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Abstract

Context: The present review aimed at reviewing the effects of different statins on lipid profile, particularly in Asians.
Evidence Acquisition: PubMed searches were conducted using the keywords ‘statin, effect, and lipid profile’ from database incep-
tion through March 2016. In this review, 718 articles were retrieved from the primary search. After reviewing the titles, abstracts,
and full texts, we found that 59 studies met our inclusion criteria. These also included subsequent reference searches of retrieved
articles.
Results: CURVES study compared the effect on lipid profile between atorvastatin and other statins. This study demonstrated that
low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), and triglycerides (TG) were reduced more with atorvastatin com-
pared to simvastatin, pravastatin, lovastatin, and fluvastatin. However, simvastatin provided a greater elevation of high-density
lipoprotein cholesterol (HDL-C) compared to atorvastatin. The STELLAR trial was based on dose-to-dose comparisons between ator-
vastatin and rosuvastatin efficacy in reducing LDL-C. Te present study also revealed that as the doses of rosuvastatin, simvastatin,
and pravastatin increased, HDL-C also increased, with rosuvastatin having the greatest effect. However, HDL-C levels decreased as
the dose of atorvastatin increased. The DISCOVERY study involving the Asian population revealed that the percentage of patients
achieving the European goals for LDL-C and TC at 12 weeks was higher in rosuvastatin group compared to atorvastatin group.
Conclusions: The effects of statins on lipid profile are dose dependent. Most studies showed that rosuvastatin has the best effect
on lipid profile. Prescribing lower doses of statins in Asians seems necessary.
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1. Context

Dyslipidaemia is a known risk factor for cardiovascu-
lar (CVD) and cerebrovascular occlusive events. There-
fore, inhibition of cholesterol synthesis therapy plays a sig-
nificant role in managing and preventing both of these
diseases. Statin, a 3-hydroxy-3-methylglutaryl coenzyme
A (HMG CoA) reductase inhibitor, is a class of drug used
widely in dyslipidaemia. There are various types of statins
prescribed worldwide. Atorvastatin (Lipitor and Torvast),
simvastatin (Zocor and Lipex), lovastatin (Mevacor, Alto-
cor and Altoprev), pitavastatin (Livalo and Pitava), rosuvas-
tatin (Crestor), fluvastatin (Lescol), and pravastatin (Prava-
chol, Lipostat and Selektine) are the common types of
statins found in the market. Each of these statins has a
different effect on lipid profile. Lipid profile discussed
in this review refers to the conventional lipid parameters
that include total cholesterol (TC), triglycerides (TG), low-
density lipoprotein cholesterol (LDL-C), and high-density
lipoprotein cholesterol (HDL-C). Patients often have het-

erogeneous responses to different types of statins. Be-
sides advanced age, gender, comorbidities, drug interac-
tion, and interindividual variability, differences in phar-
macokinetics, pharmacodynamics, and structure of each
statin can lead to the diverse responses (1-4).

Asians have been less studied for the effects of statin on
lipid profile compared to the Western population. Hence,
it is necessary to study Asian population because there are
large numbers of Asians throughout the world due to mi-
gration. Thus, the focus of this review was to discuss the
effects of various types of established statins on lipid pro-
file, particularly in Asians. Prior to discussing the effect of
different statins on lipid profile, we will briefly discuss the
structure of statin, its pharmacokinetics and mechanism
of action, and its effects on lipid profile.

2. Evidence Acquisition

PubMed/MEDLINE searches were conducted using the
keywords ‘statin, effect, and lipid profile’ from database
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inception through March 2016. In this review, 718 arti-
cles were retrieved from the primary search. After review-
ing the titles, abstracts, and full texts of the studies, we
found that 59 studies met our inclusion criteria. These also
included subsequent reference searches of retrieved arti-
cles. All articles identified by this search were reviewed
if the article text was written in English, related to effects
of different types of statin (notwithstanding if the par-
ticular statin had been withdrawn from the market) on
conventional lipid parameters such as total cholesterol
(TC), triglycerides (TG), low density lipoprotein cholesterol
(LDL-C), and high density lipoprotein cholesterol (HDL-C).
Among the reviewed articles, 12 included statin prescrip-
tion in Asian population.

3. Results

3.1. Structure of Statin

Statin can either be fungal-derived or synthetically pro-
duced. Lovastatin, pravastatin, and simvastatin are fungal-
derived statins, while atorvastatin, cerivastatin, fluvas-
tatin, pravastatin, pitavastatin, and rosuvastatin are fully
synthetic compounds (5, 6). Generally, the chemical struc-
tures of statins, as shown in Figure 1, are divided into 2 seg-
ments (7):

i. The pharmacophore: Dihydroxyheptanoic acid seg-
ment, which is the analogue of the target HMG-CoA en-
zyme

ii. The pharmacophore moiety which is composed of
the following:

• Complex hydrophobic ring structure that is cova-
lently linked to the substrate analogue and involved in the
binding with HMG-CoA reductase enzyme. The structure of
the ring can be partially reduced naphthalene (lovastatin,
simvastatin, pravastatin), a pyrrole (atorvastatin), an in-
dole (fluvastatin), a pyrimidine (rosuvastatin), a pyridine
(cerivastatin), or a quinoline (pitavastatin).

• Side groups on the rings define the solubility (hy-
drophobicity), and therefore, the pharmacokinetic proper-
ties.

The functional difference between natural and syn-
thetic statins relies on their ability to interact and inhibit
the HMG-CoA reductase and on their hydrophobicity. Syn-
thetically formed statins are known to form more inter-
actions with HMG-CoA reductase because of their struc-
tural characteristics. Atorvastatin and rosuvastatin have
additional hydrogen binding interactions. In addition, ro-
suvastatin also exhibits a polar interaction between the
methane sulfonamide group and the HMG-CoA reductase
enzyme. With these structural properties, rosuvastatin has
the most efficient effect to reduce the activity of HMG-CoA

reductase enzyme by 50% (6, 7). Pravastatin and rosuvas-
tatin are more hydrophilic due to the polar hydroxyl group
and methane sulphonamide group, respectively. Fluvas-
tatin, lovastatin, atorvastatin, and simvastatin are rela-
tively lipophilic compounds. The lipophilic statins (except
pitavastatin and cerivastatin) have the properties of low
systemic bioavailability because of an extensive first pass
effect at the hepatic level (7, 8). The lipophilic statins can
passively penetrate the cells of extrahepatic tissues, possi-
bly leading to adverse events such as muscle toxicity. On
the other hand, hydrophilic statins are more hepatoselec-
tive because they depend on an active transport mecha-
nism to enter the liver; hence, they are excluded by extra-
hepatic tissues. However, the balance between desired and
undesired effects of lipophilic and hydrophilic statins re-
mains to be established (7).

