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Abstract

Background: Raised plasma lipoprotein(a) (Lp(a)) concentration is an independent and causal risk factor for
atherosclerotic cardiovascular disease. Several types of pharmacological approaches are under evaluation for their
potential to reduce plasma Lp(a) levels. There is suggestive evidence that statins and fibrates, two frequently
employed lipid-lowering drugs, can lower plasma Lp(a). The present study aims to compare the efficacy of fibrates
and statins in reducing plasma concentrations of Lp(a) using a meta-analysis of randomized head-to-head trials.

Methods: Medline and Scopus databases were searched to identify randomized head-to-head comparative trials
investigating the efficacy of fibrates versus statins in reducing plasma Lp(a) levels. Meta-analysis was performed
using a random-effects model, with inverse variance weighted mean differences (WMDs) and 95% confidence
intervals (Cls) as summary statistics. The impact of putative confounders on the estimated effect size was explored
using random effects meta-regression.

Results: Sixteen head-to-head comparative trials with a total of 1388 subjects met the eligibility criteria and were
selected for this meta-analysis. Meta-analysis revealed a significantly greater effect of fibrates versus statins in
reducing plasma Lp(a) concentrations (WMD, —2.70 mg/dL; 95% Cl, -4.56 to —0.84; P = 0.004). Combination therapy
with fibrates and statins had a significantly greater effect compared with statin monotherapy (WMD, -1.60 mg/dL;
95% Cl, -2.93 to -0.26; P=0.019) but not fibrate monotherapy (WMD, —1.76 mg/dL; 95% Cl, =544 to +1.92; P = 0.349)
in reducing plasma Lp(a) concentrations. The impact of fibrates versus statins in reducing plasma Lp(a) concentrations
was not found to be significantly associated with treatment duration (P =0.788).

Conclusions: Fibrates have a significantly greater effect in reducing plasma Lp(a) concentrations than statins. Addition
of fibrates to statins can enhance the Lp(a)-lowering effect of statins.

Keywords: Coronary heart disease, PPAR-q, 3-hydroxy-3-methyl-glutaryl-CoA, Apolipoprotein(a), Randomized
controlled trial, Combination therapy
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Background
Aside from low-density lipoprotein cholesterol (LDL-C)
and triglycerides, lipoprotein(a) (Lp(a)) is an important
contributor to atherogenesis [1]. Lp(a) is a lipoprotein
particle comprised of an LDL domain and a covalently
bound apolipoprotein(a) (apo(a)). Lp(a) is characterized
by a protein content of 26-31%, a long half-life, and an
atherothrombotic effect likely due to its selective accu-
mulation within atherosclerotic plaque and its inhibition
of the fibrinolytic pathway [2]. Plasma concentrations
of Lp(a) are an independent risk factor for early ath-
erosclerotic cardiovascular disease [3-5]. Lp(a) is a
low-density lipoprotein-like substance with a core of
cholesteryl esters and a surface layer of phospholipids
and unesterified cholesterol that contains a single mol-
ecule of apolipoprotein B-100 bound to a molecule of
apo(a) by a disulfide linkage [6]. Values of plasma
Lp(a) levels of more than 30 mg/dL are considered ele-
vated [7, 8], and are associated with increased risk of
atherogenesis and cardiovascular disease, especially
when exceeding 50 mg/dL [9]. A single molecule of
apo(a) is secreted by the liver and has a structure simi-
lar to plasminogen but without protease activity [10].
In addition to the atherogenic properties afforded by
the presence of apoB-100, the apo(a) component of
Lp(a) confers thrombogenic effects to the particle [11].
A growing body of evidence for an atherogenic and
pro-thrombotic effect of Lp(a) has been reported, as
well as its likely causal association with risk of coron-
ary heart disease and stroke [12, 13]. Thus, therapeutic
strategies to reduce plasma Lp(a) concentrations in pa-
tients with hyper-Lp(a) are particularly important to
reduce cardiovascular mortality. In this regard, various
therapeutic interventions for lowering Lp(a) levels
have been reported, including apheresis techniques,
nicotinic acid, statins, fibrates, and aspirin, among
others [14—17]. It has been reported that plasma Lp(a)
levels are decreased by monoclonal antibodies target-
ing proprotein convertase subtilisin/kexin type 9
(PCSK9) [18-21]. PCSK9 inhibitors act by increasing
the density of LDL receptors on the surface of hepato-
cytes, which subsequently causes a marked reduction
of plasma LDL and LDL-apoB [22-24]. Since the avail-
ability of LDL-apoB plays a key role in the formation
of Lp(a) particles [25], LDL-lowering activity of PCSK9
inhibitors is accompanied by a significant fall in
plasma Lp(a) levels, as suggested by pooled analyses
and meta-analyses [22-24]. Several lines of clinical evi-
dence have also shown that statins and fibrates, as the
most widely used lipid-lowering drug classes, can
lower plasma Lp(a) concentrations [14]. However, evi-
dence from comparative trials has not been conclusive.
Mixed dyslipidemia is characterized by high serum
concentrations of total and LDL-C as well as of
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triglycerides [26]. Statins and fibrates are among the
first-line pharmacotherapies for mixed dyslipidemia.
Findings of clinical trials have shown that the combin-
ation of statins and fibrates results in a significantly
greater reduction in LDL-C and triglyceride levels and
greater increases in high-density lipoprotein cholesterol
(HDL-C) compared with monotherapy with either drug
[27]. In addition, both statins and fibrates have been
shown to reduce cardiovascular morbidity and mortality
[28, 29]. Moreover, these classes of drug affect different
aspects of lipoprotein metabolism. Fibrates decrease
serum levels of cholesterol and triglycerides and increase
HDL-C levels in hyperlipidemic patients, thereby redu-
cing the risk of developing atherosclerosis [30]. The
main mechanisms of action of fibrates are induction of
lipoprotein lipolysis [31], induction of hepatic fatty acid
uptake and reduction of hepatic triglyceride production
[32, 33], enhancement of hepatic removal of LDL parti-
cles [34], reduction of plasma triglyceride-rich lipopro-
teins [35], and elevation of HDL production [36].

