
family, sibling comparisons suggest that differential levels
of cannabis use are associated with poorer cognitive func-
tioning this would support, but not definitively prove, a
causal relationship of cannabis use on neurocognitive out-
comes. A failure to find any effect in this study would raise
skepticism that adolescent cannabis use, even at higher
levels, has adverse effects.

METHODS
Participants

From 2001 to 2006, 245 probands/257 siblings from San
Diego and 351 probands/373 siblings from Denver were
recruited via substance abuse treatment programs, alter-
native schools and juvenile probation departments (see
[30] for ascertainment details). A wave 2 assessment was
conducted between 2008 and 2013, collecting data from
206 probands/219 siblings from the original San Diego
sample and 225 probands/241 siblings from the original
Denver sample. Participants were primarily male (63%)
and racially and ethnically diverse (Hispanic = 33%,
black = 9%, Non-Hispanic white = 45%; see Table 1 for de-
scriptive statistics). Participants were tested at both waves
on an array of assessments, including neurocognitive mea-
sures and history of substance use. All research protocols
were reviewed and approved by Institutional Review
Boards at the University of Colorado, Denver and the Uni-
versity of California, San Diego.

Measures
Substance use

Trained interviewers administered the Composite Interna-

tional Diagnostic Interview (CIDI), a well-validated
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Table 1 Demographics for participants recruited at the Denver and San Diego sites at waves 1 and 2.

Wave 1 (n=1192) Wave 2 (n= 875)

Denver San Diego Denver San Diego
(n=710) (n=482) (n=459) (n=416)
Probands/siblings 351/359 245/237 225/234 206/210
Mean age (SD) 17.1 (2.3) 17.6 (2.1) 23.5(2.7) 23.8(2.6)
% Male 69.3% 55.5% 68.2% 54.9%
% Hispanic 24.4% 45.0% 23.1% 42.8%
White (non-Hispanic) 53.0% 33.6% 55.8% 36.1%
Black/African American 8.5% 10.0% 7.2% 9.6%
American Indian 1.8% 0.8% 1.1% 1.0%
Asian/Pacific Islander 0.4% 3.1% 0.4% 3.1%
Multi-racial 14.5% 6.4% 14.4% 6.2%
Other (non-Hispanic) 0.8% 2.3% 0.9% 2.4%
% Ever used cannabis 88.5% 87.1% 94.5% 92.8%
Age of onset of monthly cannabis use [minimum, 13.2(2.0) 14.2 (1.8) [9,22] 13.9(2.2) 14.9 (2.2) [9,26]
maximum)| [9,20] [9,25]
Monthly frequency of past 6-month cannabis use® 9.2 (10.8) 7.3 (10.7) 8.3(11.7) 7.8 (11.7)
Life-time frequency of cannabis use’ 42.0 (25.5) 39.1 (26.2) 50.4 (20.6) 48.3 (21.5)
% Ever used alcohol 92.3% 94.8% 99.3% 99.5%
Age of onset of monthly alcohol use [minimum, 14.7 (2.2) 14.9 (2.1) [9,22]  15.5(2.5) 15.7 (2.5) [9,28]
maximum)| [9,22] [9,23]
Monthly frequency of past 6-month alcohol use® 3.7 (6.0) 4.0 (5.5) 5.2(8.3) 7.3 (8.3)
Life-time frequency of alcohol use” 33.7 (24.4) 40.3 (23.4) 53.6 (15.0) 55.6 (13.3)
10 93.8 (15.2) 93.8 (15.7) NA NA

*At both waves/sites, the minimum and maximum of monthly frequency of past 6-month use were 0 and 30 days, respectively; "at both waves/sites, the min-
imum and maximum for life-time frequency were 0 and 60, respectively. NA = not available; SD = standard deviation.

structured clinical interview, as well as the CIDI substance
abuse module [31,32].

