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Objective. To examine the placement of pathophysiology, anatomy, and physiology within the cur-
ricula of US pharmacy schools and colleges for variations in program length, prerequisites, institution
type, geographic region, and establishment date.
Methods. The websites of 146 pharmacy programs were examined for information related to patho-
physiology, anatomy, and physiology courses and instruction. Eight programs listed uninterpretable or
incomplete website data and were excluded, producing a final sample size of 138 programs. Data were
analyzed to determine differences in curricular placement, credit hours, and integration.
Results. The majority (65.3%) of pathophysiology courses were incorporated into the curriculum by
integration, while some (14.5%) had both stand-alone and integrated pathophysiology courses. The
remaining programs (20.2%) had stand-alone pathophysiology courses only. Of those with stand-alone
pathophysiology courses, the mean number of credit hours was 5. Most programs (76.1%) required
anatomy and/or physiology as a prerequisite or as part of the professional program, with significantly
more public programs than private programs requiring it as a prerequisite (77.9% vs 48.6%).
Conclusion. Pathophysiology is taught in diverse formats throughout US pharmacy schools, with the
only consensus among programs being that it belongs in the professional curriculum. While the ma-
jority of programs teach pathophysiology as an integrated course, stand-alone courses are also com-
mon. There is also great diversity in the type of instruction used in anatomy and physiology courses.
While every program requires students to complete anatomy and physiology courses, these are com-
monly taught as part of the professional curriculum or are prerequisites. Overall, there are few signif-
icant differences in the instruction of these subjects among US pharmacy schools.
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INTRODUCTION
There has been a continuous push by the pharmacy

profession and pharmacy educators to expand the scope of
pharmacy practice and introduce new roles for pharma-
cists on the healthcare team. Since the philosophy of
pharmaceutical care was introduced in the 1990s by
Hepler and Strand,1 there have been evolving standards of
practice and education within pharmacy to broaden the
clinical services offered. As the demands of the profes-
sion expand beyond the role of manufacturing and dis-
pensing medications, pharmacists must develop a thorough
knowledge base of pharmacotherapeutics to adapt.2 Studies

have shown that including pharmacists on healthcare teams
leads to better patient outcomes.3 As the field of pharmacy
focuses more on the provision of clinical care, it is be-
coming increasingly imperative that pharmacy education
and training include the appropriate basic science and
clinical applications to prepare graduates who can assume
clinical responsibilities.

Since the publication of the Flexner report, health
education has focused on first teaching basic sciences and
then developing clinical skills and reasoning.4 While the
argument has since beenmade that practitioners relymore
on encapsulated knowledge and recalling clinically rele-
vant concepts rather than the underlying science and
mechanisms,5,6 it remains true that an understanding of
the underlying physiology and pathophysiology of a
disease state leads to better retention and long term re-
trieval of knowledge and that this knowledge is heavily
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relied onwhen practitioners are facedwith complex cases.7,8

As such, pathophysiology, anatomy, and physiology are
essential components to pharmacy education and necessary
precursors to pharmacists’ understanding of pharmacother-
apy and the development of clinical reasoning.9 This appears
to be widely accepted across the Academy, with perhaps the
most telling example being a popular textbook used to teach
therapeutics in pharmacy curricula: Pharmacotherapy: A
Pathophysiologic Approach.10

Despite the importance of pathophysiology and
anatomy and physiology in pharmacy education, little
literature examining these subjects exists. One study
published in 2016 found that 62% of pharmacy programs
required physiology as a prerequisite, and that 54% of
programs offered a stand-alone physiology course in the
professional program, while 46% integrated physiology
with other course work (including pathophysiology,
pharmacology, medicinal chemistry, or therapeutics).9

An earlier study published in 2009 found that 62% of
pharmacy programs required anatomy and 54% of phar-
macy programs required physiology before matriculation
into a Doctor of Pharmacy (PharmD) program.11

With this in mind, the objective of this study was to
examine the amount and placement of pathophysiology,
anatomy, and physiology courses within pharmacy cur-
ricula, looking specifically at variations in program
length, prerequisites, institution type, integration, and
location in order to determine the level of consistency
across pharmacy schools in the United States.

