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Gender differences in coronary functional abnormalities
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Summary. The ISCHEMIA trial demonstrated that coronary
revascularization strategies may not necessarily improve the
long-term prognosis of patients with obstructive coronary
artery disease, suggesting the significance of the remaining
coronary functional abnormalities. Recently, more attention
has been paid to ischemia with no obstructive coronary artery
(INOCA) disease, due to the poor prognosis as showed in sev-
eral cohorts. Coronary microvascular dysfunction (CMD) and
epicardial coronary spasm have been proposed as the main
causes of INOCA. While gender difference was not significant
in the prognosis of patients with epicardial spasm, a poor
prognosis was identified in women with CMD. In the last de-
cade, efforts have been made to clarify the connection be-
tween these coronary functional abnormalities and an im-
paired prognosis. In this article, we will briefly review the re-
cent advances in gender medicine regarding coronary func-
tional abnormalities, including CMD and epicardial spasm.

Key words. Coronary microvascular dysfunction, microvas-
cular spasm, coronary artery spasm, vasospastic angina.

Differenze di genere nelle anomalie funzionali
coronariche

Riassunto. Lo studio ISCHEMIA ha dimostrato che le strate-
gie di rivascolarizzazione coronarica non necessariamente
migliorano la prognosi a lungo termine dei pazienti con
malattia coronarica ostruttiva, suggerendo I'importanza
delle anomalie funzionali coronariche. Recentemente é sta-
ta prestata maggiore attenzione allischemia con malattia
coronarica non ostruttiva (INOCA) a causa della prognosi
sfavorevole che ha dimostrato in diverse coorti di pazienti.
La disfunzione microvascolare coronarica (CMD) e lo spasmo
coronarico epicardico sono stati proposti come le principa-
li cause di INOCA. Sebbene la differenza di genere non fosse
significativa nella prognosi dei pazienti con spasmo epicar-
dico, nelle donne con CMD & stata identificata una progno-
si sfavorevole. Nell'ultimo decennio sono stati compiuti
sforzi per chiarire la connessione tra le anomalie funzionali
coronariche e una prognosi compromessa. In questo artico-
lo esamineremo brevemente i recenti progressi nella medi-
cina di genere per quanto riguarda le anomalie funzionali
coronariche, tra cui CMD e spasmo epicardico.

Parole chiave. Disfunzione microvascolare coronarica, spa-
smo microvascolare, spasmo dell’arteria coronaria, angina
vasospastica.

Introduction

Recently, the Objective Randomized Blinded Investiga-
tion with optimal medical Therapy of Angioplasty in
Stable Angina (ORBITA)' and the International Study
of Comparative Health Effectiveness with Medical and
Invasive Approaches (ISCHEMIA)? trials demonstrated
that coronary revascularization strategies may not neces-
sarily improve the clinical manifestations or the long-
term prognosis of patients with stable obstructive coro-
nary artery disease (CAD), thus suggesting the signifi-
cance of the remaining coronary functional abnormali-
ties. Another landmark study, the WISE (Women's Isch-
emia Syndrome Evaluation) trial, had previously re-
ported that approximately 50-70% female patients with
suspected angina had an angiographically insignificant
coronary stenosis.” This disorder, called ischemia with
no obstructive coronary artery (INOCA), should be
given much attention, because it has been emerging for
the poor prognosis demonstrated in several cohorts.**
The WISE study estimated that at least 3-4 million pa-
tients in the USA are diagnosed with INOCA.>*"# Al-
though multiple mechanisms may be involved in the
pathogenesis of INOCA, coronary microvascular dys-
function (CMD) and epicardial coronary spasm are con-
sidered to be the leading causes of the disorder.”" In
particular, CMD is more prevalent in women than in
men, with poor clinical outcomes.' In this article, we
will briefly review the recent reports on the gender dif-
ferences in coronary functional abnormalities (Figure).

Gender differences in CMD

Microvascular angina (MVA) is the term that is widely
used to describe patients with symptomatic CMD.'* The
consensus document by th¢ Coronary Vasomotor Disor-
ders International Study Group (COVADIS) proposed
that MVA is diagnosed based on the following criteria:'*
(1) presence of symptoms suggestive of myocardial isch-
emia; (2) objective documentation of myocardial isch-
emia by currently available techniques; (3) absence of
obstructive CAD (<50% coronary diameter reduction
and/or fractional flow reserve (FFR) >0.80}, and (4) con-
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firmation of a reduced coronary blood flow reserve and/
or inducible microvascular spasm (MVS). CMD variably
comprises several major pathophysiological mechanisms,
including enhanced vascular smooth muscle contraction
(MVS), impaired microvascular dilatation, and vascular
remodeling associated with structural heart disease.'*'s
MVS is diagnosed through the reproduction of angina
symptoms accompanied by ischemic ECG changes, but
with no epicardial spasm during spasm provocation test-
ing."” Additionally, interventional diagnostic approaches
with coronary flow reserve (CFR, 2.0 or 2.5),"® index of
microcirculatory resistance (IMR, >25),'” or thrombolysis
in myocardial infarction frame count (TIMI frame count,
>25)'8 are also useful for making a diagnosis of CMD.

