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Abstract

This study assessed the prevalence, trends, and student- and college-level characteristics associated
with the non-medical use of anabolic steroids (NMAS) among U.S. college students. Data were
collected through self-administered mail surveys, from 15,282, 14,428, 13,953, and 10,904 randomly
selected college students at the same 119 nationally representative colleges in 1993, 1997, 1999 and
2001, respectively. The prevalence of lifetime, past-year and past-month NMAS was 1% or less and
generally did not change significantly between 1993 and 2001, with one exception: past-year NMAS
increased significantly among men from 1993 (0.36%) to 2001 (0.90%). Multiple logistic regression
analyses revealed that lifetime and past-year NMAS were associated with student-level
characteristics such as being male and participation in intercollegiate athletics. Lifetime and past-
year NMAS were also positively associated with several risky behaviors, including cigarette
smoking, illicit drug use, drinking and driving, and DSM-IV alcohol use disorders. Nearly 7 out of
every 10 lifetime non-medical users of anabolic steroids met past-year criteria for a DSM-IV alcohol
use disorder. Although the overall prevalence of NMAS remained low between 1993 and 2001,
findings suggest that continued monitoring is necessary because male student-athletes are at
heightened risk for NMAS and this behavior is associated with a wide range of risky health behaviors.
The characteristics associated with NMAS have important implications for future practice and
research.
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1. Introduction

Anabolic-androgenic steroids, including synthetic testosterone, are controlled substances that
have selected therapeutic uses such as treating male hypogonadism (Bhasin et al., 2006),
hereditary angioedema (Church, 2004), and certain forms of anemia (Pavlatos et al., 2001).
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Anabolic-androgenic steroids also have been used in clinical research trials for muscle wasting
and weight loss due to chronic diseases (Johns et al., 2005), menopausal hormonal replacement
(Arlt, 2006), osteoporosis (Tracz et al., 2006), male contraception (Matthiesson and
McLachlan, 2006), and depression (Pope etal., 2003). The non-medical use of anabolic steroids
(NMAS) is most prevalent among adolescents and young adults in the U.S. (Johnston et al.,
2005) and adverse psychiatric effects have been found to be associated with NMAS (Malone
et al., 1995; Pope et al., 2000; Su et al., 1993; Yates et al., 1999). NMAS among adolescents
and young adults is also documented in several other countries (Melia et al., 1996; Nilsson et
al., 2001; Wichstrom and Pedersen, 2001). Although NMAS has been associated with adverse
health effects on the liver, reproductive, musculoskeletal, cardiovascular, and psychological
systems (Bahrke and Yesalis, 2004; Hartgens and Kuipers, 2004; Pope and Brower, 2005;
Thiblin and Petersson, 2005), U.S. college students engage in NMAS to enhance physical
appearance and athletic performance (Berning et al., 2004; NCAA, 2001; Pope et al., 1988).
The National Collegiate Athletic Association (NCAA) prohibits the use of anabolic steroids
by athletes and lists this class of drugs as banned substances (NCAA, 2006a).

Studies over the past three decades have reported a wide variation in the lifetime prevalence
of NMAS among U.S. college students based on samples drawn from individual schools,
multiple schools and national samples of schools (Kerber and Willisch, 1997; Meilman et al.,
1995; NCAA, 2001; Presley et al., 1996; Tricker and Connolly, 1997). Yesalis (1992) reviewed
college-based studies conducted before 1992 and found higher prevalence rates of NMAS than
investigations conducted in the mid-to-late 1990s and 2000s. The lower prevalence rates in
recent studies could be the result of actual decreases in NMAS or methodological limitations,
including non-random sampling, small homogeneous samples and low response rates.
Although recent national studies have improved methodology, there remains a limited
understanding regarding the trends and correlates associated with NMAS among U.S. college
students.

According to previous college-based investigations, individual characteristics associated with
NMAS include male gender and intercollegiate athletic participation (Berning et al., 2004;
Dezelsky et al., 1985; Kerber and Willisch, 1997; Presley et al., 1996; Toohey and Corder,
1981). NMAS is also associated with substance use, poor academic performance and other
problem behaviors among adolescents and college students (DuRant et al., 1993; Meilman et
al., 1995; Miller et al., 2005; Perko et al., 1995). Despite the evidence for higher rates of
substance use, there remains limited information regarding the association between NMAS,
substance use disorders based on DSM-IV criteria, and other adverse health outcomes to test
whether NMAS is part of a larger cluster of problem behaviors (Biglan et al., 2004; Jessor et
al., 1991).

