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Abstract

Background: The monotherapies of statin and ezetimibe had not successfully achieved their objectives in the
management of lipid levels of dyslipidemia patients. We aimed to compare the effects of combined low-dose
simvastatin and ezetimibe versus high-dose statin on the lipid-lowering treatment of dyslipidemia patients.
Methods: We scarched five databases published before May 2018, namely PubMed, EMBASE, Cochrane,
Web of Science, and Clinicaltrials.gov. Completely published randomized controlled trials (RCTs) comparing
the effect of high-dose statin (S) with ezetimibe/simvastatin (10/10 mg; E/S) on the management of
dyslipidemia patients were included.

Results: A total of ten RCTs met the inclusion criteria, including 1,624 patients (E/S:691, S:933). Six out-
comes underwent pooled analysis, including weighted mean difference (WMD) from baseline in total choles-
terol (TC), low-density lipoprotein cholesterol (LDIL-C), high-density lipoprotein cholesterol (HDL-C), high
sensitivity C-reactive protein (hs-CRP), triglyceride (T'G), and non-high-density lipoprotein cholesterol (non-
HDL-C). No significant gap was found between high-dose statin and ezetimibe/simvastatin (10/10 mg) in
LDL-C (-1.55; 95% confidence interval [CI]:-4.42~1.31, P=0 .29), HDL-C (1.05; 95%CI:-0.21~2.3, P=0 .1),
TG (4.03; 95%Cl:-4.53~12.58, P=0.36), and hs-CRP (0.14; 95%CI:-0.50~0.78, P=0.67). However, there was
significant difference found between the two lipid-lowering treatments in TC (-0.45; 95%CI:-9.07~-0.83,
P=0.02) and non-HDL-C (-4.97; 95%CI -8.46~-1.49, P=0.005).

Conclusion: Ezetimibe co-administered with simvastatin (10 mg) and high-dose statin monotherapy may
show similar effects in reducing LDL-C, TG, and hs-CRP levels and in increasing HDL-C levels. However,
the results suggest that there was greater TC and non-HDL-C lowering through high-dose statin monotherapy
as compared with ezetimibe/simvastatin co-administration.
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Introduction

Ischemic stroke, coronary heart disease (CHD), rate attributable to all ASCVD in the US popula-
and peripheral arterial disease (PAD) were called tion was 223.9 per 100,000 in 2013 (2). Meanwhile,
atherosclerotic cardiovascular disease (ASCVD) stroke is the first and the third leading cause of
(1). The data suggested the age-standardized death death in rural and urban areas in China (3).
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In 2005, ASCVD is the most common cause of
death in the UK, in which 49% of deaths are due
to CHD and about 28% are due to stroke (4).
Dyslipidemia, particularly, low-density lipoprotein
cholesterol (LDL-C), is a major contributor to the
formation and development of atherosclerotic
plaques (5). Inflammation is a key participant in
atherosclerosis formation by intervening or modu-
lating systemic and local inflammatory responses.
Evidences from experimental model studies sup-
port the viewpoint that inflammation is a driver of
atherosclerosis. High sensitivity C-reactive protein
(hs-CRP) is an indicator of subclinical inflamma-
tion. Furthermore, all these factors can lead to the
development of ASCVD.

The management of dyslipidemia or hypercholes-
terolemia is constantly evolving. The treatment
aims to prevent or reduce the risk and complica-
tions of ASCVD (6). There are two primary ways
to manage hypercholesterolemia: through life-
style changes, such as proper diet, exercise, and
weight management, and through medication (7).
The 3-hydroxy-3-methylgutaryl coenzyme A re-
ductase inhibitors or statins are recommended as
the first-line drug to treat hypercholesterolemia
(1, 8, 9). Aside from its lipid-lowering efficacy,
statins can also reduce infarct volume and in-
crease neurological function through its anti-
inflammatory, antithrombotic, anti-oxidant, anti-
apoptotic, and neuroprotective properties (1).
Statin is a well-established and effective medica-
tion to lower lipid levels. It can increase high-
density lipoprotein cholesterol (HDL-C) levels
from 2.3 to 7.9%, and it can decrease LDL-C,
non-HDL-C, triglyceride (TG) levels within rang-
es of 27-55%, 25-50%, 9-25%, respectively (10,
11). Although statin is proven to be beneficial in
the management of hypercholesterolemia, some
patients given the highest doses of statin still fail
to achieve their LDL-C target levels (10). How-
ever, statin has numerous adverse effects (AEs)
such as myalgia, myopathy, rhabdomyolysis,
pathoglycemia, hepatotoxicity, etc (5, 10, 12, 13).
High-intensity statin (atorvastatin 40-80 mg,
rosuvastatin 20-40 mg, and simvastatin 80 mg)
was able to reduce LDL-C about >50% from the
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untreated baseline (14). However, there is a close
relationship between high dosage of statins and
increased risk of AEs (10).

