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Background: Early identification of vulnerable plaques is important for patients with coronary artery 
disease (CAD) to reduce acute coronary events and improve their prognosis. We sought to examine the 
relationship between adipsin, an adipokine secreted from adipocytes, and plaque vulnerability in CAD 
patients.
Methods: A total of 103 plaques from 99 consecutive patients who underwent coronary angiography were 
assessed by optical coherence tomography. The serum level of adipsin was measured using enzyme-linked 
immunosorbent assay (ELISA). The accuracy of adipsin for detecting thin-cap fibroatheroma (TCFA) was 
determined by the area under the receiver operating characteristic curve (AUC).
Results: Of the 99 patients, 49 were classified into the low adipsin group and 50 into the high adipsin 
group according to the median level of serum adipsin (2.43 μg/mL). The plaques from the high adipsin 
group exhibited a greater lipid index (2,700.0 vs. 1,975.9° × mm, P=0.015) and an increased proportion of 
TCFAs (41.2% vs. 21.2%, P=0.028) compared with the low adipsin group. Serum adipsin was found to be 
negatively correlated with fibrous cap thickness (ρ=−0.322, P=0.002), while it was positively correlated with 
average lipid arc (ρ=0.253, P=0.015), maximum lipid arc (ρ=0.211, P=0.044), lipid core length (ρ=0.241, 
P=0.021), lipid index (ρ=0.335, P=0.001), and vulnerability score (ρ=0.254, P=0.014). Furthermore, adipsin 
had a significant association with TCFAs (OR: 1.290, 95% CI: 1.048–1.589, P=0.016) in the multivariate 
analysis, while having a moderate diagnostic accuracy for TCFAs (AUC: 0.710, 95% CI: 0.602–0.817, 
P<0.001).
Conclusions: Our findings suggest that serum adipsin is significantly and positively correlated with the 
incidence of TCFAs. The application of adipsin as a biomarker may offer improvement in the diagnosis of 
vulnerable plaques and clinical benefits for CAD patients.
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Introduction

Although great progress has been made in our understanding 
of atherosclerosis and cardiovascular diseases over the past 
decades, their related complications are a serious problem 
for society due to high morbidity and mortality (1). Sudden 
rupture of coronary atherosclerotic plaques often causes 
thrombus formation and subsequent acute myocardial 
infarction (AMI) in patients with pre-existing coronary 
artery disease (CAD). This pathophysiological process can 
lead to rapid deterioration of patients’ condition and poor 
prognosis or even death. Thus, the concept of vulnerable 
plaques, defined as high-risk, unstable plaques prone to 
cause acute coronary syndrome, was introduced to predict 
the occurrence of adverse cardiovascular events and achieve 
early risk stratification of CAD patients (2,3). Thin-cap 
fibroatheroma (TCFA), characterized as a lipid-rich plaque 
with a thin fibrous cap (≤65 μm), is a hallmark of plaque 
vulnerability (4). Inflamed TCFA is the most common form 
of vulnerable plaques and responsible for 60–70% of acute 
coronary events (5). Discovering new biomarkers of TCFA 
is of great significance for improving patient management 
and reducing residual risk.

Robust evidence has shown that atherosclerosis is a 
chronic, sterile inflammatory disease in which various 
elements of the immune system participate (6). The 
complement system may play a pivotal role in this 
pathological process as a crucial link between adaptive and 
innate immunity, while its alternative pathway is involved in 
a variety of human diseases (7). Adipsin, first described as an 
adipokine (8) and later identified as complement component 
factor D (9), catalyzes the rate-limiting step of the 
alternative pathway to regulate complement activation (10).  
It is mainly secreted by adipose tissue, macrophages, and 
monocytes (9). Moreover, adipsin is associated with various 
pathophysiological characteristics underlying atherosclerosis, 
including low-grade inflammation, endothelial dysfunction, 
ischemia-reperfusion, and lipid metabolism (11-13). Recently, 
it has been demonstrated that higher serum adipsin can 
predict not only rehospitalization and all-cause death in 
patients with CAD, but also their future incidence of acute 
coronary events (14). More importantly, an increased level of 
adipsin in unstable plaques was detected by immunostaining 
among AMI patients (14). It seems that adipsin may be 
related to the destabilization of atherosclerotic plaques. 

