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Abstract

Background: Chronic hepatitis C virus (HCV) infection has been linked to cardiovascular disease (CVD). However,
CVD risk prediction in chronic HCV-infected patients is problematic as the prevalence of different cardiac biomarkers in
these patients is currently unknown. Serum lipids, which are routinely used in traditional CVD risk scores, may
underestimate CVD risk in these patients, while non-hepatically produced biomarkers, including lipoprotein-associated
phospholipase A2 (Lp-PLA2), may better reflect CVD risk. In this study, we aimed to evaluate the effect of sustained
virologic response (SVR) on CVD risk, predicted by Lp-PLA2 mass in comparison with serum lipid levels.

Results: Ninety chronic HCV-infected patients were enrolled in this study. Serum Lp-PLA2 mass was measured before
and after HCV treatment via direct-acting antivirals and compared with the changes in serum lipids and Framingham
risk score (FRS). The Lp-PLA2 level was categorized into high (>235 ng/ml) or low predicted CVD risk (≤235 ng/ml).
Mean Lp-PLA2 mass significantly decreased from 322.37 ± 79.15 ng/ml to 263.79 ± 51.804 ng/ml with SVR, and the
number of high-risk patients significantly dropped from 82.22 to 60% after treatment. Total cholesterol, low-density
lipoprotein, and high-density lipoprotein levels were low/optimal at baseline (170 ± 40.34 mg/dl, 71.98 ± 24.12 mg/dl,
and 48.43 ± 6.79 mg/dl) and significantly increased with SVR (195.66 ± 55.68 mg/dl, 103.24 ± 46.57 mg/dl, and 53.91 ±
8.67 mg/dl). According to FRS, only 30% of patients were moderate/high risk at baseline and insignificantly declined to
28.89% post-treatment.

Conclusion: Lp-PLA2 may be a better predictor of CVD risk in chronic HCV-infected patients. Furthermore, SVR may
reduce hepatic inflammation and consequently CVD risk.
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Background
Hepatitis C virus (HCV) is one of the leading causes of
liver cell failure and hepatocellular carcinoma (HCC).
The pathological sequelae of HCV infection are not re-
stricted to the liver but prevail in extra-hepatic tissues
and organs, causing numerous HCV-associated co-

morbidities that significantly increase morbidity and
mortality, diminishing health-related quality of life [1].
HCV infection provokes fatty liver infiltration, insulin
resistance (IR), type 2 diabetes mellitus (DM), and ath-
erosclerosis [2], which are known complications of the
metabolic syndrome, despite a paradoxically “protective”
serum lipid profile characterized by optimal or low low-
density lipoprotein (LDL) and total cholesterol levels [3].
The virus exerts these metabolic changes through its
ability to affect hepatic lipid metabolism, interfere with
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insulin signaling, and directly infect the arterial wall
causing chronic endothelial damage and systemic in-
flammation [2]. The development of DAAs has markedly
improved treatment outcomes with SVR rates that could
reach 90% or more [4]. HCV clearance has been shown
to correct metabolic derangements such as IR and the
consequences of direct infection of endothelial cells and
monocytes [5]. However, an increase in serum choles-
terol and LDL may be observed potentiating early ath-
erosclerotic lesions and necessitating lipid-lowering
therapy [6].
There are numerous biomarkers that enable risk strati-

fication and consequently decision-making regarding the
management of CVD. They can be grouped based on
disease specificity, such as biomarkers of heart failure
(brain natriuretic peptide and atrial natriuretic peptide)
and of atherosclerotic coronary disease (troponin T or I,
creatinine phosphokinase-MB), or they can be grouped
according to the pathologic process they mediate, such
as inflammation (high-sensitivity C-reactive protein
[hsCRP], interleukin 6, fibrinogen, tumor necrosis
factor-alpha), oxidative stress (isoprostanes), and meta-
bolic biomarkers (lipoprotein (a), LDL, Lp-PLA2) [7].
Lp-PLA2, also known as platelet-activating factor acetyl-

