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Abstract
Aims—To investigate trends in rates of ecstasy use among US adolescents from 1999 to 2008, and
to examine the associations between the major sociodemographic factors, especially gender, and
ecstasy use, during this period.

Methods—The adolescent subsamples (ages 12–17) from the 1999–2008 NHSDA/NSDUH
surveys were used for the current study. Data from adolescents’ self–reports on use of ecstasy and
of other drugs, as well as sociodemographic characteristics, were used in the analyses.

Results—There was an increasing trend in adolescent ecstasy use from 1999 to 2002, which was
followed by a decreasing trend from 2002 to 2005, and a slight rise from 2005 to 2008. In contrast
to some other drugs, ecstasy was more likely to be used by girls than by boys. This gender difference
persisted over the 10-year period and could not be explained by other demographic factors.

Conclusion—Given the known health consequences of ecstasy use, especially for females, the
observed gender difference in adolescent ecstasy use should be taken into account by drug prevention
and intervention programs.
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1. Introduction
Adolescent drug use has long been a major public health concern, and trends in adolescent
drug use have been monitored closely by government agencies. For some drugs, such as
marijuana, cocaine, and crack, rates of adolescent use have been relatively stable over the past
two decades. Rates of adolescent use of some other drugs have, however, varied more
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drastically over time. Ecstasy is one of these drugs (Johnston et al., 2009; Martins et al.,
2005). In the early 1990’s ecstasy was relatively unknown among adolescents (Johnston et al.,
2007). The Monitoring the Future survey of 1996 found that the prevalence of lifetime ecstasy
use among 12th graders was 4.6%, lower than the corresponding prevalences for drugs such as
marijuana, amphetamine, inhalants, LSD, and cocaine. By the early 2000’s, however, this
prevalence had doubled. Ecstasy became the third most commonly used drug among
adolescents (Johnston et al., 2007). Between 2001 and 2005, however, there was a decline in
rates of adolescent ecstasy use, which was followed by a slight rise between 2005 and 2008
(Substance Abuse and Mental Health Services Administration, 2002, 2003, 2004, 2005,
2006, 2007, 2008, 2009).

Rates of ecstasy use have generally been higher among adolescents and young adults than in
the general population (Substance Abuse and Mental Health Services Administration, 2009).
It has been estimated that by 2002, when ecstasy use rates were at their peak (Substance Abuse
and Mental Health Services Administration, 2003), about 10 million people in the United States
had used ecstasy at least once. About 17% of these ecstasy users were adolescents. The
magnitude of adolescents’ rates of ecstasy use can also be seen in reference to rates of use of
other drugs. For example, in 2002, cocaine use was about three times as common, in the general
population, as ecstasy use, while among adolescents ecstasy was more commonly used than
cocaine (Substance Abuse and Mental Health Services Administration, 2003). Adolescent
ecstasy users report that they use the drug to “experiment”, and to feel good and enhance social
activities (Parks and Kennedy, 2004).

While many studies have examined the relationships between adolescent use of drugs such as
marijuana, cocaine and crack, and the major sociodemographic factors, less is known regarding
the relationships between these sociodemographic factors and adolescent ecstasy use (Martins
et al., 2007; Martins et al., 2008; Wu et al., 2010). Recent research indicates that adolescent
girls are more likely, compared to boys, to be ecstasy users, and that girls who use ecstasy and/
or other hallucinogens may be more vulnerable than boys to developing symptoms of
hallucinogen dependence (Wu et al., 2009). Ecstasy use has also been found to be more
common among non-Hispanic whites than in other racial/ethnic groups (Wu et al., 2009). An
early study on ecstasy use found it to be more common among higher-income than among
lower-income individuals (Brecht and von Mayrhauser, 2002), but more recent reports indicate
that this income effect no longer holds (Gfroerer et al., 2007; Wu et al., 2006). Residents of
urban areas have been found to be more likely to use ecstasy than those living in rural areas
(Gfroerer et al., 2007). Given the unusually dramatic turns that have been observed in
adolescent ecstasy use rates over the years, and the known health consequences of ecstasy use
(Hanson and Luciana, 2004; Zakzanis and Young, 2001), further examination of changes in
rates of ecstasy use over time, in relation to the major demographic factors, and to trends in
the use of other drugs, is warranted. This paper will examine (1) trends in rates of lifetime
ecstasy use among U.S. adolescents from 1999 to 2008, overall and by specific demographic
factors, (2) gender differences in ecstasy use in comparison to gender differences in use of
other drugs and (3) differences and similarities across age groups with regard to the observed
gender difference in rates of adolescent ecstasy use. A thorough examination of these
relationships will help not only to fill existing gaps in our knowledge regarding patterns of
ecstasy use, but also to guide programs aimed at preventing ecstasy use.

