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Background: While metformin is recommended as a first-line cardioprotective therapy for type 2 diabetic 
patients, whether it exerts direct effects on atherosclerotic plaque remains uncertain. The current study 
characterized coronary plaque microstructures in type 2 diabetic patients who received metformin.
Methods: We retrospectively analyzed 409 non-culprit lipid plaques in 313 type 2 diabetic patients with 
coronary artery disease (CAD) by using frequency-domain optical coherence tomography (FD-OCT) 
imaging. FD-OCT derived plaque microstructures were compared in patients stratified according to 
metformin use. 
Results: A proportion of 38.6% of study subjects received metformin. Patients receiving metformin more 
likely exhibited a history of hypertension (79.3% vs. 67.1%, P=0.03) and metabolic syndrome (52.8% vs. 
36.4%, P=0.01). On FD-OCT imaging, the prevalence of lipid plaque was lower in the metformin group 
(66.2% vs. 77.9%, P=0.03). Furthermore, the metformin group demonstrated plaques with a smaller lipid arc 
(median: 168.7° vs. 208.5°, P=0.008), shorter longitudinal length (media: 5.1 vs. 9.1 mm, P=0.04), and a lower 
frequency of cholesterol crystal (3.9% vs. 18.2%, P=0.01) and spotty calcification (3.9% vs. 34.8%, P=0.008). 
These differences remained significant after adjusting for clinical characteristics and glycemic control. 
However, in patients who received insulin, the favourable effect of metformin on lipid arc was not observed 
(insulin user: P=0.87; insulin non-user: P=0.009; P value for interaction between two groups, P=0.02).
Conclusions: Metformin use was associated with a lower prevalence of vulnerable plaque features in type 
2 diabetic patients with CAD, especially insulin non-user. These findings suggest the potential of metformin 
to exert direct plaque stabilization effects in type 2 diabetic subjects.
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Introduction

The current therapeutic guidelines from the American 
Diabetes Association (ADA) and the European Association 
for the Study of Diabetics (EASD) recommend metformin as 
the first step for pharmacological treatment of type 2 diabetes 
(1,2). This is based, in part, on the findings from the UK 
Prospective Diabetes Study (UKPDS) which demonstrated 
that metformin reduced diabetic macrovascular complications 
compared to insulin and sulphonylureas (3). The mechanism 
underlying any potential benefit of metformin on 
cardiovascular outcomes in UKPDS trial are unlikely to 
be due to a glucose lowering effect, given that comparable 
glucose lowering was observed with other therapies. This 
observation suggests that metformin may possess additional 
properties, including direct effects on atherosclerotic plaque, 
beyond its impact on glycemic control.

Several putative atheroprotective mechanisms of 
metformin have been reported. Cell and animal studies have 
demonstrated that metformin favorably modulates secretion 
of proinflammatory cytokines and AMP-activated kinase 
(AMPK) implicated in atherogenesis (4-6). Metformin has 
also been shown to enhance the functional activities of 
high-density lipoprotein (HDL) (7,8). Given the role that 
inflammatory cytokines and HDL play in atherogenesis, 
these findings suggest that metformin may favourably 
modulate atherosclerotic plaques in patients with type 2 
diabetes. Frequency-domain optical coherence tomography 
(FD-OCT) provides high-resolution intravascular images 
of plaque components and microstructures in vivo (9,10). In 
order to gain insights to the probable impact of metformin 
on the atherosclerotic plaques, we employed FD-OCT 
imaging in patients with type 2 diabetes and established 
coronary artery disease (CAD).

We present the following article in accordance with 
the STROBE reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-21-346/rc).

Methods

Study subjects

The current study retrospectively analyzed FD-OCT 
imaging data in type 2 diabetic patients with CAD requiring 
percutaneous coronary intervention (PCI) at Cleveland Clinic 
from May 2011 to April 2014. FD-OCT imaging was used 
according to operator’s discretion. In detail, OCT imaging 
was not conducted in subjects with the following reasons: 
angiography or intravascular ultrasound (IVUS)-guided PCI, 

anatomically unsuitable lesions for FD-OCT imaging (left 
main disease, chronic total occlusion within target vessel, 
vessel size ≥4 mm, severe tortuosity, severe calcification), 
chronic kidney disease or worse clinical conditions (congestive 
heart failure and cardiogenic shock). As a consequence, there 
were 330 type 2 diabetic subjects with FD-OCT imaging 
data. Of these, 17 patients were excluded due to poor image 
quality (n=14) or imaging within a bypass graft (n=3). The 
remaining 313 patients with CAD were included into the 
current analysis. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
institutional review board of the Cleveland Clinic approved 
this retrospective audit of FD-OCT images and clinical 
data from patients who had undergone FD-OCT imaging 
during clinically indicated PCI procedures. Because of 
the retrospective nature of the study, the requirement for 
informed consent was waived.

