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Abstract During the reproductive period, women generally have lower low-density
lipoprotein (LDL) cholesterol and higher high-density lipoprotein cholesterol than
age- and diet-matched men. However, these possibly antiatherogenic character-
istics of lipoproteins are changed to a potentially atherogenic profile after meno-
pause. Menopause-related changes in lipoprotein profile can be corrected by the
administration of hormone replacement therapy (HRT). However, the results of
recent studies did not show definite benefits of HRT on coronary heart disease-
related mortality rates. On the other hand, several large-scale, long-term clinical
trials provide evidence for efficacy and safety of HMG-CoA reductase inhibitors
(statins) in both men and women. The results of 19 short-term clinical trials using
simvastatin, pravastatin, fluvastatin or lovastatin in postmenopausal women are
summarised and discussed. All these investigations reported significant reduc-
tions in both total and LDL cholesterol levels. The question of whether statin
therapy results in a significant decrease in cardiovascular-related mortality rates
along with a better quality of life in postmenopausal women remains to be inves-
tigated in large-scale, randomised, double-blind, placebo-controlled clinical tri-
als.
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It is believed that production and secretion of
estrogen during the reproductive period plays an
important role in late onset of coronary heart dis-
ease (CHD) in women. Indeed, induction of meno-
pause by surgical means, such as bilateral oopho-
rectomy, significantly increases the risk of CHD in
women.[1] Thus, several epidemiological, clinical
and experimental studies have suggested hormone
replacement therapy (HRT) in both the prevention
and treatment of CHD in postmenopausal wom-
en.[2-4] However, the potential cardiovascular ben-
efit of HRT should be carefully weighed against
their potential serious adverse effects including an
increased risk for uterine and breast cancer.[5,6] Al-
ternatively, the lipoprotein profile of postmeno-
pausal women can be beneficially modified by
other relatively ‘safe’ pharmacological means in-

cluding lipid-lowering agents. This is particularly
appropriate in those postmenopausal women at
high risk for CHD and with a family history of
breast cancer, or in those who are either unable or
unwilling to take HRT long-term in the absence of
menopausal syndrome.

The aim of this review is to summarise knowl-
edge to date on menopause-associated dyslipidae-
mia and the potential benefits of HMG-CoA reduc-
tase inhibitors (statins). Related articles were
selected through a Medline search limited to the
period of 1980–2002, and are critically reviewed
and discussed in this article.

1. Menopause and Lipoprotein Profile

During the reproductive period, women gener-
ally have lower low-density lipoprotein (LDL)



cholesterol and higher high-density lipoprotein
(HDL) cholesterol levels than age- and diet-
matched men. However, these possibly anti-
atherogenic characteristics of lipoproteins are
changed to a potentially atherogenic profile after
menopause. These changes mainly include de-
creased HDL and increased LDL cholesterol levels
with lower quality, namely an elevated proportion
of small and dense LDL particles.[7] Analyses of
the data from the Framingham Offspring and Co-
hort 1971–1974[8] demonstrate an age-dependent
variation in plasma lipoprotein cholesterol levels
in both men and women (figure 1). As illustrated
in figure 1, the total cholesterol levels of pos-
tmenopausal women exceed those in men mainly
as a result of increases in non-HDL-cholesterol
(figure 1). This causes a significant rise in the total/
HDL cholesterol ratio in women after the age of 50
years, whereas this ratio is decreased in men after
50 years of age (figure 2). Thus, the net effect of
aging is the development of a more atherogenic
lipoprotein profile in postmenopausal women.
This may be the cause of higher CHD risk in
women as observed after 16 years of follow-up of
the Framingham Cohort (table I). Similarly, further
analysis of the data from the Framingham Cohort
indicates that the age-related increment in the risk

of cardiovascular events is more profound in
women than in men (table II).

