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Circulating ANGPTL3 and ANGPTL4 levels
predict coronary artery atherosclerosis
severity
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Abstract

Background: We investigated the role of ANGPTL3 and ANGPTL4 in atherosclerosis development and determined
whether plasma concentrations of ANGPTL3 and ANGPTL4 are related to the degree of coronary stenosis.

Methods: A total of 305 consecutive patients with angina who underwent diagnostic coronary angiography were
enrolled in the study between August 2017 and August 2018. The levels of ANGPTL3 and ANGPTL4 were measured
by using competitive ELISA kits.

Results: According to the degree of coronary artery stenosis, patients were classified into four types: coronary
artery stenosis of < 10%, 10-50%, 50-75, and > 75%. The plasma ANGPTL3 level was higher (51.71 ± 52.67 vs. 24.65 ±
10.32 ng/mL, P < 0.001) and that of ANGPTL4 was lower (454.66 ± 269.05 vs. 875.49 ± 961.15 ng/mL, P < 0.001) in the
coronary artery stenosis ≥ 10% group than in the < 10% group. ANGPTL3 and ANGPTL4 levels were significantly
associated with the severity of coronary vascular stenosis. ROC curve analyses indicated that ANGPTL3
concentrations above 30.5 ng/mL can predict atherosclerosis with a sensitivity of 71.2% and specificity of 75.3%, and
that ANGPTL4 levels below 497.5 ng/mL can predict atherosclerosis with a sensitivity of 63.9% and specificity of
74.5%. ANGPTL3 and ANGPTL4 were determined to be independent risk factors for coronary atherosclerosis with
odds ratios (ORs) of 0.189 (95% CI 0.097-0.368, P < 0.001) and 3.625 (95% CI 1.873-7.016, P < 0.001), respectively.

Conclusions: Increased ANGPTL3 or decreased ANGPTL4 shows an association with coronary atherosclerosis and,
may become a predictor of coronary atherosclerosis in the future.
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Introduction
Coronary heart disease (CHD), also called coronary ar-
tery disease and atherosclerotic heart disease, is the end
result of the accumulation of atheromatous plaques
within the walls of the coronary arteries, causing myo-
cardial ischemia, hypoxia and even necrosis [1]. The in-
cidence of CHD is still rising, and CHD is the leading
global cause of mortality. The death rate of CHD has

decreased because effective therapeutic approaches have
been developed, such as the application of intravascular
imaging, the use of drug-eluting stents [2], P2Y12 inhibi-
tor monotherapy [3], prolonged dual antiplatelet therapy
[4] and so on.
Dyslipidemia, such as increased low-density

lipoprotein-cholesterol (LDL-C) and decreased high-
density lipoprotein-cholesterol (HDL-C), is related to
the development of atherosclerosis [5–10]. Increased
LDL-C is commonly useful in identifying high-risk
CHD, but some patients with coronary atherosclerosis
may have normal serum lipid levels. We infer that there
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may be dysfunction of lipid regulation before changes in
serum lipids and serum lipoprotein become apparent. It
is of necessary clinical significance to identify new indi-
cators for the early identification of the high-risk coron-
ary atherosclerosis population having normal serum
lipid levels.
Some researchers have worked out several diverse

mechanisms of dyslipidemia. Angiopoietin-like pro-
teins (ANGPTLs) were found to be structurally and
functionally similar to the angiopoietins in 1998 at
first, and until 2005, they were noticed to play a role
in the regulation of lipids [11]. To date, eight ANGP
TLs have been discovered, of which ANGPTL3 and
ANGPTL4 are the most frequently mentioned in lipid
metabolism. ANGPTL3 is an endogenous inhibitor of
lipoprotein lipase (LPL) and endothelial lipase (EL)
[11, 12]. The role of ANGPTL3 in regulating LPL
and EL activity has been well established. LPL, char-
acterized as a triglyceride hydrolase, primarily hydro-
lyzes triglycerides in the neutral lipid core of
chylomicrons and very low-density lipoprotein
(VLDL), thereby releasing unesterified fatty acids [11].
In 2007, EL was reported to have phospholipase A1
activity and regulate the level of HDL-C [13]. ANGP
TL3 activity regulates triglycerides and HDL-C clear-
ance partly by disinhibiting LPL and EL [11–13]. In
the last ten years, it has been proven that inactivation
or variants of the ANGPTL3 gene in humans and
mice induce a marked reduction in the levels of
plasma triglycerides and cholesterol-carrying lipopro-
teins, including VLDL-C, LDL-C and HDL-C [14–17].
Based on a phase 3 randomized clinical trial with an
estimated enrollment of 10,000 participants, hypertri-
glyceridemia (HTG) is causally linked to CHD and re-
ducing HTG can significantly reduce cardiovascular
events in patients with diabetes [18]. ANGPTL3-tar-
geted therapies to reduce triglycerides are under de-
velopment. Recently, anti-ANGPTL3 therapies have
been shown to effectively lower lipids levels based on
the results of phase I clinical trials with a monoclonal
anti-ANGPTL3 antibody and anti-sense oligonucleo-
tide (ASO) [16, 17, 19].
ANGPTL4 is also an inhibitor of LPL [11, 20–22].

When ANGPTL4 is overexpressed, the activity of LPL is
suppressed; as a result, triglycerides clearance is de-
creased, leading to an increase in triglycerides [23].
However, some studies have revealed a reduction in
plasma triglyceride levels in mice with ANGPTL4 defi-
ciency and inactivation [24, 25]. In accordance with the
findings of ANGPTL4-mediated regulation of lipid me-
tabolism in mice, carriers of loss-of-function mutations
in ANGPTL4 have lower triglyceride levels and higher
HDL-C levels than noncarriers [26–28]. In 2013, Geor-
giadi A et al. reported that ANGPTL4 retards

atherosclerotic plaque progression by reducing the in-
flammatory response to saturated fats, which is inde-
pendent of its effect on plasma lipid levels [29].
As mentioned above, the roles of ANGPTL4 in CHD

present conflicting results in different studies. The roles
of ANGPTL3 are mostly focused on acute myocardial
infarction (AMI), rarely in atherosclerosis. The role of
ANGPTL4 in atherosclerosis development is unclear.
Does ANGPTL3 or ANGPTL4 represent a better pre-
dictive indicator for coronary atherosclerosis? To answer
this question, we performed a study of ANGPTL3 and
ANGPTL4 in a cohort of patients with angina to clarify
the associations of these proteins with coronary athero-
sclerosis severity.

