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Aim To investigate whether endothelial lipase (EL) plas-
ma levels are increased in stable coronary artery disease 
(sCAD) and acute coronary syndrome (ACS) patients, as 
well as to test the association of EL plasma levels and the 
severity of CAD and sex.

Methods The study was performed as a single-center, 
cross-sectional, observational research on 72 sCAD and 
187 ACS patients in the Sisters of Charity University Hos-
pital Centre, Zagreb, Croatia, between December 1, 2011 
and December 1, 2012. EL plasma levels were measured 
using ELISA.

Results EL plasma levels were significantly higher in sCAD 
patients (median 311.3 pg/mL, interquartile range [IQR] 
250.4-422.6 pg/mL) than in ACS patients (median = 258.7 
pg/mL, IQR = 162.1-356.0 pg/mL; P < 0.001). EL levels in fe-
male ACS patients were significantly higher (median 314.5 
pg/mL, IQR 218.3-420.8 pg/mL) than in male ACS patients 
(median 225.4 pg/mL, IQR 148.7320.1 pg/mL; P < 0.001) 
and similar to the EL levels in the sCAD patients. There was 
no significant correlation between EL plasma levels and 
the GENSINI score and between EL plasma levels and the 
number of atherosclerotic coronary artery segments in ei-
ther the ACS (rho = -0.09, P = 0.247; rho = 0.12, P = 0.106, re-
spectively) or sCAD group (rho = 0.04, P = 0.771; rho = 0.06, 
P = 0.643, respectively).

Conclusion Our results suggest that EL plasma levels dis-
criminate male but not female patients with different clini-
cal presentations of CAD, as well as female and male ACS 
patients. EL plasma levels are not significantly correlated 
with CAD severity.
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Coronary artery diseases (CAD) can cause different clini-
cal presentations compatible with myocardial ischemia/
infarction. They can be divided into two main catego-
ries: stable CAD (sCAD) and acute coronary syndrome 
(ACS), the latter ranging from unstable angina pectoris 
(UAP) to non-ST-segment elevation myocardial infarction 
(NSTEMI) and ST-segment elevation myocardial infarction 
(STEMI). ACS is almost always associated with erosion or 
rupture of atherosclerotic plaque, thrombus formation, 
possible coronary vasospasm, and abrupt reduction of 
coronary blood flow due to partial or complete occlu-
sion of the infarct-related coronary artery (1). The risk of 
plaque erosion or rupture is influenced by intrinsic (vul-
nerability) and extrinsic conditions (local stress due to cy-
clic stretching, compression, flexion, shear, and pressure 
fluctuations). Vulnerability of the atherosclerotic plaque is 
determined by the size of the lipid-rich necrotic core, the 
thickness of the fibrous cap, and the presence of inflam-
mation (2,3).

Endothelial lipase (EL) is a member of the triglyceride li-
pase gene family, expressed by vascular endothelial cells 
(ECs), smooth muscle cells (SMCs), and macrophages (4,5). 
EL is a phospholipase with a high affinity for high-density 
lipoprotein-phospholipids (HDL-PL). By acting on HDL, EL 
alters the structural and functional properties of HDL (6,7), 
as well as HDL plasma levels in mice (8), rabbits (9), and hu-
mans (7,10). EL and bioactive lipids generated by EL-me-
diated cleavage of HDL-PL (11) were identified as strong 
inducers of inflammatory cytokines in macrophages (12) 
and vascular endothelial cells (13).

EL expression can be induced by tumor necrosis factor α, 
interleukin 1β, and biomechanical forces in vascular en-
dothelial cells (14,15), by angiotensin II and hypertension 
in vascular SMCs (16), as well as by lipopolysaccharide in 
macrophages (17).

EL plasma concentrations are strongly associated with C-
reactive protein (CRP) and interleukin 6 (IL-6) levels and 
can be increased by experimentally-induced endotoxemia 
(18,19). EL is highly expressed in advanced human and 
mouse atherosclerotic plaques, primarily by macrophages 
and to a lesser extent by SMCs (20-22). Despite its expres-
sion in atherosclerotic lesions and its capacity to augment 
the secretion of inflammatory cytokines (12,13), neointima 
formation (23), and monocyte adhesion to the vessel wall 
(24), as well as its negative impact on HDL plasma levels 
and functionality (6-8,10), the role of EL in atherogenesis 
is still obscure.

Studies that have so far investigated the impact of EL on 
atherosclerosis in mouse models provided controversial 
results: while EL deficiency in apolipoprotein E-knockout 
mice attenuated the development of atherosclerotic le-
sions in one study (25), in an another study no effect of EL 
deficiency on atherosclerosis development was observed 
in apolipoprotein E- and low-density lipoprotein (LDL) re-
ceptor- knockout mice (26). According to Badelino et al 
(27), human plasma EL concentrations were significantly 
associated with subclinical atherosclerosis. They conclud-
ed that EL may be a pro-atherogenic factor in humans (27). 
Another genetic study revealed that the EL gene polymor-
phism might be associated with ACS (28). However it re-
mained uninvestigated if EL plasma levels are increased in 
patients with different forms of CAD. Considering the posi-
tive association between EL plasma levels and the extent 
of inflammatory state, together with increased EL expres-
sion in atherosclerotic lesions, we hypothesized that EL 
plasma levels would be increased in sCAD due to persist-
ing low-grade inflammation. Further, we also hypothesized 
that EL levels were increased by CAD severity (evaluated by 
the modified GENSINI scoring system and the number of 
stenotic coronary artery segments) and different in men 
and women.

Materials and methods

Study design and patients

This study was designed and performed as an observation-
al, cross-sectional clinical study in the Sisters of Charity Uni-
versity Hospital Centre, Zagreb, Croatia. The ACS patients 
were recruited from the Emergency Department between 
December 1, 2011 and December 1, 2012. The patients 
with suspected sCAD scheduled for coronary angiography 
were recruited from the Department of Cardiology. Written 
informed consent from each patient was obtained prior to 
the enrolment to the study according to the Good Clinical 
Practice and Helsinki Declaration principles (29). The study 
was approved by the Sisters of Charity UHC and Medical 
University of Graz Ethics Committees, in accordance with 
the institutional guidelines.

