Bibliography for Testosterone and Women

· Free testosterone decreased 49% in women taking oral estradiol replacement (Slater 2001)

· Androgens decline precipitously in women after their 20s (Guay 2004)

· Aromatase inhibition does not reduce the benefits of testosterone supplementation in women on transdermal estradiol (Davis, 2006)

· Since the superphysiological testosterone doses give to female-to-male transsexuals cause no deleterious effects on health, certainly giving women physiological testosterone replacement must be considered safe until proven otherwise. (Traisch, 2011)

Al-Ayadhi LY. Sex hormones, personality characters and professional status among Saudi females.  Saudi Med J. 2004 Jun;25(6):711-6. 

OBJECTIVE: The relationship between male and female sex hormones (testosterone, estradiol and progesterone), personality characters and professional status was studied. METHODS: The study was conducted in Riyadh City, Kingdom of Saudi Arabia between September 2003 and May 2003. The participants completed a questionnaire consisting of personal information regarding age, profession, educational level and medical history. Then the participant went through an adjective checklist. Hormones were determined from blood samples provided by the participant. RESULTS: The result indicated that the higher the professional levels, the higher was the testosterone concentrations, but not estradiol or estrogen concentration. Furthermore, females with higher testosterone concentration (university lecturers, bank managers, bank employee, medical doctors and technical workers) identify themselves as independent, strong, assertive, impulsive, resourceful, spontaneous, uninhibited, rational, patient and arguing. Whereas, females with lower testosterone concentrations (housewives and clerical workers) view themselves as civilized, socialized, calm, quite, sentimental, shy, nice, sensitive, warmhearted, sympathetic, thoughtful, warm, practical and kind. CONCLUSION: The current study emphasizes the positive relationship between strong personality characters, high professional status and male sex hormone level (testosterone) in females. (I suspect the alpha-female effect—testosterone is higher because of higher status.)

Ayala C, Steinberger E, Smith KD, Rodriguez-Rigau LJ, Petak SM. Serum testosterone levels and reference ranges in reproductive-age women. Endocr Pract. 1999 Nov-Dec;5(6):322-9 

OBJECTIVE: To determine the levels of serum testosterone and dehydroepiandrosterone sulfate (DHEAS) in women with no clinical signs of hyperandrogenism and no history of glucocorticoid or oral contraceptive use and to compare these levels with the reference ranges provided by commercial laboratories. METHODS: We undertook across-sectional retrospective study of 271 reproductive-age women encountered at an endocrinology clinic for complaints of potential thyroid problems. Serum testosterone and DHEAS levels were determined, and statistical analyses were performed. RESULTS: The serum testosterone level in women with no acne, hirsutism, or menstrual dysfunction was 14.1 +/- 0.9 ng/dL (mean +/- standard error of the mean) (95% confidence interval [CI] = 12.4 to 15.8). This group was considered our study reference population. In women with menstrual dysfunction but no acne or hirsutism, the mean testosterone level was significantly higher (17.9 +/- 1.1 ng/dL; 95% CI = 15.7 to 20.0;P<0.002); with mild hirsutism, it further increased (38.4 +/- 5.1ng/dL; 95% CI = 27.4 to 49.4; P<0.005); and with moderate to severe hirsutism, it was still higher (49.0 +/- 2.3 ng/dL; 95% CI = 44.4 to53.6; P<0.003).  Serum DHEAS levels showed similar patterns. The upper limit (mean + 2 standard deviations) of testosterone in our study reference population was 28 ng/dL, a level that provided a sensitivity of 84% for detecting hyperandrogenemia. The detection of hyperandrogenemia is essentially impossible when the upper limit of the reference range for testosterone from commercial laboratories (95ng/dL) is used. CONCLUSION: The testosterone levels reported herein and in the literature for hyperandrogenic women both are within the reference (normal) ranges provided by commercial laboratories.  These observations demonstrate why diagnosis of hyperandrogenemia in hyperandrogenic women is difficult when commercial laboratories are used and why this condition is not detected in most affected women. Commercial laboratories should reevaluate the methods used for establishing their reference ranges for serum testosterone.

Bammann BL, Coulam CB, Jiang NS. Total and free testosterone during pregnancy. Am J Obstet Gynecol. 1980 Jun 1;137(3):293-8. 


Total and free testosterone levels were measured throughout pregnancy and were compared with values found in nonpregnant women to determine whether the increase in plasma testosterone levels during pregnancy can be accounted for entirely by an increase in sex hormone-binding globulin or by an increase in testosterone production that would be reflected by an elevation in plasma free testosterone. The study employed a practical and precise method of determining free testosterone by means of equilibrium dialysis. Even though the testosterone level increased significantly throughout pregnancy, the free testosterone level remained within the range for nonpregnant women until week 28, after which time it was significantly elevated. This indicates that the increase in the total testosterone level before week 28 is due to a decrease in metabolic clearance rate, but after week 28 the production rate is increased. The source of this increase is unknown, but it might be fetal.

Barrett-Connor E, Young R, Notelovitz M, Sullivan J, Wiita B, Yang HM, Nolan J.  A two-year, double-blind comparison of estrogen-androgen and conjugated estrogens in surgically menopausal women. Effects on bone mineral density, symptoms and lipid profiles. J Reprod Med. 1999 Dec;44(12):1012-20. 


OBJECTIVE: To compare the effects of two doses of conjugated equine estrogen (CEE) and two of esterified estrogen plus methyltestosterone (E + A) in surgically menopausal women. STUDY DESIGN: A two-year, parallel-group, double-blind study of 311 women who were randomly assigned to one of four regimens: (1) CEE, 0.625 mg/d; (2) CEE, 1.25 mg/d; (3) esterified estrogens, 0.625 mg, + methyltestosterone, 1.25 mg/d; or (4) esterified estrogens, 1.25, + methyltestosterone, 2.5 mg/d. Study parameters were symptoms, lipids, bone mineral density, side effects and safety. RESULTS: All treatments prevented loss of bone in the spine and hip. The higher E + A dose increased spine and hip BMD more than other treatments (P < .002). All treatments improved menopausal symptoms, with non-significantly greater improvements in well-being and sexual interest in the E + A groups. Similar and significant decreases in low-density lipoprotein were observed in all groups, but high-density lipoprotein and triglycerides were increased only in the unopposed estrogen groups (P < .05). Hirsutism was uncommon and similar in all groups at two years. Discontinuation rates and reasons for withdrawal from the study were similar in both groups. No clinically significant side effects or laboratory test abnormalities were seen. CONCLUSION: As compared to estrogen alone, E + A significantly improved BMD and was well tolerated in surgically menopausal women.
Barrett-Connor E, Goodman-Gruen D. Prospective study of endogenous sex hormones and fatal cardiovascular disease in postmenopausal women. BMJ. 1995 Nov 4;311(7014):1193-6. 


