Progestins
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OBJECTIVE: Oral estrogen therapy increases venous thromboembolism risk among postmenopausal women. Although recent data showed transdermal estrogens may be safe with respect to thrombotic risk, the impact of the route of estrogen administration and concomitant progestogens is not fully established. METHODS AND RESULTS: We used data from the E3N French prospective cohort of women born between 1925 and 1950 and biennially followed by questionnaires from 1990. Study population consisted of 80 308 postmenopausal women (average follow-up: 10.1 years) including 549 documented idiopathic first venous thromboembolism. Hazard ratios (HR) and 95% confidence intervals (CI) were estimated using Cox proportional models. Compared to never-users, past-users of hormone therapy had no increased thrombotic risk (HR=1.1; 95% CI: 0.8 to 1.5). Oral not transdermal estrogens were associated with increased thrombotic risk (HR=1.7; 95% CI: 1.1 to 2.8 and HR=1.1; 95% CI: 0.8 to 1.8; homogeneity: P=0.01). The thrombotic risk significantly differed by concomitant progestogens type (homogeneity: P<0.01): there was no significant association with progesterone, pregnanes, and nortestosterones (HR=0.9; 95% CI: 0.6 to 1.5, HR=1.3; 95% CI: 0.9 to 2.0 and HR=1.4; 95% CI: 0.7 to 2.4). However, norpregnanes were associated with increased thrombotic risk (HR=1.8; 95% CI: 1.2 to 2.7). CONCLUSIONS: In this large study, we found that route of estrogen administration and concomitant progestogens type are 2 important determinants of thrombotic risk among postmenopausal women using hormone therapy. Transdermal estrogens alone or combined with progesterone might be safe with respect to thrombotic risk. PMID: 19834106

Casanova G, Spritzer PM. Effects of micronized progesterone added to non-oral estradiol on lipids and cardiovascular risk factors in early postmenopause: a clinical trial. Lipids Health Dis. 2012 Oct 9;11:133.
BACKGROUND: Much attention has been drawn to the deleterious effects of adding progestins to estrogen as hormone therapy (HT) in postmenopausal women. Some widely prescribed progestins have been shown to partially oppose the beneficial effects of estrogens on surrogate markers of cardiovascular disease (CVD) risk. Progestins with higher androgenic activity may interfere with lipid profile and glucose tolerance, and could affect mechanisms of estrogen-induced C-reactive protein (CRP) stimulation. Recent data have shown that norpregnane derivatives, but not micronized progesterone, increase the risk of venous thromboembolism among transdermal estrogens users. The aim of the present study was to assess the effects of combining micronized progesterone with non-oral estrogen therapy on lipid profile and cardiovascular risk factors in a sample of early postmenopausal women. METHODS: Clinical trial including 40 women receiving intranasal 17β estradiol 3 mg/day for two months and 46 women receiving percutaneous 17β estradiol gel 1.5 mg/day for three months (E2). Both groups received an additional 200 mg/day of micronized progesterone by vaginal route 14 days/month (E2+P). Outcome measures included body weight, waist circumference, body mass index (BMI), lipid profile and ultra-sensitive C-reactive protein (usCRP) at baseline and during the E2 or E2+P portions of treatment. RESULTS: Mean age was 51±3 years. Mean time since menopause was 22.2±10 months. Most participants were overweight; HT did not change BMI. E2 and E2+P did not affect waist circumference and weight. Menopausal symptoms improved after HT. The effects of intranasal and percutaneous estradiol were similar, regardless of the addition of progesterone. Similarly, for the overall group of 86 women, micronized progesterone did not alter the response to E2. Blood pressure, glucose, insulin, HDL-c, triglycerides, and usCRP remained constant with or without micronized progesterone. Total cholesterol decreased after E2, and progesterone maintained this reduction. LDL-c levels were similar at baseline and with E2, and lower during E2+P in relation to baseline. CONCLUSIONS: Cyclic, short term exposure to vaginal micronized progesterone did not alter the metabolic and cardiovascular effects of non-oral E2 in early, apparently healthy, postmenopausal women. TRIAL REGISTRATION: ClinicalTrials.gov NCT01432028. PMID: 23046709
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Twelve cancer patients and one patient with diabetes mellitus were treated with medroxyprogesterone acetate (MPA) by intramuscular injection in a total weekly dose of 400, 700, or 1200 mg. The treatment reduced the plasma cortisol concentration by 76% in the AM hours (21 leads to 5.0 mug/dl) and by 75% in the PM hours (12.8 leads to 3.2 mug/dl). Cortisol production rate decreased by 67% (19 leads to 6.2 mg/24 hrs). The 24 hour profile of plasma cortisol concentration measured in 3 patients showed zero secretion over this period. Low plasma ACTH values prevailed during treatment, and a blunted response to maximal ACTH stimulation was found. No evidence of adrenal insufficiency was observed in any patient, even though in some patients the plasma cortisol concentration remained at zero for many weeks. MPA has cortisol-like effects and the suppression of adrenal function is probably mediated by a negative feedback action on the hypothalamus or pituitary. PMID: 178684

