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Abstract

Aims—The present study examines the prevalence trends and college-level characteristics
associated with the non-medical use of prescription drugs (i.e. amphetamines, opioids, sedatives,
tranquilizers) and illicit drug use among US college students between 1993 and 2001.

Design—Data were collected from self-administered mail surveys, sent to independent cross-
sectional samples of college students from a nationally representative sample of 119 colleges in 4
years between 1993 and 2001.

Setting—Nationally representative 4-year US colleges and universities in 1993, 1997, 1999 and
2001.

Participants—Representative samples of 15 282, 14 428, 13 953 and 10 904 randomly selected
college students at these colleges in 1993, 1997, 1999 and 2001, respectively.

Findings—The results indicate that life-time and 12-month prevalence rates of non-medical use of
prescription drugs (NMPD) increased between 1993 and 2001. Specific college-level characteristics
were found to be correlated positively (marijuana use) and negatively (historically black college
status and commuter status) with NMPD, consistently across the four cross-sectional samples.
Significant between-college variation in terms of trajectories in the prevalence of NMPD over time
was found in hierarchical linear models, and selected college-level characteristics were not found to
explain all of the variation in the trajectories, suggesting the need for further investigation of what
determines between-college variance in the prevalence trends.

Conclusions—The findings of the present study suggest that continued monitoring of NMPD and
illicitdrug use among college students is needed and collegiate substance prevention programs should
include efforts to reduce these drug use behaviors.
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INTRODUCTION

National epidemiological studies and college-based studies provide evidence that the non-
medical use of prescription drugs (NMPD) is a problem among college-age young adults in
the United States [1,2]. According to the 2003 National Survey on Drug Use and Health
(NSDUH) data, the 12-month prevalence of NMPD is highest among young adults 18-25 years
of age compared to any other age group [2].

Previous studies have shown that the prevalence of NMPD can vary considerably across US
colleges [3-6]. For example, individual colleges using random sampling have reported past
12-month prevalence rates of non-medical use of methylphenidate (Ritalin®) ranging from 3%
to 17% across individual schools [3,6]. Further, a national study analyzing random samples of
students from a nationally representative sample of US colleges found past 12-month
prevalence rates of non-medical use of prescription opioids ranging from 0% at the lowest-use
schools to 20% at the highest-use school [4].

While there is growing evidence regarding the individual-level variables associated with
NMPD, very little work has examined the college-level variables associated with NMPD.
Recent investigations have reinforced the value of using nationally representative samples of
US colleges and universities when examining drug use among college students because there
are important college-level factors that are associated with NMPD [4,5]. For instance, a
nationally representative cross-sectional study of US colleges found that no students attending
three historically black colleges reported non-medical use of prescription stimulants in the past
12 months [5]. Further, previous studies have indicated a strong association between college-
level prevalence rates of NMPD and college-level prevalence rates of other drug use, such as
marijuana use [4,5]. For example, the correlation between a school’s past-year aggregate rate
of non-medical use of opioids and marijuana use was r = 0.51 (P < 0.001) [4]. Previous work
has not examined whether associations of college-level characteristics with NMPD remain
stable over time, and such information has important implications for prevention and
intervention efforts.

To date, studies have not examined the trends of non-medical use for various classes of
prescription drugs in multiple data collections at the same US colleges or types of colleges
(e.g. historically black colleges and universities). Therefore, more investigations are needed
to determine if there is stability in high rates of NMPD at the same types of colleges because
such information would be particularly helpful for developing evidence-based environmental
prevention and intervention efforts. The primary aim of the present study is to assess the
prevalence and trends of NMPD among US college students between 1993 and 2001. A
secondary aim was to explore whether selected college-level characteristics explained the
variation in college-level prevalence trajectories over time.

