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ABSTRACT

The incidence of diabetes in Malaysia rose dramatically year by year. Diabetes mellitus (DM) is a significant general 
health issue and the disease contains a higher possibility to steer into a cardiovascular complication. Besides, a poor 
management of DM can contribute to lipoprotein metabolism modifications. The Apolipoprotein E (APOE) gene is 
widely acknowledged for its crucial function in the process of lipid metabolism and the potential risk of cardiovascu-
lar diseases (CVD). The role of APOE in lipid metabolism has been thoroughly recognized. In this review, information 
from different studies on APOE gene polymorphism, T2DM and CVD are summarized and discussed. Various studies 
on APOE gene polymorphisms have been published. However, the studies are still minimal and remain unclear. 
Therefore a better understanding of the remarkable APOE polymorphism and trends might help to identify the asso-
ciation and provide strong clarification on CVD and T2DM.
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INTRODUCTION

The populace’s development in the ongoing years has 
led to a chronic disease situation due to the development 
flow. The most-risky issue we are confronting today 
is DM in most countries worldwide. From previous 
studies, the definitions of DM have been developed. 
Most international expert groups stated that DM is a 
widespread metabolic abnormality and is characterized 
by hyperglycaemia, which is caused by insulin resistance 
or the pancreas’s failure to produce adequate amounts 
of the hormone insulin and thus causing an increase in 
glucose levels in blood (1). There was an estimated over 
million adult individuals with undiagnosed diabetes in 
Malaysia. The National Health and Morbidity Survey 
(NHMS) 2019 reported that prevalence of T2DM is 
increased 1.1% with almost 2 million adult individuals 
with known diabetes in Malaysia (2). The International 
Diabetic Foundation (IDF) predicts Malaysia will be 
listed top ten states with the most elevated pervasiveness 
of diabetes among people aged 20 until 79 years old 
by 2030 (3). While World Health Organization (WHO), 
in the ‘Global Status Report on Noncommunicable 
Diseases 2014’, reported that the prevalence of diabetes 
among Malaysian adults is 11.1%, which is 1.2 times 
higher than the global prevalence (4). 

World Health Organization (WHO) assessed that 
Malaysia consists of 2.48 million diabetics by 2030 
(5). Factors such as family history, age, lack of physical 
activities, obesity and other diseases may increase DM’s 
chances (6). Long-term DM and poor management 
can lead to a specific form of alteration in lipoprotein 
metabolism that are responsible for atherosclerosis (7). 
Plasma lipid alterations in patients with T2DM were 
related to coronary artery disease (CAD), cerebrovascular 
disease and nephropathy (8). Because of its well-
established ties to Alzheimer’s dementia, dyslipidemia 
and CAD, the APOE polymorphism has been thoroughly 
studied as a genetic risk factor in humans (9,10). APOE 
polymorphism has been disclosed to associate lipid 
metabolism disturbances and with coronary artery 
stenosis. Several studies have been carried out to 
determine the CVD risk prediction development based 
on APOE gene polymorphisms in diabetic patients. This 
review aimed to discuss the association within APOE 
polymorphisms and T2DM and CVD.

APOE AND DIABETES MELLITUS (DM)

Apolipoprotein E (APOE) is a glycoprotein presence 
in very-low-density lipoprotein (VLDL), intermediate-
density lipoprotein (IDL), high-density lipoprotein 
(HDL), chylomicron and chylomicron remnants, located 
on chromosome 19. APOE is part of the Apolipoprotein 
gene family, which included APO (A-I), APO (A-II), APO 
(A-IV), APO (C-1), APO (C-II) and APO (C-III) (11). There 
are four exons and three introns in the APOE gene, 
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totalling 3597 nucleotides that encode 299 amino acid 
polypeptides (12). The most frequent alleles were ε2, ε3 
and ε4 alleles. APOE ε3 consists of cysteine at 112 and 
arginine at 158. APOE ε2 encloses cysteine at position 
112 and 158, and ε4 has arginine at 112 and 158 (13). 
Based on the alleles mentioned, the ε3 allele is the top 
widely recognized and can be noticed over 80% of the 
public population, followed by ε4 and ε2 (14). These 
alleles code for three isoforms, and genotypes ε2/ε2, 
ε4/ε2, ε3/ε2, ε3/ε3, ε4/ε3, and ε4/ε4, respectively were 
determined by Luo et al. (15). 

