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Abstract 
Purpose: To summarize the current state of knowledge surrounding the impact of testosterone therapy on cardiovascular risk factors in 
postmenopausal women.
Methodology: In this scoping review, a comprehensive search of peer-reviewed literature was conducted in adherence to a methodological 
framework comprising 4 distinct stages: conceptualizing a comprehensive search strategy, screening relevant publications, extracting 
pertinent data, and organizing and synthesizing the resultant findings. The search used electronic databases, including MEDLINE, Embase, 
and Google Scholar, to ensure an exhaustive survey of the available literature.
Results: The database search yielded 150 articles, including systematic reviews, registered trials, and peer-reviewed studies, of which 48 
duplicates were removed. Following the title/abstract screening, 36 publications were included in the full-text review. On completion of the 
full-text review, using the inclusion/exclusion criteria, 29 articles were excluded and 7 remained for data extraction and qualitative synthesis.
Main Conclusion: Existing research provides promising insights into the benefits of low-dose testosterone therapy, typically combined with 
estrogen therapy. These benefits may include positive impacts on body composition, functional capacity, insulin sensitivity, inflammatory 
markers, and cholesterol. However, there remains a substantial lack of knowledge surrounding the effects and mechanisms behind 
testosterone therapy in postmenopausal women in relation to its impacts on cardiovascular risk. High-quality, evidence-based clinical 
intervention research is needed to investigate testosterone therapy’s potential implication on cardiovascular risk factors in post-menopausal 
women.
Key Words: testosterone therapy, estrogen therapy, post-menopause, women, cardiovascular risk factors
Abbreviations: CHF, coronary heart failure; CRF, cardiorespiratory fitness; CRP, C-reactive protein; CT, computed tomography; CVD, cardiovascular disease; 
HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; RCT, randomized controlled trial; T/E, testosterone and 
estrogen therapy; VAT, visceral adipose tissue. 
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The cessation of menstrual periods and the initiation of the 
stages of menopause (perimenopause, menopause, and post
menopause) are associated with multiple symptoms, often re
lated to menopausal-associated decreases in estrogen and 
androgen concentrations [1]. These symptoms include hot 
flashes, night sweats, insomnia, vaginal dystrophy, and 
mood changes that can be highly distressing, affecting a wom
an’s personal, social, and professional life. Hormone therapy, 
specifically combined hormone therapy, is a therapeutic inter
vention capable of providing symptomatic relief and reducing 
the risk of chronic diseases that affect postmenopausal women 
such as osteoporosis [2]. The existing evidence of the effective
ness of combined hormone therapy in treating menopausal 
women has grown considerably over the past few decades 
and is recognized as a viable treatment strategy in women. 
In addition, because of declining levels of testosterone associ
ated with menopause and aging, research into the potential ef
fectiveness of testosterone therapy has been considered 
because of the declining testosterone concentrations associ
ated with menopause. Current research examining the effects 
of testosterone therapy has predominantly focused on testos
terone’s ability to improve sexual desire and sexual function in 

women, proving to be an effective clinical intervention [3]. In 
contrast to the multiple studies regarding testosterone therapy 
in men [4], there appears to be a limited amount of research 
that has focused on the potential effects of testosterone ther
apy on cardiovascular risk among women. The increasing 
use of testosterone therapy in managing sexual dysfunction 
among postmenopausal women warrants an assessment of 
the potential impact of testosterone therapy on markers asso
ciated with cardiovascular risk. The use of testosterone 
therapy in the management of sexual function among postme
nopausal women justifies a need to explore the conflicting 
findings of the cardiovascular effects of exogenous testoster
one in postmenopausal women [3, 5, 6]. This scoping review 
aims to summarize the current state of knowledge surround
ing the impact of testosterone therapy on cardiovascular risk 
factors in postmenopausal women.