FD-OCT imaging procedure

FD-OCT catheter (C7-XRTM OCT Intravascular Imaging 
System; St. Jude Medical, St. Paul, Minnesota, USA) was 
used to visualize the entire target vessel requiring PCI 
as reported previously (11,12). FD-OCT catheter was 
automatically withdrawn from the distal to the proximal 
of the target artery under continuous infusion of contras 
medium (10–15 mL per vessel). When necessary, multiple 
FD-OCT pullbacks were conducted to evaluate entire 
vessel. Side branch was used to analyze overlapped segments 
of FD-OCT images. 

Analysis of FD-OCT images

The raw FD-OCT imaging data was anonymized and 
analyzed by using open-source software, ImageJ (National 
Institutes of Health, Bethesda, Maryland, USA). The 
current analysis included non-culprit plaques within the 
target vessel where PCI was conducted. Non-culprit plaque 
was defined as a coronary artery stenosis in which PCI had 
not been performed. We analyzed those with diameter 
stenosis 20–70% on quantitative coronary angiography. At 
least 5-mm interval existed between each analyzed plaque. 
Plaque components and microstructures were analyzed as 
follows. 

Plaque composition
Lipid component was defined as a low signal region with 
diffuse border (13). Every frame through the entire length 

https://cdt.amegroups.com/article/view/10.21037/cdt-21-346/rc
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of analyzed plaques was analyzed to measure lipid arc. The 
longitudinal view was used to evaluate lipid length. Lipid 
index was defined as the mean lipid arc multiplied by lipid 
length (14,15). Fibrous plaque was defined as the presence of 
high backscattering and a relatively homogeneous FD-OCT 
signals (13). Calcification was defined as a signal-poor or 
heterogeneous region with a sharply delineated border (13).

Plaque microstructures
The fibrous cap thickness was defined as the minimum 
distance from the coronary artery lumen to inner border 
of lipid (13). The averaged value of three measurements 
at its thinnest part was used for the analysis. Thin-cap 
fibroatheroma was a plaque containing lipid arc in ≥2 
quadrants and the thinnest part of fibrous cap ≤65 μm (13). 
A microchannel was defined as a signal-poor void which 
did not connect to the lumen, recognized on more than 3 
consecutive cross-sectional images (13). Cholesterol crystal 
was defined as a thin, linear region of high signal intensity 
at a lipidic plaque, accompanied by the absence of signal 
attenuation (11,13). Intracoronary thrombus was defined 
as a mass protruding into the vessel lumen from the surface 
of the vessel wall (13). Plaque rupture was defined as the 
presence of fibrous cap discontinuity and cavity formation 
in the plaque (13). Spotty calcification was defined as the 
presence of lesions <4 mm in length and containing an arc 
of calcification <90° according to the definition of previous 
studies using grayscale IVUS (16). 

All FD-OCT images were evaluated at Atherosclerosis 
Imaging Core Laboratory of Cleveland Clinic by two 
experienced investigators who were blinded to the clinical 
presentation and treatment status. When there was 
discordance between investigators, third independent 
investigator analyzed the image and then a consensus reading 
was obtained. Intraclass correlations were 0.92 and 0.98, 
0.98 and 0.99, and 0.97 and 0.98 for lipid, calcification and 
fibrous plaques, respectively. Intraobserver and interobserver 
differences in measurements of fibrous cap thickness and lipid 
arc were 18±16 and 13±11 μm, and 23°±14° and 12°±10°, 
respectively. The inter- and intra-observer coefficients and 
differences for fibrous cap thickness measurements were 0.92 
and 0.96, and 17±15 and 12±10 μm, respectively. Inter- and 
intra-observer variabilities yielded acceptable concordance 
for cholesterol crystal (κ=0.87 and 0.89, respectively) and 
lipid plaque (κ=0.89 and 0.93, respectively).  

