Online Figure 1. Trends in smoked and vaped cannabis use among US adolescents, 2017-2019, by frequency of use 
(1-9 past 30-day instances [Occasional] vs 10+ [Frequent])
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Online Figure 2. Trends in smoked and vaped cannabis use among US adolescents, 2017-2019, by frequency of use 
(1-19 past 30-day instances [Occasional] vs 20+ [Frequent])
[image: ]





















































Online Figure 3. Trends in smoked and vaped cannabis use among US adolescents, 2017-2019, by frequency of use 
(1-39 past 30-day instances [Occasional] vs 40+ [Frequent])
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Online Figure 4. Trends in Frequency of Vaped and non-Vaped Cannabis Use, 2017-2019, by Race/Ethnicity*
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*Limited sample sizes prevented displaying results for non-Hispanic Asian/Pacific Islander adolescents. Additional censoring occurred for several estimates among Black and Multiracial adolescents. 

** Test for interaction between year and race/ethnicity in predicting cannabis use frequency with and without vaping: F=1.59, df=(32, 764.4), p=0.0206.























Online Figure 5. Trends in Cannabis Use, 2017-2019, by Parental Education
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* Test for interaction between year and parental education in predicting cannabis use frequency with and without vaping: F=0.82, df=(8, 473.2), p=0.5883.




























Online Figure 6. Trends in Cannabis Use, 2017-2019, by Urbanicity
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*Limited sample size prevented displaying results for certain estimates among non-MSA adolescents in 2017. 

** Test for interaction between year and urbanicity in predicting cannabis use frequency with and without vaping: F=0.92, df=(8, 777.0), p=0.4949.








Online Table 1. 2017 to 2019 Shifts in Cannabis Use Pattern Prevalence by Demographics

	
	No cannabis use
	Difference in percent
	Occasional Cannabis Use, No Vaping
	Difference in percent
	Frequent Cannabis Use, No Vaping
	Difference in percent
	Occasional Cannabis Use, Any Vaping
	Difference in percent
	Frequent Cannabis Use, Any Vaping
	Difference in percent

	
	2017
	2019
	
	2017
	2019
	
	2017
	2019
	
	2017
	2019
	
	2017
	2019
	

	
	% (N)
	% (N)
	
	% (N)
	% (N)
	
	% (N)
	% (N)
	
	% (N)
	% (N)
	
	% (N)
	% (N)
	

	Overall
	86.1 (11071)
	84.6 (21316)
	-1.5
	6.9 (934)
	4.4 (1068)
	-2.5
	3.8 (501)
	2.1 (456)
	-1.7
	1.2 (172)
	3.5 (1010)
	2.3
	2.1 (304)
	5.4 (1390)
	3.3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Male
	85.8 (5721)
	84.5 (10178)
	-1.3
	6.1 (388)
	3.8 (465)
	-2.3
	4.0 (244)
	2.3 (245)
	-1.7
	1.2 (86)
	3.1 (449)
	1.9
	2.9 (198)
	6.2 (768)
	3.3

	Female
	86.4 (5446)
	84.6 (10671)
	-1.8
	7.7 (515)
	4.9 (579)
	-2.8
	3.6 (229)
	1.9 (197)
	-1.7
	1.1 (82)
	3.9 (539)
	2.8
	1.3 (93)
	4.7 (566)
	3.4

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Non-Hispanic white
	85.7 (5185)
	85.6 (10975)
	-0.1
	6.9 (474)
	3.9 (478)
	-3.0
	3.9 (257)
	1.6 (162)
	-2.3
	1.3 (93)
	3.6 (534)
	2.3
	2.2 (160)
	5.4 (702)
	3.2

	Hispanic/Latino
	85.7 (2989)
	82.0 (5128)
	-3.7
	7.2 (246)
	4.7 (289)
	-2.5
	3.3 (108)
	2.4 (130)
	-0.9
	**
	**
	**
	2.2 (83)
	6.7 (382)
	4.5

