Dissecting the gender differences in nonobstructive coronary artery disease. How do we bridge the gap? 
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Ever since Charles Darwin published a book entitled ‘The Descent Of Man, and Selection in Relation to Sex’, a brilliant follow-on from his seminal book ‘the Origin of Species’, commentators have identified the need to study gender differences in relation to biology and pathology1. It has now become inevitable to focus on gender difference in coronary artery disease (CAD) and its sequelae, as there is mounting evidence showing gender disparities in outcomes, with women fairing differently, depending on the clinical scenario,  than their male counterparts2.
The paradigm shift in thinking about women and men having different pathophysiological factors, and processes contributing to cardiovascular events in what is termed ‘unobtrusive nonobstructive  coronary CAD’ is presented in a tour de force review by T K Paul et al in this issue of the journal3.
The major questions that are being addressed in this review relate to the different factors that may lead to adverse cardiovascular events in women in the absence of angiographically obstructive coronary disease. The reviewers challenge the notion that ‘nonobstructive CAD’ is a female-specific problem, and present the notion that there is a diagnostic gap in the modalities used to investigate all patients presenting with chest pain. Certainly, evidence suggests that women with chest pain symptoms and ischemia by non-invasive testing but no obvious coronary obstruction still suffer an increased risk of major adverse cardiovascular events (MACE). Whether this related to pathophysiological factors or treatment bias remains to be answered4.

The hypothesis that women and men have different plaque pathophysiology is gathering more wind in its sails5. Pathological studies suggest that women have more plaque erosions than men, whilst population data show a disparity in clinical outcome5,6. Yet, the basic science aspects of gender interaction with elements of CAD are understudied, and have not received enough attention from the basic science cardiovascular community despite clinical data suggesting significant differences in plaque characteristics and response to treatment7,8.
Plaque vulnerability is one of those major factors to be considered. With the advent of modern intravascular imaging technology, such as intravascular ultrasound (IVUS) and optical coherence tomography (OCT), we now have better tools to determine plaque morphology in symptomatic populations. However, we still do not have the tools to study plaque biology in vivo, and therefore we eagerly await the development of novel molecular imaging techniques that may go some way to answering these questions9.
The review also highlights gender differences in fractional flow reserve (FFR) cut offs. This is a really important topic, and we hope that future studies in coronary physiology will include enough female patients to establish formal cut offs in order to answer this question adequetly10.
Furthermore, recent biomarkers studies have shown that women may benefit from being studied with more sensitive assays11,12. This may present better risk reclassification in the acute situation. Our own work on a stable non-symptomatic population showed a suggestion that women may have a more favourable protective immunoglobulin profile, which could in turn contribute to a delay in developing established atherosclerosis 13. Clearly, this is a fertile ground for further gender-focused research, as most of the research signals are extrapolated from l studies not powered to answer gender specific questions.
Whether microvascular function or endothelial function are affected by systematic hormonal factors, or other factors that are more prevalent in women, such as smaller vessel size, remains to be answered. It is very interesting that the authors highlight significant differences in outcome in women with nonobstructive disease and reduced hyperaemic response to adenosine.
It may be that conventional coronary angiography is the wrong test to rely on when deciding on risk in the symptomatic population, and novel techniques that combine serology with intravascular imaging as well as dynamic physiological testing need to be considered when faced with a symptomatic women with unobstructed coronaries.
Another important factor is treatment bias. We tend to underestimate risk in women. This pattern also applies when referring for further investigations and invasive studies. The fact that women underestimate their own risk also plays a part in the physician/ patient interaction14. Therefore clearer pathways need to be determined that cater for both genders in terms of appropriate investigations.
The lack of gender-tailored studies that investigate the effects of different pharmacological targets is also an issue. It is surprising that there is still little research on the potential biological targets that the menopause could exert on the pathology of atherosclerosis, but hopefully more work is underway in this field. 15
This review demonstrates clearly that the classical paradigm of a normal angiogram translating into a reassuring discussion about the absence of risk is flawed.  We hope that there will be a drive to undertake serious translational work where gender disparities in pathophysiology, natural history of the disease, and pharmacology are explored in a rigorous scientific manner, thus leading to treatments that are tailored to women. Furthermore, serious efforts need to be made in clinical trial design to allow for more recruitment of women, and to provide enough power to answer gender related questions.
The real challenge for the future is to try to abandon the classical definitions that are modality dependent, such as ‘nonobstructive coronary disease’. The panacea of cardiovascular medicine is to be able to identify the vulnerable patient, and furthermore to be able to pinpoint the pathophysiological causes of this vulnerability and target them specifically with tailored therapies.
There is much work to do in the field, which is elegantly highlighted by Paul et al in this issue of the journal3.
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