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Abstract
Aims—To investigate adolescent pathways to ecstasy use by (1) examining how early onsets of
smoking, drinking, and marijuana use are related to a child’s risk of initiation of ecstasy use and (2)
assessing the influence of other individual and parental factors on ecstasy use initiation.

Methods—Data on 6,426 adolescents (12–17 years old at baseline) from the National Survey of
Parents and Youth (NSPY), a longitudinal, nationally-representative household survey of youth and
their parents, were used in the analyses. Information on youth substance use, including ecstasy use,
as well as familial and parental characteristics, was available.

Results—Initiation of ecstasy use is predicted by an adolescent’s early initiation of smoking,
drinking, or marijuana use. In particular, early initiation either of marijuana use, or of both smoking
and drinking, increases a child’s risk for ecstasy use initiation. Among the familial and parental
variables, parent drug use emerged as significantly predictive of child initiation of ecstasy use; living
with both parents and close parental monitoring, on the other hand, are negatively associated with
ecstasy use initiation, and may be protective against it. At the individual level, sensation seeking
tendencies and positive attitudes toward substance use, as well as close associations with deviant
peers, are predictive of adolescent initiation of ecstasy use.

Conclusion—Our findings on the risk and protective factors for initiation of ecstasy use, especially
with regard to factors that are modifiable, will be useful for prevention programs targeting youth use
not only of ecstasy, but also of other drugs.
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1. Introduction
The results of a recent national community survey indicate that in 2007 there were more than
12 million people in the United States who had used ecstasy (MDMA) at least once (SAMHSA,
2008). Although the drug’s overall popularity had been declining since its peak in 2000–2002,
recent increases had been seen in rates of ecstasy use, and initiation of use, among adolescents
(SAMHSA, 2006; SAMHSA, 2008).
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There is increasing evidence that ecstasy use, especially if it is heavy use, can be neurotoxic
to human beings, leading to deficits in memory and verbal fluency (Cowan et al., 2009;
Gouzoulis-Mayfrank and Daumann, 2006; Montgomery and Fisk, 2008; NIDA, 2004; Rogers
et al., 2009). It has also been found to lead, at least in the short term, to sleep disturbances and
lowered immune function (Connor, 2004; Parrott, 2006; Schierenbeck et al., 2008). Deaths
clearly linked to ecstasy use, usually resulting from hyperthermia, have also occasionally been
reported (Rogers et al., 2009). Ecstasy users have also been found to frequently suffer from
symptoms of ecstasy abuse and dependence (Cottler et al., 2001; Scheier et al., 2008; Yen and
Hsu, 2007). Ecstasy users under 18 years of age are likely to be especially vulnerable to the
drug’s potential neurotoxic effects (Buchert et al., 2001). Thus, it is important to better
understand adolescents’ patterns of ecstasy use and the risk and protective factors associated
with use, particularly those affecting onset of ecstasy use.

Gateway theory has been used to understand how adolescents initiate, and progress in, the use
of various drugs (Fergusson et al., 2006; Kandel, 2002; Macleod et al., 2004). In the United
States, adolescent substance use progression has generally been found to begin with the use of
tobacco or alcohol before proceeding to the use of marijuana and other illicit drugs. Studies of
adolescent ecstasy use have also found that marijuana use is predictive of initiation of ecstasy
use (Martins et al., 2006; Zimmermann et al., 2005). The current study examines the specific
roles, not only of marijuana use, but also of tobacco and alcohol use, in the onset of ecstasy
use.

In addition to previous substance use, many other factors may affect an adolescent’s substance
use progression. As emphasized by Problem Behavior Theory, a multiplicity of social,
psychological, and other factors may affect an adolescent’s level of involvement in drug use
and other problematic behaviors (Donovan et al., 1999; Jessor, 1991). For example,
adolescents’ personal inclinations towards risk-taking, and associations with peers and adults
engaged in deviant activities, have been found to increase the risk that the adolescent will also
engage in such activities; family cohesion and adolescents’ involvement in conventional social
activities such as church attendance have, on the other hand, been found to be protective against
the development of deviant behaviors (Jessor, 1991).