Materials and methods
Study population and data collection
A total of 305 consecutive patients with angina, referred
to the Department of Cardiology or Emergency Medi-
cine of Shanghai Ninth People’s Hospital between Au-
gust 2017 and August 2018, were enrolled in this study.
The inclusion and exclusion criteria of participants are
shown in Table 1. All data were obtained from elec-
tronic medical records or charts in the hospital, and in-
cluded age, sex, smoking, family history and so on.
Ethical approval of this study protocol was given by the
Shanghai Ninth People’s Hospital’s ethics committee
and research board. Prior to study participation, written
informed consent was signed by all study participants or
the families of the patients. The study was part of a pro-
ject for construction and application of a biobank for
coronary heart disease at Shanghai Ninth People’s Hos-
pital (YBKA201910).

Blood collection, biochemical and anthropometric
measurements
Blood samples were pre-heparin, taken after a 12-h over-
night fast on the day before coronary angiography, and
collected in vacutainer EDTA tubes. After 30 min of
clotting at room temperature, the samples were then
centrifuged at 3000 rpm for 20min at 4 °C. The super-
natant liquids were collected in small aliquots and stored
in a − 80 °C deep freezer until assayed. The serum lipids
were enzymatically measured on a Hitachi 747 chemical
analyzer (Hitachi, Tokyo, Japan). Fasting blood glucose
(FBG), myoglobin, brain natriuretic peptide (BNP) and
cTnI were measured using standard laboratory tech-
niques. Transthoracic echocardiography (TTE) was per-
formed in all patients by using an ultrasound device
(ie33, Philips Medical System, Bothell, Washington,
USA). The left ventricular ejection fraction (LVEF) was
measured and calculated.
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Determinations of ANGPTL3 and ANGPTL4 concentrations
Plasma ANGPTL3 and ANGPTL4 levels were deter-
mined using enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems, Minnelis, MN, USA) ac-
cording to the manufacturer’s instructions. The plasma
samples were diluted 1:4 in sample diluent for detection.
The samples or standards and biotin antigen were added
at 50 μL/well to a 96 well plate. Then the plate was incu-
bated for 30 min at 37 °C. After washing five times with
300 μL/well PBST (50 mM potassium phosphate 150
mM NaCl, 0.15% Tween 20; pH 7.4), avidin-HRP was
added at 50 μL/well (100 μL avidin-HRP solution diluted
to 6 mL) and the plate was incubated for another 30 min
at 37 °C. Following five washes, 50 μL/well coloration liq-
uids A and B were added, and the plate was incubated in
the dark for 10 min at 37 °C. The plates were analyzed
within 10min using an ultraviolet spectrophotometer
(Multiskan GO, Thermo Scientific) at 450 nm. The
standard curve was constructed by plotting the concen-
tration (X) of standards against the mean absorbance (Y)
of standards at 450 nm (Supplementary Fig. 1). A logistic
equation was used to fit the standards and calculate the
sample concentration.

Diagnostic coronary angiographic examinations and
groups
Coronary angiography was performed by two expert cardi-
ologists blinded to the blood test results. Of the 66 partici-
pants with borderline coronary artery lesions, 10
underwent intravenous ultrasound (IVUS) imaging, and 7
underwent OCT. Based on the international statistical
classification of disease and related health problems (10th
Revision) and the American Heart Association classifica-
tion of cardiovascular diseases, patients were screened and
classified into four types: 1) nonstenotic coronary arteries,
with coronary stenosis < 10% in diameter; 2) coronary ath-
erosclerosis, with one or more coronary stenoses 10 - 50%
in diameter; 3) CHD, one or more coronary stenoses 50 -
75% in diameter; and 4) CHD, one or more coronary sten-
oses ≥ 75% in diameter in any three coronary arteries (left
anterior descending (LAD), left circumflex (LCX), right
coronary artery (RCA)).

Statistical analysis
The statistical analysis was performed using IBM
SPSS version 22 statistical package for Windows. A
two-sided P-value of < 0 .05 was considered statisti-
cally significant. Continuous variables are expressed
as the mean ± SD or medians with interquartile
ranges, and categorical variables are expressed as fre-
quencies (percentages). A Student’s t-test or one-way
ANOVA was used to evaluate continuous variables
with normal distribution, and the Mann-Whitney U-
test was used to evaluate continuous variables with
skewness distribution. The chi-square test was used
to evaluate categorial variables. Spearman correlation
was performed to estimate the relationships between
the plasma ANGPTL3 or ANGPTL4 levels and other
biochemical parameters. A receiver operating charac-
teristic curve for ANGPTL3 or ANGPTL4 was plot-
ted to illustrate the diagnostic power of ANGPTL3
or ANGPTL4 for coronary stenosis patients. The op-
timal cut-offs were obtained by measuring the size
of the area under the ROC curve (AUC). Univariate
and multivariate logistic regression models were per-
formed to distinguish the risk factors for CHD.

