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Coronary Plaque Characteristics and 
Underlying Mechanism of Acute Coronary 
Syndromes in Different Age Groups of 
Patients With Diabetes
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BACKGROUND: High cardiovascular mortality has been reported in young patients with diabetes. However, the underlying pa-
thology in different age groups of patients with diabetes has not been studied.

METHODS AND RESULTS: The aim of this study was to investigate the plaque characteristics and underlying pathology of acute 
coronary syndrome in different age groups of patients with or without diabetes in a large cohort. Patients who presented 
with acute coronary syndrome and underwent preintervention optical coherence tomography imaging were included. Culprit 
plaque was classified as plaque rupture, plaque erosion, or calcified plaque and stratified into 5 age groups. Plaque character-
istics including features of vulnerability were examined by optical coherence tomography. Among 1394 patients, 482 (34.6%) 
had diabetes. Patients with diabetes, compared with patients without diabetes, had a higher prevalence of lipid-rich plaque 
(71.2% versus 64.8%, P=0.016), macrophage (72.0% versus 62.6%, P<0.001), and cholesterol crystal (27.6% versus 19.7%, 
P<0.001). Both diabetes and nondiabetes groups showed a decreasing trend in plaque erosion with age (patients with diabe-
tes, P=0.020; patients without diabetes, P<0.001). Patients without diabetes showed an increasing trend with age in plaque 
rupture (P=0.004) and lipid-rich plaque (P=0.018), whereas patients with diabetes had a high prevalence of these vulnerable 
features at an early age that remained high across age groups.

CONCLUSIONS: Patients without diabetes showed an increasing trend with age in plaque rupture and lipid-rich plaque, whereas 
patients with diabetes had a high prevalence of these vulnerable features at an early age. These results suggest that athero-
sclerotic vascular changes with increased vulnerability start at a younger age in patients with diabetes.

REGISTRATION: URL: https://​www.​clini​caltr​ials.​gov; Unique identifiers: NCT04523194, NCT03479723. URL: https://​www.​umin.​
ac.​jp/​ctr/​. Unique identifier: UMIN000041692.
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Diabetes is an important independent risk factor 
for developing cardiovascular events.1 In a re-
cent large cohort study of >2 500 000 individ-

uals, mortality was 2- to 3-fold higher among young 

or middle-aged patients with diabetes compared with 
patients without diabetes, and cardiovascular dis-
ease was a major contributing factor for mortality.2 
Pathology studies have demonstrated that patients 
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with diabetes have coronary plaques with larger ne-
crotic cores and advanced coronary artery calcifica-
tion.3 However, plaque characteristics among different 
age groups in living patients with diabetes have not 
been systematically investigated. Optical coherence 
tomography (OCT) offers a direct assessment of 
plaque characteristics, including features of vulnerabil-
ity in living patients. Recently, several studies have re-
ported plaque characteristics in patients with diabetes 
using OCT; however, the number of patients in those 
reports was small.4–9 The aim of the current study was 
to investigate the plaque characteristics and underlying 
pathology among different age groups of patients with 
acute coronary syndrome (ACS) with or without diabe-
tes in a large cohort.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Population
Patients with ACS who underwent preintervention 
OCT imaging of the culprit lesion were identified from 
the Predictor (Identification of Predictors for Coronary 
Plaque Erosion in Patients With Acute Coronary 
Syndrome) study (NCT03479723), Tsuchiura Kyodo 
General Hospital Coronary Imaging Collaboration 
(NCT04523194), and New Tokyo Hospital study (Optical 
Coherence Tomography for In Vivo Detection of Layered 
Plaque: A Prospective Study) (UMIN000041692). The 
Predictor study is an international, multicenter registry 
study that included patients with ACS undergoing OCT at 
12 institutions in 7 countries (Japan, China, Italy, Belgium, 
United States, India, and Germany) from October 2008 
to August 2019. The Tsuchiura Kyodo General Hospital 