METHODS

The present study draws upon data collected via the College Alcohol Study (CAS) from the
same 119 4-year US colleges and universities in 1993, 1997, 1999 and 2001. The participating
schools were selected from the American Council on Education’s list of all accredited 4-year
US colleges and universities with the exception of seminary schools, military schools, allied
health schools and 20 schools that were unable to provide a random sample of students. There
were no differences in the college-level characteristics (e.g. geographical region, co-
educational status, admission criteria) between the participating schools and those 20 schools
that were unable to provide a random sample. An administrator from each participating school
provided a random sample of 215 full-time college students. Questionnaires were mailed to
students beginning in February in each survey year. Three subsequent mailings, usually 10
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days apart, were sent to students: a reminder postcard, a second questionnaire and a second
reminder postcard. Mailing schedules were slightly different for some schools to avoid the
period immediately preceding and following spring break. 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. To increase response rates, cash prizes were offered
to students who entered a drawing each study year. One school was excluded because the
response rate was considerably lower than the other 119 schools in multiple years.

College response rates declined across the 4 survey years: the response rates were 70% in 1993
(range 48-100%), 59% in 1997 (26-88%), 59% in 1999 (27-83%) and 52% in 2001 (22-86%).
To check for potential biases introduced by survey non-response, we calculated the college-
level Pearson correlation coefficient between the primary outcome variable in the study (each
school’s estimated 12-month prevalence rate of NMPD in the past year) and each school’s
respective response rates. There were no significant associations (at a 5% level of significance)
between the response rate and 12-month prevalence rate of NMPD in the past year. In addition,
response rates were not found to differ by any college-level characteristics (e.g. geographical
region, enrollment size, co-educational status, admission criteria). Finally, the associations
found in this study between college-level characteristics and 12-month prevalence of NMPD
were also tested in a sensitivity analysis that was restricted to those colleges in each study year
with response rates higher than the median response rate. Additional information regarding
sampling methods and inclusion criteria for the CAS are described in more detail elsewhere
[7-10].

The diversity of the CAS sample makes it an ideal data source to examine the national
prevalence and cross-sectional trends in NMPD among US college students. The CAS samples
represent national cross-sections of students enrolled at 4-year colleges in the United States
[11,12]. For example, approximately 69% of students in the CAS attended public institutions
and 31% attended private institutions. These figures closely resemble the US national
distribution of 68% and 32%, respectively, for full-time, 4-year college students. In addition,
approximately 23% of students in the CAS attended schools located in the North-east, 29% in
the South, 30% in the North Central region and 18% in the West. Eighty-six per cent of students
in the CAS attended non-commuter schools and 14% of students attended commuter schools.
Finally, 5% of students attended women’s colleges and 2% attended historically black colleges
and universities. The sample included all respondents from the same 119 colleges in the 1993
(n=15282), 1997 (n = 14428), 1999 (n = 13953) and 2001 (n = 10904) CAS surveys.

Demographic differences between the respondents from different survey years were assessed
using 2 analyses and one-way analyses of variance (ANOVAs). Demographic characteristics
of the students sampled were generally found to be quite similar in all 4 survey years. For
example, the mean age of the sample was approximately 21 years old for each survey year.
The proportion of women responding became larger over time (57% in 1993, 59% in 1997,
61% in 1999 and 64% in 2001), and the proportion of white students responding became smaller
over time (82% in 1993, 78% in 1997, 77% in 1999 and 76% in 2001). Individual sampling
weights were calculated for the sampled students that responded to the survey in each year,
and these weights effectively built in the response rates at each college for each year; this was
carried out in an effort to offset the amount of non-response that was taking place in certain
demographic groups at each college and in each year [10,13]. This weighting methodology
was used to ensure that the demographic distribution of the sample in each year was equivalent
to the demographic distribution of the school population, and allowed for meaningful
comparisons of the estimates from different years. The computed sampling weights were
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normalized (i.e. divided by the average weight for all respondents) in each study year, to ensure
that the sum of the weights used in the analyses would be equal to the sample size.

For all 4 study years between 1993 and 2001, the measures in the 20-page CAS survey assessed
demographic characteristics, alcohol use, illicit drug use and NMPD. Many of these substance
use items are known to be valid and reliable for population-based research [14,15]. Many items
were similar to those from other national studies and will permit comparisons between the
proposed study and other relevant national findings.