Results
Subject characteristics
A total of 305 patients (157 males, 148 females)
were recruited, for whom the demographic, biochem-
ical and clinical characteristics are shown in Table 2.
The plasma ANGPTL3 level was higher and that of
ANGPTL4 lower in the coronary stenosis > 10%
group than in the nonstenosis group. Compared to
the nonstenosis group, the coronary stenosis over
10% group had more elderly patients; males; over-
weight patients; smokers; patients with diabetes mel-
litus, hypertension or New York Heart Association
(NYHA) class III or IV (2013 ACC/AHA guidelines);
and patients using hypoglycemic drugs and antihy-
pertensive drugs. There was no significant difference
in alcohol consumption, lipid levels, CHD history,
atrial fibrillation, hypolipidemic drugs or aspirin use
between the two groups.

ANGPTL3 and ANGPTL4 levels and coronary stenosis
severity
The levels of ANGPTL3 and ANGPTL4, and blood
lipids in the different stenosis groups are shown in
Table 3. Compared to that in the nonstenosis group,
the concentration of ANGPTL3 significantly in-
creased in all of the coronary stenosis groups (P <
0.01). However, the ANGPTL3 levels did not differ-
ent among the various stenosis groups. ANGPTL4
levels were obviously decreased in the anycoronary
stenosis groups compared with the nonstenosis

Table 1 Inclusion and exclusion criteria of participants

Inclusion criteria Exclusion criteria

1) over 18 years old;
2) angina;
3) silent myocardial ischemia;
4) all patients undergoing invasive
coronary angiography.

1) acute myocardial
infarction;
2) severe hepatic or renal
dysfunction;
3) pulmonary heart
diseases;
4) valvular heart diseases;
5) infective endocarditis;
6) malignant tumors;
7) hyperthyroidism.
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group. The blood lipid index among these various
stenosis groups, was not different except for free
fatty acids (FFAs). The concentrations of ANGPTL3
or ANGPTL4 and lipid levels in the different groups
varied according to the number of involved vessels
with stenosis ≥ 50% (Table 4). The ANGPTL3 level
was significantly increased (P < 0.01) and the ANGP

TL4 level was decreased (P < 0.05) in patients with
multivessel lesions compared with single vessel-
involved patients. The level of ANGPTL3 or ANGP
TL4 in the different coronary stenosis severity based
on sex are shown in Supplementary Table 1, and no
statistically significant differences are found between
the sexes.

Table 2 Demographic, clinical and biochemical characteristics of the study sample according to the results of coronary
arteriography

Variable The stenosis of coronary artery χ, t, Z
value

P
value≥ 10% (n = 208) < 10% (n = 97)