Inclusion and exclusion criteria

Overall, 226 ACS patients and 111 sCAD patients were 
screened for enrolment. ACS patients were selected 
based on either of the typical unstable symptoms, el-
evation in cardiac markers (creatine kinase, troponine 
I), dynamic changes in electrocardiogram, and/or 
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echocardiographic evidence of new loss of viable myocar-
dium or regional wall motion abnormality (30). Coronary 
angiography was performed in 90% of all suspected sCAD 
and ACS patients using the radial approach and in the rest 
with femoral or brachial approach depending on patient 
individual anatomy. The time interval between arrival to 
the hospital and coronary angiography was in accordance 
with the recommendation of the European Society of Car-
diology (within 2 hours for STEMI patients, 2-72 hours for 
other ACS patients, indefinite for sCAD patients) (31-33).

Exclusion criteria were a patient’s refusal to participate in 
the study and/or to undergo coronary angiography, aller-
gy to intravenous contrast, acute aortic dissection, chronic 
heart failure with ejection fraction (EF) below 40%, chronic 
renal failure with serum creatinine ≥200 mmol/L, a chronic 
autoimmune and/or infectious disease, and decompensat-
ed liver cirrhosis (Child-Pugh class B and C).

Patient characteristics, history, and medication

The patients’ demographic data were recorded by the 
investigator in the data collection form. Special consid-
eration was given to patients’ symptoms in order to de-
termine the CAD type. Previous antihypertensive, statin, 
and antiplatelet treatments and the presence of major 
atherosclerotic risk factors were noted. Heart rhythm was 
determined and blood pressure calculated as the average 
of three measurements. Hypertension was diagnosed ac-
cording to the criteria of the European Society of Cardiol-
ogy (34). Hypertension was defined as systolic blood pres-
sure (SBP)≥140 mm Hg and/or diastolic blood pressure 
(DBP)≥90 mm Hg, and patients’ history of using antihy-
pertensive medications was also considered. Patients with 
diabetes were considered as those with dietary treatment, 
antidiabetic medication, or current fasting plasma glucose 
levels higher than 7.0 mmol/L (35). Hyperlipidemia was 
defined as a low-density lipoprotein (LDL)-cholesterol lev-
el higher than 3.5 mmol/L, or taking a lipid-lowering drug. 
Patients were classified as current smokers (smoking more 
than five cigarettes per day within the past 3 months) or 
non-smokers.

Coronary angiography

Angiographic films were reviewed visually by two in-
dependent interventional cardiologists blinded to the 
patients’ clinical information. The mean of two mea-

surements was calculated for each patient. The CAD 
severity was evaluated using 1) the number of 

stenotic coronary artery segments (36) and 2) the modi-
fied GENSINI scoring system (37).

The modified GENSINI scores were derived as described 
previously (38). Briefly, the number of lesions, their se-
verity, and their respective locations were evaluated. The 
coronary vasculature was divided into 27 segments, and 
each segment was graded from 0.5 to 5.0, reflecting the 
importance of location, ie, yielding the location score. The 
severity was scored as follows: <25% = 2; 26% to 50% = 4; 
51% to 75% = 8; 76% to 90% = 16; 91% to 99% = 32; total 
occlusion = 64. The product of the severity score and loca-
tion score constitutes the score for any given segment, and 
their sum makes up the score for a given subject.

Laboratory assays

Blood samples were collected immediately at hospital ar-
rival for ACS patients. For sCAD patients, blood was collect-
ed in the morning following hospitalization after overnight 
fasting. The average time from the onset of symptoms 
(pain) to arrival to hospital for ACS patients with ST eleva-
tion myocardial infarction was 215 minutes. For other ACS 
patients (NSTEMI and UAP) the time was longer (hours to 
days) and sometimes not easy to determine because of 
the nature of the clinical presentation (repetitive pain).

After blood sampling, laboratory measurements were im-
mediately performed and plasma samples were frozen at 
-30°C for further EL and IL-6 analysis. The routine laboratory 
measurements were performed on an automated, multi-
channel selective analyzer Modular (Roche Diagnostics, 
Mannheim, Germany). IL-6 concentrations were measured 
using a specific chemiluminescent ELISA (QuantiGlo; R&D 
Systems, Wiesbaden-Nordenstadt, Germany) and EL pro-
tein levels by Human Endothelial Lipase Assay Kit (TaKaRa, 
Takara Bio Europe S.A.S., Saint-Germain-en-Laye, France), 
according to the manufacturer’s instructions.

Statistical analysis

Normality of data distribution was assessed using Smirnov-
Kolmogorov test, and appropriate nonparametric tests 
were used. Differences in categorical values between the 
ACS and sCAD groups were analyzed using χ2 test. Differ-
ences in quantitative values between the ACS and sCAD 
were analyzed using Kruskal-Wallis test, and for individual 
group differences using Mann-Whitney U test and Bonfer-
roni correction where appropriate. Spearman’s Rho non-
parametric test was used to measure the strength of cor-
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relation between two variables. Ordinary least squares 
(OLS) regression was used to determine the predictors of 
EL plasma levels. The OLS regression model was statisti-
cally significant (P < 0.001) with 15.6% of explained EL vari-
ance (r2). P values below 0.05 were considered significant 
except for multiple comparisons where the significance 
was dependent on the number of simultaneously tested 
hypotheses. The data analysis software system IBM SPSS 
Statistics, version 21.0 (IBM, Armonk, NY, USA), was used in 
the statistical analyses.

Results

Sample size and clinical characteristics

Out of 226 ACS patients and 111 sCAD patients assessed 
for eligibility, 39 patients from each group were excluded 

due for the presence of exclusion criteria (Figure 1). The final 
study population included 187 ACS and 72 sCAD patients.

sCAD and ACS groups did not differ significantly in age, 
sex, and body mass index (BMI) (Table 1). In the ACS group 
there were significantly more smokers, whereas in the 
sCAD group there were more diabetics and patients with 
present or treated hyperlipoproteinemia (Table 1). The 
mean arterial pressure (MAP) and left ventricle (LV) EF were 
significantly lower in ACS than in sCAD group (Table 1). 
ACS and sCAD groups did not differ in the number of seg-
ments, whereas the GENSINI score was significantly higher 
in the ACS group (P < 0.001) (Table 1). The 30-day mortal-
ity rate was higher in the ACS than in the sCAD group (4.8 
vs 0%), but not significantly (P = 0.054). There were more 
men in both the ACS and sCAD group (Supplementary Ta-
ble 1). In the ACS group significantly more men than wom-

Figure 1. Flowchart of the study. Patients (Pts).

http://neuron.mefst.hr/docs/CMJ/issues/2016/57/5/trbusic_Suppl_Table_1.pdf
http://neuron.mefst.hr/docs/CMJ/issues/2016/57/5/trbusic_Suppl_Table_1.pdf
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en were smokers and significantly more women than men 
were treated with ASA (Supplementary Table 1). In the 
sCAD group MAP was significantly higher in women than 
in men (Supplementary Table 1).