Irwin RW, Yao J, Ahmed SS, Hamilton RT, Cadenas E, Brinton RD. Medroxyprogesterone acetate antagonizes estrogen up-regulation of brain mitochondrial function. Endocrinology. 2011 Feb;152(2):556-67.

The impact of clinical progestins used in contraception and hormone therapies on the metabolic capacity of the brain has long-term implications for neurological health in pre- and postmenopausal women. Previous analyses indicated that progesterone and 17β-estradiol (E2) sustain and enhance brain mitochondrial energy-transducing capacity. Herein we determined the impact of the clinical progestin, medroxyprogesterone acetate (MPA), on glycolysis, oxidative stress, and mitochondrial function in brain. Ovariectomized female rats were treated with MPA, E2, E2+MPA, or vehicle with ovary-intact rats serving as a positive control. MPA alone and MPA plus E2 resulted in diminished mitochondrial protein levels for pyruvate dehydrogenase, cytochrome oxidase, ATP synthase, manganese-superoxide dismutase, and peroxiredoxin V. MPA alone did not rescue the ovariectomy-induced decrease in mitochondrial bioenergetic function, whereas the coadministration of E2 and MPA exhibited moderate efficacy. However, the coadministration of MPA was detrimental to antioxidant defense, including manganese-superoxide dismutase activity/expression and peroxiredoxin V expression. Accumulated lipid peroxides were cleared by E2 treatment alone but not in combination with MPA. Furthermore, MPA abolished E2-induced enhancement of mitochondrial respiration in primary cultures of the hippocampal neurons and glia. Collectively these findings indicate that the effects of MPA differ significantly from the bioenergetic profile induced by progesterone and that, overall, MPA induced a decline in glycolytic and oxidative phosphorylation protein and activity. These preclinical findings on the basis of acute exposure to MPA raise concerns regarding neurological health after chronic use of MPA in contraceptive and hormone therapy. PMID: 21159850
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OBJECTIVE: Results from recent clinical trials of estrogen and progestogen therapy (EPT) suggest that some progestogens may interfere with the cardiovascular benefits of estrogen (E). The aim of this study was to investigate whether medroxyprogesterone acetate (MPA) modifies the protective effect of E in experimental ischemia-reperfusion (IR) injury in vivo and in vitro in the rat. DESIGN: Ovariectomized female Wistar rats (250-280 g, n = 61) received E, MPA, E and MPA, or placebo subcutaneously. Fourteen days later, hearts were isolated and perfused with Krebs Henseleit for in vitro experiments or left in situ for in vivo experiments. In both cases, the left coronary artery was occluded for 45 minutes, followed by 2 hours of reperfusion. RESULTS: In vivo E significantly reduced the necrotic zone of reperfused hearts (21.8% +/- 1.7% of area at risk) compared with placebo (42.8% +/- 4.8% area at risk; P < 0.05). This protection was reversed by co-administration of MPA with E (necrotic zone 38.2% +/- 6.1% area at risk). The influence of E on neutrophil infiltration was demonstrated by its ability to reduce myocardial myeloperoxidase activity (0.2 +/- 0.1 U/g tissue) relative to placebo (1.3 +/- 0.5 U/g tissue; P < 0.05). Myocardial myeloperoxidase activity was significantly increased to 1.1 +/- 0.3 U/g tissue in rats receiving E and MPA. However, MPA also reversed the protective effect of E in neutrophil-free buffer-perfused hearts, suggesting that additional mechanisms are involved. CONCLUSION: In this study, we showed that the administration of MPA can inhibit the effects of E that lead to protection of the myocardium from reperfusion injury and that this involves both neutrophil-dependent and neutrophil-independent mechanisms.

Koubovec D, Ronacher K, Stubsrud E, Louw A, Hapgood JP. Synthetic progestins used in HRT have different glucocorticoid agonist properties. Mol Cell Endocrinol. 2005 Oct 20;242(1-2):23-32.