As a high-resolution intravascular imaging modality, 
optical coherence tomography (OCT) was recently 
introduced to  accurate ly  assess  coronary plaque 
microstructure and to identify vulnerable plaque 

characteristics (15-17). However, there has been no 
previous study using this sensitive intracoronary approach 
to examine the association between serum adipsin and 
vulnerable plaque characteristics. The present study aimed 
to investigate the correlation between serum adipsin and 
OCT-determined vulnerable plaques in patients with 
CAD, and evaluate the possibility of adipsin as a potential 
biomarker for vulnerable plaques. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/jtd-21-259).

Methods

Subjects and study design

The study prospectively enrolled 106 consecutive CAD 
patients who underwent both coronary angiography and 
simultaneous OCT examination from April 2018 to July 
2020 at Zhongda Hospital, Southeast University. The 
inclusion criteria were (I) age ≥18 years and (II) interrogated 
lesions with visual percent diameter stenosis (%DS) ≥30%. 
Patients or lesions were excluded if they met one of the 
following criteria: (I) previous history of coronary artery 
bypass graft; (II) extreme tortuosity, in-stent restenosis, left-
main stenosis, heavy calcification, or chronic total occlusion; 
(III) renal dysfunction with an estimated glomerular filtration 
rate (eGFR) <60 mL/min; (IV) congestive heart failure with 
left ventricular ejection fraction (LVEF) <40%; and (V) 
other inflammatory conditions, including cancer, infection, 
and autoimmune diseases. After screening 106 patients, 7 
patients were excluded due to in-stent restenosis (n=6) and 
poor image quality (n=1), resulting in a total of 99 patients 
with 103 lesions eligible for final analysis. Following the 
Declaration of Helsinki (as revised in 2013), this study was 
approved by the institutional ethics committee of Zhongda 
Hospital, School of Medicine, Southeast University, and all 
patients provided written informed consent.

Coronary angiography and OCT analysis

All included patients received coronary angiography 
using a standard method via a transradial approach. Two 
and 4 angiographic projections were routinely acquired 
for the right and left coronary arteries, respectively. 
All angiograms were independently reviewed, and 
%DS of interrogated lesions was visually assessed by 
experienced interventionalists who were blinded to clinical 
characteristics, OCT results, and serum adipsin. The 
frequency-domain OCT C7XR system (St. Jude Medical, 
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Westford, MA, USA) was used to acquire OCT images. 
In brief, a 2.7-French OCT catheter was positioned distal 
to the lesion after intracoronary infusion of 100–200 μg 
nitroglycerin. Then, the catheter was automatically pulled 
back to the proximal segment at a speed of 25 mm/s  
(100 frames/s) during blood clearance that was achieved 
by injecting iso-osmotic contrast medium. For off-line 
measurements (1.0 mm interval scale), all OCT images 
were analyzed with a dedicated workstation by experienced 
technicians who were blinded to the clinical data.

Plaque characteristics were determined according to 
standard definitions (17). Based on OCT images, plaques 
were divided into 2 categories: (I) lipid plaque (a poor 
signal region with a diffuse border) and (II) fibrous plaque 
(a homogeneous region with high backscattering) (17). For 
lipid plaques, lipid length was measured in the longitudinal 
direction, and the lipid arc was measured through the entire 
length of each plaque. The lipid index was calculated by 
multiplying lipid length and average lipid arc (18). The 
fibrous cap was defined as a signal-rich homogenous layer 