3.2. Pharmacokinetics of Statins

Generally, statin enters the systemic circulation ac-
tively through the intestinal cells and passively via the
ATP-binding cassette (ABC) and solute carrier family (SLC)
gene family transporters. There are 2 families of en-
zymes responsible in statin metabolism, the cytochrome
P450 (CYP), and UDP-glucoronosyltranferases (UGT), which
mainly act in the liver, and to a lesser extent, in the kid-
ney. Pharmacokinetics of each statin is based on their hy-
drophobic characteristic. For lipophilic statins (lovastatin,
simvastatin, fluvastatin, and atorvastatin), transportation
is via passive diffusion and is metabolised well by CYP en-
zymes. The main excretion pathway is through the bil-
iary system. While the more hydrophilic statins such as
rosuvastatin and pravastatin, active transport is the main
mode of entry into the liver, they are metabolised less by
the CYP enzymes and actively excreted through the kid-
neys. Lipophilic statins show an efficient activity at both
hepatic and extrahepatic sites, whereas hydrophilic statins
are more hepatoselective (7, 9).

Lipophilic statins have the general properties of low
bioavailability because of first pass metabolism. Although
fluvastatin, cerivastatin, and pitavastatin are lipophilic,
their bioavailability are approximately 24% (19% - 29%),
60%, and 80%, respectively, which are significantly higher
than rosuvastatin and pravastatin (7, 10-12). Pravastatin is
the only statin not bound to plasma proteins. Hence, due
to systemic exposure to unbound the drug, its level of phar-
macological activity is relatively low, and the circulating
level of this statin is higher compared to others (7, 13).

Pravastatin, cerivastatin, pitavastatin, rosuvastatin,
and atorvastatin require organic anion transporting
polypeptide C (OATP1B1) to cross the basolateral and apical
membranes of hepatocytes (7, 14-16). Consumption of food
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Figure 1. Chemical Structures of Statins (5)

has a variable effect on statin absorption (pharmacoki-
netic), which affects its bioavailability. The absorption of
lovastatin is more effective when taken along with food,
whereas the bioavailability of atorvastatin, fluvastatin,
and pravastatin is decreased (5, 17-20). Food intake has

no such effect on the bioavailability of simvastatin or
rosuvastatin (1, 2, 9). Apparently, the time of consumption
of statins does not affect the hypocholesterolemic effect
(5, 17).
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3.3. Mechanism of Action of Statins: Lipid Lowering Effect

Statin lowers plasma LDL-cholesterol (LDL-C) by com-
petitively inhibiting the HMG-CoA reductase enzyme in
the liver, the rate-limiting enzyme in cholesterol biosyn-
thetic pathway. As a result, the conversion of HMG-CoA into
mevalonate is inhibited, leading to the reduction of choles-
terol produced. Hence, this reduction activates a transcrip-
tion factor called sterol regulatory element binding pro-
tein (SREBP), which will be transported from the endoplas-
mic reticulum into the golgi apparatus. Transcription of
LDL receptors will be activated, and thus, there will be an
increase in the number of LDL receptors. Hence, the up-
take of LDL-C will increase, reducing the plasma LDL-C level
(21). Although statins share a common mechanism of ac-
tion, there are differences in their relative efficacy for im-
proving the lipid profile (5).

3.4. Effects of Different Types of Statin on Lipid Profile

According to the “Comparative Dose Efficacy Study of
Atorvastatin Versus Simvastatin, Pravastatin, Lovastatin,
and Fluvastatin in Patients with Hypercholesterolemia
(the CURVES study, 1998)”, reduction of LDL-C was better
with atorvastatin 10 mg compared to simvastatin 10 mg,
pravastatin 10 mg and 20 mg, lovastatin 20 mg and 40
mg, and fluvastatin 20 mg and 40 mg (descending or-
der of efficacy) (22). The same effect was found for TC, in
which atorvastatin 10 mg, 20 mg and 40 mg had a bet-
ter lowering effect compared to simvastatin, pravastatin,
lovastatin, and fluvastatin (descending order of efficacy)
at milligram-equivalent doses. However, for TG reduction,
significant differences were found between atorvastatin
and other statins at the 40 mg dose. The reduction of TG
was greater with atorvastatin compared to simvastatin, flu-
vastatin, pravastatin, and lovastatin (descending order of
efficacy). Similarly, when elevating HDL-C, significant re-
sults were only observed at 40 mg dose. However, this
effect was greater with simvastatin compared to atorvas-
tatin. The CURVES study was comparable to previous re-
search on lipid-lowering effects of statins (22, 23). The re-
ported reductions in LDL-C were 28% - 41%, 18% - 34%, 25% -
38%, and 18% - 27% for simvastatin (10 mg - 40 mg), pravas-
tatin (10 mg - 40 mg), lovastatin (20 mg - 40 mg), and flu-
vastatin (20 mg - 40 mg), respectively. While for atorvas-
tatin, the reduction in LDL-C was 35% to 61%, identifying
atorvastatin as the most efficient statin (22). This conclu-
sion was consistent with prior comparative studies that in-
volved atorvastatin (24-26).

