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VISIBLE: Women's heart disease revealed 
One out of every three women dies of cardiovascular disease1. It is the number one 
cause of death for women. Approximately 100 million* women, globally, live with stable 
chest pain†. Each year, a subset of these women — an estimated 700,000 women in the 
United States and Europe alone — undergo invasive coronary angiography and leave 
without a diagnosis. They are told their arteries look "normal." That their hearts are 
healthy. That it might be anxiety. 

These women, in addition to having debilitating symptoms, carry an up to 4-fold higher 
risk of major cardiovascular events including cardiovascular death, heart attack, stroke, 
or hospitalization for heart failure, than women without these symptoms2. The condition 
they have is increasingly recognized as angina, the clinical term for chest pain, with no 
obstructive coronary arteries (ANOCA)‡. 

Of the women with stable angina who undergo coronary angiography, two out of three 
do not have a blockage in their heart arteries3-5 — the cause of heart disease medicine 
has spent decades learning to find and fix. In most of ANOCA, the underlying 
abnormality lies in coronary function, which remains largely invisible to current 
diagnostic pathways. This includes dysfunction of the coronary microvasculature, 
vasospasm of the larger coronary arteries, or a combination of both. The most common 
abnormality, present in up to 70% of patients, is coronary microvascular dysfunction6,7. 

The coronary microvasculature consists of the smallest blood vessels of the heart, 
typically only hundreds of microns or less in diameter. Although invisible on coronary 
angiography, these vessels comprise the vast majority of the vascular network and, 
under normal conditions, control more than 80% of the blood flow to the heart muscle8. 
Coronary microvascular disease reflects failure of this regulatory system, leading to 
restricted or abnormal blood flow that can result in a mismatch between oxygen supply 
and demand (ischemia) even in the absence of upstream blockages. 

Importantly, most women with ANOCA do not have "normal" arteries. When 
intravascular imaging is used rather than visual assessment of the angiogram alone, up 
to about 80% are found to have atherosclerotic plaque9, not as focal obstructions, but as 
a diffuse, non-obstructive disease pattern that conventional tests are not designed to 
detect. The interaction between diffuse plaque and microvascular dysfunction may be a 
key driver of adverse outcomes, yet remains poorly understood. 
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The result of a system optimized to find focal blockages is a diagnostic odyssey and a 
population, predominantly women, left unseen. Many, in search of answers, endure 
years of repeated stress tests, repeated angiograms, and repeated dismissals before 
anyone names what is wrong.   

The consequences are profound. Seven in ten women with ANOCA report adverse 
effects on work, with at least half reducing hours or retiring early; approximately 40% 
apply for disability, and 30% move into lower-paid roles10. Seven in ten report adverse 
effects on mental health, and eight in ten report impacts on their social lives10. 

The economic cost is equally staggering. Healthcare systems spend thousands of 
dollars per patient on tests designed to detect a disease pattern that is not present. 
Lifetime healthcare costs associated with ANOCA are estimated at $750,000 per 
patient11. For women themselves, out-of-pocket expenses, travel, and lost productivity 
consume nearly 10% of household income11. 

What are the limits of current practice? 
Diagnosing coronary microvascular disease in ANOCA patients faces multiple technical 
challenges. Unlike the larger heart arteries that run along the surface of the heart 
(epicardial coronary arteries), the coronary microvasculature consists of vessels mostly 
embedded within the heart muscle itself. These vessels are difficult to assess not only 
because of their small size, but also because they are in constant motion with each 
heartbeat. 

As a result, evaluation of microvascular function relies on indirect measurements of 
coronary blood flow and vascular resistance in upstream vessels. This requires an 
invasive approach similar to coronary angiography, but with specialized equipment, 
pharmacologic agents (such as acetylcholine), and expertise that is not available in 
most catheterization laboratories. In addition, coronary microvascular disease arises 
from heterogeneous, partly overlapping pathophysiological mechanisms, which limits 
the utility of single-modality testing and renders currently available non-invasive tests 
insufficient for comprehensive evaluation. 

The limitations of existing practice are not only technical, but also systemic. Clinical 
guidelines for stable ischemic heart disease, built on decades of research conducted 
predominantly in male populations, often with fewer than 30% women enrolled, have 
historically centered diagnosis on obstructive coronary artery disease. Although 
coronary function testing is included in most recent guidelines, the recommendations 
are based on the weakest level of evidence, reflecting the lack of robust clinical 
research12,13. Patients with ANOCA continue to be framed as a "specific" or "special" 
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group, despite representing the majority of women undergoing coronary angiography for 
stable angina.  

The result is a diagnostic gap for millions of women globally — 
estimates suggest that fewer than 1% of women with ANOCA 
undergo coronary function testing.  

