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ABSTRACT

Background: While pharmacy education standards require students to recognize social determinants of health (SDOH), there is an
opportunity to improve how this is taught in the curriculum. One innovative approach is to educate student pharmacists in a
biochemistry course through the integration of topics like epigenetics using SDOH as the framework.

Innovation: A 50-minute educational activity was used to supplement material on the regulation of gene expression, in which
epigenetic changes are driven by SDOH. It provided students with a biochemical basis to explain some health disparities, rather than
viewing them exclusively as social obstacles to health. The activity employed a mini-lecture, a short video, as well as both small and
large group discussion. A reflective paper was used to assess students’ understanding of the topic, and the role of the pharmacist in
helping patients prevent diseases caused by epigenetic changes due to social determinants of health.

Findings: A post-activity survey showed that the activity increased students’ perception of knowledge about SDOH, as well as the effect
of epigenetic changes on health outcomes. Furthermore, this activity increased students’ awareness about the role that SDOH play in
epigenetic changes and challenged students to understand the role that society plays in health outcomes.

Conclusions: The preventable nature of health inequities creates an opportunity to integrate public health into pharmacy education.
The integration of epigenetics and SDOH gives the student an opportunity to provide a mechanistic link between social inequities and

biochemical processes.
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DESCRIPTION OF THE PROBLEM

The population of the United States is culturally and ethnically
diverse. Diversity, though part of the fabric of this country, may
lead to the existence of health disparities.! According to Healthy
People 2020, a health disparity is defined as a difference in
health that is linked to social, economic, and/or environmental
disadvantage, adversely impacting groups that have greater
obstacles because of their race or ethnicity.? These social,
economic, and environmental factors that impact health
disparities include where people are born, work, or live. These
factors are termed as social determinants of health (SDOH).

While health inequalities refer to general differences of health
between population groups, health inequities are a type of
preventable health inequalities that are the result of unjust
social policies and practices. This problem of health inequity
and the impact of social circumstances on our health will
continue to necessitate awareness from health professionals.
To address this issue, there have been recent changes in the
development and education of future health professionals.?
The Accreditation Council for Pharmacy Education (ACPE)
established standards to help address this gap in the education
of pharmacy professionals. The standard requires students to
be able to recognize SDOH using cultural sensitivity as a means
to address health disparities.*
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Even with this change, there remains a disconnect between the
proficiency training of cultural sensitivity, and the action of
addressing the issues of health disparities.>® There is a need to
continue to refine not only content, but also delivery. As the
topic of SDOH and its impact on health disparities are
continually addressed, efforts to employ new integrated
curricula in different areas are needed. These issues are not
solely a social or public health issue, but have implications in
basic sciences, such as biochemistry, that need to be explored
with health professionals as a means of education. Within the
biochemical sciences, the study of epigenetics, or the
modification of DNA expression to induce heritable traits, has
been studied in the context of SDOH. This crossroads at the
intersection of the social and genetic sciences has developed
into the new field of social epigenetics.”?

One innovative approach is to integrate the concepts of social
epigenetics into the education of student pharmacists in a
traditional lecture-based biochemistry course, using SDOH as a
framework for the discussion. The authors are unaware of an
existing curricular model for educating healthcare professionals
that explains biochemistry concepts through a social epigenetic
lens. This integration of the social sciences, molecular
biochemistry, and pharmaceutical sciences provides a novel
framework for future pharmacy education.

THE INNOVATION

Epigenetic mechanisms are traditionally covered in
biochemistry textbooks as special features involved in the
regulation of eukaryotic gene transcription. The classic
example used in medical education textbooks involves the
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effect of epigenetic mechanisms in cancer, as it allows
instructors to discuss the use of DNA methyltransferase
inhibitors (e.g. azacitidine) and histone deacetylase inhibitors
(e.g. vorinostat) as potential antineoplastic agents. The idea of
developing cancer by altering gene expression through
mechanisms that do not involve changes to the underlying DNA
sequence is often fascinating to students. However,
conventional biochemistry education does very little to explain
the process of epigenetic changes, the role society plays in this
process or how epigenetic changes contribute to health
disparities.

Overview of the Approach

In this educational activity, SDOH was used as the framework to
educate student pharmacists on epigenetic mechanisms. This
approach offered students an opportunity to learn about the
interplay among SDOH, epigenetics, and health disparities. The
objectives of the educational activity were to: 1) define
epigenetics, SDOH, and health disparities, 2) discuss the impact
of social determinants on health, 3) assess the impact of
epigenetic changes on gene expression, and 4) evaluate the role
pharmacists play in helping patients prevent diseases caused by
epigenetic changes due to SDOH. The activity was conducted
over a 50-minute class period and was used to supplement a
previous lecture on the regulation of gene expression in which
epigenetic changes were first introduced. The approximate
allocation of time was: think-pair-share exercise (5 minutes),
instructor-led mini lecture including a 5-minute video-clip (20
minutes), large-group discussion and session debrief (20
minutes), and survey (5 minutes).

