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Abstract
Postmortem studies reported plaque erosion is frequent in young women. Recent in vivo studies failed to show age and sex 
differences in the plaque erosion prevalence. The aim of this study was to investigate the prevalence of plaque erosion by 
age and sex among acute coronary syndromes (ACS) patients. From 1699 ACS patients, 1083 with plaque erosion or rupture 
were analyzed. Patients were categorized as 5 age groups (≤ 50, 51–60, 61–70, 71–80, ≥ 81 years). Overall prevalence of 
plaque erosion was similar between males and females (p = 0.831). Males age ≤ 50 had higher (p = 0.018) and age 71–80 
had lower (p = 0.006) prevalence of plaque erosion. Females age 61–70 had higher (p = 0.021) and age 71–80 had lower 
(p = 0.045) prevalence of plaque erosion. In advanced age groups (≥ 71 years), rupture was the dominant etiology in both 
sexes. In multivariate analysis of males, age ≤ 50 demonstrated a trend to increase (OR 1.418, 95% CI 0.961–2.093, p = 0.078) 
the erosion risk. Females age ≤ 70 independently increased (OR 2.138, 95% CI 1.249–3.661, p = 0.006) the risk for erosion. 
The prevalence of plaque erosion was similar between males and females. Plaque erosion risk was increased in the males 
age ≤ 50 and in the females age ≤ 70 among ACS patients.
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Highlights

• The prevalence of plaque erosion relative to plaque rup-
ture was compared among each age and sex group in acute 
coronary syndrome (ACS) patients.

• Plaque erosion was the predominant pathology of ACS in 
the males age ≤ 50 and in the females age 61–70.

• Plaque rupture became predominant in both sex groups 
when they reached age 71–80.

• Sex and age factor may be used to predict the likelihood of 
plaque erosion, but future validation study will be required 
for clinical application.

Introduction

Major underlying mechanisms for acute coronary syndromes 
(ACS) include plaque rupture and plaque erosion [1]. Plaque 
rupture involves disruption of a thin fibrous cap with exposure 
of thrombogenic substrates to circulating blood, resulting in 
local thrombosis. Unlike plaque rupture in which inflammation 
plays a key role, the underlying mechanism for plaque erosion 
is less well understood. It is thought to be related to activa-
tion of Toll-like receptor-2 (TLR2), which leads to endothelial 
damage and denudation and subsequent formation of neutro-
phil extracellular traps (NETs) [2]. Several previous autopsy 
studies showed younger age in erosion cases compared to rup-
ture cases [3, 4]. Most autopsy studies demonstrated a higher 
female proportion in erosion cases compared to ruptures [3–5]. 
However, several in vivo studies reported similar average 
age and sex distribution between plaque erosion and rupture 
patients [6, 7]. Plaque erosion, compared to plaque rupture, is 
more common in non-ST segment elevation ACS than in ST 
segment elevation myocardial infarction [8].

Although direct comparison of prognosis between plaque 
rupture and plaque erosion has not been conducted, plaque 
erosion was shown to be feasible for non-stent treatment, 
unlike plaque rupture [9]. At present, studies for relative 
risk of plaque erosion in ACS patients of different age group 
were limited. Thus, information to estimate the relative risk 
of plaque erosion in ACS patients of certain age group may 
be useful for clinicians. Patients were divided into five 
groups based on the age at the time of the procedure (≤ 50, 
51–60, 61–70, 71–80, ≥ 81 years). The aim of the current 
study was to study the relative risk of plaque erosion among 
different age and sex groups in patients presented with ACS.

Methods

The data used in this study is from the “Identification 
of Predictors for Coronary Plaque Erosion in Patients 
with Acute Coronary Syndrome study” database 

[NCT03479723] which consists optical coherence tomog-
raphy (OCT) images of 1518 ACS cases. Exclusion criteria 
for the current study were (1) poor OCT image quality, (2) 
calcified nodules at the culprit lesion, and (3) insufficient 
clinical data. The study was approved by the Institutional 
Review Board at each participating site. The participants 
gave written informed consent.