With regard to ecstasy use specifically, previous studies have examined its associations with
socio-demographic and other family- and individual-level factors (Martins and Alexandre,
2009; Martins et al., 2007; Martins et al., 2008; Puente et al., 2008; Singer et al., 2004). It has
been found to be positively related to older age (Zimmermann, 2005; Martins, 2007), being
White (Martins, 2007, 2009), having a low income (Martins, 2007), and having positive
attitudes toward drug use (Martins 2008). With regard to adolescent drug use in general, other
family- and individual-level risk and protective factors that have been identified in previous
studies include family structure, parental drug use, and parenting practices, as well as child
sensation seeking, peer deviance and religiosity (Kaminer, 1994). These factors, then, should
be taken into account in studies on ecstasy use initiation.

The current study, using data from a longitudinal survey, examines (1) how early onset of
smoking, drinking, and/or marijuana use relates to an adolescent’s risk of initiation of ecstasy
use; (2) how individual and parental factors affect an adolescent’s risk of ecstasy use initiation;
and (3) the nature of adolescents’ pathways to ecstasy use.

2. Methods
2.1. Study Design

The NSPY is a longitudinal household survey of youth and their parents, designed to evaluate
the impact of the National Youth Anti-Drug Media Campaign sponsored by the Office of
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National Drug Control Policy. It was conducted by Westat under contract to the National
Institute on Drug Abuse. The survey includes questions about drug use behaviors and about
other factors related to substance abuse (Westat, 2004). NSPY’s sample is nationally
representative and consists of approximately 8,117 children and youth who were 9–17 years
of age at baseline. Interviews with youth 12 and older included questions on use and abuse of
drugs. For a total of 6,426 youth ages 12 and over, interviews with both youth and parent were
completed; this subsample was used in our analyses. The adolescents who were included in
the study did not differ from those who were excluded with regard to race/ethnicity, family
income, or family structure; boys were, however, a slightly higher proportion of those included
in the study (51.1%) than of those who were excluded (48.5%). The study was conducted in
full compliance with the institutional review boards of the New York State Psychiatric Institute.

There were four rounds of data collection from November 1999 to June 2004. Data were
collected using computer-assisted interview (CAPI) and audio computer assisted self interview
(ACASI) technology. A broad range of information was collected from each parent-youth pair
concerning the youth’s attitudes towards drug use, drug use behaviors, exposure to drug
prevention activities and to the anti-drug media campaign, and the characteristics of the youth’s
friends, and about the parent’s awareness regarding youth drug use and related behaviors, as
well as parent-child interactions related to drug use. Details of the survey’s study design and
procedures are reported elsewhere (Westat, 2004).

2.2. Measures used in this study
Adolescent use of ecstasy (youth report)—Information from all four waves of data was
used to create the outcome variable of age at onset of ecstasy use. At each wave, adolescent
respondents (ages 12–18) were asked if they had ever used ecstasy, and if so, whether they had
most recently used it “during the last 30 days,” “more than 30 days ago, but within the last 12
months” or “more than 12 months ago.” For this study, information from all 4 waves was used
to identify the subgroup of adolescents who tried ecstasy at any time up to the end of the survey
period. For the members of this ecstasy user group, age at onset of ecstasy use was then
estimated on the basis of the information available from the survey. For example, for a
respondent who reported no lifetime ecstasy use at baseline, but who, in the second wave of
the survey, did report use, initiation of use was assumed to have taken place between the
respondent’s first and second interviews. However, for a respondent reporting, at the time of
the baseline interview, having already used ecstasy, and stating that his/her last use took place
more than 12 months before the interview, the precise age of onset could not be determined,
but its left-censored value (Turnbull, 1976) was one year less than the adolescent’s age at the
time of the baseline interview.

Demographic factors (youth report)—Information on the child’s age, gender, and race/
ethnicity was obtained in the child interview.

