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Supplemental Information
Impacts of Recreational Cannabis Legalization on Cannabis Use: A Longitudinal Discordant Twin Study


Supplemental Methods
Racial Demographics
The Colorado sample racial demographics are as follows: 87.8% White, 1.0% Native American, 1.3% Asian, 0.2% Native Hawaiian or Pacific Islander, 1.1% Black, 6.8% mixed race, multi-racial, or another race. Race was missing for 1.8% of participants and 9.0% percent of participants identified as having Hispanic/Latinx ethnicity. The Minnesota sample racial demographics are as follows: 95.9% White, 1.1% Native American, 0.6% Asian, Native Hawaiian, or Pacific Islander, 1.2% Black, 1% mixed race, multi-racial, or another race. Race was missing for 0.2% of participants and 1.4% percent of participants identified as having Hispanic/Latinx ethnicity.
Harmonization of Ordinal and Continuous Cannabis Frequency
Prior to 2014, the Minnesota cohort responded to the cannabis frequency item on an ordinal scale with response options: 0=never or not in the last year, 1=less than once a month but at least once a year, 2=once a month, 3=2 or 3 times a month, 4=1-2 times a week, 5=3-4 times a week, 6=nearly every day, and 7=daily. Continuous pre-2014 continuous cannabis frequency from Colorado was binned to harmonize responses with pre-2014 ordinal cannabis frequency using the following cutoffs: 0 = never or less than once a year, 1-3 = less than once a month but at least once a year, 4-6 = about once a month, 7-19 = 2 or 3 times a month, 20-54 = 1 or 2 times a week, 55-99 = 3 to 4 times a week, 100-179 = nearly every day, and 180 = daily. Pre-2014 ordinal cannabis frequency was converted to alternative values to harmonize responses with pre-2014 continuous frequency using the following mappings: 0 = 0 days, 1 = 3 days, 2 = 6 days, 3 = 15 days, 4 = 39 days, 5 = 91 days, 6 = 150 days, 7 = 180 days. 
The post-2014 assessments contained both questions, allowing us to test their comparability. The correlation between harmonized pre-2014 ordinal and continuous measures was as strong as the correlation between original post-2014 ordinal and continuous measures (pre-2014 harmonized ordinal-continuous r=.92, post-2014 original ordinal-continuous r=.91) indicating that the two measures, although slightly different, performed similarly in their measurement of cannabis use frequency and this similarity is robust to whether the measures are harmonized or original values. Additionally, as individuals within a twin pair are assessed with the same items at the pre-2014 assessment, this addresses some concern around measurement bias introduced by the harmonized measures.
Gene-Environment Interaction Model
	Gene-environment interaction models can be conceptualized as an extension of sex differences models (see Chapter 9 of Neale & Maes, 2004 for a longer description). Sex differences models leverage comparisons between male-male and female-female mono- and dizygotic twin pairs and their male-female dizygotic counterparts. The opposite-sex dizygotic twins permit the estimation of additive genetic effects specific to one sex, along with various submodels. Similarly, gene-environment interaction models can leverage twins discordant for an environmental exposure to evaluate the components of variation conditional on that exposure. The five-group sex limitation model expands to a six-group model consisting of concordant exposed monozygotic and dizygotic pairs, concordant unexposed monozygotic pairs, and monozygotic and dizygotic pairs discordant on the exposure. 
	The most general gene-environment interaction model estimates phenotypic variance decompositions separately for exposed and unexposed groups and leverages the information from exposure-discordant pairs to also evaluate additive genetic effects conditional on the exposure. Below are the twin pair variance covariance matrices for each of the six groups, where recreationally legal states are denoted by the subscript L and recreationally illegal states are denoted by the subscript I, and discordant pairs are denoted D. Common genetic paths are represented by the variance-covariance component matrix X, shared environmental paths are represented by Y, unique environmental paths are the matrix Z, and additive genetic paths specific to legalization exposure are the matrix N, and T refers to the matrix transpose. X, Y, Z, and N are 2×2 Cholesky decomposition matrices for the variation in pre-2014 and post-2014 cannabis frequency and the covariation between the two time points. A, C, E, and M are then the additive genetic, shared environmental, unique environmental, and exposure-specific additive genetic variance components, defined as X, Y, Z, and N multiplied by their transpose. For example, the genetic variance-covariance matrix in legal environments would be denoted as AL = XLXLT, the shared environment variance covariance matrix in illegal environments would be CI = YIYIT, and so on.
Each twin’s variance (VL and VI) is on the diagonal and the off diagonal is the covariance between twins within a pair. Monozygotic twins share all of their additive genetic variance whereas dizygotic twins share half (coefficient of .5 in dizygotic matrices); both monozygotic and dizygotic pairs share all of their shared environmental variance and none of their unique environmental variance. Variation for each twin is constrained to be equal for concordant residence groups, but not for discordant groups, as variation is decomposed by residence. The six variance-covariance matrices for all possible groupings of twin pairs are as follows:












