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Bibliography for Estrogen

· Natural estradiol implants work for birth control. (Greenblatt, 1974)

· Premarin-only therapy increases the risk of ovarian cancer (RR 1.6-3.2), while PremPro does not (RR 1.1) (Lacey 2004). 

· Transdermal estradiol improves insulin sensitivity, but the addition of Provera eliminates this benefit. Premarin 1.25mg reduces insulin sensitivity. (Lindheim 1994).

· Estradiol inhibits the oxidation of LDL, an initiating event in atherosclerosis. (McManus 1996).

· Estradiol increases serotonin production, the addition of norethisterone eliminates this effect. (Mueck 1997)

· Oral estradiol increases activated protein C resistance, a marker for thrombotic risk, whereas transdermal estradiol does not. (Oger 2003).

· 30% loss in skin collagen in first 6 months of menopause. 6 mos of estrogen replacement increases skin collagen by 6.5%. (Sauerbronn 2000).

· Oral, but not transdermal estrogen is associated with risk of deep venous thrombosis. (Scarabin 2003, Canonico 2007, 2008).

· Transdermal estradiol with or without progesterone lowers blood pressure (Seely, 1999)

· Premarin decreases free testosterone by 32% and FT4 by 10.4%, and increases free cortisol by 50%, thus helping to alleviate partial cortisol insufficiency. Transdermal estradiol caused no changes in either binding globulin or free hormone levels. (Shifren, 2007)

· Transdermal estradiol decreased sympathetic nerve discharge after 8 weeks, oral Premarin did  not. (Vongpatanasin 2001). This helps explain why transdermal estradiol is more effective for hot flashes than Premarin.
· Estradiol and progesterone replacement strong inhibited the atherosclerotic process in ovariectomized monkeys fed an atherogenic diet. (Wagner JD,1991)
· Inhibition of ovulation and alleviation of menopausal symptoms in menstruating perimenopausal women with 50mcg estradiol patch (De Leo, 1997)
· Transdermal estradiol does not enter breast milk (Perheentupa 2004) 
· Perimenopause caused by hypothalamic-pituitary insensitivity to estrogen (Weiss 2004)

· Review article discussing greater safety of transdermal estradiol +progesterone (L’Hermite 2009)

· Levels of estriol are very low compared to estradiol, and are quite simliar in pre and post-menopausal women, and in women on birth control pills. Levels are 50% higher only in the luteal phase. (Longcope 1984)

· Oral Premarin raised free cortisol levels by 50%  and lowered free T4 by 10%, transdermal estradiol had no effect on either. (Shifren 2007)

Ahokas A, Kaukoranta J, Wahlbeck K, Aito M. Estrogen deficiency in severe postpartum depression: successful treatment with sublingual physiologic 17beta-estradiol: a preliminary study. J Clin Psychiatry. 2001 May;62(5):332-6.


BACKGROUND: The postpartum period is a time when women are vulnerable to depressive disorders, which can be severe and have long-lasting adverse sequelae. In spite of multiple contacts with health care providers, women with postpartum depression often remain unrecognized and untreated. To evaluate the association between estradiol and postpartum depression, we measured serum estradiol concentration and performed an open-label study of physiologic 17beta-estradiol. METHOD: Twenty-three women fulfilling ICD-10 criteria for major depression with postpartum onset were consecutively recruited from a psychiatric emergency unit. Serum estradiol concentrations were measured at baseline and weekly during sublingual 17beta-estradiol treatment for 8 weeks. The treatment effect was assessed using a clinician-rated depression symptom scale, the Montgomery-Asberg Depression Rating Scale (MADRS). RESULTS: At baseline, all patients were severely depressed (mean MADRS total score = 40.7; range, 35-45) and had a low serum estradiol concentration (mean = 79.8 pmol/L; range, 23-140 pmol/L); in 16/23 patients, the concentration was even lower than the threshold value for gonadal failure. During the first week of estradiol treatment, depressive symptoms diminished significantly, resulting in a mean MADRS score of 11.0 (Z = -4.20, p < .001), and serum estradiol concentrations approached those of the follicular phase (mean +/- SD = 342 +/- 141 pmol/L). At the end of the second week of treatment, the MADRS scores were compatible with clinical recovery in 19/23 patients. CONCLUSION: This preliminary study shows that depression symptoms may be rapidly reduced in patients with postpartum depression who have documented estradiol deficiency by treatment with 17beta-estradiol and suggests that estradiol can have significance in the pathophysiology of this condition and may be an option in the treatment of women vulnerable to postpartum depression.

Antonijevic IA, Murck H, Frieboes RM, Uhr M, Steiger A. On the role of menopause for sleep-endocrine alterations associated with major depression. Psychoneuroendocrinology. 2003 Apr;28(3):401-18. 


Aging and menopause are associated with alterations of the sleep EEG, while age-related changes of the hypothalamo-pituitary-adrenal (HPA) axis remain controversial. Major depression is also associated with typical sleep-endocrine changes, including enhanced activity of the HPA axis, while an influence of age and gender on these alterations is less clear. To test the hypothesis that after menopause sleep-endocrine alterations associated with major depression are accentuated, we examined the sleep EEG and nocturnal hormone secretion (ACTH, cortisol, GH, estradiol, LH, FSH, and leptin) in 16 drug-free female patients, mostly with the first episode of a major depressive disorder (seven pre- and nine postmenopausal subjects) and 19 female controls (10 subjects in the early follicular phase and nine postmenopausal subjects).Nocturnal cortisol secretion was increased in postmenopausal patients with depression, while a decrease was noted in postmenopausal controls. Sleep alterations typically associated with depression, namely a reduction in sleep continuity and slow wave sleep (SWS) and an increase in REM density, were prominent in post- but not in premenopausal patients. An inverse correlation was noted between the decline in SWS and sleep continuity and FSH secretion in patients with depression, suggesting a role of menopause for these sleep-endocrine alterations typically associated with major depression. In contrast, in premenopausal patients we noted primarily a shift in SWS and delta-EEG activity from the first to the second non-REM period, which was not related to age or hormone secretion.Though the relatively small number of subjects per group precludes a definitive conclusion, our data open up the possibility that the sleep-endocrine changes typically associated with major depression are most prominent in postmenopausal patients. Whether the predominant alteration of the distribution of SWS and delta EEG activity in younger patients with a first episode of major depression has a predictive value for the future course of the disease remains to be investigated.(Conclusion: Menopause itself may cause depression due to the loss of normal sleep patterns—HHL)

Basbug M, Aygen E, Tayyar M, Muhtaroglu S, Demir I, Okten S.  Twenty two weeks of transdermal estradiol increases sex hormone-binding globulin in surgical menopausal women. Eur J Obstet Gynecol Reprod Biol. 1997 Jun;73(2):149-52. 

OBJECTIVE: To compare the effects of continuous noncombined transdermal estradiol versus oral conjugated estrogen on serum sex hormone-binding globulin (SHBG) levels prior to and during the 10th and 22nd weeks of therapy in patients with surgical menopause. STUDY DESIGN: Open, comparative trial. Patients were consecutively assigned to three groups: group 1 (n = 18) received continuous transdermal estradiol (0.050 mg/day), group 2 (n = 18) continuous oral conjugated estrogens (0.625 mg/day), whereas group 3 (n = 15) received no treatment. Serum SHBG levels were determined before treatment and after 10 and 22 weeks of treatment. RESULTS: Serum SHBG increased significantly with oral conjugated estrogens at 10 (p < 0.01) and 22 weeks (p < 0.01) compared with baseline. With transdermal estrogens there was a much smaller increase of SHBG. At 22 weeks, this increase was significant compared with baseline (p < 0.05), but not compared with the control group (p > 0.05). CONCLUSION: Transdermal estrogen has no effect on SHBG, whereas oral conjugated estrogens causes considerable increase.

Beral V; Million Women Study Collaborators. Breast cancer and hormone-replacement therapy in the Million Women Study. Lancet. 2003 Aug 9;362(9382):419-27. 


BACKGROUND: Current use of hormone-replacement therapy (HRT) increases the incidence of breast cancer. The Million Women Study was set up to investigate the effects of specific types of HRT on incident and fatal breast cancer. METHODS: 1084110 UK women aged 50-64 years were recruited into the Million Women Study between 1996 and 2001, provided information about their use of HRT and other personal details, and were followed up for cancer incidence and death. FINDINGS: Half the women had used HRT; 9364 incident invasive breast cancers and 637 breast cancer deaths were registered after an average of 2.6 and 4.1 years of follow-up, respectively. Current users of HRT at recruitment were more likely than never users to develop breast cancer (adjusted relative risk 1.66 [95% CI 1.58-1.75], p<0.0001) and die from it (1.22 [1.00-1.48], p=0.05). Past users of HRT were, however, not at an increased risk of incident or fatal disease (1.01 [0.94-1.09] and 1.05 [0.82-1.34], respectively). Incidence was significantly increased for current users of preparations containing oestrogen only (1.30 [1.21-1.40], p<0.0001), oestrogen-progestagen (2.00 [1.88-2.12], p<0.0001), and tibolone (1.45 [1.25-1.68], p<0.0001), but the magnitude of the associated risk was substantially greater for oestrogen-progestagen than for other types of HRT (p<0.0001). Results varied little between specific oestrogens and progestagens or their doses; or between continuous and sequential regimens. The relative risks were significantly increased separately for oral, transdermal, and implanted oestrogen-only formulations (1.32 [1.21-1.45]; 1.24 [1.11-1.39]; and 1.65 [1.26-2.16], respectively; all p<0.0001). In current users of each type of HRT the risk of breast cancer increased with increasing total duration of use. 10 years' use of HRT is estimated to result in five (95% CI 3-7) additional breast cancers per 1000 users of oestrogen-only preparations and 19 (15-23) additional cancers per 1000 users of oestrogen-progestagen combinations. Use of HRT by women aged 50-64 years in the UK over the past decade has resulted in an estimated 20000 extra breast cancers, 15000 associated with oestrogen-progestagen; the extra deaths cannot yet be reliably estimated. INTERPRETATION: Current use of HRT is associated with an increased risk of incident and fatal breast cancer; the effect is substantially greater for oestrogen-progestagen combinations than for other types of HRT.(The progestogen was norethisterone, not progesterone.-HHL)
Bergkvist L, Adami H-O, Persson I, et al. Prognosis after breast can​cer diagnosis in women exposed to estrogen and estrogen-progestogen replacement therapy. Am J Epidem 130;221-227, 1989.

Bostick RM, Potter JD, Kushi LH, et al. Sugar, meat, and fat intake, and non-dietary risk factors for colon cancer incidence in Iowa women (United States). Cancer Causes Control 1994;5:38-52.

Brincat M, Kabalan S, Studd JW, Moniz CF, de Trafford J, Montgomery J. A study of the decrease of skin collagen content, skin thickness, and bone mass in the postmenopausal woman. Obstet Gynecol. 1987 Dec;70(6):840-5.

The skin collagen content, skin thickness, metacarpal index, and forearm bone mineral content in postmenopausal women showed a similar decline of between 1-2% per year after the menopause. All four parameters showed a decline that was significant when compared with the years from the menopause. Significant correlations between all four parameters suggest that a similar pathology causes the decrease in bone mass and skin thickness--a decline in the connective tissue element that is common to both bone and skin. PMID: 3120067

Bush TL. Long term effect of estrogen use on cardiovascular death in women. Presentation at: American Heart Association; 1991; Orlando, FL.

Bush TL, Whiteman M, Flaws JA. Hormone replacement therapy and breast cancer: a qualitative review.Obstet Gynecol. 2001 Sep;98(3):498-508. 


    OBJECTIVE: To assess whether recent epidemiologic evidence supports an association between use of estrogen replacement therapy or hormone replacement therapy and risk of breast cancer. DATA SOURCES: The keywords "estrogen," "estrogen replacement therapy," or "hormone replacement therapy," and "breast cancer" or "breast neoplasm," were used to search for articles published from 1975-2000 in MEDLINE and Dialogweb. Only articles published in peer-reviewed journals and containing original data were included in this review. METHODS: Unadjusted or age-adjusted risk estimates for breast cancer among ever users of estrogen therapy compared with never users were abstracted from published articles or calculated using the data provided in the published reports. TABULATION, INTEGRATION, AND RESULTS: We found little consistency among studies that estimated the risk of breast cancer in hormone users compared with nonusers and in studies assessing the risk by duration of use. However, there was consistently a lower risk of death from breast cancer in hormone users compared with nonusers. CONCLUSION: The evidence did not support the hypotheses that estrogen use increases the risk of breast cancer and that combined hormone therapy increases the risk more than estrogen only. Additional observational studies are unlikely to alter this conclusion. Although a small increase in breast cancer risk with hormone therapy or an increased risk with long duration of use (15 years or more) cannot be ruled out, the likelihood of this must be small, given the large number of studies conducted to date.

Buster  JE. Transdermal menopausal hormone therapy: delivery through skin changes the rules. Expert Opin Pharmacother. 2010 Jun;11(9):1489-99.

IMPORTANCE  TO THE FIELD: Transdermal hormone therapy is replacing oral estrogens  and androgens as safe enhancements of life quality for postmenopausal women. Estradiol and testosterone are dosed into the microvascular  circulation directly through skin so there is no first-pass hepatic  transformation or deactivation of the dosed estradiol or testosterone.  AREAS COVERED IN THIS REVIEW: This review critically examines recent  clinical trials describing experience with transdermal estradiol and  testosterone in postmenopausal women. Transdermal estradiol is effective  in the treatment of vasomotor symptoms (VMS) and can provide its  benefits at higher levels of safety than have been heretofore possible  with oral estrogens. Transdermal testosterone is effective in the  treatment of hypoactive sexual desire disorder (HSDD) documented in multiple, well-powered randomized clinical trials with demonstrated high  levels of safety. WHAT THE READER WILL GAIN: The reader will learn that  transdermal estradiol and testosterone, in properly selected  postmenopausal women, significantly and safely enhance life quality, are  likely to become increasingly popular, and will probably replace oral  hormone therapy. TAKE HOME MESSAGE: Transdermal delivery of native  estradiol for VMS and testosterone for HSDD has significant advantages  in safety and efficacy over traditional oral preparations which are now  available for clinical use. PMID: 20426703

Campagnoli C, Ambroggio S, Biglia N, Sismondi P. Conjugated estrogens and breast cancer risk. Gynecol Endocrinol. 1999 Dec;13 Suppl 6:13-9. 


Available epidemiologic data suggest the possibility that the use of oral conjugated equine estrogens (CEE) 0.625 mg/day as a first-choice dose could be associated with a very limited (if any) breast cancer risk increase. Some biological peculiarities of oral CEE back the possibility of a limited detrimental effect on breast tissue, due to either direct or indirect actions. Direct actions. Some experimental findings suggest that the 17 alpha-dihydroderivatives of equilenin and equilin (15% of the CEE components) have a non-estrogenic or even an anti-estrogenic effect on breast tissue. This could partially counterbalance the stimulatory action of the other CEE components. Indirect actions. Oral estrogens, through their metabolic and hepatocellular effects (emphasized by the first liver passage) cause a sharp increase in sex hormone binding globulin (SHBG) level which is followed by a lower quantity of both estrogen and androgen in the free, bioavailable, form. More importantly, they cause a decrease in circulating insulin-like growth factor I (IGF-I) activity, due to both a reduction in IGF-I synthesis by the liver and an increase in IGF-binding protein-1 level. A strong relationship between breast cancer risk and the concentration of circulating IGF-I in premenopausal women has been recently found. Actually, estrogens and IGF-I have a synergistic effect on cell proliferation, and IGF-I is necessary for maximum estrogen-receptor activation in breast cancer cell lines. The possibility does exist that the SHBG level increase and the IGF-I bioavailability decrease, caused by oral CEE, balance the increased estrogen stimulation on breast tissue.
Canonico M, Oger E, Plu-Bureau G, Conard J, Meyer G, Levesque H, Trillot N, Barrellier MT, Wahl D, Emmerich J, Scarabin PY; Estrogen and Thromboembolism Risk (ESTHER) Study Group. Hormone therapy and venous thromboembolism among postmenopausal women: impact of the route of estrogen administration and progestogens: the ESTHER study. Circulation. 2007 Feb 20;115(7):840-5. 


BACKGROUND: Oral estrogen therapy increases the risk of venous thromboembolism (VTE) in postmenopausal women. Transdermal estrogen may be safer. However, currently available data have limited the ability to investigate the wide variety of types of progestogen. METHODS AND RESULTS: We performed a multicenter case-control study of VTE among postmenopausal women 45 to 70 years of age between 1999 and 2005 in France. We recruited 271 consecutive cases with a first documented episode of idiopathic VTE (208 hospital cases, 63 outpatient cases) and 610 controls (426 hospital controls, 184 community controls) matched for center, age, and admission date. After adjustment for potential confounding factors, odds ratios (ORs) for VTE in current users of oral and transdermal estrogen compared with nonusers were 4.2 (95% CI, 1.5 to 11.6) and 0.9 (95% CI, 0.4 to 2.1), respectively. There was no significant association of VTE with micronized progesterone and pregnane derivatives (OR, 0.7; 95% CI, 0.3 to 1.9 and OR, 0.9; 95% CI, 0.4 to 2.3, respectively). In contrast, norpregnane derivatives were associated with a 4-fold-increased VTE risk (OR, 3.9; 95% CI, 1.5 to 10.0). CONCLUSIONS: Oral but not transdermal estrogen is associated with an increased VTE risk. In addition, our data suggest that norpregnane derivatives may be thrombogenic, whereas micronized progesterone and pregnane derivatives appear safe with respect to thrombotic risk. If confirmed, these findings could benefit women in the management of their menopausal symptoms with respect to the VTE risk associated with oral estrogen and use of progestogens.

Canonico M, Plu-Bureau G, Lowe GD, Scarabin PY. Hormone replacement therapy and risk of venous thromboembolism in postmenopausal women: systematic review and meta-analysis. BMJ. 2008 May 31;336(7655):1227-31. 