overlying the lipid plaque. Moreover, fibrous cap thickness 
(FCT) was measured 3 times at the thinnest part of the 
fibrous cap, and its average value was calculated. A thin-
cap fibroatheroma (TCFA) was characterized as a lipid-
rich plaque with a maximal lipid arc >90° and thinnest 
FCT ≤65 μm (Figure 1A) (4). Plaque rupture was defined 
as discontinued fibrous cap and cavity formation within 
the plaque (Figure 1B) (19). Plaque erosion was defined by 
the presence of an attached thrombus overlying an intact 
plaque without fibrous cap disruption (Figure 1C) (20). 
Macrophage accumulation was identified as signal-rich, 
distinct, or confluent punctuate regions that had a higher 
intensity than background speckle noise (Figure 1D) (17). 
The microchannel was defined as a black hole that neither 
reflected the signal nor connected to the lumen and was 
present in at least 3 consecutive frames (Figure 1E) (17,21). 
Cholesterol crystals were characterized as thin, linear, and 
highly backscattering regions within the plaque (Figure 1F) 
(17,22). The vulnerability score was based on the presence of 
vulnerability markers on OCT images, such as TCFAs, lipid 

Figure 1 Representative OCT images. (A) A thin-cap fibroatheroma (TCFA) with the thinnest fibrous cap <65 μm (the white arrow) and 
with lipid arc >180°; (B) plaque rupture: presence of discontinued fibrous cap (the white arrow) and cavity formation (the white asterisk); 
(C) plaque erosion: residual white thrombus (the white arrow) underlying an intact fibrous cap; (D) macrophage accumulation: signal-rich, 
distinct, or confluent punctuate regions that had a higher intensity than background speckle noise; (E) microchannel: a black hole (the white 
arrow) with diameter of 50–300 μm that neither reflects the signal nor connects to the lumen, which was present in at least 3 consecutive 
frames; (F) cholesterol crystal: a thin, linear, and highly-backscattering region (the white arrow) within the plaque.
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pools, microchannels, and macrophage accumulation (23).  
This value was calculated as the total number of all these 
vulnerability markers in 100 consecutive OCT frames  
(25 mm length) (24).

Adipsin measurement

Blood samples were collected via radial access before 
heparinization using vacutainer tubes. These samples were 
maintained at 4 ℃ and processed within 2 hours before 
centrifugation at 3,000 rpm for 10 minutes. Serum samples 
were separated and then stored at −80 ℃ until further 
analysis. Serum adipsin was determined using a dedicated 
enzyme-linked immunosorbent assay (ELISA) kit (Catalog 
Number: CSB-E14369h, Wuhan, China) according to the 
manufacturer’s instructions. All ELISA data were analyzed 
in relation to the standard curve. Each sample was measured 
twice to acquire the mean value. The ELISA plates were 
measured using a BioTek ELx800 microplate reader (Bio-
Tek Instruments, Winooski, Vermont, USA) and analyzed 
with supporting software (KC Junior).

Statistical analysis

Normality was examined using histograms and Q-Q 
plots. Continuous variables are presented as the mean ± 
standard deviation (SD) or median (25th–75th percentiles) as 
appropriate. Student’s t or Mann-Whitney U tests were used 
to detect the differences between the 2 groups. Categorical 
variables are presented as counts (percentages) and were 
compared with a chi-square test. Spearman correlation 
analysis was used to assess the association between serum 
adipsin and OCT parameters. To examine whether serum 
adipsin was independently associated with TCFAs, we 
used logistic regression analysis to exclude confounding 
factors. The receiver operating characteristic (ROC) curve 
was generated for adipsin to assess its utility for detecting 
TCFAs, and its optimal cut-off point was determined by the 
Youden index. All data were analyzed by SPSS version 25.0 
(IBM Inc., Chicago, Illinois, USA) and MedCalc version 
19.0.7 (MedCalc Software bvba, Ostend, Belgium). A two-
tailed P value <0.05 was considered statistically significant.