In statin therapies for elevated lipid levels compared
across doses to rosuvastatin (STELLAR trial), Jones et al. es-
tablished results based on the dose-to-dose comparisons

between atorvastatin and rosuvastatin efficacy in reduc-
ing LDL-C (27). The results revealed that the efficacy of ro-
suvastatin 40 mg had the best efficacy with 55.0% LDL-C
reduction (-55%), followed by rosuvastatin 20 mg (-52.4%),
atorvastatin 80 mg, atorvastatin 40 mg (-47.8%), rosuvas-
tatin 10 mg (-45.8%), atorvastatin 20 mg (-42.6%), and ator-
vastatin 10 mg (-36.8%). The reduction of LDL-C by rosuvas-
tatin 10 mg, 20 mg and 40 mg were significantly greater
than simvastatin and pravastatin in all 14 pairwise compar-
isons. The rank order of effects of prescribed statins related
to the LDL-C reduction for all 14 pairwise comparisons is
shown in Table 1. Moreover, their study also showed the as-
sociation of types of statins with the elevations of HDL-C. As
the doses of rosuvastatin, simvastatin, and pravastatin in-
creased, the elevation of HDL-C also increased. HDL-C incre-
ment was significantly greater for rosuvastatin compared
to simvastatin and pravastatin. In contrast, the elevation
of HDL-C by atorvastatin decreased across the dose range.
Rosuvastatin 40 mg had the greatest increasing effect on
HDL-C, while atorvastatin 80 mg had the least (+ 9.6% vs.
+ 2.1%). Across the dose range, rosuvastatin 10 mg - 80 mg
reduced the TC 4.7%, 9.0%, 12.5%, and 18.7% more than ator-
vastatin 10 mg - 80 mg, simvastatin 80 mg, simvastatin 10
mg, and pravastatin 10 mg - 40 mg, respectively. For the re-
duction of TG, rosuvastatin 10 mg – 80 mg had a similar ef-
fect to atorvastatin 10 mg - 80 mg, but a better effect com-
pared to simvastatin 10 mg - 80 mg (+ 7.5%), and pravastatin
10 mg - 40 mg (+ 18.1%). This study also stated that rosuvas-
tatin 20 mg - 40 mg groups had the highest percentage of
patients who met the National Cholesterol Education Pro-
gram (NCEP) Adult Treatment Panel III (ATP III) and Euro-
pean LDL-C goals [100 mg/dL (2.6 mmol/L) and 116 mg/dL
(3.0 mmol/L), respectively] (28, 29). The percentage of pa-
tients from rosuvastatin 10 mg group who reached both of
these goals was similar to the percentage reached by the
groups prescribed with the highest doses of atorvastatin
and simvastatin (80 mg) (27).

Similarly, data from comparative trials, shown in Table
1 confirm that rosuvastatin is the most effective statin for
lowering LDL-C (reduction of 63% with 40 mg daily), fol-
lowed by atorvastatin, simvastatin, and pravastatin. The
lipid lowering effect of pitavastatin was comparable to
atorvastatin. Statins also increased HDL-C levels to vary-
ing degrees, although not a predictable dose-response re-
lationship (5).

A study by McTaggart et al. comparing the potency of
atorvastatin, cerivastatin, fluvastatin, pravastatin, rosuvas-
tatin, and simvastatin identified rosuvastatin as the most
potent statin (30). The results showed that the 50% in-
hibitory concentration (IC50) of rosuvastatin was 0.16 nM,
followed by atorvastatin (1.16 nM), and pravastatin was the
least potent statin with IC50 of 6.93 nM. The terminal half-

4 Int J Endocrinol Metab. 2017; 15(2):e43319.

http://endometabol.com


Meor Anuar Shuhaili MFR et al.

Table 1. The Effects of Different Statins on Lipid Profile (27)

Statins and Doses STELLAR Trial (27) Comparative Trials (5)

LDL-Ca Reduction (20 - 55)% LDL-Ca Reduction (24 - 63)% HDL-C Increase (6 - 12)% TG Reduction (10 - 29)%

1 Rosuvastatin 40 mg 55.0 63 10 28

2 Rosuvastatin 20 mg 52.4

3 Atorvastatin 80 mg 51.1

4 Atorvastatin 40 mg 47.8 50 6 29

5 Rosuvastatin 10 mg / Simvastatin 80
mg

45.8

6 Atorvastatin 20 mg 42.6

7 Pitavastatin 4 mg 48 no significant effect 23

8 Simvastatin 40 mg 38.8 41 12 18

9 Atorvastatin 10 mg 36.8

10 Simvastatin 20 mg 35.0

11 Pravastatin 40 mg 29.7 34 12 24

12 Lovastatin 40 mg 34 9 16

13 Pravastatin 20 mg 24.4

14 Pravastatin 10 mg 20.1

15 Cerivastatin 0.3 mgb 28 10 13

16 Fluvastatin 40 mg 24 8 10

aRank Order of Effects of Prescribed Statins Towards LDL-C Reduction
b Withdrawn From Clinical Use

life of rosuvastatin was approximately 20 hours, which was
similar to atorvastatin (5, 30). Kapur et al. suggested that
the high potency of rosuvastatin was due to its unique
chemical characteristics (31). First, the fluorinated phenyl
group and a polar methane sulphonamide group of rosu-
vastatin provide multiple sites of activity against HMG-CoA
reductase (32). Second, rosuvastatin has enhanced binding
enthalpies, which is defined as the strength of the inter-
action between the inhibitor and target enzyme for HMG-
CoA reductase. Rosuvastatin and atorvastatin are the only
statins to form a hydrogen bond with the hydroxyl group
of Ser565 on HMG-CoA reductase enzyme. A shorter hydro-
gen bond length and involvement of sulfonyl groups con-
tribute to superior enzyme inhibition by rosuvastatin (33).
Third, the hydrophilic nature of rosuvastatin may also help
eliminate the dependence on metabolic conversion to a
water-soluble molecule, especially in the presence of other
drugs (34).

In a study comparing the effect of pitavastatin with
pravastatin, Saito et al. stated that the effects of pitavas-
tatin was greater than pravastatin on the reduction of LDL-
C (- 37.6% vs. - 18.4%) and TC (- 28.2% vs - 14.0%) (35). Pitavas-
tatin also reduced the levels of TG, apolipoprotein (apo) B,
C-II, and CIII at a greater extent compared to pravastatin.

However, elevations of HDL-C, apo A-I and A-II were similar
between the 2 statins. After 12 weeks, 75% of the subjects
prescribed with pitavastatin met the LDL-C target level of <
140 mg/dL (3.6 mmol/L) compared to 36% from the pravas-
tatin group (35).

