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Abstract

Introduction: Cardiovascular disease (CVD) is the
leading cause of death in women. Low estrogen levels
during menopause are associated with an increased
risk of CVD. Therefore, hormone replacement therapy
(HRT) can mitigate menopause-related diseases.
Vasomotor symptoms affect about 60.0 to 80.0% of
postmenopausal women and may have an incidence of
90.0% in perimenopausal women. The main studies in
the last 20 years have investigated the effects of
estrogen therapy on symptoms and women's health
during menopause. Objective: This was to conduct a
systematic review to better understand the main
findings and discussions of international consensus on
hormonal therapies in women regarding cardiovascular
events. Methods: The systematic review rules of the
PRISMA Platform were followed. The research was
carried out from May to June 2025 in Scopus, Embase,
PubMed, Science Direct, Scielo, and Google Scholar
databases. The quality of the studies was based on the
GRADE instrument, and the risk of bias was analyzed
according to the Cochrane instrument. Results and
Conclusion: A total of 130 articles were found. A total

International Journal of Nutrology (2025)

of 39 articles were fully evaluated, and 23 were
included and developed in the present systematic
review study. Considering the Cochrane tool for risk of
bias, the overall assessment resulted in 21 studies at
high risk of bias and 25 studies that did not meet the
GRADE and AMSTAR-2. It was concluded that hormone
replacement therapy is a sex-specific and time-
dependent primary cardiovascular disease prevention
therapy that concomitantly reduces all-cause mortality
as well as other aging-related diseases. Observational
studies did not suggest an increased risk of myocardial
infarction in postmenopausal women with diabetes
prescribed HRT. Lipoprotein, LDL-C, and insulin
resistance were lower with hormone therapy, and HDL-
C levels were higher with hormone therapy compared
to placebo. Thus, hormone therapy in women was
shown to be important for improving organic functions
and quality of life, as well as showing a bias in
reducing cardiovascular events.

Keywords: Cardiovascular risk. Women. Menopausal.

Hormonal therapy. Hormone replacement.
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Introduction

Cardiovascular disease (CVD) is the leading
cause of death in women. Low estrogen levels during
menopause are associated with an increased risk of
CVD. Therefore, hormone replacement therapy (HRT)
can mitigate menopause-related diseases, such as
CVD. Furthermore, vasomotor symptoms affect about
60.0 to 80.0% of postmenopausal women and may
have an incidence of 90.0% in perimenopausal
women (1 to 2 years before menopause) [1,2].

With  the increase in  hypoestrogenism,
hypotrophy of the breasts and urogenital apparatus,
skin changes, and accelerated bone loss may occur
[3]. Furthermore, CVD tends to occur more
frequently in postmenopausal women. During the
reproductive vyears, estrogen (E2) interacts with
estrogen receptors (ERs) on endothelial cells, vascular
smooth muscle, and the extracellular matrix, causing

genomic and non-genomic effects, including
vasodilation, decreased blood pressure, and
cardiovascular  protection, = demonstrating  the

beneficial effects of female sex hormones on
cardiovascular function. Furthermore, the benefits of
E2 supplementation in alleviating vasomotor
symptoms during menopause have led to clinical
investigations of the effects of menopausal hormone
therapy (MHT) on CVD [4].

Hypoestrogenism causes an increase in total
cholesterol and triglycerides, LDL lipoproteins, and a
decrease in HDL. There is also fat accumulation in the
visceral region, decreased secretion and sensitivity of

the organism to the action of insulin, and
compensatory hyperinsulinemia. There is also
increased renal sodium reabsorption, increased

sympathetic nerve activity, and changes in the
vascular bed, with increased blood pressure [5-7].

The main studies in the last 20 years studies to
investigated the effects of estrogen therapy on
symptoms and women's health in the climacteric. As a
major vasomotor symptom, hot flushes affect about
75.0% of Caucasian women and, for the North
American Menopause Society (NAMS), hot flushes are
the primary indication for hormonal administration
[7,8]. One study found a reduction in vasomotor
symptoms regardless of the estrogen dose associated
with progestogen, but higher doses of estrogen alone
were more effective in reducing symptoms. In the
cardiovascular system, a study with 121,700 nurses
verified the reduction of coronary artery disease and
mortality in women after the use of estrogen therapy
[9].

