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Background. Angiopoietin-like protein
3 (ANGPTL3) plays a pivotal role in lipid
metabolism and angiogenesis, and
there is growing interest regarding the
association between ANGPTL3 and
coronary artery disease (CAD). This
study aims to investigate whether
ANGPTL3 levels can be used to predict
the future occurrence of major adverse
cardiovascular events (MACEsS) in
patients with CAD. Methods. Overall,
90 patients with CAD were enrolled
between January and December 2012.
The study's primary endpoint was
incidence of MACEs. Patient follow-up
was completed on June 30, 2017.
Results. Following a median follow-up
period of 54 months, 33 MACEs had
occurred. Patients reporting MACEs
had lower statin use (P 0.022) and

higher serum C-reactive protein (P <
0.001) and serum ANGPTL3 (P< 0.001)
levels than those without MACEs.
Kaplan—Meier analysis revealed higher
cumulative incidence of CV events in
the high ANGPTL3 group (median
ANGPTL3 level = 222.37 ng/mL) than in
the low ANGPTL3 group (log-rank P
0.046). Multivariable Cox regression
analysis demonstrated that ANGPTL3
levels were independently associated
with MACEs
(hazard ratio:1.003; 95%
interval:1.000—-1.005; P

in patients with CAD
confidence
0.026) after
adjusted for age, gender, and body
mass index, classical risk factors, and
potential confounders. Conclusions.
Serum ANGPTL3 levels could serve as a
biomarker for future occurrence of
MACEs in patients with CAD.
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1. Introduction

Coronary artery disease (CAD), a
significant health problem and global
burden, is a leading cause of disability
and death worldwide . In developing
countries, CAD-related deaths were
estimated to be as high as 17.5 million
in 2005 and are further expected to
increase by 137% in males and 120% in
females by 2020 * Patients with CAD
are typically asymptomatic initially, and
major adverse cardiovascular events
(MACEs) are more likely to occur in
those presenting with severe CAD and
significant clinical conditions, including
myocardial infarction (M), cardiac arrest,
stroke, or death from cardiovascular
(CV) events °. Therefore, it is important
to identify biomarkers that may be
early indicators of CAD or MACEs and
further strengthening preventive
strategies.

Angiopoietin-like protein 3 (ANGPTL3)
iIs a 70 kDa 460amino acid long
secretory glycoprotein primarily expressed
in the human liver “. It can be detected
in systemic circulation and has been
implicated in angiogenesis and
atherogenesis; currently, it is regarded
as an endocrine signaling factor °°
ANGPTL3 can regulate serum lipid levels

by acting on lipoprotein lipase- (LPL-)

and endothelial lipase(EL-) mediated
triglyceride (TG) and phospholipid
hydrolysis °. An inherited disorder of familial
combined hypolipidemia with complete
ANGPTL3 deficiency was associated with
protection from CAD due to absence of
coronary atherosclerotic plagque ‘. ANGPTL3
plays
lipoprotein trafficking and metabolism,

important roles in lipid and
affecting lipid and glucose metabolism
homeostasis “*. Moreover, ANGPTL3 has
demonstrated a positive correlation with
CV risk assessment parameters of carotid
and femoral artery intima-media
thickness in healthy human subjects
after adjusting for classical risk factors “.
In a previous study, we have shown a
positive association between serum
ANGPTL3 levels and aortic augmentation
index values in patients with CAD *.
Dewey et al. have reported that patients
with heterozygous, loss-of-function (LOF)
ANGPTL3 variants had significantly
lower serum TG, low-density lipoprotein
cholesterol (LDLC), and high-density
lipoprotein cholesterol (HDL-C) levels
than those without these variants “.
Furthermore, in dyslipidemic mice treated
with an ANGPTL3-inhibiting human
monoclonal antibody further decreased
in the atherosclerotic lesion area than
the control group”.

Although evidence is accumulating
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of an association between ANGPTL3
and CAD, the association between
serum ANGPTL3 levels and long-term
CV outcomes in patients with CAD has

11,16,18

rarely been reported . Therefore, we
conducted this study to determine the
association between serum ANGPTL3

levels and MACEs in patients with CAD.

