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ABSTRACT

Menopause is a universal and irreversible part of the overall aging process which involves a woman's reproductive system.
Menopause results from loss of ovarian sensitivity to gonadotropin stimulation, which is directly related to follicular decline and
dysfunction causing decrease in estrogen level. Coronary artery disease is the leading cause of morbidity and mortality in men and
postmenopausal women. Menopausal status increases the cardiovascular risk for women independent of age whereas natural
menopause not causes an immediate increase in risk of heart disease. Cardiovascular risk factors changes occurring with menopause
have been considered the biological mechanism. The risk-factor prevalence increases with advancing age and varies widely by
country. Deprivation of endogenous estrogen is assumed to be a crucial factor in the increasing cardiovascular risk. Interaction of
high blood pressure with other risk factors is particularly important in case of postmenopausal women. Several studies have
demonstrated that lipid concentrations, body weight, blood pressure, and insulin resistance increase after menopause which may
impair endothelial functions. The state of “endothelial activation,” is characterized by a proinflammatory, proliferative, and
procoagulatory status that favours atherogenesis. Both inflammatory processes and a disturbed lipid profile may mediate the
development and progression of atherosclerosis. We focused on the relationship between hormonal status and cardiovascular risk
assessed by inflammatory markers and traditional laboratory variables in women during postmenopausal status.
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INTRODUCTION cardiac death than males of comparable age and the risk

increases and becomes equal to males after menopause3.

Menopause is best defined as the absence of menses for
twelve consecutive months. It is a physiologic phase of a Physiological Mechanisms
woman’s life, which is due to the loss of ovarian function
with subsequent deficiency of estrogen and is able to
influence the quality of life of women. It is clear that
coronary artery disease (CAD) incidence and prevalence
are higher in postmenopausal compared to
premenopausal women and impaired endothelial function
predicts the development of atherosclerosis. Hence, we
planned to analyze the various associated mechanisms
and association between various available and
prospective markers in relation to postmenopausal CAD
risk.

The postmenopausal status involves various mechanisms
to increase coronary artery disease risk. Cessation of
ovarian function and sex hormone deficiency are
associated with metabolic disorders that increase the risk
of cardiovascular disease. Estrogen exerts its vasodilator
action due to nitric oxide release, calcium-antagonist like
action and a smooth muscle antiproliferative effect, due
to various sex steroid receptors present on arterial
endothelium. The abrupt interruption of estrogen has
indirect effects on lipid, carbohydrate metabolism and
direct effects on vessel function’. A common
Epidemiology of Menopause polymorphism in the estrogen receptor alpha has been
associated with earlier onset of menopause, as has the
Factor V Leiden mutation®. Earlier studies on animal and
human document an association between environmental
psychological stress and functional hypothalamic
amenorrhea®. Additional factors identified for functional
hypothalamic amenorrhea in humans include intense
physical exercise, anorexia, bulimia, and weight loss'.
Biologic mechanisms linking these various forms of stress,
both physical and psychological, with functional
hypothalamic amenorrhea may include corticotrophin-
releasing hormone (CRH) suppression of gonadotropin-
releasing hormone-producing neurons in the central
nervous system, resulting in impaired folliculogenesis in
the ovary®.

In the developed world, mean life expectancy for women
since 1900 has increased from 50.0 to 81.7 years. The
average age at menopause is 51.4 years, thus women in
developed countries live over one-third of their lives in
the postmenopausal state’.Life expectancy for women at
age 50 years are quite similar throughout the world
(range 27 to 32 years). Global population projections
predict a marked increase in the number of
postmenopausal women from 467 million in 1990 to
1,200 million in 2030% Coronary artery disease (CAD) is
rare in premenopausal women but becomes increasingly
prevalent after menopause. Premenopausal women have
66% lower risk of stroke and 33% lower risk of sudden
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Cardiovascular Risk and Menopause

Menopause increases the risk for women independent of
age. Prior to menopause, the risk of CAD for women lags
behind the risk for men by approximately 10 years. After
menopause, women have similar risks of CAD as men of
the same age. According to the “response-to-injury”
model of atherogenesis®, various factors, which include
hemodynamic forces and chemical agents, induce
dysfunctional alterations in the overlying endothelium.
This injury is then followed by the aggregation of
platelets, oxidized lipids, and smooth muscle cells in the
intimal layer and eventual formation of plaques. The
Framingham study was pivotal in showing the relationship
between menopause and increased cardiovascular
mortality rate’.

Controversy exists about whether menopause increases
the risk of cardiovascular disease (CVD) independent of
normal aging. Some studies have demonstrated increased
risk of CVD after menopause, and others have not. The
large-scale primary (Women’s Health Initiative) and
secondary (Heart and Estrogen-Progestin Replacement
Study) prevention trials assessing the effect of hormonal
replacement therapy on cardiovascular events could not
show a positive effect™ *2. Kok et al**, suggested that it is
not menopause that adversely affects cardiovascular risk
but rather that cardiovascular risk factors determine the
age at menopause, possibly by inducing ischemic damage
in the ovaries or through direct effects on the endocrine
system. They found early menopause was associated with
increase in cholesterol and blood pressure. Improvements
in cholesterol and systolic blood pressure were associated
with a later menopause.

VARIOUS RISK FACTORS AND PATHOPHYSIOLOGICAL
MECHANISMS LEADING TO INCREASE CAD RISK IN

POSTMENOPAUSAL WOMEN

Evaluation of CAD in premenopausal women has been
overlooked, despite its being the leading killer of women
in this age group, outpacing even breast cancer. CAD is
found to be a multifactorial disease and it is clear that no
single common pathway is likely to account for all
cardiovascular events.