These changes in lipoprotein profile can be cor-
rected by oral administration of estrogen.[9] Trans-
dermal administration of 17β-estradiol lowers
plasma cholesterol levels to a lesser extent[10] indi-
cating the importance of the intestine and liver in
the regulation of lipoprotein metabolism by estro-
gen. One possible mechanism is enhanced hepatic
cholesterol uptake through LDL receptors, and
consequent increases in cholesterol catabolism and
bile acid formation.[11] Simultaneous increases in
apolipoprotein (apo) AI levels, decreased activity
of hepatic lipase and increases in reverse choles-
terol transport may further reduce the risk of CHD
in postmenopausal women. Estrogen may be ben-
eficial against CHD through other mechanisms as
well. These include: (i) positive effects on coro-
nary vasomotor through nitric oxide (NO) genera-
tion and endothelium involvement;[12] (ii) antioxi-
dant activities and inhibition of LDL oxidation;[13]

(iii) anti-proliferative effects on vascular smooth
muscle cells;[14] and (iv) anti-hypertensive proper-
ties mediated by reduced angiotensin converting
enzyme levels.[15] Despite these potentially bene-
ficial effects of HRT, the Heart Estrogen/Progestin
Replacement Study (HERS)[16] showed no sig-
nificant benefit of HRT on the incidence of CHD-
related death compared with placebo over 4.1 years
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Fig. 1. Age- and sex-dependent variations in plasma lipoprotein
cholesterol levels after the age of 40 years. Reproduced with
permission from Kannel.[8] HDL-C = high-density lipoprotein
cholesterol; LDL-C = low-density lipoprotein cholesterol.
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Fig. 2. Estimated total/HDL cholesterol ratio in both men and
women more than 40 years of age. Reproduced with permission
from Kannel.[8] HDL-C = high density lipoprotein cholesterol.
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of follow-up. On the other hand, several small clin-
ical trials have shown benefits from statins alone
or in combination with HRT in postmenopausal
women. These studies are outlined in section 2.

2. Statin Therapy in 
Postmenopausal Women

Currently, several classes of lipid-lowering
agents are used to reduce plasma lipid levels and
potentially decrease the risk for CHD. The choice
of drug treatment mainly depends on the nature of
dyslipidaemia, the response of the patient, the se-
verity of adverse effects and drug-drug interac-
tions. Statins are widely used and have been shown
to be effective with a relatively low incidence of
serious adverse effects. These drugs competitively
inhibit hepatic cholesterol synthesis and thus up-
regulate hepatic LDL receptor function resulting
in significant reductions in plasma LDL choles-
terol levels. Certain statins may cause increases in
plasma HDL cholesterol levels and decreases in
plasma triglyceride levels by unknown mecha-
nisms. All these lipid modifications as well as non-
lipid-related effects, such as antioxidant activity,
direct effects on vessel wall function, anti-coagu-
lation effects and other properties, may contribute
to the antiatherogenic effects of statins. The effects
of various statins on lipoprotein profile have been
investigated in postmenopausal women in numer-
ous studies as described in the following subsec-
tions and summarised in table III.

2.1 Simvastatin

A recent study[17] investigated the effects of
simvastatin 10 mg/day for 6 months in 50 post-
menopausal women (mean age 58 years and mean
duration of menopause 67 months) with hyper-
cholesterolaemia (mean plasma total cholesterol
6.45 mmol/L and mean LDL-cholesterol 4.53
mmol/L). Simvastatin therapy for 6 months re-
sulted in 11 and 16% reductions in total and LDL
cholesterol levels, respectively, and an 11% in-
crease in HDL cholesterol levels with no change
in triglyceride levels. Similar results were obtained
when a combination of simvastatin 10 mg/day and
HRT (estrogen 0.625mg plus medroxyprogester-
one 2.5mg daily) was used in a matched group of
50 postmenopausal women. Similarly, simvastatin
10 mg/day for 8 weeks resulted in 26, 36 and 14%
decreases in total and LDL cholesterol and triglyc-
eride levels, respectively, along with a 7% increase
in HDL cholesterol levels in 58 postmenopausal
women.[18]

Table I. Coronary heart disease risk by total/HDL cholesterol ratio.
Sixteen year follow up of the Framingham Study (reproduced with
permission from Kannel.[8])

Age (y) Q5/Q1 Risk ratio

Men Women

49–59 3.4 3.7

60–69 2.9 6.8

70–81 2.3 3.3

All ages 2.4 3.9

Q5/Q1 = ratio of risk for the fifth (highest) quintile compared to the
first (lowest) quintile; HDL = high-density lipoprotein.