Statins mainly act through enhancement of plasma
clearance of LDL and reduction of hepatic very low-
density lipoprotein production [37]. Statins reduce
hepatic cholesterol biosynthesis through inhibition of
3-hydroxy-3-methyl-glutaryl-CoA reductase, causing
depletion of intracellular cholesterol content and
resulting in an increase in the expression and density
of hepatic LDL receptors [38].

Owing to the importance of Lp(a) as an emerging cor-
onary risk factor, and the wide use of statins and fibrates
in the management dyslipidemias, the present study
aimed to compare the effects of these two classes of
drugs on plasma Lp(a) concentrations through a system-
atic review and meta-analysis of head-to-head clinical
trials. A secondary aim was to assess if combination
therapy with statins and fibrates is associated with a
greater effect on plasma Lp(a) levels compared with
monotherapy with either of the agents.

Methods

Search strategy

This study was designed in accordance with the instruc-
tions of the 2009 preferred reporting items for system-
atic reviews and meta-analysis (PRISMA) statement [39].
SCOPUS (http://www.scopus.com) and Medline (http://
www.ncbi.nlm.nih.gov/pubmed) databases were searched
using the following search terms in titles and abstracts
(also in combination with MESH terms): (rosuvastatin
OR pravastatin OR fluvastatin OR simvastatin OR ator-
vastatin OR pitavastatin OR lovastatin OR cerivastatin)
AND (fenofibrate OR bezafibrate OR clofibrate OR cipro-
fibrate OR gemfibrozil OR “fibric acid” OR “clofibric acid”
OR procetofen) AND (lipoprotein(a) OR “lipoprotein (a)”
OR Lp(a) OR “Lp (a)”). The wild-card term “*” was used
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to increase the sensitivity of the search strategy. The
search was limited to studies in human. The literature was
searched from inception to October 3, 2016.

Study selection

Trials comparing the effects of statins versus fibrates on
serum/plasma concentrations of Lp(a) were included in
this meta-analysis. Non-interventional studies and stud-
ies not providing sufficient information on baseline or
follow-up Lp(a) concentrations were excluded from the
meta-analysis. Before excluding a study for the latter, the
author(s) were contacted and asked to provide the ne-
cessary data.

Quality assessment

Risk of bias in the studies considered in this meta-
analysis was evaluated according to the Cochrane
instructions [40]. Selection bias, performance bias, at-
trition bias, detection bias, reporting bias, and other
sources of bias were judged to be high, low, or unclear
in each of the included studies.

Data extraction

Studies meeting the inclusion criteria were reviewed
and data regarding authors, study location, publica-
tion date, number of studied population, trial design,
dose and duration of intervention, control group al-
location, baseline characteristics of studied popula-
tion (including age, sex, systolic and diastolic blood
pressure, body mass index (BMI), and plasma lipid
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concentrations), and changes in plasma concentra-
tions of Lp(a). When the values were only presented
graphically, GetData Graph Digitizer 2.24 software
(http://getdata-graph-digitizer.com/) was used to
digitize and extract the data.

Quantitative data synthesis

Comprehensive Meta-Analysis (CMA) V2 software (Bio-
stat, NJ) [41] and Review Manager, version 5.2
(Cochrane Collaboration) were used for statistical proce-
dures. All reported Lp(a) concentrations were harmo-
nized in mg/dL. Inverse variance-weighted standardized
mean difference and 95% confidence intervals (CIs) were
used as the summary statistic, considering a correlation
coefficient (R) of 0.5. Conversion of median and
inter-quartile range to mean and standard deviation
was performed as suggested by Hozo et al. [42].
When plasma Lp(a) levels were presented in multiple
time points, data belonging to the longest duration
of treatment was included in the meta-analysis.
Meta-analysis was performed using a random-effects
model (using DerSimonian—Laird method) and the
generic inverse variance weighting method. Hetero-
geneity was quantitatively assessed using I index
and Cochrane Q. Sensitivity analysis was performed
using the leave-one-out method [43-46]. A subgroup
analysis was conducted to explore the impact of treatment
duration (<12 weeks vs. > 12 weeks) on plasma Lp(a)
concentrations.

