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Abstract: Menopause is associated with changes consistent with cardiovascular aging. The effects
of cardiac disease are multifaceted, affecting endothelial function, coronary artery physiology and
metabolic dysfunction leading to structural changes in the coronary anatomy. A systematic review
of literature from 1986 to 2019 was conducted using PubMed and Google Scholar. The search was
directed to retrieve papers that addressed the changes in cardiovascular physiology in menopause
and  the  current  therapies  available  to  treat  cardiovascular  manifestations  of  menopause.  The
metabolic and clinical factors secondary to menopause, such as dyslipidemia, insulin resistance, fat
redistribution and systemic hypertension, contribute to the accelerated risk for cardiovascular aging
and disease. Atherosclerosis appears to be the end result of the interaction between cardiovascular
risk factors and their accentuation during the perimenopausal period. Additionally, complex interac-
tions between oxidative stress and levels of L-arginine and ADMA may also influence endothelial
dysfunction in menopause. The increased cardiovascular risk in menopause stems from the exagger-
ated effects of changing physiology on the cardiovascular system affecting peripheral, cardiac and
cerebrovascular beds. The differential effects of menopause on cardiovascular disease at the sub-
clinical, biochemical and molecular levels form the highlights of this review.
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1. INTRODUCTION
The  life  expectancy  of  women  has  increased  over  the

years and is currently at 81years for American women [1].
Menopause  (MP)  is  a  normal  physiologic  event  reflecting
the loss of ovarian follicle function, decreasing ovarian hor-
mone production, and permanent cessation of menstrual cy-
cles. The average age of natural MP in industrialized coun-
tries is around 52 years. Hence, women spend about a third
of their lives in MP. Quality of life (QoL) is very important
in women as they age.

Coronary Vascular Disease (CVD) is the most common
cause of death in post-menopausal women worldwide, even
more  than  cases  of  breast  or  other  gynecologic  cancer
deaths. Traditional CVD risk factors include age, smoking,
sedentary  lifestyle,  poor  diet,  body  mass  index,  hyperten-
sion, diabetes mellitus, dyslipidemia, and family history of
premature CVD.

There are some sex differences in the incidence of cardio-
vascular disease (CVD), with women having a lower inci-
dence  of  CVD  before  menopause  (MP)  compared  to  age-
matched  men.  Pre-menopausal  women  have  a  low  preva-
lence of CAD, likely due to the protective effects of estro-
gens in females [2, 3]. There is a marked increase in CAD in
women after MP, typically seen about 10 years post MP [3,
4].
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It is unlikely that MP per se leads to this change, but it is
more likely that increasing adverse risk factors like dyslipi-
demia, insulin resistance, fat redistribution, high blood pres-
sure after MP causing metabolic and vascular changes con-
tributes to the accelerated risk for CAD and cardiovascular
disease (CVD). These may be related to adverse peripheral
artery  endothelial  function.  The  increased  CVD  risk  is
thought  to  begin  in  the  menopausal  transition  period.

This review attempts to discuss the role of cardiovascu-
lar factors that contribute to the increased CVD risk, which
begins  with  MP  transition  and  into  post-MP  years.  CVD
risks increase at reproductive aging due to premature MP be-
fore age 40 years, early surgical MP by bilateral oophorecto-
my, or at natural MP.

2. VASCULAR AGING AND CORONARY ENDOTHE-
LIAL FUNCTION

The progressive stiffening of the arteries with a decline
in the ability of the vessels to dilate is called vascular aging.
It progresses differently in men and women. At the onset of
MP, there is accelerated vascular aging, which is different
from the gradual loss of vascular function seen with chrono-
logic aging. Vascular aging and endothelial dysfunction con-
tribute to the development of CVD with MP. Vascular aging
contributes to the development of hypertension and atheros-
clerosis [5]. Endothelial dysfunction is a contributor to vas-
cular aging and a key initiator in the development of atheros-
clerosis [6].
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Estrogen is crucial to maintain normal endothelial func-
tion. Estrogen increases the synthesis of nitric oxide (NO)
by vascular endothelium, which then diffuses into vascular
smooth muscle cells, causing its relaxation. This is called En-
dothelium-dependent vasodilation (EDV). Impaired EDV is
a hallmark feature of endothelial dysfunction. Estrogen pre-
serves endothelial function, and declining ovarian hormones
with reproductive aging and MP rapidly affects EDV. MP
has  no  effect  on  endothelial-  independent  smooth  muscle
function [7]. Estrogen decreases the synthesis of Endothe-
lin-1  (a  potent  vasoconstrictor)  by  the  endothelial  cells.
Hence in MP transition, there is a decrease in EDV and in-
creased synthesis of endothelin 1, both promoting vasocon-
striction. Studies have shown that estrogen has antioxidant
and anti-inflammatory properties. Estrogen deficiency upreg-
ulates oxidative stress or systemic inflammation leading to
decreased endothelial function [8]. Thus, estrogen has multi-
ple effects like increasing NO synthesis, antioxidant and an-
ti-inflammatory properties; its deficiency in MP causes en-
dothelial dysfunction [9].