OBJECTIVES--To examine the association between androstenedione, total and bioavailable testosterone, oestrone, and total and bioavailable oestradiol concentrations and the risk of death from cardiovascular and ischaemic heart disease. DESIGN--19 year old population based prospective study with 99.9% follow up. SETTING--Rancho Bernardo, California. SUBJECTS--651 postmenopausal women, none taking oestrogen. MAIN OUTCOME MEASURES--Concentrations of plasma sex hormones measured by radioimmunoassay in an endocrinology research laboratory. Cardiovascular and ischaemic heart disease deaths assessed by death certificate; 85% of 30% sample validated by record review. RESULTS--Age adjusted concentrations of sex hormones did not differ significantly in women with and without a history of heart disease at baseline and did not predict cardiovascular death or death from ischaemic heart disease. Most 95% confidence intervals for the age adjusted relative risk of cardiovascular death or death from ischaemic heart disease were narrow, and all included one. Endogenous oestrogen concentrations were not associated with significantly more favourable risk factors for heart disease, and testosterone was not associated with less favourable risk factors. CONCLUSION--These prospective data do not support a causal or preventive role for endogenous oestrogens or androgens and cardiovascular mortality in older women.

Bassindale T, Cowan DA, Dale S, Hutt AJ, Leeds AR, Wheeler MJ, Kicman AT. Effects of oral administration of androstenedione on plasma androgens in young women using hormonal contraception. J Clin Endocrinol Metab. 2004 Dec;89(12):6030-8. 


Androstenedione as a dietary supplement has been targeted at the sporting community, but there are limited data regarding its effects on plasma androgens in young women. A double-blind, cross-over study was undertaken involving 10 women (20-32 yr) using hormonal contraception. Because contamination of supplements has been reported, an in-house oral formulation was prepared containing purified androstenedione, the control being lactose only. After oral administration of a single dose of androstenedione (100 mg), blood was collected frequently up to 8 h and at 24 h. Maximum plasma androgen concentrations observed between volunteers were well above the upper limit of reference ranges for women, being 121-346 nmol/liter for androstenedione, 14-54 nmol/liter for testosterone (T), 11-32 nmol/liter for 5alpha-dihydrotestosterone, and 23-90 nmol/liter for 3alpha-androstanediol glucuronide. The free androgen index and T concentration changed in a similar manner. The mean change in area under the plasma concentration-time curve (0-24 h), compared with control data were: androstenedione approximately 7-fold, T approximately 16-fold, 5alpha-dihydrotestosterone approximately 9-fold, and 3alpha-androstanediol glucuronide approximately 5-fold; the mean conversion ratio of androstenedione to T was 12.5% (range 7.8-21.6%). Increases in T area under the plasma concentration-time curve were correlated with SHBG concentration (r = 0.80; P = 0.005). Formulation characteristics and SHBG levels appear to be important factors when considering plasma androgen increases after acute androstenedione administration.

Baxendale PM, Jacobs HS, James VH. Salivary testosterone: relationship to unbound plasma testosterone in normal and hyperandrogenic women.Clin Endocrinol (Oxf). 1982 Jun;16(6):595-603.

A sensitive radioimmunoassay (RIA) was used to measure salivary testosterone levels in normal women, in patients with polycystic ovaries (PCO), and in women with hirsutism. There was a highly significant correlation (r = 0.79, P less than 0.001) between the concentration of testosterone in saliva [12.3 +/- 7.8 (SD) pg/ml] and the concentration of unbound testosterone in plasma (5.2 +/- 3.1 pg/ml) in matched samples collected from 56 women including normals, patients with clinical signs of hyperandrogenism, and women treated with a combination of cyproterone acetate (CA) and ethinyl oestradiol (EE). The unbound plasma testosterone was measured in the dialysate directly using a sensitive RIA. Salivary and plasma testosterone levels in patients with PCO (20.6 +/- 8.5 and 626 +/- 187 pg/ml respectively, n = 14) and in those with hirsutism (13.9 +/- 5.6 and 421 +/- 170 pg/ml, n = 30) were significantly higher (P less than 0.001) than levels in normal women (7.7 +/- 2.6 and 196 +/- 68 pg/ml, n = 36). Treatment for 3 months with CA and EE resulted in a decrease (mean 68%) in salivary testosterone levels in all patients studied (n = 15), but the suppression of plasma testosterone (mean 34%) was not observed in all cases. It is concluded that measurement of salivary testosterone gives a useful indication of levels of biologically available androgen in hyperandrogenic women, before and during CA/EE therapy.

Braunstein GD1, Reitz RE, Buch A, Schnell D, Caulfield MP. Testosterone reference ranges in normally cycling healthy premenopausal women. J Sex Med. 2011 Oct;8(10):2924-34. 

INTRODUCTION: At present, there are no well-accepted reference ranges for serum testosterone concentrations in women. AIM: The aim of this study was to determine the reference ranges for serum testosterone and sex hormone-binding globulin (SHBG) in premenopausal women with normal menstrual cycles. METHODS: We measured serum total, free, and bioavailable testosterone and SHBG concentrations in 161 healthy, normally cycling women (18-49 years). Morning blood samples were collected during follicular, mid-cycle, and luteal phases of the menstrual cycle and analyzed using validated methods. Mean, median, and weighted average hormone levels across menstrual cycle phases as well as percentiles for a typical 30-year-old woman were determined. MAIN OUTCOME MEASURES: Age-related serum levels of total, free, and bioavailable testosterone and SHBG levels in normally cycling premenopausal women. RESULTS: Serum testosterone concentrations exhibited an age-related decline, whereas SHBG remained relatively stable across studied age ranges. Reference ranges for total, free, and bioavailable testosterone and SHBG were established using 5th and 95th percentiles. The estimated 5th and 95th percentiles for a 30-year-old woman were: testosterone, 15-46 ng/dL (520-1595 pmol/L); free testosterone, 1.2-6.4 pg/mL (4.16-22.2 pmol/L); calculated free testosterone, 1.3-5.6 pg/mL (4.5-19.4 pmol/L); bioavailable testosterone, 1.12-7.62 ng/dL (38.8-264.21 pmol/L); and SHBG 18-86 nmol/L. The variations of hormones and SHBG across menstrual cycle were consistent with previous literature. CONCLUSIONS: Reference ranges for free, total, and bioavailable testosterone and SHBG were established in premenopausal women using validated immunoassays and an adequate number of subjects consistent with recommendations by the National Committee for Clinical Laboratory Standards. The increase in testosterone in the mid-cycle period is relatively small compared with the overall variability, so these reference ranges can be applied irrespective of the day in the menstrual cycle the sample has been taken. PMID:  21771278

Braunstein GD. Safety of testosterone treatment in postmenopausal women. Fertil Steril. 2007 Jul;88(1):1-17.

