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Purpose: The clinical background and prognostic impact of diabetes mellitus (DM) on vasospastic angina (VSA) are unclear; thus, in 
this retrospective study, we investigated whether they differ based on the presence or absence of DM in patients with VSA.
Patients and Methods: We included 272 Japanese patients with VSA diagnosed by coronary angiography (CAG) and the spasm 
provocation test (SPT). The diagnosis of DM was determined by measuring fasting blood glucose and hemoglobin A1C and by the 
patient’s current oral medications. On CAG, the presence of atherosclerotic lesions (20%–50%) was checked. On SPT, the coronary 
spasm was defined as transient coronary vasoconstriction >90% on CAG, accompanied by chest symptoms and/or ST-T changes. Focal 
spasm was defined as coronary spasm occurring within one segment of the American Heart Association classification on CAG. Blood 
and urine tests and vascular endothelial function were also evaluated when possible. A major adverse cardiovascular event (MACE), 
which is defined as cardiac mortality and rehospitalization due to cardiovascular illness, was the basis for determining the prognosis.
Results: There were 49 patients (18%) in the DM group and 223 (82%) in the non-DM group. No significant differences in urinary 
albumin levels and peripheral vascular function were between groups. On CAG, atherosclerotic lesions were observed significantly 
more frequently in the DM group (63% vs 46%; P = 0.028). Results of SPT showed a trend toward fewer focal spasms in the DM 
group (24% vs 39%; P = 0.072). No significant differences in MACE were noted between groups in the primary analysis of DM, 
whereas sub-analyses of focal spasms showed lower MACE-free survival in the DM group (P = 0.042).
Conclusion: The study results support the hypothesis that DM associated with VSA should be treated appropriately, especially in 
cases of focal spasm, which may require more attention in treatment.
Keywords: atherosclerotic change, coronary spasm, coronary spastic angina, diabetes mellitus, focal spasm

Introduction
Transient vasoconstriction of the epicardial coronary arteries causes myocardial ischemia in patients with vasospastic 
angina (VSA).1–3 Like exertional or resting angina, acute coronary syndromes, heart failure, and sudden cardiac death are 
all largely attributed to coronary spasm.4–6 Recently, more studies have focused on both angina with non-obstructive 
coronary artery disease (ANOCA) and/or myocardial infarction with non-obstructive coronary arteries (MINOCA), 
which causes chest pain and myocardial damage without significant coronary artery stenosis. One of the main causes 
of these diseases is VSA, for which the etiology, diagnosis, and treatment are increasingly being investigated. VSA 
prognosis is relatively good,7 and several prognostic factors have been reported, including smoking, oral β-blocker use, 
the non-use of calcium channel blockers, alcohol intake, variant angina, and coronary angiography (CAG) findings such 
as the presence of atherosclerotic lesions, multivessel spasm (MVS), and focal spasm.7–10

In many primary and secondary prevention studies, diabetes mellitus (DM) is listed as a significant risk factor for 
atherosclerotic coronary artery disease (CAD),11–13 and CAD guidelines clearly describe the management of DM.14 The 
role of DM has been reported in the pathogenesis of VSA through factors such as increased insulin resistance.15–17 
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However, the impact of DM on VSA prognosis is variable,7,8,10,18–21 although DM is addressed in the guideline of the 
Japanese Circulation Society (JCS).2 Of the several factors associated with VSA prognosis, we considered focal spasm an 
important factor;9,22 the presence of unstable plaques at the site of the focal spasm has also been reported.23–25 We 
hypothesized that DM might have a prognostic impact on VSA, especially in the presence of focal spasm and 
atherosclerotic lesions.

This study examined the clinical characteristics of DM in patients with VSA at the authors’ hospital and investigated 
whether the prognostic impact of DM varies based on the presence or absence of atherosclerotic lesions and focal 
spasms.

