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Objective. To implement and evaluate the effectiveness of a pharmacy elective on dietary supplements
that emphasized evidence-based care.
Design. A 3-credit elective that employed both traditional lectures and a variety of active-learning
exercises was implemented. The course introduction provided a background in dietary supplement use
and evidence-based medicine principles before addressing dietary supplements by primary indication.
Assessment. Student learning was assessed through quizzes, case assignments, discussion board par-
ticipation, and completion of a longitudinal group project. Precourse and postcourse surveys were
conducted to assess students’ opinions, knowledge, and skills related to course objectives.
Conclusion. The course was an effective way to increase students’ knowledge of dietary supplements
and skills and confidence in providing patient care in this area.
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INTRODUCTION
Dietary supplements are commonly used and account

for substantial healthcare expense. As of 2004, nearly
50% of the US population used a vitamin or mineral sup-
plement and 14% used an herbal supplement consistently
for at least 1 year.1 In 1998, 12% of the US population
used herbal medicine and only 15% of that use was guided
by a practitioner.2 This common use of dietary supple-
ments is reflected through the dollars spent annually by
the US consumer. In 2005, more than $4 billion was spent
on dietary supplements. Over 50% of these products were
purchased at a drug store or supermarket. Specialty stores
(eg, GNC, Vitamin Shoppe, Vitamin World) and natural
food stores accounted for 12% and 9% of purchases,
respectively, according to the Council for Responsible
Nutrition (CRN).3 Seventy percent of patients who use
complementary and alternative medicine, of which die-
tary supplement are a component, do not report this to
their primary care physician. More than 1 in 3 Americans
use a dietary supplement without consulting their doctor
and this inarguably poses a risk to patient health. With
millions of Americans passing through retail pharmacies
to spend billions on dietary supplements, pharmacists can
play a key role in addressing this issue.

The extensive use of dietary supplements highlights
the importance of additional evidence-based training on
dietary supplements for pharmacy students. The magni-
tude of dietary supplement use in the United States is not
paralleled by course content in pharmacy education. As of
2003, only 15 out of 64 colleges/schools of pharmacy
offered an elective in natural products and 20 offered an
elective in natural products and complementary and al-
ternative medicine.4 By 2005, 7 colleges and schools of
pharmacy offered a course exclusively covering herbal
supplements, 57 offered courses in which at least one third
of the content covered herbal supplements, and 13 did not
offer any instruction on herbal supplements.4-7 Of con-
cern, pharmacists and pharmacy students list the Internet,
lay people, media, and product labels as their primary
sources of information on herbal supplements.5,8,9 We
created an elective course in dietary supplements at the
Albany College of Pharmacy and Health Sciences in re-
sponse to informal student feedback indicating an interest
in this area and the lack of any courses covering dietary
supplements. In addition to covering current knowledge
of dietary supplements, courses should prepare pharmacy
students to assess the validity of emerging information.
The importance of this is accented by the ongoing work of
the National Center for Complementary and Alternative
Medicine (NCCAM). As of March 2008, NCCAM had
nearly 50 dietary supplements clinical trials that were
either recruiting or not yet recruiting patients.10 While
this is only a snapshot from one National Institutes of
Health (NIH) center, it represents a significant amount
of new information regarding the use of supplements.
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Future pharmacists need to be able to assess and incorpo-
rate this information prospectively.

DESIGN
The course, An Evidence-Based Approach to Dietary

Supplements, was offered to third-year doctor of phar-
macy (PharmD) students as a 3-credit elective. Course
objectives were discussed with students and provided in
the course syllabus. Goals were for students to be able to:
(1) describe the federal regulatory process for the pro-
duction and sale of dietary supplements in the United
States; (2) discuss the potential problems and concerns
with regulation of dietary supplements; (3) compare and
contrast the advantages of available dietary supplement
resources and references; (4) describe the body of scien-
tific evidence supporting the safety and efficacy of indi-
vidual dietary supplements reviewed during the course
in terms of quantity, quality, and consistency; (5) identify
knowledge gaps in the scientific evidence for dietary sup-
plements; and (6) given a patient scenario involving the
current or desired use of a dietary supplement, develop an
evidence-based recommendation for the patient.