Coronary Imaging Collaboration is a single-center study 
that included patients with ACS undergoing OCT from 
January 2011 to July 2020. The New Tokyo Hospital 
study is a single-center study that included patients 
with ACS undergoing OCT from October 2020 to April 
2021. Exclusion criteria included incomplete data, stent 
thrombosis/in-stent restenosis, graft failure, indetermi-
nate culprit lesion, poor image quality, postpercutane-
ous coronary intervention OCT imaging only, and rare 
pathology other than plaque rupture, plaque erosion, or 
calcified plaque (Figure S1). In the final analysis, 1394 
patients were included. The diagnosis of ACS was made 
according to the American Heart Association/American 
College of Cardiology guidelines10,11 defined as ST-
segment–elevation myocardial infarction (MI) or non–ST-
segment–elevation ACS. Non–ST-segment–elevation 
ACS was defined as non–ST-segment–elevation MI or 
unstable angina pectoris. Culprit lesions and laboratory 
parameters were analyzed. In multivessel disease, the 
culprit lesion was defined as the one with the most se-
vere stenosis or evidence of recent plaque disruption. 
Diabetes was defined by baseline medical history, gly-
cohemoglobin ≥6.5%, or reported use of glucose-low-
ering medication. All registries were approved by each 
site’s institutional review board and conducted accord-
ing to the Helsinki Declaration. Waivers of consent were 
granted by each site’s local institutional review board for 
the Predictor study and the Tsuchiura Kyodo General 
Hospital Coronary Imaging Collaboration, but written in-
formed consent was obtained from subjects for the New 
Tokyo Hospital study.

OCT Analysis
OCT images were obtained using a frequency do-
main (C7/C8; OCT Intravascular Imaging System, St. 
Jude Medical, St. Paul, MN) or a time domain (M2/
M3; Cardiology Imaging Systems, LightLab Imaging, 
Westford, MA) OCT system. OCT imaging was per-
formed before coronary interventional procedures, 
except in cases of aspiration thrombectomy for oc-
clusive thrombus precluding visualization of under-
lying plaque. All OCT images were submitted to the 
Cardiology Laboratory for Integrative Physiology and 
Imaging at Massachusetts General Hospital and were 
analyzed by investigators blinded to patient data. 
Plaque rupture was defined by fibrous cap discontinu-
ity with cavity formation.12 Plaque erosion was identi-
fied as a culprit plaque with an intact fibrous cap with 
or without attached thrombus.12 Calcified plaque was 
defined by the identification of superficial substantive 
calcium at the culprit site without signs of ruptured lipid 
plaque.12 Detailed descriptions of further OCT analysis 
are in Data S1. Plaque characteristics were compared 
between patients with and without diabetes. Plaque 
characteristics were also compared among different 

CLINICAL PERSPECTIVE

What Is New?
•	 The present study represents the largest series 

so far among the optical coherence tomogra-
phy studies in patients with diabetes.

•	 Our results demonstrate that patients with dia-
betes have a high prevalence of vulnerable fea-
tures in coronary plaques from an early age.

What Are the Clinical Implications?
•	 Our results suggest that atherosclerotic vascu-

lar changes with increased vulnerability start at 
a young age in patients with diabetes.

•	 More aggressive risk management is particu-
larly important in young patients with diabetes.
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age groups separately in patients with and without 
diabetes.

Statistical Analysis
Continuous data are expressed as mean with SD or 
median with interquartile range. Continuous variables 
were compared using the Student t test or, if not nor-
mally distributed, using the Mann–Whitney U test. 
Categorical data were expressed as absolute frequen-
cies and percentages and compared using the χ2 test. 
Patients were placed into 5 groups based on their age 
(years): <45, 45 to 54, 55 to 64, 65 to 74, and ≥75.13 
The Cochran–Armitage trend test was applied for trend 
analyses of categorical variables along the age groups, 
and the Jonckheere–Terpstra trend test was applied for 
continuous variables. A 2-sided P value of <0.05 was 
considered statistically significant. Statistical analysis 
was performed using SPSS version 28.0 (SPSS, Inc, 

Chicago, IL) and R software version 4.2.2 (R Foundation 
for Statistical Computing, Vienna, Austria).