Type 2 Diabetes Mellitus (T2DM) is an ordinary chronic 
metabolic disorder inclining to cardiovascular disease 
(CVD), which could prompt heart failure through an 
assortment of causes, including myocardial infarction 
and chronic pressure overload (16). The cause of DM 
is multifactorial. Since the APOE gene is firmly related 
to DM, it is very important to understand the risk factors 
for CVD. Martín-Tímon et al. (17) split the risk factors in 
DM into two categories, traditional and non-traditional 
risk factors in Table I.

In Saudi Arabia, 898 genetically unrelated Saudi 
individuals were chosen for a case-control study, 
including 438 T2DM patients and 460 healthy patients 
(18). The case and control groups’ genotype and allele 
frequency distributions were assessed using the direct 
counting method. The APOE ε2 allele is linked to both 
lipid profile and T2DM, according to their findings. The 
ε4 allele was also detected to be a reliable predictor of 
lipid status, and they appear to be a correlation within 
ε4 and T2DM, along with obesity. As a result, APOE 
polymorphism plays a significant role in the risk of 
T2DM patients. Overall, the study exhibited that APOE 
polymorphisms are linked to a higher risk of T2DM in 
Saudi (18). 

A total of 102 participants were enrolled in an analytic 
analysis by Rahman et al. (19), 51 in the diabetes group 
and 51 in the non-diabetes group. Enlistment was 
restricted to Malaysians aged 40 and up. The objective 
was to discover whether there was a relationship 
between the frequency of the APOE allele and fasting 
glycemic status in T2DM patients. The findings revealed 
e2 and e4 alleles were slightly higher among the subjects 
with T2DM. But, there was no significant association 

between APOE alleles and T2DM. This probably due to 
scarcity sample size. 

Previous study by Luo et al. (15) discovered the relationship 
between APOE gene (ε2/ε3/ε4) polymorphisms and CVD 
vulnerability in individuals with T2DM. According to the 
findings, the APOE gene is closely linked to individuals 
who have diabetes instead of healthy individuals. 
Moreover, in patients with T2DM, the APOE gene ε4 
mutation is linked to an elevated risk of CAD, while the 
ε2 variation does not correlate with the disease. Further 
investigations with greater sample size and incorporated 
with the gene-environment association is required to 
definitively relationship between the APOE gene ε2/
ε3/ε4 polymorphisms and CAD risk development in 
patients with T2DM. On the other hand, another study 
by Irie et al. (20) have also affirmed Luo’s discoveries.

In addition, Peila et al. (21) conducted a study in which 
2574 participants participated, 70% of whom were 
considered non-diabetic and the rest were determined 
to have diabetes. The inquiries are focused on a wide 
number of members and have been populace-based. 
The blood sample was analysed for genotyping by PCR 
and fasting lipid profile by FBG test, including total 
cholesterol (TC), triglycerides (TG), high-density level 
(HDL) and low-density level (LDL). The outcomes were 
summed up that those with diabetes have a slightly 
greater chance of CVD. The association between 
diabetes and APOE polymorphism is particularly clear 
between carriers of the APOE ε2 allele.

Almost all studies were conducted to prove a causal 
relationship between APOE gene polymorphism and the 
risk of T2DM were found relatively significant

APOE AND CARDIOVASCULAR DISEASE (CVD)

CVD is the outstanding cause of death globally, 
computing for over 80% of all deaths each year. These 
situations are expected to rise in the coming years. The 
APOE ε2 and APOE ε3 alleles increased slightly the 
heart disease risk (22).