Obesity

Obesity and adipose tissue redistribution is another
leading problem in postmenopausal women. Obesity is
considered as a risk factor for CAD because of its
influence on glycidic metabolism, insulin resistance, blood
pressure and lipid profile. The direct relationship was
stressed between body weight and all cause morbidity
and mortality. A low-level chronic inflammatory state is
highly associated with obesity-related disorders'’. Guthrie
et al”® reported that weight gain had a stronger influence
on the development of impaired fasting glucose than
menopause itself.

Metabolic Syndrome

Postmenopausal status is associated with a 60% increased
risk of the metabolic syndrome, even after adjusting for
confounding variables, such as age, body mass index
(BMI), household income, and physical inactivitylﬁ.
Markers of impaired fibrinolysis [plasminogen activator
inhibitors (PAI-1) and tissue plasminogen activators (tPA)]
and systemic inflammation [C-reactive protein (CRP) and
interleukin-6 (IL-6)], are also associated with the
metabolic syndrome and appear to play a role in the
pathogenesis of cardiovascular disease™’.

One of the most important pathophysiological
components of the metabolic syndrome is insulin
resistance. Insulin  resistance, with inadequate
compensatory hyperinsulinemia, diminishes the normal
suppression of FFA arising from adipose tissue by insulin.
The increased levels of FFA may impair peripheral glucose
uptake, increase hepatic gluconeogenesis, and reduce
hepatic clearance of insulin'®. Whether menopause is
associated with increased insulin resistance is not clear.
Several groups have shown increased fasting insulin®® and
fasting glucose levels® in postmenopausal compared
with premenopausal women, which would imply
worsened insulin resistance with the menopause.
Lindheim et al** showed reduced insulin sensitivity (i.e.
higher insulin resistance) in postmenopausal women
compared with BMI-matched premenopausal women.
However, others have shown no differences in insulin
sensitivity in postmenopausal compared  with
premenopausal women®.

Dyslipidemia

During the perimenopausal and early postmenopausal
period, the differential determinants of risk factor
change, with reduced estradiol levels, weight gain,
increased waist circumference. Analysis by Claire et al®
showed that total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), apolipoprotein B,
triglycerides (TG), systolic blood pressure and fibrinogen
were significantly higher in postmenopausal women
compared to premenopausal women even after
controlling for the effects of confounding variables (age,
body mass index and smoking status). The plasma
concentrations of cholesterol and of its main component,
LDL cholesterol (total cholesterol> 250 mg/dl, LDL > 160
mg/dl or if the patient was on lipid-lowering therapy), are
established risk factors for the incidence of
atherosclerotic vascular complications.High  density
lipoprotein (HDL) cholesterol, diastolic blood pressure
and blood glucose did not change with menopausal
status®. In another study, bilateral oophorectomy causes
a marked reduction in estrogen production and has been
associated with increased CHD risk®. These findings
support the hypothesis that endogenous estrogens affect
risk factors of CHD, including plasma lipid and lipoprotein
levels.
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Diabetes

Diabetes (positive past history of diabetes and new
diabetics, fasting plasma glucose 2126 mg/dl or two hours
after glucose load >200 mg/dl) is the most important risk
factor in women, much higher than in men. It is a well-
known cause of endothelial dysfunction, vascular
calcification, micro and macro-angiopathy. It may cause
microvascular complications with a consequent
progressive silent ischemic heart disease and diastolic
failure, which is typical of elderly women?®. Menstrual
irregularities are also predictive of future diabetes and
may be a marker for polycystic ovary syndrome26.

Hypertension

The hypertension (positive past history of hypertension
and new hypertensives, systolic blood pressure =140
mmHg or diastolic blood pressure 290 mmHg, based on
the average of two or more readings on two or more
occasions after initial screening) is considered as a risk
factor, which increases the risk of reversible or non-
reversible damage in defined target organ of
hypertension such as left ventricular hypertrophy. It is

particularly important in postmenopausal women?’.

Endothelial Dysfunction

Endothelial dysfunction which is characterized by a
reduced bioavailability of vasodilators, in particular, nitric
oxide (NO), whereas endothelium-derived contracting
factors (eg, tPA and PAI-1) are increased, represent a key
early step in the development of atherosclerosis and
plaque progression’®. In addition, platelet-derived
mediators, such as serotonin, induce vasoconstriction in
the presence of a dysfunctional endothelium and
endothelin-1.

Endothelin-1 concentrations are found to be elevated in
the plasma of patients with early and advanced
atherosclerosis®. Hemodynamic forces such as shear
stress may influence local endothelial homeostasis which
indicates variable endothelial susceptibility and points the
importance of other factors, including genetic
predisposition. Thus endothelial dysfunction could
potentially be used as a surrogate marker for
cardiovascular disease risk in study of risk reduction
therapies™.

Oxidative Stress

The increased oxidative stress is considered a major
mechanism and may serve as a common pathogenic
mechanism of the effect of risk factors on the
endothelium. The risk factors that are related to
atherosclerosis and cardiovascular morbidity are
associated with overproduction of reactive oxygen
species or increased oxidative stress. By reacting with NO,
reactive oxygen species may reduce vascular NO
bioavailability and promote cellular damage31.

Reactive oxygen species have been shown to activate
matrix metalloproteinases, which may lead to plagque
instability and rupture. Accordingly, endothelial

dysfunction is partially reversed by administration of
several structurally unrelated antioxidants, including
superoxide dismutase, probucol, vitamin C, and
glutathione®.