OBJECTIVE: To critically examine the safety of T therapy given to postmenopausal women. DESIGN: MEDLINE literature review, cross-reference of published data, and review of Food and Drug Administration transcripts. RESULT(S): Although some retrospective and observational studies provide some long-term safety data, most prospective studies have had a duration of 2 years or less. In addition, with the exception of the female-to-male transsexuals, T was administered in conjunction with estrogens or estrogens and progestins, which confound the interpretation of some of the studies. The major adverse reactions are the androgenic side effects of hirsutism and acne. There does not appear to be an increase in cardiovascular risk factors, with the exception of a lowering of high-density lipoprotein with oral T. There are little data on endometrial safety, and most of the experimental data support a neutral or beneficial effect in regards to breast cancer. There does not appear to be an increased risk of hepatotoxicity, neurobehavioral abnormalities, sleep apnea, or fetal virilization (in premenopausal women) with the physiologic treatment doses of T. CONCLUSION(S): Except for hirsutism and acne, the therapeutic administration of T in physiologic doses is safe for up to several years. However, prospectively collected long-term safety studies are needed to provide a greater degree of assurance. PMID:  17493618

Buckler HM, McElhone K, Durrington PN, Mackness MI, Ludlam CA, Wu FC. The effects of low-dose testosterone treatment on lipid metabolism, clotting factors and ultrasonographic ovarian morphology in women. Clin Endocrinol (Oxf). 1998 Aug;49(2):173-8. 


INTRODUCTION: Low doses of androgen are used in women for the symptomatic treatment of sexual dysfunction and premenstrual syndrome (PMS). However, little is known about the long-term safety of androgen use in women. This study investigated the effects of low dose exogenous testosterone (T) on lipid metabolism, markers of activation of the coagulation system and ultrasonographic ovarian morphology in women. PATIENTS: Twenty-two patients with severe PMS (age 39.6 +/- 3.1 years, mean +/- SD) treated with subcutaneous T implants (100 mg six monthly) (0.55mg/day average) for at least two years (mean duration 3.3 (+/- 0.9 years) were compared with 22 age-matched (age 37.7 +/- 2.9 years) control patients with severe PMS who had not previously received T treatment. All women continued to have regular menses. MEASUREMENTS: Fasting blood samples were obtained for measurement of lipids and clotting factors and ovarian ultrasound examination carried out between days 1-4 of the menstrual cycle (2.3 +/- 1.2 months after the T implant in T-treated group). RESULTS: Mean plasma T was 4.5 +/- 2.2 nmol/l, and 1.9 +/- 0.6 nmol/l in the treated and control groups, respectively. (Top of RR is 2.8nmol/L! 4.5nmol/L =130ng/dL -HHL) In the T-treated group apolipoprotein-A1 (Apo-A1) (treated 99.2 +/- 12 vs controls 116.2 +/- 27.7 g/l, P < 0.01) and high density lipoprotein cholesterol (HDL-C) (treated 1.3 +/- 0.3 vs controls 1.5 +/- 0.4 nmol/l, P < 0.01) were significantly decreased. In addition very low density lipoprotein cholesterol (VLDL-C) (treated 0.4 +/- 0.3 vs controls 0.2 +/- 0.1 nmol/l, P < 0.05) was increased in T-treated patients. There were no differences in total serum cholesterol and triglyceride or low density lipoprotein cholesterol (LDL-C), apolipoprotein B (Apo-B), lipoprotein(a), lecithin:cholesterol acyltransferase and cholesteryl ester transfer protein activity. There was no difference in clotting factors between the two groups which included prothrombin time, fibrinogen, antithrombin-III, protein-C, protein-S (total and free), tissue plasminogen activator, plasminogen activator inhibitor, beta-thromboglobulin and prothrombin fragments 1.2. Ultrasound showed normal ovarian architecture with no evidence of polycystic ovarian changes in any patients in the T-treated group. No patient experienced adverse symptoms while on T treatment, in particular, there were no complaints of hirsutism or acne and no one requested termination of treatment. CONCLUSION: Low-dose testosterone administration to women for over two years did not induce changes in ovarian architecture but had small, potentially atherogenic effects on some parameters of lipid and lipoprotein metabolism. However, no differences were detected in markers of activation of the clotting system to indicate an actual increase in the risk of thrombosis. Overall, this study provides largely reassuring data about the safety of low-dose androgen treatment in women. However, caution should be exercised in women with existing or a familial predisposition to lipid abnormalities, because of the small but significant changes found in HDL-C, apo-A1 and VLDL-C.

Casson PR, Elkind-Hirsch KE, Buster JE, Hornsby PJ, Carson SA, Snabes MC. Effect of postmenopausal estrogen replacement on circulating androgens. Obstet Gynecol. 1997 Dec;90(6):995-8. 


OBJECTIVE: To determine the effect of estrogen replacement therapy (ERT) on serum androgen levels in postmenopausal women. METHODS: We measured serum dehydroepiandrosterone (DHEA), DHEA-sulfate, testosterone, estradiol (E2), LH, FSH, and sex hormone binding globulin in 8:00 AM fasting serum samples from a previous randomized, blinded, placebo-controlled crossover study in which 28 postmenopausal women (27 naturally menopausal) were given 2 mg/day of oral micronized estradiol. The treatment arms were 12 weeks with a 6-week washout. RESULTS: Estrogen replacement therapy raised mean (+/- standard error of the mean [SEM]) serum E2 from 8.7 +/- 1.0 to 117 +/- 18.7 pg/mL (P < .001 from baseline). Concurrently, mean (+/- SEM) DHEA-sulfate fell from 67.3 +/- 9.6 to 52.1 +/- 6.4 micrograms/dL (P < .001), and mean (+/- SEM) testosterone fell from 16.1 +/- 2.4 to 9.4 +/- 1.4 ng/dL (P = .006). Both FSH and LH declined significantly. Sex hormone binding globulin increased by 160% with ERT (P < .001). CONCLUSION: Menopausal ERT decreases serum androgen levels, decreasing DHEA-sulfate and testosterone by 23% and 42%, respectively. Whereas the decline in testosterone is likely due to decreased LH-driven ovarian stromal steroidogenesis, the declining levels of DHEA-sulfate also may imply a direct adrenal effect of estrogen. Bioavailable testosterone likely is reduced even more profoundly because sex hormone binding globulin is increased 160% by estrogen. Thus, menopausal ERT may induce relative ovarian and adrenal androgen deficiency, creating a rationale for concurrent physiologic androgen replacement.