METHODS
A list of 146 pharmacy programs was compiled in

December 2018 from the Accreditation Council for
Pharmacy Education’s (ACPE’s) list of programs that
were accredited, accredited with probation, or in candi-
date status.12 The ACPE website was used to determine
the accreditation status and institution type (public or
private) of each program. We examined the websites of
these programs between December 2018 and February
2019, and collected the following information from
electronically published course catalogs and curricula:
length of program, anatomy and physiology require-
ments, and pathophysiology requirements. The primary
source of information was published curricula. Course
catalogs were used to clarify or supplement missing or
ambiguous information and to determine whether path-
ophysiology was incorporated into integrated courses.
Eight programs listed uninterpretable, incomplete, or out
of date data on their website and were therefore excluded
from the study, producing a final sample size of 138
programs. The curricular requirements for anatomy and
physiology and pathophysiologywere further categorized

as follows: required as a prerequisite (defined as required
for matriculation into the program), required in the pro-
fessional program (defined as a component of the pro-
gram’s curriculum), both, or neither (not required at all).
The number of credit hours for each anatomy and phys-
iology course or pathophysiology course were also
recorded.

Courses that were categorized as being part of the
professional program were further defined as integrated,
stand-alone, or both. Course descriptions published in
electronic course catalogs available on the institution’s
website were used by the researchers to determine whether
a course was integrated. The criteria used to make the de-
termination that a course was stand-alone in structure was
based on whether the words “pathophysiology” or “anat-
omy and physiology” or “physiology” appeared in the
course title in the absence of the other content descriptors.
Similarly, if the course included the words “pathophysiol-
ogy” or “anatomy and physiology” along with other con-
tent areas,we determined that these subjectswere integrated
into the course.

Programs were defined as “emerging” or “legacy”
based on their initial date of ACPE accreditation (with
programs enrolling their first class prior to 2000 catego-
rized as legacy and programs enrolling their first class in
2000 or later categorized as emerging). These time points
were chosen because the Bachelor of Science in Phar-
macy degreewas no longer available to students enrolling
after July 2000.12,13 Programs were identified as being
either a three-year or four- year program based on the
curriculum posted on the program’s website. Programs
with multiple campuses were examined individually to
determine whether the campuses had unique curricula;
there were five programs in which a branch program was
considered a separate program from the main campus
either because of differences in total program length
(n54) or differences in candidate status (n51). Four
programs were excluded from the subanalysis of three-
year programs vs four-year programs because they de-
scribed themselves as being six-year programs and did not
have a clear pointwhere the students transitioned from the
undergraduate to the graduate curriculum. For this reason,
we did not assume that the last four years of the six-year
program were similar in format to a four-year program
(although this was likely true).

Data were examined for potential differences based
on common program demographics, including program
length, institution type, geographic region (Northeast,
Southeast, Midwest, West, and Southwest, as defined by
the National Geographic Society14), and establishment
date. Categorical and continuous data were analyzed us-
ing the Fisher exact test and t tests, respectively, using
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Prism8 (GraphPad Software, LLC; San Diego, CA). Non-
parametric geographic region data were analyzed using a
Spearman rank test and Kendall rank coefficient, calcu-
lated using SPSS statistical software (IBM, Armonk, NY).

RESULTS
Summaries and comparisons of requirements for

pathophysiology instruction are displayed in Table 1 and
methods of course instruction are described in Table 2.
Private schools were significantly more likely than public
schools to require students to complete a pathophysiology
course within the professional program (95.7% vs 83.8%
p5.025). There were no significant differences between
three-year and four-year programs for pathophysiology
requirements or course type; however, three-year pro-
grams, on average, required more stand-alone patho-
physiology credits than four-year programs (6.0 vs 4.8),
and private programs, on average, required more stand-
alone pathophysiology credits than public programs (5.4
vs 4.5) (Table 1). Furthermore, almost 90% of programs
(124/138) had pathophysiology in their curriculum, but
no program had it as a prerequisite. Of the programs in
which pathophysiology instruction could be identified,
the majority (65.3%) required instruction in pathophysi-
ology only as part of an integrated course or course series,
with fewer programs requiring a stand-alone pathophys-
iology course (20.2%) or both stand-alone and integrated
courses in pathophysiology (14.5%).

