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Research summary
The purpose of this study is to clarify sex differences in coronary artery dysfunction of patients with ischemia with
no obstructive coronary artery disease (INOCA). The following four topics were established and considered for

advancing this project. The research progress by each topic is presented as below.

Topic 1: Sex differences in endotypes of coronary artery dysfunction in INOCA patients

In this study, we performed a comprehensive evaluation of coronary artery function by cardiac catheterization in
patients with INOCA, and investigated the phenotype and sex differences of coronary artery dysfunction. Case
enrollment began in January 2022, and finally by March 2024, 70 cases (49 female/21 male) were registered at
Tohoku University and 30 cases (14 female/16 male) at the National Cerebral and Cardiovascular Center, for a
total of 100 cases (63 female/37 male). In the evaluation of coronary artery response to acetylcholine (ACh), the
proportion of cases diagnosed as microvascular angina due to microvascular spasm was significantly higher in
women than in men (y’*test; P=0.02). On the other hand, there was no significant difference between men and
women in the number of patients with impaired coronary flow reserve or coronary microvascular resistance

(women 23.1% vs. men 30.3%, P=0.44).

Topic 2: A role of sex hormones in the mechanism that causes coronary artery dysfunction

In this study, we measured serum levels of sex hormones such as high-sensitivity estradiol (hsE2), testosterone
(TS), follicle-stimulating hormone (FSH), and Iuteinizing hormone (LH) in all patients including males, and
examined the relationship between those sex hormone levels and coronary artery function. We also measured
Rho-kinase activity in peripheral blood leukocytes and blood endothelin-1 concentration as biomarkers for the
impairment of coronary function. TS and hsE2 levels were higher in males than in females (TS 0.2 vs. 5.4,
P<0.01; hsE2 15.7 vs. 21.0, P<0.01). When the correlation between age and sex hormones was examined, blood
levels of LH and FSH were positively correlated with age in men (LH r=0.51, P<0.01; FSH r=0.63, P<0.01), but
not in women. In contrast, hsE2 concentration was negatively correlated with age in women (hsE2 r=-0.36,
P<0.01). There were no obvious gender differences in Rho-kinase activity in peripheral blood leukocytes. Data
on blood endothelin-1 levels are currently being obtained, and analysis will begin as soon as the data are available.
Sex hormone concentrations were then compared by type of coronary artery dysfunction. No differences were
found between patients with normal coronary artery function and INOCA patients in TS and hsE2 concentrations,
but serum concentrations of gonadotropic hormones including LH and FSH tended to be lower in INOCA patients.
In particular, among women, patients with vasospastic angina had significantly lower levels of both gonadotropic
hormones (LH and FSH) than patients with normal coronary artery function. In addition, we plan to examine the
correlation between various sex hormone concentrations and peripheral blood leukocyte Rho kinase activity and

endothelin-1 concentrations in INOCA patients.

Topic 3: Sex differences in vascular endothelial and smooth muscle dysfunction of distal resistance vessels
Among the patients enrolled at Tohoku University who gave their consent, we collected about 1 g of subcutaneous
adipose tissue from near the sheath insertion site in the groin area. The microvessels at the level of resistance
vessels were removed from the adipose tissue, and isometric tension measurement experiments using an organ
chamber were performed to analyze causes of vascular endothelial and smooth muscle dysfunction.  After
consent was obtained from 23 of 70 patients enrolled at Tohoku University, subcutaneous fat tissue was collected

from them. Then, microvessels were harvested for isometric tension measurement experiments from 22 patients



(15 women/7 men) consisting of 18 INOCA patients and 4 normal controls. There was no difference in patient
characteristics between the two groups, including the proportion of women. Endothelial and smooth muscle
function of harvested microvessels (mean diameter 286 pm) showed a trend toward a reduced endothelium-
dependent relaxation response to acetylcholine (ACh) in the INOCA group (maximum relaxation rate 73 £ 8% vs.
100 + 0% [mean + SEM], p=0.11). In particular, the endothelium-dependent hyperpolarizing factor (EDH)-
induced relaxation response was significantly attenuated in the INOCA group compared to the control group
(maximal relaxation 47 + 9% vs. 95 £ 5%, p = 0.02; area under the dose-response curve 78 + 22 vs. 194 + 33
[arbitrary unit], p = 0.04). Comparison of the endothelium-dependent relaxation response to ACh in the 18
INOCA patients divided into 6 males and 12 females showed no difference between males and females, and male
and female patients had similarly reduced endothelium-dependent relaxation response compared to the control
group (maximum relaxation rate 77 + 9% vs. 65 + 17% in females and males, P =0.55). On the other hand, there
was no significant difference in endothelium-independent relaxation response to nitroprusside or potassium
channel opener, suggesting that smooth muscle itself maintained its ability to relax against endothelium-derived
relaxing factors. Furthermore, there was no difference in the response to phenylephrine, which verified the
contractile response, between the two groups. These results indicate for the first time that systemic endothelium-
dependent relaxation might be impaired in INOCA patients, particularly in the EDH component. Further
analysis is now underway to compare the endothelium-dependent relaxation response in INOCA patients with
different endotypes of coronary artery dysfunction and to correlate the endothelium-dependent relaxation response

with various biomarkers such as CFR, IMR, Rho kinase activity, and the serum endothelin-1 level.

Topic 4: Sex Differences in therapeutic effectiveness for coronary artery dysfunction

All patients enrolled at Tohoku University with impaired coronary function were started on treatment with long-
acting calcium channel blockers and followed up during the chronic phase. The Seattle Angina Questionnaire
(SAQ), which assesses the frequency of chest pain and quality of life, was administered to all subjects at the time
of enrollment. SAQ results are currently being collected to evaluate treatment efficacy, and future analysis of
gender differences in treatment efficacy is planned. In addition, 23 of the 70 patients enrolled at Tohoku
University have undergone stress-cardiac magnetic resonance imaging (CMR) to evaluate coronary
microcirculatory function prior to drug treatment. In those patients, stress-CMR 1is being performed again in the
chronic phase (12 months after treatment with a long-acting calcium channel blocker) to evaluate changes in

coronary flow reserve, and data are currently being collected.



