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Abstract
Introduction: Few studies in Asia have assessed the burden of hypercholesterolaemia 

based on the global cardiovascular risk assessment. This study determines the burden of 
hypercholesterolaemia in an Asian population based on the National Cholesterol Education 
Program-Adult Treatment Panel III (NCEP-ATPIII) guidelines, and examines predictors 
of low-density lipoprotein cholestrol (LDL-C) goal attainment. Materials and Methods: 
Five thousand and eighty-three Chinese, Malays and Asian-Indians living in Singapore 
were assigned to coronary heart disease (CHD)-risk category based on the NCEP-ATPIII 
guidelines. Awareness, treatment and control of hypercholesterolaemia based on risk-
specifi c LDL-C goal were determined, including the use of lipid-lowering therapy (LLT). 
Cox-regression models were used to identify predictors of LDL-C above goal among 
those who were aware and unaware of hypercholesterolaemia. Results: One thousand 
fi ve hundred and sixty-eight (30.8%) participants were aware of hypercholesterolaemia 
and 877 (17.3%) were newly diagnosed (unaware). For those who were aware, 39.3% 
participants received LLT. Among those with 2 risk factors, only 59.7% attained LDL-C 
goal. The majority of them were taking statin monotherapy, and the median dose of statins 
was similar across all CHD risk categories. Among participants with 2 risk factors and 
not receiving LLT, 34.1% would require LLT. Malays or Asian-Indians, higher CHD risk 
category, increasing body mass index (BMI), current smoking and lower education status 
were associated with higher risk of LDL-C above goal. Being on LLT reduced the risk 
of having LDL-C above goal. Conclusion: The burden of hypercholesterolaemia is high 
in this multi-ethnic population especially those in the higher CHD risk categories, and 
might be partly contributed by inadequate titration of statins therapy. Raising awareness 
of hypercholesterolaemia, appropriate LLT initiation and titration, weight management 
and smoking cessation may improve LDL-C goal attainment in this population.       
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Introduction
Coronary heart disease (CHD) is emerging as the leading 

cause of death among Asian countries.1 Changes in the 
CHD risk factors, in particular the rising prevalence of 
hypercholesterolaemia, have been implicated in the rising 
incidence of CHD in the Asia-Pacifi c region.2 In a cross-
sectional population study conducted in Beijing, China 
between 1984 and 1999, rising total cholesterol levels could 
explain 77% increase in the additional CHD mortality.3 

In addition to the changes in the dietary preferences (i.e. 
towards Western diet), they showed that the prescribing 
level of lipid-lowering treatment was suboptimal despite the 

rising burden of CHD. By contrast, in the Western countries, 
a reduction in the burden of CHD has been observed, and 
was associated with improvements in traditional risk factors, 
particularly total cholesterol levels.4 

Detailed analyses from randomised controlled trials 
provided unequivocal evidence that treatment targeted 
at elevated low-density lipoprotein cholesterol (LDL-C) 
levels resulted in a signifi cant reduction in cardiovascular 
events and mortality.5-7 In addition, it has been shown that 
the greater the LDL-C lowering, the greater the reduction 
in CHD and mortality.8-11 Although most studies reported a 
similar relative risk reduction for a given reduction in LDL-C 
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levels, the absolute risk reduction is related primarily to an 
individual’s absolute risk and to the absolute reduction in 
LDL-C levels achieved.12 This information is critical to guide 
the implementation of evidence-based practice in routine 
clinical setting that determines optimal individual care for 
hypercholesterolaemia. In line with this, 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 [ATP III]) guidelines provide clear recommendations on 
treatment initiation, options and importantly the treatment 
goal for LDL-C level for both primary and secondary 
prevention of CHD.13

Existing population data on the prevalence of 
hypercholesterolaemia among Asian countries are based 
on the assessment of total cholesterol levels without taking 
into account a global cardiovascular risk assessment.1 

While important, this tells us little about the treatment gap 
between what is recommended in the guidelines and what 
is occurring in the population. In the REALITY-Asia study, 
among 2622 patients with hypercholesterolaemia recruited 
from 6 Asian countries, the LDL-C goal attainment was 
unsatisfactory, in particular those with CHD and diabetes 
mellitus.14 The majority of patients were recruited by 
physicians (41% cardiologists), at high risk of CHD (90.2%), 
and the differences in practice patterns across centers 
limit the generalisability of its fi ndings. To address this 
issue, we examined the prevalence, treatment and control 
of hypercholesterolaemia based on the NCEP-ATPIII 
guidelines in an Asian population living in Singapore. In 
addition, we also identifi ed predictors of LDL-C above 
goal in the attempt to address the shortfalls in LDL-C goal 
attainment. 