Results

Baseline patient and lesion characteristics

A total of 99 patients with 103 interrogated lesions were 
included in the present study. All patients were divided 

into a low-level group (n=49) or a high-level group (n=50) 
according to the median value of serum adipsin (2.43 μg/mL).  
Baseline patient characteristics and laboratory tests are 
detailed in Table 1. No significant differences were observed 
between the 2 groups in age, sex, risk factors, clinical 
presentations, or medications. There was a higher level 
of serum creatinine in the high adipsin group than in the 
low adipsin group (P=0.007). The adipsin level was 1.89 
(1.64–2.17) μg/mL in the low group and 4.45 (3.52–7.12) 
μg/mL in the high group (P<0.001). The other laboratory 
parameters were not significantly different between the 2 
groups.

Angiographic and OCT findings were compared between 
the 2 groups and are shown in Table 2. There was no 
difference in the location of plaques between the 2 groups. 
Visual %DS in the high adipsin group was greater than that 
in the low adipsin group (45% vs. 40%, P=0.006). A total 
of 92 lipid-rich plaques (89.3%) were detected by OCT, 
and 32 TCFAs (31.1%) were found among these plaques. 
Lipid-rich plaques in the low adipsin group had a smaller 
lipid index than those in the high adipsin group (1,975.9 vs. 
2,700.0° × mm, P=0.015). Compared with the low adipsin 
group, lesions from the high adipsin group had a greater 
proportion of TCFAs (41.2% vs. 21.2%, P=0.028).

Correlation between serum adipsin and OCT parameters

Figure 2 shows the correlation between serum adipsin and 
OCT parameters. Serum adipsin was negatively correlated 
with FCT (ρ=−0.322, P=0.002), while it was also positively 
correlated with average lipid arc (ρ=0.253, P=0.015), 
maximum lipid arc (ρ=0.211, P=0.044), lipid core length 
(ρ=0.241, P=0.021), lipid index (ρ=0.335, P=0.001), and 
vulnerability score (ρ=0.254, P=0.014).

Adipsin as an independent factor predicting OCT-detected 
TCFAs

To further confirm the association between serum adipsin 
and plaque vulnerability, we performed logistic regression 
analysis to identify independent predictive factors of TCFAs 
(Table 3). The results at the univariate level demonstrated 
that male sex (OR: 2.097, 95% CI: 0.851–5.164, P = 0.107), 
triglycerides (OR: 1.290, 95% CI: 0.948–1.756, P=0.106), 
total cholesterol (OR: 1.463, 95% CI: 0.997–2.148, 
P=0.052), low-density lipoprotein cholesterol (OR: 1.921, 
95% CI: 1.059–3.486, P=0.032), adipsin (OR: 1.330, 95% 
CI: 1.114–1.588, P=0.002), acute coronary syndrome (OR: 
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Table 1 Baseline characteristics of included patients

Variables Total patients (n=99)
Adipsin level

P value
Low (n=49) High (n=50)