Table II. Increment in the risk of cardiovascular events comparing age 35–64 year rates with 65–94 year rates in each sex: 36-year follow
up of the Framingham Study (reproduced with permission from Kannel[8])

Age (y) Average annual rate per 1 000

All CV eventsa CHD Stroke CHF

Men Women Men Women Men Women Men Women

35–64 18 9 14 6 3 2 3 2

65–94 43 30 27 17 12 11 11 9

Risk ratiob 2.4 3.3 1.9 2.8 4.0 5.5 3.7 4.5

a Also includes peripheral vascular disease.

b (65-94)/(35-64).

CHD = coronary heart disease; CHF = congestive heart failure; CV = cardiovascular.
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One hundred and twenty-two postmenopausal
women (mean age 61.4 years) received simvastatin
at a median dose of 0.1 mg/kg for 1 year.[19] This
resulted in a 20% reduction in total cholesterol,
28% reduction in LDL-cholesterol and an approx-
imately 25% reduction in the total/HDL choles-
terol ratio compared with baseline measurements.
Seven women experienced drug-related adverse
effects. Combination of HRT and simvastatin 10
mg/day in hypercholesterolaemic postmenopausal
women (n = 10) who did not respond to HRT alone
resulted in a 21% decrease in total cholesterol, a
28% decrease in LDL cholesterol and a 24% de-
crease in plasma triglycerides with no change in
HDL cholesterol.[20] Simvastatin 20mg once daily

for 8 weeks resulted in a significant reduction in
the levels of plasma total and LDL cholesterol (–35
and –45%, respectively) in 16 postmenopausal
women with documented coronary artery dis-
ease.[21] However, these changes were not accom-
panied by significant modifications in the levels of
plasma fibrinogen, factor VII or total plasminogen
activator inhibitor antigen.[37]

The effects of simvastatin on lipoprotein meta-
bolism were investigated in 28 hypercholesterolae-
mic postmenopausal women over a 6-week pe-
riod.[22] Treatment with simvastatin 10mg each
night was associated with a 20% reduction in total
cholesterol, a 25% reduction in both LDL choles-
terol and apo B, a 20% decrease in triglycerides,

Table III. HMG-CoA reductase inhibitor (statin) therapy in postmenopausal women

Study No. pts Mean age (y) Agent (dosage) Duration Results (% change from baseline or vs
placebo-treated groups when applicable)

Fak et al.[17] 50 58 Simvastatin (10 mg/day) 6m 11% ↓ TC, 16% ↓ LDL, 11% ↑ HDL

Darling et al.[18] 58 61 Simvastatin (10 mg/day) 8 wks 26% ↓ TC, 36% ↓ LDL, 7% ↑ HDL, 14% ↓ TG

Nakajima[19] 122 61 Simvastatin (0.1 mg/kg BW) 1y 20% ↓ TC, 28% ↓ LDL, 25% ↓ TC/HDL ratio

Ohmichi et al.[20] 10 56 Simvastatin (10 mg/day) +
HRT

12 wks 21% ↓ TC, 28% ↓ LDL, 24% ↓TG

Sbarouni et al.[21] 16 >1 year after
amenorrhea

Simvastatin (20 mg/day) 8 wks 35% ↓ TC, 45% ↓ LDL

Koh et al.[22] 28 57 Simvastatin (10 mg/day) 6 wks 20% ↓ TC, 25% ↓ LDL, 8% ↑ apo AI, 20% ↓TG,
25% ↓ apo B

