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Abstract 

Background: Previously, we have reported that daily glucose fluctuations could affect coronary plaque vulnerability, 
but the underlying mechanisms remained unclear. This study sought to investigate the impact of  CD14++CD16+ 
monocytes on plaque vulnerability, as assessed by virtual histology intravascular ultrasound (VH‑IVUS), as well as their 
relationship to fluctuating glucose levels in patients with asymptomatic coronary artery disease (CAD).

Methods: Fifty‑one patients with asymptomatic CAD, who were undergoing lipid‑lowering therapy and underwent 
VH‑IVUS evaluation for angiographically mild to moderate lesions, were enrolled in the study. Standard VH‑IVUS 
parameters, including the percentage volume of the necrotic core (%NC) within the plaque and the presence of a vir‑
tual histology thin‑cap fibroatheroma (VH‑TCFA), were then evaluated. Additionally, monocyte subsets were assessed 
by flow cytometry, and daily glucose fluctuations were analyzed by measuring the mean amplitude of glycemic 
excursion (MAGE).

Results: Among 82 plaques from 22 diabetes mellitus (DM) patients and 29 non‑DM patients, 15 VH‑TCFAs were 
identified.  CD14++CD16+ monocyte counts significantly correlated with both  %NC and the presence of VH‑TCFA 
(%NC: r = 0.339, p = 0.002; VH‑TCFA: p = 0.003). Multivariate logistic regression analysis revealed that  CD14++CD16+ 
monocyte counts were independently associated with VH‑TCFA (odds ratio = 1.029, p = 0.004). Furthermore, 
 CD14++CD16+ monocyte counts were significantly correlated with the MAGE score in the non‑DM patients 
(r = 0.544, p = 0.005).

Conclusions: CD14++CD16+ monocyte levels are associated with coronary plaque vulnerability and can serve as 
a biomarker for VH‑TCFA in patients with CAD undergoing lipid‑lowering therapy. In patients without DM, glucose 
fluctuations may alter the balance of monocyte subsets.
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Background
Recent studies have suggested that specific subsets 
of monocytes could play a critical role in the forma-
tion of atherosclerotic plaques [1]. Human monocytes 
can be divided into three subsets based on the CD14/
CD16 expression: classical  CD14++CD16− mono-
cytes, intermediate  CD14++CD16+ monocytes, and 
non-classical  CD14+CD16+ monocytes [2]. Classical 
 CD14++CD16− monocytes are phenotypically simi-
lar to  Ly6Chigh/Gr-1+ mouse monocytes, with both 
groups expressing high levels of C–C chemokine 
receptor type 2 (CCR2), CD62L, and CD64 and low 
levels of CX3C chemokine receptor 1 (CX3CR1) [3]. 
Conversely, non-classical  CD14+CD16+ monocytes 
express low levels of CCR2 and high levels of CX3CR1 
and resemble  Ly6Clow/Gr-1− mouse monocytes. Inter-
mediate  CD14++CD16+ monocytes selectively express 
C–C chemokine receptor type 5 (CCR5) [4], secret 
more inflammatory cytokines such as tumor necrosis 
factor-α and interleukin-1β [3], and have been shown 
to drive atherosclerosis [5]. Additionally, a large cohort 
study has reported that  CD14++CD16+ monocytes 
independently predicted future cardiovascular events 
in subjects referred for elective coronary angiography 
(CAG) [1].

Previously, we have reported that daily glucose fluc-
tuations could affect the coronary plaque vulnerability in 
coronary artery disease (CAD) patients undergoing lipid-
lowering therapy [6, 7], but the mechanisms underlying 
this effect remain unclear. Certain clinical studies indi-
cate a strong relation between glucose fluctuation and 
systemic inflammation, especially through the activation 
of toll-like receptors (TLR) [8–10]. Hence, we hypoth-
esized that such fluctuations alter the prevalence of 
monocyte subsets, ultimately promoting coronary plaque 
vulnerability. In the present study, we investigated the 
impact of  CD14++CD16+ monocytes on coronary plaque 
vulnerability and daily glucose fluctuations in patients 
with asymptomatic CAD, who were undergoing lipid-
lowering therapy.