Family variables (parent report)—Information on the parent’s level of education,
household annual income, and the structure of the family, was obtained in the parent interview.
Parents were asked to report the highest grade or level of schooling they had completed; they
then were divided into four groups: college degree, some college, high school diploma, and
less than high school. The household income variable had 4 categories: under $14,999, $15,000
to $34,999, $35,999 to $74,000, $75,000 and more. For family structure, a dummy variable
was created, coded 1 if the child was living in a two-parent household, and 0 otherwise.

Parental drug use (parent report)—At baseline, parents were also asked if they had ever
used marijuana, and if they had ever used any other illicit drugs such as inhalants, cocaine,
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heroin, hallucinogens, methamphetamine, or speed. The dichotomous parental drug use
variable was coded affirmatively if the parent reported any lifetime illicit drug use.

Parental Monitoring (parent report)—The parental monitoring variable is based on three
survey questions regarding (1) how often a child’s parent(s) know what the child is doing when
he/she is away from home; (2) how often a child’s parent(s) know the child’s plan for the
coming day and (3) how often the child hangs out with friends without having adults around.
Each question has 5 response options ranging from 1 for “strongly disagree” to 5 for “strongly
agree”. The coding for the last question was reversed, and the mean for the three items obtained.
A high score indicates close monitoring.

Adolescent use of tobacco, alcohol, and marijuana (youth report)—At each wave
adolescents were asked about their use of tobacco, alcohol, and marijuana, including the age
at which they had first used that substance. Age 12 was the median age of onset for both
smoking and drinking, for the adolescent smokers and drinkers in this sample; for marijuana
use, the median age of onset was 13. For the purposes of our analyses, three binary variables
were created: smoked before age 12, drank before age 12, and used marijuana before age 12.
The age 12 cut-off point was selected based on information from previous national surveys
indicating that very few adolescent ecstasy users report having initiated use before age 12.
Thus, onsets of alcohol, cigarette, and marijuana use that take place when a child is less than
12 years old will almost always occur before any ecstasy use.

We also created a summary measure dividing adolescents into five groups according to the
level of substance use initiated before age 12: (1) those who had not begun using any of the
three substances before the age of 12 (the reference group), (2) those who began smoking, but
did not initiate use of any other substance, before age 12, (3) those who began drinking, but
did not initiate use of any other substance, before age 12, (4) those who initiated both smoking
and drinking before age 12, and (5) those who initiated marijuana use before age 12. This
summary variable was constructed using a Guttman scale (Windle et al., 1991). For example,
if an adolescent had initiated marijuana use before age 12, he or she was placed in the last
group regardless of his or her age at onset of smoking and/or drinking. The creation of this
scale-based measure was guided by gateway theory’s perspectives on progression of substance
use in adolescents (Kandel et al., 1992) taking into account the fact that most young substance
users begin using legal substances (cigarettes or alcohol) before progressing to use of illicit
drugs (Kandel et al., 1992).

Adolescent Attitude towards Substance Use (youth report)—At baseline,
adolescents were asked about their attitudes concerning a person who tries marijuana once or
twice. There were five response options: strongly disapprove, disapprove, neither approve nor
disapprove, approve, and strongly approve. The last two categories were combined to create a
dummy variable: “Positive attitude towards marijuana use”.

Adolescent sensation seeking (youth report)—This is a Likert-type scale consisting
of four items: “I would like to explore strange places;” “I like to do frightening things;” “I like
new and exciting experiences, even if I have to break the rules;” and “I prefer friends who are
exciting and unpredictable.” Each item has five response options ranging from 1 for “strongly
disagree” to 5 for “strongly agree”. The summary score is based on the mean of the four items.

Peer deviance (youth report)—This is a Likert-type scale consisting of four questions
regarding how many times, in the 7 days prior to the interview, the child got together with
friends who “get into trouble a lot;” “fight a lot;” “take things that do not belong to them;” or
“smoke cigarettes or chew tobacco.” Each item has 7 response options ranging from 0 for
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“never” to 6 for “more than 7 times”. The mean of the four items is the score which is used in
the analyses. A high score indicates that the child has close associations with deviant peers.