RESULTS
Baseline Characteristics
The baseline characteristics of patients are summa-
rized in Table 1. Among 1394 patients, 34.6% (n=482) 
had diabetes. The mean age was 64±13 years, and 
patients with diabetes were older than patients with-
out diabetes. Patients with diabetes had a higher 
prevalence of prior MI, prior percutaneous coronary 
intervention, hypertension, dyslipidemia, and chronic 
kidney disease. Although patients with diabetes were 
more frequently on statins and had lower levels of low-
density lipoprotein cholesterol, the level of hs-CRP 
(high-sensitivity C-reactive protein) was significantly 
higher in this group.

Table 1.  Baseline Characteristics

With diabetes (n=482) Without diabetes (n=912) P value

Age, y 65.2±11.4 63.5±13.0 0.011

Age subgroups, y

<45, n (%) 22 (4.6) 76 (8.3)

45–54, n (%) 67 (13.9) 161 (17.7)

55–64, n (%) 129 (26.8) 216 (23.7)

65–74, n (%) 155 (32.2) 267 (23.7)

≥75, n (%) 109 (22.6) 192 (21.1)

Male sex, n (%) 385 (79.9) 731 (80.2) 0.933

Clinical presentation 0.206

ST-segment–elevation myocardial infarction, n (%) 227 (47.1) 462 (50.7)

Non–ST-segment–elevation acute coronary  
syndromes, n (%)

255 (52.9) 450 (49.3)

Prior myocardial infarction, n (%) 55 (11.4) 57 (6.3) <0.001

Prior percutaneous coronary intervention, n (%) 60 (12.4) 69 (7.6) 0.003

Hypertension, n (%) 327 (67.8) 542 (59.4) 0.002

Dyslipidemia, n (%) 334 (69.3) 576 (63.2) 0.022

Chronic kidney disease (estimated glomerular  
filtration rate <60 mL/min per 1.73 m2), n (%)

85 (18.1) 99 (11.1) <0.001

Current smoking, n (%) 156 (32.4) 365 (40.2) 0.004

Laboratory data

Total cholesterol, mg/dL 181.0 (154.0–211.0) 191.0 (163.0–219.0) 0.002

Low-density lipoprotein cholesterol, mg/dL 114.0 (90.0–145.0) 120.0 (97.5–147.4) 0.007

High-density lipoprotein cholesterol, mg/dL 42.0 (37.0–49.0) 45.0 (38.6–55.0) <0.001

Triglyceride, mg/dL 108.0 (69.0–167.9) 94.0 (57.0–145.5) <0.001

Hemoglobin A1c, % 7.0 (6.5–7.9) 5.6 (5.4–5.9) <0.001

High-sensitivity C-reactive protein, mg/dL 0.19 (0.07–0.60) 0.11 (0.06–0.41) 0.021

Medication at admission

Aspirin, n (%) 93 (22.9) 145 (19.6) 0.193

Statin, n (%) 124 (30.6) 158 (21.4) <0.001

Angiotensin-converting enzyme inhibitor/angiotensin II 
receptor blocker, n (%)

164 (34.0) 166 (18.2) <0.001

Values are n (%), mean±SD, or median (interquartile range).
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OCT Findings in Patients With and 
Without Diabetes
Quantitative and qualitative OCT characteristics are 
shown in Table  2. Patients with diabetes, compared 
with patients without diabetes, had a lower preva-
lence of plaque erosion and a higher prevalence of 
lipid-rich plaque, macrophage, cholesterol crystal, and 
calcification.

Plaque Phenotype Among Different Age 
Groups in Patients With and Without 
Diabetes
Plaque phenotype among different age groups is 
shown in Figure 1 and Tables 3 and 4. Both patients 
with and without diabetes showed a decreasing trend 
in plaque erosion and an increasing trend in calcified 
plaque with age. Patients without diabetes showed an 
increasing trend with age in plaque rupture (from 30.3% 
in age <45 years to 58.3% in age ≥75 years [P=0.004]), 
whereas patients with diabetes had a high prevalence 
of plaque rupture at an early age that plateaued across 
age groups (from 50.0% in age <45 years to 47.7% in 
age ≥75 years [P=0.907]).