Gender differences in the epidemiology
and prognosis of CMD

It has been consistently demonstrated that CMD is more
prevalent in females than in males, especially in post-
menopausal women (Figure)."# Indeed, in the Coronary
Microvascular Angina (CorMicA) study, female sex was
more correlated with CMD versus male [odds ratio, 2.7
{95% Cl: 0.9-7.9)].* In the WISE study, with a median
of 5.4 follow-up years, CMD (determined by CFR <2.3)
was closely associated with Major Adverse Cardiac Events
(MACE), including hospitalization for acute coronary
syndrome, heart failure, stroke, or cardiovascular death,
with 53% of sudden cardiac death.? Physiological levels
of estradiol (E2) exert vasculoprotective and anti-inflam-

matory effects.?® It has been speculated that women are
closely associated with inflammatory markers [eg., high-
sensitive c-reactive protein (hs-CRP)], and that inflam-
matory diseases occur more frequently in menopausal
women than in men.** Sex differences in vasoreactivity
to mental stress should also be mentioned. Peripheral
vasoconstriction induced by a public speaking stressor is
associated with stress-induced myocardial (microvascu-
lar) ischemia in women, but not in men.?* Importantly,
a positron emission tomography (PET) study showed
that both sexes were at high risk for MACE (Figure).?

In general, patients with MVA exhibit better angina
summary score than those with vasospastic angina
(VSA).”? Regarding the gender variation in the clinical
presentation of CMD, young and middle-aged women
are more likely to present with ‘atypical’ angina symp-
toms.?” These atypical symptoms of MVA could occur at
low heart rates, due to mental arousal or palpitation.”
Although known atherosclerotic risk factors, such as age,
diabetes mellitus, hypertension, and dyslipidemia, have
been identified as possible causes of CMD,"!? these risk
factors are not always predictive.® Thus, this point still
remains to be addressed in future studies.

Heterogeneity of gender differences in the various
diagnostic markers of CMD

Regarding the diagnosis of MVS during acetylcholine
(ACh) provocation testing,** Ong et al. found that the
prevalence of female patients was higher in MVS than

Epicardial coronary artery

Prevalence 47 Male > Female

Prognosis>s2 Male = Female

ACh-sensitivity58  Male = Female

Ergonovine-sensitivity 58  Male > Female
Diffuse spasm 52 Female > Male

CMD co-existence 56 Female > Male

¥ $
Epicardial coronary spasm Coronary microvascular dysfunction, CMD

Prevalence19-22
Prognosis 26:37

Coronary microcirculation

Female > Male

Female = ~ > Male

MvVs 29
IMR34-37

CFR (mean transient time) 37

Female > Male
Male = Female
Male > Female

Exercise capacity 43 Male > Female

Gender differences in coronary functional abnormalities are summarized. Female patients are more likely to have CMD and diffuse epicardial
spasm. The prognostic effects of gender differences and the gender-specific treatment for coronary functional abnormalities remain to be

elucidated. Numbers represent the corresponding reference numbers.
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in VSA [169/205 (82%) in MVS vs 155/283 (55%) in
VSA].* They also demonstrated that female sex was an
independent predictor for MVS (OR = 4.2, 95% CI: 3.1-
5.5, p<0.001) (Figure).” In order to make a more precise
diagnosis of MVS, we proposed to use the myocardial
lactate extraction ratio, which can be calculated as the
ratio of coronary arterial vs venous difference in lactate
concentration to the arterial concentration during spasm
provocative testing.”***2 In our study, female prevalence
was comparable between non-MVS and MVS groups
[50/132 (38%) vs 32/66 (49%) patients].*? Ethnicity
may also be involved in the gender difference of the
prevalence of MVS,

Physiological indexes, such as low CFR and high IMR,
have been used as gold standards for the diagnosis of
CMD (Figure)."'* These indexes are measured in the left
anterior descending coronary artery via inserted pres-
sure/temperature sensor-mounted guide wire. Briefly,
CFR is calculated using thermodilution as resting mean
transit time divided by hyperemic mean transit time,
whereas IMR is the product of distal coronary pressure
at maximal hyperemia multiplied by the hyperemic
mean transit time.* Ford et al. clearly demonstrated that
female prevalence was higher in the MVA group based
on the criteria of either CFR <2, IMR 225 or MVS for
MVA [women, 61/78 (78%)].2? Kobayashi et al. reported
that no gender difference was noted in IMR, whereas
CFR was lower in women than in men (Figure).** Lee et
al. reported that no remarkable gender difference was
noted among 230 patients with intermediate coronary
stenosis when sorting them into the quadrant according
to CFR (a cut-off value of 2} and IMR (a cut-off value of
23).*> We also demonstrated that, among INOCA pa-
tients, fernale sex was not a significant contributing fac-
tor to the presence of high IMR 218, a prognostic mark-
er for INOCA (OR = 0.51, 95% CI: 0.3-1.0 in the mul-
tivariable COX analysis).>® A recent study by Chung et
al. showed that, in patients deferred by FFR, CFR related
to mean transit time was lower in women than in men,
with no differences in IMR.>” However, in this study,
long-term clinical outcomes during a 5-year follow-up
were better in women than in men (Figure).>”

