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Abstract
Elevated serum low-density lipoprotein cholesterol (LDL-C) is a major risk factor for coronary heart disease (CHD). Many 
guidelines recommend LDL-C as a primary treatment target, and statins represent the cornerstone of treatment for lipid 
management. Recently revised guidelines recommend even more intense management of LDL-C, especially in patients at 
moderate and high risk. However, LDL-C levels in the Chinese population differ from those in Western populations, and 
the benefits and safety of the maximum allowable dose of statins have yet to be determined. Furthermore, in practice, many 
patients do not achieve the increasingly stringent LDL-C goals. Consequently, alternative approaches to lipid management 
are required. Combination therapy with ezetimibe and a statin, which have complementary mechanisms of action, is more 
effective than statin monotherapies, even at high doses. Several clinical studies have consistently shown that combination 
therapy with ezetimibe and simvastatin lowers LDL-C more potently than statin monotherapies. Moreover, the safety and 
tolerability profile of the combination therapy appears to be similar to that of low-dose statin monotherapies. This review 
discusses the role of simvastatin in combination with ezetimibe in controlling dyslipidemia in Chinese patients, particularly 
the efficacy and safety of combination therapy in light of recently published clinical data.
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Key Points 

Simvastatin and ezetimibe combination therapy was 
more effective than statin monotherapy among Chinese 
patients with dyslipidemia.

Data suggest that combination therapy (simvastatin and 
ezetimibe) is more effective than statin monotherapy at 
lowering elevated serum low-density lipoprotein choles-
terol levels.

Combination therapy neither compromises the safety 
and efficacy of the drugs nor increases the risk of health 
complications in treated patients.
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1  Introduction to the Management of Lipid 
Disorders in Chinese Patients

Coronary heart disease (CHD) is the second leading cause of 
cardiovascular death in the Chinese population [1]. In 2013, 
the mortality rate due to cardiovascular diseases (CVDs) was 
295.63 per 100,000 individuals in rural areas and 261.99 per 
100,000 in urban areas. In total, 44.6% of deaths in rural 
areas and 42.51% of deaths in urban areas were caused 
by CVDs, rates that are higher than for any other disease, 
including cancer [2]. Accumulating evidence shows that 
the incidence of CHD is steadily increasing in China [3]. 
Measures for the prevention and treatment of CHD in China 
should be enacted without delay.

Elevated serum cholesterol levels will result in an 
increase in CVD events of about 9.2 million between 2010 
and 2030 in China [4]. The prevalence of dyslipidemia in 
Chinese adults was as high as 34.0% overall and 35.1% and 
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26.3% in urban and rural areas, respectively [5]. Moreover, 
the role of low-density lipoprotein cholesterol (LDL-C) in 
the pathophysiology of CHD is acknowledged and well-
understood, and the use of LDL-C-lowering medications 
has led to a significant reduction of cardiovascular risk in 
both primary and secondary prevention. Therefore, LDL-C 
is recommended as the primary treatment target for lipid 
management in many guidelines, such as the US National 
Cholesterol Education Program Adult Treatment Panel III 
(NCEP ATP III) guidelines [6], the 2012 Japan Athero-
sclerosis Society (JAS) guidelines [7], the 2013 American 
College of Cardiology (ACC)/American Heart Association 
(AHA) guidelines, the 2014/2015 National Lipid Associa-
tion (NLA) recommendations for management of dyslipi-
demia in the context of evolving evidence [8], the 2016 
European Society of Cardiology (ESC)/European Athero-
sclerosis Society (EAS) guidelines [9], and the 2016 Chi-
nese guidelines for the management of adult dyslipidemia 
(revised edition) [10].

Since statins were introduced in the 1980s, they have 
emerged as one of the best-selling medication classes to 
date, with numerous trials demonstrating powerful efficacy 
in improving cardiovascular outcomes [11]. Statin therapy 
has become a cornerstone for the prevention and treatment of 
CHD and is generally safe and well-tolerated [9]. A number 
of large-scale clinical trials have demonstrated that statins 
substantially reduce cardiovascular morbidity and mortal-
ity as both primary and secondary prevention [12] and in 
high-risk patients [13]. The use of statins has revolutionized 
the management of CHD development risk, and more than 
25 million individuals currently use statins worldwide [14]. 
However, despite the proven efficacy of statins in improv-
ing lipid profiles and reducing cardiovascular risk, a consid-
erable proportion of statin-treated patients does not reach 
therapeutic LDL-C targets as defined by guidelines in China 
and other countries [15–17]. Many factors can influence the 
magnitude of response during lipid-altering therapy, includ-
ing demographics (e.g., age, sex, race), metabolic disease 
(e.g., insulin resistance, diabetes mellitus, obesity, thyroid 
dysfunction), and treatment (e.g., statin type, dose, titration, 
combination therapy) [18].