The preceding matrices indicate that common genetic effects, shared environmental effects, and unique environmental effects are estimated separately for recreationally legal and recreationally illegal residence groups. The variation of each individual in a recreationally legal state is a sum of the legal group’s common additive genetic effects, shared environmental effects, unique environmental effects, and additive genetic effects conditional on the environmental exposure of legalization. The variation of each individual in a recreationally illegal state is a sum of the illegal group’s common additive genetic effects, shared environmental effects, and unique environmental effects. The covariation between twins in concordant recreationally legal states is a function of the legal group’s common additive genetic effects, shared environmental effects, and additive genetic effects conditional on the environmental exposure of legalization, whereas for twins in recreationally illegal states, the covariation between twins is a function only of the illegal group’s common additive genetic effects and shared environmental effects; there are no exposure effects in this group. 
Lastly, and perhaps most important, the covariation between twins in discordant twin pairs is a function of additive genetic and shared environmental effects from each legal and illegal group. These discordant components are clearly denoted in the last two matrices, where the twin pair covariation is shown as its Cholesky decomposition, with the decomposed XL matrix postmultiplied by the transpose of the XI matrix, and vice versa for the opposing off-diagonal. These discordant pairs permit the investigation of exposure-specific effects. Of particular note, in this design one can estimate both a genetic correlation across time (spanning pre- to post-legalization) and novel genetic influences specific to the new legal environment. This is clear in the covariance matrices above, where M contributes to the variance and covariance terms in concordant pairs, but only contributes to the variance term in the discordant pairs, and only for the twin living in the legal environment.
	In the present analysis, we evaluated the exposure to legal recreational cannabis in the biometric decompositions of cannabis use frequency over time. In our data prior to 2014, all individuals are considered unexposed, and the exposure groups are defined based on residence post-2014. This allows for an evaluation of genetic and environmental influences over time between participants that remain unexposed across the duration of the study and participants that are exposed during the study period, informing us of both developmental effects and environmental effects. The genetic correlations between exposed and unexposed members of a twin pair (i.e., within-discordant-pair rGD for pre- and post-2014) can be computed as follows:


Alternatively, the longitudinal correlations between pre-2014 and post-2014 within individuals are computed separately for exposed and unexposed groups. This longitudinal individual correlation can be computed for additive genetic (i.e., rGL  and rGI), shared environmental (i.e., rCL  and rCI), and unique environmental components i.e., rEL  and rEI). The computations are shown for the additive genetic correlation here, the unique and shared environmental correlations follow the same formula with Y and Z matrices respectively. 



We also fit several submodels to evaluate specific parameter estimates. The first submodel is the common effects model, which fixes the effects of additive genes conditional on the exposure to zero (i.e., ML = 0) and compares model fit to the general model. This comparison thus determines whether there are significant additive genetic effects conditional on the exposure, or whether phenotypic variance in each exposure group is explained by the same, or common, genetic effects. The next submodel is the scalar effects submodel, which constrains the variance components of one exposure group to be a scalar multiple of the other exposure group (here scalar multiples defined as u, v, and w for legal A, C, and E respectively), resulting in equal standardized variance components (i.e., the heritability estimate) between exposure groups. Therefore, in the scalar effects model, simultaneously uAL = AI, vCL = CI, and wEL = EI. Lastly, single parameters were evaluated by fixing an individual parameter of interest to equality (either across pre- and post-2014 times within a residence group, or across residence groups within a time); these submodels do not have specific names. 