NMPD—NMPD 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’. Each
of the following classes of prescription medications were listed separately in each survey year
from 1993 to 1999: (a) opiate-type drugs (controlled substances such as codeine, Demerol,
Percodan); (b) tranquilizers (prescription-type drugs such as Valium, Librium); (c) barbiturates
(prescription-type sleeping pills such as Quaaludes, downs, Yellow Jackets); and (d)
amphetamines (prescription-type stimulants such as speed, uppers, ups). In 2001, unlike in
earlier years, the lists of examples for three of the classes of prescription medications were
updated as follows: (a) opiate-type prescription drugs (codeine, morphine, Demerol, Percodan,
Percocet, Vicodin, Darvon, Darvocet); (b) tranquilizers (prescription-type drugs such as
Valium, Librium, Xanax, Ativan, Klonopin); and (c) barbiturates (prescription-type sleeping
pills such as Seconal, Nembutal, downs or Yellow Jackets). The lists of examples were updated
in 2001 to reflect the changing prominence of specific drugs consistent with other national
studies, such as the Monitoring the Future (MTF) study [1]. The response scale was (1) never
used, (2) used, but not in the past 12 months, (3) used, but not in the past 30 days and (4) used
in the past 30 days. An indicator variable was created to assess any NMPD (either in the life-
time or in the past year), and consisted of the following drug classes: opioids, tranquilizers or
sedatives. Amphetamines were not included in the NMPD index variable due to the changes
in question wording in 2001, which were not limited to prescription drugs and included non-
prescription amphetamines (e.g. crystal methamphetamine).

lllicit drug use—lllicit 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 but were not limited to the following in each survey year:
‘marijuana, crack cocaine, other forms of cocaine, heroin, LSD, other psychedelics’. The
response scale was (1) never used, (2) used, but not in the past 12 months, (3) used, but not in
the past 30 days and (4) used in the past 30 days. Based on previous research [1], an indicator
variable was created to assess any illicit drug use other than marijuana, and included the use
of any of the following illicit drugs: crack cocaine, other forms of cocaine, heroin, LSD or
other psychedelics.

College-level variables—College-level variables available for the CAS included
geographical region (North-east, South, North Central and West, based on the US Census),
admissions selectivity (most competitive, competitive and less competitive, based on Barron’s
Profiles of American Colleges), private/ public status, commuter status, co-educational status,
size of student enrollment (> 10 000 students, 5001-10 000, 1000-5000, < 1000), urbanization
(suburban/ urban and rural/small town, based on the US Census), and historically black school
status (based on whether an institution was recognized as a historically black college or
university). Consistent with previous research [16,17], college-level rates of heavy episodic
drinking, marijuana use and illicit drug use in 1993 were estimated for each college. The
colleges were divided into three approximately equal-sized groups based on percentiles for the
estimated 1993 rates, for heavy episodic drinking, marijuana use and illicit drug use.
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Data analysis

All statistical analyses were conducted using the SAS/ STAT statistical software package
(version 9.1.3), which has a suite of procedures (e.g. SURVEYFREQ) available for the analysis
of complex sample survey data [18]. In the present analyses, Taylor Series Linearization [19]
was used to estimate robust standard errors of all statistical estimates that reflected the clustered
design of the CAS sample (where schools were the primary sampling units). The MIXED
procedure in SAS/STAT was used to fit hierarchical linear models to the longitudinal college-
level prevalence estimates.

To examine the changing prevalence rates of NMPD and use of illicit drugs over time, weighted
prevalence rates for both life-time and past 12-month use of each class of prescription drugs
were estimated for each sample year, in addition to design-based standard errors for the
estimated rates. The estimated 12-month prevalence rates of non-medical use for three different
classes of prescription drugs (opioid analgesics, anxiolytics and sedatives) based on the four
independent cross-sectional samples of students were compared between 1993, 1997, 1999
and 2001, using multiple pairwise comparisons of the estimated rates [20]. A conservative
Bonferroni correction was applied when assessing the level of statistical significance for the
differences within each class of prescription drugs, in order to reduce the likelihood of making
a Type | error when performing the multiple comparisons [21].

