
INSTRUCTIONAL DESIGN AND ASSESSMENT

An Elective Course on the Basic and Clinical Sciences Aspects
of Vitamins and Minerals

Mohammed A. Islam, PhD

LECOM Bradenton School of Pharmacy, Bradenton, FLa

Submitted June 11, 2012; accepted September 26, 2012; published February 12, 2013.

Objective. To develop and implement an elective course on vitamins and minerals and their usefulness
as dietary supplements.
Design. A 2-credit-hour elective course designed to provide students with the most up-to-date basic
and clinical science information on vitamins and minerals was developed and implemented in the
doctor of pharmacy (PharmD) curriculum. In addition to classroom lectures, an active-learning com-
ponent was incorporated in the course in the form of group discussion.
Assessment. Student learning was demonstrated by examination scores. Performance on pre- and post-
course surveys administered in 2011 demonstrated a significant increase in students’ knowledge of the
basic and clinical science aspects of vitamins and minerals, with average scores increasing from 61% to
86%. At the end of the semester, students completed a standard course evaluation.
Conclusion. An elective course on vitamin and mineral supplements was well received by pharmacy
students and helped them to acquire knowledge and competence in patient counseling regarding safe,
appropriate, effective, and economical use of these products.
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INTRODUCTION
Use of dietary supplements is becoming increasingly

popular among the general population in theUnited States
as well as in other developed countries.1 In the United
States, more than half of the adult population takes di-
etary supplements on a regular basis.2 Use of dietary sup-
plements is more common among women, the elderly,
Caucasians, socio-economically advantaged groups,3 and
patients diagnosed with deadly diseases, such as cancer.4

Vitamins and mineral supplements are the major part of
todays most popular dietary supplements.5 A few ques-
tionable and exaggerated claims that chronic conditions
can be prevented or treated by dietary supplements have
led to unprecedented growth in supplement use in the
United States, with $28 billion in sales annually.6 A sub-
stantial portion of this amount is spent on vitamins and
minerals.

Although vitamins andminerals are perceived as ben-
eficial and safe for human consumption, there are concerns

of potential adverse effects when consumed in excess.7

The prevalence of overconsumption of vitamins and min-
erals has been reported in the general population as well
as in populations with altered health status.8 The use of
certain vitamins and mineral supplements was associ-
ated with decreased occurrence of cancer in some spe-
cific populations of patients;9 however, other studies
have reported no benefit10 or an increased risk of cancer
and all-cause mortality as a result of taking these sup-
plements.11,12 Furthermore, there is a risk of prescrip-
tion drug and supplement interactions, specifically in the
geriatric population who are concurrently taking multi-
ple medications.13

The quality control of dietary supplements is volun-
tary and not strictly regulated by the Food and Drug Ad-
ministration (FDA). According to a recent Government
Accountability Office report,14 the FDA has minimal
oversight and cannot force companies to provide docu-
mentation of scientific support for a claim inmany cases.
The United States Pharmacoepia (USP)15 offers a volun-
tary Dietary Supplement Verification Program for the
manufacturers of dietary supplements. Similar verifica-
tion processes and product standard tests for dietary
supplements are performed by ConsumerLab.com, an
independent company.16 Products earning USP or Con-
sumerLab.com certification have been manufactured
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under current good manufacturing practice, contain the
listed ingredients in the indicated amounts that are bio-
available, and are free from contaminants. Adherence to
good manufacturing practice is more of a self-regulating
choice. Consequently, it is not unusual to find substandard
supplements being sold in the United States, possibly
raising public safety concerns.

It is crucial that consumers have the most accurate
information about the benefits and risks of taking dietary
supplements. Pharmacists, as frontline healthcare profes-
sionals, can play a significant role in patient counseling on
dietary supplements. Surveys conducted in Canada and
Australia reported that pharmacy customers would pre-
fer to consult pharmacists for advice on dietary supple-
ments.17 Therefore, pharmacists must be equipped with
evidence-based knowledge to provide an unbiased opin-
ion and counseling about the safe use of dietary supple-
ments. Several studies have found that pharmacists lack
essential knowledge about vitamins, minerals, and other
dietary supplements.18

While about 80%ofUS colleges and schools of phar-
macy offer some kind of complementary and alternative
medicines (CAM) course, most of these courses focus on
herbal products rather than other forms of dietary sup-
plements.19 This article will discuss the development and
instructional design of an elective course focused on
vitamins and minerals, and will describe assessment of
student learning, students’ perceptions of the course, and
its implications for the practice of pharmacy.