Published studies identified
through multiple database search
(n=880)

Identification

Records screened (n= 36)

Screening

Records excluded (n=844)
Reason: not meeting the inclusion
criteria

Full text articles assessed for
eligibility (n=36)

Articles excluded (#=20)

— Not measuring Lp(a)

Eligibility

review and meta-analysis (n=16)

=
o
=]
=
_—
2]
=
—

Studies included in the systematic

Fig. 1 Flow chart of the number of studies identified and included into the meta-analysis

concentrations (n=8)
— Non-interventional design (n=1)
— Non-original research (n=1)
— Incomplete data (n=3)
— Lack of statin arm (n=1)
—  Lack of fibrate arm (n=3)
— Inappropriate control group
(n=2)
— Duplicate report (n=1)
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Meta-regression

Random effects meta-regression was performed using
the unrestricted maximum likelihood method to evalu-
ate the association between calculated weighted mean
differences (WMD) in plasma Lp(a) concentrations and
duration of treatment.

Publication bias

Presence of publication bias in the meta-analysis was in-
vestigated using assessment of Begg’s funnel plot and
statistical tests as previously described [47, 48]. The
“trim and fill” method was used to adjust the effect size
for potential publication bias [49].

Results

Flow of included studies

Briefly, after multiple database searches, 880 published
studies were identified and the abstracts reviewed; 844
did not meet the inclusion criteria and were excluded.
Next, 36 full text articles were carefully assessed and
reviewed, of which 20 studies were excluded for not
measuring Lp(a) concentrations (z=8), having a non-
interventional design (n = 1), being non-original research
(n=1), presenting incomplete data (n = 3), lack of sta-
tin treatment arm (# = 1), lack of fibrate treatment arm
(n=3), having an inappropriate control group (n=2),
and duplicate reporting (n = 1). Finally, 16 studies with
19 treatment arms were found to be eligible and in-
cluded in the systematic review and meta-analysis. The
study selection process is shown in Fig. 1.

Characteristics of included studies

A total of 1388 individuals were recruited in the 15 ran-
domized controlled studies, including 588, 587, and 213
subjects in the fibrate monotherapy, statin monotherapy,
and statin/fibrate combination therapy arms (partici-
pants of the cross-over trials were considered in both
fibrate and statin monotherapy arms), respectively
(Table 1). Included studies were published between 1994
and 2009. The clinical trials used different types and
doses of fibrates and statins and evaluated atorvastatin
10 mg/day (n =2) [50, 51], atorvastatin 20 mg/day (n=1)
[52], atorvastatin 40 mg/day (n=1) [53], simvastatin
10 mg/day (n=1) [54], simvastatin 20 mg/day (n=15)
[55-59], pravastatin 40 mg/day (n=1) [60], lovastatin
10 mg/day (n=1) [61], lovastatin 40—80 mg/day (n=1)
[62, 63], fluvastatin 40 mg/day (n = 1) [64], rosuvastatin
10 mg/day (n=1) [65], fenofibrate 200 mg/day (1 =5)
[50-52, 59, 65], fenofibrate 145 mg/day (n=1) [53],
fenofibrate 160 mg/day (n=1) [57], gemfibrozil
1200 mg/day (n = 6) [54, 55, 58, 60, 62, 63], and bezafi-
brate 400 mg/day (n=3) [56, 61, 64]. The range of
intervention periods was from 8 weeks [60, 61] to
24 weeks [52]. Study designs of included studies were
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cross-over [51, 54, 60, 61] and parallel-group [53, 55—
59, 62—65]. Selected trials enrolled subjects with dia-
betes [52, 54, 57], combined hyperlipidemia [50-59, 62,
63], familial defective apoB [60], heart transplantation
[61], primary dyslipoproteinemia [54], mixed dyslipid-
emia combined with hyper-Lp(a) [62], primary hyper-
cholesterolemia combined with hyper-Lp(a) [63],
primary hypercholesterolemia [64, 65], and primary
hypertriglyceridemia [65].