Plaque Characteristics Among Different 
Age Groups in Patients With and Without 
Diabetes
Plaque characteristics found in the age-sorted groups 
are shown in Tables 3 and 4. Patients without diabetes 

showed an increasing trend with age in lipid-rich 
plaque (from 50.0% in age <45 years to 70.8% in age 
≥75 years [P=0.018]), whereas patients with diabetes 
had a high prevalence of lipid-rich plaque at an early 
age that plateaued across age groups (from 77.3% in 
age <45 years to 72.5% in age ≥75 years [P=0.497]) 
(Figure 2 and 3). Patients without diabetes had a de-
creasing trend in minimum lumen area, whereas pa-
tients with diabetes had a small lumen area throughout 
different age groups starting at an early age. Patients 
with diabetes showed a decreasing trend with age for 
the presence of macrophage. In both patients with 
and without diabetes, the prevalence of calcification 
increased with age.

DISCUSSION
The collection of a large number of ACS cases provided 
an opportunity to study detailed OCT features of coro-
nary plaques among different age groups in patients 
with and without diabetes. The current study dem-
onstrated that (1) patients with diabetes had a higher 
prevalence of OCT features of plaque vulnerability than 
patients without diabetes; (2) both patients with and 
without diabetes showed a decreasing trend in plaque 
erosion with age; (3) patients without diabetes had an 
increasing trend with age in plaque rupture and lipid-
rich plaque, whereas patients with diabetes had a high 
prevalence of these vulnerable features at early age 
that plateaued across all age groups (Figure 3).

Table 2.  OCT Findings Between Patients With and Without Diabetes

With diabetes (n=482) Without diabetes (n=912) P value

Phenotype

Plaque rupture, n (%) 251 (52.1) 432 (47.4) 0.095

Plaque erosion, n (%) 168 (34.9) 392 (43.0) 0.003

Calcified plaque, n (%) 63 (13.1) 88 (9.6) 0.051

Qualitative

Lipid-rich plaque, n (%) 343 (71.2) 591 (64.8) 0.016

Thin-cap fibroatheroma, n (%) 187 (38.8) 316 (34.6) 0.125

Macrophage, n (%) 347 (72.0) 571 (62.6) <0.001

Cholesterol crystal, n (%) 133 (27.6) 180 (19.7) <0.001

Calcification, n (%) 251 (52.1) 373 (40.9) <0.001

Quantitative

Minimum lumen area, mm2 1.00 (0.79–1.49) 1.08 (0.80–1.73) 0.066

Reference lumen area mm2 6.59 (4.80–8.20) 6.77 (5.19–8.71) 0.005

Fibrous cap thickness, μm 63.0 (53.0–97.0) 63.0 (50.0–100.0) 0.783

Mean lipid arc 176.0 (147.0–212.0) 173.0 (144.0–209.0) 0.219

Lipid length, mm 9.9 (7.5–12.7) 9.2 (7.0–12.8) 0.235

Lipid index 1791.4 (1203.3–2548.0) 1659.0 (1060.8–2405.7) 0.147

Values are n (%), or median (interquartile range). OCT indicates optical coherence tomography.
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Plaque Characteristics in Patients With 
Diabetes

Lipid-rich plaque is considered a precursor of rupture, 
and, when disrupted, exposes thrombogenic substrate 

to circulation.14 A previous OCT study demonstrated 
that lipid-rich plaque was an independent predictor of 
cardiac events.15 In pathology studies, atherosclerotic 
plaques in patients with diabetes had larger necrotic 
cores and higher levels of inflammation characterized 

Figure 1.  Plaque phenotype among different age groups in patients with and without diabetes.
Both patients with and without diabetes showed a decreasing trend in plaque erosion and increasing trend in calcified plaque with 
age. Patients without diabetes showed an increasing trend with age in plaque rupture, whereas patients with diabetes had a high 
prevalence of plaque rupture at an early age, which plateaued across age groups. P values are for the Cochran–Armitage trend test 
for categorical data. CP indicates calcified plaque; PE, plaque erosion; and PR, plaque rupture.