Laboratory parameters

Glucose levels, total cholesterol levels, and LDL-cholesterol 
levels were significantly higher in ACS than in sCAD group 
(P < 0.001) (Table 2). HDL-cholesterol and triglyceride levels 
were similar in the sCAD and ACS patients (Table 2). There 
was no significant difference in high-sensitive C-reactive 
protein (hsCRP) levels between the ACS and sCAD pa-

tients, whereas IL-6 levels were significantly higher in ACS 
patients (Table 2).

Importantly, EL plasma levels were significantly higher in 
sCAD than in ACS patients-(Table 2). This finding, namely 
normal EL levels in ACS patients, prompted us to investi-
gate the predictors of EL levels in sCAD and ACS.

Predictors of EL plasma levels in sCAD and ACS patients

The OLS regression model, which included both ACS and 
sCAD patients, identified that belonging to the ACS group 
was a negative predictor of EL plasma levels, whereas both 

Table 1. Clinical characteristics and medications*

ACS (n = 187) sCAD (n = 72)

Age (years); median (IQR)   65.0 (55.0-76.0) 64.0 (56.0-71.0)
Sex; n (%)
men 129 (69.0) 46 (63.9)
women   58 (31.0) 26 (36.1)
Diabetes mellitus; n (%)†   27 (14.4) 22 (30.6)
Hyperlipoproteinemia; n (%)‡   50 (26.7) 33 (45.8)
Smoking cigarettes; n (%)§   68 (36.4) 16 (22.2)

MAP (mmHg); median (IQR)ǁ   90.0 (80.8-96.7) 96.7 (92.1-106.7)

BMI (kg/m2); median (IQR)   28.0 (25.1-31.0) 27.2 (25.1-30.1)
LV EF (%); median (IQR)¶   50.0 (46.5-55.0) 60.0 (54.8-60.0)
Number of segments; median (IQR)     2.0 (1.0-4.0)   2.0 (2.0-4.0)
GENSINI score; median (IQR)**   48.0 (32.0-80.0) 27.0 (10.3-39.5)
ASA before hospitalization; n (%)   40 (22.0) 48 (66.6)
Statins before hospitalization; n (%)   34 (18.7) 39 (54.1)
*IQR – interquartile range; MAP – mean arterial pressure; BMI – body mass index; LV EF – left ventricular ejection fraction; ACS – acute coronary 
syndrome; sCAD – stable coronary artery disease; ASA – acetyl salicylic acid.
†χ2, P = 0.003.
‡χ2, P = 0.003.
§χ2, P = 0.029.
IIP < 0.001 Mann-Whitney U test.
¶P < 0.001 Mann-Whitney U test.
**P < 0.001 Mann-Whitney U test.

Table 2. Laboratory results*

Group ACS (n = 187) M (IQR) sCAD (n = 72) M (IQR) P (Mann-Whitney U test)

Total cholesterol (mmol/L)     5.3 (4.4-6.2)     4.8 (3.7-5.5) <0.001
LDL-cholesterol (mmol/L)     3.5 (2.8-4.2)     2.8 (2.0-3.8) <0.001
HDL-cholesterol (mmol/L)     1.1 (0.9-1.3)     1.1 (0.9-1.2) 0.909
Glucose (mmol/L)     7.8 (6.5-10.2)     5.9 (5.1-7.7) <0.001
Triglycerides (mmol/L)     1.4 (1.0-2.1)     1.5 (1.1-2.2) 0.233
hsCRP (μg/mL)     3.7 (1.6-7.1)     2.3 (1.4-5.1) 0.057
IL-6 (pg/mL)     6.3 (4.3-14.2)     3.0 (2.0-5.6) 0.001
EL (pg/mL) 258.7 (162.1-356.0) 311.3 (250.4-422.6) <0.001
*ACS – acute coronary syndrome; sCAD – stable coronary artery disease; M – median; IQR – interquartile range; hsCRP – high sensitivity C-reactive 
protein; IL-6 – interleukin-6; LDL – low-density lipoprotein; HDL – high-density lipoprotein; EL – endothelial lipase.

http://neuron.mefst.hr/docs/CMJ/issues/2016/57/5/trbusic_Suppl_Table_1.pdf
http://neuron.mefst.hr/docs/CMJ/issues/2016/57/5/trbusic_Suppl_Table_1.pdf
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hsCRP and female sex were positive predictors of EL plas-
ma levels (Table 3).

Sex markedly impacts the EL and hsCRP plasma levels 
in ACS patients, but not in sCAD patients

To examine how sex impacts EL plasma levels, we com-
pared EL levels in female and male sCAD and ACS patients. 
We found a evident sex difference in the ACS group, name-
ly, significantly higher EL levels in female ACS patients than 
in male ACS patients (P < 0.001) (Figure 2A). In sCAD pa-
tients EL levels were not significantly different between 

women and men (Figure 2A). EL levels in female ACS pa-
tients were similar to the levels in female sCAD patients, 
whereas the levels in male ACS patients were significantly 
lower than in male sCAD patients (Figure 2A). Similarly as 
for EL, hsCRP plasma levels were also significantly higher 
in female than in male ACS patients (P < 0.001), with no 
sex differences in sCAD patients (P = 0.841) (Figure 2B). IL-6 
plasma levels were higher in female ACS patients than in 
male ACS patients, however, without reaching statistical 
significance (Figure 2C). Glucose plasma levels and plasma 
lipids except HDL-cholesterol, which was significantly high-
er in ACS women than in men (men: median 1.1 mmol/L, 

Table 3. Predictors of endothelial lipase plasma levels*

Unstandardized coefficients Standardized coefficients 95% confidence Interval for B

B standard error beta t lower bound upper bound P

(Constant) 295.08 113.20 2.61 72.02 518.14 0.010
ACS group -104.23 29.49 -0.25 -3.53 -162.32 -46.14 <0.001
Age (years) 1.71 1.07 0.10 1.59 -0.40 3.82 0.112
Female sex 63.58 27.02 0.16 2.35 10.36 116.81 0.019
hsCRP (mg/L) 1.16 0.40 0.18 2.92 0.38 1.93 0.004
Total cholesterol (mmol/L) -15.40 22.58 -0.11 -0.68 -59.87 29.07 0.496
HDL-cholesterol (mmol/L) -33.59 34.40 -0.07 -0.98 -101.35 34.16 0.330
LDL-cholesterol (mmol/L) 7.78 22.04 0.05 0.35 -35.64 51.21 0.724
Triglycerides (mmol/L) 7.19 13.27 0.04 0.54 -18.96 33.33 0.589
Glucose (mmol/L) 4.96 2.95 0.11 1.68 -0.86 10.78 0.094
MAP (mmHg) -0.78 0.87 -0.06 -0.90 -2.50 0.93 0.370
*ACS – acute coronary syndrome; sCAD – stable coronary artery disease; hsCRP – high sensitive C-reactive protein; HDL – high density lipoprotein; 
LDL – low density lipoprotein; MAP – mean arterial pressure