Couzinet B, Meduri G, Lecce M, Young J, Brailly S, Loosfelt H, Milgrom E, Schaison G, The Postmenopausal Ovary Is Not a Major Androgen-Producing Gland J Clin Endo Met 2001 Vol. 86, No. 10 5060-5066

It is currently believed that the postmenopausal ovary remains a gonadotropin-driven, androgen-producing gland. However, the adrenal contribution to circulating androgen levels may explain some conflicting results previously reported. In addition, the steroidogenic potential and gonadotropin responsiveness of the postmenopausal ovary have not been recently reassessed. Plasma T, bioavailable T, free T, androstenedione (Adione), and dehydroepiandrosterone sulfate levels were measured in postmenopausal or ovariectomized women with complete adrenal insufficiency, compared with women with intact adrenals. A stimulation human chorionic gonadotropin test (on d 0, 3, and 6) was performed in postmenopausal women with adrenal insufficiency. Dexamethasone was administered for 4 d in postmenopausal women with intact adrenals. Intraovarian T and androstenedione were also measured in homogenates of ovarian tissue from postmenopausal women. Immunocytochemistry was performed on postmenopausal ovaries and premenopausal controls to detect the presence of steroidogenic enzymes (P-450 aromatase, P-450 SCC, 3ß HSD, and P-450 C17) and gonadotropin receptors. Plasma androgen levels were below or close to the limit of the assay in all women with adrenal insufficiency. They were similar in postmenopausal and oophorectomized women with normal adrenals. No hormonal changes were observed after human chorionic gonadotropin injections in women with adrenal insufficiency. In contrast, a dramatic decrease of all steroids was observed after dexamethasone administration in postmenopausal women with intact adrenals. Intraovarian T and androstenedione levels were negligible in postmenopausal ovarian tissue. P-450 aromatase was absent from the 17 ovaries studied, and the enzymes for androgen biosynthesis were either absent (n = 13) or present in very low amounts (n = 4). In all the postmenopausal ovaries, FSH and LH receptors were completely absent. In the absence of adrenal steroids, postmenopausal women have no circulating androgens. This result is consistent with the immunocytochemical studies showing the almost constantly absent steroidogenic enzymes and LH receptors in the postmenopausal ovary. Thus, the climacteric ovary is not a critical source of androgens. The arrest of androgen secretion after menopause may impact significantly on women’s health.

Davidson BJ, Ross RK, Paganini-Hill A, Hammond GD, Siiteri PK, Judd HL.J Total and free estrogens and androgens in postmenopausal women with hip fractures. Clin Endocrinol Metab. 1982 Jan;54(1):115-20.

Hip fracture constitutes the most serious complication of postmenopausal osteoporosis. To examine the possible role of circulating estrogen or androgen levels in the development of this type of fracture, 25 patients with hip fractures after minimal trauma were compared to an equal number of controls, matched for age and years since menopause. All were from a retirement community, had intact ovaries, and had not taken estrogen replacement for longer than 3 months during their entire lifetime. Hip fracture patients were found to have a significantly lower (P = 0.031) mean (+/-SE) percent ideal weight (89.4 +/- 2.9%) than controls (100.0 +/- 2.5%). Sex hormone-binding globulin levels were significantly higher (P = 0.004) in patients (6.7 +/- 0.4 X 10-8 M) than in controls (4.9 +/- 0.3 X 10-8 M), resulting in lower concentrations of biologically available estradiol and testosterone. In a subgroup of 12 patients and controls matched for percent ideal weight, differences in sex hormone binding globulin and free testosterone and estradiol levels were no longer statistically significant; however, the difference in the percentage of free testosterone persisted. These data suggest that endogenous sex steroids in their unbound form may play a role in the pathogenesis of postmenopausal hip fractures. The differences in free hormone levels appeared to be influenced by the differences in mean body size of the 2 groups. This factor is known to have an important negative effect on the concentration of sex hormone-binding globulin.

Davis SR, van der Mooren MJ, van Lunsen RH, Lopes P, Ribot C, Rees M, Moufarege A, Rodenberg C, Buch A, Purdie DW. Efficacy and safety of a testosterone patch for the treatment of hypoactive sexual desire disorder in surgically menopausal women: a randomized, placebo-controlled trial. Menopause. 2006 May-Jun;13(3):387-96.

OBJECTIVE: Evaluation of the use of testosterone therapy for hypoactive sexual desire disorder (HSDD) after oophorectomy has mostly involved women treated with oral estrogen preparations. We investigated the efficacy and safety of a testosterone patch in surgically menopausal women receiving concurrent transdermal estrogen. DESIGN: Women with HSDD after oophorectomy, for whom this was a concern, who were using transdermal estrogen, were recruited to a 24-week, randomized, double-blind, placebo-controlled trial in Europe and Australia. Patients were randomly allocated to placebo (n = 40) or testosterone 300 microg/day (n = 37) treatment. Primary endpoints were changes in sexual desire measured by the sexual desire domain of the Profile of Female Sexual Function and the frequency of satisfying sexual activity at 24 weeks. RESULTS: Sixty-one women (79%) completed the trial. All subjects who received at least one application of study medication were included in analysis. The testosterone-treated group experienced a significantly greater change from baseline in the domain sexual desire score compared with placebo (change from baseline, 16.43 versus 5.98; P = 0.02). The domain scores for arousal, orgasm, decreased sexual concerns, responsiveness, and self-image as well as decreased distress were also significantly greater with testosterone therapy than placebo. The frequency of satisfactory sexual events increased but was not statistically different between treatment groups (P = 0.06) Adverse events occurred with similar frequency in both groups, and no serious risks of therapy were observed CONCLUSIONS: In this study, transdermal testosterone therapy via a skin patch improved sexual desire and other sexual function domains. It was well tolerated in these oophorectomized women with HSDD receiving concomitant transdermal estrogen.

