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ABSTRACT 

Osteoporosis is a bone disorder, which causes a reduction in the 

mass and density of bone tissue, and implants a greater possibility for 

skeletal fractures to occur. This bone disease is especially relevant for 

women suffering from menopause. Due to this general prevalence, 

osteoporosis requires continual intervention in the pharmacological 

and medicinal industry for better treatment alternatives for patients. A 

focal point for many scientific research studies for osteoporosis has 

been estrogen. As a hormone, estrogen exhibits a fluctuating capacity 

in the woman's body, and this has been proclaimed to be a qualifying 

explanation as to why women develop osteoporosis after menopause. 

 

The purpose of this paper is to interpret estrogen's capacity to 

treat menopausal osteoporosis. Thus, in this article, estrogen’s 

significance in bone health and different forms, derivatives, and the 

combinations of estrogen is examined in terms of efficiency in treating 

osteoporosis. 
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ÖZ 

 

Osteoporoz, kemik dokusunun kütlesinde ve yoğunluğunda 

azalmaya neden olan ve iskelet kırıklarının ortaya çıkma ihtimalini 

artıran bir kemik bozukluğudur. Bu kemik hastalığı, menopozdaki 

kadınlar için özellikle önemlidir. Bu genel prevalansa bağlı olarak 

osteoporoz hastaları için, farmakolojik ve tıbbi endüstride daha iyi 

tedavi seçenekleri için sürekli girişim gerektirir. Osteoporoz için 

birçok bilimsel araştırma çalışmasının odak noktası, östrojen 

olmuştur. Bir hormon olarak, östrojen kadının vücudunda değişken 

bir kapasite sergiler ve kadınların neden menopozdan sonra 

osteoporoz geliştiğine ilişkin elverişli bir açıklama olduğu şeklinde 

suçlanıyor.  
Bu yazının amacı, östrojenin menopoz osteoporozu tedavi etme 

kapasitesini yorumlamaktır. Bu nedenle, bu makalede, östrojenin 

kemik sağlığında, farklı şekillerde, türevlerde ve östrojen 

kombinasyonlarında osteoporoz tedavisinde etkinlik açısından 

önemi, incelenmektedir. 

 

Anahtar Kelimeler: osteoporoz, menopoz, östrojen, kemik, 

kırıklar  
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Introduction 

With growing age, both women and men 

experience loss of neuromuscular function and 

bone weakening. As this condition prolongs 

and continues its coverage throughout the 

aging body, it becomes known as osteoporosis 

(1).  Not only does this age-related bone 

disease reduce bone mass and density, but it 

also produces a high susceptibility for skeletal 

fractures to occur. Just in the United States, 2 

million bone fractures are caused by 

osteoporosis, with an estimate of 550,000 

vertebral fractures and 300,000 hip fractures 

(2). Presently, 10 million people in the United 

States are suffering from osteoporosis, and 

approximately 200 million women in the entire 

world (3).  Women have a higher probability 

of having osteoporosis than men because of a 

lower peak bone mass; whereas, men have a 

peak bone mass 10-15% higher than women 

(4). The peak bone mass is a term used to 

describe the mass and strength observed in 

bone tissue at the end of puberty. Even though 

both male and females share the same 

magnitude of bone density, men exhibit a 

greater bone size than females because of a 

greater periosteal deposition.  Due to this 

indifference, men have a stronger ability to 

resist mechanical forces than women (5). 

However, different peak bone mass does not 

necessarily indicate osteoporosis, but it 

explains why women are a greater probable 

candidate of osteoporosis.  

Estrogen deficiency is the dominant factor 

in osteoporosis analysis, which common in 

both males and females; but, similar to the 

peak bone mass indifference, estrogen levels 

are found to be much lower in women than in 

men (6). Its deficiency increases the life of 

cells that degrade bone tissue - osteoclasts; 

whereas, it decreases the longevity of 

osteoblasts, which function to build bone tissue 

(3). However, when estrogen is at its optimal 

level, it protects osteoblasts via estrogen 

receptors found in the polymorphic sites of the 

bone tissue. These receptors function in 

sustaining the development of osteoblasts. 