Table 3.  OCT Findings in Different Age Groups of Patients With Diabetes

Age, y <45 (n=22) 45–54 (n=67) 55–64 (n=129) 65–74 (n=155) ≥75 (n=109) P value

Phenotype

Plaque rupture 11 (50.0) 32 (47.8) 71 (55.0) 85 (54.8) 52 (47.7) 0.907

Plaque erosion 10 (45.5) 34 (50.7) 40 (31.0) 50 (32.3) 34 (31.2) 0.020

Calcified plaque 1 (4.5) 1 (1.5) 18 (14.0) 20 (12.9) 23 (21.1) <0.001

Qualitative

Lipid-rich plaque 17 (77.3) 45 (67.2) 87 (67.4) 115 (74.2) 79 (72.5) 0.497

Thin-cap fibroatheroma 12 (54.5) 24 (35.8) 44 (34.1) 67 (43.2) 40 (36.7) 0.825

Macrophage 18 (81.8) 52 (77.6) 100 (77.5) 105 (67.7) 72 (66.1) 0.012

Cholesterol crystal 5 (22.7) 19 (28.4) 41 (31.8) 41 (26.5) 27 (24.8) 0.567

Calcification 5 (22.7) 24 (35.8) 66 (51.2) 84 (54.2) 72 (66.1) <0.001

Quantitative

Minimum lumen area, 
mm2

1.18 (0.80–2.19) 1.00 (0.71–1.66) 1.03 (0.80–1.50) 0.90 (0.80–1.39) 1.01 (0.80–1.50) 0.822

Reference lumen area 
mm2

7.59 (5.20–8.75) 6.97 (4.70–7.99) 6.51 (5.00–8.10) 6.74 (4.80–8.55) 6.08 (4.65–7.94) 0.230

Fibrous cap thickness, 
μm

60.0 (53.0–80.0) 63.0 (50.0–100.0) 65.0 (55.0–90.0) 60.0 (52.0–97.0) 63.0 (57.0–99.0) 0.510

Mean lipid arc 190.0 
(153.0–216.0)

183.0 
(158.6–209.0)

175.5  
(148.0–209.4)

168.0 
(146.0–212.0)

174.0 
(148.5–218.5)

0.628

Lipid length, mm 10.0 (6.9–13.8) 9.4 (5.5–11.5) 9.5 (7.1–11.9) 9.8 (7.5–12.2) 10.4 (8.2–13.9) 0.051

Lipid index 2160.0 
(1252.8–2899.8)

1687.6 
(823.5–2548.0)

1763.0 
(1207.6–2290.9)

1798.2 
(1237.7–2384.0)

1855.0 
(1303.8–2725.6)

0.288

Values are n (%), or median (interquartile range). P values are for the Jonckheere–Terpstra trend test for continuous variables or the Cochran–Armitage trend 
test for categorical data. OCT indicates optical coherence tomography.
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as T lymphocytes.16,17 Intravascular ultrasound study 
also showed that patients with diabetes had a larger 
necrotic core volume than patients without diabetes.18 

Several OCT studies compared culprit plaques be-
tween patients with and without diabetes.4–9 However, 
those studies reported only a small number of patients 

Table 4.  OCT Findings in Different Age Groups of Patients Without Diabetes

Age, y <45 (n=76) 45–54 (n=161) 55–64 (n=216) 65–74 (n=267) ≥75 (n=192) P value

Phenotype

Plaque rupture 23 (30.3) 80 (49.7) 101 (46.8) 116 (43.4) 112 (58.3) 0.004

Plaque erosion 52 (68.4) 77 (47.8) 100 (46.3) 111 (41.6) 52 (27.1) <0.001

Calcified plaque 1 (1.3) 4 (2.5) 15 (6.9) 40 (15.0) 28 (14.6) <0.001

Qualitative

Lipid-rich plaque 38 (50.0) 108 (67.1) 136 (63.0) 173 (64.8) 136 (70.8) 0.018

Thin-cap fibroatheroma 22 (28.9) 69 (42.9) 68 (31.5) 82 (30.7) 75 (39.1) 0.915

Macrophage 37 (48.7) 111 (68.9) 138 (63.9) 166 (62.2) 119 (62.0) 0.681

Cholesterol crystal 11 (14.5) 31 (19.3) 45 (20.8) 49 (18.4) 44 (22.9) 0.241

Calcification 13 (17.1) 60 (37.3) 70 (32.4) 121 (45.3) 109 (56.8) <0.001

Quantitative

Minimum lumen area, mm2 1.60 (0.95–3.4) 1.10 (0.76–1.88) 1.08 (0.77–1.84) 1.00 (0.80–1.57) 1.10 (0.80–1.46) 0.002