Adolescent religious attendance (youth report)—At baseline, adolescents were asked
how often they attended religious services. The response options included never, rarely, 1–3
times a month, and about once a week or more often. For the purposes of the analyses they
were divided into three groups: never attenders, infrequent attenders (less than once a month),
and frequent (at least monthly) attenders.

2.3. Statistical analysis
Summary statistics were obtained to describe the study sample. The main outcome variable
was the child’s age at initial use of ecstasy. The variable is considered to be right censored by
the adolescent’s age at the time of the last round of data collection, for those adolescents not
reporting any ecstasy use up to that time. For the ecstasy users, the variable was completely
observed if the exact age of onset of ecstasy use was reported, but was left censored if the age
of onset was only known to have occurred prior to a specified age. To estimate the distribution
of age at onset of ecstasy use using all available data, including the censored data, we used
Turnbull’s (Turnbull, 1976) nonparametric maximum likelihood estimation method. The shape
of the non-parametrically estimated cumulative distribution curve suggested that the
distribution of age at onset of ecstasy use could be approximately described by a Weibull
distribution. After examining the patterns of the non-parametrically estimated distribution
curves for each of the socio-demographic variables and specific risk factors, we used a Weibull
regression model with a single predictor, for age at onset of ecstasy use, to assess the bivariate
association between the outcome and each of the predictors (Kabfleisch and Prentice, 2002).

To assess the simultaneous effects of several variables on age at onset of ecstasy use, we used
Weibull regression models with multiple predictors. The independent variables included two
demographic factors, i.e., adolescent gender and race/ethnicity, as well as all of the other
variables that had been found to be significantly (p<.05) predictive, in the bivariate analyses,
of age of onset of ecstasy use. Because Weibull regression models belong to the family of
proportional hazards models, to aid interpretation we calculated, for each predictor, the hazard
ratio for onset of ecstasy use for a one-unit change in the predictor, and 95% confidence
intervals.

3. Results
3.1. Sample description

Table 1 shows that among the 6,426 adolescents aged 12 to 17 at baseline for whom both parent
and child interview information is available, 52.1% were boys, 67.2% were non-Hispanic
Whites, and 70.7% were living in two-parent households. Among the parents, about 13% had
less than a high school education and about 12% had a low annual income (<$15K). More than
half of the parents (55%) reported at least some lifetime drug use. Among the adolescents,
about 6.7% had started smoking before age 12, 8.5% had started drinking before age 12, and
1.3% had started using marijuana before age 12. Adolescents tend to begin using legal
substances (e.g. cigarettes or alcohol) before trying illicit drugs (Kandel, 2002). A five-category
variable was created, representing the stages of substance use progression that our subjects had
attained by age 12, for use in analyses examining the impact of patterns of early smoking,
drinking, and marijuana use on adolescent initiation of ecstasy use. The results indicate that
about 13% of the sample (N=837) had initiated use of at least one of the substances before age
12; 5.9% had initiated alcohol use only, 4.0% had begun smoking only, 1.8% had initiated both
drinking and smoking, and 1.3% had begun using marijuana before age 12.
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Among the 6,426 adolescents, about 4.7% (N=300) had used ecstasy by the last round of data
collection. For 159 of these adolescents, full information was available regarding age of onset
of use. For the remaining 141, the initial use of ecstasy was only known to have occurred prior
to a specific age; thus, in the regression analyses this group was treated as having left-censored
data. The estimated median age of onset of ecstasy use was 15.

3.2. Bivariate analyses
The findings of the bivariate analyses are shown in Table 1. Age at onset of ecstasy use was
not found to be significantly associated with either of the demographic factors of gender and
ethnic group, or with parental education or income. Living in a two-parent household, on the
other hand, was negatively related to risk of ecstasy use initiation. Parental drug use was
positively associated, and parental monitoring negatively associated, with risk of ecstasy use
initiation. An early age of onset of use of any of the three listed substances (nicotine, alcohol,
and marijuana) was associated with a greater risk of ecstasy use initiation. In addition, the risk
of initiation increased with higher levels of general adolescent substance use involvement. For
example, compared to those who had not used any substance before age 12, those who had
begun smoking or drinking before age 12 were about twice as likely to initiate ecstasy use.
Those who had started both smoking and drinking before age 12 had a fivefold higher risk of
initiating ecstasy use, and for those who had begun using marijuana before age 12 it was tenfold
higher. Other individual level risk factors that were found to be associated with an adolescent’s
age at initial ecstasy use include parental substance use, adolescent positive attitude towards
marijuana use, sensation seeking, and peer deviance. Frequent involvement in religious
activities appears to be protective against initiation of ecstasy use.