Davis SR, Goldstat R, Papalia MA, Shah S, Kulkarni J, Donath S, Bell RJ. Effects of aromatase inhibition on sexual function and well-being in postmenopausal women treated with testosterone: a randomized, placebo-controlled trial. Menopause. 2006 Jan-Feb;13(1):37-45.

OBJECTIVE: The extent to which aromatization of testosterone (T) to estradiol is required for the observed effects of testosterone therapy on sexual function and well-being are not known. Therefore, the authors investigated the effects of aromatase enzyme inhibition on sexual function, well-being, and mood in estrogen- and T-replete postmenopausal women in a double-blind, randomized, placebo-controlled study. DESIGN: Postmenopausal women using transdermal estrogen therapy for at least 8 weeks and reporting low sexual satisfaction (score <42 for the Sabbatsberg Sexual Self-rating Scale [SSS]) with a total T value of less than 1.2 nmol/L were treated with 400 muL of a 0.5% T gel (total dose 2 mg) and were randomly assigned to receive treatment with either 2.5 mg/day of letrozole or an identical placebo tablet. Women were assessed at baseline (week -2) and at 0, 4, 8, and 16 weeks. Sexual function was assessed with the SSS, well-being was assessed with the Psychological General Well-being Index, and mood was assessed with the Beck Depression Inventory at 0 and 16 weeks. Eighty-one women were screened, 76 were randomly assigned to a treatment group, and 30 in each group completed the study. Because this was a mechanistic study, only the 60 women who completed the study per protocol were included in the final analysis. RESULTS: Total T and calculated free T increased from baseline in both groups, with no difference between groups. At 16 weeks, estradiol, sex hormone-binding globulin, fasting lipids, lipoprotein(a), and C-reactive protein did not differ from baseline or between groups. Significant increases in total Sabbatsberg Sexual Self-rating Scale scores, total Psychological General Well-being Index scores, and a reduction in Beck Depression Inventory scores from baseline to 16 weeks was seen for both treatment groups, with no effect of treatment allocation. No adverse treatment effects were reported. CONCLUSIONS: Increases in total and free T in the physiologic range in postmenopausal women were associated with improved sexual satisfaction, well-being, and mood. In this study, aromatase inhibition did not influence any of these outcomes. Short-term transdermal T therapy did not modify fasting lipids, lipoprotein(a), or C-reactive protein.

Davis SR, McCloud P, Strauss BH, Burger H. Testosterone enhances estradiol's effects on postmenopausal bone density and sexuality. Maturitas 1995; 21:227-236.

To investigate the role of androgens in increasing bone density and improving low libido in postmenopausal women, we have studied the long-term effects of estradiol and testosterone implants on bone mineral density and sexuality in a prospective, 2 year, single-blind randomised trial. Thirty-four postmenopausal volunteers were randomised to treatment with either estradiol implants 50 mg alone (E) or estradiol 50 mg plus testosterone 50 mg (E&T), administered 3-monthly for 2 years. Cyclical oral progestins were taken by those women with an intact uterus. Thirty-two women completed the study. BMD (DEXA) of total body, lumbar vertebrae (L1-L4) and hip area increased significantly in both treatment groups. BMD increased more rapidly in the testosterone treated group at all sites. A substantially greater increase in BMD occurred in the E&T group for total body (P < 0.008), vertebral L1-L4 (P < 0.001) and trochanteric (P < 0.005) measurements. All sexual parameters (Sabbatsberg sexual self-rating scale) improved significantly in both groups. Addition of testosterone resulted in a significantly greater improvement compared to E for sexual activity (P < 0.03), satisfaction (P < 0.03), pleasure (P < 0.01), orgasm (P < 0.035) and relevancy (P < 0.05). Total cholesterol and LDL-cholesterol fell in both groups as did total body fat. Total body fat-free mass (DEXA, anthropometry, impedance) increased in the E&T group only. We concluded that in postmenopausal women, treatment with combined estradiol and testosterone implants was more effective in increasing bone mineral density in the hip and lumbar spine than estradiol implants alone. Significantly greater improvement in sexuality was observed with combined therapy, verifying the therapeutic value of testosterone implants for diminished libido in postmenopausal women. The favourable estrogenic effects on lipids were preserved in women treated with T, in association with beneficial changes in body composition.

Dimitrakakis C, Zhou J, Wang J, Belanger A, LaBrie F, Cheng C, Powell D, Bondy C. A physiologic role for testosterone in limiting estrogenic stimulation of the breast. Menopause. 2003 Jul-Aug;10(4):292-8. 

OBJECTIVE: The normal ovary produces abundant testosterone in addition to estradiol (E(2)) and progesterone, but usually only the latter two hormones are "replaced" in the treatment of ovarian failure and menopause. Some clinical and genetic evidence suggests, however, that endogenous androgens normally inhibit estrogen-induced mammary epithelial proliferation (MEP) and thereby may protect against breast cancer. DESIGN: To investigate the role of endogenous androgen in regulating mammary epithelial proliferation, normal-cycling rhesus monkeys were treated with flutamide, an androgen receptor antagonist. To evaluate the effect of physiological testosterone (T) supplementation of estrogen replacement therapy, ovariectomized monkeys were treated with E(2), E(2) plus progesterone, E(2) plus T, or vehicle. RESULTS: We show that androgen receptor blockade in normal female monkeys results in a more than twofold increase in MEP, indicating that endogenous androgens normally inhibit MEP. Moreover, we show that addition of a small, physiological dose of T to standard estrogen therapy almost completely attenuates estrogen-induced increases in MEP in the ovariectomized monkey, suggesting that the increased breast cancer risk associated with estrogen treatment could be reduced by T supplementation. Testosterone reduces mammary epithelial estrogen receptor (ER) alpha and increases ERbeta expression, resulting in a marked reversal of the ERalpha/beta ratio found in the estrogen-treated monkey. Moreover, T treatment is associated with a significant reduction in mammary epithelial MYC expression, suggesting that T's antiestrogenic effects at the mammary gland involve alterations in ER signaling to MYC. CONCLUSIONS: These findings suggest that treatment with a balanced formulation including all ovarian hormones may prevent or reduce estrogenic cancer risk in the treatment of girls and women with ovarian failure.

