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ABSTRACT

Estrogen deficiency is known to be one of the causes of cardiovascular disease and osteoporosis in postmenopausal women. Coronary artery calcification is one
of the major factors of cardiovascular disease. The studies related to the effects of estrogen on coronary artery calcification and the possible relation between
osteoporosis and cardiovascular disease rapidly increased in recent years. Estrogen levels decrease in postmenopausal women and can lead to an increased risk
of cardiovascular disease. Estrogen could affect cardiovascular diseases by mediating the receptor activator of nuclear factor-kappa B ligand-osteoprotegerin
system in vascular smooth muscle cells and autophagy in cardiomyocytes. Current evidence indicates that estrogen has an increasing effect on bone mineral
density by multiple biochemical pathways: increasing calcium absorption in the gastrointestinal system, decreasing excretion of calcium in the kidneys, reducing
bone resorption, such as enchanting osteoblasts, suppressing osteoclasts by inhibiting proinflammatory cytokines, and inhibiting the activity of osteoclasts by
essentially inhibiting the receptor activator of nuclear factor-kappa B ligand-osteoprotegerin system. Recent studies showed a significant relationship between
coronary artery calcification and osteoporosis due to estrogen’s role in these pathogeneses, which can be prevented by using estrogen hormone therapy for post-
menopausal women. In this review, we focused on the molecular mechanisms of estrogen in the development of coronary artery calcification and osteoporosis
and the effects of estrogen hormone therapy on cardiovascular diseases in postmenopausal women. Keywords: Menopause, osteoporosis, vascular calcification,

estrogen replacement therapy, cardiovascular diseases

INTRODUCTION

Cardiovascular diseases and osteoporosis caused by estrogen
deficiency are seen widely in postmenopausal women, causing
numerous health risks (1-6). Cardiovascular diseases are correlat-
ed with fat deposits and plaques formed in the arteries, which can
lead to an increased risk of myocardial infarction (2, 3). Moreover,
coronary artery calcification (CAC) is one of the major causes of
cardiovascular diseases since it forms calcium plaques in coronary
arteries and causes atherosclerosis (4).

Calcium plaque in the arteries contains fat, cholesterol, calci-
um, and other elements found in the blood (5). In time, plaque so-
lidifies, enlarges, thus decreasing the lumen of the arteries, causing
impaired blood flow (5). This situation may end up with ischemia
or myocardial infarction (5). According to the World Health Orga-
nization’s (WHO) data, cardiovascular disease is the most common
cause of death in the world, causing over 18 million deaths per year
which corresponds to 31 percent of total deaths worldwide (5).

Additionally, estrogen deficiency in postmenopausal women
can commonly lead to osteoporosis (6, 7). It has been described
by WHO that patients who have a bone mineral density (BMD)
below -2.5 standard deviation, calculated by dual-emission X-ray
absorptiometry, is classed as having osteoporosis (6). Thus, an in-
creased risk of bone fractures and destruction of the microstruc-
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ture of bones are observed in osteoporosis (6, 7). However, the
relationship between postmenopausal osteoporosis and CAC in
postmenopausal women is unclear (6, 8).

Here, we want to draw attention to questions such as whether
estrogen hormone therapy is effective on CAC and whether there is
a relationship between CAC and osteoporosis in post-menopausal
woman. Molecular mechanisms of the effects of estrogen on CAC
and osteoporosis should be understood thoroughly to answer these
questions. Therefore, we focused on the molecular mechanisms of
estrogen on CAC and osteoporosis, and we explained the efficiency
of estrogen hormone therapy on CAC in post-menopausal women.

THE EFFECT OF ESTROGEN ON
CORONARY ARTERY CALCIFICATION

It is known that CAC is an indicator of coronary plaque burden
(9). CAC has been observed more frequently in men than women
and its prevalence increases among older-aged men (10). There are
many studies about how estrogen affects coronary artery calcifica-
tion. One of the studies related to osteoprotegerin (OPG) and re-
ceptor activator of nuclear factor-kappa B ligand (RANKL) report-
ed that OPG and RANKL are new associates of the tumor necrosis
factor signaling superfamily and both are thought to take part in
vascular calcification and bone remodeling (11).