PET allows the CFR quantification of myocardial
blood flow (MBE ml/min/g) of tissue both at rest and
during maximal coronary vasodilatation.?® Murthy et al.
demonstrated that, among patients with no visual evi-
dence of CAD, CMD determined by CFR <2 on PET
existed equally between men and women (51% and
54%), and showed no gender difference in the long-term
prognosis.*® Gupta et al. reported an interesting finding,
namely that women were the majority of the discordant
group with impaired CFR, but with preserved maximum
MBF [608/873 (70%) patients].” They considered that
this discordant group may be a target for the initiation
of lifestyle or pharmacological preventive therapies, and

may aid the gender differences in the cardiovascular
outcome.” Cardiac magnetic resonance (CMR) imaging
could be an option for making the diagnosis of CMD in
women, since it can prevent radiation exposure.*

Gender differences in the treatment of CMD

Efforts to establish the optimal medical therapy for CMD
have just begun, and several pharmacological strategies
are under investigations. The currently proposed anti-
anginal agents for CMD include B-blockers, calcium-
channel blockers (CCB), angiotensin-converting enzyme
inhibitors (ACEi)/angiotensin receptor blockers, nicor-
andil, ranolazine, ivabradine, and trimetazidine."! Among
them, ACEi have been reported to improve CFR and an-
gina frequency in female CMD patients." Despite the
high prevalence of menopausal women in CMD,* the
estrogen replacement therapy is not fully recommended
for CMD, because it is possibly associated with increased
risks of cardiovascular disease and breast cancer.*

Female patients with INOCA have been reported to
have impaired exercise capability (Figure). For instance,
it was reported that peak VO, was lower in patients with
CMD than in controls (17.3 vs 27.3 ml/kg/min).* Ex-
ercise and rehabilitation could improve the clinical
manifestations in CMD patients. The COVADIS group
started the international prospective cohort study for
CMD patients.** This ongoing study is expected to pro-
vide novel robust evidence on gender differences in the
ethnicity, clinical manifestations, and management of
MVA patients in the near future,

Gender differences in vasospastic angina (VSA)

It has been believed for a long time that there are sub-
stantial ethnic differences in the prevalence of vasospas-
ticangina (VSA) due to epicardial coronary artery spasm.
Indeed, patients with acute myocardial infarction who
were positive for spasm provocative testing were more
common in Japan than among Caucasians {80% vs
37%).*> However, recent studies demonstrated that such
ethnic difference in the prevalence of VSA is much small-
er than anticipated.***” In addition to CMD, this coro-
nary functional abnormality by epicardial coronary
spasm is important in order to better understand the
pathogenesis of INOCA.

"

Gender differences in epidemiology and prognosis of VSA

A multicentre study conducted in Japan showed that 921
out of 2,251 angina patients were diagnosed with VSA 4
In this study, patient distribution peaked at the age of
60-69, but was commonly documented in the under-
60s.*® Similar trends have been reported in the European
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studies.”** We also have recently addressed this issue of
ethnic difference in VSA.#" Although female patients with
VSA were not prevalent in both Japanese and Caucasians
populations (13-22 %), the frequency of women was
significantly higher among Caucasians than Japanese
(Figure).*” The Abnormal COronary VAsomotion (ACO-
VA) study reported that the epicardial spasm was more
frequent in women than in men (77% vs 23%).* Simi-
larly, Ford et al. reported that female patients with VSA
accounted for 60%, while female sex was not a significant
associate of VSA in multivariable analysis.?? However, in
these studies, most of the participants were female, thus
caution should be used when considering gender differ-
ences in VSA in the real world setting. Although the in-
volvement of genetic factors in VSA is still being debated,
Ong et al. reported that, among women with INOCA, a
positive family history was more predominant in wom-
en than in men (61% vs 45%, p = 0.0001).* Furthermore,
anginal symptoms of premenopausal female patients
with VSA were closely associated with endogenous estro-
gen levels, where the frequency of angina attack peaked
between late luteal and menstrual phases.”