Ezetimibe is an epoch-making inhibitor of intestinal
cholesterol absorption (15). The inhibition of ab-
sorption of bile acid-derived reabsorbed and food-
derived cholesterols is associated with the mecha-
nism of ezetimibe. It could significantly reduce lev-
els of postprandial TG, reduce LDL-C rate by 23%,
and increase the effect of statin to reduce serum
TG (16, 17). Ezetimibe and statin have some simi-
lar effects, and they are both involved in ameliorat-
ing oxidative stress, insulin resistance, and athero-
sclerotic and inflammatory markers (9). Over the
past years, the Randomized Controlled Trials
(RCTs) on ezetimibe plus statin and/or statin
monotherapy constantly evolved, and example of
such studies are Ezetimibe and Simvastatin in Hy-
percholesterolemia Enhances Atherosclerosis Re-
gression (ENHANCE), Simvastatin and Ezetimibe
in Aortic Stenosis (SEAS), Study of Heart and Re-
nal Protection (SHARP), and Improved Reduction
of Outcoms: Vytorin Efficacy International Trial
(IMPROVE-IT) (18-21).

Some studies and guides recommended ezetimibe
in combination with a statin to reduce the risk of
ASCVD events for at-risk patients (22, 23).
However, it is still controversial whether there is
a difference in the effects of combined, low-dose
simvastatin and ezetimibe as compared with
high-dose statin on lipid-lowering treatment.
Hence, we performed the meta-analysis to com-
pare the effect of the combination of low-dose
simvastatin and ezetimibe (defined as daily dose
of ezetimibe/simvastatin 10/10 mg) with high-
dose statin (defined as a daily dose of atorvastatin
40-80 mg, rosuvastatin 20-40 mg, and simvastatin
80 mg) on lipid-lowering treatment in dyslipidem-
ia patients.

Methods

Our meta-analysis was conducted according to
the preferred reporting items for systematic re-
views and meta-analyses (PRISMA) Statement
(24). However, the data based on published stud-
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ies, there are no ethical issues in this systematic
review and meta-analysis.

Data Searching

This systematic review and meta-analysis can be
found in four common databases and one web-
site: Clinicaltrials.gov. We searched Medline by
PubMed, Embase, Cochrane Library databases,
Web of Science, and Clinicaltrials.gov for com-
pleted or ongoing trials with the keywords
“ezetimibe”, “simvastatin’, “atorvastatin’, “rosu-
vastatin”, and “statin”. The boolean logic and
wildcard and truncation symbols were used in
bibliographic retrieval. The final search was com-
pleted on May 2018. Through manual search, the
references of the original manuscripts, review,
and meta-analysis were useful in bibliographic
retrieval. The search strategy for Medline by
Pubmed is shown in detail in the electronic sup-
plementary material (ESM 2).

Study Selection

Two reviewers (G.M.Y. and D.F.H) searched and
filtered the related articles, and disagreement was
resolved by conformable discussion. The third
reviewer (X.N.Z.) contributed to solve the dis-
crepancies through discussion with the two pre-
vious reviewers.

Inclusion criteria: 1) RCTs; 2) comparison of low-
dose simvastatin plus ezetimibe (defined as a daily
dose of ezetimibe/simvastatin 10/10 mg) and high-
dose statin (defined as a daily dose of atorvastatin
40-80 mg, rosuvastatin 20-40 mg, and simvastatin
80 mg); 3) assessment of the therapeutic effect of
changes in LDL-C levels in hypercholesterolemia;
and 4) reporting data (means and standard devia-
tions [SD]) regarding pre-intervention and post-
intervention LDI-C or change from baseline LDIL-
C. Exclusion critetia: 1) non-human studies, 2) in-
complete papers, 3) reviews, 4) observational stud-
ies, 5) post-hoc studies, 6) pooled analysis, 7) sub-
group analysis, 8) letters, 9) conference summatries/
papers, 10) non-English papers.

Data Extraction

Two reviewers (G.M.Y. and D.F.H) achieved da-
ta extraction from complete papers that passed
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the inclusion criteria, and disagreement was re-
solved through conformable discussion. The
third reviewer (X.N.Z.) contributed to solve the
discrepancies through discussion with the two
previous reviewers. The following data were ex-
tracted: 1) the primary information: author, pub-
lication time, and study design; 2) profile of par-
ticipant: headcount, gender, age, body mass index
(BMI), diabetes or impaired glucose tolerance
(IGT), hypertension, CHD, PAD, stroke, smok-
ing habits; 3) intervention: type of drug, dosage,
and duration of therapy; 4) outcome: pre-/post-
intervention or change from the baseline values
of LDL-C, HDL-C, total cholesterol (TC), TG,
non-HDI.-C, and hs-CRP.

