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A B S T R A C T   

Background: Adults with severely elevated low-density lipoprotein cholesterol (LDL-c) may have familial 
hypercholesterolaemia (FH) and are at high risk of atherosclerotic cardiovascular disease (ASCVD). The preva
lence of elevated LDL-c in primary care clinics in Malaysia is not known. Therefore, this study aimed to deter
mine the prevalence and distributions of severely elevated LDL-c among adult patients attending public primary 
care clinics in Malaysia. 
Methods: A cross-sectional study was conducted at 11 public primary care clinics in the central states of Malaysia, 
among adults ≥18 years old with LDL-c recorded in the electronic medical record. Sociodemographic and LDL-c 
data from 2018 to 2020 were extracted. Severely elevated LDL-c was defined as ≥4 mmol/L, which were further 
classified into: 4.0–4.9, 5.0–5.9, 6.0–6.9 and ≥ 7 mmol/L. 
Results: Out of 139,702 patients, 44,374 (31.8 %) had severely elevated LDL-c of ≥4 mmol/L of which the 
majority were females (56.7 %). The mean (±SD) age of patients with severely elevated LDL-c was younger at 
56.3 (±13.2) years compared to those with LDL-c of <4.0 mmol/L at 59.3 (±14.5) years. In terms of LDL-c levels, 
30,751 (69.3 %), 10,412 (23.5 %), 2,499 (5.6 %) and 712 (1.6 %) were in the 4.0–4.9, 5.0–5.9, 6.0–6.9 and ≥ 7 
mmol/L categories, respectively. 
Conclusion: The prevalence of severely elevated LDL-c of ≥4.0 mmol/L among adult patients in public primary 
care clinics was high. These patients need to be further investigated for secondary and inherited causes such as 
FH. Therapeutic lifestyle modification and pharmacological management are pivotal to prevent ASCVD in these 
patients.   
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1. Introduction 

Atherosclerotic cardiovascular disease (ASCVD) namely coronary 
artery disease and ischaemic cerebrovascular disease are the leading 
causes of morbidity and mortality globally,1 including in Malaysia.2 

Various risk factors have been associated with an increased risk of car
diovascular events.1 Among these risk factors, elevated small dense 
low-density lipoprotein (LDL) has consistently been shown to cause 
ASCVD.3–5 Elevated small dense LDL particles efficiently enter the 
arterial intima causing intimal retention leading to the progressive 
development of atherosclerotic plaque and subsequently causing 
ASCVD.6 The increased atherogenic potential of small dense LDL is 
thought to be due to the greater propensity for transport into the sub
endothelial space, increased binding to arterial proteoglycans and sus
ceptibility to oxidative modification.6 In clinical practice, the plasma’s 
small dense LDL level is not directly measured. Instead, it is estimated 
from the total amount of cholesterol contained in the LDL particles i.e., 
LDL cholesterol (LDL-c). Therefore, the calculated plasma LDL-c has 
become the focus for assessing the risk of ASCVD.3,6 

Globally, 4.4 million people have died from elevated LDL-c in 2019 
with ASCVD being the major cause of death.4 Coronary artery disease 
and ischaemic cerebrovascular disease accounted for 86.1 % and 13.9 % 
of deaths attributed to elevated LDL-c, respectively.4 In the Asia-Pacific 
regions, the prevalence of elevated LDL-c ranged from 7.8 % to 47.2 %.7 

A more recent study showed that the prevalence of elevated LDL-c in 
Australia, Indonesia and the Philippines were 33.2 %, 41.9 % and 47.5 
%, respectively.8 In Malaysia, the prevalence of elevated LDL-c among 
adults was 56.7 %,9 which was among the highest in the Asia-Pacific 
region. A combination of high-fat and high-carbohydrate diet in the 
Malaysian population has been associated with higher plasma levels of 
small dense LDL particles.10 High fat and high carbohydrate diet com
bination is also thought to play a significant role in modulating small 
dense LDL and subsequently the overall ASCVD risk in the Malaysian 
population.10 

In Malaysia, a majority of individuals with dyslipidaemia are being 
managed in the primary care setting,11 however, the prevalence and 
sociodemographic distribution are not known. Therefore, this study 

aimed to determine the prevalence and distribution of elevated LDL-c 
according to age, gender and clinic location among patients attending 
public primary care clinics in Malaysia. 

