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ABSTRACT

Estrogen therapy has been taken as a settled approach for both prevention and treatment of 
osteoporosis, especially in post-menopausal women as well as for the treatment of symptoms 
associated with menopause. Recent studies suggest that nuclear factor kappa-B ligand/receptor 
activator of nuclear factor kappa-B/osteoprotegerin system plays a significant role in osteoclastic 
activity regulation, with receptor activator of nuclear factor kappa-B ligand signaling in 
the presence of macrophage colony stimulating factor leading to increase in osteoclastic 
differentiation and functioning while osteoprotegerin neutralizing receptor activator of nuclear 
factor kappa-B ligand. Estrogen acts by increasing osteoprotegerin levels, and decreasing 
macrophage colony stimulating factor and receptor activator of nuclear factor kappa-B, thereby 
reducing bone resorption. Furthermore, estrogen is also known to be causing increased calcium 
absorption. The use of estrogen therapy in patients of osteoporosis is also considered to be 
highly cost effective. On the negative side, studies have shown that oral estrogen therapy can 
lead to complications like cholelithiasis, thrombophlebitis and pulmonary embolism, the most 
detrimental being endometrial cancer. But studies have shown that it can be virtually eliminated 
with the addition of progesterone in the cyclic combined regimen. Majority of beneficial effects 
occur with long term use of estrogen therapy, but the compliance by most of women appears to 
be poor. Additional studies should therefore be conducted to evaluate in detail the causes of non-
compliance and strategies to improve compliance. The benefit of quality of life improvement 
with estrogen therapy should be taken into account and further evaluated via studies.

MAIN BODY

Osteoporosis is defined as a skeletal disruption with de-
creased bone mineral density (BMD), ideally recorded by 
dual-energy X-ray absorptiometry (DXA) as 2.5 standard 
deviation (SD) below the mean BMD reference (1). Due 
to its prevalence globally, osteoporosis is considered as a 
serious public health concern and currently it is estimated 
that greater than 200 million people world-wide bear the dis-
ease (2). However, the prevalence of osteoporosis is differed 
by race, gender, ethnicity and it rises with age (3). It can be 
further branched out as primary or secondary osteoporosis. 
Primary osteoporosis can occur in both men and women at 
any age, though particularly affecting postmenopausal wom-
en, elderly men and in children with conditions such as Ju-
venile Idiopathic Osteoporosis and Osteogenesis Imperfecta 
(1, 4). Secondary osteoporosis can be due to numerous caus-
es including drug therapy (glucocorticoids), endocrine dis-
orders, hematological diseases, gastrointestinal disorders, 
nutritional insufficiencies, alcohol intake and organ trans-
plant (1, 4, 5). As a result of compromised bone strength, 
patients of osteoporosis are prone to fractures, and the risk 
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grows with age (1). Studies have shown increased incidence 
of vertebral, hip, and wrist fractures in these patients (6), 
consequently affecting the quality of life (1). Furthermore, 
patients with osteoporosis are reported to have psychologi-
cal impacts, including depression and anxiety (1, 7). Overall 
osteoporosis with its widespread results not only affects the 
individual, but also the family and ultimately the communi-
ty. Early diagnosis of bone loss and fracture risk are import-
ant because of the availability of therapies that can prevent 
or reverse the progression of osteoporosis (1).

Diverse treatment options have been considered for oste-
oporosis and numerous studies have shown evidence based 
conclusion on various modalities. The modalities commonly 
used for the treatment of osteoporosis include exercise, cal-
cium, vitamin D, bisphosphonates (4), selective estrogen re-
ceptor modulators (SERMS) and estrogen replacement ther-
apy (1, 8, 9). Estrogen therapy has been taken as a settled 
approach for both prevention and treatment of osteoporosis, 
especially in post-menopausal women (1, 8-10) as well as for 
the treatment of symptoms associated with menopause (9, 11). 
The mechanism of action of estrogen is unknown, consisting 
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of several theories. Early studies on estrogen have shown that 
it is known to act on pro inflammatory factors (that increase 
bone resorption) by down regulating them. Recent studies 
suggest that nuclear factor kappa-B ligand (NF-KappaB Li-
gand)/receptor activator of nuclear factor kappa-B (RANK)/
osteoprotegerin (OPG) system plays a significant role in os-
teoclastic activity regulation, with RANKL signaling in the 
presence of Macrophage Colony Stimulating Factor (MCSF) 
leading to increase in osteoclastic differentiation and func-
tioning while OPG neutralizing receptor activator of nuclear 
factor kappa-B ligand (RANKL). Estrogen acts by increasing 
OPG levels, and decreasing MCSF and RANK, thereby re-
ducing bone resorption (9, 12). Furthermore, estrogen is also 
known to be affecting calcium regulation at gut and kidney, 
leading to increased calcium absorption (9). Studies have 
shown that estrogen causes a decrease in the levels of uri-
nary calcium, hydroxyprolene, causes calcitonin stimulation 
and affects parathyroid hormone (PTH) (10). However, more 
data is required to evaluate the more definitive mechanism of 
estrogen action.

