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Abstract
Much of cardiovascular medicine has been built on 

evidence derived from predominantly White, male cohorts 
that do not reflect the diversity of the patient population. 
Consequently, reference values, devices, and algorithms 
may exhibit variable accuracy across groups, thereby 
compromising diagnostic precision. From the perspective 
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of cardiovascular imaging, this review examines how 
underrepresentation in research translates into diagnostic 
inequities. We discuss scenarios where representation alters 
what imaging reveals: transthyretin amyloidosis associated 
with the Val142Ile variant in older adults of African ancestry, 
cardiopulmonary manifestations of sickle cell disease, and 
conditions that predominantly affect women, including 
ischemia with non-obstructive coronary arteries (INOCA) 
and takotsubo syndrome. We also address bias in devices 
and algorithms, exemplified by pulse oximetry and artificial 
intelligence models trained on datasets lacking diversity. 
Finally, we propose an agenda centered on ensuring 
representation in normative cohorts, subgroup validation, 
and the equitable implementation of novel technologies.

Introduction
Although changes in the therapeutic and diagnostic 

landscape of contemporary cardiology have brought DOI: https://doi.org/10.36660/abcimg.20260094i
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undeniable advances, they have also exposed a structural 
limitation in the knowledge upon which we have historically 
built our practice. Many of the reference values, diagnostic 
thresholds, algorithms, and even the devices at our disposal 
were calibrated based on predominantly White, male cohorts, 
which do not reflect the diversity of patients we treat. A test 
whose accuracy varies according to a patient’s sex, ancestry, 
or race is, first and foremost, a less precise test, and this 
imprecision harms everyone.

In this context, considering equity and representation 
in cardiovascular imaging research and practice is not a 
concession to any particular ideological agenda, but rather a 
requirement of ethical commitment and scientific rigor. After 
all, equity does not compete with scientific precision; it stems 
from it. Here, we review some of the key issues highlighted 
in the recent literature.

The documented burden of disparities
Disparities in cardiovascular disease outcomes have been 

widely documented and directly linked to persistent inequities 
in access to health care worldwide, affecting populations that 
have historically been underrepresented in various population-
based studies (Central Illustration).

Black individuals experience higher cardiovascular mortality 
and a substantially elevated risk of recurrent events; these 
disparities persist after adjusting for clinical factors and have 
been largely attributed to social determinants and unequal 
access to health care.1-3 For cardiologists and cardiovascular 
imaging specialists, these statistics are not merely a distant 
backdrop; they translate into diagnostic delays, underutilization 
of advanced imaging, and missed opportunities for prevention 
strategies, populations at greater risk and vulnerability.

Such disparities are likewise not randomly distributed 
geographically. Place of residence, imperfectly yet revealingly 
summarized by ZIP code, serves as a marker of environmental 
exposure, socioeconomic conditions, and access to health 
care, to the extent that ZIP code-based analyses can predict 
cardiovascular outcomes better than clinical data alone.4,5 In a 
population-based cohort, a neighborhood disadvantage index 
alone accounted for 32% of the variation in adverse coronary 
artery disease events across neighborhoods, compared with only 
10% accounted for by the clinical risk model.4 Recognizing the 
relationship between where one lives and risk factors has led to 
the incorporation of geographic factors into risk stratification tools: 
the American Heart Association’s PREVENT calculator includes an 
optional ZIP code-based component to capture neighborhood 
socioeconomic status and refine risk prediction beyond traditional 
biological factors.6 The lesson for cardiovascular imaging is 
analogous: The determinants that shape who falls ill and who has 
access to imaging must be considered during both the indication 
and interpretation phases; if we fail to do so, we run the risk of 
reproducing in our reports the inequalities that were established 
long before the images were acquired.

When representation changes diagnosis
Some practical scenarios illustrate how the representation 

of factors such as race, ancestry, and sex can influence what 
cardiovascular imaging methods are capable of revealing.