Age, years 67.52 ± 9.91 61.86 ± 9.59 3.615 < 0.001

Sex (male), % 55.8 (116/208) 42.3 (41/97) 4.827 0.028

Smokers, % 39.4 (82/208) 25.8 (25/97) 5.412 0.020

Alcohol consumers, % 22.6 (47/208) 18.6 (18/97) 0.644 0.422

BMI≥ 24 kg/m2, % 63.2 (129/204) 50.5 (48/95) 4.334 0.043

CHD family history, % 61.5 (128/208) 53.6 (52/97) 2.191 0.212

Diabetes mellitus, % 26.4 (55/208) 11.3 (11/97) 8.897 0.003

Hypertension, % 65.9 (137/208) 48.5 (47/97) 8.379 0.004

NYHA class III/ IV, % 10.1 (21/208) 3.1 (3/97) 6.491 0.011

Atrial fibrillation, % 9.1 (19/208) 7.2 (7/97) 0.312 0.576

Hypolipidemic drugs, % 18.2 (37/203) 25.0 (24/96) 1.841 0.175

Aspirin use, % 91.8 (191/208) 93.8 (91/97) 0.375 0.540

Hypoglycemic drugs, % 22.1 (46/208) 9.3 (9/97) 7.375 0.007

Antihypertensive drugs, % 59.6 (124/208) 41.2 (40/97) 8.988 0.003

Blood glucose, mmol/L 6.04 ± 2.08 5.78 ± 2.28 0.006 0.370

GHb, % 6.43 ± 1.13 6.98 ± 6.92 4.976 0.350

Myoglobin, μg/L 44.71 ± 49.66 31.41 ± 22.94 9.192 0.002

cTnI, ng/mL 0.13 ± 1.01 0.03 ± 0.09 −0.349 0.727

LVEF, % 61.32 ± 6.98 61.08 ± 6.24 0.410 0.800

LVEDP, mmHg 6.16 ± 2.31 6.63 ± 2.06 2.202 0.140

Heart Rate, bpm 75.39 ± 16.17 76.98 ± 17.05 1.317 0.433

BNP, pg/mL 155.09 ± 354.50 171.21 ± 516.34 −1.695 0.090

Lipoprotein(a), g/L 0.16 ± 0.16 0.16 ± 0.19 3.162 0.728

apoE, mg/dL 4.52 ± 1.91 4.52 ± 1.54 0.382 0.997

FFA, mmol/L 0.51 ± 0.21 0.47 ± 0.20 1.226 0.214

LDL-C, mmol/L 2.74 ± 0.91 2.92 ± 0.82 0.631 0.118

HDL-C, mmol/L 1.07 ± 0.31 1.11 ± 0.33 0.000 0.303

Triglycerides, mmol/L 1.68 ± 0.99 1.60 ± 0.97 0.700 0.543

apoA-I, g/L 1.12 ± 0.20 1.14 ± 0.22 0.050 0.447

apoB, g/L 0.85 ± 0.25 0.94 ± 0.73 0.842 0.175

apoA-I/apoB 1.48 ± 0.52 1.45 ± 0.41 0.777 0.709

ANGPTL3, ng/mL 51.71 ± 52.67 24.65 ± 10.32 −8.027 < 0.001

ANGPTL4, ng/mL 454.66 ± 269.05 875.49 ± 961.15 −4.683 < 0.001

CHD coronary heart diseases, NYHA New York Heart Association (2013 ACC/AHA guidelines), GHb glycosylated hemoglobin, LVEF left ventricular ejection fraction,
LVEDP left ventricular end diastolic pressure, BNP B-type natriuretic peptide, apo apolipoprotein, FFA free fatty acid, LDL-C low-density lipoprotein-cholesterol, HDL-
C high-density lipoprotein-cholesterol, BMI body mass index, ANGPTL angiopoietin-like proteins;
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Relationships between ANGPTL 3, ANGPTL4 and clinically
associated factors
The relationships between ANGPTL3 or ANGPTL4
levels and CHD factors are shown in Fig. 1, Supplemen-
tary Table 2 and Supplementary Table 3.There was no
significant difference between the plasma levels of
ANGPTL3 or ANGPTL4 and lipid parameters. As
shown in Fig. 1, the concentration of ANGPTL3 was
negatively associated with that of ANGPTL4 and posi-
tively associated with age, but ANGPTL4 had a negative
association with age. There were lower levels of ANGP
TL4 in the hypertension group (541.78 ± 453.35 vs.
659.54 ± 799.80 ng/mL, P < 0.05) and the old-aged group
(541.10 ± 717.23 vs. 632.02 ± 504.20 ng/mL, P < 0.05)
than in their control groups (Supplementary Table 2).

ROC curve analysis for ANGPTL3, 4 levels
Figure 2 and Supplementary Table 4 show the cut-off
concentrations for ANGPTL3 and ANGPTL4, which
differentiate between coronary atherosclerosis and
nonstenotic coronary arteries, respectively. Using 30.5
ng/mL as a cutoff value, the sensitivity and specificity
of ANGPTL3 for coronary atherosclerosis were 71.2
and 75.3%, and the area under the ROC curve was
0.785 (P < 0.01). The optimal ANGPTL4 cutoff point
for coronary atherosclerosis was 497.5 ng/mL with a
sensitivity of 63.9% and specificity of 74.5%. In
addition, the participants were divided into two
groups based on the cutoff point of ANGPTL3 or
ANGPTL4, and CHD factors were analyzed, shown in
Supplementary Table 5. More elderly individuals (56%

Table 3 ANGPTL3, ANGPTL4 and lipids levels of the study sample according to the degree of coronary artery stenosis

Variable The degree of coronary artery stenosis

< 10% 10-50% 50-75% ≥ 75% F or Z value P value t or Z value P1 value

ANGPTL3, ng/mL 24.66 ± 10.32 51.90 ± 68.68 51.56 ± 31.59 51.56 ± 38.81 67.073 < 0.001 −6.106 < 0.001

ANGPTL4, ng/mL 875.5 ± 961.2 465.4 ± 268.6 472.6 ± 309.1 409.0 ± 202.8 22.733 < 0.001 −3.731 < 0.001

Triglycerides, mmol/L 1.60 ± 0.97 1.67 ± 0.94 1.72 ± 1.10 1.65 ± 0.92 0.176 0.913 1.005 0.658

LDL-C, mmol/L 2.92 ± 0.81 2.72 ± 0.86 2.69 ± 0.99 2.86 ± 0.90 1.179 0.318 0.207 0.119

HDL-C, mmol/L 1.11 ± 0.33 1.12 ± 0.34 1.01 ± 0.26 1.03 ± 0.32 1.938 0.124 0.110 0.798

apoA-I, g/L 1.14 ± 0.22 1.14 ± 0.18 1.10 ± 0.19 1.09 ± 0.25 0.721 0.540 0.297 0.930

apoB, g/L 0.94 ± 0.73 0.86 ± 0.25 0.83 ± 0.26 0.85 ± 0.24 0.661 0.577 0.400 0.441

apoA-I/apoB 1.45 ± 0.41 1.49 ± 0.48 1.52 ± 0.58 1.42 ± 0.48 0.323 0.809 0.135 0.667

apoE, mg/dL 4.52 ± 1.54 4.45 ± 1.24 4.73 ± 2.77 4.36 ± 1.29 0.333 0.801 0.462 0.776

Lipoprotein(a), g/L 0.16 ± 0.19 0.15 ± 0.15 0.15 ± 0.16 0.19 ± 0.19 0.554 0.646 4.016 0.451

FFA, mmol/L 0.47 ± 0.20 0.47 ± 0.17 0.47 ± 0.21 0.63 ± 0.23 6.429 < 0.001 0.006 0.964

P, comparison among the four groups; P1, comparison between non-stenosis group and stenosis 10 - 50% group; ANGPTL angiopoietin-like proteins, LDL-C low-
density lipoprotein-cholesterol, HDL-C high-density lipoprotein-cholesterol, apo apolipoprotein, FFA free fatty acid; ANGPTL3,4 values for Mann-Whitney U-test;
lipid variables values for one-way ANOVA and A Student’s t-test

Table 4 ANGPTL3, ANGPTL4 and lipids levels of the study sample according to the number of involved vessels stenosis ≥ 50%

Variable The number of involved vessels stenosis (≥ 50%)