hydrolase, is mainly produced by macrophages and foam
cells within atherosclerotic plaques, particularly in sites
where leucocyte influx, cellular necrosis, and calcification
are profound [8]. It promotes the pathogenesis of athero-
sclerosis through hydrolysis of oxidized phospholipids on
modified LDL particles within the arterial intima [8].
Hence, the concentration of Lp-PLA2 and its by-product,
lysophosphatidylcholine, in the coronary circulation re-
flects atheromatous plaque formation and a high risk of
rupture [9]. Lp-PLA2 is characterized by its low biologic
variability and high specificity for vascular inflammation,
rather than systemic inflammation, and has a direct cor-
relation with plaque inflammation making it a valuable
biomarker reflecting CVD risk and a potential therapeutic
target [10]. Based on several epidemiologic studies, an Lp-
PLA2 level >235 ng/ml in healthy populations was found
to signify a high risk for CVD [11]. Our aims were to
measure serum lipid levels (hepatic CVD biomarkers) and
Lp-PLA2 concentration (non-hepatic CVD biomarker) in
chronic HCV-infected patients and explore the potential
benefit of HCV treatment on cardiovascular outcomes,
hypothesizing that SVR would be associated with a favor-
able reduction in the non-hepatic CVD biomarker and
consequently CVD risk.

Methods
This study was conducted on 90 patients with chronic
HCV infection who were eligible for antiviral treatment
with DAAs, agreeable to regular follow-up. They were
recruited from the National Committee for Control of

Viral Hepatitis (NCCVH) regional center in Ain Shams
University hospital during the period from May 2019 to
April 2020, after approval of the Ain Shams University
ethics committee was granted, and informed consents
were taken from all patients.
All participants included in this study were 30 years or

older, had no underlying CVD, had chronic HCV infec-
tion without concomitant hepatitis B virus (HBV) or hu-
man immunodeficiency virus (HIV) infection, had not
previously undergone liver transplantation, had no his-
tory of HCC, had normal serum creatinine levels, were
Child A or Child B7 according to Child-Pugh classifica-
tion, were treatment-naïve, and were defined as “easy to
treat” or “difficult to treat” (any of these criteria: total
serum bilirubin ≥ 1.2 mg/dl, serum albumin ≤ 3.5 g/dl,
INR ≥ 1.2, platelet count < 150,000/mm3) as per the
Egyptian NCCVH protocol, and accordingly adminis-
tered an appropriate, personally tailored, DAA regimen
for 3 months during the course of this study [12, 13]. All
female patients were neither pregnant nor lactating
throughout the course of this study.
For all patients, relevant history taking and clinical

examination were conducted, and the following labora-
tory tests analyzed, using commercially available kits:
alanine transaminase (ALT), aspartate transaminase
(AST), serum albumin level, serum bilirubin level, inter-
national normalized ratio (INR), serum alpha-fetoprotein
(AFP), complete blood count (CBC), quantitative HCV
RNA assay, hepatitis B surface antigen (HBsAg) and
HIV antibody, serum creatinine level and creatinine
clearance, fasting blood glucose (FBG) and hemoglobin
A1C (HbA1c), and lipid profile including LDL, HDL,
and total cholesterol. Lp-PLA2 mass was measured using
RayBio® Human Lp-PLA2 ELISA Kit. Twelve weeks after
the end of treatment, HCV RNA was assessed to deter-
mine SVR, and Lp-PLA2 mass was measured and com-
pared with serum lipids.
Furthermore, the Framingham CVD risk score (2008)

was calculated for all patients before and after treatment
and compared to the Lp-PLA2 level in terms of CVD
risk predictability. Framingham risk score is an algo-
rithm used to estimate the 10-year CVD risk of an indi-
vidual, and it comprises six coronary risk factors,
including sex, age, smoking history, systolic blood pres-
sure, total cholesterol, and HDL levels. Individuals with
low risk have 10% or less global CVD risk at 10 years,
with intermediate risk 10–20%, and with high risk 20%
or more [14].
Lastly, abdominal ultrasound and transient elastogra-

phy were done for all patients before and after treatment
to identify cirrhosis.
Lp-PLA2 mass assay was done by means of RayBio® Hu-

