
Heliyon 8 (2022) e09836
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Plasma lipoprotein (a) and tissue plasminogen activator are associated with
increased risk of atherosclerotic cardiovascular disease

Fadia Mayyas *, Eman Bani Omar

Department of Clinical Pharmacy, Faculty of Pharmacy, Jordan University of Science and Technology, Irbid, Jordan
A R T I C L E I N F O

Keywords:
Atherosclerotic cardiovascular disease
Coronary artery disease
Lipoprotein a
Tissue plasminogen activator
Low-density lipoprotein
* Corresponding author.
E-mail address: famayyas@just.edu.jo (F. Mayya

https://doi.org/10.1016/j.heliyon.2022.e09836
Received 21 February 2022; Received in revised fo
2405-8440/© 2022 The Author(s). Published by Els
A B S T R A C T

Atherosclerotic cardiovascular disease (ASCVD) is the most common cause of mortality. Lipoprotein a (Lp(a)) is a
low-density lipoprotein (LDL)-like particle with a similar structure to tissue plasminogen activator (t-PA) and it
competes with plasminogen for its binding site leading to reduced fibrinolysis. The aim of this study was to assess
association of Lp(a) and t-PA levels with risk of ASCVD and whether they are dependent on LDL levels. Patients
who presented to the catheterization lab for assessment of coronary artery disease were included and stratified by
their risk of ASCVD into low, moderate, high, and very high risk. Plasma levels of Lp(a) and t-PA levels were
measured before catheterization. Consecutive patients (n ¼ 362) were included. The mean age�sem was 52.28 �
0.60 years. Plasma Lp(a) and t-PA levels were higher in very-high and high-risk patients relative to low-risk
patients. Serum levels of triglyceride and high-density lipoprotein but not LDL were correlated with risk of
ASCVD. Plasma Lp(a) and t-PA were not correlated or modified with LDL level. Plasma Lp(a) and t-PA levels were
higher in patients undergoing coronary revascularization relative to patients having no intervention. Plasma t-PA
level was higher in patients presented with myocardial infarction compared to those with angina. Multivariate
analysis documented independent association of Lp(a) and t-PA with ASCVD risk. Plasma Lp(a) and t-PA levels are
associated with increased ASCVDASCVD risk independent of LDL and could be used as predictors of athero-
sclerosis risk and in selecting patients who may benefit from coronary revascularization.
1. Introduction

Atherosclerotic cardiovascular disease (ASCVD) is the most common
cause of morbidity and mortality [1, 2]. Among deaths from cardiovas-
cular diseases (CVD), coronary artery disease (CAD) is the first leading
cause of death worldwide, followed by cerebrovascular disease [1, 2].

The low-density lipoprotein (LDL) is the most atherogenic lipid par-
ticle and is considered an independent risk factor of CAD [3, 4]. Another
lipoprotein particle that resembles LDL is lipoprotein a (Lp(a)), an LDL
particle with an apolipoprotein-A (apo-A) moiety covalently bound to its
apolipoprotein-B (apo-B) component [5]. The structure of Lp(a) is similar
to the plasminogen and tissue plasminogen activator (t-PA), and it
competes with plasminogen for its binding site [6, 7] leading to reduced
fibrinolysis.

The t-PA is a serine protease enzyme found on endothelial cells of
blood vessels lining. It converts plasminogen to its active form, plasmin,
which subsequently dissolves the blood clot and causes fibrinolysis [8].
Because Lp(a) inhibits the function of plasminogen activator inhibitor-1
(PAI-1), it results in enhanced coagulation. Levels of plasma Lp(a) are
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genetically inherited and relatively stable regardless of dietary habits or
risk factors, making it ideal gene to predict future risk of CVDs [9].
Interestingly, elevated plasma Lp(a) level predicts future coronary heart
disease events [10, 11]. Plasma Lp(a) concentration is associated with
increased risk of stroke [12]. A prospective cohort study confirmed the
association of high Lp(a) levels with poor prognosis after percutaneous
coronary artery intervention (PCI) in stable CAD patients, suggesting the
usefulness of Lp(a) measurements in predicting poor clinical prognosis
before selective PCI [12]. Thus, plasma Lp(a) screening in patients with
CVD risk has been recommended [13, 14]. Interestingly, elevated Lp(a)
level was associated with acute MI in patients with normal LDL levels
[15], clearly emphasizing the significance of this factor in patients with
ischemia. However, it is unclear if Lp(a) level is elevated in moderate to
high-risk patients without MI or established ASCVD.

Similar to Lp(a), an elevated baseline level of t-PA was associated
with three to four times higher risk of MI and stroke compared to
healthy subjects [16]. Intriguingly, studies showed a statistically sig-
nificant association between circulating t-PA and subsequent CAD [17],
and CVD events [18]. The association of high t-PA with CAD may
ne 2022
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suggest its association with endothelial injury and plaque rupture [17].
In Jordanian population, it is unknown if plasma Lp(a) and t-PA can
predict ASCVD risk status in moderate to high risk patients without
underlying CAD compared to those with CAD and whether they are
correlated with LDL concentrations. In addition, it is unclear if plasma
Lp(a) and t-PA could predict the severity of CAD and need for coronary
revascularization. Previously, we have shown that plasma levels of in-
flammatory and oxidant factors are associated with ASCVD risk
regardless of LDL levels [19].

In this study, we tested plasma Lp(a) and t-PA levels in Jordanian
patients with low to very high risk of ASCVD and their usefulness in
predicting ASCVD risk status and need for coronary intervention.

2. Methods

2.1. Study design

This is a cross-sectional study that was conducted at King Abdullah
University Hospital (KAUH) from April 2020 to March 2021. The study
was approved by the Institutional Review Board (IRB) of Jordan Uni-
versity of Science and Technology and KAUH. All procedures were per-
formed in accordance with the ethical standards of the Helsinki
Declaration. A written informed consent was obtained from all included
adult patients explaining the protocol and the potential hazard and
benefits of the study.
2.2. Inclusion and exclusion criteria

Inclusion criteria included consecutive patients (>18 years old) pre-
senting to the catheterization lab with angina that requires clinical
assessment. Coronary artery disease (CAD) was established as �50%
stenosis in one or more of the major coronaries.

Patients were classified according to the national lipid association
(NLA) for ASCVD risk assessment into [20]:

1. Very high risk: patients who have established ASCVD (CAD, MI,
stroke, peripheral artery disease (PAD), and any type of atheroscle-
rosis), DMwith greater or equal to two ASCVD risk factors or evidence
of end-organ damage.

2. High risk: patients who have three or more ASCVD risk factors, DM
with 0–1 ASCVD risk factor and no evidence of end-organ damage,
chronic kidney disease (CKD) stage 3B or 4, quantitative risk score
reaches the high-risk threshold (20%) by the pooled cohort equation,
or LDL �190 mg/dl.