0-vessel 1-vessel ≥ 2-vessel F value P value

ANGPTL3, ng/mL 38.10 ± 50.54 40.21 ± 22.33 57.37 ± 38.24 37.708 < 0.001

ANGPTL4, ng/mL 669.73 ± 738.11 456.09 ± 286.90 445.31 ± 251.73 7.480 0.024

Triglycerides, mmol/L 1.65 ± 0.96 1.77 ± 1.18 1.47 ± 0.57 1.094 0.336

LDL-C, mmol/L 2.81 ± 0.84 2.69 ± 0.92 2.92 ± 1.01 0.905 0.406

HDL-C, mmol/L 1.11 ± 0.33 1.03 ± 0.28 1.02 ± 0.29 2.469 0.087

apoA-I, g/L 1.14 ± 0.20 1.10 ± 0.20 1.07 ± 0.24 1.624 0.200

apoB, g/L 0.91 ± 0.57 0.82 ± 0.24 0.85 ± 0.28 0.655 0.520

apoA-I/apoB 1.47 ± 0.44 1.50 ± 0.52 1.44 ± 0.59 0.106 0.900

apoE, mg/dL 4.51 ± 1.40 4.74 ± 2.62 4.15 ± 1.38 0.958 0.385

Lipoprotein(a), g/L 0.16 ± 0.18 0.14 ± 0.15 0.20 ± 0.20 1.844 0.160

FFA, mmol/L 0.47 ± 0.19 0.53 ± 0.23 0.53 ± 0.24 1.540 0.217

Values are expressed as mean ± standard deviation or percentage; ANGPTL angiopoietin-like proteins, LDL-C low-density lipoprotein-cholesterol, HDL-C high-
density lipoprotein-cholesterol, apo apolipoprotein, FFA Free fatty acid
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vs. 38%, P < 0.01) and more individuals with (Lipopro-
tein(a) < 0.3 g/L) (91% vs. 75%, P < 0.01) were seen in
the ANGPTL3 > 30.5 ng/mL group than that in the
ANGPTL3 < 30.5 ng/mL group. There were more eld-
erly individuals (55% vs. 36%, P < 0.01) and more pa-
tients with hypertension (65% vs. 53%, P < 0.05) in the
ANGPTL4 < 497.5 ng/mL group than that in the
ANGPTL4 > 497.5 ng/mL group.

Predictive value of ANGPTL3, and ANGPTL4 for
atherosclerosis
Univariate and multivariate regression analyses were per-
formed to identify the risk factors for coronary athero-
sclerosis, and the results are shown in Table 5. Increasing
age, sex, higher body mass index, smoking, diabetes,
hypertension, elevated ANGPTL3 and decreased ANGP
TL4 had a statistically significant association with athero-
sclerosis development in the univariable analysis. How-
ever, in the multivariable logistic regression analysis,

ANGPTL3 and ANGPTL4 were determined to be inde-
pendent risk factors for coronary atherosclerosis with
odds ratios (ORs) of 0.189 (95% CI 0.097-0.368, P < 0.001)
and 3.625 (95% CI 1.873-7.016, P < 0.001) respectively.
Smoking and diabetes mellitus (DM) are independent risk
factors for CHD. The clinical characteristics and CHD fac-
tors according to smoking status and DM are shown in
Supplementary Table 6. There were more elderly people,
hypertension, more heart failure and lower HDL-C levels
in the DM group, and more male patients, more alcohol
consumers, fewer elderly people, and lower HDL-C and
LVEF levels in the smoker group. However, there was no
difference in ANGPTL3 or ANGPTL4 between the
smoker and nonsmoker groups or between the diabetes
and nondiabetes groups.

Discussion
Given the regulation of ANGPTL3 and ANGPLT4 in
lipid metabolism, there is growing interest regarding

Fig. 1 Association between serum ANGPTL3 or ANGPTL4 levels and age

Fig. 2 Receiver-operating characteristic (ROC) curves for ANGPTL3 and ANGPTL4 in predicting atherosclerosis
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their correlations with CHD. At present, it is recognized
that inhibition of LPL by ANGTL3 may increase the
plasma levels of LDL-C and VLDL-C. Meanwhile, high
serum levels of LDL-C and VLDL-C may induce the for-
mation of foam cells and the proliferation and migration
of vascular smooth muscle cells, which lead to athero-
sclerosis [14–17]. However, the specific mechanism of
action of ANGPTL4 in the occurrence and development
of atherosclerosis is not yet distinct. Previous studies
have shown that ANGPTL4 is related to vascular endo-
thelial integrity [30], the inflammatory response [29],
oxidative stress [29], neovascularization [31] and other
proatherosclerosis factors. As the study showed, the con-
centration of ANGPTL3 was significantly higher and
that of ANGPTL4 was obviously lower in the athero-
sclerosis group than in the nonstenosis group. However,
lipid parameters were not significantly different between
the two groups. These results suggested that ANGPTL3
or ANGPTL4 is superior to lipid parameters alone in
evaluation of coronary atherosclerosis.
Both ANGPTL3 and ANGPTL4 were significantly re-

lated to coronary atherosclerosis. A concentration of
ANGPTL3 over 30.5 ng/mL had a better sensitivity and
specificity for the prediction of coronary atherosclerosis
(sensitivity = 71.2%, specificity = 75.3%). On the contrary,
a plasma concentration of ANGPTL4 below 497.5 ng/
mL could be used to predict the occurrence of coronary
atherosclerosis (sensitivity = 63.9%, specificity = 74.5%).
Increased ANGPTL3 and decreased ANGPTL4 were
positively associated with the progression of athero-
sclerosis, and ANGPTL3 had negative associations
with ANGPTL4. All these data revealed that ANGP
TL3 and ANGPTL4 had the opposite effect on ath-
erosclerotic development. Moreover, ANGPTL3 and
ANGPTL4 may act as independent predictors of cor-
onary atherosclerosis.

Age was also an independent risk factor for coronary ath-
erosclerosis. Of all the risk factors we studied (Supplemen-
tary Table 4), plasma ANGPTL3 and ANGPTL4 levels
were associated with age. The ANGPTL3 level had a posi-
tive correlation with age, while ANGPTL4 had a negative
correlation. However, age was predictive for coronary ath-
erosclerosis in the univariable analysis but not in the multi-
variable logistic regression analysis in the study. Research
in a Finnish population sample also revealed a positive as-
sociation of ANGPTL3 with age, in agreement with our re-
sults [32], while the association between ANGPTL4 and
age in a previous study was contrary to that in ours [33].
These inconsistent results may be due to the small sample
size and different constitutions of the sample population. A
significant correlation between ANGPTL4 and age needs
to be further studied in a larger sample.
This study also revealed the risks factors for athero-

sclerosis, such as age, sex, diabetes, smoking, and so on.
It is well established that cigarette smoke exposure pro-
motes vasomotor dysfunction directly, damages endothe-
lial cells, induces tissue remodeling and prothrombotic
processes and activates systemic inflammatory signals,
which all contribute to atherogenic vessel wall changes
[34]. ANGPTL3, ANGPTL4 and smoking status had a
statistically significant association with atherosclerosis in
both the univariate and multivariate analyses, but the
levels of ANGPTL3 and ANGPTL4 were not different
between smokers and nonsmokers. All these results sug-
gested that ANGPTL3 and ANGPTL4 were better risk
predictors of atherosclerosis independent of lipids,
smoking, and other CHD risk factors that we studied.

