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Objective.Although pharmacists improve outcomes in the care of patients with kidney diseases and cur-
rent guidelines advocate multidisciplinary care, pharmacist nephrology training is not well described.
This study seeks to characterize required and elective coursework within US Doctor of Pharmacy curric-
ula. This information will be valuable in identification and evaluation of educational gaps for pharmacists
as best practices in the education and care of kidney diseases for pharmacists are established.
Methods. This prospective, cross-sectional, descriptive study assessed current practices and trends in
education on kidney diseases within Doctor of Pharmacy curricula at accredited programs in the United
States through an electronic survey.
Results. Forty-three percent (N561) of all ACPE-accredited pharmacy institutions were represented in
the survey. Content on kidney diseases was found to be taught in both required and elective coursework,
and one-third of responding institutions offered advanced pharmacy practice experiences focused on kid-
ney diseases. Variation was found in the amount of time allotted for the teaching of kidney diseases topics
in pharmacy curricula and the types of experiential training offered. Six respondents reported offering
postgraduate education that focused on kidney diseases. Most respondents were clinical faculty who had
completed residency training and board certification.
Conclusion. Given the complex interplay between kidney diseases and other health conditions, the
increasing incidence and prevalence of kidney diseases, and the potential expansion of pharmacists’ roles
in the care of patients with kidney diseases, a review of current Doctor of Pharmacy curricula is necessary
to guide any future optimization efforts to ensure practice-ready pharmacists.
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INTRODUCTION
An estimated 37 million US adults have chronic kid-

ney disease (CKD).1 Diabetes and hypertension are the
leading causes of CKD, which can result in end-stage renal
disease (ESRD).2 With increasing rates of diabetes, hyper-
tension, and obesity, as well as an aging population, the
incidence and prevalence of ESRD is projected to increase.3

Current guidelines recommend the use of medications with
demonstrated benefit in delaying disease progression and
emphasize multidisciplinary care for patients with CKD.
Multidisciplinary care may include a nephrologist, primary
care provider, dietitian, pharmacist, social worker, and nurs-
ing staff.4,5

There are concerns regarding nephrology workforce
shortages in the United States, including a shortage of
nephrologists and nephrology nurses.6 The number of
nephrologists per ESRD patient in the United States has
steadily declined, despite increasing numbers of nephrology
physician trainees.7 Nephrologist advocacy for improving
and increasing collaboration and care coordination with
other healthcare professionals, including pharmacists, is
present in multiple guidelines, as well as in the recent
Executive Order on Advancing American Kidney Health
(AAKH).7-11 This executive order established multiple
initiatives and the selection of innovative, value-based
payment models. Using value-based payment models,
AAKH seeks to reduce the number of Americans develop-
ing kidney failure and increase the utilization of home-
based therapies among new patients with kidney failure.
These value-based models provide financial incentives
for health care teams to focus on earlier intervention in
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patients with CKD, and kidney care wraparound compa-
nies have created new opportunities for pharmacists to
provide comprehensive medication management (CMM)
for patients with kidney disease.9,11 Pharmacists have
demonstrated an ability to improve medication-related
outcomes across the spectrum of kidney diseases and
reduce health care costs (eg, deprescribing, reduced
hospitalizations).12-16

Given the potential increased need and opportunities
for pharmacist-provided CMM, pharmacists may benefit
from an understanding of kidney diseases.17,18 However,
pharmacy student knowledge of kidney disease at the time
of degree completion from an accredited US Doctor of
Pharmacy (PharmD) program is unclear.18 Using quantita-
tive and qualitative standards, the goal of ACPE accredita-
tion is to ensure programs that meet basic expectations
of quality education in pharmacy and foster continued
improvement to reflect changing clinical practices. To
support diversity and innovation, the focus of the ACPE
standards is thus on broad educational outcomes (eg,
“patient-centered care”), with suggestions related to struc-
tural components and key elements rather than a prescrip-
tion of specific topics or content areas. Thus, in designing
pharmacy curricula, schools and colleges of pharmacy
include input from leaders, key stakeholders, and national
pharmacy organizations to reflect advances in patient care.
The American College of Clinical Pharmacy (ACCP)
Pharmacotherapy Didactic Curriculum Toolkit provides
broad guidance for schools and colleges of pharmacy in
curricular design.19 The ACCP Toolkit is not prescriptive;
it instead assigns Tier definitions to suggest the scope of
inclusion of topics within an institution’s pharmacy curric-
ulum and reflected the current state of pharmacy practice
during its creation. Items are categorized by Tiers 1-3,
with higher Tier numbers correlating with the likelihood
that students need additional postgraduate training to pro-
vide patient care for that topic. For example, students
should receive education to provide patient care for Tier 1
topics upon graduation and licensure. Tier 2 items may be
discussed in curricula, but postgraduate training may be
required for the provision of patient care.

