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Abstract: Lipid goal attainment studies in Asian patients with acute coronary syndrome (ACS) are limited.  The objectives of this study 
were to determine low-density lipoprotein cholesterol (LDL-C) goal attainment rate at 4 months, and to examine prescription behavior 
influencing lipid goal attainment in Asian patients with ACS.  A retrospective analysis of 267 patients with ACS was performed.  The 
mean follow-up duration was 41.2±10.7 months.  LDL-C goal attainment rate was highest at 4 months (36.7%) but declined progres-
sively throughout follow-up.  More than 85% of patients were discharged with equipotent statin dose of 2 (equivalent to simvastatin 
20 mg) or less.  In patients who did not attain LDL-C goals, the statin dose remained low throughout follow-up because of a lack in 
responsive dose titration.  Aggressive lipid-lowering therapy should be initiated early to improve goal attainment in these high-risk 
patients.
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Introduction
Extensive evidence suggests that aggressive lowering 
of low-density lipoprotein cholesterol (LDL-C) with 
3-hydroxy-3-methylglutaryl coenzyme A reductase 
inhibitors (also referred to as statins) can reduce car-
diovascular events in both the primary and secondary 
prevention settings. Landmark randomized controlled 
trials have demonstrated that additional reductions in 
LDL-C with intensive therapy significantly reduce 
cardiovascular events in high-risk individuals with 
acute coronary syndrome (ACS).1–4

Based on data from clinical trials, the National Cho-
lesterol Education Program (NCEP) Adult Treatment 
Panel III (ATP III) first established treatment targets 
for LDL-C in 2001, which were later revised in 2004. 
For patients with established coronary heart disease 
(CHD), an LDL-C target of less than 2.6 mmol/L 
(100 mg/dL) is recommended, and when risk is con-
sidered very high, the recommended LDL-C target is 
less than 1.8 mmol/L (70 mg/dL).5

Previous effectiveness studies have reported 
LDL-C attainment rates of 18% to 56%6–13 and the 
clinical benefits in patients who achieved better cho-
lesterol control were parallel to those seen in clinical 
trials.12,13 These studies included patients with hetero-
geneous cardiovascular risk factors. Similar observa-
tional studies on goal attainment rates in patients with 
ACS are, however, limited, especially in Asia.

The objectives of this study were (1) to determine 
LDL-C goal attainment rates and predictors of goal 
attainment at 4 months, and (2) to describe prescrip-
tion behavior that influences lipid goal attainment in 
Asian patients with ACS.

Methods
Study design and population
This is a single-center, retrospective observational 
study involving consecutive patients (.18 years of 
age) admitted between January 2006 and July 2006, 
and discharged with a diagnosis-related group code 
of ACS or equivalent terms such as “acute myocar-
dial infarction (MI)”, “ST elevation MI”, “unstable 
angina”, or “non-ST elevation MI”. Patients who died 
during admission and individuals who did not return 
for subsequent clinic visits were excluded from the 
analysis.

Lipid profiles were taken within 24 hours of the 
event, after a fast of at least 10 hours. Total cholesterol 

and triglycerides were measured directly by enzy-
matic methods. High-density lipoprotein choles-
terol (HDL-C) was separated from LDL-C and very 
low density lipoproteins (VLDL) by precipitation 
and measured by enzymatic methods as for total 
 cholesterol. LDL-C was calculated by Friedewald’s 
equation. Lipid-lowering therapy was initiated during 
admission at the discretion of the physician, if there 
were no contraindications.

This study was reviewed and approved by the 
 Singapore General Hospital Institutional Review 
Board. Informed consent was waived.

Data collection
Baseline demographics and characteristics of patients, 
LDL-C levels on admission and during follow-up vis-
its, and lipid-lowering medications and dosages were 
extracted from electronic hospital medical records. 
Lipid-lowering statins were expressed as equipotent 
doses to simvastatin 10 mg according to Maron’s 
formulation.14

LDL-C goal attainment rates  
and prescription behavior measures
In high-risk patients with ACS, lipid goal attainment 
was defined as an LDL-C less than 1.8 mmol/L. LDL-C 
levels were determined at 4 months, 12 months, and 
at the end of the final follow-up period. In patients 
without lipid profiles at the defined time points, data 
closest to the specified time were used. Prescription 
behavior was assessed according to the equipotent 
doses of statins prescribed on discharge and the efforts 
made at dose-titration during follow-up.