Quantitative coronary angiography analysis of non-culprit 
plaques

Quantitative coronary angiography (CMS-QCA ver 7.0, 
Medis, Leiden, The Netherlands) analysis was conducted to 
evaluate reference diameter, minimum lumen diameter and 
diameter stenosis at non-culprit plaques.

Statistical analysis

Continuous variables are expressed as mean ± standard 
deviation (SD) or median, and categorical variables as 
percentage. For analysis of patient characteristics, the Chi-
square test was used to test for differences in categorical 
variables between groups and continuous data were 
compared using unpaired t-test, or Mann-Whitney test 
when the variable was not normally distributed. For the 
comparison of plaque characteristics between the groups, 
due to the multiple plaques analyzed within a single patient’s 
data, generalized estimating equations approach was used to 
take into account its clustering. Averaged lipid arc, and the 
frequency of cholesterol crystal and spotty calcification were 
examined using analysis of covariance (ANOCVA), with 
age, female, metabolic syndrome, chronic kidney disease, 
low-density lipoprotein cholesterol (LDL-C) and glycated 
hemoglobin levels as covariates. Subgroup analyses were 
performed to analyze effects of various clinical characteristics 
subgroups as well as their interaction effects with metformin 
use on averaged lipid arc. All statistical analyses were 
performed using SPSS (version 17.0, SPSS Inc., Chicago, 
Illinois, USA). P<0.05 was considered significant. 

Results

Clinical demographics

Of the 313 study subjects, 38.6% were being treated with 
metformin at the time of FD-OCT imaging. Clinical 
characteristics of the patients are summarized in Table 1. 
Patients treated with metformin more likely had a history 
of hypertension (79.3% vs. 67.1%, P=0.03), metabolic 
syndrome (52.8% vs. 36.4%, P=0.01) and chronic kidney 
disease (2.4% vs. 17.7%, P=0.01) compared with patients 
who were not treated with metformin. There were 
no significant differences in the frequency of previous 
myocardial infarction (P=0.84), stroke (P=0.90), peripheral 
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Table 1 Clinical characteristics 

Characteristics Metformin (−) (n=192) Metformin (+) (n=121) P value

Age (years), mean ± SD 60.4±9.4 63.1±11.2 0.08

Female, n (%) 40 (20.8) 26 (21.4) 0.91

Body mass index (kg/m2), mean ± SD 29.4±5.2 31.3±7.1 0.28

Hypertension, n (%) 129 (67.1) 96 (79.3) 0.03

Hyperlipidemia, n (%) 142 (73.9) 88 (72.7) 0.85

Current smoker, n (%) 24 (12.5) 20 (16.5) 0.61

Metabolic syndrome, n (%) 70 (36.4) 64 (52.8) 0.01

Chronic kidney disease*, n (%) 34 (17.7) 3 (2.4) 0.01

Prior MI 65 (33.8) 43 (35.5) 0.84

Prior stroke 22 (11.4) 13 (10.7) 0.90

Prior PAD 9 (4.6) 7 (5.7) 0.86

Diagnosis of coronary artery disease, n (%) 0.58

Angina pectoris 134 (69.7) 75 (61.9)

Silent myocardial ischemia 40 (20.8) 30 (24.7)

Acute coronary syndrome 18 (9.4) 16 (13.2)

The number of diseased vessels, n (%) 0.50

Single vessel disease 138 (71.9) 95 (78.5)

Multi-vessel disease 54 (28.1) 26 (21.4)

*, chronic kidney disease = estimated glomerular filtration rate <60 mL/min/1.73 m2. SD, standard deviation; MI, myocardial infarction; 
PAD, peripheral artery disease.

artery disease (P=0.86) and multi-vessel disease (P=0.50) 
between the two groups (Table 1). 

Table 2 shows medication use and risk factor control. 
Established medical therapies were used in the two groups 
with similar frequencies (aspirin: 98.3% vs. 99.4%, P=0.86; 
β-blocker: 78.5% vs. 72.9%, P=0.53; angiotensin converting 
enzyme inhibitor: 58.6% vs. 54.1%, P=0.59; statin: 95.9% 
vs. 94.3%, P=0.83) in patients treated with and without 
metformin, respectively. A low background of use of 
pioglitazone (17%) and insulin (15%) was observed in both 
groups. Patients treated with metformin demonstrated 
a lower level of glycated hemoglobin (7.4%±0.5% vs. 
8.0%±0.6%, P=0.03), whereas lipid and blood pressure 
control were comparable between the two groups (Table 2).