DESIGN
Expected Outcomes

This 2-hour elective course, entitled Vitamins and
Minerals, was developed and taught solely by the author.
It was introduced into the PharmD curriculum in fall
2009 for second- and third-year pharmacy students at the
Bradenton campus of Lake Erie College of Osteopathic
Medicine (LECOM) School of Pharmacy. The primary
goal of the course was to provide students with up-to-date
and in-depth knowledge and comprehension of vitamins
andminerals (Table 1) so that they could developnecessary
competence in patient counseling to ensure safe, appro-
priate, effective, and economical use of vitamins andmin-
erals. The students’ learning objectives for this coursewere
to understand: (1) the biochemical and physiological role
of vitamins, minerals, and trace elements; (2) the patho-
physiology of nutritional deficiencies of vitamins andmin-
erals; (3) the potential benefits and therapeutic outcomes
and risks of using vitamins and/or minerals as dietary sup-
plements; and (4) nutrient-drug and nutrient-nutrient inter-
actions. This research was granted exempt status by the
Institutional Review Board of LECOM.

Course Implementation
In the fall semesters of 2009 and 2010, the numbers

of students enrolled in the course were 39 and 41, respec-
tively. However, because of continued student interest,
the class size was increased to 50 students in fall 2011.
The classmet twice weekly for a total of 4 hours. Lectures
were developed using online resources and published lit-
erature on basic and clinical science aspects of vitamins
andminerals. The course content was divided into 2mod-
ules (described below) and delivered using PowerPoint
slide presentations. Students were given a recommended
reading list of additional educational resources and a few
books/book chapters.

In addition to the lectures, a 30-minute active-learning
component was incorporated in each 2-hour session.
Students were divided into small groups and instructed
to discuss the material presented and then to formulate
multiple-choice and true/false questions. This active-
learning activity has been shown to enhance students’
engagement with lecture materials and achievement of
learning outcomes.20 Each group shared their questions
with the other students in the class by posting their ques-
tions on the discussion board in the school’s Web portal
or by e-mail. The instructor provided feedback to stu-
dents on the content and quality of their questions, and
whether the questions addressed key learning objectives.

Curricular Content
Lecture topics were divided into 2 modules as out-

lined in Table 2. In module 1, the students learned the
biochemical and physiological functions of vitamins and
minerals and their roles in pathophysiological states as
a first step toward the development of skills necessary to

Table 1. Vitamins and Minerals Discussed in an Elective
Course for Third-Year Pharmacy Students

Minerals and Trace Elements
Aluminum Iron Selenium
Calcium Magnesium Sodium
Chromium Manganese Zinc
Copper Potassium

Vitamins
Vitamin A (retinol) Vitamin B9 (folic acid)
Vitamin B1 (thiamine) Vitamin B12 (cyanocobalamin)
Vitamin B2 (riboflavin) Vitamin C (ascorbic acid)
Vitamin B3 (niacin) Vitamin D (calciferol)
Vitamin B5

(pantothenic acid)
Vitamin E (tocopherol)

Vitamin B6 (pyridoxine) Vitamin K (phylloquinone)
Vitamin B7 (biotin)
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gain evidence-based knowledge about a particular die-
tary supplement and its therapeutic outcomes.

Students learned about minerals that play significant
roles in a number of physiological processes including in
muscle and neuronal excitability (such as sodium, potas-
sium, and calcium), acid-base regulations, maintenance
of fluid volume, bone metabolism, synthesis, and func-
tioning of proteins and enzymes. Students learned about
differentmetalloenzymes and their roles in diabetes, heart
disease, and brain function. Pathophysiological aspects of
high or low plasma levels of certain minerals (clinical sit-
uations with hyponatremia, hypernatremia, hypokalemia,
hyperkalemia, hypercalcemia, iron deficiency, etc) also
were discussed.

