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ABSTRACT 

The efficacy of 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors (statins) for reducing cardiovascular 
events has been established in large-scaled randomized controlled trials (RCT), and these trials have encompassed 
both primary and secondary prevention. Also, the safety of statins has been confirmed. Therefore, the market for 
statins is growing quite rapidly. Despite their proven benefits, a large number of patients who meet the guideline 
criteria for statin therapy are not receiving these drugs. Various strategies have been used to increase statin therapy 
in the target populations. However, the number of eligible patients taking statins has remained disappointing. It has 
been suggested that over-the-counter availability of statins would allow more consumers to use statins and achieve 
cardiovascular risk reduction. In contrast, those clinical trials have applied selection criteria to protect the internal 
validity at the expense of reducing the applicability of the trial’s findings to the wider population of patients seen 
in routine clinical practice. Consequently, patients who are prescribed statins in routine clinical practice may sys-
tematically differ from those people who received statins in the clinical trials and may have different outcomes from 
those reported in the trials. This paper will review the efficacy of statins for preventing cardiovascular diseases, and 
suggest the pitfalls of the randomized controlled trails and the problems in the prescription of statins in the real 
clinical practice. (Korean Circulation J 2006;36:77-83) 
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Prevention of Cardiovascular Diseases with 

Lowering Cholesterol Levels 
 
Before the introduction of statins 

From the 1950s, the role of high levels of blood cho-
lesterol for the development of atherosclerotic diseases, 
including coronary heart diseases(CHDs), has been in-
vestigated in many cross-sectional, epidemiological and 
cohort studies. The evidence is now in and it is concrete: 
a high level of blood cholesterol is an independent risk 
factor for atherosclerotic diseases.1)2) 

Since the mid 1960s, a lot of clinical trials have been 
performed to evaluate the effect of lowering cholesterol 
on the prevention of coronary heart disease.2-9) The trials 
varied in type of intervention(diet, a variety of drugs, 
surgery), the degree of cholesterol lowering achieved, the 
duration of treatment, and the size and the type of study 
population. Despite their heterogeneity, the trials have 
fairly consistently shown a reduction in coronary heart 

disease events with the lowering of cholesterol(Table 1, 
2). However, most interventions failed to reduce the car-
diovascular or total mortalities before the introduction 
of statins. A few studies even reported that cholesterol 
lowering with using fibrate increased total mortality.8)9) 
Attempts have been made to answer questions about the 
benefits and risks of lowering cholesterol by using meta-
analytic techniques. Unfortunately, these meta-analyses 
have not yielded consistent and/or conclusive results for 
cause-specific mortality and total mortality. Several ana-
lyses have shown significant reductions in coronary heart 
disease mortality2)10-12) and others have not.13-15) Therefore, 
there was continuing debate about the overall benefit of 
lowering cholesterol until the early 1990s. 
 
After the introduction of statins 

Since the introduction of lovastatin in 1987, large scale 
clinical trials about lowering lipid levels with statins have 
led to a revolution in the management of atherosclero-
sis(Table 3).16)17) In 1994, the Scandinavian Simvasta-
tin Survival Study(4S) showed that statin not only 
reduced the major cardiovascular events, but also the 
cardiovascular mortality and total mortality for the pa-
tients suffering with CHDs and high blood cholesterol 
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levels.18) In following year, the West of Scotland Coronary 
Prevention Study(WOSCOPS) demonstrated that statin 
reduced major cardiovascular event, CHD mortality and 
cardiovascular mortality for the patients with high blood 
cholesterol levels, but who were without CHDs. A trend 
with borderline significance was also noted for decrea-
sing the total mortality.19) 

The cardioprotective effects of statin were also demon-
strated for the patients with myocardial infarction and 
average cholesterol levels(Cholesterol and Recurrent 
Events, CARE),20) for the patients with a broad range 
of initial cholesterol levels but without CHDs(Air 
Force/Texas Coronary Atherosclerosis Prevention Study, 
AFCAPS/TexCAPS),21) and for the patients with average 

cholesterol levels and CHDs(Long-Term Intervention 
with Pravastatin in Ischaemic Disease Study, LIPID).22) 
Although statin reduced the major cardiovascular events 
for patients with high or average cholesterol levels irre-
spective of the presence of CHDs, the mortality from 
CHDs or cardiovascular diseases was decreased only for 
patients with high blood cholesterol levels. 