Hereditary transthyretin cardiac amyloidosis associated 
with the Val142Ile variant (formerly Val122Ile) is an 
underdiagnosed cause of heart failure in older Black adults; 
the allele is present in approximately 3% to 4% of people 
of African descent in the United States, but it is practically 
absent among White individuals.7,8 It is worth noting that 
the frequency of this variant tracks with genetic ancestry 
(specifically West African ancestry) rather than race as a 
social category; in this case, self-identified race serves as an 
imperfect marker of ancestry. For decades, these patients 
were labeled as having hypertensive heart failure or heart 
failure with preserved ejection fraction of undetermined 
origin, precisely because this specific condition was 
not considered. Imaging has changed this landscape, as 
bone-seeking radiotracer scintigraphy, subendocardial 
late gadolinium enhancement, and elevated extracellular 
volume on T1 mapping (via cardiac magnetic resonance 
imaging) now enable noninvasive diagnosis. In this context, 
the SCAN-MP study was intentionally designed to screen 
for cardiac amyloidosis using nuclear imaging in Black 
and Hispanic populations with heart failure, an explicit 
recognition that representativeness in imaging research is 
essential for diagnosing conditions that previously went 
undetected.9 Ignoring these population did not by any 
means make the disease rare; instead, it merely kept it 
invisible.

Sickle cell disease provides a second example. 
Among patients with this disease, which predominantly 
affects individuals of African descent, cardiopulmonary 
complications, such as pulmonary hypertension, diastolic 
dysfunction, and sudden death, are the leading causes 
of mortality in adulthood.10,11 Here, too, imaging has 
played a decisive role in clinical decision-making, since 
cardiac magnetic resonance imaging studies have shown 
that these patients develop a distinctive restrictive 
cardiomyopathy characterized by atrial dilation and 
restrictive physiology. This phenotype was only understood 
once the population was studied using appropriate imaging 
tools.12,13 Cardiovascular research historically neglected 
these patients; had it continued to do so, we would still 
lack the valuable diagnostic framework needed to interpret 
these findings to this day.

Gender and sex provide an equally instructive 
perspective. For decades, ischemic heart disease was 
studied and defined based on the male pattern of epicardial 
obstruction, while mechanisms that are predominate in 
women were largely overlooked. Ischemia and myocardial 
infarction with non-obstrutive coronary arteries (INOCA 
and MINOCA) clearly illustrate this issue. An analysis of the 
ISCHEMIA trial revealed that INOCA was approximately 
four times more common in women than in men (odds 
ratio of 4.2 [95% confidence interval 3.4–5.2] for women 
in the multivariable analysis).14 Because conventional 
angiography cannot visualize microcirculation, these 
conditions were long interpreted as non-cardiac chest 
pain. Today, functional imaging, including Positon Emission 
Tomography (PET)-based assessment of coronary flow and 
cardiac magnetic resonance perfusion and mapping, makes 
the  underlying. In MINOCA, conversely, mechanisms such 
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as plaque rupture or erosion, spontaneous coronary artery 
dissection and spasm predominate, the elucidation of which 
relies on modalities such as cardiac magnetic resonance and 
intracoronary imaging.

A similar phenomenon is observed in Takotsubo syndrome, 
a condition predominantly affecting post-menopausal women, 
who account for nearly 90% of cases in an international 
registry.15 Recognition of this syndrome depends on patterns 
of ventricular ballooning identified via ventriculography, 
echocardiography, and cardiac magnetic resonance imaging; 
therefore, in this disease as well, what is observed depends 
on what we have decided to look for.

Bias in devices and algorithms
The third area of concern, perhaps the most urgent in the 

era of quantitative imaging and artificial intelligence, lies in 
bias embedded within devices and algorithms.

The case of pulse oximetry has become emblematic, as 
Black patients are approximately three times more likely to 
have undetected occult hypoxemia due to the interference 
of skin pigmentation with device readings.16 The parallel 
with cardiovascular imaging is direct. Artificial intelligence 
models trained on datasets lacking diversity tend to define 
what is “normal” and “abnormal” based on a narrow 
population and may exhibit systematic errors when applied 
to groups that were underrepresented in the training data.³ 
Technically, these are classified as representation and 
aggregation biases, which have been described among the 
main mechanisms limiting the generalizability of artificial 
intelligence models in health care.17 Normative values 
for myocardial thickness, strain, extracellular volume, or 
coronary calcium scores derived from homogeneous cohorts 
risk misclassifying patients whose underlying physiology 
remains understudied. A prime example in cardiovascular 
imaging involves a deep learning model for cardiac magnetic 
resonance image segmentation that, having been trained 
predominantly on White individuals, exhibited consistently 
inferior performance in Black and mixed-race patients prior 
to bias-mitigation strategies.18

Diversity in training datasets is necessary, but not sufficient. 
Models also require external validation across distinct 
populations and continuous monitoring after implementation. 
An algorithm is only as equitable as the data on which it was 
trained and only as reliable as the population in which it was 
validated. Cardiovascular imaging, which is increasingly reliant 
on automated measurements, must address this limitation in 
a transparent manner.

