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Abstract

Background: Limited evidence suggests that early cannabis use is associated with sleep
problems. Research is needed to understand the developmental impact of early regular cannabis
use on later adult sleep duration.

Methods: In a sample of 1656 adult twins (56% female, Mean age = 25.79yrs), linear mixed
effects models were used to analyze the influence of retrospectively assessed age of onset of
regular cannabis use on adult sleep duration controlling for sex, depression, and current substance
use. Twin analyses provided genetic and environmental variance estimates as well as insights into
the association and potential casual relationships between these traits.

Results: Earlier age of onset for regular cannabis use was significantly associated with shorter
adult sleep duration on both weekdays (8= —0.13, 95% CI = [-0.23, —0.04]) and weekends (8=
-0.18, 95% CI =[-0.27, —0.08]). Additive genetics significantly contributed to the onset of
regular cannabis use (& = 76%, 95% CI = [68, 85]) and adult weekend sleep duration (& = 20%,
95% CI =11, 32]). We found evidence of a significant genetic correlation (ra = -0.31, 95% CI =
[-0.41, -0.15]) between these two traits and our best fitting model was consistent with early onset
of regular cannabis use causing shorter adult weekend sleep duration (p = —0.11, 95% CI = [-0.18,
-0.03)).

Conclusions: Our results are consistent with the hypothesis that early onset of regular cannabis
use may have a negative impact on adult sleep duration.
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1. Introduction

Cannabis is one of the most widely used substances in the world with an estimated 147
million individuals using annually (World Health Organization (WHO), 2018). It is most
frequently consumed by adolescents and young adults (Center for Behavioral Health
Statistics and Quality (CBHSQ), 2017) with late adolescence being the highest point of risk
for cannabis initiation (Chen et al., 2017). Early regular cannabis use has been linked to later
life impairments such as psychological deficits (Ehrenreich et al., 1999; Fontes et al., 2011;
Gruber et al., 2012), altered brain development (Jacobus and Tapert, 2014), psy-
chopathology (Arseneault et al., 2002; Schubart et al., 2011), and substance use problems
(Ellickson et al., 2004). To date, several studies focusing on cannabis initiation have found
support for early cannabis use predicting later sleep deficits (Wong et al., 2009; Chheda et
al., 2014) while two studies have failed to find similar effects (Pasch et al., 2012; Hasler et
al., 2017), thus further research is needed to understand the developmental impact of early
regular cannabis use on adult sleep.

Cannabis use amongst adults and adolescents has been linked to higher rates of insomnia
(Roane and Taylor, 2008; Freeman et al., 2010; Alwan et al., 2011), sleep quality problems
(Klonoff and Clark, 1976; Fakier and Wild, 2011), and shorter sleep duration times
(Mednick et al., 2010; Glozier et al., 2010; Ebin et al., 2001; McKnight-Eily et al., 2011).
Over a third of adults fail to get the recommended 7 h of sleep per night (Ford et al., 2015;
Hirshkowitz et al., 2015) and shorter sleep duration is associated with deficits in
psychological functioning (Kronholm et al., 2009; Banks and Dinges, 2007; Ferrie et al.,
2011), work-related difficulties (Lian et al., 2015), and various maladaptive health outcomes
(Steptoe et al., 2006; Gallicchio and Kalesan, 2009). While research demonstrates that
baseline sleep problems are a significant predictor of later cannabis use (Weller and Halikas,
1982; Wong et al., 2004; Angarita et al., 2016) only a small selection of studies have found
evidence for early cannabis use predicting later sleep factors (Wong et al., 2009; Pasch et al.,
2012; Chheda et al., 2014). Given longitudinal associations in both directions, it is possible
that sleep problems cause cannabis use, cannabis (or its consequences) cause sleep problems
or a third underlying liability, like genetics, causes both and explains their correlation. Other
factors known to influence sleep such as sex (Krishnan and Collop, 2006), depression
(Tsuno et al., 2005), and substance use (Roehrs and Roth, 2001; McKnight-Eily et al., 2011,
Boakye et al., 2018) are important to consider as well.