Lp(a) assay methods

Different assays methods were used to measure plasma
Lp(a) concentrations. On this regard, some studies [50,
52, 56, 61, 65] measured Lp(a) levels in plasma using an
enzyme-linked immunosorbent assay with a monoclonal
anti-Lp(a) antibody (Terumo Medical, Elktron, MD).
Other trials [54, 55, 60, 62, 63] determined Lp(a) con-
centrations by measuring the apoprotein(a) moiety in a
commercially solid-phase two-site immunoradiometric
assay using two different specific anti-apoprotein(a)
monoclonal antibodies (Pharmacia, Uppsala, Sweden).
Melenovky et al. [51] measured serum levels of Lp(a) by
Laurell rocket immunoelectrophoresis using a commer-
cial antisera (Immuno, Austria). Davidson et al. [53]
measured Lp(a) concentrations by nuclear magnetic res-
onance (LipoScience Inc., Raleigh, North Carolina).
Vigna et al. [58] determined Lp(a) levels by enzyme-
linked immunosorbent assay with a polyclonal anti-
apoprotein(a) antibody (Italiana Laboratori Bouty
S.p.A., Milan, Italy). Three studies did not specify the

Table 2 Methods used to measure Lp(a) in included studies

Study Method Kringle assay
Athyros et al. (2002) [52] ELISA NS
Bredie et al. (1996) [55] IRA NS
Hansen et al. (1994) [60] IRA NS
Perez-Jimenez et al. (1995) [61] ELISA NS
Melenovsky et al. (2002) [51] |EP NS
Ohrvall et al. (1995) [54] IRA NS
Ramires et al. (1995) [62] IRA NS
Bairaktari et al. (1999) [50] ELISA NS
Davidson et al. (2009) [53] NMR NS
Greten et al. (1994) [64] NS NS
Kehely et al. (1995) [56] ELISA NS
May et al. (2008) [57] NS NS
Ramires et al. (1997) [63] IRA NS
Saougos et al. (2007) [65] ELISA NS
Vigna et al. (1999) [58] ELISA NS

de Lorgeril et al. (1999) [59] NS NS

ELISA enzyme-linked immunosorbent assay, /IRA immunoradiometric assay, IEP
immunoelectrophoresis, NMR nuclear magnetic resonance, NS not specified
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method used to determine plasma Lp(a) concentrations
[57, 59, 64]. Finally, all included studies were character-
ized by a lack of sufficient information regarding the
allele-specific assay (Table 2).

Quality assessment

Most of the included studies were characterized by lack
of information about the random sequence generation,
allocation concealment, blinding of outcome assessment,
and blinding of participants and personnel. On this re-
gard, several trials showed high risk of bias for blinding
of participants and personnel. Also, some studies had
other biases related with the study design. However, al-
most all evaluated studies showed low risk of bias ac-
cording to selective outcome reporting. Details of the
quality of bias assessment are shown in Table 3.

Quantitative data synthesis

Fibrate monotherapy versus statin monotherapy

In a single-arm analysis of randomized controlled study
arms (without control group), statin therapy was found
to increase plasma Lp(a) concentrations (WMD,
4.14 mg/dL; 95% CI, 0.15 to 8.12; P =0.042), while the
same effect was not observed with fibrates (WMD,
0.64 mg/dL; 95% CI, —1.59 to 2.87; P =0.574). The Ip(a)-
raising effect of statins in single-arm analysis was dimin-
ished after exclusion of the trial with rosuvastatin (WMD,
4.56 mg/dL; 95% CI, —1.09 to 10.22; P =0.113). Combin-
ation therapy with statins and fibrates did not exert a sig-
nificant alteration in plasma Lp(a) concentrations (WMD,
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4.52 mg/dL; 95% CI, -7.74 to 16.79; P=0.470) (Fig. 2).
Meta-analysis of data from 15 comparative trials showed a
significantly greater effect of fibrates versus statins in re-
ducing plasma Lp(a) concentrations (WMD, —2.70 mg/dL;
95% CI, —4.56 to —0.84; P = 0.004) (Fig. 3). This effect size
was robust in sensitivity analysis and the overall estimated
effect size was not significantly changed by the omission
of a single study (Fig. 3). In the subgroup analysis, a
greater effect of fibrates versus statins in reducing plasma
Lp(a) levels was observed in the subset of trials with ele-
vated baseline Lp(a) concentrations (=30 mg/dL) (WMD,
—-10.84 mg/dL; 95% CI, —16.66 to —5.03; P < 0.001) com-
pared with trials having baseline Lp(a) levels < 30 mg/dL
(WMD, -2.08 mg/dL; 95% CI, —3.94 to —0.23; P = 0.027;
P=0.005 for between-subgroup comparison) (Fig. 4).
With respect to treatment duration, the greater effect of
fibrates versus statins in reducing plasma Lp(a) levels
was observed in the subset of trials with > 12 weeks
length (WMD, -3.16 mg/dL; 95% CI, —5.52 to —0.79;
P =0.009); yet there was no significant difference be-
tween statins and fibrates in the subset of trials with
a duration of<12 weeks (WMD, +0.09 mg/dL; 95%
CI, -0.26 to +0.44; P=0.609; P=0.008 for between-
subgroup comparison) (Fig. 5).