	Other *
	87.2 (2562)
	85.3 (4475)
	-1.9
	6.4 (191)
	5.1 (270)
	-1.3
	4.1 (118)
	2.9 (138)
	-1.2
	**
	**
	**
	1.7 (47)
	4.2 (231)
	2.5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	At least one parent graduated college
	87.7 (5474)
	86.9 (11177)
	-0.8
	6.3 (450)
	3.7 (483)
	-2.6
	2.9 (220)
	1.5 (152)
	-1.4
	1.3 (102)
	3.4 (546)
	2.1
	1.8 (145)
	4.5 (604)
	2.7

	None
	83.9 (3490)
	81.2 (6361)
	-2.7
	7.7 (341)
	5.4 (412)
	-2.3
	5.0 (206)
	3.0 (193)
	-2.0
	1.0 (46)
	3.6 (334)
	2.6
	2.4 (117)
	6.8 (563)
	4.4

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	MSA residence
	85.9 (8860)
	84.3 (16798)
	-1.6
	7.1 (776)
	4.2 (803)
	-2.9
	3.6 (391)
	2.0 (351)
	-1.6
	**
	**
	**
	2.1 (256)
	5.7 (1147)
	3.6

	Non-MSA residence
	86.8 (2211)
	85.7 (4518)
	-1.1
	6.0 (158)
	4.9 (265)
	-1.1
	4.7 (110)
	2.5 (105)
	-2.2
	**
	**
	**
	1.8 (48)
	4.5 (243)
	2.7

	*(non-Hispanic Black, non-Hispanic Asian / Pacific Islander, Multiracial); ** Censored


	



Online Table 2. Unadjusted association between nicotine use (combustible and vaping) with cannabis use (combustible and vaping), 2017-2019
	Past 30-Day Nicotine Use Predictor
	Past 30-Day Cannabis Outcome
	Odds ratio 
	Lower bound 95% confidence interval
	Upper bound 95% confidence interval

	Smoking Only (vs No Use)
	Without Vaping (vs No Use)
	11.06
	8.85
	13.80

	Smoking Only (vs No Use)
	With Vaping (vs No Use)
	10.52
	7.75
	14.27

	Vaping Only (vs No Use)
	Without Vaping (vs No Use)
	4.99
	4.39
	5.66

	Vaping Only (vs No Use)
	With Vaping (vs No Use)
	29.29
	25.77
	33.30

	Smoking and Vaping (vs No Use)
	Without Vaping (vs No Use)
	15.07
	12.22
	18.60

	Smoking and Vaping (vs No Use)
	With Vaping (vs No Use)
	74.06
	60.34
	90.90




















Online Table 3. Adjusted* association between nicotine use (combustible and vaping) with cannabis use (combustible and vaping), None vs Occasional (1-5 Instances) vs Frequent (6+ Instances), 2017-2019

	Past 30-Day Nicotine Predictor
	Past 30-Day Cannabis Outcome
	Odds ratio 
	Lower bound 95% confidence interval
	Upper bound 95% confidence interval

	Smoking Only (vs None)
	Occasional Cannabis Use, No Vaping
	5.21
	3.85
	7.04

	Smoking Only (vs None)
	Frequent Cannabis Use, No Vaping
	10.52
	7.71
	14.34

	Smoking Only (vs None)
	Occasional Cannabis Use, Any Vaping
	3.83
	2.15
	6.82

	Smoking Only (vs None)
	Frequent Cannabis Use, Any Vaping
	11.41
	7.84
	16.61

	Vaping Only (vs None)
	Occasional Cannabis Use, No Vaping
	4.38
	3.76
	5.10

	Vaping Only (vs None)
	Frequent Cannabis Use, No Vaping
	3.76
	3.00
	4.70

	Vaping Only (vs None)
	Occasional Cannabis Use, Any Vaping
	17.78
	14.48
	21.84

	Vaping Only (vs None)
	Frequent Cannabis Use, Any Vaping
	21.60
	18.12
	25.76

	Both (vs None)
	Occasional Cannabis Use, No Vaping
	7.67
	5.73
	10.26

	Both (vs None)
	Frequent Cannabis Use, No Vaping
	11.50
	8.34
	15.87

	Both (vs None)
	Occasional Cannabis Use, Any Vaping
	27.44
	19.52
	38.55

	Both (vs None)
	Frequent Cannabis Use, Any Vaping
	54.94
	41.55
	72.64



[bookmark: _GoBack]* Adjusted for grade, sex, race, parental education, urbanicity, binge drinking, and year













