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Background: An association between ApoE4 and ApoE2 alleles with high blood pressure in relation to
different menstrual phases has been observed. Objectives: To examine the association between lipid
profile, ApoE polymorphism and hypertension in a group of peri- and postmenopausal women.
Methods: Study included 63 hypertensive female patients having age range of 45–80 years. Patients
were divided into two groups based on their menopausal status. Group A included 43 hypertensive perimenopausal women and Group B included 21 hypertensive post-menopausal women. Thirty agematched normal healthy subjects were taken as controls. Patients were taken from medical out-door of
Sir Ganga Ram Hospital, and Services Hospital, Lahore. ApoE4 and lipid profile were measured in all
subjects. Results: In peri-menopausal women E2/2 was 42% and it was 60% in postmenopausal
women. E4/4 was 58% and 40% in peri- and postmenopausal women respectively. Level of serum
cholesterol and the carrier lipoproteins LDL-c and VLDL-c were increased in peri-menopausal women
as compared to postmenopausal women but significant difference (p<0.05) was only observed in case
of LDL-cholesterol. The levels of serum triglyceride and carrier lipoprotein HDL cholesterol were
decreased in peri-menopausal women compared to postmenopausal women but significant difference
(p<0.05) was only observed in case of triglyceride. Conclusion: Both, peri- and postmenopausal
conditions are associated with APOE genotypes and altered serum lipid profile and thus an independent
risk factor for developing cardiovascular diseases especially in postmenopausal women.
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INTRODUCTION
Hypertension is a major global health burden due to its
high prevalence (61.3%) and is associated with
increased risk of cardiovascular disease. Hypertension
was defined as a systolic blood pressure >140 mmHg
and/or a diastolic blood pressure >90 mmHg, or the use
of anti-hypertensive medication.1 Hypertension is
determined by both genetic and environmental factors
and their complex interactions.2
The allelic variation of Apolipoprotein E
(ApoE) influences serum lipid levels including serum
cholesterol triglyceride but its association with arterial
hypertension is controversial.3,4 Few studies observed an
effect of ApoE genotype on hypertension in older
individuals.5 An association between the ApoE4 and E2
alleles with high blood pressure, and especially, with
high systolic blood pressure has been observed.6
However, lack of association with high blood pressure
has also been reported.7 The plasma concentrations of
lipoproteins are also modulated by ApoE, present on the
surface of these lipid-rich particles. It binds with high
affinity to receptors in the liver and extrahepatic cells,
mediating the uptake of lipoproteins.8
ApoE
polymorphism
affects
plasma
cholesterol level. ApoE2 allele is associated with lower
levels of cholesterol, whereas the ApoE4 allele has
opposite effects. In a cross-sectional study, the
association between the ApoE genotype and cholesterol

concentration has been found to be weaker in premenopausal compared with postmenopausal women9,
suggesting that oestrogen affects the influence of the
ApoE genotype on cholesterol level. In postmenopausal
women, apolipoprotein E (ApoE) 4 allele had
significantly higher levels of serum testosterone and
dehydroepiandrosterone. These hormones are thought to
be associated with increased risk factors for coronary
heart disease in women.10
Lipid profile abnormalities in the menopausal
women are common health hazard all over the world.
There is derangement of lipoproteins profile
independent of age.11 However a study observed that
menopausal women have higher plasma lipid levels and
their carriers when compared with pre-menopausal
women.12 It has been shown consistently that
menopause causes an increase in serum cholesterol, but
the effects of peri- and post-menopause on blood
pressure remain unclear.13
Hormonal
changes
associated
with
menopause, play an important role in most cardiac
disorders. Hypercholesterolemia in menopause is a key
factor in the pathophysiology of atherosclerosis.14,15
After menopause, there is loss of ovarian function. This
results in adverse changes in glucose and insulin
metabolism, body fat distribution, coagulation,
fibrinolysis, vascular endothelial dysfunction and also
derangement of lipoprotein profile. All these changes
may be due to the lower level of serum oestrogen.11
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MATERIAL AND METHODS
This study included 63 hypertensive female patients
with age range of 45–80 years. Patients were divided
into two groups based on their menopausal status.
Group A included 43 hypertensive peri-menopausal
women and Group B included 21 hypertensive
postmenopausal women. Thirty age-matched normal
healthy subjects were taken as controls. Patients were
taken from medical Outdoor Department of Sir Ganga
Ram Hospital, and Services Hospital, Lahore. Informed
consent was taken from all the participants of the study.
Women with age <45 and >80 years were not
included in the disease. Women who had any other
disease besides hypertension were also excluded.
Sitting BP (mmHg) was measured on the left
arm after a sufficient sedentary period, standing height
(m) and body weight (Kg) were measured and a fasting
blood sample was drawn to measure ApoE4 and lipid
profile in all subjects.
The last menstrual period was recorded for all
female subjects. When amenorrhea was observed for
more than 12 months, except for pregnancy, the last
menstrual period was defined as the time of menopause.
Total serum cholesterol, high density lipoproteins
(HDL), low density lipoproteins (LDL) and triglycerides
were quantified by enzymatic techniques. ApoE
genotyping was performed using a combination of the
polymerase chain reaction (PCR) and solid-phase mini
sequencing technique.