2. Methods

2.1. Patients. Overall, 90 participants
with CAD visiting the CV outpatient
department of Buddhist Tzu Chi General
Hospital, Hualien, Taiwan, were recruited
between January and December 2012.
This study was approved by the
Protection of Human Subjects Institutional
Review Board of Tzu Chi University and
Hospital. After reviewing patients' medical
records, those with >50% stenosis in
any segment following coronary
angiography were identified as having
CAD. Using standard mercury
sphygmomanometers with appropriate
cuff sizes, morning blood pressure levels
were measured by trained staff on the
right arm of all study participants after
a minimum 10min rest. Systolic and
diastolic blood pressure were measured
thrice at 5 min intervals and averaged
for analysis. We defined hypertension

according to the Eighth Joint National

Committee (JNC 8) guidelines (SBP=
140 mmHg and/or DBP> 90mmHg or
receiving any antihypertensive drugs
in the past 2 weeks). Patients were
diagnosed with diabetes mellitus (DM)
if fasting plasma glucose levels were >
126mg/dL or were undergoing oral
hypoglycemic medications or insulin
therapy “°. All participants were asked
to provide a signed informed consent
form before the investigation. Only patients
from the CV outpatient department
with a CAD history were included.
Participants with acute infections, acute
MI, or pulmonary edema during blood
sampling and those who refused to

provide informed consentwere excluded.

2.2. Anthropometric Analysis. Patient
weight and height were measured in
light clothing without shoes (adjusted to
nearest 0.5 kg and 0.5 cm, respectively),
and body mass index (BMI) was calculated
using Quetelet's formula (weight (kg)/
height (m2)) ©*?,

2.3. Biochemical Investigations. After
an 8 h overnight fasting, approximately
5 mL blood was sampled from all
participants and immediately centrifuged
at 3000 g for 10 min. Serum blood urea
nitrogen (BUN), creatinine, fasting glucose,
TG, total cholesterol (TCH), HDL-C, LDLC,
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and C-reactive protein (CRP) levels
were determined using an autoanalyzer
(COBAS Integra 800, Roche Diagnostics,
Basel, Switzerland) “****. Serum ANGPTL3
(R&D Systems, Inc., Minneapolis, MN) levels
were quantified using the commercial
enzyme-linked immunosorbent assay *,
The intra-assay and interassay coefficients
of variation in the measurement for
ANGPTL3 were 4.1% and 6.7%, respectively.
Estimated glomerular filtration rate
(eGFR)

Chronic Kidney Disease Epidemiology

was calculated using the

Collaboration equation.

2.4. CV Event Monitoring. This study's
primary endpoint was the incidence of
MACEs, including cardiac death, cardiac
arrest, Ml, stroke, nonfatal stroke or
other arterial thrombotic events, and
hospitalization from CV conditions, such
as unstable or progressive angina and
heart failure. Follow-up time (months)
was estimated after the last hospital
outpatient or inpatient record was
reviewed or the last telephone interview
was conducted (June 30, 2017). Moreover,
event time (months) was estimated
when the first MACE occurred. Patient
follow-up was conducted by a study
nurse who was blinded for participants'
baseline measurements and study

protocol.

2.5.StatisticalAnalysis. Data were coded
and analyzed using the Statistical
Package for Social Sciences (SPSS)
version 19.0 (SPSS Inc., Chicago, IL, USA)
software. Variable distribution pattern
was analyzed with the Kolmogorov—
Smirnov test. Normally distributed variables
were expressed as mean = standard
deviation, and patient comparisons were
performed using Student's independent
t-test (two-tailed). Data not normally
distributed were expressed as median
and interquartile range, with patient
differences compared using the Mann—
Whitney U test (TG, fasting glucose, BUN,
creatinine, CRP, and ANGPTL3). Data
expressed as the number of patients
were analyzed using the chi-squared
test. Kaplan—Meier survival curves with
a log-rank test were used to estimate
event-free survival during follow-up
based on median ANGPTL3 levels. Cox
regression models were used to examine
factors associated with CV events. AP

value of <0.05 was considered significant.