However, how to use statins reasonably and effectively 
in the Chinese population has always been controversial. 
The ESC/EAS guidelines recommend the use of high-inten-
sity statins (equivalent to the maximum allowable dose) at 
the beginning of treatment, but the benefits and safety of 
the maximum allowable dose of statins have not yet been 
determined in the Chinese population [9, 19]. The genet-
ics, lifestyle, and diet of Chinese individuals differ from 
those in European and US populations, and 80% of Chinese 
residents have LDL-C levels < 130 mg/dL, so fewer patients 
need high-dose statins to achieve a stronger lipid-lowering 

effect [10, 20]. The HPS2-THRIVE study demonstrated that 
Chinese individuals had a much higher risk of myopathy 
with simvastatin 40 mg monotherapy than did European 
subjects [21]. DYSIS (DYSlipidemia International Study), 
a large-scale cross-sectional survey of dyslipidemia manage-
ment in patients receiving lipid-lowering agents in China, 
showed that the LDL-C control rates in high-risk and very 
high-risk populations were 54.8% and 39.7%, respectively. It 
also showed that increasing the statin dose did not increase 
the medication compliance rate [22]. Therefore, most Chi-
nese patients may not respond to the intensive statin dos-
age suggested by European guidelines. This highlights the 
need to explore an appropriate cholesterol-lowering therapy 
for high-risk patients in China. The CHILLAS trial did not 
show that high-intensity statins could provide more benefit 
to patients with acute coronary syndrome (ACS) in China 
[23], and the safety of high-intensity statins is a concern in 
the Chinese population. An increasing number of studies 
show that high-intensity statin treatment is accompanied 
by a higher risk of myopathy and elevated liver enzymes, 
which is also more prominent in the Chinese population. 
The study found no linear relationship between the efficacy 
and dosage of statins. The lipid-lowering efficacy of statins 
is characterized by initial lipid-lowering efficacy at the start 
of treatment. However, doubling the dose only decreased 
LDL-C by a further approximately 6%, and the drug cost 
increased proportionally. Therefore, it is recommended [10] 
that moderate-strength statins be initially used, with the dos-
age appropriately adjusted according to the lipid-lowering 
effect and tolerance. If the cholesterol level is not to stand-
ard, a safe and effective lipid-lowering effect can be obtained 
by combining with other lipid-lowering drugs (class I rec-
ommendation, class B evidence) [10].

For high-risk patients who do not achieve adequate 
LDL-C lowering, use of a non-statin drug in combination 
with statins is recommended as an alternative therapeutic 
option. Ezetimibe was the first lipid-lowering agent found 
to inhibit the intestinal uptake of dietary and biliary choles-
terol without affecting the absorption of fat-soluble nutri-
ents [24]. When combined with statin therapy, the result-
ing complementary inhibition of cholesterol absorption 
and synthesis is more effective than statin monotherapy at 
reducing LDL-C, even at high statin doses. Furthermore, by 
combining ezetimibe with a statin, the requirement for statin 
dose titration can be reduced, thereby minimizing the risk 
of dose-related adverse events (e.g., myopathy, rhabdomy-
olysis, hepatotoxicity) [25]. Simvastatin with ezetimibe is 
available as a fixed-dose treatment that leads to a significant 
reduction in serum concentrations of the atherogenic LDL-C 
[26]. This review discusses the role of simvastatin in combi-
nation with ezetimibe in controlling dyslipidemia in Chinese 
patients in light of recently published clinical data.
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2  Treatment Aims and Low‑Density 
Lipoprotein Cholesterol (LDL‑C) Targets

LDL-C target levels are defined according to the patient’s 
cardiovascular risk. In most people, atherosclerotic CVD 
(ASCVD) is the result of a number of risk factors, so all cur-
rent guidelines on the prevention of CVD in clinical practice 
recommend the assessment of clinically manifest ASCVD 
and cardiovascular risk [9].

Several large clinical trials have shown that every 
1 mmol/L reduction in LDL-C is associated with a 23% 
decrease in CVD risk [27]. According to the European 
guidelines, the presence of ASCVD, such as a history of 
acute myocardial infarction or stroke (i.e., secondary pre-
vention), defines an LDL-C target of < 1.8 mmol/L (70 mg/
dL). In primary prevention for patients with type 2 diabe-
tes mellitus (T2DM), or multiple risk factors leading to 
the estimation of high cardiovascular risk, an LDL-C level 
of < 2.6 mmol/L (100 mg/dL) should be targeted. If these 
absolute treatment goals are not reached, LDL-C levels 
should be at least halved [28].