2. Methods
2.1. Samples and Measures

The National Survey on Drug Use and Health (NSDUH) is a series of surveys covering use of
illicit drugs, alcohol, and tobacco, and associated factors, among members of the
noninstitutionalized U.S. civilian population aged 12 or older (Substance Abuse and Mental
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Health Services Administration, 2009). Before 2002, the surveys’ official name was the
National Household Survey on Drug Abuse (NHSDA). The surveys include detailed questions
on substance use, and on a wide range of individual and family characteristics. Further
information on the methodology of the surveys, such as their sampling design and weighting
procedures, is available elsewhere (Substance Abuse and Mental Health Services
Administration, 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009).

Trained interviewers interviewed respondents in their homes in person. Since 1999 the surveys
have been conducted using a computer-assisted interview (CAI). Part of each interview is
conducted by the interviewer using a computer-assisted personal interview (CAPI). For
substance use and other sensitive questions, however, an audio computer-assisted self-
interview (ACASI) is used to provide the respondent with a highly private and confidential
means of responding to questions and to increase the level of honest reporting (Substance
Abuse and Mental Health Services Administration, 2003). The surveys’ response rates have
been very good. For example, the response rate for the 2002 survey was 79%; for the 2003
survey it was 77% (Substance Abuse and Mental Health Services Administration, 2003). The
adolescent subsamples (ages 12–17) from the 1999–2008 NHSDA/NSDUH surveys were used
for the current study. The sizes of these subsamples vary by year, and range in size from 17,429,
for the year 2001, to 19,430, for 2000.

The surveys collected information on lifetime use of ecstasy, marijuana and other drugs. In
some of the analyses for the current study, patterns of adolescent ecstasy use are compared
with patterns of adolescent marijuana use. Sociodemographic information collected in the
surveys, on variables such as adolescent age, gender, race/ethnicity, family income and the
urbanicity of a respondent’s area of residence, was also used in our analyses.

2.2. Statistical Analyses
2.2.1. Analysis of Data from Each Survey Year—First, prevalences of ecstasy and
marijuana use, and of the major sociodemographic characteristics, were estimated for the
adolescent population as a whole for each survey year; rates of lifetime use of ecstasy were
also estimated by the major sociodemographic variables. Tests of the bivariate associations
between ecstasy use and each of the sociodemographic factors were then performed for each
year. Finally, logistic regression analyses examining gender differences in ecstasy use were
performed, controlling for other important demographic factors, for each survey year. The
regression parameter for the gender variable, interpreted as a log odds ratio, was used to
estimate the size of the gender effect. SUDAAN software was used in these analyses, to take
the surveys’ complex sampling designs into account, incorporating the appropriate sampling
weights into the analyses.

2.2.2. Meta-analysis—Using estimates obtained from each of the 10 annual surveys, random
effects meta-regression analyses were conducted to examine gender differences in ecstasy use,
while adjusting for covariates. The analyses used hierarchical Bayesian linear models
(DuMouchel et al., 1996) which combine and summarize the results obtained from multiple
datasets. Weighted regression methods, in which the unit of observation was the dataset from
a particular year, were employed. Bayesian hierarchical models assume a normal distribution
for the observations (i.e., in our analyses, the estimated logistic regression coefficients for the
effect of gender on ecstasy use, estimated separately for each dataset) conditional on the true
value of the model parameters. The advantages of this technique are that it allows for the use
of linear regression models to explain variations in the estimated effects and for the use of
random effects to account for unexplained random variation among datasets. Sampling error
within each dataset is represented by the standard error of the estimated effect. The priors used
for the regression coefficients and random effects are similar to those in DuMouchel and
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Waternaux (DuMouchel et al., 1996). Results are based on the estimated posterior mean and
standard deviation of each regression coefficient, along with the posterior probability that the
coefficient is positive (or negative), conditional on the data. A posterior probability above 0.95
is considered to be meaningful.