Most evidence indicates that intercollegiate student-athletes are more likely than non-athletes
to use anabolic steroids for non-medical purposes (Dezelsky et al., 1985; Pope et al., 1988),
while other investigations at single colleges have not reached this conclusion (Berning et al.,
2004; Selby et al., 1990). To date, there have been no nationally representative studies
comparing intercollegiate student-athletes and other college students.

Few studies have examined the association between college-level characteristics and NMAS.
At least three national studies in the U.S. found that NMAS did not differ between
intercollegiate varsity student-athletes attending schools from three different college divisions
based on athletic levels (i.e., Division I, Il and II1) (Anderson et al., 1991; Green et al., 2001;
NCAA, 2001). More research is needed to examine possible college-level characteristics
associated with NMAS. The main objective of this study was to assess the prevalence, trends,
and student- and college-level characteristics associated with NMAS among U.S. college
students.
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2. Methods

2.1. Study population and data collection

The present study used data from 119 four-year U.S. colleges and universities that took part
in the 1993, 1997, 1999, and 2001 College Alcohol Study (CAS). The participating schools
were selected from the American Council on Education’s list of all accredited 4-year U.S.
colleges and universities. Student responses to the survey were voluntary and anonymous, and
students were told that they did not have to answer any question that made them uncomfortable.
College response rates declined across the four surveys and were 70% in 1993 (range 48—
100%), 59% in 1997 (27-88%), 59% in 1999 (27-83%), and 52% in 2001 (22-86%). To check
for potential biases introduced by the survey non-response, we calculated the Pearson
correlation coefficient between the main outcome variable (each school’s rate of NMAS) and
their respective response rates. There were no statistically significant associations between
response rates and the estimated 12-month or lifetime prevalence rates of NMAS at the college
level in any of the four study years. We also incorporated sampling weights adjusting for non-
response in all statistical analyses. Additional information regarding sampling methods,
inclusion criteria, and weighting for the CAS are described in more detail elsewhere (e.g.,
Mohler-Kuo et al., 2003; Wechsler et al., 1994, 1998, 2000, 2002).

2.2. Measures

Nonmedical use of anabolic steroids (NMAS) was measured with the following item: “How
often, if ever, have you used any of the drugs listed below? Do not include anything you used
under a doctor’s orders.” Drug items included “Anabolic steroids” in each survey year between
1993 and 2001. The response scale was (1) never used to (4) used in the past 30 days. In 2001,
alist of examples was also included as follows: “Anabolic steroids (either injections, like Depo-
testosterone, or Durabolin- or pills, like Anadrol, Dianadrol, or Winstrol).”

Intercollegiate athletic status was measured with a single item asking “In the past 30 days,
how many hours per day on average have you spent on each of the following activities?” Items
included “Intercollegiate athletics” in 1993 and “Playing or practicing intercollegiate sports”
in each survey year between 1997 and 2001. Responses to this item were coded into a binary
indicator of any participation in intercollegiate athletics in each study year.

Binge drinking was defined as the consumption of at least five drinks in a row for men and at
least four drinks in a row for women during the 2 weeks preceding completion of the
questionnaire, and frequent binge drinking was defined as having three or more binge drinking
episodes in the past 2 weeks (Wechsler et al., 1994).

Nonmedical/illicit drug use was measured with the following item: “How often, if ever, have
you used any of the drugs listed below? Do not include anything you used under a doctor’s
orders.” Drug items included marijuana, cocaine, heroin, LSD, other psychedelics, ecstasy
(asked in 1999 and 2001 only), prescription opioids, sedatives, stimulants, and tranquilizers.

Drinking and driving behaviors were measured with the following item: “In the past 30 days,
how many times did you do each of the following drinking and driving behaviors?” (a) Drive
after drinking alcohol, (b) drive after having 5 or more drinks, and (c) ride with a driver who
was high or drunk. For purposes of analysis, outcomes were dichotomized into “not at all” and
“at least once.”

DSM-1V alcohol abuse or dependence (American Psychiatric Association, 2000) was measured
in 1999 with items adapted from the Semi-Structured Assessment for the Genetics of
Alcoholism (SSAGA) to assess DSM-1V diagnosis of alcohol abuse or dependence during the
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12 months preceding the survey (e.g., Bucholz et al., 1994; Hesselbrock et al., 1999; Knight
etal., 2002).

