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AIMS
Statins are known to influence the status of adipokines, which play a key role in the pathophysiology of cardiometabolic diseases.
As the effect of ezetimibe as an add-on to statin therapy on the impact of statins on plasma adipokines levels is currently unclear,
the aim of the present study was to investigate this through a meta-analysis of controlled trials.

METHODS
A systematic reviewwas performed, followed by a bibliographic search in PubMed,Medline, SCOPUS,Web of Science and Google
Scholar databases. Quantitative data synthesis was performed using a fixed- or random-effects model (based on the level of
interstudy heterogeneity) and the generic inverse variance weighting method. Effect sizes were expressed as standardized mean
difference (SMD) and 95% confidence interval (CI).

RESULTS
Meta-analysis of 23 controlled trials did not suggest any significant effect of adding ezetimibe on top of statin therapy on plasma
concentrations of adiponectin (SMD 0.34, 95% CI –0.28, 0.96; P = 0.288), leptin (SMD –0.75, 95% CI: –2.35, 0.85; P = 0.360),
plasminogen activator inhibitor 1 (SMD –1.06, 95% CI: –2.81, 0.69; P = 0.236) and interleukin 6 (SMD 0.30, 95% CI: –0.08, 0.67;
P = 0.124). However, significantly greater reductions in plasma concentrations of tumour necrosis factor α (TNF-α) (SMD –0.48,
95% CI –0.87, �0.08; P = 0.018) were achieved with ezetimibe/statin combination therapy.

CONCLUSIONS
The results suggested that ezetimibe add-on to statin therapy is associated with an enhanced TNF-α-lowering effect compared
with statin monotherapy. Owing to the emerging role of TNF-α in the pathogenesis of metabolic disorders, further investigations
are required to unveil the translational relevance of this TNF-α-lowering effect.
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Tables of Links

TARGETS

Other protein targets [2] Transporters [4]

TNF-α GLUT4

NPC1L1

Enzymes [3]

plasminogen activator, tissue type

LIGANDS

IL-6 fluvastatin

leptin lovastatin

adiponectin rosuvastatin

atorvastatin endothelin-1

simvastatin ezetimibe

rimonabant fenofibrate

These Tables list key protein targets and ligands in this article which are hyperlinked to corresponding entries in http://www.guidetopharmacology.org,
the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY [1], and are permanently archived in the Concise Guide to
PHARMACOLOGY 2015/16 [2–4].

Introduction
Adipose tissue is an active endocrine organ with the
ability to express many bioactive peptides, known as
‘adipokines’, such as tumour necrosis factor α (TNF-α), inter-
leukin 6 (IL-6), leptin, adiponectin, plasminogen activator
inhibitor 1 (PAI-1), resistin and visfatin [5]. These specific
fat-related hormones are considered as a link between the
vasculature and obesity, which is the major risk factor for
diabetes mellitus, metabolic syndrome and cardiovascular
diseases [6, 7]. The best characterized adipokine is leptin,
which regulates body weight centrally, and increased circu-
lating levels of which are present in obese patients. Plasma
levels of proinflammatory adipokines such as visfatin, IL-6
and TNF-α have also been shown to be increased during
obesity [8, 9]. By contrast, adiponectin has been described
mainly as an anti-inflammatory mediator, with plasma
levels inversely correlated with obesity and its complica-
tions [10], and with a tendency to increase with weight loss
[11]. In addition, TNF-α is known to be a pro-inflammatory
cytokine, and PAI-1 to be a component of the coagulation sys-
tem. Both PAI-1 and TNF-α (similarly to other adipokines such
as leptin and adiponectin) have metabolic effects – for exam-
ple, inhibiting the activity of tissue-type plasminogen activa-
tor (an anticlotting factor) and stimulating the release of free
fatty acids by adipocytes, and reducing adiponectin synthesis
and impaired insulin signalling, respectively [12]. The role of
reduced circulating levels of adipokines in the pathophysiol-
ogy of obesity, hypercholesterolaemia, insulin resistance
and cardiovascular diseases [5, 13] implies that adipose
tissue is an interesting target for hypolipidaemic agents.