Endothelial  dysfunction  precedes  the  development  of
CAD (obstructive or non-obstructive). In women, endothe-
lial dysfunction and its associated metabolic implications are
of greater relevance (than obstructive CAD) in the develop-
ment of CVD in women. The endothelium of blood vessels
synthesizes and secretes substances involved in vasodilation
and vasoconstriction. Hence, coronary endothelial function
(CEF) serves as a marker for the vascular health of the coro-
nary arteries. It is to be noted that the coronary and systemic
vascular beds differ in their biology. Measures of endothe-
lial  function  in  these  two  vascular  beds  do  not  show  any
strong relations [10, 11]. It is known that normal CEF is af-
fected  by  traditional  and  non-traditional  CVD risk  factors
and may respond favorably to modification of these risk fac-
tors [12, 13]. Impaired function of coronary endothelium is
an early mechanism that plays a role in the development of
atherosclerosis and can predict CVD events [14-18]. So far,
assessments of CEF was done by invasive methods, thus lim-
iting its use to low risk populations.

Arterial blood flow generates a frictional force per unit
area on the endothelium of the vessel wall and is known as
shear stress. Disturbed shear patterns act as weak stimuli to
release vasoactive substances, cause endothelial inflamma-
tion  and  adhesion  of  leukocytes  to  the  endothelium.  This
acts  as  a  proatherogenic  environment  and  can  lead  to  in-
creased production of superoxide radicals and contributes to
endothelial dysfunction.

Recently, non-invasive methods to assess CEF with coro-
nary MRI have been developed, and this enables the test to
be more widely used [19]. In this technique, the changes in
the lumen of coronary arteries (the cross-sectional coronary
artery area CSA) and changes in blood flow (coronary blood
flow CBF) are measured in response to isometric handgrip
exercise (IHE), which is an endothelial-dependent stressor.
These luminal and flow changes are dependent on coronary
vasodilation  caused  by  endothelial  nitric  oxide  (NO),  and
thus is a marker for CEF. The changes in CSA with IHE re-

flect macrovascular endothelial reactivity, while changes in
CBF are reflective of both macro and microvascular reactivi-
ty. Mathews et al., in the above study, concluded that there
are sex differences in CEF, and pre-MP women have better
CEF compared to post MP women. The peri MP may be as-
sociated with the onset of rapid adverse changes in CEF and
MP accelerates the CV risks [20].

3. CHANGES IN LIPID PROFILE
Changes in the lipid profile of women are noted to start

around the periMP years, with increases in total cholesterol
(TC), LDL cholesterol, triglycerides (TD). The Study of Wo-
men’s  Health  Across  the  Nation  (SWAN)  study  was  a
prospective study of MP transition in Caucasian and minori-
ty women (African American, Hispanic, Japanese, Chinese)
not on hormone therapy. It provided evidence that MP transi-
tion is  linked to adverse lipid profiles.  It  showed that  TC,
LDL and apolipoprotein- B all increase in the 1-year interval
around the final menstrual period- independent of the age at
which that occurs. All of these are linked to endothelial dys-
function and lead to atherosclerosis. An increase in LDL in
the peri MP period is linked to carotid plaques post MP [21,
22].  These changes are distinct  from the linear changes in
chronologic aging.