Yokote et al. conducted a 12-week, prospective, open-
label trial to compare the efficacy and safety of pitavastatin
2 mg/day against atorvastatin 10 mg/day (36). There were
no significant differences between pitavastatin 2 mg and
atorvastatin 10 mg effects on the reduction of LDL-C, TC,
and TG. However, the elevations of HDL-C levels were much
more significant in pitavastatin 2 mg compared to atorvas-
tatin 10 mg. The waist circumference, body weight, and
body mass index (BMI) were significantly correlated with
the percentage of serum non-HDL-C reduction in the ator-
vastatin group, whereas consistent reduction of serum
non-HDL-C was observed in the pitavastatin group, regard-
less of body size (36). Data on pitavastatin relative potency
are limited, however, Kajinami et al. stated that pitavas-
tatin was 2.4-fold and 6.8-fold more potent than simvas-
tatin and pravastatin, respectively, with an IC50 of 6.8 nM
(10).

A randomised trial comparing the safety, tolerability,
and efficacy of simvastatin 20 mg with pravastatin 20 mg
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in 210 patients with primary hypercholesterolemia, found
that simvastatin had a significantly better effect on lipid
profile compared to pravastatin. The results compared the
effects of simvastatin and pravastatin on the mean reduc-
tions from baseline levels of TC (28% versus 21%), LDL-C (38%
versus 29%), and apo B (25% versus 17%), respectively. A re-
duction of 20% in LDL-C was identified in 94% of patients
receiving simvastatin 20 mg and 80% of patients receiving
pravastatin 20 mg. There were, however, similar signifi-
cant reductions from baseline in TG (14% and 11%), elevation
in HDL-C (7% for both), and apolipoprotein A-I (4% for both)
for both simvastatin and pravastatin, respectively (37).

A similar study by the Simvastatin Pravastatin Study
Group (2013) also compared the effects of simvastatin and
pravastatin, with 30% of simvastatin group and 14% of
pravastatin group on 10 mg dose, while, 48% of simvastatin
group and 66% of pravastatin group were titrated to the
maximal dose (38). After 18 weeks, the mean reduction for
TC was 27% and 19%, it was 38% and 26% for LDL-C, 30% and
16% for very low-density lipoprotein cholesterol (VLDL-C),
and 18% and 14% for TG for simvastatin and pravastatin,
respectively. Simvastatin also produced better results for
HDL-C elevation compared to pravastatin (+ 15% vs. + 12%).
The efficacy goal of LDL-C < 130 mg/dL (3.4 mmol/L) was
achieved in 65% of the patients treated with simvastatin
versus 39% of those treated with pravastatin (38).

Berger et al. stated that the effect of lovastatin on lipid
profile (TC, TG, LDL-C, and HDL-C) was significantly more
potent than fluvastatin on a per milligram basis (39). Af-
ter 6 weeks, the results showed that reductions in TC and
LDL-C with lovastatin 20 mg were - 19.5% and - 27.6%, respec-
tively, while the reductions were 12.8% and 18.2%, respec-
tively, with fluvastatin 20 mg.

3.5. Use of Statins in Asians

Similar to Western countries, statins are also widely
prescribed across Asia as a primary and secondary preven-
tion of CVD and ischaemic stroke (40-42). Although the in-
cidence of coronary heart disease (CHD) is lower in Asian
populations compared to Caucasians, Asians have a higher
incidence of stroke (43, 44). Stroke is the leading cause of
death in China and the third leading cause of mortality
in Malaysia (44, 45). A study in Singapore confirmed that
the prevalence of stroke incidence among the main races
(Malays, Chinese, and Indians) is similar (44, 46).

Studies have demonstrated that Asians require a lower
dose of statins compared to Caucasians to achieve com-
parable target lipid profiles. The heightened response to
statins in Asians could be attributed to the genetically
based differences in the metabolism of statins at the level
of hepatic enzymes and drug transporters (47). Due to this
increased systemic exposure to statins, it is advisable to

commence treatment with lower dose in Asians to main-
tain safety and efficacy of the drug (47).

However, the study by Gandelman et al. revealed
contradictory results. In a combined analysis and com-
parison of 22 pharmacokinetic studies of atorvastatin, it
was concluded that there were no differences in the sys-
temic exposure to atorvastatin between Asian and Cau-
casian participants (48). The dose-per-bodyweight nor-
malised area under the concentration-time curve values
(AUCdn,wt) for atorvastatin was 157.5 (ng.hr.mL-1)/(mg.kg-1)
for Asians and 156.4 (ng.hr.mL-1)/(mg.kg-1) for Caucasians,
while the dose-per-bodyweight normalised maximum ob-
served concentration (Cmaxdn,wt) for Asians was 26.2
(ng.hr.mL-1)/(mg.kg-1) and 30.3 (ng.mL-1)/(mg.kg-1) for Cau-
casians. Therefore, the dosing considerations for atorvas-
tatin were similar for both Asians and Caucasians (48).

Gupta et al. evaluated the lipid-modifying effects of
statins in South Asian and Caucasian patients with estab-
lished CHD (49). The results showed that atorvastatin 20
mg produced similar reductions in LDL-C in both South
Asian (-43%) and Caucasian (-41%) patients. The elevations of
HDL-C were + 19% in South Asians and + 12% in Caucasians.
Simvastatin 20 mg reduced LDL-C by - 35% in South Asians
and by - 37% in Caucasians, while elevating HDL-C levels by
+ 12% in both groups. Using a multiple linear regression
model, this study suggested that the expected reduction
in LDL-C for atorvastatin 10 mg and atorvastatin 20 mg was
similar between the groups. The results showed that ator-
vastatin and simvastatin, at commonly prescribed doses,
modulated LDL-C and HDL-C levels to a similar degree in
both South Asians and Caucasians with documented CHD.
Hence, South Asian patients may be treated with similar
doses of atorvastatin and simvastatin as prescribed to Cau-
casians (49).