Aside from their well-documented role as the cornerstone
of pharmacotherapy for dyslipidaemia, statins have been
shown to possess several pleiotropic and lipid-independent
effects relevant for the prevention and treatment of cardio-
vascular disease [14–20]. It has been shown that adipose
tissue is one of the targets of hypolipidaemic drugs such as
statins due to their pleiotropic effect. Krysiak et al.
demonstrated that atorvastatin reduced adipokine release
from visceral and subcutaneous adipose tissue independently
of its cholesterol-lowering effects [21]. Moreover, simvastatin
has been shown partially to reverse the abnormal hormonal
function of adipose tissue besides having a lipid-lowering effect
[22]. Ezetimibe is a lipid-lowering agent that inhibits the

Niemann-Pick C1-Like 1 (NPC1L1) transport protein, which
takes up cholesterol from the lumen of jejunal enterocytes. This
agent is used in patients who are either intolerant or resistant
to the effects of 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors (statins) [23, 24].

Several studies have demonstrated both ezetimibe- and
statin-induced changes in plasma adipokines level [25–30],
while others have found neither of these agents to have an
effect on adipose tissue function [31–34].We therefore under-
took the present meta-analysis to assess the effect of
ezetimibe add-on to statin therapy vs. statin monotherapy
on the plasma concentration of adipokines. In parallel, we
evaluated the effect of ezetimibe therapy on plasma
adipokine concentrations in nonstatin trials.

Methods

Search strategy
The present systematic review and meta-analysis was con-
ducted according to the instructions of the 2009 preferred
reporting items for systematic reviews and meta-analysis
(PRISMA) statement [35]. A systematic literature search was
performed in PubMed, Medline, SCOPUS, Web of Science
and Google Scholar databases using the following key words
in titles and abstracts: (ezetimibe) AND (adiponectin OR lep-
tin OR visfatin OR resistin OR ‘plasminogen activator
inhibitor-1’ OR ‘plasminogen activator inhibitor 1’ OR ‘plas-
minogen activator inhibitor1’ OR PAI-1 OR ‘PAI 1’ OR
‘PAI1’ OR ‘tumour necrosis factor-α’ OR ‘tumour necrosis fac-
tor α’ OR ‘tumour necrosis factorα’ OR TNF-α OR ‘TNF α’ OR
TNFα OR interleukin-6 OR ‘interleukin 6’ OR ‘interleukin6).
The wild-card term ‘*’ was used to increase the sensitivity of
the search strategy. The search was limited to articles pub-
lished in the English language. The literature was searched
from inception to 16 April 2015.

Study selection. For inclusion in the analysis, studies had to
be randomized controlled trials (RCTs) comparing the
effect of ezetimibe monotherapy vs. no treatment, or
comparing the effect of ezetimibe addition to statin
therapy vs. statin monotherapy on plasma concentrations
of adipokines. Exclusion criteria included: in vitro, in vivo
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and observational studies; uncontrolled or inappropriately
controlled trials; trials with a treatment duration of
<2 weeks and studies with a lack of sufficient information
on baseline or follow-up adipokine concentrations (or net
change values).

Data extraction
Following a review of eligible studies, the data regarding au-
thors; publication date; study location and design; number
of participants in the ezetimibe and control groups; drug
type and dose; treatment duration; the age, gender and
body mass index (BMI) of study participants; baseline lipid
levels, high-sensitivity C-reactive protein (hs-CRP) and
glucose, blood pressure and adipokines were collated.

Quality assessment
A systematic assessment of bias in the included studies was
performed according to the Cochrane instructions [36].

Quantitative data synthesis
Meta-analysis was conducted using Comprehensive Meta-
Analysis (CMA) V2 software (Biostat, Englewood, NJ, USA)
[37]. Net changes in measurements (change scores) were cal-
culated for parallel and crossover trials, as follows: (measure
at the end of follow-up in the treatment group � measure at
baseline in the treatment group) � (measure at the end of
follow-up in the control group � measure at baseline in the
control group) [38–40]. Standard deviations (SDs) of the
mean difference were calculated using the following formula:
SD = square root [(SDpretreatment)

2 + (SDposttreatment)
2 –

(2R × SDpretreatment × SDposttreatment)], assuming a correlation
coefficient (R) = 0.5 [41–44]. If the outcomemeasures were re-
ported in median and range [or 95% confidence CI)], interval
(mean and SD values were estimated using the method de-
scribed by Hozo et al. [45]. To convert interquartile ranges
into minimum–maximum ranges, the following equations
were used: A = median + 2 × (Q3 – median) and B = median –

2 × (median –Q1), where A, B, Q1 and Q3 are upper and lower
ends of the range, and upper and lower ends of the interquar-
tile range, respectively. When only the standard error of the
mean (SEM) was reported, the SD was estimated using the fol-
lowing formula: SD = SEM × sqrt (n), where sqrt is the square
root and n is the number of subjects.