Qoo

OPEN ACCESS

ORCID iDs of the authors: AG: 0000-0003-4450-5476; CY: 0000-0002-7371-769X; BB: 0000-0002-2386-1861; ZY: 0000-0003-4488-7451; SAV: 0000-0002-1073-1718

Cite this article as:

Giiveng A, Yilmaz C, Balta B et al. Effects of estrogen on coronary artery calcification and the relationship between osteoporosis and cardiovascular diseases in postmenopausal women.

Turkish Med Stud ] 2021;8(3):99-102.
Copyright@Author(s) - Available online at https://tmsj.trakya.edu.tr


https://orcid.org/0000-0003-4450-5476
https://orcid.org/0000-0002-7371-769X
https://orcid.org/0000-0002-2386-1861
https://orcid.org/0000-0003-4488-7451
https://orcid.org/0000-0002-1073-1718
https://creativecommons.org/licenses/by-nc-nd/4.0/

100

Although Bakhireva et al. (11) demonstrated that RANKL and
OPG's effects on BMD-CAC are minimal, previous studies have
shown the importance of RANKL and OPG. As shown in Figure 1,
matrix Gla protein (MGP) is a protein that decreases vascular cal-
cification, and bone morphogenetic protein-2 (BMP-2) is a protein
that increases vascular calcification. It is shown by Osako et al.
(12) that RANKL decreases MGP and increases BMP-2; therefore,
RANKL increases vascular calcification non-directly. Osako et al.
(12) have also reported that the ratio of RANKL mRNA and BMP-2
in mice that have gone through ovariectomy, and therefore have an
estrogen deficiency, have been observed significantly higher com-
pared to controls. Additionally, CAC and atherosclerosis have been
observed in mice that have been ovariectomized (12). Hence, es-
trogen has been demonstrated to have a counter effect on CAC by
mediating the RANKL-OPG system (12).

I = 1
RANKL —— BMP-2  MGP

L
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Figure 1: Molecular mechanisms of the RANKL-OPG system.
OPG: Osteoprotegerin, RANKL: Receptor activator of nuclear
factor-kappa B ligand, BMP-2: Bone morphogenetic protein-2,
MGP: Matrix Gla protein

On the other hand, the main focus of current research is on the
effect of heart fat on CAC. Heart fat is one of the causes of coronary
artery disease, and the contents of heart fat increase after meno-
pause (13). According to this research, using transdermal p17-es-
tradiol positively affects the connection between pericardial adi-
pose tissue accumulation and CAC progression (13). In addition,
it has been observed that using oral conjugated equine estrogens
might decelerate epicardial adipose tissue accumulation (13).

Another molecular research area on the possible effects of es-
trogen on calcification includes autophagy. Autophagy is defined
as the self-destruction of a cell to obtain new and healthier cells.
Autophagy functionally supports the inhibitory effects of estrogen
on vascular calcification as demonstrated by Peng et al. (14). In ad-
dition, recent findings show that some molecular and functional
alterations in the homeostasis-related proteins in cardiomyocytes
are caused by a lack of estrogen (15). Deterioration of the calcium
homeostasis cycle has been reported to have negative effects on car-
diac function, therefore deterioration of the calcium homeostasis
cycle causes pathological mechanisms of a variety of cardiovascular
diseases (15).

ESTROGEN HORMONE THERAPY AND CORONARY
ARTERY CALCIFICATION

Estrogen increases nitric oxide production, which vasodilates
arteries and enhances vascular function, and lessens the develop-
ment of atheroma by reducing endothelin-1 release and angioten-
sin-1-converting-enzyme activity, modulating ion channels, and
reducing the modification of vascular remodeling processes (16).
CAC is known as an important determinant of cardiovascular risk
and it is known to be associated with atherosclerosis and future car-
diac problems (17). Schierbeck et al. (18) found in their analyses
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of 1006 women in Denmark that hormone replacement therapy
(HRT) users have decreased risk of mortality, heart failure, or myo-
cardial infarction and no increase in venous thromboembolism,
stroke, or cancer. Many studies have been conducted to study the
association between estrogen and CAC in postmenopausal wom-
en (17, 19, 20). A previous study of 1064 patients aged 50-59 years
showed that 537 of them received 0.625 mg/day estrogen and 527 of
them received a placebo for 7.4 years (19). The results of this study
have shown that women who took long-term estrogen therapy had
a noticeably lower coronary artery calcification ratio (19). Simi-
lar to these findings, a study on 2213 postmenopausal women of
Akhrass et al. (20) indicated that HRT users are very likely to have
less coronary artery calcium scores and it has been observed that
they unlikely have high coronary artery calcium scores. In another
study on the younger aged midlife women compared to postmeno-
pausal women showed a significant relationship between HRT us-
age and a decrease in coronary artery calcification (21). According
to the findings above, estrogen HRT can be accepted as protective
on coronary artery calcification among different age groups.