3. Results
3.1. Characteristics of the Samples

The 10 datasets from the year 1999 to 2008 have similar distributions of sex and age. The male
percentages of the adolescent samples range from 51.1% to 51.2%, and the percentages of 16–
17 year olds vary only between 32.1% and 34.6%. The ethnic group distributions of the samples
have, however, changed over time. Over the 10 years the proportion of whites gradually
decreased, from 66.0% to 59.0%, while the proportions of African-Americans and Hispanics
steadily increased, from 13.9% to 15.2% and from 13.9% to 19.0%, respectively. The
distributions of household income level were relatively stable, except that the percentage in
the $75,000 or more category increased from 20.9% to 35.4% over the period.

3.2. Rates of Lifetime Ecstasy Use during 1999–2008
The prevalences, by year, of ecstasy use among adolescents aged 12–17, as displayed in Table
1, show a temporal pattern. The prevalence of lifetime ecstasy use increased from 1.86% in
1999 to a peak of 3.37% in 2002, then declined to 1.54% in 2005, after which it began again
to increase, reaching 2.17% in 2008.

3.3. Rates of Ecstasy use by Sociodemographic Characteristics
Table 1 also lists adolescents’ rates of lifetime ecstasy use by the demographic factors of
gender, age, ethnicity, family income and the urbanicity of a respondent’s area of residence.
In terms of gender, girls’ rates of ecstasy use were higher than boys’ for all 10 years. For six
of these years this gender difference was statistically significant (p<0.05); for two of the years
it was marginally significant (p=0.06); while for the remaining two years (2002 and 2007), the
difference was not statistically significant. In each year, as expected, the overall rate of ecstasy
use for adolescents aged 16–17 was much higher than that of the younger adolescent group
(p<0.001). Significant racial/ethnic differences were also found consistently across the 10 year
period (p<0.001). African American adolescents were least likely to use ecstasy, while white
adolescents in general had the highest rates of ecstasy use, although the latter did not hold true
for the years 2000 and 2001; for these two years, the highest rate of ecstasy use was among
adolescents in the “Other” ethnic category – i.e., among those who were neither white, nor
African American, nor Hispanic. Also, in 2007, Hispanics adolescents’ overall ecstasy use
rates were essentially the same as those of non-Hispanic whites. Rates of ecstasy use did not
differ significantly by household income except in the year 2001. However, the relationship
between income level and ecstasy use did appear to change over time. Before 2002, higher
percentages of adolescents from high income families were ecstasy users, compared to those
from families with lower incomes, but by 2008 adolescents from the lowest income group had
the highest rate of ecstasy use. Adolescents living in rural areas tended to have lower rates of
ecstasy use, but only in the years 1999, 2001 and 2008 were the associations between urbanicity
and rates of ecstasy use statistically significant.

3.4. Gender Differences in Ecstasy Use and in Marijuana Use
In order to explore the implications of our finding of higher ecstasy use rates among girls than
among boys across the study period (Figure 1), we conducted a parallel analysis of gender
differences in rates of use of marijuana, the most commonly used illicit drug for the youth
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population (Figure 2). A comparison of the two figures shows that the gender differences in
ecstasy use rates were in the opposite direction from those found in rates of marijuana use.

3.5. Gender Differences in Ecstasy Use by Age Group
Further analyses were conducted to explore whether or not the gender differences observed in
overall adolescent rates of ecstasy use would hold true for adolescents at different
developmental stages. Table 2 shows gender-specific rates of ecstasy use for adolescents ages
12–15 and ages 16–17 separately, by survey year. For both age groups, the ecstasy use rates
are higher for girls than for boys for each year, except that in the year 2000, boys in the younger
age group had a slightly higher rate of ecstasy use than girls in the younger age group.

Because the results of the bivariate analyses had indicated that adolescent rates of ecstasy use
differ not only by gender, but also by other demographic characteristics, we conducted
additional logistic regression analyses to examine whether the observed gender differences
would still hold, for each age group, after controlling for race/ethnicity, urbanicity, and family
income.