Based on these findings, the Third Report of the Na-
tional Cholesterol Education Program(NCEP) Expert 
Panel on the Detection, Evaluation and Treatment of 
High Blood Cholesterol in Adults(Adult Treatment Pa-
nel III [ATP III]), published in 2001, provided evi-
dence-based recommendations on the management of 
patients with high blood cholesterol.17) 

Table 1. Representative clinical trials to evaluate the effect of non-drug methods to lower cholesterol on the prevention of cardiovascular diseases 

 Mean TC difference (%) Duration (years) All death CHD death No. of subjects Coronary event 

Primary prevention       

Goeteborg 0 10 10004/10011 0 0  

MRFIT 02.9 07 6428/6438 0 0  

Minnesota coronary survey 13.8 4.5     

Male   2197/2196 0 0 0 

Female   2344/2320 0 0 0 

Oslo study 09.1 05 604/628 0 0 + 

Finnish 12-18 12     

Male   2276/1902 0 +  

Female   2598/2836 0 0  

Secondary prevention       

Burr (DART), diet 04.0 02 1018/1015 0 0  
+: effective for prevention, 0: ineffective for prevention, TC: total cholesterol, CHD: coronary heart disease, MRFIT: multiple risk factor interven-
tion trial, DART: diet and reinfarction trial 
       

Table 2. Representative clinical trials to evaluate the effect of drugs to lower cholesterol excluding statins on the prevention of cardiovascular diseases 

 Mean TC difference (%) Duration (years) No. of subjects All death CHD death Coronary event 

Primary prevention       

LRC-CPPT, cholestyramine 09 7.4 1906/1900 0 0 + 

Helsinki Heart Study gemflbrozil 09.9 05 2051/2030 0 0 + 

WHO, clofibrate  09 5.3 5331/5296 - 0 + 

Follow-up  9.6  0 0  

Dorr, colestipol 09.8 02 1149/1129    

Male   548/546 0 +  

Female   601/583 0 0  

Secondary prevention       

Stockholm, flbrate & niacin  13 05 279/276 + +  

Coronary drug project 09.9 6.2 1119/2789 0 0 + 

Nicotinic acid  15  + +  

06.5 6.2 1103/2789 0 0 0 Clofibrate 

 15  0   

Newcastle, clofibrate 11 12 244/253  0  

POSCH, operation 23.3 9.7 420/417 0 0 + 

VA-HIT, gemfibrozil 04 5.1 1267/1264 0 0 + 
+: effective for prevention, 0: ineffective for prevention, -: harmful, TC: total cholesterol, CHD: coronary heart disease, LRC-CPPT: lipid research
clinics coronary primary prevention trial, WHO: world health organization, POSCH: program on the surgical control of hyperlipidemias, VA-HIT:
veterans’ affairs high-density lipoprotein intervention trial 
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According to the ATP III, persons are categorized into 
3 risk categories: 1) established coronary heart disease 
(CHD) and CHD risk equivalents, 2) 2 or more risk 
factors, and 3) 0 or 1 risk factor(Table 4). The goal for 
LDL-lowering therapy for persons with CHD or CHD 
risk equivalents is an LDL-C level <100 mg/dL. LDL-
lowering dietary therapy should be initiated for patients 
with LDL-C levels ≥100 mg/dL. When the baseline 
LDL-C is ≥130 mg/dL, an LDL-lowering drug should 
be started simultaneously with dietary therapy. However, 
LDL-lowering drugs are not mandated if the baseline 
LDL-C level is in the range of 100 to 129 mg/dL 
(Table 4). 