In a clinical study run by the Women’s Health Initiative (WHI),
no reduction was found in coronary heart disease between patients
on HRT, but more effective distribution of low-density lipoprotein
subclasses have been shown in blood lipid concentrations (22).
To understand this finding better, the Healthy Women Study was
carried out to study the prevalence of CAC and lipoprotein lev-
els of women on HRT (22). Compared with nonusers, HRT users
had higher levels of very-low-density lipoprotein particles (tri-
glycerides) and did not have a better low-density lipoprotein sub-
class distribution, which may explain the failure of hormone ther-
apy to be associated with a difference in CAC in our study or with
a reduction in coronary heart disease risk in randomized clinical
trials (22). The WHI study was a randomized clinical trial con-
ducted among postmenopausal women aged 50-79 years (23). One
group was given a placebo and the other group was given conjugat-
ed equine estrogen, and no significant association between estrogen
therapy use and reduced risk of coronary heart disease was found
(23). However, as an ancillary study, the WHI Coronary Artery
Calcification Study found an association between estrogen use and
reduced risk of coronary heart disease (23).

The effects of estrogen as a single hormone therapy agent or
combination of other hormone agents have been investigated. Ina
study run by the WHI, it was found that the use of estrogen and pro-
gestin (combined) hormone therapy caused a minor but significant
uprise in cardiovascular event risk, and in breast cancer risk in as-
ymptomatic participants (24). Budoff et al. (24) carried out a study
to investigate whether estrogen-alone hormone therapy affected
cardiovascular risk. To do so, they separated participants into three
groups; no hormone, estrogen, and progestin (combined), and es-
trogen-only hormone replacement therapy users (24). In this ob-
servational study, they also found that there was no benefit of com-
bined therapy to reduce coronary heart risk compared to non-users
(24). Interestingly, the level of atherosclerosis was found to be lower
in participants using estrogen-only hormone replacement therapy
than in those using combined therapy and not using replacement
therapy (24).

In a previous study, the relationship between BMD and CAC
in females who use or do not use estrogen hormone therapy has
been compared with males (25). An inverse association of BMD
and CAC was found only in participants who were using estrogen
hormone therapy, whereas no statistically significant association
was observed in both the female participants who were not taking
hormone therapy and in male participants (25). According to the
study, estrogen was found to increase BMD and reduce CAC (25).



The degree of the relationship between estrogen hormone therapy
and BMD and CAC is not exactly known (25).

A study that investigates the link between HRT, CAC, and ca-
rotid intima-media thickness in postmenopausal women showed
a low but not significant prevalence of CAC among estrogen hor-
mone therapy users (26).

THE EFFECTS OF ESTROGEN ON OSTEOPOROSIS

Estrogen is effective in multiple mechanisms underlying the
regulation of calcium homeostasis and bone remodeling to pre-
vent osteoporosis. These critical biological mechanisms occur by
enhancing calcium absorption in the gastrointestinal system and
reducing the excretion of calcium from the kidneys (27, 28). More-
over, estrogen may negatively regulate the activity of osteoclasts
(large bone tissue cells that are responsible for bone resorption) by
the inhibition of some proinflammatory cytokines such as inter-
leukin-1, interleukin-6, tumor necrosis factor-a, macrophage col-
ony-stimulating factor, and PGE26. Thus, it is reported that bone
resorption decreases with estrogen (29).

Additionally, according to current findings, the effects of estro-
gen on BMD may result from the regulator role of estrogen on OPG
and its ligand RANKL which are shown as the new-found associates
of the tumor necrosis factor-signaling family as mentioned above
(30). Estrogen reduces bone resorption by inhibiting pro-resorptive
cytokines and suppressing RANKL (30). In addition, it has been
shown that estrogen boosts osteoclast apoptosis (31). Furthermore,
estrogen positively regulates cell differentiation into the osteoblasts
and mediates adipocyte lineage cells to shift into the osteoblast (32).