FD-OCT imaging procedure and imaged non-culprit 
plaques

In the current study, 216, 79 and 28 cases received single, 

double and triple vessel FD-OCT imaging, respectively. 
Throughout these imaging procedures, 559 non-culprit 
plaques within 458 imaged vessels were identified (Table 3).  
There was no significant difference in the distribution 
of single, double and triple vessel imaging (P=0.95), 
the number of pullbacks (2.2±0.6 vs. 2.1±0.5, P=0.91) 
and the imaged length of coronary artery (67±15 vs.  
64±14 mm, P=0.85) between patients treated with and 
without metformin. Plaque composition and anatomical 
features, in addition to corresponding angiographic 
measures are also shown in Table 3. A lower prevalence 
of lipid plaque was observed in patients treated with 
metformin (66.2% vs. 77.9%, P=0.03). 

Plaque features during metformin use

Tables 4,5 summarizes measures of lipidic components 
and microstructures at the non-culprit plaques in the 
two groups. Non-culprit plaques in patients treated with 
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Table 2 Medication use and risk factor control

Variables Metformin (−) (n=192) Metformin (+) (n=121) P value

Medication use, n (%)

Aspirin 191 (99.4) 119 (98.3) 0.86

Beta-blocker 140 (72.9) 95 (78.5) 0.53

ACE inhibitor 104 (54.1) 34 (58.6) 0.59

Calcium-antagonist 53 (27.6) 18 (31.0) 0.70

Statin 162 (94.3) 104 (95.9) 0.83

Pioglitazone 33 (17.1) 10 (17.2) 0.99

Insulin 28 (14.5) 20 (16.5) 0.80

Risk factor control

LDL-C (mmol/L), mean ± SD 2.1±0.5 1.9±0.4 0.24

HDL-C (mmol/L), mean ± SD 0.9±0.1 1.0±0.2 0.47

Triglyceride (mmol/L), median (IQR) 1.8 (1.5, 2.5) 1.6 (1.1, 2.2) 0.18

Hs-CRP (mg/L), median (IQR) 1.9 (0.8, 3.1) 1.6 (0.7, 2.5) 0.68

Glycated hemoglobin (%), mean ± SD 8.0±0.6 7.4±0.5 0.03

Systolic BP (mmHg), mean ± SD 128.2±15.1 131.5±17.4 0.79

Diastolic BP (mmHg), mean ± SD 77.3±6.4 79.0±6.3 0.82

ACE, angiotensin converting enzyme; BP, blood pressure; hs-CRP, c-reactive protein; HDL-C, high-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; SD, standard deviation; IQR, interquartile range.

metformin demonstrated a smaller lipid arc (median: 
168.7° vs. 208.5°, P=0.008) and shorter longitudinal length 
(median: 5.1 vs. 9.1 mm, P=0.04) compared with the 
group treated without metformin. With regard to plaque 
microstructures, there were no significant differences 
between the groups in fibrous cap thickness (median: 
114.8 vs. 109.1 μm, P=0.52), the prevalence of thin-cap 
fibroatheroma (8.6% vs. 10.1%, P=0.85), microchannel 
(19.2% vs. 20.1%, P=0.95), plaque rupture (2.6% vs. 2.7%, 
P=0.98) and thrombus (2.6% vs. 3.1%, P=0.98). In contrast, 
metformin treated patients demonstrated a lower frequency 
of cholesterol crystal (3.9% vs. 18.2%, P=0.01) and spotty 
calcification (3.9% vs. 34.8%, P=0.008) compared with 
patients not treated with metformin. Following adjustment 
for clinical characteristics (age, gender, metabolic syndrome 
and chronic kidney disease), statin use and the degree of risk 
factor control (LDL-C and glycated hemoglobin levels), 
non-culprit plaques in patients treated with metformin still 
continued to exhibit smaller lipid arc (median: 163.4° vs. 
193.5°, P=0.02), and lower frequency of cholesterol crystal 
(2.4% vs. 14.5%, P=0.03) and spotty calcification (6.5% 
vs. 23.2%, P=0.01) compared with patients who were not 

treated with metformin (Tables 4,5). Two representative 
cases were shown by Figure 1.