3. Results

Demographic, clinical, and biochemical
characteristics of the 90 patients with
CAD are shown in Table 1. Overall, 44
(48.9%) and 70 (77.8%) patients had DM
and hypertension, respectively. The high
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ANGPTL3 group (median ANGPTL3 level
> 222.37 ng/mL) showed significantly
higher serum CRP levels than the low
ANGPTL3 group (median ANGPTL3 level
< 22237 ng/mL; P< 0.001). Patients
reported the use of the angiotensin-
converting enzyme inhibitor (ACEi; n
28; 31.1%), angiotensin-receptor
blockers (ARB; n 36; 40.0%), B-blockers
(n 54; 60.0%), calciumchannel blockers
(CCB; n 30; 33.3%), statins (n 67; 74.4%),
and fibrate (n 16; 17.8%). No significant
differences were found between ANGPTL3
groups considering age, sex, BMI, BP,
DM, or hypertension comorbidities or
ACEi, ARB, B-blockers, CCB, statins, or
fibrate use.

After a median follow-up of 54 months,
33 CV events were reported. Patients
with CV events had higher ANGPTL3 (P<
0.001), CRP (P<0.00}) levels, and severity
of baseline CAD (P < 0.001) and lower
statin use (P 0.022) than those without
CV events. No significant differences in
age, sex, DM, or hypertension comorbidities
or ACEi, ARB, B-blockers, CCB, or fibrate
use were observed between patients
with and without CV events (Table 2).

Kaplan—Meier analysis revealed higher
cumulative incidence of CV events in
the high than in the low ANGPTL3 group
(log-rank P 0.046; Figure 1). In patients
with CAD, the unadjusted and Cox

regression analysis of ANGPTL3 levels
with other factors associated with CV
events is presented in Table 3. In CAD
patients, ANGPTL3 remained a significant
predictor of the increased risk for CV
events (unadjusted hazard ratio (HR)
per increase of ANGPTL3 by 1 ng/mL:
1.003, 95% confidence interval (CI):
1.002—1.004; P < 0.001). ANGPTL3 remained
significantly associated with an increased
risk for CV events following adjustment
for age, gender, and BMI (adjusted HR
1.003, 95% CI: 1.002—1.005; P < 0.001) as
well as following additional adjustment
for DM, hypertension, fasting glucose,
TCH, TG, LDL-C, eGFR, statin used, serum
CRP level, and severity of baseline CAD
(adjusted HR 1.003, 95% CI. 1.000—-1.005;
P 0.026).

4. Discussion

This study reveals higher fasting ANGPTL3
levels that developed MACEs in patients
with CAD during follow-up, and serum
ANGPTL3

associated with an increased risk of

levels are independently
MACEs in these patients.

Previous studies have reported that
inflammation and dyslipidemia are
pivotal contributors to initiation and
progression of coronary atherosclerosis

22-24

. Systemic inflammatory status is

Clinical Health Journal Volume 16 May/June Issue, 2020 5



positively associated with severity of
CAD, and CRP is a well-established
biomarker of inflammation **. The
present study confirms that patients
with CAD having high-serum ANGPTL3
levels have significantly higher CRP values
than those with low ANGPTL3 levels.
Patients with CAD who developed new
MACEs had significantly higher CRP
levels than those without MACEs during
the follow-up period. Although no
direct evidence of ANGPTL3-induced
inflammation exists, certain studies have
indicated that other ANGPTL family
members, such as ANGPTL2, promote
chronic adipose tissue inflammation
and plasma CRP positively correlating
with plasma ANGPTL4 in patients with
metabolic syndrome and type 2 diabetes
2 Further studies are necessary to
investigate the precise mechanisms of
ANGPTL3 and inflammation in humans.

ANGPTLs are important modulators
of lipoprotein metabolism and potential
targets for CV disease risk regulation ”.
Animal studies have shown that deletion
of Angptl3 can reduce atherosclerosis
development in apolipoprotein E knockout
mice ' Higher circulating ANGPTL3 levels
were observed in patients with CAD
compared with healthy controls “ In the
study by Stitzielet al., three individuals
with complete ANGPTL3 deficiency due