The trend of HDL cholesterol or its presumed cardiopro-
tective role is inconsistent over the MP transition. In young
women, high HDL cholesterol plays an independent cardio-
protective role. This may be because the HDL particles can
promote cholesterol efflux, which is a means for HDL to re-
move cholesterol from peripheral cells [23, 24]. In peri and
post  MP  women,  high  HDL  cholesterol  may  be  linked  to
higher CVD risk. Carotid intima-media thickness (cIMT) is
a marker for vascular health and remodeling. In post MP wo-
men with higher HDL levels, the cIMT is greater. This may
be due to changes in the quality of the HDL particles over
the MP transition.

4. FAT DEPOTS OF HEART
Epicardial adipose tissue (EAT) directly covers the heart

between the myocardium and visceral pericardium. Paracar-
dial adipose tissue (PAT) located anterior to the EAT, out-
side the parietal pericardium, EAT and PAT are now recog-
nized as novel coronary heart disease risk factors [25]. Th-
ese fat depots may have a more adverse effect than visceral
fat due to the proximity to the heart [26]. In the SWAN car-
diovascular  fat  ancillary  studies,  late  periMP/post-meno-
pausal women had 9.9% more EAT and 20.7% more PAT
than premenopausal women [28]. Thus, PAT may be a spe-
cific MP specific CHD risk marker [26].

5. SUBCLINICAL CVD
Markers like cIMT, coronary artery calcification (CAC),

which is a marker of atherosclerotic plaques, aortic calcifica-
tion, measures of vascular stiffness like aortic pulse wave ve-
locity or flow-mediated dilation (suggestive of endothelial
function) are suggestive of subclinical CVD. These can pre-
dict  CV  events.  Late  periMP,  when  dyslipidemia  and
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metabolic syndrome worsen in women, is characterized by
increased cIMT [27]. There also seems to be a link between
the risk of endothelial dysfunction, and MP transition [28].

6. PREVALENCE OF METABOLIC SYNDROME
Metabolic syndrome is defined as a coexistence of sever-

al metabolic risk factors like hypertension, dyslipidemia, im-
paired glucose tolerance and central adiposity.

Estrogen plays an important  part  in  fat  storage and fat
distribution.  Before  menopause,  the  fat  is  deposited  in
thighs, buttocks and hips. Women tend to gain weight (total
body fat) during midlife and beyond as a function of chrono-
logic aging. However, when women go through the MP tran-
sition, there is a change in the body composition (fat: lean
body mass) as well as the distribution of fat. Many women
in  the  MP  transition  and  in  post-MP  complain  of  gaining
weight in the midsection (android appearance) and trouble
with  losing  weight  despite  maintaining  a  healthy  lifestyle
[29]. MP transition may thus contribute to an increase in vis-
ceral (abdominal) fat, insulin resistance, diabetes and inflam-
matory diseases, leading to the development or worsening of
metabolic syndrome in women [29-33].

7. OXIDATIVE STRESS AND MP
Oxidative stress and aging go hand in hand. Overproduc-

tion of free radicals such as reactive oxygen species (ROS),
and decreased antioxidant levels can lead to atherosclerosis
[34]. This decline, combined with a gradual loss of estrogen
in the female reproductive system, is highly associated with
the various sequelae of MP such as heart disease and vaso-
motor disturbances in addition to non-cardiac effects such as
osteoporosis.  Estrogens exert  an antioxidant  effect  at  high
concentrations by inhibiting the 8-hydroxylation of guanine
DNA bases.  Paradoxically  at  low concentrations,  estrogen
becomes pro-oxidative. Estrogens have been implicated in
DNA adduct  production  as  well  as  oxidation  of  bases  via
ROS formation [34]. Oxidative stress increases inflammato-
ry cytokines and pro-oxidants such as glutathione, 4-hydrox-
ynenal, and malonaldehyde [35], which in turn contribute to
further pathology secondary to augmented inflammation.

Oxidative stress  increases levels  of  oxidized LDL [35,
36]. Increased expression of AT1, the angiotensin receptor
-1, leads to endothelial dysfunction and secondary increased
vasoconstriction observed in atherosclerosis [37]. Decreased
levels  of  nitric  oxide  play  an  important  role  in  increased
smooth muscle proliferation, inflammation, and atherogenic
effects on the vasculature [38]. Nitric oxide exerts cardiopro-
tective effects via inhibition of smooth muscle propagation
[38]. Oxidative stress propagates vasomotor disturbances in
MP such as hot flashes and night sweats particularly. Such
vasomotor  disturbances  result  in  persistent  increases  in
metabolism, leading to imbalances in pro-oxidants and an-
tioxidants [38].