Online Table 4. Unadjusted association between occasions of binge drinking in the past two weeks with cannabis use (combustible and vaping), 2017-2019

	Number of Times Binge Drinking in Past Two Weeks
	Past 30-Day Cannabis Outcome
	Odds ratio 
	Lower bound 95% confidence interval
	Upper bound 95% confidence interval

	 Once vs None
	Without Vaping (vs No Use)
	6.57
	5.60
	7.71

	 Once vs None
	With Vaping (vs No Use)
	11.80
	10.24
	13.60

	Twice vs None
	Without Vaping (vs No Use)
	8.39
	6.87
	10.24

	Twice vs None
	With Vaping (vs No Use)
	18.17
	14.95
	22.08

	Three to Five vs None
	Without Vaping (vs No Use)
	10.56
	8.24
	13.53

	Three to Five vs None
	With Vaping (vs No Use)
	28.82
	22.21
	37.38

	Six to Nine vs None
	Without Vaping (vs No Use)
	13.03
	7.66
	22.15

	Six to Nine vs None
	With Vaping (vs No Use)
	22.03
	13.23
	36.69

	Ten+ vs None
	Without Vaping (vs No Use)
	15.75
	8.59
	28.90

	Ten+ vs None
	With Vaping (vs No Use)
	47.64
	29.51
	76.90



Online Table 5. Adjusted* association between occasions of binge drinking in the past two weeks with cannabis use (combustible and vaping), None vs Occasional (1-5 Instances) vs Frequent (6+ Instances), 2017-2019

	Number of Times Binge Drinking in Past Two Weeks
	Past 30-Day Cannabis Outcome
	Odds ratio 
	Lower bound 95% confidence interval
	Upper bound 95% confidence interval