Risk of Bias Assessment

A systematic quality assessment was performed
using the Cochrane Collaboration Risk of Bias
Tool in the included RCTs. The study quality was
independently evaluated by two reviewers
(G.M.Y. and D.F.H), and the differences were
settled through mutual discussion. The third re-
viewer (X.N.Z.) contributed to solve the discrep-
ancies through discussion with the two previous
reviewers. The risk of bias assessment included:
1) random sequence generation (selection bias);
2) allocation concealment (selection bias); 3)
blinding of participants and personnel (perfor-
mance bias); 4) blinding of outcome assessment
(detection bias); 5) incomplete outcome data (at-
trition bias); 6) selective reporting (reporting bi-
as); and 7) other biases. According to Cochrane
Collaboration Risk of Bias Tool, a judgment of
‘yes’ revealed low risk of bias, whereas ‘no’ re-
vealed high risk of bias, and ‘unclear’ revealed an
unclear or unknown risk of bias (9, 25).
Statistical analysis

The pre- and post-interventions or change from
the baseline of LDL-C acted as the primary out-
come, and the pre- and post-interventions or
change from the baseline of HDL-C, TC, TG,
non-HDL-C, and hs-CRP acted as the secondary
outcome. The non-HDL-C was calculated as TC
minus HDL-C, and this was assessed as mean or
mediant SD. The data extraction and count were
applied to the change (mean or mediantSD) in

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/

Yang et al.: Efficacy of Ezetimibe/Simvastatin (10/10 mg) versus High Dose ...

tesponse  to  pre-/post-therapy. However,
we failed to use SD in some (26-29). Thus,
we utilized SD of baseline instead of SD of
change.

RevMan 5.3 (Cochrane Collaboration, Oxford,
UK) was used for the statistical analysis of the
paper. The weighted mean difference (WMD)
and its 95% confidence intervals (Cls) played an
important role in the pooled effect. Heterogenei-
ty was assessed using the Cochrane’s Q test. If
the p value is greater than 0.10, low heterogeneity
was considered. In addition, the I” statistic was
applied to assess heterogeneity as well. We con-
sidered levels of heterogeneity as follows: 1) 12 <
20%: low heterogeneity; 2) 1% 20-50%: evident
heterogeneity; 3) 12 50-75%: material heterogenei-
ty; and 4) 12> 75%: considerable heterogeneity.
Low heterogeneity or I? < 20% was determined
using the mean of fixed effect model as calculat-
ed by RevMan 5.3. Other heterogenecities were
determined using a random effect model.

)

We performed data merging based on heteroge-
neity levels. If the heterogeneity was not low,
sensitive analysis or subgroup analysis was then
applied. Publication bias was assessed through
visual inspection of the funnel plots.

Results

Study Searching

We accepted a total of ten studies included in 13
literatures through database and manual search-
ing (Fig. 1). In those literatures, three studies
have two reduplicative literatures. Finally, we in-
cluded ten studies. A total of 691 patients in the
ezetimibe/simvastatin group and a total of 933
patients in the high-dose statin group were in-
cluded in this systematic review and meta-
analysis. These studies were conducted within 4
to 14 weeks and included four parallel, three fac-
torial, and three crossover studies.

Records identified through
database searching
(n=506 )

Additional records identified
through other sources
(n=28)

Identification

[

)

Records after duplicates removed

Awvailable at:

Eligibility Screening

Included

http://ijph.tums.ac.ir

(n=360 )

A

Records screened

(n=94 )

Records excluded
(n=266 )

l

Full-text articles assessed

for eligibility
(n=13)

Full-text articles excluded,
with reasons
(n=81)

l

Studies included in
qualitative synthesis
(n=10)

l

Studies included in
quantitative synthesis
(meta-analysis)
(n=10)

Fig. 1: Process of literature searching

1408


http://ijph.tums.ac.ir/

Iran J Public Health, Vol. 48, No.8, Aug 2019, pp. 1405-1417

Study characteristics

The ten studies included in our meta-analysis (26-
38) (Table 1). Among them, some had two redu-
plicative literatures including (31, 32), (27, 37),
and (29, 38). The mean*SD or median*SD and
change from baseline were widely used to the
field of numerical variable. The sample sizes of

the studies included 10 to 232 participants. The
reported mean age of the participants in each
study ranged from 41 to 74 years old. Data con-
version was also a key procedure in the statistical
analysis. However, the SD of change from base-
line of some studies were not obtained; thus, SD
in baseline was obtained instead (206, 27, 29).

