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Abstract 

Background: Lipid‑lowering medications (LLM) are commonly used for secondary prevention, as well as for primary 
prevention among patients with high global cardiovascular risk and with diabetes. This study aimed to determine the 
prevalence of LLM use among high‑risk individuals [participants with diabetes, high Framingham general cardiovas‑
cular (FRS‑CVD) score, existing cardiovascular disease (CVD)] and the factors associated with it.

Methods: This is a cross‑sectional analysis from the baseline recruitment (years 2007 to 2011) of an ongoing prospec‑
tive study involving 11,288 participants from 40 rural and urban communities in Malaysia. Multiple logistic regression 
was used to identify characteristics associated with LLM use.

Results: Majority (74.2%) of participants with CVD were not on LLM. Only 10.5% of participants with high FRS‑CVD 
score, and 17.1% with diabetes were on LLM. Participants who were obese (OR = 1.80, 95% CI: 1.15–2.83), have dia‑
betes (OR = 2.38, 95% CI: 1.78–3.19), have hypertension (OR = 2.87, 95% CI: 2.09–3.95), and attained tertiary educa‑
tion (OR = 2.25, 95% CI: 1.06–4.78) were more likely to be on LLM. Rural residents had lower odds of being on LLM 
(OR = 0.58, 95% CI: 0.41–0.82). In the primary prevention group, participants with high FRS‑CVD score (OR = 3.81, 95% 
CI: 2.78–5.23) and high‑income earners (OR = 1.54, 95% CI: 1.06–2.24) had higher odds of being on LLM.

Conclusions: LLM use among high CVD‑risk individuals in the primary prevention group, and also among individu‑
als with existing CVD was low. While CVD risk factors and global cardiovascular risk score were positively associated 
with LLM use, sociodemographic disparities were observed among the less‑educated, rural residents and low‑income 
earners. Measures are needed to ensure optimal and equitable use of LLM.
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Background
Cardiovascular diseases (CVD) remain the leading cause 
of death, accounting for 32% of all deaths worldwide [1]. 
One of the risk factors for CVD is dyslipidaemia, which 
is highly prevalent among Malaysians, where 64% and 
56.7% of Malaysian adults had elevated total cholesterol 
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and low-density lipoprotein cholesterol (LDL-c), respec-
tively [2]. Lipid-lowering medications (LLM), combined 
with therapeutic lifestyle changes are the cornerstone 
of dyslipidaemia management. Local and international 
guidelines recommend the use of LLM, specifically 
statins for secondary prevention, as well as for primary 
prevention among those with high risk to develop CVD 
[3–6]. All these guidelines consistently recommend strat-
ifying patient’s CVD risk to guide LLM use, and to deter-
mine individual patient’s treatment target [3–6]. Among 
various risk-stratifying tools, the Framingham general 
cardiovascular (FRS-CVD) score is widely used, and has 
been validated among the multi-ethnic Malaysian popu-
lation [7, 8]. Various literature advocates the use of LLM 
for patients with high CVD risk [3–6]. For Malaysians, 
high-risk individuals include those who have more than 
20% of 10-year CVD risk calculated using the FRS-CVD 
score, those with diabetes or existing CVD [3, 4].

Despite recommendations from guidelines for pre-
scription of LLM in these high-risk populations, its use in 
high-income and developed countries, as well as in devel-
oping countries varied [9–11]. Yusuf et al. reported that 
66.5% of patients from the high-income countries, and 
only 3.3% from the low-income countries used statins, 
respectively [9]. Several clinical factors, such as diabetes 
and obesity had been identified as predictors for LLM use 
[12]. Inversely, several sociodemographic characteristics, 
such as ethnicity and the availability of health insurance 
had been found to be negatively associated with the use 
of LLM [13, 14]. In Malaysia, the prevalence of LLM use 
among individuals with hypercholesterolemia was pre-
viously reported [15], however its use among high CVD 
risk population has yet to be explored. Thus, the aim of 
this study was to determine the prevalence of LLM use 
for primary and secondary prevention of CVD among 
Malaysian adults, and the factors associated with it.

Methods
Study design and population
The REDISCOVER (Responding to Increasing Cardio-
vascular Disease Prevalence) is an ongoing epidemiologi-
cal prospective study with the duration of 15 years. The 
data was collected every 3 years, with the baseline collec-
tions from 2007 to 2011. This article presents the cross-
sectional analysis of the primary data of RESDISCOVER 
study, which included sample of 11,288 respondents, 
aged 30 years and older from the baseline recruitments.

The REDISCOVER study involves 22 rural and 18 
urban communities from five states across West and East 
Malaysia. The states representing West Malaysia were 
Selangor, Negri Sembilan, Pahang and Kelantan, while 
Sabah represented East Malaysia. These states were cho-
sen to ensure adequate representation of the major ethnic 

groups in Malaysia. Major ethnic groups in West Malay-
sia, also known as Peninsular Malaysia are Malays, Indi-
ans and Chinese. Three states of West Malaysia (Selangor, 
Negri Sembilan and Pahang) have an adequate mixture of 
Malays, Chinese and Indians, while Kelantan population 
is predominantly Malay.

The major ethnic groups in Sabah (East Malaysia) 
were Kadazan-Dusun, Bajau, and Murut. These groups, 
along with other ethnic minorities in Sabah, are known 
as indigenous people. The sampling frame for this 
study were Malaysians aged 30 and above from the 40 
communities.