OBJECTIVE: To assess the risk of venous thromboembolism in women using hormone replacement therapy by study design, characteristics of the therapy and venous thromboembolism, and clinical background. DESIGN: Systematic review and meta-analysis. DATA SOURCES: Medline. STUDIES REVIEWED: Eight observational studies and nine randomised controlled trials. INCLUSION CRITERIA: Studies on hormone replacement therapy that reported venous thromboembolism. REVIEW MEASURES: Homogeneity between studies was analysed using chi(2) and I(2) statistics. Overall risk of venous thromboembolism was assessed from a fixed effects or random effects model. RESULTS: Meta-analysis of observational studies showed that oral oestrogen but not transdermal oestrogen increased the risk of venous thromboembolism. Compared with non-users of oestrogen, the odds ratio of first time venous thromboembolism in current users of oral oestrogen was 2.5 (95% confidence interval 1.9 to 3.4) and in current users of transdermal oestrogen was 1.2 (0.9 to 1.7). Past users of oral oestrogen had a similar risk of venous thromboembolism to never users. The risk of venous thromboembolism in women using oral oestrogen was higher in the first year of treatment (4.0, 2.9 to 5.7) compared with treatment for more than one year (2.1, 1.3 to 3.8; P<0.05). No noticeable difference in the risk of venous thromboembolism was observed between unopposed oral oestrogen (2.2, 1.6 to 3.0) and opposed oral oestrogen (2.6, 2.0 to 3.2). Results from nine randomised controlled trials confirmed the increased risk of venous thromboembolism among women using oral oestrogen (2.1, 1.4 to 3.1). The combination of oral oestrogen and thrombogenic mutations or obesity further enhanced the risk of venous thromboembolism, whereas transdermal oestrogen did not seem to confer additional risk in women at high risk of venous thromboembolism. CONCLUSION: Oral oestrogen increases the risk of venous thromboembolism, especially during the first year of treatment. Transdermal oestrogen may be safer with respect to thrombotic risk. More data are required to investigate differences in risk across the wide variety of hormone regimens, especially the different types of progestogens.

Castelo-Branco C, Pons F, Gratacos E, Fortuny A, Vanrell JA, Gonzalez-Merlo J. Relationship between skin collagen and bone changes during aging. Maturitas. 1994 Mar;18(3):199-206. 


There is evidence that skin collagen content and bone mass are influenced by estrogen deficiency, both of them declining in the years following menopause. The aim of our study was to analyze the relationship between changes in skin collagen content and bone mass during aging. A total of 76 nulliparous women who had been admitted for surgery of non-malignant processes were studied. All subjects were arranged into five age-groups (from 20 to 60 years). Bone mineral density was measured by dual photon absorptiometry and expressed in g/cm2 as the mean of the second to fourth lumbar vertebrae. Additionally, in all patients skin biopsies were taken from a non-sun exposed site in the lower abdomen (4 cm above the pubic symphysis) and osteocalcin levels were determined. Collagen decreased significantly with age after the 40s (P < 0.001) and after menopause (P < 0.001). Changes in bone mass were closely related to those detected in collagen (r = 0.586; P < 0.0001). In conclusion, our data suggest that bone mass and skin collagen decline in parallel with aging and that the hypoestrogenism developing in postmenopausal years has a significant effect on skin collagen content. Nevertheless, the question of whether osteoporosis is an intrinsic collagen disorder remains to be demonstrated.

Caufriez A. Hormonal replacement therapy (HRT) in postmenopause: a reappraisal. Ann Endocrinol (Paris). 2007 Sep;68(4):241-50. 

Hormone replacement therapy (HRT) is the most effective treatment currently available for vasomotor and urogenital symptoms and decreased libido. Because harmful effects were evidenced in some clinical trials, health authorities now consider that risk-benefit considerations do not favour the use of HRT for prevention of cardiovascular diseases and bone fractures in postmenopausal women. However, experimental and clinical studies indicate that adverse effects of HRT may largely depend on the estrogen and progesterone/progestin formulation, dosage, mode of administration, patient's age, associated diseases, and duration of treatment. All estrogen formulations and modes of administration have similar beneficial effects on vasomotor and urogenital symptoms and on bone structure. But cardiovascular and invasive breast cancer risks are higher with oral estrogen than with transdermal estradiol, and also higher with many progestin compounds than with micronized progesterone. The combination of transdermal estradiol+micronized progesterone appears to be effective and relatively safe if elementary precautions are taken, and seems to be presently the best choice for HRT in most postmenopausal women. In the author's--heterodox--opinion, HRT may also be a good therapeutic choice to prevent bone loss, since alternative medications, including raloxifene and bisphosphonates, may have dramatic harmful effects in some patients. It might also have beneficial effects on the development of coronary disease in young postmenopausal women. HRT requires careful adjustment to each individual patient and continuous monitoring of clinical evolution. In the future, this adjustment could benefit from genetic screening to maximize in each individual the ratio between positive and adverse effects. PMID: 17651686

Cid MC, Schnaper HW, Kleinman HK. Estrogens and the vascular endothelium. Ann N Y Acad Sci. 2002 Jun;966:143-57. 


Estrogens exert important regulatory functions on vessel wall components, which may contribute to the increased prevalence and severity of certain chronic inflammatory and autoimmune diseases in females and the lower cardiovascular risk observed in premenopausal women. Endothelial cells have been recently identified as targets for estrogens, and estrogen receptors have been demonstrated in endothelial cells from various vascular beds. This review focuses on the regulatory function of estrogens in endothelial cell responses relevant to vessel inflammation, injury, and repair; estrogen effects on nitric oxide production and release; estrogen modulation of endothelial cell adhesion molecule expression; and estrogen regulation of angiogenesis. The mechanisms through which estrogen regulates endothelial cell functions are complex and involve both genomic and nongenomic mechanisms.

Clarke SC, Kelleher J, Lloyd-Jones H, Slack M, Schofiel PM. A study of hormone replacement therapy in postmenopausal women with ischaemic heart disease: the Papworth HRT atherosclerosis study. BJOG. 2002 Sep;109(9):1056-62. 


OBJECTIVE: To assess the possible benefit of hormone replacement therapy (HRT) in the secondary prevention of ischaemic heart disease. DESIGN: A prospective randomised trial of transdermal HRT in women with definite ischaemic heart disease. SETTING: A regional cardiac unit. POPULATION: Postmenopausal women with angiographically proven ischaemic heart disease. METHODS: A total of 255 postmenopausal women with angiographically proven ischaemic heart disease were recruited and randomised; 134 were treated with transdermal HRT and 121 acted as controls. The women were seen at six monthly intervals. The primary end points, which were determined by a blinded assessor, were admission to hospital with unstable angina, proven myocardial infarction or cardiac death. A total of 53 (40%) patients withdrew from the HRT group and eight (7%) from the control group. The mean duration of follow up was 30.8 months. MAIN OUTCOME MEASURES: Admission to hospital with unstable angina, proven myocardial infarction or cardiac death. RESULTS: During follow up, there were 53 primary end-point events in the HRT group and 37 in the control group. Using an intention-to-treat analysis, the primary end-point event rate was 15.4 events per 100 patient years for the HRT group compared with 11.9 for the control group (event rate ratio 1.29 (95% CI 0.84-1.95, P = 0.24)). Using a per-protocol analysis, there was an event rate ratio of 1.49 (0.93-2.36, P = 0.11) for the HRT arm compared with the control arm. Particularly during the first two years of follow up, the HRT group had a higher, but not statistically significant, event rate than the control group. CONCLUSION: Our findings suggest that transdermal HRT should not be commenced for the purpose of secondary prevention in postmenopausal women with angiographically proven ischaemic heart disease.(Transdermal estradiol with norethisterone-not a test of estradiol and progesterone)

Creasman WT. Hormone replacement therapy after cancers. Curr Opin Oncol. 2005 Sep;17(5):493-9.

PURPOSE OF REVIEW: The role of female hormones in estrogen-dependent cancers has been debated for years. This is particularly true of breast cancer. Retrospective, case, and cohort control studies usually have suggested no influence. The Women's Health Initiative study in 2002, a prospective double-blind study, noted an increased risk of breast cancer if estrogen plus progesterone (sic) was given. In the estrogen-only arm of that study, a decreased (not significant) risk of breast cancer was noted. With this controversy, can estrogen be given safely to a woman who has been treated for breast cancer? The relation between endometrial cancer and unopposed estrogen is well established. With clear-cut evidence of this relation, is there evidence to suggest a role for replacement therapy in women who have been treated for endometrial cancer? RECENT FINDINGS: Several case-control and cohort studies have noted either no increased risk or actually less risk of recurrence in women taking estrogen after therapy after breast cancer. Although the general consensus is that such a recommendation is contraindicated, the data do not support this admonition. The current data suggest that replacement therapy can be given to the woman who has been treated for endometrial cancer. SUMMARY: There seems to be little if any risk in giving hormone replacement therapy to women who have had breast or endometrial cancer. There are no data to suggest that hormone replacement therapy is contraindicated in women who have been treated for cervical or ovarian cancer.

De Leo V, Lanzetta D, Morgante G, De Palma P, D'Antona D. Inhibition of ovulation with transdermal estradiol and oral progestogens in perimenopausal women. Contraception. 1997 Apr;55(4):239-43.

The effects of 6 months of combined hormone therapy with transdermal estradiol (0.05 mg/day x 21 days) and different oral progestogens (10 mg/day medroxyprogesterone acetate [MPA] in the last 12 days, 10 mg/day dihydrogesterone in the last 12 days, and 50 mg/day cyproterone in the first 10 days), on menopausal symptoms and hypothalamo pituitary-ovarian function were studied in normal perimenopausal women. The study included 38 perimenopausal women, aged 43-49 years, with regular cycles of 26-32 days in length and menopausal symptoms. Endocrine status was determined by assay of basal levels of gonadotropins (LH, FSH), E2, and P every week until menstrual bleeding, before and during the first month of therapy. Plasma levels of LH and FSH were suppressed in the first month of therapy while E2 had a mean value of 45 +/- 12 pg/ml. Ultrasound examination and low levels of P indicated a complete block of ovulation and hypothalamo-pituitary-ovarian activity. All women reported the disappearance of vasomotor symptoms and nocturnal sweating. Transdermal estradiol and oral progestogens were well tolerated. This study shows that combined hormone therapy with low doses of transdermal estrogen patches and different oral progestogens reduces menopausal symptoms and also safeguards against unwanted pregnancies in the perimenopausal period.    PMID: 9179456

Dey M, Lyttle CR, Pickar JH. Recent insights into the varying activity of estrogens. Maturitas. 2000 Apr 1;34 Suppl 2:S25-33.

Recent advances have added substantially to our understanding of the biology of estrogens. Estrogens are no longer considered to differ only in potency. Two estrogens can have similar effects in one tissue and very different effects in another. Additionally, an estrogen can have different effects in different tissues. It is now recognized that there are at least two estrogen receptors, ER-alpha and ER-beta, and that it is quite likely that estrogens also work through non-genomic mechanisms. The development of new methods of chromatographic separation has aided substantially in our ability to characterize the composition of Premarin, including the identification of estradiene, the fourth-most abundant estrogen in Premarin. Recent studies have contributed to our understanding of the unique profile of Delta(8,9) dehydroestrone sulfate, another of the Premarin estrogens. It was found that Delta(8,9) dehydroestrone sulfate is an active estrogen with a distinct pharmacological profile that results in significant clinical activity in vasomotor, neuroendocrine and bone preservation parameters. However, it displayed little or no efficacy, at the dose studied, on other peripheral parameters normally affected by classical estrogens. Increasing knowledge of the unique profiles of the Premarin components, as well as their complex interaction, will help to increase our understanding of the clinical profile of Premarin.

DiSaia PJ, Grosen EA, Kurosaki T, et al. Hormone replacement ther​apy in breast cancer survivors: a cohort study. Obstetrics Gynecology 147:1495,1996.

OBJECTIVE: Our purpose was to measure any adverse effect (if one exists) of hormone replacement therapy administered to breast cancer survivors. STUDY DESIGN: Forty-one patients from a group of 77 patients who received hormone replacement therapy after therapy for breast cancer were matched with 82 comparison patients not receiving hormone replacement therapy. Both groups were taken from the same population on the basis of cancer registry of the Cancer Surveillance Program of Orange County and were compared with regard to survival results. RESULTS: An analysis of survival time and disease-free time revealed no statistically significant difference between the two groups. CONCLUSIONS: No obvious adverse effect of hormone replacement therapy could be shown in this pilot study. A case is made for a prospective randomized trial. PMID: 9065117

Ditkoff EC, Crary WG, Cristo M, Lobo RA. Estrogen improves psy​chological function in asymptomatic postmenopausal women. Obstet Gynecol 1991; 78:991-5.

Estrogen treatment of postmenopausal women has been suggested to improve mood and psychological function. However, this remains controversial because previous studies involved heterogeneous groups, were not double blind, and included women who were also experiencing somatic symptoms that were relieved by estrogen. A randomized double-blind study was carried out comparing the effects of placebo and conjugated equine estrogens (0.625 and 1.25 mg) on psychological function over 3 months in 36 asymptomatic women, aged 45-60. The tests included the Minnesota Multiphasic Personality Inventory-168, the Profile of Adaptation to Life, and the Beck Depression Inventory. Memory was assessed directly by the Wechsler Adult Intelligence Scales, measuring both digit span and digit symbol. All women were well-adjusted psychologically. The income management scale of the Profile of Adaptation to Life improved (P less than .05) with estrogen, as did the Beck Depression Inventory (P less than .05), but these results were not dose-related. Memory assessed prospectively by the Wechsler Adult Intelligence Scales was not affected significantly. These results suggest that estrogen use may improve the overall quality of life in postmenopausal women. PMID: 1658700

Durna EM, Wren BG, Heller GZ, Leader LR, Sjoblom P, Eden JA.  Hormone replacement therapy after a diagnosis of breast cancer: cancer recurrence and mortality. Med J Aust. 2002 Oct 7;177(7):347-51. 


OBJECTIVE: To determine whether hormone replacement therapy (HRT) after treatment for breast cancer is associated with increased risk of recurrence and mortality. DESIGN: Retrospective observational study. PARTICIPANTS AND SETTING: Postmenopausal women diagnosed with breast cancer and treated by five Sydney doctors between 1964 and 1999. OUTCOME MEASURES: Times from diagnosis to cancer recurrence or new breast cancer, to death from all causes and to death from primary tumour were compared between women who used HRT for menopausal symptoms after diagnosis and those who did not. Relative risks (RRs) were determined from Cox regression analyses, adjusted for patient and tumour characteristics. RESULTS: 1122 women were followed up for 0-36 years (median, 6.08 years); 154 were lost to follow-up. 286 women used HRT for menopausal symptoms for up to 26 years (median, 1.75 years). Compared with non-users, HRT users had reduced risk of cancer recurrence (adjusted relative risk [RR], 0.62; 95% CI, 0.43-0.87), all-cause mortality (RR, 0.34; 95% CI, 0.19-0.59) and death from primary tumour (RR, 0.40; 95% CI, 0.22-0.72). Continuous combined HRT was associated with a reduced risk of death from primary tumour (RR, 0.32; 95% CI, 0.12-0.88) and all-cause mortality (RR, 0.27; 95% CI, 0.10-0.73). CONCLUSION: HRT use for menopausal symptoms by women treated for primary invasive breast cancer is not associated with an increased risk of breast cancer recurrence or shortened life expectancy.

Ettinger, B., Genant, H. K., and Cann, C.E. "Long term estrogen replacement therapy prevents bone loss and fractures." Annals of Internal Medicine 1985; 102:319-324.

Although several case-control studies have shown an inverse association between postmenopausal estrogen use and fractures, quantitation of fracture incidence has been lacking. To quantify the degree to which estrogen replacement therapy prevents postmenopausal osteoporosis, a retrospective study was done comparing the occurrence of fractures in 245 long-term estrogen users and 245 case-matched controls, followed for an average of 17.6 years. Quantitative bone mineral assessments were obtained from 18 women using estrogen replacement therapy and their controls (average age, 73 years). Osteoporotic fracture incidence in estrogen users was 50% as great as in the controls (p less than 0.01). Estrogen users showed significantly greater bone mineral: 54.2% greater spinal mineral (p less than 0.0002), 19.4% greater forearm mineral (p less than 0.0005), and 15.6% greater metacarpal cortical thickness (p less than 0.005). Long-term estrogen replacement therapy confers significant protection against bone loss and fracture. PMID: 2982302

Furrier SE, Davis FG> Nelson RL, et al. A case-control study of large bowel cancer and hormone exposure in women. Cancer Res 1989;49:493G-4940.

Gerhardsson de Verdier M, London S. Reproductive factors, exoge​nous female hormones, and colorectal cancer by subsite. Cancer Causes Control 1992;3:35S-3G0.

Greenblatt RB, Hernandez-Ayup S, Bohler CS. Estradiol pellet implantation for contraception. J Reprod Med. 1974 Dec;13(6):207-8. 


PIP: Reported is a study of the effects of estradiol pellet implants, supplemented by administration of an oral progesterone for 3 to 5 days, on 120 women aged 15-39 years. Initial treatment involved 4 pellets of estradiol (25 mg each) implanted at 6-month intervals. Once inhibition of ovulation was established, the dosage was gradually reduced to 3, 2, and 1 pellet without decreased suppression of ovulation. 1 conception occurred during the entire series. There were a few complaints of breast tenderness during the first few months of treatment. Breakthrough bleeding was rare. The few cases of hypermenorrhea were corrected by extending the progesterone treatment from 3 to 5 to 7 days. No instances of amenorrhea-galactorrhea were reported. Spontaneous ovulation usually returned within 12 months of discontinuation of treatment.

Grodstein F, Martinez ME, Platz EA, et al. Postmenopausal hormone use and risk for colorectal cancer and adenoma. Ann Intern Med 1998;128:705-712.

Grodstein FM, Stampfer MJ, Manson JE, et al. Postmenopausal estro​gen and progestin use and the risk of cardiovascular disease. N Engl J Med 1996;335:453-461.

“Risk of major coronary artery disease was substantially decreased among current users of estrogen and progestin, as well as among current users of estrogen alone.”  Neither therapy affected the risk of stroke.

Hanke H, Hanke S, Ickrath O, Lange K, Bruck B, Muck AO, Seeger H, Zwirner M, Voisard R, Haasis R, Hombach V. Estradiol concentrations in premenopausal women with coronary heart disease. Coron Artery Dis. 1997 Aug-Sep;8(8-9):511-5. 