	Once (vs None)
	Occasional Cannabis Use, No Vaping
	3.78
	3.07
	4.64

	Once (vs None)
	Frequent Cannabis Use, No Vaping
	4.15
	3.18
	5.42

	Once (vs None)
	Occasional Cannabis Use, Any Vaping
	4.54
	3.49
	5.91

	Once (vs None)
	Frequent Cannabis Use, Any Vaping
	4.46
	3.53
	5.63

	Twice (vs None)
	Occasional Cannabis Use, No Vaping
	3.81
	2.96
	4.90

	Twice (vs None)
	Frequent Cannabis Use, No Vaping
	4.80
	3.50
	6.60

	Twice (vs None)
	Occasional Cannabis Use, Any Vaping
	4.79
	3.52
	6.52

	Twice (vs None)
	Frequent Cannabis Use, Any Vaping
	6.47
	4.92
	8.50

	3-5 times (vs None)
	Occasional Cannabis Use, No Vaping
	3.48
	2.50
	4.84

	3-5 times (vs None)
	Frequent Cannabis Use, No Vaping
	5.84
	3.97
	8.62

	3-5 times (vs None)
	Occasional Cannabis Use, Any Vaping
	5.80
	3.70
	9.08

	3-5 times (vs None)
	Frequent Cannabis Use, Any Vaping
	9.49
	6.66
	13.51

	6-9 times (vs None)
	Occasional Cannabis Use, No Vaping
	3.16
	1.56
	6.41

	6-9 times (vs None)
	Frequent Cannabis Use, No Vaping
	12.30
	6.24
	24.25

	6-9 times (vs None)
	Occasional Cannabis Use, Any Vaping
	3.57
	1.54
	8.25

	6-9 times (vs None)
	Frequent Cannabis Use, Any Vaping
	7.97
	4.00
	15.87

	10+ (vs None)
	Occasional Cannabis Use, No Vaping
	3.85
	1.43
	10.37

	10+ (vs None)
	Frequent Cannabis Use, No Vaping
	10.25
	4.40
	23.88

	10+ (vs None)
	Occasional Cannabis Use, Any Vaping
	3.57
	1.22
	10.39

	10+ (vs None)
	Frequent Cannabis Use, Any Vaping
	14.23
	5.96
	33.97



* Adjusted for grade, sex, race, parental education, urbanicity, nicotine use, and year
	Past 30-Day Nicotine Predictor
	Past 30-Day Cannabis Outcome
	Odds ratio 
	Lower bound 95% confidence interval
	Upper bound 95% confidence interval

	Smoking Only
	Occasional Use, No Vaping
	5.68
	4.30
	7.49

	Smoking Only
	Frequent Use, No Vaping
	11.48
	8.19
	16.09

	Smoking Only
	Occasional Use, Any Vaping
	3.92
	2.36
	6.50

	Smoking Only
	Frequent Use, Any Vaping
	13.33
	8.98
	19.78

	Vaping Only
	Occasional Use, No Vaping
	4.26
	3.69
	4.93

	Vaping Only
	Frequent Use, No Vaping
	3.82
	2.90
	5.02

	Vaping Only
	Occasional Use, Any Vaping
	18.15
	15.19
	21.69

	Vaping Only
	Frequent Use, Any Vaping
	22.29
	18.18
	27.33

	Both
	Occasional Use, No Vaping
	7.81
	5.96
	10.23

	Both
	Frequent Use, No Vaping
	13.16
	9.08
	19.07

	Both
	Occasional Use, Any Vaping
	27.66
	20.32
	37.64

	Both
	Frequent Use, Any Vaping
	62.24
	45.71
	84.75


Online Table 6. Adjusted* association between nicotine use (combustible and vaping) with cannabis use (combustible and vaping), None vs Occasional (1-9 Instances) vs Frequent (10+ Instances), 2017-2019



















* Adjusted for grade, sex, race, parental education, urbanicity, binge drinking, and year















	
Online Table 7. Adjusted* association between occasions of binge drinking in the past two weeks with cannabis use (combustible and vaping), None vs Occasional (1-9 Instances) vs Frequent (10+ Instances), 2017-2019

	Number of Times Binge Drinking in Past Two Weeks
	Past 30-Day Cannabis Outcome
	Odds ratio 
	Lower bound 95% confidence interval
	Upper bound 95% confidence interval

	Once
	Occasional Use, No Vaping
	4.00
	3.29
	4.85

	Once
	Frequent Use, No Vaping
	3.54
	2.52
	4.97

	Once
	Occasional Use, Any Vaping
	4.58
	3.60
	5.83

	Once
	Frequent Use, Any Vaping
	4.40
	3.40
	5.69

	Twice
	Occasional Use, No Vaping
	3.86
	3.01
	4.95

	Twice
	Frequent Use, No Vaping
	5.04
	3.53
	7.18

	Twice
	Occasional Use, Any Vaping
	5.05
	3.79
	6.73

	Twice
	Frequent Use, Any Vaping
	6.59
	4.96
	8.75

	Three to Five
	Occasional Use, No Vaping
	3.90
	2.84
	5.36

	Three to Five
	Frequent Use, No Vaping
	5.52
	3.58
	8.50

	Three to Five
	Occasional Use, Any Vaping
	6.34
	4.22
	9.52

	Three to Five
	Frequent Use, Any Vaping
	9.75
	6.77
	14.02

	Six to Nine
	Occasional Use, No Vaping
	5.49
	3.02
	10.00

	Six to Nine
	Frequent Use, No Vaping
	8.78
	3.64
	21.17

	Six to Nine
	Occasional Use, Any Vaping
	3.58
	1.71
	7.51

	Six to Nine
	Frequent Use, Any Vaping
	8.69
	4.23
	17.87

	Ten+
	Occasional Use, No Vaping
	4.14
	1.69
	10.14

	Ten+
	Frequent Use, No Vaping
	11.73
	4.63
	29.70

	Ten+
	Occasional Use, Any Vaping
	4.94
	1.96
	12.45

	Ten+
	Frequent Use, Any Vaping
	15.36
	6.32
	37.33



* Adjusted for grade, sex, race, parental education, urbanicity, nicotine use, and year
Online Table 8. Adjusted* association between nicotine use (combustible and vaping) with cannabis use (combustible and vaping), None vs Occasional (1-19 Instances) vs Frequent (20+ Instances), 2017-2019

