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Abstract

Background: Although there were many studies reporting the combination therapy of Ezetimibe and Atorvastatin's
efficacy and Atorvastatin monotherapy's, the conclusions were controversial. Therefore, a systematic review and
meta analysis of combination therapy and monotherapy were conducted.

Methods: PubMed, Cochrane Library and Embase were searched for studies of the combination therapy of Ezetimibe and
Atorvastatin and Atorvastatin monotherapy published up to October 20, 2017. Two investigators assessed the articles for
eligibility and evaluated quality.The changed values and the efficacy of low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), Total Cholesterol (TC) and Triglyceride (TG) indicators were the outcomes. Four
doses of the comparisons were included: the combination therapy of Ezetimibe (10 mg) and Atorvastatin (10 mg) (E10 +
A10) versus Atorvastatin (20 mg) monotherapy (A20); E10+ A10 vs. A10; E10 + A20 vs. A40; E10 + A40 vs. A80. Review
manager software 5.1 was used for quality assessment and Stata version 12.0 software was used for statistical analysis.

Results: eventeen studies (11 publications) were included in the meta analysis. Compared with Atorvastatin
monotherapy, the overall efficacy of combination therapy of Ezetimibe and Atorvastatin on lowering LDL-C (MD = —15.
38,95% Cl:-16.17 to — 14.60; I = 26.2%, n=17), TC (MD = — 951, 95% Cl: -10.28 to — 8.74; 1> =33.7%, n=17) and TG
(MD = — 642, 95% Cl: -7.78 to — 5.06; I* = 0%, n = 15) and raising HDL-C (MD = 0.95, 95% Cl: 0.34 to 1.57, I°=0%, n=17)
was significant. The efficacy of the comparison on HDL-C was largely significant for the different doses.

Conclusions: The overall efficacy and subgroup’s efficacy of combination therapy of Ezetimibe and Atorvastatin on

lowering LDL-C, TC and TG was significantly better than Atorvastatin monotherapy's. The overall and the E10 + A10/
A20 group’s effectiveness of combination therapy on rasing HDL-C were significantly.

Background

The consequences of atherosclerotic disease in the ca-
rotid arteries and coronary arteries are serious in hu-
man. Patients with atherosclerotic disease are at high
risk of cardiovascular and cerebrovascular diseases
[1]. Large primary and secondary prevention studies
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of statins have shown conclusively that lowering
low-density lipoprotein cholesterol (LDL-C), Total
Cholesterol (TC) and Triglyceride (TG) levels or rais-
ing high-density lipoprotein cholesterol (HDL-C)
levels reduces cardiovascular events [2, 3]. However,
in clinical practice, the treatment of reducing lipid is
based on statin monotherapy [4].

Ezetimibe is one kind of lipid-lowering drugs
known as cholesterol absorption inhibitors which
has different metabolic pathways with statins [5].
Ezetimibe was used in conjunction with many drugs,
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and Cochrane (=164) database, N=680

Records identified from PubMed (=207), Embase(309)

Records excluded based on title or abstract

Records screened
N=213

N=467

Records for full text screening
N=51

Records excluded based on abstract
N=162

Full-text articles excluded,with
reasons(N=40):

Studies included in this meta-analysis
N=11

Fig. 1. Eligibility of studies for inclusion in meta-analysis

Dose data doesn’t match(n=32),
no changing data(n=8)

such as Atorvastatin, Simvastatin, Fenofibric acid,
et al. [6, 7]. The comparison has been reported in
many studies between combination therapy and sta-
tin monotherapy, but the index of the blood lipid
level varies considerably [8, 9]. Although there was
a systematic review [10] about combination therapy
and monotherapy, it was qualitative systematic re-
view without quantitative analysis. Therefore, the
purpose of our study was to compare the combin-
ation therapy of Ezetimibe and Atorvastatin (E + A)
with Atorvastatin monotherapy (A) for regulating
blood lipids in the clinical application dose, and
summarize the results of comparisons. Subgroup

analysis was used to explore whether different doses
had impact on the comparison between combination
therapy and monotherapy.