Even for the small number of women who receive a diagnosis of coronary microvascular 
disease, robust evidence to guide treatment pathways and improve long-term outcomes 
is absent. Significant deficits in knowledge persist regarding the detailed mechanisms of 
coronary microvascular disease and how they relate to clinical manifestations. Although 
measures of coronary microvascular function, such as coronary flow reserve, have been 
consistently associated with cardiovascular death and other adverse events14,15, it 
remains unclear whether the underlying microvascular abnormalities are causally 
related to these outcomes. As an example, interest has recently been directed towards 
a potential causal relationship between coronary microvascular disease and heart 
failure with preserved ejection fraction, a condition that affects approximately 30 million 
people worldwide, half to two-thirds of whom are women16. Coronary microvascular 
dysfunction has been demonstrated in up to three-quarters of these patients, supporting 
a potential mechanistic link17.      

Given the complexity of blood flow regulation by the coronary microvasculature, multiple 
mechanisms have been investigated in an effort to identify treatment targets. However, 
attempts to selectively target individual pathways, such as endothelin-1-mediated 
vasoconstriction, have yielded inconsistent improvements in coronary microvascular 
function or symptoms18,19. While these largely negative findings may in part reflect 
heterogeneous study populations and inconsistent outcome assessment, they also point 
to a deeper problem: coronary microvascular disease represents dysfunction of a 
complex regulatory system with multiple, partially redundant pathways, such that 
targeting a single component in isolation may be insufficient.  

More fundamentally, the microvasculature is unlikely to become dysfunctional 
spontaneously but rather is driven toward dysfunction by upstream processes that 
should be considered important treatment targets. Current clinical management targets 
traditional cardiovascular risk factors such as diabetes and high cholesterol, which have 
been shown in experimental studies to contribute to coronary microvascular dysfunction 
and remain important treatment targets given the prevalence of non-obstructive plaque 
in these patients. However, at least within ANOCA populations, traditional risk factors 
have explained only a limited proportion of coronary microvascular dysfunction 
variability, and some studies have failed to predict its presence altogether20,21. These 
observations raise critical questions about additional upstream drivers of coronary 
microvascular disease that must be identified to advance treatment and improve care. 
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Why women? 
Coronary microvascular structure and function are shaped by adaptation to changing 
physiological demands. In women, this adaptation is uniquely dynamic across the life 
course22. The microvasculature continuously responds to hormonal fluctuations and to 
profound physiological transitions, such as pregnancy, during which blood volume 
increases by up to 50%23,24. Such demands require extensive remodeling of the 
microvascular network. 

The requirement for a highly adaptive regulatory system and/or the cumulative effects of 
repeated microvascular remodeling may increase susceptibility to dysregulation, injury, 
and maladaptive structural change. Adverse pregnancy outcomes, such as 
preeclampsia, are increasingly recognized as early markers of vascular vulnerability, 
with arterial stiffness and endothelial dysfunction proposed as potential links to future 
cardiovascular risk25,26. Whether preeclampsia acts as a vascular stressor, represents 
'demasking' of inherent risk, or both, remains unknown. 

Importantly, the menopausal transition represents a major inflection point in vascular 
biology. Declining estrogen levels have been linked to adverse changes in endothelial 
function, arterial elasticity, autonomic regulation, and inflammatory signaling that appear 
to extend beyond the effects of chronological aging alone27. Experimental and clinical 
data suggest that altered estrogen receptor signaling in endothelial cells, with 
downstream effects on vascular smooth muscle tone, may contribute to impaired 
microvascular flow regulation during this stage of life28. 

Sex-specific coronary anatomy and flow dynamics may also contribute to differential 
disease phenotyping. Because women generally have smaller coronary vessel 
diameters, even modest structural thickening or loss of elasticity in upstream vessels 
may have a proportionally greater impact on the transmission of pulsatile pressure to 
the microcirculation, potentially predisposing to microvascular injury.  

Understanding these sex-specific mechanisms is essential to developing diagnostic 
strategies, mechanistic models, and treatments informed by the true disease biology.     

Why now? 
Progress in coronary microvascular disease has historically been limited by the lack of 
scalable diagnostic approaches, tractable mechanistic models, and sufficiently 
well-characterized patient cohorts, collectively impeding both causal inference and 
therapeutic development. These barriers are now lifting. 
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Advances in data-rich clinical diagnostics and artificial intelligence make it increasingly 
feasible to extract clinically meaningful signatures of coronary microvascular dysfunction 
from routinely acquired data and non-invasive testing29,30, creating a realistic pathway 
toward earlier and more scalable identification of patients with coronary microvascular 
disease beyond specialized centers. In parallel, the emergence of human-based 
experimental and computational models create the opportunity to develop experimental 
systems capable of controlled interrogation of coronary microvascular mechanisms 
under conditions that more closely reflect human physiology, including bioengineered 
human cardiac tissues designed to integrate multiscale vascular architecture, 
patient-specific genetics, and biochemical, mechanical, and immune cues, an approach 
intended to overcome long-standing limitations of animal and reductionist in vitro 
models31-35. 

At the same time, growing recognition of coronary microvascular disease as part of a 
systemic microvascular disorder expands the investigative landscape, creating new 
opportunities to leverage information from other microvascular beds and integrative 
physiological signals, complementing coronary-specific assessment36,37. 

The emergence of cohorts with comprehensive evaluation of coronary microvascular 
disease provides further opportunity to define disease endotypes and to explore 
differences in underlying mechanisms and potential treatment strategies. 