Twin studies estimate the role of genetic and environmental contributions to complex human
traits. While no twin studies have been published focusing on the onset of regular cannabis
use, moderate genetic contributions have been observed for cannabis initiation (2 = 40—
48%) (Verweij et al., 2010) and adult sleep duration (2 = 29-44%) (Partinen et al., 1983;
Genderson et al., 2013; Hublin et al., 2013; Watson et al., 2016). Environmental factors
primarily contribute to the variance of early childhood sleep duration (¢ = 21% and €* = 78)
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(Gregory et al., 2006), but as age increases unique environment largely contributes to the
majority of the variance in adult sleep with a smaller contribution from additive genetics (&2
= 61-70% and & = 29-39%) (Genderson et al., 2013; Hublin et al., 2013; Watson et al.,
2016). It is unknown whether sleep duration and cannabis share common genetic and/or
environmental etiologies and twin modeling can be used to estimate the genetic/
environmental overlap and liability between traits.

Using a young adult twin sample, we set out to investigate and dissect the relationship
between the onset of regular cannabis use and adult sleep duration. We first tested if age of
onset of regular cannabis use is associated with adult weekend and weekday sleep duration
controlling for sex, depression, and current tobacco/alcohol/cannabis use. Then, we used
classical univariate twin analyses to partition the variance into genetic and environmental
components for adult sleep duration and onset of regular cannabis use separately. Next, we
tested a series of nested bivariate twin models that decomposed the genetic and
environmental overlap between sleep and cannabis. Finally, we used a causally informative
extension of the twin design to test whether the relationship between onset of regular
cannabis use and adult sleep duration is consistent with causality.

2. Methods

2.1. Participants and design

We used a sample of 1656 twins (403 monozygotic pairs and 425 dizygotic pairs) recruited
from the Longitudinal Twin Sample (LTS) and Colorado Twin Study (CTS) (Rhea et al.,
2006) as part of the third wave of the Center for the Genetics of Antisocial Drug
Dependence [CADD; PI: Hewitt]. The sample was 56% female (n = 932) with an average
age of 25.79 (SD=1.99, range = 23-30).

2.2. Measures

2.2.1. Onset of regular Cannabis use—Data for onset of regular cannabis use (M=
17.58, SD = 3.09, Median = 17) was collected from a supplement derived from the
Composite International Diagnostic Interview Substance Abuse Module (CIDI-SAM)
(Cottler et al., 1989; Cottler, 2000) and was assessed via a self-report question, “How old
were you when you began using marijuana on a regular basis, that is at least once per
month?” For our twin modeling analysis, onset of regular cannabis use was treated as an
ordinal variable by coding twins who had never used cannabis regularly as 2 (n = 1142),
twins who reported age of first regular use after age 17 as 1 (late onset) (n = 282), and if they
reported age of first regular use at age 17 or earlier as 0 (early onset)1 (n=232). This
categorization was chosen based on the mean and median age of 17 and because it divided
the distribution of age of onset into approximately equal groups of early and late onset.
Binary measures of onset have been shown to bias genetic and environmental correlations in
bivariate designs. Using a three-category ordinal variable that includes a third group who
have not begun regular use and whose implied age of onset would therefore be the latest

Lone twin pair was considered an outlier and was removed due to giving an implausible response on the age of first regular cannabis
question. Removal from the data did not materially change any tests of significance, estimates, or conclusions.
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minimizes these biases and improves the performance of genetic and environmental
modeling (Heath et al., 2002). Furthermore, using this ordinal measure, rather than a
continuous measure for onset of regular cannabis use in our twin model, allowed us to boost
our sample size by including this third group consisting of those who have not started
regular cannabis use. We ran separate sets of regressions for onset of regular cannabis use
coded as both an ordinal (reflecting our twin analyses) and continuous variable. Onset of
regular cannabis use is quite distinct from onset of any use and occasional use across
lifespan. In our sample of people who had never used cannabis regularly, by age 26 close to
85% had used cannabis less than 20 times in their life. This implies that those who have not
initiated regular use have not engaged in a large amount of cannabis use across their lifespan
and we would not expect this low-level usage to influence sleep.