Angiographic characteristics were analyzed by Cardio-
vascular Angiography Analysis System (Pie Medical Imag-
ing B.V., Maastricht, the Netherlands). Single culprit lesion 
identified with OCT imaging in each case was included in 
the current study. Underlying pathobiology of ACS was 
identified by using either frequency-domain OCT systems 
(C7/C8 ILUMIEN OCT Intravascular Imaging Systems, St. 
Jude Medical, St. Paul, Minnesota) or time-domain OCT 
systems (M2/M3 Cardiology Imaging System, St. Jude Med-
ical, Westford, Massachusetts) during the time of coronary 
angiography. Preprocedural thrombectomy was performed 
based on the operator’s discretion before the OCT procedure. 
All angiographic and OCT images were submitted to the 
Cardiology Laboratory for Integrative Physiology and Imag-
ing (CLIPI) at Massachusetts General Hospital and were 
analyzed by investigators blinded to patients’ data. Plaque 
erosion was defined according to the absence of fibrous cap 
disruption with attached thrombus overlying a plaque [10]. 
Plaque rupture was defined when there was a presence of 
fibrous cap discontinuity with a clear cavity formed inside 
[10]. Each case was assigned to either plaque erosion or 
plaque rupture by OCT imaging interpretation. The repre-
sentative plaque erosion and plaque rupture OCT images are 
illustrated in Supplementary Fig. 1. Quantitative and qualita-
tive OCT profiles were analyzed by current consensus [11].

Patients were divided into five groups based on the 
age at the time of the procedure (≤ 50, 51–60, 61–70, 
71–80,  ≥ 81 years). The prevalence of plaque erosion rela-
tive to plaque rupture was compared among each age group 
and between the sexes. Regression analysis was performed 
for each sex population to assess plaque erosion risk of the 
specific age group compared to the rest of the population. 
Multivariate analysis to determine independent risk factors 
was performed after the univariate analysis to see if a spe-
cific age threshold for each sex group is effective to pre-
dict plaque erosion, along with traditional cardiovascular 
risk factors. The age thresholds for each sex group were set 
according to the erosion predominant age for each group.

Categorical variables were presented as numbers and 
proportions and were compared using chi square test or 
Fisher’s exact test as appropriate. Continuous variables 
were presented as means and standard deviations when 
normally distributed, and medians and interquartile ranges 
when nonnormally distributed, with comparing using a 
standardized T test or one-way analysis of variance. Fac-
tors with p < 0.05 in univariate regression analysis were 
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included in the multivariate regression model. A two-
tailed p < 0.05 was considered significant. All statistical 
analyses were performed using SPSS 23.0 (SPSS, Inc, 
Chicago, IL).

Results

Among 1699 ACS patients, 458 patients were excluded due 
to poor OCT image quality, 157 due to calcified nodule at the 
culprit lesion, and one due to no age data. Therefore, 1083 
cases (855 male, 228 female) were included in the analysis 
(Fig. 1). The time domain OCT system was used in 22.2% 
of male patients and 18.9% of female patients (p = 0.272).

Baseline characteristics, laboratory findings, and medi-
cation history according to different sex groups are sum-
marized in Table  1. Male patients were younger, more 
frequently current smokers, and had less hypertension. 
Laboratory findings of male patients showed higher levels 
of hemoglobin and triglyceride, and lower levels of total 
cholesterol and high-density lipoprotein (HDL) cholesterol, 
compared to those of females. Baseline characteristics, labo-
ratory findings, and medication history according to differ-
ent age groups are summarized in Supplementary Table 1. 
Dyslipidemia and current smoking were most frequent in the 
age ≤ 50 group. Hypertension and chronic kidney disease 
were most frequent in the age ≥ 81 group. Angiographic and 
OCT characteristics according to different sex groups are 
summarized in Supplementary Table 2. The female group 
showed more frequent calcium on OCT, compared to the 
male group.