Goal of the program 
The goal of VISIBLE is to increase the proportion of women presenting with stable 
angina who receive effective diagnosis and treatment for coronary microvascular 
disease from less than 1% to more than 80%. In so doing, the program aims to 
demonstrate advances capable of reducing the burden of cardiovascular disease for 
millions of women worldwide. 

All approaches must incorporate clinically deployable implementation strategies that 
expand effective care for coronary microvascular disease without increasing the risk of 
missed diagnosis or treatment of obstructive coronary heart disease.

VISIBLE aims to achieve this goal by: 

(1) developing scalable approaches for diagnosis and monitoring of coronary
microvascular disease;

(2) identifying risk factors and evaluating prognosis of coronary microvascular
disease endotypes;
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(3) building and validating multiscale, human-relevant models of the coronary
microvasculature to interrogate causal mechanisms of coronary microvascular
disease; and

(4) developing treatment strategies that improve both coronary microvascular
function and patient-centered outcomes by testing existing therapies in
well-characterized populations that most likely will benefit.

Central to the program is the recognition that coronary microvascular disease 
encompasses multiple endotypes with distinct, yet overlapping, pathophysiological 
mechanisms, including functional (e.g., endothelial dysfunction, smooth muscle 
dysfunction) and structural (e.g., vascular rarefaction) abnormalities. By refining and 
validating these endotypes, anchored in measures currently derived from invasive 
coronary function testing, the program aims to move beyond empiric care toward 
mechanism-informed diagnosis and treatment. All approaches supported by the 
program should be designed and evaluated to ensure generalizability and equitable 
impact across diverse populations of women. 

The VISIBLE program is soliciting abstracts and proposals across four (4) thrust areas, 
each contributing to the program goals, and as described in detail below. Individual 
teams are not expected to address all facets of the program. Progress will be driven by 
multiple focused, collaborative efforts that integrate at the program level toward shared, 
measurable outcomes. Across selected projects, definitions and performance metrics 
(including measures of coronary microvascular function, reference standards, and 
endpoints) will be harmonized to enable comparison, integration, and validation. 
Wellcome Leap will enable cross-collaboration between thrusts, which will be integral to 
the success of the program — proposals will be expected to articulate clear strategies 
for data sharing, integration, and coordination across projects.  

Thrust 1: Develop scalable approaches for diagnosis and 
monitoring of coronary microvascular disease. 
Current gold standard testing is invasive, costly, and requires specialized operator 
expertise, which makes it impractical for population-scale diagnosis and monitoring of 
treatment response in both clinical and research settings. While non-invasive tests exist, 
they detect only certain disease endotypes and remain constrained by cost, limited 
availability, and technical or patient-specific factors. None are currently suitable for 
monitoring disease activity deemed critical to advancing treatment options. Thrust 1 
aims to develop scalable diagnostics to detect coronary microvascular disease with 
>80% sensitivity and >80% specificity as benchmarked against current gold standard
invasive coronary function testing (including acetylcholine challenge).
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Considering that coronary microvascular disease is at least as prevalent as obstructive 
coronary artery disease among women presenting with stable angina, proposed 
diagnostic approaches must be deployable early in the diagnostic workup at a scale 
comparable to current non-invasive testing for obstructive coronary artery disease. In 
practice, this implies a testing volume on the order of cardiac stress testing, which in the 
United States alone accounts for roughly 10 million tests per year.       

To enable mechanism-informed treatment, approaches must also, either as a single test 
or in combination, be able to differentiate between coronary microvascular disease 
endotypes, as currently derived from invasive coronary function testing. All proposals 
must describe validation strategies to assess whether the approach is able to achieve 
statistically significant discrimination beyond chance and adequate reliability across 
repeated measurements (e.g., via appropriate permutation-based testing and/or 
consistency metrics). Diagnostic approaches that provide continuous quantification of 
disease severity will be prioritized over binary classifications based on threshold 
crossings of continuous measures (e.g., coronary flow reserve).  

Examples of novel approaches that hold promise to support increased scalability 
include strategies using artificial intelligence or machine learning to identify signatures 
of coronary microvascular disease from data already acquired in routine care, such as 
electrocardiograms, or those leveraging the concept of coronary microvascular disease 
as a systemic disease and thus accessing microvascular beds outside of the heart (e.g., 
retina) to obtain markers of the disease. Proposals that identify biomarkers and other 
patient characteristics (e.g., symptom patterns) linked to coronary microvascular 
disease will also be considered, but only if the proposal can clearly define how they 
support risk stratification, diagnosis, or monitoring of disease activity and treatment 
response.  

Any diagnostic approach must complement and ideally facilitate the existing workup for 
obstructive coronary artery disease (e.g., integrate testing for coronary microvascular 
disease into current stress testing modalities and/or leverage AI approaches to both 
detect signatures of coronary microvascular disease and enhance the 
sensitivity/specificity of obstructive coronary artery disease detection). Specifically, new 
approaches must not increase the risk of missed obstructive coronary artery disease. 
Detection of and differentiation from epicardial vasospasm is desirable. 