Estimated prevalence rates for any NMPD (defined as the use of prescription tranquilizers,
opioids or sedatives) in the past 12 months were also calculated for specific subpopulations of
students, defined by college-level characteristics. Commands appropriate for subpopulation
analysis [22] were utilized in SAS when calculating the estimated prevalence rates and design-
based standard errors for the college subgroups. Design-based Rao—Scott y? tests [23] were
used to assess cross-sectional associations of the college-level characteristics with NMPD.

Finally, to address the secondary objective of the study, weighted estimates of 12-month
prevalence rates for any NMPD were calculated for each of the 119 colleges in each sample
year (resulting in four estimates of prevalence for each college). The estimated prevalence rates
for each college were examined over time to determine if colleges tended to have consistent
rates of non-medical use over the 8-year period under consideration. An initial hierarchical
linear model [24] was fitted to the longitudinal college-level prevalence data, in order to
estimate (1) the population-averaged trajectories of the estimated prevalence rates from 1993
to 2001, defined by quadratic functions of a variable measuring years since 1993 (0, 4, 6, 8)
and (2) the between-college variance in the trajectories of the estimated prevalence rates. The
119 colleges were not weighted differentially in the analyses, and likelihood ratio tests based
on appropriate mixtures of y2 distributions were used to determine whether the variance
components in the initial hierarchical linear models (HLM) were significantly greater than zero
[25,26]. Appropriate transformations of the prevalence estimate responses used in the HLM
analyses (e.g. arcsine square root) were considered to satisfy modeling assumptions (e.g.
normality and constant variance of random errors) and predicted values based on the fitted
models were back-transformed to the original (proportion) scales of the response variable (any
NMPD). Significant variance in the random effects of time associated with the colleges would
suggest that the trajectory of the non-medical use rate varies depending on the college. For
more detailed information regarding the HLM methodology used in the present study, contact
the correspondence author.

After fitting the initial HLM to the longitudinal college-level prevalence estimates, college-
level characteristics based on (1) previous literature regarding risk factors associated with
NMPD among college students [4,5,27] and (2) the college-level characteristics that were
significantly associated with any 12-month NMPD in at least one of the 4 survey years (P <
0.05) were added to the HLM, as potential predictors of the college-specific trajectories. This
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step was considered in an attempt to explain any random between-college variance in the
trajectories found in the initial HLM. The percentage of between-college variance in each of
the trajectories explained by these college-level predictors was calculated, and the variance
components capturing the remaining between-college variance were once again tested against
zero using likelihood ratio tests.

Trends in prevalence estimates of non-medical use of prescription drugs

As illustrated in Table 1, the estimated life-time and 12-month prevalence of non-medical use
of several prescription drugs increased between 1993 and 2001. The estimated 12-month
prevalence of any NMPD (tranquilizer/anxiolytic, opioid, sedative/sleeping medication)
increased steadily from 4.41% (SE = 0.22) in 1993, to 5.66% (SE = 0.32) in 1997, t0 6.67%
(SE =0.40) in 1999 and to 9.97% (SE = 0.50) in 2001. Based on pairwise comparisons of the
cross-sectional prevalence estimates (estimates that are significantly different after a
Bonferroni adjustment have different superscripts within a given row in Table 1), the 12-month
prevalence of NMPD experienced a significant increase from 1993 to 1997 (P < 0.01), 1999-
2001 (P < 0.001) and 1997-2001 (P < 0.001). In contrast, the 12-month prevalence of illicit
drug use other than marijuana experienced a significant increase between 1993 and 1997 (P <
0.001) followed by slight decreases in 1999 and 2001. Despite the increasing rates of any
NMPD relative to illicit drug use other than marijuana, the 12-month prevalence of any NMPD
was lower than illicit drug use other than marijuana in three of the 4 survey years.