The breakdown of credit hours for stand-alone
pathophysiology courses in the professional program is
presented in Table 3. For the schools that solely offered
stand-alone pathophysiology courses (N525), two had two
credit hours of stand-alone instruction in pathophysiology,
five schools had 3 credit hours, one school had 3.5 credit
hours, seven schools had 4 credit hours, two schools had 5
credit hours,five schoolshave6credit hours, twohad8credit
hours, and one had 9 credit hours. There were no differences
between emerging and legacy programs in the offering of
pathophysiology or the type of pathophysiology course(s)
offered nor significant regional differences between

placement of pathophysiology in the curriculum or type of
course (integrated only, stand-alone only, or both).

The breakdown of instruction in anatomy and
physiology between the required professional curriculum
and prerequisites is shown in Table 4, and whether the
courses are integrated or stand-alone is shown in Table 5.
Briefly, 100% of programs required that students have
instruction in anatomy and physiology, the majority
(63.0%) required this only as a prerequisite, 24.0%only as
a component of the professional curriculum, and 13.0%as
both a prerequisite and in the required curriculum. Fur-
thermore, of the 51 programs that required instruction in
anatomy and physiology in the professional program, the
majority (62.8%, n532) required students to complete a
stand-alone course or courses, while the remaining pro-
grams (37.3%, n519) integrated anatomy and physiology
into other coursework. We found that anatomy and
physiology was incorporated into the curriculum in sev-
eral different ways, including anatomy only components,
physiology only components, and both anatomy and
physiology as stand-alone or integrated courses.

Regarding institution type, more public schools than
private schools required anatomy and physiology as a
prerequisite (88.2% vs 64.3% p5.001). In addition, more
private schools than public schools required it in the
professional program (51.4% vs 22.1% p,.001, while
some programs required it in both (Table 4). In general,
programs that included anatomy and physiology in their
professional program favored having it as a stand-alone
course (62.8%) rather than as part of an integrated course
(37.3%), with no significant differences found in program
length or institution type.

There were no significant differences between leg-
acy and emerging programs regarding either the place-
ment of anatomy and physiology within their program, or
whether it was integrated or stand-alone. Furthermore,
therewere no regional differences regarding placement of
anatomy and physiology as a prerequisite or required
course or, if a required course, whether it was integrated,
stand-alone, or both.

Table 1. Pathophysiology Content in the Doctor of Pharmacy Curriculum of US Schools and Colleges of Pharmacy

Type of Program, %

Pathophysiology Content
Overall
(N=138)

3 Year
(n=17)

4 Year
(n=117)

Public
(n=68)

Private
(n=70)

Required only as a prerequisite 0 0 0 0 0
Required only in the professional program 89.9 88.2 89.7 83.8a 95.7
Required as both a prerequisite and in the

professional program
0 0 0 0 0

Not required anywhere in the curriculum 10.1 11.8 10.3 16.2a 4.3
a p5.025, public vs private programs
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DISCUSSION
As the scope of pharmacy practice expands and new

roles for pharmacists within the healthcare team emerge,
adequate placement of key biological sciences is crucial
in pharmacy education. In this work, the amount and
placement of anatomy, physiology, and pathophysiology
within pharmacy curricula were explored based on pro-
gram length, prerequisites, and institution type across US
schools and colleges of pharmacy. These disciplines were
found to be incorporated into pharmacy curricula in a
variety of ways including as stand-alone courses, part of
integrated courses, or both.