The results of selected RCTs were pooled using the generic
inverse variance method and a fixed- and random-effects
model, depending on the presence of high (≥ 50%) or low-
to-moderate (<50%) heterogeneity, respectively. Interstudy
heterogeneity was assessed using the Cochran Q test and I2

index. Effect sizes were expressed as the standardized mean
difference (SMD) owing to the differences in the methods
employed for the adipokine assay among the included stud-
ies. The influence of each study on the estimated effect size
was assessed using leave-one-out sensitivity analysis. A
weighted meta-regression analysis was performed to assess
the association between the overall estimate of effect size,
with low-density lipoprotein cholesterol (LDL-C)-lowering
activity as a potential confounder.

Publication bias
The presence of publication bias in the meta-analysis was
assessed through visual inspection of Begg’s funnel plot
asymmetry, Begg’s rank correlation and Egger’s weighted re-
gression tests. Duval and Tweedie’s ‘trim and fill’ and ‘ fail-
safe N’methods were used to adjust the analysis for the effects
of publication bias [46].

Results

Flow and characteristics of included studies
Following a systematic search, 339 articles were identified
and reviewed by title and abstract. Of these, 296 articles were
excluded for not being an original study (n = 123) and not
meeting the predefined eligibility criteria (n = 173). The full
text of the remaining 43 articles were carefully evaluated,
resulting in the exclusion of an additional 20 studies for be-
ing not appropriately controlled (n = 4), being uncontrolled
(n = 7), having no ezetimibe intervention (n = 3), not measur-
ing plasma levels of adipokine(s) (n = 3), being a duplicate re-
port (n = 2) and including no adipokine assay (n = 1). Finally,
23 studies were found to meet the inclusion criteria and were
included in the systematic review and meta-analysis. The
study selection process is shown in Figure 1.

Data were pooled from 23 clinical trials comprising 1226
subjects: 374, 413, 236 and 203 in the ezetimibe/statin com-
bination, statin monotherapy, ezetimibe monotherapy and
nonstatin therapy arms (participants of the crossover trials
were considered in both ezetimibe/statin combination and
statin monotherapy arms), respectively. Included studies
were published between 2008 and 2015. The clinical trials
used different doses of ezetimibe and statins. Two studies in-
vestigated ezetimibe 5 mg day–1 [47, 48] and 21 studies inves-
tigated ezetimibe 10mg day–1 [25, 28, 31, 49–66]; in regard to
statins, one study investigated atorvastatin 5 mg day–1 [47],
one study investigated atorvastatin 10 mg day–1 [28], two
studies investigated atorvastatin 20 mg day–1 [47, 51], two
studies investigated atorvastatin 80 mg day–1 [51, 58], one
study investigated fluvastatin 30 mg day–1 [53], one study in-
vestigated lovastatin 5 mg day–1 [62], one study investigated
lovastatin 20 mg day–1 [62], one study investigated
rosuvastatin 2.5 mg day–1 [66], one study investigated
rosuvastatin 10 mg day–1 [66], two studies investigated sim-
vastatin 10 mg day–1 [54, 63], one study investigated simva-
statin 20 mg day–1 [56], seven studies investigated
simvastatin 40 mg day–1 [25, 31, 49, 50, 59, 61, 65] and two
studies investigated simvastatin 80 mg day–1 [54, 63]. The
range of intervention periods was from 2 weeks [25, 31, 50]
up to 12 months [58]. Study designs of the included studies
included parallel group [25, 28, 31, 47, 48, 50–53, 55, 56,
58–66] and crossover [49, 54, 57]. Selected studies enrolled
subjects with diabetes [49, 63], prediabetes [56], chronic kid-
ney disease [49], obesity [52, 54, 55, 57], abdominal aortic
aneurysm [50], a high risk of cardiovascular disease [51],
dyslipidaemia [28, 47, 48, 52, 56, 57, 59–62], stable angina
pectoris [53, 58], non-alcoholic fatty liver disease [64], meta-
bolic syndrome [54], acute coronary syndrome [65], coronary
artery disease [66] and also apparently healthy men [25, 31].
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Anthropometric and biochemical characteristics of the evalu-
ated studies are presented in Table 1.