	Supplemental Table 1: Descriptives for Ages and Years of Assessment by Cohort

	Pre-2014

	Cohort
	Mean Age
	SD Age
	Min. Age
	Max. Age
	Median Test Year
	Min. Test Year
	Max. Test Year

	CTS
	26.4
	2.4
	17.5
	34.4
	2010
	2002
	2013

	ES
	18.9
	1.9
	16.9
	25.8
	2010
	2006
	2013

	LTS
	22.6
	1.5
	16.5
	28
	2010
	2003
	2013

	MF
	28.7
	1.4
	24.1
	32.7
	2011
	2004
	2013

	ML
	24.6
	0.8
	22.8
	29.3
	2003
	1996
	2005

	Post-2014

	Cohort
	Mean Age
	SD Age
	Min. Age
	Max. Age
	Median Test Year
	Min. Test Year
	Max. Test Year

	CTS
	34.9
	2.6
	27.9
	41.1
	2019
	2018
	2021

	ES
	28.2
	1.1
	24.8
	32.1
	2019
	2018
	2021

	LTS
	32.0
	1.3
	29.9
	36
	2020
	2018
	2021

	MF
	37.7
	1.4
	35.3
	42.6
	2020
	2018
	2021

	ML
	41.8
	1.8
	39.5
	47.8
	2019
	2018
	2021

	Age Changes from Pre- to Post-2014

	Cohort
	Mean Age Change
	SD Age Change
	Min. Age Change
	Max. Age Change

	CTS
	8.5
	1.7
	4.6
	15.9

	ES
	9.3
	1.4
	4.3
	13.2

	LTS
	9.5
	1.4
	5.8
	17.7

	MF
	9.1
	1.9
	5.0
	15.5

	ML
	17.2
	2.0
	14.1
	23.8


Note: CTS and LTS are community-recruited cohorts from Colorado, MF and ML are community-recruited cohorts from Minnesota, and ES is a Minnesota cohort with participants selected for childhood externalizing psychopathology and community-recruited counterparts.

	Supplemental Table 2: Cannabis Legal Status by Location

	Location
	Legal Status
	Location
	Legal Status

	Alabama
	Illegal
	Nebraska
	Illegal

	Alaska
	Legal
	Nevada
	Legal

	Arizona
	Mixed - 11/30/2020
	New Hampshire
	Illegal

	Arkansas
	Illegal
	New Jersey
	Mixed - 3/1/2021

	California
	Legal
	New Mexico
	Illegal

	Colorado
	Legal
	New York
	Illegal

	Connecticut
	Illegal
	North Carolina
	Illegal

	Delaware
	Illegal
	North Dakota
	Illegal

	Florida
	Illegal
	Ohio
	Illegal

	Georgia
	Illegal
	Oklahoma
	Illegal

	Hawaii
	Illegal
	Oregon
	Legal

	Idaho
	Illegal
	Pennsylvania
	Illegal

	Illinois
	Mixed - 1/1/2020
	Rhode Island
	Illegal

	Indiana
	Illegal
	South Carolina
	Illegal

	Iowa
	Illegal
	South Dakota
	Illegal

	Kansas
	Illegal
	Tennessee
	Illegal

	Kentucky
	Illegal
	Texas
	Illegal

	Louisiana
	Illegal
	Utah
	Illegal

	Maine
	Legal
	Vermont
	Mixed - 7/1/2018

	Maryland
	Illegal
	Virginia
	Illegal

	Massachusetts
	Legal
	Washington
	Legal

	Michigan
	Mixed - 12/6/2018
	West Virginia
	Illegal

	Minnesota
	Illegal
	Wisconsin
	Illegal

	Mississippi
	Illegal
	Wyoming
	Illegal

	Missouri
	Illegal
	Puerto Rico
	Illegal

	Montana
	Mixed - 1/1/2021
	Washington D.C.
	Legal


Note: All locations listed as Illegal remained such for the duration of data collection, all locations listed as Legal had recreational legalization go into effect prior to any data collection (i.e., prior to March 23, 2018), locations listed as Mixed had recreational legalization passed during data collection on the dates listed.