2. Methods 

2.1. Study design and population 

This was a cross-sectional study conducted at 11 Ministry of Health 
(MOH) public primary care clinics in Selangor, Kuala Lumpur and 
Putrajaya from September 2020 to May 2021. The sampling frame was 
adult patients aged ≥18 years old with LDL-c results recorded in the 
electronic medical record (EMR). This study provided the baseline EMR 
data for a larger study to detect Familial Hypercholesterolaemia (FH) in 
the Malaysian population.12 

2.2. Study setting and site selection 

The public primary care clinics must be equipped with an EMR 
system, have minimum attendance of 500 patients per day, and were led 
by a family medicine specialist (FMS) in order to be eligible for selection. 
Overall, there were 21 MOH primary care clinics in Selangor, Kuala 
Lumpur and Putrajaya which were equipped with EMR. The FMS lead
ing these 21 clinics were invited for a briefing to introduce the study. Of 
the 21 clinics, 11 clinics were interested to participate and were there
fore included in the study. Of the 11 clinics, six were located in Selangor 
and the remaining five were located in Kuala Lumpur and Putrajaya. 
Fig. 1 shows the location of the study sites. 

The demographic description of the 11 study sites is presented in 
Table 1. All of the clinics were located in either the urban or sub-urban 
areas and were serving a population ranging from approximately 78,000 
to 500,000. The majority of the treated households were from the low to 
middle-income groups. 

2.3. Inclusion/exclusion criteria and data collection procedure 

Sociodemographic data including gender, age at the time of 

Fig. 1. The locations of study sites for prevalence and distributions of severely elevated LDL-c among adult patients.  
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cholesterol measurement, and LDL-c records from 2018 to 2020 were 
extracted from the EMR. The inclusion criteria were Malaysian citizens 
aged 18 years or older and who had an LDL-c level of 4.0 mmol/L or 
more recorded in their EMR. When multiple cholesterol measurements 
were recorded in the EMR for a patient, the highest LDL-c level recorded 
was selected to be used in this study. 

2.4. Definition of variables 

In this study, severely elevated LDL-c was defined as ≥4 mmol/L. 
This LDL-c cut-off value was defined lower than the guidelines’ recom
mendation for patients with severe primary hypercholesterolaemia 
(≥4.9 mmol/L)13 as the majority of patients in this study were believed 
to be on statin therapy. Subsequently, the severely elevated LDL-c levels 
were further classified into four categories: ≥7.0 mmol/L; 6.0–6.9 
mmol/L; 5.0–5.9 mmol/L and 4.0–4.9 mmol/L. 

2.5. Statistical analysis 

Continuous variables were summarised as mean with standard de
viation (±SD) or median with interquartile range (IQR); nominal vari
ables were presented as counts with valid percentages. Normal 
distribution was graphically assessed by histograms. The independent T- 
test and one-way ANOVA were used for comparison of continuous 

variables and Chi-squared test was used for the comparison of categor
ical variables. All statistical analyses were performed using SPSS version 
28. An α level of 0.05 was used for all analyses and all tests were two- 
tailed. A P value of <0.05 was considered significant. 