In pharmacy programs in the United States, patho-
physiology and the related disciplines of anatomy and
physiology are incorporated into curricula in a variety of
ways, including as stand-alone courses, part of integrated
courses, or as prerequisite courses. As curricular inte-
gration has been of particular interest recently in both
pharmacy and medical education,15,16 the differences in
delivery between integrated and nonintegrated delivery of
these courses was interesting, especially as some pro-
grams had both stand-alone and integrated courses. In

general, recent trends in pharmacy curricula reform have
focused on curricula being more outcomes focused and
patient-centered, sometimes at the expense of the basic
pharmaceutical sciences.17 As pharmacy curricula
change, prerequisites for these programs is also of inter-
est, as the courses required vary across PharmDprograms.
In a study by Boyce and Lawson in 2009 evaluating the
prerequisite requirements in the domains of anatomy and
physiology, out of 71 programs, 62% (n544) of programs
required students to complete an anatomy course and 54%
(n538) of programs required students to complete a
physiology course before matriculation into the PharmD
program.11 The number of PharmD programs has in-
creased significantly since the Boyce study, and we ob-
served a noticeable increase over the past decade in the
number of schools (76.1%, n5105) that require both
anatomy and physiology as prerequisites. Additionally,
the Boyce study focused solely on preprofessional cour-
sework required for entry into PharmD programs without
exploring the degree to which these areas of study were
incorporated into the PharmD curriculum itself. This
study observed all programs requiring anatomy and

Table 3. Credit Hours Assigned to Stand-alone Pathophysiology Courses in US Doctor of Pharmacy Programs

Type of Program Mean Credit Hours (SD) Range of Credit Hours

Structure
Three year (n55) 6.0 (2.3) 3-9
Four year (n537) 4.8 (1.8) 2-8

Public programs (n522) 4.5 (1.8) 2-8
Private programs (n521) 5.4 (1.8) 3-9
Location

Northeast (n59) 6.0 (2.2) 3-8
Southeast (n516) 4.9 (1.7) 2-9
Southwest (n54) 5.0 (2.6) 2-8
Midwest (n59) 4.3 (1.3) 3-7
West (n53) 5.0 (2.7) 3-8
Other (n52) 3.3 (0.4) 3-3.5

Date of Establishment
Legacy (n531) 5.1 (1.9) 2-9
Emerging (n512) 4.5 (1.9) 2-8

Table 2. Integrated Pathophysiology Content in the Professional Curriculum of US Schools and Colleges of Pharmacy

Type of Program, %

Overall
(N=124)

3 year
(n=15)

4 year
(n=105)

Public
(n=57)

Private
(n=67)

Required as part of integrated courses 79.8 80.0 80.0 78.8 80.6
Required as a stand-alone course 34.7 33.3 35.2 38.8 31.3
Required only in integrated courses 65.3 66.7 64.8 61.4 68.7
Required only in stand-alone courses 20.2 20.0 20.0 21.2 19.4
Required as both integrated and stand-alone

courses
14.5 13.3 15.2 17.6 11.9
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physiology to some degree and added how colleges in-
corporate anatomy and physiology into the professional
program if they are not perquisite courses.

We found that private schools were more likely to
require pathophysiology in the professional program
compared to public schools. We postulated that perhaps
public programs include more coursework in anatomy
and physiology than private programs during the profes-
sional curriculum, but the data did not support this. Also,
someprograms required study of anatomyand physiology
as both a prerequisite and in the professional program.
Most of these programs incorporated anatomy and
physiology into the professional program through inte-
gration of subjectmatter in these areaswith subjectmatter
in related disciplines, or had an anatomy course as a
prerequisite and a physiology course included in the
professional program.

We postulated that three-year programs may require
anatomy and physiology courses as a prerequisite to a
greater extent than four-year programs to compensate for
the acceleration of the curriculum. Additionally, we ex-
pected that three-year programs would also have more
integrated pathophysiology courses compared to four-
year programs for the same reason. However, no signifi-
cant differences in these metrics were noted between
three- and four-year programs.