Risk of bias assessment
With respect to random sequence generation, four studies
were judged to have a high risk of bias [28, 48, 60, 61], while
some studies presented insufficient information [25, 31, 51,
52, 55, 59, 62, 66]. The afore-mentioned four studies had
high risks of bias regarding allocation concealment [28, 48,
60, 61], while the others had a lack of information on this as-
pect [25, 31, 47, 51–53, 55, 56, 58, 59, 62]. Several studies
showed a high risk of bias with respect to the blinding of par-
ticipants, personnel and outcome assessors [28, 31, 47, 48,
51, 52, 56, 58, 60–62, 64, 66], and some contained insuffi-
cient information [25, 54, 55, 57, 59, 63, 65]. Most of the in-
cluded studies had a low risk of bias regarding incomplete
outcome data, and only two exhibited a high risk of bias
[51, 58]. Finally, all trials showed low risk of bias for selective
outcome reporting. Evaluation of the risk of bias is summa-
rized in Table 2.

Effect of ezetimibe/statin combination therapy
vs. statin monotherapy on plasma adipokines
Meta-analysis did not suggest any benefit of ezetimibe addi-
tion to statin therapy in altering plasma concentrations of
adiponectin (SMD 0.34, 95% CI: –0.28, 0.96; P = 0.288;
I2 = 75.22%), leptin (SMD –0.75, 95% CI –2.35, 0.85;

P = 0.360; I2 = 92.40%), PAI-1 (SMD –1.06, 95% CI –2.81,
0.69; P = 0.236; I2 = 95.50%) and IL-6 (SMD 0.30, 95% CI –
0.08, 0.67; P = 0.124; I2 = 61.11%) (Figures 2–4). However, sig-
nificantly greater reductions in the plasma concentrations of
TNF-α (SMD –0.48, 95% CI –0.87, �0.08; P = 0.018;
I2 = 75.43%; Figure 5) were achieved with ezetimibe/statin
combination therapy. In the sensitivity analysis, omission
of each study from the meta-analysis did not remove the sta-
tistical significance of effect size, apart from in the study by
Yamazaki et al. [66], for which a slight sensitivity was ob-
served (Figure 6).

The TNF-α-lowering activity did not differ between sub-
groups of studies in patients with (SMD –0.37, 95% CI –

0.59, �0.16) and without (SMD –0.84, 95% CI –3.02, 1.33)
established cardiovascular disease (or diabetes) (P = 0.674).
The reduction in TNF-α was also comparable between simva-
statin (SMD –0.51, 95% CI –1.41, 0.39) and atorvastatin
(SMD –0.35, 95% CI –0.66, �0.04) (P = 0.747). Moreover, no
significant association was found between the changes in
plasma TNF-α and LDL-C concentrations in the included
studies (slope 0.02; 95% CI –0.03, 0.07; P = 0.391) (Figure 7).

Effect of ezetimibe therapy on plasma
adipokines in nonstatin trials
The effect of ezetimibe vs. control on plasma concentrations
of adiponectin, IL-6 and TNF-α in nonstatin trials was
assessed in four, two and five studies, respectively. Meta-

Figure 1
Flow chart of the number of studies identified and included in the meta-analysis
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analysis did not suggest any significant changes in plasma
adiponectin (SMD 0.49, 95% CI –0.15, 1.13; P = 0.136;
I2 = 70.88%; Figure 2), IL-6 (SMD 0.14, 95% CI –0.36, 0.64;
P = 0.587; I2 = 0%; Figure 4) and TNF-α levels (SMD –0.51,
95%CI –1.29, 0.26; P = 0.190; I2 = 82.11%; Figure 5) following
treatment with ezetimibe.

Publication bias
The Begg’s funnel plot of precision was slightly asymmetrical
and suggested a potential publication bias in the meta-
analysis of ezetimibe/statin combination vs. statin mono-
therapy on plasma concentrations of TNF-α. Using ‘trim and
fill’ correction, one potentially missing study was imputed,
leading to a corrected effect size of �0.58 (95% CI –0.99,
�0.17) (Figure 8). The presence of publication bias was ex-
cluded by Egger’s linear regression (intercept = �4.97, stan-
dard error = 3.98; 95% CI = �14.71, 4.78; t = 1.25, df = 6,
two-tailed P-value = 0.259) and Begg’s rank correlation
(Kendall’s Tau with continuity correction = �0.18, z = 0.62,

two-tailed P-value =0.536) tests. The ‘fail-safe N’ test showed
that 36 studies would be needed to bring the SMD down to
a nonsignificant (p > 0.05) value.