There were no prerequisites and the course met twice
a week. The course was offered in spring and fall 2007.
The college’s computer policy requiring students to bring
a laptop to class every day allowed a wide variety of in-
class activities. The course had no required textbook but
numerous required readings. In spring 2007, instructors
included 1 academic pharmacist who had a clinical prac-
tice site in a community pharmacy, and 1 nonpharmacist
faculty member who focused on research methods and
evaluative techniques. Course enrollment, driven by
strong student interest, doubled in fall 2007. This second
offering was managed by only 1 PhD-trained nonpharma-
cist. No outside lecturers or guest speakers participated in
or contributed to the course.

This study was granted exempt status by the IRB at
the Albany College of Pharmacy.

Content
The course included a brief overview of complemen-

tary and alternative medicine and the majority of the
content focused on dietary supplements. For this course,
dietary supplements referred only to the following ingest-
ible products and did not include any topical or aroma-
therapy applications: herbs, homeopathic substances,
vitamins, minerals, and foods.

Topic selection was based on a survey of existing
courses and emphasized areas of particular importance
to dietary supplement use. Published descriptions of
courses on dietary supplements and complementary and
alternative medicine were consulted in constructing the

course outline and approach.11-13 Discussions of funda-
mental topics or issues in a supplements course also were
consulted.4,13 Course time was devoted to areas where
there is adequate evidence supporting the use of dietary
supplements as well as areas where supplement use is not
supported by the evidence. The course content is outlined
in Table 1. The course began with a discussion of com-
plementary and alternative medicine and dietary supple-
ment use, as well as a discussion of psychosocial issues
relating to their use. Beliefs and attitudes among patients
and healthcare professionals were discussed at the outset.
This was intended to help students identify and discuss
their preconceived ideas about supplements and to foster
a better understanding of why people use them. Discus-
sion also focused on instances in which supplements are
part of a larger healthcare practice such as traditional
Chinese Medicine or Ayurvedic Medicine.

The course also included a primer in the principles
and practices of evidence-based medicine. Evidence-
based medicine is ‘‘the integration of best research evi-
dence with clinical expertise and patient values.’’14 The
application of evidence-based medicine fits naturally
within a science-based curriculum employing the scien-
tific method, which is vital to training pharmacists in care
involving dietary supplements.13 By preparing students
to critically evaluate the literature and identify the best
evidence available, the course focuses on skills as much as
knowledge. This course content greatly benefitted from
and built significantly on previously completed required
course content that addressed evidence-based medicine,
clinical reviews, and literature analysis.

The evidence-based approach utilized in the course
refers to a systematic review of many references on the
safety and effectiveness of dietary supplements. Sources
included primary literature located through PubMed,15 as
well as the Natural Standard Database and Natural Med-
icines Comprehensive Database.16,17 While these tertiary
sources are fairly comprehensive and were used exten-
sively, students were also required to consult primary
literature, focusing on study design and analysis issues
that may influence study results.

Common Internet search engines were also used ex-
tensively to find sites and advertisements for dietary sup-
plements, though seldom to establish an evidence base.
These lay sites represent consumers’ data sources and are
also a common source of information for pharmacists.5,8,9

During the mental health lectures, for example, students
searched depression and herbal in popular search en-
gines. Marketing and educational materials found through
these searches were evaluated and discussed in small
groups and as a class. Discussion focused on how to han-
dle this type of information through patient counseling.
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The goal was to train students not to memorize evidence
on particular dietary supplements, but to learn how to
formulate an evidence-based decision.