	Past 30-Day Nicotine Predictor
	Past 30-Day Cannabis Outcome
	Odds ratio 
	Lower bound 95% confidence interval
	Upper bound 95% confidence interval

	Smoking Only
	Occasional Use, No Vaping
	6.24
	4.68
	8.33

	Smoking Only
	Frequent Use, No Vaping
	11.08
	7.43
	16.53

	Smoking Only
	Occasional Use, Any Vaping
	5.41
	3.51
	8.33

	Smoking Only
	Frequent Use, Any Vaping
	15.43
	9.90
	24.04

	Vaping Only
	Occasional Use, No Vaping
	4.33
	3.78
	4.97

	Vaping Only
	Frequent Use, No Vaping
	3.30
	2.33
	4.68

	Vaping Only
	Occasional Use, Any Vaping
	18.50
	15.78
	21.68

	Vaping Only
	Frequent Use, Any Vaping
	24.08
	19.19
	30.23

	Both
	Occasional Use, No Vaping
	8.51
	6.57
	11.02

	Both
	Frequent Use, No Vaping
	11.89
	7.37
	19.17

	Both
	Occasional Use, Any Vaping
	29.78
	22.41
	39.58

	Both
	Frequent Use, Any Vaping
	77.37
	54.65
	109.54




















* Adjusted for grade, sex, race, parental education, urbanicity, binge drinking, and year



Online Table 9. Adjusted* association between occasions of binge drinking in the past two weeks with cannabis use (combustible and vaping), None vs Occasional (1-19 Instances) vs Frequent (20+ Instances), 2017-2019

	Number of Times Binge Drinking in Past Two Weeks
	Past 30-Day Cannabis Outcome
	Odds ratio 
	Lower bound 95% confidence interval
	Upper bound 95% confidence interval

	Once
	Occasional Use, No Vaping
	3.84
	3.17
	4.65

	Once
	Frequent Use, No Vaping
	3.97
	2.81
	5.62

	Once
	Occasional Use, Any Vaping
	4.49
	3.50
	5.77

	Once
	Frequent Use, Any Vaping
	4.34
	3.25
	5.78

	Twice
	Occasional Use, No Vaping
	3.95
	3.14
	4.98

	Twice
	Frequent Use, No Vaping
	5.47
	3.41
	8.76

	Twice
	Occasional Use, Any Vaping
	6.01
	4.58
	7.88

	Twice
	Frequent Use, Any Vaping
	5.29
	3.92
	7.14

	Three to Five
	Occasional Use, No Vaping
	4.07
	2.98
	5.56

	Three to Five
	Frequent Use, No Vaping
	6.15
	3.62
	10.42

	Three to Five
	Occasional Use, Any Vaping
	7.58
	5.18
	11.09

	Three to Five
	Frequent Use, Any Vaping
	9.53
	6.61
	13.74

	Six to Nine
	Occasional Use, No Vaping
	6.32
	3.58
	11.18

	Six to Nine
	Frequent Use, No Vaping
	4.02
	1.50
	10.78

	Six to Nine
	Occasional Use, Any Vaping
	5.86
	2.95
	11.66

	Six to Nine
	Frequent Use, Any Vaping
	6.79
	3.23
	14.24

	Ten+
	Occasional Use, No Vaping
	4.95
	2.16
	11.33

	Ten+
	Frequent Use, No Vaping
	14.12
	4.96
	40.19

	Ten+
	Occasional Use, Any Vaping
	6.49
	2.63
	16.01

	Ten+
	Frequent Use, Any Vaping
	20.87
	8.55
	50.95



* Adjusted for grade, sex, race, parental education, urbanicity, nicotine use, and year