Other Factors

The apparent increase in CAD risk among women with
premature natural menopause seems to be secondary to
confounding by smoking (Regularly using tobacco for the
last 6 months) and various other factors®*.

The family history of CAD is also included as a major
traditional or classical risk factor. It includes one or more
family member, including parents, brothers and sisters,
with documented CAD*.

PREDICTORS OF CORONARY ARTERY DISEASE EXTENT

Coronary risk in postmenopausal women can be assessed
by different tests and profile according to various
mechanisms involved to cause CAD risk. It includes:

Lipid Profile

Lipoprotein subclass levels may improve the prediction of
coronary artery disease (CAD) in individuals beyond the
risk assessment provided by conventional enzymatically
determined lipid levels. Miller et al®® demonstrated a
significant association with HDL2 (but not of HDL3)
whereas Dexel et al*® shown a significant association of
CAD extent with both HDL2 and HDL3 cholesterol. They
demonstrated the strong and independent relation of
three fractions of blood cholesterol (LDL cholesterol,
HDL2 cholesterol, and HDL3 cholesterol) as well as plasma
triglycerides with angiographic extent of coronary
atherosclerosis. The mechanism by which HDL prevents
atherosclerosis is reverse cholesterol transport. Secondly,
HDL prevents the oxidative modification of low density
lipoprotein (LDL) and its deposition into arterial wall*’.

The LDL cholesterol is found to be a strong predictor of
atherosclerosis. This "LDL cholesterol” represents the
non-HDL, non-VLDL fraction of plasma cholesterol and
thus includes cholesterol of intermediate-density
lipoproteins (IDL) (density range, 1.006 to 1.019 g/mL)
besides the cholesterol of true LDL particles (density
range, 1.019 to 1.063 g/mL). The IDL particles are
considered particularly atherogenic because it was found
that the plasma concentration of IDL particles is strongly
predictive  of the  progression of  coronary
atherosclerosis®. Further, Lp(a), an LDL particle with the
apo(a) protein attached by a disulfide bridge, is found to
be elevated in approximately one third of CAD patients.
Lp(a) is particularly important in men in whom LDL
cholesterol (LDL-C) is elevated™.

Nitric Oxide

Nitric oxide (NO) is synthesized from L-arginine through
catalytic activity of Nitric Oxide Synthase (NOS). NO
regulates arterial tone by relaxation of vascular smooth
muscle and vasodilatation. It acts as a critical factor in the
pathophysiology of the vascular system through its
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various actions such as preventing the oxidation of
lipoproteins, down-regulating inflammatory mediators,
controlling the expression of proteins involved in
atherogenesis****.

Coronary endothelial dysfunction is characterized by
impaired NO bioavailability and found to be associated
with myocardial ischemia. NO may reduce endothelial
expression of several inflammatory mediators and
adhesion molecules that increase plaque vulnerability®,
an effect that is mainly mediated by inhibition of the
transcription factor nuclear factor-«B, a key regulator of
various inflammatory proteins involved in
atherosclerosis®.

Endothelin

Atherosclerotic coronary arteries are prone to
inappropriate constriction. One of the most potent
vasoconstrictor factors produced in the arterial
endothelium is endothelin-1 (ET-1), a 21-amino acid
peptide. It is also released from activated macrophages
and smooth muscle cells. Abundant ET-1 is present
throughout the thickened intima of atherosclerotic
human coronary arteries”. ET-1 binds to 2 specific
receptors, termed ETA and ETB in forearm. ETA receptors
are located on vascular smooth muscle and mediate
vasoconstriction. ETB receptors are located on both
endothelial cells and smooth muscle cells, where they
mediate dilation and constriction respectively®.

Oxidant/Antioxidant Status

The increased vascular production of reactive oxygen
species (ROS) plays an important role in endothelial
dysfunction. Increased vascular production of superoxide
anion has been demonstrated in all major conditions
predisposing to atherosclerosis®. The superoxide anion
reacts rapidly with NO, resulting in the formation of the
highly reactive and cytotoxic ONOO  and loss of the
bioactivity of NO. The nicotinamide adenine dinucleotide
phosphate NAD(P)H oxidase has been identified as an
important vascular source of superoxide anion. Few
studies have demonstrated that the coronary activity of
the NAD(P)H oxidase is significantly increased in patients
with coronary disease. Another potential vascular source
of superoxide anion is xanthine oxidase (XO). In patients
with coronary disease, increased activity of coronary and
endothelium bound XO activity has been observed which
may contributes to endothelial dysfunction®’.

Further, the major superoxide anion-degrading enzyme
system is superoxide dismutase (SOD). The extracellular
form of SOD (ecSOD) is highly expressed in vessel wall and
is located in the extracellular space around vascular
smooth muscle cells (SMCs). In patients with coronary
disease, endothelium-bound ecSOD activity was shown to
be reduced and closely related to impaired endothelium-
dependent, NO-mediated vasodilation, suggesting that
reduced ecSOD activity may contribute to endothelial
dysfunction™.