Through the multicenter registry of the Japanese
Coronary Spasm Association (JCSA), we demonstrated
that no significant gender difference was noted in the
5-year MACE-free survival (Figure).>? We also reported
that the hazard ratio of male sex was 1.1 (CI: 0.6-1.8, p
=(.79).%* Furthermore, among female patients with VSA,
the long-term prognosis was worst in the young female
arm with a smoking behavior.>? These results indicate
the importance of a gender-specific management of VSA.
We also demonstrated that a Rho-kinase activity >1.2
could be a prognostic maker for VSA, for which a high-
er male prevalence was noted among patients with en-
hanced Rho-kinase activity.**>* Most recently, we revealed
that CMD co-existed especially in female VSA patients,
a situation in which Rho-kinase activation may substan-
tially be involved (Figure).*

Gender differences in the spasm provocation
testing of VSA

The Japanese Circulation Society (JCS) guidelines and
the latest European consensus document highly recom-
mend spasm provocation testing with ACh when a sub-
ject is negative for non-invasive VSA evaluation, but is
still suspected to have coronary spasm based on symp-
toms.'** Ergonovine provocation testing is another op-
tion, when ACh is contraindicated due to comorbid
bronchial asthma or severe atrioventricular conduction
disorder.”” Sueda et al. reported that female patients were
unlikely to be sensitive to ergonovine (provocation rate;
96.7% with ACh vs 32.8% with ergonovine) (Figure).*
Furthermore, Sato et al. reported that there was a distinct
sex difference in the prevalence of diffuse/focal spasm;

60/33% in women vs 40/67% in male, respectively (Fig-
ure).” In the JCSA registry study, female sex was an in-
dependent factor for provocation testing related to ven-
tricular arrhythmias.®® Anatomical anomalies, especial-
ly myocardial bridging (MB), are the preferred site of
epicardial coronary spasm. Although anatomical MB is
more common in men than in women, there was no sex
difference in functional abnormalities and flow distur-
bance due to MB.%

Gender differences in the treatment of VSA

CCBs are the first-line therapy for VSA, since these drugs
have been shown to markedly reduce angina symp-
tom®% and suppress coronary spasm.®*¢ CCBs have
been an independent determinant for preventing MACE
in VSA ¢ The prognostic effects of nitrates on VSA re-
main unclear.® Although it has been considered that an
insufficient medical therapy could result in a poorer
prognosis in female patients, the recent JCSA registry
study confirmed that the prescription of CCBs was ad-
equately done in female VSA patients.”® The one-year
follow-up result of the CorMicA study showed that the
gender difference was unclear in the effectiveness of an
optimized management for INOCA, based on the inter-
ventional diagnostic approaches.®” We previously dem-
onstrated that estrogen down-regulates the Rho-kinase
activity,®® a central molecular mechanism of coronary
spasm.”® The JCS guidelines state that the estrogen re-
placement therapy is recommended in postmenopausal
women as Class 2b.*®* Coronary plaque erosion has re-
cently attracted more attention than ever before, because
this phenomenon is the second leading cause of acute
coronary syndrome (ACS),” for which epicardial coro-
nary spasm could be a trigger.”™ In an autopsy study, the
prevalence of coronary erosion was higher than that of
plaque rupture in female.” Further studies are needed
to address the underlying mechanism of this major sub-
set of ACS.

Key messages

m Coronary microvascular dysfunction (CMD) and epi-
cardial coronary spasm have been proposed as the
main causes of INOCA.

B The prevalence of female patients is prominent in
ischemia with no obstructive coronary artery (INOCA),
particularly in CMD.

® There are plausible connections between gender dif-
ferences and disease manifestations between CMD
and epicardial coronary spasm.

® |tisimportant to address gender differences in these
coronary functional abnormalities in INOCA patients.
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Conclusions

The prevalence of female patients is prominent in INO-
CA, particularly in CMD. There are plausible connec-
tions between gender differences and disease manifesta-
tions between CMD and epicardial coronary spasm.
While seeking the perfect explanation of the mechanism
and the optimization of the management of INOCA, it
is important to address gender differences in these cor-
onary functional abnormalities in INOCA patients. An
international standardization strategy and expert con-
sensus-based evidence are required for the promotion
of women's cardiac health in the future.

References

1. Al-Lamee R, Thompson D, Dehbi HM, Sen S, Tang K, Davies
J, et al. Percutaneous coronary intervention in stable an-
gina (ORBITA): a double-blind, randomized controlled
trial. Lancet. 2018; 391(10115):31-40.

2. Maron D], Hochman JS, Reynolds HR, Bangalore S, O'Brien
SM, Boden WE, et al. Initial invasive or conservative strat-
egy for stable coronary disease. N Engl ] Med. 2020;382(15):
1395-407.

3. Pepine CJ, Anderson RD, Sharaf BL, Reis SE, Smith KM,
Handberg EM, et al. Corenary 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 Syn-
drome Evaluation} study. ] Am Coll Cardiol. 2010;55(25):
2825-32. :

4. Johnson BD, Shaw L], Pepine CJ, Reis SE, Kelsey SE, Sopko
G, et al. Persistent chest pain predicts cardiovascular events
in women without obstructive coronary artery disease: re-
sults from the NIH-NHLBI-sponsored Women's Ischaemia
Syndrome Evaluation (WISE) study. Eur Heart J.
2006;27(12):1408-15.