Materials and Methods
This scoping review was conducted between January 2023 and 
March 2023. The methodological framework and recommen
dations of this review were informed by Arksey and 
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O’Malley [7], Levac et al [8], McGowan et al [9], Peters et al 
[10], and the PRISMA Extension for Scoping Reviews [11]. 
The methodological framework consisted of 4 steps. To begin, 
a search strategy was developed and implemented to find rele
vant publications pertaining to the concept, target population, 
and health outcomes of interest. Second, the relevant publica
tions were screened and selected for further analysis using a de
veloped inclusion and exclusion criteria. Third, the data were 
extracted from the selected publications, and last, the results 
were organized and summarized for further discussion. The ob
jective of this scoping review was to summarize the relevant re
search in the area of testosterone therapy in postmenopausal 
women and its effects on cardiovascular risk markers. In main
taining the guidelines for scoping reviews, the collected publica
tions were not systematically appraised [7].

The search strategy implemented in the scoping review uti
lized electronic databases, “Medline,” “Web of Science,” 
“Google Scholar,” and “Embase.” Using these databases, 
relevant key words pertaining to the concept, target popula
tion, and health outcomes of interest were used to execute a 
comprehensive search. In addition, reference searching was 
also used to locate peer-reviewed literature [10].

To ensure a comprehensive search was performed the 
Kinesiology and Health Studies librarian at Queen’s 
University was consulted to aid in developing the search strat
egy. An example of our search terms used in the publication 
retrieval process can be found in Table 1 (see Fig. 1 for a com
plete electronic search strategy used in Ovid MEDLINE). 
Following the database search identifying the publications, 
2 researchers independently screened the articles for relevance 
based on the title/abstract using the Covidence Online 
Software (https://www.covidence.org/). Publications were ex
cluded if (1) full text was not available, (2) it was a secondary 
article, (3) if it was not related to testosterone or testosterone  
+ estrogen therapy, (4) if it was not related to cardiovascular 
risk markers, and (5) if it did not include postmenopausal 
women. During the title/abstract screening, if it was unclear 
if the publication involved testosterone therapy in postmeno
pausal women, the article was included in the full-text review. 
The full-text review was performed by 2 researchers using the 
Covidence Online Software. When conflicts occurred within 
the full-text review, the reviewers met to discuss the challenges 
and uncertainties in the study selection and refined the search 
strategy to resolve the conflicts [8].

A data extraction chart was then developed to include rele
vant information pertaining to the effects of testosterone ther
apy or a combination of both testosterone + estrogen therapy 
(T/E therapy) on cardiovascular risk factors such as body com
position, functional capacity, cholesterol, insulin resistance, 
and inflammatory markers. Through an iterative process, a re
searcher conducted an independent analysis to identify signifi
cant findings within the charted data. Each article was 
thoroughly examined, and the charted data and results were 
carefully analyzed to develop a directed and well-informed re
view of the articles included in this scoping review.

Results
On completion of the search, a total of 150 articles were iden
tified, 48 duplicates were removed, and 102 titles and abstracts 
were screened using the inclusion/exclusion criteria. Following 
the title/abstract screening, 36 articles were included in the 

Table 1. Ovid Medline search terms

To encompass the term testosterone therapy 

• “Testosterone,” “Androgen,” “Hormones,” “Testosterone 
therapy,” “Hormone replacement therapy,” “Testosterone 
replacement,” “androgen replacement therapy,” “testosterone 
replacement therapy,”
[AND]

To encompass the term cardiovascular risk 

• “Risk markers,” “Cardiovascular risk markers”
• “Cardiovascular Disease,” “Cardiovascular risk,” “Insulin,” 

“Cardiorespiratory,” “Body composition,” “Insulin,” “Diabetes,” 
“Risk factors,” “Lipids,” “Blood Glucose”
[AND]

To encompass the term menopausal women 

• Women,” “Aged,” “Menopausal,” “Post menopausal”