PROSPECTIVE BIOMARKERS FOR CORONARY ARTERY
DISEASE EVALUATION

Early detection and treatment can set the stage for a
lifetime of better heart health. The various other
developing markers which may help in early diagnosis and
intervention are as:

C - Reactive Protein

C-reactive protein, a marker of systemic inflammation, is
a stronger predictor of future cardiovascular events.
Unlike other markers of inflammation, C-reactive protein
levels are stable over long periods, have no diurnal
variation, can be measured inexpensively with available
high-sensitivity assays, and have shown specificity in
terms of predicting the risk of cardiovascular disease”®*,
It has been suggested that measurement of CRP and IL-6
concentrations may increase the predictive value of
traditional lipid screening®. Recently algorithms are
proposed for the prediction of cardiovascular disease risk
using CRP and total cholesterol/HDL-cholesterol (TC/HDL-
C) or LDL-cholesterol (LDL-C) values®.

tPA (Tissue Plasminogen Activator)

The tPA antigen acts as an independent predictor for the
development of coronary and cerebrovascular events
whereas this association is weakened by adjustment for
other confounding risk factors™ >, such as BMI, BP, and
HDL cholesterol. There are several plausible mechanisms
that may explain the observed relationship between tPA
and atherothrombotic vascular disease. The increased
circulating levels of tPA may reflect increased expression
and enhanced plasmin-mediated breakdown of the
extracellular matrix, resulting in plaque instability™. In
addition, tPA levels may reflect the acute phase response.
Alternatively, increased tPA antigen may represent
increased tPA/PAI-1 complex (because the majority of tPA
circulates in this inactive, bound form) and therefore a
net reduction in fibrinolytic activity which predicts CAD
events in healthy subjects™.

Plasminogen Activator Inhibitor (PAI)

According to response-to-injury hypothesis, endothelial
cell injury elicits a series of cellular interactions that leads
to the atherosclerotic lesions™. It causes increase in PAI
which has been considered as a subclinical sign of
endothelial cell injury®®. Also, PAI-1 acts as an acute-phase
protein that can rise in response to several stimuli,
including cytokines such as IL-1 and TNF-a*°. Segarra et
al®® shown that the circulating levels of the endothelial
cell glycoproteins PAI-1 and TPA were statistically
associated with major vascular risk factors and, to a lesser
degree, with an activated acute-phase response and
serum triglycerides. Thus, PAI-1 could indicate a chronic
endothelium activated state.

Fibrinogen

Fibrinogen represents an inflammatory marker that
appears to be implicated in the pathophysiology and
prognosis of CAD. Several atherosclerotic lesions contain
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large amounts of fibrin on the intact surface of the plaque
or scattered diffusely which is associated with a decrease
in fibrinolytic activity and plasminogen concentrations. It
has been found that fibrin triggers cell proliferation,
contributing to cell migration, and bonds fibronectin,
which triggers cell migration and adhesion®. The
decomposition products of fibrinogen located in the inner
layer can trigger mitogenesis and synthesis of collagen,
attract leukocytes, and enhance permeability as well as
vascular tone. In advanced atherosclerotic plaques fibrin
participates in the close linkage of LDL and lipid
accumulation, leading to the creation of the lipid nucleus
of atherosclerotic lesions®. In addition, proinflammatory
cytokines, such as IL-6 and TNF-a are produced which
increases the synthesis of nitric oxide (NO) and acute
phase proteins, such as fibrinogen, and consequently
inflammatory and prothrombotic reactions occurs®.

Fibrin D-Dimer

Fibrin D-dimer is a product of the action of plasmin on
cross-linked fibrin and therefore reflects fibrinolytic
activity and fibrin turnover®. Fibrin D-dimer levels are
elevated in patients with established atherothrombotic
vascular disease and predict arterial thrombotic events in
prospective studies involving healthy, middle-aged
subjectsﬁs. It is possible that D-dimer levels merely reflect
the underlying fibrinogen concentration; however, in the
Caerphilly Study, adjustment for other CAD risk factors
including fibrinogen did not affect the independent
relationship between elevated D-dimer levels and the
relative risk of CAD events®™.

Homocysteine

Homocysteine is a sulfhydryl containing amino acid
produced by demethylation of a methionine (essential
amino acid) and converts back to methionine with the
help of vitamin B12 and folic acid. Therefore, folic acid
and vitamin B12 deficiency can cause reduction in
methylene tetrahydrofolate reductase (MTHFR) activity;
leading to decrease in methionine synthesis and
homocysteine accumulation®’. Various studies have
shown that elevated total homocysteine concentration is
an independent risk factor for cardiovascular diseases.
Guo et al ® in Fokui university (Japan) showed that the
plasma level of homocysteine in patients with premature
CAD was significantly higher than the control group (15.0
+ 5.7 umol/lit versus 10.3 £ 5.1 umol/lit, P < 0.01).
Similarly, the study by Sadeghian et al showed that
plasma level of homocysteine in individuals with
premature CAD are significantly higher than participants
without CAD (19.3 = 1.7 pmol/lit versus 13.9 £+ 0.9
pumol/lit, P = 0.005) and plasma homocysteine levels of
more than 15 upmol/lit (hyperhomocysteinemia by
defir;étion) were correlated with higher risk of premature
CAD™.

Osteoprotegerin

Osteoprotegerin (OPG) is a member of the tumor necrosis
factor superfamily and functions as a soluble decoy

receptor for receptor activator of nuclear factor-xB
(RANK) ligand (RANKL or OPG ligand). RANK is located on
osteoclasts and dendritic cells. OPG is produced by a
variety of tissues, including the cardiovascular system
(heart, arteries, and veins), lung, kidney, bone and
immune tissues. The RANK/RANKL/osteoprotegerin (OPG)
system is a novel cytokine mechanism initially discovered
to control bone homeostasis and later implicated in
atherosclerosis and acute vascular syndromes contributes
to the unstable plaque phenotype™® ™.

RANKL on ligation with its cognate transmembrane
receptor stimulates chemokine release,
monocyte/macrophage matrix migration, and matrix
metalloproteinase  activity; enhances  endothelial
permeability and angioneogenesis; and is assumed to
promote vascular calcification. In advanced lesions,
RANKL is expressed by activated endothelial cells and T
cells present within the plaque and is released from mast
cells pericellular granula. It also exists in circulation as a
biologically active molecule, making it suitable for
laboratory assessment’2.