Reference lumen area mm2 8.26 (6.82–10.42) 7.42 (5.43–8.62) 6.61 (5.34–8.62) 6.43 (5.00–8.50) 6.40 (4.91–8.33) <0.001

Fibrous cap thickness, μm 60.0 (47.0–87.0) 63.0 (53.0–90.0) 67.0 (50.0–99.0) 73.0 (59.0–110.0) 63.0 (50.0–100.0) 0.142

Mean lipid arc 172.9 
(138.0–196.0)

181.5  
(147.0–222.0)

175.0  
(145.0–209.0)

161.0  
(137.0–195.5)

181.5  
(153.0–213.4)

0.958

Lipid length, mm 9.3 (7.5–13.2) 7.9 (6.7–12.5) 9.1 (6.9–12.2) 9.3 (6.7–12.3) 10.0 (8.0–13.4) 0.010

Lipid index 1584.4 
(926.6–2367.4)

1487.9 
(986.1–2502.6)

1607.2 
(1084.1–2394.7)

1628.0 
(1022.5–2206.6)

1878.4 
(1258.4–2639.5)

0.056

Values are n (%), or median (interquartile range). P values are for the Jonckheere–Terpstra trend test for continuous variables or the Cochran–Armitage trend 
test for categorical data. OCT indicates optical coherence tomography.

Figure 2.  The prevalence of lipid-rich plaque in different age groups.
Patients without diabetes showed an increasing trend with age in lipid-rich plaque, whereas patients with diabetes had a high 
prevalence of lipid-rich plaque at an early age, which plateaued across age groups. P values are for the Cochran–Armitage trend test 
for the prevalence of lipid-rich plaque.
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Figure 3.  Age and plaque characteristics in patients with and without diabetes.
Patients without diabetes had an increasing trend with age in plaque rupture and lipid-
rich plaque, whereas patients with diabetes had a high prevalence of these vulnerable 
features at an early age that plateaued across age groups. Both patients with and 
without diabetes showed a decreasing trend in plaque erosion with age.
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with diabetes (n<100), and findings were inconsistent 
regarding the prevalence of lipid-rich plaque. To the 
best of our knowledge, the current report is the larg-
est study (n=1394) comparing plaque characteristics 
between patients with and without diabetes. Our study 
demonstrated that patients with diabetes had a higher 
prevalence of lipid-rich plaque than patients without 
diabetes. This finding is in line with the study of Sheng 
et  al that reported the higher prevalence of lipid-rich 
plaque among patients with diabetes compared with 
patients without diabetes.9

The potential biological mechanisms through which 
diabetes aggravates cardiovascular disease include 
the low-grade inflammation related to the metabolic 
changes.19 Previous pathology studies have reported 
that coronary plaques from patients with diabetes had 
a larger area occupied by macrophages than those 
from patients without diabetes.16,17 An increased num-
ber of macrophages was reported to be related to 
necrotic core expansion and plaque instability.16 Our 
study also demonstrated that patients with diabetes 
had a higher prevalence of macrophages than patients 
without diabetes.

The current study demonstrated for the first time 
that patients with diabetes had a higher prevalence 
of cholesterol crystal than patients without diabetes. 
Cholesterol crystals have a proinflammatory role in 
plaque progression and macrophage activation by trig-
gering macrophage to interleukin-1β secretion.20 The 
crystallization could cause plaque rupture by mechan-
ically piercing the fibrous cap.21

In our study, despite the fact that patients with 
diabetes had lower levels of low-density lipoprotein 
cholesterol and were more frequently on statins, hs-
CRP levels and the prevalence of OCT features of 
plaque vulnerability were higher in patients with di-
abetes than in patients without diabetes. One previ-
ous study showed that hs-CRP was a predictor for 
risk of future cardiovascular events and death among 
patients receiving contemporary statins,22 whereas 
several studies reported that colchicine, with its 
broad anti-inflammatory action, reduced cardiovas-
cular risk.23–25 Therefore, an anti-inflammatory agent 
such as colchicine may provide additional benefit to 
improve the prognosis of patients with diabetes with 
elevated hs-CRP.