Participants who endorsed having ‘ever used (canna-
bis/alcohol)” were administered additional questions de-
signed to supplement the CIDI to quantify use patterns
[33]. Age of onset was assessed as the age when partici-
pants began using regularly (at least monthly). Partici-
pants who denied ever using regularly were coded as
missing. Recent frequency was assessed as: ‘how many
days have you used (cannabis/alcohol) in the past six
months (180 days)?’ (recoded to represent monthly fre-
quency). Life-time frequency was also assessed for
cannabis/alcohol use (responses = recoding: ‘1-2
times' = 1.5, ‘3-5 times’ = 4, ‘6-9 times’ = 7.5, ‘10-19
times’ = 15, ‘20-39 times’ = 30 and ‘more than 40
times'= 60). Frequencies were coded as zero for partici-
pants who denied ever using cannabis/alcohol.

Cognitive functioning

Participants completed a battery assessing response inhibi-
tion (Stroop), learning and memory [California Verbal
Learning Test, second edition (CVLT-II)], attention and
working memory (digit span), cognitive flexibility (trail-
making test parts A and B) and intelligence (block design,
vocabulary and full-scale IQ on age-appropriate Wechsler
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scales). The CVLT and digit span tests were only adminis-
tered to participants at the San Diego site (cognitive tasks
are described in detail in the Supporting information).

Analytical procedures

Models testing the association between each measure of
cannabis use and each measure of cognitive functioning
were conducted in Mplus version 7.4 [34]. All models in-
cluded age and gender as covariates and accounted for
the clustering of data (i.e. siblings from the same family).
Missing data were handled using full information maxi-
mum likelihood. Importantly, the assumption of multivar-
iate normality in multi-level modeling is flexible, and
violating this assumption underestimates standard errors
only with small samples [35]. We applied Hochberg's
correction for multiple testing using the p.adjust function
from the stats package in R, which provides adjusted P-
values to a set of [36].
Model-derived 95% confidence intervals (CIs) are also
presented but do not indicate statistical significance.
Scripts used for data management and analyses are
available at: https://github.com/jme6f4/GADD_M]J_COG_
RR. This project was not pre-registered and findings

estimated P-values

may be considered exploratory.
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Model 1: phenotypical analyses examined the general
association between cannabis use and cognitive outcomes

Model 1 estimated the association between each measure
of cannabis use and each measure of cognitive perfor-
mance, without accounting for familial confounds. Stan-
dard errors were estimated with a sandwich estimator to
correct for within-family correlations (i.e. siblings from
the same family).

Models 2—3: multi-level analyses decomposed the association
between cannabis use and cognitive outcomes into factors
shared by, and distinct among, siblings

Models 2—3 estimated the association between cannabis
use and cognitive performance within families (i.e. differen-
tial sibling exposure in each family) [37]. This multi-level
approach accounts for unmeasured familial factors that
make siblings alike. To index general familial risk, we in-
cluded the mean cannabis use (MCan) for each sibling set
at the between-family level. To index sibling-specific risk,
we included the deviation of cannabis use (DCan) from
the general familial risk (MCan) for each individual.
Independent variables and covariates were grand
mean-centered and DCan was group-centered by family.

Of the 596 families in the current study, there were sib-
ling differences in the age of onset in 271 families (45%);
that is, 271 families contributed to the within-family effect
estimates (DCan) for age of onset of regular use. Among
families in which siblings differed in age of onset, 56% be-
gan regularly using within 2 years of age of each other
[mean = 2.7, standard deviation (SD) = 1.8]. Further, at
wave 2 there were sibling differences in the past 6-month
frequency of use in 265 families (44%). Among families
in which siblings differed in the frequency of use at wave
2, siblings differed in use by, on average, 2 days per week
(mean = 3.1, SD = 2.8). Thus, within-family parameter es-
timates were based on sibling pairs from more than
250 families.

Given that the nature of cannabis use and exposure
may vary across wide age gaps between siblings, we ex-
cluded 10 participants who were 10+ years older than
their youngest sibling in the study. An additional 14 partic-
ipants were over the age of 25 at wave 1 and were excluded
from these analyses. Of the remaining siblings in the cur-
rent sample, 66% were within 3 years (mean = 2.8,
median = 2.3 years apart). Age was included as a covari-
ate to account for age differences in the analyzed sample.

In model 3, alcohol involvement was added as a covar-
iate. At the between-family level, alcohol involvement can
account for general familial risk factors for alcohol use.
At the within-family level (group-centered by sibling pair),
alcohol involvement accounts for confounding due to the
potential neurotoxic effects that may be specific to alcohol.
Specifically, alcohol variables were modeled to correspond
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to each cannabis variable (e.g. life-time frequency of alco-
hol use was a covariate in models of life-time frequency of
cannabis use).