Figure 2. Endothelial lipase (EL), high sensitivity C-reactive protein (hsCRP), and interleukin-6 (IL-6) levels in the study groups: (A) 
EL and (B) hsCRP protein levels were measured in the serum of 46 stable coronary artery disease (sCAD) men, 26 sCAD women, 129 
ACS men, 58 acute coronary syndrome (ACS) women, by ELISA. P ≤ 0.0083 was considered statistically significant. (C) IL-6 protein 
levels were measured in the serum of 46 sCAD men, 26 sCAD women, 129 ACS men, and 58 ACS women by ELISA. P ≤ 0.0125 was 
considered statistically significant. The boundaries of the box indicate the lower and upper quartiles, the horizontal line the median 
and the error bars the 95% confidence interval.
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IQR 0.9-1.3 mmol/L; women: median: 1.2 mmol/L, IQR 1.0-
1.4 mmol/L, P = 0.007), were similar in men and women in 
both groups (not shown).

Relationship between EL levels and inflammatory 
markers

We found no correlation between EL levels and hsCRP in 
either sCAD or ACS patients. However, when the corre-
lations were examined in women and men separately, a 
strong significant correlation between EL and hsCRP lev-
els was observed only in female ACS patients (rho = 0.361, 
P = 0.005). There was no correlation between EL and IL-6 
plasma levels (not shown).

Relationship between EL levels and CAD severity

We found no correlation between EL plasma levels and the 
GENSINI score, and no correlation between EL plasma lev-
els and the number of atherosclerotic coronary artery seg-
ments in either the ACS (rho = -0.09, P = 0.247; rho = 0.12, 
P = 0.106, respectively) or sCAD group (rho = 0.04, P = 0.771; 
rho = 0.06, P = 0.643, respectively).

Discussion

The main finding of this study is that EL plasma levels were 
increased in both sexes in sCAD and were not correlat-
ed with CAD severity evaluated by the modified GENSINI 
scoring system and the number of stenotic coronary artery 
segments. However, EL plasma levels were increased only 
in women with ACS.

Given the role of HDL in the pathogenesis of atheroscle-
rosis (39-41), together with the established impact of EL 
on HDL metabolism (7,8) and the positive relationship be-
tween EL and inflammation (18), EL is considered to be a 
proatherogenic molecule. In our previous work we dem-
onstrated a higher EL protein expression in symptomatic 
and unstable carotid plaques, compared with the plaques 
found in patients without neurological symptoms and 
with a stable plaque phenotype (22). Furthermore, in pa-
tients with significant carotid artery stenosis, EL plasma 
levels were higher in the symptomatic than in the asymp-
tomatic group (42).

Considering the positive relationship between EL plas-
ma levels and the extent of inflammatory state (18,19), 

as well as coronary (27) and carotid atherosclerosis (22), 
we hypothesized that EL plasma levels were different 

in different clinical presentations of CAD and were related 
to CAD severity. We hypothesized that EL plasma levels 
would be increased in sCAD due to persisting low-grade 
inflammatory state. Although the relative contribution of 
coronary compared to systemic endothelium in terms of 
EL production is rather small, it is possible that compro-
mised endothelial function in acute compared to chronic 
forms of CAD was at least in part responsible for decreased 
EL levels in ACS. The initial data analyses revealed signifi-
cantly higher EL levels in the sCAD group, which also had 
significantly lower IL-6 levels compared to the ACS group. 
This was contradictory to previous studies showing the 
positive relationship between EL and acute inflammatory 
markers, such as IL-6 and hs-CRP (18,19).

The most striking and interesting finding of the present 
study emerged upon addressing the role of sex in the 
determination of EL levels in sCAD and ACS patients. We 
found increased EL levels in female ACS patients, similar 
to the levels in sCAD patients, but markedly lower EL lev-
els in male ACS patients. This observation, together with 
the higher prevalence of men (69%) having low EL levels in 
the ACS group. explains the low EL levels in that group. To 
our knowledge this is the first report on a sex-related differ-
ence in EL plasma levels in ACS patients. Besides EL, hsCRP 
plasma levels were also higher in female ACS patients than 
in male ACS patients. Although hormone replacement 
therapy might at least in part explain the increased hsCRP 
levels (43) in women with ACS, the responsible underly-
ing mechanism remained unexplained (44,45). Our results 
add a new piece of evidence to the long list of sex differ-
ences in CAD patients (44,46). It remains to be determined 
whether EL plasma concentration might be a useful bio-
marker for risk stratification and/or choice of therapeutic 
approaches for patients with ACS. We speculate this might 
be due to prolonged endothelial damage of small coro-
nary vessels in women.

Interestingly, although EL plasma levels correlated with 
hsCRP levels in previous studies (19,47), we found a signifi-
cant correlation only in the female ACS patients with in-
creased both EL and hsCRP. It is not clear why correlations 
were not found in other groups. One can speculate that 
the simultaneous response of both EL and hsCRP to acute 
inflammatory stimuli, as in female ACS patients, is required 
to observe a relationship. Furthermore, the lack of associa-
tion between EL and inflammatory markers in the present 
study may be due to the disruption of the association by 
medication (48). In contrast to previous studies where EL 
levels and inflammatory markers were determined in the 
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plasma (19,47), we measured them in the serum. In light of 
previous findings showing different hsCRP levels in plasma 
and serum prepared from the same blood (49), it remains 
to be established whether the experimental procedure 
disrupts the association between EL and inflammatory 
marker levels.

In the present study EL levels did not correlate significantly 
with HDL-C levels either in sCAD or ACS patients. The lack of 
association between EL and HDL-C levels might be partially 
explained by the fact that high levels of EL mass, as mea-
sured by ELISA, do not necessarily have to be accompanied 
by increased plasma EL activity, considering the reduced 
phospholipase activity of various genetic variants (7,10).