to heterozygous ANGPTL3 LOF mutations
demonstrated no evidence of coronary
atherosclerotic plaque compared with
matched first-degree relative controls
without ANGPTL3 LOF mutations *
Wholeexome sequencing analysis of
58,335 participants from the DiscovEHR
study and 130,483 participants from
four human genetic cohorts (including
Duke Catheterization Genetics cohort,
Copenhagen General Population
Studies, the University of Pennsylvania
Medicine BioBank, and the Taiwan
Metabochip consortium) revealed that
heterozygous ANGPTL3 LOF carriers
with approximately 50% lower serum
ANGPTL3 levels than noncarriers had a
39% lower probability of CAD 7. A recent
study has shown that patients with the
lowest circulating ANGPTL3 levels
(mimicking pharmacological inhibition
of ANGPTL3) had a 35% reduced risk of
MI compared with those with highest
levels ". In our previous study, circulating
ANGPTL3 levels positively correlated
with aortic augmentation index values
(amarker of arterial stiffness significantly
associated with CAD degree) among
patients with CAD, even after adjusting
for confounding factors . The present
study corroborates that patients with
CAD who developed MACEs have

significantly higher ANGPTL3 levels
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than patients without MACEs. These
findings indicate that elevated serum
ANGPTL3 level is an independent risk
factor for CV events in populations with
established CAD and suggest that
including ANGPTL3 in a CV risk model
may increase the predictive power for
early detection of MACEs.

In multivariable Cox regression analysis,
elevated ANGPTL3 levels independently
increased the risk of MACEs in patients
with CAD. The mechanism underlying
the induction of adverse CV event by
ANGPTL3 among patients with CAD is
likely to be multifactorial. Dyslipidemia
is the major contributor to CV diseases .
The ANGPTL3 deficiency-related
hypolipidemic phenotype is driven by
enhanced lipoprotein turnover resulting
in impaired energy substrate distribution
in tissues °. Studies in mice and humans
have shown that ANGPTL3 acts as a
potent inhibitor of LPL, clearing TG-rich
lipoproteins from circulation, particularly
in the postprandial state **. Additionally,
ANGPTL3 is an endogenous inhibitor of
EL which might regulate HDL-C particles
and affect glucose homeostasis ***.
LOF variants in ANGPTL3 have been
associated with decreased plasma TG,
LDL-C, and HDL-C levels via loss of LPL
and EL inhibition “*. Furthermore, a

study in Ldlr-deficient mice revealed

that ANGPTL3 modulates serum LDL-C
clearance independently of the LDL

31

receptor Alternatively, decreased
LDL-C levels may be the result of lower
LDL precursor and hepatic VLDL particle
secretion rates, suggesting that
ANGPTL3 may effectively reduce serum
LDL-C levels in patients with homozygous
familial hypercholesterolemia with a
complete LDL receptor-mediated LDL-
C uptake deficiency *. In the DiscovEHR
study, ANGPTL3 LOF mutation carriers
had significantly lower circulating TG,
LDL-C, and HDL-C (27%, 9%, and 4%,
respectively) levels than noncarriers .
Moreover, the genetic and therapeutic
antagonism of Angptl3 in mice and
ANGPTL3 in humans has been associated
with decreased levels of all major lipid
fractions, thereby providing protection
from atherosclerotic CV disease .
Atherosclerosis of the coronary artery
is associated with endothelial dysfunction,
adipocyte metabolism dysregulation,
and various inflammatory processes *.
ANGPTL3 has potential atherogenic
properties and could directly promote
atherosclerosis in humans ®°. ANGPTL3
acts as proangiogenic and could induce
angiogenesis in vivo via binding of the
C-terminal fibrinogen-like domain to
the integrin avf3 receptor on vascular

endothelial cells, affecting blood vessel
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formation via the induction of integrin-
avpB3-dependent endothelial cell
°. ANGPTL3

induced angiogenesis with a magnitude

migration and adhesion

comparable to vascular endothelial
growth factor-A, which promotes intimal
thickening and induces atherosclerosis
*. Additionally, the association between
ANGPTL3 polymorphisms and coronary
plaque is independent of lipids and
other confounding variables in Ml
survivors *. Positively associated with
plasma ANGPTL3 level and intima-
media thickness of the human carotid
and femoral arteries is independent of
lipids and other classical risk factors,
including age, BP, and plasma lipid and
glucose levels “. All these studies indicate
that ANGPTL3 is significantly associated
with atherosclerosis and is independent
of plasmallipid levels.

