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Abstract 

Background: The relative safety and efficacy of bioidentical hormone compared with synthetic version of 

hormone replacement therapy (HRT) is still the subject of debate. Some data suggest that bioidentical 

hormones have opposite physiological effects to synthetic hormones, which associated with lower risk of 

breast cancer and cardiovascular events. Nevertheless, there is still little evidence to support claims that 

bioidentical hormones are safer and more effective. Methods: Published papers were identified from 

PLOS, PubMed/MEDLINE, ProQuest, ScienceDirect, Google Scholar, and Elsevier (SCOPUS) databases, 

written in English, and fully accessible by reviewers, for studies enrolled postmenopausal women using 

bioidentical hormones vs. synthetic hormones as HRT. Results: A hundred and eighteen of 341 citations 

were reviewed. The results of this study found the disparities between bioidentical and synthetic 

hormones with respect to safety and efficacy. Bioidentical hormones have demonstrated effectiveness in 

addressing menopausal symptoms. Clinical data has indicated that bioidentical hormone, especially 

progesterone is associated with a diminished risk for breast cancer and cardiovascular disease, compared 

with commonly used synthetic versions. Conclusions: The use of bioidentical hormone therapy is well 

tolerated, provides symptom relief and can address the safer and more efficacious forms of HRT with 

respect to the lower risk for breast cancer and cardiovascular disease. Thus, bioidentical hormones 

remain the preferred method of HRT.  
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Introduction 

Recently in nearly two decades, women and 

their physicians have in increasing numbers 

been opting for the use of natural, 

bioidentical hormones for treatment of 

menopause symptoms, and diseases of aging, 

as well as a source of health risk, especially 

breast cancer risk and heart diseases [1].  

The trend away from the use of conventional 

synthetic hormones, toward those specifically 

matching the hormones produced in humans 

(bioidentical). The term bioidentical refers to 

the use of hormones that are exact copies of 

endogenous human hormones, including 

estriol, estradiol, and progesterone [2], as 

opposed to synthetic versions with different 

chemical structures or non-human versions, 

such as conjugated equine estrogens (CEE) 

and medroxyprogesterone acetate (MPA).  

The rising fear or suspicion of the synthetic 

hormones used in conventional hormone 

replacement therapy (HRT) probably has 

been the most significant factor driving the 

increased interest in bioidentical hormones. 

Moreover, risks associated with conventional 

HRT have provoked women’s concerns and 

altered the approach to hormone use, as 

reported by numerous research-based media 

towards the U.S. government-sponsored 

Women’s Health Initiative (WHI) study in 

2002 [3]. The WHI study results led to the 

conclusion of using conventional HRT out-

weighed the benefits provided [4]. 

This report was followed by a significant 

decline in the use of synthetic hormones at 

menopause, and a growing number of women 

and their physicians utilizing and advocating 

the use of bioidentical hormones. This makes 

the safety of HRT, used worldwide by 

millions of women, highly questionable with 

regard to breast cancer risk and heart 

diseases. Yet unfortunately, the US Food and 

Drug Administration (FDA) has ordered 

pharmacies to stop providing estriol, stating 

that it is a new, unapproved drug with 

unknown safety and effectiveness [2]. 

http://www.jgpt.co.in/
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Furthermore, there is still little evidence to 

support the claim that bioidentical hormones 

are safer or more effective than the 

commonly used synthetic versions of HRT [5], 

which can be confusing for patients and 

physicians. Therefore, we conducted a 

systematic review to synthesize the existing 

evidence about the efficacy and safety of 

bioidentical hormones i.e. progesterone 

compared with synthetic hormones, each in 

combination with estradiol, associated with 

the risk of breast cancer and cardiovascular 

disease. 

Methodology 

This systematic review was conducted from 

March to April 2019 following the standards 

set in PRISMA reporting guidelines. 

According to these guidelines, there are 

several steps in this study: 1) defining 

eligibility criteria; 2) defining information 

sources; 3) study selection; 4) data collection 

process; and 5) data item selection [6]. Figure 

1 explains the steps of our work in 

conducting a systematic review.  

Eligibility Criteria 

The following inclusion criteria (IC) were 

defined for the review guidelines: 

IC1: Original and peer-reviewed research 

written in English; and 

IC2: Studies aimed at evaluating the 

evidence comparing bioidentical hormones, 

including progesterone, and estradiol, with 

the commonly used synthetic versions of HRT 

in postmenopausal women for clinical 

efficacy, physiological effects and risks for 

breast cancer and cardiovascular disease.  

IC3: Comparative/controlled studies 

including human clinical studies, animal 

studies based on comparison, and in vitro 

that enrolled women aged more than 45 

years old who were within 10 years of 

menopause, received hormone replacement 

therapy and reported outcomes of interest for 

a follow-up period ≥ 6 months. The outcomes 

of interest were the risk of breast cancer and 

cardiovascular disease. 

Only articles written in English (IC1) were 

selected since English is a common language 

used by researchers in the scientific 

community. IC2 was included to answer the 

research questions. IC3 was included to 

exclude non-comparative studies and case 

series papers.  

Information Sources 

Literature searches were conducted for HRT 

formularies, focusing on those that either are 

or have been used in the United States, 

reviewed by large repositories of academic 

studies, including Plos, Pubmed/Medline, 

ProQuest, ScienceDirect, Google Scholar, and 

Elsevier (Scopus). Articles that could not be 

fully accessed were eliminated by the 

reviewers. In addition, we scanned the 

reference lists included in the articles to find 

related studies. 

Study Selection 

The study selection was conducted in the 

following three phases: 

 The keyword search, or search string, was 

chosen according to our research interest in 

comparing the effects of bioidentical and 

synthetic hormones; thus, it was including 

terms such as “bioidentical hormones,” 

“synthetic hormones,” “progestin,” 

“menopausal hormone replacement,” 

“hormone replacement therapy,” “HRT,” 

“estradiol,” “progesterone,” “natural 

hormones,” “conjugated equine estrogens,” 

“medroxyprogesterone acetate,” “breast 

cancer,” and “cardiovascular disease.” 

Those exact search strings were searched 

one by one in each online database 

mentioned in section 2.2. 

 Exploration and selection of title, abstract, 

and keywords of identified articles were 

conducted based on eligibility criteria and 

independently evaluated by the two 

reviewers.  

 A complete or partial reading of the articles 

not eliminated in the previous phases was 

conducted to determine whether they 

should be included in the review, in 

accordance with the eligibility criteria.  

These phases were carried out collaboratively 

by the two reviewers in an iterative process 

of the reviewers’ assessments. The level of 

agreement between the two reviewers (k 

level) was 0.7 and 0.8 for abstract screening 

and full-text screening, respectively. Thus, 

any discrepancies were discussed by the two 

reviewers until a unanimous agreement was 

reached. Disagreements were harmonized by 

consensus and, if not possible, by consensus 

through arbitration by a third reviewer. 
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Figure 1: Study selection process as seen on PRISMA flow diagram 
 

The selected articles were thoroughly screened, first by looking at the inclusion criteria.  

Data Collection Process 

Data collection was carried out manually 

using a data extraction form consisting of the 

following contents: article type, name of 

journal or conference, year, topic, title, 

participant, keyword, country, research 

methodology, and utilization of bioidentical 

hormones. Potentially relevant articles were 

assessed by each reviewer. The assessment 

consisted of reading the full text and the 

extracted data. Any discrepancies were 

resolved through a discussion between the 

two reviewers. 

Data Items 

Information extracted from each article was 

comprised of: 

 Symptomatic efficacy of synthetic hormone 

compared with bioidentical hormone 

 Differing physiological effects of synthetic 

hormone compared with bioidentical 

hormone 
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 Breast cancer and cardiovascular disease 

risks 

The purpose of explaining data items was to 

provide an explanation about related studies 

mentioned in the results of data item in order 

to understand the safer and more efficacious 

bioidentical hormones compared with 

synthetic hormones as hormone replacement 

therapy.  