man Lp-PLA2 ELISA Kit, which is an in vitro enzyme-
linked immunosorbent (ELISA) assay that employs an
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antibody specific for human Lp-PLA2 coated on a 96-well
plate. Standards and samples were pipetted into the wells,
and Lp-PLA2 present in a sample was bound to the wells
by the immobilized antibody. The wells were washed, and
biotinylated anti-human Lp-PLA2 antibody was added.
After washing away the unbound biotinylated antibody,
horseradish peroxidase (HRP)-conjugated streptavidin was
pipetted to the wells. The wells were again washed, a tetra-
methylbenzidine (TMB) substrate solution was added, and
color developed in proportion to the amount of Lp-PLA2
bound. The Stop Solution changed the color from blue to
yellow, and the intensity of the color was measured at 450
nm. The mean absorbance for standards and samples was
calculated, and the average zero standard optical density
was subtracted. A standard curve was plotted on log-log
graph paper, with standard concentration on the x-axis and
absorbance on the y-axis. A best-fit straight line through
the standard points was drawn. The minimum detectable
dose of human Lp-PLA2 (the analyte concentration result-
ing in an absorbance that is 2 SD higher than that of the
blank) was determined to be 8.1 ng/ml.

Statistical analysis
The collected data were coded, tabulated, and statisti-
cally analyzed using IBM SPSS statistics (Statistical Pack-
age for Social Sciences) software version 20. Quantitative
data were expressed as mean ± SD (standard deviation)
for normally distributed data. Qualitative data were pre-
sented as numbers and percentages.
In quantitative data, Student’s t-test was used to com-

pare two independent groups with normally distributed
data and paired t-test in cases of two dependent groups
with normally distributed data. Analysis of variance
(ANOVA) (F) test was used to compare between more
than two independent groups with normally distributed
data, followed by post hoc analysis to compare between
every two groups. In qualitative data, inferential analyses
for independent variables were done using the chi-
square (X2) test for differences between proportions.
Correlations were done using the Pearson correlation
coefficient test (r). The receiver operating characteristic
(ROC) curve was constructed to obtain the most sensi-
tive and specific cut-off values for different parameters
to discriminate patients with high CVD risk from those
with low CVD risk. The level of significance was deter-
mined by the p-value where p < 0.05 is significant, <0.01
is highly significant, and otherwise is insignificant.

Results
Total studied patients comprised 55 males (61.11%) and
35 females (38.89%), with ages ranging from 30 to 68
years old (mean 46.88 ± 10.61 years). Per abdominal
ultrasound and transient elastography, 22 patients were
found to have liver cirrhosis. Amongst cirrhotic patients,

9/22 (40.91%) were Child A5, 12/22 (54.55%) were Child
A6, and 1/22 (4.55%) was Child B7, as per the Child-
Pugh score. “Easy to treat” patients (50%), as per NCCV
H guidelines, were given sofosbuvir (SOF) and daclatas-
vir (DCV) while “difficult to treat” patients (50%) were
administered SOF, DCV, and ribavirin (RBV). Twelve
weeks after the end of treatment, SVR was observed in
86/90 patients (96.6%). Four of 90 patients (4.4%) had
not achieved SVR, with no statistical significance be-
tween their pre-treatment and post-treatment HCV
RNA levels (p = 0.068).
Baseline characteristics of the study cohort regarding

demographic data, the prevalence of different CVD risk
factors, Child score, and fibrosis stage are summarized
in Table 1.
A comparison between cirrhotic and non-cirrhotic pa-

tients regarding baseline biochemical parameters and
FRS is highlighted in Table 2 and demonstrates that
most of the studied parameters were statistically signifi-
cant between both groups, except AST, hemoglobin
level, Lp-PLA2 mass, and Framingham risk score (p >
0.05). Notably, total cholesterol level, LDL, and HDL
levels were significantly lower in cirrhotic patients as
compared to non-cirrhotic patients (p < 0.001). There
was no statistically significant difference in abdominal
ultrasound findings (p = 0.84), liver stiffness score (p =
0.596), and Child-Pugh score of cirrhotic patients (p =
0.181) after treatment as compared to baseline.
A statistically significant increase in serum total chol-