Material and Methods
Study Patients
This retrospective study assessed 323 Japanese patients diagnosed with VSA based on CAG and spasm provocation test 
(SPT) results at the authors’ hospital from January 2011 to March 2018. Of these 323 patients, 51 were excluded per the 
following criteria: significant stenosis of ≥50% on CAG or lesions with a fractional flow reserve (FFR) of ≤0.8 assessed 
by a pressure wire (21 patients); a history of percutaneous coronary intervention (PCI, 17 patients), and a history of heart 
failure or hypertrophic cardiomyopathy (5 patients); we also excluded eight patients with missing hemoglobin (Hb) A1C 
data (Figure 1). The remaining 272 patients (122 men, 150 women; mean age: 67 years) were assessed. This study was 
performed in full compliance with the Declaration of Helsinki. The ethics committee of our institution approved the 
study protocol (No. 2023–4, JR Hiroshima Hospital). For SPT, written informed consent was obtained from each 
participant. To verify the final consent to participate, an opt-out approach (http://www.jrhh.sakura.ne.jp/annnai/tori 
kumi.html) was employed.

CAG and SPT
The CAG and SPT methods are well documented,26 and the typical approach at the authors’ institution is as follows: The 
right coronary artery (RCA) was assessed by administering 20, 50, and 80 µg of acetylcholine (ACh) at twenty-second 
and three-minute intervals; for the left coronary artery (LCA), 50, 100, or 200 µg of ACh was administered every three 
minutes for 20 seconds; if VSA activity was high, then a smaller dose was administered. As previously reported,26 SPT 
was started in the RCA at the authors’ institution until April 2016; thereafter, SPT was started in the LCA. If ACh does 
not induce coronary spasms, then either methylergometrine maleate or additional ACh provocation was performed as 
needed.27 After each drug provocation, CAG was performed. Nitroglycerin (NTG) was administered at 0.3 mg after the 
last provocation if coronary spasm was not induced or if it improved quickly after induction; a final CAG was performed 

Figure 1 Flowchart of the participant inclusion process. 
Abbreviations: DM, diabetic mellitus; PCI, Percutaneous coronary intervention; SPT, Spasm provocation test; VSA, Vasospastic angina.
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just after NTG administration. If chest pain was prolonged or hemodynamic instability occurred during the provoked 
coronary spasm, NTG was unavoidably administered. After NTG was administered to one coronary artery, the SPT was 
still performed in the contralateral coronary artery. If a coronary spasm was induced, the diagnosis of VSA was positive, 
whereas the diagnosis was undetermined if no spasm was induced. Whether such lesions would have been positive for 
coronary spasm was not included in the analysis.

Factors Assessed on CAG and SPT
Quantitative CAG has previously been described.26 An atherosclerotic lesion was defined as coronary artery stenosis 
>20% and <50%. Significant stenosis was defined as stenosis >50% and an FFR of ≤0.8; these patients were excluded 
from the study as previously noted. Myocardial bridging (MB) was defined as a contraction of systolic coronary artery 
diameter by >20% compared with the diastolic diameter.28

For SPT in this study, positive coronary spasm was defined as transient epicardial coronary artery constriction >90% 
on drug challenge, with electrocardiographic ST-T changes and/or usual chest symptoms.4 A focal spasm was defined as 
coronary spasm within one segment of the American Heart Association (AHA) classification, and a diffuse spasm was 
defined as coronary spasm over one segment of the AHA classification, as previously reported.9 For this study, focal 
spasm was evaluated in both RCA and LCA, and patients diagnosed with focal spasm had a focal spasm in at least one of 
the coronary arteries, and patients diagnosed with diffuse spasm had only diffuse spasm. Multivessel spasm (MVS) was 
defined as coronary spasm in ≥2 of the major coronary arteries; however, MVS could not be determined if it was negative 
after NTG administration.26 A low dose of ACh (LDA) was defined as coronary spasm with a provocative dose of ≤20 
µg ACh in the RCA or ≤50 µg ACh in the LCA. Other causes of focal spasm were transient occlusion (TOC) of 
a coronary artery caused by coronary spasm, ST-segment elevation during SPT, and unavoidable NTG administration. It 
was also determined how frequently coronary spasms occurred in the left anterior descending coronary artery (LAD), left 
circumflex coronary artery (LCX), and right coronary artery (RCA). During the SPT, ventricular fibrillation and 
hemodynamic instability requiring treatment, such as prolonged atrioventricular block (AVB) or hypotension requiring 
catecholamines, were defined as serious complications.