Materials and Methods
This cross-sectional study used data from the Singapore 

Prospective Study Program (SP2), which was a follow-up 
of 4 cross-sectional studies conducted in Singapore from 
1982 to 1995. The details of the study population have been 
described previously.15 Briefl y, we invited 10,445 subjects 
from 4 population-based, Thyroid and Heart Study 1982 
– 1984, the National Health Survey 1992, the National 
University of Singapore Heart Study 1993 – 1995 and 
the National Health Survey 1998 to participate in a repeat 
examination from 2004 to 2007.16-19 Only the data from the 
follow-up component were analysed for this study.

All studies included a random sample of individuals 
from the Singapore population, with disproportionate 
sampling stratifi ed by ethnicity to increase the number in 
the minority ethnic groups (Malays and Asian-Indians). 
Subjects deceased at the time of follow-up (as shown by 
data linkage to the Registry of Births and Deaths) were 

excluded (n = 517). Also excluded were 6 subjects who had 
emigrated and 85 who had errors in the records regarding 
their identity card number. 

Subjects were contacted to obtain an appointment 
for investigators to administer the questionnaire at the 
subject’s home. Three home visits were made on 3 different 
occasions, including one weekend and weekday, before a 
subject was deemed non-contactable. After this procedure 
was completed, 2673 subjects were non-contactable. Of 
those subjects who could be contacted, 30 (0.3%) refused 
to participate. All subjects were invited to attend a health 
examination for additional tests and collection of biologic 
specimens shortly after the home visit. A total of 7742 
(74.1% response rate) subjects completed the questionnaire. 
Of these, 5129 also attended the health screening. Ethics 
approval was obtained from 2 institutional review boards 
(the National University of Singapore and the Singapore 
General Hospital). Informed consent was obtained before 
study was conducted. 

Data Collection
Data on demographic and lifestyle factors (alcohol 

consumption, smoking), as well as medical history 
(including physician-diagnosed hypertension, diabetes 
mellitus, and hypercholesterolaemia, CHD and cancers) 
were collected by using interviewer administered 
questionnaires. For the health examination, participants were 
examined in the morning following a 10-hour overnight 
fast. Venous blood was drawn and collected in plain and 
fl uoride oxalate tubes and was stored at 4oC for a maximum 
of 4 hours prior to processing. All biochemical analyses of 
blood were performed at the National University Hospital 
Referral Laboratory, which is accredited by the College of 
American Pathologists. Serum total cholesterol, triglyceride, 
and high-density lipoprotein cholesterol (HDL-C) were 
measured using an automated autoanalyzer (ADVIA 2400; 
Bayer Diagnostics, New York). Low-density lipoprotein 
cholesterol (LDL-C) levels were calculated using the 
Friedewald formula.20 Plasma glucose was assayed with 
enzymatic methods (ADVIA 2400). The intra- and inter-day 
coeffi cients of variation for total cholesterol, triglyceride, 
and HDL-C were 0.80% to 1.57% and 0.93% to 1.15%, 
0% to 3.85% and 1.27% to 3.40%, 0.56% to 0.65% and 
1.18% to 2.00% respectively. 

Height was measured without shoes by using a wall 
mounted stadiometer. Weight was measured in light clothing 
by using the same digital scale (SECA,Vogel & Halke, 
Hamberg, Germany). An automated blood pressure monitor 
(Dinamap Pro100V2; Criticon, Norderstedt, Germany) was 
used to take 2 blood pressure readings from participants 
after 5 minutes of rest. Mean values of the closest 2 readings 
were calculated. Ankle-brachial index (ABI) was calculated 
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as the ratio of the higher of the 2 systolic pressures (from 
posterior tibial and dorsalis pedis) at the ankle to the average 
of the right and left brachial artery pressures.