Data Synthesis and Statistical Analysis 

The relative risk (RR) of the outcomes of 

interest with 95 % confidence interval (CI) 

were extracted or calculated. The I2 statistic 

was used to assess heterogeneity of the 

treatment effect among studies for each 

outcome. I2 value >50 % and p <0.10 of the 

Cochrane Q test suggested substantial 

heterogeneity that is due to real differences 

in study populations, protocols, interventions, 

and/or outcomes. Publication bias was not 

assessed due to the small number of the 

studies included.  

Results 

Study Selection 

The search results in the selected databases 

provided a total of 343 studies written in 

English from 1980 to 2013, matched with the 

keywords that needed to be analyzed. Next, 

those articles were screened on the basis of 

title, abstract, and keywords; the remaining 

229 potentially articles were then reviewed 

on the basis of their full text. A total of 109 

articles were discarded due to IC2 for the 

reasons shown in Fig 1. In addition, we 

eliminated 3 articles that could not be fully 

accessed by the reviewers. Finally, a total of 

120 articles were selected in the review 

without additional articles resulting from the 

scanning of the reference lists. 

Symptomatic Efficacy of Synthetic 

Hormone Compared with Bioidentical 

Hormone 

An HRT containing progesterone may be 

preferable to one containing 

medroxyprogesterone acetate (MPA), 

especially regarding the quality of life issues, 

efficacy and patient satisfaction in 

postmenopausal women [9,10,11]. A cross-

sectional study of Fitzpatrick et al suggested 

a better somatic, vasomotor and 

psychological symptoms (ie, anxiety, 

depression, sleep problems, menstrual 

bleeding, cognitive difficulties, and sexual 

functioning) was found in bioidentical 

progesterone use rather than MPA among 

176 postmenopausal women (p <0.001)[9]. In 

a randomized study by Cummings and 

Brizendine, 23 postmenopausal women 

without significant psychiatric history 

reported that significantly increased vaginal 

bleeding (p 0.003) and increased breast 

tenderness (p 0.02) found in the use of 

synthetic hormone rather than bioidentical 

progesterone, but none of both hormone 

treatments had a detectable effect on mood 

[10].  

The finding is consistent with a randomized, 

placebo-controlled study of Girdler et al, 54 

postmenopausal women were showed no 

significant change in daily mood, prior to 

bioidentical progesterone and estradiol, 

although they did experience mild increases 

in cramping (p <0.05) and breast tenderness 

(p <0.05) in progesterone use, but do not 

appear to be clinically meaningful in normal 

functioning [12]. 

Differing Physiological Effects of 

Synthetic Hormone Compared with 

Bioidentical Hormone 

Synthetic progestin and progesterone and 

generally have distinguishable physiological 

effects on breast tissue. Several studies 

suggest at least there are 3 subclasses of 

progesterone receptors (PR) have been 

identified: PRA, PRB, and PRC, which have 

different cellular activities [13, 17].  The ratio 

of PRA: PRB is approximately 1:1 in normal 

human breast tissue [15, 18].  

Whereas synthetic progestins alter the 

normal PRA: PRB ratio, [19, 21] which may 

be a mechanism by which synthetic 

progestins increase the risk for breast cancer.  

Synthetic progestins have potential anti-

apoptotic effects as demonstrated in an in 

vitro study which is meditating the 

regulation of genes controlling apoptosis on 

T47-D breast cancer cells [22] and may 

significantly increase estrogen-stimulated 

breast cell mitotic activity and proliferation 

[23,30], especially the 19-nortestosterone 

derived progestins, which bind to estrogen 

receptors in breast tissue and display 

significant intrinsic estrogenic properties in 

breast in in vitro study [25, 31, 36].  

Synthetic progestins also upregulate cyclin 

D1, [37] increase the conversion of weaker 

endogenous estrogens into more potent 



Jopy Wikana| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 06 (Suppl.) |130-144 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                             134 

estrogens potentially contributing to their 

carcinogenic effects [38, 43]. However, Plu-

bureau et al assessed the result in contrast. 

The study showed when only 19-

nortestosterone derivatives, compared with 

other non-bioidentical progesterone, were 

significantly associated with a decreased risk 

in breast cancer [69]. Synthetic progestins, 

especially MPA, stimulate the conversion of 

inactive estrone sulfate into active estrone by 

stimulating sulfatase [41, 42] as well as 

increasing 17-beta-hydroxysteroid reductase 

activity, [38, 40, 41, 43] which in turn 

increases the intracellular formation of more 

potent estrogens and potentially increases 

breast cancer risk, a role not seen with 

progesterone.  

In contrast, progesterone opposes estrogen-

stimulated breast epithelial cells [23]. 

Progesterone also downregulates estrogen 

receptor-1 (ER-1) in the breast [29, 30, 44] 

induces breast cancer cell apoptosis [45, 46] 

diminishes breast cell mitotic activity 

[23,26,28-30,45,46] and arrests human breast 

cancer cells in the G1 phase by upregulating 

cyclin-dependent kinase inhibitors and 

downregulating cyclin D1 [25, 46].  

It stimulates the oxidative isoform of 17-beta-

hydroxysteroid dehydrogenase, which 

increases the intracellular conversion of 

potent estrogens to their less potent 

counterparts [47, 49]. Comparing both 

hormones, synthetic progestins and 

progesterone have a number of differences in 

their molecular and pharmacological effects 

on breast tissue, as some of the 

procarcinogenic effects of synthetic 

progestins contrast with the anticarcinogenic 

properties of progesterone 

[23,24,26,28,38,45,9-62]. It is well understood 

that, due to proliferative effect on normal 

breast cells as well as on numerous breast 

cancer cell lines, estrogens are 

contraindicated for women at risk for breast 

cancer, because, as referenced above, 

increased estrone levels are associated with 

an increased risk of breast cancer.  

In contrast, several studies have 

demonstrated an inverse relationship 

between estriol levels and breast cancer as 

well as antitumor effects of estriol, when 

administered with estradiol [4,63, 

65].However, while there is reason to believe 

that estriol in low doses could be protective 

for the breast in some individuals. 

Nonetheless, research has shown that 

estriol’s weakness may very well be its 

strength. The benefits of estriol may, in part, 

be explained by its mixed pro-estrogenic and 

anti-estrogenic effects, when administered 

with estradiol. Scientists investigated the 

mixture of stimulating and non-stimulating 

effects posed by estriol upon estrogen 

receptors [66]. Experimental studies suggest 

that estriol, when given with estradiol, has a 

protective effect against radiation-induced 

cancer of the breast [67]. 

 Breast Cancer and Cardiovascular 

Disease Risks 

Risk for Breast Cancer with Synthetic 

Progestins Versus Bioidentical 

Progesterone  

There is a significant evidence that synthetic 

progestins and progesterone have unsimilar 

effects on breast tissue proliferation. Number 

of studies shown consistently increased risk 

for breast cancer with synthetic progestin. 

The potential role of progestins in increasing 

breast cancer risk associated with HRT 

becomes a big concern after the Women’s 

Health Initiative (WHI), a large randomized 

clinical trial, suggested a significant 

increased risk of breast cancer [relative risk 

(RR) = 1.26, 95% confidence interval (CI): 

1.00–1.59] [63] with continuous use of CEE 

and MPA for greater than 5 years compared 

with CEE alone, which showed no increased 

risk [68]. 