Students were presented with materials on the clas-
sifications of vitamins, chemistry, dietary sources, dietary

requirement index (DRI), upper and lower limits of
intake, and absorption and elimination processes.
The biochemical and physiological functions of water
soluble and fat soluble vitamins were discussed in de-
tail (Table 2).

Module 1 concluded with a detailed discussion of
vitamin deficiency syndromes and disease states. Stu-
dents learned that although overt vitamin and mineral
deficiency is rare in the United States, there is an un-
identified prevalence of subclinical deficiencies. Most
importantly, certain population groups are at risk of
micronutrient deficiencies caused by pathophysiologic,
physiologic, behavioral, and/or economic conditions. The
signs and symptoms of syndromes or diseases and their
pathophysiology related to deficiencies in thiamine, niacin,
riboflavin, biotin, vitaminC, folic acid, andvitaminDwere
presented.

Learning the course content discussed in module
1 was intended to help students retrieve, analyze, and
interpret scientific literature regarding a given dietary
supplement, identify best possible evidence, and apply
science-based knowledge to evidence-based patient care.
Module 1 established the foundation for module 2, in
which students learned about the rationale for use, po-
tential benefits, therapeutic outcomes, and safety issues
of vitamin and mineral supplements.

Module 2 began with a discussion of mineral sup-
plements of calcium, magnesium, iron, potassium, zinc,
chromium, and selenium. Students learned about differ-
ent chemical forms and formulations of mineral supple-
ments with varying proportions of elemental mineral
contents. Individual vitamin and multivitamin supple-
ments also were discussed.

The absorption and post-absorptive processes of dif-
ferent minerals and vitamins and the relevant factors af-
fecting bioavailability were discussed. Students learned
about different host factors such as the age, sex, physi-
ologic state (eg, pregnancy), and host nutrient status af-
fecting the bioavailability of vitamins and mineral. In
addition, different formulation factors of oral dosage
forms affecting bioavailability were discussed. Scien-
tific evidence demonstrating that fillers, coatings, ex-
cipients, and surfactants of products affect the rate of
release of a number of minerals and vitamins were pre-
sented to students.13

Additionally, in module 2, common quality control
issues and quality assurance programs such as volun-
tary dietary supplement verification programs for the
manufacturers of dietary supplements by the USP and
ConsumerLab.com, an independent company, were
discussed. The FDA has only minimal oversight and
cannot force manufacturers to provide premarketing

Table 2. Topics Covered in the Vitamins and Minerals
Elective Course

Introduction
Current patterns and prevalence of use of vitamins and

mineral supplements
Regulation of dietary supplements in the US

Module 1
The biochemical, physiological, and pathophysiological

roles of minerals and trace elements:
Classifications and dietary sources
Roles in neuronal, muscle, and bone physiology
Maintenance of fluid volume and acid-base regulations
Pathophysiological aspects of high or low plasma levels

The biochemical, physiological, and pathophysiological
roles of vitamins:

Classifications of vitamins, chemistry, dietary sources
Absorption and elimination
Roles in metabolism, growth and development
Roles in bone-mineral homeostasis
Modulation of immunity
Blood coagulation
Vitamin deficiency syndromes or disease

Module 2
Use of vitamins and minerals as dietary supplements:
Alleged therapeutic uses
Factors affecting biological functions/therapeutic

effectiveness
Importance of quality and quality assurance programs
Evidence-based understanding of the efficacy of

supplement use in chronic disease prevention
Discussion of available clinical trials of vitamins and

minerals
Adverse effects of vitamins and minerals
Interactions with prescription medications and drug- and

disease-interactions associated with vitamins and
mineral supplements

American Journal of Pharmaceutical Education 2013; 77 (1) Article 17.