Chest symptoms of coronary spasm were described, whether they occurred at rest, on exertion, or both. In addition, 
the number of anginal attacks was presented as a monthly average. For the number of anginal attacks during follow-up, 
the monthly average of the number of anginal attacks during the three months prior to the visit is shown. ST-segment 
elevation on electrocardiography during spontaneous attacks was the definition of variant angina (VA). Cases in which 
the coronary spasm was accompanied by severe symptoms (such as cold sweats or fainting) were documented. Electronic 
medical records and copies of medicine notebooks were reviewed to determine the medications at the time of admission. 
As a rule, coronary dilators were withdrawn 48 hours before the SPT but any medications taken before that time were 
noted. The number of coronary dilators at the time of discharge and during follow-up was listed. Rehospitalization due to 
cardiovascular illness and cardiac mortality were considered major adverse cardiovascular events (MACEs). This 
information is gathered from electronic medical records, phone calls to patients, and the content of referrals from family 
doctors.

Other Clinical Characteristics Measured
Other parameters were measured as previously reported.26 Smoking, alcohol status, and family CAD history were 
investigated based on data from the patient, family members, and electronic medical records. Blood and urine tests, such 
as those to assess lipids, DM, C-reactive protein (CRP), brain natriuretic peptide (BNP), and urinary albumin–creatinine 
ratio (UACR, mg/gCr), were performed in the fasting state on the same day of CAG. Hypertension and dyslipidemia 
were defined per the appropriate guidelines.29,30 For DM, patients were evaluated for fasting blood glucose (FBS) and 
HbA1C. Patients with FBS of ≥126 mg/dL and HbA1C of ≥6.5% and those who were on DM medication were classified 
as having DM.14 As previously reported,26 the estimated glomerular filtration rate (eGFR) and the presence of chronic 
kidney disease (CKD) were determined, and the presence of metabolic syndrome (MtS) was also checked. As previously 
reported,28 the left ventricular ejection fraction (LVEF) was determined by echocardiography (UCG) using the modified 
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Simpson method, and flow-mediated dilation (FMD) and nitroglycerin-induced dilation (NID) of the brachial artery were 
determined.

Finally, study participants were classified into DM or non-DM groups to determine any between-group differences in 
clinical backgrounds, CAG/SPT results, and prognosis.

Statistical Analyses
Continuous variables having values that were non-normally distributed were expressed as the median (interquartile 
range), while normally distributed continuous variables were expressed as the mean ± standard deviation. Between-group 
comparisons were performed using Student’s unpaired t-test, the Wilcoxon signed-rank test, and the χ2 test. The 
prognosis of MACE was analyzed using the Kaplan–Meier survival curve and tested using the Log rank test. These 
analyses were performed based on the presence of DM (DM group: n = 49, non-DM group: n = 223), atherosclerotic 
lesions (presence: n = 133, absence: n = 139), focal spasm (focal spasms: n = 98, diffuse spasm: n = 174), MVS 
(presence: n = 158, single vessel spasm: n = 80), LDA (presence: n = 59, absence: n = 213), and ST elevation during SPT 
(presence: n = 31, absence: n = 241). In addition, these analyses performed using the Kaplan–Meier survival curve were 
based on the presence of focal spasms (n = 98, DM group: n = 12, non-DM: n = 86) and atherosclerotic lesions (n = 133, 
DM group: n = 31, non-DM group: n = 102). The factors influencing MACE were assessed using the Cox proportional 
hazards model with the hazard ratio (HR) and its confidence interval (CIs). JMP version 17 (SAS Institute, Cary, NC, 
USA) was used for all statistical analyses, and P < 0.05 was considered statistically significant.

Results
Clinical Characteristics
Patient characteristics are shown in Table 1. We found no significant differences in sex and mean age; however, the body 
mass index was significantly higher in the DM group than in the non-DM group (P < 0.001). Conventional coronary risk 
factors, family CAD history, and frequency of CKD did not differ significantly between the two groups; however, the 
frequency of MtS was significantly higher in the DM than in the non-DM group (P < 0.001).