Wakatsuki et al.[23] 15 55 Simvastatin (5 mg/day) 3m 22% ↓ TC, 33% ↓ LDL

Wakatsuki et al.[24] 18 55 Simvastatin (5 mg/day) 3m 22% ↓ TC, 29% ↓ LDL

Averbuch et al.[25] 16 Not above 60 Simvastatin (10 mg/day) +
HRT + Step I diet

6m 24% ↓ TC, 35% ↓ LDL

Gavish et al.[26] 42 54 Simvastatin (20 mg/day) 6m 22% ↓ TC, 31% ↓ LDL, 27% ↓ TC/HDL ratio,
35% ↓ LDL/HDL ratio

Ozsener et al.[27] 12 51 Pravastatin (20 mg/day) 16 wks 19% ↓ TC, 21% ↓ LDL

Lemay et al.[28] 16 57 Pravastatin (40 mg/day) 6m 30% ↓ TC, 30% ↓ LDL, 16% ↓ TG, 25% ↓ apo B

Ushiroyama et al.[29] 74 54 Pravastatin (10 mg/day) 5y 20% ↓ TC, 25% ↓ LDL

Davidson et al.[30] 76 Pravastatin (20 mg/day) 16 wks 25% ↓ non-HDL and calculated LDL

Serruys et al.[31] 70 61 Fluvastatin (80 mg/day) 26 wks 33% ↓ LDL, 28% ↓ apo B, 13% ↓ TG

Marz et al.[32] 35 66 Fluvastatin (40 mg/day) 12 wks 19% ↓ TC, 23% ↓ LDL, 21% ↓ apo B

Clearfield et al.[33] 997 55-73 Lovastatin (20-40 mg/day) 5y 25% ↓ LDL, 9% ↑ HDL, 37% ↓ AMCE rates

Bradford et al.[34] 1930 59 Lovastatin (20-80 mg/day) 48 wks 24–40% ↓ LDL, 9–18% ↓ TG, 7–9% ↑ HDL,
17–28% ↓TC

Herrington et al.[35] 24 >55 Lovastatin (20 mg/day) 6 wks 30% ↓ LDL, 8% ↓ TG, 35% ↓ LDL/HDL ratio,
11% ↑ HDL

Ray et al.[36] 39 842 ≥65 Statins 1.1–1.4y ↓ DVT rates

AMCE = acute major coronary events; apo = apolipoprotein; BW = bodyweight; DVT = deep vein thrombosis; HDL = high-density lipoprotein;
HRT = hormone replacement therapy; LDL = low-density lipoprotein; TC = total cholesterol; TG = triglycerides; ↓ indicates decrease; ↑
indicates increase.
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and an 8% increase in apo AI.[22] The addition of
conjugated equine estrogen 0.625 mg/day to simva-
statin did not result in an additional lipid lowering
effect. However, estrogen therapy improved mark-
ers of fibrinolysis and vascular inflammation.[22]

Significant reductions in the LDL/HDL ratio (–30%)
and the apo B/apo AI ratio (–30%) along with sub-
stantial improvements in endothelial function as
measured by flow-mediated dilation were also ob-
served.[22]

A lower dose of simvastatin (5 mg/day for 3
months) also significantly reduced plasma levels
of total and LDL cholesterol along with significant
reductions in the levels of apo B, apo C-II and apo
E in 15 postmenopausal women.[23] Similarly, this
dose of simvastatin (5 mg/day) for 3 months pro-
duced 22 and 29% reductions in plasma total and
LDL cholesterol levels, respectively, in 18 post-
menopausal hypercholesterolaemic patients.[24]

Sixteen postmenopausal women who did not re-
spond to combination of American Heart Associ-
ation Step I diet and HRT were additionally treated
with simvastatin 10 mg/day for 6 months. The ad-
dition of simvastatin to the Step I diet and HRT
regimens resulted in a rapid reduction in both total
(–24%) and LDL (–35%) cholesterol levels.[25]