Proposals should either (i) describe concrete partnership plans for accessing the patient 
populations required for diagnostic validation — specifying whether validation will 
leverage existing cohorts/datasets or involve prospective enrollment, and outlining 
relevant regulatory, ethical, and data-access considerations; or (ii) request to be paired 
with teams that have access to large datasets suitable for validating diagnostic 
approaches. 
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Thrust 2: Identify risk factors and evaluate prognosis of 
coronary microvascular disease endotypes. 
Thrust 2 seeks to identify upstream risk factors for coronary microvascular disease and 
define the prognostic significance of distinct endotypes. These findings will inform 
diagnostic prioritization (Thrust 1) and treatment strategies (Thrust 4). 

2A: Identify risk factors for coronary microvascular disease 
(effect sizes ≥1.5) to define treatment targets.
Altering the disease trajectory of coronary microvascular disease will require targeting 
upstream drivers rather than focusing solely on downstream mechanisms of the 
disease. Current practice is limited to targeting traditional cardiovascular risk factors, 
although it remains unclear what their contribution to disease development in women is 
and whether other determinants play a role. To better characterize upstream drivers of 
coronary microvascular disease in women, Thrust 2 seeks to identify risk factors 
(including sex-specific risk factors) using clinical and biological data. Associations 
should be quantified using adjusted odds ratios, hazard ratios, or relative risks, with 
effect sizes ≥1.5 considered indicative of a meaningful impact on risk. 

Proposed studies may leverage existing cohorts in which information on coronary 
microvascular function is available or readily obtainable. We are particularly interested 
in studies that link factors to not only coronary microvascular disease, but to specific 
coronary microvascular disease endotypes. Therefore, large cohorts with 
comprehensive invasive coronary function testing, including acetylcholine challenge, will 
be prioritized. Well-characterized cohorts using non-invasive measures of coronary 
microvascular function, such as coronary flow reserve or quantitative myocardial 
perfusion indices, are also acceptable if they are applied in populations of specific 
interest (e.g., those enriched for a history of adverse pregnancy outcomes or the 
menopausal transition). 

Studies must support deep phenotyping of female-specific vascular stressors across the 
reproductive life course (such as pregnancy and the menopausal transition), including 
characterization of biological, molecular, or physiological markers that reflect adaptive or 
maladaptive vascular responses (e.g., preeclampsia), together with cardiometabolic 
trajectories across the life course, rather than relying solely on binary exposure histories 
or single time-point hormone measurements.  
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Where studies are anchored in ANOCA populations, proposals should explain reference 
group selection and describe strategies to mitigate selection bias. Studies must allow for 
subgroup analysis based on disease endotypes and teams may therefore have to 
combine their datasets with others to achieve sufficient sample size. Proposals should 
clearly describe the feasibility of such data integration approaches. In population-based 
or community cohorts, coronary microvascular function may be studied as a continuum, 
enabling examination of risk factor associations across the full spectrum of 
microvascular function, including before symptoms emerge. In such settings, 
non-invasive testing, preferably without radiation exposure, is acceptable and may 
enable adequately powered analyses even in smaller populations, as analyses will 
include measures of coronary microvascular function (e.g., coronary flow reserve) as a 
continuous metric. Across all study designs, approaches must explicitly address 
temporal ordering and confounding to support an upstream role of identified factors. The 
specific approach to cohort construction and comparison may vary by setting, and 
innovation in design and bias mitigation is encouraged.  

Proposals leveraging large existing cohorts or prospective studies should explicitly state 
whether there is willingness and feasibility to use these cohorts for validation of 
diagnostic approaches developed in Thrust 1. 

2B: Define prognosis of coronary microvascular disease 
endotypes. 
In parallel with identifying upstream risk factors, the program seeks to leverage existing 
ANOCA datasets with comprehensive invasive coronary function testing (including 
acetylcholine challenge) and follow-up of at least one year, with longer follow-up 
preferred for evaluation of major adverse cardiovascular events, to define the prognostic 
significance of distinct coronary microvascular disease endotypes. These cohorts may 
overlap with those used in Thrust 2A. 

Outcomes of interest include, but are not limited to, angina burden and quality of life 
(e.g., Seattle Angina Questionnaire domains) and major adverse cardiovascular events, 
including cardiovascular death, myocardial infarction, stroke, and heart failure 
(differentiated as heart failure with preserved ejection fraction versus heart failure with 
reduced ejection fraction where feasible). 

Studies should compare outcomes across coronary microvascular disease endotypes 
and against appropriate comparators (e.g., ANOCA patients with normal coronary 
function testing, asymptomatic individuals) to characterize the prognostic profile of each 
endotype with respect to both symptom burden and major adverse cardiovascular 
events. Where data are available, analyses should explore the role of epicardial 
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non-obstructive plaque burden and whether it mediates or modifies the prognosis 
associated with certain endotypes. 

Analyses must report absolute event rates and (adjusted) risk estimates (e.g., hazard 
ratios) for each endotype, with p<0.05 indicating statistical significance. Proposals 
should explicitly address overlap between coronary microvascular function 
abnormalities. Inclusion of epicardial vasospasm as a comparator, alone and in 
combination with coronary microvascular disease endotypes, is encouraged. 