Blood biochemistry, urinalysis, and echocardiographic parameters are shown in Table 2. Lipid-related indices did not 
differ significantly between the two groups. Both FBS and HbA1C were significantly higher in the DM than in the non- 
DM group (P < 0.001). The CRP, BNP, and eGFR values did not differ significantly between groups. The UACR could 
be measured in 205 patients, and the results did not differ significantly between groups. As echocardiographic indices, the 

Table 1 Patients’ Characteristics

Non-DM group DM group P value

No. (%) 223 (82) 49 (18)

Men/Women 95/128 22/27 0.111
Age (yr) 66 ± 12 69 ± 8 0.209

Body mass index 23.6 ± 3.5 26.1 ± 6.3 <0.001
Coronary risk factor

Smoking (active/former/never) 40/57/126 8/14/27 0.899

Hypertension (%) 150 (67) 36 (73) 0.498
Dyslipidemia (%) 125 (56) 34 (69) 0.109

Family history of CAD (%) 41 (18) 8 (16) 0.839

Alcohol drinker (%) 81 (36) 21 (43) 0.419
CKD (%) 65 (29) 11 (22) 0.384

MtS (%) 47 (21) 33 (67) <0.001

Notes: Data are expressed as the mean ± SD or frequencies and percentages, as appropriate. 
Abbreviations: CAD, Coronary artery disease; CKD, Chronic kidney disease; DM, diabetes 
mellitus; MtS, metabolic syndrome; No, numbers.
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LVEF on UCG did not differ significantly between groups. Brachial artery ultrasonography was available in 244 patients, 
and we found no significant differences in FMD or NID between groups.

Medications and factors associated with VSA are shown in Table 3. Regarding medications administered on 
admission, the rate of use of long-acting nitrate and renin–angiotensin system (RAS) inhibitors was significantly greater 
in the DM than in the non-DM group. The following table shows the specific DM medications in the DM group 
(Table 3). Seventeen patients (35%) engaged in diet and exercise without taking any anti-diabetic medications. The 
median number of DM medications in the DM group was 1 (0, 2). The frequency of coronary dilator use did not differ 
significantly between groups at admission, discharge, and follow-up. The contents of coronary dilators at discharge are 
shown in Table 3, and no significant differences were found between the two groups. No statistically significant 
difference was found in the frequency of chest symptoms (whether they occurred at rest, on exertion, or both), severe 
symptoms (such as cold sweats and syncope), or VA. There was no significant difference in the median number of angina 
attacks per month at admission or during follow-up.

Results of CAG and SPT
Results of CAG and SPT are shown in Table 4. In CAG, atherosclerotic lesions were observed in 133 patients (49%). The 
frequency of atherosclerotic lesions was significantly higher in the DM group than in the non-DM group (P = 0.028), 
whereas the frequency of MB did not differ significantly between groups. On SPT, the frequency of focal spasms was 
observed in 98 patients (36%). The frequencies of atherosclerotic lesions and focal spasm were not significantly 
coincident (P = 0.132). No significant differences in the frequency of coronary spasm induced by LDA, TOC, ST- 
segment elevation during SPT, and MVS were found between groups. The frequency of focal spasm tended to be lower 
in the DM group than in the non-DM group (P = 0.072). The number of coronary artery branches in which coronary 
spasms occurred did not differ between groups. Regarding the serious complications, the frequency of prolonged AVB 
was higher in the DM group than in the non-DM group (P = 0.032), while the frequencies in Vf and unstable 

Table 2 Blood Biochemical, Urine, and Ultrasonographic Parameters

Non-DM group DM group P value

Blood biochemical and urine parameters
Total cholesterol (mg/dL) 199 ± 33 192 ± 32 0.220

Triglyceride (mg/dL) 136 ± 74 139 ± 52 0.756

HDL-cholesterol (mg/dL) 60 ± 17 57 ± 14 0.273
LDL-cholesterol (mg/dL) 112 ± 29 108 ± 30 0.390

FBS (mg/dL) 98 ± 12 134 ± 36 <0.001

HbA1C (%) 5.7 ± 0.4 6.9 ± 0.8 <0.001
CRP (mg/dL) 0.06 (0.03, 0.14) 0.09 (0.04, 0.19) 0.171

BNP (pg/mL) 21 (12, 40) 21 (9, 36) 0.513
eGFR (mL/min/1.73m2) 69.9 ± 15.9 70.3 ± 12.6 0.876

UACR (mg/gCr) 6.7 (4.5, 12.2) 6.5 (3.8, 10.9) 0.466

(No. = 171) (No. = 34)