	Supplemental Table 3: Means of Cannabis Frequency Split by Residence Type

	Residence
	Pre-2014 Continuous
	Pre-2014 Ordinal
	Post-2014 Continuous
	Post-2014 Ordinal

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Discordant Twins: Twin Residing in a State that Does Not Legalize
	11.85
	39.34
	0.77
	1.78
	10.52
	35.03
	0.75
	1.71

	Discordant Twins: Twin Residing in a State that Legalizes
	8.80
	32.85
	0.69
	1.58
	18.31
	47.45
	1.13
	2.04

	All Twins Concordant for Living in a State that Does Not Legalize
	10.93
	37.21
	0.68
	1.68
	14.84
	43.76
	0.92
	1.94

	All Twins Concordant for Living in a State that Legalizes
	13.74
	41.60
	0.86
	1.87
	19.21
	49.21
	1.22
	2.15


Note there is no clear pattern of means prior to 2014, but after 2014 the groups experiencing cannabis legalization (all twins concordant for living in a state that legalizes and discordant twins: twin residing in a state that legalizes) are higher than the means for groups not experiencing legalization (all twins concordant for living in a state that does not legalize and discordant twins: twin residing in a state that does not legalize).

























	Supplemental Table 4: Results of Individual Level Mixed Model and Zygosity-Stratified Co-Twin Control Mixed Models, Ordinal Framework

	Individual-level Model
	Twin Models

	Param.
	Individual
	Param.
	All Twins
	Same-Sex Dizygotic Twins
	Monozygotic Twins

	
	B
	95% CI
	p
	
	B
	95% CI
	p
	B
	95% CI
	p
	B
	95% CI
	p

	Int.
	2.88
	2.24, 3.52
	2.86e-18
	Int.
	2.87
	2.16, 3.59
	6.40e-15
	2.57
	1.26, 3.87
	1.30e-4
	2.83
	1.91, 3.75
	2.81e-9

	Legal
Status
	0.22
	0.10, 0.35
	5.02e-4
	Between
Pair
	0.17
	0.01, 0.33
	0.033
	0.27
	-0.01, 0.56
	0.059
	0.07
	-0.14, 0.28
	0.495

	
	
	
	
	Within
Pair
	0.23
	0.09, .037
	0.001
	0.30
	0.04, 0.57
	0.026
	0.17
	-0.01, 0.35
	0.058

	Age
	-0.04
	-0.06,
-0.03
	1.11e-7
	Age
	-0.05
	-0.06, -0.03
	1.30e-6
	-0.05
	-0.08, 
-0.02
	4.20e-03
	-0.04
	-0.07, -0.02
	4.41e-4

	Sex
	-0.27
	-0.39,
-0.15
	2.20e-5
	Sex
	-0.25
	-0.39, -0.11
	3.85e-4
	-0.04
	-0.29, 0.21
	0.760
	-0.27
	-0.46, -0.08
	0.006

	Intake Cohort
	0.27
	0.01, 0.54
	0.041
	Intake Cohort
	0.40
	0.10, 0.70
	0.009
	0.50
	0.03, 0.97
	0.038
	0.35
	-0.05, 0.75
	0.086

	Pre-2014 Use
	0.60
	0.56, 0.63
	7.67e-225
	Pre-2014
Use
	0.60
	0.57, 0.64
	4.94e-187
	0.61
	0.55, 0.67
	7.05e-69
	0.59
	0.54, 0.64
	5.00e-92


Note: The minimal attenuation between the individual level beta for legal status and co-twin within-pair betas indicates minimal genetic and shared environmental confounding. Param. = parameter; Int. = intercept; B = unstandardized regression parameter estimate; 95% CI = confidence interval; p = exact p-value









	















	Supplemental Table 5: Cross-Twin Cross-Trait Correlations for Cannabis Use Pre- and Post-2014 in Continuous Framework

	Monozygotic Twins

	
	Twin 1
Pre-2014
	Twin 1
Post-2014
	Twin 2
Pre-2014
	Twin 2
Post-2014

	Twin 1
Pre-2014
	1
	
	
	

	Twin 1
Post-2014
	0.48
	1
	
	

