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ABSTRACT

Introduction: Essential hypertension is a multifactorial disease. Many experimental studies have elucidated 
the role of oxidative stress and atherosclerosis in the pathogenesis of essential hypertension. Apolipoprotein 
E is a plasma protein that is found to have antioxidant properties, and it also protects against atherosclerosis. 
Interestingly, the biological function of apolipoprotein E is strongly affected by polymorphisms in its gene. 
Based on this evidence, our aim was to investigate the association of apolipoprotein E gene polymorphisms with 
essential hypertension. Methods: This study was conducted on 70 hypertensive patients and 73 control 
participants recruited from the Balok governmental health clinic in Kuantan, Pahang. The polymerase chain 
reaction restriction fragment length polymorphism assay (PCR-RFLP) was used for determination of the 
apolipoprotein E genotype. Our results were also verified later by direct sequencing of the amplicons. 
Results: There was no significant association of apolipoprotein E allele or genotype frequencies with hypertensive 
disease or blood pressure levels, although the E4 allele was slightly more frequent in the hypertensive 
patients than in the control group (OR=1.055; 0.471–2.359, CI 95%). To improve the precision of the study and 
to settle the controversies among similar studies meta-analysis was performed; however it revealed a net non-
significant association between the apolipoprotein E4 allele with essential hypertension in the combined 
population. Conclusion: Our data and the meta-analysis findings provide evidence that apolipoprotein E gene 
polymorphism has no direct significant association with hypertension.  
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INTRODUCTION

Hypertension is a major risk factor that accounts for 
significantly high morbidity and mortality because of 
complications such as stroke, myocardial infarction, 
congestive heart failure and end-stage renal disease.1 

Essential hypertension is a heterogeneous complex 
disorder and patients are stratified by the complex 
interplay between environmental and genetic factors.2 
It has been estimated that genetic factors account for 
as much as 70% of hypertension in families.3 

Apolipoprotein E is a polymorphic multifunctional 

protein that was first discovered in 1973.4 This 
protein is extremely important in lipid metabolism, as it 
facilitates the cellular uptake of low-density 
lipoprotein (LDL), thus promoting the clearance 
of chylomicron ruminants and very-low-density 
lipoprotein (VLDL).5 In addition, this protein has shown 
significant antioxidant properties in some experimental 
studies.6 Although the role of apolipoprotein E in lipid 
metabolism is already established, its association with 
essential hypertension is still debatable. Nevertheless, 
Davignon7 has suggested that apolipoprotein E
contributes to essential hypertension through its 
contributions in arteriosclerosis, oxidative stress, endo-
thelial dysfunction and arterial smooth muscle spasm.

The function of apolipoprotein E is highly 
regulated by its gene on chromosome 19,which 
consists of four exons.8 The most important functional 
variability of this protein is explained by single-
nucleotide polymorphisms (SNPs) within exon 4 of its 
gene.5 In exon 4, the polymorphism occurs in codons 
112 and 158, whereby the amino acid products of these 
codons are cysteine–cysteine, cysteine–arginine and 
arginine–arginine for epsilons 2(E2), 3(E3) and 4(E4), 
respectively. In most population studies, the E3 
allele is the most common allele, with a frequency of 
approximately 78%. Meanwhile, the E4 and E2 
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alleles are present in approximately 15% and 7% of 
the population, respectively.9,10 These three alleles 
are expressed co-dominantly to generate six different 
genotypes, whereas specific genotypes have been 
linked to certain disorders.8 It was found that 
homozygosity of the E2 allele is associated with type 
III hyperlipoproteinemia5 while homozygosity of the E4 
allele is associated with increased risk for premature 
coronary artery disease and Alzheimer’s disease.5,8 

 
The aim of our study was to assess the association of 
apolipoprotein E gene polymorphism with essential 
hypertension in our sample of patients. At the same 
time, we decided to combine our results with other 
studies on Asian populations by means of a meta-
analysis to verify and strengthen our results. 