RESULTS
Descriptive statistics

A vast majority of participants endorsed cannabis use at
waves 1 (88%) and 2 (94%), with a mean age of onset of
monthly use of 13.7 years. Further, participants reported
using, on average, 8.4 (SD = 10.8) days per month in
the previous 6 months at wave 1.

Model 1: phenotypical analyses (Table 2)

At waves 1 and 2 there were consistent associations for
performance on the CVLT, both as previously examined in
the literature (i.e. long-delay free-recall) and a composite
of all four recall tasks. At wave 1, poorer performance
on the CVLT long-delay free-recall task was associated
with greater life-time frequency [b = —0.006 (95%
CI = -0.002, —0.009) adjusted P = 0.010]. Additionally,
at wave 2 an earlier age of onset of regular use was associ-
ated with poorer performance on CVLT long-delay free-
recall [b = 0.09 (0.04, 0.14), adjusted P < 0.001] and
the CVLT Composite [b = 0.09 (0.05, 0.14), adjusted
P < 0.001]. There were no other statistically significant
effects indicating that cannabis has adverse effects on
cognitive performance.

Model 2: multi-level analyses (Table 3)

Multi-level models disaggregated the associations between
cannabis use and cognitive performance measures into
common sibling effects (i.e. between-family effects) and dif-
ferential use among siblings (i.e. within-family effects). Af-
ter correcting for multiple testing, only poorer delayed
verbal memory (CVLT) was associated with cannabis use.
At wave 1, there were no statistically significant effects
after correcting for multiple testing. At wave 2, poorer
performance on the CVLT was associated with ever using
-0.70 (-=0.19,
—1.21), adjusted P = 0.049], an earlier onset of regular
use [long-delay free-recall: b = 0.14 (0.08, 0.21), adjusted
P < 0.001; CVLT composite: b = 0.12 (0.07, 0.18),
adjusted P < 0.001] and 6-month frequency [long-delay
free-recal. b = —-0.02 (—0.01, -0.03), adjusted-
P = 0.012; CVLT composite: b = —0.02 (—0.01, —0.03),
adjusted P = 0.007].

cannabis [long-delay free-recall: b =

Model 3: controlling for alcohol use (Table 4)

Controlling for alcohol use was unable to explain the ob-
served effects of cannabis use on delayed verbal recall
(CVLT performance). At wave 1, there was a significant
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Table 2 Unstandardized path coefficients of cannabis use measures on cognitive outcomes in clinical probands and siblings.

Cognitive outcome

Ever used

Onset of monthly use

Life-time frequency

Past 6-month frequency

Wave 1 (mean age = 17)

Stroop word (n = 1188)

Block design (n = 1106)

Digit span (n = 481)

Vocabulary (n = 1105)

10 (n=1103)

Trails A (n=1191)

Trails B (n = 1169)

CVLT long-delay free (n = 479)

CVLT composite (n = 479)
Wave 2 (mean age = 23)

Stroop word (n = 874)

Block design (n = 790)

Digit span (n = 416)

Trails A (n = 875)

Trails B (n = 867)

CVLT long-delay recall (n = 415)

CVLT composite (n = 415)

0.02 (—1.44, 1.49)
—0.73 (=2.73,1.27)
0.87(0.21, 1.53)
—0.64 (~2.79, 1.52)
~1.49 (—4.79, 1.81)
1.84 (—0.31, 3.99)
0.98 (—1.41, 3.37)
~0.09 (-0.35,0.17)
—0.10 (=0.34, 0.14)

~0.76 (~2.98, 1.45)
0.66 (=3.20, 4.52)
0.58 (=0.62, 1.79)
4.01 (0.37, 7.65)
—0.70 (—3.74, 2.35)
~0.23 (=071, 0.26)
~0.09 (—0.48, 0.30)

0.11 (~0.23, 0.44)
0.32 (—0.07, 0.70)
0.15 (0.01, 0.30)

0.23 (~0.17, 0.63)
0.55(~0.10, 1.19)