The 2013 AHA/ACC guidelines do not mention any 
absolute target LDL-C levels, instead recommending high-
intensity statin treatment to reduce LDL-C levels by ≥ 50% 
in patients with manifest ASCVD or high estimated risk and 
by 30–50% in patients with moderate risk. The new pooled 
cohort equations risk calculator qualifies a larger popula-
tion for treatment with statins, which has been controversial 
[29, 30].

The 2016 revised Chinese guidelines suggest that both 
non-high-density lipoprotein cholesterol (HDL-C) and 
LDL-C be considered targets for lipid-altering therapy, and 
define therapeutic goals (Table 1) [10].

Studies in other countries have shown that the poor LDL-C 
control rate for high-risk patients treated in general practice 
is a global problem [31–33]. In South Africa, the control rate 
for very high-risk patients was reported to be only 26.5%. 
Similarly, 67.2% of very high-risk patients in Lebanon and 
Jordan missed the goal [34, 35]. Only 68% of patients in a 
high-risk cohort in Japan reached guideline-recommended 
LDL-C goals, and only 2% were treated with a statin, sug-
gesting that statins are underutilized in high-risk Japanese 
populations [36]. Even in some developed regions, such as 
Europe and Canada, 45.3% of patients with diabetes were not 
at their LDL-C goal [37]. Despite the importance of achiev-
ing LDL-C targets, little improvement in LDL-C control has 
been realized for high-risk patients in China. DYSIS found 
that 62.5% of high-risk and very high-risk patients missed the 
LDL-C therapeutic goal in 2013 [22], which is only slightly 
better than the 74% reported for 2002 [38].

Failure to attain therapeutic LDL-C goals may be attributed 
to several factors in China [16]. First, patient and physician 

adherence to lipid management remains poor, not least because 
hypercholesterolemia is an asymptomatic chronic condition, 
but also because some patients experience minor side effects 
with statin use. In addition, prescription rates for statins 
are < 50%, even for high- or very high-risk patients [39]. Sec-
ond, sex and obesity are strong risk factors for not reaching 
therapy goals, because women have a higher prevalence of 
hypercholesterolemia, and obese patients are often resistant 
to therapy and may require both combination drug therapy 
and lifestyle interventions. Finally, combination therapy as an 
alternative to high-dose statin monotherapy is often underused 
in clinical practice, primarily because of concerns about drug 
interactions and major adverse events. Cost is only a minor 
consideration in China, because most statins are covered by 
national medical insurance, and patients can receive full reim-
bursement for simvastatin. A survey of primary care physi-
cians in 2010 [40] found that only 24% and 14% of participants 
could report the optimal LDL-C levels for patients with CHD 
and diabetes, respectively. Therefore, educational interventions 
to improve physicians’ knowledge of lipid guidelines should 
be emphasized [17]. Creation of a national program to raise 
public awareness is also imperative.

3  Cholesterol Metabolism 
and Pharmacology of Statins 
and Ezetimibe

Cholesterol metabolism consists of a complex set of 
interactive input and output fluxes providing the large 
membrane-bound cholesterol pool with sufficient choles-
terol molecules. Serum cholesterol is derived from the 
biosynthesis (endogenous pathway) and intestinal uptake 
(exogenous pathway) of dietary and biliary cholesterol 
[41]. Cholesterol is also catabolized to produce steroid 
hormones and bile acids [42]. Synthesis of cholesterol 
occurs in the cytoplasm and membrane of the endoplas-
mic reticulum of virtually all tissues in humans, including 
the liver, intestine, adrenal cortex, and reproductive tis-
sues. Most of the circulating cholesterol is derived from 

Table 1  Treatment goals for non-high-density lipoprotein cholesterol 
and low-density lipoprotein cholesterol in atherosclerotic cardiovas-
cular disease in China [10]

HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipo-
protein cholesterol

Risk category LDL-C Non-HDL-C

Low or moderate < 3.4 mmol/L
(130 mg/dl)

< 4.1 mmol/L
(160 mg/dl)

High < 2.6 mmol/L
(100 mg/dl)

< 3.4 mmol/L
(130 mg/dl)

Very high < 1.8 mmol/L
(70 mg/dl)