Study strengths and limitations
Previous research revealed both ANGPTL3 deficiency
and ANGPTL4 abundance are associated with protec-
tion from CHD [35, 36]. Most study focus on variation

Table 5 Univariate and multivariate logistic regression model for prediction of coronary atherosclerosis

Variable Univariate analysis OR (95% CI) P value Multivariate analysis OR (95% CI) P value

Age 0.940 (0.915-0.967) < 0.001 0.591 (0.303-1.153) 0.123

Smoke 1.874 (1.100-3.195) 0.021 3.120 (1.440-6.757) 0.004

Diabetes mellitus 0.356 (0.177-0.716) 0.004 0.429 (0.181-1.014) 0.054

Hypertension 2.053 (1.257-3.353) 0.004 1.803 (0.916-3.551) 0.088

Overweight 0.732 (0.446-1.202) 0.217 0.926 (0.477-1.796) 0.819

CHD family history 0.708 (0.435-1.155) 0.167 1.767 (0.924-3.377) 0.085

LDL-C 1.559 (0.928-2.620) 0.093 1.198 (0.617-2.328) 0.594

HDL-C 1.472 (0.881-2.459) 0.140 1.109 (0.550-2.237) 0.773

ANGPTL3 0.138 (0.080-0.238) < 0.001 0.189 (0.097-0.368) < 0.001

ANGPTL4 5.181 (3.084-8.702) < 0.001 3.625 (1.873-7.016) < 0.001

Coronary atherosclerosis: with one or more coronary stenosis 10 - 50% in diameter; BMI body mass index, Overweight BMI ≥ 24 kg/m2, CHD coronary heart
diseases, LDL-C low-density lipoprotein-cholesterol, HDL-C high-density lipoprotein-cholesterol, ANGPTL angiopoietin-like proteins
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and expression of ANGPTL3 or ANGPTL4 in CHD and
AMI, less in atherosclerosis. This study comprehensively
investigated the association between plasma ANGPTL3
or ANGPTL4 levels and coronary atherosclerosis sever-
ity, included the comparisons among different groups
according to the degree of coronary stenosis and num-
bers of involved vessels. The results showed that ANGP
TL3 was significantly increased and ANGPTL4 was de-
creased in the coronary atherosclerosis group. ANGP
TL3 and ANGPTL4 levels were significantly associated
with the severity of coronary vascular atherosclerosis.
ANGPTL3 could play a possible role in the development
of coronary atherosclerosis, and ANGPTL4 may be a
protective factor against atherosclerotic plagues.
Some limitations of the present study should be recog-

nized. First, it was conducted at a single center and the
sample size was small. Our study participants were re-
cruited from people with angina rather than general
population. This design introduces possible bias into re-
sults and differences in baseline characteristics [37], so
the findings may not be applicable to the general popu-
lation. Second, the trial included participants who may
have had a history of drugs or other diseases; hence,
causality inferences cannot be made in the absence of
data in the registries. Third, as numerous comparisons
were performed with no adjustment for multiple testing,
the increased risk of type I error should be acknowl-
edged. Fourth, Heparin facilitates the release of LPL
tethered to the endothelium into the blood stream and
therefore there is more LPL present in post-heparin
plasma [38]. The inhibitory effects of ANGPTL3 and
ANGPTL4 on LPL in post-heparin plasma can be very
different from those in pre-heparin plasma. Blood sam-
ples in this study were pre-heparin and the results may
not be applicable in post-heparin plasma. Finally, consid-
ering the results of the study, they do not explain the
causal relationships, only showing an association be-
tween ANGPTL3, ANGPTL4 and coronary atheroscler-
osis severity. It seems to be important to find the causal
relationship arising from these findings, which requires
future research.

Conclusion
Increased ANGPTL3 and decreased ANGPTL4 exhibit
an essential association with coronary atherosclerosis se-
verity regardless of their lipid levels. ANGPTL3 may
promote the development of atherosclerosis and ANGP
TL4 may protect against atherosclerosis. They have a
better prognostic value to predict coronary atheroscler-
osis risk with high sensitivity and specificity. ANGPTL3
or ANGPTL4 may become a convenient biomarker for
screening and predicting coronary atherosclerosis in the
future.

Abbreviations
AMI: Acute myocardial infarction; ANGPTLs: Angiopoietin-like proteins;
ANOVA: Analysis of Variance; apo: Apolipoprotein; ASO: Anti-sense
oligonucleotide; AUC: Area under the ROC curve; BMI: Body mass index;
BNP: Brain natriuretic peptide/ B-type natriuretic peptide; CHD: Coronary
heart disease; CI: Confidence interval; DM: Diabetes mellitus; DOC: Distance
on curve equaling square root of (1-Sen)2+ (1-Spe)2; EDTA: Ethylene Diamine
Tetraacetic Acid; EL: Endothelial lipase; ELISA: Enzyme-linked immunosorbent
assay; FBG: Fasting blood glucose; FFA: Free fatty acid; GHb: Glycosylated
hemoglobin; HDL-C: High-density lipoprotein-cholesterol; HRP: Horseradish
Peroxidase; HTG: Hypertriglyceridemia; IVUS: Intravenous ultrasound;
LAD: Left anterior descending; LCX: Left circumflex; LDL-C: Low-density
lipoprotein-cholesterol; LPL: Lipoprotein lipase; LVEDP: Left ventricular end
diastolic pressure; LVEDP: Left ventricular end diastolic pressure; LVEF: Left
ventricular ejection fraction; NYHA: New York Heart Association; OCT: Optical
coherence tomography; ORs: Odds ratios; PBST: Phosphate Buffered Saline-
Tween; RCA: Right coronary artery; ROC: Receiver operating characteristic
curve; TTE: Transthoracic echocardiography; VLDL-C: Very low-density
lipoprotein-cholesterol

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12944-021-01580-z.