~0.13 (—0.52,0.26)
0.11 (=0.28, 0.50)
0.06 (0.00, 0.12)
0.06 (0.00, 0.12)

~0.09 (—0.39, 0.21)
0.37 (=0.02, 0.76)
~0.03 (~0.17,0.11)
—0.14 (-0.55,0.27)
—0.08 (—0.48, 0.31)
0.09" (0,04, 0.14)
0.09" (0.05,0.14)

0.00 (=0.03, 0.03
0.00 (=0.03, 0.03
0.00 (=0.01, 0.01

0.00 (—0.05, 0.04
0.01 (—=0.01, 0.04
0.01 (—=0.02, 0.04
—0.01" (=0.01, -0.00)
0.00 (—0.01, 0.00)

)
)
)
0.00 (-0.03, 0.02)
)
)
)

0.00 (=0.03, 0.03)
0.01 (=0.04, 0.05)
0.01 (=0.01, 0.02)
0.04 (0.00, 0.08)

0.01 (~0.03, 0.04)
0.00 (=0.01, 0.01)
0.00 (=0.01, 0.01)

0.00 (=0.04, 0.05)
0.03 (=0.03, 0.08)
0.02 (0.00, 0.05)

0.04 (—0.01, 0.09)
0.07 (—0.02, 0.15)
—0.01 (—0.06, 0.05)
0.03 (—0.03, 0.09)
—0.01 (~0.02, 0.00)
—0.01 (=0.02, 0.00)

—0.03 (—0.08, 0.02)
0.02 (—0.04, 0.09)
0.02 (—0.01, 0.05)
0.03 (=0.04, 0.10)
0.05 (—0.02, 0.11)
0.00 (—0.01, 0.01)
0.00 (—0.01, 0.00)

CVLT = California Verbal Learning Test. P < 0.001; P < 0.05. Statistical significance is based on P-values adjusted for multiple testing, using Hochberg’s
correction. Model-estimated 95% confidence intervals are in parentheses. Due to the use of model-estimated confidence intervals and adjusted significance
thresholds, some estimates are not statistically significant despite confidence intervals that do not span zero. Models included age and gender as covariate

and accounted for the correlation of participants from the same family.

effect of life-time frequency on poorer CVLT composite
score [b = -—-0.007 (—0.002, -0.012), adjusted
P =0.027]. At wave 2 there were significant effects of an
earlier onset of regular use [long-delay free-recall:
b =0.14 (0.06, 0.23), adjusted P = 0.006; CVLT compos-
ite: b = 0.12 (0.05, 0.19), adjusted P = 0.006] and
6-month frequency [long-delay free-recall: b = —0.02
(—0.01, -0.03), adjusted P = 0.048; CVLT composite:
b = —0.02 (-0.01, -0.03), adjusted P = 0.014]. There
were no other statistically significant within-family effects,
after correcting for multiple testing. At the between-family
level, there was an effect of greater wave 2 6-month fre-
quency on poorer Stroop performance [b = —0.09
(—0.03, =0.15), adjusted P = 0.035], suggesting that fa-
milial factors associated with greater cannabis use are as-
sociated with poorer inhibitory control at wave 2.

Post-hoc analyses: persistent use (Fig. 1)

There was a pattern in which the effects of regular use on-
set and 6-month frequency were most prominent at wave
2 compared to wave 1. Post-hoc analyses examined the ef-
fects of persistent use on CVLT performance, based on other
findings in the literature [3]. We created a variable to mea-
sure persistent frequency by averaging the level of 6-month
frequency of use at both waves. Persistent use across waves
1 and 2 was associated with poorer CVLT performance
[b = —0.03 (—0.01, —0.04), adjusted P = 0.001]. These
findings are consistent with the possibility that heavy, per-
sistent cannabis use may adversely affect cognitive
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functioning. Figure 1 displays the effects of using cannabis
earlier or more frequently than one’s sibling on CVLT com-
posite performance at wave 2. Initiating monthly cannabis
use 2 or more years earlier than one’s sibling is associated
with scoring 0.40 SD lower on the CVLT composite than
one’s sibling (Fig. 1a). Similarly, using cannabis two or
more times per week than one’s sibling is associated with
scoring 0.23 SD lower on the CVLT composite than one’s
sibling (Fig. 1b).

