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SUMMARY

Youth high-risk drug use causes harm to individuals
and raises social concerns in the United States (US).
To prevent youth high-risk drug use effectively, it is
crucial to identify and address the significant risk
factors. Some view the use of low-risk drugs (e.g.,
marijuana) as one such risk factor, though studies
posit conflicting arguments about the effect of youth
marijuana use. Some argue that youth marijuana
use is a gateway to high-risk drug use; therefore,
youth marijuana use boosts the likelihood of high-
risk drug use. However, others postulate that there
is a substitution effect of youth marijuana use, in
which youth marijuana use replaces and, therefore,
reduces their high-risk drug use. Our study aims to
clarify these two conflicting arguments by examining
the following hypotheses: (i) there is a significant
discrepancy in youth high-risk drug use between
marijuana-using youths and non-marijuana-using
youths, and (ii) youths who consume marijuana
are significantly more likely to use high-risk drugs
after controlling for individual and environmental
characteristics. To test our hypotheses, we analyzed
nationally representative youth survey data collected
between 2010 and 2019, determining the annual
average comparison and performing comparative
multiple regression analyses. The results from these
analyses show that there is a significant gateway
effect of youth marijuana use, with youth marijuana
use significantly increasing high-risk drug use
after controlling for individual and environmental
risk factors. Considering the recent marijuana
legalization trends in the US, this finding suggests
that policymakers should pay close attention to the
gateway effect of youth marijuana use.

INTRODUCTION

Youth substance abuse is a serious social concern in
the United States (US) (1, 2). In general, youths are defined
as young persons between the ages of 15 and 24 years (3).
However, we use the term “youth” to indicate high school-
aged youths following the guidance of the Centers for
Disease Control and Prevention (CDC) (4, 5). According to
the National Center for Drug Abuse Statistics, around 8.33%
of 12- to 17-year-old youths (2.08 million) in the US reported
that they used illegal drugs during a one-month survey
period, and 21.3% of the eighth graders in the US indicated
that they had tried illicit drugs at least once in their lives (6). By

the time they became 12" graders, 46.6% of those students
stated they had used illicit drugs (6). Youth drug use in the
US has been associated with a series of problems, including
low academic achievement, health-related issues, mental
health problems, and poor peer and family relationships (7,
8). Studies have also shown that youth drug use relates to
delinquent and suicidal behaviors (9, 10). Furthermore, youths
who frequently use drugs have a significantly higher chance
of suffering from substance abuse disorder and addiction in
their later lives (11). In a study conducted by Sheehan et al,,
more than 90% of adult drug addicts started their drug use
when they were young (12).

To address these adverse effects of youth substance
abuse in the US, the Centers for Disease Control and
Prevention (CDC) has identified specific types of illicit
substance use that cause a high risk of adverse outcomes,
such as injury, delinquent behavior, school dropout, and
suicide (13). The CDC designated this type of substance
abuse as “high-risk drug use” (HDU) of youths and
presented prescription drug misuse, use of cocaine, heroin,
methamphetamines, inhalants, hallucinogens, or ecstasy,
and injection drug use as examples of HDU (13). According to
the CDC, youth HDU increases a youth’s likeliness to engage
in risky sexual behavior, experience violence, and suffer from
mental health issues and suicide (4). Some studies have
also reported that these drugs can cause severe physical
and psychological damage to youths (14, 15). Therefore, it
is critical to prevent youth HDU to help youths stay safe and
healthy (13). While studies have revealed diverse individual,
social, and environmental risk factors that contribute to youth
HDU (16, 17), it is still unclear if non-HDU, such as marijuana
and hashish use, exacerbates or reduces youth HDU. Some
scholars argue the gateway hypothesis, postulating that youth
marijuana use promotes HDU (18, 19). However, others posit
that youth marijuana use should replace HDU, meaning that
youths who use marijuana should be less likely to use high-
risk drugs (20).