Defi nitions
Participants who answered “Yes” to the question “Have 

you ever been told by a doctor (western trained) you have 
high blood pressure or diabetes?” were classifi ed as having 
a history of hypertension or diabetes mellitus respectively. 
Diabetes mellitus was further defi ned as fasting plasma 
glucose ≥7.0 mmol/L or currently taking anti-diabetic 
agents. Hypertension was further defi ned as systolic blood 
pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg 
or currently taking anti-hypertensive medications. Smoking 
was classifi ed as never smoke, ex-smoker or current 
smoking. Alcohol intake was defi ned as alcohol consumption 
of more than 3 days a week. Marital status was classifi ed as 
single, married, widow or divorced. Education status was 
classifi ed as education attained up to primary school (≤6 
years of formal education), secondary school (≤12 years of 
formal education) and diploma or higher (degree or PhD). 
Physical activity levels was categorised into tertiles as low, 
moderate and high based on MET/hour per week activity 
scores. Family history of premature CHD was defi ned as 
CHD in male fi rst degree relative <55 years or female fi rst 
degree relative <65 years. Data on lipid-lowering treatment 
(LLT) was derived from direct interviewer assessment of 
participants’ medications and included use of statins, fi brate, 
niacin, ezetimibe and bile acid resins. Peripheral arterial 
disease (PAD) was defi ned as an ABI of ≤0.9. 

The Framingham risk score (included age, sex, total 
and HDL cholesterol, smoking, and blood pressure) was 
used to determine the 10-year risk of CHD.21 Participants 
were then assigned to one of the 4 risk categories 
according to the NCEP-ATPIII CHD risk determinants to 
determine qualifi cation for LLT and specifi ed treatment 
goals (Table 1).13 Participants with physician-diagnosed 
hypercholesterolaemia were defined as aware of 
hypercholesterolaemia. Participants who had no previous 

history of hypercholesterolaemia, they would qualify as 
unaware of hypercholesterolaemia if the LDL-C levels 
were above CHD risk-specifi c goals.   

Statistical Analysis
All data analyses were conducted using SPSS (version 

13 SPSS Inc, Chicago). Means (Standard Deviation) and 
numbers and proportions (%) were used. All statistical tests 
were 2-sided, with a level of signifi cance defi ned as P <0.05.

The assessment of risk factors for having LDL-C above 
goal was determined for participants who were aware and 
unaware of hypercholesterolaemia. To identify predictors 
for having LDL-C levels above goal, we estimated the 
proportion rate ratio (PRR) (95% Confi dence Interval (CI)) 
associated with body mass index (BMI), ethnic group, 
socioeconomic factors (marital status, education status, 
physical activity, smoking status and alcohol consumption), 
and Framingham CHD risk group. Being on LLT was 
assessed as a factor only for those who were aware of 
hypercholesterolaemia. An individual with LDL-C above 
goal was defi ned as an individual having LDL-C levels 
above the CHD risk-specifi c LDL-C goals.

For the assessment of the control of hypercholesterolaemia, 
participants who were aware of hypercholesterolaemia 
were further divided into 2 groups: (i) those who were not 
receiving LLT, and (ii) those who were receiving LLT. For 
participants who were not receiving LLT, we determined 
the proportion of participants who attained risk-specifi c 
LDL-C goals, who would require initiation of LLT, and 
who would qualify for therapeutic lifestyle changes (TLC). 
Among participants who received LLT, we determined the 
proportion of participants who had LDL-C above treatment 
goals. 

We also examined the median dose of commonly 
prescribed statins among participants who were receiving 
LLT. Kruskal-Wallis one way analysis of variance was used 
to examine whether the median dose for the statin therapy 
differed across the 4 CHD risk categories.  