The synthetic progestins, medroxyprogesterone acetate (MPA) and norethisterone acetate (NET-EN or NET-A), are widely used as female contraceptive agents and in hormone replacement therapy (HRT). Competitive binding revealed that MPA displays a higher relative binding affinity than NET-A and progesterone (prog) for the human GR (Kd of 4.2 nM for dexamethasone (dex) and Ki's of 10.8, 270 and 215 nM for MPA, NET-A and prog, respectively). Furthermore, MPA displays much greater glucocorticoid (GC) transactivation agonist potency than NET-A or prog (EC50s of 1.1, 7.2, >1000 and 280 nM for dex, MPA, NET-A and prog, respectively) and much greater GC agonist potency for transrepression than NET-A or prog (EC50s of 0.21, 2.7, >100 and 26 nM for dex, MPA, NET-A and prog, respectively). In addition, MPA induces phosphorylation of the GR at Ser 211 to a much greater extent than NET-A or prog and protects the GR from partial trypsin digestion in vitro to a much greater extent than NET-A or prog at saturating concentrations. Together these results suggest that the differences in biological activity of the progestins are not merely due to differences in their affinity for the GR but also due to the induction of different conformational changes in the liganded-GR. MPA and NET-A therefore display very different GC-like properties compared to each other and to prog, and are likely to exhibit different side effects via the GR. PMID: 16125839
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The discussion on the risks of hormone therapy supports the search for alternative drugs such as selective estrogen receptor modulators (SERMs). These compounds are suitable for special preventive goals, but cannot be expected to replace the use of estrogens in patients with estrogen deficiency. The development of selective progesterone receptor modulators (SPRMs) which has to resolve various problems, might be a promising approach. Hormone replacement therapy (HRT) with natural estrogens remains the measure of choice for treatment of symptoms caused by estrogen deficiency. Recent findings suggest that the additional progestogen which is used for the protection of the endometrium, plays a crucial role with regard to the risk of breast cancer and cardiovascular disease. As surrogate parameters cannot predict the extent of risks, suitable tools for the selection of progestogens with the least potential for causing adverse effects, are urgently needed. Experimental, clinical and epidemiological data suggest that the elevation in breast cancer risk is due to the proliferative effect of estrogens on breast tissue which is largely enhanced by progestogens. A short-term in vivo-test might be helpful for the evaluation of proliferative effects of estrogen-progestogen preparations. Similarly, a strictly standardized in vivo-test for the assessment of the atherogenic potential of estrogen-progestogen preparations might help to select the preparations with the lowest risk for ischemic diseases. The available data suggest that it is probably not the androgenic but the glucocorticoid activity of a progestogen which plays a role in the development of cardiovascular disease. Progestogens with glucocorticoid effects may up-regulate the thrombin receptor in the vessel wall which is involved in the development of atherosclerosis and stimulation of extrinsic coagulation.
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OBJECTIVE: To assess the risk of venous thrombosis in current users of different types of hormonal contraception, focusing on regimen, oestrogen dose, type of progestogen, and route of administration. DESIGN: National cohort study. SETTING: Denmark, 1995-2005. PARTICIPANTS: Danish women aged 15-49 with no history of cardiovascular or malignant disease. MAIN OUTCOME MEASURES: Adjusted rate ratios for all first time deep venous thrombosis, portal thrombosis, thrombosis of caval vein, thrombosis of renal vein, unspecified deep vein thrombosis, and pulmonary embolism during the study period. RESULTS: 10.4 million woman years were recorded, 3.3 million woman years in receipt of oral contraceptives. In total, 4213 venous thrombotic events were observed, 2045 in current users of oral contraceptives. The overall absolute risk of venous thrombosis per 10 000 woman years in non-users of oral contraceptives was 3.01 and in current users was 6.29. Compared with non-users of combined oral contraceptives the rate ratio of venous thrombembolism in current users decreased with duration of use (<1 year 4.17, 95% confidence interval 3.73 to 4.66, 1-4 years 2.98, 2.73 to 3.26, and >4 years 2.76, 2.53 to 3.02; P<0.001) and with decreasing dose of oestrogen. Compared with oral contraceptives containing levonorgestrel and with the same dose of oestrogen and length of use, the rate ratio for oral contraceptives with norethisterone was 0.98 (0.71 to 1.37), with norgestimate 1.19 (0.96 to 1.47), with desogestrel 1.82 (1.49 to 2.22), with gestodene 1.86 (1.59 to 2.18), with drospirenone 1.64 (1.27 to 2.10), and with cyproterone 1.88 (1.47 to 2.42). Compared with non-users of oral contraceptives, the rate ratio for venous thromboembolism in users of progestogen only oral contraceptives with levonorgestrel or norethisterone was 0.59 (0.33 to 1.03) or with 75 mug desogestrel was 1.12 (0.36 to 3.49), and for hormone releasing intrauterine devices was 0.90 (0.64 to 1.26). CONCLUSION: The risk of venous thrombosis in current users of combined oral contraceptives decreases with duration of use and decreasing oestrogen dose. For the same dose of oestrogen and the same length of use, oral contraceptives with desogestrel, gestodene, or drospirenone were associated with a significantly higher risk of venous thrombosis than oral contraceptives with levonorgestrel. Progestogen only pills and hormone releasing intrauterine devices were not associated with any increased risk of venous thrombosis. PMID: 19679613
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Critical differences between natural progesterone and synthetic progestins are often misunderstood. Synthetic progestins should not be used interchangeably with natural progesterone. This article describes their differences and the clinical implications for their use in managing premenstrual syndrome and perimenopause. PMID: 9669099
Mørch LS, Løkkegaard E, Andreasen AH, Krüger-Kjaer S, Lidegaard O. Hormone therapy and ovarian cancer. JAMA. 2009 Jul 15;302(3):298-305.

