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Summary
Introduction: Data on statin safety in Asian patients are limited compared with evi-
dence from Western populations.
Aim: This study assessed atorvastatin safety among Asian patients enrolled in 58 ran-
domized clinical trials.
Methods: Data from 52 short-term trials (median exposure 4–72 weeks) and six long-
term cardiovascular outcomes trials (median exposure 3.1–4.9 years) conducted 
across the atorvastatin 10–80-mg dose range were analyzed retrospectively to assess 
the incidence of safety endpoints.
Results: A total of 77 952 patients were identified (49 974 received atorvastatin), 
among whom 3191 were Asian (2519 received atorvastatin). In the short-term trials, 
the incidence of all-causality adverse events (AEs) and serious AEs (SAEs) in Asian 
patients treated with atorvastatin was similar to or lower than that observed with 
other statins or placebo, and discontinuations due to treatment-related AEs/SAEs 
were infrequent (2.0% across all doses). These observations were confirmed in the 
long-term trials. Treatment-related SAEs were rare (n = 4) among Asian patients re-
ceiving atorvastatin. No cases of rhabdomyolysis were observed in atorvastatin-
treated Asian patients, and the incidence of myalgia was 1.8% in the short-term studies 
and 6.7% in the long-term trials. Elevations (>3× the upper limit of normal) in liver 
transaminases were observed in ~2% of Asian patients receiving atorvastatin; renal 
AEs occurred in <2%.
Conclusion: The incidence of AEs/SAEs with atorvastatin 10–40-mg in patients of 
Asian origin was low and comparable to placebo. Further evaluation of atorvastatin 
80-mg is required owing to the limited number of Asian patients (n = 281; 11.2%) who 
received this dose.
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1  | INTRODUCTION

Cardiovascular disease (CVD) is a leading cause of death worldwide,1 
particularly in Asian countries such as China, where it represents a huge 
economic burden.2 Studies from the Asia-Pacific region have shown 
that classical cardiovascular (CV) risk factors, such as blood pressure 

and lipid levels, are as relevant in Eastern as in Western populations.3,4 
Therefore, CV risk reduction strategies that have proved successful in 
Western populations will likely have a similar impact in preventing CV 
events in Asian patients.3 The reduction in low-density lipoprotein cho-
lesterol (LDL-C) levels with statins has been shown to be highly effective 
for reducing CV risk in a wide range of patient populations,5,6 including 
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Asian patients.7–10 Recent dyslipidemia treatment guidelines have em-
phasized the importance of LDL-C lowering with statins for the pre-
vention of CVD,11,12 including high-intensity statin therapy to achieve 
≥50% reduction in LDL-C.12 Despite this overwhelming evidence to 
support lipid lowering through the use of statins to reduce CV risk, dys-
lipidemia is often undertreated in Asian populations, with reports of up 
to 60% of high-risk patients not receiving a statin,13,14 and low rates 
of goal attainment in those patients receiving lipid-lowering treatment 
(~50%), most notably in those at very high CV risk (~30%).15,16

Long-term CV outcomes trials with atorvastatin,17–23 as well 
as other statins,24,25 have demonstrated the safety of this class in a 
range of populations. However, compared with the wealth of evidence 
from Western populations, the availability of statin safety data from 
Asian populations is limited, which may be a contributing factor in the 
underutilization of statins for the treatment of dyslipidemia in this eth-
nic group. Previous retrospective analyses of pooled clinical trial data 
support the overall safety of atorvastatin across the 10–80-mg dose 

range.26,27 This current retrospective analysis assessed the safety of 
atorvastatin among Asian patients enrolled in randomized clinical trials.

2  | METHODS

2.1 | Data sources and grouping

There were 101 well-controlled, well-documented Pfizer-sponsored 
atorvastatin clinical trials that began in or after 1992 and were com-
pleted by 30 March 2012. With one exception,22 these trials are part 
of a pooled repository database; however, available data from the 
remaining trial were included in this analysis. A programmatic search 
for patient race or ethnicity captured on case report forms (CRFs) 
revealed 58 trials that had enrolled ≥1 patient self-identified as Asian, 
Oriental, South Asian, Indian, or Pacific Islander.

Data from these 58 trials were grouped by trial duration (Fig. 1) so 
that the several large trials did not confound results from the smaller 

F IGURE  1  Identification of Asian 
patients in randomized clinical trials of 
atorvastatin. Details of the long-term 
CV outcomes trials are provided in the 
footnote to Table 1. CV, cardiovascular
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trials. Six long-term trials18,20–23,28 (see footnote to Table 1 for trial 
details) investigating the effect of atorvastatin on CV outcomes were 
analyzed both individually and pooled according to treatment group; 
the median study duration was 3.1–4.9 years. The remaining 52 short-
term studies (≤2 years) were pooled according to treatment group; 
the median study duration was 4–72 weeks. All atorvastatin doses 
(10–80-mg) were investigated (Fig. 1).