The formations were not associated with the
occurrence of infarctions and strokes. These studies

still have limitations. The number of participants is
not sufficient to determine the risks of treatment,
whether for major cardiovascular events or prostate
cancer. There are many benefits, but we do not know
the risks yet. Our next step is a longer and longer test
to determine if replacement can increase the
incidence of heart attack and prostate tumors, and
reduce the risk of fractures [7,8].

Therefore, the present study aimed to make a
systematic review to better understand the main
findings and discussions of international consensus on
hormonal therapies in women regarding
cardiovascular events.

Methods

Study Design

This study followed the international systematic
review model, following the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis) guidelines. Available at: http://www.prisma-
statement.org/?AspxAutoDetectCookieSupport=1.
Accessed on: May 11, 2025. The AMSTAR-2 (Assessing
the Methodological Quality of Systematic Reviews)
methodological quality standards were also followed.
Available at: https://amstar.ca/. Accessed on: May 11,
2025.

Search Strategy and Search Sources

The literature search process was conducted
from May to June 2025 and was based on Scopus,
PubMed, Science Direct, Scielo, and Google Scholar,
covering scientific articles from various periods to
the present day. The following health sciences
descriptors (DeCS/MeSH Terms) were used ”
Cardiovascular risk. Women. Menopausal. Hormonal
therapy. Hormone replacement” and the Boolean
"and" between MeSH terms and "or" between
historical findings were used.

Study Quality and Risk of Bias

Quality was classified as high, moderate, low, or
very low based on the risk of bias, clarity of
comparisons, precision, and consistency of analyses.
The most prominent articles were systematic reviews
or meta-analyses of randomized controlled trials,
followed by randomized clinical trials. Low-quality
evidence was attributed to case reports, editorials,
and brief communications, according to the GRADE
instrument. Risk of bias was analyzed according to
the Cochrane instrument by analyzing the funnel plot
(sample size versus effect size), using Cohen's d
test.
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Results and Discussion
Summary of Findings

As a corollary to the literature search system, a
total of 130 articles were found and submitted to
eligibility analysis. Subsequently, 23 of the 39 final
studies were selected to comprise the results of this
systematic review. The selected studies were of
medium to high quality (Figure 1), considering the
level of scientific evidence of studies in meta-analysis,
consensus, randomized clinical, prospective, and
observational studies. Biases did not compromise the
scientific basis of the studies. According to the GRADE
instrument, most studies presented homogeneity in
their results, with X?=87.7%>50%. Considering the
Cochrane risk of bias tool, the overall assessment
resulted in 21 studies with a high risk of bias and 25
studies that did not meet the GRADE and AMSTAR-2
criteria.
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Figure 2. The symmetrical funnel plot suggests no risk
of bias among the small sample size studies shown at
the bottom of the graph. High-confidence and highly
recommended studies are shown above the graph
(Ntotal = 23 studies fully evaluated in the systematic
review). Source: Own Authorship.

Major Clinical Findings
Hormonal Therapy in Women

Stress, sedentary lifestyle, contraceptive use and
irregular diet are some factors that lead to a decrease
in testosterone in young women, presenting symptoms
such as fatigue, lack of libido, weight gain, difficulty in
gaining muscle mass. After menopause testosterone
production falls significantly, leading to worsening of
these symptoms. Often the woman complains of
intense  fatigue associated with  unexplained
discouragement and even depression. Testosterone at
optimal levels brings numerous benefits, as shown in
Figure 3 [1-4,7,8].
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Figure 1. Flowchart showing the article selection

process. Source: Own Authorship.

Figure 2 presents the results of the risk of bias of
the studies using the Funnel Plot, showing the
calculation of the Effect Size (Magnitude of the
difference) using Cohen's d Test. The sample size was
determined indirectly by the inverse of the standard
error (1/Standard Error). This graph showed
symmetrical behavior, suggesting no significant risk of
bias, either among studies with small sample sizes
(lower precision), which are shown at the bottom of
the graph, or among studies with large sample sizes,
which are shown at the top.
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Figure 3. Graph showing the propensity score of the
main literary findings of hormonal therapy benefits in
women. Source: Own authorship.