BACKGROUND: Because of the beneficial effects of estrogen, premenopausal women are normally protected against coronary heart disease (CHD) and are at lower risk for myocardial infarction; consequently, CHD occurs very rarely in menstrually active women. Given this background, the aim of the present study was to test the hypothesis that decreased concentrations of estrogen are associated with CHD in premenopausal women. METHODS: Fourteen premenopausal women with CHD were investigated and compared with a healthy control group comparable for age and cardiovascular risk factors. Relevant characteristics of patients and controls were assessed: age, blood pressure, body mass index, total cholesterol and high-density lipoprotein cholesterol, triglycerides, former pregnancies, ovariectomy and related surgical interventions, smoking history and former use of oral contraceptives. To ensure the premenopausal status of the participants, the regularity of the menstrual cycle and the follicle-stimulating hormone concentrations were also assessed. Plasma estradiol and progesterone and urine estrone concentrations (24 h urine collection) were measured at day 6 after estimated ovulation to assess the relative increase in plasma estradiol and progesterone during the second half of the menstrual cycle. RESULTS: Compared with the control group, premenopausal women with CHD had significantly lower concentrations of plasma estradiol (408.9 +/- 141 pmol/l and 287.8 +/- 109 pmol/l respectively; P = 0.0228) and total estrogen (2061 +/- 693 pg/mumol creatinine and 1607 +/- 448 pg/mumol creatinine respectively; P = 0.025) in the urine. However, the progesterone concentrations were not significantly different between the groups. These findings might be explained by a partial ovarian dysfunction, as the patient group had a significantly higher number of tubal sterilizations (eight compared with one). CONCLUSION: Our data provide support for the hypothesis that decreased concentrations of estradiol might be an additional pathogenetic factor for the development of CHD in menstrually active premenopausal women.
Hayashi T, Ito I, Kano H, Endo H, Iguchi A. Estriol (E3) replacement improves endothelial function and bone mineral density in very elderly women. J Gerontol A Biol Sci Med Sci. 2000 Apr;55(4):B183-90; discussion B191-3.

We investigated the effects of estriol (E3) on endothelial function and bone mineral density (BMD) in very elderly women. Twenty-four very elderly women (80 +/- 3.5 years old) were administered CaCl2 with or without estriol treatment (2 mg/day) for 30 weeks (hormone replacement treatment [HRT] group vs control group). Endothelium-dependent flow-mediated dilatation (FMD), endothelium-independent dilatation by nitroglycerin of the brachial artery, and BMD were assessed. Levels of plasma lipids and apoproteins were not changed; however, both plasma E3 and E2 were substantially increased (E2, 4.6 to 31.3 +/- 8.1; E3, <5 to 45.3 +/- 7.9 pg/mL) by HRT. The FMD value was also increased by HRT, as were the plasma nitrite/nitrate and cGMP values. The response to nitroglycerin was not changed. The BMD was increased by HRT, but decreased in the control group. There were significant differences between the HRT group and control group after 30 weeks' treatment in the levels of osteocalcin, P1CP, and urinary deoxypiridinoridine. E3 significantly improved BMD by inhibiting bone resorption. Endothelial function was improved in line with the antiatherosclerotic effects. E3 might be effective for use in HRT in elderly patients. “Although we found  no evidence of a conversion from estriol to estradiol, we suppose that the mechanism responsible for the increase in estradiol concentrations in response to estriol treatment may have been the stimulation of intrinsic estrogen synthesis or a relative increase in estradiol concentration in response to the occupation of common estrogen receptors by estriol. Further studies are necessary to elucidate this phenomenon.” (Perhaps estradiol was released from the breasts which continue to produce estradiol after menopause-HHL) PMID: 10811145

Helgason S, Carlstrom K, Damber MG, Damber JE, Selstam G, von Schoultz B. Effects of various oestrogens on circulating androgens and cortisol during replacement therapy in post-menopausal women. Maturitas. 1981 Dec;3(3-4):301-8. 


The influence of various oestrogens during unopposed replacement therapy on circulating androgens and cortisol was studied in 65 post-menopausal women. As dose dependent decrease in dehydroepiandrosterone sulphate (DHAS) was found. Ethinyloestradiol (0.05 mg daily) already gave a significant decrease after 1 mth of treatment. The decline following 17 beta-oestradiol (2 mg) and oestrone sulphate (2.5 mg) was less pronounced. Oestriol (6 mg daily) had no effect. Ethinyloestradiol also increased the levels of total cortisol and testosterone, probable because of serum protein induction, while 17 beta-oestradiol had no significant effect. Serum levels of androstenedione remained unchanged during therapy.

Hemminki E, Kennedy DL, Baum C, et al. Prescribing of noncontraceptive estrogens and progestins in the United States, 1974-86. Am J Public Health 1988;78:1479-81.

Progestin was prescribed rarely until 1982, then usage began to increase.  In 1983, 16 million estrogen prescriptions were written compared with 4 million progestin presc.  In 1986, there were 6 million P presc c/w 20million E presc.  Only 59% of P presc. were for menopause.  Oral estrogens were 88% of estrogen presc. in 1986 with Premarin most common.  

Henderson BE, Paganini-Hill A, Ross RK. Decreased mortality in users of estrogen replacement therapy. Arch Intern Med 1991;151:75-78.

In a prospective study of 8881 postmenopausal female residents of a retirement community in southern California, we evaluated in detail the relationship between estrogen use and overall mortality. After 7 1/2 years of follow-up, there had been 1447 deaths. Women with a history of estrogen use had 20% lower age-adjusted, all-cause mortality than lifetime nonusers (95% confidence interval, 0.70 to 0.87). Mortality decreased with increasing duration of use and was lower among current users than among women who used estrogens only in the distant past. Current users with more than 15 years of estrogen use had a 40% reduction in their overall mortality. Among oral estrogen users, relative risks of death could not be distinguished by specific dosages of the oral estrogen taken for the longest time. Women who had used estrogen replacement therapy had a reduced mortality from all categories of acute and chronic arteriosclerotic disease and cerebrovascular disease. This group of women had a reduced mortality from cancer, although this reduction was not statistically significant. The mortality from all remaining causes combined was the same in estrogen users and lifetime nonusers. PMID: 1985611

Hebert-Croteau N. A meta-analysis of hormone replacement therapy and colon cancer in women. Cancer Epidemiol Biomarkers Prev. 1998 Aug;7(8):653-9. 


The influence of endocrine factors on colorectal tumor development remains unclear. We performed a meta-analysis of studies of the association between the use of menopausal hormones and colon cancer in women, published up to December 1996. We derived summary measures of relative risk (RR) by fitting both fixed and random effects models. We also performed analyses by tumor location to the right or left colon, as well as by recency and duration of use. Heterogeneity was assessed according to study design, chronology, or other criteria. Overall, the 20 independent estimates of the association between ever use of menopausal hormones and colon cancer led to a summary RR of 0.85, (0.73, 0.99), using a random effects model. There was substantial heterogeneity among studies. The suggested protective effect of hormones was estimated to be stronger in studies published since 1990 [RR: 0.83, (0.66, 1.04), versus 0.93, (0.78, 1.10), for those published previously]. The estimated RRs were lower among current or recent users [RR: 0.69, (0.52, 0.91)] and among users of more than 5 years [RR: 0.73, (0.53, 1.02)] as compared with short-term users [RR: 0.88, (0.64, 1.21)]. The current state of knowledge suggests a 0-25% risk reduction among ever users of hormone replacement therapy. Inadequate assessment of exposure, poor control of confounding factors, and changing patterns of use over time might have contributed to the slow emergence of this association postulated almost two decades ago. Additional large studies are needed to replicate this finding and explain the exact mechanism of this putative protective effect.

Holland, Ceeilia. Hot Flashes: Women Writers on the Change of Life. Ed. Lynne Taetzsch. Boston: Faber and Faber, 1995. 26.

Holland EF, Studd JW, Mansell JP, Leather AT, Bailey AJ. Changes in collagen composition and cross-links in bone and skin of osteoporotic postmenopausal women treated with percutaneous estradiol implants. Obstet Gynecol. 1994 Feb;83(2):180-3. 


OBJECTIVE: To determine the effects of percutaneous estradiol (E2) implants on the collagen composition and maturity in the bone and skin of osteoporotic postmenopausal women. METHODS: Sixteen postmenopausal women with low bone mineral density were treated for 1 year with 75-mg E2 implants. Iliac crest bone and skin biopsies were analyzed for collagen content and collagen cross-links before treatment and at 1 year. Dual energy x-ray absorptiometry of the lumbar spine and proximal femur was also performed before and after 1 year of therapy. RESULTS: The cortical bone showed a significant increase in the mature cross-links of both hydroxylysylpyridinoline (P < .01) and lysylpyridinoline (P < .01), with a significant reduction in the percentage of collagen (P < .001). The pattern was similar in trabecular bone, with lysylpyridinoline increasing significantly (P < .05). The skin exhibited a significant reduction in the immature cross-link hydroxylysinonorleucine (P < .01), but no significant change in the percentage of collagen content or the mature cross-link histidinohydroxylysinonorleucine. The median increases in bone density were 11.5% at the spine and 4.34% at the total hip. The median post-treatment serum E2 level was 639 pmol/L. CONCLUSIONS: Bone mineral density increased at all the sites measured in the spine and proximal hip. The quality of the collagen within the transiliac biopsies had matured in that the concentration of the mature collagen cross-links had increased. These findings support a reduction in the turnover of bone collagen following estrogen replacement therapy. More important, the formation of a more mature collagen fiber should help to reduce the risk of future bone fracture.

Holtorf K. The bioidentical hormone debate: are bioidentical hormones (estradiol, estriol, and progesterone) safer or more efficacious than commonly used synthetic versions in hormone replacement therapy? Postgrad Med. 2009 Jan;121(1):73-85. 

BACKGROUND: The use of bioidentical hormones, including progesterone, estradiol, and estriol, in hormone replacement therapy (HRT) has sparked intense debate. Of special concern is their relative safety compared with traditional synthetic and animal-derived versions, such as conjugated equine estrogens (CEE), medroxyprogesterone acetate (MPA), and other synthetic progestins. Proponents for bioidentical hormones claim that they are safer than comparable synthetic and nonhuman versions of HRT. Yet according to the US Food and Drug Administration and The Endocrine Society, there is little or no evidence to support claims that bioidentical hormones are safer or more effective. OBJECTIVE: This paper aimed to evaluate the evidence comparing bioidentical hormones, including progesterone, estradiol, and estriol, with the commonly used nonbioidentical versions of HRT for clinical efficacy, physiologic actions on breast tissue, and risks for breast cancer and cardiovascular disease. METHODS: Published papers were identified from PubMed/MEDLINE, Google Scholar, and Cochrane databases, which included keywords associated with bioidentical hormones, synthetic hormones, and HRT. Papers that compared the effects of bioidentical and synthetic hormones, including clinical outcomes and in vitro results, were selected. RESULTS: Patients report greater satisfaction with HRTs that contain progesterone compared with those that contain a synthetic progestin. Bioidentical hormones have some distinctly different, potentially opposite, physiological effects compared with their synthetic counterparts, which have different chemical structures. Both physiological and clinical data have indicated that progesterone is associated with a diminished risk for breast cancer, compared with the increased risk associated with synthetic progestins. Estriol has some unique physiological effects, which differentiate it from estradiol, estrone, and CEE. Estriol would be expected to carry less risk for breast cancer, although no randomized controlled trials have been documented. Synthetic progestins have a variety of negative  cardiovascular effects, which may be avoided with progesterone. CONCLUSION: Physiological data and clinical outcomes demonstrate that bioidentical hormones are associated with lower risks, including the risk of breast cancer and cardiovascular disease, and are more efficacious than their synthetic and animal-derived counterparts. Until evidence is found to the contrary, bioidentical hormones remain the preferred method of HRT. Further randomized controlled trials are needed to delineate these differences more clearly. PMID: 19179815

Jacobs EJ, White E, Weiss NS. Exogenous hormones, reproductive history, and colon cancer (Seattle, Washington, USA). Cancer Causes Control 1994;5:359-3GG.

Kampman E, Potter JD, Slattery ML, et al. Hormone replacement therapy, reproductive history, and colon cancer: a multicenter, case​control study in the United States. Cancer Causes Control 1997; Mar;8(2):146-58. 

Hormonal factors have been inconsistently associated with colon cancer risk in women. The associations between reproductive events, menstrual factors, exogenous hormones, and colon cancer were evaluated in a large case-control study (894 female cases and 1,120 female age-matched population-based controls) in the United States, stratifying by age at diagnosis, tumor site, family history and other potential risk factors. Overall, higher parity was associated with a marginally decreased risk of colon cancer (five or more births compared with nulliparous: odds ratio [OR] = 0.75, 95 percent confidence interval [CI] = 0.53-1.06) after adjusting for age at diagnosis, family history of colorectal cancer, vigorous lifetime physical activity, body mass index (BMI) (wt/ht1.5), total energy intake, and aspirin use. No important associations were observed for other reproductive or menstrual events. An inverse association between recent use of hormone replacement therapy (HRT) and colon cancer was observed (OR = 0.71, CI = 0.56-0.89). Although interaction terms were not significant, this inverse association appeared to be more pronounced for those with an older age at diagnosis; for those without a first-degree relative with colorectal cancer; and for those with a relatively low BMI. The reduced risk associated with HRT use did not appear to be explained by other behaviors related to HRT use.

Karjalainen A, Heikkinen J, Savolainen MJ, Backstrom AC, Kesaniemi YA. Mechanisms regulating LDL metabolism in subjects on peroral and transdermal estrogen replacement therapy. Arterioscler Thromb Vasc Biol. 2000 Apr;20(4):1101-6. 


To study the mechanisms of low density lipoprotein (LDL) cholesterol lowering by peroral and transdermal estrogen replacement therapy (ERT), 79 hysterectomized postmenopausal women aged 48 to 62 years were randomized in a double-blind double-dummy trial to receive either peroral estradiol valerate (2 mg/d) or transdermal estradiol gel (1 mg/d) for 6 months. Plasma LDL cholesterol decreased from 4. 19+/-0.83 (mean+/-SD) to 3.39+/-0.78 mmol/L (P<0.001) in the peroral group and from 4.11+/-0.86 to 3.72+/-0.78 mmol/L (P<0.001) in the transdermal estrogen group. Peroral estrogen did, but transdermal treatment did not, enhance the fractional catabolic rate (FCR) and production of LDL apolipoprotein B (apoB). However, the decrease of LDL cholesterol was related to an increase in FCR for LDL apoB on both peroral and transdermal ERT (r=-0.645, P<0.001 and r=-0.627, P<0.001, respectively). These changes were associated with changes in the serum estrogen level. Both therapies reduced absorption of dietary cholesterol by 6% to 10% (P<0.05). The effects of estrogen were not modified by the polymorphisms of apoE and apoB or cholesterol 7alpha-hydroxylase. In conclusion, the ERT-induced LDL cholesterol-lowering effect is related to changes in estrogen level, which presumably enhance LDL receptor activity, which is manifested as an increase in FCR for LDL apoB. The small decrease in the absorption efficiency of dietary cholesterol does not seem to contribute largely to the cholesterol lowering on either transdermal or peroral ERT.

Kawas C> Resnick S, Morrison A, et al. A prospective study of estro​gen replacement therapy and the risk of developing Alzheimer's dis​ease: The Baltimore Longitudinal Study of Aging. Neurology 1997;48:1517-1521.

472 women followed for 16 years.  The relative risk for Alzheimer’s disease in ERT users was 0.46.
Key TJ, et al. Body mass index, serum sex hormones, and breast cancer risk in postmenopausal women. J Natl Cancer Inst. 2003 Aug 20;95(16):1218-26.    

BACKGROUND: Obesity is associated with increased breast cancer risk among postmenopausal women. We examined whether this association could be explained by the relationship of body mass index (BMI) with serum sex hormone concentrations. METHODS: We analyzed individual data from eight prospective studies of postmenopausal women. Data on BMI and prediagnostic estradiol levels were available for 624 case subjects and 1669 control subjects; data on the other sex hormones were available for fewer subjects. The relative risks (RRs) with 95% confidence intervals (CIs) of breast cancer associated with increasing BMI were estimated by conditional logistic regression on case-control sets, matched within each study for age and recruitment date, and adjusted for parity. All statistical tests were two-sided. RESULTS: Breast cancer risk increased with increasing BMI (P(trend) =.002), and this increase in RR was substantially reduced by adjustment for serum estrogen concentrations. Adjusting for free estradiol reduced the RR for breast cancer associated with a 5 kg/m2 increase in BMI from 1.19 (95% CI = 1.05 to 1.34) to 1.02 (95% CI = 0.89 to 1.17). The increased risk was also substantially reduced after adjusting for other estrogens (total estradiol, non-sex hormone-binding globulin-bound estradiol, estrone, and estrone sulfate), and moderately reduced after adjusting for sex hormone-binding globulin, whereas adjustment for the androgens (androstenedione, dehydroepiandrosterone, dehydroepiandrosterone sulfate, and testosterone) had little effect on the excess risk. CONCLUSION: The results are compatible with the hypothesis that the increase in breast cancer risk with increasing BMI among postmenopausal women is largely the result of the associated increase in estrogens, particularly bioavailable estradiol.

Kiang DT, Gay J, Goldman A, Kennedy BJ. A randomized trial of chemotherapy and hormonal therapy in advanced breast cancer.N Engl J Med. 1985 Nov 14;313(20):1241-6. 

We randomized 81 postmenopausal women with advanced breast cancer, whose tumors were rich in estrogen receptors or of unknown estrogen-receptor status, to receive either estrogen therapy alone or estrogen therapy combined with chemotherapy. An additional 31 patients, whose tumors were poor in estrogen receptors, were randomized to receive either chemotherapy alone or estrogen combined with chemotherapy. The median duration of follow-up was 87 months. In the receptor-rich group, the survival of the 21 patients receiving combined therapy was significantly longer than that of 19 patients receiving estrogen as initial therapy (followed by chemotherapy after failure or relapse). The median survivals were 72 and 29 months, respectively (P = 0.05 by the generalized Wilcoxon method). Among 41 patients with tumors of unknown receptor status, a survival advantage from combined therapy over chemotherapy was seen in the first two years and then disappeared. The survival in 31 patients with receptor-poor tumors was uniformly short regardless of the therapeutic method. We conclude that combined therapy offers a survival advantage in postmenopausal patients with receptor-rich tumors.

Kirwan LD, MacLusky NJ, Shapiro HM, Abramson BL, Thomas SG, Goodman JM. Acute and chronic effects of hormone replacement therapy on the cardiovascular system in healthy postmenopausal women. J Clin Endocrinol Metab. 2004 Apr;89(4):1618-29. 