5. Jespersen L, Hvelplund A, Abildstrem SZ, Pedersen F Ga-
latius S, Madsen JK, et al. Stable angina pectoris with no
obstructive coronary artery disease is associated with in-
creased risks of major adverse cardiovascular events. Eur
Heart J. 2012;33(6):734-44.

6. Maddox TM, Stanislawski MA, Grunwald GK, Bradley SM,
Ho PM, Tsai TT, et al. Non-obstructive coronary artery dis-
ease and risk of myocardial infarction. JAMA. 2014;312(17):
1754-63.

7. von Mering GO, Arant CB, Wessel TR, McGorray SP’, Bairey
Merz CN, Sharaf BL, et al. Abnormal coronary vasomotion
as a prognostic indicator of cardiovascular events in wom-
en: results from the National Heart, Lung, and Blood In-
stitute-Sponsored Women's Ischemia Syndrome Evaluation
(WISE). Circulation. 2004;109(6):722-5.

8. Bairey Merz CN, Shaw LJ, Reis SE, Bittner V, Kelsey SE Ol-
son M, et al. Insights from the NHLBI-Sponsored Women's
Ischemia Syndrome Evaluation (WISE) Study: Part II: gen-
der differences in presentation, diagnosis, and outcome
with regard to gender-based pathophysiology of athero-

10.

11.

12.

13.

14.

15.

16.

17.

18,

19.

20.

21.

22

sclerosis and macrovascular and microvascular coronary
disease. ] Am Coll Cardiol. 2006;47(3 Suppl):$21-9.

. Shimokawa H. 2014 Williams Harvey Lecture: importance

of coronary vasomotion abnormalities-from bench to bed-
side. Eur Heart J. 2014;35(45):3180-93.

Crea E, Camici PG, Bairey Merz CN. Coronary microvascu-
lar dysfunction: an update. Eur Heart J. 2014;35(17):1101-11.
Bairey Merz CN, Pepine CJ, Walsh MN, Fleg JL. Ischemia
and no obstructive Coronary Artery Disease (INOCA): de-
veloping evidence-based therapies and research agenda for
the next decade. Circulation. 2017;135(11):1075-92.

Ford TJ, Rocchiccioli P, Good R, McEntegart M, Eteiba H,
Watkins S, et al. Systemic microvascular dysfunction in mi-
crovascular and vasospastic angina. Eur Heart J.
2018;39(46):4086-97.

Kunadian V, Chieffo A, Camici PG, Berry C, Escaned J, Maas
AHAM, et al. An EAPCI expert consensus document on
ischaemia with non-obstructive coronary arteries in col-
laboration with European society of cardiology working
group on coronary pathophysiology & microcirculation
endorsed by coronary vasomotor disorders international
study group. Eur Heart ] 2020. doi: https://doi.org/10.1093/
eurheartj/ehaa503.

Ong P, Camici PG, Beltrame JT, Crea E Shimokawa H, Sech-
tem U, et al. International standardization of diagnostic cri-
teria for microvascular angina. Int ] Cardiol. 2018;250:16-20.
Camici PG, dAmati G, Rimoldi O. Coronary microvascular
dysfunction: mechanisms and functional assessment. Nat
Rev Cardiol. 2015;12(1):48-62.

Reis SE, Holubkov R, Lee JS, Sharaf B, Reichek N, Rogers
W], et al. Coronary flow velocity response to adenosine
characterizes coronary microvascular function in women
with chest pain and no obstructive coronary disease. Re-
sults from the pilot phase of the Women's Ischernia Syn-
drome Evaluation (WISE) study. ] Am Coll Cardiol. 1999;
33(6):1469-75.

Fearon WE Kobayashi Y. Invasive assessment of the coro-
nary microvasculature: the index of microcirculatory resis-
tance. Circ Cardiovasc Interv. 2017;10(12):e005361.
Gibson CM, Cannon CP, Daley WL, Dodge JTJr, Alexander
B Jr, Marble §J, et al. TIMI frame count: a quantitative
method of assessing coronary artery flow. Circulation.
1996;93(5):879-88.

Masumoto A, Mohri M, Takeshita A, Three-year follow-up
of the Japanese patients with microvascular angina attribut-
able to coronary microvascular spasm. Int J Cardiol.
2001;81(2-3):151-6.

Ong P, Athanasiadis A, Borgulya G, Vokshi I, Bastiaenen R,
Kubik §, et al. Clinical usefulness, angiographic character-
istics, and safety evaluation of intracoronary acetylcholine
provocation testing among 921 consecutive white patients
with unobstructed coronary arteries. Circulation.
2014;129(17):1723-30.

Murakami H, Urabe K, Nishimura M. Inappropriate micro-
vascular constriction produced transient ST-segment eleva-
tion in patients with syndrome X. ] Am Coll Cardiol.
1998;32(5):1287-94.

Ford T, Yii E, Sidik N, Good R, Rocchiccioli P, McEntegart
M, et al. Ischemia and no obstructive coronary artery dis-

19



20

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33

34,

35.