Online Table 10. Adjusted* association between nicotine use (combustible and vaping) with cannabis use (combustible and vaping), None vs Occasional (1-39 Instances) vs Frequent (40+ Instances), 2017-2019

	Past 30-Day Nicotine Predictor
	Past 30-Day Cannabis Outcome
	Odds ratio 
	Lower bound 95% confidence interval
	Upper bound 95% confidence interval

	Smoking Only
	Occasional Use, No Vaping
	6.47
	4.95
	8.44

	Smoking Only
	Frequent Use, No Vaping
	12.12
	7.65
	19.19

	Smoking Only
	Occasional Use, Any Vaping
	6.51
	4.45
	9.54

	Smoking Only
	Frequent Use, Any Vaping
	15.63
	9.17
	26.63

	Vaping Only
	Occasional Use, No Vaping
	4.32
	3.76
	4.96

	Vaping Only
	Frequent Use, No Vaping
	2.66
	1.74
	4.06

	Vaping Only
	Occasional Use, Any Vaping
	18.87
	16.28
	21.86

	Vaping Only
	Frequent Use, Any Vaping
	24.71
	18.06
	33.82

	Both
	Occasional Use, No Vaping
	8.61
	6.72
	11.03

	Both
	Frequent Use, No Vaping
	13.02
	7.45
	22.73

	Both
	Occasional Use, Any Vaping
	33.64
	26.05
	43.43

	Both
	Frequent Use, Any Vaping
	86.45
	57.49
	130.01



















* Adjusted for grade, sex, race, parental education, urbanicity, binge drinking, and year













Online Table 11. Adjusted* association between occasions of binge drinking in the past two weeks with cannabis use (combustible and vaping), None vs Occasional (1-39 Instances) vs Frequent (40+ Instances), 2017-2019

	Number of Times Binge Drinking in Past Two Weeks
	Past 30-Day Cannabis Outcome
	Odds ratio 
	Lower bound 95% confidence interval
	Upper bound 95% confidence interval

	Once
	Occasional Use, No Vaping
	3.91
	3.23
	4.72

	Once
	Frequent Use, No Vaping
	3.70
	2.30
	5.97

	Once
	Occasional Use, Any Vaping
	4.51
	3.65
	5.57

	Once
	Frequent Use, Any Vaping
	4.39
	3.04
	6.34

	Twice
	Occasional Use, No Vaping
	4.05
	3.21
	5.13

	Twice
	Frequent Use, No Vaping
	4.52
	2.64
	7.75

	Twice
	Occasional Use, Any Vaping
	6.21
	4.84
	7.97

	Twice
	Frequent Use, Any Vaping
	4.14
	2.82
	6.09

	Three to Five
	Occasional Use, No Vaping
	4.12
	3.02
	5.62

	Three to Five
	Frequent Use, No Vaping
	5.79
	3.03
	11.04

	Three to Five
	Occasional Use, Any Vaping
	7.65
	5.38
	10.89

	Three to Five
	Frequent Use, Any Vaping
	8.96
	5.80
	13.85

	Six to Nine
	Occasional Use, No Vaping
	6.25
	3.46
	11.30

	Six to Nine
	Frequent Use, No Vaping
	6.20
	2.19
	17.54

	Six to Nine
	Occasional Use, Any Vaping
	5.70
	2.98
	10.89

	Six to Nine
	Frequent Use, Any Vaping
	7.44
	3.24
	17.11

	Ten+
	Occasional Use, No Vaping
	4.53
	1.98
	10.38

	Ten+
	Frequent Use, No Vaping
	21.29
	7.26
	62.41

	Ten+
	Occasional Use, Any Vaping
	5.34
	2.16
	13.18

	Ten+
	Frequent Use, Any Vaping
	24.63
	9.75
	62.22



* Adjusted for grade, sex, race, parental education, urbanicity, nicotine use, and year
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