Discussion
A major finding of the present meta-analysis was that combi-
nation treatment with ezetimibe and statins significantly re-
duces TNF-α plasma concentration, which generates a
hypothesis for the potential relevance of such a combination
for enhancing the anti-inflammatory effects of statins.

3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors, or statins, have proved to be effective
in the primary and secondary prevention of cardiovascular
diseases [67]. Statins have a strong hypolipidaemic effect,
especially on LDL-cholesterol levels; however, the overall
benefits of statins are greater because of their so-called pleio-
tropic (cholesterol-independent) effects [68]. Despite their

Table 2
Risk of bias assessment in the studies included

Study
Sequence
generation

Allocation
concealment

Blinding of participants,
personnel and
outcome assessors

Incomplete
outcome data

Selective
outcome
reporting

Other potential
threats to validity

Almquist et al. (2014) [49] L L L L L L

Berthold et al. (2013) [25] U U U L L U

Chan et al. (2010) [55] U U U L L U

Dawson et al. (2011) [50] L L L L L L

Ferreira et al. (2015) [51] U U H H L U

Florentin et al. (2010) [52] U U H L L U

Gouni-Berthold et al.
(2008) [31]

U U H L L U

Habara et al. (2014) [53] L U L L L L

Hajer et al. (2008) [54] L L U L L L

Kater et al. (2010) [56] L U H L L L

Kikuchi et al. (2012) [57] L L U L L L

Kovarnik et al. (2012) [58] L U H H L U

Krysiak et al. (2012) [59] U U U L L U

Krysiak et al. (2014) [22] H H H L L U

Krysiak et al. (2014) [61] H H H L L U

Kurobe et al. (2011) [28] H H H L L U

Lee et al. (2011) [47] L U H L L U

Liu et al. (2013) [62] U U H L L U

Rudofsky et al. (2012) [63] L L U L L L

Takeshita et al. (2014) [64] L L H L L L

Undas et el. (2011) [65] L L U L L L

Yagi et al. (2010) [48] H H H L L U

Yamazaki et al. (2013) [66] U L H L L U

H, high risk of bias; L, low risk of bias; U, unclear risk of bias
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Figure 2
Forest plot displaying standardized difference (Std diff) in means and 95% confidence intervals (CIs) for the impact of statin/ezetimibe (EZE) com-
bination therapy vs. statin monotherapy on plasma adiponectin concentrations (upper plot). The lower plot displays the impact of EZE vs. control
on plasma adiponectin concentrations in nonstatin trials

Figure 3
Forest plot displaying standardized difference (Std diff) in means and 95% confidence intervals (CIs) for the impact of statin/ezetimibe (EZE) com-
bination therapy vs. statin monotherapy on plasma concentrations of leptin and plasminogen activator inhibitor 1 (PAI-1)
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Figure 4
Forest plot displaying standardized difference (Std diff) in means and 95% confidence intervals (CIs) for the impact of statin/ezetimibe (EZE) com-
bination therapy vs. statin monotherapy on plasma interleukin 6 (IL-6) concentrations (upper plot). Lower plot displays the impact of ezetimibe vs.
control on plasma IL-6 concentrations in nonstatin trials

Figure 5
Forest plot displaying standardized difference (Std diff) in means and 95% confidence intervals (CIs) for the impact of statin/ezetimibe (EZE) com-
bination therapy vs. statin monotherapy on plasma tumour necrosis factor α (TNF-α) concentrations (upper plot). Lower plot displays the impact
of EZE vs. control on plasma TNF-α concentrations in nonstatin trials. Almquist a and b refer to different treatment arms of a single study
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Figure 6
Leave-one-out sensitivity analysis for the impact of statin/ezetimibe (EZE) combination therapy vs. statin monotherapy on plasma tumour necrosis
factor α concentrationsCI, confidence interval; Std diff, standardized difference. Almquist a and b refer to different treatment arms of a single study

