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Abstract

Symptomatic individuals suspected of having myocardial ischemia often have no obstructive
atherosclerotic narrowing of epicardial coronary arteries. Abnormal coronary vascular reactivity,
and in particular, coronary artery vasospasm (CAS), may be an explanation in a subset of these
patients. Psychological factors play an important role in ischemic heart disease, but their role in
CAS is not clear; autonomic dysfunction and increased inflammation are two prevailing
pathophysiological mechanisms implicated in abnormal coronary reactivity resulting from mental
health conditions. Interrelationships between psychological factors, abnormal coronary reactivity,
and sex/gender differences are poorly defined in the etiology of CAS. In this issue of
Psychosomatic Medicine, Hung et al. report a frequency of less than 0.1% of new onset CAS in
the Taiwanese population, with higher occurrence in women and younger individuals. Patients
with CAS had a higher prevalence of prior anxiety and depression compared to those with
coronary artery disease and controls, with no sex differences. In this editorial comment, we discuss
the potential reasons for underreporting of CAS and the challenges regarding the use of
administrative health records for psychosomatic research. In this editorial, a model is presented to
explain the association between emotional stressors and mental health factors with CAS, including
the role of sympathetic nervous system activation, inflammation, oxidative stress, endothelial
dysfunction, and smooth muscle cell dysregulation.
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Patients with evidence of ischemia and no obstructive narrowing of the coronary arteries
(INOCA) are increasingly recognized as having adverse cardiovascular morbidity and
mortality, despite absence of flow-limiting epicardial stenosis and preserved ejection fraction
(1). The pathophysiology of INOCA is incompletely understood, but abnormal coronary
vascular reactivity has been implicated, due to epicardial and/or microvascular coronary
dysfunction from endothelium dependent or independent mechanisms (2, 3). Coronary
artery spasm (CAS) is part of the spectrum of abnormal vasomotion that may underlie the
etiology of INOCA, but it remains under-diagnosed and under-reported, and thus its overall
role in angina and myocardial ischemia remains uncertain. The Coronary VVasomotion
Disorders International Study Group (COVADIS) has published diagnostic criteria for
vasospastic angina, which include: (a) angina that responds to nitrates; (b) transient
electrocardiogram (ECG) changes suggestive of myocardial ischemia; and (c) documented
coronary artery spasm on angiography, spontaneously or with provocation testing (4).
Despite this accepted definition, CAS remains a diagnostic challenge, because provocation
testing is not routinely performed after the finding of unobstructive coronary artery disease
(CAD) on angiography. Therefore, the true prevalence of CAS in the U.S. and other
populations is unknown, although epidemiologic data suggest that there may be ethnic
differences in CAS, with individuals who are Asian having a higher prevalence than
individuals who are white (3). Whether there are sex differences in CAS also remains
controversial (3, 5).

The exact mechanisms of CAS are unclear but appear multifactorial. Smooth muscle
hyperactivity due to autonomic nervous system dysfunction with sympathetic predominance,
inflammation and oxidative stress, have all been implicated (Figure). That these effects are
mediated by the neuroendocrine and autonomic nervous system is suggested by emerging
research linking psychological stress and myocardial ischemia to brain areas contributing to
emotional regulation, autonomic outflow and vascular reactivity (6, 7). On the other hand,
traditional cardiovascular risk factors have been inconsistently associated with CAS (8).

Given the potential role of neurobiology, autonomic function and inflammation in CAS, it is
reasonable to hypothesize that the psychosocial sphere, such as anxiety and depression, may
play a role in this condition. A large body of literature implicates these psychosocial factors
in the risk and outcome of cardiovascular disease, with autonomic dysfunction and
inflammation as prevailing hypothesized mechanisms (9, 10). Additional studies have
reported a higher prevalence of anxiety and depression in patients with INOCA compared to
those with obstructive CAD (11), although a recent study found no difference in the
prevalence of anxiety and depression when comparing myocardial infarction patients with
and without obstructive CAD (12). Anxiety and depression are highly prevalent also in
patients with chest pain, irrespective of CAD severity, and predict adverse outcomes (13,
14). In addition, mental stress can induce myocardial ischemia in susceptible patients with
coronary disease (15, 16), and this phenomenon has been linked to depression (17, 18), as
well as to angina in daily life (19) and microvascular reactivity, but not coronary occlusion,
especially among women (20-23). Such observations suggest that emotional stressors and
mental health factors may be involved in the etiology of INOCA due to CAS, possibly
through sympathetic nervous system stimulation. However, little is known to date about the
role of psychosocial factors in CAS.
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In this issue of Psychosomatic Medicine, Hung et al. describe the association of anxiety and
depression with CAS in a large retrospective cohort study based on the Taiwanese National
Health Insurance Research Database (24). They used propensity score matching for the
period between 2000 and 2012 to identify three groups: 10,473 patients with CAS; 10,473
patients with obstructive CAD; and 10,325 controls with no CAS and no obstructive CAD.
The diagnosis of CAS was made in symptomatic patients with ECG changes whose
symptoms were relieved by nitroglycerin, who were found not to have obstructive CAD on
coronary angiography, and who had a positive provocative test with methylergonovine
(unless there was ST-segment elevation during chest pain in the absence of obstructive
CAD). Patients who had a concomitant diagnosis of obstructive CAD and CAS were
excluded. A diagnosis of anxiety and depression was identified retrospectively in the
preceding 3 years, and also going back to 1997.