Studies on the gateway hypothesis present two possible
causal mechanisms. First, youths who consume marijuana
experience psychological and physical gratification, which is
designated as the status of “euphoria” (18, 21). Youths who
have experienced euphoria from marijuana use continue to
seek the same level of gratification by getting involved in
HDU (18,21). Second, individuals who have used marijuana
may gain less apprehension and more curiosity about HDU;
therefore, they are more inclined to use high-risk drugs after
consuming marijuana (18, 22, 23). Multiple empirical studies
have presented findings supporting the gateway hypothesis.
For example, studies have frequently found that the majority
of adult drug addicts used marijuana when they were teens or
young adults (12, 18, 22).
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On the other side, the substitution perspective proposes
that marijuana use provides a similar gratification or treatment
effect to HDU, and youths will try to reduce the adverse
effect of HDU by switching to marijuana consumption (14,
24). For example, Ishida and colleagues analyzed national
survey data and found that 41% of opioid users decreased
or stopped using opioids after using marijuana (24). Another
study also found that increased marijuana consumption led to
a significant decline in arrests for HDU (14). These findings
suggest an individual-level correlation between marijuana
use and HDU that may actually be caused by other individual
characteristics and environmental factors, not marijuana use
itself (18). Studies have also revealed that both individual
factors (e.g., demographic characteristics and alcohol/
cigarette use) and environmental factors (e.g., peer pressure
and lack of parental control) retain significant effects on youth
drug use (25, 26).

These conflicting arguments suggest that it is critical to
examine the validity of the gateway hypothesis by controlling
for other individual and environmental risk factors (27).
Therefore, we sought to examine the effect of youth marijuana
use on youth HDU by determining if there is a significant
discrepancy in HDU between marijuana-use youths and
non-marijuana users. Specifically, we sought to determine
if youths who consume marijuana are significantly more
likely to use high-risk drugs after controlling for individual
and environmental characteristics. To test the effects of
youth marijuana use on youth HDU, we employed nationally
representative youth survey data from the “Monitoring the
Future: A Continuing Study of American Youth” (MFCSAY)
12th-grade Survey from 2010 to 2019, which was administered
by the Institute for Social Research (28). While the MFCSAY
surveyed 8th, 10th, and 12th graders, we concentrate on the
12th graders as this group is between adolescence and young
adult statuses. During these ten years, many US states have
employed marijuana legalization policies, and studies have
found that these policies have increased youth marijuana
use (29, 30). In this study, we intend to clarify the gateway
effect of marijuana use on youth HDU, as well as the effect
of marijuana legalization policies on youth HDU. From these
analyses, we found that youths who use marijuana are more
likely to use high-risk drugs.

RESULTS
Descriptive Analysis of Data

In the first step of our analyses, we obtained descriptive
statistics of variables (Table 1). Across all the variables,
missing cases were observed; therefore, we reported the valid
number of respondents for each variable. The analysis of the
HDU variable showed that 4.6% of respondents consumed
lysergic acid diethylamide (LSD), crack, cocaine, or heroin in
the last 12 months. The mean of HDU was 0.29 times (sd
= 2.88), with a maximum number of 86 times. This finding
indicated that a small portion of high school seniors used
high-risk drugs heavily, while the majority of them (95.4%) did
not use high-risk drugs in the last 12 months. The analysis
of Marijuana Use showed that 35.7% of respondents used
marijuana in the last 12 months. The mean of Marijuana Use
was 5.36 times (SD = 11.84), which showed that marijuana
use was substantially more prevalent than HDU. We analyzed
alcohol use among senior school students and found that
more than 60% of senior high school students drank alcohol

https://doi.org/10.59720/23-308

Variable Valid N N(Yes) % Mean SD Min Max
High-risk Drug Use 21,637 998 46 0.29 2.88 0 86
Marijuana Use 21702 8,185 357 5.38 11.84 0 40
Alcohol Drink 21129 12,726 60.2 5.41 9.80 0 40
Cigarette Smoke 21992 2860 13.0 0.23 0.71 0 6
Peer Influence 21977 5440 248 0.58 1.33 0 9
Parental Control 21,915 1.60 0.60 0 2

No Parent 1,310 6.0

Single Parent 6,079 264

Both Parents 14,526 66.3
Age 22,016

Lower than 18 9,554 434

18 or Higher 12,462 56.6
Race 18,444

Black 2,637 14.3

White 11,984 65.0

Hispanic 3,823 207
Gender 21,135

Female 10,771 510

Male 10,364 49.0

Table 1. Descriptive Statistics for the MCFSAY Dataset. A total
of 23,064 respondents were surveyed in the 2010 to 2019 MFCSAY
studies (28). The Valid N is the number of respondents who responded
to each variable. N(Yes) indicates the number of respondents in each
category, and the N(Yes) and % values for substance use variables
(High-risk Drug Use, Marijuana Use, Alcohol Drink, Cigarette
Smoke) show the number and the percentage of students who used
the corresponding substances one or more times. For example, for
the variable “High-risk Drug Use,” a total of 21,637 out of 23,064
respondents answered the survey question, and 998 (4.6%)
individuals reported that they used high-risk drugs. SD = standard
deviation, Min = minimum values, and Max = maximum values.