The present study has some limitations.
First, a limited number of MACE patients,
all recruited at a single center, were
included. Additionally, lifestyle habits
known to influence the occurrence of
MACEs,

consumption, physical inactivity, and

including smoking, alcohol
unhealthy diet, were not evaluated and
could restrict the study's predictive power.
Second, although several medications
commonly used by patients with CAD

may influence the underlying inflammatory

and atherosclerotic status, the present
study demonstrated that ACEi, ARB, [3-
blockers, CCB, and fibrates have no
impact on circulating ANGPTL3 levels
or on new MACE development. However,
statin use was significantly associated
with a lower occurrence of new MACEs
in patients with CAD **, Further studies
are necessary to clarify the impact of
the above medications on serum ANGPTL3
levels and new MACE development in
the CAD population. Finally, although
we propose an explanation for the
mechanism underlying serum ANGPTL3-
induced MACEs in patients with CAD,
further studies are required before a
direct causal relationship can be
established between circulating ANGPTL3
levels and development of MACESs in

this patient population.

5. Conclusion

The present study shows that elevated
ANGPTL3 levels represent an independent
risk factor for CV events in patients with
CAD, with an increased predictive value
for MACEs.

Data Availability

The data underlying this study are

available from the corresponding author

Clinical Health Journal Volume 16 May/June Issue, 2020 8



onreasonablerequest.

Disclosure

The funding source had no role in the
conception and conduct of the study;
collection, management, analysis, and
interpretation of the data; and preparation

of the manuscript.

Conflicts of Interest

The authors declare that they have no

conflicts of interest.

Authors' Contributions

J.H. Wang and B. G. Hsu conceived and
designed the experiments. C. J. Lee and
J. H. Wang performed the experiments.
C. J. Lee and B. G. Hsu analyzed the
data. M. C. Chen and B. G. Hsu wrote the
manuscript. All of the authors reviewed
and approved the final version of this
paper. MingChun Chen and Bang-Gee
Hsu contributed equally to this study.

Acknowledgments

This work was supported by grants
from Tzu Chi Hospital (TCRD107-58) in
Taiwan. The authors would like to thank

Enago (http://www.enago.tw) for the

English language review.

References

[1]] A S. Go, D. Mozaffarian, and V. L. Roger,
“Heart disease and stroke statistics-
2014 update: a report from the American
Heart Association,” Circulation, vol. 129, no.
3, pp.e28—e292,2014.

[2]S. Jayashree, M. Arindam, and K. V. Vijay,
“Genetic epidemiology of coronary
artery disease: an Asian Indian
perspective,” Journal of Genetics, vol.
94, no. 3, pp. 539—-549, 2015.

[3]F. Schiele, F. Ecarnot, and R. Chopard,
“Coronary artery disease: risk stratification
and patient selection for more
aggressive secondary prevention,”
European Journal of Preventive Cardiology,
vol. 24, no. 3_suppl, pp. 88100, 2017.

[4]Z. Fu, F. Yao, A. B. Abou-Samra, and R.
Zhang, “Lipasin, thermoregulated in
brown fat, is a novel but atypical
member of the angiopoietin-like protein
family,” Biochemical and Biophysical
Research Communications, vol. 430,
no. 3, pp. 11261131, 2013.

[5]G. Camenisch, M. T. Pisabarro, D. Sherman
et al,, “ANGPTL3 stimulates endothelial
cell adhesion and migration via
integrin v 3 and induces blood vessel
formation in vivo,” Journal of Biological
Chemistry, vol. 277, no. 19, pp. 17281—
17290, 2002.

[6]Y. Oike, K. Yasunaga, and T. Suda,

Clinical Health Journal Volume 16 May/June Issue, 2020 9



“Angiopoietin-related/angiopoietin-
like proteins regulate angiogenesis,”
International Journal of Hematology,
vol. 80, no. 1, pp. 21—-28,2004.

[7]1Y.Ando, T. Shimizugawa, S. Takeshita et
al., “A decreased expression of
angiopoietin-like 3 is protective against
atherosclerosis in apoE-deficient
mice,” Journal of Lipid Research, vol. 44,
no. 6, pp.1216—1223,2003.

[8]Y.Liand C. Teng, “Angiopoietin-like proteins
3, 4 and 8: regulating lipid metabolism
and providing new hope for metabolic
syndrome,” Journal of Drug Targeting,
vol. 22, no. 8, pp. 679—687, 2014.