Age, years 60.6±12.0 60.0±9.4 61.2±14.2 0.617

Male 61 (61.6) 27 (55.1) 34 (68.0) 0.187

BMI, kg/m2 25.0±3.57 25.18±3.65 24.92±3.52 0.722

LVEF, % 68.10±8.95 67.43±7.79 68.77±10.00 0.460

Prior MI 2 (2.0) 0 (0) 2 (4.0) 0.495

Prior PCI 9 (9.1) 3 (6.1) 6 (12.0) 0.487

Risk factors

Hypertension 69 (69.7) 34 (69.4) 35 (70.0) 0.947

Diabetes mellitus 20 (20.2) 9 (18.4) 11 (22.0) 0.653

Current smoking 25 (25.3) 13 (26.5) 12 (24.0) 0.772

Dyslipidemia 22 (22.2) 12 (24.5) 10 (20.0) 0.591

Clinical presentations

STEMI 8 (8.1) 4 (8.2) 4 (8.0) 1.000

NSTEMI 26 (26.3) 13 (26.5) 13 (26.0) 0.952

Unstable angina 32 (32.3) 19 (38.8) 13 (26.0) 0.174

Stable angina 33 (33.3) 13 (26.5) 20 (40.0) 0.155

Medications

Aspirin 80 (80.8) 38 (77.6) 42 (84.0) 0.415

P2Y12 receptor antagonists 65 (65.7) 32 (65.3) 33 (66.0) 0.942

β-blockers 66 (66.7) 33 (67.3) 33 (66.0) 0.887

Statins 97 (98.0) 47 (95.9) 50 (100) 0.242

CCBs 32 (32.3) 16 (32.7) 16 (32.0) 0.945

Nitrates 38 (38.4) 17 (34.7) 21 (42.0) 0.455

ACEI/ARB 41 (41.4) 22 (44.9) 19 (38.0) 0.486

Laboratory tests

FBG, mmol/L 5.69 (5.09–6.66) 5.43 (4.94–6.33) 5.92 (5.25–6.74) 0.131

Serum creatinine, μmol/L 69 (58–80) 65 (55–73) 74 (59–92) 0.007

Uric acid, μmol/L 338.84±102.92 331.71±114.99 345.82±90.16 0.498

TC, mmol/L 4.43±1.06 4.34±1.02 4.53±1.11 0.370

TG, mmol/L 1.45 (1.08–2.15) 1.39 (0.97–2.18) 1.48 (1.14–2.14) 0.443

LDL-C, mmol/L 2.58±0.74 2.52±0.74 2.63±0.74 0.458

HDL-C, mmol/L 1.18±0.28 1.15±0.27 1.20±0.29 0.394

ApoA1, g/L 1.22±0.27 1.23±0.31 1.21±0.24 0.811

ApoB, g/L 0.77±0.19 0.78±0.18 0.76±0.20 0.554

Lp (a), mg/L 125 (53–358) 143 (48–398) 117 (64.25–317.75) 0.763

Adipsin, μg/ml 2.43 (1.89–4.48) 1.89 (1.64–2.17) 4.45 (3.52–7.12) <0.001

Values are presented as mean ± standard deviation, median (25th–75th percentile), or n (%). ACEI, angiotensin-converting-enzyme inhibitor; 
ARB, angiotensin receptor blocker; BMI, body mass index; CCBs, calcium channel blockers; FBG, fasting blood glucose; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; MI, myocardial infarction; 
NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation 
myocardial infarction; TC, total cholesterol; TG, triglycerides.
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5.122, 95% CI: 1.624–16.154, P=0.005), and visual %DS 
(OR: 1.084, 95% CI: 1.045–1.125, P <0.001) were possible 
predictors. After including them in a multivariate model, 
only adipsin (adjusted OR: 1.290, 95% CI: 1.048–1.589, 
P=0.016), visual %DS (adjusted OR: 1.086, 95% CI: 1.037–
1.137, P<0.001), and acute coronary syndrome (adjusted 
OR: 4.058, 95% CI: 1.016–16.199, P=0.047) remained 
statistically significant, suggesting that adipsin was an 
independent factor predicting the presence of TCFA. As 
presented in Figure 3A, patients with TCFAs had a higher 
level of serum adipsin than those without TCFAs (3.82 

vs. 2.20 μg/mL, P<0.001). The ROC analysis showed that 
serum adipsin could partially predict TCFA (area under the 
ROC curve (AUC): 0.710, 95% CI: 0.602–0.817, P<0.001), 
with an optimal cut-off of 3.50 μg/mL (sensitivity 65.6%, 
specificity 74.7%) (Figure 3B).