More importantly, the mass of cholesterol that is carried by 
the HDL particles, ie, HDL-cholesterol, is not a sensitive pa-
rameter of the atheroprotective properties of HDL. Rather, 
the direct measurement of HDL function (50) or the assess-
ment of HDL particle concentrations is a much better esti-
mation of the cardioprotective properties of HDL. Indeed, 
HDL functionality, but not HDL-cholesterol levels, has been 
demonstrated to predict long-term mortality (51). Of note, 
EL was found to reduce the functionality of HDL (7). There-
fore, the lack of association between EL and HDL-choles-
terol levels has no significance, because the important pa-
rameter is the EL-induced alteration of HDL functionality.

In the present study we found no significant correlation 
between EL plasma levels and CAD severity, evaluated by 
the GENSINI score and by quantifying the number of dis-
eased segments of the coronary artery. In patients with 
significant carotid stenosis, we previously found that the 
intensity of the plaque EL immunostaining was related to 
plaque vulnerability but not associated with EL plasma lev-
els (22,42). Accordingly, it is likely that in coronary artery 
plaques of sCAD and ACS patients, like in carotid plaques, 
EL expression levels in coronary atherosclerotic lesions are 
related to CAD severity, but that the augmented local EL 
expression does not contribute significantly to the overall 
EL abundance in plasma. Therefore, in the present study the 
dissociation between local and systemic EL levels might be 
responsible for the lack of association between EL levels 
and CAD severity. Considering the association of EL plasma 
levels with atherogenic lipid profile (27), together with im-
proved functionality of HDL in individuals with genetically 
decreased EL plasma levels (52,53), EL should be consid-
ered a potential therapeutic target in dyslipidemia. How-
ever, in this study HDL-C and triglycerides levels did not 
differ between sCAD and ACS patients.

Both diabetes mellitus type 2 and hyperlipoproteinemia, 
which had higher prevalence in the sCAD patients, might 
have contributed to higher EL levels in this group due to 
their association with low-grade chronic inflammation. 
Furthermore, both ASA and statins, more frequently used 
before hospitalization in sCAD patients, might have addi-
tionally impacted EL levels (54).

The main study strength is its comprehensive design as a 
single-center observational and non-interventional study, 
with a highly structured protocol and predefined statisti-
cal analyses. However, the main limitation of this study was 
the sample size of the sCAD group which was modest and 
therefore our ability to definitely evaluate the association 
between EL plasma levels and CAD severity in the sCAD 
group was limited.

Based on our results we conclude that EL plasma levels 
discriminate male patients with different clinical presenta-
tions of CAD, ie, sCAD and ACS, as well as female and male 
ACS patients. EL plasma levels are not related to CAD sever-
ity. It remains to be determined whether EL might provide 
prognostic information on the development of cardiovas-
cular events or predict the outcome in patients with ACS, 
particularly in women, in whom the diagnosis and risk as-
sessment of CAD is reportedly more difficult than in men.

Acknowledgments We thank Margarete Lechleitner for her expert techni-
cal assistance and Aleksandra Žmegač Horvat, University of Zagreb School 
of Medicine, for language editing the text.

Funding This work was supported by the Austrian Science Foundation 
[P27166-B23 to S.F., P22976-B18 to G.M.] and the Jubilee Foundation of the 
Austrian National Bank [15858 to S.F.], which played no role in the study 
design, collection, analysis, and interpretation of data, writing the report, or 
submission of the article.

Ethical approval received from the Sisters of Charity University Hospital 
Centre Ethics Committee and Ethics Committee of the Medical University 
of Graz, in accordance with the institutional guidelines.

Declaration of authorship All authors have substantially contributed to the 
conception and design of the work, the acquisition, analysis and interpre-
tation of data for the article. All authors contributed to the drafting of the 
work or revising it critically for important intellectual content and final ap-
proval of the version.

Competing interests All authors have completed the Unified Competing 
Interest form at www.icmje.org/coi_disclosure.pdf (available on request 
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous 3 
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

References
1	A msterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats TG, 

Holmes DR Jr, et al. 2014 AHA/ACC Guideline for the Management 

of Patients with Non-ST-Elevation Acute Coronary Syndromes: 

a report of the American College of Cardiology/American Heart 

www.icmje.org/coi_disclosure.pdf


CLINICAL SCIENCE490 Croat Med J. 2016;57:482-92

www.cmj.hr

Association Task Force on Practice Guidelines. J Am Coll Cardiol. 

2014;64:e139. Medline:25260718 doi:10.1016/j.jacc.2014.09.017

2	N aghavi M, Libby P, Falk E, Casscells SW, Litovsky S, Rumberger 

J, et al. From vulnerable plaque to vulnerable patient: a call 

for new definitions and risk assessment strategies: Part I. 

Circulation. 2003;108:1664-72. Medline:14530185 doi:10.1161/01.

CIR.0000087480.94275.97

3	 Santos-Gallego CG, Picatoste B, Badimon JJ. Pathophysiology of 

acute coronary syndrome. Curr Atheroscler Rep. 2014;16:401. 

Medline:24504549 doi:10.1007/s11883-014-0401-9

4	H irata K, Dichek HL, Cioffi JA, Choi SY, Leeper NJ, Quintana L, et al. 

Cloning of a unique lipase from endothelial cells extends the lipase 

gene family. J Biol Chem. 1999;274:14170-5. Medline:10318835 

doi:10.1074/jbc.274.20.14170

5	 Jaye M, Lynch KJ, Krawiec J, Marchadier D, Maugeais C, Doan 

K, et al. A novel endothelial-derived lipase that modulates HDL 

metabolism. Nat Genet. 1999;21:424-8. Medline:10192396 

doi:10.1038/7766

6	G auster M, Oskolkova OV, Innerlohinger J, Glatter O, Knipping 

G, Frank S. Endothelial lipase-modified high-density lipoprotein 

exhibits diminished ability to mediate SR-BI (scavenger receptor B 

type I)-dependent free-cholesterol efflux. Biochem J. 2004;382:75-

82. Medline:15080796 doi:10.1042/BJ20031882

7	 Singaraja RR, Sivapalaratnam S, Hovingh K, Dube MP, Castro-

Perez J, Collins HL, et al. The impact of partial and complete 

loss-of-function mutations in endothelial lipase on highdensity 

lipoprotein levels and functionality in humans. Circ Cardiovasc 

Genet. 2013;6:54-62. Medline:23243195 doi:10.1161/

CIRCGENETICS.111.962613

8	 Ishida T, Choi S, Kundu RK, Hirata K, Rubin EM, Cooper AD, et al. 

Endothelial lipase is a major determinant of HDL level. J Clin Invest. 