The proportion of erosion and rupture was similar in both 
sex groups (p = 0.831) (Fig. 2a). Prevalence of plaque ero-
sion and rupture was compared in each age group. In the 
whole population, the age ≤ 50 group had higher (p = 0.008), 

and the age 71–80 group had lower (p < 0.001) prevalence 
of erosion (Fig. 2b). In male patients, the age ≤ 50 group 
had higher (p = 0.018) and the age 71–80 group had lower 
(p = 0.006) prevalence of erosion (Fig.  2c). In female 
patients, the age 61–70 group had higher (p = 0.021), and 
the age 71–80 group had lower (p = 0.045) prevalence of 
erosion (Fig. 2d).

In the whole population, the odd ratio for erosion 
was increased in the age ≤ 50 group (OR 1.587, 95% CI 
1.127–2.236, p = 0.008) and decreased in the age 71–80 
group (OR 0.614, 95% CI 0.462–0.815, p < 0.001). In 
males, the odd ratio for erosion was increased in the 
age ≤ 50 group (OR 1.540, 95% CI 1.074–2.208, p = 0.019) 
and decreased in the age 71–80 group (OR 0.629, 95% CI 
0.451–0.876, p = 0.006). In females, the odd ratio for ero-
sion was increased in the age 61–70 group (OR 1.970, 95% 
CI 1.101–3.526, p = 0.022) and decreased in the age 71–80 
group (OR 0.566, 95% CI 0.323–0.991, p = 0.046) (Fig. 3).

Regression analysis to find risk factors for plaque 
erosion is summarized in Table  2. In univariate analy-
sis of males, age ≤ 50 increased (OR 1.610, 95% CI 
1.105–2.346, p = 0.013), and hypertension (OR 0.718, 95% 
CI 0.544–0.948, p = 0.019), diabetes (OR 0.674, 95% CI 
0.501–0.908, p = 0.009), chronic kidney disease (OR 0.544, 
95% CI 0.369–0.801, p = 0.002) decreased the risk of plaque 
erosion. In univariate analysis of females, age ≤ 70 increased 
(OR 2.216, 95% CI 1.299–3.780, p = 0.004) the risk of 
plaque erosion. In multivariate analysis of males, diabetes 
mellitus (OR 0.716, 95% CI 0.529–0.970, p = 0.031) and 
chronic kidney disease (OR 0.607, 95% CI 0.409–0.900, 
p = 0.013) decreased the risk for plaque erosion. Although 
the statistical significance was not met, age ≤ 50 in males 
demonstrated a trend to increase (OR 1.418, 95% CI 
0.961–2.093, p = 0.078) the erosion risk. In multivariate 

Fig. 1  Study flowchart. From 
1699 ACS patients, 458 were 
excluded due to poor quality 
OCT images, 157 patients due 
to calcified nodule at the culprit 
lesion, 1 patient due to no age 
data. Therefore, 1083 patients 
(855 male, 228 female) were 
included in the analysis. ACS 
acute coronary syndrome, OCT 
optical coherence tomography
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analysis of females, age ≤ 70 increased (OR 2.138, 95% CI 
1.249–3.661, p = 0.006) the erosion risk.

Discussion

So far, no study specifically focused on the prevalence of 
erosion in relation to different age groups. Plaque erosion 
was the predominant pathology in the males age of ≤ 50 and 
in the females age of 61–70. Plaque rupture became pre-
dominant in both sex groups when they reach age of 71–80.

In this study, the proportion of plaque erosion in rela-
tion to plaque rupture is higher in the younger age groups. 
Libby et al. proposed “two hit hypothesis” for the develop-
ment of plaque erosion, which is independent from chronic 

vascular inflammation [2]. (1) The ‘first hit’ consists of ini-
tial endothelial injury mediated by TLR2 expression from 
local blood flow perturbation. (2) The ‘second hit’ involves 
locally recruited granulocytes near injured intimal surface 
by chemokines, undergoing a specialized cell death forming 
NETs which promote thrombosis. The chronic inflammation 
independent mechanism of plaque erosion represents the 
earlier stages of atherosclerosis. On the other hand, plaque 
rupture develops at the advanced stage of atherosclerosis 
[12].