DISCUSSION

The current study examined a sample of at-risk adolescents
and their siblings, finding that having an earlier initiation
and higher frequency of cannabis use than one’s sibling is
associated with poorer delayed verbal memory. That is,
the adverse effects of cannabis use could not be explained
by environmental or genetic factors shared by siblings or
These findings differ from other
family-controlled studies that have not found evidence sug-

by alcohol use.

gestive of a causal effect of early-life cannabis use on
cognitive functioning. These findings are consistent,
however, with work suggesting that persistent cannabis
use may have adverse effects [3]. While prior studies
suggest that low levels of cannabis use (mean = 0.3
days/week) may not cause cognitive deficits, moderate
use (mean = 1.9 days/week in the current sample) may
have adverse effects.

These findings should be interpreted with the caveat
that sibling-controlled designs can rigorously test effects
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by controlling for all confounds shared by siblings. How-
ever, this design does not exhaustively control for every po-
tential confound. On average, siblings share only 50% of
genetic factors and probably much less than 100% of envi-
ronmental factors. Therefore, while these results support a
potential causal association between moderate-to-heavy
cannabis use and poorer delayed verbal memory, this asso-
ciation may yet be explained by important confounds that
were not controlled by the current study design.

The strongest effect in the current study was on the
CVLT, which assesses short-term verbal memory. Notably,
recent meta-analytical work has found strong links be-
tween cannabis use and adverse effects on learning and de-
layed memory (d > 0.20, most frequently assessed by CVLT
throughout the literature) [24]. Importantly, this
meta-analysis also implicated other cognitive domains that
were not associated with cannabis use after controlling for
familial factors in the current study, such as cognitive flex-
ibility (trail-making) and working memory (digit span).
Thus, cognitive deficits linked to adolescent cannabis use,
such as cognitive flexibility and working memory, may pre-
cede use (e.g. via genetic propensity or stressful environ-
ment), whereas effects on learning and delayed memory
may be the result of moderate-to-heavy cannabis exposure.
It must be noted, however, that effects on verbal memory
(CVLT) were found only at wave 2 (emerging adulthood)
and not at wave 1 (adolescence). These findings could indi-
cate effects of prolonged exposure that manifest in emerg-
ing adulthood (e.g. starting in adolescence and
continuing for several years), as well as the potential vul-
nerability of the still-developing brain to moderate-to-
heavy cannabis use in emerging adulthood.

The cannabis available at the time when data were col-
lected should be considered when interpreting the current
findings. At wave 1 (2001-06), when no US states had le-
galized recreational cannabis, the average THC potency of
confiscated cannabis was 6.1-8.8% [11]. It is unclear
whether the current findings generalize to adolescent use
of high-potency oils/waxes (80-95% THC) available on
state-regulated markets. For example, how might weekly
use of 80% THC concentrates affect the developing brain,
relative to weekly use of 8% THC flower? Recent empirical
studies suggest that higher potency products have more
adverse mental health effects; however, these studies have
not rigorously controlled for familial confounds, which
may very well explain some effects of high-potency
cannabis [9].

Although our findings suggest that familial factors
shared by siblings do not explain the link between
moderate-to-heavy cannabis use and learning and delayed
memory, it is still possible that differences in verbal memory
preceded cannabis use. However, contrary to this possibil-
ity, recent longitudinal work suggests that earlier episodic
memory does not predict subsequent changes in cannabis
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each cannabis measure

(e.g. ever used alcohol was included as a covariate for models of ever used cannabis). Models accounted for the correlation of participants from the same family.

Sibling comparison of heavy cannabis use 9

use [38]. Additionally, given that participants here used, on
average, 2 days per week, some observed effects could have
been the residual effects of recent use. Thus, additional
work is needed to examine the residual effects of adolescent
cannabis use. Finally, while a majority of discordant twin
studies have found little evidence that cannabis use causes
poorer cognitive functioning [4—6], this study was the first
among family-controlled studies to assess verbal memory
or to examine a sample primarily comprised of moderate-
to-heavy cannabis users. However, the current study de-
sign only controls familial factors shared by siblings, and
siblings may differ on important confounds that underlie
the observed effects of cannabis use on poorer verbal
memory.