Subject recruitment
The participants were recruited in a standardized four-
staged process; selecting the states, then communities, 
followed by the households within the communities, 
and then the individuals within the households. In each 
selected state and community, announcements and invi-
tations were made through local community leaders. All 
household members aged 30 years and older received 
written invitations to attend screening sessions at local 
community centres. They were requested to fast for 8 
hours in preparation for fasting blood sampling. The par-
ticipants were screened for eligibility at the community 
centres, and written informed consent was obtained.

Study procedure
All investigators and interviewers were trained on the 
study procedures. Researchers utilised standardised data 
collection forms that included demographic character-
istics such as age, gender and educational attainment, 
as well as clinical details such as smoking status, history 
of diabetes mellitus, hypertension, CVD, and the use of 
LLM.

For anthropometric measurements, waist and hip cir-
cumferences were measured using a non-stretchable 
measuring tape while the participants stood in a relaxed 
position, with arms on the side. The measurements were 
recorded to the nearest 0.1 cm. Automatic digital blood 
pressure (BP) monitors (Omron HEM-757) were used to 
measure blood pressure after a five-minute rest. The BP 
on the right arm was measured twice, 2 minutes apart, 
with the participants in a seated position. The mean of 
the two measurements was taken as the BP reading for 
the participant.

Fasting venous blood samples were taken for lipid 
profiles [total cholesterol (TC), triglycerides (TG), high-
density lipoprotein cholesterol (HDL-c), low-density 
lipoprotein cholesterol (LDL-c)] and plasma glucose 
level. The samples were centrifuged within 2 hours 
of collection, stored at the study sites in the minus 
20-degree Celsius freezers, then transported frozen to 
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the main laboratory at the Faculty of Medicine, Universiti 
Teknologi MARA, Malaysia. The samples were analysed 
using an automated clinical chemical analyzer (Cobas 
Integra 400 plus, Roche Diagnostic, Basel, Switzerland). 
The LDL-c was calculated using the Friedewald equation 
(for TG ≤ 4.5 mmol/L) [16].

Variable definitions
Educational attainment was classified into four groups: 
no formal education, primary, secondary and tertiary. 
Primary education was defined as schooling between 
aged seven and 12 years old, while secondary education 
was schooling from 13 to 17 years old. Tertiary educa-
tion was defined as the attainment of college or university 
qualification. Communities with a population of ≥10,000 
were defined as urban, while those with populations of 
< 10,000 as rural [17]. Household income was classi-
fied according to the Department of Statistics Malaysia, 
where the income groups were classified into three cat-
egories: the bottom 40% (household earnings of Ringgit 
Malaysia (RM) ≤ 4849), medium 40% (household earn-
ings of RM 4850–10,959) and top 20% (household earn-
ings of RM ≥ 10,960) [18].

As for the clinical characteristics, CVD were defined 
as self-reported ischaemic heart disease and/or stroke. 
Smoking status was categorized as current smoker 
(had smoked any tobacco product in the last 5 years), 
non-smokers (had never smoked) and ex-smokers (had 
stopped smoking for more than 5 years). Body mass 
index (BMI) was classified as the following: under-
weight < 18.5 kg/m2, normal 18.5–22.9 kg/m2, overweight 
23–27.4 kg/m2, or obese ≥27.5 kg/m2 [19, 20]. Abdominal 
obesity was defined as waist-hip ratio (WHR) of ≥0.90 
for males and ≥ 0.85 for females [21].

The abnormal fasting lipid profile was defined according 
to the Malaysian Clinical Practice Guideline, which were: 
hypercholesterolaemia (TC > 5.2 mmol/L); hypertriglyc-
eridaemia (TG > 1.7 mmol/L) and low HDL-c (HDL-c < 1 
in males; < 1.2 mmol/L in females) [3]. This guideline also 
defines elevated LDL-c according to CVD risk profiles, 
where LLM is indicated when LDL-c > 1.8 mmol/L for 
very high-risk category, > 2.6 mmol/L for high-risk cate-
gory and > 3.4 mmol/L for intermediate risk group [3]. For 
low-risk category, the guideline did not specify the LDL-c 
cut-off point for LLM, and recommended LLM therapy 
based on joint decision making between prescribers and 
patients; taking into account the risk and benefits of LLM 
therapy [3]. For the purpose of this study, the highest 
level, i.e., LDL-c > 3.4 mmol/L was chosen to define “ele-
vated LDL-c”; as above this threshold, LLM is indicated 
for patients from intermediate, high risk, and very-high 
risk categories. Hypertension was defined as mean sys-
tolic blood pressure (BP) of ≥140 and/or mean diastolic 

BP ≥90 mmHg and/or self-reported hypertension and/or 
self-reported history of taking antihypertensive medica-
tions in the last month.

The participants were classified as having diabetes if 
they fulfilled any of the following criteria: fasting plasma 
glucose of ≥7.0 mmol/L and/or self-reported diabe-
tes and/or taking any diabetes medications for the past 
1 month. The Global CVD risk of participants without 
existing CVD was calculated using the 10-year FRS-CVD 
score [7]. Classifications were as follows: low risk (10-
year FRS-CVD score <   10%), intermediate risk (10-year 
FRS-CVD score 10–20%) or high risk (10-year FRS-CVD 
score >   20%). Based on the Malaysian Clinical Practice 
Guidelines on Management of Dyslipidaemia, individu-
als with diabetes or a 10-year FRS-CVD score > 20% are 
classified as high risk, while those with existing CVD are 
automatically classified as very high-risk individuals [3]. 
For the purpose of this study, the three groups (diabetes, 
FRS-CVD score > 20% and existing CVD) will be collec-
tively referred as high-risk individuals. Local guideline 
recommends LLM use at the outset among these high-
risk individuals [3].