Upregulation of OPG is triggered by proinflammatory
cytokines like IL-1a, TNF-a and IL-6 and may be viewed as
part of the immunoinflammatory process in advanced
plaques7°'72. OPG is also a receptor for the cytotoxic ligand
TNF-related apoptosis inducing ligand (TRAIL), a potent
activator of apoptosis73. Serum OPG levels are also found
to be positively correlated with age™.

SICAM-1 (Soluble Intercellular Adhesion Molecule)

The impact of menopause on increased cardiovascular
risk seems to be related mainly to BMI, insulin resistance,
and increased total cholesterol and SICAM-1
concentrations. Anna Stefa'nska et al showed that sICAM-
1 values were substantially increased after menopause.
They found sICAM-1 to be strongly and independently
associated with BMI whereas it showed weakly inverse
correlation with estradiol concentration. Soluble vascular
cell adhesion molecules (VCAM-1) values were not
related to any variables that change after menopause’.

CONCLUSION

Determinants of age at menopause are incompletely
understood. Current views on the relationship between
menopause and cardiovascular risk assume estrogen
depletion to be a causal factor. Menopause low estrogen
levels may contribute to endothelial dysfunction and
hence decreased nitric oxide production. Changes in sex
steroids may influence inflammatory processes and lipid
metabolism during the menopausal transition. The
process of atherogenesis describes a possible synergism
of multiple risk factors to account for the collagenous
fibrous plagues in the aorta or coronary arteries. The
maladaptive thickening involves an inflammatory
response with monocyte recruitment, stimulation of
growth factors, proliferation of smooth muscle cells, and
lipid accumulation in intima superimposed on endothelial
damage to initiate atherogenesis. Thus, there is need to
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assess the cardiovascular risk in postmenopausal women
in relation to hormonal imbalance and endothelial
dysfunction  with  inflammatory  markers.  Thus,
randomized control trials are needed to evaluate the
relationship.

REFERENCES

1. Bittner V. Menopause and Cardiovascular Risk-Cause or
Consequence? J Am Coll Cardiol 2006; 47: 1984-1986.

2. Report of a WHO Scientific Group Research on
Menopause in the 1990s. Geneva: World Health
Organization Technical Report Series 866; 1996.

3. Bush TL. The epidemiology of cardiovascular disease in
postmenopausal women. Ann N Y Acad Sci. 1990; 592:
263-271.

4. Howard BV, Hsia J, Ouyang P, Voorhees LV, Lindsay J,
Silverman A, Alderman EL, Tripputi M, Waters DD.
Postmenopausal hormone therapy is associated with
atherosclerosis progression in women with abnormal
glucose tolerance. Circulation 2004; 110: 201-206.

5. Van Asselt KM, Kok HS, Peeters PH, Roest M, Pearson PL,
Te Velde ER, Grobbee DE, Van der Schouw YT. Factor V
Leiden mutation accelerates the onset of natural
menopause. Menopause 2003; 10: 477-481.

6. Berga SL, Daniels TL, Giles DE. Women with functional
hypothalamic amenorrhea but not other forms of
anovulation display amplified cortisol concentrations.
Fertil Steril 1997; 67: 1024-1030.

7. Bullen BA, Skrinar GS, Beitins 1Z, von Mering G. Induction
of menstrual disorders by strenuous exercise in untrained
women. N Engl ] Med 1985; 312: 1349-1353.

8. Chatterton RT. The role of stress in female reproduction:
animal and human considerations. Int J Fertil 1990; 35: 8-
13.

9. Ross R. Atherosclerosis: an inflammatory disease. N Engl J
Med. 1999; 340: 115-126.

10. Kannel WB, Hjortland MC, McNamara PM, Gordon
T. Menopause and risk of cardiovascular disease: the
Framingham study. Ann Intern Med 1976; 85: 447-452.

11. Hulley S, Grady D, Bush T, Furberg C, Herrington D, Riggs
B, Vittinghoff E. Randomized trial of estrogen plus
progestin for secondary prevention of coronary heart
disease in postmenopausal women. Heart and
Estrogen/Progestin Replacement Study (HERS) Research
Group. JAMA 1998; 280: 605-613.

12. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ,
Kooperberg C, Stefanick ML, Jackson RD, Beresford SA,
Howard BV, Johnson KC, Kotchen JM, Ockene J. Risks and
benefits of estrogen plus progestin in healthy
postmenopausal women: principal results from the
Women’s Health Initiative randomized controlled trial.
JAMA 2002; 288: 321-333.

13. Weel A, Uitterlinden AG, Westendorp ICD, Burger H,
Schuit S, Hofman A, Helmerhorst T, Leeuwen J, Pols H.
Estrogen receptor polymorphism predicts the onset of
natural and surgical menopause. J Clin Endocrinol Metab
1999; 84: 3146-3150.

14. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-
reactive protein, interleukin 6, and risk of developing type
2 diabetes mellitus. JAMA 2001; 286: 327-334.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25

26

27

28

29

Guthrie JR, Ball M, Dudley EC, Garamszegi CV, Wahlgvist
ML, Dennerstein L, Burger HG. Impaired fasting glycaemia
in middle-aged women: a prospective study. Int J Obes
Relat Metab Disord 2001; 25: 646—651.

Wilson PW, Kannel WB, Silbershatz H, D’Agostino RB.
Clustering of metabolic factors and coronary heart
disease. Arch Intern Med 1999. 159: 1104-1109.