< 2.6 mmol/L
(100 mg/dl)
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internal manufacture rather than diet. The liver produces 
approximately 70% of total cholesterol (TC) in the body 
and when the liver can no longer produce it, blood cho-
lesterol levels will subsequently fall [43]. The chemical 
pathway producing cholesterol in all cells begins with 
condensation of acetyl-CoA with acetoacetyl-CoA to form 
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) in 
a reaction catalyzed by HMG-CoA synthase (Fig. 1). The 
HMG-CoA reductase (HMGCR) enzyme then converts 
HMG-CoA to mevalonate, which is the first rate-limiting 
step in this pathway [44]. This rate-limiting step is the 
conversion of HMG-CoA to CoA and mevalonate by a 
four-electron reductive deacylation process. After meva-
lonate is generated, multiple reactions follow to finally 
produce cholesterol. Statins are competitive, reversible 
inhibitors of HMGCR, the rate-limiting enzyme of cho-
lesterol biosynthesis [45]. Statins, which modulate only 
endogenous cholesterol, inhibit biosynthesis of choles-
terol, deplete intracellular pools, and enhance removal of 
plasma LDL-C [46], leading to significant reductions in 
serum LDL-C [47].

Statins exert lipid-lowering effects in two ways. The open 
ring portion of the chemical structure of inhibitors orally 
administered as active hydroxy acid forms (atorvastatin, 
fluvastatin, pitavastatin, pravastatin, and rosuvastatin) or 
prodrugs with a lactone ring (lovastatin and simvastatin) is 
similar to HMG-CoA [45]. The compounds therefore inhibit 
formation of mevalonate by competing with HMG-CoA, 
interrupting endogenous cholesterol synthesis and leading to 
a reduction in intracellular cholesterol synthesis. Simvastatin 
is administered as a lactone prodrug and is subsequently 

transformed to active metabolites. In vivo, lactone prodrugs 
are enzymatically hydrolyzed to their hydroxy acid phar-
macophores in the liver to achieve pharmacological activity 
[48]. Alternately, reduced endogenous cholesterol synthe-
sis in serum leads to increased LDL-C receptor expression 
on the surface of hepatocytes. Increased LDL-C receptor 
expression causes increased uptake of plasma LDL-C and 
consequently decreases plasma LDL-C levels [49].

The Niemann-Pick C1-like 1 (NPC1L1) sterol trans-
porter, located at the intestinal wall brush-border mem-
brane and canalicular membrane of the hepatocyte, plays a 
vital role in cholesterol absorption in the intestine and liver; 
hepatic NPC1L1 promotes the reabsorption of cholesterol 
from bile and decreases the loss of cholesterol from the liver 
[50]. Ezetimibe, a selective cholesterol absorption inhibitor, 
can effectively inhibit intestinal absorption of cholesterol 
from diet, along with bile and hepatic absorption, by binding 
to the NPC1L1 receptor, resulting in low cholesterol levels 
in vivo (Fig. 1) [51]. Ezetimibe monotherapy can reduce 
LDL-C levels by approximately 18%, as well as triglyceride 
and apolipoprotein B (ApoB) levels by approximately 5% 
and 15%, respectively. Significant elevation of HDL-C has 
also been observed [52, 53].

The mechanisms by which NPC1L1 mediates choles-
terol uptake and ezetimibe inhibits this process are only 
partially understood. NPC1L1 mediates cholesterol uptake 
via vesicular endocytosis, as cholesterol specifically pro-
motes the incorporation of NPC1L1 into clathrin-coated 
vesicles [54]. Microfilaments and a complex of clathrin and 
its adapter protein AP2 mediate the endocytosis. At the same 
time, ezetimibe prevents NPC1L1 from incorporating into 

Fig. 1  Effects of statins and ezetimibe on cholesterol. HMG-CoA 3-hydroxy-3-methylglutaryl coenzyme A, NPC1L1 Niemann-Pick C1-like 1
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clathrin-coated vesicles and thus inhibits cholesterol uptake 
[54]. Recently, a mechanism for efficient free cholesterol 
absorption, the formation of cholesterol-enriched membrane 
microdomains positive for flotillins (NPC1L1 lipid raft pro-
teins), was elucidated [55]. Ezetimibe may reduce plasma 
cholesterol by inhibiting NPC1L1 function in both intestine 
and liver, and hepatic NPC1L1 may protect the body from 
excessive biliary loss of cholesterol [56].

By inhibiting two independent pathways of plasma cho-
lesterol generation—the exogenous pathway of cholesterol 
absorption from the gut (via ezetimibe) and the endogenous 
pathway of cholesterol biosynthesis in the liver (via sim-
vastatin)—combination therapy may offer an efficacious 
strategy for the prevention and treatment of lipid disorders 
(Fig. 1). A number of clinical studies have consistently 
demonstrated that the simvastatin/ezetimibe combination 
provides more potent LDL-C lowering than statin mono-
therapy [18]. Thus, simvastatin/ezetimibe combination ther-
apy reduces the need for statin dose titration and potentially 
decreases the adverse events associated with high-dose statin 
monotherapy. The SEAS (Simvastatin and Ezetimibe in Aor-
tic Stenosis) study was a randomized, double-blind, placebo-
controlled, multicenter study of a minimum 4 years’ duration 
investigating the effect of lipid lowering with an ezetimibe/
simvastatin combination (10 mg/40 mg per day) in Western 
patients with asymptomatic aortic stenosis (AS). The study 
found that combination therapy with ezetimibe and a statin 
lowered LDL-C more than statins alone [57].