In another study, the efficacy and safety of
simvastatin 20 mg/day were investigated in 42
postmenopausal women (mean age 54 years) as
well as 58 men (mean age 60 years) with hyper-
cholesterolaemia and type II diabetes mellitus but
not receiving any HRT.[26] Simvastatin therapy for
6 months resulted in a significant reduction in
plasma total cholesterol, LDL-cholesterol, the
LDL/HDL ratio and the total cholesterol/HDL ra-
tio compared with baseline measurements.[26]

However, the treatment did not cause any signifi-
cant changes in the levels of plasma triglycerides,
fibrinogen or lipoprotein(a). The adverse effects of
simvastatin therapy as determined by mild creatine
phosphokinase (CPK) elevation, two times the up-
per limit of normal CPK elevation, liver function
abnormalities and clinical myopathy in all 100
treated participants was 3, 1, 1 and 1%, respec-
tively. Over an 18-month follow-up, the incidence

of all cardiovascular events was 6% with one death
and no acute myocardial infarction. Of non-cardio-
vascular events, one case of pneumonia was re-
ported. It is of interested that this study reported a
50% greater reduction in incidence of overall
events in women participants than men.[26]

2.2 Pravastatin

Pravastatin 20 mg/day for 16 weeks signifi-
cantly decreased total and LDL cholesterol levels
by 19 and 21%, respectively, in 12 postmeno-
pausal patients with hypercholesterolaemia.[27]

The addition of HRT did not enhance the choles-
terol-lowering effects of pravastatin.[27] After 4
months of dietary management, pravastatin 40
mg/day was given to 16 postmenopausal women
for 6 months.[28] The statin produced significant
reductions in total and LDL cholesterol levels (–30%
each), a 25% reduction in apo B and a 16% reduc-
tion in triglyceride levels.[28]

Seventy-four postmenopausal women with mean
plasma total cholesterol levels of 255 mg/dl (6.59
mmol/L) and no CHD symptoms were treated with
pravastatin 10 mg/day for 5 years.[29] This treat-
ment resulted in a sustained reduction in total and
LDL cholesterol levels by 20 and 25%, respec-
tively.[29] It is of interest that, compared with base-
line values, pravastatin therapy was associated
with a 39% reduction and an 8% increase in tri-
glyceride levels in hypertriglyceridaemic and
normotriglyceridaemic women, respectively. No
serious adverse effects were reported over the 5
year study period.

The effects of pravastatin 20 mg/day alone or in
combination with HRT were investigated in 76 post-
menopausal women with hypercholesterolaemia
in a double-blind, randomised, placebo-controlled
trial.[30] An approximately 25% reduction in both
non-HDL and calculated LDL cholesterol levels
was observed in pravastatin-treated group. The ad-
dition of HRT did not significantly decrease these
parameters; however, it significantly increased
HDL cholesterol levels by 21%.
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2.3 Fluvastatin

One hundred and forty-six women were in-
cluded in a cohort of 834 participants with a mean
age of 61 years and moderate hypercholesterolae-
mia (mean total cholesterol levels 5.8 mmol/L).
The women were divided into two groups receiv-
ing either fluvastatin (70 women) or placebo (76
women) matched for several demographic charac-
teristics including lipid profile, anginal status, rel-
evant medical history, body mass index and extent
of coronary artery disease.[31] Fluvastatin 80
mg/day resulted in a sustained 33% reduction in
LDL cholesterol levels over 26 weeks. This was
accompanied by a 28% reduction in apo B and a
13% decrease in triglyceride levels as compared
with baseline values, but no changes in apo AI,
HDL cholesterol or LP(a) levels. Although fluva-
statin treatment was associated with a decrease in
overall mortality and myocardial infarction at 40
weeks after percutaneous transluminal coronary
angioplasty, the results of this investigation
showed no benefits of fluvastatin in the prevention
of restenosis.[31]

Thirty-five postmenopausal women with com-
bined hyperlipidaemia and elevated dense LDL
particles were treated with fluvastatin 40 mg/day
for 12 weeks.[32] Fluvastatin therapy resulted in
significant decreases in total cholesterol (–19%),
intermediate-density lipoprotein cholesterol (–35%),
LDL cholesterol (–23%), apo B (–21%) and apo B
in dense LDL (–42%) compared with those in pla-
cebo-treated group (n = 17).