The goal for LDL-lowering therapy for persons with 2 
or more risk factors is dependent upon the Framing-
ham risk scoring system. Persons with a 10-year risk 
>20% are categorized to CHD risk equivalent and were 
managed as patients with CHD. For persons with 2 or 
more risk factors and a 10-year risk ≤20%, the LDL-C 
goal is <130 mg/dL and LDL-lowering dietary therapy 
should be initiated for the patients with an LDL-C level 
above the goal level. If the 10-year risk is 10% to 20%, 
drug therapy should be considered if the LDL-C level 
is above the goal level after a trial of dietary therapy. 
When 10-year risk is <10%, an LDL-lowering drug can 
be considered if the LDL-C level is ≥160 mg/dL on 
maximal dietary therapy.  

The goal for LDL-lowering therapy for persons with 
0 to 1 risk factor and a 10-year risk <10% is an LDL-C 
concentration to <160 mg/dL. Dietary therapy is re-
commended when the LDL-C level is ≥160 mg/dL. 
If the LDL-C is ≥190 mg/dL after an adequate trial 

of dietary therapy, consideration should be given to 
adding a cholesterol-lowering drug. When the serum 
LDL-C level ranges from 160 to 189 mg/dL, introduc-
tion of a cholesterol-lowering drug is a therapeutic option 
in appropriate circumstances. 
 
Statins for patients with average or low cholesterol 
levels in the new millennium 

Since the publication of ATP III, 5 major clinical 
trials have been done with using statin therapy and the 
clinical end points have been published. These include 
the Heart Protection Study(HPS),23) the Prospective 
Study of Pravastatin in the Elderly at Risk(PROSPER),24) 
the Antihypertensive and Lipid-Lowering Treatment to 
Prevent Heart Attack Trial Lipid-Lowering Trial(ALL-
HAT-LLT),25) the Anglo-Scandinavian Cardiac Outco-
mes Trial Lipid-Lowering Arm(ASCOT-LLA),26) and 
the Treating to New Targets(TNT).27) These studies have 
provided new insight into the preventive effects of sta-
tins. 

Until recently, cholesterol-lowering clinical trials in 
high-risk patients have failed to demonstrate the pre-
ventive effects of statin for patients with the lower ran-
ges of LDL-C, i.e., below 125 mg/dL.20)28) This lack of 
hard evidence has made it impossible for the ATP III 
to make unequivocal recommendations on LDL-lowe-
ring therapy for persons with lower levels of serum LDL-
C. Therefore, drug therapy was recommended for the 
high-risk patients with LDL-C levels ≥130 mg/dL.17) 

The HPS and the TNT trials help to confirm the 
benefit from further reducing already low LDL-C con-
centrations in the high-risk patients(Fig. 1). The HPS 

Table 3. Representative clinical trials to evaluate the effect of statins on the prevention of cardiovascular diseases 

 No of patients M/F Total mortality CVD mortality CAD mortality CVD event 

Primary prevention      

WOSCOPS 6595/000 ± + + + 

AFCAPS/TexCAPS 5608/997 0 0 0 + 

Secondary prevention      

4S 3617/8270 + + + + 

CARE 3583/5760 0 0 0 + 

LIPID 7498/1516 + + + + 
+: effective for prevention, 0: ineffective for prevention, ±: borderline significance, CVD: cardiovascular disease, CAD: coronary artery disease,
WOSCOPS: west of Scotland coronary prevention study group, AFCAPS/TexCAPS: air force/Texas coronary atherosclerosis prevention study, 4S:
Scandinavian simvastatin survival study, CARE: cholesterol and recurrent events, LIPID: long-term intervention with pravastatin in ischaemic disease 
    

Table 4. LDL-C goals and cutpoints for non-drug and drug therapy in different risk categories in ATP III guidelines 

Risk category LDL-C goal Initiate non-drug therapy Consider drug therapy 

High risk:    