Methods
Patients
In this study, we enrolled 214 consecutive patients who 
underwent follow-up CAG after a percutaneous coro-
nary intervention, which is routinely carried out in Japan, 
between May 2015 and November 2016 (Fig. 1). Among 
these, 139 patients agreed to a virtual histology intravas-
cular ultrasound (VH-IVUS) angiographic evaluation 
for angiographically mild to moderate lesions. Of the 

Fig. 1 Study population. Fifty‑one patients were enrolled in the study. CAD coronary artery disease, CAG coronary angiography, CGM continuous 
glucose monitoring, CKD chronic kidney disease, DM diabetes mellitus, LDL low‑density lipoprotein, LVEF left ventricular ejection fractions, PCI, 
percutaneous coronary intervention, VH‑IVUS virtual histology intravascular ultrasound, VH‑TCFA virtual histology thin‑cap fibroatheroma
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enrolled patients, those undergoing statin treatment with 
low-density lipoprotein (LDL) cholesterol levels below 
120  mg/dL, and those undergoing other treatments for 
dyslipidemia with LDL cholesterol levels below 100 mg/
dL, were deemed eligible for inclusion. However, patients 
with reduced left ventricular ejection fractions (<45%), 
renal disease (defined as serum creatinine >2.0  mg/dL), 
malignancies, or concomitant inflammatory conditions, 
including active infection, inflammatory arthritis, or 
connective tissue disease, were excluded from the study. 
Ultimately, a total of 51 patients underwent VH-IVUS 
for angiographically mild to moderate coronary lesions, 
monocyte subset analysis, and continuous glucose moni-
toring (CGM) as part of this study.

The patients were divided into two experimental 
groups according to the presence or absence of type 2 
diabetes mellitus (DM). DM was defined by a clinical his-
tory, hemoglobin A1c levels ≥6.5%, and either a fasting 
plasma glucose level of ≥126 mg/dL or a plasma glucose 
level of ≥200 mg/dL 2 h after an oral glucose tolerance 
test [11]. This study was approved by the Ethics Commit-
tee of Kobe University and was carried out according to 
the guidelines set out in the Declaration of Helsinki. All 
subjects provided written informed consent before par-
ticipating in this study.

VH‑IVUS examination and analysis
The VH-IVUS procedure was performed after intra-
coronary administration of 300  μg of nitroglycerin. 
First, a 20-MHz 2.9 Fr IVUS catheter (Eagle-Eye™; Vol-
cano Therapeutics, Inc., Rancho Cordova, CA, USA) 
was introduced into the distal coronary artery. Then, 

using a motorized pullback device, the IVUS transducer 
was withdrawn at a rate of 0.5 mm/s until the coronary 
ostium was observed [12]. Lesions with angiographi-
cally mild to moderate stenosis, defined as a vessel diam-
eter between 30 and 70% of the normal diameter, with a 
30–70% plaque burden in the minimum lumen area of 
<4 mm2, as defined by IVUS, were analyzed as described 
previously [6] (Fig.  2a). Manual detection of contours 
in the lumen and at the media–adventitia interface was 
performed by blinded independent observers. The whole 
lesion volume was measured, and then the lumen, vessel, 
and plaque volumes were calculated using the Simpson’s 
method [6]. As reported previously, the VH-IVUS sys-
tem automatically classified the plaque into four major 
components: fibrous (labeled green), fibrofatty (labeled 
greenish-yellow), necrotic core (NC; labeled red), and 
dense calcium (labeled white) regions [13] (Fig. 2b). The 
volume of each plaque component was then expressed 
as a percentage of the total plaque volume. The virtual 
histology thin-cap fibroatheroma (VH-TCFA; Fig.  2c) 
was defined as a lesion meeting the following criteria: 
(1) NC-rich (NC >10%), with no evidence of an overlying 
fibrous component and (2) a plaque volume >40% in at 
least three consecutive frames of VH-IVUS analysis [14]. 
These results were reviewed by the physician blinded to 
clinical data (HY).

Blood sampling and flow cytometry analysis
Blood samples were collected in ethylenediaminetet-
raacetic acid-coated tubes after an overnight fast, and 
then peripheral blood mononuclear cells were isolated 
by Ficoll gradient centrifugation [15]. Isolated cells were 

Fig. 2 Representative longitudinal (a) and cross‑sectional (b) VH‑IVUS images for a lesion, assessed as part of the study. c A representative thin‑cap 
fibroatheroma image. VH‑IVUS virtual histology intravascular ultrasound
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stained with fluorescein isothiocyanate-labeled anti-
CD14 (clone M5/E2; BD Biosciences), Alexa  Fluor® 
647-labeled anti-CD16 (clone 3G8; BD Biosciences) 
antibodies, and isotype-matched control antibodies in 
phosphate-buffered saline containing 2% fetal calf serum 
according to standard protocols. Next, fluorescence-
activated cell sorter analysis was performed using an 
 Attune® acoustic focusing cytometer (Life Technologies, 
Carlsbad, CA, USA) and the FlowJo software version 
10.0.6 (Tree Star). We analyzed the flow cytometric data 
blinded to clinical data, and gated the monocyte subsets 
according to the staining with the isotype control. Repre-
sentative flow cytometry data are shown in Fig. 3a–c.