Given the heterogeneity of pharmacist education, as
well as the benefits of and need for pharmacist-provided
care in diverse practice areas, there is a need to evaluate
current kidney disease education in US pharmacy curric-
ula. This study aims to collect information on the scope of
required and elective content on kidney disease within US
pharmacy professional programs. This information will be
valuable in identification and evaluation of educational
gaps for pharmacists as best practices in education about
kidney disease and pharmacist care of patients with kidney
disease are established. Additionally, information may

support the creation of educational standards for kidney
disease content in the PharmD curricula.

METHODS
This prospective, cross-sectional, descriptive study

assessed current practices in kidney disease education
using an electronic survey. A list of all US pharmacy insti-
tutions was obtained from the Accreditation Council for
Pharmacy Education (ACPE) website.20 The study team
identified a department chair for each institution and sent
an electronic survey (QuestionPRO) request, to be shared
with the appropriate pharmacy faculty involved in teach-
ing kidney disease content within the respective school’s
curriculum. The survey included multiple-choice and free-
text questions to collect demographic information (eg, job
title/classification, years of teaching experience, educa-
tional background) and data regarding content on kidney
disease currently taught in the curriculum (eg, topic(s)
covered, time allotted to a given topic, required vs elec-
tive), advanced pharmacy practice experiences (APPEs),
and postgraduate training opportunities. Twenty-one topics
on kidney disease were selected for inclusion on the sur-
vey using the ACCP Toolkit and input from key opinion
leaders in kidney-diseases pharmacy practice involved in
the Advancing Kidney Health through Optimal Medica-
tion Management Initiative.17-19 Informed consent was
provided electronically. This study was deemed exempt
by the University of Texas at El Paso Institutional Review
Board.

For all data, descriptive statistics were used. Continu-
ous variables, such as years of teaching experience, were
described by mean and standard deviation. Categorical
variables, such as job title/classification, were described
using frequencies and percentages. Incomplete and/or dupli-
cate responses were not included in analyses.

RESULTS
Sixty-one pharmacy institutions responded to the sur-

vey, representing 27 states and 1 US territory. All institu-
tions were either fully accredited (n560) or had candidate
status (n51) with ACPE. Responses accounted for 43% of
all ACPE-accredited programs. Responses were also strat-
ified by commonly recognizable regions and by program
characteristics.21

Survey respondents had diverse clinical qualifica-
tions in the teaching of nephrology content. Full demo-
graphic characteristics of survey respondents are shown in
Table 1. Half of the responses were from public institu-
tions. Twenty-six (43%) institutions were affiliated with
an academic medical center. All survey respondents were
members of the faculty at their respective institutions with
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the majority (62%, n538) being clinical, non–tenure track
faculty. Respondents reported an average of 11.7 (68.8)
years teaching at any school or college of pharmacy and

an average of 9.2 (67.9) years teaching kidney-related
topics. Over three-quarters of all respondents (n548, 79%)
had completed at least a postgraduate year 1 pharmacy res-
idency (PGY-1) training program, and 77% reported hav-
ing at least 1 professional certification.22

Coverage of kidney-related topics and time allotted
in the curriculum are described in Table 2. While 70% of
respondents reported that kidney-related topics are taught
as part of a therapeutic course series, the remainder reported
kidney-related topics are a required stand-alone course
within their school/college of pharmacy’s curriculum. The
average estimated amount of time allotted per kidney-
related topic was 1.58 h (61.71) (Table 2). Seven of the 21
content areas considered important by pharmacy experts in
kidney diseases were reported by all respondents as having
dedicated time within required coursework. At least 92% of
respondents require coursework in ACCP Tier 1 and Tier 2
topics, except for solid organ transplant (75%). ACCP
Tier 3 items, for which learners may not expect to receive
curricular instruction, were required by at least 41% of
responding institutions. In required coursework, the most
time was allotted to fluid/electrolytes (4.6263.04 h; ACCP
Tier 1), acid/base disturbances (2.8561.87 h; ACCP Tier 2),
and solid-organ transplant (2.6462.28 h; ACCP Tier 2).
Kidney stones (0.2460.41 h; ACCP Tier 3) and disparities
in kidney care (0.3460.55 h; non-ACCPTier topic) received
the least time in required coursework.