Mooijaart et al. (23) led a study into the relation between 
APOE genotype and CVD risk in old age. This way, 546 
of the total subjects were selected randomly. Regardless 

Table 1: Types of risk factors in DM

Traditional Risk Factors Non-Traditional Risk Factors

Dyslipidaemia Insulin resistance and hyperinsulinemia

Blood pressure Postprandial hyperglycaemia and glucose variability 

Obesity and abdominal obesity Microalbuminuria 

Physical exercise Haematological and thrombogenic factors 

Smoking Inflammation

Homocysteine and vitamins 

Erectile dysfunction 

Genetics and epigenetics 
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of APOE genotype or plasma lipids, high plasma APOE 
levels precede an increase in circulating C-reactive 
protein (CRP) and strongly correlate with CVD mortality 
in the elderly. Carriers of the ε2 or ε4 alleles were found to 
have similar mortality risks. Because of lifestyle changes, 
selective survival, or age-related physiologic changes, 
CVD risk factors tend to change with age changes (24). 
Different roles for the APOE alleles in survival by gender 
in old age are needed in future studies, according to 
Rosvall et al. (25).

Having said that, Marrzoq et al. (26) conducted a study 
among 137 subjects chosen at random, including 
69 Coronary Heart Disease (CHD) patients. They 
found that APOE ε3/ε3 genotype was found to be the 
greatest widespread in both the control and CHD 
categories. APOE ε2/ε3 and APOE ε4/ε3 are among the 
most common genotypes. There were no significant 
differences in APOE genotypes between both groups. 

APOE IN CARDIOVASCULAR DISEASE (CVD) AND 
DIABETES MELLITUS (DM)

The previous study by Sudong Liu, Jing Liu and the 
other three researchers (27) explored the development 
of APOE gene polymorphism and CVD risk among 
subjects with T2DM. An aggregate of 924 subjects has 
participated in this cross-sectional analysis. Statistical 
analysis was evaluated by univariate and multivariate 
logistic analysis to interpret the correlation of disease 
and risk factors. The results showed ε3/ε4 was increased 
among subjects with T2DM and CVD. The subjects with 
CVD had a higher amount of ε4 allele than the controls.
In Malaysia, Ashari et al. (28) explored the link between 
APOE gene polymorphism and CHD risk prediction 
based on clinical investigation among diabetes subjects. 
A total of 115 T2DM subjects were selected and divided 
into two groups, such as 78 T2DM subjects without 
Coronary Artery Disease (CAD) and 37 T2DM subjects 
with CAD. The ε3 allele being the most common in 
both groups. The findings revealed ε4 allele in T2DM 
subjects with CAD had higher LDL and HDL alleles. As 
a suggestion, the larger sample size should be carried 
out to verified the appearance of the ε4 allele as a risk 
factor of CAD among T2DM patients in Malaysia.

In Iran, a study by Vaisi-Raygani et al. (29) recruited 714 
subjects. There were 152 T2DM subjects with CAD, 262 
non T2DM subjects with CAD and 300 healthy subjects 
as control. The study showed T2DM subjects with the 
APOE ε2 and ε4 alleles acquired a greater chance of 
expanding CAD than non-diabetic subjects in Iran’s 
western population. Besides, the ε4 allele becoming 
more intently linked with CAD compared to the ε2 
allele.
Previous study by Chaudhary et al. (30) enrolled 149 
healthy subjects as controls, 155 T2DM subjects 
without CAD and 147 T2DM subjects complicated with 
CAD as case-patients. They reported the ε4 allele as 

an independent risk factor in the correlation between 
subjects diagnosed with T2DM and CAD.

CONCLUSION

The ε4 allele has been identified as an independent 
risk factor for both T2DM and CVD. This review also 
demonstrates the need for more research with larger 
sample size to establish association for APOE gene 
polymorphisms among patients with diabetes and CVD.  
  