3.3. Regression analysis
A Weibull model with multiple predictors was used to examine the effects of those baseline
factors that had emerged as significant predictors in the bivariate analyses. The substance use
progression summary variable was used in the model, rather than the three separate variables
measuring early onset of smoking, drinking, and marijuana use, to better understand the effects
of general substance use progression on the onset of ecstasy use. Also, two demographic
factors, i.e., gender and race/ethnicity, were included as controls even though the bivariate
analyses had not found them to be significantly associated with age at initial ecstasy use.
Compared to the adolescents who had not used alcohol, tobacco, or marijuana before age 12,
those who had used alcohol only had a slightly higher but non-significant adjusted hazard ratio,
while those who had used only tobacco before age 12 had a hazard ratio that was marginally
significantly higher. In contrast, the hazard ratio for those with early use of both alcohol and
tobacco was significantly higher, and those with early use of marijuana had the highest hazard
of initiating ecstasy use. In addition, when child gender, race/ethnicity and other factors were
controlled for, parental substance use, child positive attitude towards marijuana use, sensation
seeking, and peer deviance were found to increase a child’s risk for ecstasy use. Being from a
two parent household, close parental monitoring, and frequent religious attendance, on the
other hand, seemed to decrease the risk of ecstasy use initiation.

4. Discussion
Using data from a national longitudinal study of adolescents, this study examined initiation of
ecstasy use among adolescents in relation to early onset of use of other substances, and to other
associated risk and protective factors. The study’s findings are of potential value to policy
makers and clinicians, and to others who may be involved in prevention and intervention
efforts.
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Our findings on ecstasy use initiation are supportive of the findings of a number of previous
studies that have been conducted under the guidance of gateway theory, regarding the role of
adolescent alcohol, cigarette, and marijuana use in the development of use of other illicit drugs
in general (Fergusson et al., 2006; Kandel, 2002; Kandel et al., 1992; Macleod et al., 2004).
Similarly to previous studies, we found that early onset of marijuana use increases the risk of
initiation of ecstasy use (Martins et al., 2006; Zimmermann et al., 2005). We also found that
early use of the two major legal substances, tobacco and alcohol, in combination, raises the
risk of initiation of ecstasy use. Programs that succeed in delaying the onset of use of substances
such as tobacco, alcohol, and marijuana may thereby also help to delay the onset of ecstasy
use.

Our findings also generally support Jessor’s Problem Behavior Theory, which states that the
risk and protective factors related to adolescent risk behavior are varied and may be classified
into five conceptual domains, i.e., biology/genetics, social environment, perceived
environment, personality, and behavior (Jessor, 1991). In our study, sensation seeking, an
aspect of an adolescent’s personality, was found, consistently with other studies (Martins et
al., 2008; Puente et al., 2008), to be significantly predictive of adolescent ecstasy use. Two
social environmental variables related to adolescents’ family relationships, i.e., parental
monitoring and living in a two-parent household, appeared to decrease adolescents’ risks of
ecstasy initiation, in findings that are consistent with previous studies of substance use in
general (Kaminer, 1994) and of ecstasy use in particular (Martins et al., 2008; Singer et al.,
2004). Peer deviance, also a social environmental variable, was found to be predictive of
ecstasy use, while religious attendance, which Jessor has classified as a protective factor in the
behavioral domain, decreased the risk of ecstasy initiation (Jessor, 1991).