	Twin 2
Pre-2014
	0.48
	0.34
	1
	

	Twin 2
Post-2014
	0.33
	0.42
	0.45
	1

	Same-Sex Dizygotic Twins

	
	Twin 1
Pre-2014
	Twin 1
Post-2014
	Twin 2
Pre-2014
	Twin 2
Post-2014

	Twin 1
Pre-2014
	1
	
	
	

	Twin 1
Post-2014
	0.47
	1
	
	

	Twin 2
Pre-2014
	0.39
	0.28
	1
	

	Twin 2
Post-2014
	0.19
	0.28
	0.46
	1

	Opposite-Sex Dizygotic Twins

	
	Twin 1
Pre-2014
	Twin 1
Post-2014
	Twin 2
Pre-2014
	Twin 2
Post-2014

	Twin 1
Pre-2014
	1
	
	
	

	Twin 1
Post-2014
	0.52
	1
	
	

	Twin 2
Pre-2014
	0.26
	0.31
	1
	

	Twin 2
Post-2014
	0.25
	0.22
	0.44
	1


Note: All correlations significant at p < .05. Correlations are presented for raw variables (i.e., not corrected for age, sex, or cohort). 









	Supplemental Table 6: Cross-Twin Cross-Trait Correlations for Cannabis Use Pre- and Post-2014 in Ordinal Framework

	Monozygotic Twins

	
	Twin 1
Pre-2014
	Twin 1
Post-2014
	Twin 2
Pre-2014
	Twin 2
Post-2014

	Twin 1
Pre-2014
	1
	
	
	

	Twin 1
Post-2014
	0.58
	1
	
	

	Twin 2
Pre-2014
	0.55
	0.43
	1
	

	Twin 2
Post-2014
	0.36
	0.47
	0.52
	1

	Same-Sex Dizygotic Twins

	
	Twin 1
Pre-2014
	Twin 1
Post-2014
	Twin 2
Pre-2014
	Twin 2
Post-2014

	Twin 1
Pre-2014
	1
	
	
	

	Twin 1
Post-2014
	0.57
	1
	
	

	Twin 2
Pre-2014
	0.44
	0.38
	1
	

	Twin 2
Post-2014
	0.30
	0.37
	0.52
	1

	Opposite-Sex Dizygotic Twins

	
	Twin 1
Pre-2014
	Twin 1
Post-2014
	Twin 2
Pre-2014
	Twin 2
Post-2014

	Twin 1
Pre-2014
	1
	
	
	

	Twin 1
Post-2014
	0.63
	1
	
	

	Twin 2
Pre-2014
	0.26
	0.32
	1
	

	Twin 2
Post-2014
	0.25
	0.23
	0.53
	1


Note: All correlations significant at p < .05. Correlations are presented for raw variables (i.e., not corrected for age, sex, or cohort). 









	Supplemental Table 7: Twin Correlations by Residence and Zygosity

	
	Twins Concordant for Living in a State that Legalizes
	Twins Concordant for Living in a State that Does Not Legalize
	Twins Discordant for Residence

	Parameter
	Monozygotic Correlation
	Same-Sex Dizygotic Correlation
	Monozygotic Correlation
	Same-Sex Dizygotic Correlation
	Monozygotic Correlation
	Same-Sex Dizygotic Correlation

	Pre-2014 Continuous
	0.45
[0.34, 0.55]
	0.49
[0.35, 0.61]
	0.54
[0.46, 0.60]
	0.27
[0.15, 0.39]
	0.30
[0.12, 0.46]
	0.45
[0.34, 0.55]

	Pre-2014 Ordinal
	0.51
[0.41, 0.60]
	0.57
[0.45, 0.68]
	0.60
[0.53, 0.65]
	0.31
[0.18, 0.42]
	0.49
[0.33, 0.62]
	0.51
[0.41, 0.6]

	Post-2014 Continuous
	0.41
[0.30, 0.51]
	0.32
[0.16, 0.46]
	0.44
[0.36, 0.51]
	0.27
[0.15, 0.39]
	0.38
[0.21, 0.53]
	0.41
[0.30, 0.51]

	Post-2014 Ordinal
	0.47
[0.37, 0.57]
	0.44
[0.30, 0.57]
	0.49
[0.41, 0.55]
	0.32
[0.20, 0.43]
	0.39
[0.21, 0.53]
	0.47
[0.37, 0.57]


Correlations are presented for raw variables (i.e., not corrected for age, sex, or cohort). 

