ACKNOWLEDGEMENTS

The authors would like to extend the deepest recognition 
to the Advanced Medical and Dental Institute (AMDI), 
Universiti Sains Malaysia for encouragement. This study 
was supported by USM (304/ CIPPT/6315159).

REFERENCES 

1. Management of Type 2 Diabetes Mellitus. Clinical 
Practice Guidelines Malaysia. December 2020; 
6th Edition: 17

2. National Health and Morbidity Survey 2019. 
Available at http://www.iku.gov.my/nhms/. 
Accessed April 2020. 

3. Shaw JE, Sicree RA, Zimmet PZ. Global estimates 
of the prevalence of diabetes for 2010 and 2030. 
Diabetes research and clinical practice. 2010; 
87(1):4-14.

4. Global status report on noncommunicable diseases. 
Switzer- land: World Health Organization; 2014.

5. Mafauzy M. Diabetes mellitus in Malaysia. Med J 
Malaysia. 2006; 61(4):397-398.

6. Al-Mutair, Abbas. Risk Factors Associated with 
Diabetes Mellitus in a Saudi Community: A Cross-
Sectional Study. Journal of primary health care. 
2017; 7(2):1-5.

7. Poznyak A, Grechko AV, Poggio P, Myasoedova 
VA, Alfieri V, Orekhov AN. The diabetes mellitus–
atherosclerosis connection: The role of lipid and 
glucose metabolism and chronic inflammation. 
International journal of molecular sciences. 2020; 
21(1835):1-13.

8. Ichiar M, Cristina SC, Francisco J. Type 2 Diabetes 
and Cardiovascular Disease: Have all the risk 
factors the same strength. World J Diabetes. 2014 
Aug 15; 5(4): 444-470. 

9. Bennet AM, Di Angelantonio E, Ye Z, Wensley 
F, Dahlin A, Ahlbom A, Keavney B, Collins R, 
Wiman B, de Faire U, Danesh J. Association of 
apolipoprotein E genotypes with lipid levels and 
coronary risk. Jama. 2007; 298(11):1300-1311.

10. Damani SB, Topol EJ. Emerging genomic 
applications in coronary artery disease. JACC: 
Cardiovascular Interventions. 2011; 4(5):473-482.

11. Anna W, Richard LD, Alan TR. Apolipoprotein C-II: 
New findings related to genetics, biochemistry, and 
role in triglyceride metabolism. Atherosclerosis. 



188

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Mal J Med Health Sci 17(SUPP9): 185-188, Nov 2021

2017 Dec; 267: 49-60. 
12. June EE, Terence D, Ghazala P, David MT, Kenneth 

ES, Berrit CS. Apolipoprotein E Polymorphism and 
Cardiovascular Disease: A HuGE Review. American 
Journal of Epidemiology. 2002; 155(6):487-495. 

13. Goldberg TE, Huey ED, Devanand DP. Association 
of APOE e2 genotype with Alzheimer’s and non-
Alzheimer’s neurodegenerative pathologies. 
Nature communications. 2020; 11(1):1-8.

14. Hatters DM, Peters-Libeu CA, Weisgraber KH. 
Apolipoprotein E structure: insights into function. 
Trends in biochemical sciences. 2006; 31(8):446-
454.

15. Luo JQ, Ren H, Banh HL, Liu MZ, Xu P, Fang 
PF, Xiang DX. The Associations between 
Apolipoprotein E Gene Epsilon2/Epsilon3/Epsilon4 
Polymorphisms and the Risk of Coronary Artery 
Disease in Patients with Type 2 Diabetes Mellitus. 
Frontiers in Physiology. 2017; 8(1031):1-11.