3. Moderate risk: patients who have two major ASCVD risk factors.
4. Low risk: patients who have 0–1 major ASCVD risk factors.

According to the American Heart Association/American College of
Cardiology (AHA/ACC), major risk factors for ASCVD that were
considered are: age (male �45 years, female �55 years), family history
of early coronary heart disease (first-degree relative at age <55 in men
and <65 in women), current cigarette smoking, hypertension (BP �
140/90 mm Hg), and low HDL (<40 and <50 mg/dL) for men and
women, respectively.

Few patients with low to moderate ASCVD risk were recruited from
the cardiology outpatient clinic.

Exclusion criteria were patients with an inflammatory disease or
infection, recent surgery or trauma, and renal dysfunction (creatinine
>1.5 mg/dL). Demographic, clinical, and laboratory data were ob-
tained by query of the patients' data files at the cardiology clinic and
catheterization lab of KAUH. A specific data sheet was extracted for
each patient describing patient characteristics, including use of medi-
cations. Plasma lipid contents, complete blood count, and other routine
functional parameters for included patients were obtained from pa-
tients' electronic data files.
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2.3. Blood collection

Freshly blood samples were withdrawn from patients from the
femoral vein before intake of oral or intravenous medications. Few
samples were also obtained at the hospital laboratory. Blood samples
were transferred on ice and centrifuged at 2500 rpm for 10 min to
separate plasma. Plasma was stored at -80 Cº until analysis. Plasma
biomarkers content was assessed using commercially available ELISA
kits. All samples were analyzed at one time after study completion. The
analyzer was blinded to patients' groups.

2.4. Measurments of plasma lipoprotein (a)levels

Levels of plasma Lp(a) were evaluated using an ELISA kit according to
manufacturer's instructions (Human lipoprotein a ELISA kit, Novus bi-
ologicals, Colorado, USA). The microplate was coated with an antibody
specific for Lp(a). Human Lp(a) samples and standards (50 μL) were
added to each well. The plate was incubated at room temperature for 2 h
and was washed 5 times with 200 μL of washing buffer per well. A 50 μL
of biotinylated human Lp(a) antibody was added to each well, and the
plate was incubated for 1 h at room temperature. After washing, 50 μL of
streptavidin peroxidase conjugate was added to each well, and the plate
was incubated for 30 min at room temperature. Then, a 50 μL of chro-
mogen substrate was added followed by 50 μL of stop solution. The
absorbance of each well was determined at 450 nm using a spectropho-
tometer microplate reader.

2.5. Measurments of plasma tissue plasminogen activator (t-PA) levels

The levels of plasma t-PA were measured using an ELISA kit (Human
t-Plasminogen Activator, R&D Systems, Minnesota, USA). The diluted
capture antibody was added into a 96-well microplate and the plate was
incubated overnight at room temperature. The wells were washed three
times, blocked and incubated at room temperature for 1 h. Following
washing, a 100 μL of sample or standard was added and incubated for 2 h
at room temperature. After washing, 100 μL of the detection antibody
was added and incubated for 2 h at room temperature. After washing,
100 μL of the working solution of streptavidin-horseradish peroxidase
was added to each well and incubated for 20 min at room temperature.
Then, a 100 μL of substrate solution was added to each well followed by
the addition of 50 μL of the stop solution. The optical density of each well
was determined at 450 nm using spectrophotometer microplate reader.

2.6. Statistical analysis

Data are expressed as mean � standard error of the mean for
continuous data and frequencies for categorical data. Normally distrib-
uted variables were analyzed using one-way analysis of variance,
whereas non-normally distributed data were analysed using Kruskal-
Wallis tests. Dunn's and Tukey post hoc tests were used for multiple
comparisons. Chi-square tests were used to compare frequencies between
groups. Spearman correlation was used to study the correlation of non-
continuous data. Univariate analysis and figures were performed using
GraphPad Prism 9. Step-wise multivariate analysis was used to adjust for
covariates and possible confounders using JMP 13 software (SAS insti-
tute). Statistical significance was set at p-value < 0.05.

3. Results

3.1. Patients characteristics

Plasma samples from 362 consecutive patients were used for analysis
of Lp(a) and t-PA levels and other lab measurements. Table 1 shows study
groups classified based on their 10-year primary risk of ASCVD. Study
groups included: 1) Low risk patients for ASCVD (Low, N ¼ 50); 2)
Moderate risk patients for ASCVD (Moderate, N ¼ 54); 3) High risk



Table 1. Patients' characteristics.