MATERIALS AND METHODS

Study Population
This study was conducted on a total of 143 
participants. This sample achieved 91% power to detect 
an effective size of 0.6000 using a 2-degrees-of-free-
dom Chi-square test with a significance level (alpha) 
of 0.05000.11 Before commencing the study, ethical 
clearance was given by the International Islamic 
University Malaysia (IIUM) Research Ethics Committee 
(IREC), with additional permission obtained from the 
Balok governmental health clinic in Kuantan, Pahang. 
Full consent forms were signed by the participants 
after all of the necessary information about the study 
was clearly explained to them. The study included 
70 hypertensive patients recruited on the basis of a 
diagnosis of hypertension. Patients with other 
confounders such as acute myocardial infarction, 
cerebrovascular accident, renal failure, congestive 
cardiac failure and hepatic failure were excluded 
from the study. In addition, we recruited 73 
control participants who had never been diagnosed with 
hypertension and whose average blood pressure was 
lower than 140/90 mmHg. Questionnaires were used 
to record demographic factors such as age, gender and 
race. 

After the measurement of systolic and diastolic blood 
pressures and upon completion of the questionnaire, 
blood samples were obtained and kept in EDTA-
containing tubes at a temperature of −20 °C until 
further genetic testing.

Genotyping
All of the genotyping procedures were performed 
in the Molecular Laboratory, Kulliyyah of Medicine, 
IIUM. The DNA was extracted from the participant 
blood samples using a QIAmp extraction kit (Qiagen, 
Germany). The extracted DNA was further quantified 
and tested for quality using Biophotometer Plus (Eppen-
dorff, USA). Apolipoprotein E gene polymorphism was 
assessed using the polymerase chain reaction restriction 
fragment length polymorphism assay (PCR-RFLP) as 
described previously.12 In brief, a 244-bp apolipo-
protein E fragment was amplified by PCR with initial 
denaturation for 15 minutes, which was required for the 
activation of the HotStart™ (Qiagen,USA) Taq 
polymerase, followed by 39 cycles (95 °C for 15 
seconds, 62 °C for 15 seconds and 72 °C for 15 
seconds) with the primer pairs: forward 5”- TAA GCT TGG 
CAC GGC TGTCCA AGG A –“3 &reverse 5”- ACA GAA TTC 
GCC CCG GCCTGG TAC ACT GCC – “3. The PCR reaction 
mixture (total volume 50 μL) contained approximately 
50 ng of genomic DNA, 1x amplification buffer (100 mM 
Tris-HCl, 50 mM KCl, pH 8.4), 10% dimethyl sulfoxide 
(DMSO), 200 μM of dNTPs, 0.5 μM of each primer, 2.5 
mM of MgCl and 2 units of HotStart™ (Qiagen, USA) 
Taq polymerase. The use of 10% DMSO significantly 
enhanced the amplification of the target amplicon. 
Molecular-grade H2O was added at the end to adjust 
the total volume of the PCR reaction mixture to 50 μl.
The amplified fragment was then digested by the HhaI 
restriction enzyme for 4hours (Fermentas, USA).This 
enzyme recognizes and cuts the DNA at a specific 
nucleotide sequence of 5”- GCGC –“3.12   This enzyme 
produces different DNA fragments for each of 
the different genotypes through the SNPs in the 
apolipoprotein E gene, whereby the E3 allele nucleotide 
sequences of (TGC) and (CGC) in codons 112 and 
158, respectively, change to (TGC)–(TGC) and (CGC)–
(CGC) in the E2 and E4 alleles, respectively. These 
changes create a recognition site for the HhaI enzyme 
in the nucleotide sequence of the 158 and the 112 
and 158 codons in the E3 and E4 alleles, respectively. 
Meanwhile, it demolishes the recognition site of 
these codons in the E2 allele. In addition to these two 
codons, there are four other non-polymorphic 
recognition sites (GCGC) in the apolipoprotein E
 amplicon, which are found in each of the three alleles.12 
Therefore, combining the above products in each of the 
six apolipoprotein E genotypes would give six unique 
combinations of DNA fragments as demonstrated in 
figure 1. 

Figure 1: Schematic presentation of apolipoprotein E genotypes on agarose gel electrophoresis.
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Finally, the end products of Hhal enzyme digestion 
were resolved by electrophoresis on 5% agarose gel, 
as shown in figure 2. The gels were stained using 

ethidium bromide (Bio-Rad, USA) before visualization 
with the UV camera (Bio-Rad, USA).