Fournier et al reported the number of breast 

cancer events in postmenopausal women 

receiving MPA was 29 in 7035 person-years 

[RR = 0.67 (95 % CI 0.76–0.81) with p of 

<0.0001] [50].Many cohort studies 

demonstrated progesterone was found to be 

associated with lower breast cancer risk 

compared with synthetic progestins in 

combination with estradiol (RR = 0.67, (95 % 

CI 0.55–0.81) with p of <0.0001) [50]. Plu-

bureau et al conducted a large cohort study 

involving 1,150 French women with benign 

breast disease showed no increase in breast 

cancer risk with women using topical 

progesterone cream [RR=0.8 (95 % CI 0.4-

1.6)]. Furthermore, the researchers noted a 

decrease in breast cancer risk among women 

using progesterone cream plus an oral 

progestogen [RR=0.8 (95 % CI 0.15-1.65], 

compared with women using oral 

progestogens alone [69].  
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The French E3N-EPIC cohort study, which 

followed the use of HRT in 54,548 

postmenopausal women found the risk of 

breast cancer was significantly greater in 

HRT containing synthetic progestins [RR = 

1.4 (95 % CI 1.20-1.70) with p <0.001] 

compared with progesterone [RR = 0.9 (95 % 

CI 0.70–1.20) with p <0.0001] [70].  Similar 

results reported in a population-based case 

control study that showed no significant 

increased risk of breast cancer among women 

treated with progesterone in combination 

with estradiol [odds ratio (OR) = 0.80 (CI 95 

% 0.44–1.43)] [71].  

A harmful effect associated with duration of 

progestin and estradiol use for greater than 4 

years with a BMI index less than 24.4kg/m2 

was reported in US cohort study [72]. 

Eighteen of 101 cases was diagnosed invasive 

breast cancer in recent users [RR = 1.08 (95 

% CI 1.02-1.16)] [72].  All other progestins 

were associated with an increased risk for 

breast cancer, with no difference between 

various progestins [50]. 

Risk for Breast Cancer with Estrogen 

A greater understanding of estradiol’s anti-

estrogenic activity becomes apparent when 

examining the differing effects of the three 

primary estrogens upon estrogen receptor 

binding activity. Estrogen effects are 

mediated through two different estrogen 

receptors: estrogen receptor alpha (ER-α) and 

estrogen receptor beta (ER-β). Estradiol bind 

to ER-α and ER-β, while estrone selectively 

activates ER-α [73,74]. Estriol, on the other 

hand, binds to and activates ER-β, thereby 

explaining the potential breast cancer-

prevention effect via G2 cell cycle arrest [73, 

75].   

Estriol may be as a weak estrogen when 

acting alone but it has a unique ability to 

protect breast tissue from excessive estrogen-

mediated stimulation when administered 

with estradiol. It competitively inhibits 

estradiol binding and activated receptor 

binding to estrogen response elements which 

limits transcription [75, 80]. In contrast to 

estriol combined with estradiol, Conjugated 

equine estrogens (CEE), most used 

synthetical estrogen in HRT, has components 

that downregulate ER-β which synergistically 

as synthetic progestins. It also contains 4-

hydroxy-equilenin, a particularly potent 

carcinogenic estrogen which induces DNA 

damage, thus promotes cancer.  

It is a possible mechanism underlying the 

breast cancer-promoting effect of CEE in 

conjunction with synthetic progestins [81, 

85]. This is supported by the findings in WHI 

study. A 26-percent increased risk of invasive 

breast cancer was seen in women using a 

combination of CEE and MPA86,87] but CEE 

alone was associated with a lower risk of 

breast cancer than placebo after 11 years of 

observation [62]. A similar study by Mueck et 

al found that higher estrogen level inhibited 

breast cancer cell proliferation combined with 

progesterone, but had contrast effects when 

synthetic estrogens equilin or 17-alpha-

dihydroequilin, a major components of CEE, 

combined with synthetic progestins [26].  

These are consistent with findings that 

women who used estrogen (almost exlusively 

estradiol compounds) only had no significant 

increased risk for breast cancer [RR = 1.29 

(95 % CI 1.24-1.30) with p 0.73] as reported 

by Fournier et al. The effect of combined 

estradiol and progesterone on breast cancer 

showed a RR 0.42 (95% CI 0.13-1.31) in Espie 

[87] whereas Fournier showed a RR 0.68 (95 

% CI 0.56-0.82). In contrast, the risk 

increased significantly when the use of 

estradiol combined with synthetic progestins 

[RR = 1.69 (95 % CI 0.80-1.32) with p < 0.01] 

[50].  

Recent studies have suggested that 

preparations containing estrogen alone do 

not increase the breast cancer risk 

substantially while preparations containing 

both estrogens and progestins do increase the 

risk, but some studies suggest that long term 

use increases risk [88,90]. Study in Sweden 

reported long term use of replacement 

estrogens with or without progestins may 

substantially increase the incidence of 

postmenopausal breast cancer [OR for 

women treated at least 10 years, 2.43 (95% 

CI, 1.79-3.30), as compared to never-users], 

particularly among non-obese women (BMI 

27 kg/m2, p 0.02) [74]. 

The finding was supported by another study 

in Sweden which conducted by Rosenberg et 

al. The use of medium potency estrogen 

(mainly estradiol or conjugated estrogen) 

alone was similarly associated with increased 

risk of breast cancer (ductal [OR = 2.0, 95% 

CI 1.5-2.9] and lobular [OR = 2.4, 95% CI 1.3-

4.6]) [99]. Furthermore, the use of low 

potency oral estrogen (oral estriol without  
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progestin) was associated with an increased 

risk for lobular-typed breast cancer (OR 2.0, 

95% CI 1.3-3.2), but not either ductal or 

tubular breast cancer. The increased risk was 

confined to <5 years of use and past users 

(OR 1.40, 95% CI 1.1-1.8, and OR 1.0, 95% CI 

0.7-1.5 respectively) [99]. The use of local 

estrogens (cream or pessary, without 

progestin) was not found to be associated 

with any of the subtypes of breast cancer in 

our study (OR 0.5, 95% CI 0.1-1.9). 

However, further confirmation by Magnusson 

et at about estriol’s safety was provided that 

compared the use of HRT in 3,345 women 

over age 50 with breast cancer to 3,454 

women without breast cancer. Women who 

used estriol did not have an increased risk of 

breast cancer, compared to women who never 

used HRT [74]. A similar study also 

suggested that the risk of breast cancer 

among estriol users was, however, not 

appreciably different than among nonusers 

(RR = 1.10, CI: 0.95-1.29) [74]. Thus, large-

scale randomized control trials are needed to 

quantify the effects of estriol, and other 

estrogens on the risk of breast cancer.   

Risk for Cardiovascular Disease with 

Synthetic Progestins Versus 

Bioidentical Hormones 

Progesterone is a competitive inhibitor of 

mineralocorticoids which leads to enhance 

sodium loss that has been shown to reduce 

blood pressure in hypertensive patients in 

some studies [100,101]. This anti 

mineralocorticoid effect is not seen with the 

majority of available synthetic progestins. 

Moreover, some progestins contribute in 

increasing blood pressure by enhancing 

estrogen activity [102,103]. Progesterone is 

able to decrease sympathetic vascular tone in 

normotensive patients [104]. The mechanism 

is known via nitric oxide pathway to enhance 

vasodilatation and improve microcirculation 

[103,104]. However, endogenous and low dose 

parenteral estriol have also been shown to 

increase vasodilatation [102]. Study of WHI 

reveals synthetic estrogen such as conjugated 

equine estrogens (CEE) with synthetic 

progestins such as MPA was shown to 

increase blood clotting events [103]. Ethinyl 

estradiol decreased prothrombin time while 

increasing plasminogen and factor VII. On 

the other hand, estriol did not affect 

hemostatic function as shown in a 

randomized crossover study [106]. A study by 

Zegura et al shown oral use of estradiol was 

associated with an improvement in 

fibrinolytic activity, as assessed by a decrease 

in plasminogen activator inhibitor-1 (PAI-1) 

activity and tissue-typed plasminogen 

activator (t-PA) antigen and with a shortage 

of euglobulin clot lysis time (ECLT) [119]. 