Studies show that the effects of hormone
replacement therapy (HRT) on menopause are
determined by age and/or time since menopause,

International Journal of Nutrology (2025) Page 3 of 9



International Journal of Nutrology, Sao Paulo, Vol 18, Suppl 4, 255404, 2025

ABRAN

underlying target tissue health, and duration of
therapy. Once initiated in women under 60 and/or in
menopause, HRT can significantly reduce all-cause
mortality and CVD compared with lipid-lowering
therapy. Risks associated with HRT, including breast
cancer, stroke, and venous thromboembolism, are rare
(<10 events/10,000 women), are not unique to HRT,
and are comparable to other medications. Hormone
replacement therapy is a sex-specific and time-
dependent primary CVD prevention therapy that
concomitantly reduces all-cause mortality as well as
other aging-related diseases [10].

The authors Risni et al. (2024) [11] analyzed the
risk of CVD in postmenopausal women with diabetes
using HRT compared with those who did not use it
through a meta-analysis. Of the 7,625 articles
identified, 19 (6 clinical trials and 13 observational
studies) were included. The meta-analysis of the risk of
myocardial infarction (MI) from nine observational
studies (n = 34,626) showed a pooled RR of 0.83
(95% CI 0.62-1.12). Observational studies did not
suggest an increased risk of MI in postmenopausal
women with diabetes prescribed HRT.

In addition, the authors Nudy et al. (2025) [12]
evaluated long-term changes in cardiovascular
biomarkers during the WHI (Women's Health Initiative)
hormone therapy (HT) clinical trials with conjugated
equine estrogens (CEE) alone and CEE plus
medroxyprogesterone  acetate (MPA). HT trial
participants from the CEE alone (n = 1,188, 0.625
mg/d CEE or placebo) and CEE + MDA (n = 1,508,
0.625 mg/d CEE plus 2.5 mg/d MPA or placebo) trials
provided blood samples at baseline and after 1, 3, and
6 years. Low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C),
triglycerides, total cholesterol, lipoprotein(a), glucose,
insulin, and the homeostatic model assessment for
insulin  resistance were measured. During the
intervention phase of the CEE-alone trial,
randomization to CEE resulted in a 11% reduction in
LDL-C over 6 years (geometric mean ratio, 0.89; 95%
CI, 0.88-0.91; p < 0.001). The overall reduction in
LDL-C was similar for CEE+MPA compared with
placebo (geometric mean ratio 0.88, 95% CI 0.86-
0.89, p<0.001). Compared to placebo, HDL-C and
triglyceride levels were 13.0% and 7.0% higher with
CEE and CEE+MPA, respectively. Homeostatic model
assessment for insulin resistance decreased by 14.0%
and 8.0% for participants in the CEE-alone and
CEE+MPA trials, respectively. Compared to placebo,
lipoprotein(a) decreased by 15.0% and 20.0% for
participants randomized to CEE-alone and CEE+MPA,
respectively.

Tatarchuk et al. (2024) [13] evaluated the safety

and tolerability of ultra-low-dose estradiol and
dydrogesterone  (E0.5 mg/D2.5 mg) among
postmenopausal women. The combination of ultra-low-
dose estradiol with dydrogesterone was well tolerated
among postmenopausal women, with no increase in
adverse events compared to placebo. The authors
analyzed 579 women who were included in the
analysis of administration of 0.5 mg of 17B-estradiol
and 2.5 mg of dydrogesterone (E0.5 mg/D2.5 mg, n =
288; placebo, n = 291). Women receiving EO0.5
mg/D2.5 mg had greater reductions from baseline in
the average daily number of hot flashes and the
average daily number of moderate-to-severe hot
flashes at week 4, week 8, and at the end of treatment
compared with those receiving placebo. Continuous,
ultra-low-dose oral administration of 0.5 mg of 17p3-
estradiol and 2.5 mg of dydrogesterone improved
vasomotor symptoms compared with placebo in
postmenopausal women, with a positive impact on
health-related quality of life [14].

The last positioning of the American Endocrine
Society maintains that the diagnosis of androgen
insufficiency in women is not well defined [7,8]. The
Princeton Consensus in 2002 suggested a lack of
motivation, fatigue, malaise, depressed mood, sexual
dysfunction, decreased pubic and muscle mass,
climacteric syndrome, and bone loss unresponsive to
estrogen. Laboratorially, total testosterone would be
<150 pg/mL, testosterone free by equilibration dialysis
<1% (2 pg/mL) or S-DHEA <100 ng/mL, and
testosterone dosages should be collected in the
morning and in the medium of the cycle in
premenopausal women [9].