Ultrasonographic parameters

LVEF on UCG (%) 67 ± 8 66 ± 7 0.326
FMD (%) 3.9 ± 2.9 3.4 ± 3.0 0.315

NID (%) 15.0 ± 6.8 14.0 ± 6.0 0.430

(No. = 205) (No. = 39)

Notes: Data are expressed as the mean ± SD or the median with IQR, as appropriate. 
Abbreviations: BNP, brain natriuretic peptide; CRP, C-reactive protein; DM, diabetes mellitus; eGFR, 
estimated glomerular filtration rate; FBS, fasting blood sugar; FMD, flow-mediated dilation; Hb, hemoglobin; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left ventricular ejection fraction; NID, 
nitroglycerin-induced dilation; No, numbers; UACR, urinary albumin–creatinine ratio; UCG, echocardiography.
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hemodynamics requiring catecholamine use did not differ significantly between the two groups. There was no significant 
difference in the rate of serious complications that occurred during SPT between groups.

Prognosis
The median follow-up time was 68 (23, 101) months for the non-DM group and 80 (52, 109) months for the DM group, 
and this parameter did not differ significantly between the two groups (P = 0.196). The frequency of anginal attacks per 
month during follow-up and the frequency of consumption of coronary dilators did not differ significantly between 
groups (Table 3).

Table 3 Medications and VSA-Related Parameters

Non-DM group DM group P value

Medications

At admission

Calcium-channel blockers (%) 79 (31) 18 (37) 0.863
Long-acting nitrate (%) 18 (8) 11 (22) 0.008

Nicorandil (%) 16 (7) 6 (12) 0.239
RAS inhibitor (%) 54 (24) 17 (35) 0.044

Beta-receptor blocker (%) 20 (9) 4 (8) 0.857

Statins (%) 78 (35) 23 (47) 0.142
Antiplatelet drug (%) 43 (19) 14 (29) 0.174

Anti-DM drugs (%)

Metformin (%) 8 (16)
Sulfonylurea (%) 10 (20)

DPP-4 inhibitor (%) 16 (33)

Thiazolidinedione (%) 4 (8)
Alfa-glucosidase inhibitor (%) 10 (20)

Glynide (%) 4 (8)

Insulin (%) 2 (4)
GLP-1 receptor agonist (%) 1 (2)

SGLT2 inhibitor (%) 1 (2)

No. of coronary vasodilators
At admission 0 (0, 1) 1 (0, 1) 0.096

At discharge 1 (1, 1) 1 (1, 1) 0.969

Calcium-channel blockers (%) 201 (90) 41 (84) 0.209
Long-acting nitrate (%) 32 (14) 9 (18) 0.477

Nicorandil (%) 16 (7) 3 (6) 0.794

Only sublingual nitroglycerin (%) 13 (6) 5 (10) 0.265
At follow-up 1 (1, 2) 1 (1, 2) 0.251

(No. = 185) (No. = 43)

VSA-related parameters

Chest symptoms at rest, on exertion, and both 186/24/13 42/4/3 0.803
Serious symptoms related to VSA (%) 37 (16) 4 (8) 0.185

VA (%) 4 (2) 0 (0) 0.345

No. of anginal attacks per month
At admission 4 (2, 10) 6 (2, 10) 0.551

At follow-up 0 (0, 1) 0 (0, 1) 0.757

(No. = 185) (No. = 43)