In addition to required coursework, 26 respondents
(44%) reported offering nephrology topics in elective
coursework. Half of reported electives (n513) were criti-
cal care–specific courses; of these, 1 respondent reported
a kidney-focused elective. Within elective coursework,
kidney-related topics were allotted an average 1.3260.6 h,
with the most time given to solid-organ transplant
(3.7161.61 h).

Experiential education opportunities with an emphasis
on kidney diseases pharmacy practice were also assessed.
Twenty-one respondents (34%) reported their institution
offered an AAPE focused on kidney diseases, and 24
respondents (39%) were unsure. The median APPE rota-
tion was reported to be 6 weeks long. The majority of
APPEs focused on kidney diseases were in acute care
(n514), ambulatory care (n512), hemodialysis (n512),
and/or kidney transplant (n510). Regarding postgraduate
education, 6 survey respondents (10%) reported that their
affiliated institution offered nephrology-focused postgrad-
uate training programs. Four respondents (7%) reported
offering a pharmacy residency focused on kidney diseases,
1 respondent reported offering a fellowship focused on
kidney disease, and 1 respondent reported that the institu-
tion offered both a pharmacy residency and a fellowship
program focused on kidney diseases.

Table 1. Demographics of Respondents to a Survey Regarding
Current Practices and Trends in Kidney Diseases Education
Within Doctor of Pharmacy Curricula at Accredited Programs
in the United States

All Respondents
N561 (%)

Job Title

Assistant Professor (n524) 39

Associate Professor (n524) 39

Professor (n513) 21

Institutional Role

Clinical, non-tenure track faculty (n538) 62

Clinical, tenure-track faculty (n514) 23

Tenure track faculty (n56) 10

Othera (n53) 5

Degrees Earnedb

Bachelor’s degree (n519) 31

Master’s degree (n512) 20

Doctor of Pharmacy (n558) 95

Doctor of Philosophy (n52) 3

Doctor of Medicine (n51) 2

Formal Postgraduate Training Completedb

None (n57) 11

Postgraduate Year-1 (PGY-1) Pharmacy
Residency (n548)

79

Postgraduate Year-2 (PGY-2) Pharmacy
Residency (n531)

51

Postgraduate Fellowship (n59) 15

Professional Certifications Earnedb

Any (n547) 77

Board Certification in Ambulatory Care
Pharmacy (BCACP) (n52)

3

Board Certification in Critical Care
Pharmacy (BCCCP) (n55)

8

Board Certification in Geriatric
Pharmacy (BCGP) (n55)

8

Board Certification in Pharmacotherapy
(BCPS) (n542)

69

Board Certification in Psychiatric
Pharmacy (BCPP) (n52)

3

Other (eg, CDCES, Advanced Practice
Pharmacist) (n58)

13

No certifications (n513) 21

No response selected (n51) 2
a Includes other, non–tenure-track faculty, tenured faculty, etc.
b multiple selections allowed.
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DISCUSSION
This survey represents a broad cross-section of Doc-

tor of Pharmacy curricula within the United States and
provides a snapshot of current kidney disease-specific
pharmacy student training. Respondents were well-qualified
and represented a breadth of teaching and pharmacy exper-
tise at both public and private institutions with experiential
education offerings in diverse practice settings, including
academicmedical centers.

Our survey results show all ACCP Tier 1 and 2 topics
in the renal, fluid, and electrolyte conditions section were
included in the majority of responding institutions’ curric-
ula. However, the amount of time devoted to topics varied
widely, which may be due to factors such as faculty

expertise, topic difficulty, or a variety of teaching methods
used. Solid-organ transplant was less frequently reported as
being included within required curricula compared to all
other Tier 1 and 2 topics (75% vs $92%), which may be
due to the presence of elective course offerings or the
absence of a clinical faculty member practicing within solid-
organ transplant. More electives focused on acute/inpatient
care of patients with kidney disease as compared to outpa-
tient CKDmanagement (n513 [21%] vs n53 [5%]), which
could be due to factors such as time constraints and/or fac-
ulty expertise. Similar numbers of acute care and ambulatory
care APPEs centering around kidney diseases were reported.