College-level trends in prevalence estimates of non-medical use of prescription drugs

Table 2 presents estimated trends in the prevalence of past-year NMPD, defined as the use of
prescription tranquilizers, opioids or sedatives in the past 12 months, for specific subgroups
of colleges. The prevalence estimates for this outcome for individual colleges in the sample
ranged from 0% to 169% in 1993, 0-19% in 1997, 0-23% in 1999 and 0-32% in 2001. As
illustrated in Table 2, results from design-based Rao-Scott 2 tests [23] indicated that
historically black college and university (HBCU) status was associated significantly with
NMPD in 1993, 1999 and 2001 (P <0.001). In 1993, an estimated 1.80% of students at HBCUs
reported NMPD in the past year (95% CI = 0.90%, 2.70%), compared to 4.47% of students at
non-HBCUs (95% CI = 4.04%, 4.90%); larger differences between the two groups were
observed in 1999 and 2001. In addition, commuter status was significantly associated with
NMPD in 1997, 1999 and 2001 (P < 0.05). In 1997, an estimated 5.86% of students at non-
commuter schools reported NMPD in the past year (95% CI = 5.15%, 6.57%), compared to
4.39% of students at commuter schools (95% CI = 3.50%, 5.28%). Taking into account the
increasing prevalence of NMPD use across the 4 years, differences of similar magnitude were
observed in 1999 and 2001. Finally, both college-level marijuana use status and illicit drug use
status in 1993 were significantly associated with NMPD in each of the 4 survey years (P <
0.01).

HLM results for longitudinal prevalence estimates

The estimated fixed effects of time in the initial HLM for the primary outcome measuring
estimated prevalence of any NMPD in the past year indicated a significant, steadily increasing
trend in the college-level prevalence estimates as a function of time (see Fig. 1 for an illustration
of the fitted trends when considering any NMPD in the past year). In the initial HLM,
parameters describing between-college variance in the trajectories of the prevalence estimates
over this time period (1993-2001) were also estimated, and tested against zero using likelihood
ratio tests. Significant (P < 0.05) between-college variance in the intercepts (or predicted
prevalence rates in 1993) and the prevalence trends (especially in the quadratic acceleration
effects of time) was found when considering any NMPD in the past year. Figure 1 illustrates
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the between-college variance in the estimated trends for the outcome measuring prevalence of
any NMPD in the past 12 months, for an approximately 10% random sample (n = 13) of the
119 colleges.

The estimated trends in prevalence rates for this random sample of colleges are presented in
contrast to the overall expected trend for all 119 colleges (shown as bold type in Fig. 1), and
indicate the amount of variance between colleges around the overall expected trend. The
individual trends for this sample of colleges are fairly similar to the overall expected trend in
terms of direction and shape, and indicate the accelerating increase in expected prevalence that
is common to all colleges in the sample. Although the expected trends are similar, Fig. 1
indicates substantial variance in the intercepts (or expected prevalence rates in 1993) for this
sample of colleges. The college-level factors that were associated significantly with any NMPD
in any study year were found in the HLM analyses to explain an estimated 58.4% of the
between-college variance in the intercepts and 22.8% and 16.1% of the between-college
variance in the linear and quadratic effects of time, respectively, to the point where the latter
two variance components were no longer significant at the 5% level. Specifically, illicit drug
use status classification in 1993 was found to have a marginally significant (P < 0.10) impact
on both the intercepts and the time effects. The predicted trends for the sample of colleges in
Fig. 1 have therefore been labeled by the illicit drug use status of each college sampled in 1993,
and demonstrate how illicit drug use tends to explain variance in the intercepts. Figure 1 shows
that the sample of colleges in the highest illicit use category in 1993 tends to have the highest
intercepts as well as the highest acceleration in estimated prevalence of any NMPD use over
this time period.

DISCUSSION

The findings of the present study indicate that non-medical use of prescription drugs (NMPD)
among US college students increased between 1993 and 2001, which reinforces findings from
other national studies of adolescents and young adults such as the MTF study [1,2]. However,
while we believe that increases occurred in this time period, we also recognize that the increases
(observed in 2001) could be attributed to the updates made to the prescription drug items in
2001. Furthermore, the prevalence estimates of any NMPD in the present study should be
viewed as conservative because our indicator of any NMPD did not include prescription
amphetamines. For example, the inclusion of life-time non-medical use of prescription
amphetamines in computing the life-time indicator of any NMPD increased the prevalence
estimate for this outcome in 1999 (see Table 1) from 12.69% (SE = 0.54) to 15.55% (SE =
0.59).