2.2 | Overall safety analyses

This analysis utilized MedDRA (Medical Dictionary for Regulatory 
Activities) for adverse event (AE) terms. As MedDRA has been updated 
during the 20-year period covered by the clinical trial database used 

for this analysis, and some trials20,21,23 utilized coding dictionaries 
other than MedDRA, AEs from all trials were mapped to the latest 
MedDRA terms. Therefore, calculated incidences of AEs for individual 
trials may differ from rates originally reported.

AEs were collected at each clinic visit based on symptoms 
reported by the patient, physical examination findings, and abnormal 
laboratory tests. AEs were reported from initiation of treatment and 
up to 30 days after trial discontinuation. The intensity of AEs and their 
relation to study medication were determined by the investigator. 
Treatment-related AEs were characterized as possibly, probably, or 
definitely related to study medication. Any AE for which treatment-
relatedness was not assessed, or was assessed as unknown on the 
CRF, was considered related to study drug. Serious AEs (SAEs) were 

TABLE  1 Baseline demographics and characteristics of Asian patients in long-term CV outcomes trials of atorvastatin stratified by 
treatmenta

ATV 10 mg ATV 80 mg Placebo

No. of Asian patients 238 106 186

Age (years) 58.3 (8.1) 59.1 (9.7) 58.2 (9.4)

Age ≥65 years, n (%) 57 (23.9) 35 (33.0) 46 (24.7)

Age ≥70 years, n (%) 13 (5.5)b 15 (14.2)b 18 (9.7)

Male gender, n (%) 188 (79.0) 87 (82.1) 142 (76.3)

Smoking status, n (%)

Current smoker 33 (13.9) 7 (6.6)c 28 (15.1)

Non/ex-smoker 205 (86.1) 99 (93.4)c 158 (84.9)

BMI (kg/m2) 26.7 (3.5) 25.9 (2.9)c 27.2 (4.1)

BP (mm Hg)

SBP 139.2 (19.5)b,c 128.7 (17.9)b,c 143.3 (21.6)

DBP 82.9 (10.6)b,c 79.7 (10.7)b,c 86.0 (10.6)

Lipids (mg/dL)

LDL-C 109.0 (30.3)c 103.6 (26.9)c 121.0 (26.5)

HDL-C 48.6 (11.0) 47.1 (10.5) 49.5 (12.7)

Total cholesterol 187.5 (35.5)b,c 179.2 (29.8)b,c 201.2 (29.5)

Triglycerides 148.5 (77.5) 144.8 (61.3) 155.2 (72.3)

BUN (mg/dL) 15.2 (4.5) 16.0 (5.4) 14.8 (4.1)

Creatinine (mg/dL) 1.12 (0.19)b 1.18 (0.21)b 1.14 (0.22)

HbA1c (%)d 7.7 (1.5)b 6.5 (1.4)b,c 7.8 (1.5)

Values are mean (SD) or n (%). To convert mg/dL to mmol/L for cholesterol, divide by 38.67; for triglycerides, divide by 88.57; for BUN, multiply by 0.357. 
To convert mg/dL to μmol/L for creatinine, multiply by 88.4. Trials and endpoints included: ASCOT-LLA, Anglo-Scandinavian Cardiac Outcomes Trial–Lipid-
Lowering Arm (primary endpoint: nonfatal myocardial infarction [MI] and fatal coronary heart disease [CHD]); ASPEN, Atorvastatin Study for Prevention of 
Coronary Heart Disease Endpoints in Non-Insulin-Dependent Diabetes Mellitus (primary endpoint: time to the first occurrence of cardiovascular death, 
nonfatal or silent MI, nonfatal stroke, recanalization, coronary artery bypass grafting, resuscitated cardiac arrest, or worsening or unstable angina requiring 
hospitalization); CARDS, Collaborative Atorvastatin Diabetes Study (primary endpoint: time to first occurrence of acute CHD event, coronary revasculariza-
tion, or stroke); IDEAL, Incremental Decrease in End Points Through Aggressive Lipid Lowering study (primary endpoint: composite of major coronary 
event, defined as coronary death, hospitalization for nonfatal acute MI, or resuscitated cardiac arrest); SPARCL, Stroke Prevention by Aggressive Reduction 
in Cholesterol Levels study (primary end point: a first nonfatal or fatal stroke); TNT, Treating to New Targets study (primary endpoint: the occurrence of a 
first major cardiovascular event, defined as death from CHD, nonfatal nonprocedure-related MI, resuscitation after cardiac arrest, or fatal or nonfatal 
stroke). ATV, atorvastatin; BMI, body mass index; BP, blood pressure; BUN, blood urea nitrogen; DBP, diastolic blood pressure; HbA1c, glycosylated hemo-
globin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; SD, standard deviation.
aAtorvastatin and placebo treatment groups are shown; for simvastatin 20–40 mg in IDEAL, see Table S1.
bP < 0.05 versus other atorvastatin dose.
cP < 0.05 versus placebo.
dApproximately 25% of all patients in TNT had values for HbA1c; for the Asian participants in TNT, this rate was about 40%.
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defined according to Food and Drug Administration criteria previously 
used to evaluate atorvastatin safety.26 In studies with CV events as 
endpoints, CV SAEs were not summarized under the safety results as 
these were considered to be efficacy endpoints.