CHD* or CHD risk equivalents <100 mg/dL ≥100 mg/dL ≥130 mg/dL 

Moderately high risk: 2 or more risk factors    

10-year risk 10% to 20% <130 mg/dL ≥130 mg/dL ≥130 mg/dL 

10-year risk <10% <130 mg/dL ≥130 mg/dL ≥160 mg/dL 

Lower risk: 0-1 risk factor <160 mg/dL ≥160 mg/dL ≥190 mg/dL 
LDL-C: low density lipoprotein cholesterol, CHD: coronary heart disease 
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was carried out on 20,536 high risk patients with coro-
nary disease, other occlusive arterial disease, or diabe-
tes.23) Statin therapy produced similar reductions in the 
relative risk regardless of the baseline levels of LDL-C, 
including in the subgroups with baseline LDL-C levels 
<116 mg/dL or <100 mg/dL. The TNT was carried out 
with 10,001 patients with clinically evident CHD and 
LDL-C levels <130 mg/dL.27) Intensive lipid-lowering 
therapy with 80 mg of atorvastatin per day decreased 
the mean LDL-C levels to 77 mg/dL as usual therapy 
with 10 mg of atorvastatin per day to 101 mg/dL. And, 
Intensive therapy provided a significant clinical benefit 
by 22% beyond that afforded by the usual treatment. 
Based on these findings, the NCEP suggested in 2004 
that an LDL-C goal of 70 mg/dL is a therapeutic option, 
i.e., a reasonable clinical strategy for the patients at a 
very high risk, and this therapeutic option also extends 
to the patients at a very high risk who have a baseline 
LDL-C <100 mg/dL.29) 

In ASCOT-LLA, 10,305 hypertensive patients with at 
least three other cardiovascular risk factors and average 
or lower-than-average cholesterol concentrations(non-
fasting total cholesterol concentrations of 6.5 mmol/L 
or less) were randomly assigned for receiving atorva-
statin 10 mg or placebo.25) Atorvastatin therapy reduced 
the non-fatal MI plus fatal CHD by 36% compared with 
the control group, and this benefit emerged in the first 
year of follow-up. Based on this finding, NCEP suggested 
in 2004 that for moderately high-risk persons(2 risk 
factors and a 10-year risk of 10% to 20%), the recom-
mended LDL-C goal is <130 mg/dL, but an LDL-C goal 
<100 mg/dL is a therapeutic option. The latter option 
also extends to moderately high-risk persons with a ba-
seline LDL-C of 100 to 129 mg/dL.29) 

The cardioprotective effects of statins were also pro-
ved for old age persons(PROSPER).24) In contrast to 
these studies, ALLHAT-LLT reported that statins were 
ineffective to prevent cardiovascular diseases in 10,355 
older hypertensive persons with moderate hyperchole-
sterolemia and at least one additional CHD risk fac-
tor.25) However, crossover of the usual-care participants 
to the lipid-lowering drugs was high(32% of the usual-
care participants with CHD and 29% of the usual-care 
participants without CHD). The follow-up of the pa-
tients for the lipid results was not complete. Among a 
nonrandom subset of participants who were tested, their 
total cholesterol levels were reduced by 17% with using 
pravastatin versus 8% with using the usual care at 4 
years. The authors speculated that the failure to detect 
a significant reduction for the risk in hypertensive pati-
ents treated with pravastatin might be due to the modest 
differential in the total cholesterol(9.6%) between pra-
vastatin and the usual care. 
 

Issues to be Considered or Solved in 
Real Clinical Practice 

 
High risk patients with low cholesterol levels  

In 1996, the CARE trial showed that statins were 
ineffective for treating patients with CHDs and LDL-C 
levels <125 mg/dL.20) In this new millennium, the HPS 
and the TNT trials have demonstrated the benefit from 
further reducing already low LDL-C concentrations in 
the high-risk patients.23)27) 

The HPS study has several issues to be noted before 
applying the results to clinical practice. First, the HPS 
enrolled heterogeneous study populations, i.e. patients 
with coronary disease, other occlusive arterial disease, or 
diabetes. Therefore, the proportion of diabetic patients 
was higher(29%) in this study than in the previous 
RCTs(1-9%). In clinical practice, diabetic patients with 
multiple complications and low cholesterol levels are not 
uncommon, and they are prone to suffer from repetitive 
coronary events during follow-up. For these patients, 
statins might be effective to prevent the occurrence or 
the recurrence of cardiac events. The characteristics of 
the low-LDL subgroups, i.e., what portions had diabe-
tes, or what portions were free of CVD, was not made 
available.29) The problems for the management of dia-
betic patients will be discussed in the following section.  