Materials and methods

Search strategies

The meta-analysis was performed, according to the
Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) statement [11]. Rele-
vant studies were searched from the database of
PubMed, Cochrane Library and Embase from incep-
tion through October 2017. The search terms

Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection hias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

Other bias

0% 25% 50% 75%  100%

.Low risk of hias

I:I Unclear risk of bias

[ High risk of bias

Fig. 2. Risk of bias in the included studies
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included: (Atorvastatin [All Fields] AND Ezetimibe
[All Fields] AND combination therapy [All Fields]).
We also identified additional references by manually
searching for publications that were cited in the
included articles and related reviews.

Study selection criteria

Inclusion criteria are as follows: (1)Study design was
randomized controlled trials. (2)All participants
were 18 to 90 years old. (3)All participants had
minimum treatment duration of 4 weeks. (4)Full
text publication is available. (5)The results of the
study should include changes of LDL-C, HDL-C, TC
and TG.

Exclusion criteria: (1)Reviews, animal studies, case re-
ports, and personal experience summaries. (2)Only the
latest paper was included into our final analysis related
to duplicated studies and reports. (3)Original data dis-
played as figures or no original data reported.

Data extraction

Data extraction was conducted by two investigators
independently. On the basis of the inclusion criteria,
the following information was collected: first author’s
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name, date of publication, country, study design,
number of patients in each group, outcome of the in-
dicators. If the two investigators had disagreements
during data extraction, the third investigator was in-
vited to assess the articles through discussion.

Quality assessment and intervention description
Quality assessment: The risk of bias in the included
studies was assessed by the criteria described in the
Cochrane Handbook through the tool of Review man-
ager software 5.1 [12]. Each study was assigned a
value of “high” “low” or “unclear” according to the
following items: random sequence generation (Selec-
tion bias), allocation concealment (Selection bias),
blinding of participants, personnel (Performance bias)
and outcome assessment (Detection bias), incomplete
outcome data (Attrition bias), selective reporting
(Reporting bias) and other bias [13]. If the two inves-
tigators had disagreements during quality assessment,
the contradiction was resolved through discussion.
Intervention description: Randomized controlled
clinical trial design was adopted in the included stud-
ies. The dosage groups in the literature included the
combination therapy of Ezetimibe (10 mg) and

Study
D

E10+A10/A20

Matsue,Y. (2013)

Teramoto,T. (2012)

Ben-Yehuda,0.(a) (2011)
Ben-Yehuda,0.(b) (2011)

Zieve,F. (2010)

Stein,E. (2004)

Subtotal (squared = 48.2%, p = 0.086)

_,,OHM B

E10+A10/A10
Padhy,B.M. (2013)
Blagden,M.D. (2007)
Subtotal (-squared = 0.0%, p = 0.385)

S
—_—

<=

i
E10+A20/A40 '
Bays,H.E.(a) (2011) —_——
Bays,H.E.(b) (2011) _—
Conard,S.E. (2008) ——
Subtotal (-squared = 0.0%, p = 0.445) <>

E10+A40/A80

Bays,H.E.(c) (2011) ——
Bays,H.E.(d) (2011) —_—
Conard,S.E.(a) (2010) —_—
Conard,S.E.(b) (2010) —_—
Conard,S.E.(c) (2010) —_—
Leiter,L.A. (2008) ——
Subtotal (-squared = 0.0%, p = 0.916) Q

'

Heterogeneity between groups: p = 0.042 :

Overall (-squared = 26.2%, p = 0.154) (P
I

%

ES (95% Cl) Weight

-16.70 (-18.34, -15.06) 32.31
-10.60 (-15.40, -5.80) 3.77
-13.60 (-16.00, -11.20) 15.09
-14.50 (-19.10, -9.80) 4.02
-14.00 (-16.00, -12.00) 21.72
-14.80 (-16.74, -12.86) 23.09
-14.89 (-15.82, -13.96) 100.00

-19.90 (-32.40, -7.40) 866
-14.10 (-17.90, -10.20) 91.34
-14.60 (-18.28, -10.92) 100.00