Figure 1. Electronic search strategy used in Ovid Medline.
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full-text review. Following the completion of the full-text re
view, using the inclusion/exclusion criteria, 29 articles were ex
cluded and 7 were identified as relevant and were included in 
the data extraction and qualitative synthesis. A visual represen
tation of the publication retrieval process and the inclusion/ex
clusion criteria are displayed in Fig. 2. The 7 articles included in 
the scoping review are summarized in Table 2. All studies in
cluded menopausal and postmenopausal participants and con
sisted of either oral, intramuscular, or transdermal testosterone 
administration. Four studies were double-blind randomized 
controlled trials, 2 were randomized controlled trials, and 1 
was observational. Of the 7 studies included in the data extrac
tion, 4 reported improvements in cardiovascular risk markers, 
which included improvements in functional capacity [12], ven
tilatory efficiency [12], muscle strength [12-14], cholesterol 
[13, 15, 16], inflammatory markers [16, 17], and lean body 
mass [13, 14, 16, 18]. Conversely, 4 of the 7 studies reported 
negative effects on high-density lipoprotein (HDL) cholesterol 
[14, 15, 17], visceral adipose tissue (VAT) [15], increased insu
lin resistance, and increased risk of cardiovascular disease 
(CVD) [12, 14].

Discussion
There has been a growing interest in using hormone therapy, 
specifically testosterone and estrogen, to treat postmeno
pausal women [19]. To date, most literature regarding 

exogenous testosterone’s impact on aging individual’s cardio
vascular health has focused primarily on men’s health. Studies 
exploring the potential use of testosterone therapy for women 
are limited and have largely been inconclusive [19]. Despite a 
limited number of investigations examining the effects of es
trogen and testosterone in women, a significant proportion 
of the studies concentrate on testosterone’s effects on wom
en’s sexual and reproductive functions, and their libido, spe
cifically testosterone’s ability to treat hypoactive sexual 
desire disorder [20, 21]. Consequently, insufficient attention 
has been given to investigating the potential cardiovascular ef
fects of exogenous testosterone in women. The available data 
regarding the potential cardiovascular effects of exogenous 
testosterone in women are limited.

In this scoping review, we identified 7 relevant studies ad
dressing testosterone therapy in postmenopausal women 
and its impact on cardiovascular risk markers. The following 
discussion will highlight the main findings related to key car
diovascular risk markers on which testosterone and T/E ther
apy may have an effect, including body composition, 
functional capacity, insulin sensitivity, inflammatory markers, 
and cholesterol.

Body Composition
Dobs et al [18], Zang et al [13], Iellamo et al [12], and Huang 
et al [14] all reported changes in body composition and 

Figure 2. Flowchart representing the publication retrieval process, inclusion/exclusion criteria, and the articles included in the scoping review.
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physical functioning, including increases in lean body mass, de
creases in fat mass, and improvements in muscle strength. 
Despite differences in age of participants, methods, and dosages 
of testosterone, improvements in lean body mass, decreases in 
fat mass and improvements in strength were universal among 
the testosterone-treated groups. However, in a sample of 37 
postmenopausal women (aged 42-62 years), Leao et al [16]. 
found that participants randomly allocated to the T/E group 
(1 mg/day percutaneous estradiol and 1.25 mg/day oral methyl
testosterone) experienced an accumulation of VAT, determined 
by computed tomography (CT), despite overall abdominal fat 
mass decreases. It is worth noting that Dobs et al [18], Zang 
et al [13], and Huang et al [22] used dual-energy X-ray absorp
tiometry to assess changes in body composition, which is not as 
effective as CT, the gold standard, in detecting differences in 
subcutaneous adipose tissue and VAT. Furthermore, VAT, in
dependent of subcutaneous adipose tissue, is strongly related 
to cardiometabolic risk factors and the prevalence of CVD 
[23, 24]. Therefore, the improvements in body composition 
measured by dual-energy X-ray absorptiometry may not re
present a change in VAT, an independent risk factor for cardio
metabolic risk and CVD [23, 24]. Additional studies are needed 
to determine whether testosterone’s effect on body composition 
represents a mechanism to reduce cardiometabolic and cardio
vascular risk by examining changes in VAT following testoster
one intervention.