2.2.2. Adult sleep duration—Adult sleep duration data was assessed using the Jessor
Health Questionnaire (Jessor and Jessor, 1977), which asked, “How many hours of sleep you
typically get on a weekend” and “How many hours of sleep you typically get on a weekday”
with responses being “5 h or less”, “6 h”, “7 h”, “8 h”, “9 h”, “10 h”, or “11 h or more”.
Sleep duration responses were treated as quasi-continuous variables. We reverse coded sleep
duration for our regressions and bivariate twin analysis. Weekday and Weekend sleep
duration were analyzed separately to account for possible differences as a result of work
obligations or the flexibility of weekend schedules (Roepke and Duffy, 2010) as well as
evidence that separate questions prompt more thoughtful and detailed responses
(Lauderdale, 2014). However, we also conducted an additional analysis regarding the onset
of regular cannabis use and an average of weekend and weekday sleep duration that is
included in a supplement; the results mirror those for weekend sleep.

2.2.3. Covariates of sleep—Our phenotypic mixed effects regression models adjusted
for covariates that have shown associations with sleep, including frequency of tobacco
(Boakye et al., 2018), alcohol, (Roehrs and Roth, 2001) and cannabis use (included to
separate the effects of onset of regular use from frequency of cannabis use) (Mednick et al.,
2010; Glozier et al., 2010; Ebin et al., 2001; McKnight-Eily et al., 2011) which we defined
as the number of days a substance was used in the past 6 months. We also controlled for sex
(Krishnan and Collop, 2006) and depression (Tsuno et al., 2005) which was quantified via a
composite score using responses from the Center for Epidemiological Studies-Depression
(CES-D) scale (Radloff, 1977). We removed the sleep disturbance question from the CES-D
composite score (range = 0-56) due to its redundancy with our outcome measure.

2.3. Analysis

2.3.1. Mixed effects models—We assessed descriptive statistics and mixed-effects
regressions via R version 3.4.4 (Team, RC, 2018). Individual-level regressions were
estimated via mixed effects models to account for the nested nature of twin data and
standardized regression coefficients were estimated from the Ime4 package of R studio
(Bates et al., 2014).

2.3.2. Univariate twin models—Using biometrical twin models (Neale and Cardon,
2013) we evaluated the contributions from genetic and environmental factors to the onset of
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regular cannabis use and adult sleep duration. Traditional twin models assume that the
variation in traits can be attributed to three latent factors: additive genetic effects (A), shared
environmental (C) and nonshared or unique environmental factors (£). Monozygotic (MZ2)
twins are assumed to be correlated perfectly for A. Dizygotic (DZ) twins, on average, share
half of their alleles identical by descent and are assumed to correlate 0.5 for A. By definition
Cis set to correlate perfectly for MZ and DZ pairs. Analyzing the variation and covariation
between MZ and DZ pairs provides estimates of the amount that each latent variable
contributes to a specific trait. Genetic influences would be inferred when MZ correlations
are larger than DZ correlations. Structural equation modeling was conducted via Mplus
version 8 (Muthén, 2007). We tested for differences across sex for all traits, testing mean
differences for weekday and weekend sleep duration (quasi-continuous variables) and
threshold differences for onset of regular cannabis use (an ordinal variable). We also tested
whether the magnitudes of A, C, and £ estimates were different across males and females
(scalar sex differences). To determine the best fitting and most parsimonious univariate
model we used XZ difference tests to see whether individual parameter estimates (i.e., A, C
or £) could be dropped without a significant decrement in model fit. Biometrical twin
models utilized robust maximum likelihood and weighted least squares means and variances
estimators to properly account for nonnormality (Asparouhov and Muthén, 2010) for sleep
and cannabis models, respectively. We used scaled and approximated chi squared difference
tests to test significance for continuous models and ordinal models, respectively. Chi squared
difference tests for the E pathway cannot be identified in classic univariate twin designs for
continuous models, thus p values cannot be estimated for significance.