Second, baseline lipids were determined from non-
fasting samples, and the levels of LDL-C were measured 
by the direct LDL method in the HPS study. Therefore, 
the estimations of the baseline fasting LDL-C, if calcu-
lated by the Friedewald equation, would likely have been 
about 15% higher than the baseline LDL-C that was 
calculated by the direct method. If this difference bet-
ween direct and calculated LDL-C levels holds at low 
LDL-C levels, a direct LDL-C level of 100 mg/dL would 
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Fig. 1. Relation between LDL-C levels and the incidence of nonfatal
and fatal coronary artery diseases in large scale randomized controlled
trials of statins for the primary and secondary prevention. LDL-C: low
density lipoprotein cholesterol, CAD: coronary artery disease, 4S: Scan-
dinavian simvastatin survival study, AF/Tex: air force/Texas, TNT:
treating to new targets, CARE: cholesterol and recurrent events, LIPID:
long-term intervention with pravastatin in ischaemic disease, WO-
SCOPS: west of Scotland coronary prevention study group, ASCOT:
Anglo-Scandinavian cardiac outcomes trial, HPS: heart protection
study. 
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correspond to a calculated LDL-C of 115 mg/dL.29) 
In the TNT study, intensive lipid-lowering therapy 

with 80 mg of atorvastatin reduced the major cardio-
vascular events by 22%, as compared with administering 
the usual therapy with 10 mg of atorvastatin for the pa-
tients with clinically evident CHD and a LCL-C level 
<130 mg/dL.27) There was a trend with borderline sig-
nificance of lowering death from CHD by 20%. However, 
the total mortality was quite similar between the two 
groups. This finding implies that non-CHD mortality 
might show the trend to be higher with intensive lipid-
lowering therapy. The details of the non-CHD mortality 
were unavailable. Like the HPS study, the proportion of 
diabetic patients was higher in the TNT study(15%). 
However, the subgroup analyses were not made availa-
ble.  

Therefore, it isn’t certain whether statins should be 
prescribed for all the high risk patients with low chole-
sterol levels or for only selected persons such as diabetic 
patients with complications. These qualifying issues must 
be kept in mind when generalizing the findings of the 
HPS and TNT studies to all the high-risk patients with 
low baseline LDL-C levels. 
 
Moderate risk patients with average cholesterol levels  

In the ASCOT-LLA, the authors insisted that lowering 
cholesterol by administering atorvastatin 10 mg in the 
hypertensive patients with at least three other cardiovas-
cular risk factors and with average or lower-than-average 
cholesterol concentrations conferred a 36% reduction 
for fatal CHD and non-fatal myocardial infarction, as 
compared with placebo.25) Thus, the ASCOT-LLA sup-
ports the use of an LDL-lowering drug in persons with 
a 10-year risk of 10% to 20% and an LDL-C level of 
100 to 129 mg/dL so as to achieve an LDL-C level <100 
mg/dL. Although the patients with CHDs were exclu-
ded, the ASCOT-LLA study included patients with 
CHD risk equivalents, diabetes mellitus in 25%, peri-
pheral vascular disease in 5%, and stroke in 9.6%. In 
addition, the 10 year risk for CHD according to the 
Framingham point scores calculated from the mean va-
lues of the risk factors was 16% or over, and a signifi-
cant proportion of patients might have 10 year risk for 
CHD >20%. So, the cardioprotective effect noted in the 
ASCOT-LLA was mainly derived from the rather high 
risk patients with diabetes mellitus, peripheral vascular 
disease, stroke, and 10 year risk for CHD >20%. There-
fore, the finding of ASCOT-LLA cannot be applied to 
patients with a moderate risk and average cholesterol 
levels who are frequently encountered in real clinical 
practice.  
Diabetes mellitus  

The ATP III guidelines recommended that diabetic 
patients are to be classified as a high risk group(CHD 
risk equivalents) and that the goal for LDL-lowering the-

rapy in these patients is an LDL-C level <100 mg/dL. 
When the baseline LDL-C is ≥130 mg/dL, a LDL-lowe-
ring drug should be started along with dietary therapy. 