Incidences of AEs, treatment-related AEs, SAEs, treatment-related 
SAEs, and study discontinuation due to treatment-related AEs/SAEs 
were extracted from the database for all 58 trials. For ASCOT-LLA, 
only a summary of overall AEs, SAEs, and discontinuations due to 
treatment-related AEs/SAEs was available.

2.3 | Musculoskeletal, hepatic, and renal 
safety analyses

Musculoskeletal AEs (myalgia, myopathy, rhabdomyolysis), creatine 
kinase (CK) elevations >10× the upper limit of normal (ULN), hepatic 
transaminase elevations >3× ULN, and renal AEs were evaluated. The 
normal range for each laboratory parameter was determined by the 
designated laboratories for each study. Postbaseline incidences of ala-
nine transaminase (ALT) and aspartate transaminase (AST) elevations 
were included for the hepatic safety analysis. The renal safety analysis 
included renal failure (both acute and chronic) or renal impairment, 
and other renal safety parameters including hematuria, albuminuria, 
microalbuminuria, or proteinuria. Investigator-reported AEs were 
used to define renal AEs and were not linked to laboratory data. For 
ASCOT-LLA, only ALT elevations were available.

2.4 | Statistical analyses

The goal of this analysis was to summarize the safety of atorvastatin 
in Asian patients across the 58 trials; hence, descriptive statistics are 
shown for the majority of data. However, for the pooled treatment 
groups in the long-term CV outcomes trials, baseline characteristics 
were compared using a chi-square test for categorical variables and 
t-test for continuous variables, and rates of AEs, SAEs, and discon-
tinuations due to treatment-related AEs/SAEs were compared using 
logistic regression adjusted for: age (<70 vs ≥70 years of age); current 
smoking status; body mass index (BMI); systolic blood pressure (SBP), 
diastolic blood pressure (DBP), LDL-C, total cholesterol, and serum 
creatinine levels; and history of coronary artery bypass graft, coro-
nary angioplasty, CVD, diabetes, myocardial infarction, or hyperten-
sion. Statistical analyses were performed using SAS 9.2 or later (SAS 
Institute, Cary, NC, USA). Two-sided P-values < 0.05 were considered 
statistically significant.

3  | RESULTS

3.1 | Patient population

Overall, of 77 952 patients identified, 3191 (4.1%) were Asian, of 
whom 2519 received atorvastatin, 300 received placebo, 293 received 
other statins, and 79 received other lipid-lowering treatments (Fig. 1). 
In the six long-term CV outcomes trials, 547 of the 39 172 patients 
were Asian, of whom 344 received atorvastatin, 186 received 

placebo, and 17 received another statin (simvastatin in IDEAL). In the 
52 short-term trials, 2644 of the 38 780 patients were Asian, of whom 
2175 received atorvastatin, 114 received placebo, 276 received other 
statins, and 79 received other lipid-lowering treatments.

Baseline variables of Asian patients included in the long-term CV 
outcomes trials are shown stratified by study in Table S1, and by treat-
ment group in Table 1. As in the overall trial populations,18,20–23,28 
treatment and comparator groups for Asian patients in the individual 
long-term trials were generally well-matched (Table S1). There were 
notable exceptions in some baseline variables such as: age ≥65 years 
and current smokers in ASCOT-LLA; smoking status and triglyceride 
levels in ASPEN; age ≥65 years and smoking status in CARDS; age, 
smoking status, and SBP in IDEAL; age, age ≥65 years, male gender, 
smoking status, and triglyceride levels in SPARCL; and age ≥65 years 
in TNT (Table S1). Pooled treatment groups for Asian patients in the 
long-term trials were well-matched (Table 1), with the exception 
of higher SBP, DBP, LDL-C, and total cholesterol levels in placebo 
patients vs patients receiving atorvastatin 10- or 80-mg (all P < 0.05). 
Additionally, placebo patients were more likely to be current smokers 
with a higher BMI and glycosylated hemoglobin level compared with 
patients receiving atorvastatin 80-mg (all P < 0.05). Patients receiving 
atorvastatin 10-mg had higher SBP, DBP, total cholesterol, and glyco-
sylated hemoglobin levels, but had lower serum creatinine levels and 
were less likely to be ≥70 years of age, vs patients receiving atorvas-
tatin 80-mg (all P < 0.05). Baseline variables of Asian patients included 
in the short-term trials are shown stratified by treatment group in 
Table 2. Pooled treatment groups for Asian patients in the short-term 
trials were well-matched (Table 2), with the exception that placebo 
patients were more likely to be older males who were current or ex-
smokers, with lower cholesterol levels than those in other treatment 
groups.