Another recent study evaluating 

progesterone cream for safety and efficacy 

found no markers for inflammation or 

clotting [105]. In two studies comparing 

estradiol combined with either progesterone 

or MPA in primates by infusing a 

thromboxane A2 mimetics [106].  

Estradiol and progesterone protected against 

coronary hyperreactivity and subsequent 

coronary vasospasm, whereas coronary 

vasospasm was significantly increased in 

primates receiving MPA [92,106].Thus 

increasing the risk for ischemic 

cardiovascular disease. One study comparing 

MPA to progesterone demonstrated 

progesterone reduced the risk for 

arteriosclerosis by inhibiting vascular cell 

adhesion molecule-1 (VCAM-1), whereas no 

such effect was observed with MPA (P<0.001) 

[94].  

MPA increases the extent of atherosclerosis 

in coronary arteries, suppresses the 

protective effect of estrogen on arterial 

injury, and attenuates the beneficial effects 

of estrogen on vasodilation [107, 109]. MPA 

and other synthetic progestins generally 

negate the positive lipid effects of estrogen 

and show a consistent reduction in HDL 

[96,97,110], while progesterone maintains 

estrogen’s positive lipid and HDL effects 

[96,97,111].  

Meanwhile compared with placebo, 

postmenopausal women randomized to 

estradiol showed a higher mean on-trial HDL 

cholesterol level and a lower mean on-trial 

LDL cholesterol level.120 showed Bolaji et al 

compared the lipid effects of synthetic 

progestins with progesterone in 26 

postmenopausal women who had been 

receiving cutaneous estradiol for 3 to 6 

months. Women received either 120 μg of l-

norgestrel or 300 mg of progesterone 

sequentially for another 6 months. Compared 

with the use of progesterone, l-norgestrel 

resulted in significant reductions in DL and 

HDL-2 (P < 0.05) [111].  

Adam et al compared the cardioprotective 

effects of CEE administration along with 

progesterone or MPA in primates fed 



Jopy Wikana| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 06 (Suppl.) |130-144 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                             137 

atherogenic diets for 30 months. The CEE 

and progesterone combination resulted in a 

50% reduction in atherosclerotic plaques in 

coronary arteries (P<0.05) [112]. However,  

the CEE and MPA combination showed 

almost all the effect od atherosclerotic 

plaques reduction was reversed (P<0.05) 

[113]. Other studies examined that 

progesterone by itself [108,114,115], or 

combined with estradiol [112, 114] inhibits 

atherosclerotic plaque formation and lipid-

lowering actions of estradiol, in contrast to 

synthetic progestins [113,116,117].  

The differing effects of progesterone and 

MPA support progesterone as a better option. 

Progesterone and 17beta-estradiol both 

inhibited cardiac fibroblast growth, with the 

effects of 17beta-estradiol enhanced by 

progesterone, suggesting the combination 

may help protect postmenopausal women 

against cardiovascular disease [94]. Natural 

progesterone, in either oral, vaginal, or 

topical administrations, has demonstrated 

safety in its effects [96,104,118]. The 

research to date looking at cardiovascular 

risk points to bioidentical hormones, 

particularly progesterone, as the hormone 

therapy of choice to support healthy vascular 

function. 

Discussion 

Result shows that bioidentical hormone 

compared with synthetic hormone therapy 

giving more optimal result in 

postmenopausal women. In the term of 

efficacy, progesterone is more efficacious 

compared with synthetic progestin [9, 11]. 

Progesterone increase patient satisfaction 

because of better somatic, vasomotor and 

physiological symptom [9]. Because of its 

physiological effects and clinical outcomes, 

current evidence demonstrates that 

bioidentical hormones are safer in terms of 

reduction of cancer and cardiovascular risk 

compared with synthetic hormones.  

Progesterone, widely been used as 

bioidentical hormone, have distinguishable 

molecular differences that result in 

differences in their pharmacological effects 

on breast tissue. Synthetic progestin has 

procarcinogenic effects in which increase 

estrogen-induced breast tissue proliferation 

that increase risk of breast cancer. In 

contrast, progesterone has an antiestrogenic 

effect on both the endometrium and breast 

tissue that result in inhibition of breast 

tissue proliferation and reduces the risk for 

breast cancer. Researches also show that 

combination of progesterone with estradiol 

has more protective effect towards breast 

cancer, in contrast of combination of 

synthetic progestin with estradiol. This effect 

may be correlated with procarcinogenic 

effects of synthetic progestin-only because 

recent studies have suggested that 

preparations containing estradiol alone do 

not increase the breast cancer risk 

substantially [74,88, 90].   

Other issues that appear regarding safety of 

bioidentical hormone compared with 

synthetic hormones is the risk of 

cardiovascular disease. Synthetic 

progesteron, progestin, consistently shows 

increase risk of cardiovascular disease when 

used alone or in combination with estradiol 

[66,91,95].  

Many researches show that progesterone 

usage has no effect to increase risk of 

cardiovascular disease. This effect may be 

explained by anti mineralocorticoid  and 

vasodilatation effects of progesterone that 

results in decrease of blood pressure 

[59,60,62]. Progesterone effect in reducing 

coronary vasospasm, arteriosclerosis 

formation, and maintain estradiol’s positive 

lipid and HDL effect also lead to 

progesterone as hormone therapy of choice to 

support healthy vascular function [91,93,96, 

98].  

Therefore, all these findings suggest that for 

most postmenopausal women, the use of 

bioidentical hormones will not be associated 

with clinically significant changes in mood or 

physical symptoms, which weighs favorably 

into the cost-benefit ratio for women 

considering bioidentical hormone 

replacement therapy. 

Conclusion  

Researches support the claim that 

bioidentical hormones have some distinctly 

different, often opposite, physiological effects 

to those of synthetic hormones. With respect 

to decrease of breast cancer risk and 

cardiovascular risk, substantial scientific and 

medical evidence demonstrates that 

bioidentical hormones are safe and 

efficacious forms of hormonal replacement 

therapy. Until there is evidence to the 

contrary, current evidence states that 

bioidentical hormones are the preferred 
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method of hormone replacement therapy 

compared with synthetic hormones. Thus, 

physicians are able to take the time and 

effort to help women determining the 

regimen that best suits their needs to achieve 

the desired results. This effort will 

undoubtedly pay off in fewer unwanted side 

effects and greater quality of life.  

 

References 

1. Wetzel W (1998) Human identical 

hormones: real people, real problems, real 

solutions. Nurse Pract. Forum, 9: 227-334. 

2. Holtorf K (2009) The Bioidentical 

Hormone Debate: Are Bioidentical 

Hormones (Estradiol, Estriol, and 

Progesterone) Safer or More Efficacious 

than Commonly Used Synthetic Versions 

in Hormone Replacement Therapy?. 

Postgraduate medicine, 121: 73-85.  

3. Andrist LC (1998) The impact of media 

attention, family history, politics and 

maturation on women’s decisions 

regarding hormone replacement therapy. 

Health Care Women Int., 19: 243-260. 

4. Rossouw JE, Anderson GL, Prentice RL, 

LaCroix AZ, Kooperberg C, Stefanick ML, 

et al (2002) Risks and benefits of estrogen 

plus progestin in healthy postmenopausal 

women: principal results from the 

Women's Health Initiative randomized 

controlled trial. JAMA, 17: 288(3):321-33. 