2003;111:347-55. Medline:12569160 doi:10.1172/JCI16306

9	 Zhang J, Yu Y, Nakamura K, Koike T, Waqar AB, Zhang X, et 

al. Endothelial lipase mediates HDL levels in normal and 

hyperlipidemic rabbits. J Atheroscler Thromb. 2012;19:213-26. 

Medline:22240910 doi:10.5551/jat.11148

10	E dmondson AC, Brown RJ, Kathiresan S, Cupples LA, Demissie S, 

Manning AK, et al. Loss-of-function variants in endothelial lipase 

are a cause of elevated HDL cholesterol in humans. J Clin Invest. 

2009;119:1042-50. Medline:19287092

11	 auster M, Rechberger G, Sovic A, Horl G, Steyrer E, Sattler W, et 

al. Endothelial lipase releases saturated and unsaturated fatty 

acids of high density lipoprotein phosphatidylcholine. J Lipid Res. 

2005;46:1517-25. Medline:15834125 doi:10.1194/jlr.M500054-

JLR200

12	 Qiu G, Ho AC, Yu W, Hill JS. Suppression of endothelial 

or lipoprotein lipase in THP1 macrophages attenuates 

proinflammatory cytokine secretion. J Lipid Res. 2007;48:385-94. 

Medline:17093291 doi:10.1194/jlr.M600304-JLR200

13	R iederer M, Lechleitner M, Hrzenjak A, Koefeler H, Desoye G, 

Heinemann A, et al. Endothelial lipase (EL) and EL-generated 

lysophosphatidylcholines promote IL-8 expression in endothelial 

cells. Atherosclerosis. 2011;214:338-44. Medline:21130993 

doi:10.1016/j.atherosclerosis.2010.11.007

14	 Jin W, Sun GS, Marchadier D, Octtaviani E, Glick JM, Rader DJ. 

Endothelial cells secrete triglyceride lipase and phospholipase 

activities in response to cytokines as a result of endothelial lipase. 

Circ Res. 2003;92:644-50. Medline:12609972 doi:10.1161/01.

RES.0000064502.47539.6D

15	H irata K, Ishida T, Matsushita H, Tsao PS, Quertermous T. Regulated 

expression of endothelial cell-derived lipase. Biochem Biophys 

Res Commun. 2000;272:90-3. Medline:10872808 doi:10.1006/

bbrc.2000.2747

16	 Shimokawa Y, Hirata K, Ishida T, Kojima Y, Inoue N, Quertermous 

T, et al. Increased expression of endothelial lipase in rat models of 

hypertension. Cardiovasc Res. 2005;66:594-600. Medline:15914124 

doi:10.1016/j.cardiores.2005.01.013

17	 Yasuda T, Hirata K, Ishida T, Kojima Y, Tanaka H, Okada T, et al. 

Endothelial lipase is increased by inflammation and promotes LDL 

uptake in macrophages. J Atheroscler Thromb. 2007;14:192-201. 

Medline:17726294 doi:10.5551/jat.E502

18	 Paradis ME, Badellino KO, Rader DJ, Deshaies Y, Couture P, Archer 

WR, et al. Endothelial lipase is associated with inflammation 

in humans. J Lipid Res. 2006;47:2808-13. Medline:16980590 

doi:10.1194/jlr.P600002-JLR200

19	 Badellino KO, Wolfe ML, Reilly MP, Rader DJ. Endothelial 

lipase is increased in vivo by inflammation in humans. 

Circulation. 2008;117:678-85. Medline:18212282 doi:10.1161/

CIRCULATIONAHA.107.707349

20	A zumi H, Hirata K, Ishida T, Kojima Y, Rikitake Y, Takeuchi S, et al. 

Immunohistochemical localization of endothelial cell-derived 

lipase in atherosclerotic human coronary arteries. Cardiovasc 

Res. 2003;58:647-54. Medline:12798438 doi:10.1016/S0008-

6363(03)00287-6

21	 Bartels ED, Nielsen JE, Lindegaard ML, Hulten LM, Schroeder 

TV, Nielsen LB. Endothelial lipase is highly expressed in 

macrophages in advanced human atherosclerotic lesions. 

Atherosclerosis. 2007;195:e42-9. Medline:17570372 doi:10.1016/j.

atherosclerosis.2007.05.002

22	 Trbusic M, Riederer M, Vucic M, Lovricevic I, Kruslin B, Gauster M, 

et al. Increased expression of endothelial lipase in symptomatic 

and unstable carotid plaques. J Neurol. 2012;259:448-56. 

Medline:21842303 doi:10.1007/s00415-011-6198-3

23	 Sun L, Ishida T, Okada T, Yasuda T, Hara T, Toh R, et al. Expression 

of endothelial lipase correlates with the size of neointima in a 

murine model of vascular remodeling. J Atheroscler Thromb. 

2012;19:1110-27. Medline:22972429 doi:10.5551/jat.13110

24	 Kojma Y, Hirata K, Ishida T, Shimokawa Y, Inoue N, Kawashima 

S, et al. Endothelial lipase modulates monocyte adhesion to 

the vessel wall. A potential role in inflammation. J Biol Chem. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25260718&dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2014.09.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14530185&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.0000087480.94275.97
http://dx.doi.org/10.1161/01.CIR.0000087480.94275.97
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24504549&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24504549&dopt=Abstract
http://dx.doi.org/10.1007/s11883-014-0401-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10318835&dopt=Abstract
http://dx.doi.org/10.1074/jbc.274.20.14170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10192396&dopt=Abstract
http://dx.doi.org/10.1038/7766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15080796&dopt=Abstract
http://dx.doi.org/10.1042/BJ20031882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23243195&dopt=Abstract
http://dx.doi.org/10.1161/CIRCGENETICS.111.962613
http://dx.doi.org/10.1161/CIRCGENETICS.111.962613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12569160&dopt=Abstract
http://dx.doi.org/10.1172/JCI16306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22240910&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22240910&dopt=Abstract
http://dx.doi.org/10.5551/jat.11148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19287092&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15834125&dopt=Abstract
http://dx.doi.org/10.1194/jlr.M500054-JLR200
http://dx.doi.org/10.1194/jlr.M500054-JLR200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17093291&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17093291&dopt=Abstract
http://dx.doi.org/10.1194/jlr.M600304-JLR200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21130993&dopt=Abstract
http://dx.doi.org/10.1016/j.atherosclerosis.2010.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12609972&dopt=Abstract
http://dx.doi.org/10.1161/01.RES.0000064502.47539.6D
http://dx.doi.org/10.1161/01.RES.0000064502.47539.6D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10872808&dopt=Abstract
http://dx.doi.org/10.1006/bbrc.2000.2747
http://dx.doi.org/10.1006/bbrc.2000.2747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15914124&dopt=Abstract
http://dx.doi.org/10.1016/j.cardiores.2005.01.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17726294&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17726294&dopt=Abstract
http://dx.doi.org/10.5551/jat.E502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16980590&dopt=Abstract
http://dx.doi.org/10.1194/jlr.P600002-JLR200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18212282&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.707349
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.707349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12798438&dopt=Abstract
http://dx.doi.org/10.1016/S0008-6363(03)00287-6
http://dx.doi.org/10.1016/S0008-6363(03)00287-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17570372&dopt=Abstract
http://dx.doi.org/10.1016/j.atherosclerosis.2007.05.002
http://dx.doi.org/10.1016/j.atherosclerosis.2007.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21842303&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21842303&dopt=Abstract
http://dx.doi.org/10.1007/s00415-011-6198-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22972429&dopt=Abstract
http://dx.doi.org/10.5551/jat.13110