LLM use was defined as self-reported use of either one 
or any combinations of lipid lowering medications, such 
as statin, ezetimibe, or fibrate.

Statistical analysis
The STATA software version 14 was used for statistical 
analysis [22]. The cases without specific variable data 
(missing data) were excluded from analysis for that vari-
able only, using pairwise deletion. Descriptive statistics 
were presented as frequencies and percentages for cat-
egorical variables. For numerical variable, mean ± stand-
ard deviation (SD) was used for normally distributed 
data, or median with interquartile range (IQR) for non-
normally distributed data, respectively. Chi-square test or 
Fisher’s exact test was used to test the difference in pro-
portions. Simple and multiple logistic regressions were 
used to estimate the crude and adjusted odds ratio (OR) 
for the factors associated with the use of LLM. A p-value 
of less than 0.05 was considered statistically significant.

Results
Characteristics of the participants
Approximately 19,000 invitations were sent to household 
members above the age of 30 years to attend screening 
sessions at their local community centres. The response 
rates were between 60 and 70%. A total of 11,288 par-
ticipants were included in the analysis. Their sociode-
mographic and clinical characteristics are presented in 
Table 1. The median age (IQR) was 52 (15) years. Major-
ity of the participants were female (56.2%), and of Malay 
(72.5%) ethnicity. There was an almost equal distribution 
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of urban (51.9%) and rural (48.1%) participants. Most 
of the participants (89.2%) were from the bottom 40% 
household income group. As for the clinical characteris-
tics, 5.3% of participants had existing CVD. Among those 
without CVD, 23.4% were in the FRS-CVD high risk 
category.

Prevalence of lipid‑lowering medications use 
among high‑risk participants
Table  2 presents the use of LLM among high-risk par-
ticipants. In each group, the majority of participants 
were not on LLM. Out of those with existing CVD, 74.2% 
were not on LLM for secondary prevention of CVD. As 
for participants with diabetes, only 17.1% were on LLM. 
Among those with high FRS-CVD risk score, 89.5% of 
participants were not on LLM.

Factors associated with lipid‑lowering medications use
The factors associated with LLM use among all par-
ticipants are shown in Table 3. Those who received sec-
ondary education (OR = 2.46, 95% CI: 1.29–4.70) and 
tertiary education (OR = 2.25, 95% CI: 1.06–4.78) were 
more likely to be on LLM, compared to those with no 
formal education. Participants residing in rural areas had 
less odds of being on LLM (OR = 0.58, 95% CI: 0.41–
0.82) compared to urbanites.

Participants who had CVD risk factors, such as obe-
sity (OR = 1.80, 95% CI: 1.15–2.83), diabetes (OR = 
2.38, 95% CI: 1.78–3.19), and hypertension (OR = 2.87, 
95% CI: 2.09–3.95) were more likely to be on LLM. As 
for secondary prevention, those with existing CVD had 
increased odds of being on LLM (OR = 3.30, 95% CI: 
2.26–4.84). Participants with elevated LDL-c (OR = 0.66, 
95% CI: 0.44–0.98) and low levels of HDL-c (OR = 0.72, 

Table 1 Sociodemographic and clinical characteristics, 
N = 11,288

Sociodemographic and clinical characteristics

Age (years), median (IQR) 52 (15)

Age groups (years) (n, %)
 30–39 1233 (10.9)

 40–49 3336 (29.6)

 50–59 3606 (32.0)

  ≥ 60 3113 (27.6)

Gender (n, %)
 Male 4943 (43.8)

 Female 6345 (56.2)

Ethnicity (n, %)
 Malay 8188 (72.5)

 Chinese 1214 (10.8)

 Indian 327 (2.9)

 Indigenous 1559 (13.8)

Education attainment (n^, %)
 No formal education 1556 (15.3)

 Primary school 2766 (27.0)

 Secondary school 3929 (38.4)

 Tertiary 1980 (19.3)

Location (n, %)
 Urban 5857 (51.9)

 Rural 5431 (48.1)

Occupation (n, %)
 Homemaker/unemployed 4334 (38.4)

 Semi‑skilled 5181 (45.9)

 Skilled workers 939 (8.3)

 Managerial and Professional 834 (7.4)

Household income group (n^, %)
 Bottom 40% (≤ RM 4849) 4597 (89.2)

 Middle 40% – Top 20% (≥ RM 4850) 554 (10.8)

Smoking status (n^, %)
 Non‑smoker 8014 (75.6)

 Previous smoker 1367 (12.9)

 Current smoker 1224 (11.5)

Body mass index (kg/m2) (n^, %)
 Underweight (< 18.5) 392 (3.7)

 Normal (18.5–22.9) 2493 (23.3)

 Overweight (23–27.4) 4144 (38.7)

 Obese (≥ 27.5) 3670 (34.3)

Waist-hip ratio (n^, %)
 Optimal/Normal 4834 (48.1)

 High/Abdominal obesity (Male ≥0.90; female ≥0.85) 5221 (51.9)

Comorbidities (n^, %)
 Diabetes 1888 (17.7)

 Hypertension 5409 (47.9)

 Cardiovascular diseases (CVD) 596 (5.3)

Dyslipidaemia subtypes (n^, %)
 Hypercholesterolaemia 6897 (63.7)

 High LDL‑c 6065 (56.0)

Table 1 (continued)