5. The Endocrine Society (2006) Bioidentical 

Hormones Position Statement,  

http://www.endosociety.org/publicpolicy/pol

icy/upload/BH_Position_Statement_final_1

0_25_06_w_Header.p df. Accessed March 

16, 2019. 

6. Liberati A, Altman DG, Tetzlaff J, Mulrow 

C, Gøtzsche PC, Loannidis JPA, et al 

(2009) The PRISMA statement for 

reporting systematic reviews and meta-

analyses of studies that evaluate health 

care interventions: Explanation and 

elaboration. Journal of Clinical 

Epidemiology, 62(10):1-34. 

7. GA Wells BS, O'Connell D, Peterson J, 

Welch V, Losos M, Tugwell P (2012) The 

Newcastle-Ottawa Scale (NOS) for 

assessing the quality of nonrandomised 

studies in meta-analyses.  

8. Swiglo BA, Murad MH, Schunemann HJ, 

Kunz R, Vigersky RA, Guyatt GH, et al 

(2008) A case for clarity, consistency, and 

helpfulness: state-of-the-art clinical 

practice guidelines in endocrinology using 

the grading of recommendations, 

assessment, development, and evaluation 

system. J. Clin Endocrinol Metab, 93: 666-

73. 

9. Cummings JA, Brizendine L (2002) 

Comparison of physical and emotional side 

effects of progesterone or 

medroxyprogesterone in early 

postmenopausal women. Menopause, 9: 

253-263. 

10. Lindenfeld EA, Langer RD (2002) Bleeding 

patterns of the hormone replacement 

therapies in the postmenopausal estrogen 

and progestin interventions trial. Obstet 

Gynecol., 100(5 pt 1):853-863. 

11. Greendale GA, Reboussin BA, Hogan P, et 

al (1998) Symptom relief and side effects of 

postmenopausal hormones: results from 

the Postmenopausal Estrogen/Progestin 

Interventions Trial. Obstet Gynecol., 

92(6):982-988. 

12. Girdler SS, Colleen O, John S, Karen G, 

Kathleen CL (1999) A Comparison of the 

Effect of Estrogen with or without 

Progesterone on Mood and Physical 

Symptoms in Postmenopausal Women. 

Journal of women's health & gender-based 

medicine, 8:637-46. 

13. Giangrande PH, Kimbrel EA, Edwards 

DP, McDonnell DP (2000) The opposing 

transcriptional activities of the two 

isoforms of the human progesterone 

receptor are due to differential cofactor 

binding. Mol. Cell Biol., 20(9):3102-3115.  

14. Wei LL, Gonzalez-Aller C, Wood WM, 

Miller LA, Horwitz KB (1990) 5’-

Heterogeneity in human progesterone 

receptor transcripts predicts a new amino-

terminal truncated “C”-receptor and 

unique A-receptor messages. Mol. 

Endocrinol., 4(12):1833-1840. 

15. Mote PA, Bartow S, Tran N, Clarke CL 

(2002) Loss of co-ordinate expression of 

progesterone receptors A and B is an early 

event in breast carcinogenesis. Breast 

Cancer Res Treat, 72(2):163-172. 

16. Graham JD, Clarke C (2002) Expression 

and transcriptional activity of 



Jopy Wikana| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 06 (Suppl.) |130-144 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                             139 

progesterone receptor A and progesterone 

receptor B in mammalian cells. Breast 

Cancer Res,  4(5):187-190. 

17. Kastner P, Krust A, Turcotte B, et al 

(1990) Two distinct estrogen-regulated 

promoters generate transcripts encoding 

the two functionally different human 

progesterone receptor forms A and B. 

EMBO J., 9(5):1603-1614. 

18. Mote P, Clarke C (2000) Relative 

expression of progesterone receptors A and 

B in premalignant and invasive breast 

lesions. Breast Cancer Res, 2(1):P2.01. 

19. Isaksson E, Wang H, Sahlin L, Von 

Schoultz B, Cline JM, Von Schoultz E 

(2003) Effects of long- term HRT and 

tamoxifen on the expression of 

progesterone receptors A and B in breast 

tissue form surgically postmenopausal 

cynomolgus macaques. Breast Cancer Res 

Treat, 79(2):233-239. 

20. Vereide AB, Kaino T, Sager G, Arnes M, 

Ørbo A (2006) Effect of levonorgestrel IUD 

and oral medroxyprogesterone acetate on 

glandular and stromal progesterone 

receptors (PRA and PRB), and estrogen 

receptors (ER-alpha and ER-beta) in 

human endometrial hyperplasia. Gynecol. 

Oncol., 101(2):214-223. 

21. Custodia-Lora N, Novillo A, Callard IP 

(2004) Regulation of hepatic progesterone 

and estrogen receptors in the female 

turtle, Chrysemys picta: relationship to 

vitellogenesis. Gen Comp. Endocrinol., 

136(2):232-240. 

22. Formby B, Wiley TS (1998) Progesterone 

inhibits growth and induces apoptosis in 

breast cancer cells: inverse effects on Bcl-2 

and p53. Ann Clin Lab. Sci., 28:360-369. 

23. Wood CE, Register TC, Lees CJ, Chen H, 

Kimrey S, Cline JM (2007) Effects of 

estradiol with micronized progesterone or 

medroxyprogesterone acetate on risk 

markers for breast cancer in 

postmenopausal monkeys. Breast Cancer 

Res Treat, 101(2):125-134. 

24. Chang KJ, Lee TY, Linares-Cruz G, 

Fournier S, de Ligniéres B (1995) 

Influences of percutaneous administration 

of estradiol and progesterone on human 

breast epithelial cell cycle in vivo. Fertil 

Steril., 63(4):785-791.  

25. Foidart JM, Colin C, Denoo X, et al (1998) 

Estradiol and progesterone regulate the 

proliferation of human breast epithelial 

cells. Fertil. Steril., 69(5):963-969.  

26. Mueck AO, Seeger H, Wallwiener D (2003) 

Comparison of proliferative effects of 

estradiol and conjugated equine estrogens 

on human breast cancer cells and impact 

of continuous combined progestogen 

addition. Climacteric, 6(3):221-227.  

27. Inoh A, Kamiya K, Fujii Y, Yokoro K 

(1985) Protective effects of progesterone 

and tamoxifen in estrogen induced 

mammary carcinogenesis in 

ovariectomized W/Fu rats. Jpn J. Cancer 

Res, 76(8):699-704.  

28. Barrat J, de Lignieres B, Marpeau L, et al 

(1990) Effect in vivo de l’adminstration 

locale de progesterone sur l’activite 

mitotique des glaactorphores humains. 

[The in vivo effect of the local 

administration of progesterone on the 

mitotic activity of human ductal breast 

tissue. Results of a pilot study.] J. Gynecol. 

Obstet Biol. Reprod. (Paris), 19(3):269-274.  

29. Malet C, Spritzer P, Guillaumin D, 

Kuttenn F (2000) Progesterone effect on 

cell growth, ultrastructural aspect and 

estradiol receptors of normal breast 

epithelial (HBE) cells in culture. J. Steroid 

Biochem Mol. Biol., 73(3-4):171-181.  

30. Mauvais-Jarvis P, Kuttenn F, Gompel A 

(1986) Antiestrogen action of progesterone 

in breast tissue. Breast Cancer Res Treat, 

8(3):179-188.  

31. Jeng MH, Parker CJ, Jordan VC (1992) 

Estrogenic potential of progestins in oral 

contraceptives to stimulate human breast 

cancer cell proliferation. Cancer Res., 

52(23):6539-6546. 

32. Jordan VC, Jeng MH, Catherino WH, 

Parker CJ (1993) The estrogenic activity of 

synthetic progestins used in oral 

contraceptives. Cancer, 71(4):1501-1505.  