Table 1.  LDL Cholesterol Goals and Cut-points for Therapeutic Lifestyle Changes (TLC) and Drug Therapy in Different Risk Categories

Group Risk Category LDL-C Goal (mg/dL)
LDL-C Level at Which to 

Initiate Therapeutic Lifestyle 
Changes (mg/dL)

LDL-C Level at Which to
Consider Drug

Therapy (mg/dL)

1 0 to 1 Risk factor <160 ≥160 ≥190

2 2+ Risk factors                                                 
(10-year risk <10%) <130 ≥130 ≥160

3 2+ Risk factors                                                   
(10-year risk 10% to 20%) <130 ≥130 ≥130

4 CHD or CHD risk equivalents                        
(10-year risk >20%) <100 ≥100 ≥130

LDL-C: low-density lipoprotein cholestrol; CHD: Coronary heart disease
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Results
We excluded 3 participants who reported “other race” 

and 53 participants missing LDL-C results. Thus, the 
analyses included 5083 participants who completed both 
questionnaire and attended the health screening (65.7% of 
those who responded to questionnaire). The mean (SD) age 
was 50.1 (11.8) years, ranged from 24 to 95 years. Notably, 
participants who completed questionnaire and health 
screening were less likely to smoke, had lower prevalence 

Table 2. Demographic Characteristics of Participants, Combined and 
by Ethnic Groups, Who Either Completed Questionnaire Only, Both 
Questionnaire and Health Screening and Questionnaire and Health 
Screening 

Total

Subjects who 
completed 
questionnaire 
only

Subjects who 
completed 
questionnaire 
and health 
screening

n 7742 2603 5083

Male, % 47.1 45.5 47.9

Race,%

   Chinese 64.6 60.5 66.6

   Malay 49.5 23.7 17.4

   Indian 15.9 15.8 16.0

*Current 
smoking, % 11.9 13.9 12.1

History of 
hypertension, % 22.5 23.8 21.8

History of 
diabetes 
mellitus,%

10.5 12.8 7.1

Age, year 49.8 ± 12.6 49.3 ± 13.9 50.1 ± 11.8

Data are expressed as mean (standard deviation) or % (proportion of the 
group). 
*Defi ned as a yes response to the questions: “Have you ever smoked 
cigarettes?” and “Do you smoke now?”

Table 3. Proportion of Participants Who Met LDL-C Goal for Those Who Were or Were Not on Lipid-Lowering Treatment Based on the NCEP-ATPIII 
Guidelines

Total
(n = 5083)

0 to 1 Risk Factor
(n = 2762)

                                      
2 Risk Factors

(Framingham 10-year 
Risk <10%)
(n = 1033)

2 Risk Factors
(Framingham 10-year 

Risk 10% to20%)
(n = 454)

2 Risk Factors
(Framingham 10-year 
Risk >20%) or CHD 

Equivalent
(n = 834)

On LLT

At LDL-C goal 397 (64.4%) 95 (86.4%) 150 (75.4%) 44 (69.8%) 108 (44.3%)

Above LDL-C goal 219 (35.6%) 15 (13.6%) 49 (24.6%) 19 (30.2%) 136 (55.7%)

Not on LLT

At LDL-C goal 3154 (70.6%) 2375 (89.6%) 462 (55.4%) 187 (47.8%) 130 (22.0%)

Need TLC 639 (14.3%) 222 (8.4%) 251 (30.1%) 0 166 (28.1%)

Need LLT 674 (15.1%) 55 (2.1%) 121 (14.5%) 204 (52.2%) 294 (49.8%)

Data are expressed as n and % (proportion of the group). 
 LLT: Lipid lowering therapy; TLC: Therapeutic lifestyle changes;  LDL-C: low-density lipoprotein cholesterol; CHD: coronary heart disease

of hypertension or diabetes mellitus, and lower proportion 
of Malay ethnicity compared to participants who completed 
questionnaire only (Table 2). 

Overall, 2762 (54.3%) participants had 0 to 1 risk factor 
(low-risk), 1033 (20.3 %) had 2+ risk factors and 10-year 
risk <10% (intermediate low-risk), 454 (8.9%) had 2+ risk 
factors and 10-year risk 10% to 20% (intermediate high-
risk), and 834 (16.4%) had 2+ risk factors and 10-year risk 
>20%, CHD or CHD risk equivalent (high-risk). 