	Supplemental Table 8: Gene-Environment Interaction Model Comparisons

	
	Model Number of Estimated Parameters
	Model df
	Log Likelihood
	AIC
	BIC

	Base
Continuous
	35
	4,803
	15,926.26
	15,996.26
	16,175.13

	Saturated
Continuous
	108
	4,730
	15,784.22
	16,000.22
	16,552.18

	Common Effects Continuous
	34
	4,804
	15,926.26
	15,994.26
	16,168.02

	Scalar Effects
Pre-2014 Continuous
	34
	4,806
	15,941.18
	16,009.18
	16,182.94

	Scalar Effects Post-2014 Continuous
	34
	4,806
	15,928.01
	15,996.01
	16,169.77

	Base
Ordinal
	35
	4,803
	18,051.40
	18,121.40
	18,300.28

	Saturated
Ordinal
	108
	4,730
	17.892.00
	18,108.00
	18,659.95

	Common Effects
 Ordinal
	34
	4,804
	18,051.40
	18,119.40
	18293.17

	Scalar Effects
Pre-2014 Ordinal
	34
	4,806
	18,061.66
	18,129.66
	18,303.43

	Scalar Effects Post-2014 Ordinal
	34
	4,806
	18,053.15
	18,121.15
	18,294.91


Note: Continuous and Ordinal refer to the operationalization of cannabis use frequency; Base refers to the full GxE model in which all parameters are freely estimated for recreationally legal and illegal groups and there are additive genetic effects specific to the legal environment estimated; Saturated refers to a model in which twin variance-covariance matrices, means, and covariate effects were freely estimated for each group with no structure imposed (i.e., each parameter freely estimated for each individual in a twin pair); Common Effects refers to a reduced GxE model in which all parameters are freely estimated for recreationally legal and illegal groups, but the additive genetic effects specific to the legal environment are fixed to zero; Scalar Effects refers to a further reduced GxE model in which the additive genetic effects specific to the legal environment are fixed to zero and the standardized biometric variance decompositions (A, C, and E at one time point) are fixed to equality between residence groups, but the unstandardized variance components are freely estimated for each group, since only standardized estimates are constrained but unstandardized estimates remain freely estimated, the number of estimated parameters remains equivalent to that of the base model, but the degrees of freedom change; AIC and BIC are computed with parameters penalty; model output code refers to the status of the model’s optimization, where code 0 refers to normal optimization. Lastly, further reduced models investigating single parameters were evaluated, these tests are presented in the main results and in main Figure 2 and Supplemental Figure 2.




	Supplemental Table 9: Parameter Estimates from Base GxE Model with Continuous Frequency

	Parameter Description
	Residence Group
	Parameter in Matrix Notation
	Estimate
	95% CI

	Proportion of Additive Genetic Pre-2014
	State Did Not Legalize
	AI[1,1]/VI[1,1]
	0.52
	[0.38, 0.63]

	Proportion of Additive Genetic Post-2014
	State Did Not Legalize
	AI[2,2]/VI[2,2]
	0.40
	[0.24, 0.52]

	Proportion of Additive Genetic Pre-2014
	State Legalized
	AL[1,1]/VL[1,1]
	0.19
	[0.05, 0.39]

	Proportion of Additive Genetic Post-2014
	State Legalized
	AL[2,2]/VL[2,2]
	0.27
	[0.10, 0.43]

	Proportion of Shared Environment Pre-2014
	State Did Not Legalize
	CI[1,1]/VI[1,1]
	0.10
	[0.01, 0.33]

	Proportion of Shared Environment Post-2014
	State Did Not Legalize
	CI[2,2]/VI[2,2]
	0.11
	[0.02, 0.25]

	Proportion of Shared Environment Pre-2014
	State Legalized
	CL[1,1]/VL[1,1]
	0.35
	[0.16, 0.50]

	Proportion of Shared Environment Post-2014
	State Legalized
	CL[2,2]/VL[2,2]
	0.23
	[0.08, 0.40]

	Proportion of Unique Environment Pre-2014
	State Did Not Legalize
	EI[1,1]/VI[1,1]
	0.38
	[0.33, 0.44]