Sociodemographic and clinical characteristics

 Hypertriglyceridaemia 4084 (37.8)

 Low HDL‑c 3870 (35.7)

Self-reported lipid-lowering medication use (n^, %)
 No 9793 (92.4)

 Yes 806 (7.6)

10-year Framingham general cardiovascular risk (FRS-CVD) catego-
ries (n*, %)
 Low risk < 10% 5939 (55.6)

 Intermediate risk 10–20% 2252 (21.1)

 High risk > 20% 2501 (23.4)

n^ is not equal to 11,288 due to missing values

n* (for participants without CVD) = 10,692

Ringgit Malaysia (RM) = Malaysian currency
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Table 2 Lipid‑lowering medication (LLM) use among high‑risk participants

Cardiovascular diseases (CVD), 
n = 596

Diabetes, n = 1799 10‑year Framingham general 
cardiovascular risk (FRS‑
CVD) > 20%, n^ = 2478

Not on LLM,
n (%)

On LLM,
n (%)

p‑value Not on LLM,
n (%)

On LLM,
n (%)

p‑value Not on LLM,
n (%)

On LLM,
n (%)

p‑value

Overall (n, %) 439 (74.2) 153 (25.8) 1491 (82.9) 308 (17.1) 2217 (89.5) 261 (10.5)

Age groups (years)
 30–39 15 (93.75) 1 (6.25) 0.026* 81 (93.10) 6 (6.90) 0.000* 92 (100.00) 0 (0) 0.001*

 40–49 83 (83.00) 17 (17.00) 343 (88.17) 46 (11.83) 107 (84.25) 20 (15.75)

 50–59 136 (70.10) 58 (29.90) 549 (82.19) 119 (17.81) 685(87.93) 94 (12.07)

 ≥60 205 (72.70) 77 (27.30) 518 (79.08) 137 (20.92) 1333 (90.07) 147 (9.93)

Gender
 Male 238 (70.62) 99 (29.38) 0.024* 716 (80.72) 171 (19.28) 0.017* 1535 (89.50) 180 (10.50) 0.928

 Female 201 (78.82) 54 (21.18) 775 (84.98) 137 (15.02) 682 (89.38) 81 (10.62)

Ethnicity
 Malay 300 (72.99) 111 (27.01) 0.001* 1285 (83.93) 246 (16.07) 0.000* 1752 (90.17) 191 (9.83) 0.000*

 Chinese 32 (65.31) 17 (34.69) 76 (66.67) 38 (33.33) 155 (74.16) 54 (25.84)

 Indian 10 (50.00) 10 (50.00) 71 (78.02) 20 (21.98) 47 (79.66) 12 (20.34)

 Indigenous 97 (86.61) 15 (13.39) 59 (93.65) 4 (6.35) 263 (98.50) 4 (1.50)

Education attainment
 No formal education 106 (84.13) 20 (15.87) 0.000* 181 (89.60) 21 (10.40) 0.000* 450 (95.14) 23 (4.86) 0.000*

 Primary school 153 (78.46) 42 (21.54) 462 (85.24) 80 (14.76) 779 (91.76) 70 (8.24)

 Secondary school 122 (72.62) 46 (27.38) 560 (83.09) 114 (16.91) 592 (86.68) 91 (13.32)

 Tertiary 42 (51.22) 40 (48.78) 218 (74.66) 74 (25.34) 279 (81.58) 63 (18.42)

Location
 Urban 150 (59.52) 102 (40.48) 0.000* 762 (77.36) 223 (22.64) 0.000* 989 (84.10) 187 (15.90) 0.000*

 Rural 289 (85.00) 51 (15.00) 729 (89.56) 85 (10.44) 1228 (94.32) 74 (5.68)

Occupation
 Homemaker/unemployed 177 (70.52) 74 (29.48) 0.000* 643 (81.39) 147 (18.61) 0.004* 784 (87.99) 107 (12.01) 0.000*

 Semi‑skilled 220 (83.02) 45 (16.98) 615 (86.13) 99 (13.87) 1142 (92.69) 90 (7.31)

 Skilled workers 28 (63.64) 16 (36.36) 152 (82.16) 33 (17.84) 179 (82.87) 37 (17.13)

 Managerial and Professional 14 (43.75) 18 (56.25) 81 (73.64) 29 (26.36) 112 (80.58) 27 (19.42)

Household income group
 Bottom 40% (≤ RM 4849) 226 (83.39) 45 (16.61) < 0.001+ 656 (87.58) 93 (12.42) 0.000* 1028 (92.45) 84 (7.55) 0.001*

 Middle 40% – Top 20% (≥ RM 
4850)

12 (50.00) 12 (50.00) 60 (73.17) 22 (26.83) 80 (82.47) 17 (17.53)

Smoking status
 Non‑smoker 283 (77.75) 81 (22.25) 0.001* 1068 (82.85) 221 (17.15) 0.000* 1295 (88.22) 173 (11.78) 0.003*

 Previous smoker 64 (80.00) 16 (20.00) 209 (90.48) 22 (9.52) 324 (94.46) 19 (5.54)

 Current smoker 86 (62.77) 51 (37.23) 193 (75.98) 61 (24.02) 598 (89.66) 69 (10.34)

Body mass index (kg/m2)
 Underweight (< 18.5) 24 (88.89) 3 (11.11) 0.000* 18 (90.00) 2 (10.00) 0.469 66 (98.51) 1 (1.49) 0.000*