Statin monotherapy versus statin/fibrate

combination therapy

Meta-analysis of data from five comparative trials
showed a significantly greater effect of combination ther-
apy with fibrates and statins versus statin monotherapy

Table 3 Quality of bias assessment of the included studies according to the Cochrane guidelines

Study Random sequence Allocation Selective  Other Blinding of participants Blinding of outcome Incomplete
generation concealment reporting bias  and personnel assessment outcome data
Athyros et al. (2002) [52] L u L L H U L
Bredie et al. (1996) [55] U U L L U U L
Hansen et al. (1994) [60] u u L L H U L
Perez-Jimenez et al. (1995) [61] U U L U H U L
Melenovsky et al. (2002) [51] H U L U H U L
Ohrvall et al. (1995) [54] U U L L U U U
Ramires et al. (1995) [62] U U L H H U V]
Bairaktari et al. (1999) [50] H U L U U U L
Davidson et al. (2009) [53] L L L L L L L
Greten et al. (1994) [64] U U L U U U L
Kehely et al. (1995) [56] U U L L U U L
May et al. (2008) [57] L u L U L U U
Ramires et al. (1997) [63] U U L U U U L
Saougos et al. (2007) [65] H U L U U U L
Vigna et al. (1999) [58] u u L U u U L
de Lorgeril et al. (1999) [59] U U U U U U U

L low risk of bias, H high risk of bias, U unclear risk of bias
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P
Study name Statistics for each study Difference in means and 95% CI .
Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Athyros et al., 2002 -0.600 0.786 0617  -2.140 0.940 -0.764 0.445
Bredie et al., 1996 1.840 1.107 1225 0329 4.009 1.662 0.096
Hansen et al., 1994 12.200 11.077 122695  -9510 33910 1.101 0.271 n
Jimenez et al., 1995 -13.000 7.932 62922  -28.547 2547 -1.639 0.101 .,
Ohrvall et al., 1995 -7.000 7575 57.381  -21.847 7.847 -0.924 0.355 »
Davidson et al., 2009 5.100 8.443 71277 11447 21647 0.604 0.546 =
Bairaktari et al., 1999 -1.800 0.074 0005  -1.944 1656  -24.416 0.000 .I
de Lorgeril et al., 1999 -6.000 9.507 90375 -24633 12633 -0.631 0.528 e
Greten et al., 1994 0.430 0.474 0225  -0.499 1.359 0.907 0.364
Kehely et al., 1995 17.300 0.600 0360  16.124  18.476 28.828 0.000 | ]
May et al., 2008 0.200 0.497 0247  -0.774 1.174 0.402 0.687
Saougos et al., 2007 0.100 0.135 0018 -0.164 0.364 0.743 0.457
Vigna et al., 1999 -4.300 5.530 30584  -15.139 6.539 0778 0.437
Ramires et al., 1995 -13.000 2.449 6.000 -17.801 -8.199 -5.307 0.000
0.640 1.138 1294  -1.590 2.870 0.562 0.574
-30.00 -15.00 0.00 15.00 30.00
Favours redutcion Favours elevation
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Athyros et al., 2002 0.400 0.638 0.407 -0.850 1.650 0.627 0.531 [ ]
Bredie et al., 1996 2920 0.953 0.908 1.053 4787 3.065 0.002 =B
Hansen et al., 1994 9.900 4838 23.408 0417  19.383 2.046 0.041 -
Jimenez et al., 1995 5.000 7.932 62922 10547  20.547 0.630 0.528 '
Ohrvall et al., 1995 3.220 7.046 49643 10589  17.029 0.457 0.648 : 3
Davidson et al., 2009 9.300 8.443 71.276 7247 25847 1.102 0.271 i
Bairaktari et al., 1999 1.200 0.894 0.800 -0.553 2953 1.342 0.180
de Lorgeril et al., 1999 -2.000 13617 185433  -28690 24690 -0.147 0.883
Greten et al., 1994 1.000 0.608 0.369 -0.191 2191 1.646 0.100
Kehely et al., 1995 25.500 0.666 0.443 24195  26.805 38.295 0.000 ]
May et al., 2008 0.600 0.346 0.120 -0.078 1.278 1.734 0.083
Saougos et al., 2007 0.000 0.118 0.014 -0.231 0.231 0.000 1.000
Vigna et al., 1999 2.100 4.070 16.562 5876 10.076 0516 0.606
Ramires et al., 1995 -2.000 2.094 4.385 6.104 2.104 -0.955 0.340
4.139 2033 4132 0.155 8.123 2036 0.042
-30.00 -15.00 0.00 15.00 30.00
Favours redutcion Favours elevation
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Athyros et al., 2002 0.200 0673 0453  -1.120 1.520 0.297 0.766
Gavish et al., 2000 -6.000 2.207 4872 10326  -1674 2718 0.007 -
Davidson et al., 2009 6.900 9.159 83893 -11.052  24.852 0.753 0.451 =
Kehely et al., 1995 22,500 0.480 0230 21559  23.441 46.875 0.000
May et al., 2008 -0.500 0.336 0113 -1.159 0.159 -1.488 0.137
4523 6.259 39178 7745  16.791 0.723 0.470
-30.00 -15.00 0.00 15.00 30.00
Favours redutcion Favours elevation
Fig. 2 Forest plot detailing weighted mean difference and 95% confidence intervals for the impact of fibrates (upper plot), statins (middle plot),
and statin/fibrate combinations (lower plot) on plasma Lp(a) concentrations in single-arm uncontrolled trials

in reducing plasma Lp(a) concentrations (WMD, -
1.60 mg/dL; 95% CI, -2.93 to —0.26; P=0.019) (Fig. 6).
In the sensitivity analysis, there was a partial sensitivity
to the study by May et al. [57], which resulted in a bor-
derline significant effect size (WMD, —2.06 mg/dL; 95%
CI, —4.41 to +0.28; P =0.085) (Fig. 6).