	Proportion of Unique Environment Post-2014
	State Did Not Legalize
	EI[2,2]/VI[2,2]
	0.48
	[0.43, 0.55]

	Proportion of Unique Environment Pre-2014
	State Legalized
	EL[1,1]/VL[1,1]
	0.45
	[0.39, 0.53]

	Proportion of Unique Environment Post-2014
	State Legalized
	EL[2,2]/VL[2,2]
	0.50
	[0.42, 0.58]

	Total Additive Genetic
Pre-2014
	State Did Not Legalize
	AI[1,1]
	0.97
	[0.69, 1.22]

	Total Additive Genetic
Post-2014
	State Did Not Legalize
	AI[2,2]
	0.88
	[0.51, 1.19]

	Total Additive Genetic
Pre-2014
	State Legalized
	AL[1,1]
	0.38
	[0.09, 0.78]

	Total Additive Genetic
Post-2014
	State Legalized
	AL[2,2]
	0.68
	[0.17, 1.11]

	Total Shared Environment Pre-2014
	State Did Not Legalize
	CI[1,1]
	0.18
	[0.02, 0.41]

	Total Shared Environment Post-2014
	State Did Not Legalize
	CI[2,2]
	0.25
	[0.03, 0.56]

	Total Shared Environment Pre-2014
	State Legalized
	CL[1,1]
	0.69
	[0.31, 1.01]

	Total Shared Environment Post-2014
	State Legalized
	CL[2,2]
	0.59
	[0.19, 1.10]

	Total Unique Environment Pre-2014
	State Did Not Legalize
	EI[1,1]
	0.71
	[0.62, 0.82]

	Total Unique Environment Post-2014
	State Did Not Legalize
	EI[2,2]
	1.07
	[0.95, 1.21]

	Total Unique Environment Pre-2014
	State Legalized
	EL[1,1]
	0.89
	[0.77, 1.04]

	Total Unique Environment Post-2014
	State Legalized
	EL[2,2]
	1.26
	[1.08, 1.48]

	Total Exposure-Specific Additive Genetic
	State Legalized
	ML[2,2]
	2.52e-10
	[0.00, 0.41]

	Longitudinal Genetic Correlation
	State Did Not Legalize
	rGI
	0.78
	[0.69, 0.90]

	Longitudinal Genetic Correlation
	State Legalized
	rGL
	0.24
	[-0.29, 0.67]

	Longitudinal Shared Environmental Correlation
	State Did Not Legalize
	rCI
	1.00
	[0.90, 1.00]

	Longitudinal Shared Environmental Correlation
	State Legalized
	rCL
	1.00
	[0.98, 1.00]

	Longitudinal Unique Environmental Correlation
	State Did Not Legalize
	rEI
	0.23
	[0.15, 0.32]

	Longitudinal Unique Environmental Correlation
	State Legalized
	rEL
	0.38
	[0.28, 0.48]




























	Supplemental Table 10: Parameter Estimates from Base GxE Model with Ordinal Frequency

	Parameter Description
	Residence Group
	Parameter in Matrix Notation
	Estimate
	95% CI

	Proportion of Additive Genetic Pre-2014
	State Did Not Legalize
	AI[1,1]/VI[1,1]
	0.49
	[0.34, 0.61]

	Proportion of Additive Genetic Post-2014
	State Did Not Legalize
	AI[2,2]/VI[2,2]
	0.33
	[0.16, 0.47]

	Proportion of Additive Genetic Pre-2014
	State Legalized
	AL[1,1]/VL[1,1]
	0.16
	[0.03, 0.36]

	Proportion of Additive Genetic Post-2014
	State Legalized
	AL[2,2]/VL[2,2]
	0.18
	[0.01, 0.40]

	Proportion of Shared Environment Pre-2014
	State Did Not Legalize
	CI[1,1]/VI[1,1]
	0.12
	[0.02, 0.24]

	Proportion of Shared Environment Post-2014
	State Did Not Legalize
	CI[2,2]/VI[2,2]
	0.15
	[0.03, 0.29]

	Proportion of Shared Environment Pre-2014
	State Legalized
	CL[1,1]/VL[1,1]
	0.39
	[0.20, 0.53]