3.2 | Treatment exposure

Asian patients enrolled in the six long-term CV outcomes trials, in 
which 106 patients received atorvastatin 80-mg (Fig. 1), had a median 
exposure to atorvastatin of ~3–5 years (Table S2). For the 52 short-
term trials, where 175 patients received atorvastatin 80-mg (Fig. 1), 
the median exposure to atorvastatin was ~1–3 months (Table S2).

3.3 | Overall safety

In long-term CV outcomes trials that compared atorvastatin 10-mg 
with placebo, the proportion of Asian patients who experienced any 
AE in each of the atorvastatin groups was similar to that observed in the 
corresponding placebo group (Table 3). In trials that compared high-
dose atorvastatin therapy (80-mg) with placebo or lower-dose statin 
therapy, a higher proportion of Asian patients reported AEs in the 
atorvastatin 80-mg group compared with the control group in IDEAL 
and SPARCL (Table 3); however, similar AE rates were observed for 
atorvastatin 80- and 10-mg in TNT. Although the incidence of SAEs 
between treatment groups varied across trials (Table 3), high-dose 
atorvastatin was generally associated with higher SAE rates in Asian 
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patients compared with lower statin doses or placebo, apart from 
atorvastatin 80-mg vs 10-mg in TNT. With the exception of CARDS 
and ASCOT-LLA, the proportion of Asian patients with treatment-
related AEs/SAEs that led to discontinuation was higher in the atorv-
astatin groups (10- and 80-mg) vs comparators (placebo, simvastatin 
20–40-mg, atorvastatin 10-mg; Table 3). However, within each trial, 

the number of Asian patients who discontinued atorvastatin therapy 
due to treatment-related AEs/SAEs was ≤8 (Table 3). When the long-
term trials were pooled by treatment group, no significant differences 
in the rates of AEs, SAEs, or treatment-related AE/SAE discontinu-
ations were seen between treatment groups, with the exception of 
treatment-related AE/SAE discontinuations in the atorvastatin 80-mg 

TABLE  2 Baseline demographics and characteristics of Asian patients in short-term trials of atorvastatin stratified by treatment

All ATV doses ATV 10 mg ATV 20 mg ATV 40 mg ATV 80 mg Placebo
Other 
statinsa

Other 
treatmentsa

No. of Asian patients 2175 932 289 779 175 114 276 79

Age (years) 58.0 (11.2) 57.0 (11.3) 57.8 (11.4) 59.8 (10.2) 55.6 (12.9) 60.3 (11.8) 57.3 (10.8) 52.0 (13.4)

n 2173 930 289 779 175 114 275 79

Age ≥65 years, n (%) 639 (29.4) 241 (25.9) 87 (30.1) 262 (33.6) 49 (28.0) 39 (34.2) 71 (25.7) 13 (16.5)

Age ≥70 years, n (%) 340 (15.6) 133 (14.3) 44 (15.2) 142 (18.2) 21 (12.0) 26 (22.8) 36 (13.0) 10 (12.7)

Male gender, n (%) 1174 (54.0) 469 (50.3) 148 (51.2) 465 (59.7) 92 (52.6) 82 (71.9) 120 (43.5) 49 (62.0)

Smoking status, n (%)

Current smoker 188 (8.6) 98 (10.5) 33 (11.4) 31 (4.0) 26 (14.9) 22 (19.3) 12 (4.4) 10 (12.7)

Non/ex-smoker 1058 (48.6) 571 (61.3) 181 (62.6) 186 (23.9) 120 (68.6) 83 (72.8) 107 (38.8) 62 (78.5)

Unknown 929 (42.7) 263 (28.2) 75 (26.0) 562 (72.1) 29 (16.6) 9 (7.9) 157 (56.9) 7 (8.9)

BMI (kg/m2) 25.6 (7.7) 26.0 (11.1) 25.8 (3.5) 25.2 (3.4) 25.8 (3.7) 25.5 (3.9) 25.1 (3.5) 25.5 (4.2)

n 2139 921 284 770 164 109 262 79

BP (mm Hg)

SBP 129.3 (17.3) 129.3 (16.4) 131.6 (15.7) 129.2 (18.4) 125.6 (18.1) 127.7 (19.3) 128.7 (18.4) 116.6 (15.7)