Functional Capacity
In 2010, Iellamo et al [12]. reported promising results re
garding cardiorespiratory fitness (CRF), peak oxygen con
sumption, in 36 postmenopausal participants (mean age, 
68.2 years) diagnosed with coronary heart failure (CHF) fol
lowing a low-dose (0.3 mg 2×/week) transdermal testosterone 
intervention. CRF was assessed through a 6-minute walking 
test and a cardiopulmonary exercise test at baseline and after 
the 6-month intervention. Additionally, participants returned 
for follow-up study visits at 1, 3, and 6 months after baseline 
testing. The increase in CRF following a 6-month intervention 
of low-dose testosterone is notable because of the well- 
established evidence of the association between CRF, indi
cated by peak oxygen consumption, and cardiovascular risk.

In a 2016 scientific statement, Ross et al [25] established 
that an increasing amount of epidemiological and clinical evi
dence demonstrates that low levels of CRF are associated with 
a high risk of CVD, all-cause mortality, and various cancers 
[25]. Additionally, CRF represents a potentially stronger pre
dictor of mortality than risk factors such as smoking, hyper
tension, high cholesterol, and type 2 diabetes mellitus [25, 26].

Of the 7 studies included in this scoping review, the study by 
Iellamo et al was the only one to assess cardiorespiratory 
changes following testosterone therapy [12]. Additionally, 
the established findings of the study were discussed in relation 
to the already established evidence indicating the adverse 
prognostic role of low CRF in CHF patients rather than direct
ly assessing cardiovascular health. Moreover, the small sam
ple size (n = 36) and short duration of the study (6 months) 
limits the validity and generalizability of the positive effect tes
tosterone therapy may have on CRF [12]. Therefore, further 
studies and exploration into the effect of testosterone on 
CRF, using larger sample sizes, longer periods of study, and 
the direct assessment of cardiovascular risk markers in post
menopausal women are needed to validate these findings.

Insulin Sensitivity
It is well-established that decreased insulin sensitivity and its 
biological effects are significant factors in inducing cardiome
tabolic complications and thus increases in cardiovascular risk 
[27]. Insulin resistance, even in the absence of a diagnosis of 
diabetes, can predispose individuals to an increased risk of 
CVD [27-30]. Iellamo et al [12]. conducted a randomized con
trolled trial (RCT) over a 6-month period, which found that a 
low dose of testosterone (0.3 mg), administered through 
transdermal patches twice per week, improved insulin sensi
tivity. However, Iellamo et al [12] did not directly explain 
the mechanism through which testosterone would improve in
sulin sensitivity [12]. Nevertheless, testosterone-induced im
provements in insulin sensitivity may represent a means of 
reducing cardiovascular risk.

In contrast, a 2009 RCT performed by Zang et al [13], using 
a high dose of oral testosterone undecanoate (40 mg) every 
other day over 3 months within a participant population of 
63 naturally postmenopausal women (aged 44-64 years), 
showed mild increases in insulin resistance. Similarly, Hak 
et al [15] found during follow-up (mean, 8.9 years) that IM 
administered high-dose testosterone therapy (50-100 mg) 
over a 1-year period in 513 naturally postmenopausal women 
(mean age, 62.9 years) resulted in adverse effects on glucose 
metabolism, possibly indicating increases in insulin resistance. 
The opposing findings between Iellamo et al [12] and Zang 
et al [13] regarding exogenous testosterone’s effect on insulin 
sensitivity demonstrates one of the discrepancies among 
the existing literature on the topic. It is worth noting that 
the large differences in testosterone dosage among the studies 
could be responsible for the effect of testosterone on insulin. 
However, further studies are needed to explore this relation 
and the mechanism behind testosterone’s effect on insulin sen
sitivity, as it is not clearly understood.

Inflammatory Markers
Leao et al [16] demonstrated that orally administered methyl
testosterone (1.25 mg/day), when paired with percutaneous es
tradiol (1 mg/day) in a group of 37 women (aged 42-62 years), 
had a neutral effect on C-reactive protein (CRP) levels follow
ing a 12-month intervention. However, both estrogen + testos
terone and estrogen + placebo groups showed a significant 
decline in plasma fibrinogen levels, indicating an estrogenic ef
fect on the latter parameter, which was preserved in those 
treated with testosterone [16]. In addition, Kocoska-Maras 
et al [17] conducted a 48-week study using a combination of 
oral testosterone undecanoate (40 mg/day) and oral estradiol 
valerate (2 mg/day). Their findings suggest a modest influence 
on inflammatory markers with no apparent adverse effects. 
Notably, increased fibrinogen and CRP has been identified as 
an independent CVD risk factor and is associated with trad
itional cardiovascular risk factors [31, 32]. Therefore, based 
on the Leao et al [16] and Kocoska-Maras et al [17] studies, tes
tosterone + estrogen treatment may provide potential improve
ments in cardiovascular risk through declines in CRP and 
plasma fibrinogen levels.