[9] A. Tikka and M. Jauhiainen, “The role of
ANGPTL3
metabolism,” Endocrine, vol. 52, no. 2,
pp. 187—193, 2016.

[LO]K. Musunuru, J. P. Pirruccello,R. Do et al.,

in controlling lipoprotein

“Exome Sequencing, ANGPTL3 mutations,
and familial combined hypolipidemia,”
New England Journal of Medicine, vol.
363, no. 23, pp. 2220—2227, 2010.

[1L]N. O. Stitziel, A. V. Khera, X. Wang et al.,
“ANGPTL3 deficiency and protection against
coronary artery disease,” Journal of the
American College of Cardiology, vol.
69, no.16, pp.2054—-2063, 2017.

[12]M. Budoff,
triglyceride-rich

“Triglycerides and
lipoproteins in the
causal pathway of cardiovascular disease,”
The American Journal of Cardiology,
vol. 118, no. 1, pp.138—145, 2016.

[L3] F. Quagliarini, Y. Wang, J. Kozlitina et al.,

“Atypical angiopoietin-like protein that
regulates ANGPTL3,” Proceedings of the
National Academy of Sciences, vol. 109,
Nno. 48, pp.19751-19756, 2012.

[14]F.

“Regulation of triglyceride metabolism

Mattijssen and S. Kersten,

by Angiopoietin-like proteins,” Biochimica
et Biophysica Acta (BBA)—Molecular
and Cell Biology of Lipids, vol. 1821, no. 5,
pp. 782— 789, 2012.

[15] S. Hatsuda, T. Shoji, K. Shinohara et al,,
“Association between plasma angiopoietin
-like protein 3 and arterial wall thickness
in healthy subjects,” Journal of Vascular
Research, vol. 44, no. 1, pp. 61—66, 2007.

[16]Y.-S. Fu, J.-H. Wang, C.-J. Lee, and B.-G.
Hsu, “Positive correlation of the serum
angiopoietin-like protein 3 levels with
the aortic augmentation index in
patients with coronary artery disease,”
Therapeutics and Clinical Risk
Management, vol. 14, pp. 231-236, 2018.

[17] F.E. Dewey, V. Gusarova, and R. L. Dunbar,
“Genetic and pharmacologic inactivation
of ANGPTL3 and cardiovascular
disease
Medicine, vol. 377,no. 3, pp. 211-221, 2017.

[18]T. Miida and S. Hirayama, “Impacts of

New England Journal of

angiopoietin-like proteins on lipoprotein
metabolism and cardiovascular events,”
Current Opinion in Lipidology, vol. 21, no.
1, pp. 70—75, 2010.

[I19]American Diabetes Association,
“Classification and diagnosis of diabetes:

standards of medical care in diabetes-

Clinical Health Journal Volume 16 May/June Issue, 2020 10



2018,” Diabetes Care, vol. 41, no. Suppl 1,
pp. S13—-S27,2018.

[20]B.-G. Hsu, Y.-C. Chen, R.-P. Lee, C.-C.

Lee, C.-J. Lee, and J.-H. Wang, “Fasting
serum level of fatty-acid-binding
protein 4 positively correlates with
metabolic syndrome in patients with
coronary artery disease,” Circulation
Journal,vol. 74, no. 2, pp. 327—331, 2010.

[21] |.-C. Huang, B.-G. Hsu, C.-C. Chang, C.-

J. Lee, and J.-H. Wang, “High levels of
serum adipocyte fatty acidbinding
protein predict cardiovascular events
in coronary artery disease patients,”
International Journal of Medical
Sciences, vol. 15, no. 12, pp. 1268—-1274,
2018.

[22] P. W. F. Wilson, “Evidence of systemic

inflammation and estimation of coronary
artery disease risk. a population
perspective,” The American Journal of
Medicine, vol. 121, no. 10, pp. S15-S20,
2008.

[23] M. N. Zairis, J. A. Ambrose, S. J.