DBP 81.1 (16.1) 81.0 (14.1) 85.1 (19.4) 79.1 (14.9) 84.7 (21.6) 74.4 (12.2) 78.7 (10.4) 71.9 (10.1)

n 2067 845 287 772 163 111 272 13

Lipids (mg/dL)b

LDL-C 163.4 (37.7) 161.3 (38.0) 153.6 (36.1) 172.2 (34.1) 181.7 (37.4) 135.7 (40.9) 186.3 (34.6) 204.5 (90.0)

n 1324 738 247 243 96 38 273 15

HDL-C 49.1 (12.2) 48.8 (12.4) 48.7 (11.6) 49.7 (12.1) 50.0 (12.7) 44.5 (9.9) 50.1 (12.9) 45.6 (14.4)

n 1370 756 257 254 103 38 273 15

Total cholesterol 243.0 (42.9) 241.0 (45.7) 232.5 (38.8) 251.1 (33.4) 263.5 (41.8) 207.2 (49.5) 271.9 (36.2) 288.1 (93.6)

n 1349 749 250 247 103 38 272 15

Triglycerides 168.8 (86.2) 174.0 (92.7) 159.4 (77.8) 161.1 (75.3) 172.5 (78.2) 164.4 (101.1) 178.6 (79.6) 190.7 (94.8)

n 1349 749 250 247 103 38 273 15

BUN (mg/dL)b 15.3 (4.8) 15.4 (4.7) 15.6 (5.2) 15.4 (5.0) 14.3 (4.5) 11.6 (3.2) 15.2 (7.3) 16.1 (2.6)

n 870 473 162 144 91 18 248 10

Creatinine (mg/dL)b,c 0.98 (0.22) 0.99 (0.23) 0.95 (0.23) 0.97 (0.23) 0.97 (0.18) 0.97 (0.24) 1.01 (0.22) 1.18 (0.10)

n 1082 664 160 199 59 18 253 11

HbA1c (%)b 7.6 (1.6) 7.3 (1.7) 7.8 (1.4) 7.9 (1.3) 7.9 (1.8) 7.3 (1.1) 6.7 (1.8) 7.7 (1.6)

n 508 210 142 97 59 19 80 2

Values are mean (SD) or n (%). To convert mg/dL to mmol/L for cholesterol, divide by 38.67; for triglycerides, divide by 88.57; for BUN, multiply by 0.357. 
To convert mg/dL to μmol/L for creatinine, multiply by 88.4. ATV, atorvastatin; BMI, body mass index; BP, blood pressure; BUN, blood urea nitrogen; DBP, 
diastolic blood pressure; HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, 
systolic blood pressure; SD, standard deviation; SIM, simvastatin.
aOther statins and other treatments included simvastatin, pravastatin, fluvastatin, lovastatin, cerivastatin, cholestyramine, colestipol, fenofibrate, nicotinic 
acid, diet therapy, and some combinations.
bBaseline measurements of lipids, BUN, creatinine, and HbA1c were not available for some patients.
cThe mean (SD) creatinine of Study A2581045, a multicenter, randomized, open-label, parallel-group, dose-response, 6-week study evaluating the efficacy 
and safety of atorvastatin 10, 20, 40, and 80 mg in 130 Philippine dyslipidemia patients, was 10.8 (28.6) mg/dL, which was considered as an outlier and 
therefore excluded from the current analysis.
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vs 10-mg group (Table 3; P = 0.011); the corresponding atorvastatin 
80-mg vs placebo treatment difference did not reach statistical signifi-
cance (Table 3; P = 0.200).

In the 52 short-term trials, Asian patients treated with atorvasta-
tin generally had similar or lower rates of all-causality AEs and SAEs, 
and discontinuations due to treatment-related AEs/SAEs, compared 
to those treated with other statins or placebo, with the exception of 
treatment-related AE/SAE discontinuations in Asian patients who 
received atorvastatin 80-mg (Table 3). In general, higher doses of ator-
vastatin were associated with higher AE and SAE rates in Asian patients 
compared with lower atorvastatin doses (Table 3); however, a similar 
proportion of Asian patients who received atorvastatin 10–40-mg 
discontinued study treatment due to treatment-related AEs/SAEs 
(Table 3). In the pooled short-term trials, Asian patients treated 
with atorvastatin also had similar or lower rates of AEs, SAEs, and 
treatment-related discontinuations compared to non-Asian patients 
(Table S3).

Treatment-related SAEs were rare among Asian patients who 
received atorvastatin (n = 4): two in the long-term trials (one each 
in CARDS and SPARCL) and two in the short-term trials (one each 
with atorvastatin 40- and 80-mg). The treatment-related SAEs were 
arthritis and myopathy (in the same CARDS patient), hepatic enzyme 
elevations (in the SPARCL patient and the patient on short-term 
atorvastatin 40-mg), and hepatitis (in the patient on short-term ator-
vastatin 80-mg). The myopathy and hepatic enzyme elevation cases 
resolved on treatment discontinuation; no outcome information was 
available for the case of hepatitis.