Statistical analysis
Categorical data are presented as frequencies and per-
centages and continuous variables were reported as 
means ± standard deviation (SD).

Clinical predictors associated with LDL-C goal 
attainment were evaluated using both univariate and 
multivariate logistic regression. To avoid overfit-
ting of the logistic model, the presence of 3 or more 
covariates including hypertension, diabetes mellitus, 
smoking, and previous history of coronary revascu-
larization, were considered as a single variable coro-
nary artery disease risk factor (CADRF). Odds ratios 
(OR) of LDL-C goal attainment at 4 months and 
their 95% confidence intervals (CI) were reported. 
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 Multivariate analysis was performed to adjust for age 
at admission, sex, ethnicity, the presence of CADRF, 
and LDL-C level on admission.

Results were considered statistically significant if 
the P-value was ,0.05 on a 2-tailed test. Analyses 
were carried out using STATA/SE software version 
11.0 for Windows (Stata Corporation, College Sta-
tion, TX, USA).

Results
Patient characteristics
A total of 267 patients were included in the analysis, 
with a mean follow-up duration of 41.2 ± 10.7 months. 
There were more males (57%), and the mean age for 
all participants was 69 years. A large proportion of 
patients had a concomitant history of either hyper-
tension (82%), diabetes mellitus (51%), or hyperlipi-
demia on statins prior to admission (49%). More than 
30% of patients had a history of ischemic heart dis-
ease with previous coronary revascularization using 
either percutaneous intervention or coronary artery 
bypass. The mean LDL-C concentration on admis-
sion was 2.36 ± 0.97 mmol/L (Table 1).

LDL-C attainment rates and predictors  
of goal attainment
Lipid goal attainment rate was highest at 4 months 
(36.7% at 3.7 ± 1.9 months), but declined progres-
sively at 12 months (23.4% at 12.0 ± 3.1 months) 
and at the end of the follow-up period (14.5% at 
41.2 ± 10.7 months). Among patients who achieved 
their LDL-C goal at 12 months (n = 40), 62.5% did 
so within the first 4 months of therapy. Similarly, 
among patients who achieved LDL-C goal at the end 
of follow-up (n = 27), 59.3% did so within the first 
4 months of therapy (Fig. 1).

Univariate and multivariate logistic regression anal-
yses showed that lower LDL-C levels on admission 
were predictive of LDL-C goal attainment at 4 months. 
For every 1 mmol/L increase in baseline LDL-C, the 
odds of attaining LDL-C goal in 4 months decreased 
by about 35%. Other factors were not associated with 
LDL-C goal attainment at 4 months (Table 2).

Prescription behavior
Most patients were prescribed simvastatin (76.0%) or 
lovastatin (8.6%) on discharge. The mean  equipotent 
dose of statins prescribed on discharge in the entire 

cohort was 1.57 ± 0.87, with more than 85% of 
patients receiving an equipotent dose of 2 (corre-
sponding to simvastatin 20 mg) or less.

Among patients who had not achieved lipid goals, 
the dose of statins prescribed was low throughout 
the follow-up duration. Specifically, the equipotent 
doses prescribed at 4 months, 12 months, and at the 
end of follow-up were 1.53 ± 0.89, 1.58 ± 0.93, and 
1.90 ± 1.10, respectively.

In the first year, the equipotent dose of statins 
remained relatively unchanged. This was likely the 
result of failing to up-titrate doses in more than 2/3 
of patients, as well as an increased rate of discontin-
uation and down-titration of statins in the first year 
(Fig. 2). Although there were more aggressive efforts 
in up-titration at the end of follow-up period, more 
than 1/3 of patients did not have their statin doses 
changed since hospital discharge. On the other hand, 

Table 1. Baseline characteristics of patients.