Age of first intoxication was measured with the following item: “How old were you when you
first got drunk?” Outcomes were dichotomized into those who “first drank to intoxication prior
to age 16” and “did not drink to intoxication prior to age 16.”

Mental health was assessed in 1997 and 1999 using a five-item subscale of the Short Form 36
(SF-36) that provides an indication (but not diagnosis) of depression (Ware et al., 1993).
Consistent with previous research (Weitzman, 2004), a score of 100 on the SF-36 was
considered the best mental health and 0 was considered the worst mental health, with scores
between 0 and 38 considered to have clinical significance.

College-level variables available for the CAS included geographical region (Northeast, South,
North Central, and West), admissions selectivity (most competitive, competitive, and less
competitive, based on Barron’s Profiles of American Colleges), private/public status,
commuter status, size of student enrollment (>10,000 students, 5001-10,000, 1000-5000,
<1000), urbanization (suburban/urban and rural/small town), and college division athletic level
(Division I, 11 or I11).

2.3. Data analysis

Sampling weights were applied to the student-level data to make sure that estimates at a given
school reflected the baseline demographic composition of full-time students at the school (in
terms of gender, race and age). Statistical analyses accounting for the clustered designs were
performed using the SAS statistical software package (Release 9.1.3) (SAS Institute, 2005). A
Taylor Series Linearization approach (e.g., Rust, 1985) was used to estimate robust standard
errors that reflected the clustered design (where colleges were the primary sampling units).
Hierarchical generalized linear models (HGLMs) that provide robust standard error estimates
based on multilevel and clustered sampling designs and incorporate sampling weights were
fitted using the HLM software package (Raudenbush et al., 2006; Raudenbush and Bryk,
2002).

To examine the changing prevalence rates of NMAS over time, both overall and for the male
and female subpopulations, we first estimated weighted prevalence rates for each sample year,
in addition to design-based standard errors for the estimated rates. The estimated lifetime, past-
year, and past-month prevalence rates of NMAS were compared between 1993, 1997, 1999
and 2001 using multiple pair-wise comparisons (Altman and Bland, 2003). A Bonferroni
correction was applied to reduce the likelihood of making a Type | error when performing the
multiple comparisons (e.g., Holland and Coppenhaver, 1988). In addition to pairwise
comparisons, linear trends in the prevalence of each type of NMAS were evaluated (both
overall and separately by gender) using logistic regression adjusting for the clustering of
students by year within the sampled schools.

HGLMs for Bernoulli-distributed data were then fitted in each study year to predict the odds
of lifetime and past year NMAS at the student level. Based on the investigative nature of this
study and previous research that has examined correlates associated with NMAS among college
students, we considered the following student-level characteristics as predictors: sex, race,
marital status, age, living arrangement, fraternity/sorority membership, grade point average,
and intercollegiate athletic participation. The models also considered the following college-
level characteristics: urbanization, geographical region, commuter status, school enroliment
size, NCAA athletic division, admissions selectivity criteria, and public/private status. Ninety-
five percent confidence intervals (CI) were calculated in HLM for the adjusted odds ratios
(AORs) associated with one-unit changes in the predictors. Similar HGLM approaches were
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used in each year to examine NMAS as a predictor of engaging in various risky substance use
behaviors (e.g., frequent binge drinking), and of having other adverse mental health outcomes
(e.g., DSM-1V alcohol use disorders) while controlling for relevant individual- and college-
level characteristics.

The College Alcohol Study (CAS) sampled respondents from 119 colleges in the 1993 (n =
15,282), 1997 (h = 14,428), 1999 (n = 13,953) and 2001 (n = 10,904) CAS surveys. The mean
age of each sample was approximately 21 years old. In each survey year, at least 76% of
students were white (with a maximum of 82% in 1993), and the remainder of the students were
somewhat evenly distributed between responses of black, Asian, and “other.” Approximately
23% of students attended schools located in the Northeast, 29% in the South, 30% in the North
Central region and 18% in the West. The percentage of students attending commuter schools
ranged from 12 to 14% across the four survey years. Although there was some slight variation
between the study years, the CAS samples tended to be nationally representative cross-sections
of students enrolled at 4-year colleges in the U.S. (U.S. Department of Education, 2002,
2004).