Juhan-Vague I, Pyke SD, Alessi MC, Jespersen J, Haverkate
F, ThompsonSG. Fibrinolytic factors and the risk of
myocardial infarction or sudden death in patients with
angina pectoris. ECAT Study Group. European Concerted
Action on Thrombosis and Disabilities. Circulation 1996;
94: 2057-2063.

Despres JP. Abdominal obesity as important component
of insulin resistance syndrome. Nutrition 1993; 9: 452—
459.

Razay G, Heaton KW, Bolton CH. Coronary heart disease
risk factors in relation to the menopause. Q J Med 1992;
85: 889-896.

Dallongeville J, Marecaux N, Isorez D, Zylbergberg G,
Fruchart JC, Amouyel P. Multiple coronary heart disease
risk factors are associated with menopause and
influenced by substitutive hormonal therapy in a cohort of
French women. Atherosclerosis 1995; 118: 123-133.

Lindheim SR, Buchanan TA, Duffy DM, Vijod MA, Kojima T,
Stanczyk FZ, Lobo RA. Comparison of estimates of insulin
sensitivity in pre- and postmenopausal women using the
insulin tolerance test and the frequently sampled
intravenous glucose tolerance test. J Soc Gynecol Invest
1994; 1: 150-154.

Toth MJ, Sites CK, Eltabbakh GH, Poehlman ET. Effect of
menopausal status on insulin-stimulated glucose disposal:
comparison of middle-aged premenopausal and early
postmenopausal women. Diabetes Care 2000; 23: 801-
806.

Jones DY, Judd JT, Taylor PR, Campbell WS, Nair PP.
Menstrual cycle effect on plasma lipids. Metabolism 1988;
37:1-2.

Colditz GA, Willett WC, Stampfer MJ, Rosner B, Speizer FE,
Hennekens CH. Menopause and the risk of coronary heart
disease in women. N Engl J Med 1987; 316: 1105-1110.

R. Rossi, T. Grimaldi, G. Origliani, Fantini G, Coppi F,
Modena MG. Menopause and cardiovascular risk.
Pathophysiol Haemost Thromb 2002; 32: 325-328.

Bairey Merz CN, Johnson BD, Sharaf BL, Bittner V, Berga
SL, Glenn D. Braunstein, T. Keta Hodgson, Karen A.
Matthews, Carl J. Pepine. Hypoestrogenemia of
hypothalamic origin and coronary artery disease in
premenopausal women: a report from the NHLBI-
sponsored WISE study. J. Am. Coll. Cardiol 2003; 41: 413-
419.

The Fifth Report of the Joint National Committee on
detection, evaluation and treatment of high blood
pressure (JNC V). Arch Intern Med 1993; 153: 154-291.

Lerman A, Burnett JC Jr. Intact and altered endothelium in
regulation of vasomotion. Circulation. 1992; 86: 12-19.

Lerman A, Holmes DR Jr, Bell MR, Garratt KN, Nishimura
RA, Burnett JC Jr. Endothelin in coronary endothelial
dysfunction and early atherosclerosis in humans.
Circulation. 1995; 92:2426-2431.

R~| [International Journal of Pharmaceutical Sciences Review and Research Page 141
%D Available online at www.globalresearchonline.net



Volume 6, Issue 2, January — February 2011; Article-025

ISSN 0976 — 044X

30

31

32

33

34

35

36

37

38

39

40

41

42

44

Schwartz CJ, Valente AJ, Kelley JL, Sprague EA, Edwards
EH. Thrombosis and the development of atherosclerosis:
Rokitansky revisisted. Semin Thromb Hemost 1988; 14:
189-195.

Tomasian D, Keaney JF Jr, Vita JA. Antioxidants and the
bioactivity of endothelium-derived nitric oxide. Cardiovasc
Res 2000; 47: 426-435.

Landmesser U, Harrison DG. Oxidant Stress as a Marker
for Cardiovascular Events- Ox Marks the Spot. Circulation
2001; 104: 2638-2640.

Hu FB, Grodstein F, Hennekens CH, Colditz GA, Johnson
M, Manson JE, Rosner B, Stampfer MJ. Age at natural
menopause and risk of cardiovascular disease. Arch Intern
Med 1999; 159: 1061-1066.

Ding K, Kullo J. Genome-Wide Association Studies for
Atherosclerotic Vascular Disease and Its Risk Factors. Circ
Cardiovasc Genet 2009; 2: 63-72.

Miller NE, Hammett F, Saltissi S, Rao S, Van Zeller H,
Coltart J, Lewis B. Relation of angiographically defined
coronary artery disease to plasma lipoprotein subfractions
and apolipoproteins. Br Med J 1981; 282: 1741-1744.

Drexel H, Amann FW, Beran J, Rentsch K, Candinas R,
Muntwyler J, Luethy A, Gasser T, Follath F. Plasma
triglycerides and three lipoprotein cholesterol fractions
are independent predictors of the extent of coronary
atherosclerosis. Circulation 1994; 90: 2230-2235.

Mackness MI, Abbott CA, Arrol S, Durrington PN. The role
of high density lipoprotein and lipid soluble anti-oxidant
vitamins in inhibiting low density lipoprotein oxidation.
Biochem J 1993; 294: 829-834.

Phillips NR, Waters D, Havel RJ. Plasma lipoproteins and
progression of coronary artery disease evaluated by
angiography and clinical events. Circulation 1993; 88:
2762-2770.

Foody JM, Milberg JA, Robinson K, Pearce GL, Jacobsen
DW, Sprecher DL. Homocysteine and Lipoprotein(a)
Interact to Increase CAD Risk in Young Men and Women.
Arteriosclerosis, Thrombosis, and Vascular Biology 2000;
20: 493-499.