El-Hage G, Eden JA, Manga RZ. A double-blind, randomized, placebo-controlled trial of the effect of testosterone cream on the sexual motivation of menopausal hysterectomized women with hypoactive sexual desire disorder. Climacteric. 2007 Aug;10(4):335-43.    

OBJECTIVES: To assess the safety and efficacy of 10 mg topical testosterone therapy daily (2 cm Andro-Feme cream) as a treatment for low sexual desire in postmenopausal hysterectomized women who were already on transdermal estrogen. METHODS: A double-blind, randomized, placebo-controlled, cross-over study (each period being of 3 months' duration) was performed in the research center of a tertiary referral women's hospital. Thirty-six menopausal healthy women were recruited who had undergone a hysterectomy, who were not depressed, were in a stable relationship and who fulfilled diagnostic criteria for low sexual desire, as measured by the Brief Index of Sexual Function for Women (BISF-W). MAIN OUTCOME MEASURES: The primary outcome measure was improvement in the sexuality score as measured by a validated tool (BISF-W); secondary measures were sub-scores of the BISF-W, effect on mood and energy, lipids and testosterone levels. RESULTS: Testosterone cream significantly improved sexual desire, frequency of sex, receptivity and initiation as measured by the BISF-W score. It did not change mood, energy, lipids, blood pressure or weight over the study period. CONCLUSIONS: Testosterone cream significantly improved sexual scores in menopausal women with low sexual desire. It was effective, easy to use and had no side-effects over the 3-month period of active treatment. It offers a novel and acceptable method of administering testosterone to menopausal women.

Gammon MD, Thompson WD. Polycystic ovaries and the risk of breast cancer. Am J Epidemiol. 1991 Oct 15;134(8):818-24. 


Data from a case-control study that was conducted between 1980 and 1982 were analyzed to investigate the possible association between polycystic ovaries and the risk of breast cancer. The multicenter, population-based study included in-home interviews with 4,730 women with breast cancer and 4,688 control women aged 20-54 years. The age-adjusted odds ratio for breast cancer among women with a self-reported history of physician-diagnosed polycystic ovaries was 0.52 (95% confidence interval 0.32-0.87). The inverse association was not an artifact of infertility, age at first birth, or surgical menopause. Because women with this syndrome have abnormal levels of certain endogenous hormones, the observation of a low risk of breast cancer in this group may provide new insights into hormonal influences on breast cancer. (Elevated androgen levels in PCOS may protect against breast CA by opposing estrogenic stimulation? But other studies have shown a positive association between elevated testosterone, PCOS, and breast cancer!--HHL.)

Garnett T, Studd J, Watson N, Savvas M, Leather A. The effects of plasma estradiol levels on increases in vertebral and femoral bone density following therapy with estradiol and estradiol with testosterone implants. Obstet Gynecol. 1992 Jun;79(6):968-72. 


Percutaneous estradiol (E2) implants effectively preserve bone density in postmenopausal women. However, these implants are often given with testosterone, which may itself have an anabolic effect on bone. To determine whether testosterone confers any additional bone-sparing effect, we studied 50 postmenopausal women randomly allocated to receive E2 (75 mg) alone or with testosterone (100 mg) every 6 months for 1 year. Women with an intact uterus received cyclic norethindrone (5 mg) for 10 days of each calendar month. Twenty-five untreated women were recruited to act as a reference group. Bone density was measured at the lumbar spine and proximal femur by dual x-ray densitometry. By 1 year, bone density at the lumbar spine had fallen by 1.8% in the reference group. In the women treated with E2 alone, it increased significantly by 7.8% (P less than .0001) and in those receiving E2 with testosterone, it increased by 6.3% (P less than .0001). At the femoral neck, bone density decreased by 3% in the controls and increased by approximately 4% in both treated groups (P less than .0001). The increase in bone density at these sites was unrelated to the woman's chronological age, menopausal age, or initial bone density. However, it correlated significantly with the serum E2 levels attained after 1 year of therapy. In no treated patients did bone density decrease significantly. These data show that testosterone confers no additional bone-sparing effect in postmenopausal women. (Inconsistent with other studies showing bone-density increase with addition of testosterone—Why--short follow-up? Pellets only q 6mos? No progesterone? See Davis-for positive finding with 200mg estradiol+200mg test. by pellet/year)
Glaser R, York AE, Dimitrakakis C. Beneficial effects of testosterone therapy in women measured by the validated Menopause Rating Scale (MRS). Maturitas. 2011 Apr;68(4):355-61. 

OBJECTIVES: This study was designed to measure the beneficial effects of continuous testosterone therapy, delivered by subcutaneous implant, in the relief of somatic, psychological and urogenital symptoms in both pre- and post-menopausal patients, utilizing the validated Health Related Quality of Life (HRQOL), Menopause Rating Scale (MRS). STUDY DESIGN: 300 pre- and post-menopausal women with symptoms of relative androgen deficiency, were asked to self-administer the 11-item MRS, at baseline and 3 months after their first insertion of the subcutaneous testosterone implant. Baseline hormone measurements, menopausal status and BMI, were assessed to determine correlation with symptoms and clinical outcome. MAIN OUTCOME MEASUREMENTS: Changes related to therapy were determined. Total MRS scores as well as psychological, somatic and urogenital subscale scores were compared prior to therapy and following testosterone implant therapy. RESULTS: Pre-menopausal and post-menopausal females reported similar hormone deficiency symptoms. Both groups demonstrated similar improvement in total score, as well as psychological, somatic and urogenital subscale scores with testosterone therapy. Better effect was noted in women with more severe complaints. Higher doses of testosterone correlated with greater improvement in symptoms. CONCLUSION: Continuous testosterone alone, delivered by subcutaneous implant, was effective for the relief of hormone deficiency symptoms in both pre- and post-menopausal patients. The validated, HRQOL questionnaire, Menopause Rating Scale (MRS), proved a valuable tool in the measurement of the beneficial effects of testosterone therapy in both cohorts. PMID:   21177051

Goldstat R, Briganti E, Tran J, Wolfe R, Davis SR. Transdermal testosterone therapy improves well-being, mood, and sexual function in premenopausal women. Menopause. 2003 Sep-Oct;10(5):390-8. 