Based on CHD risk-specifi c LDL-C levels, we identifi ed 
2445 participants (48.1% of the study population) with 
hypercholesterolemia. Among these, 1568 (30.8% of 
the study population) participants were aware, and 
877 (17.3% of the study population) were unaware of 
hypercholesterolaemia. 

Table 3 shows the proportion of participants who were 
at or above LDL-C goal for those who were on LLT, 
or not on LLT. Among participants who were aware of 
hypercholesterolaemia, only 616 (39.3%) participants 
received LLT (17.9% in low-risk, 49.0% in intermediate 
low-risk, 42.0% in intermediate high-risk and 61.3% in 
high-risk category). Among those on LLT and with 2 risk 
factors, only 302 (59.7%) met their risk-specifi c LDL-C 
goals. The LDL-C goal attainment was lower with higher 
CHD risk categories such that only 44.3% were at LDL-C 
goal in the highest risk category. Among participants with 
2 risk factors and not on LLT, 779 (42.9%) were at LDL-C 
goal, 417 (23.0%) would require TLC and 619 (34.1%) 
would require LLT initiation.   

Next we examined the predictors of LDL-C above 
goal among participants who were aware and unaware 
of hypercholesterolaemia (Table 4). Overall, increasing 
BMI and Framingham risk score, and Malay and Asian-
Indian ethnic groups were associated with greater risk 
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of LDL-C above goal. Among socioeconomic factors, 
current smoking was associated with higher risk, whereas 
higher education status was associated with lower risk 
of LDL-C above goal. Among participants unaware of 
hypercholesterolaemia, current alcohol intake (>3 drinks 
per week) was associated with lower risk, whereas being 
widow or divorced was associated with higher risk of 
LDL-C above goal. Physical activity was not a signifi cant 
predictor of LDL-C above goal. Body mass index (BMI), 
Framingham risk score, ethnicity, education status and 
current smoking remained significant predictors for 

LDL-C above goal after multivariate adjustment. Among 
participants unaware of hypercholesterolaemia, the 
association for alcohol intake was no longer signifi cant. 
However being widow or divorced remained a signifi cant 
predictor with multivariate adjustment. Among those who 
were aware of hypercholesterolaemia, being on LLT reduced 
the risk of having LDL-C above goal. 

Among those aware of hypercholesterolaemia, majority 
(71.4%) were taking statin monotherapy. The use of 
combination therapy (e.g. statin and fi brate) was low (3.7%). 
The median dose of statins therapy is shown in Table 5. 

Table 4. Risk Factors for LDL-C Above Goal Among Participants Who Were Aware and Not Aware of Hypercholesterolemia

Parameters

Aware of hypercholesterolemia 
(n = 1568)

Unaware of hypercholesterolemia 
(n = 3515)

Unadjusted PRR       
(95% CI)

Adjusted PRR
(95% CI)

Unadjusted PRR       
(95% CI)

Adjusted‡ PRR
(95% CI)

BMI (kg/m2) 1.03 (1.01 – 1.04) † 1.02 (1.00 – 1.04) † 1.06 (1.04 – 1.07) † 1.05 (1.04 – 1.07) †

Ethnic group

Chinese 1.0 1.0 1.0 1.0

Malay 1.41 (1.16 – 1.72) † 1.33 (1.07 – 1.65)* 1.77 (1.51 – 2.08) † 1.15 (0.97 – 1.38)

Indian 1.40 (1.16 – 1.69) † 1.38 (1.12 – 1.68) † 1.69 (1.42 – 2.01) † 1.24 (1.03 – 1.48)*

Marital status

Single 1.0 1.0 1.0 1.0

Married 1.22 (0.89 – 1.67) 1.07 (0.77 – 1.47) 1.67 (1.31 – 2.14) † 1.05 (0.82 – 1.34)

Widow/Divorced 1.18 (0.79 – 1.75) 0.90 (0.59 – 1.36) 2.76 (2.03 – 3.73) † 1.38 (1.01 – 1.89)*