Proposals should specify the number of endotypes to be compared and provide 
justification that the available sample size and event rates are sufficient to detect 
clinically meaningful differences in outcomes across groups. Proposals must describe 
how datasets can be combined with other teams' datasets for analysis and outline 
relevant regulatory, ethical, and data-access considerations. 

Thrust 3: Build and validate multiscale human-relevant 
models of the coronary microvasculature to interrogate 
causal mechanisms of coronary microvascular disease. 
Definitive pathophysiological causes of coronary microvascular dysfunction remain 
poorly understood, in part because existing experimental systems do not permit 
controlled, causal interrogation of microvascular function in a human-relevant 
environment. Recent advances in biomedical engineering provide new opportunities to 
address these gaps. For example, microphysiological systems, particularly 
vessel-on-a-chip platforms within the broader organ-on-a-chip framework, have enabled 
controlled modeling of flow-mediated endothelial dysfunction under coronary-relevant 
mechanical conditions, with quantitative characterization of endothelial structural, 
barrier, and inflammatory responses to defined mechanical perturbations33. In parallel, 
integrative approaches that combine in vitro microvascular networks with in silico 
modeling have been applied to simulate hemodynamic changes and perfusion 
impairment in coronary microvascular disease, providing a framework for linking local 
microvascular perturbations to tissue- and organ-level functional consequences34. 

Thrust 3 seeks to develop and apply integrated, multiscale models, coupling human 
cell-based systems with computational frameworks, to establish causal relationships 
between upstream drivers, proposed disease mechanisms, and resulting changes in 
coronary microvascular function. Proposals must demonstrate a clear strategy for 
bridging biological data from the cellular and mesoscale (e.g., vessel-on-a-chip) to the 
physiological level (e.g., blood flow, vascular resistance).  
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Proposals must describe how their models will recapitulate key features of coronary 
microvascular physiology directly relevant to function, including endothelial–smooth 
muscle cell interactions and flow-dependent regulation of vascular behavior. Critically, 
proposals should explain their strategy for taking female-specific biology into account in 
their models. Approaches must incorporate quantitative methods to assess 
microvascular function or downstream functional consequences (e.g., blood flow, 
vascular resistance, vasoreactivity, or perfusion) in response to standardized 
mechanical and/or biochemical challenges.  

Studies will be expected to manipulate candidate factors within the developed models 
(increase, decrease, and, where feasible, rescue) to demonstrate reproducible and 
interpretable changes in prespecified functional endpoints. Experimental designs must 
be powered to detect physiologically meaningful within-model effects; proposals should 
justify the smallest effect size considered meaningful for mechanistic inference (e.g., 
standardized effect size ≥0.2). 

Modeling studies of interest include (i) those that manipulate upstream drivers relevant 
to coronary microvascular disease (e.g., metabolic stress, inflammatory signaling, or 
altered flow and pressure dynamics) and quantify their impact on coronary 
microvascular function, and (ii) those that directly model previously proposed disease 
mechanisms at the cellular or vessel-wall level and establish their causal relationship 
with coronary microvascular dysfunction. 

Thrust 4: Develop treatment strategies that improve both 
coronary microvascular function and patient-centered 
outcomes.  
To date, studies of interventions intended to improve symptoms and/or coronary 
microvascular function have yielded inconsistent results. However, many of these 
studies enrolled heterogeneous populations without accounting for disease endotypes 
or incorporating coronary microvascular function testing at all18. To overcome this 
limitation, it is essential that studies move beyond the use of umbrella diagnoses such 
as ANOCA or coronary microvascular disease and instead use coronary function testing 
to explicitly match distinct disease endotypes to specific treatments. Thrust 4, therefore, 
focuses on proof-of-concept studies testing existing interventions in well-characterized 
patient populations that most likely will benefit. These studies will be restricted to 
therapies approved by major regulatory authorities (e.g., FDA, MHRA, EMA) or 
otherwise supported by established human safety data. Development of entirely novel 
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therapeutic agents requiring de novo safety evaluation is outside the scope of this 
program. 

Preference will be given to proposal teams capable of using invasive coronary function 
testing (including acetylcholine challenge) to establish the diagnosis of coronary 
microvascular disease (including disease endotypes) and to assess treatment effects. 
Coronary microvascular disease endotypes must be prospectively characterized and 
incorporated into study design, endpoint selection, and prespecified analyses. 
Successful interventions are expected to demonstrate statistically significant 
improvement (p < 0.05) in prespecified coronary microvascular function domains, with 
effect sizes appropriate to the targeted mechanism.  