Previous studies have shown that conjugated estrogens and continuous medroxyprogesterone increases heart disease risk in healthy women. Little is known about the effects of the natural ovarian hormones estradiol and progesterone on cardiovascular function at rest and exercise. The purpose of this study was to investigate the short- and longer-term effects of a cyclic format of hormone replacement therapy (HRT) (1 mg estradiol daily with cyclic micronized progesterone, 200 mg for 10 d/month) on cardiovascular function at rest and during exercise in healthy, postmenopausal women. A double-blind, cross-over study was conducted in 31 patients. Peak oxygen uptake and ventilatory threshold in addition to submaximal cardiac output were determined. Peripheral measures of resting and peak ischemic blood flows were also determined. Measurements were made at baseline, after 4 h of estrogen/placebo exposure, and subsequently after 1, 2, and 3 months. The sequence of data collection was repeated after 6-wk washout. Oral estradiol with cyclic micronized progesterone increases peak ischemic peripheral blood flow chronically but fails to improve exercise tolerance and peak oxygen uptake. Similarly, submaximal central cardiovascular function is unaffected by HRT. This suggests that estradiol has a beneficial effect on peripheral blood flow, but this benefit offers little advantage in terms of peak exercise performance after 3 months of HRT.

Kojima T, Lindheim SR, Duffy DM, Vijod MA, Stanczyk FZ, Lobo RA. Insulin sensitivity is decreased in normal women by doses of ethinyl estradiol used in oral contraceptives. Am J Obstet Gynecol. 1993 Dec;169(6):1540-4.

OBJECTIVE: We determined the independent effects of various doses of ethinyl estradiol used in oral contraceptives or norethindrone acetate, as well as their combination, on insulin sensitivity in normal women. STUDY DESIGN: Thirty-three normal ovulatory female volunteers were recruited for this study. Insulin tolerance tests were performed after carbohydrate loading to determine the kinetic disappearance of glucose and insulin. After initial testing the women were randomized into four groups: ethinyl estradiol 20 micrograms, 35 micrograms, and 50 micrograms and norethindrone 1 mg. Insulin tolerance tests were repeated after 1 month of treatment and again after a second month, when all ethinyl estradiol groups received the addition of norethindrone 1 mg to their doses of ethinyl estradiol. Plasma glucose and insulin were measured, and insulin sensitivity (K(itt) glucose) and the disappearance of insulin (K(itt) insulin) were calculated. RESULTS: All groups were comparable at baseline, and no significant changes in fasting glucose and insulin were evident with treatment. After ingestion of 50 micrograms ethinyl estradiol the K(itt) glucose value decreased significantly (p < 0.03) and ingestion of 20 micrograms and 35 micrograms showed individual changes, but as groups the changes were not statistically significant. All ethinyl estradiol groups combined had a significant decrease in K(itt) glucose (p < 0.01). Norethindrone 1 mg alone did not change K(itt) glucose values, and after the addition of norethindrone to ethinyl estradiol, K(itt) glucose values normalized. K(itt) insulin values were also lower with treatment but were lower with ethinyl estradiol plus norethindrone compared with ethinyl estradiol alone (p < 0.04), suggesting an attenuation of insulin clearance with the progestin. CONCLUSION: Ethinyl estradiol alone decreases insulin sensitivity, and this may occur at lower doses, but norethindrone 1 mg does not appear to do so. However, progestins may alter insulin clearance.

Lacey JV, Mink PJ, Lubin JH, et at. Menopausal Hormone Replacement Therapy and Risk of Ovarian Cancer. JAMA 2002 July; 288:3: 334-341.

Estrogen stimulates ovarian cancer cell lines and normal ovarian surface epithelial cells.  Premarin therapy was associated with a RR of 1.6 to 3.2—increasing with years of Premarin use.  Many women used higher doses of Premarin than are used today.  Combined Premarin/Provera use after ERT had a RR of only 1.5, and combined Prem/Provera use only had a RR of 1.1. Oral contraceptive use and parity were inversely associated with ovarian cancer.  “Confirmation that progestins account for the reduced risk associated with oral contraceptives and pregnancy could provide a biological basis for weak or null associations with HRT formulations that include progestins.”

Lando JF, Heck KE, Brett KM. Hormone replacement therapy and breast cancer risk in a nationally representative cohort. Am J Prev 1999 Oct; 17(3): 176-80.

5761 women followed for 20 years.  Relative risk for breast CA in HRT ever-users was 0.8.  No differentiation was made between ERT and combined HRT.

Lerner AJ, Koss E, Debanne SM, et al. Interactions of smoking histo​ry with estrogen replacement therapy as protective factors for Alzheimer's disease. Presentation at: 26th Annual Meeting of the Society of Neuroscience. 1996; Washington, DC.

L'hermite M, Simoncini T, Fuller S, Genazzani AR. Could transdermal estradiol + progesterone be a safer postmenopausal HRT? A review. Maturitas. 2008 Jul-Aug;60(3-4):185-201. 

Hormone replacement therapy (HRT) in young postmenopausal women is a safe and effective tool to counteract climacteric symptoms and to prevent long-term degenerative diseases, such as osteoporotic fractures, cardiovascular disease, diabetes mellitus and possibly cognitive impairment. The different types of HRT offer to many extent comparable efficacies on symptoms control; however, the expert selection of specific compounds, doses or routes of administration can provide significant clinical advantages. This paper reviews the role of the non-oral route of administration of sex steroids in the clinical management of postmenopausal women. Non-orally administered estrogens, minimizing the hepatic induction of clotting factors and others proteins associated with the first-pass effect, are associated with potential advantages on the cardiovascular system. In particular, the risk of developing deep vein thrombosis or pulmonary thromboembolism is negligible in comparison to that associated with oral estrogens. In addition, recent indications suggest potential advantages for blood pressure control with non-oral estrogens. To the same extent, a growing literature suggests that the progestins used in association with estrogens may not be equivalent. Recent evidence indeed shows that natural progesterone displays a favorable action on the vessels and on the brain, while this might not be true for some synthetic progestins. Compelling indications also exist that differences might also be present for the risk of developing breast cancer, with recent trials indicating that the association of natural progesterone with estrogens confers less or even no risk of breast cancer as opposed to the use of other synthetic progestins. In conclusion, while all types of hormone replacement therapies are safe and effective and confer significant benefits in the long-term when initiated in young postmenopausal women, in specific clinical settings the choice of the transdermal route of administration of estrogens and the use of natural progesterone might offer significant benefits and added safety.PMID: 18775609

L'Hermite M. HRT optimization, using transdermal estradiol plus micronized progesterone, a safer HRT. Climacteric. 2013 Aug;16 Suppl 1:44-53. 

Hormone replacement therapy (HRT) remains the gold standard for treatment of climacteric symptoms in menopausal women; it is relatively safe in healthy subjects for at least 5 years, provided it had been initiated before the age of 60 years and/or within 10 years from menopause. Estrogen probably adds some cardioprotection, that can, however, be obscured by progestogens, especially medroxyprogesterone acetate (MPA). Oral HRT is associated with an increased risk of venous thromboembolism (VTE), gallbladder disease and possibly stroke. The increased occurrence of all these events can be prevented by the use of the transdermal route of estradiol administration; this route seems also advantageous for women with diabetes, hypertension and other cardiovascular risk factors, and also especially with advancing age. Endometrial protection by any progestogen is insufficient in the mid to long term when cyclical, sequential regimens are used; full protection can be secured only by continuous combined estrogen + progestogen. Natural, 'body-identical' progesterone, devoid of any androgenic as well as glucocorticoid activities but being slightly hypotensive due to its antimineralocorticoid activity, appears to be the optimal progestogen in terms of cardiovascular effects, blood pressure, VTE, probably stroke and even breast cancer (contrary to synthetic progestogens and particularly MPA, which appear to be mitogenic on breast cells, in synergism with estrogen). HRT optimization can thus be achieved by combining low doses of estrogen given transdermally with micronized oral progesterone; such optimized HRT will allow us to treat symptomatic women for as long as required. Asymptomatic women at risk of (osteoporotic) fractures can also be treated with this optimized HRT as long as their individual risk/benefit ratio remains favorable (thanks to the absence of increased risks of VTE, stroke and breast cancer). PMID: 23848491

Limouzin-Lamothe MA, Mairon N, Joyce CR, Le Gal M. Quality of life after the menopause: influence of hormonal replacement therapy. Am J Obstet Gynecol. 1994 Feb;170(2):618-24.

OBJECTIVE: Our purpose was to demonstrate the clinical efficacy and effect of hormone replacement therapy in menopause on quality of life. STUDY DESIGN: A randomized, open, 6-month comparison of hormone replacement therapy (estradiol transdermal system [Estraderm TTS] plus chlormadinone) and symptomatic treatment (verapipride) was performed. Analysis was by intention to treat. RESULTS: In 499 postmenopausal women with moderate and severe symptoms enrolled by 101 physicians, hormone replacement therapy was superior to symptomatic treatment on all assessments of quality of life and clinical efficacy. The effects were independent of the incidence of hot flushes. CONCLUSION: The effect of hormone replacement therapy on the quality of life of postmenopausal women was significantly superior to symptomatic treatment.

Lindheim SR, Duffy DM, Kojima T, Vijod MA, Stanczyk FZ, Lobo RA.   The route of administration influences the effect of estrogen on insulin sensitivity in postmenopausal women. Fertil Steril. 1994 Dec;62(6):1176-80. 


OBJECTIVE: To determine the effect of transdermal estrogen on insulin sensitivity in postmenopausal women and to compare this effect with changes observed with oral conjugated equine estrogens. DESIGN: Fourteen postmenopausal women were randomized to receive a transdermal E2 patch, 0.1 mg, for 25 days each month (n = 7) or transdermal E2 with added medroxyprogesterone acetate (MPA), 10 mg, from days 16 to 25 each month (n = 7). An insulin tolerance test (ITT) was performed at baseline and between days 23 and 25 during the 2nd month of treatment to assess insulin sensitivity. Values for the disappearance of glucose (K(itt)) were calculated and compared with values obtained from women receiving 1.25 mg of oral equine estrogens (n = 8). SETTING: University Clinical Research Center. PATIENTS: Healthy postmenopausal women not receiving hormonal replacement. INTERVENTION: Insulin tolerance tests before and after treatment. MAIN OUTCOME MEASURE: Disappearance of glucose and insulin (K(itt)) before and after treatment. RESULTS: Women receiving transdermal E2 alone demonstrated improved insulin sensitivity. The K(itt) glucose values increased by 13.2%, compared with a 23.9% decrease in K(itt) values observed with 1.25 mg of conjugated equine estrogen. The group treated with transdermal E2 and MPA had a reduction in insulin sensitivity. Insulin clearance was enhanced only with transdermal estrogen and was significantly delayed (blunted clearance) with the addition of MPA to transdermal E2 and with oral estrogen. CONCLUSION: We previously demonstrated a bimodal effect of oral equine estrogens on insulin sensitivity with an improvement occurring with the lower dose of 0.625 mg but with a deterioration with the dose of 1.25 mg. Here we suggest that this effect may be related to a first-pass hepatic-portal effect in that transdermal E2 (0.1 mg), which may be equated more closely with the larger dose of oral estrogen (1.25 mg), improved insulin sensitivity. Progestin, however, appeared to attenuate the beneficial effects of transdermal estrogen and may alter the clearance of insulin.

Liu B, Beral V, Balkwill A, Green J, Sweetland S, Reeves G; Million Women Study Collaborators. Gallbladder disease and use of transdermal versus oral hormone replacement therapy in postmenopausal women: prospective cohort study. BMJ. 2008 Jul 10;337:a386. doi: 10.1136/bmj.a386.

OBJECTIVE: To determine whether transdermal compared with oral use of hormone replacement therapy reduces the risk of gallbladder disease in postmenopausal women. DESIGN: Prospective cohort study (Million Women Study). SETTING: Women registered with the National Health Service (NHS) in England and Scotland. PARTICIPANTS: 1,001,391 postmenopausal women (mean age 56) recruited between 1996 and 2001 from NHS breast screening centres and followed by record linkage to routinely collected NHS hospital admission data for gallbladder disease. MAIN OUTCOME MEASURES: Adjusted relative risk and standardised incidence rates of hospital admission for gallbladder disease or cholecystectomy according to use of hormone replacement therapy. RESULTS: During follow-up 19 889 women were admitted for gallbladder disease; 17 190 (86%) had a cholecystectomy. Compared with never users of hormone replacement therapy, current users were more likely to be admitted for gallbladder disease (relative risk 1.64, 95% confidence interval 1.58 to 1.69) but risks were substantially lower with transdermal therapy than with oral therapy (relative risk 1.17, 1.10 to 1.24 v 1.74, 1.68 to 1.80; heterogeneity P<0.001). Among women using oral therapy, equine oestrogens were associated with a slightly greater risk of gallbladder disease than estradiol (relative risk 1.79, 1.72 to 1.87 v 1.62, 1.54 to 1.70; heterogeneity P<0.001) and higher doses of oestrogen increased the risk more than lower doses: for equine oestrogens >0.625 mg, 1.91 (1.78 to 2.04) v <or=0.625 mg, 1.76 (1.68 to 1.84); heterogeneity P=0.02; estradiol >1 mg, 1.68 (1.59 to 1.77) v <or=1 mg, 1.44 (1.31 to 1.59); heterogeneity P=0.003. The risk of gallbladder disease decreased with time since stopping therapy (trend P=0.004). Results were similar taking cholecystectomy as the outcome. Standardised hospital admission rates per 100 women over five years for cholecystectomy were 1.1 in never users, 1.3 with transdermal therapy, and 2.0 with oral therapy. CONCLUSION: Gallbladder disease is common in postmenopausal women and use of hormone replacement therapy increases the risk. Use of transdermal therapy rather than oral therapy over a five year period could avoid one cholecystectomy in every 140 users. PMID:   18617493  (See also Racine 2013-HHL)
Longcope C. Estriol production and metabolism in normal women. J Steroid Biochem. 1984 Apr;20(4B):959-62.

Studies on estriol metabolism and production were carried out in normal reproductive-aged and post-menopausal women using pulse injections and constant infusions of radiolabeled estriol, estrone and estradiol. The circulating levels were measured by radioimmunoassay. Following an intravenous pulse of [3H]estriol, the disappearance of radioactivity as estriol could be described as a function which was sum of two exponentials with t 1/2's of 3.6 and 64 min. The initial volume of distribution was 201. Using the constant infusion technique the metabolic clearance rate (MCR) of estriol was 2100 1/day in the follicular phase of the cycle and similar in the luteal phase. In postmenopausal women the MCR was 1890 1/day. The circulating levels of estriol were 7 and 11 pg/ml in the follicular and luteal phases respectively and 6 pg/ml in post-menopausal women. The production rates of estriol were 14 and 23 micrograms/day in the follicular and luteal phases of the cycle and 11 micrograms/day in post-menopausal women. In many of the women infused with radiolabeled estrone or estradiol, no radioactivity could be identified in the blood as estriol. The maximal conversion of estrone and estradiol was less than 0.4%. Estriol circulates at low but relatively steady levels in the blood. In some women estriol appears to be secreted by the ovary, especially in the luteal phase. PMID: 6727355

Lundholm L, Zang H, Hirschberg AL, Gustafsson JA, Arner P, Dahlman-Wright K. Key lipogenic gene expression can be decreased by estrogen in human adipose tissue. Fertil Steril. 2008 Jul;90(1):44-8.

OBJECTIVE: To characterize the molecular mechanisms by which estrogens reduce adipose tissue mass, with particular focus on genes involved in lipogenesis. DESIGN: This study involves one arm of an open randomized clinical study with parallel group comparison. SETTING: Women's health clinical research unit at a university hospital and a university research laboratory. PATIENT(S): Samples from ten naturally postmenopausal women are included in the study. INTERVENTION(S): The participants were studied before and after 3 months of treatment with estradiol valerate (2 mg daily). MAIN OUTCOME MEASURE(S): Affymetrix gene chips were used to study changes in gene expression upon estrogen treatment in subcutaneous abdominal adipose tissue. RESULT(S): Genes involved in fatty acid synthesis, such as stearoyl-CoA desaturase, fatty acid synthase, acetyl-coenzyme A carboxylase alpha, and fatty acid desaturase 1 were decreased by estrogen treatment in a subgroup of women. Changes in the expression of these genes were correlated to changes in plasma triglyceride levels. Another gene decreased by estrogen treatment was peroxisome proliferator activated receptor gamma (PPARG). CONCLUSION(S): Key lipogenic genes and the important adipogenic gene PPARG can be regulated by estrogen in human abdominal adipose tissue, which could be relevant for increased adiposity following menopause.

Mahmud K. Natural hormone therapy for menopause. Gynecol Endocrinol. 2010 Feb;26(2):81-5.

Menopausal women are deficient in estrogen, progesterone, and frequently in testosterone and DHEA. Hormone replacement therapy (HRT) in the United States has generally consisted of one or two agents, typically equine estrogen and medroxyprogesterone, with increased risk of heart attack, stroke, dementia, and breast cancer [WHI trials]. Bio-identical hormones [chemically endogenous hormones] have gained popularity and can be mixed according to physician's orders by compounding pharmacists in the United States. However, there is little published information about the use of such hormones. This paper reports a 12 plus months follow up on 189 patients who were administered natural estrogen plus progesterone with or without DHEA or testosterone according to a rationalized protocol described later. Ninety-seven percent of the patients experienced varying degrees of symptom control, whereas three had minimal or questionable benefit. Mental symptoms experienced upon presentation improved in 90% of the patients. Sixty percent of the patients, who had gained weight during menopause, lost an average of 14.8 lbs [SD 11.98 lbs]. Complications described with traditional HRT did not develop in this group of patients. These findings point out a need for larger controlled trials of similar protocols in the management of menopause. PMID: 19995152

Mattiasson I, Rendell M, Törnquist C, Jeppsson S, Hulthén UL. Effects of estrogen replacement therapy on abdominal fat compartments as related to glucose and lipid metabolism in early postmenopausal women. Horm Metab Res. 2002 Oct;34(10):583-8.

The effects of estrogen replacement therapy on lipid and glucose metabolism as related to abdominal fat distribution were investigated in fifty-one healthy postmenopausal women aged 52-53 years. They were randomized to treatment with either estradiol 2 mg or placebo daily for three months in a double-blind design. Forty-six women continued with estradiol for another nine months in an open design with the addition of medroxyprogesterone for ten days every three months. Intra-abdominal and subcutaneous abdominal fat, and intrapelvic and subcutaneous pelvic fat was estimated by computed tomography before and after one year of estrogen treatment. Euglycemic hyperinsulinemic clamp, oral glucose tolerance test and analyses of blood lipids were performed after 3 and 12 months of treatment. Estrogen replacement therapy decreased body fat mass as well as intra-abdominal and intrapelvic fat, but not the subcutaneous fat compartments. LDL cholesterol decreased and HDL cholesterol increased, whereas triglycerides were not changed by one year of estrogen treatment. Insulin sensitivity and glucose tolerance were not affected by estrogen treatment. In postmenopausal women estrogen treatment for one year decreased intra-abdominal and intrapelvic fat compartments, but this was not related to changes in plasma lipid levels. Insulin sensitivity and plasma triglycerides were not affected by estrogen treatment.