Notes: Data are expressed as the mean ± SD, the median with IQR, or frequencies with percentages, as appropriate. 
Abbreviations: DM, diabetes mellitus; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptidase-1; No, numbers; 
RAS, renin-angiotensin system; SGLT2, sodium-glucose cotransporter 2; VA, variant angina; VSA, vasospastic angina.
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Of the 234 (86%) patients who were eligible for follow-up, 38 (16%) had MACE, including these cases: 2 cardiac deaths, 
1 nonfatal myocardial infarction, 1 PCI for worsening angina, 5 heart failures, 23 rehospitalizations because of worsening 
angina, 3 other nonpharmacological cardiac treatments, 1 revascularization of peripheral artery disease, and 2 cerebral 
infarctions. The incidence of MACE was observed in the DM group (10 patients, 23%, No. = 43) versus non-DM group (28 
patients, 15%, No. = 191, P = 0.174). Noncardiac death was observed in 11 patients (5%, No. = 234), and there was no 
significant difference in the rate of this outcome between groups (P = 0.986). The Kaplan–Meier MACE-free rate did not 
differ between the two groups (P = 0.234, Figure 2). Furthermore, it did not differ between groups with and without 
atherosclerotic lesions (P = 0.362, Figure 3A); however, it was worse in patients with focal spasms compared with those with 
diffuse spasms (P = 0.028, Figure 3B). Other factors, such as the presence of MVS (P = 0.155), LDA (P = 0.881), and ST 
elevations during the SPT (P = 0.341) did not influence MACE (Supplementary File1). Cox proportional hazards model 
analyses revealed that aging (HR 1.06, CI 1.02–1.11, P = 0.003) and the presence of focal spasm (HR 1.97, CI: 1.03–3.77, 
P = 0.041) were determinants of MACE. In patients with atherosclerotic lesions (133 patients), the presence of DM did not 
significantly affect MACE (Figure 4A; P = 0.743); however, in patients with focal spasm (98 patients), the MACE-free 
survival rate differed between groups (Figure 4B; P = 0.042). Even in patients with focal spasms, the Cox proportional 
hazards model revealed that aging (HR 1.09, CI: 1.02–1.17, P = 0.013) and the presence of DM (HR 2.82, CI: 1.05–7.60, P = 
0.041) were factors influencing MACE. The MACEs in the focal spasm group with follow-up are as follows: in the DM 
group (n = 12), there were six cases (50%): 1 cardiac death, 1 PCI, 1 heart failure, 2 readmissions for chest pain, and 1 PAD; 

Table 4 Results of CAG and SPT

Non-DM group DM group P value

CAG

Atherosclerotic lesion (%) 102 (46) 31 (63) 0.028

MB (%) 37 (16) 6 (12) 0.524

SPT

Starting from LCA or RCA 71/152 13/36 0.500

Provocation induced by LDA (%) 51 (23) 8 (16) 0.347
TOC (%) 13 (5) 3 (6) 0.937

ST elevation during SPT (%) 22 (14) 9 (18) 0.132

Unavoidable use of NTG (%) 65 (31) 12 (27) 0.721
(No. = 211) (No. = 45)

Focal spasm (%) 86 (39) 12 (24) 0.072

Diffuse spasm (%) 137 (61) 37 (76) 0.072
MVS (%) 132 (67) 26 (62) 0.590

(No. = 196) (No. = 42)

Location of coronary spasm (%)
LAD (%) 195 (94) 47 (100) 0.135

(No. = 208) (No. = 47)

LCX (%) 50 (24) 9 (19) 0.518
(No. = 208) (No. = 47)

RCA (%) 135 (68) 23 (56) 0.153

(No. = 195) (No. = 41)
Serious complications (%) 12 (5) 4 (8) 0.500

Ventricular fibrillation (%) 4 (2) 0 (0) 0.345

Prolonged AVB (%) 0 (0) 2 (4) 0.032
Hemodynamic instability requiring catecholamine 8 (4) 2 (4) 0.868

Notes: Data are expressed as frequencies with percentages. 
Abbreviations: AVB, atrioventricular block; CAG, coronary angiography; DM, diabetes mellitus; LAD, left anterior 
descending coronary artery; LCA, left coronary artery; LCX, left circumflex coronary artery; LDA, low dose of 
acetylcholine; MB, myocardial bridging; MVS, multivessel spasm; No, numbers; NTG, nitroglycerin; RCA, right coronary 
artery; SPT, spasm provocation test; TOC, total occlusion.
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in the non-DM group (n = 73), there were 13 (18%): 1 cardiac death, 3 heart failures, and 9 readmissions for chest pain. The 
incidence of MACE was higher in the DM group than in the non-DM group (P = 0.023).

Discussion
In this retrospective study, we investigated the clinical background and prognostic impact of DM on VSA. The DM 
group had a greater frequency of atherosclerotic lesions on CAG; however, it did not differ significantly from the non- 
DM group in any SPT parameters. The prognosis did not differ significantly between the DM and non-DM groups, 
although the prognosis for patients with focal spasm might be worse; notably, focal spasm was less frequent in the DM 
group. As indicated in the guidelines,2 DM associated with VSA should be strictly managed, and more attention may be 
required in treatment when DM is associated with focal spasm.