In addition to ACCP-recommended renal, fluid, and
electrolyte topics, 9 other kidney-related topics were

Table 2. Nephrology Topics in Required and/or Elective Coursework at US Colleges and Schools of Pharmacy

Within Required Coursework Within Elective Coursework

Included,
All Respondents

N561 (%)
Hours Allotted

M (SD)

Included
All Respondents

N561 (%)
Hours

Allotted M (SD)

ACCP Tier 1 Topics

Slowing CKD progression 92 1.07 (0.78) 12 1.04 (0.40)

PK & Drug Dosing in CKD 93 2.30 (2.64) 16 1.25 (0.59)

Drug-induced Kidney Disease 100 1.45 (0.87) 18 1.09 (0.54)

Fluid/Electrolytes 97 4.62 (3.04) 21 1.38 (0.74)

ACCP tier 2 topics

Acid/Base disturbances 97 2.85 (1.87) 12 1.56 (1.03)

AKI pathophysiology 100 1.42 (1.10) 13 1.19 (0.60)

AKI treatment 100 1.45 (0.92) 18 1.07 (0.61)

Hemodialysis 98 0.98 (0.67) 13 0.97 (0.42)

Peritoneal dialysis 92 0.56 (0.39) 3 0.75 (0.17)

Solid-organ transplant 75 2.64 (2.28) 12 3.71 (1.61)

ACCP Tier 3 Topics

Glomerulonephritis 59 0.55 (0.38) 2 2.00 (0.33)

Kidney stones 41 0.58 (0.42) 2 1.00 (0.16)

Non–ACCP-tier topics

Anemia of CKD 100 1.47 (1.09) 8 1.05 (0.42)

CKD-MBD 100 1.44 (0.99) 8 1.55 (0.86)

CKD pathophysiology 100 1.28 (0.75) 10 1.33 (0.58)

Clinical use of diuretics 97 1.59 (1.43) 13 1.31 (0.64)

CRRT 84 0.77 (0.79) 23 1.07 (0.61)

Disparities in kidney care 41 0.81 (0.55) 10 0.79 (0.38)

Assessing kidney function 100 2.44 (1.89) 20 1.42 (0.98)

KQODI or KDIGO Guidelines 89 1.23 (0.97) 10 1.13 (0.53)

Othera (eg, gout, pediatrics) 16 2.16 (0.96) 2 1.00 (0.12)
a Other includes gout, pediatrics, etc.
Abbreviations: ACCP 5 American Colleges of Clinical Pharmacy; AKI 5 acute kidney injury; CKD 5 chronic kidney disease; CKD-MBD 5 CKD
Mineral & Bone Disorders; CRRT 5 continuous renal replacement therapy; KDIGO 5 Kidney Disease Improving Global Outcomes; KDOQI 5
Kidney Disease Outcomes Quality Initiative; PK 5 pharmacokinetics.
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identified by nephrology pharmacy experts as important
to CMM in patients with kidney diseases. Despite not
explicitly being part of the updated 2019 ACCPToolkit, at
least 84% of respondents already included these topics
within required coursework. One notable exception was
the inclusion of disparities in kidney care (41%). People
of African American, Hispanic/Latinx, American Indian,
and Alaska Native descent face disparities in healthcare
and have been shown to progress to ESRD at faster rates
than White patients.23 Leading nephrology organizations
have provided recommendations to use non–race based,
comprehensive approaches to assessing kidney function.
National pharmacy organizations have advocated for phar-
macy curricula to include education and training to help
identify and address barriers to optimal medication man-
agement and decision-making in communities dispropor-
tionately impacted by kidney diseases.24-26 The profession
of pharmacy reinforced its commitment to diversity, equity,
inclusion, and antiracism through a recent revision of the
“Oath of a Pharmacist,” and our findings would support
revision of ACPE Standards with stronger language and
key elements to ensure education of pharmacists actively
advocating for just and equitable patient care.27

Doctor of Pharmacy students are provided a robust
baseline of kidney-related knowledge by well-trained clin-
ical pharmacy faculty, though primarily in the acute care
setting. However, there may be increasing opportunities
for involvement of outpatient pharmacists as medication
use practices for new drugs and indications. The sodium-
glucose cotransporter 2 inhibitors canagliflozin and dapa-
gliflozin are Food and Drug Administration–approved for
reducing CKD progression in adults with type 2 diabetes
and diabetic nephropathy with albuminuria and CKD,
respectively.28,29 Finerenone was also recently approved
to reduce the risk of CKD progression in patients with
CKD and type 2 diabetes.30 These new pharmacologic
agents, coupled with increasing CKD incidence, create
further demand for health care professionals, especially
pharmacists, to provide CMM to delay CKD progression.
Pharmacy nephrology curricula need to ensure education
regarding outpatient topics (eg, CKD screening, preven-
tion of CKD and acute kidney injury (AKI), delaying
CKD progression) is provided while continuing to provide
education on minimizing risk of adverse renal outcomes
during hospitalizations and care transitions.