Specific treatment targets must be met for the following outcomes: 

i) Coronary microvascular function: Coronary flow reserve (CFR) is the most
prognostically validated measure of coronary microvascular function. Prior
studies have shown that lower CFR is associated with a higher risk of major
adverse cardiovascular events, with an up to 20% increase in risk per 10%
decrease in CFR14. Accordingly, a ≥20% relative improvement in CFR from
baseline, or restoration of CFR to the normal range, will be used to define a
clinically meaningful improvement in coronary microvascular function for
those with impaired CFR at baseline.

ii) Patient-centered outcomes: A minimum ≥10-point improvement in the Seattle
Angina Questionnaire Summary Score should be considered clinically
meaningful, consistent with established thresholds for clinically important
change in angina-related health status. Additional patient-reported outcome
measures are encouraged, including objective measures of angina burden,
quality of life, and exercise capacity.

Concordance between improvement in coronary microvascular function and symptoms 
will provide internal validation of treatment effect, particularly in uncontrolled study 
designs. Where feasible, inclusion of endpoints relevant to downstream consequences 
of coronary microvascular disease, including myocardial ischemia or markers 
associated with heart failure with preserved ejection fraction (e.g., diastolic function, 
myocardial strain, circulating biomarkers), is desirable to support a disease-modifying 
interpretation of treatment effects. Proposals must clearly describe the study design 
(e.g., comparisons of outcomes before and after intervention within participants, or 
treated versus untreated comparisons), sample size, and the minimum detectable 
treatment effect with ≥80% power at a significance level of α = 0.05.  

Intervention candidates (single or combination therapies) should be supported by 
mechanistic rationale or preliminary clinical signals, including therapies that produced 
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inconclusive or inconsistent results in earlier studies due to heterogeneous study 
populations and/or inadequate disease endotyping. Therapies of particular interest are 
those that target multiple interconnected cardiometabolic pathways and have the 
potential to modify disease biology (e.g., SGLT-2 inhibitors). Studies of menopausal 
hormone therapy are also of interest, given advances in understanding of the timing 
hypothesis, formulation, route of administration, and risk stratification that now enable 
rigorous testing in carefully selected women with coronary microvascular disease.  

The target population is based on the following COVADIS criteria for microvascular 
angina38: Eligible participants must have symptoms suggestive of myocardial ischemia 
(criterion 1) and absence of obstructive coronary artery disease (criterion 2), together 
with evidence of impaired coronary microvascular function (criterion 4). Objective 
evidence of myocardial ischemia (criterion 3) is not required but will be considered 
supportive when present. 

We expect insights emerging from Thrusts 2 and 3 during the program to inform studies 
conducted in Thrust 4. Study designs that allow for multiple intervention arms are 
desirable. 

*Estimates range from 60-140 million39,40.
†Stable chest pain is the most common symptom of ischemic heart disease, a condition caused 
by reduced blood flow to the heart muscle.
‡ or ischemia with no obstructive coronary artery disease (INOCA), when objective evidence of 
ischemia is present

References:

1. Vogel B, Acevedo M, Appelman Y, et al. The Lancet women and cardiovascular
disease Commission: reducing the global burden by 2030. Lancet. Jun 19
2021;397(10292):2385–2438. doi:10.1016/S0140-6736(21)00684-X
2. Gulati M, Cooper-DeHoff RM, McClure C, et al. Adverse cardiovascular
outcomes in women with nonobstructive coronary artery disease: a report from the
Women's Ischemia Syndrome Evaluation Study and the St James Women Take Heart
Project. Arch Intern Med. May 11 2009;169(9):843–50.
doi:10.1001/archinternmed.2009.50
3. Shaw LJ, Bairey Merz CN, Pepine CJ, et al. Insights from the NHLBI-Sponsored
Women's Ischemia Syndrome Evaluation (WISE) Study: Part I: gender differences in
traditional and novel risk factors, symptom evaluation, and gender-optimized diagnostic

  wellcomeleap.org​ wellcome-leap  ​   13 

https://www.instagram.com/wellcomeleap
https://www.linkedin.com/company/wellcome-leap/