36.

37.

Ital J Gender-Specific Med 2021; 7(1): 15-21

ease: prevalence and correlates of coronary vasomotion
disorders. Circ Cardiovasc Interv. 2019;12(12):e008126.
Mendelsohn ME, Karas RH. The protective effects of estrogen
on the cardiovascular system. N Engl ] Med. 1999;340(23):
1801-11.

Mommersteeg PMC, Naudé fJw, Bagijn W, Widdershoven
I, Westerhuis BWJJM, Schoemaker RG. Gender differences
in associations of depressive symptoms and anxiety with
inflammatory markers in patients with non-obstructive
coronary artery disease. ] Psychosom Res. 2019;125:109779.
Al-Badri A, Kim JH, Liu C, Mehta PK, Quyyumi AA. Periph-
eral microvascular function reflects coronary vascular func-
tion. Arterioscler Thromb Vasc Biol. 2019;39(7):1492-500.
Murthy VL, Naya M, Taqueti VR, Foster CR, Gaber M, Hain-
er], et al. Effects of sex on coronary microvascular dysfunc-
tion and cardiac outcomes. Circulation. 2014;129(24):
2518-27. .
Biddle C, Fallavollita JA, Homish GG, Giovino GA, Orom
H. Gender differences in symptom misattribution for cor-
onary heart disease symptoms and intentions to seek health
care. Women Health. 2020;60(4):367-81.

Waheed N, Elias-Smale §, Malas W, Maas AH, Sedlak TL,
Tremmel ], et al. Sex differences in non-obstructive coronary
artery disease. Cardiovasc Res. 2020;116(4):829-40.

Aziz A, Hansen HS, Sechtem U, Prescott E, Ong P. Sex-re-
lated differences in vasomotor function in patients with
angina and unobstructed coronary arteries, ] Am Coll Car-
diol. 2017;70(19):2349-58.

Sun H, Mohri M, Shimokawa H, Usui M, Urakami L,
Takeshita A. Coronary microvascular spasm causes myo-
cardial ischemia in patients with vasospastic angina. ] Am
Coll Cardiol. 2002;39(5):847-51.

Mohri M, Shimokawa H, Hirakawa Y, Masumoto A, Takeshi-
ta A. Rho-kinase inhibition with intracoronary fasudil pre-
vents myocardial ischemia in patients with coronary micro-
vascular spasm. ] Am Coll Cardiol. 2003;41(1):15-9.
Odaka Y, Takahashi J, Tsuburaya R, Nishimiya K, Hao K,
Matsumoto Y, et al. Plasma concentration of serotonin is
a novel biomarker for coronary microvascular dysfunction
in patients with suspected angina and unobstructive coro-
nary arteries. Eur Heart J. 2017;38(7):489-96.

Ford Tl, Ong P, Sechtem U, Beltrame J, Camici PG, Crea E
et al. Assessment of vascular dysfunction in patients with-
out obstructive coronary artery disease: why, how, and
when. ] Am Coll Cardiol Intv. 2020;13(16):1847-64.
Kobayashi Y, Fearon WE Honda Y, Tanaka S, Pargaonkar V,
Fitzgerald PJ, et al. Effect of sex differences on invasive mea-
sures of coronary microvascular dysfunction in patients
with angina in the absence of obstructive coronary artery
disease. ] Am Coll Cardiol Intv. 2015;8(11):1433-41.

Lee JM, Jung JH, Hwang D, Park |, Fan Y, Na SH, et al.
Coronary flow reserve and microcirculatory resistance in
patients with intermediate coronary stenosis. ] Am Coll
Cardiol. 2016;67(10):1158-69.

Suda A, Takahashi J, Hao K, Kikuchi Y, Shindo T, Ikeda S,
et al. Coronary functional abnormalities in patients with
angina and nonobstructive coronary artery disease. ] Am
Coll Cardiol. 2019;74(19):2350-60.

Chung JH, Lee KE, Lee M, Her AY, Kim CH, Choi KH, et
al. Effect of sex difference of coronary microvascular dys-

38.

39.

40.

4].

42

43,

44,

46.

47,

48.

49.

50.

function on long-term outcomes in deferred lesions. ] Am
Coll Cardiol Intv. 2020;13(14):1669-79.

Camici PG, Rimoldi OE. The clinical value of myocardial
blood flow measurement. ] Nucl Med. 2009;50(7):1076-87.
Gupta A, Taqueti VR, van de Hoef TP, Bajaj NS, Bravo PE,
Murthy VL, et al. Integrated noninvasive physiological as-
sessment of coronary circulatory function and impact on
cardiovascular mortality in patients with stable coronary
artery disease. Circulation. 2017;136(24):2325-36.