Thus, when an estrogen deficiency takes place, 

these receptors are inactivated, and the growth 

of osteoblasts is impacted (7). In contrast, the 

cytokine RANKL is stimulated by declining 

estrogen levels and promotes 

osteoclastogenesis or the production of 

osteoclasts (8). RANKL can be predicted 

based on the levels of its antagonist 

osteoprotegerin (OPG). When RANKL/OPG 

ratio is high, an estrogen deficiency is in place. 

However, when RANKL/OPG ratio is low, 

estrogen is present at an optimal level, and 

RANKL is inhibited (9). With estrogen's 

regulatory mechanisms in mind, researchers 

have further progressed to develop a procedure 

to combat osteoporosis known as the estrogen 

replacement therapy (ERT). This treatment 

uses estrogen to inhibit the action of 

osteoclasts and also decrease their production 

in the bone tissue (10.). Consequently, this 

reduces bone loss and the risk of osteoporotic 

fractures. Despite ERT’s efficacy, the 

treatment is known to produce fatal side 

effects. Thus, ERT has to be modified for each 

menopausal patient by duration, age, ethnicity, 

and lifestyle to prevent unwanted 

repercussions and to achieve long-term 

benefits from the therapy (11).  

The purpose of this article is to present a 

thorough analysis of estrogen’s crucial role in 

the treatment of menopausal osteoporosis. 

Therefore, a deeper understanding of the 

pathophysiological process of osteoporosis 

effects on the bone tissue is presented, and the 

physiological aspect of estrogen concerning 

bone metabolism is evaluated. Lastly, ERT is 

investigated by the type, form, dosage, and 

administration, to gauge its credibility to treat 

of menopausal osteoporosis in comparison to 

other alternatives.  

The Pathophysiology and Diagnosis of 

Osteoporosis 

The pathophysiological process of 

osteoporosis is described in regards to the 

function of osteoclasts and osteoblasts. When 

osteoclastic cells are more numerous than 
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osteoblastic cells, they possess a stronger force 

and accelerate the degradation and resorption 

of bone tissue. As a result, the inhibition of 

osteoblasts over time leads to an imbalance 

known as osteoporosis (12, 63). Osteoporosis 

is diagnosed by the incidence of osteoporotic 

fractures, or by the World Health 

Organization’s bone mineral density (BMD) 

criteria. An osteoporotic fracture is a low-level 

trauma injury that occurs due to a fall 

experienced from a lower height. These 

fractures usually take place after a sustained 

reduction in BMD with a decrease in the 

quality of the bone tissue (13). When 

diagnosing osteoporosis using the BMD 

diagnostic exam, an approximation of bone 

strength is quantified as a T-score and a Z-

score and with this the risk of fracture can be 

determined (14,15). The T-score is a 

quantitative measurement of the difference of 

standard deviations (SD) of the average BMD 

obtained from a normal adult population. If the 

T score is higher than 2.5 SD, the patient is 

confirmed to have osteoporosis. However, a 

limitation of the T-score method is that it 

cannot be used to determine osteoporosis in 

patients younger than 50 years. Therefore, in 

the cases that are younger than 50 years, the Z-

score is used to screen for osteoporosis (13, 

15). Unlike the T-score that compares results 

to a normal adult population, the Z-score 

calculates the mean BMD by the patient’s age 

and gender. Although the BMD diagnostic 

exam does predict fracture incidence from 

bone mass, a threshold at which a fracture is 

most likely to occur has not been established 

yet (16).  

Osteoporotic fractures usually occur in sites 

like the ribs, spine, and wrists. However, the 

hip fractures are considered the most common 

and fatal osteoporotic injury. It has been 

reported that 10% of patients with osteoporotic 

hip injury die within 30 days of surgery, and 

the other 30% die within one year (17). These 

types of complications arise because 

osteoporotic fractures are more challenging to 

heal because the bone tissue tends to be more 

displaced and unstable. The bone is displaced 

due to the weakened the screw fixation. The 

screws in bone tissue are responsible for 

keeping the bone tissue in place and lifted. 