Figure 2. Agarose gel electrophoresis of apolipoprotein E. A: amplicon products (lane 1: 20bp DNA ladder; lanes 
2-7: 244 bp PCR products). B: HhaI digested products (lane 1: 10 bp DNA ladder; lane 2: E4E4 genotype; lanes 3, 
7 and 12: E3E4 genotype; lane 4: E2E4 genotype; lanes 5, 6, 9 and 11: E3E3 genotype; lane 13: E2E2 genotype; 
lanes 8 and 10: E2E3 genotype).

Validation of genotyping assay by direct sequencing

After completing the genotyping of apolipoprotein E 
polymorphism in all of the samples, six randomly chosen 
PCR products from different genotypes were subjected 
to automated direct DNA sequencing using an ABI PRISM 
3130 genetic analyser (Applied Biosystems, USA). The 

PCR products were purified using a QIAquick PCR puri-
fication kit (Qiagen, Germany),followed by sequencing 
using forward primer and the BigDye®Terminator v3.1 
Cycle Sequencing kit. The cycle-sequenced products 
were purified using the ethanol precipitation method. 
The reference sequence of the apolipoprotein E gene 
was obtained from the sequence provided.12 

Figure 3: Direct nucleotide sequencing of selected PCR products. A: E2E2 genotype, B: E3E3 genotype, C: E4E4 
genotype, D: E2E3 genotype, E: E2E4 genotype and F: E3E4 genotype.
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Statistical analysis

The statistical analysis was performed using SPSS 
software version 19.00. Microsoft Word and 
Excel were used to generate tables. Hardy–Weinberg 
equilibrium for the genotype distribution of every 
SNP was tested in the controls and the hypertensive 
cases by the Chi-square (X2) test with 1 df. The allele 
frequencies and genotype distribution of apolipopro-
tein E were cross-tabulated between the hypertensive 
and control participants by the Chi-square (X2) test. 
The association of apolipoprotein E genotypes with 
systolic and diastolic blood pressure was tested by 
ANOVA. Data were expressed as mean ± standard
deviation (SD) and a p-value of <0.05 was considered 
statistically significant.

Meta-analysis

It was stated in the Singapore Genome Variation 
Project13 that the genetic distribution of SNPs among 
the Malaysian and Chinese populations are almost the 
same. Based on this, a meta-analysis was performed 
by combining our results with sixteen Asian study 
populations of Chinese, Japanese, Korean and Asian 
American individuals to increase the sample size and 
power in order to measure the statistical effect.14 The 
analysis included the study populations15-28 listed in 
Table I. 
From these studies, the odds ratios (ORs) have been 
calculated. The combination conveniently yielded a 
study of 3,224hypertensive cases and 4,472 control 
participants with more than 95% sampling power. The 
meta-analysis was performed using the Comprehensive 
Meta-analysis software version 3.3.070.

Table I: Selected studies for meta-analysis in Asian populations and their characteristics

     Cases      Controls

Author         Country  E4 carriers non-E4 carriers  E4 carriers non-E4 carriers

Cui et al15        China  15  105   15  105
Hu et al16        China  2  45   1  64
Imazu et al17        Japan  58  252   125  482
Katsuya et al18        Japan  256  1262   489  1990
Li et al19            China  6  88   5  97
Liu et al20        China  6  106   4  114
Niu et al21        China  104  165   26  210
Pan et al22        China  3  89   2  88
Peng et al23        China  7  88   0  105
Rong et al24        China  10  110   10  120
Um et al25        Korea  6  81   5  74
Wufuer et al26        China  45  25   22  33
Zhang et al27        China  2  106   1  116
Zhang et al (Han)28         China  13  54   8  45
Zhang et al (Hui)28      China  17  50   6  58
Zhang et al (Tibet)28     China  13  35   10  42

RESULTS

Demographic analysis

The mean age of the participants is shown in 
Table II. There was no significant difference in the 
mean age between the hypertensive and control 
participants (p=0.84).The ethnic distribution of the 
participants was mainly of Malays (91%), followed by 

Chinese (9%). There were no significant differences 
in the ethnic distributions between the patient and 
control groups (p=0.67). In our study the female 
participants were significantly more in the 
patients group than in the controls (Table III); it was 
unlikely to effect the results of our study as there was no 
significant difference in genotype distribution among 
males and females (p=0.38).