33. Botella J, Duranti E, Viader V, Duc I, 

Delansorne R, Paris J (1995) Lack of 

estrogenic potential of progesterone- or 19-

nor-progesterone-derived progestins as 

opposed to testosterone or 19-nor-

testosteorne derivatives on endometrial 

Ishikawa cells. J. Steroid Biochem Mol. 

Biol., 55(1):77-84.  

34. Botella J, Duc I, Delansorne R, Paris J, 

Lahlou B (1989) Regulation of rat uterine 

steroid receptors by nomegestrol acetate, a 

new 19-nor-progesterone derivative. J. 



Jopy Wikana| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 06 (Suppl.) |130-144 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                             140 

Pharmacol. Exp. Ther., 248(2):758-761.  

35. Markiewicz L, Hochberg RB, Gurpide E 

(1992) Intrinsic estrogenicity of some 

progestogenic drugs. J. Steroid Biochem 

Mol. Biol., 41(1):53-58.  

36. Rabe T, Bohlmann MK, Rehberger-

Schneider S, Prifti S (2000) Induction of 

estrogen receptor- alpha and -beta 

activities by synthetic progestins. Gynecol. 

Endocrinol., 14(2):118-126.  

37. Saitoh M, Ohmichi M, Takahashi K, et al 

(2005) Medroxyprogesterone acetate 

induces cell proliferation through up-

regulation of cyclin D1 expression via 

phosphatidylinositol 3- kinase/Akt/nuclear 

factor-kappaB cascade in human breast 

cancer cells. Endocrinology, 146(11):4917-

4925. 

38. Campagnoli C, Abba C, Ambroggio S, Peris 

C (2005) Pregnancy, progesterone and 

progestins in relation to breast cancer risk. 

J. Steroid Biochem Mol. Biol., 97(5):441-

450.  

39. Seeger H, Mueck AO, Lippert TH (2000) 

Effect of norethisterone acetate on 

estrogen metabolism in postmenopausal 

women. Horm. Metab Res, 32(10):436-439.  

40. Coldham NG, James VH (1990) A possible 

mechanism for increased breast cell 

proliferation by progestins through 

increased reductive 17 beta-hydroxysteroid 

dehydrogenase activity. Int. J. Cancer, 

45(1):174-178.  

41. Xu B, Kitawaki J, Koshiba H, et al (2007) 

Differential effects of progestogens, by 

type and regimen, on estrogen-

metabolizing enzymes in human breast 

cancer cells. Maturitas, 56(2):142-152.  

42. Prost-Avallet O, Oursin J, Adessi GL 

(1991) In vitro effect of synthetic 

progestogens on estrone sulfatase activity 

in human breast carcinoma. J. Steroid 

Biochem Mol. Biol., 39(6):967-973.  

43. Pasqualini JR (2003) Differential effects of 

progestins on breast tissue enzymes. 

Maturitas, 46: 45-54.  

44. Soderqvist G, von Schoultz B, Tani E, 

Skoog L (1993) Estrogen and progesterone 

receptor content in breast epithelial cells 

from healthy women during the menstrual 

cycle. Am J. Obstet Gynecol., 168(3 pt 

1):874-879. 

45. Formby B, Wiley TS (1999) Bcl-2, survivin 

and variant CD44 v7–v10 are 

downregulated and p53 is upregulated in 

breast cancer cells by progesterone: 

inhibition of cell growth and induction of 

apoptosis. Mol. Cell Biochem., 202(1-2):53-

61.  

46. Groshong SD, Owen GI, Grimison B, et al 

(1997) Biphasic regulation of breast cancer 

cell growth by progesterone: role of the 

cyclindependent kinase inhibitors, p21 and 

p27(Kip1). Mol. Endocrinol., 11(11): 1593-

1607. 

47. Schmidt M, Renner C, Löffler G (1998) 

Progesterone inhibits 

glucocorticoiddependent aromatase 

induction in human adipose fibroblasts. J. 

Endocrinol., 158(3):401-407. 

48. Pollow K, Boquoi E, Baumann J, Schmidt-

Gollwitzer M, Pollow B (1977) Comparison 

of the in vitro conversion of estradiol-17 

beta to estrone of normal and neoplastic 

human breast. Mol Cell Endocrinol., 6(4-

5):333–348.  

49. Fournier S, Kuttenn F, de Cicco F, Baudot 

N, Malet C, Mauvais-Jarvis P (1982) 

Estradiol 17 beta-hydroxysteroid 

dehydrogenase activity in human breast 

fibroadenomas. J. Clin Endo Metab., 

55(3):428-433.  

50. Fournier A, Berrino F, Clavel-Chapelon F 

(2008) Unequal risks for breast cancer 

associated with different hormone 

replacement therapies: results from the 

E3N cohort study. Breast Cancer Res 

Treat, 107(1):103-111. 

51. Peck JD, Hulka BS, Poole C, Savitz DA, 

Baird D, Richardson BE (2002) Steroid 

hormone levels during pregnancy and 

incidence of maternal breast cancer. 

Cancer Epidemiol Biomarkers Prev, 

11(4):361-368. 

52. Micheli A, Muti P, Secreto G, et al (2004) 

Endogenous sex hormones and subsequent 

breast cancer in premenopausal women. 

Int. J. Cancer, 112(2):312-318. 

53. Gottardis M, Ertürk E, Rose DP (1983) 

Effects of progesterone administration on 

N- nitrosomethylurea-induced rat 

mammary carcinogenesis. Eur. J. Cancer 

Clin Oncol., 19(10):1479-1484. 

54. Grubbs CJ, Farnell DR, Hill DL, 

McDonough KC (1985) Chemoprevention 

of N-nitroso-N- methylurea induced 

mammary cancers by pretreatment with 



Jopy Wikana| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 06 (Suppl.) |130-144 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                             141 

17 beta-estradiol and progesterone. J. 

Natl. Cancer Inst., 74(4):927-931. 

55. Kledzik GS, Bradley CJ, Meites J (1974) 

Reduction of carcinogen-induced 

mammary cancer incidence in rats by 

early treatment with hormones or drugs. 

Cancer Res, 34(11):2953-2956. 

56. Welsch CH, Clemens JA, Meites J (1968) 

Effects of multiple pituitary homografts or 

progesterone on 7,12-

dimethylbenz[a]anthracene- induced 

mammary tumors in rats. J. Natl. Cancer 

Inst., 41(2):465-478. 

57. Bernstein L, Yuan JM, Ross RK, et al 

(1990) Serum hormone levels in pre-

menopausal Chinese women in Shanghai 

and white women in Los Angeles: results 

from two breast cancer case- control 

studies. Cancer Causes Control, 1(1):51-

58. 

58. Drafta D, Schindler AE, Milcu SM, et al 

(1980) Plasma hormones in pre- and 

postmenopausal breast cancer. J. Steroid 

Biochem, 13(7):793-802. 

59. Malarkey WB, Schroeder LL, Stevens VC, 

James AG, Lanese RR (1977) Twenty-four-

hour preoperative endocrine profiles in 

women with benign and malignant breast 

disease. Cancer Res, 37(12):4655-4659. 

60. Meyer F, Brown JB, Morrison AS, 

MacMahon B (1986) Endogenous sex 

hormones, prolactin, and breast cancer in 

premenopausal women. J. Natl. Cancer 

Inst., 77(3):613-616. 

61. Secreto G, Toniolo P, Berrino F, et al 

(1984) Increased androgenic activity and 

breast cancer risk in premenopausal 

women. Cancer Res, (12 pt 1): 44: 5902-

5905.  

62. Anderson GL, Limacher M, Assaf AR, et al 

(2004) Effects of conjugated equine 

estrogen in postmenopausal women with 

hysterectomy: the Women’s Health 

Initiative randomized controlled trial. 

JAMA, 291(14): 1701-1712. 