However, with decreasing BMD, the bone 

itself becomes fragile, which causes the screws 

to lose its ability to keep the bone tissue in 

place (18). Another difficulty faced with 

osteoporotic fractures is that they take a longer 

time to heal because of decreased levels of 

mesenchymal stem cells (19).  The 

mesenchymal stems cells are significant in the 

fracture repair process, where they travel to the 

fracture site and incite proliferation and 

differentiation of osteogenic precursors; to 

stimulate the growth of bone tissue. Thus, the 

unavailability of mesenchymal stem cells 

significantly slows down the recovery process 

in a patient suffering from an osteoporotic 

fracture (17,20). However, in cases where 

osteoporotic fractures do heal, the repaired 

bone tissue cells are found to be much weaker 

than they were previously, and the tolerance 

for mechanical stress is also reduced (21). 

Therefore, due to their association with 

morbidity, mortality, and problematic healing, 

most treatments for osteoporosis are fixated 

just to prevent osteoporotic fractures (22). 

Estrogen’s operational role in the Human 

Body 

Estrogen is a sexual hormone that is found 

both in males and females. However, women 

have a higher level of estrogen than men, due 

to its presence in important bodily functions, 

such as the menstrual cycle. Three forms of 

estrogen exist in women: estradiol, estriol, and 

estrone. Estradiol originates in the ovaries of 

childbearing females. However, when the 

ovaries stop producing estradiol during 

menopause, androstenedione is converted into 

estrone in the adipose tissue. Whereas, the 

placenta produces estriol during pregnancy, but 

is still present in small quantities in non-

pregnant females. However, out of the three 

forms of estrogen, estradiol is known to be the 

most potent form, and it also exhibits the 
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highest affinity for cell receptors (23, 24).  

Estrogen is a critical operating unit for many 

functions that take place in the body at the 

organ, tissue, and cellular and is responsible 

for skeletal proliferation and maturation (25). 

It begins pubertal growth of the bone and is 

responsible for closing the epiphyseal growth 

plate, which ceases the continuing 

development of long bones (26). Additionally, 

estrogen regulates bone metabolism by 

directing activities in the immune system, 

through oxidative stress, and by influencing 

bone cells (27). Thus, estrogen is known as the 

major systemic regulator of bone tissue 

metabolism (28).  

  Estrogen regulates bone metabolism 

through the bone tissue repair and remodeling 

process. The human skeleton is consistently 

remodeling and repairing minor cracks that 

appear in spongy bones due to various reasons, 

such as mechanical strain. The remodeling of 

the bone tissue begins in the core multicellular 

units (BMUs), which comprises of osteoblasts, 

osteoclasts, and osteocytes (28). In a BMU, 

osteoclasts and osteoblasts work in a close and 

simultaneous manner. Osteoclasts begin the 

bone remodeling process by attaching to the 

target bone tissue and resorbing the bone by 

acidification and proteolytic digestion. Once 

they finish their work, osteoclasts depart from 

the resorption site and call upon osteoblasts to 

enclose and conceal the resorbed cavity. This 

cavity ultimately develops into mineralized 

bone tissue. Estrogen influences this cycle by 

accelerating the activity of osteoblasts by 

preventing osteoblast apoptosis  (15, 29, 30). 

However, this takes place by modifying the 

activity of osteoclasts in such way that it 

enhances the function of osteoblasts. Estrogen 

does this by suppressing the RANKL ability to 

bind to RANK on the precursors found on 

osteoclasts, and this leads to the inhibition of 

osteoclast differentiation. In this process, 

RANKL functions as an activator of the 

nuclear factor kappa B ligand and stimulates 

osteoclast differentiation and growth. Whereas, 

osteoprotegerin (OPG) is the natural inhibitor 

of RANKL and functions to protect bone tissue 

from the loss caused by RANKL binding to 

RANK (31). For osteoblasts, estrogen 

regulates the ratio of RANKL and OPG by 

decreasing the levels of RANKL and 

maintaining the levels of OPG (32). Another 

way estrogen decreases the levels of RANKL 

is by repressing the T cell tumor necrosis 

factor (TNF) production. Similar to 

osteoclasts, estrogen represses the activity by 

controlling the differentiation of T cells in 

organs like the bone marrow, thymus, and 

peripheral lymphoid organs. As a result, this 

reduces the number of stem cells in the bone 

marrow via an IL-7 mediated mechanism. 