Table 1: Summary details for included studies

Studies Participants Inter- Duration  Sample Age, Male, Race, %
vention time, size Year %
week
Araujo 2010 (30) Hypercholes- E/S 4 11 NA NA NA
terolemia 10/10
S 80 12
Settergren 2009 Diabetes or E/S 6 15 74 (66-77) 60 NA
(31, 32) IGT, stable 10/10
CAD S 80 17 70 (67-74) 76.47
Olijhoek 2008 (33) Metabolic E/S 6 19 5417 100 NA
syndrome 10/10
S 80 19
Carcia 2016 (34) Excess weight E/S 8 16 48.018.1 0 NA
10/10
S 80 16 41.0£8.6
Goldberg 2004 Hypercholes- E/S 12 87 NA 48 White 83%, Black 3%,
(26) terolemia 10/10 Hispanic 9%, Others 5%
S 80 87 49 White 79%, Black 4%,
Hispanic 10%, Others 7%
Rudofsky 2012 Diabetes E/S 8 11 6519 45.45 NA
(35) 10/10
S 80 10 56110 40
Westerink 2013 Metabolic E/S 6 90 5719 59 NA
(36) syndrome, 10/10
abdominally
obese patients
S 80 91
Ose 2007 (27, 37) Hypercholes- E/S 14 151 56 (22-80)> 46 White 88%, Black 3%, Hispan-
terolemia 10/10 ic 1%, Others 8%
S 80 156 55 (22-83)b 48 White 88%, Black 3%, Hispan-
ic 3%, Others 7%
Ballantyne 2005 Hypercholes- E/S 6 230 E/S,59.0£10.6 E/S, E/S:White 86.3%, Black 7.6%,
(28) terolemia 10/10 52.2 Hispanic 4.4%, Others 1.7%
A 40 232 A, 58.5110.2 A, A:White 86.0%, Black 7.5%,
52.4 Hispanic 4.7%, Others 1.8%
A 80 230
Davidson 2002 Hypercholes- E/S 12 61 57.6 46 White 91%, Black 4%, Hispan-
(29, 38) terolemia 10/10 (27-83)b ic 3%,Asian 2%, American
Indian 0
S 80 63 56.4 42 White 90%, Black 5%, Hispan-
(25-87) b ic 5%, Asian <1%, American
Indian 0
1409 Available at:  http://ijph.tums.ac.ir
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Table 1: Continued...

Studies Araujo Settergren 2009 (31,32) Oli- Carcia 2016  Gold  Rudofs Wester- Ose 2007 Ballan- Davidson
2010 jhoek (&2)] berg  ky 2012  ink 2013 27,37) tyne 2002
30) 2008 2004 35) 36) 2005 (29,38)
33 (26) 28
BMI, kg/m? NA E/S 29 (27-30 ) ; 30.1+2. E/S NA NA 30.0+2.7 E/S E/S, 29+5
> ! + +5.5;
S 28 (26-30 ) 7 36.044.4 ; ,27.914.8 29.8A_5.5,
S ,35.014.3 h >
> +
S ,28.414.9 S01E5.6
BP, mmHg NA E/S ,150 (150-162)/60 138+13 E/S 38% ; NA E/S 14014/ NA NA E/S 30 ;
or  Hyper- (60-65 ) / S ,%10 v ' 545 8549 S 39 '
tension, % S ,145 (120-160)/60 (57- 8916 R0 ’ S '70' >
70))* >
Diabetes or 0 E/S 15 ; NA E/S 63 ; NA 100 0 NA NA E/S 3 ;
N RN 0.5 2
IGT, % S.,17 S0 S3
CAD, % NA 100 NA NA NA NA NA NA NA E/S 8 :
S .6
PAD  and NA NA NA NA NA NA NA NA NA NA
Stroke, %
Smoker,% NA E/S 20 0 E/S 63 ; NA NA 0 NA NA E/S 14 ;
S ,17.65 S,6.3 S,16

Data reported in the form of mean®SD unless indicated."mg/dl; ““umol/l; #u/1; #*mg/dl.

aData reported in the form of median (quartiles) ; PData reported in the form of mean (range);

Abbreviation: A, atorvastatin; BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; E,
ezetimibe; IGT, impaired glucose tolerance; NA, not available; PAD, peripheral arterial disease; RCT, Randomized

Controlled Ttrial; S, simvastatin

Risk of Bias

The systematic quality assessment was performed
for the included studies using the Cochrane Col-
laboration Risk of Bias Tool. The overall quality
of the included studies was moderate. The meth-
ods of random sequence generation were de-
scribed in four studies (26, 27, 29, 35). Allocation
concealment was performed in three studies (28,
33, 35). Random sequence generation and alloca-
tion concealment were associated with low selec-
tion bias. Only one study was high risk for per-
formance bias (30). Two studies with high risk of
bias and eight studies with low risk of bias were
key participants in incomplete outcome data (at-
trition bias) (26-38). However, a half of the in-
cluded studies were high risk for selective report-
ing (reporting bias) (26-29, 35). The summary of
the risk of bias is shown in Fig. 2.