Wei ], Bakir M, Darounian N, Li Q, Landes S, Mehta PK, et
al. Myocardial scar is prevalent and associated with sub-
clinical myocardial dysfunction in women with suspected
ischemia but no obstructive coronary artery disease: from
the women's ischemia syndrome evaluation-coronary vas-
cular dysfunction study. Circulation. 2018;137(8):874-6.
Kaski JC. Cardiac syndrome X in women: the role of oes-
trogen deficiency. Heart. 2006;92 Suppl 3(Suppl 3):iii5-9.
Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor R),
Lloyd-Jones DM, et al. Effectiveness-based guidelines for
the prevention of cardiovascular disease in women - 2011
update: a guideline from the american heart association.
Circulation. 2011;123(11):1243-62.

Bechsgaard DF, Hove JD, Suhrs HE, Bové KB, Shahriari P,
Gustafsson I, et al. Women with.coronary microvascular
dysfunction and no obstructive coronary artery disease have
reduced exercise capacity. Int | Cardiol. 2019;293:1-9.
Suda A, Takahashi ], Beltrame JF, Berry C, Camici PG, Crea
E etal. International prospective cohort study of microvas-
cular angina: rationale and design. Int ] Cardiol Heart Vasc
(in press).

- Pristipino C, Beltrame JE Finocchiaro ML, Hattori R, Fu-

jita M, Mongiardo R, et al. Major racial differences in cor-
onary constrictor response between Japanese and Cauca-
sians with recent myocardial infarction. Circulation. 2000;
101(10):1102-8.

Ong P, Athanasiadis A, Hill 8, Vogelsberg H, Voehringer M,
Sechtem U. Coronary artery spasm as a frequent cause of
acute coronary syndrome: the CASPAR (Coronary Artery
Spasm in Patients With Acute Coronary Syndrome) study.
J Am Coll Cardiol. 2008;52(7):523-7.

Sato K, Takahashi J, Odaka Y, Suda A, Sueda S, Teragawa
H, etal. Clinical characteristics and long-term prognosis of
contemporary patients with vasospastic angina: ethnic dif-
ferences detected in an international comparative study, Int
] Cardiol. 2019;291:13-8.

JCS Joint Working Group. Guidelines for diagnosis and
treatment of patients with hypertrophic cardiomyopathy
(JCS 2012). CircJ. 2016;80(3):753-74.

Ong P, Athanasiadis A, Borgulya G, Mahrholdt H, Kaski JC,
Sechtem U. High prevalence of a pathological response to
acetylcholine testing in patients with stable angina pectoris
and unobstructed coronary arteries. The ACOVA study (Ab-
normal COronary VAsomotion in patients with stable an-
gina and unobstructed coronary arteries). ] Am Coll Car-
diol. 2012;59(7):655-62.

Ong D, Pirozzolo G, Athanasiadis A, Sechtem U. Epicar-
dial coronary spasm in women with angina pectoris and
unobstructed coronary arteries is linked with a positive
family history: an observational study. Clin Ther. 201 ;40(9):
1584-90.



51.

52.

53.

54.

55.

56.

57

58.

59.

60.

61.

62.

63.

64.

Nishimiya K, Shimokawa H: Gender differences in coronary functional abnormalities 21

Kawano H, Motoyama T, Ohgushi M, Kugiyama K, Ogawa
H, Yasue H. Menstrual cyclic variation of myocardial isch-
emia in premenopausal women with variant angina. Ann
Intern Med. 2001;135(11):977-81.

Kawana A, Takahashi ], Takagi Y, Yasuda S, Sakata Y, Tsu-
noda R, et al. Gender differences in the dlinical character-
istics and outcomes of patients with vasospastic angina: a
report from the Japanese Coronary Spasm Association. Circ
J. 2013;77(5):1267-74.

Takagi Y, Takahashi J, Yasuda S, Miyata S, Tsunoda R, Oga-
ta Y, et al. Prognostic stratification of patients with vaso-
spastic angina: a comprehensive clinical risk score devel-
oped by the Japanese Coronary Spasm Association. ] Am
Coll Cardiol. 2013;62(13):1144-53.

Kikuchi Y, Yasuda 8, Aizawa K, Tsuburaya R, Ito Y, Takeda
M, et al. Enhanced Rho-kinase activity in circulating neu-
trophils of patients with vasospastic angina: a possible
biomarker for diagnosis and disease activity assessment. |
Am Coll Cardiol. 2011;58(12):1231-7.

Nihei T, Takahashi ], Hao K, Kikuchi Y, Odaka Y, Tsub-
uraya R, et al. Prognostic impacts of Rho-kinase activity in
circulating leucocytes in patients with vasospastic angina.
Eur Heart J. 2018;39(11):952-9.

Suda A, Takahashi J, Kikuchi ¥, Shindo T, Matsumoto Y,
Sakata Y, et al. Sex differences in coronary microvascular
dysfunction in patients with vasospastic angina. Circula-
tion. 2017;136:A17652.

Curry RCJr, Pepine CJ, Sabom MB, Conti CR. Similarities
of ergonovine-induced and spontaneous attacks of variant
angina. Circulation. 1979;59(2):307-12.