In a combined analysis of the two secondary preven-
tion trials with pravastatin, Cholesterol And Recurrent 
Events(CARE) and Long-term Intervention with Pra-
vastatin in Ischemic Disease(LIPID) as a part of the 
Prospective Pravastatin Pooling Project, statin did not 
reduced cardiovascular events in 2607 patients with low 
pretreatment LDL-C levels(<125 mg/dL).28) On the 
subgroup analysis, cardiovascular events were decreased 
by 43% in the diabetic patients with LDL-C levels <125 
mg/dL, but not in the non-diabetic patients with low 
LDL-C levels. Those patients with LDL-C levels <125, 
as compared with patients with LDL-C levels ≥125 mg/ 
dL, were more likely to be diabetic(15% versus 9%), and 
they had higher triglyceride levels(169 versus 154 mg/ 
dL) and lower HDL-C levels(36.5 versus 38 mg/dL). 
HDL-C and triglyceride levels were both significantly 
stronger predictors of recurrent CHD events for the par-
ticipants with LDL-C levels <125 than for the partici-
pants with LDL-C levels ≥125 mg/dL. Therefore, statin 
may be helpful for diabetic patients with high risk and 
low cholesterol levels, although the mechanisms that are 
responsible for this are unclear, i.e., a reduction of LDL-
C levels, a reduction of triglyceride levels, and/or an ele-
vation of the HDL-C levels. 

In the HPS study, statins were effective for the pre-
vention of cardiovascular events in both the diabetic and 
non-diabetic patients irrespective of their baseline LDL-
C levels.23) However, the relationships of the characteristics 
of the enrolled diabetic patients such as complications 
or the duration of diabetes mellitus, the cholesterol le-
vels and the risk of the patients were not demonstrated. 
In addition, the HPS study had problems, as was sta-
ted above. 

In summary, statin is an effective treatment for diabetic 
patients with high risk irrespective of their cholesterol 
levels. However, until now, there has been no evidence 
that statin is effective for the patients with uncomplica-
ted diabetes mellitus and who are otherwise at low risk. 
Therefore, it is unclear whether the ATP III guideline 
must be applied to all or only a portion of diabetic pa-
tients.  
 
Safety 

The usual doses of statins are safe and patient com-
pliance is generally good, except for cerivastatin. Hepatic 
toxicity(more than 3 times the upper normal limit) is 
less than 1% and muscular toxicity(more than 3 times 
the upper normal limit) is rare. Severe complication such 
as rhabdomyolysis is extremely rare.16) However, adverse 
effects increase with high doses of statins. In the TNT 
study, hepatic toxicity was found in 0.2% of patients with 
using 10 mg atorvastatin and in 1.2% of patients with 
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using 80 mg atorvastatin.27) There were no differences 
in muscular toxicity and rhabdomyolysis between the 
doses. When considering the hepatic toxicity, high do-
ses of statin must be reserved for the patients who will 
achieve definite benefit with the therapy. 

In most studies performed on middle age individuals 
or individuals with a wide range of age, the incidence of 
cancer was not increased with statin therapy. However, 
in the PROSPER study, which was a study of older age 
people, new cancer was diagnosed 25% more frequen-
tly when statins were administered than when placebo 
was administered.24) Therefore, statin needed to be ad-
ministered cautiously in old patients balancing the risk 
of cancers and the benefit from reducing CHDs.  

Cerivastatin has been withdrawn from the market, and 
it has been reported that the pharmacokinetics and side 
effects are different among the different kinds of statins. 
Additionally, for a kind of statins, increased drug levels 
were observed for Asians as compared with Caucasians.30) 
This finding means the initial dose of this statin must 
be halved for Asian patients. As a higher dose of this 
statin increases the side effects, the maximal recommen-
ded dose is limited to the initial dose for high risk 
patients. 
 