The prevalence of plaque rupture was significantly higher 
in the age groups 71–80 and ≥ 81 years. Current understand-
ing is that atherosclerosis is an inflammatory process [13]. 
It has been reported that bone marrow-derived progenitor 
cells suppress inflammatory insult to the endothelium so that 
arterial homeostasis is maintained. However, aging could 

Table 1  Baseline characteristics 
and lab findings according to 
different sex groups

Values are expressed as median (IQR), mean (SD) and number (%)
CKD chronic kidney disease, DM diabetes mellitus, HDL high-density lipoprotein, IQR interquartile range, 
LDL low-density lipoprotein, MI myocardial infarction, PCI percutaneous coronary intervention, SD stand-
ard deviation

Male (N = 855) Female (N = 228) p value

Baseline characteristics
 Age, years 63 (54–72) 71 (63–77) < 0.001
 Pathology 0.831
  Plaque erosion 378 (44.2) 99 (43.4)
  Plaque rupture 477 (55.8) 129 (56.6)

 Type of ACS 0.078
  Myocardial infarction 734 (85.8) 185 (81.1)
  Unstable angina pectoris 121 (14.2) 43 (18.9)

 Hypertension 526 (61.5) 157 (68.9) 0.041
 DM 261 (30.5) 69 (30.3) 0.939
 Dyslipidemia 604 (70.6) 167 (73.2) 0.441
 CKD 137 (16.0) 28 (12.3) 0.162
 Current smoking 395 (46.2) 54 (23.7) < 0.001
 Previous MI 65 (7.6) 10 (4.4) 0.089
 Previous PCI 81 (9.5) 15 (6.6) 0.172
 Preprocedural thrombectomy 364 (42.6) 95 (41.7) 0.134
 Number of diseased vessel 0.121
  1 vessel 520 (62.7) 150 (67.9)
  2 vessels 221 (26.6) 57 (25.8)
  3 vessels 89 (10.7) 14 (6.3)

Lab findings
 Hemoglobin, g/dL 14.4 (± 1.6) 12.9 (± 1.5) < 0.001
 Total cholesterol, mg/dL 177 (± 62) 190 (± 62) 0.008
 LDL cholesterol, mg/dL 117 (± 50) 121 (± 53) 0.238
 HDL cholesterol, mg/dL 42 (± 17) 49 (± 17) < 0.001
 Triglyceride, mg/dL 119 (± 107) 100 (± 70) 0.014
 Creatinine, mg/dL 0.74 (± 0.40) 0.63 (± 0.35) 0.054
 Hemoglobin A1C, % 6.8 (± 2.4) 6.6 (± 2.1) 0.384
 Troponin I, ng/mL 4.5 (± 14.3) 7.1 (± 19.0) 0.222
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impair the function of these cells, resulting in the progres-
sion of atherosclerosis [14]. Another possible hypothesis 
is the shortening of telomere length with aging. As telom-
eres shorten, telomere-dependent senescence and apoptosis 
occur, therefore secretion of proinflammatory cytokines pro-
mote atherosclerosis [15].

In females, the predominant mechanism of ACS abruptly 
changes from erosion to rupture between 60 and 70′s. Estro-
gen is atheroprotective, because of its vasodilatory, anti-
inflammatory and sympathetic tone decreasing effects [16]. 
Testosterone increases monocyte adhesion to endothelial 
cells with vascular cell adhesion molecule-1 [17] and asso-
ciated with increased accumulation of body fat by down-
regulation of hormone-sensitive lipase or upregulation of 
phosphodiesterase-3B [18]. An animal study reported the 
permissive role of testosterone in vascular dysfunction and 
hypertension through the renin-angiotensin system [19]. 
Therefore, testosterone promotes atherosclerosis. Sex hor-
mone binding globulin (SHBG) is known to antagonize 