Available at:  http://ijph.tums.ac.ir

Quantitative Data Analysis

Effects of ezetimibe/simvastatin treatment
and high-dose statin treatment on serum
LDL-C

Overall, 10 comparisons with 691 patients in the
ezetimibe/simvastatin group and 933 patients in
the high-dose statin group were included in the
meta-analysis. There might be low heterogeneity
in the LDL-C levels between the included studies
(x*=5.74, '=0%, P=0.77; Fig. 3). The fixed effect
model and the pooled WMD were performed
with Revman 5.3, and an overall mean LDL-C
change from baseline of -1.55 mg/dl (95%CIL:-
4.42~1.31, P=0.29; Fig. 3) was found in two

groups.
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Fig. 2: Risk of bias summary
(A) Effect of E/S 10/10mg Versus High-dose Statin on LDL-C
E/S 10/10 mg s Mean Difference Mean Difference
—Study or Subgroup _Mean __SD Total Mean  SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% C|
Araujo 2010 90.86 40.36 11 104.83 37.02 12 0.8% -13.97 [-45.71,17.77) T
Ballantyne 2005 83.23 6505 230 917 3955 462 9.8% -8.47 [-17.62, 0.68] =]
Carcia 2016 49 44.03 16 38 38.31 16 1.0% 11.00[-17.60, 39.60] S
Davidson 2002 7757 199 61 7854 20 63 16.7% -0.97 [-7.99, 6.05] i
Goldberg 2004 80.85 27 87 798 25 87 13.7% 1.05(-6.68, 8.78) —r_
Olijhoek 2008 61.87 24.15 19 61.87 24.15 19 3.5% 0.00[-15.36, 15.36] =
Ose 2007 83.96 23 151 86.27 23 156 31.0% -2.31[-7.46, 2.84) e i
Rudofsky 2012 8232 14.45 11 76.85 14.45 10 54% 5.47 [-6.90, 17.84] ]
Settergren 2009 58.01 20.06 15 65.74 37.23 17 20% -7.73[-28.13, 12.67] S S Tk
Westerink 2013 76.57 24.53 90 77.34 24.52 91 16.1% -0.77 [-7.92, 6.38) &
Total (95% CI) 691 933 100.0% -1.55 [-4.42, 1.31] 4
Heterogeneity: Chi* = 5.74, df = 9 (P = 0.77); I = 0% k + +
+ - -100 -50 0 50 100
Test for overall effect: Z = 1.06 (P = 0.29) Favours [S] Favours [E/S 10/10 mg)
(B) Effect of E/S 10/10mg Versus High-dose Statin on HDL-C
E/S 10/10 mg s Mean Difference Mean Difference
—Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV.Fixed. 95%Cl  IV.Fixed. 95%Cl
Araujo 2010 005 8.19 1 -226 7.99 12 36% 231[-4.31,893] e
Ballantyne 2005 379 121 230 129 11.75 462 43.6% 2.50 [0.60, 4.40] i
Carcia 2016 -2 1253 16 2 1153 16 2.3% -4.00[-12.34,4.34] -
Davidson 2002 445 122 61 408 109 63 9.4%  0.37[-3.71, 4.45] T
Olijhoek 2008 -0.77 10.05 19 0 11.15 19 34% -0.77 [-7.52, 5.98] Gi 1§
Ose 2007 302 116 151 282 116 156 23.3% 0.20[-2.40, 2.80)
Settergren 2009 0 1033 15 0 13.12 17  24% 0.00([-8.14, 8.14] = =
Westerink 2013 1.94 1239 90 271 1239 91 12.0% -0.77 [-4.38,2.84) 7
Total (95% Cl) 593 836 100.0% 1.05[-0.21, 2.30]
Heterogeneity: Chi* = 5.63, df = 7 (P = 0.58); I = 0% e 25 T + i
Test for overall effect: Z = 1.64 (P = 0.10)

Favours [SI] Favours [E/S 10/10 mg]

Fig. 3: Forest plots showing WMD from baseline in (a) LDL-C, (b) HDL-C;E/S (daily dose of ezetimibe/simvastatin
10/10mg); S, high-dose statin
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Effects of ezetimibe/simvastatin treatment
and high-dose statin treatment on serum
HDL-C

There might be low heterogeneity in the HDL-C
levels between the included studies (x*=5.63,
F=0%, P=0.58; Fig. 3).Therefore, the fixed effect
model was applied. The pooled WMD of HDL-C
was 1.05 (95%CI:-0.21~2.30, P=0.10; Fig. 3) be-
tween ezetimibe/simvastatin group and high-
dose statin monotherapy group.