CGM system and analysis of daily glucose fluctuations
CGM was performed for 3 consecutive days. The data 
obtained on days 2 and 3 were used to establish daily 

blood glucose profiles since the insertion or removal 
of the sensor could lead to unreliable readings. For all 
patients, the CareLink iPro CGM analysis software 
(Medtronic, Northridge, CA, USA) was used to calcu-
late the median values for the following variables on 
days 2 and 3: average glucose levels over 24 h, the time 
spent in a hyperglycemic or hypoglycemic state, and 
the mean amplitude of glycemic excursions (MAGE). 
MAGE, as described by Service et  al. [16], represents 
fluctuations in the glucose level over a 24-h period and 
is calculated using variations in the glucose level meas-
ured continuously by CGM over a 2-day period. The 
time spent in either a hyperglycemic or hypoglycemic 
state was defined as the length of time during which 
blood glucose levels were >140 and <70 mg/dL, respec-
tively. During hospitalization, all patients received 
nutritionally balanced meals (25–28 kcal/kg of the ideal 

Fig. 3 Flow cytometric analysis and the relationship between  CD14++CD16+ monocyte levels and VH‑TCFA prevalence. a First, FSC and SSC 
of the cells were measured, and the mononuclear cell population was gated (red circle). Next, the expression of CD14 and CD16 in the selected 
monocytes was assessed: b a representative plot from a patient with a low  CD14++CD16+ rate; c a representative plot from a patient with a high 
 CD14++CD16+ rate. Boxplots show  CD14++CD16+ monocyte counts in all patients (d), DM patients (e), and non‑DM patients (f) in the presence 
or absence of VH‑TCFA. Error bars represent the minimum to maximum values. Subset 1:  CD14++CD16− monocytes. Subset 2:  CD14++CD16+ 
monocytes. Subset 3:  CD14+CD16+ monocytes. DM diabetes mellitus, FSC forward scatter, SSC side scatter, VH‑TCFA virtual histology thin‑cap 
fibroatheroma
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body weight, 60% carbohydrate, 15–20% protein, and 
20–25% fat).

Statistical analysis
All data are presented as the mean ± standard deviation 
or as proportions. The averages of continuous variables 
were compared using either a two-tailed unpaired t test 
or a Mann–Whitney test, and either Chi square tests or 
Fisher’s exact test were used to compare the proportions 
of categorical variables between groups. Simple linear 
correlations between pairs of parameters were calcu-
lated using the least-squares method and by determining 
the Pearson’s correlation coefficient. Baseline variables 
with p  <  0.2 in univariate logistic regression analyses 
were included in multivariate logistic regression analy-
sis. Analyses were performed using commercially avail-
able software (SPSS version 22, IBM Corp., Armonk, NY, 
USA). Values of p  <  0.05 were considered statistically 
significant.

Results
Baseline patient characteristics
The baseline characteristics of the 51 patients included 
in the study, including medications taken and labora-
tory data, are listed in Table  1. Of these 51 patients, 
22 had DM and underwent medical treatment before 
admission. The duration of DM in these patients was 
10.0 ± 2.1 years. All DM patients took antidiabetic medi-
cations (dipeptidyl peptidase-4 inhibitors, metformin, 
sulfonylurea, alpha-glucosidase inhibitors, pioglitazone, 
and glinide), whereas none of the non-DM patients took 
these medications. Four of the non-DM patients were 
excluded from blood glucose analysis because of a poor 
quality of the CGM data, and thus, 22 DM and 25 non-
DM patients were included in the final CGM data analy-
sis. The plasma LDL cholesterol levels were comparable 
between the DM and non-DM groups. Overall, the only 
significant differences observed between the DM and 
non-DM groups were related to their blood glucose pro-
files. The fasting blood sugar level, glycoalbumin level, 
glycated hemoglobin (HbA1c) level, and 1,5-anhydroglu-
citol level were all significantly higher in the DM patients, 
while the homeostasis model assessment of β-cell func-
tion index was significantly lower in the DM patients.

Plaque characteristics as determined by VH‑IVUS
A total of 82 plaques were identified in the 51 patients, 
including 38 plaques in the 22 DM patients and 44 
plaques in the 29 non-DM patients. The coronary 
plaque characteristics are summarized in Table  2. The 
plaque volume tended to be greater in the DM patients 
than in the non-DM patients, although the differ-
ence was not statistically significant (56.7  ±  7.6% vs. 