4  Pharmacokinetics of Simvastatin Alone 
or in Combination with Ezetimibe in China

Simvastatin is known to be absorbed in the intestine after 
administration as an inactive prodrug, and its absorption 
range is 80–85%. Food intake does not affect its absorp-
tion. In a study of healthy Chinese subjects, the time to 
peak plasma concentration (Tmax) was 0.7–3.0 h [58, 59]. In 
plasma, more than 95% of simvastatin is bound to plasma 
protein. Simvastatin undergoes phase I and phase II drug 
metabolism after oral administration. It can be readily con-
verted into its active metabolite, simvastatin hydroxy acid, 
which serves as a potent competitive inhibitor of HMGCR 
by carboxylesterase or, without the enzyme, in the intes-
tinal mucosa, plasma, and liver [60]. Simvastatin is then 
principally metabolized by phase I drug-metabolizing 
enzymes, cytochrome P450 (CYP)-3A4 and CYP3A5, in 
hepatic microsomes, where the former plays a major role 
[61]. Although simvastatin hydroxy acid can be metabolized 
by CYP3A4, CYP3A5, CYP2C8, and uridine 5ʹ-diphospho-
glucuronosyltransferase (UGT), CYP3A4 is the most 
important participant [62, 63]. Moreover, simvastatin has 
a higher liver selectivity than simvastatin hydroxy acid 

[64], promoting its metabolism. As simvastatin undergoes 
extensive first-pass metabolism in the liver, its bioavailabil-
ity is not believed to exceed 5% [65]. Simvastatin is glu-
curonidated via UGT 1A1 and 1A3 [61] and then excreted 
mainly via feces (60%) and urine (13%) [65]. Its elimination 
half-life (t½) in healthy Chinese subjects was reported to be 
2.4–6.1 h [58].

Following oral administration, ezetimibe can also be 
rapidly absorbed in the liver and intestine and simultane-
ously extensively metabolized to its active ezetimibe-glu-
curonide form by glucuronidation of UGT [66]. Tmax of 
total ezetimibe (free ezetimibe and ezetimibe-glucuronide) 
is 1–2 h post-administration [67]. Plasma protein binding 
rates of ezetimibe and ezetimibe-glucuronide conjugates 
are usually considered to be around 90% [68]. Ezetimibe 
and ezetimibe-glucuronide are excreted predominantly in 
the bile, while a small portion is excreted by the kidney. 
Because of enterohepatic recycling, the t½ of ezetimibe 
and ezetimibe-glucuronide is approximately 22 h [68]. As 
ezetimibe is metabolized primarily by glucuronidation rather 
than oxidation of CYP, there are no significant interactions 
with other medications metabolized by the CYP pathway, 
such as simvastatin [69]. Thus, studies of the ezetimibe/
simvastatin combination have become a focus of physicians 
and researchers.

A recent study of the ezetimibe/simvastatin 10 mg/40 mg 
combination in healthy Chinese subjects found that the 
pharmacokinetic parameters for ezetimibe and simvas-
tatin were assessed by determining total ezetimibe, free 
ezetimibe, simvastatin, and simvastatin acid concentra-
tions using a validated liquid chromatography-tandem mass 
spectrometry method. The results showed the following 
pharmacokinetic parameters of total ezetimibe and free 
ezetimibe: peak plasma concentration (Cmax) 81.56 ± 26.62 
and 9.40 ± 6.17 ng/mL, Tmax 0.93 ± 0.30 and 1.25 ± 1.27 h, 
and t½ 24.32 ± 13.27 and 18.90 ± 9.66 h, respectively. The 
pharmacokinetic parameters for simvastatin and simvastatin 
hydroxy acid following a single dose were Cmax 11.92 ± 5.50 
and 3.37 ± 1.78 ng/mL, Tmax 0.98 ± 0.28 and 3.73 ± 1.68 h, 
and t½ 4.19 ± 1.81 and 7.65 ± 7.96 h, respectively [70]. The 
pharmacokinetic characteristics of ezetimibe in healthy 
Chinese subjects were generally consistent with those in 
non-Chinese subjects [68]. However, in our study, the area 
under the concentration–time curve (AUC) and Cmax were 
higher and t½ was longer than results reported in 24 healthy 
Caucasian subjects [71]. These differences may be attributed 
to physical characteristics, and genetic polymorphisms may 
also be involved.