The college-level results found in the present study have several important implications for
guiding prevention and intervention efforts, because certain college-level characteristics were
associated with increased or decreased risk of NMPD. Most notably, colleges with the highest
rates of marijuana use and other illicit drug use calculated in 1993 had the highest rate of NMPD
in every study year between 1993 and 2001. To date, only a limited number of studies have
examined college-level associations between prevalence rates across illicit drug classes. For
example, previous cross-sectional work has shown that a college’s aggregate rate of annual
non-medical use of prescription opioids and prescription benzodiazepine anxiolytics were each
correlated strongly with the college’s aggregate rate of annual use of marijuana and other illicit
drug use [4,27]. Collectively, the findings from the present study along with previous findings
suggest that high rates of illicit drug use may cluster together at the college level, similar to
how illicit drug use has been shown to cluster together at the individual level [28]. This suggests
that college prevention and intervention efforts geared towards reducing marijuana and other
illicit drug use should also include multi-faceted efforts to reduce NMPD simultaneously.
HBCU generally had a relatively low risk for NMPD in 1993, 1999 and 2001. In contrast, non-
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commuter colleges had higher rates of NMPD than commuter colleges in 1997, 1999 and 2001.
These findings suggest that prevention and policy efforts to reduce NMPD should be especially
considered at non-HBCU and non-commuter schools.

The present work also utilized HLMs to estimate trends in the prevalence of NMPD for the
119 colleges considered in this study, and to estimate the amount of between-college variance
that exists in the trends. The initial HLM analyses revealed increasing trends in any NMPD
prevalence across the time period under consideration, and significant between-college
variance in terms of the prevalence trends. An exploratory HLM analysis considering the
college-level factors found to be associated with any NMPD use in any of the study years found
that these factors may help to partially explain variation in the estimated trends. Specifically,
illicit drug use status in 1993 may have explained higher levels of NMPD use during this time
period (Fig. 1). These findings indicate significant increasing trends in the prevalence of NMPD
use on a national level, and should be used to motivate future research into additional college-
level predictors that may explain additional between-college variance in the prevalence trends.

The prescribing patterns for several classes of abusable prescription drugs, such as stimulants,
sedatives/ anxiolytics, sleeping medications and opioid analgesics, have increased over the past
decade in the United States [29-33]. One possible consequence of the increased availability
of abusable medications is an increase in non-medical use. Due to the increase of NMPD among
US college students in the past decade [1], the recent trends in prescribing patterns and non-
medical use of prescription drugs serves as an important reminder of the continuing need to
monitor the medical and non-medical use behaviors based on the high abuse potential of these
prescription medications [31,34,35].

Strengths, limitations and implications for future research

The present study has several strengths that build upon previous investigations which examined
prescription drug abuse among college students. First, the present study featured a large
nationally representative sample of the same 119 US colleges across 4 study years, which
allowed for an examination over time of the stability in associations of college-level
characteristics with NMPD. Secondly, the present study extended beyond one class of
prescription drugs and focused on several classes of abusable prescription drugs. Finally, the
present study utilized hierarchical linear models to assess between-college variation in
prevalence trends over time.

The present investigation also has some limitations that need to be taken into account when
considering the implications of the study. First, as the present investigation represented
secondary analyses, the survey items in the original questionnaires limited the scope of what
could be examined. Most notably, the updates to the prescription drug categories in 2001 may
have contributed to the increase in prevalence estimates of NMPD in 2001. Changes in wording
in longitudinal studies always represent a challenge to tracking behaviors over time, and the
updates in the 2001 question undeniably make it more difficult to interpret the trends. However,
similar changes were made to prescription drug categories in other national studies (e.g. MTF),
and on balance the creating of questions that embrace “current’ sensibilities may be more
important than keeping obsolete wording. Furthermore, survey items did not specify the
quantity of prescription drug that was used on each occasion, consequences, motives or route
of administration. Secondly, student-level inference about trends in NMPD over this time
period was not possible, as the study data were cross-sectional in nature, and data were not
collected from the same students over time. Thirdly, the CAS data are subject to the potential
bias of substance use data collected via self-report surveys. The CAS attempted to minimize
the bias associated with self-report surveys by utilizing certain conditions that past research
has shown improves the validity and reliability of substance use data collected via self-report
surveys, such as informing potential respondents that participation was voluntary, ensuring
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potential respondents that data would remain anonymous and explaining the relevance of the
study to potential respondents [14,36,37].