Among the seven body systems investigated (excluding ASCOT-
LLA), the most frequently reported all-causality AEs in Asian patients 
across most trials were gastrointestinal disorders, followed by nervous 
system disorders (Table S4). The incidence of these AEs between treat-
ment groups varied from trial to trial with no evidence of a treatment- 
or dose-related trend.

3.4 | Musculoskeletal safety

Across 57 trials (excluding ASCOT-LLA), there were no cases of rhab-
domyolysis in Asian patients treated with atorvastatin (Table S5; 
Fig. 2A), with one case reported in a patient treated with another sta-
tin in a short-term trial (Table S5). Among the 390 Asian participants 
in the five long-term trials with available musculoskeletal safety data 
(excluding ASCOT-LLA; 270 received atorvastatin), 20 incidences of 
myalgia (all-causality) were reported: 11 patients received atorvas-
tatin 80-mg, seven received atorvastatin 10-mg, and two received 
placebo (Table S5), corresponding to myalgia rates of 6.7% (18/270) 
for atorvastatin (Fig. 2A) and 1.9% (2/103) for placebo (Table S5). Of 
the 2644 Asian participants in the 52 short-term trials (2175 received 
atorvastatin), 45 experienced myalgia: 39 received atorvastatin, three 
received another statin, two received placebo, and one received other 
therapy (Table S5), corresponding to myalgia rates of 1.8% (39/2175), 
1.1% (3/276), 1.8% (2/114), and 1.3% (1/79), respectively (Table S5; 
Fig. 2A).

Among the 3034 Asian patients included in the musculoskele-
tal safety analysis, there was one report of myopathy, in a CARDS 
patient who received atorvastatin 10-mg (Table S5; Fig. 2A). An 
elevation of CK >10× ULN occurred in eight atorvastatin-treated 

TABLE  3 Safety findings for Asian patients in long- and short-
term trials of atorvastatin

AEs SAEs

Treatment-
related AEs/
SAEs leading to 
discontinuation

Long-term trialsa

ASCOT-LLA

ATV 10 mg 58 (78.4) 5 (6.8) 3 (4.1)

Placebo 74 (89.2) 16 (19.3) 4 (4.8)

ASPEN

ATV 10 mg 42 (95.5) 12 (27.3) 5 (11.4)

Placebo 44 (93.6) 13 (27.7) 3 (6.4)

CARDS

ATV 10 mg 44 (91.7) 15 (31.3) 2 (4.2)

Placebo 36 (94.7) 12 (31.6) 2 (5.3)

IDEAL

ATV 80 mg 17 (94.4) 9 (50.0) 3 (16.7)

SIM 20–40 mg 15 (88.2) 4 (23.5) 2 (11.8)

SPARCL

ATV 80 mg 16 (94.1) 7 (41.2) 3 (17.7)

Placebo 16 (88.9) 5 (27.8) 1 (5.6)

TNT

ATV 80 mg 68 (95.8) 19 (26.8) 7 (9.9)

ATV 10 mg 70 (97.2) 29 (40.3) 1 (1.4)

Pooled long-term trials

ATV 10 mg 214 (89.9) 61 (25.6) 11 (4.6)b

ATV 80 mg 101 (95.3) 35 (33.0) 13 (12.3)b

Placebo 170 (91.4) 46 (24.7) 10 (5.4)

Pooled short-term trials

ATV all doses 755 (34.7) 69 (3.2) 43 (2.0)

ATV 10 mg 263 (28.2) 22 (2.4) 17 (1.8)

ATV 20 mg 88 (30.5) 2 (0.7) 5 (1.7)

ATV 40 mg 324 (41.6) 36 (4.6) 13 (1.7)

ATV 80 mg 80 (45.7) 9 (5.1) 8 (4.6)

Placebo 65 (57.0) 10 (8.8) 3 (2.6)

Other statinsc 97 (35.1) 11 (4.0) 5 (1.8)

Other 
treatmentsc

12 (15.2) 0 (0) 1 (1.3)

Values are n (%). AE, adverse event; ATV, atorvastatin; SAE, serious 
adverse event; SIM, simvastatin.
aDetails of the long-term CV outcomes trials are provided in the footnote 
to Table 1.
bP < 0.05 versus other atorvastatin dose.
cOther statins and other treatments included simvastatin, pravastatin, flu-
vastatin, lovastatin, cerivastatin, cholestyramine, colestipol, fenofibrate, 
nicotinic acid, diet therapy, and some combinations.
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Asian patients: one patient in IDEAL who received atorvastatin 
80-mg and seven patients in the short-term trials (two received 
atorvastatin 10-mg; five received atorvastatin 40-mg; Table S5; 
Fig. 2A).