3. Results 

3.1. Characteristics of the study population 

A total of 139,702 patients’ data were extracted from the EMR and 
included in the analysis. Table 2 shows the sociodemographic and 
clinical characteristics of the study population. Out of 139,702 patients, 
44,374 (31.8 %) had severely elevated LDL-c of ≥4 mmol/L. The mean 
(±SD) age of patients with severely elevated LDL-c was significantly 
lower at 56.3 (±13.2) years compared to those with LDL-c of <4.0 
mmol/L at 59.3 (±14.5) years, P value < 0.001. The proportions of 
patients with severely elevated LDL-c were significantly higher in the 
younger age groups of 18–60 years old (59.8 %) compared to those with 
LDL-c of <4.0 mmol/L (48.3 %), P value < 0.001. The proportion of 
female patients with severely elevated LDL-c was significantly higher 
(56.7 %) compared to those with LDL-c <4 mmol/L (53.4 %), P value <
0.001. The proportion of patients from sub-urban areas with severely 
elevated LDL-c (40.4 %) was significantly higher compared to those with 
LDL-c <4 mmol/L (34.8 %), P value < 0.001. 

The mean (±SD) LDL-c level among the study population was 3.51 
(±1.1) mmol/L as shown in Fig. 2. The mean (±SD) LDL-c among female 
and male participants were 3.56 (±1.1) mmol/L and 3.44 (±1.1) mmol/ 
L, respectively. 

Fig. 3 shows the distributions of LDL-c levels among the study pop
ulation. Among those with severely elevated LDL-c, the majority of in
dividuals were in the LDL-c category of 4.0–4.9 mmol/L (69.3 %), while 
1.6 % were in the LDL-c category of ≥7.0 mmol/L. 

Table 3 shows the socio-demographic distribution of individuals 
with severely elevated LDL-c according to the LDL-c categories. With 

Table 1 
Demographic descriptions of the study sites, n = 139,702.  

No. Clinic name Area Total number of 
populations 
served 

Description of population 
served 

1 Precinct 18, 
Putrajaya 

Sub- 
Urban 

91, 900  • Middle to high income.  
• Majority are civil 

servants. 
2 Section 7, 

Shah Alam 
Urban 511, 153  • Low to middle income.  

• Majority are working 
in the private sector. 

3 Sungai Buloh Sub- 
Urban 

466,163  • Low to middle income.  
• Majority are 

unemployed and self- 
employed. 

4 Jinjang Urban 132,272  • Low to middle income.  
• Majority are self- 

employed and 
unemployed. 

5 Pandamaran Urban 150,000  • Low to middle income.  
• A mixture of private 

sector workers and 
civil servants. 

6 Kelana Jaya Sub- 
Urban 

180,000  • Low to middle income.  
• A mixture of private 

sector workers and 
civil servants 

7 Taman Ehsan Sub- 
Urban 

78,693  • Low to middle income.  
• A mixture of private 

sector workers and 
civil servants 

8 Selayang Baru Urban 212,164  • Low to middle income.  
• A mixture of private 

sector workers and 
civil servants. 

9 Tanglin Urban 400,000  • Low to middle income.  
• A mixture of private 

sector workers and 
civil servants. 

10 Kuala Lumpur Urban 105,000  • Middle income.  
• A mixture of private 

sector workers and 
civil servants. 

11 Batu Muda Sub- 
Urban 

180,000  • Low to middle income.  
• A mixture of private 

sector workers and 
civil servants.  

Table 2 
Sociodemographic characteristics of the study population for prevalence and 
distributions of severely elevated LDL-c among adult patients, n = 139,702.  

Variables Total LDL-c 
<4 mmol/L 

LDL-c 
≥4 mmol/L 

P value 

n (%) 139,702 (100 
%) 

95,328 
(68.2 %) 

44,374 
(31.8 %)  

Age (year), mean 
(±SD) 

58.4 (±14.2) 59.3 (±14.5) 56.3 (±13.2) <0.001a,c 

Age (year), n (%) 
18-30 4,730 (3.4 %) 3,472 (3.7 

%) 
1,258 (2.8 
%) 

<0.001b,c 

31-40 13,307 (9.5 
%) 

8,419 (8.8 
%) 

4,888 (11.0 
%) 