McManus J, McEneny J, Young IS, Thompson W. The effect of various oestrogens and progestogens on the susceptibility of low density lipoproteins to oxidation in vitro. Maturitas. 1996 Oct;25(2):125-31.

OBJECTIVE: To investigate the effect of different oestrogens and progestogens, at various concentrations, on the oxidation of low density lipoproteins (LDL) in vitro. METHODS: Oestradiol, oestrone, oestriol and equilin, as well as medroxyprogesterone acetate, norgestrel and norethisterone, were added to isolated male LDL, before it was oxidised in the presence of copper ions at 37 degrees C. The oxidation process was monitored spectrophotometrically by the production of conjugated dienes. The lag time to oxidation and the maximum rate of propagation of the reaction were used as measures of the resistance and susceptibility of the LDL to oxidation respectively. RESULTS: The lag time was increased from 43.7 +/- 1.5 min (mean +/- SEM) for LDL without any added hormone, to 81.2 +/- 1.0 min by 1 microM oestradiol (P < 0.01), 77.9 +/- 4.6 min by 1 microM oestrone (P < 0.01), 67.6 +/- 6.2 min by 1 microM equilin (P < 0.01), and 51.8 +/- 2.8 min by 1 microM oestriol (P < 0.05). The maximum rate of propagation of the reaction was decreased from 0.23 +/- 0.01 nmol conjugated dienes/mg LDL-protein/min (mean +/- SEM) (control LDL) to 0.14 +/- 0.006 nmol/mg/min by oestradiol (P < 0.01), 0.15 +/- 0.009nmol/mg/min by oestrone (P < 0.01), 0.17 +/- 0.012 nmol/mg/min by equilin (P < 0.01) and 0.19 +/- 0.014 nmol/mg/min (P < 0.05) by oestriol. The progestogens alone had no antioxidant effect, nor did their addition to the oestrogens influence their antioxidant activity. CONCLUSIONS: These results demonstrate that all oestrogens investigated have an inhibitory effect on LDL oxidation in vitro. The magnitude of this effect varied, being of the order oestradiol > oestrone > equilin > oestriol.

Morris MS, Jacques PF, Selhub J, Rosenberg IH. Total Homocysteine and estrogen status indicators in the Third National Health and Nutrition Examination Survey. Am J Epidemiol 2000 Jul 15; 152(2);140-8.

Mueck AO, Seeger H, Kasspohl-Butz S, Teichmann AT, Lippert TH. Influence of norethisterone acetate and estradiol on the serotonin metabolism of postmenopausal women. Horm Metab Res. 1997 Feb;29(2):80-3. 


Previous studies have shown that estradiol increases urinary excretion of the main stable metabolite of serotonin, 5-hydroxyindole acetic acid (5-HIAA), reflecting an increase in serotonin production. In the present study, the effect of the progestin norethisterone acetate (NETA) on serotonin metabolism was investigated, both alone and in addition to estradiol replacement in 20 postmenopausal women. Urinary excretion of 5-HIAA was measured after treatment with NETA orally for 8 days, estradiol valerate orally for 9 days and a combination of both hormones for 12 days. 5-HIAA values, expressed as percentages of the pretreatment values, were significantly increased only after the estrogen treatment phase. NETA alone did not significantly alter the serotonin metabolite excretion; in combination with estradiol, the estradiol effect on serotonin metabolism was abolished. This indicates that adding norethisterone acetate to estradiol replacement therapy may have a negative impact on the effect of estradiol on serotonin metabolism.

Mueck AO. Postmenopausal hormone replacement therapy and cardiovascular disease: the value of transdermal estradiol and micronized progesterone. Climacteric. 2012 Apr;15 Suppl 1:11-7. 

Most available postmenopausal hormone replacement therapies (HRT) offer similar efficacy, but differ with respect to the cardiovascular risks associated with their use. There is a wealth of evidence to suggest that, unlike oral estrogens, transdermal estradiol does not increase the risk of venous thromboembolism, probably due to its lack of effect on the coagulation cascade, including thrombin generation and resistance to activated protein C, and does not increase the risk of stroke. It is cardioprotective, significantly reducing the incidence of myocardial infarction compared with non-users; it significantly reduces the incidence of new-onset diabetes, a risk factor for myocardial infarction. Micronized progesterone has also been shown not to increase the risk of venous thromboembolism and further reduced the incidence of new-onset diabetes when combined with transdermal estrogen. Micronized progesterone has a neutral effect on the vasculature, including a neutral or beneficial effect on blood pressure. Therefore, experimental and clinical data indicate that transdermal estradiol and micronized progesterone could represent the optimal HRT, particularly in women at risk of adverse events. PMID: 22432811

Natrajan PK, Gambrell RD Jr. Estrogen replacement therapy in patients with early breast cancer. Am J Obstet Gynecol. 2002 Aug;187(2):289-94; discussion 294-5. 


    OBJECTIVE: Most physicians believe that estrogen replacement therapy is contraindicated once a patient is diagnosed with breast cancer. Recently, several studies have shown that estrogen replacement therapy may be safely used in patients with early breast cancer that has been treated successfully. These women can have severe menopausal symptoms and are at risk for osteoporosis. We reviewed the current status of women in our practice with breast cancer who received estrogen replacement therapy, who did not receive hormone replacement therapy, and who did not receive estrogenic hormone replacement therapy. STUDY DESIGN: The study group consisted of 123 women (mean age, 65.4 +/- 8.85 years) who were diagnosed with breast cancer in our practice, including 69 patients who received estrogen replacement therapy for < or = 32 years after diagnosis. The comparative groups were 22 women who used nonestrogenic hormones for < or = 18 years and 32 women who used no hormones for < or = 12 years. The group who did not receive estrogenic hormone replacement therapy received androgens with or without progestogens (such as megestrol acetate). Of the 63 living hormone users, 56 women are still being treated in our clinic, as are 15 of the 22 subjects who receive nonestrogenic hormone replacement therapy. Follow-up was done through the tumor registry at University Hospital; those patients whose tumor records were not current were contacted by telephone. RESULTS: There were 18 deaths in the 123 patients: 6 patients who received estrogen replacement therapy (8.69%), 2 patients who received nonestrogenic hormone replacement therapy (9.09%), and 10 patients who received no hormone replacement therapy (31.25%). Of the 18 deaths, 9 deaths were from breast cancer (mortality rate, 7.3%); 3 deaths were from lung cancer; 1 death was from endometrial cancer; 1 death was from myocardial infarction; 1 death was from renal failure; and 3 deaths were from cerebrovascular accidents. The 9 deaths from breast cancer included one patient who received nonestrogenic hormone replacement therapy (mortality rate, 4.5%), 6 patients who received no hormone replacement therapy (mortality rate, 11.3%), and 2 patients who received estrogen replacement therapy (mortality rate, 4.28%). The 9 non-breast cancer deaths included 4 patients who received estrogen replacement therapy (endometrial cancer [1 death], lung cancer [1 death], cerebrovascular accident [1 death], and renal failure [1 death]), 1 patient who did not receive estrogenic hormone replacement therapy group (myocardial infarction), and 4 patients who used no hormones (lung cancer, 2 deaths; stroke, 2 deaths). Carcinoma developed in one patient in the estrogen replacement therapy group in the contralateral breast after 4 years of hormone replacement therapy; she is living and well 2.5 years later with no evidence of disease. Metastatic breast cancer developed in one patient after 8 years of hormone replacement therapy; she is living with disease. CONCLUSION: Estrogen replacement therapy apparently does not increase either the risk of recurrence or of death in patients with early breast cancer. These patients may be offered estrogen replacement therapy after a full explanation of the benefits, risks, and controversies.
Newcomb PA, Storer BE, Marcus PN. Cancer of the large bowel in relation to the use of hormone replacement therapy. Am J Epidemiol 1992;136:958.

Newcomb PA, Storer BE. Postmenopausal hormone use and risk of large-bowel cancer. J Natl Cancer lnst 1995;87:1067-1071.

Comparison of 694 cases of colon CA with 1622 from lists of driver’s licenses or Medicare beneficiaries.  694 cases, 1622 controls.  Recent users of HRT had a RR of 0.54 for colon CA and 0.91 for rectal CA.
Newton KM, LaCroix AZ, McKnight B, et al. Estrogen replacement therapy and prognosis after first myocardial infarction. Am J Epidemiol 1997;145:269-277.

Oger E, Alhenc-Gelas M, Lacut K, Blouch MT, Roudaut N, Kerlan V, Collet M, Abgrall JF, Aiach M, Scarabin PY, Mottier D; SARAH Investigators. Differential effects of oral and transdermal estrogen/progesterone regimens on sensitivity to activated protein C among postmenopausal women: a randomized trial.  Arterioscler Thromb Vasc Biol. 2003 Sep 1;23(9):1671-6. 

OBJECTIVE: Activated protein C (APC) resistance not related to the factor V Leiden mutation is a risk factor for venous thrombosis. Oral estrogen replacement therapy (ERT) has been reported to induce APC resistance. Little is known about the effect of transdermal estrogen. METHODS AND RESULTS: We enrolled 196 postmenopausal women who were randomly allocated to receive either 1 mg 17beta-estradiol orally (n=63) or 50 microg 17beta-estradiol transdermally per day (n=68), both associated with 100 mg progesterone daily or placebo (n=65) for 6 months. An activated partial thromboplastin time (APTT)-based test and the effect of APC on thrombin potential (ETP) were used. Oral ERT induced an ETP-based APC resistance compared with both placebo (P=0.006) and transdermal ERT (P<0.001), but there was no significant effect of transdermal ERT compared with placebo (P=0.191). There was no significant effect of ERT on the APTT-based APC sensitivity ratio. Prothrombin fragment 1+2 plasma levels were significantly higher after 6 months of treatment in women allocated to oral ERT compared with those on placebo and transdermal ERT and were positively and significantly correlated with changes in ETP-based APC sensitivity ratio. CONCLUSIONS: Our data show that oral, unlike transdermal, estrogen induces APC resistance and activates blood coagulation. These results emphasize the importance of the route of estrogen administration.

O'Meara ES, Rossing MA, Daling JR, Elmore JG, Barlow WE, Weiss NS.  Hormone replacement therapy after a diagnosis of breast cancer in relation to recurrence and mortality. J Natl Cancer Inst. 2001 May 16;93(10):754-62. 


BACKGROUND: Hormone replacement therapy (HRT) is typically avoided for women with a history of breast cancer because of concerns that estrogen will stimulate recurrence. In this study, we sought to evaluate the impact of HRT on recurrence and mortality after a diagnosis of breast cancer. METHODS: Data were assembled from 2755 women aged 35-74 years who were diagnosed with incident invasive breast cancer while they were enrolled in a large health maintenance organization from 1977 through 1994. Pharmacy data identified 174 users of HRT after diagnosis. Each HRT user was matched to four randomly selected nonusers of HRT with similar age, disease stage, and year of diagnosis. Women in the analysis were recurrence free at HRT initiation or the equivalent time since diagnosis. Rates of recurrence and death through 1996 were calculated. Adjusted relative risks were estimated by use of the Cox regression model. All statistical tests were two-sided. RESULTS: The rate of breast cancer recurrence was 17 per 1000 person-years in women who used HRT after diagnosis and 30 per 1000 person-years in nonusers (adjusted relative risk for users compared with nonusers = 0.50; 95% confidence interval [CI] = 0.30 to 0.85). Breast cancer mortality rates were five per 1000 person-years in HRT users and 15 per 1000 person-years in nonusers (adjusted relative risk = 0.34; 95% CI = 0.13 to 0.91). Total mortality rates were 16 per 1000 person-years in HRT users and 30 per 1000 person-years in nonusers (adjusted relative risk = 0.48; 95% CI = 0.29 to 0.78). The relatively low rates of recurrence and death were observed in women who used any type of HRT (oral only = 41% of HRT users; vaginal only = 43%; both oral and vaginal = 16%). No trend toward lower relative risks was observed with increased dose. CONCLUSION: We observed lower risks of recurrence and mortality in women who used HRT after breast cancer diagnosis than in women who did not. Although residual confounding may exist, the results suggest that HRT after breast cancer has no adverse impact on recurrence and mortality.

Paganini-Hill, A. "The risks and benefits of estrogen replacement therapy: Leisure World." Journal of Fertility and Menopausal Studies 1995:40 (Supp. 1): 54-62.

Paganini-Hill A, Henderson VW Estrogen replacement therapy and risk of Alzheimer's disease. Arch Intern Med 1996;156:2213-2217. 

Women followed in another study, over 14 years 3760 of 8877 died.  Of those 248 had Alzheimer’s or senile dementia listed on death certificate.  5 controls were matched to each case individually  accord. To year of death and year of birth.  Risk of Alzheimer’s or other dementia was 0.65 in estrogen users for all routes of administration.  Increased estrogen dose led to increased protection.
Perheentupa A, Ruokonen A, Tapanainen JS. Transdermal estradiol treatment suppresses serum gonadotropins during lactation without transfer into breast milk. Fertil Steril. 2004 Oct;82(4):903-7.

OBJECTIVE: To determine which dose of transdermal E(2) could be administered to breastfeeding women without significant transfer into breast milk. DESIGN: Single center, prospective study. SETTING: University hospital research unit. PATIENT(S): Twenty-one healthy breastfeeding women (aged 20-38 years) who had delivered 20 weeks earlier. INTERVENTION(S): Treatment with either 50, 75, or 100 microg/24 hours of transdermal E(2) or placebo for 2 weeks beginning at 20 weeks postpartum. Breast milk and blood samples were collected before the treatment and 2 weeks into the treatment. MAIN OUTCOME MEASURE(S): Serum and milk E(2) were measured by RIA after diethyl ether-ethyl acetate extraction. Serum inhibin B concentrations were measured by ELISA and serum FSH and LH concentrations were measured by fluoroimmunoassay. RESULT(S): None of the breast milk samples contained any measurable concentrations of E(2) after E(2) treatment. Serum E(2) concentrations were elevated in a dose-dependent manner. Both serum FSH and LH concentrations were decreased in all treatment groups with a more pronounced suppression in the 75 and 100 microg/24-hour groups. Serum inhibin B concentrations were not significantly suppressed during the study. Three of six women using the 100 microg/24-hour E(2) dose discontinued the study due to side effects. CONCLUSION(S): A dose as high as 100 microg/24 hours of E(2) can be administered transdermally without traces appearing in the breast milk. Whether the symptoms associated with the hypoestrogenic state of lactation can be alleviated by transdermal E(2) treatment (50 or 75 microg/24 hours) can now be studied in the early postpartum phase (6 weeks onward).    PMID: 15482766

Pisha E, Lui X, Constantinou AI, Bolton JL. Evidence that a metabolite of equine estrogens, 4-hydroxyequilenin, induces cellular transformation in vitro. Chem Res Toxicol. 2001 Jan;14(1):82-90.

Estrogen replacement therapy has been correlated with an increased risk of developing hormone-dependent cancers. 4-Hydroxyequilenin (4-OHEN) is a catechol metabolite of equilenin and equilin which are components of the estrogen replacement formulation marketed under the name of Premarin (Wyeth-Ayerst). Previously, we showed that 4-OHEN autoxidizes to potent cytotoxic quinoids which can consume reducing equivalents and molecular oxygen, and cause a variety of DNA lesions, including formation of bulky stable adducts, apurinic sites, and oxidation of the phosphate-sugar backbone and purine/pyrimidine bases [Bolton, J. L., Pisha, E., Zhang, F., and Qiu, S. (1998) Chem. Res. Toxicol. 11, 1113-1127]. All of these deleterious effects could contribute to the cytotoxic/genotoxic effects of equine estrogens in vivo. In the study presented here, we studied the oxidative and carcinogenic potential of 4-OHEN and the catechol metabolite of the endogenous estrogen, 4-hydroxyestrone (4-OHE), in the JB6 clone 41 5a and C3H 10T(1/2) murine fibroblast cells. The relative ability of 4-OHEN and 4-OHE to induce oxidative stress was measured in these cells by oxidative cleavage of 2',7'-dichlorodiacylfluorosceindiacetate to dichlorofluoroscein. 4-OHEN (1 microM) displayed an increase in the level of reactive oxygen species comparable to that observed with 100 microM H(2)O(2). In contrast, 4-OHE demonstrated antioxidant capabilities in the 5-50 microM range. With both cell lines, we assessed single-strand DNA cleavage using the comet assay and the formation of oxidized DNA bases, such as 8-oxodeoxyguanosine, utilizing the Trevigen Fpg comet assay. 4-OHEN caused single-strand breaks and oxidized bases in a dose-dependent manner in both cell lines, whereas 4-OHE did not induce DNA damage. Since oxidative stress has been implicated in cellular transformation, we used the JB6 clone 41 5a anchorage independence assay to ascertain the relative ability of 4-OHEN and 4-OHE to act as tumor promoters. 4-OHEN caused a slight but significant increase in the extent of cellular transformation at the 100 nM dose; however, in the presence of NADH, which catalyzes redox cycling of 4-OHEN, the transformation ability of 4-OHEN was dramatically increased. 4-OHE did not induce transformation of the JB6 clone 41 5a in the 0.1-10 microM range. The initiation, promotion, and complete carcinogenic transformation potentials of both metabolites were measured in the C3H 10T(1/2) cells. 4-OHEN demonstrated activity in all stages of transformation at doses of 10 nM to 1 microM, whereas 4-OHE only demonstrated promotional capabilities at the 10 microM dose. These data suggest that oxidative stress could be partially responsible for the carcinogenic effects caused by 4-OHEN and that 4-OHEN is a more potent transforming agent than 4-OHE in vitro.

Purnell JQ, Bland LB, Garzotto M, Lemmon D, Wersinger EM, Ryan CW, Brunzell JD, Beer TM. Effects of transdermal estrogen on levels of lipids, lipase activity, and inflammatory markers in men with prostate cancer. J Lipid Res. 2006 Feb;47(2):349-55. Epub 2005 Nov 20. 