The route of administration of estrogen can be oral as 
well as transdermal, both associated with increased bone 
density (10, 12). Estrogen replacement therapy as different 
oral regimens, transdermal patches as well as suppositories 
have a key role in the prevention of osteoporosis by slowing 
down the bone loss phase. Studies have shown that those 
patients who had bilateral oophorectomy, if were started on 
estrogen replacement therapy within 6 weeks, showed total 
halt of bone loss. Those who were given the therapy a few 
years after oophorectomy also showed signs of improve-
ment, though the effects were less striking as compared to 
early treatment (starting within six weeks of the onset of 
menopause) (10, 13). Along with the rise in bone density, 
estrogen via its effect on collagen also has favorable effects 
on intervertebral disc as well as bone matrix. This effect 
is superior to bisphosphonates as they don’t carry this ef-
fect (14). In addition to a decrease in bone loss and increase 
in bone density, there is strong evidence which shows that 
estrogen therapy decreases the overall incidence of osteo-
porosis-related fractures (10, 15). The results of epidemio-
logical and observational studies are now supported by clin-
ical randomized trials which shows that oral combinations 
of HRT is associated with a 30% reduction in vertebral and 
non-vertebral fractures (15, 16). A  meta-analysis also re-
vealed 27% incidence of non-vertebral fractures in patients 
undergoing hormone replacement therapy (HRT) therapy 
(15, 17). Women’s health initiative (WHI) randomized con-
trol trial (15, 18) revealed that hip and clinical vertebral frac-
ture were reduced by 34% and total osteoporotic fractures by 
24%. Another study supports that estrogen is very effective 
in the prevention of wrist and hip fractures in older women 
(19). Studies have also shown the importance of estrogen’s 
role in the development and maintenance of male skeleton 
as well. Hence, estrogen therapy can be considered as a ben-
eficial treatment option for osteoporosis in men (20). Added 
advantages of estrogen replacement therapy includes reduc-
tion of vasomotor symptoms, mood disturbance, pelvic atro-
phy, lability, the risk of Alzheimer’s disease and improving 

quality of life (14, 21). Estrogen replacement therapy is also 
known to minimize the risk of cardiovascular diseases (21). 
Estrogen therapy (oral form) helps to reduce levels of low 
density lipoprotein (LDL) and increase levels of high density 
lipoprotein (HDL), thereby decreasing the risk of myocardi-
al infarction as well (22). Additionally, the use of estrogen 
therapy in patients of osteoporosis is also considered to be 
highly cost effective (21, 23).

On the negative side, studies have shown that oral estrogen 
therapy can lead to hepatic production of estrogen dependent 
proteins and bile changes that can cause complications like 
cholelithiasis, thrombophlebitis and pulmonary embolism. 
However, these complications can be prevented by admin-
istering transdermal estrogen (22). There is a known risk of 
abnormal uterine bleeding, endometrial hyperplasia and en-
dometrial carcinoma with estrogen therapy (21, 22, 24). Ad-
dition of progestin to the regimen can protect against these 
side effects (21, 24, 25). Additionally, there is a mild risk for 
breast cancer but this appears to be controversial and more 
related to the progestogen component of hormone replace-
ment therapy than estrogen. (14, 21). A review on the effect 
of progestin and progesterone in development of breast can-
cer however suggests that the increased risk is due to the use 
of synthetic progestin and continuous combined regimen and 
hence the risk can be avoided by using progesterone (and not 
synthetic progestin) in sequential or cyclic combined regi-
men (25). In this way the net effect is decrease in endometri-
al hyperplasia and cancer risk without the increase in the risk 
of breast cancer. Hypertension is also found to be associated 
with oral estrogen use, but the change in form, administra-
tion route and dose can help alleviate this side effect (21). In 
addition, there is some risk of thrombosis as well with oral 
estrogen but studies have shown that the risk only increased 
in those who have a positive family history for thrombosis 
or had a thrombotic event earlier in life. In such individuals, 
non-oral forms (transdermal patch/suppositories) are prefer-
able (21). A study demonstrates that transdermal estrogen as 
compared to oral estrogen, does not decrease anti-thrombin 
III, low levels of which are considered to be associated with 
the development of thrombosis (26).