3.1. Prevalence estimates and trends of NMAS

The estimated lifetime prevalence rate of NMAS was approximately 1.0% and held steady in
the four survey years between 1993 and 2001 (Table 1). Based on multiple pair-wise
comparisons, there were no significant differences in the rates, with the exception of the
increase in past-year NMAS between 1993 and 2001. A significant linear trend for 12-month
NMAS was found, with a 1-year increase resulting in an expected 10% increase in the odds of
past-year NMAS (OR = 1.10; 95% CI =1.03, 1.17) during this time period. This trend appears
to be driven by an increase among males (OR = 1.11, 95% CI = 1.04, 1.20).

3.2. Student- and college-level characteristics associated with NMAS

Lifetime NMAS was more prevalent among U.S. college students who were male, married,
older than 23 years of age, and/or participants in intercollegiate athletics in at least two survey
years when adjusting for the other predictors in the models (Table 2). College men had
significantly higher odds than college women of reporting lifetime NMAS in each survey year
(AORsranged from 5.34 to 8.52). College students who played or participated in intercollegiate
athletics had increased odds as compared to non-athletes of reporting lifetime NMAS in all
four survey years (AORs ranged from 1.63 to 2.43). Married students had higher odds of
reporting lifetime NMAS as compared to students who were never married in 1999 and 2001.
Finally, students older than 23 years of age had greater odds of lifetime NMAS as compared
to students under 21 years of age in 1993 and 1997.

Many of the same associations were present for past-year NMAS. For example, college men
had greater odds than college women of reporting past-year NMAS in each survey year (AORS
ranged from 4.17 to 12.23, p < 0.01). College students who played or participated in
intercollegiate athletics had increased odds as compared to non-athletes to report past-year
NMAS in 1993 (AOR =2.25, 95% Cl = 1.13, 4.50, p < 0.05) and 1997 (AOR = 2.23, 95% ClI
=1.13, 4.40, p < 0.05). Married students had greater odds of past-year NMAS as compared to
non-married individuals in 1993 (AOR =3.22, 95% CI = 1.02, 10.24, p < 0.05) and 2001 (AOR
=4.18, 95% CI = 1.07, 16.39, p < 0.05). Age was not associated with past-year NMAS.

Lifetime NMAS was significantly more prevalent at commuter colleges (1999 and 2001), but
urbanicity, geographical region, size of student enrollment, NCAA athletic division, admission
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criteria and type of college (public versus private) were not associated with either lifetime or
past-year NMAS in at least two years. The variance of the random college effects in 1999 and
2001 was found to be significantly greater than zero (p < 0.05), suggesting that additional
college-level factors which were not measured in the CAS may explain additional between-
college variation in the rates of NMAS. Finally, we found no consistent associations of college-
level factors in the models predicting past-year NMAS.

3.3. Relationship between NMAS and other substance use behaviors

Lifetime NMAS was significantly associated with cigarette smoking, binge drinking,
marijuana use, other illicit drug use, DSM-1V alcohol use disorders and other risky health
behaviors (Table 3). For example, anabolic steroid users were nearly 12 times more likely than
non-users to report using cocaine in the past-month, when controlling for other related factors
(AOR =11.59, 95% CI =5.34, 25.15). Furthermore, an estimated 21% of lifetime non-medical
users of anabolic steroids met the criteria for past-year DSM-1V alcohol dependence as
compared to about 6% of non-steroid users (AOR =3.08, 95% CI = 1.66, 5.70). Further, lifetime
non-medical users of anabolic steroids were over six times more likely than non-users to have
driven after binge drinking in the past 30 days (AOR = 6.20, 95% CI = 3.32, 11.58). An
estimated 77% of non-medical users of anabolic steroids reported using at least one illicit drug
(including use of prescription drugs non-medically) in the past-year, as compared to 32% of
non-steroid users (AOR = 7.93, 95% CI = 4.54, 13.86).

These same associations held true for past-year NMAS. For example, an estimated 33% of
past-year anabolic steroid users met criteria for past-year DSM-IV alcohol dependence as
compared to 6% of non-users (AOR =7.42, 95% CI = 3.34, 16.48). Notably, poor mental
health/depressive symptoms based on the SF-36 was not significantly associated with lifetime
or past-year NMAS. Finally, the results presented in Table 3 are primarily from the 2001 survey
only, but similar associations were observed in previous survey years (1993, 1997, and 1999).