strategies. J Am Coll Cardiol. Feb 7 2006;47(3 Suppl):S4–S20. 
doi:10.1016/j.jacc.2005.01.072 
4. Jespersen L, Abildstrom SZ, Hvelplund A, et al. Burden of hospital admission
and repeat angiography in angina pectoris patients with and without coronary artery
disease: a registry-based cohort study. PLoS One. 2014;9(4):e93170.
doi:10.1371/journal.pone.0093170
5. Patel MR, Peterson ED, Dai D, et al. Low diagnostic yield of elective coronary
angiography. N Engl J Med. Mar 11 2010;362(10):886–95.
doi:10.1056/NEJMoa0907272
6. Ford TJ, Yii E, Sidik N, et al. Ischemia and No Obstructive Coronary Artery
Disease: Prevalence and Correlates of Coronary Vasomotion Disorders. Circ 
Cardiovasc Interv. Dec 2019;12(12):e008126.
doi:10.1161/CIRCINTERVENTIONS.119.008126
7. Sara JD, Widmer RJ, Matsuzawa Y, Lennon RJ, Lerman LO, Lerman A.
Prevalence of Coronary Microvascular Dysfunction Among Patients With Chest Pain
and Nonobstructive Coronary Artery Disease. JACC Cardiovasc Interv. Sep
2015;8(11):1445–1453. doi:10.1016/j.jcin.2015.06.017
8. Taqueti VR, Di Carli MF. Coronary Microvascular Disease Pathogenic
Mechanisms and Therapeutic Options: JACC State-of-the-Art Review. J Am Coll 
Cardiol. Nov 27 2018;72(21):2625–2641. doi:10.1016/j.jacc.2018.09.042
9. Khuddus MA, Pepine CJ, Handberg EM, et al. An intravascular ultrasound
analysis in women experiencing chest pain in the absence of obstructive coronary artery
disease: a substudy from the National Heart, Lung and Blood Institute-Sponsored
Women's Ischemia Syndrome Evaluation (WISE). J Interv Cardiol. Dec
2010;23(6):511–9. doi:10.1111/j.1540-8183.2010.00598.x
10. Ranasinghe S, Merz CNB, Khan N, et al. Sex Differences in Quality of Life in
Patients with Ischemia with No Obstructive Coronary Artery Disease (INOCA): A Patient
Self-Report Retrospective Survey from INOCA International. J Clin Med. Aug 30
2023;12(17)doi:10.3390/jcm12175646
11. Shaw LJ, Merz CN, Pepine CJ, et al. The economic burden of angina in women
with suspected ischemic heart disease: results from the National Institutes of
Health--National Heart, Lung, and Blood Institute--sponsored Women's Ischemia
Syndrome Evaluation. Circulation. Aug 29 2006;114(9):894–904.
doi:10.1161/CIRCULATIONAHA.105.609990
12. Vrints C, Andreotti F, Koskinas KC, et al. 2024 ESC Guidelines for the
management of chronic coronary syndromes. Eur Heart J. Sep 29
2024;45(36):3415–3537. doi:10.1093/eurheartj/ehae177
13. Writing Committee M, Virani SS, Newby LK, et al. 2023
AHA/ACC/ACCP/ASPC/NLA/PCNA Guideline for the Management of Patients With
Chronic Coronary Disease: A Report of the American Heart Association/American
College of Cardiology Joint Committee on Clinical Practice Guidelines. J Am Coll 
Cardiol. Aug 29 2023;82(9):833–955. doi:10.1016/j.jacc.2023.04.003
14. Murthy VL, Naya M, Taqueti VR, et al. Effects of sex on coronary microvascular
dysfunction and cardiac outcomes. Circulation. Jun 17 2014;129(24):2518–27.
doi:10.1161/CIRCULATIONAHA.113.008507

  wellcomeleap.org​ wellcome-leap    @wellcomeleap    14 

https://www.instagram.com/wellcomeleap
https://www.linkedin.com/company/wellcome-leap/


15. Pepine CJ, Anderson RD, Sharaf BL, et al. Coronary microvascular reactivity to
adenosine predicts adverse outcome in women evaluated for suspected ischemia
results from the National Heart, Lung and Blood Institute WISE (Women's Ischemia
Syndrome Evaluation) study. J Am Coll Cardiol. Jun 22 2010;55(25):2825–32.
doi:10.1016/j.jacc.2010.01.054
16. Redfield MM, Borlaug BA. Heart Failure With Preserved Ejection Fraction: A
Review. JAMA. Mar 14 2023;329(10):827–838. doi:10.1001/jama.2023.2020
17. Shah SJ, Lam CSP, Svedlund S, et al. Prevalence and correlates of coronary
microvascular dysfunction in heart failure with preserved ejection fraction:
PROMIS-HFpEF. Eur Heart J. Oct 1 2018;39(37):3439–3450.
doi:10.1093/eurheartj/ehy531
18. Hammond-Haley M, Chiew K, Ahmed-Jushuf F, et al. A systematic review of
enrolment criteria and treatment efficacy for microvascular angina. EuroIntervention.
Jan 6 2025;21(1):46–57. doi:10.4244/EIJ-D-24-00404
19. Morrow A, Young R, Abraham GR, et al. Zibotentan in Microvascular Angina: A
Randomized, Placebo-Controlled, Crossover Trial. Circulation. Nov 19
2024;150(21):1671–1683. doi:10.1161/CIRCULATIONAHA.124.069901
20. Mygind ND, Michelsen MM, Pena A, et al. Coronary Microvascular Function and
Cardiovascular Risk Factors in Women With Angina Pectoris and No Obstructive
Coronary Artery Disease: The iPOWER Study. J Am Heart Assoc. Mar 15
2016;5(3):e003064. doi:10.1161/JAHA.115.003064
21. Reis SE, Holubkov R, Conrad Smith AJ, et al. Coronary microvascular
dysfunction is highly prevalent in women with chest pain in the absence of coronary
artery disease: results from the NHLBI WISE study. Am Heart J. May
2001;141(5):735–41. doi:10.1067/mhj.2001.114198
22. Maas A, Rosano G, Cifkova R, et al. Cardiovascular health after menopause
transition, pregnancy disorders, and other gynaecologic conditions: a consensus
document from European cardiologists, gynaecologists, and endocrinologists. Eur Heart 
J. Mar 7 2021;42(10):967–984. doi:10.1093/eurheartj/ehaa1044
23. Hirata K, Shimada K, Watanabe H, et al. Modulation of coronary flow velocity
reserve by gender, menstrual cycle and hormone replacement therapy. J Am Coll 
Cardiol. Dec 2001;38(7):1879–84. doi:10.1016/s0735-1097(01)01658-8
24. Collins HE, Alexander BT, Care AS, et al. Guidelines for assessing maternal
cardiovascular physiology during pregnancy and postpartum. Am J Physiol Heart Circ 
Physiol. Jul 1 2024;327(1):H191–H220. doi:10.1152/ajpheart.00055.2024
25. Honigberg MC, Economy KE, Pabon MA, et al. Coronary Microvascular Function
Following Severe Preeclampsia. Hypertension. Jun 2024;81(6):1272–1284.
doi:10.1161/HYPERTENSIONAHA.124.22905
26. Yinon Y, Kingdom JC, Odutayo A, et al. Vascular dysfunction in women with a
history of preeclampsia and intrauterine growth restriction: insights into future vascular
risk. Circulation. Nov 2 2010;122(18):1846–53.
doi:10.1161/CIRCULATIONAHA.110.948455
27. Moreau KL, Hildreth KL. Vascular Aging across the Menopause Transition in
Healthy Women. Adv Vasc Med. Jul 17 2014;2014doi:10.1155/2014/204390