A study by Deedwania et al., which compared the ef-
fect of rosuvastatin and atorvastatin in South Asian pa-
tients who were at risk of CHD, identified that the LDL-C
decreased better in rosuvastatin 10 mg group compared to
atorvastatin 10 mg group (- 45% vs. - 40%), and in rosuvas-
tatin 20 mg group compared to atorvastatin 20 mg group
(- 50% vs. 47%) (58). NCEP ATP-III LDL-C goal achievement
rates in high-risk patients (all patients) were 76% (79%) and
88% (89%) with rosuvastatin 10 mg and 20 mg, respectively,
compared with 70% (76%) and 81% (85%) with atorvastatin
10 mg and 20 mg, respectively. Both statins were well tol-
erated with no clinically relevant differences in adverse
events or incidence of creatine kinase > 10 times higher
than the normal upper limit. Hence, it was concluded that
rosuvastatin 10 mg and 20 mg and atorvastatin 10 mg and
20 mg were effective in achieving the target LDL-C and were
well tolerated in South Asian population (50).

A study (The Direct Statin Comparison of LDL-C Values:
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An Evaluation of Rosuvastatin Therapy (DISCOVERY, 2007)-
Asia) was conducted to evaluate the lipid-lowering effects
of rosuvastatin and atorvastatin in Asian patients (51). The
main objective of this study was to assess the efficacy of ini-
tial doses of statins in achieving target lipid levels in 6 dif-
ferent Asian countries (China, Hong Kong, Korea, Malaysia,
Taiwan and Thailand). Rosuvastatin 10 mg/day or atorvas-
tatin 10 mg/day were randomly prescribed in a 2:1 ratio to
1482 adults with primary hypercholesterolemia and high
cardiovascular risk (> 20%/10 years, Type 2 diabetes, or a
history of CHD). The results showed that the percentage
of patients achieving the 1998 and 2003 European goals
for LDL-C and TC at 12 weeks were higher in rosuvastatin
group compared to atorvastatin group. This study con-
cluded that to achieve the European goals for LDL-C and
TC in Asian clinical practice, the starting dose of rosuvas-
tatin 10 mg/day was significantly more effective than the
starting dose of atorvastatin 10 mg/day. The safety profile
of both rosuvastatin 10 mg and atorvastatin 10 mg was
similar in Asians and was consistent with the established
safety profile of rosuvastatin in the Caucasian population.
Nonetheless, the United States Food and Drug Administra-
tion (FDA) recently advised the initiation of rosuvastatin at
5 mg/day in Asian patients (47).

4. Conclusions

In summary, there are significant differences in the
relative effects of different types of statins on the im-
provement of lipid profile. Rosuvastatin is considered as
the most potent and efficient statin in managing dyslipi-
daemia. Although atorvastatin has a significant effect on
non-HDL-C profile, its effect on HDL-C is the lowest com-
pared to all other statins. To balance the benefits and risks
of statins in patients, 2 facts should be emphasised: statins
that have great benefits in decreasing cardiovascular and
cerebrovascular events, and those best tolerated statins
need to be identified. There is still lack of firm evidence on
the association on the types of statins, which are responsi-
ble for statin efficacy and statin intolerance in Asians. Thus,
further large prospective trials should be conducted to es-
tablish concrete associations.

Footnotes

Authors’ Contribution: Literature Review: Meor Fairuz
Rizal Meor Anuar Shuhaili, Intan Nureslyna Samsudin;
Drafting the Manuscript: Meor Fairuz Rizal Meor Anuar
Shuhaili, Subashini C. Thambiah; Critical revision of the
manuscript for important intellectual content: Johnson
Stanslas, Shariful Hasan, Subashini C. Thambiah

Declaration of Conflicting Interests: The author(s) de-
clared no potential conflicts of interest with respect to the
research, authorship, and/or publication of this article.

Funding/Support: This article (in part or in whole) has
not been previously presented or published. The author(s)
received no financial support for the research, authorship,
and/or publication of this article.

References

1. Harper CR, Jacobson TA. The broad spectrum of statin myopathy:
from myalgia to rhabdomyolysis. Curr Opin Lipidol. 2007;18(4):401–8.
doi: 10.1097/MOL.0b013e32825a6773. [PubMed: 17620856].

2. Sewright KA, Clarkson PM, Thompson PD. Statin myopathy: in-
cidence, risk factors, and pathophysiology. Curr Atheroscler Rep.
2007;9(5):389–96. [PubMed: 18001622].

3. Di Stasi SL, MacLeod TD, Winters JD, Binder-Macleod SA. Effects of
statins on skeletal muscle: a perspective for physical therapists.
Phys Ther. 2010;90(10):1530–42. doi: 10.2522/ptj.20090251. [PubMed:
20688875].

4. Herman RJ. Drug interactions and the statins. CMAJ. 1999;161(10):1281–
6. [PubMed: 10584091].

5. Schachter M. Chemical, pharmacokinetic and pharmacody-
namic properties of statins: an update. Fundam Clin Pharmacol.
2005;19(1):117–25. doi: 10.1111/j.1472-8206.2004.00299.x. [PubMed:
15660968].

6. Davidson MH. Rosuvastatin: a highly efficacious statin for the treat-
ment of dyslipidaemia. Expert Opin Investig Drugs. 2002;11(1):125–41.
doi: 10.1517/13543784.11.1.125. [PubMed: 11772327].

7. Gazzerro P, Proto MC, Gangemi G, Malfitano AM, Ciaglia E, Pisanti
S, et al. Pharmacological actions of statins: a critical appraisal in
the management of cancer. Pharmacol Rev. 2012;64(1):102–46. doi:
10.1124/pr.111.004994. [PubMed: 22106090].

8. Garcia MJ, Reinoso RF, Sanchez Navarro A, Prous JR. Clinical pharma-
cokinetics of statins. Methods Find Exp Clin Pharmacol. 2003;25(6):457–
81. [PubMed: 12949632].

9. Hamelin BA, Turgeon J. Hydrophilicity/lipophilicity: relevance for the
pharmacology and clinical effects of HMG-CoA reductase inhibitors.
Trends Pharmacol Sci. 1998;19(1):26–37. [PubMed: 9509899].