Effects of ezetimibe/simvastatin and high-
dose statin on serum TC and non-HDL-C

No significant heterogeneity or low heterogeneity
in TC and non-HDL-C were detected for the in-
cluded studies (y*=2.84, F=0%, P=0.83,
andy’=2.29, F=0%, P=0.89; Fig. 4). The fixed
effect model and pooled WMD were applied
with Revman 5.3. In ezetimibe/simvastatin group
and high-dose statin group, there was significant
difference in TC and non-HDL-C change from

baseline of -4.95 mg/dl and -4.97 (95%CI:-
9.07~-0.83, P=0.02; 95%CI:-8.46~-1.49,
P=0.005; Fig. 4), respectively.

Effects of ezetimibe/simvastatin and high-
dose statin on serum TG and hs-CRP

The heterogeneity of TG and hs-CRP levels in
the included studies was low (¥*=3.66, '=0%,
P=0.82, andy’=0.50, ’=0%, P=1.00; Fig. 5). The
fixed effect model was used to pool the data. The
pooled result suggested that there is close rela-
tionship between the ezetimibe/simvastatin
group and high-dose statin group, as seen in
change from baseline on TG and hs-CRP
(WMD: 4.03; 95% CI,-4.53~12.58; P= 0.306;
WMD: 0.14; 95% CIL,-0.50~0.78; P=0.67; Fig. 5).
The sensitive analysis was performed in the
pooled result of hs-CRP, because the data from
one study (34) presented with significant differ-
ence. However, the result of sensitive analysis
was not different.

(A) Effect of E/S 10/10mg Versus High-dose Statin on TC

E/S 10/10 mg S
_Study or Subgroup Mean  SD Total Mean  SD Total Weight
Araujo 2010 99.43 4247 11 11478 3928 12 15%
Ballantyne 2005 67.35 375 230 7399 4335 462 43.4%
Carcia 2016 50 5256 16 39 4187 16 16%
Olijhoek 2008 696 348 19 7347 348 19 35%
Ose 2007 88.88 27.07 151 9177 2707 156 46.3%
Settergren 2009 6187 299 15 7733 352 17 33%
Westerink 2013 46.02 20025 90 51.33 203.96 91 05%
Total (95% CI) 532 773 100.0%

Heterogeneity: Chi? = 2.84, df = 6 (P = 0.83); I’ = 0%
Test for overall effect: Z = 2.36 (P = 0.02)

Mean Difference

Mean Difference
IV, Fixed, 95% Cl 1V, Fixed, 95% CI

-15.35 [-48.87, 18.17)
-6.64 [12.89, -0.39] =
11.00 [-21.93, 43.93]
-3.87 [-26.00, 18.26) —
-2.89(-8.95, 3.17) &«
-15.46 [-38.02, 7.10) —r
-5.31 -64.20, 53.58]

-4.95 [-9.07, -0.83] ¢

-100 50 0 50 100
Favours [S] Favours [E/S 10/10 mg]

(B) Effect of E/S 10/10mg Versus High-dose Statin on non-HDL-C

E/S 10/10 mg S Mean Difference Mean Difference

_Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% CI

Araujo 2010 99.48 39.12 11 112.52 36.04 12 1.3% -13.04 [-43.87, 17.79]

Ballantyne 2005 63.56 33.15 230 69.21 37.61 462 40.3% -5.65[-11.14,-0.16] 1

Carcia 2016 48 47.55 16 41 37.65 16 14%  7.00[-22.72, 36.72] s

Olijhoek 2008 68.83 31.02 19 7347 30.82 19 3.1% -4.64 [-24.30, 15.02] =

Ose 2007 90.21 27.07 151 94386 27.07 156 33.1% -4.65 [-10.71, 1.41] s

Settergren 2009 6187 269 15 77.33 31.31 17 3.0% -15.46 [-35.63, 4.71] L

Westerink 2013 83.53 28.25 90 86.24 28.22 91 17.9% -2.71 [-10.94, 5.52] =

Total (95% CI) 532 773 100.0% -4.97 [-8.46, -1.49] ¢

Heterogeneity: Chi? = 2.29, df = 6 (P = 0.89); I = 0% o0 -éo 5 5’0 z 00’