491Trbušić et al: EL plasma levels in CAD patients

www.cmj.hr

2004;279:54032-8. Medline:15485805 doi:10.1074/jbc.M411112200

25	 Ishida T, Choi SY, Kundu RK, Spin J, Yamashita T, Hirata K, et al. 

Endothelial lipase modulates susceptibility to atherosclerosis in 

apolipoprotein-E-deficient mice. J Biol Chem. 2004;279:45085-92. 

Medline:15304490 doi:10.1074/jbc.M406360200

26	 Ko KW, Paul A, Ma K, Li L, Chan L. Endothelial lipase modulates HDL 

but has no effect on atherosclerosis development in apoE−/− and 

LDLR−/− mice. J Lipid Res. 2005;46:2586-94. Medline:16199802 

doi:10.1194/jlr.M500366-JLR200

27	 Badellino KO, Wolfe ML, Reilly MP, Rader DJ. Endothelial lipase 

concentrations are increased in metabolic syndrome and 

associated with coronary atherosclerosis. PLoS Med. 2006;3:e22. 

Medline:16354105 doi:10.1371/journal.pmed.0030022

28	 Cai G, He G, Qi C. The association between endothelial lipase 

-384A/C gene polymorphism and acute coronary syndrome 

in a Chinese population. Mol Biol Rep. 2012;39:9879. 

Medline:22723003 doi:10.1007/s11033-012-1854-y

29	 World Medical Association. World Medical Association Declaration 

of Helsinki: ethical principles for medical research involving human 

subjects. JAMA. 2013;310:2191-4. Medline:24141714 doi:10.1001/

jama.2013.281053

30	 Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White 

HD, et al. Third universal definition of myocardial infarction. 

Eur Heart J. 2012;33:2551-67. Medline:22922414 doi:10.1093/

eurheartj/ehs184

31	 Steg PG, James SK, Atar D, Badano LP, Blomstrom-Lundqvist C, 

et al. ESC Guidelines for the management of acute myocardial 

infarction in patients presenting with ST-segment elevation. Eur 

Heart J. 2012 Oct;33(20):2569-619. Medline:22922416 

32	H amm CW, Bassand JP, Agewall S, Bax J, Boersma E, Bueno H, et al. 

ESC Guidelines for the management of acute coronary syndromes 

in patients presenting without persistent ST-segment elevation: 

The Task Force for the management of acute coronary syndromes 

(ACS) in patients presenting without persistent ST-segment 

elevation of the European Society of Cardiology (ESC). Eur Heart 

J. 2011;32:2999-3054. Medline:21873419 doi:10.1093/eurheartj/

ehr236

33	 Wijns W, Kolh P, Danchin N, Di Mario C, Falk V, Folliguet T, et 

al. Guidelines on myocardial revascularization. Eur Heart J. 

2010;31:2501-55. Medline:20802248 doi:10.1093/eurheartj/ehq277

34	 Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, 

Germano G, et al. 2007 Guidelines for the Management of 

Arterial Hypertension: The Task Force for the Management of 

Arterial Hypertension of the European Society of Hypertension 

(ESH) and of the European Society of Cardiology (ESC). J 

Hypertens. 2007;25:1105-87. Medline:17563527 doi:10.1097/

HJH.0b013e3281fc975a

35	A merican Diabetes Association. Diagnosis and classification 

of diabetes mellitus. Diabetes Care. 2011;(Suppl 1):S62-9. 

Medline:21193628

36	A usten WG, Edwards JE, Frye RL, Gensini GG, Gott VL, Griffith LS, 

et al. A reporting system on patients evaluated for coronary artery 

disease. Report of the Ad Hoc Committee for Grading of Coronary 

Artery Disease, Council on Cardiovascular Surgery, American Heart 

Association. Circulation. 1975;51(4 Suppl):5-40. Medline:1116248 

doi:10.1161/01.CIR.51.4.5

37	G ensini GG. A more meaningful scoring system for determining 

the severity of coronary heart disease. Am J Cardiol. 1983;51:606. 

Medline:6823874 doi:10.1016/S0002-9149(83)80105-2

38	 Montorsi P, Ravagnani PM, Galli S, Rotatori F, Veglia F, Briganti 

A, et al. Association between erectile dysfunction and coronary 

artery disease. Role of coronary clinical presentation and extent 

of coronary vessels involvement: the COBRA trial. Eur Heart J. 

2006;27:2632-9. Medline:16854949 doi:10.1093/eurheartj/ehl142

39	 Zhang B, Menzin J, Friedman M, Korn JR, Burge RT. Predicted 

coronary risk for adults with coronary heart disease and low 

HDL-C: an analysis from the US National Health and Nutrition 

Examination Survey. Curr Med Res Opin. 2008;24:2711-7. 

Medline:18701005 doi:10.1185/03007990802363198

40	 Badimon JJ, Santos-Gallego CG, Badimon L. Importance of HDL 

cholesterol in atherothrombosis: how did we get here? Where 

are we going? [in Spanish]. Rev Esp Cardiol. 2010;(Suppl 2):20-35. 