Fibrate monotherapy versus statin/fibrate combination
therapy

Meta-analysis of data from four comparative trials did
not suggest any significant difference between fibrate
monotherapy and combination therapy with statins in
terms of reducing plasma Lp(a) concentrations (WMD,
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Fig. 3 Forest plot detailing weighted mean difference and 95% confidence intervals for the impact of fibrate versus statin monotherapy on
plasma Lp(a) concentrations. Right plot shows leave-one-out sensitivity analysis of the impact of fibrate versus statin monotherapy on plasma
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—-1.76 mg/dL; 95% CI, —5.44 to +1.92; P = 0.349) (Fig. 7).
This effect size was robust in sensitivity analysis and the
overall estimated effect size was not significantly chan-
ged by the omission of a single study (Fig. 7).

Meta-regression

Meta-regression analysis was conducted to assess the as-
sociation between changes in plasma Lp(a) concentra-
tions with duration of treatment with statins and fibrates
as a potential moderator. The impact of fibrates versus
statins in reducing plasma Lp(a) concentrations was not
found to be significantly associated with treatment dur-
ation (slope, +0.06; 95% CI, —0.40 to +0.53; P =0.788)
(Fig. 8).

Publication bias

The funnel plot of the study precision (inverse standard
error) by effect size (mean difference) was asymmetric
and suggested potential publication bias. Although the
results of Begg’s rank correlation (Kendall's Tau with
continuity correction = 0.02, Z = 0.10, two-tailed P value
=0.921) was not significant, Egger’s linear regression

analysis suggested potential publication bias (intercept,
-1.63; standard error, 0.76; 95% CI, —3.28 to +0.02; ¢ =
3.01; df=13.00; two-tailed P=0.053). An attempt was
made to address publication bias using trim-and-fill cor-
rection. Two potentially missing studies on the right side
of funnel plot were imputed leading to a corrected effect
size that was still significant (WMD, -2.12 mg/dL; 95%
CI, —-3.95 to —0.29). The “fail safe N” method indicated
that 116 theoretically missing studies would be required
to make the overall estimated effect size non-significant.
Funnel plot of the impact of fibrates versus statins on
plasma Lp(a) concentrations is illustrated in Fig. 9.

Discussion

The findings of the present meta-analysis suggest that
fibrates are more efficacious than statins in lowering
plasma Lp(a) concentrations. In the absence of specific
Lp(a)-lowering agents, statins and fibrates have been
shown to reduce Lp(a) levels in hyperlipidemic subjects.
However, the magnitude of the Lp(a)-lowering effect of
these agents relative to each other has not been ad-
equately investigated, and results of head-to-head

N
Group by Study name Statistics for each study Difference in means and 95% CI

Difference Standard Lower Upper

in means error  Variance limit  limit Z-Value p-Value
<30 mg/dL Athyros et al., 2002 41000 1012 1024 -2983 0983 -0.988 0.323
<30 mg/dL Bredie et al., 1996 1080 1458 2125 3937 1777 -0.741 0459
<30 mg/dL Hansen et al., 1994 2300 12087 146103 -21.391 25991 0190  0.849
<30 mg/dL Melenovskietal, 2002 0.000  11.148 124.286 -21.850 21.850 0.000  1.000
<30 mg/dL Ohrvall et al., 1995 410220 10365 107.437 -30.535 10.095 -0.986 0.324 —_
<30 mg/dL Bairaktari et al., 1999 3000 0888 0788 -4740 -1.260 -3380 0.001 [ |
<30 mg/dL Greten et al., 1994 0570 0767 0588 -2073 0933 -0.744 0457
<30 mg/dL Kehely et al., 1995 8200 0899 0807 -9.961 -6439 -9.126 0.000 |
<30 mg/dL May etal.,, 2008 0400 0606 0367 -1587 0787 -0.661 0509
<30 mg/dL Saougos et al., 2007 0100 0179 0032 0251 0451 0559 0576
<30 mg/dL Vigna et al., 1999 6400 6866 47.146 -19.858 7.058 -0.932 0.351 ———
<30 mg/dL 2085 0944 0892 -3936 -0.234 -2208 0.027 O
>=30 mg/dL Jimenez et al., 1995 418000  11.218 125843 -39.987 3.987 -1.605 0.109 I
>=30 mg/dL Davidson et al., 2009 -4.200 11973 143.351 -27.667 19.267 -0.351 0.726 .
>=30 mg/dL de Lorgeriletal, 1999 -4.000  16.436 270.151 -36.214 28214 -0243  0.808 T
>=30 mg/dL Ramires et al., 1995 -11.000 3.246  10.539 -17.363 -4.637 -3.388  0.001 ——
>=30 mg/dL 10844 2968 8810 -16.661 -5026 -3.653  0.000 O
Overall 2890 0900 0810 -4654 -1.126 -3212 0.001 Y