De Caterina R, Libby P, Peng HB, Thannickal Vi,
Rajavashisth TB, Gimbrone MA Jr, Shin WS, Liao JK. Nitric
oxide decreases cytokine induced endothelial activation.
Nitric oxide selectively reduces endothelial expression of
adhesion molecules and proinflammatory cytokines. J Clin
Invest 1995; 96: 60-68.

Wang BY, Candipan RC, Arjomandi M, Hsiun PT, Tsao PS,
Cooke JP. Arginine restores nitric oxide activity and
inhibits monocyte accumulation after vascular injury in
hypercholesterolemic. J Am Coll Cardiol 1996; 28: 1573-
1579.

De Catarina R, Libby P, Peng HB, Thannickal VJ,
Rajavashisth TB, Gimbrone MA Jr, Shin WS, Liao JK. Nitric
oxide decreases cytokine induced endothelial activation:
nitric oxide selectively reduces endothelial expression of
adhesion molecules and proinflammatory cytokines. J Clin
Invest 1995; 96: 60-68.

Peng HB, Libby P, Liao JK. Induction and stabilization of
IkBa by nitric oxide mediates inhibition of NF-«xB. J Biol
Chem 1995; 270: 14214-142109.

Zeiher AM, Goebel H, Schachinger V, Ihling C. Tissue

45

46

47

48

49

50

51

52

53

54

55

56

endothelin-1 immunoreactivity in the active coronary
atherosclerotic plaque: a clue to the mechanism of
increased vasoreactivity of the culprit lesion in unstable
angina. Circulation 1995; 91: 941-947.

Verhaar MC, Strachan FE, Newby DE, Cruden NL, Koomans
HA, Rabelink TJ, Webb DJ. Endothelin-A receptor
antagonist-mediated vasodilatation is attenuated by
inhibition of nitric oxide synthesis and by endothelin-B
receptor blockade. Circulation. 1998; 97: 752—756.

Schulz E, Anter E, Keaney JF Jr. Oxidative stress,
antioxidants, and endothelial function. Curr Med Chem
2004; 11: 1093-1104.

Spiekermann S, Landmesser U, Dikalov S, Bredt M, Gamez
G, Tatge H, Reepschlager N, Hornig B, Drexler H, Harrison
DG. Electron spin resonance characterization of vascular
xanthine and NAD(P)H oxidase activity in patients with
coronary artery disease: relation to
endotheliumdependent vasodilation. Circulation 2003;
107: 1383-1389.

Landmesser U, Merten R, Spiekermann S, Buttner K,
Drexler H, Hornig B. Vascular extracellular superoxide
dismutase activity in patients with coronary artery
disease: relation to endothelium-dependent vasodilation.
Circulation 2000; 101: 2264-2270.

Roberts WL, Moulton L, Law TC, Farrow G, Anderson MC,
Savory J, Rifai N. Evaluation of nine automated high-
sensitivity C-reactive protein methods: implications for
clinical and epidemiological applications. Clin Chem 2001,
47: 418-425.

Ewart HKM, Ridker PM, Rifai N, Price N, Dinges DF,
Mullington JM. Absence of diurnal variation of C-reactive
protein levels in healthy human subjects. Clin Chem 2001;
47: 426-430.

Ceglarek U, Lembcke J, Fiedler GM, Werner M,
Witzigmann H, Hauss JP, et al. Rapid simultaneous
guantification of immunosuppressants in transplant
patients by turbulent flow chromatography combined
with tandem mass spectrometry. Clin Chim Acta 2004,
346: 181-190.

Salm P, Taylor PJ, Lynch SV, Warnholtz CR, Pillans PI. A
rapid HPLC-mass spectrometry cyclosporin  method
suitable for current monitoring practices. Clin Biochem
2005; 38: 667-673.

Lowe GD, Yarnell JW, Sweetnam PM, Rumley A, Thomas
HF, Elwood PC. Fibrin D-dimer, tissue plasminogen
activator, plasminogen activator inhibitor, and the risk of
major ischaemic heart disease in the Caerphilly Study.
Thromb Haemost 1998; 79: 129-133.

Gram J, Bladbjerg EM, Moller L, Sjol A, Jespersen J. Tissue-
type plasminogen activator and C-reactive protein in
acute coronary heart disease: a nested case-control study.
J Intern Med 2000; 247: 205-212.

Steins MB, Padro T, Li CX, Mesters RM, Ostermann H,
Hammel D, Scheld HH, Berdel WE, Kienast J.
Overexpression of tissue-type plasminogen activator in
atherosclerotic human coronary arteries. Atherosclerosis
1999; 145: 173-180.

Meade TW, Ruddock V, Stirling Y, Chakrabarti R, Miller GJ.
Fibrinolytic activity, clotting factors, and long-term
incidence of ischaemic heart disease in the Northwick
Park Heart Study. Lancet 1993; 342: 1076-1079.

&

| International Journal of Pharmaceutical Sciences Review and Research
' Available online at www.globalresearchonline.net

Page 142



Volume 6, Issue 2, January — February 2011; Article-025

ISSN 0976 — 044X

57

58

59

60

61

62

63

64

65

66

Ross R. The pathogenesis of atherosclerosis—An update.
N Engl J Med 1986; 314: 488-500.

Tomura S, Nakamura Y, Mayumi D, Ryoichi A, Takashi |,
Chida Y, Ootsuka S, Shinoda T, Yanagi H, Tsuchiya S,
Marumo F. Fibrinogen, coagulation factor VII, tissue
plasminogen activator, plasminogen activator inhibitor-1,
and lipid as a cardiovascular risk factors in chronic
hemodialysis and continuous ambulatory peritoneal
dialysis. Am J Kidney Dis 1996; 27: 848-854.