54.1 ±  6.6%, respectively; p =  0.10). Similarly, the DM 
patients had a higher percentage of dense calcium than 
non-DM patients (12.6 ±  7.9% vs. 9.6 ±  6.6%, respec-
tively; p =  0.06), as well as a higher absolute NC value 
(21.4  ±  18.2  mm3 vs. 14.6  ±  15.7  mm3, respectively; 
p  =  0.07). However, the DM and non-DM patients 
exhibited similar percentages of fibrous components 
(53.5 ±  10.2% vs. 56.8 ±  10.4%, respectively; p =  0.15) 
and fibrofatty components (11.7 ± 5.0% vs. 13.2 ± 6.1%, 
respectively; p = 0.26). A higher incidence of VH-TCFA 
was observed in the DM patients than in the non-DM 
patients, although the difference was not statistically sig-
nificant (26 vs. 11%, respectively; p = 0.08).

Relationship between coronary plaque properties 
and monocyte subsets
The cell counts and relative proportions of the differ-
ent monocyte subsets are shown in Table  3. No signifi-
cant differences were observed in either the cell counts 
or monocyte subset percentages between the DM and 
non-DM patients. Although not statistically significant, 
patients with higher  CD14++CD16+ monocyte counts 
had higher plasma C-reactive protein concentrations 
(r = 0.182, p = 0.201).

The  CD14++CD16+ monocyte counts were signifi-
cantly correlated with the percentage burden of fibrous 
components, NC, and dense calcium (fibrous compo-
nents: r = −0.38, p < 0.01; NC: r = 0.34, p < 0.01; dense 
calcium: r = 0.29, p = 0.01) (Table 5). Furthermore, the 
 CD14++CD16+ monocyte counts were significantly 
higher in the patients with VH-TCFA than in those with-
out VH-TCFA, irrespective of the DM status (all patients: 
100.3  ±  54.6 cells/μL vs. 50.8  ±  36.7 cells/μL, respec-
tively, p =  0.003; DM patients: 91.0 ±  54.2 cells/μL vs. 
46.2  ±  33.9 cells/μL, respectively, p  =  0.026; non-DM 
patients: 119.0 ±  56.3 cells/μL vs. 53.1 ±  38.5 cells/μL, 
respectively, p = 0.003) (Fig. 3d–f).

Relationship between glucose fluctuations and coronary 
plaque properties
The DM patients exhibited a significantly higher MAGE 
score than the non-DM patients (78.5  ±  14.4  mg/dL 
vs. 52.0 ±  13.2 mg/dL, respectively; p < 0.01) (Table 4). 
Indeed, the observed values for all other glycemic vari-
ables were significantly greater in the DM patients than 
in the non-DM patients, with the exception of the time 
spent in hypoglycemia, which tended to be longer in the 
non-DM patients than in the DM patients (Table  4). In 
non-DM patients, plasma C-reactive protein concentra-
tions was higher in patients with hypoglycemia than in 
those without hypoglycemia (0.064  ±  0.013  mg/dL vs. 
0.107  ±  0.051  mg/dL, respectively). The MAGE scores 
were significantly correlated with %NC (r  =  0.339, 
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p =  0.002) (Table 5). Moreover, the MAGE scores were 
significantly higher in the patients with VH-TCFA 
than in those without VH-TCFA (74.0  ±  16.9  mg/dL 
vs. 60.8 ±  20.0  mg/dL, respectively; p =  0.038) (Addi-
tional file  1: Figure S1). The coronary plaque properties 

were tested for simple linear correlations against labora-
tory variables (Table 5). Laboratory variables other than 
 CD14++CD16+ monocyte counts and MAGE were not 
significantly correlated with coronary plaque properties 
(Table 5).

Table 1 Patient characteristics

Data are represented as mean ± standard deviation, or as counts (%)

1,5-AG 1,5 anhydroglucitol, α-GI α-glucosidase inhibitor, ACE-I angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, BMI body mass index, BP 
blood pressure, CRP C-reactive protein, DM diabetes mellitus, DPP4-I dipeptidyl peptidase-4 inhibitor, FBS fasting blood sugar, eGFR estimated glomerular filtration 
rate, HbA1c glycated hemoglobin, HDL high-density lipoprotein, HOMA-β homeostasis model assessment of β-cell function, HOMA-R homeostasis model assessment 
of insulin resistance, LDL low-density lipoprotein, LVEF left ventricular ejection fraction

