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The recent article by Miller et al. [1] in BMEF on reimagining
the Biomedical Engineering (BME) curriculum of the future
proposes several exciting and transformative core principles.
These include (a) incorporating modern molecular biology and
analytical/computational modeling, (b) providing instruction
in data science fundamentals, (c) integrating clinical needs for
innovation and translation, (d) fostering an educational culture
of inclusive excellence, and (e) ensuring that new research dis-
coveries inform the core curriculum.

This vision of BME2.0 is motivated in part by an “industrial
revolution” in artificial intelligence and machine learning [2] but
was constructed with little attention to the societal revolution
that began with the launch of the Black Lives Matter movement
(by Alicia Garza, Patrisse Cullors, and Opal Tometi, as a response
to the killing of Black people by vigilantes and especially police)
and grew into nationwide protests with the videotaped killing of
George Floyd. For many, increased recognition of the ways in
which racially biased vigilantism and police violence dramati-
cally cut short Black lives in our country has been accompanied
by awareness of a racial pandemic in health and health care [3]
that reduces both lifespan and quality of life for our Black citi-
zens. With this motivation, any transformation of the BME cur-
riculum not only should “champion an educational culture of
inclusive excellence” [1] but also must include education and
training in race-based disparities in health and health care to
enable our BME graduates to contribute to a better future for all.

The distinction between health disparities and health care
disparities is important. Heath equity, defined by the Centers
for Disease Control and Prevention as “the state in which every-
one has a fair and just opportunity to attain their highest
level of health” [4], depends on social determinants of health
(SDOH), which are the non-medical factors that influence
health outcomes. According to the World Health Organization,
these are “the conditions in which people are born, grow, work,
live, and age, and the wider set of forces and systems shaping
the conditions of daily life” [5]. Evidence of race-based health
inequity has been accumulating over the last 2 decades [6]. For
example, Black Americans are at increased risk for hyperten-
sion, obesity, and diabetes compared to White Americans, and
these disparities contribute to the burden of cardiovascular
disease (CVD) [7]. Race-based disparities are compounded by
sex-based disparities, with Black women suffering from more
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CVD risk factors, develop-
ing CVD earlier, and hav-
ing higher CVD mortality
rates than White women
[8]. Moreover, members of
the LGBTQ+ community
who are Black have higher CVD risk factors than those who are
not [9]. This heavier burden and earlier onset of poor health
outcomes observed in Black Americans are not fully explained
by other sociodemographic factors (e.g., age and education).
While some small part of these disparities may be related to
ancestry (i.e., genetics), the evidence is clear that the social con-
struct of race and its consequence, racism, are the dominant
contributors [10-13]. In as much as racism in US society is
immutable, the impact of racism on the health of Black and
African Americans can be considered a non-modifiable factor
in research problem identification, the knowledge of which
should inform experimental design, research project implemen-
tation, and ultimately engineering solutions. As BME2.0 students
solve real-world problems with clinical impact, solutions that
address, reduce, and eliminate health disparities are critical,
especially for the Black community and other minoritized and
socially disadvantaged populations.

Health equity also depends on access to health care, and
even when access to providers is equitable (though it generally
is not), bias in medical technologies, devices, and data inter-
pretation by algorithms and providers can introduce health
care inequities that are simultaneously insidious and perilous.
For example, researchers at Emory University found that there
was a 26% lower chance of detecting a fever in hospitalized
Black individuals when health workers used forehead ther-
mometers compared to oral thermometers [14]. There was no
discrepancy for White patients, suggesting that the technology
used to detect a fever is sensitive to skin tone. According to the
authors of the study, “differences in detection of fever could
lead to delays in antibiotics and medical care for Black patients",
which could contribute to increased death rates among Black
patients. The motivation for this investigation was an earlier
study by researchers at the University of Michigan Hospital,
which found that pulse oximeters overestimate blood oxygen
levels in patients who have darker skin, potentially delaying
necessary treatment and putting patients at risk [15]. Remarkably,
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the effect of skin pigmentation on pulse oximeter accuracy was
first reported 15 years earlier [16], but neither the public nor
the medical establishment took enough notice to either change
care practices or force redesign of these ubiquitous medical
devices.

When the devices themselves do not introduce bias, guide-
lines for interpretation can do so. Based on beliefs that Black
people have denser bones, more muscle, or thicker skin, Black
patients were routinely exposed to higher doses of radiation
for x-rays than White patients from the 1860s to the 1960s,
when a public report [17], senate hearings, and a public outcry
ended the practice [18]. Similarly, pulmonary function test
results have historically been interpreted with race-specific
equations for expected values that lead to undertreatment of
lung disease in people of color; still, use of these equations
remain a matter of debate among professionals [19]. Even elec-
tronic medical records have been found to introduce race bias
into health care. A study in Science concluded that an algorithm
used to manage care for 200 million people in the US referred
fewer equally sick Black people for programs to improve care
for patients with complex medical needs than White people
[20]. Since biomedical engineers play an important role in the
development of these technologies, devices, and algorithms,
their education and training in this domain are imperative.

As highlighted by the recent perspective article by Barabino
and Nembhard [3], engineering education regarding bias and
racism in health (impact of race and SDOH on health and dis-
ease) and health care (access as well as medical devices, tech-
nologies, and algorithms) is critical to addressing the current
racial pandemic in health and health care. Indeed, these changes
in engineering education are key components of a comprehen-
sive, systems approach to addressing disparities in health and
health care, along with government policies to reduce bias
and racism in public health, equity-driven health care markets,
and broader access to medical treatments. Therefore, we sug-
gest fundamentals of sex as a biological variable and race as a
societal variable with biological consequences in any presenta-
tion of modern molecular biology and analytical/computational
modeling. We also recommend providing instruction in inclu-
sive study design within the context of data science fundamen-
tals. Similarly, innovation and translation must begin with
needs-finding among diverse populations, include testing on
heterogeneous groups, and develop translation strategies that
increase, and do not decrease, access.

Thus, we applaud the transformative vision of BME2.0 and
offer additional guidance for programs to incorporate the cur-
rent reality of racial bias and its impacts, including race-based
health and health care disparities. We urge BME education and
training programs to work to impart a comprehensive and col-
lective understanding that race-blind engineering solutions,
especially those created by and tested on homogeneous popu-
lations, can cause serious harm. Further, engineering solutions
to problems that only affect a narrow subset of the population
can worsen health disparities. Finally, engineering solutions
that do not consider cost, complexity, and insurance coverage
will worsen health care disparities. Instead, by weaving health
and health care equity topics throughout all aspects of BME
education using a systems approach, we will not only generate
better medical devices, technologies, and algorithms, we will
also create a future generation of problem-solvers and critical
thinkers who are equipped to tackle our society’s grand chal-
lenges, including health and health care equity.
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