Summary  
  

Statins are very effective in preventing cardiovascular 
diseases for the high risk patients who have high or ave-
rage cholesterol levels, and for moderate risk patients 
with high cholesterol levels. Statins may be effective even 
for high risk patients with low cholesterol levels and for 
moderate risk patients with average cholesterol levels. 
However, further research is needed to elucidate whe-
ther statins are effective for all patients or only a part of 
patients in these groups. 

In real clinical practice, statin should be prescribed 
based on the estimated risk for the individual patient. 
For example, medications are indicated for the diabetic 
patients with low cholesterol and a high risk status such 
as CHD, and for the patient without CHDs but with 
average cholesterol levels and high risk. Yet, medications 
are not indicated for the uncomplicated diabetic patients 
with low cholesterol and a low risk status, and for the 
patients without CHDs and with average cholesterol le-
vels and moderate risk. 
 

REFERENCES 
1) Keys A, Aravanis C, Blackburn H, et al. Epidemiological studies 

related to coronary heart disease: characteristics of men aged 
40-59 in seven countries. Acta Med Scand 1967;suppl 480:1-392. 

2) Law MR, Wald NJ, Thompson SG. By how much and how quickly 
does reduction in serum cholesterol concentration lower risk of 
ischaemic heart disease? BMJ 1994;308:367-72. 

3) Gould AL, Rossouw JE, Santanello NC, Heyse JF, Furberg CD. 
Cholesterol reduction yields clinical benefit. A new look at old 

data. Circulation 1995;91:2274-82. 
4) Carlson LA, Rosenhamer G. Reduction of mortality in the Stock-

holm ischemic heart disease secondary prevention study by combi-
ned treatment with clofibrate and nicotinic acid. Acta Med Scand 
1988;223:405-18.  

5) Group of Physicians of the Newcastle upon Tyne Region. Trial 
of clofibrate in the treatment of ischaemic heart disease: five year 
study by a group of physicians of the Newcastle upon Tyne region. 
BMJ 1971;4:767-75.  

6) Lipid Research Clinics Program. The Lipid Research Clinics 
Coronary Primary Prevention Trial results, I: reduction in inci-
dence of coronary heart disease. JAMA 1984;251:351-64.  

7) Frick MH, Elo O, Haapa K, et al. Helsinki Heart Study: primary 
prevention trial with gemfibrozil in middle-aged men with dysli-
pidemia. N Engl J Med 1987;317:1237-45.  

8) Report from the Committee of Principal Investigators. A coope-
rative trial in the primary prevention of ischaemic heart disease 
using clofibrate. Br Heart J 1978;40:1069-103.  

9) Report from the Committee of Principal Investigators. WHO co-
operative trial on primary prevention of ischaemic heart disease 
with clofibrate to lower serum cholesterol: final mortality follow-
up. Lancet 1984;2:600-4. 

10) Davey Smith G, Song F, Sheldon TA. Cholesterol lowering and 
mortality: the importance of considering initial level of risk. BMJ 
1993;306:1367-73.  

11) Cucherat M, Boissel JP. Meta-analysis of results from clinical 
trials on prevention of coronary heart disease by lipid-lowering 
interventions. Clin Trials Meta-Anal 1993;28:109-29.  

12) Rossouw JE, Lewis B, Rifkind BM. The value of lowering cho-
lesterol after myocardial infarction. N Engl J Med 1990;323: 
1112-9.  

13) Muldoon MF, Manuck SB, Mathews KA. Lowering cholesterol 
concentration and mortality: a quantitative review of primary 
prevention trials. BMJ 1990;301:309-14. 

14) Davey Smith G, Pekkanen J. Should there be a moratorium on 
the use of cholesterol lowering drugs? BMJ 1992;304:431-4. 

15) Ravnskov U. Cholesterol lowering trials in coronary heart di-
sease: frequency of citation and outcome. BMJ 1992;305:15-9. 

16) Baigent C, Keech A, Kearney PM, et al. Cholesterol Treatment 
Trialists’ (CTT) Collaborators. Efficacy and safety of choleste-
rol-lowering treatment: prospective meta-analysis of data from 
90,056 participants in 14 randomised trials of statins. Lancet 
2005;366:1267-78.  

17) Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults. Executive Summary of The Third 
Report of The National Cholesterol Education Program (NCEP) 
Expert Panel on Detection, Evaluation, And Treatment of High 
Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA 
2001;285:2486-97.  

18) 4S group. Randomised trial of cholesterol lowering in 4444 pa-
tients with coronary heart disease: the Scandinavian simvastatin 
survival study (4S). Lancet 1994;344:1383-9. 

19) Shepherd J, Cobbe SM, Ford I, et al. Prevention of coronary 
heart disease with pravastatin in men with hypercholesterolemia. 
West of Scotland Coronary Prevention Study Group. N Engl J 
Med 1995;333:1301-7. 

20) Sacks FM, Pfeffer MA, Moye LA, et al. The effect of pravastatin 
on coronary events after myocardial infarction in patients with 
average cholesterol levels. Cholesterol and Recurrent Events Trial 
Investigators. N Engl J Med 1996;335:1001-9. 

21) Downs JR, Clearfield M, Weis S, et al. Primary prevention of 
acute coronary events with lovastatin in men and women with 
average cholesterol levels: results of AFCAPS/TexCAPS. Air 
Force/Texas Coronary Atherosclerosis Prevention Study. JAMA 



 
 

Chee Jeong Kim: In the Shadow of the “Statin Festival”·83 

1998;279:1615-22. 
22) LIPID Study Group. Prevention of cardiovascular events and 

death with pravastatin in patients with coronary heart disease and 
a broad range of initial cholesterol levels. The Long-Term Inter-
vention with Pravastatin in Ischaemic Disease (LIPID) Study 
Group. N Engl J Med 1998;339:1349-57.  

23) Heart Protection Study Collaborative Group. MRC/BHF Heart 
Protection Study of cholesterol lowering with simvastatin in 20,536 
high-risk individuals: a randomised placebo-controlled trial. Lan-
cet 2002;360:7-22.  

24) Shepherd J, Blauw GJ, Murphy MB, et al. PROSPER study 
group. Pravastatin in elderly individuals at risk of vascular di-
sease (PROSPER): a randomised controlled trial. PROspective 
Study of Pravastatin in the Elderly at Risk. Lancet 2002;360: 
1623-30.  

25) ALLHAT Officers and Coordinators for the ALLHAT Collabo-
rative Research Group. The Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial. Major outcomes in 
moderately hypercholesterolemic, hypertensive patients randomi-
zed to pravastatin vs usual care: the Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial (ALLHAT-
LLT). JAMA 2002;288:2998-3007. 

26) Sever PS, Dahlof B, Poulter NR, et al. ASCOT investigators. Pre-
vention of coronary and stroke events with atorvastatin in hyperten-
sive patients who have average or lower-than-average cholesterol 
concentrations, in the Anglo-Scandinavian Cardiac Outcomes 
Trial Lipid Lowering Arm (ASCOT-LLA): a multicentre rando-
mised controlled trial. Lancet 2003;361:1149-58. 

27) LaRosa JC, Grundy SM, Waters DD, et al. Treating to New 
Targets (TNT) Investigators. Intensive lipid lowering with ator-
vastatin in patients with stable coronary disease. N Engl J Med 
2005;352:1425-35.  

28) Sacks FM, Tonkin AM, Craven T, et al. Coronary heart disease 
in patients with low LDL-cholesterol: benefit of pravastatin in 
diabetics and enhanced role for HDL-cholesterol and triglyceri-
des as risk factors. Circulation 2002;105:1424-8. 

29) Grundy SM, Cleeman JI, Merz CN, et al. National Heart, Lung, 
and Blood Institute: American College of Cardiology Foundation: 
American Heart Association. Implications of recent clinical trials 
for the National Cholesterol Education Program Adult Treatment 
Panel III guidelines. Circulation 2004;110:227-39.  

30) US Food and Drug Administration. FDA public health advisory 
for Crestor (rosuvastatin). June 9, 2004: http://www.fda.gov/cder/ 
drug/advisory/crestor.htm (accessed Nov 9, 2004). 

 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


