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Ovarian hormones are thought to play a
key role in delaying the development of
atherosclerosis during the fertile years. Af-
ter the menopause, a series of metabolic
and hemodynamic changes are thought to
nullify the cardioprotective effects of sex
hormones and to accelerate the onset of
coronary heart disease (CHD), arterial hy-
pertension, and peripheral vasomotor insta-
bility. Furthermore, menopause is associat-
ed with detrimental changes such as dys-
lipoproteinemia, obesity and diabetes
which enhance the cardiovascular risk.

Lipids

Cross-sectional studies conducted in
premenopausal and postmenopausal wom-
en1,2 have conclusively shown that ovarian
failure is associated with atherogenic alter-
ations in the lipid profile. After the
menopause, the serum concentrations of to-
tal cholesterol, low-density-lipoprotein
(LDL) cholesterol and lipoprotein(a)
[Lp(a)] – which are strongly associated
with an altered hemostatic function and
with atherosclerotic disease – rise sharply
within 6 months of the cessation of menses.
On the other hand, high-density-lipopro-
tein (HDL) cholesterol declines gradually
over 2 years, with a concurrent rise in
apolipoprotein A-I levels, implying a

change in the composition of HDL.
Menopause increases the catabolism of
very-low-density lipoproteins to LDL, by
decreasing their uptake by the liver, and de-
termines the induction of hepatic lipase,
which degrades HDL and decreases the
rate of LDL removal from plasma3,4. The
loss of estrogen-stimulated removal of cho-
lesterol from the circulation results in a de-
creased reverse cholesterol transport.
Moreover, menopause enhances the levels
of oxidized LDL5, which can worsen the
vasomotor and antithrombotic function of
the arterial wall and facilitate atherosclero-
sis.

Alterations in the lipid profile bear a
different relative importance in women and
men. High total cholesterol and LDL levels
are weakly associated with CHD in
women, probably because estrogens pro-
tect the arterial wall against LDL deposi-
tion. Conversely, HDL levels have a higher
cardioprotective effect in women in com-
parison with men6 and are clearly correlat-
ed with coronary risk. The HDL/total cho-
lesterol ratio is much more predictive of
CHD in women than in men. This was evi-
dent in a prospective follow-up study in
which, within a group of 14 786 middle-
aged individuals of both sexes, the differ-
ence in the HDL/total cholesterol ratio was
the major determinant of the gender differ-
ence in coronary risk7.
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Coronary heart disease is less common in premenopausal women compared to age-matched men.
This difference disappears in the post-fertile years, and is presumably related to the reduced levels of
female sex hormones, with subsequent metabolic and hemodynamic modifications. Ovarian exhaus-
tion induces a more atherogenic lipid profile, which may partly explain the increased risk of cardio-
vascular disease observed in post-fertile women as compared to age-matched fertile women. After the
menopause, the combination of aging and estrogen deficiency negatively affects glucose metabolism.
Diabetes mellitus blunts the beneficial condition associated with the female gender; furthermore, it
increases the incidence of myocardial infarction, claudication and stroke in women more than in men.
Finally, the unfavorable effects of menopause on the coronary risk seem to be mediated partly by
changes in clotting and fibrinolytic factors.
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In a prospective investigation of 3103 women, Lp(a)
was a strong, independent predictor of myocardial in-
farction, intermittent claudication, and cerebrovascular
disease8. Similarly, in the Heart and Estrogen/progestin
Replacement Study (HERS), increased baseline Lp(a)
levels were associated with subsequent CHD events in
the placebo group (i.e., women not randomized to es-
trogen + progestin)9. Conversely, hormone replacement
therapy significantly reduced Lp(a) levels, with a more
favorable effect in women with the highest levels of
Lp(a) at baseline9. This finding is quite interesting, con-
sidering that Lp(a) levels are not reduced by the major-
ity of lipid-lowering drugs, nor by diet or physical ex-
ercise.

As to triglycerides, for similar plasma levels, the
risk of CHD is higher in women than in men; thus, the
atherogenic role of triglycerides could differ according
to sex. Particularly negative seems to be the association
between elevated triglycerides and reduced HDL plas-
ma concentrations10.