3

 b
y 

gu
es

t o
n 

M
ay

 2
3,

 2
02

3.
 ©

 2
01

3 
A

m
er

ic
an

 A
ss

oc
ia

tio
n 

of
 C

ol
le

ge
s 

of
 P

ha
rm

ac
y

ht
tp

://
w

w
w

.a
jp

e.
or

g
D

ow
nl

oa
de

d 
fr

om
 

http://www.ajpe.org


documentation related to the quality and safety of their
products. Consequently, dietary supplement manufac-
turersmarket products using false, exaggerated, andmis-
leading claims. As an example, research findings were
presented that showed where a number of vitamin and
mineral supplements marketed in the United States and
Canada failed to meet USP dissolution and disintegra-
tion standards.13 Similarly, students were also shown the
inaccuracy of package label declarations identified and
reported byUS andUK trade associations. The inaccura-
cies identified included overages of 30% to 100% of
declared value and underages of 15% to 57% for a num-
ber of vitamin products.13 This type of quality issue related
to vitamins and mineral supplements in the marketplace
can beminimized by promoting nutraceutical-grade prod-
ucts, which are or are close to USP pharmaceutical grade.

The results of well-known published clinical trials
were discussed so that students could equip themselves
with evidence-based knowledge on the use of dietary sup-
plements (Table 3). Manufacturers’ claims, at times, are
based on the results of published epidemiological stud-
ies. However, epidemiological evidence is sometimes
at great variance with evidence from randomized con-
trolled trials. Subsequently, in this course, the risks of
acute or chronic intake of excessive amounts of supple-
ments, supplement-supplement interaction, and poten-
tial interactions with prescription medications were also
presented.

EVALUATION AND ASSESSMENT
Qualitative and quantitative data were collected from

students enrolled in the course over 3 years (2009-2011)
to measure learning outcomes. Students’ knowledge of
course content was evaluated by 3 standardized exami-
nations. The first and second examination counted 25%
and 30% of the course grade. The final examination was
comprehensive and cumulative, and counted 35% of
the course grade. All examinations included multiple-
choice questions, true/false statements, and matching-
format questions. Examination questions assessed student
learning of course objectives.

The active-learning component, where students for-
mulated questions, was 15% of the final grade. Student-
generated questions were assessed based on content and
quality, and whether they addressed key learning objec-
tives. The group rather than the individual students was
graded.Class average gradeswere 9164 in 2009, 9064 in
2010, and 9065 in 2011, demonstrating students’mastery
of course content and knowledge gained.

In addition to the traditional examinations, in 2011,
pre- and post-course assessments were used to evaluate
students’ baseline knowledge and understanding of basic
and clinical science concepts of vitamins and minerals. A
30-itemmultiple-choice test was administered to students
on the first and last day of the Vitamins and Minerals
elective course in fall 2011. Students were not informed
in advance about the pre- and post-course tests. The
questions assessed students’ knowledge of the chemis-
try, biochemical and physiological functions, and path-
ophysiological aspects of vitamins and minerals.

The pre-course assessment results showed that stu-
dents had a basic knowledge of chemistry, such as the
chemical names of vitamins and some deficiency syn-
dromes. However, students scored low on questions deal-
ing with biochemical and physiological functions, as well
as the clinical aspects of vitamins and minerals. The class
average on the precourse test was 61%; the class average
on the postcourse test was significantly higher (86%,
p,0.001). During the last week of the course, students
were asked to provide feedback on the rationale, goals,
and objectives of the course; teaching strategies; and over-
all implementation of the course using an online survey
instrument (Table 4). The respondents indicated their
degree of agreement or disagreementwith individual state-
ments using a 7-point Likert scale (range: 15strongly dis-
agree to 75strongly agree). One-way ANOVA followed
by Tukey posttest was performed to determine any dif-
ferences among responses of classes of 2009-2011.

Students highly rated the development, teaching strat-
egies, and implementation of the course. On the question

Table 3. Major Clinical Trials Involving Vitamins and
Minerals Discussed in the Vitamins and Minerals Elective
Course

Clinical Trials Vitamins/Minerals

Physician Health Study II
(PHS II) 10

Vitamin E
Vitamin C

Alpha-Tocopherol,
Beta-Carotene Cancer
Prevention (ATBC) Study11

Alpha-tocopherol
Beta-Carotene

Selenium and Vitamin E Cancer
Prevention Trial (SELECT)12

Selenium
Vitamin E

Nurses’ Health Study30 Selenium
Supplémentassions en Vitamines

et Minéraux Antioxydants
(SU.VI.MAX)31

Vitamin C
Alpha-tocopherol
Beta-carotene
Selenium
Zinc

The Heart Outcomes Prevention
Evaluation (HOPE) trial32

Vitamin E

Women’s Health Study33 Vitamin E and/or
Beta-carotene

Women’s Health Initiative34 Calcium and vitamin D
Physician Health Study II

(PHS II)35
Vitamin E
Vitamin C

American Journal of Pharmaceutical Education 2013; 77 (1) Article 17.