-21.90 (-28.10, -15.60) 34.51
-13.80 (-24.60, -3.00) 11.56
-20.00 (-25.00, -15.00) 53.93
-19.94 (-23.61, -16.27) 100.00

-15.40 (-19.40, -11.30) 19.35
-18.30 (-23.20, -13.30) 12.95
-14.30 (-20.90, -7.80) 7.40
-16.00 (-22.30, -9.60) 7.87
-17.40 (-21.70, -13.10) 17.16
-16.00 (-19.00, -13.00) 35.26
-16.30 (-18.08, -14.51) 100.00

-15.38 (-16.17, -14.60) .

T
-32.4

Fig. 3. Forest plot showing the overall and subgroup analysis about the comparison between combination therapy and monotherapy in LDL-C
according to different doses (E10+A10/A20, P < 0.0001; E10+A10/A10, P < 0.0001; E10+A20/A40, P < 0.0001; E10+A40/A80, P < 0.0001)
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Atorvastatin (10 mg) (E10 + A10) versus Atorvastatin
(20 mg) monotherapy (A20), E10 + A10 vs. A10, E10
+A20 vs. A40 and E10 + A40 vs. A80. (Table 1).

Statistical analysis

Primary analyses assessed the continuous data about
the changed LDL, HDL, TC and TG from baseline to
endpoint between experimental and controlled groups.
If the study only reported the data which included
baseline values and endpoint values instead of the
change values, we could use the Cochrane Handbook
16.1.3 to solve the missing data [12]. The Chi-squared
test based Q-statistic and I* statistics were was used
to estimate the heterogeneity (I*> <25%, low hetero-
geneity; 25% < I? < 50%, moderate heterogeneity; I* >
50%, high heterogeneity) [14]. A fixed-effects model
was used to pool the results when heterogeneity was
<50%, while a random-effects model when heterogen-
eity was >50% was selected [15, 16]. Sensitive analysis
was performed to investigate the influence of a single
study on the overall pooled estimate by deleting one
study in each turn. Publication bias was evaluated by
the Begg’s and Egger’s test [17, 18](p<0.05 was
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considered representative of statistically significant
publication bias). Stata version 12.0 software was used
for the meta-analysis.

Results

Description of the studies

After primary search from the three databases, 680 stud-
ies were recruited (207 in Pubmed, 309 in EMbase, 164
in Cochrane). Then 467 studies were excluded by
reviewing the title, and 162 ones were excluded by
reviewing the abstract. Forty studies were left according
to the exclusion and inclusion criteria (Fig. 1). Finally, 11
studies [19-29] with 5206 participants were included in
this meta-analysis (Table 1). Three studies were from
Asia, four from US, and four from Europe. All random-
ized controlled trials (RCTs) were carried out for more
than 4 weeks. All trials were randomized, parallel-group
studies and 9 trials were double-blind. The patients with
LDL-C level > 70 mg/dL (at high risk of CHD) or with
hypercholesterolaemia were included in the trials. All in-
cluded studies were evaluated in terms of the risk of bias
using the Cochrane risk of bias tool and the details were
presented in Fig. 2.