Low
N ¼ 50

Moderate
N ¼ 54

High
N ¼ 37

V. High
N ¼ 221

P value

Age 41.31 � 1.48 48.83 � 1.42* 53.45 � 1.70* 55.35 � 0.69* <0.0001*

Male gender 22 (44.0) 33 (61.11) 22 (59.46) 169 (76.74) <0.0001*

BMI 28.76 � 0.83 28.69 � 0.79 28.99 � 0.94 30.59 � 0.38 0.0425*

HT 7 (14.0) 21 (38.89) 25 (67.57) 164 (74.21) <0.0001*

DM 0 0 5 (13.51) 133 (60.18) <0.0001*

Smoking 7 (15.91) 24 (44.44) 17 (45.95) 134 (60.63) <0.0001*

CAD 0 0 0 189 (85.52) <0.0001*

MI 0 0 0 33 (14.93) <0.0001*

Family Hx. CAD 3 (6.0) 17 (31.48) 18 (48.65) 74 (33.48) 0.0001*

Stroke/TIA 0 0 0 7 (1.93) 0.2075

HF 1 (2.0) 3 (5.56) 1 (2.70) 26 (11.76) 0.0483*

COPD 1 (2.0) 2 (3.70) 0 3 (1.36) 0.5381

PCI 0 0 0 125 (56.56) <0.0001*

CABG 0 0 0 18 (8.14) <0.0001*

LDL 3.18 � 0.16 2.89 � 0.14 3.15 � 0.17 2.95 � 0.07 0.2410

HDL 1.44 � 0.05 1.14 � 0.04* 1.09 � 0.05* 0.99 � 0.02* <0.0001*

Triglyceride 1.70 � 0.21 2.24 � 0.20 2.55 � 0.24* 2.51 � 0.10* 0.0001*

T. Cholesterol 4.89 � 0.18 4.59 � 0.17 5.06 � 0.20 4.53 � 0.08 0.0616

Beta blocker 11 (22.92) 25 (46.30) 21 (56.76) 140 (63.35) <0.0001*

ACEi 4 (8.33) 8 (14.81) 4 (21.62) 94 (33.48) 0.0004*

ARBs 4 (8.33) 8 (14.81) 7 (18.92) 46 (20.81) 0.2031

Statins 9 (18.75) 22 (40.74) 27 (72.97) 203 (91.86) <0.0001*

Aspirin 9 (18.0) 15 (27.78) 34 (91.89) 200 (90.5) <0.0001*

P2Y12i inhibinhibitor 1 (2.0) 2 (3.70) 0 44 (19.91) <0.0001*

Diuretics 4 (8.33) 5 (9.26) 5 (13.51) 50 (22.73) 0.0210*

Data are presented as mean � sem for continuous variables and n (%) for categorical variables. BMI: body mass index; HT: hypertension; DM: diabetes mellitus; CAD:
coronary artery disease MI: myocardial infarction; TIA: transient ischemic attack; Hx: history; HF: heart failure; COPD: chronic obstructive pulmonary disease; PCI:
percutaneous coronary intervention; CABG: coronary artery bypass surgery; LDL: low density low protein; HDL: high density lipoprotein; T. Cholesterol: total
cholesterol; ACEi: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; P2Y12 inhibitors: clopidogrel, prasugrel, or ticagrelor. Unit for serum
lipids is mmol/L. * indicates presence of significant differences between study groups compared to control using ANOVA or Kruskal Wallis tests for continuous variables
and Chi-square test for categorical variables (p < 0.05).
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patients for ASCVD (High, N ¼ 37); and 4) Very high risk patients (Very
High, N ¼ 221). The mean age of the patients was 52.28 � 0.60 years
(mean � SEM), and 246 patients were males (68%).

Among patients with established clinical ASCVD, 189 patients
had CAD�50% stenosis, and 7 had stroke/TIA. About 50% of patients
were smokers. Most of patients had significant co-morbidities; HT,
DM, and HF were present in 59.94%, 38.12%, and 8.56% of patients,
respectively.

Serum LDL and total cholesterols were not different among study
groups, however, levels of TG and HDL were different (Table 1).

A significant correlation between baseline monocytes percentage
with ASCVD risk status was found (p ¼ 0.0035, Table 1). The risk of
ASCVD status was also associated with increased neutrophil/lympho-
cytes ratio (p ¼ 0.037, Table 1).

Most of study patients were on medications to control blood pressure
and to prevent ACS and death. About 72.5% of patients were on statins,
71.2% on aspirin, 54.7% on beta-blockers, 43.9% on angiotensin-
converting enzyme inhibitor (ACEi)/angiotensin receptor blocker
(ARB), and 17.8% were on diuretics.
3.2. Association of plasma Lp(a) and t-PA with ASCVD risk status

Figure 1 shows the distribution of plasma Lp(a) and t-PA in our study
population (Figure 1 A-B). The distributions are skewed to the right with
a tail toward the highest levels. Plasma Lp(a) and t-PA levels were
assessed as predictors of ASCVD risk status (Figure 2). Patients with very
high and high risk had higher Lp(a) levels than patients with low risk (p¼
0.0004, Kruskal-Wallis test). No differences in Lp(a) levels were detected
3

between low and moderate risk patients, Figure 2 (A). Similarly, plasma
t-PA level was higher in patients with very high and high risk than pa-
tients with low risk (p < 0.0001, Kruskal-Wallis test), Figure 2 (B). A
scatter plot showing log transformation of plasma Lp(a) and t-PA per
ASCVD risk is shown in Figure 2 (C). To test whether these associations
are modified by LDL, we have stratified LDL levels into three categories;
desirable (<2.59 mmol/L), above desirable (2.59–4.11 mmol/L) and
high (>4.11 mmol/L). Plasma Lp(a) was significantly associated with
increased risk of ASCVD in the above desirable and high LDL categories,
but this trend did not reach statistical significance in the desirable LDL
category (p ¼ 0.16). On the other hand, Plasma t-PA was significantly
associated with increased ASCVD risk regardless or LDL categories (p ¼
0.003, <0.0001, and 0.0006 for desirable, above desirable and high
categories; respectively).

By univariate analysis, statin use was associated with increased levels
of plasma Lp(a) (87.4 � 7.5 vs.110.5 � 4.6, p ¼ 0.0133). However, by
multivariate analysis adjusting for ASCVD risk, statins use was not
associated with increased plasma Lp(a) (p ¼ 0.11).
3.3. Association of plasma Lp(a) and t-PA with CAD status

Patients with CAD may present with stable angina, unstable angina,
non-ST segment elevated MI (NSTEMI), or ST segment elevated MI
(STEMI). We assessed plasma Lp(a) and t-PA as a function of CAD status
and found no association between Lp(a) and CAD status (p ¼ 0.4040,
Kruskal-Wallis test), Figure 3 (A). However, plasma t-PA levels were
significantly associated with CAD status (p ¼ 0.0035, Kruskal-Wallis
test). The levels of t-PA were higher in MI patients (NSTEMI and



Figure 1. Distribution of plasma Lp(a) and t-PA in the study population. Plasma
lipoprotein a (Lp(a), A) and tissue plasminogen activator (t-PA, B) in Jordanian
subpopulation, n ¼ 362.
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STEMI) relative to stable angina patients, Figure 3 (B). Plasma t-PA level
was not different between patients with stable or unstable angina.

3.4. Association of plasma Lp(a) and t-PA with coronary intervention

We have evaluated plasma Lp(a) and t-PA level as a function of cor-
onary intervention. Patients who presented to the catheterization lab
underwent either PCI (stenting, balloon angioplasty, or both), coronary
artery bypass surgery (CABG), or no coronary intervention. Plasma Lp(a)
level was a predictor of CABG (p ¼ 0.0365, Kruskal-Wallis test), Figure 4
(A). Interestingly, plasma t-PA level was significantly higher in patients
who underwent PCI or CABG relative to those who had no intervention (p
¼ 0.0003, Kruskal-Wallis test), Figure 4 (B). By multivariable nominal
analysis adjusting for age, gender, smoking and DM, Log plasma Lp(a)
was significantly associated with need for CABG. On the other hand, age,
male gender, smoking and DMwere associated with need for PCI. Plasma
t-PA was marginally associated with need for PCI (p ¼ 0.09, Table 2).

3.5. Correlation of plasma Lp(a) and t-PA with serum lipids and white
blood cells count

To test if plasma Lp(a) and t-PA levels are influenced by serum lipids
or inflammatory cells count, we performed a correlation analysis of
plasma Lp(a) and t-PA concentrations with serum lipids and white blood
cells (WBCs), Table 3. A weak correlation was found between plasma
4

Lp(a) and t-PA suggesting that Lp(a) may contribute little to the
expression of t-PA. Plasma Lp(a) levels were not associated with any of
serum lipids, monocytes, or neutrophil/lymphocytes ratio. On the other
hand, a weak correlation was found between plasma t-PA and serum LDL
and triglycerides. Interestingly, plasma t-PA was negatively and signifi-
cantly associated with plasma HDL. A small correlation was found be-
tween plasma t-PA and monocyte percentage, Table 3.

3.6. Multivariate analysis of plasma biomarkers with risk of ASCVD

Multivariate analysis was performed in order to evaluate the associ-
ation of plasma Lp(a) and t-PA with increased risk of ASCVD adjusting for
other factors that may increase the risk of ASCVD (Table 4).