testosterone with decreasing the bioavailable form of tes-
tosterone [20]. After physiologic menopause, the level of 
estrogen and SHBG is decreased, and testosterone is rela-
tively maintained in females [21]. In this endocrinologic 
environment, the protective effects of estrogen and SHBG 
for advanced atherosclerosis complication may be depleted, 
and atherosclerosis promoting effect of testosterone might 
be relatively robust. Therefore, plaque rupture by advanced 
atherosclerosis may become dominant with post-menopausal 
age.

Age and sex of a patient are readily available. The 
age ≤ 50 males and the age ≤ 70 females increased the like-
lihood of plaque erosion in ACS patients. Recent studies 
suggested that in a selected group of ACS patients caused 
by plaque erosion, conservative management with anti-
thrombotic therapy without coronary stenting might be an 
option [9, 22]. If patients with ACS caused by plaque ero-
sion can be identified at the emergency department, those 
patients can be triaged to a conservative management 

Fig. 2  Prevalence of plaque erosion and plaque rupture. Prevalence 
of plaque erosion (blue) and plaque rupture (red) was compared. a 
Males and females had similar proportions of plaque erosion. b In 
the overall population, patients of age ≤ 50 had higher and patients 
of age 71–80 had a lower prevalence of plaque erosion. c In males, 
patients of age ≤ 50 had higher and patients of age 71–80 had a lower 

prevalence of plaque erosion. d In females, patients of age 61–70 had 
higher and patients of age 71–80 had a lower prevalence of plaque 
erosion. Values are expressed as number (%). Percentages are cal-
culated based on sex (a) and age (b–d) groups.*p < 0.05, †p < 0.01, 
‡p < 0.001



357Relative risk of plaque erosion among different age and sex groups in patients with acute coronary…

1 3

pathway without invasive procedures. To be able to 
achieve this ultimate goal, we need more information to 
narrow down the whole cohort to a subgroup of patients 
with high likelihood of plaque erosion. The information 
that plaque erosion is more frequent in men age ≤ 50 and 
women age ≤ 70 will be helpful to identify those patients 
with a higher chance of plaque erosion.

This study has several limitations. First, calcified 
nodules are not included in the analysis. This group was 
excluded because it comprises only 4–8% of the total ACS 
population [10]. Second, the number of male patients in 
the age ≥ 81 group and the number of female patients in 
each group were small. Third, demographics, laboratory 
findings, medication history, preprocedural thrombectomy 
rate, and calcium observed on OCT were not evenly dis-
tributed among the different groups. Fourth, this study 
used two different OCT systems (frequency-domain and 

time-domain OCT). However, the distribution of plaque 
morphology examined by each system did not differ sig-
nificantly between the two groups except calcium. Fifth, 
potential selection bias could not be excluded with the 
retrospective design of the study.

Conclusion

There was no sex difference in the prevalence of plaque 
erosion. Erosion was the predominant mechanism of ACS 
in males up to 50 years old and in females up to their 60′s. 
In all patients, plaque rupture was the predominant mecha-
nism of ACS from their 70′s onward. Between 60 and 70′s 
of females, there was an abrupt change in the predominant 
mechanism of ACS from erosion to rupture.

Fig. 3  Risk of plaque erosion in different age and sex groups. Logis-
tic regression was done for the plaque erosion probability assessment 
in different age and sex groups. In the overall population, the prob-
ability of plaque erosion was increased in the age ≤ 50 group and 
decreased in the age 71–80 group. The probability of plaque erosion 
of male patients was increased in the age ≤ 50 group and decreased 

in the age 71–80 group. The probability of female patients was 
increased in the age 61–70 group and decreased in the age 71–80 
group. Higher plaque erosion risk was noted as blue, while higher 
plaque rupture risk was noted as red. CI confidence interval, OR odds 
ratio
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