41-50 20,637 (14.8 
%) 

12,866 
(13.5 %) 

7,771 (17.5 
%) 

51-60 33,930 (24.3 
%) 

21,294 
(22.3 %) 

12,636 
(28.5 %) 

>60 67,098 (48.0 
%) 

49,277 
(51.7 %) 

17,821 
(40.2 %) 

Gender, n (%) 
Male 63,672 (45.6 

%) 
44,449 
(46.6 %) 

19,223 
(43.3 %) 

<0.001b,c 

Female 76,026 (54.4 
%) 

50,876 
(53.4 %) 

25,150 
(56.7 %) 

Clinic location, n (%) 
Urban 88,641 (63.5 

%) 
62,177 
(65.2 %) 

26,464 
(59.6 %) 

<0.001b,c 

Sub-Urban 51,061 (36.5 
%) 

33,151 
(34.8 %) 

17,910 
(40.4 %) 

LDL-c: Low-density lipoprotein cholesterol. 
SD: Standard deviation. 

a Independent T-test. 
b Chi-squared test. 
c Statistically significant. 
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regards to age distribution, those in the age groups of 41–50 and 51–60 
had significantly higher proportions of individuals with LDL-c ≥7.0 
mmol/L (18.8 % and 31.7 %, respectively) compared to the other LDL-c 
categories. The proportions of female participants were significantly 
higher in all the LDL-c categories compared to males. Among females, 
the highest proportion (63.1 %) was found in the LDL-c category of ≥7.0 
mmol/L. Regarding the clinic location, those in the urban areas had 
significantly higher individuals with severely elevated LDL-c in all the 
categories compared to clinics that were located in the sub-urban areas. 

4. Discussion 

This was the first study which describes the prevalence and distri
bution of LDL-c levels among individuals attending public primary care 
clinics in Malaysia. Out of 139,702 patients, 44,374 (31.8 %) had 
severely elevated LDL-c of ≥4 mmol/L. Direct comparison with other 
studies are difficult as different thresholds were used to define elevated 
LDL-c. The prevalence was higher at 56.7 %9 in the REDISCOVER study 

involving 11,288 Malaysian adults in the community, however they had 
used a lower threshold for elevated LDL-c (>3.4 mmol/L). Similarly, the 
prevalence of elevated LDL-c was also higher in the Philippines (47.2 %, 
LDL-c cut-off ≥4.1 mmol/L)14 and Australia (33.2 %, LDL-c cut-off ≥3.5 
mmol/L).15 In contrast, the prevalence of elevated LDL-c (≥4.1 mmol/L) 
in several other Asian countries were lower i.e., Korea (19.2 %),16 China 
(17.9 %),17 Singapore (15.2 %),18 and Thailand (26.9 %).19 The UK 
longitudinal retrospective study using a primary care dataset from 2009 
to 2019 reported that the prevalence of severely elevated LDL-c (≥4.3 
mmol/L) was 23.5 %.20 The lower elevated LDL-c prevalence in these 
countries may be explained by a lower saturated fat intake by their 
populations.21 

In our study, the mean (±SD) age of individuals with severely 
elevated LDL-c was 56.3 (±13.2) years. This is similar to the mean age of 
those with severely elevated LDL-c in the UK (58 years, LDL-c cut-off 
≥4.3 mmol/L).20 In terms of age group, our study shows that the 
prevalence of severely elevated LDL-c was found to be the highest in 
those aged >50 years (68.7 %). This is comparable to the REDISCOVER 

Fig. 2. The mean LDL-c distributions of the overall study population and according to gender.  