Education Status

Primary 1.0 1.0 1.0 1.0

Secondary 0.938 (0.788 – 1.12) 0.89 (0.74 – 1.07) 0.76 (0.65 – 0.88)† 0.95 (0.81 – 1.10)

Tertiary (Diploma and higher) 0.699 (0.57 – 0.86)† 0.73 (0.58 – 0.91)* 0.40 (0.33 – 0.48)† 0.62 (0.51 – 0.77)†

Alcohol

No 1.0 1.0 1.0 1.0

Yes (>3 drinks/week) 0.90 (0.76 – 1.09) 0.99 (0.82 – 1.20) 0.73 (0.62 – 0.87)** 0.91 (0.76 – 1.08)

Smoking status

No 1.0 1.0 1.0 1.0

Ex-smoker 1.18 (0.49 – 2.84) 1.03 (0.42 – 2.51) 1.03 (0.53 – 1.98) 1.20 (0.62 – 2.36)

Current smoking 1.68 (1.35 – 2.09)† 1.51 (1.18 – 1.94)† 2.21 (1.87 – 2.61)† 2.08 (1.72 – 2.52)†

Physical activity levels

Low 1.0 1.0 1.0 1.0

Moderate 1.06 (0.88 – 1.28) 1.09 (0.90 – 1.31) 0.91 (0.77 – 1.07) 1.03 (0.87 – 1.22)

High 1.07 (0.90 – 1.29) 1.00 (0.82 – 1.21) 0.99 (0.84 – 1.16) 1.03 (0.87 – 1.21)

Being on lipid-lowering therapy 0.78 (0.66 – 0.91)† 0.60 (0.50 – 0.71)† - -

Framingham risk group (10-year CHD risk)

Low-risk (<10%) 1.0 1.0 1.0 1.0

Intermediate risk (10% to 20%) 1.40 (1.16 – 1.70)† 1.51 (1.23 – 1.84)† 2.88 (2.46 – 3.37)† 2.58 (2.20 – 3.03)†

High-risk (>20%) 2.07 (1.69 – 2.54)† 2.28 (1.84 – 2.82)† 4.63 (3.81 – 5.62) † 3.94 (3.22 – 4.82)†

*P <0.05, †P <0.005 
‡Adjusted for all variables listed in the table.
PRR: Proportion rate ratio; CI: confi dence intervals; BMI: body mass index



384

Annals Academy of Medicine

 Prevalence and Predictors of Hypercholesterolaemia—Chin Meng Khoo et al

The median dose for commonly prescribed statins such 
as lovastatin, simvastatin and atorvastatin was 20.9 mg, 
15.2 mg and 11.0 mg respectively. A Kruskal-Wallis test 
revealed no statistical difference in the median statin dose 
across the 4 CHD risk categories. 

  
Discussion

Most studies in Asia have used a standard cut-off (e.g. total 
cholesterol 5.2 mmol/L) to defi ne hypercholesterolaemia 
in all individuals. This is one of the few reports of the 
prevalence, treatment and control of hypercholesterolaemia 
in Asia that has taken into account the individual’s CHD 
risk profi le. This is important as both standard practice 
and evidence-based recommendations are supposed to be 
based on individual’s risk of CHD to determine the levels 
of LDL-C for treatment initiation and goal. Thus, our study 
provides a better indication of the treatment gap that exists 
with respect to LLT for the prevention of CHD. To date, 
this has been reported only in China and in the REALITY-
Asia study.14,22 

Our study showed that a signifi cant proportion of the 
population has high risk of CHD as assessed by the 
Framingham risk score and the NCEP-ATPIII CHD risk 
determinants. The prevalence of hypercholesterolaemia in 
this study population approximates 50% based on the NCEP-
ATPIII risk determinants, with the proportion of those who 
were previously unaware of hypercholesterolaemia reaching 
20%. Despite the wealth of evidence that LLT reduces CHD 
morbidity and mortality, only 39.6% of participants in the 
high-risk category reported taking LLT. In this category, 
even amongst those receiving LLT, less than half met the 
group-specifi c LDL-C treatment goals. In the lower risk 
categories, the proportion of individuals who were not on 
LLT, who nevertheless require it is relatively small. This 

is in agreement with fi ndings from other investigators and 
likely refl ects the higher threshold for treatment initiation 
and higher LDL-C goals in the lower risk categories.14,23,24 

But among those in the higher CHD risk categories, about 
50% of those receiving LLT failed to attain LDL-C goals, 
and among those unaware of hypercholesterolemia, about 
50% would require LLT initiation.