Additionally, previous reports have shown that estrogen 
therapy alone can increase high-sensitivity C-reactive protein 
(hsCRP) levels [31-34]. Minor increases in hsCRP have been 
linked to an increased risk of CVD [33, 34]. Kocoska-Maras 
et al [17] identified a suppressive effect of testosterone on 
estrogen-induced hsCRP increase. Therefore, as indicated by 
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Kocoska-Maras et al [17], the use of exogenous testosterone 
in combination with estrogen therapy could be beneficial in re
versing the estrogenic increases in hsCRP back to baseline. 
Overall, further studies are required to explore testosterone’s 
effect on cardiovascular risk through influencing CRP levels, 
plasma fibrinogen levels, and its ability to reverse estrogenic 
increases in hsCRP.

Cholesterol
Zang et al [13] discovered that treatment with testosterone 
undecanoate (40 mg) alone significantly decreased HDL chol
esterol, whereas low-density lipoprotein (LDL) cholesterol re
mained unchanged. Conversely, combined treatment (40 mg 
testosterone undecanoate and 2 mg estradiol valerate) signifi
cantly decreased total and LDL cholesterol, but no change in 
HDL cholesterol was observed [13]. The results of Leao et al 
[16] and Dobs et al [18] also revealed that the combined treat
ment significantly reduced total and LDL cholesterol but 
caused unfavorable decreases in HDL cholesterol. According 
to Dobs et al [18] and Leao et al [16], the unfavorable decrease 
in HDL cholesterol was most likely induced by the testoster
one within the combined treatment group because the estro
gen treatment group did not experience a significant effect 
on HDL cholesterol.

Hak et al [15] found that the correlation between high-dose 
testosterone therapy and atherosclerosis decreased after ad
justing for cholesterol levels. These findings represent exogen
ous testosterone’s negative effect on an individual’s lipid 
profile; however, Hak et al [15] found that the correlation be
tween high-dose testosterone therapy may not be generaliz
able to low-dose therapy. Overall, Zang et al [13] found a 
significant decrease in HDL cholesterol in the testosterone 
group and Hak et al’s [15] correlation between changes in 
cholesterol and atherogenic effects following high-dose testos
terone therapy may confirm testosterone’s unfavorable effect 
on cholesterol levels.

It is widely acknowledged that low HDL and high LDL 
cholesterol levels are associated with an increased risk of 
CVD [35-39]. The current literature appears to support the 
findings that testosterone in combination with estrogen may 
decrease LDL cholesterol; however, the effects on HDL chol
esterol are unclear. Moreover, Hak et al [15] and Zang et al 
[13] found that high testosterone doses led to unfavorable im
pacts on cholesterol concentrations. Testosterone’s unfavor
able effect on cholesterol could imply that high-dose 
testosterone therapy has a negative effect on an individual’s 
lipid profile and, as a result, their cardiovascular health. 
Overall, our existing knowledge of the ability of testosterone 
therapy and T/E therapy to reduce cardiovascular risk 
through changes in cholesterol levels is lacking. Therefore, 
further research is needed to investigate the effects of testoster
one on both LDL and HDL cholesterol and the potential car
diovascular risk.

Gaps and Future Directions
This scoping review identified 7 primary studies that address 
testosterone therapy and T/E therapy in postmenopausal 
women and their impact on cardiovascular risk. However, 
the diverse findings across the literature highlight the current 
knowledge gaps that exist regarding the use of testosterone 
treatment in postmenopausal women. It is important to 

acknowledge that testosterone, whether administered inde
pendently or in conjunction with estrogen, can be metabolized 
to estradiol within peripheral tissues [40]. As a result, the ef
fects of testosterone cannot be entirely separated from estro
gen in any of the included studies. Therefore, further 
research is needed to validate and explore findings surround
ing the favorable and unfavorable effects of testosterone ther
apy and T/E therapy on cardiovascular risk markers such as 
body composition, cholesterol, insulin sensitivity, functional 
capacity, and inflammatory markers.