Fig. 3. Distribution of LDL-c levels among the study population.  
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study which showed that the prevalence of elevated LDL-c among 
Malaysian adults was the highest in those aged >50 years (60.4 %).9 

Similarly, the prevalence of elevated LDL-c also appeared to be the 
highest in the age bracket between 50 and 69 years in Korea (62.3 %)16 

and Singapore (42.3 %).18 In Australia, the prevalence of elevated LDL-c 
was also the highest (45.7 %) in the age group of 55–64 years.15 

Our study also shows that approximately one-third of the patients 
aged ≤50 years had severely elevated LDL-c in all of the categories i.e., 
≥7 mmol/L (31.3 %), 6–6.9 mmol/L (28.5 %), 5–5.9 mmol/L (31.6 %), 
and 4–4.9 mmol/L (31.5 %). While this could be explained by a high 
saturated fat intake in the Malaysian population in general, genetic 
causes of elevated LDL-c must be excluded in these younger age groups. 
One of the commonest genetic causes of severely elevated LDL-c is FH 
which is predominantly caused by mutations in the low-density lipo
protein receptor (LDLR), apolipoprotein B (APOB), and/or proprotein 
convertase subtilisin/kexin type 9 (PCSK9) genes.22 In Malaysia, the 
prevalence of clinically diagnosed FH was 1 in 100,23 while the preva
lence of genetically confirmed FH was 1 in 427.24 A majority of these 
cases were previously undiagnosed resulting in a lost opportunity to 
prevent premature ASCVD.25 Therefore, FH must be excluded in those 
presenting with elevated LDL-c, especially at higher levels. Identifying 
FH in the younger population is a particular priority, to prevent devel
opment of premature atherosclerosis. 

With regards to gender distribution, our study shows that the pro
portion of female patients (56.7 %) with severely elevated LDL-c was 
higher than males, and their mean (±SD) LDL-c was also higher at 3.56 
(±1.1) mmol/L, compared to males at 3.44 (±1.1) mmol/L. Several 
other studies have also shown that women have higher LDL-c levels than 
men. The REDISCOVER study showed that the prevalence of elevated 
LDL-c among Malaysian women was 56.1 %.9 In Australia, the preva
lence of elevated LDL-c (>3.5 mmol/L) was also higher in women (40.4 
%) versus men (36.5 %).26 In Iran, the prevalence of elevated LDL-c 
(≥3.4 mmol/L) was also higher among women (46 %) compared to 
men (41 %).27 This is likely due to a combination of factors, including 
differences in body fat distribution due to oestrogen hormone or women 
being more physically inactive than men which can contribute towards a 
higher LDL-c level.28 

Regarding clinic location, this study showed that a higher proportion 
of patients (59.6 %) with severely elevated LDL-c were from clinics 
located in urban areas. These findings are consistent with previous 
studies. In the REDISCOVER study, the prevalence of elevated LDL-c was 
also higher among urban(61.2 %) compared to rural participants (52.2 
%).9 In Poland, the prevalence of elevated LDL-c was also higher in the 

urban areas (51.2 %) than in the rural areas (48.8 %).29 The reasons for 
the higher prevalence of elevated LDL-c among urban participants are 
not fully understood. However, this could be explained by a number of 
factors, including increased consumption of processed and fast food 
which is high in saturated and trans fats.21 Urban participants may also 
be less physically active and may have an increased stress level 
contributing to the higher prevalence of elevated LDL-c.29 

4.1. Strengths and limitations 

The strength of this study includes the large sample size which 
strengthened the external validity of the findings. However, this study 
has several limitations. The data was extracted from routine health re
cords rather than a prospective cohort data collection, therefore some of 
the socio-demographic variables were missing. Data on lipid-lowering 
medications (LLM) were not extracted from the EMR in this baseline 
study. Therefore, the analysis was not adjusted for this variable. Our 
study used ≥4.0 mmol/L as the cut-off point for severely elevated LDL-c 
and this may limit comparison with other studies. 