The relationship between metformin use and averaged 
lipid arc in sub-groups is shown in Table 6. In most 
subgroups, a smaller lipid arc was observed in patients who 
were treated with metformin compared with those who were 
not (Table 6). However, in patients who received insulin, the 
use of metformin was not associated with a smaller lipid arc 
[insulin use (+): 194.6° vs. 207.4°, P=0.87; insulin use (−): 
156.7° vs. 204.3°, P=0.009, P value for interaction between 
two groups, P=0.02; Table 6).

Discussion

High resolut ion FD-OCT imaging has  provided 
mechanistic insights into the potential efficacy of anti-
atherosclerotic medical therapies in vivo. In the current 
study, non-culprit coronary lesions in patients with type 
2 diabetes receiving metformin demonstrated evidence of 
greater plaque stabilization, reflected by the presence of a 
smaller lipid arc and a lower frequency of both cholesterol 
crystals and spotty calcification. These differences 



82 Kataoka et al. Metformin and plaque microstructures  

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2022;12(1):77-87 | https://dx.doi.org/10.21037/cdt-21-346

Table 3 Comparisons of imaged vessels and plaques 

Variables Metformin (−) (n=192) Metformin (+) (n=121) P value

Number of imaged vessels

Single vessel, n (%) 132 (68.8) 84 (69.4) 0.95

Double vessel, n (%) 42 (21.8) 27 (22.3)

Triple vessel, n (%) 18 (9.3) 10 (8.3)

Averaged number of pullbacks, mean ± SD 2.1±0.5 2.2±0.6 0.91

Average length of imaged target vessels (mm), mean 
± SD

64±14 67±15 0.85

Number of analyzed plaques

Total, n 331 228 –

Fibrous, n (%) 21/331 (6.3) 44/228 (19.2) 0.03

Lipid, n (%) 258/331 (77.9) 151/228 (66.2)

Calcified, n (%) 52/331 (15.7) 33/228 (14.5)

Location of analyzed plaques

LAD, n (%) 186/331 (56.2) 109/228 (47.8) 0.39

Proximal, n (%) 72/186 (38.7) 40/109 (36.6) 0.79

LCX, n (%) 77/331 (23.2) 57/228 (25.0) 0.86

Proximal, n (%) 22/77 (28.5) 14/57 (24.6) 0.80

RCA, n (%) 68/331 (20.5) 62/228 (27.2) 0.52

Proximal, n (%) 21/68 (30.8) 17/62 (27.4) 0.75

QCA parameters, mean ± SD

Reference diameter (mm) 3.2±0.7 3.1±0.6 0.85

Minimum lesion diameter (mm) 2.1±0.5 2.2±0.8 0.72

Percent diameter stenosis (%) 32.7±12.8 29.1±11.6 0.61

FD-OCT, frequency-domain optical coherence tomography; LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right 
coronary artery; QCA, quantitative coronary angiography; SD, standard deviation.

between the groups persisted after adjusting for clinical 
characteristics including glycemic control and LDL-C 
levels. These findings suggest that metformin may have the 
potential to favourably modulate atherosclerotic plaques, in 
a manner independent from glucose lowering. 

To date, there is no clinical study which evaluated 
characteristics of coronary atherosclerosis in type 2 diabetic 
patients treated with metformin. In our analysis, FD-
OCT measures of lipid components at non-culprit plaques 
were less prevalent in patients treated with metformin. 
Mechanistic studies have suggested that the extent of 
lipidic material could be modified by metformin, with 
evidence of reduced macrophage content within the 

atherosclerotic plaques of ApoE−/− mice in association 
with AMPK activation (17). Metformin has also been 
demonstrated to inhibit NF-κB signaling, an important 
factor in the stimulation of inflammatory events and foam 
cell formation within the artery wall (4). Additional ex vivo 
studies have demonstrated that enhanced HDL-mediated 
cholesterol efflux capacity from macrophages in the setting 
of metformin treatment (7,8). Given the importance of 
these factors in regulating the development of lipidic lesions 
within the artery wall, the findings suggest the potential for 
metformin to exert anti-atherosclerotic effects beyond its 
role in glucose lowering. 