esterol, LDL, and HDL was observed in patients who
achieved SVR (p < 0.001) 12 weeks after the end of
treatment, while no or insignificant change was ob-
served in non-SVR patients (p = 0.391, p = 0.115, p =
0.444) (Tables 3 and 4).
Furthermore, our study demonstrated a significant de-

crease in Lp-PLA2 concentration after DAA therapy, in
patients who experienced SVR (263.79 ± 51.804 ng/ml
vs. 322.37 ± 79.15 ng/ml) (p < 0.001). On the contrary,
patients who did not achieve SVR experienced a non-
significant rise in post-treatment Lp-PLA2 concentration
(392.25 ± 88.733 ng/ml vs. 370 ± 98.668 ng/ml) (p =
0.198) (Tables 3 and 4).
The Lp-PLA2 level was analyzed as a continuous variable

and categorized into high (>235 ng/ml) or low predicted
CVD risk (≤235 ng/ml). There is a significant decline in the
number of patients classified as high risk, after treatment
with DAAs, from 74/90 (82.22%) to 54/90 (60%), with a
consequent rise in the number of low-risk patients from
16/90 (17.78%) to 36/90 (40%) post-treatment (p = 0.002).
Notably, no statistically significant difference in baseline
Lp-PLA2 concentration has been shown between cirrhotic
and non-cirrhotic patients (p = 0.463) (Table 2).
Framingham risk score, designed to predict 10-year

CVD risk, was calculated for all patients before and after
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HCV treatment, and patients were accordingly stratified
into low-, moderate-, and high-risk groups. At baseline,
14/90 (15.56%) were classified as high risk, 13/90
(14.44%) as moderate risk, and 63/90 (70%) as low risk.
There was no significant difference in calculated risk
scores and risk stratification into each group after treat-
ment as compared to baseline (p = 0.976).
Regarding different CVD risk factors, gender had a sta-

tistically significant impact on Lp-PLA2 level where men
had significantly higher levels than women (p < 0.001).
Also, significantly higher levels were noted amongst
hypertensive patients, diabetic patients, and smokers (p
< 0.001, 0.008, <0.001, respectively). Using post hoc ana-
lysis, a significant difference in Lp-PLA2 levels between
diabetic and non-diabetic patients (p = 0.015) was noted.
In addition, “difficult to treat” patients administered
SOF/DCV/RBV were found to have significantly higher

levels of Lp-PLA2 as opposed to “easy to treat patients”
given SOF/DCV (p = 0.006) (Table 5).
Pre-treatment Lp-PLA2 concentration showed a statis-

tically significant positive correlation with age, BMI,
FBG, HbA1c, and Framingham score and a statistically
significant negative correlation with serum albumin and
platelet count. In addition, post-treatment Lp-PLA2 level
shows a significant positive correlation with age, BMI,
FBG, HbA1c, AST, and both liver stiffness score and
Framingham risk score. On the other hand, there is a
significant negative correlation with HDL, serum albu-
min, and platelet count (Table 6).
Finally, our study demonstrated the diagnostic per-

formance of the best cut-off values of baseline AST,
ALT, serum albumin, platelet count, and liver stiffness
score in differentiating between high and low CVD risk,
as defined by an Lp-PLA2 cut-off value of >235 ng/ml.
At a cut-off value of >29 IU/l for AST, the sensitivity
was 78.38% and specificity 43.75% with an accuracy of
57.5%, and at a cut-off value of >28 IU/l for ALT, the
sensitivity was slightly higher (82.43%), yet the specificity
was much lower (31.25%) with slightly less accuracy of
52%. A liver stiffness score of >6.3 kPa provides a rela-
tively better specificity of 75% and accuracy of 62.2%. At
a cut-off value of ≤261,000/μl for platelet count, the sen-
sitivity was 79.73% and specificity 56.25% with an accur-
acy of 71.8%. Last but not least, at a cut-off value of ≤3.7
g/dl for serum albumin, the sensitivity in discriminating
high from low CVD risk was the lowest (37.84%)
amongst the five parameters analyzed, yet specificity was
the highest (93.75%) with an accuracy of 63.7% (Fig. 1).