Total
N = 51

DM
N = 22

Non‑DM
N = 29

p value
DM vs. non‑DM

Age, years 70.2 ± 9.1 70.2 ± 9.2 70.2 ± 9.1 0.98

Male 38 (75) 17 (77) 21 (72) 0.69

BMI, kg/m2 23.7 ± 3.1 24.2 ± 2.6 23.3 ± 3.4 0.34

Systolic BP, mmHg 123.0 ± 12.5 122.6 ± 13.6 123.3 ± 11.7 0.86

Diastolic BP, mmHg 67.1 ± 9.4 65.3 ± 10.5 68.5 ± 8.4 0.24

eGFR, mL/min/1.73 m2 65.6 ± 17.8 64.0 ± 22.8 66.9 ± 13.1 0.57

CRP, mg/dL 0.10 ± 0.14 0.12 ± 0.16 0.08 ± 0.13 0.34

Total cholesterol, mg/dL 153.3 ± 24.9 150.1 ± 27.1 155.7 ± 23.4 0.43

LDL cholesterol, mg/dL 87.2 ± 20.1 84.7 ± 19.4 89.0 ± 20.8 0.45

HDL cholesterol, mg/dL 45.8 ± 12.5 44.9 ± 14.6 46.4 ± 10.9 0.68

Triglyceride, mg/dL 157.8 ± 84.7 161.2 ± 81.4 155.2 ± 88.6 0.80

Duration of DM, yrs 3.9 ± 1.1 10.0 ± 2.1 – –

1,5‑AG, μg/mL 16.0 ± 8.3 10.65 ± 6.51 20.23 ± 7.01 <0.01

FBS, mg/dL 104.9 ± 33.4 125.7 ± 41.2 89.1 ± 11.1 <0.01

Glycoalbumin, % 16.3 ± 3.3 18.7 ± 3.5 14.3 ± 1.1 <0.01

HbA1c, % 6.30 ± 0.76 6.95 ± 0.67 5.80 ± 0.31 <0.01

HOMA‑R 2.01 ± 2.01 2.38 ± 2.29 1.74 ± 1.78 0.28

HOMA‑β 100.4 ± 112.4 55.2 ± 38.1 133.1 ± 135.7 <0.01

LVEF, % 58.8 ± 8.5 61.0 ± 7.1 57.2 ± 9.3 0.12

Smoking, % 0.79

 Current 7 (14) 3 (14) 4 (14)

 Past 23 (45) 11 (50) 12 (41)

Past history

 Hypertension 40 (78) 20 (91) 20 (69) 0.06

 Dyslipidemia 48 (94) 22 (100) 26 (90) 0.18

Medications on admission

 Aspirin 45 (88) 19 (86) 26 (90) 0.52

 Thienopyridine 40 (78) 16 (73) 24 (83) 0.30

 Statin 42 (82) 19 (86) 23 (79) 0.39

 Beta‑blocker 19 (37) 8 (36) 11 (38) 0.91

 ACE‑I/ARB 32 (63) 17 (77) 15 (52) 0.06

 DPP4‑I 16 (31) 16 (73) 0 (0) <0.01

 Metformin 7 (14) 7 (32) 0 (0) <0.01

 Sulfonylurea 1 (2) 1 (5) 0 (0) 0.43

 α‑GI 4 (8) 4 (18) 0 (0) <0.01

 Pioglitazone 1 (2) 1 (5) 0 (0) 0.43

 Glinide 1 (2) 1 (5) 0 (0) 0.43
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Relationship between glucose fluctuations and monocyte 
subsets
There was no significant correlation between the 
 CD14++CD16+ monocyte counts and MAGE scores 
when either the total patient population or the DM 
patient population was considered (all patients: r = 0.280, 
p = 0.056; DM patients: r = 0.295, p = 0.183) (Fig. 4a). 
Interestingly, however, the  CD14++CD16+ monocyte 

counts were significantly correlated with the MAGE 
scores in the non-DM patients (r  =  0.544, p  =  0.005) 
(Fig. 4b).

Association between VH‑TCFA and diagnostic variables
To identify independent risk factors for VH-TCFA, 
logistic regression analysis was applied. First, we con-
ducted univariate logistic regression analyses to identify 

Table 2 Plaque characteristics, evaluated by VH-IVUS

Data are represented as mean ± standard deviation, or as counts (%)

DM diabetes mellitus, LAD left anterior descending coronary artery, LCx left circumflex artery, LMT left main trunk, RCA right coronary artery

Total
N = 82

DM
N = 38

Non‑DM
N = 44

p value
DM vs. non‑DM

Plaque location 0.91

 LAD 38 (46) 18 (47) 20 (45)

 LCx 16 (20) 6 (16) 10 (23)

 RCA 24 (29) 12 (32) 12 (27)

 LMT 4 (5) 2 (5) 2 (5)