Baseline characteristics All patients 
(n = 267)

Mean age, years 69.0 ± 11.4
Males, n (%) 152 (56.9)
ethnicity
 Chinese, n (%)
 Malays, n (%)
 Indians, n (%)
 Others, n (%)

184 (68.9)
42 (15.7)
31 (11.6)
10 (3.7)

Cardiovascular history
 history of hypertension, n (%)
 history of diabetes mellitus, n (%)
 On prior statin therapy, n (%)
 Current smoker, n (%)
 history of prior revascularization, n (%)

219 (82.0)
137 (51.3)
132 (49.4)
113 (42.3)
81 (30.3)

Statin medications on discharge
 Simvastatin, n (%)
 Lovastatin, n (%)
 Atorvastatin, n (%)
 rosuvastatin, n (%)
 none, n (%)
 Others*, n (%)

203 (76.0)
23 (8.6)
4 (1.5)
3 (1.1)
27 (10.1)
7 (2.6)

ACS presentation, n (%)
 STeMI
 nSTeMI
 Unstable angina

32 (12.0)
159 (59.5)
76 (28.5)

Lipid profile on admission, mmol/L
 Mean LDL-C
 Mean hDL-C

2.36 ± 0.97
1.32 ± 0.40

Mean hbA1c on admission, % 7.5 ± 1.6
Mean equipotent dose of statin on discharge 1.57 ± 0.87

notes: *Pravastatin (n = 1), ezetimibe (n = 1), combination therapy (n = 2),  
fenofibrate (n = 3).
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Figure 1. Proportion of patients who achieved low-density lipoprotein cholesterol (LDL-C) goals at 4 months, 12 months, and at the end of the follow-up 
period.
note: A large proportion of patients who achieved LDL-C goals at 1 year and the end of follow-up period did so within the first 4 months of statin therapy.

Table 2. Univariate and multivariate analysis: clinical predictors to LDL-C goal attainment at 6 months.

Variables Univariate analysis Multivariate analysis
OR (95% cI) P value OR (95% cI) P value

Age 1.002 (0.976 to 1.029) 0.870 1.002 (0.972 to 1.034) 0.888
Females
Males

1
0.961 (0.537 to 1.712)

–
0.893

1
0.656 (0.332 to 1.297)

–
0.226

Chinese
Malays
Indians
Others

1
1.136 (0.511 to 2.524)
2.066 (0.847 to 5.036)
0.631 (0.123 to 3.250)

–
0.754
0.111
0.582

1
1.416 (0.593 to 3.378)
1.585 (0.604 to 4.156)
0.262 (0.030 to 2.368)

–
0.433
0.349
0.233

Presence of CADrF* 1.467 (0.795 to 2.707) 0.220 1.365 (0.673 to 2.769) 0.388
Prior statin use 0.939 (0.526 to 1.677) 0.831 0.688 (0.348 to 1.359) 0.281
LDL-C on admission 0.672 (0.468 to 0.965) 0.031 0.650 (0.436 to 0.967) 0.034

note: *CADRF is a single variable, defined by the presence of 3 or more of the following: hypertension, diabetes mellitus, smoking and previous history 
of coronary revascularization.

the rates of discontinuation and down-titration of sta-
tins remained stable at the end of follow-up duration 
(Fig. 2). This resulted in a higher mean equipotent 
dose of statins at the end of follow-up period, but not 
sufficient to impact goal attainment.

Discussion
Patients with ACS are at very high risk for cardiovascu-
lar events. Compared to patients with few or no cardio-
vascular risk factors, patients at higher risk have lower 
rates of LDL-C goal attainment.6–10 In patients with 
ACS, the LDL-C attainment rates are even lower.11

In our study, 36.7% of patients attained the 
LDL-C target of less than 1.8 mmol/L at 4 months. 
Patients were prescribed low potency statins, and in 
those who did not achieve LDL-C goal, a responsive 
dose-titration was usually not performed. Our study 
showed that for patients who achieved lipid goals 
at 1 year and at the end of the follow-up period, 
most did so within the first 4 months. Furthermore, 
a higher baseline LDL-C reduced the likelihood of 
attaining lipid goals, a finding that is also consistent 
with previous studies.6,8,10,13 These results suggest 
that an intensive lipid-lowering strategy should be 
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considered at the start of therapy to achieve LDL-C 
goals early.