Discussion
HCV infection increases CVD risk through several mecha-
nisms, including insulin resistance, hepatic steatosis, and in-
creased chronic inflammation and immune activation [15].
There are countless risk score calculators and charts

that aim to predict 10-year CVD risk in the general
population. However, serum lipids, which are incorpo-
rated in most CVD risk scores, including the Framing-
ham risk score, are reduced in the setting of chronic
liver disease and may therefore underestimate CVD risk
in infected persons [16]. This highlights the need for al-
ternative means to estimate CVD risk in chronic HCV-
infected patients and the validation of non-hepatically
produced CVD biomarkers for this purpose.
Lipoprotein-associated phospholipase A2 (Lp-PLA2) is a

novel inflammatory marker that has been found to be a
CVD risk marker independent of traditional risk factors,
including LDL and hsCRP [17]. It is characterized by high
vascular endothelial specificity and low biovariability [18].
Regarding changes in serum lipids, this study illustrates

low or optimal levels of baseline total cholesterol, LDL,
and HDL with a statistically significant increase after SVR

Table 1 Baseline characteristics of all studied patients

Descriptive data

Age (years), mean ± SD (range) 46.878 ± 10.605 (30–68)

BMI (kg/m2), mean ± SD (range) 26.232 ± 2.140 (21–31)

Gender, n (%) Male 55 (61.11%)

Female 35 (38.89%)

Smoking, n (%) Smoker 18 (20%)

Non-smoker 72 (80%)

Hypertension, n (%) Hypertensive 15 (16.67%)

Normotensive 75 (83.33%)

Diabetes mellitus, n
(%)

Diabetic 7 (7.78%)

Pre-diabetic 13 (14.44%)

Non-diabetic 70 (77.78%)

FBG (mg/dl), mean ± SD (range) 89.989 ± 15.786 (66–135)

HbA1c (%), mean ± SD (range) 5.420 ± 0.609 (4.1–7)

Child score, n (%) A5 9 (40.91%)
9 (45%)

A6 12 (54.55%)
10 (50%)

B7 1 (4.55%)
1 (5%)

Fibrosis stage, n (%) F0 16 (17.78%)

F1 39 (43.33%)

F2 10 (11.11%)

F3 3 (3.33%)

F4 22 (24.44%)

DAA regimen, n (%) SOF/DCV 45 (50%)

SOF/DCV/RBV 45 (50%)

HCV RNA (IU/ml), median (IQR) 2,253,000 (573,662.25–4,000,
000)

Abbreviations: SD, standard deviation; n, number; BMI, body mass index; DAA,
direct-acting antiviral; SOF, sofosbuvir; DCV, daclatasvir; RBV, ribavirin; FBG,
fasting blood glucose; HCV, hepatitis C virus; RNA, ribonucleic acid; IQR,
interquartile range
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achievement (p < 0.001), regardless of fibrosis, compared
to non-SVR patients, who experienced an insignificant
change in their lipid profile parameters 12 weeks after the
end of treatment. It is apparent that successful eradication
of HCV promotes normalization of the cellular function
of hepatocytes improving hepatic lipid production. This
highlights the strong association between HCV and lipid
levels. A limitation associated with this finding is that the
present study did not assess the diet, physical activity level,
waist circumference, and family history of patients, which
are crucial factors that influence lipid metabolism.
Notably, lipid profile components were found to be

significantly lower in cirrhotic patients, a finding which
is in accordance with several other studies that demon-
strated similar results [19–22]. It is apparent that suc-
cessful eradication of HCV promotes normalization of
the cellular function of hepatocytes improving hepatic
lipid production, reflecting the strong association and
interaction between HCV and lipid levels. A limitation
associated with this finding is that the present study did

not assess the dietary habits, physical activity, waist cir-
cumference, and family history of patients, which are
crucial factors that influence lipid metabolism.
On the other hand, the current study demonstrated a