When considering predictors of LDL-C above goal, 
we observed that individuals who were aware of 
hypercholesterolaemia shared similar predictors as for 
those who were not aware of hypercholesterolaemia. 
Compared to Chinese, Malays and Asian-Indians had 
higher probabilities of having LDL-C above goal, despite 
being aware of hypercholesterolaemia. This fi nding might 
help to explain the observation from a previous study that 
showed Asian-Indians and Malays have poorer outcomes 
from myocardial infarction compared to Chinese.25 Racial 
differences in the goal attainment and statin use was also 
reported among adults in United States (US) where non-
Hispanic blacks and Mexican-American have higher rates 
of high LDL-C compared with non-Hispanic whites.26 In 
addition, the fi nding of higher risk of LDL-C above goal in 
individuals with higher risk of CHD indicates suboptimal 
control which might be due to poor treatment vigilance 
as demonstrated by a similar median dose of commonly 
prescribed statins across all 4 CHD risk categories. In 
the REALITY-Asia study, there was very little change in 
the therapeutic approach over the 12-month study period 
despite LDL-C targets not being met.14 Tay JC et al showed 
that in 523 patients with hypercholesterolaemia treated at 
the specialist out-patient clinics, majority did not achieve 
the recommended LDL-C goal; and this could be due to 
inappropriate use of type and dose of LLT, failure of titration 
and a high drug non-compliance rate.27 The fi nding of higher 

Table 5. Median (Range) Dose of Statins in Participants Aware of Hypercholesterolaemia by NCEP-ATPIII CHD-Risk Categories

0 to 1 Risk Factor
(n = 91)

2 Risk Factors
(Framingham 10-year 

Risk <10%)
(n = 171)

2 Risk Factors
(Framingham 10-year 

Risk 10-20%)
(n = 56)

2 Risk Factors
(Framingham 10-year 
Risk >20%) or CHD 

Equivalent
(n = 196)

P*

Atorvastatin, mg 11.2 (5 – 20) 9.3 (2.5 – 20) 10.0 (5 – 15) 11.4 (10 – 20) 0.211

Lovastatin, mg 18.6 (10 – 40) 23.9 (10 – 60) 19.6 (10 – 40) 20.5 (5 – 60) 0.219

Simvastatin, mg 12.7 (5 – 20) 14.1 (2.5 – 80) 15.0 (5 – 40) 17.1 (5 – 60) 0.145

Pravastatin, mg 10.02 20.02 - 10.02 -

Rosuvastatin , mg 7.5 (5 – 20) - - 10.0 (10) -

Vytorin†, mg - - 10/10‡ 10/102 -

*Difference in the median statin dose across the risk categories using the Kruskal-Wallis one-way analysis of variance.
†Dose for Vytorin = simvastatin 10 mg and ezetimibe 10 mg
‡The range is not given as there is only one participant in the risk category group for that particular statin.
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LDL-C goal attainment among those being on LLT further 
advocates the importance of appropriate use of LLT in the 
effort to improve LDL-C control in the population.28    