	Proportion of Shared Environment Post-2014
	State Legalized
	CL[2,2]/VL[2,2]
	0.30
	[0.10, 0.47]

	Proportion of Unique Environment Pre-2014
	State Did Not Legalize
	EI[1,1]/VI[1,1]
	0.39
	[0.33, 0.45]

	Proportion of Unique Environment Post-2014
	State Did Not Legalize
	EI[2,2]/VI[2,2]
	0.52
	[0.46, 0.59]

	Proportion of Unique Environment Pre-2014
	State Legalized
	EL[1,1]/VL[1,1]
	0.45
	[0.38, 0.52]

	Proportion of Unique Environment Post-2014
	State Legalized
	EL[2,2]/VL[2,2]
	0.52
	[0.44, 0.61]

	Total Additive Genetic
Pre-2014
	State Did Not Legalize
	AI[1,1]
	1.35
	[0.93, 1.74]

	Total Additive Genetic
Post-2014
	State Did Not Legalize
	AI[2,2]
	1.16
	[0.55, 1.69]

	Total Additive Genetic
Pre-2014
	State Legalized
	AL[1,1]
	0.49
	[0.09, 1.09]

	Total Additive Genetic
Post-2014
	State Legalized
	AL[2,2]
	0.73
	[0.03, 1.62]

	Total Shared Environment Pre-2014
	State Did Not Legalize
	CI[1,1]
	0.33
	[0.06, 0.68]

	Total Shared Environment Post-2014
	State Did Not Legalize
	CI[2,2]
	0.51
	[0.11, 1.04]

	Total Shared Environment Pre-2014
	State Legalized
	CL[1,1]
	1.17
	[0.61, 1.65]

	Total Shared Environment Post-2014
	State Legalized
	CL[2,2]
	1.20
	[0.38, 1.98]

	Total Unique Environment Pre-2014
	State Did Not Legalize
	EI[1,1]
	1.06
	[0.93, 1.22]

	Total Unique Environment Post-2014
	State Did Not Legalize
	EI[2,2]
	1.83
	[1.62, 2.06]

	Total Unique Environment Pre-2014
	State Legalized
	EL[1,1]
	1.36
	[1.17, 1.57]

	Total Unique Environment Post-2014
	State Legalized
	EL[2,2]
	2.12
	[1.81, 2.49]

	Total Exposure-Specific Additive Genetic
	State Legalized
	ML[2,2]
	6.40e-11
	[0.00, 0.61]

	Longitudinal Genetic Correlation
	State Did Not Legalize
	rGI
	0.79
	[0.78, 0.97]

	Longitudinal Genetic Correlation
	State Legalized
	rGL
	0.35
	[-0.40, 0.99]

	Longitudinal Shared Environmental Correlation
	State Did Not Legalize
	rCI
	0.97
	[0.96, 1.00]

	Longitudinal Shared Environmental Correlation
	State Legalized
	rCL
	0.89
	[0.61, 1.00]

	Longitudinal Unique Environmental Correlation
	State Did Not Legalize
	rEI
	0.24
	[0.15, 0.32]

	Longitudinal Unique Environmental Correlation
	State Legalized
	rEL
	0.36
	[0.26, 0.45]
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Supplemental Figure 1. Line graph depicting mean differences in the ordinal measure of cannabis use prior to and after the first recreational legalization event, split by participant residence at the post-2014 assessment. Bars represent +/- one standard error. 
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Supplemental Figure 2. Bar graphs depicting the ordinal biometric decompositions between environments and over time; error bars represent the likelihood-based 95% confidence interval around the point estimate. The top panel depicts proportions of variance, the middle panel depicts total amounts of variance, and the bottom panel depicts the genetic correlation between times. Initially, heritability and the genetic correlation are larger in states that do not legalize as compared to states that do legalize and shared/unique environmental effects are larger in states that do legalize as compared to states that do not legalize. These differences do not persist to post-2014. * = p < .05, ** = p < .01, *** = p < .001; confidence intervals for shared environmental correlations have upper boundaries at 1 due to boundary conditions inplicit in the model structure. Note that some parameter comparisons are significantly different despite overlapping confidence intervals; parameters within a residence group are correlated and thus the difference in two point estimates is not a simple function of the difference in intervals.
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