significant decrease in Lp-PLA2 concentration after
DAA therapy in patients who experienced SVR, while
patients who did not achieve SVR experienced a rise in
Lp-PLA2, yet this increase was of no statistical signifi-
cance. This finding is in accordance with a study con-
ducted by Chew et al. [23]. It is a distinct finding that
might be explained by the ongoing HCV viremia, which
in turn augments hepatic inflammation, and promotes
further systemic immune activation and inflammation.
As per the Framingham risk score, 70% of patients

were defined as low risk, with only 30% classified as
moderate/high risk at baseline. Furthermore, there was
no significant difference in calculated risk scores and
risk stratification into each group after treatment as
compared to baseline, indicating a lack of any correl-
ation between HCV clearance and this score.

Table 2 Comparison between cirrhotic and non-cirrhotic patients regarding baseline patients’ age, biochemical parameters, and
Framingham risk score

Baseline parameter Cirrhotic patients
(n = 22)

Non-cirrhotic
patients (n = 68)

Student’s t-test

t p

Age (years) 51.045 ± 10.781 45.529 ± 10.267 2.164 0.033

AST (IU/l) 55.955 ± 35.77 45.971 ± 24.985 1.457 0.149

ALT (IU/l) 70.909 ± 50.675 48.824 ± 33.663 2.344 0.021

Albumin (g/dl) 3.653 ± 0.487 4.05 ± 0.393 −3.881 <0.001

Total bilirubin (mg/dl) 0.94 ± 0.524 0.698 ± 0.308 2.663 0.009

Direct bilirubin (mg/dl) 0.464 ± 0.233 0.349 ± 0.234 2.012 0.047

INR 1.165 ± 0.156 1.087 ± 0.114 2.546 0.013

Hemoglobin (g/dl) 13.136 ± 1.593 13.557 ± 1.548 −1.101 0.274

Total leucocyte count (103/μl) 5.695 ± 1.861 7.150 ± 2.487 −2.520 0.014

Platelet count (103/μl) 159.727 ± 71.748 219.044 ± 80.611 −3.077 0.003

LDL (mg/dl) 39.001 ± 7.528 80.397 ± 19.489 −9.701 <0.001

Total cholesterol (mg/dl) 122.409 ± 29.156 182.103 ± 33.774 −7.436 <0.001

HDL (mg/dl) 40.136 ± 5.375 50.544 ± 5.462 −7.798 <0.001

Lp-PLA2 (ng/ml) 335.455 ± 74.345 320.941 ± 82.023 0.737 0.463

Framingham risk score 10.323 ± 9.921 8.175 ± 8.205 1.013 0.314

Abbreviations: n, number; AST, aspartate transaminase; ALT, alanine transaminase; INR, international normalized ratio; LDL, low-density lipoprotein; HDL, high-
density lipoprotein; Lp-PLA2, lipoprotein-associated phospholipase A2

Table 3 Comparison between pre-treatment and post-treatment lipid profile and Lp-PLA2 in patients who achieved SVR (n = 86)

Lipid parameter Time Paired t-test

Pre-treatment 12 weeks post-treatment t p

LDL (mg/dl) 71.977 ± 24.126 (26–130) 103.244 ± 46.570 (44–203) −9.395 <0.001

Total cholesterol (mg/dl) 170 ± 40.344 (80–278) 195.663 ± 55.678 (92–311) −8.764 <0.001

HDL (mg/dl) 48.43 ± 6.785 (31–60) 53.907 ± 8.674 (37–71) −10.1 <0.001

Lp-PLA2 (ng/ml) 322.372 ± 79.146 (189–498) 263.791 ± 51.804 (166–412) 13.829 <0.001