Androgen deprivation therapy (ADT) for prostate cancer is now used in earlier disease stages and as adjuvant treatment. Recognizing and reducing the toxicity of this therapy, including worsened lipid levels and cardiovascular disease (CVD) risks, has become an important clinical concern. Oral estrogen therapy induces hypogonadism and mitigates many side effects of ADT, but has a high thrombosis risk. Transdermal estrogen therapy (TDE) has a lower thrombosis risk than oral estrogen and may improve CVD risk compared with ADT. This prospective pilot study of 18 men with androgen-independent prostate cancer receiving ADT measured effects of TDE on lipid and inflammatory CVD risk factors before and after 8 weeks of TDE (estradiol 0.6 mg/day). During treatment, estradiol levels rose 17-fold; total cholesterol, LDL cholesterol, and apolipoprotein B levels decreased. HDL2 cholesterol increased, with no changes in triglyceride or VLDL cholesterol levels. Dense LDL cholesterol decreased and LDL buoyancy increased in association with a decrease in HL activity. Highly sensitive C-reactive protein levels and other inflammatory markers did not worsen. Compared with ADT, short-term TDE therapy of prostate cancer improves lipid levels without deterioration of CVD-associated inflammatory markers and may, on longer-term follow-up, improve CVD and mortality rates.

Racine A, Bijon A, Fournier A, Mesrine S, Clavel-Chapelon F, Carbonnel F, Boutron-Ruault MC. Menopausal hormone therapy and risk of cholecystectomy: a prospective study based on the French E3N cohort. CMAJ. 2013 Apr 16;185(7):555-61. doi: 10.1503/cmaj.121490. 

BACKGROUND: Studies in the United States and the United Kingdom have reported an increased risk of cholecystectomy among women exposed to menopausal hormone therapy, but with substantial heterogeneity between types of hormone treatments. We evaluated the risk of cholecystectomy associated with different regimens of menopausal hormone therapy in a large prospective cohort study. METHODS: Between 1992 and 2008, 70 928 menopausal women from the French E3N study cohort were sent questionnaires assessing their use of menopausal hormone therapy, medical history and lifestyle characteristics. The primary outcome was cholecystectomy. We analyzed the risk of cholecystectomy associated with use of menopausal hormone therapy using Cox proportional models, with age as time-scale. RESULTS: During follow-up, 45 984 (64.8%) of the participants were exposed to menopausal hormone therapy, and 2819 cholecystectomies were recorded. The use of menopausal hormone therapy was associated with an increased risk of cholecystectomy (adjusted hazard ratio [HR] 1.10, 95% confidence interval [CI] 1.01-1.20) compared with women who were not exposed to menopausal hormone therapy. The association was restricted to unopposed oral estrogen therapy (adjusted HR 1.38, 95% CI 1.14-1.67). Over 5 years, about 1 cholecystectomy in excess would be expected in every 150 women using oral estrogen therapy without progestogens, compared with women not exposed to menopausal hormone therapy. INTERPRETATION: The risk of cholecystectomy was increased among women exposed to oral estrogen menopausal hormone therapy, especially oral regimens without a progestagen. Complicated gallstone disease should be added to the list of potential adverse events to be considered when balancing the benefits and risks associated with menopausal hormone therapy. PMID: 23509128 (no increased risk for cholecystectomy seen with transdermal estradiol—HHL)

Raine-Fenning NJ, Brincat MP, Muscat-Baron Y. Skin aging and menopause : implications for treatment. Am J Clin Dermatol. 2003;4(6):371-8. 

The skin is one of the largest organs of the body, which is significantly affected by the aging process and menopause. The significant changes sustained by the skin during the menopause are due to the effect sustained on the skin's individual components.The estrogen receptor has been detected on the cellular components of the skin. Accordingly, dermal cellular metabolism is influenced by the hypoestrogenoemic state of menopause leading to changes in the collagen content, alterations in the concentration of glycoaminoglycans and most importantly the water content. Consequently changes in these basic components leads to an alteration in function compatible with skin aging.Changes in the skin collagen leads to diminished elasticity and skin strength. Collagen content may be measured by various methods such as direct skin biopsy, skin blister assessment for collagen markers and skin thickness measurement. All these variables indicate a reduction in collagen content following menopause. This may be reversed with the administration of estrogen given both topically and systemically. A reduction in hydrophilic glycoaminglycans leads to a direct reduction in water content, which influences the skin turgor. These effects on glycoaminoglycans, due to the hypoestrogenia, have been clearly shown in animal studies and appeared to be rapidly reversed with the application of estrogens. The sum total of these basic effects on the skin leads to wrinkles, the skin condition typifying skin aging. Structures resident in the skin are likewise influenced by menopause. Changes to the cutaneous vascular reactivity are noted following menopause. Capillary blood flow velocity decreases significantly in postmenopausal women. Postmenopausal flushing is due to profound vasodilatation in the dermal papillae. Hair growth is also influenced by the hormonal milieu and consequently hair loss has been associated with the beginning of menopause.Treatments administered for menopause, in particular hormone replacement therapy, appear to alter its effects on the basic components of the skin as well as the more complex structures residing in the skin, consequently retarding the skin aging process.

Risch HA, Howe GR. Menopausal hormone use and colorectal can-cer in Saskatchewan: a record linkage cohort study. Cancer Epidemiol Biomark Prev 1995;4:21-28.
Rodriguez C, Calle EE, Patel AV, Tatham LM, Jacobs EJ, Thun MJ. Effect of body mass on the association between estrogen replacement therapy and mortality among elderly US women. Am J Epidemiol 2001 Jan 15; 153(2):145-152.

Rodriguez C, Calle EE, et al. Estrogen replacement and fatal ovarian cancer. Am J Epidem 1995; 141:828-35.

240,073 women followed for 7 years from 1982 to 89.  436 deaths from ovarian CA occurred.  Use of ERT had RR of 1.15 for ever used, 1.4 for 6-10 years, 1.71 for ( 11yrs.  Progesterone use was not queried, however, prior to 1980, fewer than 5% of oral estrogens were accompanied by oral progestogens. 

Rotti K, Stevens J, Watson D, Longcope C. Estriol concentrations in plasma of normal, non-pregnant women. Steroids. 1975 Jun;25(6):807-16.

Using a rabbit antisera directed against estriol-3-0-carboxy methyl  ether complexed to BSA, an immunoassay for estriol (1) was developed. The mean plus or minus SE concentration of estriol in 18 women in days  5-7 of their cycle was 7.9 plus or minus 0.6 pg/ml which was  significantly (P less than 0.01) less than the mean value of 11.1 plus or minus  0.8 pg/ml in 15 women in days 20-22 of the cycle. In 3 of 6 women in whom plasma samples were drawn frequently during their cycle, an estriol peak occurred coincident with the estradiol peak. In 3 women from whom  plasma was obtained several times during the course of a day estriol levels did not appear to vary significantly. In 8 women who were on oral  contraceptives the mean level of estriol was 7.6 plus or minus 1.5  pg/ml. In 8 post-menopausal women the mean level was 6.0 plus or minus 1.2 pg/ml which is significantly (P less than 0.01) less than the mean luteal phase value but not less (P greater than 0.1) than the follicular  phase or oral contraceptive user values. We conclude that some of the circulating estriol is directly secreted by the ovary of normal women. (Estradiol levels are many times higher than estriol levels in premenopausal women. This and other studies contradict Dr. Wright’s claim that estriol’s levels are 10 times greater than estradiol and estrone in non-pregnant women.—HHL)

Russo J, Hasan Lareef M, Balogh G, Guo S, Russo IH. Estrogen and its metabolites are carcinogenic agents in human breast epithelial cells. J Steroid Biochem Mol Biol. 2003 Oct;87(1):1-25. 


Estrogens play a crucial role in the development and evolution of human breast cancer. However, it is still unclear whether estrogens are carcinogenic to the human breast. There are three mechanisms that have been considered to be responsible for the carcinogenicity of estrogens: receptor-mediated hormonal activity, a cytochrome P450 (CYP)-mediated metabolic activation, which elicits direct genotoxic effects by increasing mutation rates, and the induction of aneuploidy by estrogen. To fully demonstrate that estrogens are carcinogenic in the human breast through one or more of the mechanisms explained above it will require an experimental system in which, estrogens by itself or one of the metabolites would induce transformation phenotypes indicative of neoplasia in HBEC in vitro and also induce genomic alterations similar to those observed in spontaneous malignancies. In order to mimic the intermittent exposure of HBEC to endogenous estrogens, MCF-10F cells that are ERalpha negative and ERbeta positive were first treated with 0, 0.007, 70 nM and 1 microM of 17beta-estradiol (E(2)), diethylstilbestrol (DES), benz(a)pyrene (BP), progesterone (P), 2-OH-E(2), 4-hydoxy estradiol (4-OH-E(2)) and 16-alpha-OH-E(2) at 72 h and 120 h post-plating. Treatment of HBEC with physiological doses of E(2), 2-OH-E(2), 4-OH-E(2) induce anchorage independent growth, colony formation in agar methocel, and reduced ductulogenic capacity in collagen gel, all phenotypes whose expression are indicative of neoplastic transformation, and that are induced by BP under the same culture conditions. The presence of ERbeta is the pathway used by E(2) to induce colony formation in agar methocel and loss of ductulogenic in collagen gel. This is supported by the fact that either tamoxifen or the pure antiestrogen ICI-182,780 (ICI) abrogated these phenotypes. However, the invasion phenotype, an important marker of tumorigenesis is not modified when the cells are treated in presence of tamoxifen or ICI, suggesting that other pathways may be involved. Although we cannot rule out the possibility, that 4-OH-E(2) may interact with other receptors still not identified, with the data presently available the direct effect of 4-OH-E(2) support the concept that metabolic activation of estrogens mediated by various cytochrome P450 complexes, generating through this pathway reactive intermediates that elicit direct genotoxic effects leading to transformation. This assumption was confirmed when we found that all the transformation phenotypes induced by 4-OH-E(2) were not abrogated when this compound was used in presence of the pure antiestrogen ICI. The novelty of these observations lies in the role of ERbeta in transformation and that this pathway can successfully bypassed by the estrogen metabolite 4-OH-E(2). Genomic DNA was analyzed for the detection of micro-satellite DNA polymorphism using 64 markers covering chromosomes (chr) 3, 11, 13 and 17. We have detected loss of heterozygosity (LOH) in ch13q12.2-12.3 (D13S893) and in ch17q21.1 (D17S800) in E(2), 2-OH-E(2), 4-OH-E(2), E(2) + ICI, E(2) + tamoxifen and BP-treated cells. LOH in ch17q21.1-21.2 (D17S806) was also observed in E(2), 4-OH-E(2), E(2)+ICI, E(2)+tamoxifen and BP-treated cells. MCF-10F cells treated with P or P+E(2) did not show LOH in the any of the markers studied. LOH was strongly associated with the invasion phenotype. Altogether our data indicate that E(2) and its metabolites induce in HBEC LOH in loci of chromosomes 13 and 17, that has been reported in primary breast cancer, that the changes are similar to those induced by the chemical carcinogen (BP) and that the genomic changes were not abrogated by antiestrogens.

Sarrel PM, Njike VY, Vinante V, Katz DL. The Mortality Toll of Estrogen Avoidance: An Analysis of Excess Deaths Among Hysterectomized Women Aged 50 to 59 Years. Am J Public Health 2013 Sep;103(9):1583-8

Objectives. We examined the effect of estrogen avoidance on mortality rates among hysterectomized women aged 50 to 59 years. Methods. We derived a formula to relate the excess mortality among hysterectomized women aged 50 to 59 years assigned to placebo in the Women's Health Initiative randomized controlled trial to the entire population of comparable women in the United States, incorporating the decline in estrogen use observed between 2002 and 2011. Results. Over a 10-year span, starting in 2002, a minimum of 18 601 and as many as 91 610 postmenopausal women died prematurely because of the avoidance of estrogen therapy (ET). Conclusions. ET in younger postmenopausal women is associated with a decisive reduction in all-cause mortality, but estrogen use in this population is low and continuing to fall. Our data indicate an associated annual mortality toll in the thousands of women aged 50 to 59 years. Informed discussion between these women and their health care providers about the effects of ET is a matter of considerable urgency. (Am J Public Health. Published online ahead of print July 18, 2013: e1-e6. doi:10.2105/AJPH.2013.301295).

Sauerbronn AV, Fonseca AM, Bagnoli VR, Saldiva PH, Pinotti JA. The effects of systemic hormonal replacement therapy on the skin of postmenopausal women. Int J Gynaecol Obstet 2000 Jan; 68(1):35-41.

Collagen loss in skin is 30% in the first 5 years of menopause.  (see Brincat Ob Gyn 1987;70(6):840-845).  2mg estradiol+progestin by mouth for 6 mos caused a 6.49% increase in skin collagen.  Improvement occurs over 1.5 to 2 yrs.  The thickness of epidermis and keratin did not change, nor did elastic fibers in dermis.

Scarabin PY, Alhenc-Gelas M, Plu-Bureau G, Taisne P, Agher R, Aiach M.  Effects of oral and transdermal estrogen/progesterone regimens on blood coagulation and fibrinolysis in postmenopausal women. A randomized controlled trial. Arterioscler Thromb Vasc Biol 1997 Nov;17(11):3071-8

Postmenopausal hormone replacement therapy is associated with a reduction in the incidence of coronary heart disease. However, inconclusive results have been reported with respect to the risk of stroke, and recent studies consistently showed an increased risk of venous thromboembolism in postmenopausal women using oral estrogen. There are surprisingly few interventional studies to assess the true effects of estrogen-progestin regimens on blood coagulation and fibrinolysis, and the impact of the route of estrogen administration on hemostasis has not been well documented. Therefore, we investigated the effects of oral and transdermal estradiol/progesterone replacement therapy on hemostatic variables. Forty-five healthy postmenopausal women, aged 45 to 64 years, were assigned randomly to one of the three following groups: cyclic oral or transdermal estradiol, both combined with progesterone, or no hormonal treatment. Hemostatic variables were assayed at baseline and after a 6-month period. Pairwise differences in the mean change between the three groups were compared using nonparametric tests. Oral but not transdermal estradiol regimen significantly increased the mean value of prothrombin activation peptide (F1 + 2) and decreased mean antithrombin activity compared with no treatment. Differences in fragment F1 + 2 levels between active treatments were significant. The oral estrogen group was associated with a significant decrease in both mean tissue-type plasminogen (t-PA) concentration and plasminogen activator inhibitor (PAI-1) activity and a significant rise in global fibrinolytic capacity (GFC) compared with the two other groups. A transdermal estrogen regimen had no significant effect on PAI-1, t-PA, and GFC levels. There were no significant changes in mean values of fibrinogen, factor VII, von Willebrand factor, protein C, fibrin D-dimer, and plasminogen between and within the three groups. We conclude that oral estrogen/progesterone replacement therapy may result in coagulation activation and increased fibrinolytic potential, whereas opposed transdermal estrogen appears without any substantial effects on hemostasis. Whereas these results may account for an increased risk of venous thromboembolism in users of oral postmenopausal estrogen, they emphasize the potential importance of the route of estrogen administration in prescribing hormone replacement therapy to postmenopausal women, especially to those at high risk of thrombotic disease.

Scarabin PY, Oger E, Plu-Bureau G; EStrogen and THromboEmbolism Risk Study Group. Differential association of oral and transdermal oestrogen-replacement therapy with venous thromboembolism risk.  Lancet. 2003 Aug 9;362(9382):428-32. 


BACKGROUND: Oral oestrogen-replacement therapy (ERT) activates blood coagulation and increases the risk of venous thromboembolism (VTE) in postmenopausal women. Transdermal ERT has little effect on haemostasis, but data assessing its effect on thrombotic process are scarce. We aimed to examine the effect of the route of oestrogen administration on VTE risk. METHODS: We did a multicentre hospital-based case-control study of postmenopausal women in France. During 1999-2002, we recruited 155 consecutive cases with a first documented episode of idiopathic VTE (92 with pulmonary embolisms and 63 with deep venous thrombosis), and 381 controls matched for centre, age, and time of recruitment. FINDINGS: Overall, 32 (21%) cases and 27 (7%) controls were current users of oral ERT, whereas 30 (19%) cases and 93 (24%) controls were current users of transdermal ERT. After adjustment for potential confounding variables, the odds ratio for VTE in current users of oral and transdermal ERT compared with non-users was 3.5 (95% CI 1.8-6.8) and 0.9 (0.5-1.6), respectively. Estimated risk for VTE in current users of oral ERT compared with transdermal ERT users was 4.0 (1.9-8.3). INTERPRETATION: Oral but not transdermal ERT is associated with risk of VTE in postmenopausal women. These data suggest that transdermal ERT might be safer than oral ERT with respect to thrombotic risk. PMID 12927428
Schmidt PJ, Nieman L, Danaceau MA, Tobin MB, Roca CA, Murphy JH, Rubinow DR. Estrogen replacement in perimenopause-related depression: a preliminary report. Am J Obstet Gynecol. 2000 Aug;183(2):414-20.

OBJECTIVES: We examined the efficacy of estrogen in the treatment of depression in perimenopausal women with and without hot flushes. STUDY DESIGN: Women with perimenopause-related depression were randomized in a double-blind parallel design to receive either 17beta-estradiol or placebo for 3 weeks. Subsequently, women receiving estradiol during the first 3 weeks continued receiving estradiol for an additional 3 weeks, whereas women who had received placebo crossed over to estradiol for 3 weeks. Outcome measures included standardized mood rating scales and a visual analog scale self-report instrument. RESULTS: Of 34 female subjects, 16 received estradiol first and 18 received placebo first. After 3 weeks of estradiol, standardized mood rating scale scores and visual analog scale symptom scores (eg, sadness, anhedonia, and social isolation) were significantly decreased compared with baseline scores (P <.01) and were significantly lower than scores in women receiving placebo (P <.01), who showed no significant improvement. Neither the presence of hot flushes nor the duration of treatment (3 weeks vs 6 weeks) influenced outcome. A full or partial therapeutic response was seen in 80% of subjects receiving estradiol and 22% of those receiving placebo. CONCLUSION: In this preliminary study estradiol replacement effectively treats perimenopausal depression independent of its salutary effects on vasomotor symptoms. PMID: 10942479

Seely EW, Walsh BW, Gerhard MD, Williams GH. Estradiol with or without progesterone and ambulatory blood pressure in postmenopausal women. Hypertension. 1999 May;33(5):1190-4. 