Disruption of the nitric oxide pathway in MP leads to en-
dothelial dysfunction. The exact mechanisms still remain to
be elucidated. Asymmetric dimethylarginine (ADMA) is an
endogenous  methylated  arginine  which  competitively  in-

hibits nitric oxide (NO) synthesis by competing with L –argi-
nine, the substrate of NO. The competitive inhibition by AD-
MA leads to a decrease in NO production, translating into en-
dothelial  dysfunction  contributing  to  atherosclerosis.  AD-
MA has  been implicated as  an  independent  risk  factor  for
cardiovascular disease. Hormone therapy (HT) lowers AD-
MA concentrations in healthy post-menopausal women. The
effect of estrogens on ADMA levels, although small, is con-
sidered significant, as the physiological variation of ADMA
is limited. Larger randomized trials are necessary to estab-
lish  that  estrogens  significantly  lower  ADMA levels  [39].
Current literature reports show that L- arginine appears to be
decreased in MP transition. The ratio of L-arginine to L-argi-
nine  metabolism  biomarker  called  citrulline,  NG-mono-
methyl-ւ-arginine [L-NMMA] was also decreased. The de-
creased ratio showed a significant positive correlation with
flow-mediated vasodilation of the brachial artery. These find-
ings  could  suggest  a  role  for  L-arginine  deficiency  in  en-
dothelial dysfunction noted in MP transition [40].

8.  ESTROGEN  DECLINE  AND  CEREBROVASCU-
LAR DISEASE

Estrogens decrease vascular tone and therefore increase
blood flow in the cerebrovascular system, while androgens
increase tone. Increased angiogenesis is another function of
estrogens and androgens. Inflammation and oxidative stress
are reduced by estrogen and therefore exert a neuroprotec-
tive effect by preserving the blood-brain barrier and reduce
oxidative stress. In the presence of cardiovascular comorbidi-
ties, MP changes in hormone levels contribute to cerebrovas-
cular dysfunction and may influence adverse cognitive ef-
fects.  Further  research  is  needed  in  this  area  to  elucidate
pathophysiology, which in turn could lead to therapeutic de-
velopments [41, 42]. Estradiol or E2 declines rapidly over
the  menopausal  transition,  which  influences  cognition,
mood and sleep [43]. Further studies are needed to elucidate
the effect of E2 definitively in the human brain.

9.  MANAGEMENT  OF  CARDIOVASCULAR  SYMP-
TOMS IN MP

VMS  (vasomotor  symptom)  is  the  major  symptom  in
MP.  Narrowing  of  the  thermoneutral  zone  so  that  slight
changes in core body temperature brings on compensatory
flushing  and  sweating,  leading  to  hot  flashes  and  night
sweats. VMS has been linked to CV risks [44, 45]. VMS al-
so contributes to poor sleep quality, irritability, difficulty in
concentration  and  overall  reduced  QoL  [46].  Lifestyle
changes, non-hormonal medications and systemic hormone
therapy may be recommended for the management of VMS.
The following discussion on the management of VMS and
genitourinary syndrome of MP is based on the 2017 position
statement from the North American MP Society [47].

Hormone therapy (HT) is not recommended for the pri-
mary prevention of any condition- like to preserve cardiovas-
cular health, prevent osteoporosis, prevent memory loss, etc.
However, the primary indication for HT is for the manage-
ment of moderate to severe VMS. Hormone therapy is the
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gold standard for the relief of VMS. This may include the
use of estrogen alone (Estrogen therapy ET) in women who
have had a hysterectomy or estrogen and progesterone thera-
py (EPT) in women who still have their uterus. Women with
a  uterus  need  endometrial  protection  (against  endometrial
neoplasia)  and  are  provided  by  either  progestogens  or  the
SERM bazedoxifene. Management of VMS requires the use
of  systemic  hormones  that  may  be  given  with  different
routes of administration, including oral (PO) and transder-
mal (T/D). In general, it is recommended to use the lowest
dose of hormones needed for symptom relief for the shortest
period of time needed. The type, dose, regimen and duration
of use of HT should be individualized.