Of the 12 ACCP Tier topics, 66% are designated as
Tier 2 or 3, suggesting the graduating pharmacist would
need additional postgraduate training to provide direct
patient care. Nephrology and primary care practices will
see an increasing population of patients with kidney dis-
ease, yet despite the demonstrated impact of pharmacists
in this area, post-PharmD training opportunities focused

on kidney diseases are limited.31 This may make it diffi-
cult for pharmacists to find adequate postgraduate training
to provide patient care for ACCP Tier 2 and Tier 3 topics.
This is concerning because the AAKH initiative is shifting
patient-care models away from fee-for-service models
towards value-based payment in nephrology. This shift
encourages the integration of pharmacists as part of the
interprofessional team to improve quality of care and out-
comes for patients with kidney disease.9,18 Previously, a
pathway for accreditation of PGY-2 residency training
programs in nephrology existed; however, this is no longer
the case. Ten post-PharmD training programs have been
reported previously, but the number of programs is poorly
defined and should be examined further.31

The combined lack of consistency in nephrology edu-
cation in Doctor of Pharmacy curricula (as demonstrated
by our survey), limited postgraduate nephrology phar-
macy training opportunities, and absence of pharmacy
practice and education standards in nephrology may con-
strain pharmacists’ involvement in the care of patients
with kidney disease.15,32 This survey provides quantitative
baseline information to create standard competencies
for nephrology curricula in US pharmacy programs to
develop future pharmacists with a strong foundation in
nephrology to care for patients with kidney disease. The
national Advancing Kidney Health through Optimal Medi-
cation Management (AKHOMM) initiative was formed in
part to close the gap between current pharmacist and phar-
macy student education and training in nephrology and to
identify what is needed for pharmacists to competently
workwith patients with kidney disease.33 Nephrology phar-
macy practice and education standards have been devel-
oped, and additional continuing education modules on
kidney-focused topics are under development; these stan-
dards and modules will be available for practicing pharma-
cists and pharmacy students to bridge the gap that exists
today in nephrology pharmacy knowledge and skills.

Limitations of this study include that specific details
regarding the depth and breadth of nephrology coursework
and types of assessment utilized were not reviewed. More-
over, teaching methodology information was not col-
lected. Nephrology-specific training was not collected, as
those postgraduate pathways are no longer formally accre-
dited, and responses to length of time teaching nephrology
topics is an inference as to instructor comfort level/
expertise. Respondents were also allowed to select multi-
ple options for certain survey questions (eg, rotations
offered); future surveys could examine specific APPE
rotation settings (eg, outpatient vs inpatient hemodialysis)
in more detail. Our survey results were limited by a rela-
tively low response rate; however, respondents repre-
sented a diverse range of practicing faculty and have
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similar characteristics to other US programs. Finally, the
ACPE Standards and ACCP Pharmacotherapy Toolkit are
not meant to be prescriptive, and individual institutions
may set their own benchmark for proficiency in nephrol-
ogy content in their pharmacotherapy series at the time of
graduation.

CONCLUSION
This survey of Doctor of Pharmacy curricula across

the United States suggests that nephrology content is
taught in a variety of didactic and experiential education
settings from pharmacy faculty who are experienced and
well-trained for the provision of nephrology education
for pharmacists. There are few postgraduate training
programs focused on nephrology, and current offerings
should be explored further. Most institutions provide edu-
cation for ACCP Pharmacotherapy Tier 1 and Tier 2
nephrology topics; however, these topics and rankings
should continue to be reevaluated with input based on new
value-based care models and practice needs. They should
prioritize screening and kidney function assessment; pre-
vention of chronic kidney disease; reducing disease pro-
gression; kidney-related healthcare disparities; and new
opportunities for pharmacists within this changing health-
care environment to work with patients with kidney dis-
ease. Pharmacy programs must also continue to refine
their experiential curricula to train practice-ready phar-
macy students to provide direct patient care for patients
with kidney disease. Continuous improvement and inno-
vation in education can position pharmacy graduates to
empower patients who have kidney disease.
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