Age and Plaque Characteristics in 
Patients With and Without Diabetes
Previous pathology and OCT studies have reported 
that patients with ACS and plaque erosion tended 
to be younger than those with plaque rupture.26–30 
In the present study, both patients with and without 
diabetes showed a decreasing trend in plaque ero-
sion with age. A “2-hit scheme” has been proposed 

for the pathogenesis of plaque erosion.31 The “first hit” 
is local flow perturbation leading to activation of en-
dothelial Toll-like receptor 2 and subsequent damage 
of the endothelium. The “second hit” is the formation 
of a neutrophil extracellular trap resulting in occlusive 
thrombosis. This process is independent of chronic in-
flammation. This mechanism may explain the lack of 
difference in the trend of plaque erosion between pa-
tients with and without diabetes.

Vascular aging changes the function of the endothe-
lium. Endothelial dysfunction includes reduced vasodil-
atory and antithrombotic properties, with an increase 
in oxidative stress and inflammatory cytokines32,33 
favoring atherogenesis and thrombosis predisposing 
to coronary artery disease.34 A previous intravascu-
lar ultrasound study showed that plaque burden and 
necrotic core increased with age.35 A previous OCT 
study demonstrated that the older group had a higher 
prevalence of plaque rupture and lipid-rich plaque than 
the younger group among patients with ST-segment–
elevation MI.27 The current study demonstrated for the 
first time that patients without diabetes showed an in-
creasing trend with age in plaque rupture and lipid-rich 
plaque among 5 age groups.

There is increasing evidence of a high risk of cardio-
vascular events in young patients with diabetes.2,36–40 
A recent study compared mortality after MI between 
patients with and without diabetes, divided into 2 age 
groups. The relative risk of 3-year mortality was signifi-
cantly higher in young patients than in their older coun-
terparts.41 However, no study has evaluated plaque 
characteristics within different age groups in patients 
with diabetes. The current study demonstrated for the 
first time that patients with diabetes had a high preva-
lence of plaque rupture and lipid-rich plaque at an early 
age that plateaued across age groups. Supporting 
these results, a previous study reported that young 
onset diabetes was associated with a high risk for gly-
cemic progression.42 Rapid decline in β-cell function 
in young onset diabetes explains the rapidly worsen-
ing progression of diabetic status and cardiovascular 
disease. In a previous study, β-cell function decreased 
by 20% to 35% per year in young onset diabetes, 
whereas it declined by roughly 7% per year in older 
onset diabetes.43 Some evidence suggests the sec-
ond phase of nutrient-induced insulin secretion might 
be compromised earlier in the pathogenic process in 
young patients with diabetes.44,45 Our findings indicate 
that young patients with diabetes have a high level of 
plaque vulnerability. When plaque becomes disrupted, 
resulting in occlusive thrombosis, it may result in more 
extensive myocardial damage in the absence of pre-
conditioning. These findings highlight the importance 
of even more aggressive risk modification in young pa-
tients with diabetes.
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Limitations
Several limitations should be acknowledged. First, 
this study included a retrospective analysis of multi-
center databases. Therefore, selection bias cannot be 
excluded. However, most patients were enrolled at in-
stitutions where OCT is routinely used. Second, OCT 
analysis can be compromised by massive thrombus. 
Therefore, if needed, thrombus aspiration was per-
formed before OCT imaging, which could have altered 
the underlying plaque morphology. However, extreme 
care was exercised to not damage the underlying 
plaque. Third, 2 different OCT systems (frequency-do-
main and time-domain OCT) were used in the current 
study. Finally, we had limited information on diabetes-
related characteristics, such as the type of diabetes, 
diabetic duration, and treatment.

CONCLUSIONS
Patients without diabetes showed an increasing 
trend with age in plaque rupture and lipid-rich plaque, 
whereas patients with diabetes had a high prevalence 
of these vulnerable features at an early age, and the 
level of vulnerability persisted across all age groups. 
These results suggest that atherosclerotic vascular 
changes with increased vulnerability start at young age 
in patients with diabetes.
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