4

 b
y 

gu
es

t o
n 

M
ay

 2
3,

 2
02

3.
 ©

 2
01

3 
A

m
er

ic
an

 A
ss

oc
ia

tio
n 

of
 C

ol
le

ge
s 

of
 P

ha
rm

ac
y

ht
tp

://
w

w
w

.a
jp

e.
or

g
D

ow
nl

oa
de

d 
fr

om
 

http://www.ajpe.org


“I am clear on how I will use the information presented
in this course as a pharmacist,” the response was over-
whelmingly positive (98% of the students agreed or
strongly agreed). Ninety-five percent of the students
agreed or strongly agreed that the course objectives
and goals were clear, comprehensive, and understand-
able. However, the degree to which students agreed with
this question differed significantly between the classes
of 2010 and 2011 (median response 6.6 and 6.1 respec-
tively, p,0.05). More than 90% of students also agreed/
strongly agreed that the course assessment measures were
consistent with the goals and objectives of the course.

The course evaluation also asked students to com-
ment regarding the development, teaching strategies,
implementation, and other aspects of the course. Students’
comments were overwhelmingly positive. Students most
frequently commented that this course should be a part
of the required curriculum as it helped them acquire
knowledge and competence in patient counseling that
would ensure safe, appropriate, effective, and econom-
ical use of vitamins andminerals as dietary supplements.
The incorporation of the in-class active-learning activity
was well-received by students. Students indicated that
the group discussion and writing questions reinforced
their learning experience.

DISCUSSION
As one of the most trusted health care professionals

with unique availability and accessibility to patients,
pharmacists are in the forefront in guiding patients re-
garding the use, efficacy, and safety of dietary supple-
ments. Studies show that pharmacists are frequently
asked about dietary supplements and natural products.18

However, pharmacists lack vital knowledge related
to dietary supplements and are not confident in patient
counseling. Similarly, pharmacy students perceive their
knowledge about the appropriate use of supplements as
inadequate.21

During the last decade, awareness about the need for
inclusion and integration of evidence-based training on
dietary supplements in the health profession curricula has
increased. Several national pharmacy professional orga-
nizations have acknowledged the need for training phar-
macists about dietary supplements.24,25 The American
Association of Colleges of Pharmacy has identified the
need for curricular change to incorporate CAM courses
in pharmacy curriculum.25 In 2005, a competency state-
ment addressing whether pharmacists can provide suffi-
cient information on the documented uses and safety
profiles of dietary supplements was added to the North
American Pharmacist Licensure Examination.26 Simi-
larly, the Accreditation Council for Pharmacy Education
Standards for Accreditation Guidelines, version 2, pro-
vided advice on incorporating classroom/lecture-based
coursework on dietary supplements and evaluation of
their efficacy, safety, and possible interactions with pre-
scription drugs.27

In the United States, many pharmacy colleges and
schools are incorporating CAM courses in the curricula
that address mainly natural or herbal products.19 Bonafede
and colleagues28 developed a 3-credit elective course on
dietary supplements for third-year PharmD students com-
prised of discussions on dietary suplements based on a
widespread therapeutic categories such as disease preven-
tion, immune health, men’s and women’s health, weight
loss, cardiovascular diseases, neuropsychiatric conditions,

Table 4. Final Course Evaluation for the Vitamins and Minerals Elective Course (2009-2011)

Survey Items

Median
Response

(2009), n=17

Median
Response

(2010), n=39

Median
Response

(2011), n= 47

I understand the purpose of this course 6.6 6.6 6.7
I am clear on how I will use this course as a pharmacist 6.6 6.6 6.8
The course goals and objectives were made available in a timely manner 6.4 6.6 6.6
The way the course was organized helped me learn the material 6.4 6.7 6.4
The course goals and objectives were clear, concise, comprehensive,

and understandable
6.5 6.6 6.1a

The course materials (eg, PowerPoint slides, text, notes) were valuable 6.5 6.7 6.3
The course evaluation measures (eg, exams) were consistent with the goals

and objectives of the course
6.5 6.7 6.2

The amount of curriculum time devoted to this course was adequate 6.4 6.5 6.2
The materials were accessible and made available in a timely manner 6.1 6.9b 6.6c

a p,0.05 (2010 versus 2011)
b p,0.01 (2009 versus 2010)
c p,0.05 (2009 versus 2011)
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bone and joint health, and athletic performance. Atayee
and colleagues27 designed and implemented a small-group
self-guided active-learning CAM course and assessed
changes in first-year PharmD students’ attitudes and
knowledge of CAM.