3.5 | Hepatic safety

Of the 2740 Asian patients with hepatic safety data, an elevation of 
ALT >3× ULN occurred in 45 patients who received atorvastatin, with 
a rate of 2.1% (7/331) in the long-term trials (including ASCOT-LLA; 
2.3% [4/174] for placebo) and 2.0% (38/1921) in the short-term trials 
(0.9% [1/108] for placebo; Table S5; Fig. 2B). An elevation of AST >3× 
ULN occurred in 43 Asian patients receiving atorvastatin, with a rate 
of 1.9% (5/269) in long-term trials (excluding ASCOT-LLA; no placebo 
cases) and 2.0% (38/1901) in short-term trials (1.1% [1/89] for pla-
cebo; Table S5; Fig. 2B).

3.6 | Renal safety

All-causality renal AEs were reported in 1.9% (5/270) of Asian patients 
who received atorvastatin in the long-term trials (excluding ASCOT-
LLA; no placebo cases; Table S5; Fig. 2C), and in one atorvastatin 
patient (0.05% [1/2175]) and three placebo patients (2.6% [3/114]) in 
the short-term trials (Table S5; Fig. 2C). The occurrence of albuminu-
ria, hematuria, microalbuminuria, or proteinuria was infrequent with 
no evidence of a dose-related trend in Asian patients who received 
atorvastatin (Table S5).

4  | DISCUSSION

Despite overwhelming evidence that supports statin-mediated lipid 
lowering to reduce CV risk,5–12 dyslipidemia is often undertreated 
in Asian populations. A retrospective analysis of hospital medical 
records in China demonstrated that approximately 60% of patients 
with a history of atherosclerotic CVD were not prescribed a statin.13 
Similar results were obtained in a retrospective analysis of Taiwan’s 
National Health Insurance database, where approximately 40% of 
hyperlipidemic patients with diabetes and CHD received a statin.14 
Furthermore, pan-Asian national surveys have revealed that in 
patients receiving lipid-lowering treatment, the recommended LDL-C 
goal was achieved in only one-half of these patients overall, and in 
only a third of those at very high CV risk.15,16 The limited availability 
of statin safety data from Asian populations, combined with perceived 
safety concerns due, in part, to differences in statin pharmacokinet-
ics observed between Asian and Western patients,29,30 may have 
contributed to undertreatment in this ethnic group. This analysis of 
data from 52 pooled short-term studies and six long-term trials of 
atorvastatin across the 10–80-mg dose range in 3191 Asian patients 
provides valuable information on the safety and tolerability of atorv-
astatin therapy in this ethnic group.

The pooled analysis of the short-term trials demonstrated that the 
incidence of all-causality AEs and SAEs in Asian patients treated across 
the atorvastatin 10–80-mg dose range was similar to or lower than 
that observed with other statins or placebo and in non-Asian patients. 
Discontinuations due to treatment-related AEs/SAEs were infrequent, 
with no discernible differences between treatment groups apart from 
the atorvastatin 80-mg dose. Although high-dose atorvastatin (80-mg) 
was associated with higher AE/SAE rates compared with lower ator-
vastatin doses (10–40-mg), far fewer Asian patients in the short-term 
trials received atorvastatin at the 80-mg dose (175 of 2175 patients 
that received atorvastatin), and this may confound the interpretation 
of AE rates for this dose. A statistical comparison between pooled 
treatment groups for these short-term trials was not appropriate due 
to the diverse nature of the 52 studies in terms of trial design, char-
acteristics of enrolled study population, length of treatment duration, 
and treatment doses/comparators.

The safety findings from these pooled short-term studies were 
supported by the analysis of long-term trials that enrolled a wide 
range of patients, including those with diabetes,18,28 stable CHD,20 

F IGURE  2 Proportion of atorvastatin-treated Asian patients 
experiencing musculoskeletal (A), hepatic (B), and renal (C) AEs. 
No musculoskeletal AE data were available for ASCOT-LLA; hence, 
the long-term trials included ASPEN, CARDS, SPARCL, IDEAL, and 
TNT. AE, adverse event; ALT, alanine transaminase; AST, aspartate 
transaminase; CK, creatine kinase; ULN, upper limit of normal
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hypertension,22 recent myocardial infarction,21 or stroke.23 After adjust-
ing for differences in baseline characteristics, no significant differences 
in the rates of AEs or SAEs were observed between pooled treatment 
groups; however, there was a higher rate of treatment-related AE/
SAE discontinuations with high-dose atorvastatin (80-mg). It should 
be noted that—as for the short-term studies—these long-term studies 
also have varied trial designs, study populations, treatment durations, 
and treatment arms. Hence, these inferential statistics should be inter-
preted with caution as the differences in AE rates between treatment 
arms might be due to differences between study populations and trial 
durations represented in that treatment group and not due to the treat-
ment per se.