There are some limitations to this study. First, the
collection of data through pharmacy program websites
may have limited sample size, as eight programs had
uninterpretable or incomplete website data. In addition,
14 programs did not list pathophysiology in their course
descriptions, which could lead to underrepresentation if
this was not an accurate reflection of their curriculum due
to course descriptions that omitted the word. In our ex-
perience,18,19 conducting a survey would not have resul-
ted in data that were as robust as that gleaned from
program websites because of the possibility of a poor
survey response rate. Despite that we had to exclude eight
programs and that 14 programs may have resulted in
underrepresentation, a poor survey response rate would
have been more likely to skew our data by not providing
an adequate number of programs to analyze. Similarly,
the methodology for categorizing courses as stand-alone
or integrated is not explicitly established, so the methods
used in this work may differ from those used in other
research. However, thesemethods fit within the definition
of integrated education provided by Pearson and Hubball
that “integration strategies involve sequential scheduling
of related disciplines,”20 such as pathophysiology content
followed by pharmacology and therapeutics. Addition-
ally, we could not determine the quantity of pathophysi-
ology taught in each integrated course, so we could not

Table 5. Breakdown in Stand-alone vs Integrated Anatomy and Physiology Courses in the Professional Curriculum of US Schools
and Colleges of Pharmacy

Type of Program, %

Overall
(N=51)

3 year
(n=7)

4 year
(n=40)

Public
(n=15)

Private
(n=36)

Required in the professional program as only
integrated courses

37.3 57.1 37.5 26.7 41.7

Required in the professional program as only
stand-alone courses

62.8 42.9 62.5 73.3 58.3

Required as both an integrated and stand-
alone courses

0 0 0 0 0

Table 4. Placement of Anatomy and Physiology Courses in the Doctor of Pharmacy Curriculum by US Schools and Colleges of
Pharmacy

Type of Program, %

Overall
(N=138)

3 Year
(n=17)

4 Year
(n=117)

Public
(n=68)

Private
(n=70)

Required only as a prerequisite 63.0 58.8 65.8 77.9 a 48.6
Required only in the professional program 23.9 17.7 22.2 11.8 b 35.7
Required as both a prerequisite and in the

professional program
13.0 23.5 12.0 10.3 15.7

Not required anywhere in the curriculum 0 0 0 0 0
a p5.0004 vs. private programs
b p5.0013 vs. private programs
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compare integrated courses using credit hours as we
did with stand-alone courses. However, it is our ex-
perience with integrated courses that it is difficult if not
impossible to accurately break out the amount of time
spent on a distinct subject like pathophysiology from
therapeutics as these topics are often covered in the
same lectures.

The most unexpected finding from this study was
that 14 (10.1%) US pharmacy programs did not require
pathophysiology anywhere in their curriculum. However,
it is unlikely that most of these programs do not require
pathophysiology. Rather, instruction in pathophysiology
at these schools is probably incorporated into another
subject such as biomedical sciences or pharmaceutical
sciences. The ACPE has stated that the biomedical sci-
ences, including pathophysiology, may be addressed in
the preprofessional curriculum and is not a required ele-
ment of the didactic portion of the curriculum,12 but we
found no program that required completion of a patho-
physiology course as an entry requirement for the pro-
fessional program.

As the landscape of pharmacy education has changed,
new trends have emerged. The majority of new pharmacy
programs are at private colleges, and the number of pro-
grams offering accelerated, three-year PharmD programs
has increased.21 With such rapid growth and expansion of
the educational institutions supplying pharmacists to the
profession, and concerns about whether the quality of ed-
ucation is beingmaintained,22 the Academymust consider
whether the placement of and amount of contact time
dedicated to teaching key biological and pharmaceutical
sciences is adequate to support a modern pharmacists’
clinical education.

CONCLUSION
Within the curricula of US pharmacy schools, we

found pathophysiology taught in various formats, but
commonly integrated within other courses. Anatomy and
physiologywasmainly seenwithin pharmacy curricula as
a stand-alone course. Private schools were significantly
more likely than public schools to require pathophysiol-
ogy within the professional program. Anatomy and
physiology courses were prerequisites for most pharmacy
curricula,with public programsmore likely to require it as
a prerequisite. Few schools (mainly private programs)
had integrated anatomy and physiology into their pro-
fessional curriculum. Overall, few significant differences
in the amount of pathophysiology, anatomy, and physi-
ology content taught within the PharmD curricula were
found, regardless of the differences in program length,
institution type, and geographical region.
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