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Abstract: Menopause is an estrogen deficient state. Natural menopause confers a threefold
increase in Coronary Artery Disease (CAD) risk. This study was conducted to assess the
effect of menopause on serum lipid profile and apolipoproteins. About 123 healthy subjects
were studied (62 premenopausal and 61 postmenopausal women). Total Cholesterol (TC),
Triglycerides (TG) and High Density Lipoprotein (HDL) were estimated by enzymatic
method and Apo A-I and Apo B were estimated by immunoturbidimetric method by
semi-autoanalyzer. TC, TG, Very Low Density Lipoprotein (VLDL), Low Density
Lipoprotein (LDL), Apo B, TC/HDL and Apo B/Apo A-I were increased, whereas HDL and
Apo A-I were decreased in postmenopausal women when compared to premenopausal
women and were statistically significant (p < 0.001). Apo A-I and HDL cholesterol are
antiatherogenic whereas Apo B and LDL cholesterol are atherogenic. The cholesterol content
of HDL and LDL as an indicator for risk of CAD may be misleading because the cholesterol
content varies with a variety of physiological and pathological conditions but not their protein
content. Hence estimation of Apo A-I and Apo B, the protein part of HDL and LDL
respectively serves as a more reliable tool in predicting the risk of CAD in
postmenopausal women.
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Introduction

Menopause is the permanent amenorrhea, which lasts atleast for a period of one year
due to the cessation of ovarian function [1]. In young women, where estrogen
production is high, serum lipids are normal but after menopause, lipid levels are
increased and also the increased incidence of Coronary Artery Disease (CAD). This
shows the possible relationship among estrogen, normal lipid profile and the relative
immunity to CAD [2]. Hence after menopause, risk of atherosclerosis and CAD are
more frequent [3]. Natural menopause confers a threefold increase in CAD risk [4].
Currently postmenopausal women account for more than 30% of the female
population at risk for CAD in India [5]. Apolipoprotein A-I (Apo A-I) and
Apolipoprotein B (Apo B) are protein constituents of HDL and LDL respectively.
Apo A-I and HDL are antiatherogenic whereas Apo B and LDL are atherogenic [6].

The present study was conducted to assess the effect of menopause on lipids,
lipoproteins and apolipoproteins concentration. It is estimated that, at the turn of this
century, more than one third of the female population will be in their post-
reproductive years compared to about 10% at present and the impact of CAD on
women’s health management will increase.
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Although certain forms of CAD can be treated medically or surgically, the most
effective means to decrease the impact of CAD on women’s health is by modifying
the contribution of specific factors that increase the risk of the disease [7].

Material and Methods

A total number of 123 subjects were selected from the out-patient department of
Bapuji Hospital and Chigateri District General Hospital, Davangere, of which 61
were the healthy postmenopausal women of age 42-75 years with a history of natural
menopause (that is, cessation of menstrual period atleast for a period of one year)
without any disease and 62 were healthy premenopausal women aged 26-50 years
with regular menstruation without any disease. Subjects with cardiovascular disease,
diabetes mellitus, hypertension, familial hypertriglyceridemia, history of
hysterectomy, oophorectomy, those on exogenous hormone or hormone replacement
therapy, intake of lipid lowering drugs or any surgery were excluded from the study.
After an overnight fasting of 12-14 hours, about 5 ml of venous blood was drawn
under aseptic precaution in a sterile bulb from selected subjects after the informed
written consent. Serum was immediately separated by centrifugation and was used
for analysis.

The serum total cholesterol was estimated by Enzymatic Cholesterol Oxidase
(CHOD) / Phenol Aminoantipyrine (PAP) Method, triglyceride by Enzymatic
Glycerol Phosphate Oxidase / Phenol Amino Antipyrine, HDL by Enzymatic
Cholesterol Oxidase / Phenol Amino Antipyrine (CHOD / PAP) method and serum
LDL and VLDL were calculated by Friedewald formula [8]. The serum Apo A-I [9]
and Apo B [10] were estimated by Immunoturbidimetric method. Descriptive data
were presented as mean * SD values. Student’s unpaired t test was used for
comparing the means of two groups. Relationship between variables was measured
by Pearson’s correlation coefficient.

Results

According to table-1 the mean values of TC, TG, VLDL and LDL were increased
except HDL cholesterol which was decreased in postmenopausal women when
compared to premenopausal women and were statistically highly significant (p <
0.001). Apo A-I values were lower and Apo B values were higher in postmenopausal
women than in premenopausal women and were statistically significant (p < 0.001).
The ratios of TC/HDL and Apo B/Apo A-I were decreased in premenopausal
women, compared to postmenopausal women and were statistically significant (p <
0.001).
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Table-1: Comparison of TC, TG, HDL, VLDL, LDL, APO A-I, B and their ratios in pre and
post menopausal women.