One area that requires further exploration is changes in 
body composition [12-14, 18]. Findings in this area should 
be further explored using CT or other valid methods to meas
ure changes in VAT. Changes in VAT are important because 
of its independent association with cardiovascular and cardi
ometabolic risk [23, 24]. Additionally, there is a clear gap in 
our knowledge and understanding related to the effects of 
T/E therapy on improvements in cholesterol and insulin sensi
tivity [12, 13, 16, 18]. Both cholesterol and insulin sensitivity 
play important roles in cardiovascular and cardiometabolic 
health, as previously discussed, so it is crucial that future re
search investigates the mechanism and effect of T/E therapy 
on these risk markers [27-30, 35-39].

Furthermore, given the promising findings pertaining to the 
potential effect of T/E therapy to improve CRF, decrease 
estrogenic-induced increases in hsCRP, and reduce CRP and 
fibrinogen levels, studies validating the effect of T/E therapy 
on these cardiovascular risk markers are warranted. 
Moreover, it is crucial to conduct studies that directly com
pare the efficacy of different forms of testosterone and estro
gen, compare different routes of administration, and 
establish optimal dosing protocols to deepen our understand
ing of the impact of T/E therapy on cardiovascular risk 
markers. In summary, more research is required to fully 
understand testosterone therapy and T/E therapy on cardio
vascular risk markers in postmenopausal women, and specific 
mechanisms by which they work.

Limitations
Given that the aim of a scoping review is to present the current 
findings and evidence within a particular topic, rather than to 
assess the depth and quality of the evidence, it has inherent 
limitations [7, 8]. Despite providing insight regarding the cur
rent state of knowledge about the use of testosterone therapy 
in postmenopausal women, this scoping review has several 
limitations that should be considered when interpreting the 
findings.

First, this scoping review does not incorporate a methodo
logical quality assessment of the 7 articles that are included. 
Second, the varying intervention protocols among the in
cluded studies, particularly the differing doses of estrogen 
and testosterone, make it challenging to compare findings 
across studies. Third, the exclusion criteria of this scoping re
view was highly constraining as well as 2 studies being ex
cluded because of the inability to access full-text versions or 
English versions of the publication. Therefore, this omission 
may have resulted in missing information regarding the ability 
of testosterone therapy to impact cardiovascular risk. Last, 
the manual search of the “Google Scholar” database and the 
inability to explore all literature within the search negatively 
effects the uniformity and replicability of this scoping review.
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Conclusions
This scoping review aimed to provide a concise overview of 
the current state of knowledge concerning the utilization of 
testosterone therapy in postmenopausal women and the re
sulting impact on their cardiovascular risk profile. Overall, 
there remains a substantial lack of knowledge about testoster
one therapy’s effects and mechanisms in postmenopausal 
women. However, from the articles included in this scoping 
review, we can gather that exogenous testosterone in combin
ation with estrogen may offer a promising method of improv
ing postmenopausal women’s cardiovascular risk profile 
through a multitude of mechanisms. Such mechanisms pos
sibly include improvements in body composition, functional 
capacity, insulin sensitivity, inflammatory markers, and 
cholesterol.

Conversely, the findings may indicate that if taken in large 
doses, testosterone, taken alone or in combination with estro
gen, may negatively impact cholesterol levels and insulin sen
sitivity, possibly leading to atherosclerosis and thus increased 
cardiovascular risk. Future RCT studies should prioritize the 
comparison of different dosages of testosterone to better 
understand its effect on cardiovascular risk markers.

Overall, the limited number of primary studies with diverse 
findings suggest that future investigations into potential mech
anisms responsible for the effects of testosterone therapy on 
cardiovascular health in post-menopausal women are 
warranted.
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