Thus, the T cell precursors travel to the thymus 

to differentiate and grow. However, once 

again, estrogen inhibits the activation of T cells 

indirectly by suppressing the production of IL-

7 and IFN-γ and does this by increasing the 

levels of TFG-β. The result of these 

mechanisms will ultimately reduce the levels 

of TNF. In turn, low levels of TNF will also 

reduce RANKL levels (33). However, through 

this pathway, OPG levels are not increased and 

just maintained. Therefore, the suppression of 

RANKL will not change to the total cell 

number, and only the ratio of RANKL/OPG 

will be impacted (34).Where estrogen can 

inhibit osteoblasts apoptosis from taking place, 

it also has the power to promote osteoclast 

apoptosis by stimulating the expression of the 

Fas ligand (34). The Fas is a death receptor 

that induces apoptosis by progressing as FasL. 

This mechanism is conducted in an autocrine 

manner and begins in the pre-osteoclast stage. 

In this reaction, estrogen regulates the 

appearance of FasL in osteoclasts by working 

through osteoblastic cells; thereby it controls 

the lifespan of each osteoblast (23, 35).   

Estrogen performs all of the mechanisms in 

the bone tissue with the help of estrogen 

receptors (ER): ERα and ERβ (27).  These two 

functional estrogen receptors are nuclear 

receptors of transcriptional factors and are 

involved in cell growth and differentiation. 

Both ERα and ERβ identified in different 
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genes located on separate chromosomes, and 

each receptor also distributes differently in 

tissues. ERα originates in the uterus, liver, 

breast, and kidney; whereas, ERβ occupies the 

brain, bone, urinary tract, vasculature, and in 

the reproductive tissues (36, 37). However, 

ERα is the primary estrogen receptor in a 

female skeleton and promotes stimulatory 

effects on bone mass (38). The nuclear 

receptor positively influences bone growth by 

acting on the osteoblast progenitor and 

stimulating the Wnt pathway. The Wnt 

pathway is imperative in osteoblast production 

and bone tissue growth (39). The pathway 

begins by stabilizing β-catenin, which proceeds 

to activate the TCF/lymphoid enhancer factor 

transcription factor family. As a result, they are 

now able to incite the expression of Osx-1 

gene by the osteoblast progenitors (40). The 

Wnt pathway is stimulated in response to 

mechanical strain encountered by the bone 

tissue. The ability to withstand mechanical 

pressure or bone loading is associated with the 

presence of ERα, and without it, the pathway 

will not proceed (41). Therefore, to maintain 

the integrity of the bone tissue, ERα is 

essential. Additionally, since this mechanism 

involves mechanical loading, ERα induces the 

Wnt signaling pathway independent of 

estrogen or ligand and does not require 

estrogen to activate receptor proteins (39, 40).  

The activity ERα is regulated by ERβ, which 

acts to restrain its functionality. Studies 

concluded that the inhibitory ability of ERβ is 

only exclusive in females and not in males. 

Although the reason for this selectivity for 

women has not been determined, it has been 

proposed that ERβ inhibition of ERα consist of 

specific transcription factors that stimulate the 

degradation of ERα (36, 38, 63).  

The medicinal significance of estrogen 

From the analysis above, it is sure that 

estrogen is a multifaceted hormone that has the 

ability control various aspects of the human 

body. Hence, many studies are driven to 

evaluate estrogen’s medicinal capabilities. In 

recent times, significant pharmacological 

intervention has taken place, and estrogen has 

now become the primary active ingredient in 6 

out of the 100 medications mostly prescribed 

medications today in the United States (23). 

Estrogen versatility is visible in drugs like 

ethynylestradiol for fertility, and Premarin for 

menopausal treatment (27). However, to 

receive a better understanding of estrogen’s 

usage as a medication for menopausal 

osteoporosis, it is important to examine its 

potency and metabolic functionality. 

Estrogen originates from the steroid class of 

hormones. Three different types of steroids 

exist mineralocorticoids, glucocorticoids, and 

gonadocorticoids. With a steroidal structure of 

C18 and phenol structure in ring A, estrogen is 

classified as gonadocorticoids. Additionally, 

since estrogen is a steroid, it is capable of 

traveling far in the bloodstream because its 

lipid solubility characteristic allows it to 

diffuse through cell membranes quickly (23, 

39). Nevertheless, non-steroidal estrogens do 

exist, such as diethylstilbestrol and its 

derivatives, as well as phytoestrogens. 