Pharmacokinetic studies suggest that the ezetimibe/simv-
astatin combination tablet is bioequivalent to the individual 
drug components administered together [72]. Coadminis-
tration of ezetimibe with simvastatin has no apparent effect 
on the pharmacokinetic characteristics of simvastatin [24]. 
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In addition, ezetimibe does not appear to exert significant 
effects on plasma levels of other statins (atorvastatin, fluv-
astatin, lovastatin, pitavastatin, pravastatin, or rosuvastatin), 
fibric acid derivatives (gemfibrozil or fenofibrate), digoxin, 
glipizide, warfarin, or triphasic oral contraceptives (ethinyl 
estradiol and levonorgestrel) [68].

4.1  Clinical Efficacy

Simvastatin is widely used to treat elevated cholesterol 
levels, including TC, LDL-C, triglycerides, and ApoB, as 
monotherapy or in combination with other lipid-altering 
agents. Simvastatin monotherapy for 4 weeks has been 
shown to lower LDL-C by a mean of about 28% [73, 74]. 
However, not all subjects respond to statin treatment [75, 
76]. A retrospective study of 2622 patients with hypercho-
lesterolemia receiving statin monotherapy in China, Korea, 
Malaysia, Singapore, Taiwan, and Thailand [77] found 
that 48% of patients attained NCEP ATP III-recommended 
LDL-C goals. The attainment rate decreased as the risk 
category increased and was reported as 38% in the high-
risk group, 62% in the moderate-risk group, and 81% in the 
low-risk group. Suboptimal cholesterol goal attainment has 
been observed in naturalistic clinical settings within other, 
non-Asian societies. For instance, in the REALITY-Europe 
study, approximately 40% of patients achieved their cho-
lesterol targets, including 36% of patients with CHD [78]. 
In the most recent EUROASPIRE II (European Action on 
Secondary Prevention by Intervention to Reduce Events) 
study, 41% of patients with CHD had TC “under control” 
(5200 mg/dL) [79]. While the overall goal attainment was 
surprisingly low (25%), this phenomenon may be explained 
by the low proportion of lipid-lowering therapy (< 40%) pre-
scribed in this population. It is known that each doubling of 
a statin’s dose only results in an additional 5–7% reduction 
in serum LDL-C levels but increases the risk of toxicity [80].

The efficacy of ezetimibe was evaluated in phase II [81] 
and phase III [82] trials in subjects with primary hypercho-
lesterolemia who maintained an NCEP Step I or stricter diet 
[83]. Patients with primary hypercholesterolemia (n = 432 
[228 men, 204 women] mainly Caucasian, aged 18–75 years) 
were included in this pooled analysis. Ezetimibe 5 or 10 mg 
administered over 12 weeks significantly reduced LDL-C 
levels by 15.7% and 18.5%, respectively (p < 0.01 vs. pla-
cebo), and significantly increased HDL-C levels by 2.9% and 
3.5%, respectively (p < 0.05 vs. placebo) [81, 82]. Combina-
tion therapy with two hypolipidemic drugs may be required 
to meet target LDL-C levels recommended by the European 
Fifth Joint Task Force [84], NCEP ATP III [6], and Chinese 
guidelines for the management of dyslipidemias [10]. In a 
retrospective observational study in a Chinese population, 
patients were divided into three groups (A, B, and C) to 
receive moderate-intensity statin, moderate ezetimibe–statin 

combination therapy, or intensive statin therapy, respec-
tively. Moderate ezetimibe/statin combination therapy sig-
nificantly reduced LDL-C levels to 69.1%, whereas LDL-C 
levels in the intensive statin group and the moderate-inten-
sity statin group decreased to 46.9% and 67.9%, respec-
tively [85]. A combination of drugs that act by different 
mechanisms can provide additive effects in LDL-C reduc-
tion [86]. As expected, trials of ezetimibe and statin com-
bination therapy have revealed greater efficacy in LDL-C 
reduction than ezetimibe or statin monotherapy. A recent 
meta-analysis of over 21,000 subjects from 27 clinical tri-
als randomizing adults to ezetimibe 10 mg daily plus statin 
versus statin alone for 6–24 weeks found a significant 15.1% 
reduction in LDL-C with combination therapy compared 
with statin monotherapy. The study, in which the majority 
of participants were Caucasian (84%), also demonstrated 
that combination therapy was more successful (32.1%) than 
simvastatin monotherapy (10.3%) in terms of subjects with 
CHD reaching the ATP III LDL-C goal of < 70 mg/dL [18].