Figure 2 Kaplan–Meier curve for MACE-free survival during the follow-up period for the non-DM and DM groups. 
Notes: The Kaplan–Meier MACE-free rate did not differ between groups (P = 0.234). 
Abbreviations: DM, diabetes mellitus; M, months; MACE, major adverse cardiovascular event.

Figure 3 Kaplan–Meier curve for MACE-free survival during the follow-up period: influence of (A) atherosclerotic lesions (B) focal spasms. 
Notes: (A) The presence of atherosclerotic lesions did not significantly affect MACE (P = 0.362). (B) the MACE-free survival rate differed between groups with focal and 
diffuse spasms (P = 0.028). 
Abbreviations: DM, diabetes mellitus; M, months; MACE, major adverse cardiovascular event.
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A hyperglycemic state causes vascular endothelial dysfunction,31 which has been recognized in many clinical studies 
as an important factor involved in CAD pathogenesis.14,32 Many clinical studies have also reported the relationship 
between coronary spasm and DM.15–21,33–35 Increased insulin resistance is considered a key mechanism underlying VSA 
pathogenesis,15–17 and some reports have shown that insulin resistance is associated with the degree of coronary spasm.34 

However, other reports document that DM is not associated with the pathogenesis of coronary spasms.33 In addition, 
some reports indicate that DM is a prognostic factor for VSA,18–21 whereas others do not list it as a prognostic 
factor.7,8,10

The present study investigated how the clinical context of VSA differs from DM and how it further influences 
prognosis. We found no significant differences in clinical characteristics, except that DM is associated with a greater 
frequency of atherosclerotic lesions in the coronary arteries. Considering that patients with DM had an HbA1C of 6.9, 
35% of them were on a diet, and the UACR did not significantly differ from that in the non-DM group, it is likely that the 
patients with DM in this study had mild disease or relatively good glycemic control. Furthermore, in this study, no 
statistically significant difference in vascular endothelial function was observed between groups, which may also reflect 
the mild degree of DM in the study participants. In contrast, the non-DM group also had reduced vascular endothelial 
function, which may indicate the presence of other etiological factors or the presence of VSA-related endothelial 
dysfunction,36 which is one of the mechanisms of VSA pathogenesis that may have masked some of DM’s influence 
on VSA. One important reason for the different prognostic impacts of these DM complications may be the influence of 
differences in patient background, especially in the degree and duration of DM.

One class of coronary spasms, focal versus diffuse spasm, has a worse prognosis than diffuse spasm.9,22 This study’s 
findings also corroborate the fact that VSA patients with focal spasm have a poorer prognosis than those with diffuse 
spasm. Possible explanations for poorer prognosis with focal spasm include the fact that the degree of ischemia at the 
time of spasm is greater in focal spasm than in diffuse spasm,28 as well as the presence or formation of unstable 
atherosclerotic lesions at the site of focal spasm.23,37 Furthermore, unstable atherosclerotic lesions may exist or form at 
the site of the focal spasm, possibly with unstable plaques, such as yellowish or thrombosed lesions on coronary 
angioscopy24,25,38 and thrombus formation or intraplaque hemorrhage on optical coherence tomography.24,39,40

The focus of the present study was on the effect of DM on focal spasm, which may be associated with such unstable 
plaques; therefore, a sub-analysis of patients with focal spasm was conducted, with the results suggesting that focal 
spasm may be less likely in the DM group. One report indicates that increased insulin resistance is associated with diffuse 
spasm,41 partially supporting our results. In contrast, others report no difference in coronary spasm morphology 

Figure 4 Kaplan–Meier curve for MACE-free survival during the follow-up period for the non-DM and DM groups in (A) patients with atherosclerotic lesions (B) patients 
with focal spasms. 
Notes: (A) In patients with atherosclerotic lesions, the presence of DM did not significantly affect MACE (P = 0.743). (B) In patients with focal spasm, the MACE-free 
survival rate differed between the two groups (P = 0.042). 
Abbreviations: DM, diabetes mellitus; M, months; MACE, major adverse cardiovascular event.
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depending on the presence or absence of DM.33 However, the definition of focal spasm employed may lead to differences 
in interpretation.28 In this study, the frequency of atherosclerotic lesions was increased by DM complications; however, 
focal spasm was rather unlikely to occur. Furthermore, our results suggest that focal spasm may have a poor prognosis 
when complicated with DM, even though it tends to be less common, and this finding might be noteworthy.