However, a major drawback of non-steroidal 

estrogens is that they are unable to produce the 

same biological effects as steroidal estrogen; 

since they do not associate with the ligand-

binding domain of the receptor protein as 

strongly as steroidal estrogen does. As a result, 

structural differences arise and, there is a 

difference in function. For instance, 

phytoestrogens lack similarity with the 

structure of estrogen, and this causes them to 

have decreased binding affinity for ERα and 

ERβ. As a hormone and a drug in action, it is 

essential to have a high binding similarity for 

the estrogen receptors to produce any effect. 

Because, when estrogen binds to its receptors, 

it leads to an initiation of intercellular signal 

cascades in the cells, and a stimulation of 

reactions (39). However, coactivator 

recruitment is a way to influence the ligand 

binding capacity directly. Coactivators support 

molecules that are both structural different and 

don’t have a competitive ligand-binding 
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capacity by activating the ligand complex (27). 

Along with ligand-binding affinity and 

coactivator recruitment, the concentration of 

estrogen inside the cell also determines the 

level dominance the molecule has on the cell. 

However, the level of estrogen is determined 

by its metabolic activity (42). The metabolism 

of estrogen drug formulations is a task 

undertaken by cytochrome P450 enzymes, 

which are found in tissues designated for 

estrogen action, such as the mammary gland, 

uterus, and brain. In the metabolism of 

estrogen, cytochrome P450 enzymes 

hydroxylate estrogen found in the particular 

tissue. As a result, the metabolites are 

produced near, or at the receptors. The location 

of the metabolites is imperative to determine if 

the product is functionally active or inactive, 

and it can lead to altercations in estrogen’s 

activity in the tissue (43). Hence, the 

metabolism of estrogen is vital in predicting its 

action, and it also determines how estrogen is 

formulated in medications.  

For oral administration routes, estrogen has 

to be produced into water-soluble compounds 

to transit in and out of the body. However, if 

the estrogen compound is designed to enter the 

cell, it has to be lipid soluble (23).  Since lipid 

solubility is an original characteristic of 

estrogen, it is not the challenge faced by 

researchers. The challenge is to have estrogen 

appear water soluble for oral medications, and 

this is accomplished by sulfates and 

glucuronides. These two compounds are highly 

water-soluble and help transit estrogen inside 

the cell (39). This pharmacological pathway 

works through a first pass mechanism, which 

essentially reduces the level of estrogen 

circulating in the body.  For instance, oral 

administration of estrogen is metabolized into 

estrone by the gut and liver, and this causes a 

decrease of estrogen in circulation. Oral 

medications are made in a microcrystalline 

form to defend the estrogen from the first pass 

effect. The microcrystalline structure functions 

to enlarge the compound surface, and increase 

resorption and bioavailability of estrogen (23, 

39)  

Estrogen Replacement Therapy (ERT) 

Benefits and Risks Profile 

As stated previously, estrogen deficiency 

can result in bone loss and eventually 

osteoporosis. Hence, for osteoporosis, 

researchers have found a protocol to maintain 

the levels of estrogen from falling by treating 

the issue with ERT (23). In regards to 

osteoporosis, this therapy can decrease the 

incidence of osteoporotic bone fractures in 

women under the age of 60 and within ten 

years after menopause onset. After the age of 

60, there is a higher risk to be subjected to 

long-term complications, including the risk of 

certain types of cancers like breast cancer. 

Another drawback of ERT is that its effect on 

bone tissue declines after the treatment is 

stopped; thus, the patient is again subjected to 

the risk of osteoporotic fractures (44). Despite 

the limitations and associated risks, ERT has 

been proven to work very well. Statistical data 

conducted suggest that ERT given in the first 

five years of menopause can reduce the 

incidence of fracture in women by at least 

50%. The most popular form of estrogen 

utilized in ERT is 17β- Estradiol (45).  

Research studies have found substantial 

evidence of 17β- Estradiol’ s ability to reduce 

menopausal bone loss in the lumbar spine area. 

Nonetheless, an investigation on ERT’ s ability 

to prevent bone loss in other types of bone 

tissue still has to be conducted to evaluate its 

full potential (46).  