in the last 12 months. Their average alcohol drink frequency
was 5.41 times (SD = 9.80), which was similar to that of
Marijuana Use. This result indicated that almost twice as
many students were involved in alcohol consumption as those
using marijuana. Lastly, only 13% of senior students smoked
cigarettes in the last 12 months, which was significantly lower
than marijuana and alcohol use. The average number of
cigarettes smoked was 0.23 times (SD= 0.71).

Evaluating environmental factors, 24.8% of respondents
reported that they were around other people who consumed
cocaine, LSD, or heroin in the last 12 months. The analysis
of Parental Control indicated that 6% of respondents lived
without parents, and 26.4% resided with a single parent.
Lastly, the analysis of demographic variables showed that
14.3% of respondents were black, 65.0% were white, and
20.7% were Hispanic—similar to 2021 population statistics
(12.6% black, 63.8% white, 18.9% Hispanic) (31). As for the
gender distribution, 51.0% were females. Finally, looking at
age, 56.6% of respondents were 18 or older.

Higher HDU among Marijuana Users

To test our first hypothesis about the significant HDU
discrepancy between marijuana-use youths and non-
marijuana users, we analyzed the comparative distribution
of HDU between marijuana users and non-users from 2010
to 2019 (Figure 1). For the comparison, we calculated the
average HDU each year for both groups. The results from this
comparative analysis showed that the HDU among marijuana
users was much higher than that among marijuana non-users.
For example, in the year 2015, the HDU average for marijuana
users was 114 times higher than that for marijuana non-
users (Figure 1). The biggest net difference was observed in
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Figure 1. Annual Youth High-Risk Drug Use Average
Comparison Between Marijuana Users and Non-Users From
2010 to 2019. The average annual youth high-risk drug use (HDU)
which were calculated by dividing the total number of HDUs by the
number of respondents yearly in each group. The overall mean
difference between the two groups was statistically significant (t =
10.584, p < 0.001).

2018, with an average difference of 1.01 in HDU. Overall, the
average HDU for marijuana non-users was 0.04, while that for
marijuana users was 0.69, which was 19 times greater than
that of non-users (Figure 1). While the number of HDUs for
non-users was substantially low, the HDU difference between
non-users and users was large enough to be significant (p <
0.001).

The annual changes in average HDU from 2010 to 2019
showed similar temporal patterns between marijuana users
and non-users (Figure 1). In 2017, both groups showed
the highest HDU averages, and when the HDU average for
marijuana users decreased, that of marijuana non-users
also declined between 2012 and 2015. Contrary to our
expectations, these temporal patterns did not show any
consistent changes as more states legalized marijuana use.

Significant Youth Marijuana Use Effect on HDU

The limitation of the comparison of HDU averages is
that these differences could be caused by other individual
and environmental differences between marijuana users
and non-users. To address this limitation and examine our
second hypothesis about the effect of marijuana use on HDU
after controlling for individual and environmental variables,
we introduced individual and environmental variables and ran
comparative multiple regressions with multiple models (Table
2).

We tested our second hypothesis by controlling for
individual variables, such as Alcohol Drink, Cigarette Smoke,
and demographic characteristics. By controlling for the effects
of these variables, we account for their potential confounding
effects. The results from the multiple regression showed
that Marijuana Use increased youth HDU significantly after
controlling for the individual variables (p < 0.001) (Table
2). The slope of 0.025 indicated that when marijuana use
increased by one, the expected number of youth HDUs also
increased by 0.025. In addition to Marijuana Use, Alcohol
Drink and Cigarette Smoke also significantly elevated youth
HDU (p < 0.001). The analysis of demographic variables
showed that Hispanic youths retained a significantly higher
average of HDU than white youths (p < 0.001), and male

https://doi.org/10.59720/23-308

Model 1 Model 2 Model 3
b SE b SE b SE
0.025%** 0.002 0.024=* 0.002 0.014=* 0.002