Because plasma levels of Lp(a) and t-PA were not normally distrib-
uted, a log transformation was used to normalize the data. Multivariate
analysis adjusted for triglycerides levels and body mass index (BMI)
suggested that both log plasma t-PA and log Lp(a) are significantly and
independently associated with increased ASCVD risk. The use of aspirin,
statins, ACEis, beta-blockers, and P2Y12 inhibitors was associated with
increased ASCVD risk by univariate and multivariate analysis. However,
as most of patients with atherosclerosis were on these medications, they
were not included in the model to prevent collinearity and underesti-
mation of the effects of other variables with risk of ASCVD. By step-wise
analysis, heart failure (HF), serum LDL or LDL categories, and neutro-
phil/lymphocytes ratio were not associated with ASCVD risk and were
excluded from the model. As age, gender, smoking, DM, and HDL level
were used as risk factors to stratify patients into ASCVD groups, they
were not included in the model to prevent collinearity. In addition to log
plasma Lp(a) and t-PA, serum TGs levels were also associated with
increased ASCVD risk.

4. Discussion

Atherosclerotic cardiovascular diseases contribute significantly to the
development of MI, HF, and mortality. Dyslipidemia and endothelial
dysfunction are key factors for development of ASCVD. The aim of the
present study was to assess plasma Lp(a) and t-PA levels in patients with
low to very high risk of ASCVD and their usefulness to predict the need
for coronary revascularization. We have adopted the NLA and the AHA/
ACC guidelines for risk classification of ASCVD {Grundy, 2019 #38;
Jacobson, 2014 #19}.Our study documented elevated levels of plasma
Lp(a) and t-PA in patients with increased risk of ASCVD independent of
serum LDL. Plasma t-PA levels were associated with CAD status and MI.
Both plasma t-PA and Lp(a) were correlated with need for coronary
intervention by PCI or CABG. SerumHDL and TGs, but not LDL, were also
associated with increased ASCVD risk.

4.1. Plasma level of Lp(a)

Plasma Lp(a) levels are highly inherited and stable over time
regardless of underlying risk factors or dietary habits [9]. The distribu-
tion of plasma Lp(a) in Jordanian subpopulation is similar to previously
reported distribution in the general population. The distribution of
plasma Lp(a) was skewed to the right with a tail towards the highest
levels indicating that genetics largely determine their levels [14]. Pop-
ulation based studies with tens of thousands of patients have clearly
shown that genetics can predict both Lp(a) levels, and that Lp(a) levels
are causally associated with increased CVD risk independent of LDL
levels [9]. In large randomized studies, genetically elevated Lp(a) was
associated with increased risk of MI [21]. Interestingly, in a recent study
[22], elevated Lp(a) was associated with an increased risk of CAD in the
absence of premature family history of CAD, indicating that Lp(a)
assessment may be also beneficial in predicting CAD risk in patients
without a family history. Thus, current studies are focused on reducing
plasma Lp(a) levels by the use of targeted therapies. The use of antisense
oligonucleotides was associated with potent reduction of plasma Lp(a)



Figure 2. Association of plasma Lp(a) and t-PA levels with ASCVD risk status. Baseline plasma lipoprotein a (Lp(a), A) and tissue plasminogen activator (t-PA, B) in
patients with low risk of atherosclerosis cardiovascular disease (ASCVD), moderate risk, high risk, and very high risk. **p < 0.01 and ****<0.0001 vs. Low. C is a
scatter plot for log transformation of plasma Lp(a) and t-PA per ASCVD risk groups.
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and reduced monocytes’ inflammation in patients with high levels of
Lp(a). On the other hand, modest reduction of Lp(a) using sub-
tilisin/kexin type 9 antibody (PCSK9 AB) did not have similar effect [23].
The reduction in CVDs risk is proportional to the absolute reduction in
Lp(a) concentration. Large decrease in Lp(a) concentration of about 100
mg/dL may be needed to result in a clinically significant reduction in the
risk of CVDs [9]. Furthermore, niacin reduces plasma Lp(a) levels in a
dose-dependent manner in addition to its effects on LDL, triglycerides,
and HDL cholesterols. Niacin has been shown to reduce coronary artery
events, stroke and and cardiovascular events [24].

An elevated level of Lp(a) was documented to predict MI, CAD, and
ischemic stroke [25, 26, 27]. Higher Lp(a) level is associated with a
higher risk of MI independent of other risk factors [28]. In a large meta
analysis, Lp(a) was independently associated with CAD and stroke [29].
5

Previous studies assessed the usefulness of Lp(a) levels to predict
atherosclerotic events; however, it is unknown if Lp(a) levels are
increased in patients without underlying atherosclerosis but with risk to
develop CAD or MI. In the present study, we evaluated plasma Lp(a) in
patients with low, moderate, and high risk of ASCVD who do not have
underlying atherosclerosis in addition to those with established ASCVD.
We found that Lp(a) level was increased in patients with very high and
high risk patients relative to moderate and low risk patients. This asso-
ciation was independent of plasma lipids or presence of other diseases,
suggesting that Lp(a) is significantly and independently associated with
increased ASCVD risk even in patients without underlying CAD. These
data indicate that high Lp(a) may predict or promote the development of
atherosclerosis. Both LDL and Lp(a) are lipid particles with similar
structure and apolipoproteins, however, we did not find a correlation



Figure 3. Association of plasma Lp(a) and t-PA with CAD status. Baseline levels
of Lp(a) (A) and t-PA (B) in patients with stable angina, unstable angina, non-ST
segment elevated myocardial infarction (NSTEMI) and ST-elevated MI (STEMI).
*p < 0.05 and **p < 0.01 vs. stable angina.

Figure 4. Association of plasma Lp(a) and t-PA with coronary intervention.
Baseline levels of Lp(a) (A) and t-PA (B) in patients who underwent percuta-
neous coronary intervention (PCI), coronary artery bypass surgery (CABG), or
underwent no intervention. *p < 0.05 and ***<0.001 vs. no intervention.
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between Lp(a) level and serum lipids levels, particularly LDL. The asso-
ciation of plasma Lp(a) with ASCVD risk was not confounded by serum
LDL. This is consistent with previous report documenting that plasma
Lp(a) is associated with atherosclerosis and CAD risk independent of LDL
levels [9]. Although plasma Lp(a) was significantly associated with
ASCVD risk in the high and above desirable LDL categories, this trend
was marginally significant for the desirable range suggesting a potential
interaction. Future studies with higher sample size are needed to test if
LDL modifies the Lp(a) risk of ASCVD at higher LDL concentrations.