Our study suggests that there are several potential 
socioeconomic and lifestyle factors that might infl uence 
LDL-C goal attainment. Among lifestyle factors, increasing 
BMI was an independent predictor of poorer LDL-C goal 
attainment. These associations have been shown with poorer 
blood pressure control in the Framingham Heart Study.29 
Obesity has a strong effect on lipoprotein metabolism 
and increased weight is a determinant of higher levels of 
triglycerides, elevated LDL-C, and low HDL-C.30 Current 
smoking remained a strong predictor of LDL-C above goal 
after multivariate adjustment. In other studies, smoking is 
associated with higher LDL-C levels, more atherogenic 
lipoproteins and greater burden of atherosclerotic lesions.31-33 
In the Atherosclerosis Risk in Communities (ARIC) Study, 
smoking has been shown to increase the risk between LDL-C 
levels and CHD incidence.34 Higher education status was 
associated with better LDL-C goal attainment. The reason 
for this observation is not clear, although intuitively it may 
be related to higher income levels, being better informed and 
having better access to healthy choice of diet. In support, 
the prevalence of obesity, diabetes, hypertension and heart 
disease are higher in individuals with lower education 
compared to their counterpart.35 Although moderate alcohol 
intake is associated with more favourable lipids profi les, 
this factor was no longer a  signifi cant predictor of LDL-C 
goal after multivariate adjustment.36 While physical activity 
was not a signifi cant predictor of LDL-C goal attainment 
in this study, physical activity in combination with LLT 
reduces infl ammatory mediators of atherosclerosis more 
markedly than LLT alone.37 The association between marital 
status with higher risk of LDL-C above goal among those 
unaware of hypercholesterolemia is currently not clear. 
High-satisfying marriages have lower atherosclerotic 
burden than that of low-satisfying marriage or being single 
in the Healthy Women Study.38 In the Trabzon Lipid Study, 
being widows or widowers was a signifi cant independent 
predictor of dyslipidaemia.39 

Our study also identified a substantial proportion 
of individuals with an absolute CHD risk which was 
intermediate and would qualify for TLC. TLC includes a 
reduction in the intake of saturated fats and cholesterol, 
weight reduction and increased physical activity. TLC/
Step 2 diet (7% saturated,10% monosaturated, 10% 
polyunsaturated and 75 mg cholesterol per 1000 kcal) and 
Mediterranean diet have been shown to lower LDL-C levels 
up to 30%.13 Ueshima and co-workers reported that total 
cholesterol in Singapore is the highest among the selected 
Asian populations and attribute high total fat intake and 
higher prevalence of obesity to this observation.1 Adopting 

diets that are low in saturated fat and cholesterol would lower 
LDL-C by an estimate of 11% to 15%.40 A meta-analysis 
by Dattilo et al further showed that for every 1-kg decrease 
in body weight, the LDL-C level would decrease by 0.02 
mmol/L.41 This underscores the integral role of TLC in the 
overall CHD risk factors management.  

Our study has some limitations. Our overall response 
rate was low (49%) and might limit its generalisation to 
this population. However, the lower prevalence of history 
of hypertension and diabetes mellitus in participants who 
attended all components of the study compared to those 
who only completed questionnaire suggests that this is a 
relatively healthier population. Thus our fi ndings may have 
underestimated the prevalence of hypercholesterolaemia 
of the general population. The within person variation 
for calculated LDL-C levels can be as high as 8%.42 Thus 
our single measurement of fasting cholesterol may have 
resulted in some misclassifi cation on individuals’ risk of 
CHD and subsequent treatment recommendation. However, 
single measurements are an acceptable alternative in large 
population-based studies and the misclassifi cation is likely 
to be non-differential in nature.43 We are not able to identify 
changes in therapy in the attempt to achieve treatment 
goals due to the cross-sectional design of this study, thus 
precluding us from investigating whether lack of adherence 
to statin therapy might have contributed to poor control. 
We also have not assessed the dietary infl uences on LDL-C 
goal attainment. 

Conclusion
In summary, there is a high burden of hypercholesterolaemia 

in this population despite established evidence-based 
guidelines and treatment. There is a large treatment gap 
and inadequate control despite on LLT. Lack of awareness, 
lack of LLT and inadequate statins dose titration may 
contribute to this treatment gap. The scope of this problem 
is particularly marked among Malays and Asian-Indians. 
Among socioeconomic factors, increasing age and BMI are 
independent predictors of poorer LDL-C goal attainment, 
whereas higher education status is an independent predictor 
of LDL-C goal attainment. Among those unaware of 
hypercholesterolaemia, smoking increases the risk of 
LDL-C above goals. A strategy that improves knowledge 
about the use and adherence to the national guidelines 
among practitioners and patients, weight reduction and 
cessation of smoking would help to mitigate the burden of 
hypercholesterolaemia and the rising incidence of CHD in 
Asian population. 
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