4. Discussion

In the present study we found a lifetime prevalence rate of NMAS of approximately 1%, and
that NMAS remained stable among U.S. college students during the period from 1993 to 2001,
although we observed a significant increase in past-year NMAS among men. These findings
are consistent with other national studies of U.S. college students (Meilman et al., 1995; Presley
et al., 1996) and young adults over the past decade (Johnston et al., 2005). The present study
found that approximately 20 in every 1000 college men and about 2 in every 1000 college
women reported NMAS in their lifetime. While the increase in past-year NMAS for men
between 1993 and 2001 is of concern, the actual rate of NMAS is still low.

Among U.S. college students, the prevalence of NMAS is considerably lower than the non-
medical use of other prescription drugs such as benzodiazepines, opioids and stimulants
(McCabe, 2005; McCabe et al., 2005a,b; SAMHSA, 2005). In addition, the lifetime prevalence
of NMAS in the present study is lower than lifetime rates of NMAS among high school students
in other studies (e.g., Buckley et al., 1988; DuRant et al., 1993; Johnston et al., 2005). While
the lower prevalence rates in the present study could be the result of actual differences in NMAS
between high school and college students, some of the differences could be attributed to
methodological factors such as survey mode effects, non-random sampling, differences in
question wording, and response rates (Fendrich and Johnson, 2001). There are also important
developmental differences and selection effects between high school and college student
populations. For example, high school students who do not intend to complete college report
considerably higher rates of NMAS than individuals who intend to complete college (Johnston
et al., 2005).
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Our findings were consistent with previous investigations which found increased risk for
NMAS among men (Johnston et al., 2005; Meilman et al., 1995; Presley et al., 1996). The
present study provides new evidence that lifetime and past-year NMAS is higher among
married college students. This finding deserves more attention in future research because
marriage is typically protective against most forms of substance abuse (Bachman et al.,
1997; SAMHSA, 2006). The present study also found that past-year NMAS was not associated
with age, suggesting that the association between age and lifetime NMAS was likely due to an
“age effect” or a longer window for potential exposure to NMAS. The multivariate findings
also add a new dimension because college-level characteristics were examined and were not
found to be significantly associated with NMAS, with the exception of commuter status. While
commuter status was significantly associated with lifetime NMAS, there was no such
association between commuter status and past-year NMAS. Finally, our findings also concur
with previous national research indicating that NMAS was similar as a function of Division I,
I, or 111 athletic levels (NCAA, 2001).

The findings of the present study were consistent with past studies demonstrating that
intercollegiate student-athletes were more likely to report NMAS than non-athletes (Dezelsky
etal., 1985; Pope et al., 1988). Indeed, the respective prevalence rates of lifetime and past-year
NMAS were about 3.3% and 1.5% among male student-athletes in 2001. If the results from
the present study were extrapolated to the total population of 214,186 NCAA male student-
athletes in 2001 (NCAA, 2006c), more than 7000 male student-athletes used anabolic steroids
for non-medical purposes in their lifetime and 3200 male student-athletes did so in the past 12
months. The higher prevalence rate among student-athletes could be motivated by a desire to
improve athletic performance and treat sports injuries (NCAA, 2001). A previous college-
based study found that 12% of current non-steroid using intercollegiate student-athletes who
participated in strength sports would use anabolic steroids to improve their athletic performance
if they would guarantee success and if the athletes could be assured of not testing positive for
use (Tricker and Connolly, 1997).

We found that non-medical steroid users were more likely to engage in other substance use,
abuse, and risky health behaviors. These findings complement evidence that adolescent and
collegiate anabolic steroid users are more likely to use alcohol and other drugs in the U.S.
(DuRant et al., 1993; Meilman et al., 1995; Yesalis et al., 1993) and other countries (e.g.,
Nilsson et al., 2001; Wichstrom and Pedersen, 2001).

4.1. Strengths and limitations

This investigation has several strengths and extends previous research on NMAS among U.S.
college students. First, the study featured data from four large nationally representative samples
of students attending 119 four-year colleges and universities. The large sample sizes allowed
for in-depth and multivariate analyses of several individual-level and college-level
characteristics. Second, the study included clinically relevant substance abuse and other health
measures (e.g., DSM-1V alcohol use disorders). Third, the study examined prevalence rates by
lifetime, past-year, and past-month timeframes. Lifetime prevalence of NMAS is especially
relevant because some of the gains in muscle size and strength that motivate athletes to use are
initially attainable only with NMAS, but sustainable in part with rigorous training alone
(Yesalis et al., 2000).