Management of CAD may require coronary revascularization by PCI
or CABG. Patients with multi-vessel disease may require CABG. Inter-
estingly, we found an association between Lp(a) levels and coronary
interventions; patients who underwent CABG had higher Lp(a) level than
other patients, suggesting that Lp(a) levels can predict the severity of
6

coronary lesions in CAD patients. Nevertheless, we did not find a corre-
lation between plasma Lp(a) and CAD status. Only four patients who
underwent CABG had MI. As plasma Lp(a) levels are stable and geneti-
cally determined, they were not elevated acutely in our MI patients
relative to those with angina [9, 22], indicating that the high Lp(a) ge-
netic level could predict the need for CABG.

The neutrophil to lymphocyte ratio is a marker of inflammation and a
predictor of MI [30]. Lp(a) has a role in the chemotaxis of monocytes,
which plays a major role in atherosclerosis pathogenesis [31]. However,
in our study, we did not find an association between Lp(a) levels and
monocytes percentage or neutrophils/lymphocytes ratio.

Although neutrophil/lymphocytes ratio was positively associated
with ASCVD risk by univariate analysis, this association was not found by
multivariate analysis. The absence of an association may be due to the
small sample size of patients with available WBC counts. Future studies
with a larger sample size may reveal this association.



Table 2.Multivariate analysis of plasma biomarkers with coronary intervention.

Response ¼ Coronary intervention (no intervention, PCI, and CABG)

Estimate (slope, B) Standard Error P-value

Age 0.03773 0.01271 0.0030*

Male gender 0.46342 0. 16550 0.0051*

smoking 0.14474 0.42697 0.0032*

Diabetes 0.13151 0.37852 0.0040*

Log Lipoprotein a 2.6376 1.21330 0.0297*

Log Tissue plasminogen activator 78.9577 47.5230 0.0966

PCI: percutaneous coronary intervention, CABG: coronary artery bypass surgery,
BMI: Body mass index. Data are presented for log odds of CABG/PCI for plasma
Lp(a), and log odds of PCI/no intervention for age, gender, smoking, diabetes and
plasma t-PA.

Table 3. Correlation of Lp(a) and t-PA with serum lipids and WBCs.

Variable Lp(a) t-PA

P value Spearman r P value Spearman r

Lp(a) - - 0.0431 0.1064

t-PA 0.0431 0.1064 - -

LDL 0.0907 0.0917 0.0383 0.1122

HDL 0.8978 0.0068 <0.0001 -0.2382

Triglycerides 0.5564 0.0314 0.0253 0.1191

Total cholesterol 0.2319 0.0637 0.1043 0.0864

Monocytes (%) 0.5565 -0.0315 0.0035 0.1559

Neutrophil/Lymphocyte
Ratio

0.2276 0.0649 0.1685 0.0741

Data represent the correlation of lipoprotein A (Lp(a)) and tissue plasminogen
activator (t-PA) with serum lipids and white blood cells. LDL: low density lipo-
protein, HDL: high density lipoprotein. Correlation is spearman correlation.

Table 4. Multivariate analysis of plasma biomarkers with risk of ASCVD.

Response ¼ Atherosclerotic cardiovascular diseases risk status (ASCVD)

Estimate
(slope, B)

Standard
Error

P-value Beta
Standardized
coefficient

BMI 0.01432 0.00981 0.1452 1.46

Log Lipoprotein a 1.08061 0.30326 0.0004* 3.56

Log Tissue plasminogen
activator

135.03106 21.9503 <0.0001* 6.15

Serum Triglycerides 0.08977 0.03729 0.0166* 2.41

BMI: Body mass index. Beta (B) ¼ slope/standard error. ASCVD was coded as:
low ¼ 1, moderate ¼ 2, high ¼ 3, very high ¼ 4.

F. Mayyas, E. Bani Omar Heliyon 8 (2022) e09836
4.2. Plasma level of t-PA

The t-PA is responsible for the conversion of plasminogen to its active
form, plasmin, that subsequently dissolves the blood clot and causes
fibrinolysis [8]. An association between t-PA levels and CAD risk has
been previously found [32, 33]. High baseline level of t-PA was associ-
ated with three to four times higher risk of MI and stroke in patients with
no prior cardiovascular disease [16]. Our study documented an elevation
of t-PA level in patients with very high ASCVD risk and high risk patients
who do not have underlying atherosclerosis independent of plasma Lp(a),
LDL, or other factors, suggesting the important role of t-PA as a predictor
of future ASCVD development.

The structure of Lp(a) is similar to t-PA and it could compete with
plasminogen for its binding site [6, 7] leading to reduced fibrinolysis and
increased thrombosis risk. Intriguingly, it was proposed that the associ-
ation of high t-PA with CAD is a result of coronary endothelial injury and
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subsequent release of t-PA and other associated inflammatory factors.
The t-PA may also promote plaque rupture and development of ACS
[32]. Interestingly, we found that t-PA level was higher in STEMI and
non-STEMI patients than angina patients, suggesting the role of t-PA
levels in plaque instability, rupture, platelet aggregation and develop-
ment of acute MI [34]. It has been found that t-PA has an important role
in destabilizing the fibrous cap of atheromatous plaque [35] by initiating
proteolysis of the matrix and plaque degradation leading to coronary
plaque rupture [36, 37].

Our study is the first to show a strong association between t-PA level
and the need for coronary interventions by univariate analysis, where
patients who underwent CABG or PCI had higher t-PA levels than those
who had no interventions, suggesting that t-PA levels can also assess the
severity of atherosclerosis disease and predict the need for coronary
intervention by PCI or CABG. However, by multivariate logistic analysis
adjusting for other predictors such as smoking, age, and diabetes, the
association was marginally significant. Future studies with higher sample
size are needed to confirm this association.

The t-PA has a role in the activation of matrix metaloproteases,
leading to modification of extracellular matrix composition and macro-
phage migration [38]. We detected a small correlation between plasma
t-PA and monocytes percentage, which may support the t-PA role in the
recruitment and activation of inflammatory cells. A weak correlation was
also found between plasma t-PA and serum LDL and TGs. A previous
study found a positive correlation between t-PA and serum TGs [39].
Interestingly, plasma t-PA was negatively and significantly associated
with serum HDL, suggesting that the increase in t-PA is associated with
reduction of HDL levels in patients. This finding may also suggest that
elevated HDL may play a role in preventing plaque rupture by protecting
tissue from t-PA proteolytic effect [40]. Similar to our results, a positive
and negative correlation of t-PA antigen with TGs and HDL was found,
respectively [41].

4.3. Serum lipids and ASCVD risk

Serum LDL is known to be a predictor of CAD and a primary target of
therapy in patients [42]. Serum LDL was not associated with ASCVD risk
and was similar among our study groups, suggesting that LDL does not
predict risk status of ASCVD, and CAD/MI can occur at any level even
when LDL is not elevated. It was demonstrated that LDL, even at the
normal level, is independently associated with atherosclerosis presence
and extent [43]. Interestingly, low levels of LDL (<70 mg/dL or <100
mg/dL) were not associated with decreased prevalence of CAD or with
reduced severity [44]. In the present study, Lp(a) and t-PA did not show a
marked correlation with LDL and their association with ASCVD risk was
not confounded or modified by LDL levels or categories.