-45.00 -22.50 0.00 22.50 45.00
Favours fibrate Favours statin

Fig. 4 Forest plot detailing weighted mean difference and 95% confidence intervals for the impact of fibrate versus statin monotherapy in
studies with baseline Lp(a) concentrations of < 30 mg/dL and = 30 mg/dL
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Group by Study name Statistics for each study Difference in means and 95% CI

Difference Standard Lower Upper

in means error  Variance limit limit Z-Value p-Value
<12 weeks Hansen et al., 1994 2300 12087 146103 -21.391 25991 0190  0.849 F
<12 weeks Jimenez et al., 1995 18000 11218 125843 -39.987 3987 -1.605 0.109 i
<12 weeks Melenovski et al., 2002 0.000 11.148 124.286 -21.850 21.850 0.000  1.000
<12 weeks Saougos et al., 2007 0.100 0179 0032 -0251 0451 0559 0576
<12 weeks Vigna et al., 1999 -6.400 6.866  47.146 -19.858 7.058 -0.932 0.351
<12 weeks 0.091 0179 0032 -0259 0442 0511 0609
>=12 weeks Athyros et al., 2002 -1.000 1012 1024 2983 0983 -0988 0323
>=12 weeks Bredie etal., 1996 -1.080 1458 2125 3937 1777 -0.741  0.459
>=12 weeks Ohrvall et al., 1995 410220 10365 107.437 -30.535 10.095 -0.986  0.324 L
>=12 weeks Davidson et al., 2009 4200 11973 143351 -27.667 19.267 -0.351 0.726 B
>=12 weeks Bairaktari et al., 1999 -3.000 0888 0788 -4740 -1.260 -3380 0.001 [}
>=12 weeks deLorgeriletal, 1999  -4.000 16436 270.151 -36.214 28214 -0.243  0.808 i
>=12 weeks Greten etal., 1994 -0.570 0767 0588 -2073 0933 -0.744 0457
>=12 weeks Kehely etal., 1995 8.200 0899 0807 -9961 -6439 -9.126  0.000 [ ]
>=12 weeks May et al., 2008 -0.400 0606 0367 -1587 0787 -0.661 0.509
>=12 weeks Ramires etal., 1995 -11.000 3246  10.539 -17.363 -4.637 -3388  0.001 ——
>=12 weeks -3.156 1207 1457 5522 -0790 -2615  0.009 <&
Overall 0.022 0177 0031 -0325 0368 0.122 0903

-45.00 -22.50 0.00 22.50 45.00
Favours fibrate Favours statin

Fig. 5 Forest plot detailing weighted mean difference and 95% confidence intervals for the impact of fibrate versus statin monotherapy on
plasma Lp(a) concentrations in the subsets of trials < 12 and = 12 weeks duration

comparative trials have not been fully clarified. Evi-
dence of beneficial effect of statins on elevated plasma
Lp(a) concentrations is still limited and variable [14, 66,
67]. In our single-arm analysis, statin therapy was
found to increase plasma Lp(a) concentrations. This re-
sult is in contrast with some previous reports on the
Lp(a)-lowering effect of statin therapy. While the limi-
tation of our single-arm analysis in including only trials
in which statins and fibrates were concomitantly stud-
ied should be considered, a possible reason for the
observed increase in plasma Lp(a) concentrations could
be attributed to the effect of rosuvastatin. There is evi-
dence from previous trials indicating that, unlike ator-
vastatin and simvastatin, rosuvastatin therapy may
significantly increase plasma Lp(a) levels [68, 69]. This
is consistent with the results of our single-arm analysis,
as excluding the only arm with rosuvastatin [65] from
the analysis resulted in a non-significant overall effect
of statin therapy on Lp(a) levels. Moreover, the results
of the Justification for the Use of Statins in Prevention:
An Intervention Trial Evaluating Rosuvastatin (JUPI-
TER) trial showed a small but statistically significant
positive shift in plasma Lp(a) levels following rosuvasta-
tin therapy. The JUPITER trial also demonstrated that

elevated plasma Lp(a) levels are a significant determin-
ant for the residual cardiovascular risk in patients on
optimal rosuvastatin therapy [70].