CONTEXT: Studies have suggested an increased risk of ovarian cancer among women taking postmenopausal hormone therapy. Data are sparse on the differential effects of formulations, regimens, and routes of administration. OBJECTIVE: To assess risk of ovarian cancer in perimenopausal and postmenopausal women receiving different hormone therapies. DESIGN AND SETTING: Nationwide prospective cohort study including all Danish women aged 50 through 79 years from 1995 through 2005 through individual linkage to Danish national registers. Redeemed prescription data from the National Register of Medicinal Product Statistics provided individually updated exposure information. The National Cancer Register and Pathology Register provided ovarian cancer incidence data. Information on confounding factors and effect modifiers was from other national registers. Poisson regression analyses with 5-year age bands included hormone exposures as time-dependent covariates. PARTICIPANTS: A total of 909,946 women without hormone-sensitive cancer or bilateral oophorectomy. MAIN OUTCOME MEASURE: Ovarian cancer. RESULTS: In an average of 8.0 years of follow-up (7.3 million women-years), 3068 incident ovarian cancers, of which 2681 were epithelial cancers, were detected. Compared with women who never took hormone therapy, current users of hormones had incidence rate ratios for all ovarian cancers of 1.38 (95% confidence interval [CI], 1.26-1.51) and 1.44 (95% CI, 1.30-1.58) for epithelial ovarian cancer. The risk declined with years since last use: 0 to 2 years, 1.22 (95% CI, 1.02-1.46); more than 2 to 4 years, 0.98 (95% CI, 0.75-1.28); more than 4 to 6 years, 0.72 (95% CI, 0.50-1.05), and more than 6 years, 0.63 (95% CI, 0.41-0.96). For current users the risk of ovarian cancer did not differ significantly with different hormone therapies or duration of use. The incidence rates in current and never users of hormones were 0.52 and 0.40 per 1000 years, respectively, ie, an absolute risk increase of 0.12 (95% CI, 0.01-0.17) per 1000 years. This approximates 1 extra ovarian cancer for roughly 8300 women taking hormone therapy each year. CONCLUSION: Regardless of the duration of use, the formulation, estrogen dose, regimen, progestin type, and route of administration, hormone therapy was associated with an increased risk of ovarian cancer. PMID: 19602689 (Transdermal and vaginal estradiol produced the smallest increase in risk, risk was increased much more with adding progestins. Progesterone was not studied and has been found elsewhere to be protective against ovarian cancer and to be an effective treatment for ovarian cancer. Cyclic therapy is safer because the body has less exposure to the progestin and oral estrogen.—HHL)
Neubauer H, Ruan X, Schneck H, Seeger H, Cahill MA, Liang Y, Mafuvadze B, Hyder SM, Fehm T, Mueck AO. Overexpression of progesterone receptor membrane component 1: possible mechanism for increased breast cancer risk with norethisterone in hormone therapy. Menopause. 2012 Dec 30. [Epub ahead of print]