Study %
D ES (95% CI) Weight
E10+A10/A20 !
Matsue,Y. (2013) —_— 0.47 (-2.05,2.99) 1250
Teramoto,T. (2012) —— 4.00(-0.30,830) 429
Ben-Yehuda,0.(a) (2011) de— 1.30 (-0.50,3.10)  24.51
Ben-Yehuda,0.(b) (2011) —_— 420(0.70,760) 667
Zieve F. (2010) —_— 2.00(0.30,4.00) 2320
Stein E. (2004) — 0.80 (-0.86,2.46) 28.82
Subtotal (-squared = 5.7%, p = 0.380) ) 152(0.63,242)  100.00
1
1
E10+A10/A10 '
Padhy,B.M. (2013) 6.30 (-7.20,19.80) 7.89
Blagden,M.D. (2007) —_— -0.30 (-4.30,3.60) 92.11
Subtotal (-squared = 0.0%, p = 0.358) 0.22(-3.57,4.01)  100.00
1
E10+A20/A40 .
Bays,H.E.(a) (2011) ——— 3.00(-1.90,7.90) 39.84
Bays,H.E.(b) (2011) —_— -0.10 (-8.70,850) 1293
Conard,S.E. (2008) 200(-2.00,7.00) 47.23
Subtotal (-squared = 0.0%, p = 0.826) 213(-097,522)  100.00
1
E10+A40/A30 d
Bays,H.E.(c) (2011) — -0.20 (-2.30,1.90) 18.83
Bays,H.E.(d) (2011) —+— 150 (-1.10,4.10) 1229
Conard,S.E.(a) (2010) —f—— 2.00(-1.40,540) 7.8
Conard,S.E.(b) (2010) 1 1.90(-1.40,520) 763
Conard,S.E.(c) (2010) —— -0.80 (-3.00, 1.40) 17.16
Leiter,L.A. (2008) -~ 0.00 (-1.00,2.00)  36.91
Subtotal (-squared = 0.0%, p = 0.547) o 0.30 (-0.61,121)  100.00
1
Heterogeneity between groups: p = 0.235 :
Overall (-squared = 0.0%, p = 0.539) (? 0.95 (0.34, 1.57)
1
T : T
-19.8 0 19.8
Fig. 4. Forest plot showing the overall and the subgroup analysis about the comparison between combination therapy and monotherapy in
HDL-C according to different doses (E10+A10/A20, P=0.001; E10+A10/A10, P = 0.909; E10+A20/A40, P=0.178; E10+A40/A80, P=0.522)
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Low-density lipoprotein cholesterol (LDL-C)

Seventeen studies (11 publications) investigated the
change of LDL-C from baseline to endpoint between ex-
perimental and controlled groups. There were six studies
(5 publications) investigating the combination therapy of
Ezetimibe (10 mg) and Atorvastatin (10 mg) (E10 + A10)
versus Atorvastatin (20 mg) monotherapy (A20), two
studies (2 publications) reporting E10 + A10 vs. AlO,
three studies (2 publications) reporting E10 + A20 vs.
A40 and six studies (3 publications) reporting E10 + A40
vs. A80. Pooled data using a fixed-effects model dis-
played that combination therapy led to a significant re-
duction in LDL-C (MD = -15.38, 95% CI: -16.17 to -
14.60, P <0.0001) with moderate heterogeneity (P =0.12,
2 =26.2%) among studies (Fig. 3). The results showed
that the four doses were significant and the E10 + A20
vs. A40 group was the most obvious (MD = - 19.94, 95%
CIL: -23.61 to - 16.27, P < 0.0001), by subgroup.

High-density lipoprotein cholesterol (HDL-C)

Seventeen studies (11 publications) investigated the
change of HDL-C from baseline to endpoint between ex-
perimental and controlled groups (Fig. 4). Pooled esti-
mates using a fixed-effects model displayed that, no
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heterogeneity existed among studies (P = 0.539, I* = 0%).
The results showed that the overall efficacy was signifi-
cant difference between combination and monotherapy
(MD =0.95, 95% CI: 0.34 to 1.57, P =0.002) and the E10
+A10 vs. A20 group was the most obvious (MD =1.58,
95% CI: 0.72 to 2.44, P = 0.0003), by subgroup.

Total cholesterol (TC)

Seventeen studies (11 publications) reported the TC
changes and random-effects model was used to analyze
the outcome because of the moderate heterogeneity
among studies (P =0.086, 12 =33.7%). There was signifi-
cant difference between combination and monotherapy
(MD =-9.51, 95% CIL: -10.28 to -8.74, P<0.0001).
The results showed that there was significant differ-
ence in the four doses (Fig. 5) and the E10 + A20 vs.
A40 group was the most obvious (MD =-12.11, 95%
CIL: -14.65 to —9.58, P<0.0001), by subgroup.