Test for overall effect: Z = 2.80 (P = 0.005)

Favours [S] Favours [E/S 10/10 mg]

Fig. 4: Forest plots showing WMD from baseline in (a) TC, (b) non-HDL-C; E/S (daily dose of
ezetimibe/simvastatin 10/10 mg); S, high-dose statin

Available at:  http://ijph.tums.ac.ir

1412


http://ijph.tums.ac.ir/

Iran J Public Health, Vol. 48, No.8, Aug 2019, pp. 1405-1417

(A) Effect of E/S 10/10mg Versus High-dose Statin on TG

E/S 10/10 mg S Mean Difference Mean Difference
_ Study or Mean SD_Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% ClI
Araujo 2010 -43.47 78.07 11 -50.26 52.29 12 24% 6.79[-48.02, 61.60]
Ballantyne 2005 -44.37 93 230 -4553 8825 462 35.0% 1.16[-13.30, 15.62] O I
Carcia 2016 1 7019 16 -26 46.18 16 4.3% 27.00[-14.17,68.17] 5
Davidson 2002 -46.49  65.1 61 -388 59.8 63 15.1% -7.69[-29.71, 14.33] = gl 2
Olijhoek 2008 -30.97 32.96 19 -46.01 34.96 19 15.7% 15.04 [-6.56, 36.64] 5 -
Ose 2007 -31.59 79.65 151 -36.71 7965 156 23.0% 5.12[-12.70,22.94] .
Settergren 2009 -35.39 709 15 -26.54 91.77 17 2.3% -8.85[-65.33, 47.63] = =
Westerink 2013 -46.02 200.25 90 -51.33 202.76 91 2.1% 5.31[-53.40, 64.02)
Total (95% CI) 593 836 100.0%  4.03 [-4.53, 12.58] ?
Heterogeneity: Chiz = 3.66, df = 7 (P = 0.82); I* = 0% 2 0 _5’0 23 5‘0 3 00‘

Test for overall effect: Z = 0.92 (P = 0.36)

Favours [S] Favours [E/S 10/10 mg]

(B) Effect of E/S 10/10mg Versus High-dose Statin on hs-CRP

E/S 10/10 mg s

Mean Difference

Mean Difference

_Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed. 95% CI 1V, Fixed. 95% Cl

Araujo 2010 083 298 11 -125 309 12 67%  0.42[-2.06,2.90] i

Carcia 2016 410 2231 16 -10 46 16  0.1% 0.0 [-25.05, 25.05] T

Davidson 2002 076 244 61 -072 252 63 537% -0.04[-0.91,0.83]

Olijhoek 2008 028 234 19 -0.06 1.74 19 238%  0.34[-0.97, 1.65]

Ose 2007 42 34 151 57 33 156 07%  1.50(-6.00,9.00] e

Rudofsky 2012 06 232 11 1228 10 10.6%  0.40[-1.57,237] ‘

Settergren 2009 03 574 15 03 19 17 44%  0.00[-3.04,3.04] T

Total (95% Cl) 284 293 100.0%  0.14 [-0.50, 0.78]

Heterogeneity: Chi? = 0.50, df = 6 (P = 1.00); I = 0% 500 -s:»o 53 550 7 OO’

Test for overall effect: Z = 0.43 (P = 0.67)

Favours [S] Favours [E/S 10/10 mg]

Fig. 5: Forest plots showing WMD from baseline in (a) TG, (b) hs-CRP; E/S (daily dose of ezetimibe/simvastatin
10/10mg); S, high-dose statin

Publication bias

Assessment of publication bias using the funnel
plot by visual inspection was symmetrical (Fig. 0),
and it revealed that there is no significant publica-
tion bias.

SE(MD)

0 .
1/0 II\
v LY
0
(,’ 1 ob
8 o
0
12 '
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16 o ! \
! ; % MD,
<0
“100 50 0 50 100

Fig. 6: Funnel plot for the evaluation of publication
bias. WMD, weighed mean difference; SE, standard
error
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Discussion

In general, there was an equal overall mean LDL-
C, HDL-C, TG, and hs-CRP change from base-
line in the ezetimibe plus simvastatin (10 mg/10
mg/d) and high-dose statin groups. However,
there was significant difference in TC and non-
HDL-C in the two groups, thus showing that the
high-dose statin has a more advantageous result.

The system review and meta-analysis included ten
original studies. The white, Hispanic, black, and
Asian races were important participants of these
studies, but most of the participants belong to
the white, black, and Hispanic races. The basic
indices of the original studies, as mentioned be-
fore, included BMI, diabetes mellitus or 1GT,
blood pressure, ischemic stroke, CHD, PAD,
liver and renal functions, etc. The sample of tet-
minal outcome in included studies was defined as
the sample for system review and meta-analysis.