Fourthly, the investigators acknowledge that the response rates were low at some colleges,
resulting in small samples in some cases; these respondents are considered representative of
all students at these colleges. For example, findings regarding HBCU should be interpreted
cautiously due to the limited number of students sampled from these types of institutions. We
attempted to minimize this limitation by using sampling weights incorporating the
demographic-specific response rates at the colleges to ensure that the respondents were
representative of all students at the college. Furthermore, the present study is intended to
identify national trends and correlates of NMPD. The present study is not intended to examine
correlates associated with the NMPD at individual colleges or universities. Therefore,
individual colleges and universities are encouraged to collect their own data in order to learn
more about the trends and correlates on their respective campuses.

Fifthly, several college-level characteristics were found to be associated significantly with each
other in the different study years. For example, marijuana use classifications and illicit drug
use classifications in 1993 were associated significantly with each other (X2(4) =61.03,P <
0.001). This has important implications for the hierarchical linear modeling approach
considered in this paper, where several college-level predictors were considered
simultaneously in the model. Future applications of HLM techniques intended to analyze the
specific effects of college-level predictors on prevalence trends should focus carefully on the
associations of the predictors considered in the models to prevent any possible problems
associated with multi-collinearity that may undermine the individual effects of the predictors.
For example, when considering marijuana use status and illicit drug use status in 1993 in the
same model, illicit drug use status had only a marginally significant impact (P < 0.10) on the
college-specific intercepts. When removing marijuana use status from the model, the impact
of illicit drug use status on the intercepts was significant (P < 0.01).

Finally, similar to many college-based studies, the response rates have declined in the CAS
since the initial 1993 survey. The individual sampling weights in the CAS data sets were
calculated in an attempt to offset these differences in response rates, and all analyses in this
paper incorporated these sampling weights. In addition, several procedures were used to
examine potential bias introduced by non-response. For instance, we examined the correlation
between response rate and non-medical use of each class of prescription drugs, and no
significant association was found. College-level Pearson correlation coefficients indicating the
associations between response rate and past-year NMPD over the 4 surveys were calculated
and tested, and there were no significant associations (P < 0.05). Further, sensitivity analyses
focused only on those schools with response rates higher than the median response rate for the
119 schools in each study year indicated that the vast majority of the findings presented in
Table 2 did not change substantially. Finally, despite the 2001 changes within lists of specific
prescription drugs, the estimated rates of NMPD over time were similar to results from other
national studies of US college students [1].

After consideration of the strengths and limitations in the present study, there are several
implications for future research. First, future work should consider drawing large enough
samples from individual colleges to enable examination of individual-level and college-level
factors associated with less prevalent behaviors such as NMPD while accounting for correlation
between dependent measures within the same college. Secondly, based on the increase in
NMPD found in the present study, future investigations should collect additional measures to
allow for a more in-depth examination of NMPD. For example, future investigations should
include an assessment of medically prescribed use of prescription drugs in order to establish
the relationship between college-level prescription rates and NMPD as well as examine how

Addiction. Author manuscript; available in PMC 2007 March 28.
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many students may have misused their own medication. Finally, future research could build
on the hierarchical linear models that have been estimated in this study, and attempt to

de

termine additional college-level factors that may explain the significant between-college

variation in the prevalence trajectories over time that was observed. Additional outcomes aside
from any NMPD use in the past year could also be analyzed using the HLM methodology
considered in this paper.
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=== Qverall Estimated Trajectory
— Low lllicit Use Status (1993)
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Figure 1.
Predicted trends in past-year NMPD use prevalence rates for a 10% random sample (n = 13)
of the 119 colleges, with trends for the sampled colleges labeled by illicit drug use status in

1993
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