Educational Activities

First year student pharmacists registered for a biochemistry
course at Belmont University College of Pharmacy over the
course of three separate years were included in the evaluation
of this educational session (n=238). The educational activity
started with a think-pair-share exercise to have students
discuss the following: 1) Are epigenetic changes reversible? 2)
Could epigenetic changes alter gene expression patterns
permanently? and 3) Explain how epigenetic changes may
influence gene expression. A mini lecture followed consisting
of background information and examples of epigenetic changes
(focusing on DNA methylation), a definition and examples of
SDOH, and research data from selected recent studies that
show examples of the effect of epigenetic changes on health
outcomes linked to SDOH. The video-clip titled: “Epigenetics:
Nature vs Nurture”® was used to supplement an assigned
course reading to discuss the rat study conducted by Weaver et
al. in which the investigators measure the effect of maternal
stress on offspring epigenetic changes.!® The importance of this
study lies in the fact that it challenged the notion of health
outcomes merely driven by human genetics, but instead
considers the effect of social epigenetics as well. A discussion
on epigenetic inheritance as the biological basis of SDOH
followed to discuss the effect of epigenetic changes through
generations (e.g. mother, fetus, reproductive cells).

The large group discussion started with the notion that
epigenetics reveals how the choices patients make can change
their genes and those of their kids. The discussion challenged
students to reflect on the idea of “choice” versus “fate” and its
implications on SDOH. Student pharmacists were asked to
reflect on the examples discussed in class about cardiovascular
disease in racial/ethnic minorities, breast cancer in black
women, head and neck cancer in Blacks and Latinos, obesity,
and pre-mature aging. A specific example used in class of the
interaction between epigenetics and SDOH involves the DNA
methylation status of the CDH13 promoter. CDH13 (cadherin
13) is an important tumor suppressor in breast cancer patients
that has been shown to exhibit significantly differential
methylation status in African American women compared to
white American women. These altered epigenetic events
relevant to racial disparity consequently result in higher rates
of cancer development, poor outcome and worse overall
survival (Figure 1).1! This example highlights a combination of
conventional epigenetics in conjunction with a social
epigenetics approach. The potential educational outcome of
this innovative approach is to allow students to not only
recognize the role of epigenetics in cancer development, but
also to identify the impact of social determinants on cancer
prognosis and outcomes. Moreover, students were asked to
reflect on SDOH that have the potential to negatively impact
individuals. Specifically, they looked at socioeconomic status,
neighborhood, physical environment, education, access to
healthy food, access to health care, as well as community and
social context.

At the end of the session, students were asked to complete an
anonymous post-activity survey, including basic demographics,
using Qualtrics® (Qualtrics Labs Inc., Provo, UT). The survey
asked questions regarding perception of knowledge and
awareness of the causal link between social epigenetics and
health disparities, in addition to assessing their satisfaction with
the activity. The survey received an exemption from the
Institutional Review Board.

A reflective paper was used to assess students’ understanding
of the topic. Students were allowed 24 hours to answer the
following question: “As a future pharmacist, what do you
foresee is your role in helping patients prevent diseases that are
caused by epigenetic changes due to SDOH?” The paper was
graded based on a rubric for: content and focus (focuses
reflection on thoughts and conclusions based on course
concepts [20%]), depth of reflection (demonstrates thorough
understanding of concepts and theories discussed in class
[30%]), and analysis (identifies specific examples applicable to
pharmacy practice [50%]). The grading rubric was given to the
students as part of the assignment directions. The reflection
contributed to 25% of the in-class activities grade. There were
four in-class activities in the course, which collectively
contributed to 6.25% of the final course grade.
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FINDINGS AND CRITICAL ANALYSIS

A total of 238 students completed the survey for a participation
rate of 100%. Students were asked to rate their knowledge
about SDOH before and after completing the educational
activity using a 5-point Likert scale (1=strongly disagree and
S=strongly agree). Student self-rated knowledge statistically
increased after completion of the activity (2.86 £ 1.04 vs. 4.36
+ 0.58; p<0.0001 by t-test). Furthermore, students were asked
to rate their knowledge about the effect of epigenetic changes
on health outcomes using the same 5-point Likert scale.
Student self-rated knowledge statistically increased after
completion of the activity (2.44 +1.11 vs. 4.22 +0.65; p<0.0001
by t-test).

The discussion and debrief session allowed for constructive
dialogue about current challenges faced by pharmacists as they
try to serve patients who belong to populations affected by
health inequities. The discussion was mainly driven by
students’ life experiences and interests. While the discussion
with students has varied to some extent over the past three
years, the discussion often revolves around rural versus urban,
racial/ethnic identities, socioeconomic status, immigration
status, and sexual orientation-related health disparities.