OBJECTIVE: Clinical trials have demonstrated an increased risk of breast cancer during estrogen/norethisterone (NET) therapy. With this in mind, the effects of estrogen/NET combination on the proliferation of breast cancer cells overexpressing the progesterone receptor membrane component 1 (PGRMC1) were examined. The same combination was used for the first time in a mouse xenograft model to determine its effects on tumor development. METHODS: MCF-7 cells were stably transfected with PGRMC1 expression plasmid (WT-12 cells) or empty vector control (pcDNA-3HA). NET, medroxyprogesterone acetate (MPA), and progesterone were tested alone and sequentially and continuously combined with estradiol (E2). Six-week-old nude mice were inoculated with E2 pellets 24 hours before the injection of tumor cells into both flanks (n = 5-6 mice per group). After 8 days, animals were inoculated with a NET pellet or with placebo pellets, and tumor volumes were recorded twice a week. RESULTS: NET alone significantly increased the proliferation of WT-12 cells, MPA was effective only at the two highest concentrations, and progesterone had no effect. The twofold to threefold E2-induced increase (10 M) was not significantly influenced by the addition of the various progestogens. In contrast, 10 M E2 had no effect; however, addition of MPA and NET triggered a significant proliferative response. In vivo, a sequential combination of NET and E2 also significantly increased the tumor growth of WT-12 cells; empty vector cells did not respond to NET. CONCLUSIONS: We have demonstrated for the first time that an E2/NET combination increases the proliferation of PGRMC1-overexpressing breast cancer cells, both in vivo and in vitro. Our results suggest that undetected tumor cells overexpressing PGRMC1 may be more likely to develop into frank tumor cells in women undergoing E2/NET hormone therapy. PMID: 23277352
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OBJECTIVE: The addition of progestogen to estrogen replacement therapy is thought to antagonize, at least in part, the beneficial effects of estrogens on the vasculature. The aim of this study was to investigate the effect of two progestogens mostly used in clinical practice on the proliferation of vascular smooth muscle cells, which has been demonstrated to be a crucial step in the development of atherosclerosis. MATERIAL AND METHODS: The effect of medroxyprogesterone acetate (MPA) and norethisterone (NET), which represent the two different classes of C21- and C19-progestogens, respectively, was investigated on proliferation of smooth muscle cells from human coronary artery in vitro. The steroids were tested in the concentration range 10(-8) to 10(-5) M, which is in the upper range of that reached during hormonal replacement therapy, and compared with control values. RESULTS: Estradiol significantly inhibited serum-stimulated cell growth at the concentrations 10(-6) and 10(-5) M by 18% and 34%, respectively. MPA significantly enhanced serum-stimulated growth at the concentrations 10(-6) and 10(-5) M by 29% and 47%, respectively. In equimolar combinations of MPA and estradiol, proliferation of the cells was significantly stimulated at the concentrations 10(-6) and 10(-5) M by 26% and 44%, respectively. In contrast, NET had no significant effect on serum-stimulated cell growth and had no impact on the estradiol-inhibited proliferation. CONCLUSIONS: These data suggest that MPA may antagonize beneficial antiatherosclerotic estradiol effects on the vasculature, whereas NET may be neutral in this respect. However, these effects occurred at supraphysiological concentrations. Because these concentrations might be reached in the target tissues, the clinical relevance for treatment of patients with cardiovascular risk cannot be excluded.

Stanczyk FZ, Hapgood JP, Winer S, Mishell DR Jr. Progestogens Used in Postmenopausal Hormone Therapy: Differences in Their Pharmacological Properties, Intracellular Actions, and Clinical Effects. Endocr Rev. 2012 Dec 13. 

The safety of progestogens as a class has come under increased scrutiny after the publication of data from the Women's Health Initiative trial, particularly with respect to breast cancer and cardiovascular disease risk, despite the fact that only one progestogen, medroxyprogesterone acetate, was used in this study. Inconsistency in nomenclature has also caused confusion between synthetic progestogens, defined here by the term progestin, and natural progesterone. Although all progestogens by definition have progestational activity, they also have a divergent range of other properties that can translate to very different clinical effects. Endometrial protection is the primary reason for prescribing a progestogen concomitantly with postmenopausal estrogen therapy in women with a uterus, but several progestogens are known to have a range of other potentially beneficial effects, for example on the nervous and cardiovascular systems. Because women remain suspicious of the progestogen component of postmenopausal hormone therapy in the light of the Women's Health Initiative trial, practitioners should not ignore the potential benefits to their patients of some progestogens by considering them to be a single pharmacological class. There is a lack of understanding of the differences between progestins and progesterone and between individual progestins differing in their effects on the cardiovascular and nervous systems, the breast, and bone. This review elucidates the differences between the substantial number of individual progestogens employed in postmenopausal hormone therapy, including both progestins and progesterone. We conclude that these differences in chemical structure, metabolism, pharmacokinetics, affinity, potency, and efficacy via steroid receptors, intracellular action, and biological and clinical effects confirm the absence of a class effect of progestogens. PMID: 23238854