The present study also had some limitations. First, the survey did not assess the frequency,
duration, or quantity of anabolic steroid use, which is limiting because adverse effects are most
likely to occur with prolonged, high-dose use (Thiblin and Petersson, 2005). Second, the low
prevalence rates limited some statistical analyses, such as comparing NMAS across individual
college campuses. Third, the study relied solely on self-reported substance use. Although self-
report for substance use is generally valid when special conditions such as anonymity are
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operative, validity of self-report specifically for NMAS is poorly studied (Yesalis et al.,
2000). Furthermore, non-response may have introduced bias. We tried to minimize this impact
by incorporating sampling weights in the statistical analyses to ensure that the demographic
distribution of the sample was roughly equivalent to the total student population. Finally,
because the sample consisted of full-time students attending 4-year U.S. colleges and
universities only, the sample is not representative of all U.S. and international student
populations.

4.2. Future practice and research

The findings of the present study have implications for clinical work and prevention efforts.
Because the rates of NMAS are low, NMAS may have relatively low visibility on some college
campuses compared to other abused substances. Thus, detection of NMAS may be more
difficult, expertise among health professionals may be comparatively lacking, and the priority
of NMAS as a college health concern may be minimized. Given that steroid use
disproportionately impacts student-athletes, intercollegiate student athletic programs may be
best poised to impact the problem (NCAA, 2006a, 2006b).

Of additional clinical concern is that lifetime and past-year steroid users were more likely than
non-users to engage in risky drinking and other drug-taking behaviors. Therefore, health
professionals should conduct thorough substance abuse histories when working with non-
medical users of anabolic steroids. Moreover, health professionals working with anabolic
steroid users should assess for DSM-IV alcohol use disorders because almost 7 out of every
10 lifetime users met past-year criteria for a DSM-IV alcohol use disorder. The high rates of
concurrent polydrug use found among anabolic steroid users are especially worthy of attention
because various combinations of these drugs can interact to adversely affect behavior and alter
functioning of chemical systems in the brain (Brower, 2002; Petersson et al., 2006; Steensland
etal., 2005).

Despite high rates of polysubstance use and alcohol use disorders, clinically significant poor
mental health and depressive symptoms did not differ significantly between lifetime and past-
year non-medical users of anabolic steroids and non-users. This finding was somewhat
unexpected given the extensive medical literature on the adverse psychiatric effects associated
with NMAS. One possible reason is that the low rates of poor mental health in this study, in
comparison to other national studies of college students (Kisch et al., 2005), could suggest that
the measure employed in this study was insensitive to detecting a full range of depressive
symptoms. Another possible explanation is that steroid-associated depressive symptoms
generally occur during the first 3 months after stopping NMAS (Brower, 2002), and this was
not a timeframe asked of respondents. Indeed, the SF-36 questions are keyed to the past 30
days, so the likelihood that this timeframe included the 3 months immediately following
cessation of NMAS was low. At least one case-control study found higher rates of illicit
substance use, abuse, or dependence among 48 male anabolic steroid users as compared to 45
non-users but no significant associations in Axis | disorders (Kanayama et al., 2003), which
complements the findings of the present study.

The present study reinforces other national work showing that NMAS is less prevalent than
other forms of non-medical use of prescription drugs among U.S. college students. Future
research is needed to examine sources of obtaining anabolic steroids. The majority of collegiate
non-medical users of anabolic steroids and other prescription drugs appear to obtain these drugs
from non-physician sources, which can result in adverse health consequences (Forman,
2006; McCabe and Boyd, 2005; NCAA, 2001). Further, non-medical users may unknowingly
obtain counterfeit, adulterated, and/or contaminated drugs that could pose dangers to their
health. Future work should also examine similarities and differences between college and non-
college young adults since there is some evidence that NMAS is higher among non-college
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bound secondary school students as compared to college-bound students (Johnston et al.,
2005). Finally, while the present study identified some important individual-level
characteristics associated with NMAS, more work is needed to identify motivational,
environmental, college-level and biological factors which may contribute to the initiation of
NMAS. Such information will lead to a more comprehensive understanding of NMAS during
the transition from adolescence to young adulthood that takes into account the developmentally
distinctive aspects of emerging adulthood (Arnett, 2005).
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Prevalence and trends in non-medical use of anabolic steroids among U.S. college students (weighted estimates)

1993 (n = 15282)

1997 (n = 14428)

1999 (n = 13953)

2001 (n = 10904)

% (S.E.) % (S.E.) % (S.E.) % (S.E.)