The Consensus itself, however, admitted that kits
for androgen dosages are inappropriate for low values
[9]. In women, these levels are often below the
sensitivity of the trial, so this was a nonspecific clinical
picture of difficult laboratory evidence. Both ovarian
and adrenal androgens are reduced in women from the
age of 25, especially early in the reproductive years.
The fall is continuous with age and more precocious
and marked in adrenal androgens [15].

Among women aged 45 to 54 years with natural
menopause, the ovary continues to secrete androgens.
As the estrogen drop is about 16 times and that of
androgens only two to four times, there is a relative
hyperandrogenism at menopause, even with low
absolute levels of androgens. In women with bilateral
oophorectomy, total and free calculated testosterone
levels fall significantly [6,16].

Other groups of women at risk for androgen
failure are those with premature ovarian failure, those
on anti-androgens, oral contraceptives or oral hormone
therapy (which reduce LH and increase SHBG,
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decreasing free androgens), and those with adrenal
insufficiency, primary or secondary to the use of
corticoids or hypopituitarism [16]. The classical and
previously established indications for prescribing
testosterone in women are in the sexual sphere as a
decrease in libido and sexual pleasure. Effects such as
bone mass gain and increased muscle mass are also
well established with the use of testosterone [17].

More recently, several studies have correlated
testosterone with breast cell proliferation and breast
cancer. There is already a considerable amount of
evidence that both  testosterone and its
hydrotestosterone derivative exert an inhibitory effect
on the growth of the mammary cell promoted by
estradiol [1-3,18-20]. Although progesterone has no
influence on the proliferative effect of estradiol on the
mammary cell, testosterone can reduce this effect by
40.0% and abolish a - a-estrogen receptor (ER-a)
expression [21]. Several studies have concluded that
androgen induces a downregulation of breast epithelial
proliferation and estrogen receptor expression,
suggesting that the estrogen / androgen association in
menopausal hormone therapy may reduce the risk of
breast cancer [1-6].

No direct relationship between endogenous levels
of androgens and libido has been demonstrated. The
response occurred only with supraphysiological doses
of testosterone, whose long-term safety is uncertain
[15]. In women, excess androgens can lead to
aesthetic repercussions such as acne, hirsutism, and
even virilization. Aggression, water retention, increased
blood pressure, and cardiovascular problems may
occur. Laboratorially, there is a tendency to
polycythemia, a decrease in HDL, and an increase in
fibrinogen. Androgens increase visceral fat, free fatty
acids, and impair insulin action [9-16].

Hepatic damage may occur with oral formulations.
There are several presentations on the use of
testosterone in women. In general, injectable
testosterone is not recommended because of the
pharmacological nature of this route, leading to
important variations in circulating levels as well as
deposition of the steroid. On the other hand, the
intramuscular route has been shown to be efficient in
oophorectomized women [8].

Low-dose methyltestosterone (1.25-2.5 mg) has
been shown to be effective in relieving menopausal
symptoms, bone mass, sexual function, and quality of
life variables. Oral testosterone undecanoate is
available in Europe and Canada and is preferably the
lymphatic absorption. Testosterone implants are
inserted every 4 to 6 months apart; monitoring
circulating levels is critical to patient safety and should
never exceed physiological levels (70-90 ng / dL) [19].

Women's testosterone patches are not yet
marketed in Brazil, but studies using 150 to 300 g
have been very satisfactory. The hydroalcoholic
testosterone gel used for women (1 g / day) at a dose
of 1/5 of the value used in men may be efficient for
body composition, muscle strength, and sexual
function. DHEA, although used in several studies at the
dose of 50 mg / day, has only efficacy in releasing
testosterone. Up to the present, it is not recommended
for THM in women with preserved adrenal function
[20].