OBJECTIVE: Circulating testosterone in women declines during the late reproductive years such that otherwise healthy women in their 40s have approximately half the testosterone level as women in their 20s. Despite this, research showing the benefits of androgen replacement has been limited to the postmenopausal years. In view of the known premenopausal physiological decline in testosterone, we have evaluated the efficacy of transdermal testosterone therapy on mood, well-being, and sexual function in eugonadal, premenopausal women presenting with low libido. DESIGN: Premenopausal women with low libido participated in a randomized, placebo-controlled, crossover, efficacy study of testosterone cream (10 mg/day) with two double-blind, 12-week, treatment periods separated by a single-blind, 4-week, washout period. RESULTS: Thirty-four women completed the study per protocol, with 31 women (mean age 39.7 +/- 4.2 years; serum testosterone 1.07 + 0.50 nmol/L (normal range 0.7 to 2.8nmol/L-HHL) providing complete data. Testosterone therapy resulted in statistically significant improvements in the composite scores of the Psychological General Well-Being Index [+12.9 (95% CI, +4.6 to +21.2), P = 0.003] and the Sabbatsberg Sexual Self-Rating Scale [+15.7 (95% CI, +6.5 to +25.0), P = 0.001] compared with placebo. A mean decrease in the Beck Depression Inventory score approached significance [-2.8 (95% CI, -5.7 to +0.1), P = 0.06]. Mean total testosterone levels during treatment were at the high end of the normal range, and estradiol was unchanged. No adverse effects were reported. CONCLUSIONS: Testosterone therapy improves well-being, mood, and sexual function in premenopausal women with low libido and low testosterone. As a substantial number of women experience diminished sexual interest and well-being during their late reproductive years, further research is warranted to evaluate the benefits and safety of longer-term intervention.

Gouras GK, Xu H, Gross RS, Greenfield JP, Hai B, Wang R, Greengard P, Testosterone decreases neuronal secretion of Alzheimer's beta-amyloid peptides. Proc Natl Acad Sci USA 2000 Feb 1;97 (3): 1202-5.

Testosterone and estradiol decrease A( secretion in neuronal cultures.  Glucocorticoids have deleterious effects on learning and memory and cause hippocampal cell death.  Orchiectomized rats have tendency to hippocampal cell death that is reversed with testosterone replacement.

Hermans EJ, Putman P, Baas JM, Koppeschaar HP, van Honk A Single Administration of Testosterone Reduces Fear-Potentiated Startle in Humans. J. Biol Psychiatry. 2006 May 1;59(9):872-4.

BACKGROUND: Ample evidence from animal research indicates that the gonadal steroid hormone testosterone has fear-reducing properties. Human data on this topic, however, are scarce and far less unequivocal. The present study therefore aimed to scrutinize anxiolytic effects of a single dose of testosterone, using a direct physiological index of fear in humans. METHODS: Twenty healthy female participants were tested in a double-blind, placebo-controlled crossover design involving sublingual administration of a single dose of testosterone. Four hours after intake, we assessed effects on baseline startle and fear-potentiated startle in a verbal threat-of-shock paradigm. RESULTS: In accordance with predictions, testosterone administration resulted in reduced fear-potentiated startle, without affecting baseline startle. CONCLUSIONS: This study provides direct evidence that a single dose of testosterone reduces fear in humans. The relationship of this effect to previous research on anxiolytic effects of benzodiazepines, as well as possible mechanisms of action, is discussed. PMID: 16458259
Gracia CR, Freeman EW, Sammel MD, Lin H, Mogul M. Hormones and sexuality during transition to menopause. Obstet Gynecol. 2007 Apr;109(4):831-40. 


OBJECTIVE: To examine the relationship between reproductive hormonal dynamics and sexual dysfunction assessed in a cohort of women approaching menopause. METHODS: Women in the Penn Ovarian Aging Study were assessed at yearly intervals for 3 years with early follicular hormone measurements (estradiol, follicle-stimulating hormone, luteinizing hormone [LH], sex hormone binding globulin, dehyroepiandrosterone sulfate [DHEAS], total testosterone), anthropometric measures, and extensive questionnaires including the Female Sexual Function Index. Univariable analyses were performed to determine the association between hormones, menopausal status, and sexual dysfunction. Multivariable linear and logistic regression models were created to examine the influence of hormones on sexual function adjusting for the effect of potential confounders. RESULTS: The final multivariable model indicated that sexual dysfunction increased with advanced menopausal status, with postmenopausal women being 2.3 times as likely to experience sexual dysfunction compared with premenopausal women (odds ratio 2.3, 95% confidence interval [CI] 1.3-4.1). Low DHEAS serum concentrations were associated with decreased sexual function (odds ratio 1.59, 95% CI 1.19-2.14). Additional risk factors associated with sexual dysfunction included absence of a sexual partner (11.2, 95% CI 6.9-18.1), high anxiety (3.8, 95% CI 1.6-9.2), and children under the age of 18 living at home (1.6, 95% CI 1.1-5.5). Lubrication, orgasm, and pain were specific aspects of sexuality negatively affected by menopause. CONCLUSION: This study confirms the observation that sexual dysfunction increases over the menopausal transition. Several factors associated with sexual dysfunction include low DHEAS, absence of a sexual partner, anxiety, and children under the age of 18 living at home.

Grynberg M, Fanchin R, Dubost G, Colau JC, Brémont-Weil C, Frydman R, Ayoubi JM.  Histology of genital tract and breast tissue after long-term testosterone administration in a female-to-male transsexual population. Reprod Biomed Online. 2010 Apr;20(4):553-8. doi: 

Growing evidence indicates that androgens play a positive role in follicle proliferation and growth. Hence, many authors have assumed that androgen supplementation in women with poor ovarian reserve might improve the number of antral follicles available for ovarian stimulation. As androgen administration may become more frequently used in reproductive medicine, this study aimed at describing the histological changes observed in the genital tract and the breast of female-to-male (FTM) transsexuals. A pathological analysis of the genital tract of 112 FTM subjects who were given androgen for at least 6 months before hystero-salpingo-oophorectomy was performed. In addition, 100 bilateral mastectomies were performed, allowing a study of the breast tissue. Mean ovarian volume was increased, with histological characteristics of polycystic ovaries (PCO), defined as >12 antral follicles per ovary, observed in 89 patients (79.5%). Endometrial atrophy was observed in 45%. Breast examination revealed marked reduction of glandular tissue and increase of fibrous connective tissue in 93%, without atypical hyperplasia or carcinoma. The present data confirms and expands the putative associations between long-term androgen administration and abnormalities in ovarian architecture with macroscopic and microscopic characteristics of PCO, increased risk of endometrial atrophy and fibrotic breast tissue with marked glandular reduction.