Abbreviations: n, number; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Lp-PLA2, lipoprotein-associated phospholipase A2
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On the contrary, using a cut-off value of >235 ng/ml
for Lp-PLA2 mass, 17.78% of patients were found to be
low risk, with 82.2% of patients identified as high risk at
baseline. A significant decline in the number of patients
classified as high risk was observed after treatment with
DAAs, from 82.2 to 60%, with a consequent rise in the
number of low-risk patients to 40% post-treatment (p =
0.002). Comparable results were demonstrated by Chew
et al., who conducted a study comprising 54 HCV/HIV
co-infected patients administered peginterferon (PEG)/
ribavirin (RBV) for 72 weeks. At baseline, there was no
difference in CVD risk class by Lp-PLA2 level, whereas,
after treatment, Lp-PLA2 levels decreased, although not
statistically significantly, amongst SVRs (median change
= −17.5 ng/ml [IQR, −67.0 to 47.0]) but not non-SVRs
(median change = 9.50 ng/ml [IQR, −49.0 to 67.0]).
There was a statistically significant difference in CVD
risk class distribution by Lp-PLA2 level at 24 weeks after
the end of treatment, with 25 of 27 (93%) of the non-
SVR group in the high-risk category compared with 17
of 27 (63%) of the SVR group (p = 0.021) [23]. Another
study conducted by Chew et al. aimed to predict CVD
risk in HCV-infected and HCV non-infected patients
using the Framingham risk score. In unadjusted analyses,
the Framingham risk score was similar between both

groups (p = 0.192), while adjusting for CVD risk factors
overlooked by the Framingham risk score (age, race,
BMI, chronic kidney disease, drug and alcohol use, and
HIV status), HCV infection was associated with minim-
ally lower risk score (p < 0.001) [24]. This suggests that
the Framingham risk score may underestimate CVD risk
in these patients, which is in accordance with our study.
A lack of association of Lp-PLA2 with the degree of

liver disease was evident in the present study as the dif-
ference in Lp-PLA2 concentration between cirrhotic and
non-cirrhotic patients was statistically insignificant (S =
0.463), suggesting that it may be less confounded by
hepatic dysfunction as opposed to hepatically produced
CVD biomarkers.
Lp-PLA2 concentration was found to show a signifi-

cant positive correlation with age, smoking, BMI, hyper-
tension, diabetes, FBG, and HbA1c level. Gender
differences in Lp-PLA2 levels were also found; men had
significantly higher levels than women (358.018 ± 77.133
vs. 271.8 ± 51.467 ng/ml; p < 0.001). Lower Lp-PLA2
levels in women could be explained by the fact that es-
trogen hormone causes down-regulation of Lp-PLA2 ex-
pression due to lower concentrations of LDL cholesterol
in women or estrogen-related decrease in platelet-
activating factor acetylhydrolase activity [25]. Of note,

Table 4 Comparison between pre-treatment and post-treatment lipid profile and Lp-PLA2 in patients who failed to achieve SVR (n = 4)

Lipid parameter Time Paired t-test

Pre-treatment 12 weeks post-treatment t p

LDL (mg/dl) 33.75 ± 4.573 (27–37) 36.5 ± 4.655 (30–41) −2.200 0.115

Total cholesterol (mg/dl) 114 ± 32.527 (87–158) 117.5 ± 28.361 (88–153) −1.000 0.391

HDL (mg/dl) 38.75 ± 6.702 (32–48) 37.25 ± 5.123 (30–42) 0.878 0.444

Lp-PLA2 (ng/ml) 370 ± 98.668 (260–474) 392.25 ± 88.733 (319–500) −1.648 0.198

Abbreviations: n, number; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Lp-PLA2, lipoprotein-associated phospholipase A2

Table 5 Relationship between baseline Lp-PLA2 and gender, smoking, hypertension, diabetes, and ease of treatment