Major Literary Findings of the Correlation of
Testosterone Use and the Cardiovascular System

Testosterone is an essential hormone for women,
with physiological actions mediated directly or through
aromatization to estradiol throughout the body [5-8].
Despite the crucial role of testosterone and the high
circulating concentrations of this hormone in relation to
estradiol in women, studies of its action and the effects
of testosterone deficiency and replacement in women
are scarce. The main indication for the prescription of
testosterone for women is the loss of sexual desire,
which causes substantial concern for the affected
women. That no formulation has been approved for
this purpose has not prevented the widespread use of
testosterone by women, offlabel or as combination
therapy [9-16].

Observational studies indicate that testosterone
has favorable cardiovascular effects measured by
substitution results. However, the associations
between endogenous testosterone and the risk of
cardiovascular disease and total mortality, particularly
in older women, have not yet been established [17-
20]. No adverse cardiovascular effects have been

observed in studies of transdermal testosterone
therapy in women. Clinical trials suggest that
exogenous testosterone increases cognitive

performance and improves musculoskeletal health in
postmenopausal women. Unmet needs include the
availability of women-approved testosterone
formulations and studies to elucidate the contribution
of testosterone to cardiovascular, cognitive, and
musculoskeletal health and cancer risk [21].

Androgen levels differed substantially between
women with and without ovarian dysfunction, and
elevated androgen levels were associated with
cardiometabolic deficiency in all women regardless of
clinical condition [22-24]. Sexual steroid hormones
play important roles in the development of
cardiovascular diseases, both at high and low levels.
This cross-sectional study included 680 women with
polycystic ovary syndrome, premature ovarian failure,
natural postmenopausal women, or regular menstrual
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cycles (170 women per group) [24].

Serum testosterone, androstenedione, and
dehydroepiandrosterone sulfate measurements were
performed wusing mass spectrometry on liquid
chromatography. Body mass index (BMI), blood
pressure, lipid profiles, glucose, insulin, and SHBG
were evaluated, and the bioactive fraction of
circulating testosterone was calculated using the
androgen-free index (FAI) [25]. Female PCOS women
were hyperandrogenic [FAI mean 4.9 (IQR 3.6-7.4)],
and POI women were hypoandrogenic [FAI = 1.2 (0.8-
1.7)] compared to women RC [FAI = 1.7 (1.1-2.8)],
after adjusting for age, ethnicity, smoking, and BMI (P
<0.001). After adjusting for age, there were no
significant differences in androgens between POI and
NM (p=0.15) women and between NM and CR
(p=.27), the latter indicating that chronological aging
rather than aging ovary influences the differences
between pre- and postmenopausal women. A high FAI
was associated with high triglycerides (B log FAI for
PCOS: 0.45, p<0.001, POI: 0.25, p<0.001, NM: 0.20,
p= 0.002), insulin (B log FAI for PCOS: 0.77, POI:
0.44, NM: 0.40, all p<0.001), HOMA-IR (B log FAI for
PCOS: 0.82, POI: 0.46, NM: all p<0.001) and mean
arterial pressure (log B FAI for PCOS: 0.05, p= 0.002,
POI: 0.07, p<0.001, NM: 0.04, p= 0.04) in all women .
With increased glucose (B log FAI for PCOS: 0.05, p =
0.003, NM: 0.07, p<0.001) and decreased high density
lipoprotein (B log FAI for PCOS: -0.23, p<0.001, NM: -
0.09, p=0.03) in PCOS and NM women; And with
increased low density lipoprotein (B log FAI for POI:
0.083, p= 0.041) in female POI. Adjustment for BMI
attenuated the associations observed. The associations
between FAI and cardiometabolic characteristics were
the strongest in women with PCOS, even after
adjustment for BMI [19].

The incidence of cardiovascular disease increases
dramatically with age in men and women. As a
woman's risk of cardiovascular disease increases
markedly after the onset of menopause, there has
been increasing interest in the effect of estrogen on
the heart and its role in the pathophysiology of these
diseases. Much less attention has been given to the
impact of testosterone on the heart, even though
testosterone levels also decrease with age, and low
levels of testosterone are linked to the development of
cardiovascular disease [20].