An inverse relationship between serum HDL level and CAD is well
known [42]. HDL was strongly associated with ASCVD risk but was not
included in the model because it was already included in ASCVD risk
calculation. Interestingly, we documented that serum TG levels are
associated with increased ASCVD independent of Lp(a) and t-PA levels. It
was found that high TGs level was associated with increased MI risk and
death [45]. It has always been known that LDL rather than TG is involved
in atherosclerotic plaque formation [46]. However, recent genetic studies
provide robust evidence that TGs and TG rich lipoproteins are in the
causal pathway for atherosclerosis [47], indicating that assessment of
patients risk of atherosclerosis should also focus on triglyceride levels.

4.4. Study strengths

This is the first study published in Jordanian population to asses
plasma Lp(a) and t-PA with increased risk of ASCVD. Our study revealed
that the distribution of plasma Lp(a) is similar to the general population
[14]. Althoughmany studies assessed the levels of Lp (a) in CAD patients,
our study provides assessment of their levels using a cumulative risk
classification adopted by the national lipid association [20] including
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patients with and without CAD with various risks to develop ASCVD. Our
study shows that plasma Lp(a) levels are elevated not only in CAD pa-
tients (very high risk patients), but also in those without CAD who are at
high risk to develop CAD, highlighting that therapy and preventable
measures should be used at this stage to reduce risk of atherosclerosis
development. In addition, our study is the first to examine the signifi-
cance of Lp(a) and t-PA in predicting the need for coronary intervention
by PCI or CABG. Further more, the study investigated if there is a link or
correlation of plasma Lp(a) with t-PA.
4.5. Study limitations

This study is limited by the relatively small number of included pa-
tients and the cross-sectional design of the study at a single center in
Jordan. However, our center is the major center in the North of Jordan
that performs catheterization. Given the molecular similarity of LDL and
Lp(a), current LDL assays (inappropriately) include Lp(a) levels in the
measurement which might have affected the interpretation of LDL
contribution to ASCVD [48].

5. Conclusions

Our study suggests that both plasma Lp(a) and t-PA are associated
with increased ASCVD risk independent of LDL levels, and were
increased in very high risk patients and high risk patients who do not
have underlying atherosclerosis, suggesting their roles as predictors of
atherosclerosis development and progression. Both Lp(a) and t-PA
levels were increased in patients who underwent coronary revascu-
larization, indicating their association with severity of coronary le-
sions and their possible role to select patients who may benefit
from coronary revascularization. The correlation between high t-PA
levels with MI supports the role of t-PA in plaque rupture and MI
development.

Declarations

Author contribution statement

Fadia Mayyas: Conceived and designed the experiments; Analyzed
and interpreted the data; Wrote the paper.

Eman Bani Omar: Performed the experiments; Analyzed and inter-
preted the data; Wrote the paper.
Funding statement

Dr Fadia Mayyas was supported by this work was funded by a grant
from Deanship of Scientific Research at Jordan University of Science and
Technology [246/2020].
Data availability statement

Data will be made available on request.
Declaration of interests statement

The authors declare no conflict of interest.
Additional information

No additional information is available for this paper.

Acknowledgements

None.
8

References

[1] Global, regional, and national life expectancy, all-cause mortality, and cause-
specific mortality for 249 causes of death, 1980-2015: a systematic analysis for the
Global Burden of Disease Study 2015, Lancet (London, England) 388 (10053)
(2016) 1459–1544.

[2] P.D. Rosenblit, Extreme atherosclerotic cardiovascular disease (ASCVD) risk
recognition, Curr. Diabetes Rep. 19 (8) (2019) 61.

[3] S.C. Smith Jr., J. Allen, S.N. Blair, R.O. Bonow, L.M. Brass, G.C. Fonarow, et al.,
AHA/ACC guidelines for secondary prevention for patients with coronary and other
atherosclerotic vascular disease: 2006 update: endorsed by the National Heart,
Lung, and Blood Institute, Circulation 113 (19) (2006) 2363–2372.

[4] Z. Reiner, A.L. Catapano, G. De Backer, I. Graham, M.R. Taskinen, O. Wiklund, et
al., ESC/EAS guidelines for the management of dyslipidaemias: the task force for
the management of dyslipidaemias of the European society of cardiology (ESC) and
the European atherosclerosis society (EAS), Eur. Heart J. 32 (14) (2011)
1769–1818.

[5] S. Lamon-Fava, M.R. Diffenderfer, S.M. Marcovina, Lipoprotein(a) metabolism,
Curr. Opin. Lipidol. 25 (3) (2014) 189–193.

[6] J.W. McLean, J.E. Tomlinson, W.J. Kuang, D.L. Eaton, E.Y. Chen, G.M. Fless, et al.,
cDNA sequence of human apolipoprotein(a) is homologous to plasminogen, Nature
330 (6144) (1987) 132–137.

[7] K.A. Hajjar, D. Gavish, J.L. Breslow, R.L. Nachman, Lipoprotein(a) modulation of
endothelial cell surface fibrinolysis and its potential role in atherosclerosis, Nature
339 (6222) (1989) 303–305.

[8] J. Kaur, Z. Zhao, G.M. Klein, E.H. Lo, A.M. Buchan, The neurotoxicity of tissue
plasminogen activator? J. Cerebr. Blood Flow Metabol. : Off. J. Int. Soc. Cerebr.
Blood Flow Metabol. 24 (9) (2004) 945–963.

[9] S. Burgess, B.A. Ference, J.R. Staley, D.F. Freitag, A.M. Mason, S.F. Nielsen, et al.,
Association of LPA variants with risk of coronary disease and the implications for
lipoprotein(a)-lowering therapies: a mendelian randomization analysis, JAMA
Cardiol. 3 (7) (2018) 619–627.

[10] A. Bennet, E. Di Angelantonio, S. Erqou, G. Eiriksdottir, G. Sigurdsson,
M. Woodward, et al., Lipoprotein(a) levels and risk of future coronary heart disease:
large-scale prospective data, Arch. Intern. Med. 168 (6) (2008) 598–608.

[11] G. Luc, J.M. Bard, D. Arveiler, J. Ferrieres, A. Evans, P. Amouyel, et al., Lipoprotein
(a) as a predictor of coronary heart disease: the PRIME Study, Atherosclerosis 163
(2) (2002) 377–384.

[12] Y. Pan, H. Li, Y. Wang, X. Meng, Y. Wang, Causal effect of Lp(a) [Lipoprotein(a)]
level on ischemic stroke and Alzheimer disease: a mendelian randomization study,
Stroke 50 (12) (2019) 3532–3539.

[13] H.-H. Liu, Y.-X. Cao, J.-L. Jin, H.-W. Zhang, Q. Hua, Y.-F. Li, et al., Predicting
cardiovascular outcomes by baseline lipoprotein(a) concentrations: a large cohort
and long-term follow-up study on real-world patients receiving percutaneous
coronary intervention, J. Am. Heart Assoc. 9 (3) (2020), e014581 e.