From description to action: an agenda for cardiovascular 
imaging

It is worth clarifying a frequent misunderstanding here. 
Studying neglected populations is neither a favor to a 
specific group nor an exercise in political correctness, 
but rather a scientific strategy that expands knowledge 
applicable to all people.

It was only by investigating the Val142Ile variant in Black 
patients that our understanding of transthyretin amyloidosis 
as a whole was refined. Wild-type transthyretin amyloidosis is 

now recognized as a condition affecting older patients across 
diverse ancestral backgrounds. The study of sickling led to the 
characterization of a restrictive cardiomyopathy phenotype 
whose relevance extends beyond that specific disease. Science 
that excludes populations does not become more neutral; it 
becomes poorer, less generalizable, and less precise. After all, 
personalized medicine begins before treatment: it begins with 
generating evidence.

Recognizing disparities is merely the first step; the 
contemporary challenge lies in moving from description to 
action. A recent joint editorial by the American College of 
Cardiology, the American Heart Association, the European 
Society of Cardiology, and the World Heart Federation 
proposes exactly this shift, framing health equity not as a 
politicized agenda, but as a scientific frontier in cardiovascular 
medicine that warrants the same rigor applied to any other 
field.19 For our cardiovascular imaging community, this framing 
translates into concrete commitments.

The first is ensuring the representativeness of the cohorts 
that define normal values. Whenever biologically plausible 
and clinically relevant, reference values for myocardial 
thickness, strain, T1 mapping, extracellular volume, coronary 
calcium scores, and echocardiographic parameters should be 
established and reported across diverse populations in terms 
of ancestry and sex, so that the concept of “normal” is not 
derived from a narrow sample.

The second is validation of devices and algorithms across 
subgroups. Much like the lessons learned from pulse oximetry, 
imaging tools and artificial intelligence models should 
demonstrate consistent performance across groups prior to 
adoption, with explicit reporting of accuracy based on relevant 
variables such as race, ancestry, sex, and skin tone, rather than 
assuming generalizability based on homogeneous training 
data. This assessment must include external validation and 
post-implementation monitoring, as performance observed in 
one cohort does not guarantee reproducibility in another. This 
effort should be structured throughout the model’s lifecycle, 
spanning conception and data collection, preprocessing, 
validation, deployment, and post-deployment monitoring. 
Furthermore, subgroup performance must always be evaluated 
using explicit fairness metrics, such as demographic parity and 
equal opportunity.17

The third encompasses education and diagnostic vigilance. 
It is crucial to incorporate into the training of cardiologists 
and radiologists the recognition of conditions that historical 
homogeneity has kept in the shadows, such as transthyretin 
amyloidosis in older Black adults and the cardiac manifestations 
of sickle cell disease, as well as the routine consideration of 
geographic and social determinants of access when ordering 
and interpreting tests.

Last comes implementation. Strategies such as telemedicine, 
abbreviated protocols, and lower-cost technologies have the 
potential to bring advanced imaging closer to historically 
underserved populations, provided they are designed with 
equity in mind, so that innovation will narrow, rather than 
widen, the gap between those who benefit and those who 
remain marginalized.19 A caveat regarding scope is warranted: 
the framework of disparities discussed herein relies largely on 
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evidence from North America. Both epidemiological profiles 
and sociodemographic categories vary across health care 
systems and populations. In Brazil, for example, the high 
degree of genetic admixture limits the direct extrapolation of 
normative values and allele frequencies derived from other 
cohorts. Moreover, this viewpoint is a perspective article and 
does not constitute a systematic review of the literature.

Take-home message
Cardiovascular imaging is uniquely positioned to lead 

the necessary change, as it operates at the frontier between 
measurable physiology and clinical decision-making. The 
true measure of its excellence lies not only in the increasing 
sophistication of its methods but also in its ability to maintain 
accuracy across the entire population it aims to serve. Better 
representing human diversity does not mean tailoring science 
to an external agenda; it means aligning it more closely with 
the biological and social realities that science seeks to describe. 
The more diverse the evidence underpinning our methods, the 
more generalizable the resulting knowledge becomes, and the 
more precise the care offered to each patient. In this sense, 
equity is not at odds with scientific excellence; it is one of its 
most tangible expressions.
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