Plaque volume

 Absolute data,  mm3 148.3 ± 114.8 148.3 ± 114.8 114.1 ± 108.4 0.17

 Plaque burden, % 55.5 ± 7.1 56.7 ± 7.6 54.1 ± 6.6 0.10

Lesion length, mm 16.7 ± 13.2 17.9 ± 13.5 16.0 ± 12.2 0.51

Fibrous

 Absolute data,  mm3 45.1 ± 46.5 50.6 ± 39.0 41.9 ± 50.6 0.39

 Plaque burden, % 54.8 ± 10.6 53.5 ± 10.2 56.8 ± 10.4 0.15

Fibrofatty

 Absolute data,  mm3 10.1 ± 10.4 11.8 ± 11.2 9.7 ± 10.6 0.41

 Plaque burden, % 12.1 ± 5.6 11.7 ± 5.0 13.2 ± 6.1 0.26

Dense calcium

 Absolute data,  mm3 10.0 ± 12.5 13.0 ± 15.3 6.6 ± 7.3 0.023

 Plaque burden, % 11.5 ± 7.4 12.6 ± 7.9 9.6 ± 6.6 0.06

Necrotic core

 Absolute data,  mm3 18.1 ± 17.8 21.4 ± 18.2 14.6 ± 15.7 0.07

 Plaque burden, % 21.6 ± 6.8 22.2 ± 5.3 20.4 ± 7.9 0.25

Thin‑cap fibroatheromas 15 (18) 10 (26) 5 (11) 0.08

Table 3 Monocyte subset counts and percentages

Data are represented as mean ± standard deviation, or as counts (%)

DM diabetes mellitus

Total
N = 51

DM
N = 22

Non‑DM
N = 29

p value
DM vs. non‑DM

Total monocyte, cell/μL 350.1 ± 180.3 355.9 ± 173.5 345.7 ± 188.1 0.84

CD14++CD16−, cell/μL 233.0 ± 126.8 232.3 ± 115.6 233.6 ± 136.8 0.97

CD14++CD16+, cell/μL 64.9 ± 47.4 65.5 ± 47.7 64.5 ± 48.0 0.94

CD14+CD16++, cell/μL 52.1 ± 34.7 58.1 ± 38.0 47.6 ± 32.0 0.29

CD14++CD16−, % 66.6 ± 12.4 66.5 ± 11.5 66.7 ± 13.2 0.95

CD14++CD16+, % 18.2 ± 9.0 17.6 ± 6.7 18.7 ± 10.4 0.68

CD14+CD16++, % 15.0 ± 6.1 15.8 ± 6.9 14.4 ± 5.4 0.44
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potential risk factors for VH-TCFA using the presence 
of DM, the MAGE score, time in hyperglycemia, and 
 CD14++CD16+ monocyte counts. We then used any 
variables defined as p < 0.2 in these analyses to conduct 
a multivariate logistic regression analysis. We found that 
in all plaques,  CD14++CD16+ monocyte counts were 
the independent predictor of VH-TCFA (odds ratio: 
1.029; 95% confidence interval 1.009 to 1.049; p = 0.004) 
(Table 6).

Discussion
Recently, it has been suggested that specific monocyte 
subsets play a vital and complex role in the atheroscle-
rotic plaque formation [1, 17]. A study in mice showed 
that  Ly6Chigh monocytes, the main precursors of M1 
macrophages, adhered to the vascular endothelium, 
infiltrated the vessel wall, and contributed to plaque 
progression [18]. Conversely,  Ly6Clow monocytes, the 
main precursors of M2 macrophages, were not found 

Table 4 Variables measured by the continuous glucose monitoring system

Data are represented as mean ± standard deviation. Time in hyperglycemia: length of time during which blood glucose levels >140 mg/dL. Time in hypoglycemia: 
length of time during which blood glucose levels <70 mg/dL

DM diabetes mellitus, MAGE mean amplitude of glycemic excursion

Total
N = 47

DM
N = 22

Non‑DM
N = 25

p value
DM vs. non‑DM

MAGE, mg/dL 64.4 ± 19.1 78.5 ± 14.4 52.0 ± 13.2 <0.01

Mean blood glucose, mg/dL 130.2 ± 27.2 151.8 ± 23.5 111.1 ± 11.2 <0.01

Max blood glucose, mg/dL 222.9 ± 56.9 262.7 ± 43.2 187.8 ± 42.8 <0.01

Min blood glucose, mg/dL 80.2 ± 23.7 93.8 ± 23.2 68.2 ± 16.9 <0.01

Time in hyperglycemia, % 33.5 ± 31.1 59.5 ± 26.0 10.7 ± 10.0 <0.01

Time in hypoglycemia, % 3.5 ± 12.8 0.30 ± 0.9 6.3 ± 17.2 0.09

Table 5 Correlation of plaque properties and laboratory variables

Values represent r values (p values)

CRP C-reactive protein, HbA1c glycated hemoglobin, HDL high-density lipoprotein, LDL low-density lipoprotein, MAGE mean amplitude of glycemic excursion