63. Chlebowski RT, Hendrix SL, Langer RD, 

et al (2003) Influence of estrogen plus 

progestin on breast cancer and 

mammography in healthy postmenopausal 

women: the Women’s Health Initiative 

Randomized Trial. JAMA, 289(24):3243-

3253. 

64. Porch JV, Lee IM, Cook NR, Rexrode KM, 

Burin JE (2002) Estrogen-progestin 

replacement therapy and breast cancer 

risk: the Women’s Health Study (United 

States). Cancer Causes Control, 13(9):847-

854. 

65. Lee SA, Ross RK, Pike MC (2005) An 

overview of menopausal 

oestrogenprogestin hormone therapy and 

breast cancer risk. Br J. Cancer, 

92(11):2049-2058. 

66. Ewertz M, Mellemkjaer L, Poulsen AH, et 

al (2005) Hormone use for menopausal 

symptoms and risk of breast cancer. A 

Danish cohort study. Br J. Cancer, 

92(7):1293-1297. 

67. Newcomb PA, Titus-Ernstoff L, Egan KM, 

et al (2002) Postmenopausal estrogen and 

progestin use in relation to breast cancer 

risk. Cancer Epid Bio Prev, 11(7):593-600. 

68. Warren MP (2004) A comparative review 

of the risks and benefits of hormone 

replacement therapy regimens. Am J. 

Obstet Gynecol., 190(4):1141-1167. 

69. Plu-Bureau G, Le MG, Thalabard JC, et al 

(1999) Percutaneous progesterone use and 

risk of breast cancer: results from a 

French cohort study of premenopausal 

women with benign breast disease. Cancer 

Detect Prev, 23:290-296. 

70. Fournier A, Berrino F, Riboli E, Avenel V, 

Clavel-Chapelon F (2005) Breast cancer 

risk in relation to different types of 

hormone replacement therapy in the E3N-

EPIC cohort. Int. J. Cancer, 114: 448-454. 

71. Cordina-Duverger E, Truong T, Anger A, 

Sanchez M, Arveux P, Kerbrat P, et al 

(2013) Risk of breast cancer by type of 

menopausal hormone therapy: a case-

control study among post-menopausal 

women in France. PLoS One, 8:e78016. 

72. Weiss LK, Burkman RT, Cushing-Haugen 

KL, et al (2002) Hormone replacement 

therapy regimens and breast cancer 

risk(1). Obstet Gynecol., 100(6):1148-1158. 

73. Li CI (2004) Postmenopausal hormone 

therapy and the risk of breast cancer: the 

view of an epidemiologist. Maturitas, 

49(1):44-50. 

74. Magnusson C, Baron JA, Correia N, 

Bergström R, Adami HO, Persson I (1999) 

Breast-cancer risk following long-term 

oestrogen- and oestrogenprogestin-

replacement therapy. Int. J. Cancer, 



Jopy Wikana| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 06 (Suppl.) |130-144 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                             142 

81(3):339-344. 

75. Schairer C, Lubin J, Troisi R, Sturgeon S, 

Brinton L, Hoover R (2000) Menopausal 

Estrogen and Estrogen-Progestin 

Replacement Therapy and Breast Cancer 

Risk. JAMA, 283(4):485-491. 

76. Paruthiyil S, Parma H, Kerekatte V, 

Cunha GR, Firestone GL, Leitman DC 

(2004) Estrogen receptor beta inhibits 

human breast cancer cell proliferation and 

tumor formation by causing a G2 cycle 

arrest. Cancer Res, 64(1):423-428. 

77. Helguero LA, Faulds MH, Gustafsson JA, 

Haldosén LA (2005) Estrogen receptors 

alpha (ERalpha) and beta (ERbeta) 

differentially regulate proliferation and 

apoptosis of the normal murine mammary 

epithelial cell line HC11. Oncogene, 

24(44):6605-6616. 

78. Bardin A, Boulle N, Lazennec G, Vignon F, 

Pujol P (2004) Loss of ERbeta expression 

as a common step in estrogen-dependent 

tumor progression. Endocr Relat Cancer, 

11(3):537-551. 

79. Speroff L (1977) The breast as an 

endocrine target organ. Contemp Obstet 

Gynec., 9: 69-72. 

80. Pisha E, Lui X, Constantinou AI, Bolton 

JL (2001) Evidence that a metabolite of 

equine estrogens, 4-hydroxequilenin, 

induces cellular transformation in vitro. 

Chem Res Toxicol., 14(1):82-90. 

81. Zhang F, Chen Y, Pisha E, et al (1999) The 

major metabolite of equilin, 4-

hyroxyequilin, autoxidizes to an o-quinone 

with isomerizes to the potent cytotoxin 4-

hydroyequilenin-o- quinone. Chem. Res 

Toxicol., 12(2):204-213. 

82. Zhang F, Chen Y, Pisha E, et al (1999) The 

major metabolite of equilin, 4-

hyroxyequilin, autoxidizes to an o-quinone 

with isomerizes to the potent cytotoxin 4-

hydroyequilenin-o- quinone. Chem. Res 

Toxicol., 12(2):204-213. 

83. Zhang F, Swanson SM, van Breemen RB, 

et al (2001) Equine estrogen metabolite 4- 

hydroxyequilenin induces DNA damage in 

the rat mammary tissues: formation of 

single- strand breaks, apurinic sites, 

stable adducts, and oxidized bases. Chem 

Res Toxicol., 14(12):1654-1659. 

84. Shen L, Qiu S, Chen Y, et al (1998) 

Alkylation of 2’-deoxynucleosides and DNA 

by the Premarin metabolite 4-

hydroxyequilenin semiquinone radical. 

Chem Res Toxicol., 11(2):94-101. 

85. Courtin A, Communal L, Vilasco M, 

Cimino D, Mourra N, de Bortoli M, et al 

(2012) Glucocorticoid receptor activity 

discriminates between progesterone and 

medroxyprogesterone acetate effects in 

breast cells. Breast Cancer Res Treat, 

131:49-63. 

86. Espie M, Daures J-P, Chevallier T, Mares 

P, Micheletti M-C, De Reilhac P (2007) 

Breast cancer incidence and hormone 

replacement therapy: results from the 

Mission study, prospective phase. Gynecol. 

Endocrinol., 23: 391-7. 

87. Breast cancer and hormone replacement 

therapy: collaborative reanalysis of data 

from 51 epidemiological studies of 52,705 

women with breast cancer and 108,411 

women without breast cancer. 

Collaborative Group on Hormo- nal 

Factors in Breast Cancer. Lancet. 

1997;350(9084):1047-1059.  

88. Beral V (2003) Breast cancer and 

hormone-replacement therapy in the 

Million Women Study. Lancet, 362(9382): 

419-427.  

89. Ross RK, Paganini-Hill A, Wan PC, et al 

(2000) Effect of hormone replacement ther- 

apy on breast cancer risk: estrogen versus 

estrogen plus progestin. J. Natl. Cancer 

Inst., 92(4):328-332.  

90. Colditz G, Rosner B (1998) Use of estrogen 

plus progestin is associated with greater 

increase in breast cancer risk than 

estrogen alone. Am J. Epidemiol., 147:S45. 

91. Persson I, Weiderpass E, Bergkvist L, 

Bergström R, Schairer C (1999) Risks of 

breast and endometrial cancer after 

estrogen and estrogen-progestin 

replacement. Cancer Causes Control, 

10(4):253-260. 

92. Miyagawa K, Roöch J, Stanczyk F, 

Hermsmeyer K (1997) 

Medroxyprogesterone interferes with 

ovarian steroid protection against coronary 

vasospasm. Nat. Med., 3(3):324-327. 

93. Pike MC, Ross RK (2000) Progestins and 

menopause: epidemiological studies of 

risks of endometrial and breast cancer. 