4.2. Implications for further research and clinical practice 

The high prevalence of elevated LDL-c especially among the younger 
age groups in this study population has important implications for 
further research and clinical practice. Further research needs to include 
the prevalence of LLM use in the younger age groups, which may be 
lower compared to those aged above 60 years old. In terms of clinical 
practice, primary care physicians need to be aware that individuals with 
elevated LDL-c have a high risk of ASCVD. Therefore, in the Malaysian 
population, patients aged ≥30 years should be screened for ASCVD risk 
factors which include elevated LDL-c.30 Patients with severely elevated 
LDL-c should be treated with lifestyle interventions, such as low-fat diet 
and exercise, and started early on LLM. Additionally, FH must also be 
excluded in those presenting with severely elevated LDL-c, especially in 
the younger age groups as this condition requires intensive 
lipid-lowering treatment from lipid specialists.23 Public health cam
paigns should be launched to raise awareness and educate the general 
public regarding the importance of screening, detection and treatment 
of hypercholesterolaemia, in particular elevated LDL-c, to prevent 
ASCVD. 

Table 3 
Socio-demographic distributions of individuals with severely elevated LDL-c according to the LDL-c categories, n = 44,374.  

Variables Total LDL-c 
4.0–4.9 mmol/L 

LDL-c 
5.0–5.9 mmol/L 

LDL-c 
6.0–6.9 mmol/L 

LDL-c 
≥7.0 mmol/L 

P value 

n (%) 44,374 (100 %) 30,751 (69.3 %) 10,412 (23.5 %) 2,499 (5.6 %) 712 (1.6 %)  
Age (year), mean (±SD) 56.3 (±13.2) 56.4 (±13.4) 56.0 (±12.9) 56.6 (±12.4) 55.8(±12.3) 0.036a,c 

Age (year), n (%) 
18-30 1,258 (2.8 %) 916 (3.0 %) 266 (2.6 %) 59 (2.4 %) 17 (2.4 %) <0.001b,c 

31-40 4,888 (11.0 %) 3,396 (11.0 %) 1,173 (11.3 %) 247 (9.9 %) 72 (10.1 %) 
41-50 7,771 (17.5 %) 5,389 (17.5 %) 1,843 (17.7 %) 405 (16.2 %) 134 (18.8 %) 
51-60 12,636 (28.5 %) 8,513 (27.7 %) 3,107 (29.8 %) 790 (31.6 %) 226 (31.7 %) 
>60 17,821 (40.2 %) 12,537 (40.8 %) 4,023 (38.6 %) 998 (39.9 %) 263 (36.9 %) 

Gender, n (%) 
Male 19,223 (43.3 %) 13,599 (44.2 %) 4,340 (41.7 %) 1,022 (40.9 %) 262 (36.8 %) <0.001b,c 

Female 25,150 (56.7 %) 17,152 (55.8 %) 6,072 (58.3 %) 1,477 (59.1 %) 449 (63.1 %) 
Clinic location, n (%) 

Urban 26,464 (59.6 %) 18,846 (61.3 %) 5,855 (56.2 %) 1,361 (54.5 %) 402 (56.5 %) <0.001b,c 

Sub-Urban 17,910 (40.4 %) 11,905 (38.7 %) 4,557 (43.8 %) 1,138 (45.5 %) 310 (43.5 %) 

LDL-c: Low-density lipoprotein cholesterol. 
SD: Standard Deviation. 

a One way ANOVA test. Post-hoc comparison using the Tukey HSD test indicated no significant difference in mean age between LDL-c categories. 
b Chi-squared test. 
c Statistically significant. 
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5. Conclusion 

This study found that the prevalence of severely elevated LDL-c 
among individuals attending public primary care clinics in Malaysia is 
worryingly high. More importantly, one-third of the patients aged ≤50 
years already had severely elevated LDL-c. These patients have a high 
ASCVD risk if they are not treated with lifestyle interventions and lipid- 
lowering therapy. Patients who attend public primary care clinics have 
to be regularly screened for hypercholesterolaemia from the age of 30 
years old, while patients with confirmed FH should be referred to lipid 
specialists for specialised treatment. 
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