2.3.3. Bivariate models—Cholesky decomposition models were used to decompose the
environmental/genetic variance and covariance amongst onset of regular cannabis use and
adult sleep duration in order to estimate unique and overlapping genetic/environmental
contributions. Once the genetic overlap is estimated using the Cholesky Decomposition, a
simple conversion of the Cholesky path coefficients can provide the proportion of genetic
rA = o @411
011(“21 + 022)
confidence intervals derived from the Cholesky estimates. Similar to our univariate analysis,
we tested for scalar sex differences and used x 2 difference tests to see whether individual
parameter estimates (i.e., A, Cor E) could be dropped without a significant decrement in
model fit for bivariate models. Additionally, we tested a potential causal model (Heath et al.,
1993; Verhulst and Estabrook, 2012; Minica et al., 2018; Torvik et al., 2019) in which the
onset of regular cannabis use directly predicted adult sleep duration. Our data would be
consistent with causality if we observed a non-significant reduction in model fit when
comparing the causal model to the Cholesky decomposition model. This causal model
comparison tested whether the A and £ associations in a model can be accounted for by a
directed phenotypic association between two traits. In order to verify that our causal model
results were not due to a lack of power or other formality of data fitting, we compared
models with opposite regression paths for both weekday and weekend sleep duration (adult
sleep duration predicting onset of regular cannabis use) to our best fitting Cholesky models.
Multivariate twin models controlled for fixed effect of sex but not for behavioral correlates.

variation shared between two traits, i.e. the Genetic Correlation with
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All multivariate models were fit using weighted least squares means and variances
estimators to account for nonnormality and we utilized 2 difference tests to test
significance for all multivariate trait models. The best fitting models were determined via Xz
difference tests to determine whether individual parameters could be dropped without a
significant reduction in model fit. XZ is sensitive to sample size, and to account for this we
also used root-mean-square error of approximation (RMSEA) < 0.06 as an indicator of good
fit (Hu and Bentler, 1998). We generated 95% confidence intervals with the CINTERVAL
(bootstrap) command in Mplus.

3. Results

3.1. Individual-level analyses

Table 1 contains descriptive statistics of all study variables for the total sample (as well as
for each separate sex). Table 2 shows the partial and full model regression outputs for onset
of regular cannabis use (both as a continuous and ordinal variable). Controlling for
depression, sex, and current cannabis/alcohol/tobacco use, age of onset of regular cannabis
(as a continuous variable) was significantly associated with shorter adult sleep duration on
both weekends (8= -0.18, 95% CI = [-0.27, —0.08], p < 0.001) and weekdays (8= —0.13,
95% CI =[-0.23, —-0.04], p=0.007). When onset of regular cannabis use was coded
ordinally (reflecting our twin analyses) and controlling for depression, sex, and current
alcohol/cannabis use, early onset of regular cannabis use was significantly associated with
shorter adult sleep duration on weekends (8= —0.07, 95% CI = [-0.15, —0.01], p = 0.043)
but not weekdays (8= —0.03, 95% CI = [-0.10, 0.04], p= 0.422), however this association
for weekend sleep became non-significant when including tobacco in the full model (8=
-0.03, 95% CI =[-0.11, 0.04], p= 0.351). Current frequency of tobacco use was
significantly correlated with early onset of regular cannabis use (r = —0.38, 95% CI = [-0.42,
-0.34], p < 0.001) and weekend sleep duration (r =-0.14, 95% CI =[-0.18, —-0.09], p <
0.001). Table 3 displays the descriptive statistics of each cannabis onset group as well as the
results of a one-way ANOVA group difference tests between the cannabis groups for all
variables in the study. Fig. 1 plots the means and standard errors for both weekday and
weekend sleep duration for each onset group. We found the largest difference in weekend
sleep duration was between early onset and late onset of regular cannabis users. No-tably,
there was very little difference in weekend sleep duration between late onset user and those
who never initiated onset of regular cannabis use.