CD14++CD16+ monocytes MAGE CRP LDL cholesterol HDL cholesterol HbA1c

Fibrous, % −0.38 (0.001) −0.31 (0.006) −0.09 (0.45) 0.03 (0.78) −0.10 (0.42) −0.11 (0.37)

Fibrofatty, % −0.08 (0.46) −0.05 (0.028) 0.07 (0.55) 0.14 (0.23) −0.13 (0.28) −0.15 (0.20)

Necrotic core, % 0.34 (0.002) 0.34 (0.009) −0.06 (0.61) −0.14 (0.23) 0.03 (0.82) 0.13 (0.26)

Dense calcium, % 0.29 (0.009) 0.30 (0.003) 0.13 (0.26) −0.02 (0.85) 0.21 (0.08) 0.14 (0.23)

Fig. 4 Impact of glucose fluctuation on  CD14++CD16+ monocytes. Scatterplots show the relationship between daily glucose fluctuation (MAGE 
score; mg/dL) and  CD14++CD16+ monocyte counts in DM patients (a) and non‑DM patients (b). Pearson’s coefficients (r) and p values are shown 
above each plot. DM diabetes mellitus, MAGE mean amplitude of glycemic excursion
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to directly contribute to plaque progression. However, 
results from animal experiments could not be repro-
duced with human monocytes [19], and thus, the role of 
monocytes in human atherogenesis remains unclear.

A cross-sectional study investigated the impact of 
 CD14++CD16+ monocytes on coronary plaques in 
patients with acute myocardial infarction showed that 
 CD14++CD16+ monocytes were significantly more 
prevalent in patients with coronary plaque rupture 
than in those without plaque rupture [20]. Similar to 
that observed in patients with CAD,  CD14++CD16+ 
monocyte levels increased in patients with peripheral 
artery occlusive disease [21]. However, the impact of 
 CD14++CD16+ monocytes on the features of the coro-
nary plaque and it’s vulnerability, has not been pre-
viously evaluated. We, therefore, used VH-IVUS in 
asymptomatic patients undergoing lipid-lowering ther-
apy to show, for the first time, that the  CD14++CD16+ 
monocyte level correlates with plaque vulnerability. 
These monocytes could, therefore, be used as a surro-
gate marker of coronary plaque vulnerability and could 
potentially be specifically targeted in novel strategies 
for atherosclerosis treatment. Increased  CD14++CD16+ 
monocyte levels were found to be an independent predic-
tor of TCFA, which is itself considered to be a precursor 
of plaque rupture. Decreasing  CD14++CD16+ monocyte 
levels would, therefore, be expected to therapeutically 
stabilize the vulnerable coronary plaques and reduce the 
probability of plaque rupture.

One potential mechanism by which  CD14++CD16+ 
monocytes affect the plaque vulnerability is via the sur-
face expression of CCR5, which has been shown to be 
a pro-atherogenic chemokine receptor in both animal 
and human studies [22, 23]. Moreover,  CD14++CD16+ 
monocytes secrete high levels of tumor necrosis factor-α 
and interleukin-1β, which are involved in the pathogen-
esis and progression of atherosclerosis [3, 24]. Alter-
natively, myeloperoxidase expression may be involved. 
 CD14++CD16+ monocytes have been shown to have 
high levels of intracellular myeloperoxidase expression 
[21, 24], which is associated with atherosclerotic plaque 

progression and rupture [25, 26]. Furthermore, high lev-
els of myeloperoxidase promote endothelial cell death, 
activate matrix metalloproteinases, and are a predictor of 
plaque vulnerability [27, 28].

Recent clinical studies showed that besides continu-
ous hyperglycemia, large glucose fluctuation is associ-
ated with the development of cardiovascular disease, 
increased risk of acute coronary events, heterogene-
ous neointimal growth after everolimus-eluting stent 
implantation, and cardiovascular autonomic neuropa-
thy in patients with DM or impaired glucose tolerance 
[20, 29–32]. These results suggested that both reduction 
and stable maintenance of blood glucose level should 
be targets of diabetes management. However, the pre-
cise mechanism by which daily glucose fluctuation dete-
riorate coronary plaque vulnerability was not known. 
A previous in  vitro study showed enhanced apoptosis 
of human umbilical vein endothelial cells, which were 
intermittently, rather than continuously, exposed to high 
glucose concentrations [33]. Moreover, an in  vivo study 
showed that fluctuations in blood glucose levels caused 
oxidative stress and inflammation in rat endothelial cells 
[34]. Additionally, in rats, fluctuations of glucose levels 
enhanced the adhesion of monocytes to the endothelium 
via the activation and upregulation of adhesion molecules 
on endothelial cells [35]. These results have suggested that 
glucose fluctuations could promote plaque vulnerability 
by damaging endothelial cells. While the exact mecha-
nisms by which fluctuating glucose levels exert deleteri-
ous effects on  CD14++CD16+ monocytes are unclear, 
previous studies imply a relationship between glucose 
fluctuations and systemic inflammation involving mono-
cytes [8–10, 36, 37]. For instance, an intervention against 
glucose fluctuation with acarbose treatment significantly 
decreased inflammatory cytokines levels followed by 
reduced serum lipopolysaccharides levels [10]. Consid-
ering TLR4, a receptor of lipopolysaccharides, is more 
expressed on  CD14++CD16+ monocytes [38], the link 
between glucose fluctuation and  CD14++CD16+ mono-
cytes is probably existed. Also, a recent ex vitro study 
showed that hypoglycemia promotes the mobilization 