Although vitamins and minerals constitute the ma-
jority of dietary supplements consumed by Americans,
it is unclear from published studies how and to what
extent topics on vitamins and minerals are covered in
US pharmacy school curricula. This paper is the first to
describe an integrated approach to teaching the basic
and clinical sciences pertaining to the use of vitamin
and mineral supplements for human health and treat-
ment of disease.

The major strength of the course is that it provided
students with a strong background on the biochemical and
physiological functions of vitamins and minerals in the
body and their roles in disease states (module 1). Then the
course progressed to clinical information (module 2) so
that students would be able to integrate their knowledge
with a thorough understanding of potential outcomes
of using vitamins and minerals as dietary supplements.
For example, in module 1, chemical and biochemical
functions of selenium were discussed. In animal models,
selenium appears to function as an antioxidant and its
deficiency was found to be associated with an increased
incidence of cancer. Inmodule 2, students learned that the
incidence of cancer or cancer deaths was found to be
lower in patients with high blood levels of selenium or
taking selenium supplements according to several human
observational studies and randomized control trials.How-
ever, in the Nurses’ Health Study in 1982,30 over 60,000
participants observed for 3.5 years showed no reduction in
the risk of cancer. Finally, students were introduced to
2 long-term studies, the SU.VI.MAX study31 in France
and the Selenium and Vitamin E Cancer Prevention Trial
(SELECT, 35,000 participants, seven years),12 in the
United States and Canada. Both of these studies found
the use of the supplements to be associated with an in-
creased incidence of prostate cancer compared to a pla-
cebo group. Apart from the studies of selenium and
cancer, students also learned that current evidence is in-
sufficient to recommend selenium for the prevention of
coronary artery disease, HIV, and arthritis. Another ex-
ample is the discussion of physiological and pathophys-
iological roles of calcium, clinical manifestations of
hypo- and hyper-calcemia, different calcium supple-
ments and their formulations, uses, and finally the recent
clinical studies relating calcium supplements and risk of
cardiovascular events. Students also learned that ran-
domized large-scale trials in the last two decades have
shown that vitamin supplements are not only ineffective

for the majority of population, but may be deleterious
to health. Similarly, several other well-known clinical
trials10,11,32-35 involving vitamins and minerals were
discussed so that students learn evidence-based decision
making on the use of a selected vitamin and mineral
dietary supplement. Thus, the strengths of this course
include the in-depth instruction on the basic science re-
lated to vitamins and minerals and then integration of
that knowledge into clinical practice. This course is of-
fered at a time when students make the transition from
classroom-based courses to providing pharmaceutical
care to patients in experiential courses. The course pro-
vides educational goals to increase the knowledge of
next generation pharmacists, which will in turn benefit
the profession of pharmacy and consumer health.

While the course outcomes were satisfactory in
terms of students’ learning and acquiring knowledge, its
effectiveness and applicability in direct patient care is not
known. Additional research is needed to measure the last-
ing impact of this course in the practice setting. It would
be interesting to gather data from students who took this
course and are now practicing pharmacists. The goal of
future research would be to capture translational data
from this elective course to clinical practice.

SUMMARY
A comprehensive elective course on vitamins and

minerals was developed and implemented into the
PharmD curriculum. Based on learning assessments and
students’ course evaluations, the expected outcomes for
the course were met and the course helped students to
acquire knowledge and competence in patient counsel-
ing to ensure safe, appropriate, effective, and economi-
cal use of vitamins and minerals as dietary supplements.
Other colleges and schools of pharmacy may consider
the development of a similar course focusing on the basic
and clinical science aspects of vitamins and minerals.
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