Diabetes

Diabetes acts as an independent risk factor in sever-
al forms of cardiovascular disease, both in women and
men, through alterations of arterial functions that pre-
dispose to the development and progression of athero-
sclerosis. Patients with type 2 diabetes mellitus have
twice the rate of hypertension, higher levels of triglyc-
erides, of total cholesterol and of LDL, and lower lev-
els of HDL compared to healthy subjects. Women with
diabetes seem to lose most of their inherent protection
against the development of cardiovascular disease11. As
early as during the reproductive years, diabetes blunts
the beneficial condition associated with female gender.
After the menopause, a combination of aging and es-
trogen deficiency negatively affects pancreatic insulin
secretion and blood flow to skeletal muscles12. These
effects, along with an increase in abdominal adipose
tissue due to a loss in lean muscle, enhance the propen-
sity of postmenopausal women towards insulin resis-
tance and a reduced glucose uptake.

A combination of menopause-related factors, such
as a greater prevalence of hypertension and hyperlipi-
demia, as well as central obesity, may magnify the risk
for cardiovascular disease in women with type 2 dia-
betes mellitus. Other common risk markers of cardio-
vascular disease in aged women with type 2 diabetes
mellitus include hyperinsulinemia, increased Lp(a)
concentrations, fibrinogen and plasminogen-activator
inhibitor-1 (PAI-1) levels, the presence of oxidized/
smaller LDL particles and diminished nitric oxide
bioavailability. Elderly women are more likely to de-
velop type 2 diabetes mellitus, whose rate increases to
17-18% after 60 years of age, thus determining a 25-
30% rise as compared to the previous decade (50 to 59
years)13.

The presence of diabetes is associated with a worse
prognosis after acute myocardial infarction. In patients
with acute myocardial infarction enrolled in the GISSI-
2 study, insulin-dependent diabetes was recognized as
a strong indicator of risk for cardiac death14, irrespec-
tive of the other clinical variables. Moreover, gender
appears to be critical in affecting the outcome in dia-
betic subjects. In women more than in men, diabetes in-
creases the incidence of myocardial infarction, claudi-
cation and stroke, even after age adjustment15-17. A 10-
year survey, carried out amongst US adults, showed
that cardiovascular mortality had decreased in nondia-
betic individuals of both sexes; this decline applied less
to diabetic men, whereas in diabetic women mortality
had increased by 23%18.

The North American Menopausal Society devel-
oped a Consensus Opinion19 on the appropriate evalua-
tion of postmenopausal women who have, or are at risk
of developing, type 2 diabetes mellitus. Screening
should be considered on a 3-year basis for women aged
≥ 45 years. Besides age, risk factors for type 2 diabetes
mellitus include obesity, family history of diabetes in a
first-degree relative, hypertension, low HDL or high
triglyceride serum level, and a history of gestational di-
abetes or macrosomia. In the presence of the aforemen-
tioned risk factors, screening should be more frequent
for women ≥ 45 years and also extended to younger
women19.

Coagulation factors

Vascular thrombosis is a complex multifactorial dis-
ease; it has been pointed out that the interaction of var-
ious factors is required for the onset of a thrombotic
event.

High plasma levels of fibrinogen are an independent
risk marker of CHD – with an estimated relative risk of
1.8 (95% confidence interval 1.6-2.0)20 – and peripher-
al vascular disease21. After a 9-year follow-up, the rela-
tive risk of CHD was 2.0 for the highest versus lowest
quartiles of fibrinogen levels22. Some epidemiological
studies reported a positive association between factor
VII coagulant activity and CHD in middle-aged
men23,24, but others did not21,22. The mean levels of plas-
ma fibrinogen, factor VII coagulant activity and PAI-1
were significantly higher in postmenopausal women
not taking hormone replacement therapy than in pre-
menopausal women within the same decade of age25.
These changes may, at least in part, be secondary to the
changes in plasma lipoprotein profile induced by estro-
gen deprivation. In the Framingham Offspring Study,
premenopausal women were found to have lower plas-
ma levels of PAI-1 and higher levels of tissue-type plas-
minogen activator compared with men of similar age or
postmenopausal women26.