N o3| 03 |23|38| 23| 28|83 |0 |24
el ERIERIER|SR| 3|22 22| FE &S
Preme "
nopausal | | 1523 | 86.6 | 39.7 | 168 | 95.8 1313 | 68.6 3.95 0.53
women é-’"’ +21.6 | 198 | +4.8 | +4.0 | £22.3 | £11.8 | +8.6 +1.1 | £0.12
(n=62)
Postmeno "
pausal S | 207.2 | 1128 | 309 | 22.6 | 153.8 | 74.1 108.1 6.9 1.49
women g"’ +34.0 | £21.2 | £3.7 | #4.2 | #33.6 | 7.1 | *13.3 | £2.07 | +0.32
(n=61)
Preme
nopausal 10.7 7.1 114 | 7.8 11.3 32.6 16.1 10.8 19.5
women
Vs — — — — — — — — —
postmeno A S S g g 8 g g g S
pausal Y Y 9 9 9 9 9 9 Y
women

It is evident from the table-2 that there was a positive correlation between TC, TG,
VLDL, TC / HDL ratio and Apo B and the correlation was statistically significant
but there was a negative correlation between HDL and Apo B. Also there was a
positive correlation between HDL and Apo A-I. Both the variables were dependent
on each other. As the concentration of HDL increases there was simultaneous
increase in Apo A-I level and this correlation was statistically significant (p < 0.01).

Table — 2: Relationship of Apo A-1 and Apo B with other lipid profiles in
postmenopausal women

Apo A-1 Apo B
r-value* p- level - value* p-level
TC -0.96 <0.01 +0.88 <0.01
TG -0.95 <0.01 +0.87 <0.01
HDL +0.96 <0.01 -0.90 <0.01
VLDL -0.95 <0.01 +0.87 <0.01
LDL -0.95 <0.01 +0.88 <0.01
TC /HDL -0.94 <0.01 +0.88 <0.01

*r — Pearson Correlation Coefficient
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Figure: Lipid profile in premenopausal & post menopausal women
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Discussion

Coronary Artery Disease is the leading cause of death among the postmenopausal
women. Indeed postmenopausal women are four to eight times more likely to die of
CAD than of any other disease [4]. Blood lipids are an important metabolic feature of
the atherosclerotic process in women [11]. The mean age in the postmenopausal
women is 56.6 + 8.0 years and in the premenopausal women is 32.2 + 5.8 years. The
mean age in postmenopausal group is greater than that of premenopausal women.
Unavoidably, there is difference in age between both groups of women because it is
difficult to design studies that can separate the effects of the normal ageing process
from natural menopause [3]. Menopause normally occurs between 45 to 50 years of
age [1].

In our study it is evident that the total cholesterol is increased in postmenopausal
women due to estrogen deficiency when compared to premenopausal women and is
statistically significant (p<0.001) and these findings are in accordance with other
studies [3,12-13]. 1% increase in TC is associated with atleast 2% increase in the
incidence of CAD and they also showed that TC was 19% (1.0 mmol/L) higher in
postmenopausal women compared to premenopausal women [7,14]. In our study
when compared to premenopausal women, postmenopausal women are having high
TG and was statistically significant (p<0.001). These findings are in accordance with
other studies [4,15].
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In the postmenopausal women, the higher body weight is due to increased fat
accumulation and there will be increased release of free fatty acids into the
circulation and excessive free fatty acids provides substrate for hepatic triglyceride
and triglyceride rich lipoprotein production [16]. According to the study done by
Razay Y et al [14], in the postmenopausal women TG was higher by 31%
(0.31mmol/L) when compared to premenopausal women. In our study the VLDL
was increased in postmenopausal women when compared to premenopausal women
and was statistically significant (p<0.001) and these findings are in accordance with
other studies [4,13]. In postmenopausal women due to estrogen deficiency, there will
be relative enrichment of small VLDL particles with CE which is unclear but could
be either due to increased catabolism of VLDL with resulting increased number of
VLDL remnant particles or increased activity of Cholesterol Ester Transfer Protein
(CETP) or both [7]. These small VLDL particles contain more CE molecules per
particle and are highly atherogenic [17]. The VLDL remnants have a high capacity
for interacting with arterial smooth muscle cells [18]. In our study when compared to
premenopausal women, postmenopausal women were having high levels of LDL and
was statistically significant (p<0.001). These findings are in accordance with other
studies [3, 19]. Circulating estrogen is a regulator of Lipoprotein Lipase (LPL). LPL
catalyzes the hydrolysis of VLDL to form IDL and later LDL. After menopause due
to estrogen deficiency, there will be increased plasma LPL and hepatic TG lipase
activity causing plasma LDL accumulation and also leads to down-regulation of LDL
receptors [12, 10]. The higher the small dense LDL proportion which characterizes
the atherogenic shift, higher is the LDL oxidation [12] and these particles are
associated with a threefold increase in CAD risk [4]. 1% increase in LDL cholesterol
increases the risk of CAD by 2% [20].