The decision to offer HT to a menopausal woman for ma-
nagement of VMS requires careful consideration of individu-
al risks and benefits. Based on the Timing Hypothesis,  the
benefits of HT outweigh the risks in most healthy PM wom-
en under the age 60 years or less than 10 years from the final
menstrual  period.  The  Women’s  Health  Initiative  (WHI)
showed an increased risk of breast cancer with 3-5 years of
EPT while 7 years of ET alone did not show the increased
risk for breast cancer. It is to be noted that systemic HT is
contraindicated in breast cancer survivors.

Lower doses of HT are associated with a lower risk for
venous thromboembolism (VTE), less unscheduled vaginal
bleeding and less breast tenderness [48, 49]. Lower doses of
HT may take 6-8 weeks to provide symptom relief. The for-
mulations of estrogen may include: Oral conjugated equine
estrogen (CEE) 0.3mg, oral 17 beta-estradiol 0.5 mg, estradi-
ol patch 0.025mg. If progestogens are indicated for the pa-
tient, it may be in the form of oral medroxyprogesterone ace-
tate (MPA), oral progesterone.

The use of progestogens (natural progesterone or synthet-
ic progestogens) alone is a treatment option for VMS; how-
ever, they are not as effective as estrogen therapy and have
limited long-term safety data. The concern with long- term
use is the risk for breast pathology.

Formulations of progestogens include oral MPA 10 mg/-
day,  oral  megestrol  acetate  20mg  or  micronized  proges-
terone  300  mg  nightly  [50-53].

The combination of a SERM (Selective Estrogen Recep-
tor Modulator) called Bazedoxifene with (CEE) is Tissue Se-
lective Estrogen Complex (TSEC) that is FDA approved for
management of VMS in women with a uterus. It has the ad-
ditional benefit of the prevention of osteoporosis. Here, baze-
doxifene offers endometrial protection. Hence additional pro-
gestogen is not indicated.

The government approved Bioidentical Hormone Thera-
py (BHT), i.e.,  hormones similar to endogenous hormones
include  formulations  of  estradiol,  estrone  and  micronized
progesterone are monitored for their purity, safety and effica-
cy. The “Compounded BHT” that are marketed as BHT is
not approved by the FDA. There are unique concerns here,
esp. of safety. These are usually prepared by a pharmacist in
a compounding pharmacy based on the provider’s prescrip-
tion. The compounded BHT may combine many hormones

(estrone, estradiol, estriol, DHEA, testosterone and proges-
terone). Hence the purity, efficacy or safety of ingredients
cannot be relied on. The concentration of hormones in these
formulations is also uncertain as is its bioavailability. Hence
there  is  a  potential  for  overdosing  or  underdosing.  Com-
pounded BHT usually does not outline its risks. They may
contain unapproved combinations of medications and may
be used for untested routes of administration, including hor-
mone pellets, troches or subdermal implants [54-56]. Com-
pounded BHT has minimal government regulation and moni-
toring. They present safety concerns due to potential over or
under  dosing,  presence  of  potential  impurities,  unknown
sterility of ingredients, lack of safety /efficacy data and label
outlining the risks of use.

Compounded BHT should only be considered if patients
cannot tolerate the FDA-approved hormones due to issues
like an allergy to components or if there is a lack of a dose
or formulation of the FDA-approved hormones.

10.  MANAGEMENT  OF  GENITOURINARY  SYN-
DROME OF MP

Genitourinary syndrome of MP (GSM) is a collection of
symptoms  caused  by  estrogen  deficiency  that  includes
changes in the clitoris, labia, vestibule, vagina, urethra and
bladder. Patients may report genital, vaginal dryness, burn-
ing, itching, irritation-urinary symptoms of urinary urgency,
frequency, dysuria and frequent UTIs. Sexual symptoms in-
clude secondary dyspareunia from vaginal dryness. Unlike
VMS that improves over the course of time, GSM does not
improve with time but instead gets progressively worse over
time. Vaginal lubricants and moisturizers may be tried initial-
ly for symptom relief. ET is the most effective treatment for
GSM [57, 58].