The purpose of this study was to determine whether transdermal estradiol and intravaginal progesterone given in doses to mimic the premenopausal state would lower blood pressure (BP) in postmenopausal women. Fifteen healthy postmenopausal women were studied in each of 3 conditions: on placebo, after 8 weeks of transdermal estradiol 0.2 mg twice per week, and again 2 weeks after addition of intravaginal progesterone 300 mg/d. Women were studied at each point after 2 days of 100 mmol/d sodium intake. Twenty-four-hour ambulatory BP monitoring was performed, and blood was assayed for estradiol, progesterone, and hormones of the renin-angiotensin-aldosterone system (RAAS). ANOVA with pairwise comparisons was used for analysis. Urinary sodium excretion was similar at each time point. Levels of estrogen and progesterone similar to those in premenopausal women were achieved. On estradiol, nocturnal systolic BP (110+/-3 mm Hg), diastolic BP (63+/-2 mm Hg), and mean BP (77+/-2 mm Hg) fell significantly (P<0.02) compared with placebo systolic BP (116+/-2 mm Hg), diastolic BP (68+/-2 mm Hg), and mean BP (82+/-2 mm Hg). Daytime BP followed the same trend but was significantly lower only for mean BP. There was no activation of the RAAS. The addition of progesterone resulted in no further fall in BP but a significant activation of the RAAS. Thus, contrary to what is often assumed, administration of estradiol with or without progesterone not only did not raise BP but rather substantially lowered BP. This BP-lowering effect may be responsible for the lower incidence of hypertension in premenopausal than in postmenopausal women.

Shah MG, Maibach HI. Estrogen and skin. An overview. Am J Clin Dermatol. 2001;2(3):143-50. 

As the population of postmenopausal women increases, interest in the effects of estrogen grows. The influence of estrogen on several body systems has been well-documented; however, one area that has not been explored is the effects of estrogen on skin. Estrogen appears to aid in the prevention of skin aging in several ways. This reproductive hormone prevents a decrease in skin collagen in postmenopausal women; topical and systemic estrogen therapy can increase the skin collagen content and therefore maintain skin thickness. In addition, estrogen maintains skin moisture by increasing acid mucopolysaccharides and hyaluronic acid in the skin and possibly maintaining stratum corneum barrier function. Sebum levels are higher in postmenopausal women receiving hormone replacement therapy. Skin wrinkling also may benefit from estrogen as a result of the effects of the hormone on the elastic fibers and collagen. Outside of its influence on skin aging, it has been suggested that estrogen increases cutaneous wound healing by regulating the levels of a cytokine. In fact, topical estrogen has been found to accelerate and improve wound healing in elderly men and women. The role of estrogen in scarring is unclear but recent studies indicate that the lack of estrogen or the addition of tamoxifen may improve the quality of scarring. Unlike skin aging, the role of endogenous and exogenous estrogen in melanoma has not been well established.

Shifren JL, Desindes S, McIlwain M, Doros G, Mazer NA. A randomized, open-label, crossover study comparing the effects of oral versus transdermal estrogen therapy on serum androgens, thyroid hormones, and adrenal hormones in naturally menopausal women. Menopause. 2007 Nov-Dec;14(6):985-94.

OBJECTIVE:: To compare the changes induced by oral versus transdermal estrogen therapy on the total and free serum concentrations of testosterone (T), thyroxine (T4), and cortisol (C) and the concentrations of their serum binding globulins sex hormone-binding globulin, thyroxine-binding globulin, and cortisol-binding globulin in naturally menopausal women. DESIGN:: Randomized, open-label, crossover. Interventions included a 6-week withdrawal from previous hormone therapy (baseline), followed in randomized order by 12 weeks of oral conjugated equine estrogens (CEE) (0.625 mg/d) and 12 weeks of transdermal estradiol (TD E2) (0.05 mg/d), with oral micronized progesterone (100 mg/d) given continuously during both transdermal estrogen therapy regimens. RESULTS:: Twenty-seven women were enrolled in the study, and 25 completed both treatment periods. The mean(SD) percentage changes from baseline of sex hormone-binding globulin, total T, and free T with oral CEE were +132.1% (74.5%), +16.4% (43.8%), and -32.7% (25.9%), respectively, versus +12.0% (25.1%), +1.2% (43.7%), and +1.0% (45.0%) with TD E2. The mean (SD) percentage changes of thyroxine-binding globulin, total T4, and free T4 with oral CEE were +39.9% (20.1%), +28.4% (29.2%), and -10.4% (22.3%), respectively, versus +0.4% (11.1%), -0.7% (16.5%), and +0.2% (26.6%) with TD E2. The mean (SD) percentage changes of cortisol-binding globulin, total C, and free C with oral CEE were +18.0% (19.5%), +29.2% (46.3%), and +50.4% (126.5%), respectively, versus -2.2% (11.3%), -6.7% (30.8%), and +1.8% (77.1%) with TD E2. Concentrations of all hormones and binding globulins were significantly different (P </= 0.003) during administration of oral versus transdermal estrogen therapy, except for free T4 and freeC. CONCLUSIONS:: Compared with oral CEE, TD E2 exerts minimal effects on the total and free concentrations of T, T4, and C and their binding proteins. (Oral horse estrogens  and transdermal bioidentical estradiol are NOT alike!—HHL)

Shufelt CL, Merz CN, Prentice RL, Pettinger MB, Rossouw JE, Aroda VR, Kaunitz AM, Lakshminarayan K, Martin LW, Phillips LS, Manson JE. Hormone therapy dose, formulation, route of delivery, and risk of cardiovascular events in women: findings from the Women's Health Initiative Observational Study. Menopause. 2014 Mar;21(3):260-6. 

OBJECTIVE: Research comparing hormone therapy (HT) doses, regimens, and routes of delivery in relation to cardiovascular disease (CVD) outcomes has been limited. This study directly compared different estrogen doses, routes of delivery, and HT formulations in postmenopausal women in relation to the risk of coronary heart disease (CHD), stroke, CVD mortality, total CVD, and all-cause mortality. METHODS: The Women's Health Initiative Observational Study is a multicenter prospective cohort study that was conducted at 40 US sites. Analyses included 93,676 postmenopausal women aged 50 to 79 years at study entry who were recruited from September 1994 to December 1998, with annual follow-up through August 14, 2009. RESULTS: The mean follow-up was 10.4 years. In direct comparisons, oral estradiol was associated with lower hazard ratios (HRs) for stroke than oral conjugated equine estrogens (CEE; HR, 0.64; 95% CI, 0.40-1.02), but statistical power was limited. Similarly, transdermal estradiol was associated with a moderate but nonsignificantly lower risk of CHD compared with oral CEE (HR, 0.63; 95% CI, 0.37-1.06). For other outcomes, comparisons revealed no appreciable differences by estrogen doses, formulations, or routes of delivery. Absolute risks of CVD events and all-cause mortality were markedly lower in younger women compared with older women. CONCLUSIONS: In direct comparisons, various HT doses and regimens are associated with similar rates of cardiovascular events and all-cause mortality. However, oral estradiol may be associated with a lower risk of stroke, and transdermal estradiol may be associated with a lower risk of CHD, compared with conventional-dose oral CEE. Additional research is needed to confirm these hypotheses. PMID: 24045672

Simon J. Lies, damn lies and statistics: a jaundiced view of the Women's Health Initiative (WHI) and where we are with hormone therapy (HT) and estrogen therapy (ET) today. Climacteric 2005;8(Suppl 2):1–2  

The media frenzy following the publication of at least two large randomized U.S. clinical trials (i.e. HERS and WHI), created the public perception that hormone therapy (HT) was devoid of any clinical benefits, and was outright dangerous. The WHI received enormous media coverage – more than 400 newspaper stories and 2500 television-radio stories in the U.S. alone. The headlines from this time period were varied and sometimes extraordinary as imitation, repetition and invention became ever more outrageous. One of the more amazing headlines came from The Financial Times.com, July 29, 2002. It may have been the epitome of media misperception if not misrepresentation. Its headline stated in the most unequivocal terms (referring to the WHI Estrogen-Progestogen Arm Results), ‘‘Study Dismissed HRT as Clinically Useless.’’ Such intense media coverage also precipitated divergent and contentious opinions within the scientific and medical communities. The principal points of disagreement between the proponents of HT and the antagonists focus on: epidemiologic data vs. randomized clinical trials, the ages of the individuals typically treated with HT vs. those actually enrolled in these randomized trials, the presence of vs. the absence of moderate to severe vasomotor symptoms, the thin and fit vs. the overweight and obese, the route of hormone delivery (non-oral vs. oral), and the actual medications utilized (natural/‘‘bioidentical’’ vs. equine/synthetic). The divergence of opinion over WHI’s findings even generated antipathy across the Atlantic Ocean, since Europeans with about half of the hormone market devoted to non-oral dosage forms (i.e. gels and patches) of largely natural products (17b-estradiol and micronized progesterone or 19 nor-testosterone derived progestogens) believe that those ‘‘crazy’’ North Americans have largely overreacted to the WHI’s results. The non-U.S. experts emphasize that the US volunteers studied were too old and often too over-weight to represent most non-US HT users and also that the sole HT formulation called into question in these two trials – a combination of oral conjugated equine estrogens (CEE – 0.625mg/d)) and a synthetic progestin, medroxyprogesterone acetate (MPA –2.5mg/d) – induces specific metabolic effects uncommon with non-oral 17b-estradiol and micronized progesterone. Further, since oral conjugated equine estrogens (CEE – 0.625mg/d)) and medroxyprogesterone acetate (MPA – 2.5mg/d) represent less than 1% of HT’s prescribed in some European countries (i.e. France), the WHI results need not apply to those populations. Here an alternative albeit jaundiced view of the WHI results focusing on the contentious issues noted above (i.e. route of administration - non-oral vs. oral, natural/‘‘bioidentical’’ vs. equine/synthetic, etc) and the statistical methods of description employed in the WHI are critically reviewed, and novel comparison to a unique European (French) database is offered for comparison. These analyses, a priori reassuring, suggest that the HERS and WHI results may not apply to non-US populations, including the average European HT user, nor to the average US symptomatic postmenopausal woman 50-59 years of age – the most likely candidate for HT.

Simon JA. What's new in hormone replacement therapy: focus on transdermal estradiol and micronized progesterone. Climacteric. 2012 Apr;15 Suppl 1:3-10. 

The original conclusions of the Women's Health Initiative study have been questioned as a result of the availability of age-stratified data. Initial concerns regarding the risk of coronary heart disease (CHD) in association with the use of hormone replacement therapy (HRT) have been replaced with concerns regarding thromboembolic disease, encompassing venous thromboembolism (VTE), particularly in younger postmenopausal women, and stroke, particularly in older women. The original publication of the study results led to a dramatic decrease in the use of oral HRT; however, the use of transdermal HRT has increased over recent years. Guidelines from the North American Menopause Society, the Endocrine Society, the International Menopause Society, and specific guidelines from the European Menopause and Andropause Society for the management of menopausal women with a personal or family history of VTE all contain positive statements regarding both transdermal estradiol and micronized progesterone. Unlike oral estrogens, transdermal estradiol has been shown not to increase the risk of VTE, or stroke (doses ≤ 50 μg), and to confer a significantly lower risk for gallbladder disease. Unlike some progestogens, progesterone is also not associated with an increased risk of VTE, or with an increased risk of breast cancer. Based on these data, which are now included in the guidelines, the use of transdermal estradiol and micronized progesterone could reduce or possibly even negate the excess risk of VTE, stroke, cholecystitis, and possibly even breast cancer associated with oral HRT use. PMID: 22432810

Stadel BV, Rubin GL, Webster LA, Schlesselman JJ, Wingo PA. Oral contraceptives and breast cancer in young women. Lancet 1985 Nov 2;2(8462):970-3.

Stevenson JC, Oladipo A, Manassiev N, Whitehead MI, Guilford S, Proudler AJ. Randomized trial of effect of transdermal continuous combined hormone replacement therapy on cardiovascular risk markers. Br J Haematol. 2004 Mar;124(6):836-40. 

Whether hormone replacement therapy (HRT) is beneficial for coronary heart disease (CHD) is controversial. We hypothesized that continuous combined transdermal HRT may have benefits on CHD risk markers without the potential adverse effects seen with certain other HRT regimens. Sixty apparently healthy postmenopausal women, aged 40-65 years, entered a prospective, double-blind, randomized, placebo-controlled clinical trial; 55 women completed the 6-month study. Women received either transdermal oestradiol 17beta 0.05 mg and norethisterone acetate 0.125 mg daily, or identical placebo. Circulating markers of vascular function and remodelling, forearm blood flow, lipids and lipoproteins, glucose and insulin, and haemostatic safety parameters were measured at baseline and after treatment. Compared with placebo after 6 months, HRT administration resulted in decreased E-selectin (P < 0.01), and angiotensin-converting-enzyme (ACE; P = 0.05). Cholesterol (P < 0.05), low-density lipoproteins (LDL; P < 0.05), high-density lipoprotein3 (HDL3; P < 0.05) and apolipoproteins AII (P < 0.05) and B (P < 0.05), and fasting insulin (P < 0.05) also decreased in the HRT group. Factor VII coagulation activity decreased (P < 0.01) and plasminogen activator inhibitor-1 and fibrin D-dimer increased (P < 0.05) in the HRT group, whilst prothrombin fragment 1 + 2 (P < 0.05) decreased, more so in the placebo group. There were no changes in matrix metalloproteinase (MMP)-2, or in LDL particle size. This transdermal HRT had beneficial effects on vascular function and CHD risk markers.

Tang M-X, Jacobs D, Stern Y, et al. Effect of oestrogen during menopause on risk and age at onset of Alzheimer's disease. Lancet 1996;348:429-432.

1124 women who were free of Alzheimer’s disease were asked about estrogen use.  In a follow-up period of 1-5 years, 167 developed Alzheimer’s.  The RR for estrogen users was 0.4.  Reduction in risk was greater with longer use of estrogen.  None of the 23 women who were taking estrogen at the start of the study developed Alzheimer’s.
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Tivis LJ, Richardson MD, Peddi E, Arjmandi B. Saliva versus serum estradiol: implications for research studies using postmenopausal women.Prog Neuropsychopharmacol Biol Psychiatry. 2005 Jun;29(5):727-32. 


OBJECTIVE: The authors investigated saliva as a potentially reliable medium for estradiol (E2) measurements in postmenopausal women. The goal of this study was to determine whether or not saliva could be used in studies of postmenopausal women in place of serum samples. Specifically, the authors wondered whether or not saliva and serum E2, obtained simultaneously from samples collected from postmenopausal women, would correlate. DESIGN: Samples of saliva and serum were collected simultaneously from 43 postmenopausal women. 31 were regular users of estrogen therapy (ET), 12 used no ET. Pearson's correlation coefficients were conducted to determine the degree of relationship between saliva and serum samples among ET users and non-users. RESULTS: Among ET users saliva and serum E2 levels were significantly and positively correlated (r = 0.81, p < 0.0001). The two E2 values were not significantly correlated among ET non-users (r = 0.32, p < 0.31). CONCLUSIONS: These data suggest that saliva E2 may be a fairly robust predictor of serum E2, but only among postmenopausal women who use ET.

Troisi R, Schairer C, Chow WH, Schatzkin A, Brinton LA, Fraumeni JF Jr. A prospective study of menopausal hormones and risk of colorectal cancer (United States) Cancer Causes Control. 1997 Mar;8(2):130-8.

The relation of colorectal cancer and its subsites with use of menopausal hormones was evaluated in the United States among 40,464 postmenopausal women, 41 to 80 years of age, who initially volunteered for a nationwide breast-cancer screening program and were followed for an average of 7.7 years. Ever-use of menopausal hormones was not associated with risk of total colorectal cancers (relative risk [RR] = 0.99, 95 percent confidence interval [CI] = 0.79-1.2) or cancers of the colon (RR = 1.1, CI = 0.81-1.6) or rectum (RR = 1.1, CI = 0.59-1.9). Recent hormone users, however, had a small nonsignificant reduction in risk of colorectal cancer (RR = 0.78, CI = 0.55-1.1), which was most pronounced for distal colon (RR = 0.68, CI = 0.29-1.6) and rectal tumors (RR = 0.64, CI = 0.24-1.7). No effect was observed for former hormone users, and risk generally did not vary by time since last use, type of regimen, or duration of use. However, the reduced risk for recent users was stronger for users of five or more years' duration. These data show some lowering of colorectal cancer risk among recent menopausal hormone users of long duration.

Trotter A, Maier L, Pohlandt F.  Management of the extremely preterm infant: is the replacement of estradiol and progesterone beneficial? Paediatr Drugs 2001;3(9):629-37

This review presents data to suggest that postnatal estradiol and progesterone replacement therapy may be beneficial in preterm infants. During pregnancy, maternal plasma levels of estradiol and progesterone increase up to 100-fold compared to the nonpregnant status. The fetus is also exposed to these increasing hormone levels. After delivery, estradiol and progesterone levels drop by a factor of 100 within 1 day. Whereas this is a physiological condition for an infant born at term, preterm delivery means withdrawal from the placental supply of these hormones at an earlier developmental stage. Seventy years ago, the idea was raised that preterm infants may benefit from the replacement of estrogens. Studies in which estrogen was injected subcutaneously showed only a slightly better bodyweight gain compared to placebo-treated controls and therefore routine use was not established. The effective treatment of postmenopausal osteoporosis with hormone replacement therapy led to a pilot study of estradiol and progesterone therapy to prevent osteopenia of prematurity. The highest median bone mineral accretion rate was found in the replacement group when the supplementation with calcium and phosphorus was also sufficient. None of the previous studies dealing with estrogen replacement controlled for achieved plasma levels of estradiol in the infants. In our controlled randomised pilot study with 30 preterm infants (15 in each group), we aimed to maintain intra-uterine plasma levels of estradiol and progesterone. Preterm infants with replacement of estradiol and progesterone for 6 weeks postnatally showed trends to higher bone mineral accumulation. In addition, a trend towards a lower incidence of chronic lung disease was found. Neurodevelopmental follow-up showed normal psychomotor development in infants given estradiol and progesterone, whereas the untreated infants (controls) showed a trend towards delayed development. Recent research emphasises that estradiol and progesterone may be important for brain development. Thus, while there is data indicating that postnatal estradiol and progesterone replacement therapy may be beneficial in preterm infants, experience with this new therapy is limited and extensive research is needed to address the potential benefits and to rule out adverse effects.

van Kesteren PJ, Asscheman H, Megens JA, Gooren LJ.  Mortality and morbidity in transsexual subjects treated with cross-sex hormones. Clin Endocrinol (Oxf). 1997 Sep;47(3):337-42. 