A number of additional observations were made 
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Table 4 Lesion-based comparison of FD-OCT measures at lipid plaques

Variables Metformin (−) (n=258) Metformin (+) (n=151) P value

Lipidic materials, median (IQR)

Averaged lipid arc (°) 208.5 (136.4, 279.6) 168.7 (112.5, 213.1) 0.008

Longitudinal lipid length (mm) 9.1 (3.4, 15.1) 5.1 (1.5, 8.4) 0.04

Plaque microstructures

Fibrous cap thickness (μm), median (IQR) 109.1 (60.8, 152.3) 114.8 (70.2, 171.7) 0.52

TCFA, n (%) 26 (10.1) 13 (8.6) 0.85

Microchannel, n (%) 52 (20.1) 29 (19.2) 0.95

Cholesterol crystal, n (%) 47 (18.2) 6 (3.9) 0.01

Spotty calcification, n (%) 90 (34.8) 6 (3.9) 0.008

Plaque rupture, n (%) 7 (2.7) 4 (2.6) 0.98

Thrombus, n (%) 8 (3.1) 4 (2.6) 0.98

FD-OCT, frequency-domain optical coherence tomography; TCFA, thin-cap fibroatheroma; IQR, interquartile range.

Table 5 Comparison of FD-OCT measures adjusting for clinical characteristics 

Variables Metformin (−) Metformin (+) P value

Averaged lipid arc (°)*, median (IQR) 193.5 (138.9, 249.2) 163.4 (106.3, 188.6) 0.02

Cholesterol crystal (%)* 14.5 2.4 0.03

Spotty calcification (%)* 23.2 6.5 0.01

*, the presented values are adjusted for age, gender, metabolic syndrome, chronic kidney disease, statin use, LDL-C and glycated 
hemoglobin levels. FD-OCT, frequency-domain optical coherence tomography; LDL-C, low-density lipoprotein cholesterol; IQR, 
interquartile range.

favoring a potential  anti-atherosclerotic effect of 
metformin. The lower prevalence of cholesterol crystals 
in the metformin group is important, given their ability 
of physically penetrating fibrous caps and stimulating a 
local inflammatory response via NLRP3 inflammasome 
activation, both of which are known mediators of plaque 
instability (18-20). The presence of relatively lipid poor 
plaques in coupled with metformin’s favourable impact 
on cholesterol efflux capacity via HDL and macrophage 
activation, may be one of the mechanisms by which 
metformin reduce cholesterol crystallization and the 
consequent inflammatory activity. The potential of 
metformin to stabilize coronary plaques via a reduction in 
cholesterol crystal formation requires further investigation 
in future studies. 

Spotty calcification is an important driver to induce 
accelerated progression and instability of coronary 
atherosclerotic plaques (16,21,22). In this study, we observed 

that non-culprit lesions were less likely to contain spotty 
calcification in the setting of metformin use. This finding 
further supports plaque stabilizing effect of metformin 
possibly via reductions in plaque inflammation and resultant 
spotty calcification. A recent study has demonstrated 
that AMPKα1 activation is negatively associated with 
osteoblastic differentiation of VSMC in vitro (23). In 
addition, metformin markedly inhibited calcium formation 
in atherosclerotic plaque of aortic roots in ApoE−/− mice 
via its activation of AMPKα (23). Our findings on OCT 
along with the aforementioned mechanisms may indicate 
the distinct property of metformin to modulate calcific 
components within the plaques. 

Thin-cap fibroatheroma is an important signature of 
coronary atheroma causing future coronary events. In the 
current study, the frequency of this plaque phenotype did 
not differ between subjects with and without metformin. 
Another OCT imaging study reported that lowering 
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LDL-C <50 mg/dL was associated with thicker fibrous cap 
in non-diabetic but not diabetic subjects (24), suggesting 
that thin fibrous cap may not necessarily respond well 
to risk factor control. Inflammation is one of drivers to 
affect fibrous cap thickness. Recent studies showed anti-
inflammatory action of metformin (25,26). The potency 
of metformin-mediated anti-inflammatory effect may not 
be enough to modulate thin-cap fibroatheroma. Since the 
current study did not measure inflammatory markers, it 
remains unknown the association of inflammatory activity 
with the frequency of thin-cap fibroatheroma under 
metformin use.