2.4 Lovastatin

A recent analysis of AFCAPS/TexCAPS (Air-
Force/Texas Coronary Arthrosclerosis Prevention
Study) data demonstrated that lovastatin 20–40
mg/day was associated with a 37% reduction in
first acute major coronary events in a total of 997
postmenopausal women and 5 608 men. These par-
ticipants had average LDL cholesterol but below
average HDL cholesterol levels with no clinical
evidence of cardiovascular disease.[33] The reduc-
tions in clinical events were accompanied by a

25% reduction in LDL cholesterol and a 9% in-
crease in HDL cholesterol levels in postmeno-
pausal participants. Furthermore, it was concluded
that both men and postmenopausal women simi-
larly benefited from lovastatin treatment.

The efficacy and tolerability of lovastatin 20–80
mg/day were investigated in 1 930 postmeno-
pausal women with moderate hypercholesterolae-
mia.[34] Lovastatin treatment induced significant
reductions in total (17–28%), LDL (24–40%) and
triglyceride (9–18%) levels along with an average
8% increase in HDL cholesterol levels compared
with baseline measurements. The lipid-lowering
effects of lovastatin were dose-dependent. The ad-
dition of HRT to lovastatin did not significantly
change the lipid values. Up to 0.4% of lovastatin
recipients experienced serious drug-related ad-
verse effects. Lovastatin 20 mg/day for 6 weeks
also significantly reduced both total and LDL cho-
lesterol levels in 24 postmenopausal women.[35]

These changes were accompanied by moderate im-
provements in brachial artery flow-mediated vaso-
dilator capacity.

2.5 Atorvastatin

Aggressive lipid-lowering therapy with atorva-
statin 80 mg/day and its effects on atherosclerotic
plaque burden is being evaluated in 600 post-
menopausal women.[38] This multicentre, random-
ised, double-blind, parallel-group study is de-
signed to address the actual incidence of CHD in
postmenopausal women and to evaluate the extent
of lipid-lowering strategies (aggressive vs moder-
ate) on progression of atherosclerosis.

2.6 Other Trials

In a retrospective study of 125 862 elderly indi-
viduals, including 72 398 women (aged 65 years or
older),[36] the women were divided into three
groups and treated with thyroid replacement hor-
mones (n = 29 286), statins (n = 39 842) or non-
statin lipid-lowering agents (n = 6 270). These
postmenopausal individuals who were free of a his-
tory of angina, myocardial infarction, peripheral
vascular disease, cancer diagnosis or a diagnosis of
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deep vein thrombosis (DVT) within 36 months of
enrolment were followed up for development of
DVT over 8 years.[36] During a period of observa-
tion (1.1–1.4 years), statin therapy was associated
with the lowest rate of DVT in postmenopausal
women with 8.1 cases of DVT per 1 000 person-
years. This rate was higher in the two other groups
of women, namely non-statin lipid-lowering group
and thyroid replacement therapy, with 10.1 and 12
cases of DVT per 1 000 person-year, respectively.
The study reported that women receiving statin
therapy benefited more from the treatment than
participant men. Parallel to this study, a cohort of
women only (mean age 73.5 years) were divided
into four groups and treated with the three above-
mentioned treatments or estrogen therapy. Where-
as the incidence rate for DVT was again the lowest
in the statin-treated group, the estrogen-treated
group had the highest rate. Both arms of the study
indicated a lower adjusted hazard ratio for statin
therapy than for the other treatments in post-
menopausal women.[36]

3. Potential Benefits from Statin Therapy
Beyond Cholesterol-Lowering Effects

3.1 Effects on Endothelial Cells

Endothelial dysfunction is one of the earliest
manifestations of atherosclerotic vascular disease.
Abnormalities in synthesis, release and activity of
endothelium-derived NO are the main feature of
endothelial dysfunction resulting in impaired ves-
sel wall function. Hypercholesterolaemia induces
endothelial dysfunction and acute reductions in
LDL cholesterol levels by LDL apheresis im-
proves endothelium-dependent vasodilatation.[39]