Although the small number of cases in this study necessitates caution in the interpretation of the results, various 
atherosclerosis-promoting mechanisms resulting from DM42 may have affected the prognosis of focal spasm, with the 
possibility of such unstable plaques. In addition, although this is a retrospective study and how the DM treatment 
changed during the follow-up periods is unknown, the choice of DM medications at the time of admission may differ 
from the current standard of care.14 For example, the use of sodium-glucose cotransporter 2 inhibitors and glucagon-like 
peptide 1 agonist has been reported to prevent heart failure43 and atherosclerosis,44 and these anti-diabetic drugs are now 
the first choice for patients predisposed to atherosclerosis.14 If such drugs had been used in the study participants with 
DM, the results may have differed from those obtained with other or older drug treatment choices. In any case, the 
prognosis of focal spasm in DM can be evaluated in the future using the current standard DM medications after 
increasing the number of cases in a multicenter registry or other methods and specifically defining focal spasm.

The sub-analysis also examined the effect of DM on atherosclerotic lesions in VSA; however, it found little impact of 
DM on the VSA prognosis of patients with and without atherosclerotic lesions. Patients with lesions considered 
significantly stenotic were excluded from the current study. Similarly, Hao et al reported that the VSA prognosis of 
patients with atherosclerotic lesions that were not significantly stenotic was similar to that of VSA patients without 
atherosclerotic lesions.45 Also, in the authors’ previous study that was conducted using coronary angioscopy,25 intracor-
onary thrombi were found more frequently in areas with focal spasm and not in areas of atherosclerotic lesions that did 
not present with spasm. As previously noted, atherosclerotic lesions at focal spasm sites and atherosclerotic lesions 
without focal spasm may have different plaque characteristics, such as instability. The prognosis of such lesions should 
be studied in the future by increasing the number of cases in a multicenter registry.

Nevertheless, this study has several limitations. First, the study design was retrospective, with few cases and single- 
center data. In particular, the small number of patients in the sub-analysis of the prognostic value of focal spasm in DM 
may have influenced the results. In addition, the study assessed only Japanese patients, and it is unclear whether the 
results can be applicable globally. Second, the definition of DM in this study was based on FBS only and not the oral 
glucose tolerance test. In addition, although guidelines suggest the importance of repeated testing,32 patients with DM 
were mainly evaluated with only one blood test, which may underestimate the frequency of DM. The definition of pre- 
DM may also be a concern,32 with much evidence that this condition also influences the pathogenesis of 
atherosclerosis,46 and the inclusion of such patients in the non-DM group to examine DM versus non-DM may have 
an impact on the prognosis of the patients in the non-DM group. In addition, some DM parameters were not assessed; 
these parameters include insulin resistance21,34 and intraday glucose variability,35 and they may affect VSA status. Third, 
although we followed patients up as much as possible in the prognostic study of this study, the follow-up rate was 
insufficient. Fourth, coronary atherosclerotic lesions were found only in CAG and were not evaluated in detail using 
intravascular imaging, such as optical coherence tomography. Fifth, in this study, we defined MACE as cardiac death and 
readmission due to cardiovascular disease. Again, in addition to the fact that some cases have not been adequately 
followed up, MACE has been designed to focus on the effects of diabetes rather than the effects of coronary spasms, 
which may have significantly affected the study’s findings. Finally, the frequency of chest pain was indicated by the 
number of times it occurred per month, and a recent objective evaluation method47 was not employed.

Conclusion
This study retrospectively examined the clinical background and prognosis of DM complications in patients with VSA. 
The degree of vascular endothelial dysfunction and UACR did not differ significantly between DM and non-DM patients. 
Atherosclerotic disease on CAG was more frequent in patients with DM. Patients with DM tended to have focal spasm 
less frequently, and patients with focal spasm may have a worse prognosis. While DM patients with VSA should be 
managed per established guidelines, those with focal spasm may need to be treated more rigorously. Future studies with 
large numbers of patients should clarify this issue.
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