10. Kajinami K, Mabuchi H, Saito Y. NK-104: a novel synthetic HMG-CoA re-
ductase inhibitor. Expert Opin Investig Drugs. 2000;9(11):2653–61. doi:
10.1517/13543784.9.11.2653. [PubMed: 11060827].

11. Muck W, Ritter W, Ochmann K, Unger S, Ahr G, Wingender W, et
al. Absolute and relative bioavailability of the HMG-CoA reductase
inhibitor cerivastatin. Int J Clin Pharmacol Ther. 1997;35(6):255–60.
[PubMed: 9208342].

12. Tse FL, Jaffe JM, Troendle A. Pharmacokinetics of fluvastatin after
single and multiple doses in normal volunteers. J Clin Pharmacol.
1992;32(7):630–8. [PubMed: 1640002].

13. Corsini A, Bellosta S, Baetta R, Fumagalli R, Paoletti R, Bernini F. New
insights into the pharmacodynamic and pharmacokinetic properties
of statins. Pharmacol Ther. 1999;84(3):413–28. [PubMed: 10665838].

14. Hsiang B, Zhu Y, Wang Z, Wu Y, Sasseville V, Yang WP, et al.
A novel human hepatic organic anion transporting polypeptide
(OATP2). Identification of a liver-specific human organic anion
transporting polypeptide and identification of rat and human
hydroxymethylglutaryl-CoA reductase inhibitor transporters. J Biol
Chem. 1999;274(52):37161–8. [PubMed: 10601278].

15. Shitara Y, Sugiyama Y. Pharmacokinetic and pharmacodynamic al-
terations of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) re-
ductase inhibitors: drug-drug interactions and interindividual dif-
ferences in transporter and metabolic enzyme functions. Pharma-

Int J Endocrinol Metab. 2017; 15(2):e43319. 7

http://dx.doi.org/10.1097/MOL.0b013e32825a6773
http://www.ncbi.nlm.nih.gov/pubmed/17620856
http://www.ncbi.nlm.nih.gov/pubmed/18001622
http://dx.doi.org/10.2522/ptj.20090251
http://www.ncbi.nlm.nih.gov/pubmed/20688875
http://www.ncbi.nlm.nih.gov/pubmed/10584091
http://dx.doi.org/10.1111/j.1472-8206.2004.00299.x
http://www.ncbi.nlm.nih.gov/pubmed/15660968
http://dx.doi.org/10.1517/13543784.11.1.125
http://www.ncbi.nlm.nih.gov/pubmed/11772327
http://dx.doi.org/10.1124/pr.111.004994
http://www.ncbi.nlm.nih.gov/pubmed/22106090
http://www.ncbi.nlm.nih.gov/pubmed/12949632
http://www.ncbi.nlm.nih.gov/pubmed/9509899
http://dx.doi.org/10.1517/13543784.9.11.2653
http://www.ncbi.nlm.nih.gov/pubmed/11060827
http://www.ncbi.nlm.nih.gov/pubmed/9208342
http://www.ncbi.nlm.nih.gov/pubmed/1640002
http://www.ncbi.nlm.nih.gov/pubmed/10665838
http://www.ncbi.nlm.nih.gov/pubmed/10601278
http://endometabol.com


Meor Anuar Shuhaili MFR et al.

col Ther. 2006;112(1):71–105. doi: 10.1016/j.pharmthera.2006.03.003.
[PubMed: 16714062].

16. Sirtori CR. Tissue selectivity of hydroxymethylglutaryl coenzyme A
(HMG CoA) reductase inhibitors. Pharmacol Ther. 1993;60(3):431–59.
[PubMed: 8073070].

17. Garnett WR. Interactions with hydroxymethylglutaryl-coenzyme A
reductase inhibitors. Am J Health Syst Pharm. 1995;52(15):1639–45.
[PubMed: 7583826].

18. Pan HY, DeVault AR, Brescia D, Willard DA, McGovern ME, Whigan DB,
et al. Effect of food on pravastatin pharmacokinetics and pharmaco-
dynamics. Int J Clin Pharmacol Ther Toxicol. 1993;31(6):291–4. [PubMed:
8335426].

19. Radulovic LL, Cilla DD, Posvar EL, Sedman AJ, Whitfield LR. Effect of
food on the bioavailability of atorvastatin, an HMG-CoA reductase in-
hibitor. J Clin Pharmacol. 1995;35(10):990–4. [PubMed: 8568017].

20. Smith HT, Jokubaitis LA, Troendle AJ, Hwang DS, Robinson WT. Phar-
macokinetics of fluvastatin and specific drug interactions. Am J Hyper-
tens. 1993;6(11 Pt 2):375S–82S. [PubMed: 8297546].

21. Mangravite LM, Thorn CF, Krauss RM. Clinical implications of
pharmacogenomics of statin treatment. Pharmacogenomics J.
2006;6(6):360–74. doi: 10.1038/sj.tpj.6500384. [PubMed: 16550210].

22. Jones P, Kafonek S, Laurora I, Hunninghake D. Comparative dose effi-
cacy study of atorvastatin versus simvastatin, pravastatin, lovastatin,
and fluvastatin in patients with hypercholesterolemia (the CURVES
study). Am J Cardiol. 1998;81(5):582–7. [PubMed: 9514454].

23. Jones PH, Farmer JA, Cressman MD, McKenney JM, Wright JT, Proc-
tor JD, et al. Once-daily pravastatin in patients with primary hyperc-
holesterolemia: a dose-response study. Clin Cardiol. 1991;14(2):146–51.
[PubMed: 1904333].

24. Davidson M, McKenney J, Stein E, Schrott H, Bakker-Arkema R, Fayyad
R, et al. Comparison of one-year efficacy and safety of atorvastatin ver-
sus lovastatin in primary hypercholesterolemia. Atorvastatin Study
Group I. Am J Cardiol. 1997;79(11):1475–81. [PubMed: 9185636].

25. Bertolini S, Bon GB, Campbell LM, Farnier M, Langan J, Mahla G, et
al. Efficacy and safety of atorvastatin compared to pravastatin in pa-
tients with hypercholesterolemia. Atherosclerosis. 1997;130(1-2):191–7.
[PubMed: 9126664].