EVALUATION AND ASSESSMENT
A variety of approaches were used to assess stu-

dent learning (Table 2). While the course employed an
evidence-based approach, course assessment was less
structured than a formal evidence-based course evaluation.

Quizzes
Quizzes covering lecture material were conducted

every 2 to 3 weeks. Each 10-question quiz was completed

electronically during class and typically took 15 to 20
minutes. Student performance on quizzes was consistent
throughout the semester; average scores were typically
around 90%.

Case Assignments
Case assignments were completed in small groups of

3 to 7 students and involved a variety of activities. Case 1
focused specifically on labeling and marketing claims
of brand name dietary supplements. Students had to
identify brand-name dietary supplements and quickly
assess whether product claims could be substantiated
and whether the claims were in compliance with federal

Table 1. Topics for Elective, Evidence-based Course on Dietary Supplements

Class Topic Major Topics Contact Hours

What is Alternative Medicine? Deconstructing Alternative Medicine – What It Is
and What It Isn’t, Reasons for Use

1.0

Epidemiology of Dietary Supplement Use Who, How Much, and What 1.0
Evidence Based Medicine Study Design, Analysis, Interpretation, Strength of Evidence 3.0
Regulation of Supplements in the U.S. Noteworthy Past and Contemporary

Issues and Actions; Current Marketing and Labeling Rules
3.0

Dietary Supplement Information Resources What Is Available and How to Use It,
Evaluating information Sources for Patients and Providers

2.5

Dietary Supplements for Disease Prevention Wellness, Cancer and Other Chronic
Diseases Not Addressed Elsewhere

1.5

Dietary Supplements as Immune
Stimulants and General Tonics

Common Cold, Energy and Fatigue 3.0

Dietary Supplements for Women’s Health Menopause, PMS, Breast Cancer, Pregnancy,
Infertility, Female ‘‘Enhancement’’

3.0

Dietary Supplements for Men’s Health Alopecia, Prostate Health, Erectile Dysfunction,
Infertility, Male ‘‘Enhancement’’

4.5

Dietary Supplements for
Bone and Joint Health

Osteoporosis, Osteoarthritis 1.5

Dietary Supplements for
Athletic Performance

Muscle growth, Endurance Building 3.0

Dietary Supplements for Weight Loss Supplements, Diets and Lifestyle Approaches 3.0
Dietary Supplements for

Cardiovascular Disease
Hyperlipidemia, Hypertension, Cardiovascular Disease, Stroke,

Congestive Heart Failure, Myocardial Infarction Recovery
3.0

Dietary Supplements for
Neuropsychiatric Conditions

Anxiety, Depression, Stress, Insomnia, Cognitive Function,
Migraines, Headaches, Mental alertness,

3.0

Student Work Sessions Small group active-learning assignments 4.5
Student Presentations Case, assignment, and final project presentations 4.5

Table 2. Assessment Methods Used in an Elective Course on Dietary Supplements

Method No. % of Total Grade Brief Description

Multiple choice quizzes 5 20 Quizzes will focus on basic concepts
and information covered in required readings

Patient case/Active
learning activities

3 45 Students complete a number of case scenarios
and other active learning activities during the course

Group project 1 20 Create a proprietary blend supplement
Class participation – 15 Assessed throughout the course based on discussion/

presentations in class and in online discussion boards
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regulations. In case 2, students had to use an evidence-
based approach to evaluate a brand name combination
product and assess its safety and effectiveness. Each in-
gredient in the combination product was investigated and
discussed in order to make a general recommendation for
the complete product. The groups shared their findings
from cases 1 and 2 through in-class presentations. Case 3
required students to create summary grids of the course
material. Each group covered a major indication (eg, wom-
en’s health, bone, and joint) and provided information on
commonly used dietary supplements and those that had
significant effectiveness or safety features. This served
both as a review and to provide the class with readily
available summary information for future reference.
(Case assignments, class activities, and quiz questions
are available from the corresponding author by request.)