Marijuana Use

Individual Variable

Alcohol Drink 0.020%** 0.002 0.011%= 0.002
Cigarette Smoke 0.400™= 0.031 0.284== 0.030
Age -0.009 0.039 -0.002 0.038
Black 0.024 0.061 0.084 0.061
Hispanic 0.201%* 0.050 0.099* 0.049
Gender 0.087 0.03g 0.100™ 0.038
Environmental
Peer Influence 0.547== 0.015 0.488™= 0.016
Parental Control -0.123%* 0.031 -0.015 0.034
Adjusted R-square 0.053 0.096 0.104

Table 2. Comparative Multiple Regression of Youth HDU. Model
1 includes only individual control variables, Model 2 includes only
environmental control variables, and Model 3 includes both individual
and environmental control variables. Multiple linear regression
models were introduced to analyze the given variables. The b values
indicate the slopes in the regression equations, and the SE values
are the standard error values. Significance of each slope indicated
as:* p <0.05, ** p< 0.01, *** p < 0.001.

youths had a higher HDU average than females (p < 0.05)
(Table 2).

Next, we examined our hypothesis by introducing only
environmental control variables (Table 2). The results
showed that Marijuana Use still significantly influenced
youth HDU (p < .001). In addition, both Peer Influence and
Parental Control variables were also found to have significant
relationships with youth HDU (p <.001) (Table 2). The slope of
peer influence showed that when the number of friends using
high-risk drugs increased by one, the expected number of
youth HDU increased by 0.547. On the contrary, the negative
slope of Parental Control indicated that youths living with both
parents had a significantly lower number of HDUs than those
living with single or no parents (p < 0.001) (Table 2).

In the last step of our analysis, we introduced both
individual and environmental variables to the analysis
(Table 2). The results were consistent with the models
using either individual or environmental variables alone,
except for Parental Control. After controlling for individual
variables, Parental Control was not significant at any given
significance level (Table 2). The adjusted R2 value of the last
model was 0.104, which was greater than those from Model
1 and Model 2 (Table 2). This result indicated that Model 3
explained the greatest amount of variance of HDU among all
three analyses after adjusting for the number of variables.

DISCUSSION

In this study, we aimed to examine the effect of youth
marijuana use on youth HDU. There are two main conflicting
hypotheses as to the nature of this relationship: the gateway
and substitution hypotheses. While the gateway hypothesis
posits that youth marijuana use boosts their HDU (18, 19), the
substitution hypothesis postulates the opposite effect of youth
marijuana use on HDU (24). For our examination of these
hypotheses, we proposed two hypotheses and analyzed
nationally representative youth survey data from 2010 to 2019
by comparative analysis and multiple regression.

The comparative analysis of youth HDU between
marijuana users and non-users demonstrated that youth
HDU was significantly and consistently more prevalent among
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marijuana users from 2010 to 2019. These findings indicate
that youth marijuana users are more involved in HDU, as
predicted by the gateway perspective. These findings are
consistent with previous studies on the effect of marijuana
use (12, 18, 22).

As for the empirical findings supporting the gateway
perspective, studies supporting the substitution hypothesis
pointed out that the relationship between youth marijuana
use and HDU can be spurious and influenced by other third
factors (27). For example, the higher levels of marijuana
use and HDU may be caused by individual characteristics,
such as the inclination to use substances, and environmental
characteristics, including peer influence and lack of parental
control (32). To address this limitation of comparative
analysis, the current study introduced three hypotheses and
ran multiple regressions with individual and environmental
variables.

The results from the comparative multiple regressions
also strongly support the gateway hypothesis; youth
marijuana use may significantly influence their HDU after
controlling for individual and environmental variables. In
addition to this finding, the current study finds that alcohol
use, cigarette smoking, and peer influence also significantly
increase youth HDU. These findings imply that youths under
the influence of other substances and peer pressure are
significantly more involved in HDU. Demographic variables
are also associated with HDU, with male and Hispanic youths
retaining significantly higher averages than their female and
white youths.