This indicates that statin therapy may enhance en-
dothelial function by reducing plasma LDL cho-
lesterol. However, other studies suggest that ben-
eficial effects of statins on endothelial function
may be independent of their LDL-cholesterol low-
ering effects. For example, restoration of endothe-
lial function was noticed before significant reduc-
tions in plasma cholesterol levels.[40] Statin
therapy was also associated with up-regulation of

endothelial NO synthase leading to increased bio-
availability of NO.[41] As superoxide anion can in-
activate NO and cause vasoconstriction, antioxi-
dant properties of the statins may also increase NO
bioavailability by inhibiting the production of re-
active oxygen substances resulting in enhanced en-
dothelium-dependent vasodilation.[42] Moreover,
Kureishi et al.[43] have shown that simvastatin pro-
motes angiogenesis in ischaemic limbs of normo-
cholesterolaemic rabbits, an effect similar to that
of vascular endothelial growth factor (VEGF).

3.2 Effects on Vascular Smooth Muscle Cells

Migration and proliferation of vascular smooth
muscle cells are among major events in the patho-
genesis of atherosclerotic vascular disease. Statins
may inhibit vascular smooth muscle cell prolifer-
ation by arresting the cell cycle.[44] This is most
likely mediated through Ras and Rho (two small
guanine triphosphate [GTP]-binding proteins im-
plicated in cell cycle regulation) mechanisms. Ev-
idence suggests that this effect of stains on vascu-
lar wall cells is due to inhibition of synthesis of
isoprenoid intermediates but not cholesterol syn-
thesis.

This mechanism may also contribute to the po-
tential anti-osteoporosis effects of statins.[45] It
should be noted that anti-osteoporosis effects of
statins are still controversial as several studies
failed to observe a close association between statin
therapy (at cholesterol-lowering dosages) and a
significant reduction in risk of bone fracture.[45,46]

Nevertheless, osteoporosis is another most com-
mon chronic disorder in postmenopausal women.

3.3 Potential Anti-Inflammatory Effects

Numerous inflammatory elements are impli-
cated in the pathogenesis of atherosclerosis. It is
believed that migration of monocytes into the sub-
endothelial space and foam cell formation is an
early stage in the development of atherosclerotic
lesions. Cytokines produced by these inflamma-
tory cells (macrophages and T cells) may influence
endothelial function, smooth muscle cell prolifer-
ation, collagen degradation and the thrombotic
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process.[47] Statin therapy may be associated with
reductions in the number of inflammatory cells
within the atherosclerotic lesions.[48] This may be
mediated through the inhibition of adhesion mole-
cules such as intercellular adhesion molecule-1
(ICAM-1), which is totally independent of the in-
hibition of HMG-CoA reductase.[49] Moreover,
further analysis of CARE (Cholesterol and Recur-
rent Events) and AFCAPS/TexCAPS trials showed
that statin therapy was associated with a significant
reduction in plasma hs-CRP (C reactive protein
measured by high sensitivity assay) levels,[50,51]

and elevated levels of hs-CRP are a predictive of
increased risk for CHD in women.[52] A recent
study by Koh et al.[53] has reported that the addition
of simvastatin to estrogen may attenuate estrogen-
induced increases in the level of CRP in post-
menopausal women.

3.4 Effects on Thrombus Formation 
and Embolism

Plaque rupture and thrombus formation account
for most of acute coronary events. Platelet activity
and the nature of plaque fibrous cap play an impor-
tant role in the incidence of acute coronary events.
Statins can contribute to plaque stability by several
mechanisms including reducing plaque size, de-
creasing the number of inflammatory cells in the
plaque and reducing the production of collagen-de-
grading enzymes, such as matrix metalloprotein-
ases (MMPs), and inhibition of tissue factor pro-
duction. Statins can reduce expression of MMPs
and tissue factor by both cholesterol-dependent
and -independent mechanisms.[54] Statins can also
reduce the production of thromboxane A2 result-
ing in decreased platelet function.[55] Several ani-
mal studies have suggested inhibition of platelet
deposition and platelet thrombus formation by
statins.[56] Altogether, beneficial effects of statins
on hemostasis may play a significant role in the
overall reduction of cardiovascular risk.[57]

4. Discussion

The effects of aging on cardiovascular disease
development vary between men and women.