Sueda S, Miyoshi T, Sasaki Y, Sakaue T, Habara H, Kohno
H, et al. Gender differences in sensitivity of acetylcholine
and ergonovine to coronary spasm provocation test. Heart
Vessels. 2016;31(3):322-9.

Sato K, Kaikita K, Nakayama N, Horio E, Yoshimura H,
OnoT, etal. Coronary vasomotor response (o intracoronary
acetylcholine injection, clinical features, and long-term
prognosis in 873 consecutive patients with coronary spasm:
analysis of a single-center study over 20 years. ] Am Heart
Assoc. 2013;2(4):e000227.

Takagi Y, Yasuda §, Takahashi ], Tsunoda R, Ogata Y, Seki A,
et al. Clinical implications of provocation tests for coronary
artery spasm: safety, arthythmic complications, and prognos-
tic impact: multicentre registry study of the Japanese Coro-
nary Spasm Association. Eur Heart J. 2013;34(4):258-67.
Nishimiya K, Matsumoto Y, Wang H, Piao Z, Ohyama K,
Uzuka H, et al. Absence of adventitial vasa vasorum forma-
tion at the coronary segment with myocardial bridge. An
optical coherence tomography study. Int J Cardiol. 2018;
250:275-7.

Aydar, Yazici HU, Birdane A, Nasifov M, Nadir A, Ulus T, et
al. Gender differences in the types and frequency of coronary
artery anomalies. Tohoku ] Exp Med. 2011;225(4):239-47.
Yasue H, Takizawa A, Nagao M, Nishida S, Horie M, Kubo-
ta ], et al. Long-term prognosis for patients with variant
angina and influential factors. Circulation. 1988;78(1): 1-9.
Fukumoto Y, Yasuda §, Ito A, Shimokawa H. Prognostic
effects of benidipine in patients with vasospastic angina;
comparison with diltiazem and amlodipine. ] Cardiovasc
Pharmacol. 2008;51(3):253-7.

65. Beltrame JF, Crea F, Kaski JC, Ogawa H, Ong P, Sechtem U],
et al. The Who, What, Why, When, How and Where of
Vasospastic Angina. Circ J. 2016;80(2):289-98.

66. Takahashi J, Nihei T, Takagi Y, Miyata S, Odaka Y, Tsunoda
R, et al. Prognostic impact of chronic nitrate therapy in
patients with vasospastic angina: multicentre registry study
of the Japanese coronary spasm association. Eur Heart J.
2015 Jan 21;36(4):228-37,

67. Ford T], Stanley B, Sidik N, Good R, Rocchiccioli P, McEn-
tegart M, et al. 1-year outcomes of Angina Management
Guided by Invasive Coronary Function Testing (CorMicA).
J Am Coll Cardiol Intv. 2020;13(1):33-45.

68. Hiroki J, Shimokawa H, Mukai Y, Ichiki T, Takeshita A,
Divergent effects of estrogen and nicotine on Rho-kinase
expression in human coronary vascular smooth muscle
cells. Biochem Biophys Res Commun. 2005;326(1):154-9.

69. Kandabashi T, Shimokawa H, Miyata K, Kunihiro I, Eto Y,
Morishige K, et al. Evidence for protein kinase C-mediated
activation of Rho-kinase in a porcine model of coronary
artery spasm. Arterioscler Thromb Vasc Biol. 2003;23(12):
2209-14.

70. Jia H, Abtahian E Aguirre AD, Lee S, Chia S, Lowe H, et al.
In vivo diagnosis of plaque erosion and calcified nodule
in patients with acute coronary syndrome by intravascular
optical coherence tomography. ] Am Coll Cardiol. 2013;
62(19):1748-58.

71. Bentzon JF, Otsuka F, Virmani R, Falk E. Mechanisms of
plaque formation and rupture. Circ Res. 2014;114(12);
1852-66.

72. Farb A, Burke AP, Tang AL, Liang TY, Mannan P, Smialek J,
etal. Coronary plaque erosion without rupture into a lipid
core. A frequent cause of coronary thrombosis in sudden
coronary death. Circulation. 1996;93(7):1354-63,

Acknowledgments

We wish to thanks the members of the Ischemic Heart Disease
Group of the Department of Cardiovascular Medicine, Tohoku
University Graduate School of Medicine, and the staff of the Tohoku
University Hospital Cardiac Catheterization Laboratory for their
collaboration to the present study.

Funding: this study was supported in part by the grants in aid from
the Ministry of Education, Culture, Sports, Science and Technology
of Japan.

Author contribution statement: both Authors contributed equallyin
conceiving, write and review the final version of the manuscript.

Conflict of interest statement: the Authors declare no conflicts o
interest, :

Correspondence to:

Hiroaki Shimokawa

Department of Cardiovascular Medicine
Tohoku University Graduate School of Medicine
1-1 Seiryo-machi, Aoba, Sendai

980-8574 Japan

email shimo@cardio.med.tohoku.ac jp