The relationship between the change of LDL-C
and hs-CRP from baseline in this meta-analysis
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and another one (9) was similar in the combined
low-dose simvastatin and ezetimibe
(ezetimibe/simvastatin  10/10mg) versus high-
dose statin groups. Greater LDL-C lowering may
be achieved with ezetimibe plus statin as com-
pared with statin. Because, statin was the differ-
ent dosages and drug species (39).

High-dose statin has many benefits in the treat-
ment of hypercholesterolemia and inflammation,
although it has numerous side effects as well. The
combination of ezetimibe and low-dose simvas-
tatin contributed to the similar outcome. Similar-
ly, as compared with statin monotherapy, a meta-
analysis based on 18 trials of 14,497 patients indi-
cated that the addition of ezetimibe to statin did
not increase the risk of increased levels of liver
enzymes and CK, myalgia, myopathy, rhabdomy-
olysis, statin-associated gastrointestinal discom-
fort, and discontinuations due to AEs (40, 41).

Limitation of the system review and meta-
analysis

The studies included in this system review and
meta-analysis had limitations on methodology,
particularly the inclusion of a large sample, as
seen in some studies (27-29). Hence, the standard
grading using GRADE (Grades of Recommenda-
tion, Assessment, Development, and Evaluation)
resulted in middle rank (Table 2). The systematic
review and meta-analysis was performed by
searching for studies in English language. Studies

not in English were excluded, such as those in
Chinese, Russian, German, and Hungarian. Albeit
the funnel plots of these non-English studies
were symmetrical (Fig. 6), they were still excluded
from our meta-analysis. The review had searched
a part of the grey literatures, in which was not the
formal journal articles. However, due to the pre-
sumption of incompleteness of data, the meta-
analysis excluded letters, conference summar-
ies/papers, etc. Moreover, the system review and
meta-analysis failed to find full papers, particular-
ly, in the grey literature. Thus, some data might
be missed.

In the stage of study selection, the change in
LDL-C was necessary. Thus, included studies
with other objectives might be decreased, and
selective bias should be considered.

The included studies used ezetimibe/simvastatin
10/10 mg, simvastatin 80 mg, and atorvastatin
40/80 mg. The ezetimibe/simvastatin 10/10 mg
and simvastatin 80 mg were the primary medica-
tions. However, high-dose rosuvastatin was not
included. Therefore, the pooled result might be
patrtial to ezetimibe/simvastatin and high-dose
simvastatin. Risk of bias was assessed through
the Cochrane Collaboration Risk of Bias Tool.
The GRADE was used in the quality assessment
of the outcome indicator of the included studies.
The system review and meta-analysis was per-
formed by different reviewers. The search strate-
gy can be repeated as needed.

Table 2: The standards grading of GRADE in outcome indicator

Quality assessment
Outcome Included Design Qualityof Circumstan- Hetero- Precision Pupblica- Hierarchy of
indicator study methodology tial evidence geneity tion bias evidence quality
Ldl-c 10 Rects Middle rank! No High rank  High rank Middle Middle rank
rank?
Hdl-c 8 Rcts Middle rank! No High rank  High rank Middle Middle rank
rank?
Tc 7 Rects Middle rank! No High rank  High rank Middle Middle rank
rank?
Tg 8 Rcts Middle rank! No High rank  High rank Middle Middle rank
rank?
Non-hdl-c 7 Rcts Middle rank! No High rank  High rank Middle Middle rank
rank?
Hs-crp 7 Rects Middle rank! No High rank  High rank Middle Middle rank
rank?
1Selective reporting (reporting bias); 2Publication bias; RCT's: Randomized Controlled Ttrials
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Conclusion

Ezetimibe co-administered with simvastatin
(10mg) and high-dose statin monotherapy may
provide similar effects in reducing levels of LDL-
C, TG, and hs-CRP and in increasing HDL-C.
However, the results also suggest that greater TC
and non-HDL-C lowering may be achieved with
a high-dose statin monotherapy as compared
with ezetimibe/simvastatin  co-administration.
The study determined the efficacy of
ezetimibe/simvastatin (10/10 mg) versus high-
dose statin. We recommend that more studies
should be aimed to determine the efficacy and
side effects of ezetimibe co-administered with
statin at different dosages and drug species.
Morteover, there should be more future studies
focusing on the comparison of ezetimibe co-
administered with statin versus ezetimibe co-
administered with non-statin drugs, particularly
PCSKY inhibitors.
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