In the BRAVO study of patients with hypercholester-
olemia not reaching goal in Taiwan, 91% attained NCEP 
ATP III goals and experienced significant reductions 
in LDL-C, TC, and triglycerides, when treated with an 
ezetimibe/simvastatin combination [87]. Similarly, an open-
label, randomized controlled trial in Taiwanese patients 
with hypercholesterolemia demonstrated that the addition 
of ezetimibe to a moderate statin dose was significantly more 
effective at reducing LDL-C levels than doubling the dose 
of the statin [88]. In another study, Zhang et al. [89] found 
that TC and LDL-C levels decreased significantly compared 
with baseline levels after treatment with simvastatin 20 mg/
day alone for 4 weeks in patients with CHD. The total lipid-
lowering success rate in patients was 62%. After 12 weeks, 
TC and LDL-C levels decreased significantly compared 
with levels after 4 weeks with a combination of simvastatin 
20 mg/day and ezetimibe 10 mg/day, and the lipid-lowering 
success rate increased from zero to 59% [89]. Rong et al. 
[90] found that LDL-C levels were better controlled with 
combined ezetimibe 10 mg/day and simvastatin 20 mg/day 
for 4 weeks, 8 weeks, and 12 weeks than with simvastatin 
alone. The combination therapy for 8 weeks and 12 weeks 
further lowered LDL-C and TC levels and improved goal 
attainment in Chinese patients with CHD and diabetes mel-
litus [90].

Cannon et al. [91] found that combining ezetimibe with 
simvastatin reduced LDL-C by an additional 23–24% in sta-
ble patients who had experienced an ACS. Moreover, the 
addition of ezetimibe to simvastatin therapy benefited more 
patients with diabetes than those without in the IMPROVE-
IT trial [92]. Nordestgaard et al. [92] reported that a statin/
ezetimibe combination could decrease LDL-C by 60–70% 
in patients with familial hypercholesterolemia (FH). In view 
of the acceptable side effect profile and high compliance, 
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the EAS recommends coadministration of ezetimibe as an 
add-on to statin therapy [93]. IMPROVE-IT, the first trial 
to demonstrate an incremental clinical benefit of adding 
a non-statin agent (ezetimibe) to statin therapy, found no 
significant differences in rates of adverse events between 
the combination therapy and monotherapy groups [94]. 
IMPROVE-IT also found that mutations in NPC1L1 were 
associated with reduced levels of LDL-C and a reduced risk 
of ASCVD [95]. Together, the trial data support the “LDL 
hypothesis” regarding reduction of cardiovascular events in 
patients with cardiovascular risk factors.

In Chinese patients with ACS and T2DM, combination 
therapy with ezetimibe and statins at doses used in sta-
ble CHD can provide better LDL-C-lowering effects and 
improve the control of LDL-C levels compared with sta-
tin monotherapy. Therefore, adding ezetimibe to moderate 
doses of statins is a more effective strategy for achieving 
significant additional LDL-C-lowering effects and for ena-
bling more Chinese patients to achieve their LDL-C goals 
[95]. In China, sufficient training for primary care physicians 
regarding proper statin use and support for the combina-
tion of a statin and ezetimibe could promote LDL-C target 
attainment in primary care [16]; however, comprehensive 
data on the management of dyslipidemia and its treatment 
outcomes are limited.

4.2  Safety and Tolerability

The safety and tolerability of simvastatin alone or in com-
bination with ezetimibe are of increasing importance to 
physicians and the public. Statins are well-tolerated by 
most patients; the most common side effects include dys-
pepsia, gastrointestinal discomfort, myalgia, headache, and 
central nervous system disturbances, though these are usu-
ally only of short duration [96]. Statins can also increase 
the risk of myopathy/rhabdomyolysis and are commonly 
associated with increased hepatic transaminase levels. 
However, these effects are infrequent [97]. Furthermore, 
Farmer and Torre-Amione [98] found that the increased 
hepatic transaminases induced by statins only occurred in 
approximately 1–3% of patients and was dose related, and 
that the majority of liver abnormalities occurred within 
the first 3 months of statin therapy and required moni-
toring. In addition, rhabdomyolysis, a rare, severe, and 
potentially lethal adverse effect, occurs in approximately 
0.1% of patients with statin monotherapy; the incidence 
increases with coadministration of CYP3A4 and CYP3A5 
inhibitors [98].