Although ERT has proven their efficacy 

and capability of treating menopausal 

osteoporosis, the long-term side effects present 

medical professionals with uncertainty on 

prescribing them to patients. Due to the safety 

concerns, the U.S. Food and Drug 

Administration (FDA) has introduced 

regulations that require all products with 

estrogen or combined with progestin to issue a 

warning about the associated risk factors, 

including the risk of breast cancer, blood clots, 
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stroke and heart attack. FDA also recommends 

physicians to prescribe topical products to treat 

most menopausal symptoms. However, for 

osteoporosis, FDA does not place any 

regulations on it, as long as the doctor 

recognizes the health risk to outweigh the 

potential risks associated with the medication 

(47).    

A lighter version of ERT with reduced 

dosage and strength 

Due to the potential hazards and FDA 

regulations in place, scientific studies have 

investigated lower doses of 17β- estradiol 

combined with progestogens to preserve the 

efficacy of the treatment and reduce the fatal 

side effects (46).  In a previous study, 17β- 

estradiol was solely administrated in varying 

doses from 0.25 mg/day to 2 mg/day. The 

study concluded that 0.5 mg/day is enough for 

a reduction to be seen in symptoms related to 

osteoporosis (48). Nevertheless, 17β- estradiol 

in combination with a progestogen, such as 

norethisterone acetate enhances the response in 

bone tissue with a low dosage of estrogen. 

(14).  Norethisterone is a 19-nortestosterone 

derived progestogen has been potentially 

beneficial for bone turnover. Also, it has been 

found that norethisterone acetate can reduce 

the concentration of bone resorption markers 

found in bone tissue, which triggers bone 

formation. Additionally, clinical trials have 

reported combinations of 1 mg 17β- estradiol 

with 0.25-0.5 mg of norethisterone acetate can 

prevent bone loss and stabilize the bone 

turnover and bone markers back to 

premenopausal levels (46). 

Metabolic Characteristics of Transdermal 

ERT in contrast to Oral ERT 

Since a comparable alternative to ERT is 

still not found, transdermal ERT is a reliable 

option to ERT, rather than having to do away 

with it all together (49).  While oral regimens 

are the most popular form of ERT prescribed, 

it is believed that oral estrogen can have 

adverse effects on the liver, increases clotting 

factors, triggers gastrointestinal problems and 

causes inflammation. Transdermal 

administration of estrogen is capable of 

avoiding these complications, and functions by 

being directly absorbed into the capillaries in 

the skin and by being processed via hepatic 

metabolism (29,50). This delivery method is 

equivalent with oral regimens effectiveness of 

treating menopausal osteoporosis. Studies have 

found that transdermal ERT in lower dosages 

produces a steady and substantial increase in 

BMD and also decreases bone turnover 

markers (51).  Transdermal ERT is found to be 

more consistent in its levels of estrogen than 

oral ERT (29).  Since absorption through the 

skin occurs gradually, it avoids fluctuations 

which are a common occurrence in oral ERT 

products. Transdermal ERT products are 

usually distributed in dosages of 0.025 to 0.1 

mg/day and instructed to be applied twice a 

week (50). 

To measure the risk-benefit profile of 

transdermal ERT; a case study was conducted 

between transdermal estrogen patch users 

versus oral estrogen user. The study revealed 

oral estrogen to increase the risk of deep vein 

thrombosis and pulmonary embolism by at 

least three folds. Whereas, the transdermal 

estrogen patch users observed no increase in 

risk at all (52). Currently, transdermal ERT is 

commonly prescribed to women with 

hypertension, diabetes mellitus, obesity, 

cardiovascular issues, and other health 

concerns. Also, based on the findings from the 

study, transdermal ERT is the only option that 

is recommended for women above the age of 

60 because of the risks of deep vein thrombosis 

and stroke with oral ERT (49). 

A “natural” alternative to synthetic estrogen 

used in ERT  

  Despite being FDA approved, 

raloxifene could not be comparable to ERT in 

regards to efficacy.  Hence, instead of an 

estrogen antagonist, the idea of "natural 

estrogen" is introduced as Bioidentical 

Hormone Therapy (BHT).  BHT is advertised 
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as a natural hormone treatment, which consists 

of plant-derived hormone formulations of 17β- 

estradiol, estrone, or estriol. Their products are 

available at most pharmacies, and many of 

them are FDA approved. A likely benefit of 

BHT is that these medications can be 

compounded to according to the patient’s 

needs (53,54). Bioidentical compounded 

estrogen formulations are usually prescribed in 

a combination of 2 or 3 forms of estrogen, and 

bi-est and tri-est are the most popular 

bioidentical formulations. Compounded BHT 

consists of varying percentages of estradiol, 

estrone, and estriol. For instance, Bi-est is 

composed of about 80% estriol; but 17β- 

estradiol makes up the remaining 20% and 

accounts for most of the functionality (55). 