Manousakis et al, “The impact of
plasma levels of C-reactive protein,
lipoprotein (a) and homocysteine on
the long-term prognosis after successful
coronary stenting,” Journal of the
American College of Cardiology, vol.
40, no. 8, pp.1375—-1382,2002. etal, “The
impact of plasma levels of C-reactive
protein, lipoprotein (a) and homocysteine
on the long-term prognosis after

successful coronary stenting,” Journal

of the American College of Cardiology,
vol. 40, no. 8, pp. 1375—-1382, 2002.

[24] H.-Y. Xu, S.-B. Qiao, J.-F. Zhang, Q.-T.

Dong, and J.-J. Li, “Different impacts of
C-reactive protein and lipid profile on
coronary lesions following a percutaneous
coronary intervention,” Coronary Artery
Disease, vol. 23, no. 3, pp. 181-187, 2012.

[25]W.-W. Seo, H.-L. Kim, Y.-J. Kim et al,

“Incremental prognostic value of high-
sensitive C-reactive protein in patients
undergoing coronary computed
tomography angiography,” Journal of
Cardiology, vol. 68, no. 3, pp. 222—-228,
2016.

[26] M. Tabata, T. Kadomatsu, S. Fukuhara

et al, “Angiopoietinlike protein 2
promotes chronic adipose tissue
inflammation and obesity-related
systemic insulin resistance,” Cell
Metabolism, vol. 10, no. 3, pp. 178188,
20009.

27.N. Tjeerdema, A. Georgiadi, and J. T.

Jonker, “Inflammation increases plasma
angiopoietin-like protein 4 in patients
with the metabolic syndrome and type
2 diabetes,” BMJ Open Diabetes Research
and Care, vol. 2, no. 1, Article ID e000034,
2014.

[28] I. Minicocci, A. Tikka, E. Poggiogalle et

al.,, “Effects of angiopoietin-like protein
3 deficiency on postprandial lipid and
lipoprotein metabolism,” Journal of Lipid
Research, vol. 57, no. 6, pp. 1097-1107,
2016.

Clinical Health Journal Volume 16 May/June Issue, 2020 11



[29]M. Shimamura, M. Matsuda, H. Yasumo

et al, “Angiopoietinlike protein3 regulates
plasma HDL cholesterol through
suppression of endothelial lipase,”
Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 27, no. 2, pp. 366—372, 2007.

[30]M. R. Robciuc, M. Maranghi, A.

Lahikainen et al., “Angptl3 deficiency is
associated with increased insulin
sensitivity, lipoprotein lipase activity,
and decreased serum free fatty acids,”
Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 33, no. 7, pp. 1706—-1713, 2013.

[31]Y. Wang, V. Gusarova, S. Banfi, J.

Gromada, J. C. Cohen, and H. H. Hobbs,
“Inactivation of ANGPTL3 reduces hepatic
VLDL-triglyceride secretion,” Journal of
Lipid Research, vol. 56, no. 7, pp.
12961307, 2015.

[32]H. Otani, “Oxidative stress as pathogenesis

of cardiovascular risk associated with
metabolic syndrome,” Antioxidants &
Redox Signaling, vol. 15, no. 7, pp. 1911—
1926, 2011

[33] R. Khurana, M. Simons, J. F. Martin, and
l. C. Zachary, “Role of angiogenesis in
cardiovascular disease,” Circulation,
vol. 112, no. 12, pp. 1813—1824, 2005.

[34] R. Korstanje, P. Eriksson, A. Samnega¥d
et al, “Locating Ath8, a locus for murine
atherosclerosis susceptibility and
testing several of its candidate genes
in mice and humans,” Atherosclerosis,
vol.177,no. 2, pp. 443—450, 2004.

[35]M. A. De Vera, V. Bhole, L. C. Burns, and
D. Lacallle, “impact of statin adherence
on cardiovascular disease and mortality
outcomes: a systematic review,” British
Journal of Clinical Pharmacology, vol.
78,n0.4, pp. 684—698, 2014.

[36] D. Talbot, J. A. C. Delaney, V. Sandfort,
D. M. Herrington, and R. L. McClelland,
“Importance of the lipid-related pathways
in the association between statins,
mortality, and cardiovascular disease risk:
the multi-ethnic study of atherosclerosis,”
Pharmacoepidemiology and Drug Safety,
vol.27,no. 4, pp. 365—372, 2018.

Clinical Health Journal Volume 16 May/June Issue, 2020 12