Additional file 1.

Acknowledgements
Not applicable.

Authors’ contributions
TS designed the work, analyzed the data and writing the manuscript. WZ
collected and analyzed the data. LW determine the concentrations of ANGP
TL3 andANGPTL4. ZJ, LF, and YZ conduct coronary angiography. CW and JZ
supervise the study. All authors contributed to the revision. The author(s)
read and approved the final manuscript.

Funding
This work was supported by the National Natural Science Foundation (No.
81770505), Clinical Research Project of Multi-Disciplinary Team, Shanghai
Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine
(No. 201911), Research Project of Shanghai Municipal Health and Family Plan-
ning Commission (201740060), the Foundation of National Facility for Trans-
lational Medicine (Shanghai) (TMSK-2020-121).

Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Declarations

Ethics approval and consent to participate
The ethical approval of this study protocol was given by the Shanghai Ninth
People’s Hospital’s ethics committee and research board.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 26 August 2021 Accepted: 12 October 2021

References
1. Mortality GBD. Causes of death C. global, regional, and national age-sex

specific all-cause and cause-specific mortality for 240 causes of death, 1990-
2013: a systematic analysis for the global burden of disease study 2013.
Lancet. 2015;385(9963):117–71.

Sun et al. Lipids in Health and Disease          (2021) 20:154 Page 8 of 9

https://doi.org/10.1186/s12944-021-01580-z
https://doi.org/10.1186/s12944-021-01580-z


2. Malakar AK, Choudhury D, Halder B, Paul P, Uddin A, Chakraborty S. A
review on coronary artery disease, its risk factors, and therapeutics. J Cell
Physiol. 2019;234(10):16812–23.

3. Valgimigli M, Gragnano F, Branca M, Franzone A, Baber U, Jang Y, et al.
P2Y12 inhibitor monotherapy or dual antiplatelet therapy after coronary
revascularisation: individual patient level meta-analysis of randomised
controlled trials. BMJ. 2021;373:n1332.

4. Cesaro A, Taglialatela V, Gragnano F, Moscarella E, Fimiani F, Conte M, et al.
Low-dose Ticagrelor in patients with high ischemic risk and previous
Myocardial Infarction: a multicenter prospective real-world observational
study. J Cardiovasc Pharmacol. 2020;76(2):173–80.

5. Merkel M, Eckel RH, Goldberg IJ. Lipoprotein lipase: genetics, lipid uptake,
and regulation. J Lipid Res. 2002;43(12):1997–2006.

6. Reiner Z. Hypertriglyceridaemia and risk of coronary artery disease. Nat Rev
Cardiol. 2017;14(7):401–11.

7. Tada H, Kawashiri MA, Yamagishi M. Clinical perspectives of genetic analyses
on dyslipidemia and coronary artery disease. J Atheroscler Thromb. 2017;
24(5):452–61.

8. Tietge UJ. Hyperlipidemia and cardiovascular disease: inflammation,
dyslipidemia, and atherosclerosis. Curr Opin Lipidol. 2014;25(1):94–5.

9. Sandesara PB, Virani SS, Fazio S, Shapiro MD. The forgotten lipids:
triglycerides, remnant cholesterol, and atherosclerotic cardiovascular disease
risk. Endocr Rev. 2019;40(2):537–57.

10. Musunuru K, Kathiresan S. Surprises from genetic analyses of lipid risk
factors for atherosclerosis. Circ Res. 2016;118(4):579–85.

11. Santulli G. Angiopoietin-like proteins: a comprehensive look. Front
Endocrinol (Lausanne). 2014;5:4.

12. Kersten S. Angiopoietin-like 3 in lipoprotein metabolism. Nat Rev
Endocrinol. 2017;13(12):731–9.

13. Shimamura M, Matsuda M, Yasumo H, Okazaki M, Fujimoto K, Kono K, et al.
Angiopoietin-like protein3 regulates plasma HDL cholesterol through suppression
of endothelial lipase. Arterioscler Thromb Vasc Biol. 2007;27(2):366–72.

14. Robciuc MR, Maranghi M, Lahikainen A, Rader D, Bensadoun A, Oorni K,
et al. Angptl3 deficiency is associated with increased insulin sensitivity,
lipoprotein lipase activity, and decreased serum free fatty acids. Arterioscler
Thromb Vasc Biol. 2013;33(7):1706–13.

15. Fujimoto K, Koishi R, Shimizugawa T, Ando Y. Angptl3-null mice show low
plasma lipid concentrations by enhanced lipoprotein lipase activity. Exp
Anim. 2006;55(1):27–34.

16. Gusarova V, Alexa CA, Wang Y, Rafique A, Kim JH, Buckler D, et al. ANGPTL3
blockade with a human monoclonal antibody reduces plasma lipids in
dyslipidemic mice and monkeys. J Lipid Res. 2015;56(7):1308–17.

17. Dewey FE, Gusarova V, Dunbar RL, O'Dushlaine C, Schurmann C, Gottesman
O, et al. Genetic and pharmacologic inactivation of ANGPTL3 and
cardiovascular disease. N Engl J Med. 2017;377(3):211–21.

18. Pradhan AD, Paynter NP, Everett BM, Glynn RJ, Amarenco P, Elam M, et al.
Rationale and design of the pemafibrate to reduce cardiovascular outcomes
by reducing triglycerides in patients with diabetes (PROMINENT) study. Am
Heart J. 2018;206:80–93.