26. Dart A, Jerums G, Nicholson G, d’Emden M, Hamilton-Craig I, Tallis G,
et al. A multicenter, double-blind, one-year study comparing safety
and efficacy of atorvastatin versus simvastatin in patients with hyper-
cholesterolemia. Am J Cardiol. 1997;80(1):39–44. [PubMed: 9205017].

27. Jones PH, Davidson MH, Stein EA, Bays HE, McKenney JM, Miller E, et al.
Comparison of the efficacy and safety of rosuvastatin versus atorvas-
tatin, simvastatin, and pravastatin across doses (STELLAR* Trial). Am J
Cardiol. 2003;92(2):152–60. [PubMed: 12860216].

28. Expert Panel on Detection E, Treatment of High Blood Cholesterol in
A. Executive Summary of The Third Report of The National Choles-
terol Education Program (NCEP) Expert Panel on Detection, Evalua-
tion, And Treatment of High Blood Cholesterol In Adults (Adult Treat-
ment Panel III). JAMA. 2001;285(19):2486–97. [PubMed: 11368702].

29. Wood D, De Backer G, Faergeman O, Graham I, Mancia G, Pyorala
K. Prevention of coronary heart disease in clinical practice: recom-
mendations of the Second Joint Task Force of European and other So-
cieties on Coronary Prevention. Atherosclerosis. 1998;140(2):199–270.
[PubMed: 9862269].

30. McTaggart F, Buckett L, Davidson R, Holdgate G, McCormick A, Sch-
neck D, et al. Preclinical and clinical pharmacology of Rosuvastatin, a
new 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor. Am
J Cardiol. 2001;87(5A):28B–32B. [PubMed: 11256847].

31. Kapur NK, Musunuru K. Clinical efficacy and safety of statins in man-
aging cardiovascular risk. Vasc Health Risk Manag. 2008;4(2):341–53.
[PubMed: 18561510].

32. Istvan ES, Deisenhofer J. Structural mechanism for statin inhibition
of HMG-CoA reductase. Science. 2001;292(5519):1160–4. doi: 10.1126/sci-
ence.1059344. [PubMed: 11349148].

33. Carbonell T, Freire E. Binding thermodynamics of statins to HMG-CoA

reductase. Biochemistry. 2005;44(35):11741–8. doi: 10.1021/bi050905v.
[PubMed: 16128575].

34. Holdgate GA, Ward WH, McTaggart F. Molecular mechanism for in-
hibition of 3-hydroxy-3-methylglutaryl CoA (HMG-CoA) reductase by
rosuvastatin. Biochem Soc Trans. 2003;31(Pt 3):528–31. doi: 10.1042/.
[PubMed: 12773150].

35. Saito Y, Yamada N, Teramoto T, Itakura H, Hata Y, Nakaya N, et al. A
randomized, double-blind trial comparing the efficacy and safety of
pitavastatin versus pravastatin in patients with primary hypercholes-
terolemia. Atherosclerosis. 2002;162(2):373–9. [PubMed: 11996957].

36. Yokote K, Bujo H, Hanaoka H, Shinomiya M, Mikami K, Miyashita
Y, et al. Multicenter collaborative randomized parallel group com-
parative study of pitavastatin and atorvastatin in Japanese hyper-
cholesterolemic patients. Atherosclerosis. 2008;201(2):345–52. doi:
10.1016/j.atherosclerosis.2008.02.008.

37. Lambrecht LJ, Malini PL. Efficacy and tolerability of simvastatin 20 mg
vs pravastatin 20 mg in patients with primary hypercholesterolemia.
European Study Group. Acta Cardiol. 1993;48(6):541–54. [PubMed:
8122478].

38. Comparison of the efficacy, safety and tolerability of simvastatin and
pravastatin for hypercholesterolemia. The Simvastatin Pravastatin
Study Group. Am J Cardiol. 1993;71(16):1408–14. [PubMed: 8517385].

39. Berger ML, Wilson HM, Liss CL. A Comparison of the Tolerability
and Efficacy of Lovastatin 20 mg and Fluvastatin 20 mg in the
Treatment of Primary Hypercholesterolemia. J Cardiovasc Pharma-
col Ther. 1996;1(2):101–6. doi: 10.1177/107424849600100203. [PubMed:
10684406].

40. Zhou Q, Liao JK. Statins and cardiovascular diseases: from cholesterol
lowering to pleiotropy. Curr Pharm Des. 2009;15(5):467–78. [PubMed:
19199975].

41. Barber MJ, Mangravite LM, Hyde CL, Chasman DI, Smith JD, McCarty
CA, et al. Genome-wide association of lipid-lowering response to
statins in combined study populations. PLoS One. 2010;5(3):ee9763.
doi: 10.1371/journal.pone.0009763. [PubMed: 20339536].

42. Nassief A, Marsh JD. Statin therapy for stroke prevention. Stroke.
2008;39(3):1042–8. doi: 10.1161/STROKEAHA.107.501361. [PubMed:
18258828].

43. Roger VL, Go AS, Lloyd-Jones DM, Adams RJ, Berry JD, Brown TM, et
al. Heart disease and stroke statistics–2011 update: a report from
the American Heart Association. Circulation. 2011;123(4):e18–e209. doi:
10.1161/CIR.0b013e3182009701. [PubMed: 21160056].

44. Hasan MS, Basri HB, Hin LP, Stanslas J. Genetic polymorphisms and
drug interactions leading to clopidogrel resistance: why the Asian
population requires special attention. Int J Neurosci. 2013;123(3):143–
54. doi: 10.3109/00207454.2012.744308. [PubMed: 23110469].

45. Delcourt C, Hackett M, Wu Y, Huang Y, Wang J, Heeley E, et al. Determi-
nants of quality of life after stroke in China: the ChinaQUEST (QUality
Evaluation of Stroke care and Treatment) study. Stroke. 2011;42(2):433–
8. doi: 10.1161/STROKEAHA.110.596627. [PubMed: 21183752].

46. Venketasubramanian N, Tan LC, Sahadevan S, Chin JJ, Krish-
namoorthy ES, Hong CY, et al. Prevalence of stroke among
Chinese, Malay, and Indian Singaporeans: a community-based
tri-racial cross-sectional survey. Stroke. 2005;36(3):551–6. doi:
10.1161/01.STR.0000155687.18818.13. [PubMed: 15692124].