Student performance on case assignments varied con-
siderably across the class, particularly on the first case
where grades ranged from C to A. Overall student perfor-
mance improved with each case such that the average
grade for Case 3 was an A-.

Class Participation
Class participation was primarily assessed through

the use of an online discussion board, which were admin-
istered through Blackboard Academic Suite (U.S. Patent
No. 6,988,138) course management tools. Students were
required to submit at least one new posting that contained
a summary with a link to or copy of an article regarding
dietary supplements in the popular media. Only popular
media sources were allowed in order to simulate the types
of information patients would readily have access to. Stu-
dents also were required to make at least 4 discussion
entries on existing posts. These discussions could include
opinions and beliefs but had to be fact- or evidence-based.
Students were required to complete a portion of their
discussion board posts before the midpoint of the semes-
ter. Qualitatively, discussion board posts improved as the
semester progressed and students became more critical of
information regarding dietary supplements in the popular
media.

Final Project
For the final project, students were required to design

a proprietary blend dietary supplement. The final projects
were presented in a poster presentation on the last day of
the course. Students had to create 2 sets of promotional
material. The first set had to comply with federal regula-
tions and have a strong evidence base, while the second
set could contain anything that they found in a real adver-
tisement for dietary supplements. Students were evalu-
ated partly on their ability to justify the inclusion or

exclusion of key ingredients in their product. One goal
of this project was to show students what patients encoun-
ter when they make a decision about using dietary supple-
ments and how that information is created. Final project
topics included products enhancing mental acuteness,
improving skin quality, lowering cholesterol and blood
pressure, and ‘‘curing’’ hangovers. Final project grades
ranged from B- to A.

In-class Activities
In addition to the formal student assessment, numer-

ous in-class activities were completed both in groups and
individually. Each topic area had a variety of hypothetical
case assignments built into it. For example, during wom-
en’s health, the following case was presented: ‘‘A 30-year
old woman who is 15 weeks pregnant comes into the
pharmacy complaining of nausea. She is looking for a nat-
ural way to treat it. What would you recommend to her?
What does the literature suggest? What does the manu-
facturer claim? Is there any safety information? What
about during pregnancy?’’

Groups were assigned to research an herb, vitamin or
mineral, or combination product that the patient might
consider. As with all issues pertaining to pregnancy, pa-
tient counseling points always started and ended with
strongly advising patients to discuss the product with their
physician before taking it. Students were given a few
minutes to research some or all of these answers and then
informally present and defend their answers to the class. In-
class activities were not graded but were similar in format
and content some graded class activities. Qualitatively, as
the semester progressed, student responses improved and
students required less prompting for class discussion.

Survey
A survey was administered to students on the first and

last day of classes. The survey consisted of 10 knowledge-
based questions worth 1 point each and 5 Likert-scale
items. Students were asked to rate the statements using
a 5-point Likert scale ranging from strongly agree to
strongly disagree: (1) Commonly used dietary supple-
ments are generally effective; (2) Commonly used dietary
supplements are generally safe; (3) Current regulations
for dietary supplements are generally adequate; (4) I am
confident in my ability to provide pharmaceutical care to
patients using dietary supplements; and (5) The dietary-
supplement information resources currently available are
adequate to assist in providing care to patients using these
agents. The questions contained a sixth ‘‘not applicable’’
category which had no responses.

All statistical analyses were conducted using Stata,
version 9.2 (StataCorp, College Station, TX). The Fisher
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exact test was estimated to compare the distribution of
Likert scale responses before and after the course. The
Fisher exact test also was used to compare the proportion
of students who agreed or strongly agreed with each of
the statements before and after the course. The Mann-
Whitney test was used to compare Likert scores before
and after the course. A t test was used to compare the
assessment survey’s knowledge-based scores. Unpaired
tests were used because some students may have com-
pleted only the pre- or postcourse survey instrument. A
2-sided alpha of 0.05 was used for all tests.