The knowledge that the receptors of all major sex
steroid hormones, including testosterone, are present
in individual cardiomyocytes suggests that these
hormones can influence the heart at the cellular level.
In fact, it is well established that there are male-female
differences in the release and intracellular contraction
of Ca (2+) in isolated ventricular myocytes. Increasing

evidence suggests that these differences arise from the
effects of sex steroid hormones on processes involved
in intracellular homeostasis of Ca (2+). The myocardial
contractile function is modified by testosterone,
focusing on the impact of testosterone on processes
that regulate the handling of Ca (2+) in the ventricular
myocyte level. The idea that testosterone regulates Ca
(2+) treatment in the heart is important, as Ca (2+)
deregulation plays a key role in the pathogenesis of a
variety of different cardiovascular diseases. A better
understanding of the sexual hormonal regulation of
myocardial homeostasis (2+) may reveal new targets
for the treatment of cardiovascular disease in all older
adults [20].

Androgens play a key role in cardiovascular
function, and their effects differ between men and
women. In postmenopausal women, the replacement
of testosterone at physiological levels is associated
with general well-being. However, a definitive
explanation on how androgens have an impact on
cardiovascular health in postmenopausal women and
whether they can be used for cardiovascular treatment
has not yet been established. With these objectives, a
systematic review of existing studies on the
relationship between androgens and cardiovascular
diseases and the effects of testosterone therapy on
cardiovascular outcomes in postmenopausal women
was carried out [21].

The few existing studies on cardiovascular
outcomes in postmenopausal women indicate no
deleterious effect or effect of increased androgen and
increased cardiovascular risk. However, there is
evidence of a favorable effect of androgens on
cardiovascular markers of substitution in
postmenopausal women, such as high-density
lipoprotein cholesterol, total cholesterol, body fat mass,
and triglycerides. Therefore, further studies are needed
to elucidate the impact of androgen therapy on
cardiovascular health in postmenopausal women. The
cardiovascular effect of testosterone or
methyltestosterone with or without concomitant
estrogens needs to be clarified [21]. The addition of
testosterone to a hormone therapy regimen has
beneficial effects on sexual function in postmenopausal
women, and subsequent studies have supported the
role of testosterone in sexual function and well-being
[15].

Thirty-one postmenopausal women undergoing
transdermal estradiol (E2) replacement therapy, 36
with bilateral oophorectomy (group O), and 45 controls
(group C) were studied through venous occlusion
plethysmography, bioimpedance, DEXA, biochemical,
hormonal, and inflammatory. The total testosterone
(TT) level in group O was 11.0 (4.0-17.75) vs 23.0
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(10.0-42.5) ng/dL in group C (p= 0.001). Blood flow in
the forearm in ml / min / 100 mL tissue was lower in
group O compared to group C at baseline (1.57 (1.05-
2.47) versus 2.19 (1,59-2,66) p= 0.036), after reactive
hyperemia response (endothelium- dependent flow-
mediated dilation, 3.44 (2.38-4.35) versus 4.3 (3.09-
5.52 , p=0.031) and after nitroglycerin (independent
endothelial dilatation, 1.39 (0.99-1.7) vs 1.76 (1.15-
2.0), p=0.025), with a positive correlation between TT
and all parameters except for the reactive hyperemia
response (r = 0.233-0.312, p= 0.036-0.004). The
absence of ovarian testosterone production in recent
post-menopausal oophorectomized women has been
associated with deleterious effects on endothelial
function [17].

A study demonstrated that estradiol and
testosterone have a synergistic effect on early-stage
atherosclerosis, and a definite appropriate E2 / T ratio
replacement therapy can significantly suppress the
development of atherosclerosis by reducing lipid
lesions, reducing the formation of foam cells, reducing
endothelial injury, modulating the function of the
coagulation system, and inhibiting inflammation [18].

Limitations

Further analysis of the effects of sex hormones
and their receptors on vascular function should
improve understanding of sex differences and
menopause-related changes in vascular signaling, and
provide better guidance for the management of
postmenopausal cardiovascular disease.

Conclusion

It was concluded that hormone replacement
therapy is a sex-specific and time-dependent primary
cardiovascular disease prevention therapy that
concomitantly reduces all-cause mortality as well as
other aging-related diseases. Observational studies did
not suggest an increased risk of myocardial infarction
in postmenopausal women with diabetes prescribed
HRT. Lipoprotein, LDL-C, and insulin resistance were
lower with hormone therapy, and HDL-C levels were
higher with hormone therapy compared to placebo.
Thus, hormone therapy in women was shown to be
important for improving organic functions and quality
of life, as well as showing a bias in reducing
cardiovascular events.
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