[14] B.G. Nordestgaard, M.J. Chapman, K. Ray, J. Boren, F. Andreotti, G.F. Watts, et al.,
Lipoprotein(a) as a cardiovascular risk factor: current status, Eur. Heart J. 31 (23)
(2010) 2844–2853.

[15] G. Cai, Z. Huang, B. Zhang, L. Yu, L. Li, Elevated lipoprotein (a) levels are associated
with the acute myocardial infarction in patients with normal low-density
lipoprotein cholesterol levels, Biosci. Rep. 39 (4) (2019).

[16] P.M. Ridker, Plasma concentration of endogenous tissue plasminogen activator and
the occurrence of future cardiovascular events, J. Thromb. Thrombolysis 1 (1)
(1994) 35–40.

[17] G.D. Lowe, J. Danesh, S. Lewington, M. Walker, L. Lennon, A. Thomson, et al.,
Tissue plasminogen activator antigen and coronary heart disease. Prospective study
and meta-analysis, Eur. Heart J. 25 (3) (2004) 252–259.

[18] G.H. Tofler, J. Massaro, C.J. O'Donnell, P.W.F. Wilson, R.S. Vasan, P.A. Sutherland,
et al., Plasminogen activator inhibitor and the risk of cardiovascular disease: the
Framingham Heart Study, Thromb. Res. 140 (2016) 30–35.

[19] P.M. Ridker, N.J. Brown, D.E. Vaughan, D.G. Harrison, J.L. Mehta, Established and
emerging plasma biomarkers in the prediction of first atherothrombotic events,
Circulation 109 (25 Suppl 1) (2004) Iv6–19.

[20] T.A. Jacobson, M.K. Ito, K.C. Maki, C.E. Orringer, H.E. Bays, P.H. Jones, et al.,
National Lipid Association recommendations for patient-centered management of
dyslipidemia: part 1 - executive summary, J. Cin. Lipidol. 8 (5) (2014) 473–488.

[21] P.R. Kamstrup, A. Tybjaerg-Hansen, R. Steffensen, B.G. Nordestgaard, Genetically
elevated lipoprotein(a) and increased risk of myocardial infarction, JAMA 301 (22)
(2009) 2331–2339.

[22] P. Finneran, A. Pampana, S.A. Khetarpal, M. Trinder, A.P. Patel, K. Paruchuri, et al.,
Lipoprotein(a) and coronary artery disease risk without a family history of heart
disease, J. Am. Heart Assoc. 10 (5) (2021), e017470.

[23] L.C.A. Stiekema, K.H.M. Prange, R.M. Hoogeveen, S.L. Verweij, J. Kroon,
J.G. Schnitzler, et al., Potent lipoprotein(a) lowering following apolipoprotein(a)
antisense treatment reduces the pro-inflammatory activation of circulating
monocytes in patients with elevated lipoprotein(a), Eur. Heart J. 41 (24) (2020)
2262–2271.

[24] E. Bruckert, J. Labreuche, P. Amarenco, Meta-analysis of the effect of nicotinic acid
alone or in combination on cardiovascular events and atherosclerosis,
Atherosclerosis 210 (2) (2010) 353–361.

[25] W.Y. Craig, L.M. Neveux, G.E. Palomaki, M.M. Cleveland, J.E. Haddow,
Lipoprotein(a) as a risk factor for ischemic heart disease: metaanalysis of
prospective studies, Clin. Chem. 44 (11) (1998) 2301–2306.

[26] A.H. Nave, K.S. Lange, C.O. Leonards, B. Siegerink, W. Doehner, U. Landmesser, et
al., Lipoprotein (a) as a risk factor for ischemic stroke: a meta-analysis,
Atherosclerosis 242 (2) (2015) 496–503.

http://refhub.elsevier.com/S2405-8440(22)01124-0/sref1
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref1
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref1
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref1
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref1
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref2
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref2
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref3
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref3
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref3
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref3
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref3
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref4
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref4
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref4
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref4
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref4
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref4
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref5
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref5
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref5
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref6
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref6
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref6
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref6
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref7
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref7
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref7
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref7
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref8
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref8
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref8
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref8
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref9
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref9
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref9
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref9
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref9
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref10
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref10
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref10
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref10
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref11
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref11
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref11
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref11
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref12
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref12
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref12
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref12
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref13
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref13
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref13
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref13
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref14
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref14
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref14
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref14
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref15
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref15
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref15
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref16
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref16
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref16
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref16
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref17
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref17
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref17
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref17
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref18
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref18
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref18
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref18
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref19
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref19
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref19
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref19
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref20
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref20
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref20
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref20
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref21
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref21
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref21
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref21
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref22
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref22
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref22
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref23
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref23
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref23
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref23
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref23
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref23
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref24
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref24
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref24
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref24
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref25
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref25
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref25
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref25
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref26
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref26
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref26
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref26


F. Mayyas, E. Bani Omar Heliyon 8 (2022) e09836
[27] S.M. Sultan, N. Schupf, M.M. Dowling, G.A. Deveber, A. Kirton, M.S. Elkind, Review
of lipid and lipoprotein(a) abnormalities in childhood arterial ischemic stroke, Int.
J. Stroke: Off. J. Int. Stroke Soc. 9 (1) (2014) 79–87.

[28] G. Par�e, A. Çaku, M. McQueen, S.S. Anand, E. Enas, R. Clarke, et al., Lipoprotein(a)
levels and the risk of myocardial infarction among 7 ethnic groups, Circulation 139
(12) (2019) 1472–1482.

[29] S. Erqou, S. Kaptoge, P.L. Perry, E. Di Angelantonio, A. Thompson, I.R. White, et al.,
Lipoprotein(a) concentration and the risk of coronary heart disease, stroke, and
nonvascular mortality, JAMA 302 (4) (2009) 412–423.

[30] F.A. Mayyas, M.I. Al-Jarrah, K.S. Ibrahim, K.H. Alzoubi, Level and significance of
plasma myeloperoxidase and the neutrophil to lymphocyte ratio in patients with
coronary artery disease, Exp. Ther. Med. 8 (6) (2014) 1951–1957.

[31] T. Syrovets, J. Thillet, M.J. Chapman, T. Simmet, Lipoprotein(a) is a potent
chemoattractant for human peripheral monocytes, Blood 90 (5) (1997) 2027–2036.

[32] G.D.O. Lowe, J. Danesh, S. Lewington, M. Walker, L. Lennon, A. Thomson, et al.,
Tissue plasminogen activator antigen and coronary heart disease: prospective study
and meta-analysis, Eur. Heart J. 25 (3) (2004) 252–259.