Mussoni L, Baldasarre D, Mannucci L, Sirtori CR, Tremoli E.
Relationship between fibrinolytic variables: A study in
patients attending a lipid clinic. Ann Med 2000; 32: 134—
141.

Segarra A, N Chaco P, Eyarre CM, Argelaguer X, Vila J, Ruiz
P, Fort J, Bartolomé J, Camps J, Moliner E, Pelegri A,

Marco F, Olmos A, Piera L. Circulating levels of
plasminogen  activator  inhibitor  type-1, tissue
plasminogen activator, and thrombomodulin in

hemodialysis patients: biochemical correlations and role
as independent predictors of coronary artery stenosis. J
Am Soc Nephrol 2001; 12: 1255-1263.

Naito M, Funaki C, Hayashi T, Yamada K, Asai K, Yoshimine
N, Kuzuya F. Substrate-bound fibrinogen, fibrin and other
cell attachment-promoting proteins as a scaffold for
cultured vascular smooth muscle cells. Atherosclerosis
1992; 96: 227-234.

Tousoulis D, Davies G, Ambrose J, Tentolouris C,
Stefanadis C, Toutouzas P. Effects of lipids on thrombotic
mechanisms in atherosclerosis. Int J Cardiol 2002; 86: 239-
247.

Tousoulis D, Davies G, Stefanadis C, Toutouzas P, Ambrose
JA. Inflammatory and thrombotic mechanisms in coronary
atherosclerosis. Heart 2003; 89: 993-997.

Lip GYH, Lowe GDO. Fibrin D-dimer: a useful clinical
marker of thrombogenesis? Clin Sci. 1995; 89: 205-214.

Danesh J, Whincup P, Walker M, Lennon L, Thomson A,
Appleby P, Rumley A, Lowe GD. Fibrin D-dimer and
coronary heart disease: prospective study and meta-
analysis. Circulation 2001; 103: 2323-2327.

Lowe GD, Yarnell JW, Sweetnam PM, Rumley A, Thomas
HF, Elwood PC. Fibrin D-dimer, tissue plasminogen

67

68

69

70

71

72

73

74

75

activator, plasminogen activator inhibitor, and the risk of
major ischaemic heart disease in the Caerphilly Study.
Thromb Haemost 1998; 79: 129-133.

NG KC, Yong QW, Chan SP, Cheng A. Homocysteine, Folate
and Vitamin B12 as risk factors for acute myocardial
infarction in a southeast Asian population. Ann Acad Med
Singapore 2002, 31: 636-640.

Guo H, Lee JD, Ueda T, Shan J, Wang J. Plasma
Homocysteine Levels in Patients With Early Coronary
Artery Stenosis and High Risk Factors. Japanese Heart
Journal 2003; 44: 865-887.

Sadeghian S, Fallahi F, Salarifar M, Davoodi G,
Mahmoodian M, Fallah N, Darvish S, Karimi A.
Homocysteine, vitamin B12 and folate levels in premature
coronary artery disease. BMC Cardiovascular Disorders
20086, 6: 38.

Kiechl S, Werner P, Knoflach M, Furtner M, Willeit J,
Schett G. The osteoprotegerin/RANK/RANKL system: a
bone key to vascular disease. Exp Rev Cardiovasc Ther
2006; 4: 801-811.

Sandberg WJ, Yndestad A, Oie E, Smith C, Ueland T,
Ovchinnikova O, Robertson AK, Muller F, Semb AG, Scholz
H, Andreassen AK, Gullestad L, Damas JK, Froland SS,
Hansson GK, Halvorsen B, Aukrust P. Enhanced T-cell
expression of RANK ligand in acute coronary syndrome:
possible role in plaque destabilization. Arterioscler
Thromb Vasc Biol 2006; 26: 857-863.

Collin-Osdoby P. Regulation of vascular calcification by
osteoclast regulatory factors RANKL and osteoprotegerin.
Circ Res 2004; 95: 1046-1057.

Emery JG, McDonnell P, Burke MB, et al. Osteoprotegerin
is a receptor for the cytotoxic ligand TRAIL. J Biol Chem
1998; 273: 14363-14367.

Browner WS, Lui LY, Cummings SR. Associations of serum
osteoprotegerin levels with diabetes, stroke, bone
density, fractures, and mortality in elderly women. J Clin
Endocrinol Metab 2001; 86: 631-637.

Stefa'nska A, Sypniewska G, Senterkiewicz L.
Inflammatory Markers and Cardiovascular Risk in Healthy
Polish Women across the Menopausal Transition. Clinical
Chemistry 2005; 51: 1893-1895.

Ab

out Correspondin

Author: Dr Pradeep Kumar Dabla

g

Dr Pradeep Kumar Dabla is working as a Consultant, Department of Biochemistry,
Batra Hospital & Medical Research Centre, Delhi, India. The core area includes
Research, Laboratory Medicine and Academics. He has completed MBBS from
Maulana Azad Medical College, Delhi and MD (Biochemistry) from Lady Hardinge
Medical College, Delhi, India. Due to keen interest in area of research, he is serving as
Member & National Representative of IFCC Task Force for Young Scientists (IFCC-TF
YS). He has been awarded thrice for his research work in “Postmenopausal Women &
Gene Polymorphism” and “Diabetic CAD Risk” at national level and received many
Scholarship Grants at International level. He has more than ten publications in reputed
journals with many paper presentations.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

Page 143