19. Lim GB. Dyslipidaemia: ANGPTL3: a therapeutic target for atherosclerosis.
Nat Rev Cardiol. 2017;14(7):381.

20. Goldberg IJ. Lipoprotein lipase and lipolysis: central roles in lipoprotein
metabolism and atherogenesis. J Lipid Res. 1996;37(4):693–707.

21. Dijk W, Kersten S. Regulation of lipoprotein lipase by Angptl4. Trends
Endocrinol Metab. 2014;25(3):146–55.

22. Aryal B, Price NL, Suarez Y, Fernandez-Hernando C. ANGPTL4 in metabolic
and cardiovascular disease. Trends Mol Med. 2019;25(8):723–34.

23. Yoshida K, Shimizugawa T, Ono M, Furukawa H. Angiopoietin-like protein 4
is a potent hyperlipidemia-inducing factor in mice and inhibitor of
lipoprotein lipase. J Lipid Res. 2002;43(11):1770–2.

24. Koster A, Chao YB, Mosior M, Ford A, Gonzalez-DeWhitt PA, Hale JE, et al.
Transgenic angiopoietin-like (angptl)4 overexpression and targeted
disruption of angptl4 and angptl3: regulation of triglyceride metabolism.
Endocrinology. 2005;146(11):4943–50.

25. Dewey FE, Gusarova V, O'Dushlaine C, Gottesman O, Trejos J, Hunt C, et al.
Inactivating variants in ANGPTL4 and risk of coronary artery disease. N Engl
J Med. 2016;374(12):1123–33.

26. Folsom AR, Peacock JM, Demerath E, Boerwinkle E. Variation in ANGPTL4
and risk of coronary heart disease: the atherosclerosis risk in communities
study. Metabolism. 2008;57(11):1591–6.

27. Romeo S, Pennacchio LA, Fu Y, Boerwinkle E, Tybjaerg-Hansen A, Hobbs HH,
et al. Population-based resequencing of ANGPTL4 uncovers variations that
reduce triglycerides and increase HDL. Nat Genet. 2007;39(4):513–6.

28. Myocardial Infarction G, Investigators CAEC, Stitziel NO, Stirrups KE, Masca
NG, Erdmann J, et al. Coding variation in ANGPTL4, LPL, and SVEP1 and the
risk of coronary disease. N Engl J Med. 2016;374(12):1134–44.

29. Georgiadi A, Wang Y, Stienstra R, Tjeerdema N, Janssen A, Stalenhoef A, et al.
Overexpression of angiopoietin-like protein 4 protects against atherosclerosis
development. Arterioscler Thromb Vasc Biol. 2013;33(7):1529–37.

30. Bouleti C, Mathivet T, Coqueran B, Serfaty JM, Lesage M, Berland E, et al.
Protective effects of angiopoietin-like 4 on cerebrovascular and functional
damages in ischaemic stroke. Eur Heart J. 2013;34(47):3657–68.

31. Yang YH, Wang Y, Lam KS, Yau MH, Cheng KK, Zhang J, et al. Suppression
of the Raf/MEK/ERK signaling cascade and inhibition of angiogenesis by the
carboxyl terminus of angiopoietin-like protein 4. Arterioscler Thromb Vasc
Biol. 2008;28(5):835–40.

32. Robciuc MR, Tahvanainen E, Jauhiainen M, Ehnholm C. Quantitation of
serum angiopoietin-like proteins 3 and 4 in a Finnish population sample. J
Lipid Res. 2010;51(4):824–31.

33. Smart-Halajko MC, Robciuc MR, Cooper JA, Jauhiainen M, Kumari M,
Kivimaki M, et al. The relationship between plasma angiopoietin-like protein
4 levels, angiopoietin-like protein 4 genotype, and coronary heart disease
risk. Arterioscler Thromb Vasc Biol. 2010;30(11):2277–82.

34. Messner B, Bernhard D. Smoking and cardiovascular disease: mechanisms of
endothelial dysfunction and early atherogenesis. Arterioscler Thromb Vasc
Biol. 2014;34(3):509–15.

35. Stitziel NO, Khera AV, Wang X, Bierhals AJ, Vourakis AC, Sperry AE, et al.
ANGPTL3 deficiency and protection against coronary artery disease. J Am
Coll Cardiol. 2017;69(16):2054–63.

36. Jonker JT, Smit JW, Hammer S, Snel M, van der Meer RW, Lamb HJ, et al.
Dietary modulation of plasma angiopoietin-like protein 4 concentrations in
healthy volunteers and in patients with type 2 diabetes. Am J Clin Nutr.
2013;97(2):255–60.

37. Calabro P, Gragnano F, Di Maio M, Patti G, Antonucci E, Cirillo P, et al.
Epidemiology and Management of Patients with Acute Coronary Syndromes
in contemporary real-world practice: evolving trends from the EYESHOT study
to the START-ANTIPLATELET registry. Angiology. 2018;69(9):795–802.

38. Tornvall P, Olivecrona G, Karpe F, Hamsten A, Olivecrona T. Lipoprotein
lipase mass and activity in plasma and their increase after heparin are
separate parameters with different relations to plasma lipoproteins.
Arterioscler Thromb Vasc Biol. 1995;15(8):1086–93.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Sun et al. Lipids in Health and Disease          (2021) 20:154 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Study population and data collection
	Blood collection, biochemical and anthropometric measurements
	Determinations of ANGPTL3 and ANGPTL4 concentrations
	Diagnostic coronary angiographic examinations and groups
	Statistical analysis

	Results
	Subject characteristics
	ANGPTL3 and ANGPTL4 levels and coronary stenosis severity
	Relationships between ANGPTL 3, ANGPTL4 and clinically associated factors
	ROC curve analysis for ANGPTL3, 4 levels
	Predictive value of ANGPTL3, and ANGPTL4 for atherosclerosis

	Discussion
	Study strengths and limitations

	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