Parameter Lp-PLA2 (ng/ml) t-test or ANOVA

t or F p

Gender Male (n = 55) 358.018 ± 77.133 5.832 <0.001

Female (n = 35) 271.8 ± 51.467

Smoking Smoker (n = 18) 444.833 ± 26.425 10.83 <0.001

Non-smoker (n = 72) 294.403 ± 57.237

Hypertension Hypertensive (n = 15) 396.8 ± 69.548 4.17 <0.001

Normotensive (n = 75) 310.027 ± 74.298

Diabetes Diabetic (n = 7) 398 ± 51.095 5.171 0.008† D&P 0.440‡

Pre-diabetic (n = 13) 353.923 ± 86.238 D&N 0.015‡

Non-diabetic (n = 70) 311.671 ± 76.597 P&N 0.167‡

Ease of treatment Easy to treat (n = 45) 301.444 ± 78.506 −2.837 0.006

Difficult to treat (n = 45) 347.533 ± 75.582

†ANOVA (F) test, ‡post hoc test
Abbreviations: n, number; Lp-PLA2, lipoprotein-associated phospholipase A2; D, diabetic; P, pre-diabetic; N, non-diabetic
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estrogen replacement therapy could significantly reduce
Lp-PLA2 activity in healthy post-menopausal women [26],
while administration of steroids with progesterone-like ac-
tivity increases Lp-PLA2 activity [27]. Additionally, smok-
ing may increase the carrier (LDL) and the substrate
(oxidized LDL) for Lp-PLA2 [28].

Finally, our study demonstrates the diagnostic per-
formance of the best cut-off values of baseline AST,
ALT, serum albumin, platelet count, and liver stiffness
score in the prediction of cardiovascular disease risk in
chronic HCV-infected patients. A cut-off value of >28
IU/l for ALT yielded the highest sensitivity (82.43%) in
predicting CVD risk, while an albumin level ≤3.7 g/dl
was most specific (93.75%) with the highest positive pre-
dictive value (96.6%).
We have to declare that the interpretation of the favor-

able changes in Lp-PLA2 mass was hindered by the lack
of validation of the biomarker for CVD risk prediction in
the context of HCV infection and the inability to correlate
biomarker levels with hard outcomes such as CVD events
or valid alternative means. Despite these limitations, our
data remain informative, and further investigation that
aims to test the predictive utility of both non-hepatic and
hepatic CVD biomarkers and quantifying the potential
benefit of HCV treatment on CVD is warranted.

Conclusion
Traditional risk score calculators incorporating hepati-
cally produced biomarkers, such as Framingham risk
score, may underestimate CVD risk in HCV-infected pa-
tients, while Lp-PLA2 may provide a better estimate of
CVD risk as it is a non-hepatically produced biomarker
with no relation to liver disease severity. Furthermore,
HCV clearance may reduce CVD risk as perpetuated by
the significant reduction in Lp-PLA2 levels after DAA
therapy and SVR.

Table 6 Correlation between Lp-PLA2 level and socio-clinical parameters, Framingham risk score (2008), and liver stiffness score at
baseline and at 12 weeks post-treatment

Studied parameter Lp-PLA2 (ng/ml)

Pre-treatment correlations Post-treatment correlations

r p R p

Age 0.350 0.001 0.409 <0.001

BMI (kg/m2) 0.331 0.001 0.258 0.014

FBG (mg/dl) 0.353 0.001 0.412 <0.001

HbA1c 0.332 0.001 0.403 <0.001

Platelets (103/ l) −0.225 0.033 −0.229 0.03

AST (IU/l) 0.188 0.076 0.296 0.005

ALT (IU/l) 0.099 0.355 0.033 0.76

Albumin (g/dl) −0.336 0.001 −0.31 0.003

LDL (mg/dl) 0.142 0.182 0.197 0.062

Total cholesterol (mg/dl) 0.077 0.468 0.043 0.689

HDL (mg/dl) −0.096 0.366 −0.284 0.007

Framingham score 0.669 <0.001 0.677 <0.001

Liver stiffness score (kPa) 0.157 0.139 0.276 0.008

Abbreviations: Lp-PLA2, lipoprotein-associated phospholipase A2; BMI, body mass index; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; AST, aspartate
transaminase; ALT, alanine transaminase; LDL, low-density lipoprotein; HDL, high-density lipoprotein

Fig. 1 ROC curve of the best cut-off value of baseline AST, ALT, liver
stiffness score, platelet count, and serum albumin in discriminating
high CVD risk (Lp-PLA2 > 235 ng/ml) from low CVD risk (Lp-
PLA2 ≤ 235 ng/ml). Abbreviations: AST, aspartate transaminase;
ALT, alanine transaminase; ROC, receiver operating characteristic; CVD,
cardiovascular disease; Lp-PLA2, lipoprotein-associated phospholipase A2
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