Lifetime anabolic steroid use

Overall 0.86 (0.10) 0.95 (0.09) 0.97 (0.13) 1.05 (0.13)

Female 0.25 (0.06) 0.21 (0.05) 0.25 (0.05) 0.25 (0.07)

Male 1.52(0.18) 1.75 (0.20) 1.80 (0.26) 1.99 (0.28)
12-month anabolic steroid use

Overall 0.21 (0.04) 0.33(0.05) 0.37 (0.07) 0.46 (0_03)a

Female 0.08 (0.03) 0.05 (0.03) 0.09 (0.03) 0.09 (0.04)

Male 0.36 (0.08) 0.65 (0.10) 0.68 (0.14) 0.90 (()_18)a
30-day anabolic steroid use

Overall 0.10 (0.03) 0.16 (0.03) 0.16 (0.04) 0.16 (0.05)

Female 0.04 (0.02) 0.01 (0.01) 0.04 (0.02) 0.05 (0.03)

Male 0.16 (0.06) 0.31(0.07) 0.29 (0.07) 0.30 (0.10)

a12-m0nth anabolic steroid use rates between 1993 and 2001 are significantly different from each other, after applying a Bonferroni correction (p <

0.0083). No other significant pair-wise comparisons were observed.
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Multivariate HGLM analyses of lifetime non-medical use of anabolic steroids (weighted estimates)

1993 (n = 14610)

1997 (n = 13714)

1999 (n = 13143)

2001 (n = 10552)

Student (Level 1)
characteristics
Sex
Female
Male
Marital status
Never married
Married
Age
Under 21
21-23
Over 23

Intercollegiate athletics

Non-athlete
Athlete

College (Level 2) characteristics
Commuter status

Non-
commuter school

Commuter school
Estimated variance of

college intercepts

AOR (95% C1)@

*x
5.34 (3.27,8.72)

1.68 (0.95, 2.94)

1.55(0.93,2.58)
2.08 (1.02, 4.24)

2.43 (1.56,3.78)

0.41 (0.16, 1.02)
0.20

AOR (95% CI)@

**
8.52 (4.99, 14.54)

1.11 (0.55, 2.24)

1.35(0.84,217)

3.28 (1.68, 6.92)

1.80 (1.20, 2.70)

0.96 (0.49, 1.87)
0.05

AOR (95% CI)@

*x
6.42 (3.85, 10.72)

230 (108, 4.94)"

1.22 (0.75, 1.98)
0.72 (0.38, 1.36)

1.63 (1.04, 2.55)"

*%
1.94(1.19,3.18)

0.24

AOR (95% CI)@

**
7.42 (3.70, 14.91)

*%
3.02 (1.35, 6.78)

1.02 (0.57, 1.80)
1.24 (0.52, 2.95)

1.82(1.06,3.12)"

*
2.31(1.07,4.97)
0.83

Symbol (=) denotes reference category.

*
p < 0.05.

Fk

p <0.01.

aOdds ratios are adjusted for all predictors in the models, which include the student-level characteristics of sex, race, marital status, age, living arrangement,
fraternity/sorority membership, grade point average, and sports participation, and the college-level characteristics of urbanization, geographical region,
commuter status, school enrollment size, NCAA athletic division, admissions criteria and public/private status. The results for variables not significantly
associated with lifetime non-medical use of anabolic steroids in at least two years are not shown (p > 0.05).