  wellcomeleap.org​ wellcome-leap  ​   15 

https://www.instagram.com/wellcomeleap
https://www.linkedin.com/company/wellcome-leap/


28. Tunc E, Eve AA, Madak-Erdogan Z. Coronary Microvascular Dysfunction and
Estrogen Receptor Signaling. Trends Endocrinol Metab. Mar 2020;31(3):228–238.
doi:10.1016/j.tem.2019.11.001
29. Moody JB, Poitrasson-Riviere A, Renaud JM, et al. A foundation transformer
model with self-supervised learning for ECG-based assessment of cardiac and coronary
function. NEJM AI. Dec 2025;2(12)doi:10.1056/aioa2500164
30. Li D, Peng X, Hu L, et al. A multimodal dataset for coronary microvascular
disease biomarker discovery. Sci Data. Jun 12 2025;12(1):990.
doi:10.1038/s41597-025-05022-8
31. Son J, Kim D, Choi J, et al. Triple-Scale Endothelialized Tubular Networks via
Hybrid Biofabrication for Scalable Vascular Tissue Engineering. Adv Healthc Mater. Dec
8 2025:e03334. doi:10.1002/adhm.202503334
32. Seymour AJ, Westerfield AD, Cornelius VC, Skylar-Scott MA, Heilshorn SC.
Bioprinted microvasculature: progressing from structure to function. Biofabrication. Feb
23 2022;14(2)doi:10.1088/1758-5090/ac4fb5
33. Wang Y, Liu A, Zhang X, et al. Microfluidic organ-on-a-chip for modeling coronary
artery disease: Recent applications, limitations and potential. J Tissue Eng. Jan–Dec
2025;16:20417314251394447. doi:10.1177/20417314251394447
34. Colombo M, Chaudhry P, Oberholzer Y, deMello AJ. Integrative modeling of
hemodynamic changes and perfusion impairment in coronary microvascular disease.
Front Bioeng Biotechnol. 2023;11:1204178. doi:10.3389/fbioe.2023.1204178
35. Montino Pelagi G, Regazzoni F, Huyghe JM, et al. Modeling cardiac
microcirculation for the simulation of coronary flow and 3D myocardial perfusion.
Biomech Model Mechanobiol. Dec 2024;23(6):1863–1888.
doi:10.1007/s10237-024-01873-z
36. Shiromani S, AlBadri A, Lindeke-Myers A, et al. Reduced retinal microvascular
density in women with coronary microvascular dysfunction: A pilot study. Am Heart J 
Plus. Mar 2025;51:100502. doi:10.1016/j.ahjo.2025.100502
37. Berry C, Sidik N, Pereira AC, et al. Small-Vessel Disease in the Heart and Brain:
Current Knowledge, Unmet Therapeutic Need, and Future Directions. J Am Heart 
Assoc. Feb 5 2019;8(3):e011104. doi:10.1161/JAHA.118.011104
38. Ong P, Camici PG, Beltrame JF, et al. International standardization of diagnostic
criteria for microvascular angina. Int J Cardiol. Jan 1 2018;250:16–20.
doi:10.1016/j.ijcard.2017.08.068
39. https://world-heart-federation.org/angina/.
40. Hemingway H, Langenberg C, Damant J, Frost C, Pyorala K, Barrett-Connor E.
Prevalence of angina in women versus men: a systematic review and meta-analysis of
international variations across 31 countries. Circulation. Mar 25 2008;117(12):1526–36.
doi:10.1161/CIRCULATIONAHA.107.720953

  wellcomeleap.org​ wellcome-leap    @wellcomeleap    16 

https://world-heart-federation.org/angina/
https://www.instagram.com/wellcomeleap
https://www.linkedin.com/company/wellcome-leap/

	$55M Wellcome Leap program jointly funded by Pivotal, ​with support from British Heart Foundation 