Discussion

This is the first study investigating the correlation between 
serum adipsin and OCT-detected plaque vulnerability in 
CAD patients. Our main findings were as follows: (I) serum 

Table 2 Angiographic and OCT findings of included lesions

Variables Total lesions (n=103)
Adipsin level

P value
Low (n=52) High (n=51)

Angiographic findings

Location 0.815

LAD 73 (70.9) 38 (73.1) 35 (68.6)

LCX 10 (9.7) 4 (7.7) 6 (11.8)

RCA 20 (19.4) 10 (19.2) 10 (19.6)

Visual %DS 45 (40–50) 40 (30–45) 45 (40–55) 0.006

OCT findings

Lipid-rich plaque 92 (89.3) 44 (84.6) 48 (94.1) 0.118

FCT, μm 101.7 (60.8–165.8) 120.0 (73.3–180.8) 80.0 (53.3–150.8) 0.064

Lipid core length, mm 16.5 (9.0–22.0) 15.3 (6.3–21.2) 17.8 (10.4–22.4) 0.108

Average lipid arc, ° 160.1±52.9 150.3±51.9 170.0±52.6 0.091

Maximum lipid arc, ° 270 (180–360) 260 (180–353) 290 (185–360) 0.316

Lipid index, ° × mm 2,375.7 (1,285.0–3,565.3) 1,975.9 (834.5–2,958.6) 2,700.0 (1,673.7–3,863.3) 0.015

Fibrous plaque 11 (10.7) 8 (15.4) 3 (5.9) 0.118

Calcification 47 (45.6) 21 (40.4) 26 (51.0) 0.280

Macrophage accumulation 40 (38.8) 21 (40.4) 19 (37.3) 0.745

Microchannel 39 (37.9) 19 (36.5) 20 (39.2) 0.779

Cholesterol crystal 33 (32.0) 17 (32.7) 16 (31.4) 0.886

TCFA 32 (31.1) 11 (21.2) 21 (41.2) 0.028

Vulnerability score 73.69±47.02 65.38±47.54 82.16±45.38 0.070

Plaque rupture 8 (7.8) 2 (3.8) 6 (11.8) 0.160

Plaque erosion 13 (12.6) 7 (13.5) 6 (11.8) 0.795

Thrombus 23 (22.3) 9 (17.3) 14 (27.5) 0.217

Values are presented as mean ± standard deviation, median (25th–75th percentile), or n (%). %DS, percent diameter stenosis; FCT, fibrous 
cap thickness; LAD, left anterior descending artery; LCX, left circumflex artery; OCT, optical coherence tomography; RCA, right coronary 
artery; TCFA, thin-cap fibroatheroma.
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Figure 2 Correlation between serum adipsin and vulnerable plaque characteristics. Spearman correlation analysis is displayed for adipsin 
level and vulnerable plaque characteristics including (A) FCT, (B) average lipid arc, (C) maximum lipid arc, (D) lipid core length, (E) lipid 
index, and (F) vulnerability score. FCT, fibrous cap thickness.

Table 3 Univariate and multivariate analysis of possible factors associated with TCFA

Variables
Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age 0.997 (0.963–1.033) 0.888

Male 2.097 (0.851–5.164) 0.107 2.368 (0.629–8.921) 0.203

Diabetes mellitus 1.357 (0.504–3.656) 0.546

Hypertension 0.698 (0.284–1.714) 0.432

Current smoking 1.562 (0.615–3.968) 0.348

TG 1.290 (0.948–1.756) 0.106 1.006 (0.559–1.813) 0.983

TC 1.463 (0.997–2.148) 0.052 1.768 (0.476–6.568) 0.395

LDL-C 1.921 (1.059–3.486) 0.032 1.197 (0.209–6.847) 0.840

HDL-C 1.144 (0.275–4.748) 0.853

Adipsin 1.330 (1.114–1.588) 0.002 1.290 (1.048–1.589) 0.016

ACS 5.122 (1.624–16.154) 0.005 4.058 (1.016–16.199) 0.047

Visual %DS 1.084 (1.045–1.125) <0.001 1.086 (1.037–1.137) <0.001

%DS, percent diameter stenosis; ACS, acute coronary syndrome; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TCFA, thin-cap fibroatheroma; TG, triglycerides; OR, odds ratio.
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adipsin was negatively correlated with FCT but positively 
correlated with average lipid arc, maximum lipid arc, 
lipid core length, lipid index, and vulnerability score; (II) 
compared with patients in the low adipsin group, those in 
the high adipsin group had a greater proportion of TCFAs, 
and serum adipsin showed moderate discriminative ability 
for TCFAs; and (III) adipsin was an independent factor 
associated with TCFAs.