The p-values indicated for the variance components are based on chi-square statistics computed by the HLM software for testing the null hypothesis that
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a given variance component is equal to zero (Raudenbush and Bryk, 2002).
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Table 3
Associations between lifetime non-medical use of anabolic steroids and other risky behaviors, 2001 (weighted
estimates)
Risky behaviors Lifetime non- No lifetime Rao-Scott chi- Adjusted OR (95% CI)
medical use? non-medical square(d.f.), p- b
% (S.E.) use? % (S.E.) value
Tobacco and alcohol use .
Cigarette use in the past 30 days 34.51 (5.81) 25.51 (0.84) 2.92 (1), p=0.09 1.72 (1.02, 2.89)**
Binge drinking in past 2 weeks 72.46 (4.43) 40.18 (1.48) 30.27 (1), p<0.01 3.83(2.00, 7.34)
Frequent binge drinking in past 2 weeks 46.02 (6.28) 17.65 (0.93) 35.67 (1), p<0.01 3.53 (1.86, 5_72)**
30-day illicit/non-medical use of drugs .
Marijuana 33.36 (5.95) 16.72 (0.73) 12.81(1),p<0.01 2.74 (1.57,4.79) -
Cocaine 17.69 (4.88) 1.70 (0.19) 78.97 (1), p<0.01 11.59 (5.34, 25.15)
Ecstasy 10.52 (4.19) 1.02 (0.12) 44.26 (1), p<0.01 9.01 (3.88, 20,92)**
Other illicit drugs® 14.55 (4.84) 1.64(0.17) 51.14 (1), p<0.01 9.25(4.19,20.43)
Prescription tranquilizersd 14.35 (4.09) 1.45 (0.16) 83.25 (1), p<0.01 11.11(5.63,21.94) _
Prescription sedatives 17.25 (5.09) 1.14(0.14) 121.57 (1), p<0.01 15.53 (6.95, 34.69)
Prescription stimulants 24.26 (5.99) 1.97 (0.23) 116.91 (1), p<0.01 16.05 (6.81, 33.26)
Prescription opioids 14.68 (4.83) 2.79(0.22) 26.44 (1), p<0.01 5.23(2.32,11.79)
12-month illicit/non-medical use of drugs
Marijuana 53.83 (6.02) 29.47 (1.04) 18.55 (1), p<0.01 2.88 (1.67, 4.98)****
Cocaine 35.84 (6.09) 3.96 (0.29) 149.78 (1), p< 0.01 12.97 (6.97, 24,132*
Ecstasy 24.82 (5.96) 4.58 (0.32) 50.32 (1), p<0.01 6.10(3.32,11.18)
Other illicit drugs® 30.25 (6.04) 5.57 (0.35) 67.79 (1), p<0.01 6.87 (3.87,12.18)
Prescription tranquilizers® 26.24 (5.65) 4.36 (0.33) 73.07 (1), p<0.01 7.74(4.42,1355)
Prescription sedatives 25.91 (6.13) 3.20 (0.29) 81.76 (1), p<0.01 9.66 (4.90,19.03)
Prescription stimulants 37.27 (6.50) 3.95 (0.40) 160.82 (1), p<0.01 15.06 (7.66, 29.61)
Prescription opioids 37.82 (5.99) 7.01(0.39) 90.10 (1), p<0.01 7.78 (4.24,1427)
At least one drug 76.82 (4.48) 32.35(1.05) 83.03 (1), p<0.01 7.93 (4.54, 13.86)
30-day risky behaviors .
Drove after binge drinking 43.82 (7.32) 10.49 (0.71) 52.38 (1), p<0.01 6.20 (3.32, 11,532*
Rode as passenger with a drunk driver 56.70 (7.23) 22.80 (0.89) 31.51(1),p<0.01 4.90 (2.56, 9.38)
Drove after drinking alcohol 61.80 (6.10) 28.62 (1.16) 34.62 (1), p<0.01 3.95 (2.24,6.95)
Substance abuse/mental health .
12-month DSM-1V alcohol abuse® 47.43 (5.34) 31.59 (1.04) 9.74 (1), p<0.01 1.71(1.07,151)
12-month DSM-IV alcohol 21.14 (4.66) 6.24 (0.30) 29.63 (1), p<0.01 3.08 (1.66, 5.70)
dependence® .
Firstalcohol intoxication <16 years-old 48.39 (5.56) 19.22 (0.67) 44.88 (1), p<0.01 4.12 (2.58, 6.59)
30-day SF-36 mental health subscale 3.83(1.90) 3.75(0.18) NS NS

(0-38)®

NS: not significant.

*
p <0.05.

Fk

p <0.01.

aSampIe sizes for lifetime non-medical use ranged from 85 to 88 and no lifetime non-medical use ranged from 10,705 to 10,762.

bThe reference group for each model was students who did not report non-medical use of anabolic steroids. The odds ratios in the weighted logistic
regression models were estimated in HLM and adjusted for gender, race, age, marital status, living arrangement, grade point average, intercollegiate
athletic status, geographical region, commuter status, and urbanicity (rural/small town). The results for these variables were not shown. The 95% Cls are
based on robust standard errors calculated by HLM.

COther illicit drugs include heroin, LSD, and other psychedelics.

d . -
Non-medical use of prescription drugs refers to any use not under a doctor’s orders.

eDSM-IV alcohol abuse, DSM-IV alcohol dependence and SF-36 mental health indicators were based on the 1999 CAS data; sample sizes for lifetime
non-medical use ranged from 114 to 115 and no lifetime non-medical use ranged from 13,569 to 13,639.
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