Likewise, one of the effects of estrogen on vascular tissues is the
inhibition of vascular smooth muscle cells (VSMC) (29, 33). These
cells are the progenitors of the osteoblast-like cells, and they gen-
erate matrix proteins such as osteocalcin, osteonectin, osteopontin
that are responsible for vascular calcification (29, 33). Interestingly,
suppression of tumor necrosis factor-a in bone tissues reduces the
bone resorption, preventing osteoporosis; whereas in vascular tis-
sues, the proliferation of VSMC decreases vascular calcification and
reduces coronary heart disease risk by reducing the calcium burden
(29, 33). In recent studies, scientists have found this reducing effect
on vascular calcification with suppression of the VSMC prolifera-
tion only occurs in female animals (29, 33). According to previous
findings, a relationship between vascular calcification and osteopo-
rosis could be possible.

OSTEOPOROSIS AND VASCULAR CALCIFICATION

Recent studies suggest that mechanisms of osteoporosis may be
related to vascular calcification in postmenopausal women (12, 34).
Since CAC shares a similar cardiovascular disease risk with other
vascular calcification types, such as general aortic calcification, the
relationship between CAC and osteoporosis needs to be clarified.

As shown in Figure 2, menopause induces estrogen deficiency,
causing an increase in RANKL levels in the vascular calcification
signaling pathway. In this pathway, RANKL may trigger BMP-2
levels to increase and MGP levels to decrease during vascular cal-
cification (12). Similarly, estrogen deficiency causes osteoporosis
in postmenopausal by upregulating the RANKL signaling pathway
(30, 35, 36).

Many studies in the latest literature reported an inverse rela-
tionship between BMD and aortic calcification (increased calcium
burden in arteries) (37, 38). A study by Tankd et al. (38) reported
that osteoporosis, which causes a high bone fracture risk in hips,
may be a predictor of an increased risk factor for coronary heart
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diseases caused by aortic calcification. Furthermore, Schulz et al.
(39) demonstrated that heart disease has been linked to osteoporo-
sis and aortic calcification and that osteoporosis can be accepted as
a significant predictor of a decrease in BMD.

Manson et al. (40) reported a statistically significant decrease
in coronary heart disease risk in postmenopausal women who took
equine estrogen compared to postmenopausal women who took
a placebo. These results point to the mediator role of estrogen in
CAC. Bakhireva et al. (25) reported a significant association be-
tween CAC and osteoporosis in postmenopausal women who use
estrogen HRT. The study did not demonstrate a statistically sig-
nificant association in men and postmenopausal women who has
symptomless cardiovascular diseases and who do not use HRT (25).
Furthermore, reports of Choi et al. (41) showed a statistically signif-
icant association between high-ranking coronary plaque burdens
and low-ranking BMD in postmenopausal women, which was in-
dependent of the presence of cardiovascular disease and the age of
the participants. Similarly, a previous study indicated that estrogen
hormone therapy increased BMD and decreased hip and medical
vertebral fractures, which gave notable information about the role
of estrogen on osteoporosis (42).

Even though there are contradictory findings that have not
found a statistically significant relationship between CAC and os-
teoporosis, further studies that include patients who have coronary
heart disease or osteoporosis are needed (43, 44). These studies
would be important in understanding the link between CAC and

osteoporosis.
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Figure 2: The relationship between vascular calcification and
osteoporosis.

RANKL: Receptor activator of nuclear factor-kappa B ligand,
BMP-2: Bone morphogenetic protein-2, MGP: Matrix Gla protein
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CONCLUSION

In conclusion, decreasing estrogen levels in postmenopausal
women may be responsible for creating an increased risk of car-
diovascular disease. Estrogen could increase the risk of cardiovas-
cular disease by upregulating the RANKL-OPG system in vascular
smooth muscle cells and autophagy in cardiomyocytes. Addition-
ally, regulation of calcium homeostasis is important since estrogen
deficiency causes molecular and functional changes in calcium
homeostasis-related proteins in cardiomyocytes. Estrogen therapy
has been demonstrated to be effective on osteoporosis by similar
biochemical pathways. Clarifying the association between osteo-
porosis and cardiovascular diseases in postmenopausal women is
essential to better understand the efficiency of estrogen hormone
therapy. Further studies are needed to achieve this.
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