 Normal (18.5–22.9) 109 (90.08) 12 (9.92) 225 (85.55) 38 (14.45) 490 (93.51) 34 (6.49)

 Overweight (23–27.4) 155 (70.14) 66 (29.86) 524 (81.88) 116 (18.13) 871 (88.70) 111 (11.30)

 Obese (≥ 27.5) 145 (67.76) 69 (32.24) 708 (82.61) 149 (17.39) 765 (87.03) 114 (12.97)

Waist-hip ratio
 Normal 149 (82.78) 31 (17.22) 0.001* 404 (87.45) 58 (12.55) 0.003* 637 (92.59) 51 (7.41) 0.001*

 Abdominal obesity (Male ≥0.90; 
female ≥0.85)

263 (69.21) 117 (30.79) 996 (81.37) 228 (18.63) 1442 (88.14) 194 (11.86)

Dyslipidaemia subtypes
 Hypercholesterolaemia 250 (76.45) 77 (23.55) 0.180 992 (85.81) 164 (14.19) 0.000* 1593 (90.36) 170 (9.64) 0.023*
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95% CI: 0.53–0.99) were less likely to be on LLM (OR = 
0.66, 95% CI: 0.44–0.98).

The FRS-CVD score was calculated for the primary 
prevention group, and included in a separate multiple 
logistic regression model. Table  4 presents factors asso-
ciated with LLM use among the primary prevention 
group. After adjusting for socio-demographic confound-
ers, participants in the high-risk category had higher 
odds of being on LLM (OR = 3.81, 95% CI: 2.78–5.23), 
compared to those in the low-risk category. Similar to 
the model that included the overall cohort (primary and 
secondary prevention groups), this model (primary pre-
vention group only) found that education level and local-
ity (urban versus rural) were significant determinants of 
LLM prescription. In addition, income group was also 
a significant factor in this model (primary prevention 
group), where those who earned equal or more than RM 
4850 were 1.5 times more likely to be on LLM, compared 
to those from the lower income group (OR = 1.54, 95% 
CI: 1.06–2.24).

Discussion
This study discovered that the majority of participants 
with high CVD risk were not on LLM. Although guide-
lines support its use for secondary and primary pre-
vention of CVD among these patients [3–6], a high 
proportion of participants from this study were not on 
any LLM. This study discovered that only 25.8% of par-
ticipants with existing CVD were on LLM for secondary 
prevention. Yusuf et  al. also discovered similar findings, 
where only 14.6% of their study population were on LLM 
for secondary prevention [9]. A worrying trend was also 
observed in European countries, where 12% of patients 
were not on LLM at hospital discharge following admis-
sion for cardiac procedure or event, and the propor-
tion had increased to 16% during follow up 1 year later 
[23]. Another Malaysian study showed a much higher 

utilisation of statin for secondary prevention (99.1%); 
however, it was a small study conducted in a primary care 
centre; which findings are not generalisable to the general 
population [24].

In terms of primary prevention, diabetes has been iden-
tified as a major cardiovascular risk, and was found in 
17.7% of this study population. The prevalence of diabe-
tes in this study was comparable to the Malaysian Health 
and Morbidity Survey, which has been increasing in trend 
(13.4% in 2015 and 18.3% in 2019) [25]. Various guide-
lines recommend intensive lipid-lowering therapy with 
strict LDL-c target among these group of patients [3–6]. 
In this study, only 17.1% of participants with diabetes 
were using LLM. Another smaller study in Malaysia dem-
onstrated a better result, where 87.6% of their patients 
with diabetes received LLM [26]. This study however; 
was conducted at four primary care clinics in one state 
in Malaysia, thus the results need to be interpreted with 
caution due to the  potential lack of generalizability to 
the general population [26]. The finding of low LLM uti-
lisation was also observed in Ghana, another developing 
country, where only 16.8% of patients with diabetes were 
on LLM [27]. The outcomes from developed countries 
demonstrated greater compliance with clinical guidelines 
where 57.8% of patients with diabetes were prescribed 
statin in Ireland [28]. Similar finding was also observed in 
Canada, where 72.1% of type 1 diabetes patients were on 
statins [29]. CVD remains the leading cause of morbidity 
and mortality among patients with diabetes, where they 
have a two-fold excess risk of developing a wide range of 
vascular disorders [30]. A metanalysis by the Cholesterol 
Treatment Trialist (CTT) collaborators reported a 23% 
reduction in 5-year CVD events for every unit reduc-
tion in LDL-c level among patients with diabetes on sta-
tin therapy [31]. While these findings were not without 
controversy [32], clinical practice guidelines have con-
sistently recommended LLM for patients with high CVD 

Table 2 (continued)

Cardiovascular diseases (CVD), 
n = 596

Diabetes, n = 1799 10‑year Framingham general 
cardiovascular risk (FRS‑
CVD) > 20%, n^ = 2478

Not on LLM,
n (%)

On LLM,
n (%)

p‑value Not on LLM,
n (%)

On LLM,
n (%)

p‑value Not on LLM,
n (%)

On LLM,
n (%)

p‑value

 High LDL‑c 215 (77.62) 62 (22.38) 0.081 846 (87.31) 123 (12.69) 0.000* 1423 (91.39) 134 (8.61) 0.000*

 Hypertriglyceridaemia 175 (72.92) 65 (27.08) 0.506 809 (84.36) 150 (15.64) 0.061 1143 (88.67) 146 (11.33) 0.180

 Low HDL‑c 168 (78.14) 47 (21.86) 0.106 635 (87.23) 93 (12.77) 0.000* 909 (91.36) 86 (8.64) 0.012*