Conclusively, estrogen therapy has a major role in the 
management and prevention of osteoporosis in post-meno-
pausal women. Based on the data evaluated, it has efficiency 
in the reducing fractures in post-menopausal osteoporosis 
as well as osteoporosis in men (15, 20). Overall, the side ef-
fects attributed to the estrogen therapy can be reduced with 
changes in the dose regimens (low/ultra-low) and nature of 
preparation (oral/transdermal). The most detrimental being 
endometrial cancer, but studies have shown that it can be 
virtually eliminated with the addition of progesterone in the 
cyclic combined regimen (21, 24, 25). Majority of beneficial 
effects occur with long term use of estrogen therapy, howev-
er poor compliance has been reported as a major hindrance 
in achieving the desirable effects of this therapy  (21, 27). 
The common reasons for non-compliance include lack of 
awareness about risks and benefits, misconceptions, advice 
of physician and phobia of side effects (27, 28). Additional 
studies should therefore be conducted to evaluate in detail 
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the causes of non  -compliance with therapy so as to help 
determine strategies for improving compliance. The poten-
tial risk of estrogen replacement therapy must be weighed 
against the lifetime risks of developing cardiovascular dis-
eases (CVD), stroke, and bone fractures. The overall reduc-
tion in mortality and morbidity rates with estrogen use is 
generally viewed to be substantial and cost-effective. The 
benefit of quality of life improvement with estrogen ther-
apy should be taken into account in decision making and 
should be further evaluated via studies. Lastly, the health 
care professionals have an important role in shaping their 
patient’s attitudes and both the health care providers and pa-
tients must be fully informed and aware about the benefits 
and risks of estrogen therapy to make a better and beneficial 
decision.

ACKNOWLEDGMENTS

None.

AUTHER CONTRIBUTIONS

This article was prepared in collaboration between all 
authors. Authors Syed Mohammad Mazhar Uddin and 
Aatera Haq did conception and design, acquisition of data, 
analysis and interpretation of data. Authors Haris sheikh, 
Uzair Yaqoob and Bushra zafar sayeed drafted the article 
and did critical revision. Author Uzair Yaqoob gave final 
approval of the version to be published. All authors read and 
approved the final manuscript.

CONFLICT OF INTEREST

None.

REFERENCES

1.	 Klibanski A, Adams-Campbell L, Bassford T, Blair SN, 
Boden SD, Dickersin K, et al. Osteoporosis prevention, 
diagnosis, and therapy. Journal of the American Medical 
Association. 2001;285(6):785-95.

2.	 Cooper C, Campion G, Melton LJ III. Hip fractures in 
the elderly: a world-wide projection. Osteoporosis inter-
national. 1992;2(6):285-9.

3.	 Wright NC, Looker AC, Saag KG, Curtis JR, Delzell 
ES, Randall S, et al. The Recent Prevalence of Os-
teoporosis and Low Bone Mass in the United States 
Based on Bone Mineral Density at the Femoral Neck 
or Lumbar Spine. Journal of bone and mineral research. 
2014;29(11):2520-6.

4.	 Sumník ZL, Land C, Rieger-wettengl G, Körber F, 
Stabrey A, Schoenau E. Effect of Pamidronate Treat-
ment on Vertebral Deformity in Children with Primary 
Osteoporosis: A Pilot Study Using Radiographic Mor-
phometry. Hormone Research. 2004;61:137-42.

5.	 Hudec S, Camacho P. Secondary Causes of Osteoporo-
sis. Endocrine Practice. 2013;19(1):120-8.

6.	 Burge R, Dawson-Hughes B, Solomon DH, Wong JB, 
King A, Tosteson A. Incidence and Economic Burden 

of Osteoporosis-Related Fractures in the United States, 
2005–2025. Journal of Bone and Mineral Research. 
2007;22(3):465-75.

7.	 Gold DT, Solimeo S. Osteoporosis and depression: 
A historical perspective. Current Osteoporosis Reports. 
2006;4(4):134-9.

8.	 Cho CH, Nuttall ME. Therapeutic potential of oestrogen 
receptor ligands in development for osteoporosis. Ex-
pert opinion on emerging drugs. 2001;6(1):137-54.

9.	 Gennari L, Merlotti D, Nuti R. Selective estrogen recep-
tor modulator (SERM) for the treatment of osteoporosis 
in postmenopausal women: focus on lasofoxifene. Clin-
ical Interventions in Aging. 2010;5:19-29.