47. Liao JK. Safety and efficacy of statins in Asians. Am J Cardiol.
2007;99(3):410–4. doi: 10.1016/j.amjcard.2006.08.051. [PubMed:
17261409].

48. Gandelman K, Fung GL, Messig M, Laskey R. Systemic exposure
to atorvastatin between Asian and Caucasian subjects: a com-
bined analysis of 22 studies. Am J Ther. 2012;19(3):164–73. doi:
10.1097/MJT.0b013e3181f28fb5. [PubMed: 20975528].

49. Gupta M, Braga MF, Teoh H, Tsigoulis M, Verma S. Statin effects on LDL
and HDL cholesterol in South Asian and white populations. J Clin Phar-
macol. 2009;49(7):831–7. doi: 10.1177/0091270009334376. [PubMed:
19398601].

8 Int J Endocrinol Metab. 2017; 15(2):e43319.

http://dx.doi.org/10.1016/j.pharmthera.2006.03.003
http://www.ncbi.nlm.nih.gov/pubmed/16714062
http://www.ncbi.nlm.nih.gov/pubmed/8073070
http://www.ncbi.nlm.nih.gov/pubmed/7583826
http://www.ncbi.nlm.nih.gov/pubmed/8335426
http://www.ncbi.nlm.nih.gov/pubmed/8568017
http://www.ncbi.nlm.nih.gov/pubmed/8297546
http://dx.doi.org/10.1038/sj.tpj.6500384
http://www.ncbi.nlm.nih.gov/pubmed/16550210
http://www.ncbi.nlm.nih.gov/pubmed/9514454
http://www.ncbi.nlm.nih.gov/pubmed/1904333
http://www.ncbi.nlm.nih.gov/pubmed/9185636
http://www.ncbi.nlm.nih.gov/pubmed/9126664
http://www.ncbi.nlm.nih.gov/pubmed/9205017
http://www.ncbi.nlm.nih.gov/pubmed/12860216
http://www.ncbi.nlm.nih.gov/pubmed/11368702
http://www.ncbi.nlm.nih.gov/pubmed/9862269
http://www.ncbi.nlm.nih.gov/pubmed/11256847
http://www.ncbi.nlm.nih.gov/pubmed/18561510
http://dx.doi.org/10.1126/science.1059344
http://dx.doi.org/10.1126/science.1059344
http://www.ncbi.nlm.nih.gov/pubmed/11349148
http://dx.doi.org/10.1021/bi050905v
http://www.ncbi.nlm.nih.gov/pubmed/16128575
http://dx.doi.org/10.1042/
http://www.ncbi.nlm.nih.gov/pubmed/12773150
http://www.ncbi.nlm.nih.gov/pubmed/11996957
http://dx.doi.org/10.1016/j.atherosclerosis.2008.02.008
http://www.ncbi.nlm.nih.gov/pubmed/8122478
http://www.ncbi.nlm.nih.gov/pubmed/8517385
http://dx.doi.org/10.1177/107424849600100203
http://www.ncbi.nlm.nih.gov/pubmed/10684406
http://www.ncbi.nlm.nih.gov/pubmed/19199975
http://dx.doi.org/10.1371/journal.pone.0009763
http://www.ncbi.nlm.nih.gov/pubmed/20339536
http://dx.doi.org/10.1161/STROKEAHA.107.501361
http://www.ncbi.nlm.nih.gov/pubmed/18258828
http://dx.doi.org/10.1161/CIR.0b013e3182009701
http://www.ncbi.nlm.nih.gov/pubmed/21160056
http://dx.doi.org/10.3109/00207454.2012.744308
http://www.ncbi.nlm.nih.gov/pubmed/23110469
http://dx.doi.org/10.1161/STROKEAHA.110.596627
http://www.ncbi.nlm.nih.gov/pubmed/21183752
http://dx.doi.org/10.1161/01.STR.0000155687.18818.13
http://www.ncbi.nlm.nih.gov/pubmed/15692124
http://dx.doi.org/10.1016/j.amjcard.2006.08.051
http://www.ncbi.nlm.nih.gov/pubmed/17261409
http://dx.doi.org/10.1097/MJT.0b013e3181f28fb5
http://www.ncbi.nlm.nih.gov/pubmed/20975528
http://dx.doi.org/10.1177/0091270009334376
http://www.ncbi.nlm.nih.gov/pubmed/19398601
http://endometabol.com


Meor Anuar Shuhaili MFR et al.

50. Deedwania PC, Gupta M, Stein M, Ycas J, Gold A, Iris Study Group
. Comparison of rosuvastatin versus atorvastatin in South-Asian
patients at risk of coronary heart disease (from the IRIS Trial).
Am J Cardiol. 2007;99(11):1538–43. doi: 10.1016/j.amjcard.2007.01.028.
[PubMed: 17531577].

51. Zhu JR, Tomlinson B, Ro YM, Sim KH, Lee YT, Sriratanasathavorn C.
A randomised study comparing the efficacy and safety of rosuvas-
tatin with atorvastatin for achieving lipid goals in clinical practice in
Asian patients at high risk of cardiovascular disease (DISCOVERY-Asia
study). Curr Med Res Opin. 2007;23(12):3055–68. [PubMed: 18196620].

Int J Endocrinol Metab. 2017; 15(2):e43319. 9

http://dx.doi.org/10.1016/j.amjcard.2007.01.028
http://www.ncbi.nlm.nih.gov/pubmed/17531577
http://www.ncbi.nlm.nih.gov/pubmed/18196620
http://endometabol.com

	Abstract
	1. Context
	2. Evidence Acquisition
	3. Results
	3.1. Structure of Statin
	Figure 1

	3.2. Pharmacokinetics of Statins
	3.3. Mechanism of Action of Statins: Lipid Lowering Effect
	3.4. Effects of Different Types of Statin on Lipid Profile
	Table 1

	3.5. Use of Statins in Asians

	4. Conclusions
	Footnotes
	Authors' Contribution
	Declaration of Conflicting Interests
	Funding/Support

	References