While cardiovascular disease is the leading cause
of death in men by age 40 years, it is not so in
women until age 70 years. This may be explained,
at least in part, by dramatic changes in the quality
of lipoproteins associated with the menopause.
Postmenopausal women develop an atherogenic
lipoprotein profile which can be beneficially mod-
ified by HRT. However, data from HERS showed
unfavourable effects of HRT in secondary preven-
tion of CHD in postmenopausal women. In addi-
tion, HRT may also be associated with severe ad-
verse effects. Thus, there is a need for a better
tolerated and more effective therapy to correct dys-
lipidaemia in postmenopausal women. In this re-
gard, in addition to the total/HDL cholesterol ratio
(as a dyslipidaemic risk), presence of additional
risk factors, including a history of myocardial
events, obesity and type II diabetes, should be con-
sidered in the pharmacological management of
CHD in postmenopausal women.

Although recent large clinical trials with
statins[58-61] have shown safety and efficacy in both
primary and secondary prevention in middle-age
adults, the long-term effects of these agents in el-
derly populations await further documentation.
Approximately half of the participants of the 4S
study (Scandinavian Simvastatin Survival Study)[58]

were over 60 years of age and treatment with
simvastatin in this age group resulted in a signifi-
cant 27% reduction in mortality rate along with a
29% reduction in coronary events. In particular,
the coronary event rate in simvastatin-treated
women (n = 407) was 30% lower than that in pla-
cebo-treated women (n = 420) [14.5 vs 21.6%].
CARE[59] was another secondary prevention trial
which recruited patients with a history of myocar-
dial infarction with a mean age of 59 years. Sub-
group analysis of this trial revealed similar benefits
from pravastatin therapy in patients below and
above 60 years of age. However, coronary events
were more common in treated women (39 of 290)
than in the placebo group (23 of 286). Of 1 516
women who participated in LIPID (Long-term In-
tervention with Pravastatin in Ischemic Disease)
study,[60] 756 women were treated with pravastatin
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and the rest (n = 760) received placebo. Ninety
coronary events were reported in the pravastatin-
treated group and 104 coronary events in the pla-
cebo-control group. The AFCAPS/TexCAPS[61]

reported 1.4 and 2.6% coronary event rates in the
lovastatin-treated and placebo-control women, re-
spectively, in a primary prevention setting.

These primary and secondary prevention stud-
ies along with the clinical pharmacology of the
statins have been summarised elsewhere.[62,63]

Furthermore, several small-scale clinical trials (as
discussed in section 2) have shown substantial
LDL cholesterol lowering effects of statins in post-
menopausal women. All these data suggest a place
for statins in management of dyslipidaemia asso-
ciated with menopause. It should be noted that un-
like HRT,[64] statins do not reduce lipoprotein(a)
levels.[26,31] Plasma levels of this potentially ath-
erogenic lipoprotein are increased after meno-
pause.[65] Thus, several lines of evidence suggest
cardiovascularbenefits fromthecombinationofstatins
with HRT in postmenopausal women.[22,35,53,57,64]

5. Conclusion

Postmenopausal-associated dyslipidaemia and
its potential cardiovascular implications can be
corrected pharmacologically. In this regard, evi-
dence for the safety and efficacy of statins is
strong. However, whether statin therapy results in
a lower rates for cardiovascular events and a better
quality of life in postmenopausal women must be
answered by randomised, placebo-controlled,
large-scale, double-blind clinical trials. Similarly,
several remaining questions regarding safety and
efficacy of HRT are being addressed by large on-
going clinical trials.[66,67]
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