While these findings of the current study are consistent
with previous studies and the gateway hypothesis, some
limitations should be noted. First, our analyses include only
the data of 12th graders; therefore, our findings on gateway
effects may be different in other age groups. Our analyses are
also limited in the study scope; they include only the previous
12-month experience. Correspondingly, the lifetime gateway
effect on HDU is not present in this study. Second, the
MFCSAY data do not include other types of high-risk drugs,
including prescription drugs, ecstasy, and methamphetamines
(28). Therefore, the youth consumption of these high-risk
drug use is not examined in our analyses. Third, the MFCSAY
data are collected in the US; therefore, our findings may have
limited external validity for other countries (28). Fourth, the
analysis of this study employs a cross-sectional approach,
which does not address the longitudinal effects of marijuana
use on youth HDU. Therefore, the findings of the current
study do not address the temporal order between youth
marijuana use and their HDU. Lastly, while we introduce
multiple control variables, there still exist other possible third
factors that can influence both youth marijuana use and their
HDU (32). For example, studies have found that individual
personalities, such as poor self-control and higher risk-taking,
are also associated with youth substance use (33). Moreover,
additional social and cultural factors, such as the drug use of
family members, can also influence their HDU (34). However,
the current study does not control for these factors in the
analyses. We expect future studies to extend our study by
analyzing data with a broader age range, longer analysis
period, more types of high-risk drug use, other countries’
data, longitudinal collection, and more individual and social/
cultural variables.

In conclusion, our findings support that youth marijuana

https://doi.org/10.59720/23-308

use may have a gateway effect on youth HDU, with youths
who experience marijuana use being more likely to use high-
risk drugs. Moreover, our findings indicate that alcohol and
cigarette use have the same gateway effects. Therefore, it
is important to regulate both youth HDU and non-HDU to
prevent youth HDU. Accordingly, our findings suggest that
policymakers in the US should pay close attention to the
possible direct and indirect effects of legal and administrative
policies on youth marijuana, cigarette, and alcohol use and
their gateway effects on HDU.

METHODS
Data

For the empirical examination of the hypotheses, this
study analyzed ten-year nationwide representative youth
survey data of the MFCSAY study from 2010 to 2019 (28). The
MFCSAY study was administered by the Institute for Social
Research located at the University of Michigan and supported
by the National Institute on Drug Abuse (28). The MFCSAY
study collected survey data about high school seniors’ non-
HDU and HDU experiences, as well as their lifestyles and
behaviors, every year since 1975 (28). While the MFCSAY
study did not employ a panel structure where the same
students were repeatedly surveyed, this non-panel structure
allowed us to identify macro-level descriptive changes in
youth HDU (28).

For the sampling process, the MFCSAY study randomly
selected geographical areas using the primary sampling units
developed by the Sampling Section of the Survey Research
Center (28). In the next stage, one or more high schools in
each area were selected (28). In the final step, seniors in the
selected high schools were surveyed. For those schools that
retained fewer than 350 seniors, the MFCSAY included all
the seniors (28). In larger schools, subsets of seniors were
sampled for surveys (28). For this study, the datasets were
secured from the Inter-university Consortium for Political and
Social Research (ICPSR) database. From 2010 to 2019, a
total of 23,063 students were surveyed.

Variables

High-risk Drug Use (HDU). According to the CDC, HDU
is defined as any use of substances by youths with a high
risk of adverse outcomes, such as injury, criminal justice
involvement, school dropout, or loss of life (13). As examples
of high-risk drugs, the CDC presented cocaine, heroin,
methamphetamines, inhalants, hallucinogens, and ecstasy
(13). Among these drugs, the MFCSAY investigated how
many times respondents used LSD, crack, cocaine, or heroin
in the last 12 months (28). Therefore, we operationalized
youth HDU as the sum of the frequencies of using LSD, crack,
cocaine, or heroin in the last 12 months.

Marijuana Use. To examine the effect of marijuana use
on HDU, we measured two variables from one MFCSAY
survey item: “how many occasions (if any) have you used
marijuana (grass, pot) or hashish (hash, hash oil) during the
last 12 months?” Respondents were given answer choices
of 0 occasions, 1-2 times, 3-5X, 6-9X, 10-19X, 20-39X,
or 40+ occasions (28). First, this study operationalized a
binary variable, which showed whether or not a respondent
used marijuana during the last 12 months. This variable
was introduced to identify if there was any significant HDU
difference between marijuana users and non-marijuana
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users. Second, we also introduced a scale variable, which
determined the number of times a respondent used marijuana
during the last 12 months. The lowest number of marijuana
uses for each answer category was recorded for the analysis
(i.e., “40” for “40+ occasions”).