One pharmacokinetic study has shown that plasma 
exposure to simvastatin and its metabolites was signifi-
cantly higher in Chinese, Malay, and Asian-Indian subjects 
than in Caucasian subjects living in the same environment 
[99]. However, evidence to date shows no increased rates 

of adverse events in Asian patients taking either lower or 
higher doses of statins [100, 101]. Simvastatin has also been 
reported to be effective in achieving the NCEP LDL-C target 
(≤ 100 mg/dL) and well-tolerated across the dose range of 
20–80 mg/dL in Asian patients with CHD [92].

Furthermore, Rong et  al. [90] demonstrated that 
ezetimibe/simvastatin combination therapy can have a 
favorable safety and tolerability profile in healthy Chinese 
subjects and in patients with CHD. Moreover, it has been 
demonstrated that ezetimibe/simvastatin therapy can lower 
LDL-C more effectively than simvastatin monotherapy in 
Chinese patients with an extremely high risk of CHD with-
out adverse effects, indicating that tolerability and safety of 
the combination therapy is better [101].

Safety is another major argument against high-intensity 
statin use in the Chinese population. Mounting evidence 
suggests that a greater incidence of myopathy and elevated 
aminotransferase levels occurs in patients receiving high-
dose statins [102]. This excess risk may be particularly 
marked in Chinese patients. The HPS2-THRIVE study 
suggested that the absolute risk of myopathy and alanine 
transaminase elevation was much higher among participants 
receiving statins in China than among those in Europe (0.13 
vs. 0.04% per year for myopathy, and 0.24 vs. 0.02% per year 
for elevated alanine transaminase) [21]. No safety data on 
high-intensity statin use in China are yet available. In short, 
there is currently no evidence to support high-intensity statin 
therapy for Chinese patients with CHD. In addition, avail-
able data have shown that higher doses are not associated 
with further risk reduction.

When ezetimibe is combined with simvastatin in Cauca-
sian patients with primary hypercholesterolemia, the adverse 
event rate is generally similar to that observed with simvas-
tatin alone [103]. In the IMPROVE-IT trial, discontinuation 
of study medication due to an adverse event occurred in 
10.1% of patients taking simvastatin 40 mg and in 10.6% of 
patients taking an ezetimibe/simvastatin combination [91]. 
However, data assessing the safety and tolerability of sim-
vastatin in combination with ezetimibe in Chinese patients 
are limited.

4.3  Patient‑Focused Perspectives such as Quality 
of Life, Patient Satisfaction, Adherence, 
and Uptake

Over many years of research and practice, statins have been 
shown to significantly reduce the incidence of cardiovascular 
events and mortality and improve patient satisfaction and 
quality of life. Simvastatin has been reported to be well-
tolerated at doses of 20–80 mg/dL in Asian patients with 
CHD, and compliance with treatment was reported in 2001 
to be approximately 80% [100]. Therefore, most patients 
can achieve satisfactory effects from therapy. For Chinese 
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patients who do not attain target LDL-C levels with con-
ventional-dose statin therapy, the efficacy of simvastatin/
ezetimibe combination treatment is significantly high, and 
the treatment costs less than atorvastatin monotherapy or 
atorvastatin/ezetimibe combination therapy.

According to Gao et al. [15], only 39.9% of patients with 
dyslipidemia in China receive lipid-lowering treatment, and 
only 25.8% of those surveyed achieved the NCEP ATP III 
LDL-C goal. The inability to achieve LDL-C goals has been 
attributed to a variety of causes, including improper dose 
titration, lack of follow-up, and—most importantly— poor 
adherence to treatment, in the form of irregular or inter-
rupted intake and a high frequency of discontinuation. 
Therefore, good management strategies, appropriate thera-
peutic approaches, and good patient and physician adherence 
to recognized practice guidelines can play crucial roles in 
achieving favorable treatment outcomes.

5  Conclusions

Statins remain the cornerstone treatment in controlling lipid dis-
orders in Chinese patients. More recent evidence-based data have 
shown that an intensive reduction in LDL-C levels, particularly 
in high-risk populations, is effective in reducing CHD risk. How-
ever, many patients do not achieve recommended LDL-C goals 
when treated in clinical practice. Alternative approaches to lipid 
management are required. Simvastatin and ezetimibe work via 
different mechanisms: the former inhibits the synthesis of cho-
lesterol in the liver and the latter inhibits intestinal cholesterol 
absorption. Coadministration of these two complementary agents 
can further lower LDL-C levels in plasma while avoiding adverse 
reactions usually seen with high-dose statin therapy. Combina-
tion ezetimibe/simvastatin therapy is effective for achieving 
LDL-C goals as safely as the equivalent statin monotherapy. The 
advantages of this combination therapy have been supported by 
many clinical trials. Large multicenter cohort studies, including 
assessments of drug economics, are required to observe more 
comprehensive and precise results from ezetimibe/simvastatin 
combination therapy in the Chinese population.
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