Table II: Age and blood pressure in patients and controls

Variables Patients (n=70)  Controls(n=73)  t - value p value
  Mean (SE)  Mean (SE) 
Age (years) 52.76 (1.45)  52.38 (1.3)  0.19  0.84

Blood pressure
(mmHg) 
   
Systolic  148.73 (1.68)  122.79 (1.16)  12.7  <0.001*
Diastolic 91.61 (1.1)  79.10 (0.72)  9.5   <0.001*

Independent t-test, p <0.05 is taken as statistically significant at 95% confidence interval, *significant 
difference.
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Table III: Demographic data

Variables Patients  Controls(n=73)  p value
  (n=70)  N (%)
  N (%) 

Race   
Malay  63 (90%) 67 (95.7%) 
Chinese  7 (10%)  6 (4.3%)   0.67

Gender   
Male  24 (34.3%) 54 (74%)   < 0.001*
Female  46 (65.7%) 19 (26%) 
Chi-square test, p <0.05 is taken as statistically significant at 95% 
confidence interval, *significant difference.

Genotyping analysis

The genotyping of apolipoprotein E polymorphism 
was determined in a total of 143 participants. 
The participants’ genetic data were presented as 
allele and genotype frequencies. There was no 
deviation of genotype frequencies from Hardy–Weinberg 
equilibrium in the experimental and control groups 

(Table IV).
Finally the analysis of genotyping results has shown a 
non significant association of apolipoprotein E allele 
or genotype frequencies with hypertensive disease. 
Although the E4 allele was noted to be slightly more 
frequent in the hypertensive patients than in the 
control group (OR=1.055; 0.471–2.359, CI 95%).

Marker    Patients (n=70)  Controls (n=73)  p-value
    N (freq.)  N (freq.) 

Apolipoprotein E genotypes   
 E3E3   48 (0.686) 48 (0.658) 
 E2E3   4 (0.057) 11(0.151) 
 E3E4   14 (0.20) 13 (0.178)   0.143
 E2E2   3 (0.043) 0 (0.00) 
 E2E4   1 (0.014) 0 (0.00) 
 E4E4   0 (0.00)  1(0.014) 
 Alleles   
 E2   11 (0.079) 11 (0.075) 
 E3   114 (0.814) 120 (0.822)   0.986
 E4   15 (0.107) 15 (0.103)
 

Table IV: Distribution of genotype and allele frequencies among patients and controls

Chi-square test; p<0.05 is taken as statistically significant at a 95% confidence interval.*significant difference

In addition one way ANOVA test was used to measure 
the association of the level of blood pressure with 
apolipoprotein E allele or genotype frequencies. 
However its result was also non-significant (p= 0.986, 
0.143) for apolipoprotein E alleles and genotypes re-
spectively. 

Meta-analysis 

The meta-analysis for the estimates of combined 
ORs for the association of the apolipoprotein E E4 
allele with hypertension observed a non-significant 
association as shown in Figure 4. In the analysis, five 
studies showed a significant association between 
apolipoprotein E E4 and essential hyperten-
sion.18,21,23,26,28 Two studies on Japanese population 
samples found a reduced risk for hypertension among 
E4 carriers.17,18 On the contrary, as shown in Figure 4, 
thirteen studies found an increased risk; meanwhile, 
one study showed no risk for hypertension among E4 

carriers among the patients and control participants 
(OR 1;95% CI, 0.46–2.14).15 

The Q statistical test value indicated significant 
variability among the studies (Q=69, df=16).In order 
to quantify the magnitude of heterogeneity,I2 was 
found to be significantly high (I2=76.7%, p<0.0001). 
And in order to investigate the influence of 
individual studies on the pooled ORs, every study was 
deleted each time in the meta-analysis. However, two 
studies showed undue influence on the pooled ORs.17,18 
Moreover, the meta analysis showed a marked asymme-
try among the studies which provides the evidence of 
this heterogeneity among the studies to be mainly due to 
publication bias.
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Figure 4. Forest plot for the odds of E4 allele in essential hypertension from the selected studies combined with 
our study.

DISCUSSION

To our knowledge, based on scrutinizing similar 
association studies in different populations, no 
existing study has addressed this issue in Malaysia. 
Our study found a non-significant association between 
essential hypertension and apolipoprotein E gene 
polymorphisms. 