The complement system is activated in atherosclerotic 
plaques generally through the classic, lectin, or alternative 
pathways (25). As a major component in the alternative 
pathway, adipsin cleaves complement factor B and catalyzes 
the formation of complement C3 convertase, thus triggering 
the hydrolysis cascade to produce complement fragments 
such as C3a, C3b, C5a, and C5b (9). Previous studies 
have indicated that adipsin may be closely related to 
atherosclerosis and increased cardiovascular risk (11,26,27). 
Recently, adipsin has been demonstrated not only as a protein 
signature of CAD and type 2 diabetes mellitus (28,29), 
but also as a prognostic biomarker for CAD patients (14).  
However, the specific role of adipsin in the pathogenesis of 
vulnerable plaques remains to be elucidated. In this study, 
we found that plaques from patients with a high circulating 
adipsin level exhibited a significantly higher proportion of 
TCFAs. It is well known that TCFA is the most significant 
pathological feature of vulnerable plaques (4,30); therefore, 

a close link was established between circulating adipsin and 
plaque vulnerability. We further confirmed this association 
by observing a significant correlation between serum adipsin 
and several OCT-detected vulnerable characteristics. Our 
data showed that adipsin was a significant predictor of 
TCFA even after adjusting for confounding variables in the 
multivariate model, while ROC analysis also demonstrated 
its diagnostic ability to detect TCFA. Thus, adipsin may 
serve as an effective indicator for atherosclerosis progression 
and high-risk plaques to provide risk stratification 
and treatment guidance for patients at an early stage. 
Understanding its role in plaque vulnerability will be useful 
for developing new therapeutic targets and reducing the 
incidence of future adverse events.

TCFA, as a major manifestation of vulnerable plaques, 
is histologically characterized by a large lipid-rich necrotic 
core with an overlying thin fibrous cap (≤65 μm) infiltrated 
by abundant inflammatory cells but rare smooth muscle 
cells (4). Structural stability may be determined by FCT 
and the size of the lipid core, both of which were found 
to be correlated with serum adipsin in the present study. 
A large lipid core may recruit more proinflammatory 
macrophages and increase their secretion of adipsin. 
Moreover, we found that serum adipsin was correlated with 
other OCT-detected morphological parameters, especially 
the vulnerability score. The score provided a quantitative 

Figure 3 Association between serum adipsin and thin-cap fibroatheroma (TCFA). (A) Comparison of serum adipsin levels between the 
TCFA group and the non-TCFA group. The TCFA group had a significantly higher level of serum adipsin compared with the non-TCFA 
group (median, 3.82 vs. 2.20 μg/mL, P<0.001). (B) Receiver-operating characteristic (ROC) curve of adipsin for predicting the presence of 
TCFA. The area under the curve was 0.710 and the optimal cut-off value was 3.50 μg/mL (sensitivity 65.6%, specificity 74.7%).

A B
P<0.001 Adipsin

0            20          40          60          80          100

100-Specificity %

AUC =0.710

P<0.001

A
di

ps
in

 (µ
g/

m
L)