[33] F.B. Smith, F.G. Fowkes, A. Rumley, A.J. Lee, G.D. Lowe, C.M. Hau, Tissue plasminogen
activator and leucocyte elastase as predictors of cardiovascular events in subjects with
angina pectoris: edinburgh Artery Study, Eur. Heart J. 21 (19) (2000) 1607–1613.

[34] S.G. Thompson, J. Kienast, S.D.M. Pyke, F. Haverkate, J.C.W. van de Loo,
Hemostatic factors and the risk of myocardial infarction or sudden death in patients
with angina pectoris, N. Engl. J. Med. 332 (10) (1995) 635–641.

[35] R.T. Lee, P. Libby, The unstable atheroma, Arterioscler. Thromb. Vasc. Biol. 17 (10)
(1997) 1859–1867.

[36] A.W. Clowes, M.M. Clowes, Y.P. Au, M.A. Reidy, D. Belin, Smooth muscle cells
express urokinase during mitogenesis and tissue-type plasminogen activator during
migration in injured rat carotid artery, Circ. Res. 67 (1) (1990) 61–67.

[37] D. de Bono, Significance of raised plasma concentrations of tissue-type plasminogen
activator and plasminogen activator inhibitor in patients at risk from ischaemic
heart disease, Br. Heart J. 71 (6) (1994) 504–507.

[38] B. Heissig, S. Eiamboonsert, Y. Salama, H. Shimazu, D. Dhahri, S. Munakata, et al.,
Cancer therapy targeting the fibrinolytic system, Adv. Drug Deliv. Rev. 99 (Pt B)
(2016) 172–179.
9

[39] B.O. Oolofesson, G. Dahl�en, T.K. Nilsson, Evidence for increased levels of
plasminogen activator inhibitor and tissue plasminogen activator in plasma of
patients with angiographically verified coronary artery disease, Eur. Heart J. 10 (1)
(1989) 77–82.

[40] T. Vaisar, S. Pennathur, P.S. Green, S.A. Gharib, A.N. Hoofnagle, M.C. Cheung, et
al., Shotgun proteomics implicates protease inhibition and complement activation
in the antiinflammatory properties of HDL, J. Clin. Investig. 117 (3) (2007)
746–756.

[41] R. Yamada, S. Yamada, A. Ishii, M. Sasamata, S. Watanabe, Association between
tissue plasminogen activator and serum lipids in healthy volunteers, Ann. Med. 22
(5) (1990) 313–318.

[42] S.M. Grundy, N.J. Stone, A.L. Bailey, C. Beam, K.K. Birtcher, R.S. Blumenthal, et al.,
2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
guideline on the management of blood cholesterol: a report of the American College
of cardiology/American heart association task force on clinical practice guidelines,
J. Am. Coll. Cardiol. 73 (24) (2019) e285–e350.

[43] L. Fern�andez-Friera, V. Fuster, B. L�opez-Melgar, B. Oliva, J.M. García-Ruiz,
J. Mendiguren, et al., Normal LDL-cholesterol levels are associated with subclinical
atherosclerosis in the absence of risk factors, J. Am. Coll. Cardiol. 70 (24) (2017)
2979–2991.

[44] H. Inoue, Y. Shiga, K. Tashiro, Y. Kawahira, Y. Suematsu, Y. Idemoto, et al.,
Association between the level of low-density lipoprotein cholesterol and coronary
atherosclerosis in patients who have undergone coronary computed tomography
angiography, Cardiol. Res. 12 (1) (2021) 10–15.

[45] B.G. Nordestgaard, M. Benn, P. Schnohr, A. Tybjaerg-Hansen, Nonfasting
triglycerides and risk of myocardial infarction, ischemic heart disease, and death in
men and women, JAMA 298 (3) (2007) 299–308.

[46] A.J. Kattoor, S.H. Kanuri, J.L. Mehta, Role of ox-LDL and LOX-1 in atherogenesis,
Curr. Med. Chem. 26 (9) (2019) 1693–1700.

[47] M. Budoff, Triglycerides and triglyceride-rich lipoproteins in the causal pathway of
cardiovascular disease, Am. J. Cardiol. 118 (1) (2016) 138–145.

[48] C. Yeang, J.L. Witztum, S. Tsimikas, Novel method for quantification of
lipoprotein(a)-cholesterol: implications for improving accuracy of LDL-C
measurements, J. Lipid Res. 62 (2021), 100053.

http://refhub.elsevier.com/S2405-8440(22)01124-0/sref27
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref27
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref27
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref27
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref28
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref28
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref28
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref28
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref28
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref29
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref29
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref29
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref29
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref30
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref30
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref30
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref30
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref31
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref31
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref31
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref32
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref32
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref32
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref32
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref33
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref33
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref33
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref33
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref34
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref34
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref34
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref34
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref35
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref35
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref35
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref36
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref36
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref36
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref36
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref37
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref37
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref37
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref37
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref38
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref38
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref38
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref38
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref39
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref39
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref39
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref39
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref39
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref39
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref40
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref40
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref40
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref40
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref40
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref41
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref41
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref41
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref41
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref42
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref42
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref42
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref42
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref42
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref42
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref43
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref43
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref43
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref43
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref43
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref43
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref43
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref44
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref44
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref44
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref44
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref44
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref45
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref45
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref45
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref45
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref46
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref46
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref46
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref47
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref47
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref47
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref48
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref48
http://refhub.elsevier.com/S2405-8440(22)01124-0/sref48

	Plasma lipoprotein (a) and tissue plasminogen activator are associated with increased risk of atherosclerotic cardiovascula ...
	1. Introduction
	2. Methods
	2.1. Study design
	2.2. Inclusion and exclusion criteria
	2.3. Blood collection
	2.4. Measurments of plasma lipoprotein (a)levels
	2.5. Measurments of plasma tissue plasminogen activator (t-PA) levels
	2.6. Statistical analysis

	3. Results
	3.1. Patients characteristics
	3.2. Association of plasma Lp(a) and t-PA with ASCVD risk status
	3.3. Association of plasma Lp(a) and t-PA with CAD status
	3.4. Association of plasma Lp(a) and t-PA with coronary intervention
	3.5. Correlation of plasma Lp(a) and t-PA with serum lipids and white blood cells count
	3.6. Multivariate analysis of plasma biomarkers with risk of ASCVD

	4. Discussion
	4.1. Plasma level of Lp(a)
	4.2. Plasma level of t-PA
	4.3. Serum lipids and ASCVD risk
	4.4. Study strengths
	4.5. Study limitations

	5. Conclusions
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	Acknowledgements
	References