3.2. Twin correlations

All three phenotypes demonstrated MZ correlations that were larger than DZ correlations,
indicating the presence of genetic influences. Table 4 shows the cross-twin and cross-twin
cross-trait correlations between onset of regular cannabis use and adult sleep duration.

3.3. Univariate twin models

To determine the genetic/environmental contributions to the variance of each individual trait
we conducted univariate twin models. Table 5 includes model fit and comparison statistics
for all univariate twin models. Sex differences were found when testing thresholds of
univariate twin models for onset of regular cannabis use (deiff (2) = 42.05, p<0.001) but
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not for adult weekend and weekday sleep duration (all y2gis (1) < 0.16, p > 0.689).
Therefore, thresholds were estimated separately by sex for onset of regular cannabis use, but
the means were constrained to be the same for adult sleep duration. No significant sex
differences were found in the degree to which genetic and environmental factors contributed
to cannabis and sleep outcomes (scalar sex differences; all deiff (3) <3.78, p> 0.286); thus,
male and female estimates were constrained to be the same. Table 6 includes standardized
estimates for all possible parameter combinations of the univariate models constrained
across sex. Ccould be dropped in all univariate models (all o> 0.073) but not Aor £
parameters (all x %gigf (1) > 6.31, p < 0.012 and  %giff (2) > 34.15, p< 0.001). Our best fitting
univariate models consisted of only A and E parameters for onset of regular cannabis use
(x? (23) = 16.58, p=0.829, RMSEA = < 0.001), adult weekend sleep duration (y? (22) =
13.81, p=0.908, RMSEA = < 0.001), and weekday sleep duration (although all univariate
models for weekday sleep duration demonstrated poor overall fit; all XZ > 40.69, p<0.009,
RMSEA > 0.072). Genetic and unique environmental factors significantly contributed to the
variance for onset of regular cannabis use (& = 76%, 95% CI = [68, 85], deiff Q)=
411.580, p< 0.001, and € = 24%, 95% CI = [16, 32]), adult weekend sleep duration (& =
20%, 95% CI = [11, 32], x 2qiff (1) = 20.08, p< 0.001, and & = 80%, 95% CI = [70, 90]),
and adult weekday sleep duration (& = 20%, 95% Cl = [11, 29], x giff (1) = 21.13,p <
0.001, and €2 = 80%, 95% CI = [71, 89]), with the caveat that for weekday sleep duration the
AE model gave a poor fit as reported above. Overall, we found that additive genetics and
nonshared environmental factors contribute to the etiology of the onset of regular cannabis
use and adult sleep duration.