Table 6 Univariate and multivariate logistic regression analyses as contributors to the VH-TCFA

CI confidence interval, DM diabetes mellitus, MAGE mean amplitude of glycemic excursion, OR odds ratio

Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value

Presence of DM 4.0 1.115–14.354 0.033 6.001 1.144–31.595 0.034

MAGE, mg/dL 1.047 1.007–1.088 0.021

Time in hyperglycemia, % 1.008 0.998–1.028 0.441

CD14++CD16+ monocytes, cell/μL 1.025 1.009–1.042 0.003 1.029 1.009–1.049 0.004
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of specific leukocyte subsets from the marginal pool and 
induces proinflammatory functional changes in periph-
eral blood mononuclear cells [39]. Given that hypoglyce-
mia, assessed by CGM, is associated with atherosclerosis 
in non-DM patients [40], hypoglycemia and associated 
glucose fluctuations could explain the significant correla-
tion that was observed in the non-DM patients between 
the MAGE scores and  CD14++CD16+ monocyte lev-
els. Taken together, these data suggest that fluctuating 
glucose levels could potentially alter the prevalence of 
monocyte subsets, leading to plaque vulnerability.

Antidiabetic medications such as dipeptidyl pepti-
dase-4 inhibitors and metformin have been shown to 
reduce inflammation and monocyte recruitment [41–43]. 
We observed a weaker correlation between MAGE scores 
and  CD14++CD16+ monocyte levels in the DM patients, 
who took antidiabetic drugs, than in the non-DM 
patients, who did not take antidiabetic drugs. Indeed, a 
strong positive correlation between MAGE scores and 
 CD14++CD16+ monocyte levels was seen in the non-
DM patients. It is speculated that fluctuations in glucose 
levels could affect plaque vulnerability in patients with-
out DM by increasing the prevalence of  CD14++CD16+ 
monocytes, and thus interventions for controlling fluc-
tuating glucose levels may improve plaque stability in 
patients with a high MAGE score and without DM.

It is well known that lipid metabolism is altered dra-
matically in DM patients compared with non-DM 
patients. It is possible that the reduced lipoprotein lipase 
function in DM patients leads to increases in remnant 
lipoprotein and small dense LDL levels, as well as to a 
decrease in high-density lipoprotein, which together 
promote the development of vulnerable plaques. While 
higher fluctuations in glucose levels were observed in the 
DM patients, the association between such glucose fluc-
tuation and plaque vulnerability may be confounded by 
factors such as lipid disorders. Indeed, the IMPROVE-IT 
observational study has indicated that aggressive lipid-
lowering therapy may be more effective than interven-
tions to reduce glucose fluctuations in preventing future 
coronary events [44, 45].

Limitations
The present study had several limitations, which should 
be considered when interpreting the results. First, this 
was a single-center study with a relatively small num-
ber of patients. Additional multi-center studies with a 
larger number of patients will be needed to confirm these 
observations. Second, the only monocyte cell-surface 
molecules that were considered were CD14 and CD16. 
Third, duration of DM and antidiabetic medications may 
affect the MAGE score and monocyte subsets in patients 
with DM. Finally, since this study was a cross-sectional 

study, we cannot definitively state whether increasing 
 CD14++CD16+ monocyte levels are a cause or the result 
of coronary plaque vulnerability and blood glucose fluc-
tuations throughout the day. A further study is needed 
to confirm the hypothesis that increased  CD14++CD16+ 
monocyte levels promote coronary plaque vulnerability.

Conclusions
CD14++CD16+ monocyte levels closely correlated with 
plaque vulnerability in asymptomatic CAD patients, even 
when the patients were undergoing lipid-lowering ther-
apy. Daily glucose fluctuation may potentially alter the 
balance of monocyte subsets, especially in patients with 
presymptomatic DM.
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