The results of our analysis of atorvastatin safety in Asian patients 
are consistent with previous analyses of atorvastatin safety in the 
wider atorvastatin clinical trial population by Newman et al.26,27 In an 
analysis of data from short-term studies (2–78 weeks),26 all-causality 
AEs were experienced by 65% of patients who received atorvasta-
tin at any dose (n = 9416); 51%, 25%, 44%, and 51% of patients in 
the atorvastatin 10-mg (n = 6343), 20-mg (n = 242), 40-mg (n = 186), 
and 80-mg (n = 2345) dose groups, respectively, experienced an AE. 
A subsequent analysis,27 which included data from longer-term tri-
als (up to 52 months) and compared low- vs high-dose atorvastatin, 
found an incidence of AEs of 53% and 48% in the 10- and 80-mg 
dose groups, respectively. Our analysis of Asian safety data from 
pooled short-term trials (4–72 weeks) found that all-causality AEs 
were experienced by 35% of Asian patients treated with atorvasta-
tin at any dose, with dose-specific AE rates ranging from 28% (ator-
vastatin 10-mg) to 46% (atorvastatin 80-mg). SAEs were previously 
reported in ≤10% of atorvastatin patients, and discontinuations due 
to treatment-related AEs in ≤3% of patients.26,27 The corresponding 
proportions from our analysis of Asian patients enrolled in short-term 
studies were ≤5% for both SAEs (5.1% for atorvastatin 80-mg; 3.2% 
across all doses) and discontinuations due to treatment-related AEs/
SAEs (4.6% for atorvastatin 80-mg; 2.0% across all doses). Notably 
higher proportions of Asian patients experienced all-causality AEs 
and SAEs, and discontinuations due to treatment-related AEs/SAEs, 
in the long-term CV outcomes trials (3.1–4.9 years). This may be due 
to longer durations of exposure increasing the reporting period for 
AEs, combined with the increased rigor of monitoring and reporting 
of adverse outcomes associated with CV endpoint trials conducted 
in high-risk patients, and smaller patient numbers within these treat-
ment groups.

Perceived safety risks related to musculoskeletal, hepatic, and renal 
AEs may partly explain undertreatment with statins in various patient 
populations. In this analysis, no direct relationship was observed 
between atorvastatin dose and incidence of musculoskeletal AEs in 
Asian patients. The myalgia rate in atorvastatin-treated Asian patients 
was low and comparable to that observed in the wider atorvastatin 
clinical trial population (1.8% in short-term studies; 6.7% in long-term 
trials; ≤4% in previous analyses26,27). No cases of rhabdomyolysis 
were observed in atorvastatin-treated Asian patients. Furthermore, 
incidences of any elevation in ALT or AST >3× ULN were comparable 
across the previous analyses26,27 and this study (≤3%).

Although a growing body of evidence demonstrates the efficacy and 
safety of atorvastatin in Asian populations of both East Asian31–37 and 
South Asian34,38–44 origin, many of these previous studies evaluated the 
safety profile of atorvastatin doses up to 20-mg over relatively short 
study durations (6–12 weeks).31,33,35,36,41–43 This current analysis has 
extended these observations to atorvastatin doses up to 80-mg and 
provides strong evidence to support the safety of conventional doses 
of atorvastatin (10–40-mg daily) in Asian patients over the short- and 
longer-term (up to 4.9 years) for intensive lipid lowering. The inclusion of 
a number of Asian patients who received atorvastatin 80-mg (n = 281) 
is of clinical importance, given the potential for intensive statin therapy 
to attain lipid goals specified in Asian dyslipidemia treatment guide-
lines.45–47 However, given the paucity of clinical trial data with the 
atorvastatin 80-mg dose in Asian populations and with ~10% of Asian 
patients in this current analysis receiving this highest dose, the safety of 
atorvastatin 80-mg in patients of Asian origin requires further evaluation.

The rigorous study conduct and strict AE monitoring within the 
clinical trials included in this analysis are obvious strengths of this 
study. Limitations include those that are inherent to pooled subgroup 
analyses. As previously discussed, the included trials, which were con-
ducted across an extended period of time (1992–2012), employed var-
ious study designs with different drug doses/comparators, treatment 
durations, and study populations. Furthermore, the loss of random-
ization through the re-assignment of patients to specific subgroups 
may lead to differences in baseline factors between subgroups and 
confounding of the results. The smaller sample sizes may also limit the 
ability to detect differences between treatment groups, particularly for 
the long-term trials where the number of Asian patients was limited 
relative to the short-term studies.

Statin therapy has been recommended to reduce CVD outcomes 
in patients at CV risk.11,12 This retrospective analysis of pooled AE 
data from Asian patients in randomized clinical trials provides import-
ant additional information on the safety profile of atorvastatin in a 
previously understudied ethnic group. The consistently low incidence 
of AEs/SAEs with atorvastatin 10–40-mg, comparable to that of the 
placebo group, is reassuring, while more studies are needed for ator-
vastatin 80-mg. The next challenge is to ensure that this evidence is 
translated into real-world practice to benefit Asian patients at CV risk.
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