In our study it was evident that premenopausal women were having high HDL than
postmenopausal women and was statistically significant (p<0.001) and these findings
are in accordance with other studies [11,13]. Due to estrogen deficiency,
postmenopausal women will have highest activity of postheparin hepatic lipase and
enhances the uptake of HDL and also increases the catabolism of HDL thus
decreasing plasma HDL concentration [5]. Also in postmenopausal women there is
increased LDL accumulation, so more and more HDL gets esterified for the
metabolism of those accumulated LDL. Hence postmenopausal women were having
lower HDL compared to premenopausal women. For every 10 mg/dL increase in
HDL, there is a corresponding 50% decrease in CAD risk [11]. They also showed
that, 1% decrease in HDL increases the risk of CAD by 2% - 4.7% [20]. In our study
TC / HDL ratio was significantly increased in postmenopausal women when
compared to premenopausal women (p<0.001). This result was in agreement with
other studies [4, 5, 11, 14]. TC/HDL ratio increases steadily with age and the risk of
CAD increases progressively in proportion to TC/HDL ratio. This explains the
waning protection for women against CAD and other vascular diseases as the age
advances [11]. TC/HDL ratio around 3.5 is optimal and above 5 is dangerous [11]. In
our study the postmenopausal women were at higher risk for CAD because the ratio
was above the dangerous level. Further they stated that one unit increase in TC /
HDL ratio was associated with 49% increase in risk of CAD [5].

© 2011. Al Ameen Charitable Fund Trust, Bangalore 225



Al Ameen J Med Sci; Volume 4, No.3, 2011 Swapnali RK et al

Our study showed that the concentration of Apo A-I was significantly decreased in
postmenopausal women when compared to premenopausal women (p<0.001) and
these results are in agreement with other studies [12,18-19]. Apo-A-I is about 75% of
the protein component (major protein) of HDL and activates the enzyme LCAT,
which catalyses the esterification of cholesterol. Apo A-I interact with a putative
HDL receptor and facilitate to remove cholesterol from the peripheral cells to
transport it back to liver for excretion into bile as bile acids.[21] Estrogen increases
HDL concentration by increasing the production of Apo A-I. Hence after menopause
due to estrogen deficiency there will be decrease in plasma Apo A-I and HDL
concentration [5]. A study stated that 1% reduction in Apo A-I increases the risk of
CAD by 2% [21]. Our study showed that the concentration of Apo B was
significantly increased in postmenopausal women when compared to premenopausal
women (P<0.001). These results are in agreement with other studies [13,19].
Apolipoprotein B is required for the hepatic secretion of VLDL and Apo B remains
associated with the particle during the triglyceride hydrolysis and lipid exchange
cascade until its clearance from the circulation as IDL or LDL particle. By measuring
Apo B in plasma is roughly equivalent to quantifying the number of Apo B
containing lipoproteins secreted by the liver because only one Apo B molecule per
particle is secreted and the cholesterol content of Apo B containing lipoproteins may
be highly variable [17,22]. Apolipoprotein B is involved in the transportation of LDL
cholesterol, which carries cholesterol to the peripheral tissues. In CAD subjects there
is increased synthesis of Apo B which delivers the increased plasma cholesterol to
macrophages of arterial wall resulting in the formation of atherosclerotic plaque. A
study showed that, a 10% decrease in Apo B level was associated with 22%
decreased risk of CAD [23].

In our study the Apo B/Apo A-I ratio was increased in postmenopausal women when
compared to premenopausal women and was statistically significant (p<0.001). The
increased concentration of Apo B and decreased concentration of Apo A-I in
postmenopausal women results in increase in the ratio of Apo B/Apo A-I. The results
are in agreement with other studies [5,12,19]. Apolipoproteins and their ratios were
highly significant in all the age group patients of CAD and kept their discriminating
power upto the oldest decade. But the diagnostic validity of lipids and lipoproteins
decreases as the age advances [24]. The development of immunoassay techniques has
allowed measurement of the protein as well as the lipid portions of lipoproteins. Apo
B, the protein part of LDL particle predicts the development of CAD significantly
better than the plasma levels of LDL cholesterol [25]. Each of the atherogenic
particles in plasma (VLDL, IDL, LDL) contain one molecule of Apo B and therefore
plasma Apo B measures the total number of atherogenic particles [6]. Our results
indicate that the risk for CAD increases after natural menopause [5]. In comparison
to premenopausal women, asymptomatic postmenopausal women showed an
increase in atherogenic lipoprotein profile, inflammatory markers and circulating
fibronectin coming from the subendothelial space [12]. The most investigated risk
factor in postmenopausal women is estrogen deficiency and estrogen replacement
therapy emerges as a single most significant factor that can decrease CAD risk in
women [7].
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The estrogen replacement therapy reduces the serum LDL and increases serum HDL
in a dose dependent manner [26]. Oral estrogen therapy (0.625 mg conjugated
estrogen) decreased the LDL by 10 — 15% and increased the HDL by about 10 —
15%, overall it changed 25 — 50% of lipid profile. So estrogen treatment reduces the
CAD risk by 35% [26]. So this implies that in order to modify risks of CAD in older
women intervention with regard to lipid status should begin in perimenopausal state
[7]. Indian postmenopausal women are at a greater risk of CAD due to genetically
low HDL levels. The benefits of hormone replacement therapy may be greater in
Indian postmenopausal women, who have substantially higher rates of CAD (three
fold) and lower rates of breast cancer (half fold) compared with whites [5].
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