10.	 Lindsay R. Estrogen therapy in the prevention and man-
agement of osteoporosis.  American Journal of Obstet-
rics & Gynecology. 1987;156:1347-51.

11.	 Shulman LP. Transdermal hormone therapy and bone 
health. Clinical Interventions in Aging. 2008;3(1):51-4.

12.	 Riggs BL. The mechanisms of estrogen regulation 
of bone resorption. Journal of Clinical Investigation. 
2000;106(10):1203-4.

13.	 Lindsay R, Aitken JM, Anderson LB, Hart DM, 
Macdonald EB, Clarke AC. Long-term prevention of 
postmenupausal osteoprosis by oestrogen: evidence for 
an increased bone mass after delayed onset of oestrogen 
treastment. The Lancet. 1976;307(7968):1038-41.

14.	 Studd J. Estrogens as first-choice therapy for osteopo-
rosis prevention and treatment in women under 60. Cli-
macteric. 2009;12(3):206-9.

15.	 Gambacciani M, Levancini M. Hormone replacement 
therapy and the prevention of postmenopausal osteo-
porosis. Przegla̜d Menopauzalny = Menopause Review. 
2014;13(4):213-20.

16.	 Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, 
Kooperberg C, Stefanick ML, et al. Risks and bene-
fits of estrogen plus progestin in healthy postmeno-
pausal women: principal results From the Women’s 
Health Initiative randomized controlled trial. Jama. 
2002;288(3):321-33.

17.	 Torgerson DJ, Bell-Syer SE. Hormone replacement 
therapy and prevention of nonvertebral fractures: a 
meta-analysis of randomized trials. The Journal of the 
American Medical Association. 2001;285(22):2891-7.

18.	 Cauley JA, Robbins J, Chen Z, Cummings SR, 
Jackson  RD, LaCroix AZ, et al. Effects of estrogen 
plus progestin on risk of fracture and bone mineral 
density: the Women’s Health Initiative randomized tri-
al. The  Journal  of the American Medical Association. 
2003;290(13):1729-38.

19.	 Cauley JA, Seeley DG, Ensrud K, Ettinger B, Black D, 
Cummings SR. Estrogen Replacement Therapy and 
Fractures in Older Women. Annals of internal medicine. 
1995;122(1):9-16.

20.	 Slemenda CW, Longcope C, Zhou L, Hui SL, Peacock M, 
Johnston CC. Sex steroids and bone mass in older men. 
Positive associations with serum estrogens and negative 
associations with androgens. Journal of Clinical Investi-
gation. 1997;100(7):1755-9.



Estrogen Replacement Therapy in Osteoporosis� 137

21.	 Lobo RA. Benefits and risks of estrogen replacement 
therapy. American Journal of Obstetrics and Gynecolo-
gy. 1995;173(3):982-9.

22.	 Lufkin EG, Wahner HW, O’Fallon WM, Hodgson SF, 
Kotowicz MA, Lane AW, et al. Treatment of postmeno-
pausal osteoporosis with transdermal estrogen. Annals 
of internal medicine. 1992;117(1):1-9.

23.	 Weinstein MC. Estrogen Use in Postmenopausal Wom-
en — Costs, Risks, and Benefits. New England Journal 
of Medicine. 1980;303(6):308-16.

24.	 Hammond CB, Jelovsek FR, Lee KL, Creasman WT, 
Parker RT. Effects of long-term estrogen replacement 
therapy: I. Metabolic effects. American Journal of Ob-
stetrics and Gynecology. 1979;133(5):525-36.

25.	 Campagnoli C, Clavel-Chapelon F, Kaaks R, Peris C, 
Berrino F. Progestins and progesterone in hormone re-

placement therapy and the risk of breast cancer. The 
Journal of Steroid Biochemistry and Molecular Biology. 
2005;96(2):95-108.

26.	 Bonduki CE, Lourenço DM, Motta ELAd, Soares JrJM, 
Haidar MA, Baracat EC. Effect of estrogen-progestin 
hormonal replacement therapy on blood coagulation 
and fibrinolysis in postmenopausal women. Clinics. 
2007;62:553-60.

27.	 Wattanakumtornkul S, Chichareon S, Geater A, 
Suwan K. Compliance with hormone replacement ther-
apy at Songklanagarind Hospital. Journal of obstetrics 
and gynaecology research. 2003;29(6):380-7.

28.	 Newton KM, Lacroix A Z, Leveille SG, Rutter C, 
Keenan NL, Anderson L. Women’s Beliefs and Deci-
sions About Hormone Replacement Therapy Journal of 
Women’s Health. 2009;6(4):459-65.