Alcohol Drink. Studies on the risk factors of youth drug
abuse consistently report that youths who drink alcohol have
a significantly higher likelihood of using illegal drugs (35). To
control for alcohol as a risk factor, our study employed the
MFCSAY survey item, “On how many occasions have you
had alcoholic beverages to drink during the last 12 months?”
Again, respondents were given answer choices of (i) O
occasion, (ii) 1-2X, (iii) 3-5X, (iv) 6-9X, (v) 10-19X, (vi) 20-
39X, and (vii) 40+ occasion, and the lowest number of each
category was introduced for the analysis (28).

Cigarette Smoke. In addition to alcohol drink, cigarette
smoking was also found to be a strong predictor of youth illicit
drug use in previous studies (36). To measure respondents’
cigarette smoking, we introduced the MFCSAY survey
question, “How frequently have you smoked cigarettes during
the past 30 days?” Respondents were given answer choices
of (i) not at all, (ii) less than one/day, (iii) 1-5/day, (iv) Y2 pack/
day, (v) 1 pack/day, (vi) 1 %2 pack/day, or (vii) 2+ packs/day
(28). Therefore, higher values in our model indicated heavier
cigarette smoking.

Demographic Characteristics. The effect of demographic
characteristics of youths, such as age, gender, and race, are
frequently investigated in studies of youth drug use (37). We
also introduced age, gender, and race demographic variables
to address the differentiating effects of these characteristics.
As all respondents in the data were high school seniors, age
was measured as a dichotomous variable with (i) under 18 and
(i) 18 or older (0 = under 18). Gender was also introduced as
a binary variable with a reference category of female. As for
race, the MFCSAY identified only three categories: (i) black,
(i) white, and (iii) Hispanic (28). Therefore, we operationalized
two dummy variables with a reference category of white.

Peer Influence. Peer influence has been identified as one
of the most important risk factors for youth drug use (38). As
there was no question about peer influence in the MFCSAY
study, this study used three proxy questions: “During the last
12 months, how often have you been around people who
were taking each of the following to get high? (i) Cocaine,
(ii) LSD, and (iii) Heroin.” For each question, a respondent
was given answer choices of (i) Not at all (= 0), (ii) 1-2X, (iii)
Occasionally, and (iv) Often (28). To operationalize the peer
influence variable, we summed a respondent’s answers for
these three questions; therefore, the higher value indicated
that the corresponding respondent was under greater peer
influence.

Parental Control. Studies have presented that all types of
parental controls retained negative effects on youth drug use
significantly (39). The notion of parental controls indicated
how much parents monitored and supervised their children
(39). However, the MFCSAY study did not measure how much
respondents were under parental control (28). Therefore,
we employed proxy measures of parental control with two
questions: “Which of the following people live in the same
household with you? (i) Father and (ii) Mother.” We summed
up respondents’ answers, and the attributes of parental
control indicated (i) 0 = living with no parent, (ii) 1 = living
with a single parent, and (iii) 2 = living with both parents. We

https://doi.org/10.59720/23-308

hypothesized that this variable would show how youth HDU is
influenced by the number of parents in the youth’s household.

Analytical Approach

For the analysis of the data, we employed the comparative
multiple regression. Forthe firsttwo regression models, we only
added either individual or environmental control variables. For
the last regression model, we introduced all the variables to
our analyses together (Figure 2). This comparative approach
allowed us to examine which set of variables explained the
HDU better. The multiple regression meant that we analyzed
the effect of marijuana use while considering the effects of
other control variables. All analyses were conducted using
the IBM SPSS Statistics Ver.21 program.

Model 1. Marijuana Use Effect on HDU after Controlling for Individual Variables

Input Variable
Marijuana Use, Alcohol Drink, Cigarette Smoke, Age, Race, Ethnicity, Gender

—

Model 2. Marijuana Use Effect on HDU after Controlling for Environmental Variables

Input Variable
Marijuana Use, Peer Influence, Parental Control

Model 3. Marijuana Use Effect on HDU after Controlling for Both Variables

Input Variable
Marijuana Use, Alcohol Drink, Cigarette Smoke, Age, Race, Ethnicity, Gender, Peer
Influence, Parental Control

Figure 2. Comparative Multiple Regression Analysis. We
introduced three models to clarify the marijuana effects on HDU
after various control variables. In the first stage, we controlled
for individual variables. In the second stage, we controlled for
environmental variables. In the last stage, we introduced both control
variables. The R? values are 0.053 for Model 1, 0.096 for Model 2,
and 0.104 for Model 3, indicating that Model 3 explains the variation
of HDU more than the other two models.
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