Vascular damage increases the levels of von Wille-
brand factor, which is primarily synthesized by vascu-
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lar endothelial cells, and may reflect excessive en-
dothelial stress. A positive univariate association be-
tween the levels of von Willebrand factor and subse-
quent CHD incidence in men and women was reported
in some studies2, but not in others21. An association be-
tween factor VIIIc levels and CHD has been reported in
older men but not in older women27. Prospective con-
trolled studies have strengthened the association of an-
tiphospholipid antibodies with ischemic stroke in
young patients28,29. In women with polycystic ovary
syndrome, a strong positive correlation was observed
between the serum concentrations of triglycerides,
basal insulin, and abdominal obesity, on the one hand,
and the serum levels of PAI-1, fibrinogen, and von
Willebrand factor, on the other hand30.

Some prothrombotic mutations are currently con-
sidered as risk factors for deep vein and arterial throm-
bosis. Factor V Leiden mutation, associated with resis-
tance to activated protein C, is a well recognized risk
factor for deep vein thrombosis31, including cerebral
venous thrombosis32, but its association with ischemic
stroke is still debated33. Heterozygous carriers of the
prothrombin gene G20210A have 30% higher plasma
prothrombin levels than noncarriers. Heterozygous car-
riers have a 3 to 6 times higher risk of deep vein throm-
bosis than the general population. Moreover, this muta-
tion is relatively frequent in Caucasian populations, its
incidence varying from 0.7 to 4%.

In some but not all studies, the prothrombin variant
and factor V Leiden have been associated with a signifi-
cant increase in the risk for myocardial infarction34. A
5-fold increase in the risk of stroke among carriers of
the prothrombin variant has also been reported by
some35, but not confirmed by other studies36.

Mild hyperhomocysteinemia is currently consid-
ered as an independent risk marker of CHD and cere-
bral and peripheral vascular disease. Homocysteine
levels are influenced by nutritional factors (including
daily vitamin intake) and by genetic factors. Homozy-
gosity for a thermolabile variant of methylenetetrahy-
drofolate reductase (MTHFR C677T) seems to play an
important role in determining high homocysteine lev-
els, especially in the presence of folate deficiency37.
Homozygosity for MTHFR C677T has been associated
with both deep vein thrombosis38 and arterial disease37,
although this association has not been confirmed by
others39.

It has been reported that oral contraceptives and
hormone replacement therapy may increase the risk of
thrombotic events in women with genetic prothrombot-
ic mutations. Indeed, in two population-based studies,
a 20 to 30-fold increased risk was found among factor
V Leiden carriers who used oral contraceptives, com-
pared to women without factor V Leiden40,41. The pro-
thrombin gene G20210A variant also interacts synergi-
cally with oral contraceptives with a 16-fold increased
risk of thrombosis in carriers of the prothrombin vari-
ant who use oral contraceptives41. Factor V Leiden and

the prothrombin gene G20210A variant seem to in-
crease the risk of deep vein thrombosis also in women
receiving hormone replacement therapy42. Since oral
contraceptives and hormone replacement therapy are
used by hundreds of millions of women worldwide, it
is important to identify those subgroups at an increased
risk of thrombotic events.

Conclusions

Menopause appears to enhance the development of
cardiovascular disease through several unfavorable
changes in metabolic and hemodynamic variables. The
National Cholesterol Education Program recognizes
menopause as an age-independent risk factor for CHD,
carrying “a weight similar to that of male sex”43. Fur-
thermore, menopause appears to accelerate the onset of
other cardiovascular risk factors, thus magnifying their
impact. Because the duration of menopause increases
in parallel with life expectancy, specific knowledge and
adequate treatment of its unfavorable effects on cardio-
vascular risk are warranted in order to contrast the in-
creasing burden of cardiovascular disease in women
> 50 years of age.
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