Abbreviation: LLM Lipid-lowering medications

+ Fisher’s exact test, p < 0.001

* Chi-square test, p < 0.05

^ for participants without CVD
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Table 3 Factors associated with lipid‑lowering medications use

Crude OR (95% CI) p‑value Adjusted OR (95% CI) p‑value

Age groups (years)
 30–39 1 1

 40–49 2.00 (1.31–3.06) 0.001* 0.97 (0.53–1.78) 0.92

 50–59 4.47 (2.98–6.70) 0.000* 1.57 (0.86–2.87) 0.14

 ≥60 4.99 (3.32–7.49) 0.000* 1.69 (0.88–3.27) 0.12

Gender
 Male 1 1

 Female 0.75 (0.65–0.87) 0.000* 1.00 (0.72–1.40) 0.98

Ethnicity
 Malay 1 1

 Chinese 2.17 (1.80–2.61) 0.000* 1.49 (0.91–2.44) 0.11

 Indian 2.67 (1.95–3.66) 0.000* 1.25 (0.66–2.35) 0.49

 Indigenous 0.40 (0.30–0.55) 0.000* 1.34 (0.77–2.31) 0.30

Education attainment
 No formal education 1 1

 Primary school 1.52 (1.14–2.03) 0.004* 1.10 (0.58–2.11) 0.770

 Secondary school 1.86 (1.42–2.44) 0.000* 2.46 (1.29–4.70) 0.006*

 Tertiary 2.78 (2.10–3.68) 0.000* 2.25 (1.06–4.78) 0.035*

Location
 Urban 1 1

 Rural 0.34 (0.29–0.40) 0.000* 0.58 (0.41–0.82) 0.002*

Occupation
 Homemaker/unemployed 1 1

 Semi‑skilled 0.66 (0.56–0.78) 0.000* 0.87 (0.58–1.31) 0.516

 Skilled workers 1.16 (0.91–1.48) 0.239 1.12 (0.66–1.90) 0.680

 Managerial and Professional 1.56 (1.23–1.97) 0.000* 1.42 (0.78–2.60) 0.250

Household income group
 Bottom 40% (≤ RM 4849) 1 1

 Middle 40% – Top 20% (≥ RM 4850) 2.80 (2.12–3.69) 0.000* 1.57 (0.99–2.50) 0.054

Smoking status
 Non‑smoker 1 1

 Previous smoker 0.59 (0.45–0.77) 0.000* 0.56 (0.33–0.95) 0.032*

 Current smoker 1.70 (1.40–2.06) 0.000* 1.18 (0.81–1.70) 0.386

Body mass index (kg/m2)
 Normal (18.5–22.9) 1 1

 Underweight (< 18.5) 2.65 (1.23–5.73) 0.013* 0.33 (0.04–2.44) 0.274

 Overweight (23–27.4) 4.71 (2.21–10.03) 0.000* 1.71 (1.11–2.64) 0.015*

 Obese (≥ 27.5) 5.65 (2.65–12.03) 0.000* 1.80 (1.15–2.83) 0.010*

Waist-hip ratio
 Normal 1 1

 Abdominal obesity (Male ≥0.90; female ≥0.85) 1.96 (1.67–2.29) 0.000* 1.40 (1.03–1.92) 0.032*

Diabetes
 No 1 1

 Yes 3.44 (2.96–4.01) 0.000* 2.38 (1.78–3.19) 0.000*

Hypertension
 No 1 1

 Yes 2.98 (2.54–3.50) 0.000* 2.87 (2.09–3.95) 0.000*

Cardiovascular diseases (CVD)
 No 1 1
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risk, including those with diabetes [3–6]. Thus, LLM pre-
scription is appropriate in this group of patients to com-
ply with these recommendations.

In addition to the above indications, patients with a 
combination of multiple CVD risk factors should also be 
on LLM [3–6]. Local Malaysian guidelines recommend 
stratifying each patient’s CVD risk using the Framingham 
general cardiovascular risk (FRS-CVD) algorithm [3, 4]. 
The algorithm enables physicians to assess each patient’s 
10-year CVD risks, specifically for coronary artery dis-
ease, stroke, peripheral vascular disease and heart fail-
ure [7]. Patients who score more than 20% are classified 
as high-risk of developing CVD in the next 10  years [7]. 
These patients require LLM from the outset, in conjunc-
tion with strict therapeutic lifestyle interventions [3]. 
This study however, discovered that the majority of par-
ticipants who had high FRS-CVD risk scores were not 
on LLM (89.5%). Similar finding was also seen in Ireland, 
where less than a quarter of this group of patients were 
on LLM [28]. The results from the United States were 
better; albeit still suboptimal. Approximately half (56.8%) 
of the patients who had high CVD risk were not on any 
LLM [10].

This study discovered that various clinical character-
istics and comorbidities were associated with LLM use. 
Participants with obesity, diabetes or hypertension were 
more likely to be on LLM. Similar findings were also 
observed in other studies where these comorbidities were 
associated with the use of LLM [11, 12, 33, 34]. As these 
comorbidities are risk factors for CVD, it is appropri-
ate for these patients to be on LLM, compared to those 

without these comorbidities. As for other CVD risk fac-
tors, the proportion of LLM use was highest among 
smokers, and lowest among previous smokers in the 
secondary prevention group and in those with diabetes. 
Previous smokers were also less likely to be on LLM, 
compared to non-smokers (OR = 0.56, 95% CI: 0.33–
0.95). Our findings may be explained by previous litera-
ture which discovered that previous smokers were less 
adherent to medications compared to non-smokers [35].