Twenty-six students enrolled in the course in spring
2007 and 49 students in fall 2007. Response rates for the
course assessment survey were 88% (precourse) and 96%
(postcourse) for year 1, and 96% (precourse) and 88%
(postcourse) for year 2, for aggregate response rates of
93% (precourse) and 91% (postcourse). Responses to Lik-
ert-scale items are given in Table 3 and summarized below.

Student opinion of dietary supplement effectiveness
did not change after the course. The distribution of
responses to the statement ‘‘Commonly used dietary sup-
plements are generally effective’’ was the same (p 5

0.66), and the mean score was unchanged (3.1 precourse
and postcourse, p 5 0.79), as was the proportion of stu-
dents who agreed with the statement (36% precourse vs.
32% postcourse, p 5 0.720).

Student opinions of the general safety of dietary supple-
ments appeared to change before and after the course.
While the distribution of responses to the item ‘‘Commonly
used dietary supplements are generally safe’’ was not sig-
nificantly different (p 5 0.094), the change in mean re-
sponse was significant (3.3 precourse vs. 2.9 postcourse,

p 5 0.01), as was the proportion of students who agreed with
the item (26% precourse vs. 43% postcourse, p 5 0.049).

Students’ opinion of the adequacy of dietary supple-
ment regulations did not change through the course as
students still firmly believed that regulation of dietary
supplements was inadequate upon completion of the
course. The distribution of responses was the same (p 5

0.41) and the mean response was unchanged (4.2 pre-
course vs. 4.3 postcourse, p 5 0.36), as was the proportion
of students who agreed with the statement (6% precourse
vs. 3% postcourse, p 5 0.681).

By the end of the course, students were more confi-
dent about providing pharmaceutical care involving
dietary supplements. (p , 0.01). The distribution of re-
sponses was significantly different (p , 0.0001), the
mean response was greater (3.9 precourse vs. 2.2 post-
course, p 5 0.002), and the proportion of students who
stated that they were confident providing care involving
dietary supplements also significantly increased (4% pre-
course vs. 79% postcourse, p , 0.0001).

By the end of the course, significantly more students
believed that resources for current information on dietary
supplements were available to assist in providing patient
care using dietary supplements. The distribution of
responses was significantly different (p 5 0.003) and
the mean response was significant (3.1 precourse vs. 2.6
postcourse, p 5 0.002), as was the proportion who agreed
with the statement (32% precourse vs. 57% postcourse,
p 5 0.003).

The change in the mean scores on the 10 knowledge-
based questions was significant (7.6 precourse vs. 8.0
postcourse, p 5 0.048).

Table 3. Pharmacy Students’ Achievement of Course Objectives in an Elective on Dietary Supplements (Precourse N 5 63;
Postcourse N 5 69)

Statement
Survey

Conducted
Strongly

Agree Agree
Neither Agree
nor Disagree Disagree

Strongly
Disagree P

Commonly used dietary
supplements are generally
effective

Precourse 1.5 34.8 25.8 28.8 9.1 0.6600
Postcourse 0 31.9 26.1 37.7 4.3

Commonly used dietary
supplements are generally safe

Precourse 1.5 24.2 24.2 42.4 7.6 0.0940
Postcourse 0 42.7 28.0 26.5 3.0

Current regulations for dietary
supplements are
generally adequate

Precourse 0 5.8 7.3 46.4 40.6 0.4100
Postcourse 0 2.9 7.4 42.7 47.0

I am confident in my ability to
provide pharmaceutical care to
patients using dietary supplements

Precourse 0 4.4 23.2 55.1 17.4 ,0.0001
Postcourse 2.9 76.5 20.6 0 0

The dietary supplement information
resources currently available are
adequate to assist in providing care
to patients using these agents

Precourse 0 31.9 30.4 31.9 5.8 0.0030
Postcourse 8.8 48.6 19.1 23.5 0

American Journal of Pharmaceutical Education 2009; 73 (5) Article 80.