The challenges of achieving cholesterol  treatment 
goals had led to the development of specific lipid-
 lowering strategies. One treatment approach is to 
treat all high-risk patients with an intensive high-
dose,  lipid-lowering statin instead of treating to 
a lipid  target.15 This strategy is consistent with a 
meta- analysis suggesting that the mortality benefits 
of aggressive lipid lowering in high-risk patients 
are  evident regardless of baseline LDL-C levels.16 
Although intensive high-dose statin therapy has been 
well tolerated in clinical trials, its use in a more het-
erogenous group of patients in the real-world setting, 
especially in Asians, is not commonly practiced.

One of the primary concerns of intensive therapy 
relates to potential adverse effects with high-dose or 
more potent statins. Although numerous large-scale 
clinical trials have demonstrated statin efficacy and 
safety in a variety of populations, studies evaluating 
the efficacy and safety of statins in Asians are limited. 
Another concern relates to the higher cost of newer 
and more potent statins. This is particularly true in a 
public healthcare system such as Singapore. Generic 
medications are usually prescribed, as they are made 

more affordable by patients after substantial govern-
ment subsidies. However, with the current availability 
of potent generic statins, cost will be less of an issue 
if such a management strategy is considered.

Another strategy utilizes dosing algorithms to 
select an initial starting dose of a potent statin based 
on the patient’s baseline LDL-C level and/or cardio-
vascular risk.17–22 Clinical studies have demonstrated 
that a significant proportion of patients were able to 
achieve their LDL-C goal within 4 to 6 weeks using 
this strategy.17–22 In addition, the rate of adverse events 
was relatively low. However, one major limitation of 
these studies was the short duration of follow-up; 
because of this, long-term outcomes could not be 
assessed.

Regardless of the treatment strategy adopted, 
aggressive lipid-lowering therapy should always be 
balanced by a consideration of the adverse effects 
associated with such treatment. This risk-benefit pro-
file has to be assessed individually.

Limitations
There are several limitations to our study. This was a 
retrospective study, thus we were not able to ascertain 
factors such as medication compliance or reasons for 

P
ro

p
o

rt
io

n
 o

f 
p

at
ie

n
ts

 (
%

)

100

80

60

40

20

0
0.8

4.0
7.1

3.1

10.7

19.8

4.4

11.3

45.3

39.0

66.4

88.1

4 months 12 months End of follow up

Discontinued 

Downtitrated

No change

Uptitrated

Figure 2. Distribution of statin dose titration in patients who did not achieve low-density lipoprotein cholesterol (LDL-C) goals.
notes: The rates of discontinuation or down-titration of statin dose increased in the first year but remained relatively stable at the end of follow-up period. 
Although there was an increasing effort in up-titration of the statin dose, more than a third of patients did not experience changes in statin dose at the end 
of follow-up.
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down-titration, discontinuation, or failure to up-titrate 
statin doses. The combined rates of down- titration and 
discontinuation were about 15% at the end of follow-
up, compared to down-titration rates of 3% to 40% and 
discontinuation rates of 1% to 18% reported in other 
studies.6–11 These low rates of down-titration and dis-
continuation reflect the low statin doses prescribed and 
the diligence in medication adherence. We postulate 
that the reasons for discontinuation and down-titration 
were due to side effects of statins, while the failure or 
delay in up-titrating statin dose could be due to either 
the patient’s reluctance to have medications changed 
or the physician’s behavior in treating to target goals.

In addition, although the characteristics of the 
study population are similar to patients in many Asian 
countries, we acknowledge that the results reflect 
clinical practice from a tertiary center, and that may 
be different compared to other countries or clinical 
settings.

conclusions
A large proportion of patients with ACS did not 
achieve LDL-C levels of less than 1.80 mmol/L. These 
individuals constitute a challenging group of high-risk 
patients for aggressive secondary  prevention. LDL-C 
goal attainment can be improved with more potent or 
high-dose statins and responsive dose-titration. This 
can be achieved through formal lipid management 
programs.
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