16. De Rosa S, Arcidiacono B, Chiefari E, Brunetti A, 
Indolfi C, Foti DP. Type 2 diabetes mellitus and 
cardiovascular disease: genetic and epigenetic 
links. Frontiers in endocrinology. 2018; 9(2):1-13.

17. Martín-Timón I, Sevillano-Collantes C, Segura-
Galindo A, del Cañizo-Gómez FJ. Type 2 diabetes 
and cardiovascular disease: have all risk factors the 
same strength?. World journal of diabetes. 2014; 
5(4):444-470.

18. Alharbi KK, Khan IA, Syed R. Association of 
apolipoprotein E polymorphism with type 2 
diabetes mellitus in a Saudi population. DNA and 
cell biology. 2014; 33(9):637-641.

19. Rahman KH, Hossain MS, Haque N, Razak TB, 
Ahmad H. Apolipoprotein E gene polymorphism 
influenced glycemic status among Malaysians. 
Biomedical Research and Therapy. 2019; 
6(7):3307-3314.

20. Irie F, Fitzpatrick AL, Lopez OL, Kuller LH, Peila 
R, Newman AB, Launer LJ. Enhanced risk for 
Alzheimer disease in persons with type 2 diabetes 
and APOE ε4: The Cardiovascular Health Study 
Cognition Study. Archives of neurology. 2008; 
65(1):89-94.

21. Peila R, Rodriguez BL, Launer LJ. Type 2 diabetes, 

APOE gene, and the risk for dementia and related 
pathologies: The Honolulu-Asia Aging Study. 
Diabetes. 2002; 51:1256-1262.

22. Mahley RW. Apolipoprotein E: from cardiovascular 
disease to neurodegenerative disorders. Journal of 
molecular medicine. 2016; 94(7):739-746.

23. Mooijaart SP, Berbée JF, Van Heemst D, Havekes 
LM, De Craen AJ, Slagboom PE, Rensen PC, 
Westendorp RG. ApoE plasma levels and risk of 
cardiovascular mortality in old age. PLoS Med. 
2006; 3(6):874-883.

24. Haan MN, Mayeda ER. Apolipoprotein E genotype 
and cardiovascular diseases in the elderly. Current 
cardiovascular risk reports. 2010; 4(5):361-368.

25. Rosvall L, Rizzuto D, Wang HX, Winblad B, Graff 
C, Fratiglioni L. APOE-related mortality: effect of 
dementia, cardiovascular disease and gender. 
Neurobiology of aging. 2009; 30:1545-1551.

26. Marrzoq LF, Sharif FA, Abed AA. Relationship 
between ApoE gene polymorphism and coronary 
heart disease in Gaza Strip. Journal of cardiovascular 
disease research. 2011; 2(1):29-35.

27. Liu S, Liu J, Weng R, Gu X, Zhong Z. Apolipoprotein 
E gene polymorphism and the risk of cardiovascular 
disease and type 2 diabetes. BMC cardiovascular 
disorders. 2019; 19(213):1-6.

28. Ashari, A., Omar, J., Hashim, A., Hamid, S. 
Apolipoprotein E Gene Polymorphism and Its 
Association with Cardiovascular Heart Disease 
Risk Factors in Type 2 Diabetes Mellitus. 
International Journal Medical and Health Science. 
2016; 10(9):484–489.

29. Vaisi-Raygani A, Rahimi Z, Nomani H, Tavilani H, 
Pourmotabbed T. The presence of apolipoprotein 
ε4 and ε2 alleles augments the risk of coronary 
artery disease in type 2 diabetic patients. Clinical 
biochemistry. 2007; 40:1150-1156.

30. Chaudhary R, Likidlilid A, Peerapatdit T, 
Tresukosol D, Srisuma S, Ratanamaneechat S, 
Sriratanasathavorn C. Apolipoprotein E gene 
polymorphism: effects on plasma lipids and risk 
of type 2 diabetes and coronary artery disease. 
Cardiovascular diabetology. 2012; 11(36):1-11.