Low-dose vaginal ET is generally safe and effective for
the treatment of GSM [59, 60]. Topical ET may be delivered
as  tablets,  suppositories,  ring,  or  creams.  The  formulation
may be estradiol or CEE. Topical ET usually has minimal
systemic absorption. It is to be noted that with topical ET, it
is not required to use progestogens for endometrial protec-
tion, even in women who have a uterus. There are no safety
data for topical ET beyond 1 year of use. In women with a
history of breast cancer, topical ET for GSM should be pre-
scribed after consulting the patient’s oncologist. In women
on aromatase inhibitors, even topical ET is of concern [61,
62].

HT does not have FDA approval for treating any urinary
health issues. However, studies show that vaginal ET can im-
prove urge urinary incontinence, overactive bladder and re-
current UTIs. This may possibly due to increased vascularity
around the urethra and bladder neck and promoting relaxa-
tion of the detrusor muscle. However, systemic HT does not
improve  urinary  incontinence  and  may  actually  worsen
stress  urinary  incontinence  [63,  64].

Ospemifene is a SERM that is FDA approved for the re-
lief of moderate to severe dyspareunia associated with vulvo-
vaginal atrophy [65]. Being a SERM, it has a class effect of
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Fig. (1). Shows the possible impact of cardiovascular risk factors and menopause on the progression of atherosclerosis. (A higher resolution /
colour version of this figure is available in the electronic copy of the article).

Fig. (2). Shows the accentuation of cardiovascular risk factors in the setting of menopause.

increasing  venous  thromboembolism.  1-year  follow-up
studies have not shown an increase in endometrial hyperpla-
sia or cancer [66]. Intravaginal DHEA is also FDA approved
for the relief of GSM and dyspareunia in post-menopausal
women. DHEA is a precursor hormone that gets converted
into estrogen and testosterone in the vagina [67]. Since it is
not estrogen when used, the label does not carry the warn-
ings associated with estrogens.

CONCLUSION
Accelerated  atherosclerosis  (Fig.  1)  appears  to  be  the

end result of a complex interaction between cardiovascular
risk  factors  and  their  accentuation  during  the  perimeno-
pausal  period.  Additionally,  complex interactions between
oxidative stress and levels of L-arginine and ADMA may al-
so influence endothelial dysfunction in menopause. The in-
creased cardiovascular risk in MP stems from the exaggerat-
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ed effects of changing physiology on the cardiovascular sys-
tem, which affects vasculature in the peripheral, cardiac and
cerebrovascular systems [43, 68]. Changes in lipid profile,
vascular stiffness, metabolic parameters, advanced glycation
end  products  (AGE)  and  oxidative  stress  (Fig.  2)  all  con-
tribute to worsening cardiovascular risk in women in the per-
imenopausal period [68-71]. Treatment strategies should in-
clude tight control of cardiovascular risk factors to prevent
accelerated cardiovascular disease in menopausal women.

FUTURE DIRECTIONS
Dynamic  changes  in  estradiol  and  follicle-stimulating

hormone levels that lead to vasomotor symptoms should be
monitored and treated effectively. Research into developing
metabolic markers should be augmented so that possible pro-
phylactic  therapeutics  can  be  developed  to  combat  the
metabolic syndrome that is accentuated during MP. The fe-
male  gender-specific  aspects  and  drug  therapy  in  women
need  more  research  investigations.  Tight  regulation  of  in-
flammation influences a balanced immune response. The nu-
clear factor erythroid 2-like 2 (Nrf2) and its role in the in-
flammation from the standpoint of the development of thera-
peutics need further investigation. The biochemical basis of
nrf-2 activation needs to be studied in the human system. Nr-
f-2 pathway modulation and its role in cardiovascular aging
need  further  exploration  [72]  and  specifically  during  MP.
Another aspect of metabolic change in MP that needs more
detailed investigation is the role of particle size of low, inter-
mediate and high- density lipoproteins in influencing cardio-
vascular risk [73]. Investigating metabolic changes at the cel-
lular and molecular levels using nuclear magnetic resonance
or more sophisticated artificial intelligence (AI) techniques
to identify diagnostic /therapeutic targets will pave the way
for better surveillance and improving the cardiovascular risk
profile in women undergoing MP [74]. Though AI has limi-
tations in that it needs large datasets and accessibility to clin-
ical workflow, it  is  definitely a technique to be utilized in
the future.
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