In our study, the estimated sample size was 70 
participants for patients and control group 
according to Cohen’s statistical tool.11 However, 
it is stated that genetic polymorphism association 
studies might need larger sample sizes to decrease the 
coefficient of variation of the estimated genetic 
distance.14

In the demographic data analysis there was 
significant difference of gender distribution among the 
two groups. However, the secondary analysis indicated 
that such an association with apolipoprotein E geno-
types is absent for both males and females. The control 
participants in our study had the same ethnic 
distribution of apolipoprotein E genotypes and 
consistent frequencies of genotypes and alleles 
compared to one Malaysian population study29 in 
which the E3 allele was present in the majority of 
participants, followed by the E4 and E2 alleles, 
respectively.

The fact that apolipoprotein E is important in the 
protection against oxidative stress and atheroscle-

rosis,7, 30 and with the understanding that individuals 
with essential hypertension are prone to oxidative 
stress 31and atherosclerosis,7,32 it is then hypothesized 
that defects within the apolipoprotein E gene may 
partly contribute to the development of essential 
hypertension.

The observations of association studies between 
the apolipoprotein E genotypes and hypertension in 
different populations show conflicting conclusions 
and inconsistent findings. Results from a number of 
studies involving Asian populations were consistent 
with ours.16,19,20,22,24,25,27,28 It is important to admit 
that most of these studies were conducted in small 
samples of populations, but similar findings were also 
noticed in a large population study,33 although it was 
conducted in a population of different ethnicity. 
On the other hand, some case-control studies have 
consistently described a significant association 
between the presence of the E4 allele and 
hypertension.2,18,21,22,25,27 For example, in two 
of these studies, one conducted in Japan by 
Katsuya18 and the other by Imazu17 on Hawaiian 
Japanese, both found a significant association between 
apolipoprotein E gene polymorphism and essential 
hypertension; however, the E4 allele was found to be 
a protective factor against hypertension (OR=0.83, 
0.88–95% CI [0.70–0.98, 0.628–1.255,respectively]). At 
the same time, in these two studies, the significant 
association was missing in elderly patients.18 

Furthermore, the E4 allele was found to be sig-
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nificantly associated with high cholesterol, high 
triglycerides, high LDL and low HDL levels, which 
contradicts the fact that these findings predispose 
individuals to hypertension as mentioned above. These 
two studies carried a high weightage in the meta-
analysis (73% combined). Interestingly, if both studies 
were excluded from the analysis, the net effect would 
become significant (p<0.01, OR 2.1, 95% CI, 1.6–2.7). 
However, pooling all the ORs from the mentioned 
studies revealed a net non-significant association 
between apolipoprotein E E4 and hypertension 
although, there was a marked evidence of publication 
bias that caused this significant heterogeneity among 
the studies.

Generally, because association studies are 
incompetent in proving causality, it is 
important to highlight the results from some functional 
studies in evidence for this pathophysiological 
dilemma. Experiments on genetically engineered 
mouse models (apolipoprotein knock-out mice) have 
shown some promising evidences. Where in some 
studies, there was significantly elevated blood 
pressure with abolition of the normal circadian blood 
pressure variations in the apolipoprotein E-/- mice 
compared with the age-matched control mice.34 
In the same experiment, all of the apolipoprotein 
E-/- mice were also found to have hypercholester-
olemia, which suggests the possibility that essential 
hypertension might be caused by the indirect 
effect of the dysfunctional apolipoprotein E through 
disturbances in its lipid-regulating function. However, 
the relationship between essential hypertension and 
the development of atherosclerosis is also actively 
debated because in some studies, certain markers 
of hypertension, such as epinephrine or angiotensin, 
are found to increase atherosclerosis in apolipopro-
tein E-/- mice.34 Meanwhile, a hypercholesterolemia 
mouse model are found to have an up regulated 
renin-angiotensin system, which is a known  main 
confounder of essential  hypertension.35 It also essential 
to mention that in some experimental studies, no significant 
differences of blood pressure were found between 
apolipoprotein E -/- mice and age-matched controls.36

CONCLUSION

In summary, this study provides some evidence of the 
non-significant association between apolipoprotein E 
gene polymorphism and hypertension in a Malaysian 
sample. Accordingly, it is recommended to include 
more studies in the meta-analysis.  More functional 
animal studies can help to finalize the role of the 
mentioned factors in the complex genetic/
environmental interplay.

LIMITATIONS OF THE STUDY

First, the participants were not randomly selected, 
so they could not represent the general population. 
Second, the relatively low number of subjects could 
have contributed to the non-significant association.
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