RESULTS
The genotypes and their percentage for ApoE gene in
hypertensive peri- and postmenopausal women are
presented in Table-1. It was observed that the
percentage of E2/2 was 42% and E4/4 was 60% in periand postmenopausal women respectively. On the other
hand E4/4 was 58% and 40% in peri- and
postmenopausal women respectively.
Biochemical characteristics of peri- and
postmenopausal women are tabulated as Table-2. It was
observed that the level of serum cholesterol and the
carrier lipoproteins LDL-C and VLDL-C were
increased in peri-menopausal women as compared to
postmenopausal women but significant difference
(p<0.05) was only observed in case of LDL-C. The
level of serum triglyceride and carrier lipoprotein HDLC were decreased in peri-menopausal women compared
to postmenopausal women but significant difference
(p<0.05) was only observed in case of triglyceride.
Table-1: Genotypic distribution of ApoE gene in
hypertensive peri- and postmenopausal women
Genotypes
E2/2
E4/4
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Peri-menopausal
women (n=41)
42%
58%

Postmenopausal
women (n=22)
60%
40%

Table-2: Biochemical characteristics of peri- and
postmenopausal women
Variables
Total cholesterol
Triglycerides
HDL-C
LDL-C
VLDL-C

Peri-menopausal
women (mg/dl)
(n=41)
281.06±83.52
209.68±101.89
36.46±9.93
205.09±97.94
47.98±36.32
*p<0.05

Postmenopausal
women (mg/dl)
(n=22)
272.55±100.31
232.44±147.16*
40.99±24.85
185.07±88.79*
46.49±29.43

DISCUSSION
Present study observed that the percentage of E2/2,
levels of serum triglyceride and HDL-cholesterol were
increased in postmenopausal women compared to the
parameters of peri-menopausal women. Our study is in
line to other studies which observed the same results. It
is stated that the association of the ApoE alleles with
plasma lipid levels is a direct consequence of the role of
ApoE protein in lipid metabolism. ApoE2 is
metabolically impaired when compared to ApoE3 and
ApoE4, due to its reduced interaction with cellular
receptors, resulting in delayed clearance and
accumulation of chylomicrons and VLDL remnants in
the plasma. The net effect is an up-regulation of LDL
receptors, higher plasma concentrations of triglycerideand cholesterol-containing remnant particles, and lower
plasma levels of cholesterol-rich LDL particles.16
However, a study reported that postmenopausal women
have higher serum cholesterol levels than
premenopausal women. Study suggested that the level
of cholesterol is associated in menopause with oestrogen
deprivation.17
Our study observed that the level of ApoE4/4
was decreased in postmenopausal women compared to
the level of E4/4 in peri-menopausal women. Among
lipids and lipoproteins the level of total serum
cholesterol, level of LDL and VLDL cholesterol was
decreased in postmenopausal women as compared to the
level of these parameters in peri-menopausal women.
Number of studies observed the effect of ApoE4 allele
on lipid profile. According to a study, women with the
ApoE4 allele benefit the most, while the lipid profile
could worsen in women without the ApoE4 allele.18
Another study reported that the combination of
hypertension and E4 was associated with a significant
deterioration in cognitive function during the 3-year
follow-up. Findings of a study suggested that an
interaction between ApoE and HDL is facilitated by
ApoE4, and is possibly linked with a protective effect
on cognitive decline in later life. The findings also
indicate a synergistic effect of an ApoE4 allele and
hypertension on the acceleration of cognitive decline.19
An association was observed between greater
LDL cholesterol levels and the presence of the ApoE4
allele, as well as between lower LDL cholesterol levels
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and the presence of the ApoE2 allele. However study
observed that hypertension, was not associated with the
ApoE genotype. Additionally it is reported that ApoE
genotype affects serum cholesterol and LDL-levels in
the very elderly. However, there was no association
between ApoE genotype and some other cardiovascular
risk factors such as systolic or diastolic blood pressure,
and serum triglycerides.17
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CONCLUSION
Both peri- and post-menopause are associated with
ApoE genotypes and altered serum lipid profile and thus
an independent risk factor for developing cardiovascular
diseases, especially in postmenopausal women. It is
important to consider both peri- and postmenopausal
woman to undergo screening for ApoE genotypes and
abnormal lipid profile.
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