Parental drug use history was also found to be predictive of ecstasy initiation. Although
previous studies have documented the influence of parental drug use on children’s substance
use in general (Casswell et al., 1991; Donovan et al., 2004; Kaminer, 1994), our study is the
first to show that parental drug use predicts child initiation of ecstasy use. In the absence of
genetic data on the study subjects, however, we cannot ascertain the extent to which this finding
may be an indicator of genetic transmission of characteristics that increase one’s propensity to
engage in drug use, or nongenetic social transmission, by parental role modeling or other
means, of related attitudes and behaviors (Moffitt, 2005).

In terms of demographic factors, neither gender nor race/ethnicity was found, in our study, to
be significantly associated with adolescent onset of ecstasy use. Previous studies’ findings with
regard to gender have been inconsistent, with some reporting more ecstasy use in young males
(Singer et al., 2004; Zimmermann et al., 2005), and others reporting more use in young females
(Martins and Alexandre, 2009). Our finding of no racial/ethnic difference in ecstasy use is
consistent with those of Singer (Singer et al., 2004) and Zimmermann (Zimmermann et al.,
2005), but inconsistent with some other studies where whites were found to be more likely to
be ecstasy users compared to youth from other racial/ethnic groups, especially African
Americans (Martins and Alexandre, 2009; Martins et al., 2007).

Because many adolescent ecstasy users eventually may use multiple drugs or develop drug
abuse/dependence, our findings on the risk factors for ecstasy use, especially those that are
modifiable, and on the related protective factors, can inform prevention programs targeting
youth use not only of ecstasy, but also of other drugs.

4.1. Limitations
The study is limited by being based on an existing dataset which does not offer information
on some factors, such as adolescent psychiatric problems, that have been found to be closely
related to youth substance use (Wu, 2006, Wu, 2007, Wu, 2008; Kaminer, 1994). Also, for
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subjects who had already begun using ecstasy by the time of the baseline interview, only
incomplete (left-censored) data on their ecstasy use ages of onset were available. By including
in the regression analyses observations that were treated as left-censored, the statistical power
of the analyses may have been reduced. Also, because use of only a few types of substances
was covered in the survey’s interviews, the role of ecstasy use in the development of use of
hard drugs, such as cocaine or heroin, could not be assessed.

However, because the NSPY survey was longitudinal and is nationally representative, with
reports from both youth and their parents, the dataset did provide us with a unique opportunity
to explore the risk and protective factors related to adolescent pathways to ecstasy use, and to
produce findings which will assist in determining the optimum timing for preventive
interventions, and in the development of prevention programs.
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Table 2

Adjusted Hazard Ratios of Ecstasy Use Initiation

Predictors Hazard ratio 95% CI p-value

Demographic factors

 Girl (Ref.a) 1.00

 Boy 0.87 (0.69, 1.09) .2356

Race/Ethnicity

 White (Ref.) 1.00

 African-American 0.84 (0.57, 1.24) .3952

 Hispanic 1.31 (0.96, 1.80) .0725

 Other 1.36 (0.77, 2.42) .2853

Family and Parental factors

Two-parent household

 No (Ref.) 1.00

 Yes 0.70 (0.55, 0.89) .0043

Parent history of drug use

 No (Ref.) 1.00

 Yes 1.34 (1.04, 1.72) .0219

Parental Monitoring b 0.84 (0.73, 0.96) .0094

Individual factors

Substance use before age 12

 None (ref) 1.00

 Alcohol only 1.21 (0.78, 1.87) .3948

 Tobacco only 1.44 (0.97, 2.15) .0711

 Alcohol & tobacco 2.12 (1.34, 3.36) .0015

 Marijuana 3.08 (1.99, 4.75) <.0001

Positive Attitude Towards Marijuana Use

 No (Ref.) 1.00

 Yes 2.09 (1.57, 2.77) <.0001

Sensation seeking b 1.38 (1.20, 1.60) <.0001

Peer deviance b 1.30 (1.19, 1.41) <.0001

Religious attendance

 Monthly or more often (Ref.) 1.00

 Less than once a month 1.15 (0.88, 1.51) .3184

 Never 1.38 (1.02, 1.86) .0271

a
Ref. = Reference group

b
Continuous variable
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