Table 2 displays the covariate adjusted odds ratios comparing girls’ odds of ecstasy use with
boys’, within each age group, and in each survey year, as well as the associated 95% confidence
intervals. Derived from the estimated parameters of the corresponding logistic regression
model, the adjusted odds ratio (AOR) estimates the magnitude of the difference between girls’
and boys’ odds of ecstasy use for each year. The covariates include age, racial/ethnic grouping
(non-Hispanic white vs. other racial/ethnic group), income level, and urbanicity (large
Metropolitan Statistical Area (MSA), smaller MSA, vs. not an MSA). For every year and for
both age groups, excepting the younger group in year 2000, girls’ odds of ecstasy use were
higher than boys’ (with AORs ranging between 1.10 and 1.51 for the older group, and between
1.19 and 2.51 for the younger group, excluding the year 2000, for which the AOR is less than
one (AOR=.99)). The gender differences within the younger group tended to increase in size
over time, but this was not true for the older age group. By 2008, the gender difference for the
younger age group was significantly larger than for the older age group. In the subsequent
meta-analysis we assessed the time trend of the gender effect for each age group by applying
Bayesian hierarchical linear modeling to the estimated logistic regression coefficients for
gender difference (log odds ratios) for each year, and explored possible age group differences
in the gender effect on ecstasy use. The model with a single parameter, representing the
common gender effect, fit the regression coefficients well for the older age group. It gave a
posterior probability greater than 0.9999 that the OR would be greater than one. The posterior
mean estimate of the model parameter was 0.2413 (SD=0.0510), predicting an overall odds
ratio of 1.2729 for the gender difference. For the younger age group, the result was similar,
indicating that the posterior probability for an OR above one was 0.9997 and that the posterior
mean estimate of the model parameter was 0.3816 (SD=.0993), predicting an overall odds ratio
of 1.4646 for the gender difference. However, there were a few large residuals, suggesting that
the time trend in the regression coefficients for the gender effect for the younger group should
not be ignored. When a linear model including a time trend variable was applied, the residuals
became small, indicating a good fit. This model gave a posterior probability of 0.9934 for an
increasing time trend for the gender effect for the younger group. The posterior mean slope
estimate was 0.0805 (SD=0.0315). Finally, the hierarchical Bayesian linear model, well fitted
to all of the log odds ratio estimates for both age groups, suggests that the gender difference
in the odds of ecstasy use increased over time for the younger age group (the posterior
probability for a positive slope was 0.9968 with a posterior mean slope estimate of 0.0813 and
SD=0.0296), but not for the older age group (the posterior mean slope estimate was 0.0179
and SD=0.0182). The posterior probability of an age group difference in the gender effect time
trends was 0.9977.
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In summary, the results, with and without control for other demographic factors, indicate that
during this period girls were more likely than boys to be ecstasy users. For the younger age
group, the gender difference tended to become larger over time.

4. Discussion
Using data from 10 nationally representative annual surveys, this study examined trends in
adolescent ecstasy use over a 10-year period, overall and by gender, race/ethnicity and other
demographic factors. It was found that there was an increasing trend in adolescent ecstasy use
from 1999 to 2002, which was followed by a significant decreasing trend from 2002 to 2005.
After 2005, however, increases in use were again seen. Unlike some other drugs, ecstasy was
more likely to be used by girls than by boys; this gender difference persisted over the 10-year
period. The gender difference was more stable among older than among younger adolescents.
Among the younger adolescents, the size of this gender difference appeared to increase between
1999 and 2008. This gender difference could not be explained by other demographic factors.

Previous research has noted that rates of ecstasy use increased during the late 1990s (Martins
et al., 2008). The observed trends in ecstasy use from 1999 to 2008 indicate that the early
increase in use rates reached its peak in 2002, and was followed by a decline. This decline may
have resulted from changes in federal drug policies such as the implementation of the Ecstasy
Anti-Proliferation Act in 2001. This act increased penalties for ecstasy trafficking so that, for
example, the guideline sentence for trafficking 200 grams of ecstasy rose from 15 months to
5 years (ONDCP, 2004). Further legislative action against the use of Ecstasy and other club
drugs was taken in April 2003, with the passage of the Illicit Drug Anti-Proliferation Act, which
allows for additional grounds under which individuals – such as owners of clubs where drugs
are used – may be prosecuted for being, direct or indirectly, associated with the sale of illicit
drugs (USDEA, 2003a). These policy changes – as well as more stringent policies against
ecstasy manufacture in the Netherlands, which had been a major source of ecstasy eventually
sold in the United States (UNODC, 2008) – may have impacted ecstasy’s availability. Such a
conclusion is supported by findings from the MTF surveys. For example, results from the 2001
MTF survey indicated that 62% of 12th graders thought that they could get ecstasy fairly easily;
by 2005, however, when rates of ecstasy use were at their lowest point, this percentage had
fallen to 40% (Johnston et al., 2007). Adolescent perceptions regarding the risks of ecstasy use
may also affect their rates of use. Findings from the MTF surveys indicate that among high
school seniors, about 39% considered use of ecstasy to entail “great risk” in 2000; this
percentage increased to 60% by 2005, when rates of use were at their lowest (Johnston et al.,
2007). The recent rise in adolescent ecstasy use rates that began in 2005 was, in turn,
accompanied by a drop in the levels of ecstasy-related risk perceived by adolescents (Johnston
et al., 2009).