3.4. Bivariate twin models

To disentangle overlapping and/or unique genetic/environmental contributions among the
onset of regular cannabis use and adult sleep duration we fit bivariate Cholesky
decomposition models. Table 7 includes model fit and comparison statistics for bivariate
twin models. Similar to our univariate analyses, we found that bivariate models assuming no
genetic and/or environmental sex differences did not yield a significant decrement in model
fit (all deiff (9) <7.76, p> 0.559). We then employed a model comparison approach to
determine whether we could remove individual A, Cand £ parameters from multivariate
models. C could be dropped without a significant deterioration of fit in our bivariate
Cholesky decomposition models for weekend and weekday sleep (all deif—f (3)>3.16, p>
0.306), but not A or £ parameters (all deiff (3) > 16.55, p< 0.001). Fig. 2 displays the best
fitting A and £ Cholesky model for weekend sleep (XZ (63) = 39.44, p=0.992, RMSEA =<
0.01), with Cholesky decomposition pathways suggesting a significant genetic correlation
(A path = -0.14, 95% Cl = [-0.24, -0.04], 75 = —0.31, 95% CI = [-0.41, -0.15], x %qiff (1) =
9.59, p=0.002) between onset of regular cannabis use and adult weekend sleep duration.
Fig. 3 displays the best fitting A and £ Cholesky model for weekday sleep (X2 (63) = 70.36,
p=0.245, RMSEA = 0.027) but suggested no significant genetic and/or environmental
correlations (all deiff (1) <0.98, p>0.321) between onset of regular cannabis use and
weekday sleep duration, as would be expected given the non-significant phenotypic
regression analysis. Table 8 displays the additive genetic pathways and significance tests
needed from the standard bivariate Cholesky decompositions for calculating the genetic
correlations.
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We then compared a potential causal model, with the onset of regular cannabis use
predicting adult sleep duration, to our best fitting Cholesky decomposition model for both
adult weekday and weekend sleep duration and there was no decrement in fit (all deif-f 1)<
2.44, p>0.118). The causal models demonstrated good fit (all XZ (64) < 70.96, p>0.257,
RMSEA < 0.026) and are consistent with a causal relationship of onset of regular cannabis
use predicting weekend sleep duration (8= -0.11, 95% CI = [-0.18, —0.03], deiff Q)=
11.78, p<0.001) but the effect on weekday sleep duration was not significant (8= —0.04,
95% CI =[-0.11, 0.04], deiﬁ (1) = 1.793, p=0.181), which again was expected given the
non-significant phenotypic association. Fig. 4 illustrates the best fitting causal model for
onset of regular cannabis use and weekend sleep duration. We tested reverse causal models
(sleep duration causing onset of cannabis use) against our best fitting Cholesky models and
these comparisons did'result in significant decrements in fit (all deiff (1) >6.211, p<
0.013), suggesting that early monthly cannabis use predicts sleep duration and not the other
way around. While these latter models are not plausible due to the time frames of the
measures, they demonstrate that the study does have sufficient power to reject inappropriate
causal models.

4. Discussion

We set out to uncover the etiological relationship between the onset of regular cannabis use
and adult sleep duration. Earlier onset of regular cannabis use (continuous) was associated
with shorter weekday and weekend sleep duration when controlling for sex, depression, and
current alcohol/cannabis/tobacco use. Early onset of regular cannabis use (coded ordinally)
was associated with shorter adult sleep duration on the weekends when controlling for sex,
depression, and current alcohol/cannabis use. We found significant genetic and unique
environmental contributions to the onset of regular cannabis use and adult weekend sleep
duration independently. We discovered initial evidence of a significant overlapping additive
genetic influence between onset of regular cannabis use and weekend sleep implying a
common genetic liability, but ultimately a causal twin model comparison determined that
onset of regular cannabis use predicting weekend sleep had the best fit and suggested that
these results are consistent with causality.

Our variance contributions estimated for weekend sleep duration are consistent with
previous adult twin studies (Genderson et al., 2013; Hublin et al., 2013; Watson et al., 2016)
which have found that (unique) environment explains a much larger portion of the variance
than additive genetics and that shared environment does not make a significant contribution.
We are not aware of any twin studies specifically focusing on the onset of regular cannabis
use and our findings of significant genetic contribution are consistent with studies of
cannabis initiation (Verweij et al., 2010). Our univariate analysis is novel in that we assess
the age at when individuals began using cannabis on a regular (at least monthly) basis and
separate regular users from experimental or one-time users. Binary measures of initiation
that do not utilize age are often listed as a limitation and problem to address in twin studies
(Miles et al., 2001; Agrawal et al., 2004; Lessem et al., 2006; Fowler et al;, 2007). To our
knowledge, this is the first twin study to specifically investigate the age of onset of regular
cannabis use and find support of significant genetic influence.
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Our findings contribute to the small collection of studies investigating the effects of early
cannabis use on later sleep and are consistent with some (Chheda et al., 2014; Wong et al.,
2009) but not all studies (Pasch et al., 2012; Hasler et al., 2017) suggesting that early
cannabis use predicts later sleep deficits in adolescence and later adulthood. We extend these
findings by providing evidence of a potentially causal relationship between the onset of
regular cannabis use and shorter weekend sleep duration in adulthood. The temporal
associations between these variables demonstrate possible long-lasting effects of early
regular cannabis use on later sleep. Additionally, the study shows that early (regular)
cannabis use is significantly associated with later sleep beyond current frequency of
cannabis use and other known factors that are highly associated with sleep duration. Lastly,
this is the first study to find evidence of a potential genetic correlation and common genetic
liability between onset of regular cannabis use and weekend sleep duration, indicating either
a pleiotropic influence on both traits or a causal influence of genetically influenced early
regular cannabis use on adult sleep duration.