Students’ evaluation of the educational activity was positive
(Table 1). A qualitative approach was used to evaluate the
reflection papers. Themes related to the pharmacist’s role in
helping patients prevent diseases caused by epigenetic changes
due to SDOH were identified and their frequency was
determined. Students described their role as future
pharmacists using one or more of these four thematic
categories: a) education/counseling (82.0%), b) advocacy
(37.3%), c) self-awareness/adaptability (36.1%), and d)
accessibility (9.6%). Most papers explored specific
interventions with a particular patient population that could be
spearheaded by pharmacists practicing in a community setting.
The average score over three separate years of instruction was
8.9/10 with a range of scores between 6 to 10. Deductions
were made because of a lack of depth of reflection (27.3% of
the papers failing to demonstrate full understanding of the
main concepts and 18.2% of the papers failing to use learned
theory to justify their statements) and analysis (29.5% of
students failing to provide a specific example spearheaded by
pharmacists). A key issue in implementation is the training
and/or confidence for biochemistry instructor to address SDOH
and health disparities. This can be overcome by having a faculty
member from the social sciences co-facilitate the activity. This
type of approach to teaching epigenetics requires full
commitment from the biochemistry instructor and the
pharmacy program to provide resources for faculty
development in the area of social epigenetics. Furthermore,
there is the possibility that some students may be triggered by
the comments and/or topics being discussed, due to the nature
of health inequities. Similarly, students might feel as if this is a
one-time isolated course event. It is important for the
instructor to include others involved in delivery of related

content to ensure students’ knowledge is reinforced in the
curriculum during subsequent years of training.

While this activity proved to be effective in educating student
pharmacists on SDOH and biochemical concepts, there needs
to be a continued effort of integrating this material into the
pharmacy curriculum as a whole. Continued blending of
concepts like SDOH and genetics can be applied to other topic
areas in biochemistry, such as metabolic changes and certain
disease states. Building a multifaceted course curriculum is
challenging, yet provides an opportunity to teach different
topics through varying viewpoints, which leads to a more
complex and comprehensive understanding of foundational
knowledge. Expanding upon this single activity through future
classroom discussions in the social sciences (healthcare
delivery, communications, and ethics), as well as in the clinical
sciences (therapeutics and case studies) of pharmacy would be
beneficial.

CONCLUSIONS

While the effects of social factors continue to be a focal point
when educating student pharmacists on health disparities, an
emphasis on the biochemical determinants of cause and health
outcomes lags behind. As the role of pharmacy continues to
expand, including helping patients with health promotion and
disease prevention, so does the role of pharmacy educators to
find more innovative teaching approaches that address SDOH.>

The preventable nature of health inequities creates an
opportunity to integrate public health into pharmacy
education. There is a call to action to increase the level of
pharmacist involvement in public health efforts.> As a result, it
is imperative that programs find innovative ways to include
these topics in pharmacy curricula. The integration of
epigenetics and SDOH gives the student an opportunity to
critically recognize how social determinants disproportionately
influence health outcomes.’ Furthermore, it encourages
students to identify optimal interventions tailored to specific
patient populations through counseling and advocacy (Figure
1). The theoretical underpinning to this public health
educational approach is to explore how social epigenetics might
reveal the biochemical mechanisms underlying health
disparities.’> The benefit of this teaching approach is that
students are able to provide a mechanistic link between social
inequities and epigenetic biochemical processes. It allows
students to focus on equitable health for all patients rather
than focusing on a one-size-fits-all approach to disease
prevention and treatment.

Just as the healthcare landscape is evolving and adapting
continually, so must the ways in which we present topics to
students. With the increasing amount of information new
pharmacy professionals must show proficiency in upon
graduation, there must be innovative ways of education that
layer various topics to enhance learning. As demonstrated
through positive evaluations, this educational activity proved to
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Figure 1. Specific example on how this innovative approach is used to
educate students on the interaction between epigenetics and SDOH .1!
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Significantly higher CDH13 promoter methylation in
African American as compared to White American
women diagnosed with breast cancer

Poor outcome and worse overall disease survival in
African American women

Educational Outcome: Recognize the role of gene
expression due to DNA modification rather than DNA
mutations in cancer development and progression

Educational Outcome: Identify health inequities and
explicitly acknowledge the impact of social
determinants on cancer development and progression

Potential Outcome: Educate students on the multifaceted effects of social determinants of health in an effort to

identify optimal interventions tailored to specific patient populations through counseling and advocacy.

Table 1. Students’ evaluation of the education activity

Statement Mean * SD
The activity made me more aware of the role that social determinants of health play on 4.58 £ 0.54
epigenetic changes

The activity made me look at biochemistry from a different perspective 4.41+0.70
The activity made biochemistry more relevant to my future profession. 4.49 £ 0.68
The activity helped me see the connection between biochemistry and the patient care 4,52 +0.66
process.

The activity challenged me to understand the role that society plays in health outcomes. 4,58 +0.58
I would recommend this in-class activity to other student pharmacists. 4.64 £0.58

Rating scale: 1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree

SD — standard deviation
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