New-onset CAS was a rare phenomenon in this Taiwanese population (<0.1%), which is
much lower than previously reported in smaller studies (3). CAS was more common in
women and younger individuals than new-onset obstructive CAD. When compared with the
group with obstructive CAD, patients with new-onset CAS had a higher prevalence of a
prior anxiety diagnosis (38.7% vs. 25.8%) and a prior depression diagnosis (2.3% vs. 1.5%),
which corresponded to an adjusted odds ratio of 2.2 for the association between anxiety and
CAS, and an adjusted odds ratio of 1.5 for the association between depression and CAS.
When patients with new-onset CAS were compared with controls, the corresponding odds
ratios were >5 for anxiety and about 2 for depression. The associations were similar in men
and women.

The finding that patients with CAS were more often younger women is interesting, since this
is also the group that is more likely to develop myocardial ischemia under laboratory-
induced mental stress (21, 23). Furthermore, younger women more often present with
myocardial infarction in the setting of nonobstructive CAD (2). However, the study by Hung
et al. found no sex-differences in the association of anxiety and depression with CAS.

This study is convincing because of its large sample size, which is an advantage when
studying a rare condition such as CAS. However, several limitations should be considered as
well, some of which the authors have acknowledged. Misclassification, coding errors and
missing values are inherent problems in research based on electronic health records. The
authors used three outpatient diagnoses or one inpatient diagnosis to improve the accuracy of
diagnostic classification, but substantial misclassification is likely to remain. The authors
attempted to verify the CAS diagnostic code, and detailed data were required for this,
including presence of chest pain with ECG changes with relief by nitroglycerin, presence
and extent of obstructive CAD on coronary angiography, and results of provocative testing.
These data may have been inadequately documented in the medical records, and we are not
told how this information was retrieved and how complete it was. In addition, several
patients may not have received the diagnosis of CAS because of incomplete testing. These
issues might help explain the low frequency of CAS in this study. The diagnosis of
psychiatric disorders through electronic billing codes is also likely to be misclassified or
under-reported (25). Again, this may explain the low prevalence of anxiety and depression in
the control group (5%-10% for anxiety and 0.6%-1% for depression, depending on the
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assessment time frame). The prevalence of depression was also low in the CAS and
obstructive CAD groups (1%-2%). Misclassification of CAS and psychiatric diagnoses can
affect study results also because of possible reverse causation, if the mental health
conditions actually occurred after rather than before the onset of CAS, and were caused by
CAS-related symptoms. Even though the authors attempted to obtain psychological
measures before CAS, this concern remains. For example, because of the possible under-
reporting or miscoding of CAS in the medical record data mentioned above, it can be
difficult to establish the time of CAS onset with accuracy. Another potential problem with
the use of electronic health records is the relative lack of data on potential confounding
factors, such as socioeconomic and behavioral measures like education, smoking and
substance abuse, as well as medication use, all factors that may affect CAS, coronary
atherosclerosis or both. Under-detection of CAS and of psychological risk factors, and/or the
presence of confounding factors could have resulted in either an underestimation or an
overestimation of the true associations in this study, depending on the type of
misclassification. If reverse causation were an issue, it would have resulted in an over-
estimation of the true associations. Thus, although the authors should be commended for
their detailed work in an attempt to improve accuracy of disease classifications in this large
administrative database, limitations remain as for all studies that rely on electronic health
record systems like this.

An additional important point to consider is that absence of obstructive CAD does not mean
absence of coronary atherosclerosis. Some of the individuals in the CAS group may have
had atherosclerotic plaques even if not obstructive, but information on angiographic CAD
severity was not provided. The study also did not report whether CAS was focal or diffuse.
These can be considered two different types of CAS, because focal spasm is more likely to
occur near areas of plaque, while diffuse spasm more often is related to endothelial
dysfunction (26). Finally, the definition of CAS varies among studies, with some considering
a >75% vasoconstriction with provocative testing, while others considering a >90%
vasoconstriction. In this study, we are not provided information related to percent
vasoconstriction in those with CAS.

Does a diagnosis of anxiety and/or depression predict future CAS, and does sex/gender play
a role? The study by Hung et al. brings needed attention to these issues but does not provide
definite answers. The interrelationships among psychological factors and anginal chest pain,
myocardial ischemia and infarction, as well as differences by sex/gender, remain poorly
defined. An additional, broader question is whether electronic medical record systems are
acceptable in psychosomatic research where accurate assessment of psychological/
psychiatric conditions (and potential confounding factors) is paramount to valid results,
since these factors ten to be incompletely documented in administrative health records. In
the meantime, well-conducted studies are needed from large registries with accurate
psychological or psychiatric assessments, as well as rigorous human mechanistic studies, in
order to clarify if and how psychological factors contribute to CAS. Ultimately, clinical trials
should address the impact of psychological treatments and other interventions on CAS-
related outcomes in order to guide clinical care in this at-risk population.
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Psychological risk factors are implicated in ischemic heart disease due to atherosclerotic
coronary artery disease (CAD) and coronary artery spasm (CAS). The prevailing
mechanistic pathways of autonomic dysfunction with disruption of neuroendocrine axis, and
inflammation/oxidative stress may lead to a state of altered smooth muscle reactivity that
predisposes to CAS, irrespective of significant obstructive epicardial coronary artery disease.
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