Medline:20540898

41	 Santos-Gallego CG, Badimon JJ, Rosenson RS. Beginning to 

understand high-density lipoproteins. Endocrinol Metab Clin 

North Am. 2014;43:913-47. Medline:25432389 doi:10.1016/j.

ecl.2014.08.001

42	R iederer M, Trbusic M, Degoricija V, Frank S. Endothelial lipase 

plasma levels are increased in patients with significant carotid 

artery stenosis and history of neurological impairment. J Clin Med 

Res. 2012;4:49-51. Medline:22383927

43	R idker PM, Hennekens CH, Rifai N, Buring JE, Manson JE. Hormone 

replacement therapy and increased plasma concentration of 

C-reactive protein. Circulation. 1999;100:713-6. Medline:10449692 

doi:10.1161/01.CIR.100.7.713

44	E lsaesser A, Hamm CW. Acute coronary syndrome: the risk of 

being female. Circulation. 2004;109:565-7. Medline:14769676 

doi:10.1161/01.CIR.0000116022.77781.26

45	 Wiviott SD, Cannon CP, Morrow DA, Murphy SA, Gibson CM, 

McCabe CH, et al. Differential expression of cardiac biomarkers 

by gender in patients with unstable angina/nonST-elevation 

myocardial infarction: a TACTICS-TIMI 18 (Treat angina with 

aggrastat and determine cost of therapy with an invasive or 

conservative strategy-thrombolysis in myocardial infarction 

18) substudy. Circulation. 2004;109:580-6. Medline:14769678 

doi:10.1161/01.CIR.0000109491.66226.26

46	 Mathur P, Ostadal B, Romeo F, Mehta JL. Gender-related differences 

in atherosclerosis. Cardiovasc Drugs Ther. 2015;29:319-27. 

Medline:26006701 doi:10.1007/s10557-015-6596-3

47	 Paradis ME, Badellino KO, Rader DJ, Tchernof A, Richard C, Luu-The 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15485805&dopt=Abstract
http://dx.doi.org/10.1074/jbc.M411112200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15304490&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15304490&dopt=Abstract
http://dx.doi.org/10.1074/jbc.M406360200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16199802&dopt=Abstract
http://dx.doi.org/10.1194/jlr.M500366-JLR200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16354105&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16354105&dopt=Abstract
http://dx.doi.org/10.1371/journal.pmed.0030022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22723003&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22723003&dopt=Abstract
http://dx.doi.org/10.1007/s11033-012-1854-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24141714&dopt=Abstract
http://dx.doi.org/10.1001/jama.2013.281053
http://dx.doi.org/10.1001/jama.2013.281053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22922414&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehs184
http://dx.doi.org/10.1093/eurheartj/ehs184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22922416&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21873419&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehr236
http://dx.doi.org/10.1093/eurheartj/ehr236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20802248&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehq277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17563527&dopt=Abstract
http://dx.doi.org/10.1097/HJH.0b013e3281fc975a
http://dx.doi.org/10.1097/HJH.0b013e3281fc975a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21193628&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21193628&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1116248&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.51.4.5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6823874&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6823874&dopt=Abstract
http://dx.doi.org/10.1016/S0002-9149(83)80105-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16854949&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehl142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18701005&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18701005&dopt=Abstract
http://dx.doi.org/10.1185/03007990802363198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20540898&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20540898&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25432389&dopt=Abstract
http://dx.doi.org/10.1016/j.ecl.2014.08.001
http://dx.doi.org/10.1016/j.ecl.2014.08.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22383927&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10449692&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.100.7.713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14769676&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.0000116022.77781.26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14769678&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.0000109491.66226.26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26006701&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26006701&dopt=Abstract
http://dx.doi.org/10.1007/s10557-015-6596-3


CLINICAL SCIENCE492 Croat Med J. 2016;57:482-92

www.cmj.hr

V, et al. Visceral adiposity and endothelial lipase. J Clin Endocrinol 

Metab. 2006;91:3538-43. Medline:16772345 doi:10.1210/jc.2006-

0766 

48	R idker PM, Rifai N, Pfeffer MA, Sacks F, Braunwald E. Long-term 

effects of pravastatin on plasma concentration of C-reactive 

protein. The Cholesterol and Recurrent Events (CARE) Investigators. 

Circulation. 1999;100:230-5. Medline:10411845 doi:10.1161/01.

CIR.100.3.230

49	N ordin G, Samuelsson I, Andersson B, Borjeson J. C-reactive 

protein: the difference between quantitation is serum and EDTA 

plasma. Scand J Clin Lab Invest. 1996;56:123-7. Medline:8743104 

doi:10.3109/00365519609088598

50	 Santos-Gallego CG, Giannarelli C, Badimon JJ. Experimental 

models for the investigation of high-density lipoprotein-

mediated cholesterol efflux. Curr Atheroscler Rep. 2011;13:266-76. 

Medline:21484293 doi:10.1007/s11883-011-0177-0

51	 Santos-Gallego CG. HDL: Quality or quantity? Atherosclerosis. 

2015;243:121-3. Medline:26378719 doi:10.1016/j.

atherosclerosis.2015.08.027

52	E dmondson AC, Brown RJ, Kathiresan S, Cupples LA, Demissie S, 

Manning AK, et al. Loss-of-function variants in endothelial lipase 

are a cause of elevated HDL cholesterol in humans. J Clin Invest. 

2009;119:1042-50. Medline:19287092

53	 Singaraja RR, Sivapalaratnam S, Hovingh K, Dube MP, Castro-

Perez J, Collins HL, et al. The impact of partial and complete 

loss-of-function mutations in endothelial lipase on high-

density lipoprotein levels and functionality in humans. Circ 

Cardiovasc Genet. 2013;6:54-62. Medline:23243195 doi:10.1161/

CIRCGENETICS.111.962613

54	 Tada H, Kobayashi J, Kawashiri MA, Miyashita K, Nohara A, Inazu 

A, et al. Changes in lipoprotein lipase and endothelial lipase 

mass in familial hypercholesterolemia during three-drug lipid-

lowering combination therapy. Lipids Health Dis. 2016;15:66. 

Medline:27039080 doi:10.1186/s12944-016-0238-z

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16772345&dopt=Abstract
http://dx.doi.org/10.1210/jc.2006-0766
http://dx.doi.org/10.1210/jc.2006-0766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10411845&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.100.3.230
http://dx.doi.org/10.1161/01.CIR.100.3.230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8743104&dopt=Abstract
http://dx.doi.org/10.3109/00365519609088598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21484293&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21484293&dopt=Abstract
http://dx.doi.org/10.1007/s11883-011-0177-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26378719&dopt=Abstract
http://dx.doi.org/10.1016/j.atherosclerosis.2015.08.027
http://dx.doi.org/10.1016/j.atherosclerosis.2015.08.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19287092&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23243195&dopt=Abstract
http://dx.doi.org/10.1161/CIRCGENETICS.111.962613
http://dx.doi.org/10.1161/CIRCGENETICS.111.962613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27039080&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27039080&dopt=Abstract
http://dx.doi.org/10.1186/s12944-016-0238-z