Figure 7
Random-effects meta-regression analysis for the association between changes in plasma tumour necrosis factor α and low-density lipoprotein cho-
lesterol (LDL-C) concentrations in trials comparing statin/ezetimibe combination vs. statin monotherapyStd diff, standardized difference

Figure 8
Funnel plot displaying publication bias in the studies reporting the impact of statin/ezetimibe combination therapy vs. statin monotherapy on
plasma tumour necrosis factor α concentrations. Std diff, standardized difference; Std Err, standard error. Open circles denote analyzed studies
filled circle denotes potentially missing studies that were imputed
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relative safety and efficacy, several studies have shown that
some patients do not tolerate statins, or suffer from adverse
effects [69–71]. These patients may benefit from treatment
with ezetimibe, a selective inhibitor of the NPC1L1 protein
in the jejunal brush border which inhibits intestinal
cholesterol absorption and thus reduces plasma total and
LDL-cholesterol levels [72]. Moreover, combination therapy
with ezetimibe and statins prevents both the enhanced cho-
lesterol synthesis induced by ezetimibe and increased choles-
terol absorption induced by statins, and thus provides an
additive reduction in plasma cholesterol levels [73].

Adipokines and other peptides released from adipose
tissue play important roles in the pathogenesis of various
cardiovascular diseases related to obesity, insulin resistance
and atherosclerosis. For example, Krysiak et al. [61] showed
a restoration in adipokine production after combined
treatment with simvastatin and ezetimibe in high-risk hy-
percholesterolaemic patients. By contrast, Gupta et al. [74]
demonstrated no effects of ezetimibe add-on to statin therapy
on adipokine production in patients with metabolic syn-
drome and stable vascular disease. These controversial data
directed us to undertake the present meta-analysis to assess
the effect of ezetimibe add-on to statin vs. statin monother-
apy on plasma concentrations of selected adipokines such
as adiponectin, leptin, PAI-1, IL-6 and TNF-α.

The present meta-analysis suggested no benefit of
ezetimibe/statin combination treatment on plasma concen-
trations of adiponectin, leptin, PAI-1 and IL-6. Some authors
have shown decreased levels of TNF-α after treatment with
ezetimibe/statin combination [58, 61], whereas others have
not [49, 51, 53, 56, 66]. However, our meta-analysis showed
a significant decrease in the plasma concentration of TNF-α
after ezetimibe/statin combination therapy.

TNF-α is an adipokine which is not produced directly by
adipocytes, but by activated macrophages infiltrating adipose
tissue [75]. This adipose tissue is characterized by the pres-
ence of large (hypertrophic) adipocytes, which are formed
due to an alteration in insulin sensitivity in adipose tissue
and obesity [76]. TNF-α promotes insulin resistance by reduc-
ing glucose transporter 4 (GLUT4) expression, decreasing li-
poprotein lipase activity or reducing insulin signalling [77].
Moreover, TNF-α impairs adipocyte differentiation and
promotes inflammation [78]. In addition, higher plasma con-
centrations of TNF-α are associated with increased endothelin
1 (ET-1) production and endothelial dysfunction, vascular
instability and atherogenesis [79]. Interestingly, a recent
meta-analysis showed that statins reduce plasma ET-1 levels
[20]. Therefore, we might speculate that a reduction in
TNF-α levels might be accompanied by decreased levels of
ET-1, although this was not addressed in the present study.
In addition, Buldak et al. 2016 [80] showed that exenatid,
TNF-α inhibitor, has a strong antioxidative and anti-
inflammatory potential by reducing the production of
reactive oxygen species and secretion of proinflammatory cy-
tokines in cultured macrophages treated with lipopolysac-
charide. Moreover, TNF-α blockade is associated with a
reduction in carotid intima–media thickness in patients with
active rheumatoid arthritis [81]. TNF-α effects may be asso-
ciated with cardiac apoptosis, increased oxidative stress
and mitochondrial dysfunction, so a decrease in plasma
TNF-α levels (e.g. caused by its inhibitors) may prevent

TNF-α-induced apoptosis associated with the protection of
mitochondrial function [82]. Therefore, we suggest that
TNF-α levels might not only serve as a biomarker of the
above-mentioned pathological conditions, but also be impli-
cated in the progress of cardiovascular-related pathologies.
This is in agreement with several studies that have shown a
potential benefit of TNF-α reduction after statin treatment
[83, 84], suggesting that reduced TNF-α levels might be associ-
ated with both treatment efficacy and a reduction in inflam-
mation in these patients. Plasma TNF-α levels are considered
to add prognostic information to that conveyed by CRP or
hs-CRP (another classical acute-phase protein and an ex-
tremely sensitive marker of systemic inflammation) in the
prevention of future cardiovascular events [85]. Moreover,
plasma hs-CRP and TNF-α levels are positively correlated with
adipocyte size, an increase in which might constitute an
inflammatory condition and act as a risk factor for
cardiovascular-related diseases [86].