While smaller lipid arc under metformin therapy was 
consistently observed in a variety of subgroups, this feature 
was not identified in type 2 diabetic subjects taking insulin. 
Recent randomized clinical trial also demonstrated that 
metformin use did not necessarily reduce coronary events 
in diabetic subjects receiving insulin (27). The exact 
mechanism of these findings remains to be determined. 
However, since patients requiring insulin therapy typically 
have a longer duration of type 2 diabetes mellitus and more 
severe hyperglycemia, the longer exposure to hyperglycemia 

may promote the deposition of fibrotic and calcific materials 
(28-30), which may diminish the response to metformin 
therapy. Diabetic patients receiving insulin are more likely 
to exhibit negative remodeling (31). Given that greater 
atheroma burden with positive remodeling is associated 
with favourable response to anti-atherosclerotic medical 
therapy (32-34), this morphological feature may suggest 
that its modifiability would be attenuated under the therapy.

A number of caveats of the present analysis should be 
considered. The current study did not collect data about 
duration and dose of metformin use. We cannot analyze 
how much treatment duration and dose of metformin affects 
OCT features. The current analyses included clinically 
indicated FD-OCT imaging. In particular, the current study 
mainly included stable CAD receiving OCT imaging. Due 
to achieving prompt reperfusion, operators may more likely 
perform primary PCI without the use of OCT imaging. 
These may be a cause for selection bias. Due to the shallow 
penetration depth of the infra-red light beam, FD-OCT 
is not fully capable of evaluating the full burden of plaque 
within vessel wall. Furthermore, the study was performed 
only in patients with an established clinical diagnosis of  

BA

Metformin (−) Metformin (+)

Figure 1 Representative cases. (A) A 65-year-old gentleman received percutaneous coronary intervention (PCI) at the middle segment of 
hid left anterior descending artery (white dotted line). He has not taken metformin prior to PCI. optical coherence tomography (OCT) 
imaging at non-culprit segment (white arrow head) demonstrated a large lipid-rich plaque (L) containing cholesterol crystal (white arrow). (B) 
A 50-year gentleman was hospitalized due to anginal chest pain. Stent implantation was conducted at the middle segment of hid left anterior 
descending artery (white dotted line). He was treated by metformin. On OCT imaging, non-culprit segment (white arrow head) exhibited a 
small lipid plaque (L) without any cholesterol crystal.
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Table 6 Sub-group analysis of averaged lipid arc under metformin use 

Variables
Averaged lipid arc (°)

P value
P value for 
interactionMetformin (−) Metformin (+)

Age, median (IQR) 0.38

<62 years 220.8 (163.7, 285.5) 169.2 (125.3, 209.1) 0.01

≥62 years 196.1 (149.4, 244.5) 170.2 (126.6, 215.6) 0.03

Gender, median (IQR) 0.25

Male 210.2 (155.7, 266.3) 169.4 (134.1, 207.5) 0.01

Female 159.1 (121.3, 197.5) 122.8 (96.7, 157.1) 0.04

BMI, median (IQR) 0.39

<30 kg/m2 224.4 (158.7, 289.5) 175.2 (129.1, 221.6) 0.01

≥30 kg/m2 184.1 (139.2, 231.7) 154.6 (123.3, 185.6) 0.02

Insulin use, median (IQR) 0.02

(−) 204.3 (155.7, 255.2) 156.7 (125.5, 188.7) 0.009

(+) 207.4 (156.9, 260.3) 194.6 (124.8, 264.5) 0.87

A history of MI, median (IQR) 0.75

(−) 190.4 (143.5, 238.9) 142.5 (105.8, 181.2) 0.01

(+) 223.3 (156.9, 291.6) 176.6 (137.8, 217.1) 0.03

BMI, body mass index; HbA1c, glycated hemoglobin; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; IQR, 
interquartile range.

type 2 diabetes. With increasing use of metformin in 
patients with prediabetes, it is unknown whether similar 
effects would be observed. This study is a hypothesis 
generating one, which warrants future investigation. 

In summary, the use of metformin was associated with 
smaller lipid arc, and a lower frequency of cholesterol 
crystals and spotty calcification at non-culprit plaques 
in type 2 diabetic patients with CAD. Despite adjusting 
clinical, lipoprotein and glycemic parameters, favorable 
features of plaque microstructures under metformin use on 
FD-OCT imaging suggest a distinct property of metformin 
to stabilize atherosclerotic plaques in type 2 diabetic 
patients, which may account for its reduction of diabetic 
macrovascular disease including CAD. 
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