S
en

si
tiv

ity
 %

−                           +

TCFA

8

6

4

2

0

100

80

60

40

20

0



2422 Sun et al. Adipsin and plaque vulnerability

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(4):2414-2425 | http://dx.doi.org/10.21037/jtd-21-259

assessment of plaque vulnerability by calculating the total 
number of appearances of vulnerability markers (24), which 
is not limited to TCFA. It has been shown that other 
OCT-detected plaque features, such as cholesterol crystals 
and macrophage accumulation, were also associated with 
a higher risk of coronary events (2,30). In recent years, 
the concept of CAD has gradually shifted from solely 
“vulnerable plaque” to integrated “vulnerable patient”, 
which involves multiple factors, including atheroma burden, 
metabolic activity, and thrombosis formation (31). Adipsin, a 
lipid metabolite secreted from adipose tissue, may therefore 
provide additional information regarding the probability 
or tendency of CAD patients to develop AMI. In summary, 
adipsin may allow for a more comprehensive and accurate 
approach, not only to identify plaque vulnerability, but also 
to manage vulnerable patients and improve their prognosis.

The exact role of adipsin in atherosclerosis progression 
and plaque vulnerability, however, has not been fully 
elucidated. The possible mechanisms mediating this 
association may be as follows. First,  adipsin, as a 
circulating protein, may reflect the level of inflammation 
and endothelial dysfunction, and may promote plaque 
progression. Atherosclerosis is a chronic, inflammatory 
disease; thus, inflammation plays an important role in 
plaque progression, vulnerability, and subsequent clinical 
coronary events, and is usually related to a decrease in 
structural stability (32,33). Given its relationship with 
other inflammatory diseases (34,35), we speculated that 
adipsin might also participate in the processes of atheroma 
formation and vascular damage, and eventually lead to 
plaque destabilization. Second, adipsin may function as 
a bridge between innate and acquired immunity in the 
pathogenesis of vulnerable plaques. The complement 
system mediates a complex immune response in a variety 
of inflammatory conditions, including atherosclerosis and 
thrombosis (36,37). As a complement factor D, adipsin may 
play a key role in the immune and coagulation cascade due 
to its regulation of complement activation (38,39), which 
in turn prompts the occurrence of AMI. Third, similar to 
other adipokines, adipsin may regulate endocrine function, 
lipid metabolism, and obesity, all of which affect the 
cardiovascular system and plaque stability (40-42).

Interestingly, previous investigations have identified 
that adipsin can maintain pancreatic beta-cell function 
in diabetes and that adipsin-deficient animals are prone 
to glucose intolerance (43,44). This finding seems 
to be inconsistent with the current knowledge that 
patients with a high adipsin level are at increased risk 

for developing atherosclerotic cardiovascular disease 
(14,26,28). Further studies are therefore needed to elucidate 
the specific effect of adipsin in CAD and how adipsin is 
involved in the development of vulnerable plaques. Our work 
revealed an association between adipsin and OCT-detected 
vulnerable characteristics and provided new insights into 
how the complement alternative pathway promotes plaque 
vulnerability. Activation of the alternative pathway may lead to 
plaque instability by influencing inflammation and endothelial 
function. Inhibitors of the pathway, anti-factor B and anti-
factor D antibodies (45,46), are expected to become potential 
treatments for stabilizing vulnerable plaques in the future.

Several limitations of this study should be acknowledged. 
First, this was a single-center, prospective, observational 
study with a relatively small sample size. Thus, our results 
need to be externally validated by large, multicenter studies 
in the future. Second, we cannot completely rule out the 
potential effects of statins, antihypertensive medications, 
and antidiabetic medications on serum adipsin. However, 
we did not observe a significant difference in their baseline 
usage between the 2 groups. Finally, some patients had 
missing values of hypersensitive C-reactive protein because 
it was not routinely assessed in clinical practice. We did not 
analyze this inflammatory marker with other methods to 
avoid measurement bias.

Conclusions

In conclusion, serum adipsin levels tend to be associated 
with OCT-determined plaque vulnerability in CAD 
patients. Patients with a high adipsin level had a more 
frequent incidence of TCFAs than those who had a low 
adipsin level. Therefore, adipsin may be used as an effective 
biomarker for the early identification of vulnerable plaques 
and improved risk stratification of CAD patients, which in 
turn might translate into prognostic benefits.
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