There are several possible explanations for this relationship. There could be developmental
consequences of early cannabis use, such that early substance users might develop
maladaptive behaviors or long-lasting sleep problems that continue into adulthood effecting
sleep (Pasch et al., 2012). Another possibility is that early cannabis use could result in
altered brain development that effects later sleep. Imaging studies have found both
functional and structural alterations in the prefrontal cortex (PFC) for early cannabis users
(Jacobus and Tapert, 2014) and there is evidence that sleep deprivation (Chee, 2004;
Drummond et al., 2005; Yoo et al., 2007; Chee and Chuah, 2009; Simon et al., 2015), altered
sleep patterns (Hasler et al., 2012a), and poor sleep quality (Tashjian et al., 2018) are
associated with alterations in functional PFC connectivity with other parts of the brain and in
networks involving the PFC. Additionally, there could be potential developmental
disruptions in circadian rhythm as a result of early cannabis use, as there is evidence of
circadian pathway disturbances resulting from substance use (Shibley et al., 2008; Hasler et
al., 2012b, 2015).

Lastly, while our best fitting model was a casual model, there are limitations to how we
interpret this result (Coventry and Keller, 2005) and we cannot reject the possibility of a
common genetic liability between these traits, i.e. pleiotropic influence of genes on both
traits that explains this relationship. Consistent with this common genetic liability theory, the
endocannabinoid system is believed to be involved in the circadian sleep—wake cycle
(Vaughn et al., 2010; Murillo-Rodriguez et al., 2011) and several large genome-wide
association studies of lifetime cannabis use (Stringer et al., 2016; Gage et al., 2017; Pasman
et al., 2018) have found significant genes associated that are believed to be involved
circadian rhythm and sleep behaviors (Sato et al., 2004; Yan et al., 2008; Stadler et al., 2010;
Tabuchi et al., 2013; Liu et al., 2014; Jiang et al., 2015; Young et al., 2016; Uetani et al.,
2017; Yang et al., 2018). Additionally, a recent study found that several clock gene
polymorphisms were significant risk factors for cannabis addiction (Saffroy et al., 2019).
However, consistent with a potential causal relationship, there is evidence of chemicals in
cannabis that change stability in circadian rhythm (Perron et al., 2001) and alter the
expression of clock genes on a molecular level (Lafaye et al., 2018). Thus to explain the
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relationship between cannabis use and sleep, there is evidence for both common genetics
and potential causal paths, and these mechanisms need not be mutually exclusive.

There are several limitations of this study. First, there are issues with the time specific
validity of the cannabis and sleep measures that could have led to recall bias or error. This
measurement error could be responsible for the poor fit of the univariate weekday sleep
duration models. Second, a limitation of causal twin model analyses is that results can be
misleading if the measures have large amounts of error, especially if one of the two
measures has a considerably larger amount than the other. In such cases, the measure with
more error is an unlikely candidate for a causal variable. While our best fitting model for
adult weekend sleep duration had a high contribution of £(80%) (which could be seen as a
concern for unreliability), prior twin studies on adult sleep duration have estimated similar
patterns in variance contributions along with no contribution from the shared environment
(Genderson et al., 2013; Hublin et al., 2013; Watson et al., 2016). Thus, based on the
available literature this is not likely a major concern for error or unreliability in our study.
Third, is the lack of a significant environmental correlation in our bivariate twin model for
onset of regular cannabis use and weekend sleep duration. In the case of a causal effect, we
would expect the bivariate twin model to show both genetic and environmental correlations.
Even though the directional causal model was our best fitting and most parsimonious model
by means of a XZ difference test, the absence of a significant environmental correlation is a
noteworthy limitation, possibly reflecting the power limitations of this study despite the
substantial sample size. While these causal model comparisons provide additional and novel
information, we cannot make conclusive or definitive statements regarding causality. We are
confident in the results of our genetic association, but further research is needed to solidify
the inference of a causal relationship for these traits. Fourth, is the possible role of tobacco
in this relationship. The influence of the onset of regular cannabis use (as an ordinal
variable) on weekend sleep remained significant when controlling for sex, current cannabis/
alcohol use, and depression but not when tobacco use was included in the model. Frequency
of tobacco use was correlated with onset of regular cannabis use and weekend sleep, and it is
entirely plausible that tobacco could play a role in this relationship via possible moderation
or mediation. Further research is needed to understand its influence on this association.
Fifth, all of our measures of sleep, depression, and substance use were self-report measures
and could be prone to report bias or memory discrepancies. Lastly, while our continuous
mixed effects regression analysis controlled for several known sleep correlates, we did not
control for other factors that may influence sleep such as pre-existing sleep conditions,
additional forms of substance use, or other potential factors nor did we control for these
covariates in our twin models. Forthcoming studies should consider appropriate controls in
their analysis as well as specifications of measures to address the mentioned concerns.