This paper’s major finding is that there was a consistent pattern of higher rates of ecstasy use
among adolescent girls than among boys over the period 1999–2008. This finding is consistent
with those of other studies of adolescents (Johnston et al., 2007; Wu et al., 2009; Yacoubian
et al., 2002). For example, the Monitoring the Future (MTF) study has reported that rates of
ecstasy use were higher among female eighth graders than male eighth graders between 2003
and 2006 (Johnston et al., 2007). Where gender differences in ecstasy use rates have been found
in older age groups, however, they have generally appeared to be in the opposite direction. In
the MTF surveys, twelfth grade males were found to be more likely to use ecstasy than their
female counterparts (Johnston et al., 2007), and studies of adults have found that rates of ecstasy
use are higher among men than among women (NIDA 2003), and that the majority of ecstasy-
associated fatalities (70%) are male (Landry, 2002). The comparison between the younger and
older adolescent groups, with regard to gender differences in ecstasy use, revealed some
interesting findings. For the younger adolescent group, the gender difference has tended, over
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the past decade, to become bigger. Specifically, controlling for the other sociodemographic
factors, younger adolescent girls were 1.3 times more likely to be ecstasy users in 1999,
compared to their male counterparts. By 2008, younger adolescent girls were 2.5 times more
likely than boys to be ecstasy users. Among the older adolescents, however, the gender
difference in rates of ecstasy use did not become larger over this period. In 1999, older
adolescent girls were about 1.49 times more likely to use ecstasy than their male counterparts,
but by 2008 this ratio had fallen to about 1.10. Taken together with the findings of adult studies,
our findings indicate that the nature of gender’s influence on ecstasy use changes during the
transition from adolescence to adulthood, in contrast to use of some other drugs, such as
marijuana, which males are consistently more likely to use over the life span. It has also been
reported that a given dose of MDMA tends to produce more intense negative psychoactive
effects in women than in men (Liechti et al., 2001), and that girls may generally be more
vulnerable than boys to developing symptoms of hallucinogen dependence (Wu et al., 2009).
This indicates that adolescent girls who continue to use ecstasy are at increased risk of suffering
from related negative health effects. It is important for drug prevention and intervention
programs to take these gender differences into account.

Similarly, our findings regarding recent proportionate increases in ecstasy use among Hispanic
adolescents, and regarding ecstasy’s shift from being a drug that adolescents from high income
families were more likely to use, in the early 2000s, to one that in recent years has been more
commonly used by adolescents from low-income families, should also be taken into account
in designing drug intervention programs for adolescents.

4.1. Limitations
The study is limited in the following ways. First, respondents to the NSDUH/NHSDA surveys
began to be asked about their lifetime use of ecstasy only in 1999, and it was not until 2002
that they began to be asked about their past year ecstasy use. As a result only trends in lifetime
ecstasy use over the 10-year period could be examined in this study. Secondly, all information
on the adolescents in the surveys was obtained from the adolescents’ own self reports; the
accuracy of such information, especially with regard to family income, may be questionable.
Also, the fact that tablets sold as ecstasy may actually consist, partly or wholly, of other
substances (Baggot et al., 2000) may introduce a further element of unreliability into self-report
data regarding ecstasy. Finally, the study could not test the specific effects of particular policy
changes on time trends in ecstasy use. However, the findings from this paper provide
information which may be of use to policy makers concerned not only with adolescent use of
ecstasy, but also with substance use in general.
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Figure 1. Gender Differences in Adolescent Ecstasy Use, 1999–2008
Percentages of adolescents of each gender, in each year, who were lifetime ecstasy users.
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Figure 2. Gender Differences in Adolescent Marijuana Use, 1999–2008
Percentages of adolescents of each gender, in each year, who were lifetime marijuana users.
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