Triglyceride (TG)

Fifteen studies (9 publications) reported the TG
changes and pooled data using a fixed-effects model
displayed that combination therapy led to a signifi-
cant reduction in TG (MD = -6.42, 95% CI: -7.78 to

Study
ID
E10+A10/A20 !
Matsue,Y. (2013) -
Teramoto,T. (2012) —t—
Ben-Yehuda,0.(a) (2011) =
Ben-Yehuda,0.(b) (2011) ——
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Subtotal (I-squared =63.1%, p=0.019) {>
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|
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Conard,S.E.(c) (2010) —_

Leiter,L.A. (2008) —_—
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Y
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%
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-9.60 (-11.07,-8.13) 20.34
-7.60 (-11.40,-3.80) 7.41
-7.80(-9.40,-6.20) 19.25
-8.40 (-11.50,-5.30) 9.88
-8.00(-9.00,-7.00) 24.36
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-12.00 (-16.00, -9.00)52.41
-12.11 (-14.65,-9.58)100.00
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-27.7 0

Fig. 5. Forest plot showing the overall and the subgroup analysis about the comparison between combination therapy and monotherapy in TC
according to different doses (E10+A10/A20, P < 0.0001; E10+A10/A10, P < 0.0001; E10+A20/A40, P < 0.0001; E10+A40/A80, P < 0.0001)
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-5.06, P<0.0001) with no heterogeneity (P =1.00,
I =0%) among studies (Fig. 6). Due to the E10 +
A10 vs. A10 group only including one study, three
doses were included in the forest plot. The results
showed that there was significant difference in the
three doses and the E10+ A20 vs. A40 group was
the most obvious (MD = -9.16, 95% CI: -15.33 to -
2.98, P =0.002), by subgroup.

Sensitivity analysis

Sensitivity analysis was implemented to evaluate the re-
sults and we found that all of the results remained rela-
tively stable by excluding individual studies.

Publication bias

In the LDL dose group, the results showed that no sig-
nificant bias existed in the pooled data by the Begg’s
(Z=1.44, P=0.149) and Egger’s test (£ = — 0.30, P = 0.768).

Discussion

The results of this meta-analysis showed that the overall
effectiveness of combination therapy of Ezetimibe and
Atorvastatin was significantly better than Atorvastatin
monotherapy on lowering LDL-C, TC and TG among
all the four doses comparison (E10+ A10/A20; E10 +
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A10/A10; E10+ A20/A40; E10+ A40/A80). Besides,
we also found a significant effect on raising HDL-C
which was different with previous individual studies.
Sensitivity analysis showed that the results remained
relatively stable by excluding individual studies.

Although there were some studies reporting that coad-
ministration of Ezetimibe with a statin was more effect-
ive than statin monotherapy in lipid-lowering, the
reports about Ezetimibe-Atorvastatin and doubling
Atorvastatin dose monotherapy were limited. One pub-
lished qualitative systematic review without quantitative
analysis showed that the combination therapy of Ezeti-
mibe and Atorvastatin should facilitate reaching thera-
peutic goals in terms of LDL cholesterol among patients
with severe hypercholesterolaemia. And it was written
by French [10]. In another meta-analysis carried out by
Chinese [30], the doses were varied in included trials.
Only LDL-C was discussed, and the conclusion was
similar to mine. Hence, to the best of our knowledge,
this study is the first meta-analysis to compare the ef-
fects of combination therapy of Ezetimibe and Atorva-
statin with Atorvastatin monotherapy about four doses.
What’s more, this study involved the comparison of four
dose groups commonly used in clinic, so that the results
may be more intuitively in selecting drugs dose.

Study %
D ES (95% CI) Weight
E10+A10/A20 '
Matsue,Y. (2013) e -5.30(-959,-1.01) 1596
Teramoto,T. (2012) -3.00 (-18.80,12.70)  1.18
Ben-Yehuda,0.(a) (2011) e -570(-8.90,-2.40)  27.80
Ben-Yehuda,0.(b) (2011) —_— -7.60(-13.30,-2.00) 9.20
Zieve F. (2010) —_— -6.00 (-9.00,-3.00) 3263
Stein E. (2004) ——— -5.40(-10.11,-069) 1324
Subtotal (-squared = 0.0%, p = 0.988) <|{> -5.84(-7.55,-4.12)  100.00