Future directions

Given the contrast between findings from the current study
and other family-controlled studies examining cannabis
use, this study points to a clear need for additional
family-controlled studies of samples with moderate-to-
heavy cannabis use. Cannabis use lies on a continuum,
and previous family-controlled studies have used samples
primarily comprising individuals who exhibit few external-
izing problems and use cannabis infrequently. From these
studies, many have concluded that cannabis use does not
have direct adverse effects on cognitive functioning. These
studies do not, however, inform how moderate-to-heavy
cannabis exposure affects cognitive functioning. Further,
sample selection is known to affect how drug-related prob-
lems relate to each other [39], and the observed relation-
ships between drug use and its consequences may also
vary based on sample selection criteria (e.g. characteristics
self-selecting into studies).

Future studies may also include polygenic scores in
multi-level approaches to control for important risk factors,
such as genetic factors, that may underlie sibling differ-
ences in cognitive functioning. Importantly, however, the
appropriate summary statistics [from large-scale genome-
wide association studies (GWAS)] are not yet available to
infer valid polygenic scores in individuals with
non-European ancestry. For example, polygenic scores
were originally included in the current study but were re-
moved, given the ethnic diversity of participants and con-
cerns about under- or overestimating the variance
explained in cognitive measures by polygenic scores [40].
Clearly, GWAS studies are needed on more diverse samples
to help move this and other public health research forward.

The National Institute on Drug Abuse (NIDA)
Adolescent Brain Cognitive Development (ABCD) study is
also intended to address many of the aforementioned
pitfalls by recruiting a large national sample of youth before
initiating drug use (wave 1, ages 9-10), oversampling
under-represented segments of the US population (e.g.

Addiction
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the past 6 months. Error bars represent standard errors around the point estimate. For age of onset (a), using cannabis 2 or more years earlier than

one’s sibling was associated with a 040 standard deviation decrease in delayed verbal memory performance, relative to the mean performance of
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perweek than one’s sibling was associated with a 0.23 standard deviation decrease in delayed verbal memory performance, relative to the mean per-
formance of participants from the same family (i.e. after accounting for familial factors) CVLT = California Verbal Leaming Test

African Americans, children in rural/non-urban school
districts) and including a subsample of twins [41]. The
ABCD study will be an invaluable resource for examining
the risk factors and consequences of drug use in a
population-based sample. In addition, the ABCD study in-
cluded a brief screening to identify and recruit children at
risk for early cannabis use to ensure that a proportion of
the participants was at-risk youth. This screener includes
items about child externalizing behavior (e.g. property de-
struction, stealing, lying/cheating and disobedience at
school) and parental smoking [42]. These factors are linked
to early cannabis exposure among youth, which is associ-
ated with numerous adverse outcomes (e.g. poorer educa-
tional achievement, substance use disorders) that are less
prominent in population-based samples [43,44]. Thus, in-
cluding diverse and at-risk samples of youth, such as those
in the current study and those recruited for the ABCD

© 2020 Society for the Study of Addiction

study, may help to elucidate the range of consequences of
cannabis use on the developing brain.

Clinical and public health implications

Due to changes in the legality of recreational and medical
cannabis and widespread access in many states, valid em-
pirical data must be available to inform policy and public
health decisions, including how cannabis use may affect
the developing brain. The current findings, along with
the broader literature, suggest that there may be incentive
for delaying cannabis use and that adverse effects may in-
crease with the intensity of use. By extension, the current
findings suggest that legal market, high-potency products
may be particularly harmful, especially to the developing
brain. Finally, it is critical to understand whether specific
individuals (e.g. at-risk youth) are particularly susceptible

Addiction



to the adverse effects of cannabis use, thereby informing
how to effectively target prevention efforts.

Summary

The current study wused a
family-controlled design to examine the effects of cannabis
use in a high-risk sample of adolescent sibling pairs. In con-
trast to previous co-twin-controlled designs, findings
suggest that an earlier onset of regular use and persistent
use may adversely affect cognitive functioning. Thus,
recruiting high-risk genotyped
family-controlled studies may be a critical step forward
for understanding the potential effects of drug use.

quasi-experimental,

samples for
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