This study stratified the CVD risk of the participants in 
the primary prevention group according to the FRS-CVD 
risk algorithm, and discovered that those in the high-
risk category had almost four times the odds of being on 
LLM, compared to those from the low-risk group. This 
finding was reassuring, consistent with the recommenda-
tion from the guidelines [3–6].

In terms of secondary prevention, this study discov-
ered that participants with existing CVD had increased 
odds of being on LLM, which concurred with findings 
by Bertolotti and Neutel et  al. [12, 34]. While this is 
encouraging, the use of LLM for secondary prevention 
in this study (25.8%) was still low. Therefore, rigorous 
efforts should be carried out to optimize LLM use in this 
population.

This study also discovered sociodemographic dispari-
ties in LLM use. Participants were more likely to be on 
LLM if they resided in urban areas. This finding was 
also shared by Wu et  al., which found that the popula-
tions who resided in a more deprived area had lower 
odds of being on LLM [11]. A study conducted in rural 
Malaysia reported that 24.8% of their study population 

Table 3 (continued)

Crude OR (95% CI) p‑value Adjusted OR (95% CI) p‑value

 Yes 4.99 (4.09–6.10) 0.000* 3.30 (2.26–4.84) 0.000*

Hypercholesterolaemia
 No 1 1

 Yes 0.85 (0.73–0.98) 0.029* 1.27 (0.83–1.95) 0.274

High LDL-c
 No 1 1

 Yes 0.70 (0.60–0.81) 0.000 0.66 (0.44–0.98) 0.037*

Hypertriglyceridaemia
 No 1 1

 Yes 1.24 (1.07–1.44) 0.005 1.11 (0.82–1.50) 0.496

Low HDL-c
 No 1 1

 Yes 0.77 (0.65–0.90) 0.001 0.72 (0.53–0.99) 0.039*

Abbreviation: OR Odds ratio

Variables included in multiple logistic regression model: age, gender, ethnicity, education, location (urban/rural), occupation, household income, smoking status, 
body mass index, waist-hip ratio, diabetes, hypertension, CVD, dyslipidaemia subtypes (hypercholesterolaemia, high LDL-c, hypertriglyceridaemia, low HDL-c. No 
significant interactions

*Significant at p < 0.05
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experienced unmet medical needs [36]. Rural residents 
also suffer from poorer health status, and limitations in 
their activities due to illness and have an increased likeli-
hood of being diagnosed with a serious disease [37]. Fur-
thermore, rural areas had a higher rate of CVD mortality 
[38]. While various factors may contribute to this, under-
utilization of CVD medications such as LLM should be 
avoided in order to reduce CVD morbidity and mortality 
in this population.

In this study, education level was a significant soci-
odemographic determinant of LLM use. Those with 
secondary and tertiary education were approximately 
twice more likely to be on LLM. Neutel et al. also found 
that people with high school education were more 
likely to be on LLM [12]. This finding may be explained 
by previous literature which found that higher levels 
of education were associated with a variety of positive 
health outcomes, including lower mortality, morbidity, 
and improved health behaviours and awareness [39]. 

Furthermore, positive health-seeking behaviours were 
found to be predictors for LLM use in some studies. 
According to these studies, those who frequently visit 
their physician were more likely to be on LLM [12, 28].

As for other sociodemographic determinants, this 
study discovered that participants with higher income 
were more likely to be on LLM in the primary preven-
tion group. This finding was also observed in China 
where the low-income earners demonstrated lower 
rates of treatment and control of dyslipidaemia [40]. 
The Malaysian healthcare system offers free pub-
lic healthcare which include LLM. While LLM is not 
indicated for all patients in the primary prevention 
group, this finding highlights the need for prescribers 
to examine their practices. This is to ensure that LLM 
is prescribed appropriately based on patient’s clinical 
indications so that those who are medically eligible, 
but socio-demographically disadvantaged, have equal 
access to LLM, especially when common LLM, such 

Table 4 Factors associated with lipid‑lowering medications use for primary prevention of CVD^

Abbreviation: OR Odds ratio

^ include participants without CVD, n = 10,692

Variables included in multiple logistic regression model: ethnicity, education, location (urban/rural), occupation, household income, 10-year Framingham general 
cardiovascular risk (FRS-CVD) categories. No significant interactions

*Significant at p < 0.05

Crude OR (95% CI) p‑value Adjusted OR (95% CI) p‑value

Ethnicity
 Malay 1 1

 Chinese 2.42 (1.98–2.95) 0.000* 1.38 (0.89–2.16) 0.154

 Indian 2.69 (1.91–3.80) 0.000* 1.31 (0.70–2.43) 0.396

 Indigenous 0.34 (0.23–0.50) 0.000* 1.01 (0.58–1.77) 0.960

Education attainment
 No formal education 1 1

 Primary school 1.63 (1.17–2.29) 0.004* 1.50 (0.73–3.08) 0.274

 Secondary school 2.16 (1.57–2.97) 0.000* 3.24 (1.61–6.52) 0.001*
 Tertiary 3.08 (2.21–4.27) 0.000* 3.02 (1.37–6.66) 0.006*
Location
 Urban 1 1

 Rural 0.32 (0.27–0.38) 0.000* 0.56 (0.40–0.79) 0.001*
Occupation
 Homemaker/unemployed 1 1