]
E10+A20/A40 5
Bays,H.E.(a) (2011) -7.60(-19.00,3.00) 3152
Bays,H.E.(b) (2011) € -11.80 (-25.40,1.30)  21.40
Conard,S.E. (2008) —_— -9.00 (-18.00,0.00)  47.08
Subtotal (-squared =0.0%,p=0.892) =S e -9.16 (-15.33,-2.98)  100.00

]
E10+A40/A80 g
Bays,H.E.(c) (2011) —_— -6.70 (-1250,-1.20)  18.08
Bays H.E.(d) (2011) ————— -7.90 (-14.50,-1.70)  14.09
Conard,S.E.(a) (2010) —_— -6.40(-15.10,230)  7.63
Conard,S.E.(b) (2010) _— -7.20 (-15.90,1.60)  7.54
Conard,S.E.(c) (2010) —_— -7.70 (-13.60,-1.80)  16.58
Leiter,L.A. (2008) ——— -7.00 (-11.00,-3.00)  36.08
Subtotal (-squared = 0.0%, p = 1.000) <.> -7.16 (-9.56,-4.76)  100.00
Heterogeneity between groups: p = 0.458 :
Overall (lsquared = 0.0%, p = 1.000) 0 -6.42 (-7.78, -5.06)

]

'

T * T
254 0 25.4

Fig. 6. Forest plot showing the overall and the subgroup analysis about the comparison between combination therapy and monotherapy in TG
according to different doses (E10+A10/A20, P < 0.0001; E10+A20/A40, P = 0.004; E10+A40/A80, P < 0.0001)
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Ezetimibe is known as cholesterol absorption inhibi-
tor, selectively inhibiting the absorption of cholesterol
from the intestinal lumen into enterocytes, different
from other types of lipid-lowering drugs on mechanism
of action. Ezetimibe inhibits cholesterol absorption
through external sources and is administered in con-
junction with statins which inhibits cholesterol synthe-
sis through internal sources. The combination therapy
can complement the regulation of lipid levels and can
get better effect in lipid-lowing [5, 31, 32]. Though the
statins are generally safe in long-term treatment, there
are still adverse reactions or potential risks especially
when the dosage was doubled or even tripled. The sta-
tins adverse effects are dose dependent, and risk is
amplified by drug interactions [33]. For participants,
simply raising dose of statin for lipid-lowing can in-
crease the risk. Besides, a study has suggested that
Atorvastatin and Ezetimibe have no relevant pharmaco-
kinetic drug—drug interaction [34]. So, we should find
some ways to solve this problem.

Limitations

Some limitations have to be mentioned here: (1)In the
searching literature, several conference papers were un-
able to obtain the full text and were not included in the
study [35-38]. Furthermore, four papers [39-42] can’t
be included,in which the existing data was not enough
to calculate the standard deviation (SD). (2) Only four
publications [21, 22, 27, 29] provided the incidence of
adverse events about ALT, AST, CK or GI. As a result,
no analysis about security was performed. Owing to un-
clear type of long-term security, more clinical trials with
high quality, large samples and long-term following-up
were needed to identify the security of such interven-
tions. (4)In Yuya Matsue’s [19] report, it provided the
values from baseline and endpoint without SD. The
missing data was calculated in the method of the
Cochrane Handbook 16.1.3 [12], which might affect the
final results of the meta-analysis.Due to the inclusion of
a small quantity of literature, more clinical trials with
high quality, large samples and long-term following-up
are needed to support the results. And more useful data
are required in the literature, such as MD, ME or 95%
confidence interval which will be more convenient for
clinicians to master the data and also will facilitate epi-
demiologists to analyse big data.

Conclusion

The overall efficacy and subgroup’s efficacy of combin-
ation therapy of Ezetimibe and Atorvastatin on lowering
LDL-C, TC and TG was significantly better than Atorva-
statin monotherapy’s. The overall and the E10 + A10/
A20 group’s effectiveness of combination therapy on ras-
ing HDL-C were significantly.
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