Steroids, 65(10-11):659-664. 

94. Otsuki M, Saito H, Xu X, et al (2001) 



Jopy Wikana| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 06 (Suppl.) |130-144 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                             143 

Progesterone, but not 

medroxyprogesterone, inhibits vascular 

cell adhesion molecule-1 expression in 

human vascular endothelial cells. 

Arterioscler Thromb Vasc. Biol., 21(2):243-

248. 

95. Mishra RG, Hermsmeyer RK, Miyagawas 

K, et al (2005) Medroxyprogesterone 

acetate and dihydrotestosterone induce 

coronary hyperreactivity in intact male 

rhesus monkeys. J. Clin Endocrinol. 

Metab., 90(6):3706-3714. 

96. Ottosson UB, Johansson BG, von Schoultz 

B (1985) Subfractions of high-density 

lipoprotein cholesterol during estrogen 

replacement therapy: a comparison 

between progestogens and natural 

progesterone. Am J. Obstet Gynecol., 

151(6):746-750. 

97. Effects of estrogen or estrogen/progestin 

regimens on heart disease risk factors in 

postmenopausal women (1995) The 

Postmenopausal Estrogen/Progestin 

Interventions (PEPI) Trial. The Writing 

Group for the PEPI Trial. JAMA, 

273(3):199-208. 

98. Rosenberg LU, Magnusson C, Lindström 

E, Wedrén S, Hall P, Dickman PW (2006) 

Menopausal hormone therapy and other 

breast cancer risk factors in relation to the 

risk of different histological subtypes of 

breast cancer: a case-control study. Breast 

Cancer Res, 8(1):11.  

99. Rylance PB, Brincat M, Lafferty K, et al 

(1985) Natural progesterone and 

antihypertensive action. Br Med J. (Clin 

Res Ed) 290:13-14. 

100. Armstrong JG (1959) Hypotensive action 

of progesterone in experimental and 

human hypertension. Proc.  Soc. Exp. Biol. 

Med.,  102: 452-455. 

101. Oelkers WK (1996) Effects of estrogens 

and progestogens on the renin-aldosterone 

system and blood pressure. Steroids, 

61:166-171. 

102. Molinari C, Battaglia A, Grossini E, et al 

(2001) Effect of progesterone on peripheral 

blood flow in prepubertal female 

anesthetized pigs. J. Vasc. Res, 38:569-577 

103. Tsuda K, Kinoshita Y, Nishio I (2002) 

Synergistic role of progesterone and nitric 

oxide in the regulation of membrane 

fluidity of erythrocytes in humans: an 

electron paramagnetic resonance 

investigation. Am J. Hypertens, 15:702-

708. 

104. Stephenson K, Price C, Kurdowska A, et al 

(2004) Progesterone cream does not 

increase thrombotic and inflammatory 

factors in postmenopausal women. Blood, 

104:16. 

105. Zhu BT, Han GZ, Shim JY, Wen Y, Jiang 

XR (2006) Quantitative structure activity 

relationship of various endogenous 

estrogen metabolites for human estrogen 

receptor alpha and beta subtypes: Insights 

into the structural determinants favoring 

a differential subtype binding. 

Endocrinology, 147(9):4132-4150.  

106. Minshall RD, Stanczyk FZ, Miyagawa K, 

et al (1998) Ovarian steroid protection 

against coronary artery hyperreactivity in 

rhesus monkeys. J. Clin Endocrinol. 

Metab., 83:649-659. 

107. Williams JK, Honore EK, Washburn SA, 

Clarkson TB (1994) Effects of hormone 

replacement therapy on reactivity of 

atherosclerotic coronary arteries in 

cynomolgus monkeys. J. Am Coll Cardiol., 

24:1757-1761. 

108. Wagner JD, Martino MA, Jayo MJ, et al 

(1996) The effects of hormone replacement 

therapy on carbohydrate metabolism and 

cardiovascular risk factors in surgically 

postmenopausal cynomolgus monkeys. 

Metabolism, 45:1254-1262. 

109. Wallace JM, Shively CA, Clarkson TB 

(1999) Effects of hormone replacement 

therapy and social stress on body fat 

distribution in surgically postmenopausal 

monkeys. Int J Obes Relat Metab Disord., 

23:518-527. 

110. Miller VT, Muesing RA, LaRosa JC, Stoy 

DB, Phillips EA, Stillman RJ (1991) 

Effects of conjugated equine estrogen with 

and without three different progestogens 

on lipoproteins, high-density lipoprotein 

subfractions, and apolipoprotein A-1. 

Obstet Gynecol., 77(2):235-240. 

111. Bolaji II, Grimes H, Mortimer G, Tallon 

DF, Fottrell PF, O’Dwyer EM (1993) Low-

dose progesterone therapy in oestrogenised 

postmenopausal women: effects on plasma 

lipids, lipoproteins and liver function 

parameters. Eur. J. Obstet. Gynecol. 

Reprod. Biol., 48(1):61-68. 

112. Adams MR, Kaplan JR, Manuck SB, et al 

(1990) Inhibition of coronary artery 



Jopy Wikana| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 06 (Suppl.) |130-144 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                             144 

atherosclerosis by 17-beta estradiol in 

ovariectomized monkeys. Lack of an effect 

of added progesterone. Arteriosclerosis, 

10(6): 1051-1057. 

113. Adams MR, Register TC, Golden DL, 

Wagner JD, Williams J (1997) 

Medroxyprogesterone acetate antagonizes 

inhibitory effects of conjugated equine 

estrogens on coronary artery 

atherosclerosis. Arterioscler Thromb Vasc. 

Biol., 17 (1): 217-221. 

114. Morey AK, Pedram A, Razandi M, et al 

(1997) Estrogen and progesterone inhibit 

vascular smooth muscle proliferation. 

Endocrinology, 138(8):3330-3339. 

115. Houser SL, Aretz HT, Quist WC, Chang Y, 

Schreiber AD (2000) Serum lipids and 

arterial plaque load are altered 

independently with highdose progesterone 

in hypercholesterolemic male rabbits. 

Cardiovasc Pathol., 9(6): 317-322. 

116. Levine RL, Chen SJ, Durand J, Chen YF, 

Oparil S (1996) Medroxyprogesterone 

attenuates estrogen-mediated inhibition of 

neointima formation after balloon injury of 

the rat carotid artery. Circulation, 94(9): 

2221-2227. 

117. Register TC, Adams MR, Golden DL, 

Clarkson TB (1998) Conjugated equine 

estrogens alone, but not in combination 

with medroxyprogesterone acetate, inhibit 

aortic connective tissue remodeling after 

plasma lipid lowering in female monkeys. 

Arterioscler Thromb Vasc. Biol., 18(7): 

1164-1171. 

118. Suvanto-Luukkonen E, Sundstrom H, 

Penttinen J, Kauppila A (1998) Lipid 

effects of an intrauterine levonorgestrel 

device or oral vs. vaginal natural 

progesterone in post-menopausal women 

treated with percutaneous estradiol. Arch. 

Gynecol. Obstet., 261:201-208. 

119. Zegura B, Keber I, Sebestjen M, Koenig W 

(2003) Double blind, randomized study of 

estradiol replacement therapy on markers 

of inflammation, coagulation and 

fibrinolysis. Atherosclerosis, ISSN: 0021-

9150, 168(1):123-29. 

120. Karim R, Mack WJ, Lobo RA, Hwang J, 

Liu CR, Liu CH, et al (2005) Determinants 

of the effect of estrogen on the progession 

of subclinical atherosclerosis: Estrogen in 

the Prevention of Atherosclerosis Trial. 

Menopause: The Journal of The North 

American Menopause Society, 12(4):366-

73. 

  