5. Conclusion

Our data were consistent with the interpretation that there is a predictive and possibly causal
relationship between early onset of regular cannabis use and sleep problems in adulthood,
implying that shorter adult sleep duration is one of the growing developmental consequences
for early cannabis use. Other implications include the possibility of overlapping genetics that
drive this association and the need to explore genetic influences in this relationship more in
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depth. Education and prevention efforts should incorporate sleep loss as one of the possible
side effects of early cannabis use.
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Weekday and Weekend Sleep Duration by Onset of Cannabis Use Group

i ——

j— —
|:| ‘Weekend Sleep Duration
. Weekday Sleep Duration
Early Onset Late Onset No onset

Fig. 1.
Plot of Means and Standard Errors of both Weekday and Weekend Sleep Duration for all

Three Onset Groups.
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Model fit: Chi-square (63) = 39.44, p = 0.992, RMSEA =< 0.001

Fig. 2.
Best fitting A and £ Cholesky model for Onset of Regular Cannabis Use and Weekend Sleep

Duration.
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Fig. 3.

Best fitting A and £ Cholesky model for Onset of Regular Cannabis Use and Weekday Sleep

Duration.
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Fig. 4.
Best Fitting Causal Model (Collapsing Across Genetic and Environmental Influences) in
which Onset of Regular Cannabis Use Predicts Adult Weekend Sleep Duration.
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Model Fit and Comparison Statistics for all Univariate Models. Threshold Testing is at 1.

Table 5

Trait and model x? df p RMSEA
Onset of Regular Cannabis Use
Full A, C,EModel With Scalar Sex Differences  13.24 19 0.826 <0.001
Sex Thresholds Differences 4205 2 <0.001
No Scalar Sex Differences 0.61 3 0.894
AE 3.22 1 0.073
CE 12.51 1 <0.001
E 41480 2 <0.001
Adult Weekend Sleep Duration
Full A, C,EModel With Scalar Sex Differences 8.97 18 0.960 <0.001
No Sex Threshold Differences 0.16 1 0.689
No Scalar Sex Differences 3.78 3 0.286
Ael? 000 1 1
CE 67.52 1 <0.001
E 34.15 2 <0.001
Adult Weekday Sleep Duration
Full A C EModel With Scalar Sex Differences 33.20 18  0.016 0.071
No Sex Threshold Differences .032 1 0.857
No Scalar Sex Differences 2.61 3 0.457
AE 1.28 1 0.257
cet 631 1 0012
E 42.3 2 <0.001

Page 26

Due to the scaling factor MLR produced a negative chi squared difference. To test this parameter, we had to use maximum likelihood estimation

which would have given us a conservative estimation of the chi squared difference, but the effect was so strong is remained significant.

2 . . . . .
We observed no difference in the chi squared values between the weekend sleep duration model with A, C, and £ paths and the weekend sleep
duration model with only A and £ paths, thus 0 was estimated in a chi squared difference test.
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