Statins have been shown to modestly decrease Lp(a)
levels in individuals with familial hypercholesterolemia
[71], but the mechanism of this effect remains elusive.
This slight reduction could be explained by the strong
genetic regulation of Lp(a) expression, as plasma Lp(a)
concentration is significantly determined by genetic
variability at the apo(a) gene locus or at other closely
related loci [14]. With respect to fibrates, the effect on
Lp(a) could be related to the induction of PPAR-q,
and subsequent activation of farnesoid X receptor
[72]. Inhibition of apoprotein(a) transcription by farse-
noid X receptor has been shown to be mediated via
translocation of the receptor to the nucleus, competi-
tive inhibition of the binding of hepatocyte nuclear
factor-4-a, and stimulation of fibroblast growth factor
19 expression in the intestine [73, 74]. Release of fatty
acids from adipose tissue is another mechanism that
may contribute to the Lp(a)-lowering effect of
fibrates [55], but the specific mechanism remains
unclear. Since Lp(a) may be bound to triglyceride-
rich lipoproteins [75], the reduction of triglyceride-
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Fig. 6 Forest plot detailing weighted mean difference and 95% confidence intervals for the impact of statin monotherapy versus statin/fibrate
combination therapy on plasma Lp(a) concentrations. Right plot shows leave-one-out sensitivity analysis of the impact of statin monotherapy
versus statin/fibrate combination therapy on plasma Lp(a) concentrations




Sahebkar et al. BMC Medicine (2017) 15:22 Page 11 of 14
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Fig. 7 Forest plot detailing weighted mean difference and 95% confidence intervals for the impact of fibrate monotherapy versus statin/fibrate
combination therapy on plasma Lp(a) concentrations. Right plot shows leave-one-out sensitivity analysis of the impact of fibrate monotherapy
versus statin/fibrate combination therapy on plasma Lp(a) concentrations

rich lipoproteins by fibrates could modify plasma methods used for random sequence generation, alloca-
Lp(a) concentrations [76], although this mechanism tion concealment, blinding of outcome assessment, and
needs to be verified. blinding of participants and personnel, resulting in un-
The results of two recent large randomized outcome  certainty on their overall quality. Overall, there was a
trials with fenofibrate, Fenofibrate Intervention and small population size in statin/fibrate combination ther-
Event Lowering in Diabetes (FIELD) [77] and Action to  apy group, leading to a relatively low number of subjects
Control Cardiovascular Risk in Diabetes (ACCORD) in the pooled analysis; however, sensitivity analysis was
[78], have not supported a benefit of fenofibrate on pri- conducted using the removal of one study (leave-one-
mary endpoints (myocardial infarction and death from  out approach) in order to evaluate the influence of each
coronary heart disease) in patients with type 2 diabetes study on the overall effect size. As another limitation,
taking statin. However, as our analysis revealed, the difference in the dose and duration of treatment as well
Lp(a)-lowering effect of fibrates might be more pro- as assays methods that were used to measure the Lp(a)
nounced in individuals with elevated Lp(a) levels at base-  concentrations might have introduced heterogeneity to
line. FIELD and ACCORD trials were not designed to the results. In this meta-analysis, the impact of this het-
look at Lp(a) changes, and hyper-Lp(a) was not among  erogeneity was tried to be minimized by applying a
the inclusion criteria of neither of these trials. Since sub-  random-effects model and performing subgroup and
analyses in subjects with atherogenic dyslipidemia in the = meta-regression analyses. Finally, none of the included
above-mentioned trials have shown incremental benefits  studies defined elevated Lp(a) concentrations among
of adding fenofibrate to statin in diabetic patients, simi-  their inclusion criteria, which necessitates additional
lar subanalyses in patients with hyper-Lp(a) could be studies in patients with hyper-Lp(a).
worthwhile and deserve attention. However, it must be
noted that the design in FIELD and ACCORD trials did Conclusion
not involve a head-to-head comparison of statins and In conclusion, results of this meta-analysis suggest that
fibrates, as opposed to the present meta-analysis. fibrates have a significantly greater effect in reducing
Some limitations of the present analysis deserve ac- plasma Lp(a) concentrations compared with statins.
knowledgment. Several studies included in this meta- Likewise, addition of fibrates to statins can enhance the
analysis did not provide sufficient information about the  Lp(a)-lowering effect of statins. Thus, combination
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Fig. 8 Meta-regression plots of the association between mean changes in plasma Lp(a) concentrations and duration of treatment. The size of
each circle is inversely proportional to the variance of change
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concentrations. Open circles represent observed published studies; closed circles represent imputed unpublished studies

therapy with fibrates and statins can provide an add-
itional beneficial effect in decreasing the risk of develop-
ing cardiovascular disease by reducing apo(a) expression
and enhancing Lp(a) clearance, especially in the sub-
group of patients with hyper-Lp(a). Future investigations
are recommended to explore the impact of other con-
ventional Lp(a)-lowering therapies [79, 80] as well as
novel lipid-modifying agents in comparison with fibrates
and statins [81-84]. Moreover, further randomized
head-to-head trials with different treatment durations
could be helpful to clarify if prolongation of treatment
could result in further reductions in plasma Lp(a)
concentrations.
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