The results of the present meta-analysis were in line with
the latest IMProved Reduction of Outcomes: Vytorin Efficacy
International Trial (IMPROVE-IT) regarding inflammatory
markers [87]. In the present study, we showed that
ezetimibe/simvastatin reduces levels of TNF-α levels, and
IMPROVE-IT showed that significantly more patients treated
with ezetimibe/simvastatin have a reduction in both LDL-C
and hs-CRP levels when compared with patients treated only
with statins [87].

It is of interest to consider a possible mechanism for
explaining how ezetimibe/statin combination therapy affects
inflammatory marker levels. Wang et al. [88] demonstrated a
better improvement in plaque stability and necrotic
plaque composition because of the potent inhibitory effects
of ezetimibe and rosuvastatin on inflammatory parameters
(hs-Crp and IL-6) in patients with coronary atherosclerotic
disease treated with a combination of ezetimibe and
rosuvastatin vs. rosuvastatin alone. They also proposed that
LDL lowering to certain levels results in a reduction in inflam-
matory markers, which subsequently affects plaque
size/stability. Indeed, it was demonstrated by Tsujita et al.
[89] that the addition of ezetimibe to statin therapy causes
greater coronary plaque regression, which might be attrib-
uted to inhibition of cholesterol absorption and a stronger
lipid-lowering effect when compared with statin monother-
apy. These studies suggested that the cholesterol-lowering ef-
fect is the key mechanism for the atheroprotective effect of
ezetimibe either alone or in combination with statins. By
contrast, Crea and Niccoli [90] have commented that
ezetimibe seems to modulate atherosclerotic plaque regres-
sion beyond its lipid-lowering effects by modulating the
genes associated with inflammation and/or oxidative stress,
monocyte/macrophage activity and the inhibition of smooth
muscle cell proliferation. Moreover, Yagi et al. [48] showed
that ezetimibe significantly decreases LDL-cholesterol and
hs-CRP levels in patients with hypercholesterolaemia. Inter-
estingly, the changes in serum hs-CRP levels were not corre-
lated with a decrease in the LDL-cholesterol level. These
findings suggest that ezetimibe has cardiovascular protective
actions, including anti-inflammatory effects, that are at least
partially independent of the LDL-cholesterol-lowering ef-
fects. In other words, the addition of ezetimibe to statin
therapy could be beneficial by increasing both the
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hypolipidaemic and anti-inflammatory effects of ezetimibe
when compared with statin monotherapy.

The present meta-analysis had potential limitations. First,
there were few studies assessing the impact of statin therapy
on plasma adipokine levels, which could have restricted the
power of the analysis. In particular, most of the studies
assessing the impact of ezetimibe on plasma adiponectin
levels reported an increasing effect, yet the pooled effect did
not reach statistical significance, which might be attributed
to the small trial sizes. This suggests the need for further,
larger studies to enable a robust conclusion to be reached on
the effect of ezetimibe on plasma adiponectin levels. Second,
there was heterogeneity among the included studies in terms
of trial protocol, recruited population, statin type and the
duration of treatment. To address this, we assessed the
interstudy heterogeneity and applied a random-effects model
when the heterogeneity was found to be high. Third, few
studies were performed in overweight/obese or diabetic pop-
ulations, thereby suggesting a need for additional trials in
these specific conditions which are associated with adipokine
abnormalities. Finally, most of the studies did not evaluate
the association between changes in plasma adipokine levels
and cardiovascular outcomes.

Conclusion
The present meta-analysis demonstrated that the addition of
ezetimibe to statin therapy might be beneficial not only be-
cause of enhancing hypolipidaemic effects, but also due to re-
duced levels of plasma proinflammatory TNF-α, suggesting
that there is a reduction in the cardiometabolic risk after
ezetimibe/statin combination treatment.
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