5



Course Evaluation
The course was also assessed using a standard course-

evaluation tool at the middle and end of the course. Over-
all, students reviewed the course very well, giving posi-
tive reactions to both the course content and the course
format.

DISCUSSION
This course had a clear, though somewhat modest,

impact on student knowledge, skills, and attitudes. The
course improved student knowledge and skills as evi-
denced by the course evaluation survey. While this was
a basic assessment, it did indicate a strong trend towards
increased knowledge. The large shift in opinions regard-
ing dietary supplements may have been due to the vast
majority of adverse events regarding dietary supplements
involve a relatively small number of supplements. For
example, in 2001, the US Food and Drug Administration
(FDA) received more than 1,000 adverse event reports on
ephedra18 compared to 654 adverse event reports for all
other herbal products.19 Likewise, kava was responsible
for 59 adverse event reports; echinacea, for 69; and
ginseng for 46.19 Learning which dietary supplements
commonly cause adverse reactions likely increases the
perception that, as a whole, dietary supplements are safe.

Student survey results regarding the effectiveness of
dietary supplements are substantively similar if not lower
than the estimates found by Shah et al.5 Shah conducted
a cross-sectional survey of pharmacy students regarding
their beliefs and perceptions of herbal supplements not
directly related to a course or intervention and found that
43% of pharmacy students agreed that herbal supplements
are generally effective. Likewise, student opinions of the
safety of dietary supplements were substantively similar
to those of Shah, who found that 34% of pharmacy stu-
dents felt that herbal supplements can be safely taken with
a prescription.5 Similar to the assessment conducted by
Shah, these items assess general attitudes and do not iden-
tify specific dietary supplements.

The survey results indicate that pharmacy students
did not and still do not believe that regulations on dietary
supplements are adequate. The course clearly did not
change students’ opinions, nor did it intend to. Consider-
ing the presence of strong condemnations of dietary
supplements regulations, these findings are not surpris-
ing.13,20 It would be surprising if pharmacy students were
supportive of dietary supplement regulations. A 1999 sur-
vey found that 75% of respondents wanted the govern-
ment to verify all health claims in advertisements and
product labels, as well as review safety data for dietary
supplements prior to sale, effectively giving the govern-

ment increased regulatory authority over dietary supple-
ments.21

The course significantly and meaningfully increased
student confidence in providing patient care involving
dietary supplements. This may be due to the increased
knowledge of available information resources or the in-
creased skills developed through class activities and pa-
tient cases. This may also be due, in part, to the sheer
number of dietary supplements discussed in class. At least
as important as the coverage of dietary supplements is
instruction in methods to evaluate them. Given the num-
ber of ongoing dietary supplements trials, having a course
in which students memorize which products do or do
not work is an inefficient model and does not prepare
them to respond to ever-changing patient information
needs.4 This course, instead, trained pharmacy students
how to determine the level of evidence available for using
or not using a dietary supplement and provide patient
care that balances safety, effectiveness, and cost. Changes
in student confidence may have been due in part to in-
creased knowledge of the available resources about di-
etary supplements.

While the changes in student knowledge, as assessed
using 10 knowledge-based questions, was statistically
significant, is unclear if a 4% change is practically signifi-
cant or meaningful.

One of the first goals in the building of this course was
to create a reproducible educational experience; repro-
ducible in the sense that it could be used both within our
college as well as at other colleges and schools of phar-
macy. This course represents an important component of
a future pharmacist’s education both in terms of content
and approach.

SUMMARY
This 3-hour elective on dietary supplements both

addressed a growing student demand for information in
this important area and filled a gap in the pharmacy cur-
riculum. Survey results indicated increases in students’
confidence, skills, and knowledge concerning dietary
supplements. Whether these changes will be lasting or
directly impact patient care involving dietary supple-
ments is not known.
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