OBJECTIVE: The optimum steroid hormone treatment regimes for transsexual subjects has not yet been established. We have investigated the mortality and morbidity figures in a large group of transsexual subjects receiving cross-sex hormone treatment. DESIGN: A retrospective, descriptive study in a university teaching hospital. SUBJECTS: Eight hundred and sixteen male-to-female (M-->F) and 293 female-to-male (F-->M) transsexuals. INTERVENTIONS: Subjects had been treated with cross-sex hormones for a total of 10,152 patient-years. OUTCOME MEASURES: Standardized mortality and incidence ratios were calculated from the general Dutch population (age- and gender-adjusted) and were also compared to side effects of cross-sex hormones in transsexuals reported in the literature. RESULTS: In both the M-->F and F-->M transsexuals, total mortality was not higher than in the general population and, largely, the observed mortality could not be related to hormone treatment. Venous thromboembolism was the major complication in M-->F transsexuals treated with oral oestrogens and anti-androgens, but fewer cases were observed since the introduction of transdermal oestradiol in the treatment of transsexuals over 40 years of age. No cases of breast carcinoma but one case of prostatic carcinoma were encountered in our population. No serious morbidity was observed which could be related to androgen treatment in the F-->M transsexuals. CONCLUSION: Mortality in male-to-female and female-to-male transsexuals is not increased during cross-sex hormone treatment. Transdermal oestradiol administration is recommended in male-to-female transsexuals, particularly in the population over 40 years in whom a high incidence of venous thromboembolism was observed with oral oestrogens. It seems that in view of the deep psychological needs of transsexuals to undergo sex reassignment, our treatment schedule of cross-sex hormone administration is acceptably safe.

Vongpatanasin W, Tuncel M, Mansour Y, Arbique D, Victor RG. Transdermal estrogen replacement therapy decreases sympathetic activity in postmenopausal women. Circulation. 2001 Jun 19;103(24):2903-8. 


BACKGROUND:Menopause heralds a dramatic increase in incident hypertension, suggesting a protective effect of estrogen on blood pressure (BP). In female rats, estrogen has been shown to decrease sympathetic nerve discharge (SND) and BP. SND, however, has not been recorded during estrogen replacement therapy (ERT) in humans. Methods and Results-In 12 normotensive postmenopausal women, we conducted a randomized crossover placebo-controlled study to test whether chronic ERT caused a sustained decrease in SND and BP. Twenty-four-hour ambulatory BP, SND, and arterial baroreflex sensitivity were measured before and after 8 weeks of transdermal estradiol (200 microgram/d), oral conjugated estrogens (0.625 mg/d), or placebo. To test the acute effects of estrogen on SND, additional studies were performed in the same women receiving intravenous conjugated estrogens or sublingual estradiol. After 8 weeks of transdermal ERT, the basal rate of SND decreased by 30% (from 40+/-4 to 27+/-4 bursts per minute, P=0.0001) and ambulatory diastolic BP fell by 5+/-2 mm Hg (P=0.0003). In contrast, SND and BP were unaffected either by 8 weeks of oral ERT or by acute estrogen administration. Neither transdermal nor oral ERT had any effects on baroreflex sensitivity. CONCLUSIONS:In normotensive postmenopausal women, chronic transdermal ERT decreases SND without augmenting arterial baroreflexes and causes a small but statistically significant decrease in ambulatory BP. Sympathetic inhibition is evident only with chronic rather than acute estrogen administration, implying a genomic mechanism of action. Because the effects of transdermal ERT are larger than those of oral ERT, the route of administration may be an important consideration in optimizing the beneficial effects of ERT on BP and overall cardiovascular health.

Wagner JD, Clarkson TB, St Clair RW, Schwenke DC, Shively CA, Adams MR. Estrogen and progesterone replacement therapy reduces low density lipoprotein accumulation in the coronary arteries of surgically postmenopausal cynomolgus monkeys. J Clin Invest. 1991 Dec;88(6):1995-2002. 


The effect of estrogen and progesterone replacement therapy on the initiating events in atherogenesis was studied in surgically postmenopausal cynomolgus monkeys. Monkeys were ovariectomized and divided randomly into two groups, one receiving 17 beta-estradiol and cyclic progesterone treatment (n = 9) and ovariectomized controls receiving no hormone replacement therapy (n = 8). The monkeys were fed a moderately atherogenic diet for 18 wk to accelerate the early pathogenic processes but not to be of sufficient duration to produce grossly visible atherosclerotic lesions. Sex hormone replacement therapy decreased the accumulation of LDL and products of LDL degradation in the coronary arteries by greater than 70% while having no significant effect on plasma lipid, lipoprotein, or apoprotein concentrations. Arterial intimal lesions were small with no difference between groups. The reduction in arterial LDL metabolism occurred very early in the pathogenesis of atherosclerosis and was independent of indices of endothelial cell injury, such as enhanced endothelial cell turnover or leukocyte adhesion to the endothelium. Results of this study suggest that one mechanism by which sex hormone treatment inhibits the initiation of atherosclerosis is a direct effect at the level of the arterial wall by suppressing the uptake and/or degradation of LDL.

Weiss G, Skurnick JH, Goldsmith LT, Santoro NF, Park SJ. Menopause and hypothalamic-pituitary sensitivity to estrogen. JAMA. 2004 Dec 22;292(24):2991-6.

CONTEXT: The onset of human menopause is thought to be caused solely by ovarian failure and oocyte depletion. However, clinical symptoms and certain recent data in perimenopausal women suggest central nervous system involvement. OBJECTIVE: To determine if modifications of hypothalamic-pituitary response to estrogen feedback mechanisms occur in older reproductive-age women as a mechanism of the onset of menopause. DESIGN, SETTING, AND PARTICIPANTS: The Study of Women's Health Across the Nation (SWAN) is a multiethnic observational cohort study of the menopausal transition in 3302 women at 7 US sites. Of the subcohort of 840 women who participated in the Daily Hormone Study between 1997 and 1999, 680 women had evidence of luteal activity. The remaining 160 women (19%) did not have luteal activity and are the subject of this report. MAIN OUTCOME MEASURES: Daily urinary hormone levels of estrogen and progesterone metabolites, luteinizing hormone (LH), and follicle-stimulating hormone (FSH). RESULTS: Three groups of women were studied: those with estrogen increases with an LH surge, those with estrogen increases without an LH surge, and those with neither. There were no differences in age or ethnicity among the 3 groups of women. Women in the third group (no increases) experienced more menopausal symptoms (hot flashes) than did women in the other groups with estrogen increases. In older reproductive-age women, the frequent existence of anovulatory cycles with estrogen peaks, equivalent to those that result in LH surges in younger women, yet in which no LH surges occur, indicates failure of estrogen-positive feedback on LH secretion. In other anovulatory cycles, follicular-phase estrogen levels did not lower LH secretion as occurs in cycles of younger women, indicating decreased estrogen-negative feedback on LH secretion. CONCLUSION: Our findings are compatible with hypothalamic-pituitary insensitivity to estrogen in aging perimenopausal women.    PMID: 15613667

Weissberger AJ, Ho KK, Lazarus L. Contrasting effects of oral and transdermal routes of estrogen replacement therapy on 24-hour growth hormone (GH) secretion, insulin-like growth factor I, and GH-binding protein in postmenopausal women. J Clin Endocrinol Metab. 1991 Feb;72(2):374-81. 

Estrogen deficiency may account for lower circulating GH and insulin-like growth factor I (IGF-I) concentrations in the menopause. Since the liver is the major source of circulating IGF-I and oral estrogens have nonphysiological effects on hepatic function, we have compared GH secretion over 24 h from 20 min sampling and serum IGF-I levels in premenopausal women (n = 7, follicular phase) and postmenopausal women before and after 2 months of cyclical replacement therapy with either oral ethinyl estradiol (EE, 20 micrograms daily; n = 7) or transdermal 17 beta-estradiol (E2, 100 micrograms patches applied twice weekly; n = 7). The extent of GH binding to its serum binding protein was also examined by measuring the percent specific binding of [125I] GH in serum. Mean 24-h serum GH and serum IGF-I were significantly lower (P less than 0.05) in postmenopausal than in premenopausal women. Oral and transdermal estrogen therapy resulted in a comparable degree of gonadotropin suppression. Oral EE treatment increased mean 24-h serum GH (2.0 +/- 0.4 to 7.0 +/- 0.6 mIU/L, P less than 0.0005) and mean pulse amplitude (5.3 +/- 1.2 to 11.2 +/- 2.5 mIU/L, P less than 0.01) but significantly reduced circulating IGF-I (0.70 +/- 0.09 to 0.47 +/- 0.04 U/mL, P less than 0.02) levels. Oral EE increased the percent specific binding of [125I]GH (22.0 +/- 1.6 to 32.0 +/- 1.9%, P less than 0.0005), however the derived mean 24-h free serum GH concentrations were significantly higher (P less than 0.0005) after treatment. By contrast, transdermal E2 administration, which restored circulating E2 concentrations to the midfollicular range, increased circulating IGF-I (0.86 +/- 0.15 to 1.10 +/- 0.14 U/mL, P less than 0.005) to levels that were not significantly different from those of premenopausal women (1.41 +/- 0.21 U/mL). This was not accompanied by changes in 24-h GH secretion or the percent specific binding of [125I]GH in serum. The route of administration is a major determinant of the effects of exogenous estrogens on the GH/IGF-I axis. Oral estrogen administration inhibits hepatic IGF-I synthesis and increases GH secretion through reduced feedback inhibition. Reduced GH secretion in the menopause is not explained by estrogen deficiency since GH secretion is not restored by the attainment of physiological E2 concentrations using the transdermal route. The contrasting route dependent IGF-I responses have important implications for the long-term benefit of hormone replacement therapy in the menopause.

Wingo PA, Layde PM, Lee NC, Rubin G, Ory Hw. The risk of breast cancer in postmenopausal women who have used estrogen replace​ment therapy. JAMA 1987 Jan 9;257(2);209-15.

We studied the association between estrogen replacement therapy (ERT) and the risk of breast cancer as part of the Cancer and Steroid Hormone Study. All subjects in the analysis were postmenopausal women enrolled from eight geographic areas. Women 25 to 54 years old with newly diagnosed breast cancer were identified through population-based tumor registries and diagnosed between Dec 1, 1980, and Dec 31, 1982. Controls were selected from the same eight geographic areas by the random digit dialing of residential telephone numbers. Analyses included 1369 cases and 1645 controls. Among women with bilateral oophorectomy, the relative risk of breast cancer for women who had ever used ERT was 1.3, compared with women who had never used ERT. Among women who had undergone hysterectomy but who still had at least one ovary, the relative risk was 1.1; among women who reported a natural menopause, the relative risk was 0.8. Overall, the risk of breast cancer did not appear to increase appreciably with increasing ERT duration or latency, even for durations and latencies of 20 years or longer.

Wolf PH, Madans JH, Finucane FF, et al. Reduction of cardiovascu​lar disease-related mortality among postmenopausal women who use hormones: evidence from a national cohort. Am J Obstet Gynecol 1991;164:489-494.

Yuksel H, Odabasi AR, Demircan S, Karul A, Kozaci LD, Koseoglu K, Kizilkaya K, Basak O. Effects of oral continuous 17beta-estradiol plus norethisterone acetate replacement therapy on abdominal subcutaneous fat, serum leptin levels and body composition. Gynecol Endocrinol. 2006 Jul;22(7):381-7. 


AIM: To evaluate the effects of oral continuous 17beta-estradiol plus norethisterone acetate (E2/NETA) replacement therapy on abdominal subcutaneous fat, serum leptin level (SLL) and body composition in postmenopausal women. MATERIALS AND METHODS: A 6-month, prospective, randomized, double-blind and placebo-controlled study was conducted. Forty-three healthy naturally postmenopausal women aged 43-65 years were randomly assigned to receive E2/NETA (2 mg E2 plus 1 mg NETA, n = 22) or placebo (n = 21). Fasting SLL by enzyme-linked immunosorbent assay, subcutaneous abdominal fat thickness (STh) by ultrasound and the anthropometric indices of body weight (BW), body mass index (BMI), waist and hip circumference (WC, HC) and waist-to-hip ratio (WHR) were recorded at the beginning and the end of the study. RESULTS: After 6 months of therapy, BW and SLL increased in the placebo group (p = 0.043 and 0.033, respectively). WC, HC and STh decreased significantly in the E2/NETA group (p = 0.002, 0.006 and 0.000, respectively) and they were also significantly lower in women receiving E2/NETA than in women taking placebo (p = 0.000, 0.034 and 0.000, respectively). At baseline, SLL and STh were positively correlated with all anthropometric indices except WHR. CONCLUSION: Oral continuous combined regimen of E2/NETA significantly reduced central fat accumulation as assessed by WC and STh, and attenuated the increase in SLL. The observed changes in SLL were highly and positively related to changes in STh. The oral continuous combined E2/NETA regimen appears to have protective effects on cardiovascular function and probably on metabolic diseases by its slimming effect upon WC in postmenopausal women.

Zandi PP, Carlson MC, Plassman BL, Welsh-Bohmer KA, Mayer LS, Steffens DC, Breitner JC; Cache County Memory Study Investigators. Hormone replacement therapy and incidence of Alzheimer disease in older women: the Cache County Study. JAMA. 2002 Nov 6;288(17):2123-9.
CONTEXT: Previous studies have shown a sex-specific increased risk of Alzheimer disease (AD) in women older than 80 years. Basic neuroscience findings suggest that hormone replacement therapy (HRT) could reduce a woman's risk of AD. Epidemiologic findings on AD and HRT are mixed. OBJECTIVE: To examine the relationship between use of HRT and risk of AD among elderly women. DESIGN, SETTING, AND PARTICIPANTS: Prospective study of incident dementia among 1357 men (mean age, 73.2 years) and 1889 women (mean age, 74.5 years) residing in a single county in Utah. Participants were first assessed in 1995-1997, with follow-up conducted in 1998-2000. History of women's current and former use of HRT, as well as of calcium and multivitamin supplements, was ascertained at the initial contact. MAIN OUTCOME MEASURE: Diagnosis of incident AD. RESULTS: Thirty-five men (2.6%) and 88 women (4.7%) developed AD between the initial interview and time of the follow-up (3 years). Incidence among women increased after age 80 years and exceeded the risk among men of similar age (adjusted hazard ratio [HR], 2.11; 95% confidence interval [CI], 1.22-3.86). Women who used HRT had a reduced risk of AD (26 cases among 1066 women) compared with non-HRT users (58 cases among 800 women) (adjusted HR, 0.59; 95% CI, 0.36-0.96). Risk varied with duration of HRT use, so that a woman's sex-specific increase in risk disappeared entirely with more than 10 years of treatment (7 cases among 427 women). Adjusted HRs were 0.41 (95% CI, 0.17-0.86) for HRT users compared with nonusers and 0.77 (95% CI, 0.31-1.67) compared with men. No similar effect was seen with calcium or multivitamin use. Almost all of the HRT-related reduction in incidence reflected former use of HRT (9 cases among 490 women; adjusted HR, 0.33 [95% CI, 0.15-0.65]). There was no effect with current HRT use (17 cases among 576 women; adjusted HR, 1.08 [95% CI, 0.59-1.91]) unless duration of treatment exceeded 10 years (6 cases among 344 women; adjusted HR, 0.55 [95% CI, 0.21-1.23]). CONCLUSIONS: Prior HRT use is associated with reduced risk of AD, but there is no apparent benefit with current HRT use unless such use has exceeded 10 years. (This study shows the long-term protective effects of estrogen if started early and used for at least 10 years. 72% used unopposed oral estrogen—Premarin—HHL)
Zegura B, Guzic-Salobir B, Sebestjen M, Keber I. The effect of various menopausal hormone therapies on markers of inflammation, coagulation, fibrinolysis, lipids, and lipoproteins in healthy postmenopausal women. Menopause. 2006 Jul-Aug;13(4):643-50.

OBJECTIVE: Androgenic progestins such as norethisterone acetate (NETA) may influence the effect of estradiol (E(2)) therapy. We compared the influence of oral E(2), with and without NETA, and transdermal E(2) on markers of coagulation, fibrinolysis, and inflammation and on lipids and lipoproteins in healthy postmenopausal women. DESIGN: A total of 112 healthy postmenopausal women were randomized to receive treatment with either oral E(2), with or without NETA, transdermal E(2), or placebo. At baseline and after 28 weeks, levels of serum lipids and lipoproteins and markers of coagulation, fibrinolysis, and inflammation were determined. RESULTS: Of the fibrinolytic parameters, oral E(2) (P < 0.05) and E(2) with NETA (P < 0.01) shortened euglobulin clot lysis time. Oral E(2) decreased plasminogen activator inhibitor-1 activity (P < 0.05). Oral E(2) with NETA reduced plasminogen activator inhibitor-1 antigen levels (P < 0.01) and increased D-dimer antigen levels (P < 0.001). All three modes of menopausal hormone therapy reduced tissue type plasminogen activator antigen. Of the coagulation parameters, both routes of E(2) therapy decreased fibrinogen levels (P = 0.002 for oral and P = 0.007 for transdermal E(2)), whereas E(2) with NETA showed no effect. The decrease of fibrinogen was larger after oral E(2) (P = 0.02). Oral E(2) with NETA reduced antithrombin III (P < 0.001) and protein C (P < 0.001) activity. Oral E(2) (P = 0.04) and E(2) with NETA (P < 0.01) increased C-reactive protein (CRP). Transdermal E(2) showed no influence on CRP. The addition of NETA influenced the change in CRP, as the increase in CRP was more pronounced after E(2) without NETA (P = 0.005). The levels of serum amyloid A, interleukin-6, and tumor necrosis factor-alpha did not change significantly after any of the modes of hormone therapy. Of the lipids and lipoproteins, oral E2 decreased low-density lipoprotein cholesterol (P < 0.01), lipoprotein (a) (P < 0.05), and increased high-density lipoprotein cholesterol (P < 0.05). Transdermal E(2) decreased triglycerides (P < 0.02) and increased high-density lipoprotein cholesterol (P < 0.03). Oral E(2) with NETA decreased total cholesterol (P < 0.01) and high-density lipoprotein cholesterol (P < 0.005). CONCLUSIONS: Oral E(2), with or without NETA, produced no net activation of coagulation but improved fibrinolysis. Both modes of oral menopausal hormone therapy have a greater impact on markers of inflammation, coagulation, fibrinolysis, lipids, and lipoproteins than transdermal E(2). NETA attenuates some E(2) effects. Further studies are needed to elucidate the impact of these effects on clinical endpoints.
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