 Semi‑skilled 0.69 (0.58–0.83) 0.000* 0.78 (0.53–1.15) 0.212

 Skilled workers 1.18 (0.90–1.55) 0.224 0.93 (0.55–1.56) 0.784

 Managerial and Professional 1.58 (1.22–2.04) 0.001* 1.03 (0.58–1.85) 0.920

Household income group
 Bottom 40% (≤ RM 4849) 1 1

 Middle 40% – Top 20% (≥ RM 4850) 2.81 (2.08–3.79) 0.000* 1.54 (1.06–2.24) 0.025*
10-year Framingham general cardiovascular risk (FRS-CVD) categories
 Low risk <  10% 1 1
 Intermediate risk 10–20% 1.76 (1.43–2.16) 0.000* 2.50 (1.78–3.49) 0.000*
 High risk >  20% 2.61 (2.17–3.14) 0.000* 3.81 (2.78–5.23) 0.000*
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as statins are free to all Malaysians who attend public 
healthcare facilities.

Strength and limitation
The main strength of this study is the large sample size 
with good response rate (60–70%) from various parts 
of East and West Malaysia, which provided good rep-
resentation of the population. Although the response 
rate is acceptable, recruitment via voluntary partici-
pation may introduce non-response bias. This is likely 
minimal as the characteristics of our study population 
were comparable to another Malaysian study with simi-
lar setting, where 52.4% of their study population were 
females, and 42.3% were rural residents [15], whereas 
our study comprised of 56.2% females and 48.1% rural 
residents. While another large local population study 
used non-fasting, finger-prick capillary blood lipids 
[15], this study demonstrated robustness of laboratory 
measurements by using fasting venous blood sampling 
as recommended by the Malaysian guideline [3], which 
is commendable for a large epidemiological study.

This study had several limitations. The participants 
were recruited from health screening sessions at the 
local community centres. Self-reporting was used to 
collect several variables, like LLM use, which may have 
led to recall bias. Although participants were reminded 
to bring their medications to these sessions for verifi-
cation by the interviewers, the vast majority did not. 
Interviewers were trained to ask specific questions to 
clarify the information provided by the participants, 
such as the reason for their LLM use, to minimise recall 
bias. Data on contraindications to LLM were not avail-
able in this study. Therefore, those high-risk individu-
als who were not on LLM may be contraindicated to 
receive LLM.

The participants who attended these voluntary com-
munity health screening events may have a greater 
awareness of their health which may also help to mini-
mise recall bias. This may also explain the findings of our 
study which had lower prevalence of smokers (11.5%) 
compared to the results from the Malaysian National 
Health and Morbidity Survey (21.3%) [25]. Another 
limitation includes overrepresentation of Malays in this 
study. Malays, Chinese and Indians represent 63.1, 24.6 
and 7.3% of Malaysia’s population, respectively [17], 
while this study comprised 72.5% of Malay participants. 
The use of survey weight could be employed to overcome 
this limitation, nevertheless it was not done in this study. 
Finally, the cross-sectional analysis of this study would 
only reflect the association between participant charac-
teristics and LLM use, not the causal relationship. Thus, 
the results should be interpreted in this context.

Implication for future research and clinical practice
The REDISCOVER study provided an insight to health-
care providers and policy makers regarding the wide-
spread underutilisation of LLM among Malaysian adults, 
especially those who are in the high-risk categories. 
Urgent public health measures are required to address 
this issue. Two main possible reasons for the underuti-
lisation could be due to prescriber factors or individual 
patient factors. A Malaysian study showed that while 
the majority of clinicians used dyslipidaemia guidelines, 
there were wide variation in their practice with some cli-
nicians did not prescribe based on the guidelines [41]. 
Furthermore, another study reported a high proportion 
of therapeutic inertia for LLM (61%), which resulted in 
lower odds of achieving LDL-c target [42]. Various fac-
tors have been proposed to contribute to treatment 
inertia, including physician’s fear of side effects, as well 
as the availability of appropriate medications [42]. Inap-
propriate prescriptions were also observed in a previous 
study in the United Kingdom where most patients were 
initiated on statins without global CVD risk assessments, 
and some overtreatment also occurred in the low-risk 
patients [43]. A Malaysian study reported better results 
where 79.7% of clinicians performed risk-scoring prior to 
statins prescription [41]. In order to resolve the possible 
knowledge gap that could have led to inappropriate LLM 
use, the results of this study should be conveyed to pre-
scribers via continuous medical education programmes. 
With regards to the individual patient factors, the find-
ings of this study on sociodemographic disparities pro-
vide policymakers with an insight to ensure equitable 
access to LLM for individuals with lesser formal educa-
tion, low-income earners and rural residents. In terms 
of future research, certain variables that could influence 
the use of LLM, such as medication adherence, health 
belief towards LLM and health literacy should also be 
included, to help identify patient factors contributing to 
suboptimal LLM use. Future research should also include 
collaboration with the participants’ health care provid-
ers to verify the type of LLM prescribed which will pro-
vide more credence to the study. Factors that influence 
prescribing of LLM among health care providers, such 
as contraindication to LLM, their knowledge on guide-
line recommendations and personal belief towards LLM 
should also be explored.

Conclusions
This study highlights the low utilisation of LLM among 
high CVD-risk individuals in the primary prevention 
group, and also among individuals with existing CVD. 
While several CVD risk factors including high global car-
diovascular risk stratification were found to be associated 
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with increased likelihood of LLM use, sociodemographic 
disparities were also observed among the less-educated, 
low-income earners and rural residents. Intervention is 
required to address these findings.
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