Also, one thing to keep in mind is that 

compounded BHT products cannot be tested 

for safety and efficacy because they are 

compounded from the results of saliva tests or 

blood sera levels. These tests are against 

evidence-based guidelines protocol, which 

state that compounded hormone medications 

can only be compounded based on the 

symptoms present. Hence, it is difficult to 

estimate a compounded dose that is equivalent 

to the standard estrogen formula (53, 55, 56).  

While BHT is proclaimed to be a natural 

and safe substitute for treating menopausal 

osteoporosis, till now, no scientific evidence 

suggests BHT to be more beneficial or safer 

than FDA-approved manufactured drugs 

(55,56). Although, a few studies have found 

that BHT is effective in decreasing mood 

symptoms that occur in menopause (57).  Also, 

studies report that bioidentical hormones can 

be prescribed for patients who are unable to 

consume FDA-approved manufactured drugs, 

or require a more personalized formulation. 

However, BHT should be followed by the 

same guidelines and expect the same results 

and side effects as found in ERT (55). 

Estrogen’s Agonist Raloxifene’s efficacy 

compared with ERT 

Although, the perception behind prescribing 

lower doses of ERT is to prevent the 

undesirable side effects associated with ERT; 

however, by reducing the dosage of ERT, the 

effectiveness of estrogen’s ability to combat 

menopausal osteoporosis is also decreased 

(58). By keeping this in mind, studies were 

conducted to find a chemical compound that 

has similar efficacy as estrogen but was safer 

and free from unpleasant side effects. Hence, 

raloxifene was introduced as an alternative to 

ERT.  

A nonsteroidal benzothiophene, raloxifene 

is categorized as a second-generation selective 

estrogen receptor modulator (SERM), and it 

was the first SERM to be approved by the 

FDA to treat menopausal osteoporosis. SERM 

classifies compounds that have tissue 

selectivity but differ in activity from estrogen. 

Thus, staying true to the definition, raloxifene 

produces agonist effects against estrogen by 

competitively binding to estrogen receptors 

(59).  Raloxifene utilizes its antiresorptive 

function to bind to estrogen receptors with 

17β- estradiol and thereby reduces bone 

degradation (30,60). This medication therapy 

has given patients relief from menopausal 

osteoporosis and is found to be very effective 

in reducing vertebral fractures (61).  Thus, 

FDA has approved 60mg/day of raloxifene, 

which is enough to provide a 2.6% increase in 

BMD (62).  Nonetheless, research findings do 

indicate that ERT produces a higher increase in 

BMD than raloxifene. Also, ERT decreases 

bone turnover more than raloxifene does (58). 

Despite the discrepancy in results, raloxifene is 

still upholding its ability to treat menopausal 

osteoporosis safely and being free from the 

risk of obtaining cancer after usage. Although, 

raloxifene does incite other repercussions, such 

as deep vein thrombosis, pulmonary embolism, 

retinal vein thrombosis, hot flashes and leg 

cramps. These risks are considered mild in 

regards to ERT repercussions. However, one 

drawback of raloxifene is that it does not 

extend its protection to the bone tissue after the 

treatment is stopped, similar to ERT (62). 
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Future Directions: 

In conclusion, we have established the 

mechanisms by which estrogen influences 

bone reformation and bone tissue maintenance. 

Furthermore, we understand the vitality of 

harmonizing these processes to prevent bone 

loss and osteoporosis. However, as a drug, 

estrogen's potency to treat menopausal 

osteoporosis calls for more intervention with 

minimal side effects. Scientific studies began 

with ERT, which led to the discovery of 

raloxifene, BHT, and transdermal ERT. Out of 

the three treatment options, it can be inferred 

that raloxifene is the safest alternative, but 

more research is necessary to conclude 

regarding the efficacy. Additionally, both BHT 

and transdermal ERT require further clinical 

investigations to understand how safe these 

treatments are as well as to comprehend the 

potential risks of each 
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