Guay A, Munarriz R, Jacobson J, Talakoub L, Traish A, Quirk F, Goldstein I, Spark R. Serum androgen levels in healthy premenopausal women with and without sexual dysfunction: Part A. Serum androgen levels in women aged 20-49 years with no complaints of sexual dysfunction. Int J Impot Res. 2004 Apr;16(2):112-20.

Androgen insufficiency is a recognized cause of sexual dysfunction in men and women. Age-related decrements in adrenal and gonadal androgen levels also occur naturally in both sexes. At present, it is unclear if a woman's low serum androgen level is a reflection of the expected normal age-related decline or indicative of an underlying androgen-deficient state. We studied premenopausal women with no complaints of sexual dysfunction to help define a normal female androgen profile. In all, 60 healthy, normally menstruating women, ages 20-49 y, were studied. The Abbreviated Sexual Function Questionnaire was administered along with a detailed interview. Radioimmunoassay measurements of morning serum testosterone (T), free testosterone (fT), dehydroepiandrosterone-sulfate (DHEAS), sex hormone-binding globulin (SHBG), and free androgen index (FAI) were measured during days 8-15 of the menstrual cycle. In women 20-49 y old without complaints of sexual dysfunction, serum androgen levels exhibit a progressive stepwise decline. Comparing values obtained in women age 20-29 y to those obtained in women 40-49 y, specific hormone decrements were DHEAS 195.6-140.4 microg/dl, serum T 51.5-33.7 ng/dl, fT 1.51-1.03 pg/ml. SHBG did not change significantly in women in this age group. The FAI reflected the age-related decrease in female androgen levels. The framework for the development of a female androgen profile in women with no complaints of sexual dysfunction has been established, and an age-related decrease in testosterone and its adrenal precursor, DHEAS, has been demonstrated. The FAI mirrors these decreases and its usefulness in clinical practice is confirmed. A precipitous decline in all androgens occurs after the decade of the 20s, yet SHBG does not show a significant change throughout the premenopausal years. PMID: 14999217

Huang G, Basaria S, Travison TG, Ho MH, Davda M, Mazer NA, Miciek R, Knapp PE, Zhang A, Collins L, Ursino M, Appleman E, Dzekov C, Stroh H, Ouellette M, Rundell T, Baby M, Bhatia NN, Khorram O, Friedman T, Storer TW, Bhasin S. Testosterone dose-response relationships in hysterectomized women with or without oophorectomy: effects on sexual function, body composition, muscle performance and physical function in a randomized trial. Menopause. 2014 Jun;21(6):612-23.  
OBJECTIVE: This study aims to determine the dose-dependent effects of testosterone on sexual function, body composition, muscle performance, and physical function in hysterectomized women with or without oophorectomy. METHODS: Seventy-one postmenopausal women who previously underwent hysterectomy with or without oophorectomy and had total testosterone levels less than 31 ng/dL or free testosterone levels less than 3.5 pg/mL received a standardized transdermal estradiol regimen during the 12-week run-in period and were randomized to receive weekly intramuscular injections of placebo or 3, 6.25, 12.5, or 25 mg of testosterone enanthate for 24 weeks. Total and free testosterone levels were measured by liquid chromatography-tandem mass spectrometry and equilibrium dialysis, respectively. The primary outcome was change in sexual function measured by the Brief Index of Sexual Functioning for Women. Secondary outcomes included changes in sexual activity, sexual distress, Derogatis Interview for Sexual Functioning, lean body mass, fat mass, muscle strength and power, and physical function. RESULTS: Seventy-one women were randomized; five groups were similar at baseline. Sixty-two women with analyzable data for the primary outcome were included in the final analysis. The mean on-treatment total testosterone concentrations were 19, 78, 102, 128, and 210 ng/dL in the placebo, 3-mg, 6.25-mg, 12.5-mg, and 25-mg groups, respectively. (Free testosterone levels (range <7pg/ml) were 3, 12, 18, 22 and 39pg/ml in the placebo, 3-mg, 6.25-mg, 12.5-mg, and 25-mg groups, respectively—HHL) Changes in composite Brief Index of Sexual Functioning for Women scores, thoughts/desire, arousal, frequency of sexual activity, lean body mass, chest-press power, and loaded stair-climb power were significantly related to increases in free testosterone concentrations; compared with placebo, changes were significantly greater in women assigned to the 25-mg group, but not in women in the lower-dose groups. Sexual activity increased by 2.7 encounters per week in the 25-mg group. The frequency of androgenic adverse events was low. CONCLUSIONS: Testosterone administration in hysterectomized women with or without oophorectomy for 24 weeks was associated with dose and concentration-dependent gains in several domains of sexual function, lean body mass, chest-press power, and loaded stair-climb power. Long-term trials are needed to weigh improvements in these outcomes against potential long-term adverse effects. PMID: 24281237

Huang G, Tang E, Aakil A, Anderson S, Jara H, Davda M, Stroh H, Travison TG, Bhasin S, Basaria S. Testosterone dose-response relationships with cardiovascular risk markers in androgen-deficient women: a randomized, placebo-controlled trial.J Clin Endocrinol Metab. 2014 Jul;99(7):E1287-93.

Objective: To determine dose-dependent effects of T administration on cardiovascular risk markers in women with low T levels. Methods: Seventy-one hysterectomized women with or without oophorectomy with total T < 31 ng/dL and/or free T < 3.5 pg/mL received a standardized transdermal estradiol regimen during the 12-week run-in period and were then randomized to receive weekly im injections of placebo or 3-, 6.25-, 12.5-, or 25-mg T enanthate for 24 weeks. Total and free T levels were measured by liquid chromatography-tandem mass spectrometry and equilibrium dialysis, respectively. Insulin resistance and inflammatory markers were measured at baseline and 24 weeks. In a subset of women, magnetic resonance imaging of the abdomen was performed to quantify abdominal fat volume. Results: Fifty-nine women who completed the 24-week intervention were included in the final analysis. The five groups were similar at baseline. Mean on-treatment nadir total T concentrations were 14, 79, 105, 130, and 232 ng/dL in the placebo group and the 3-, 6.25-, 12.5-, and 25-mg groups, respectively. No significant changes in fasting glucose, fasting insulin, homeostatic model assessment of insulin resistance, high sensitivity C-reactive protein, adiponectin, blood pressure, and heart rate were observed at any T dose when compared to placebo. Similarly, no dose- or concentration-dependent changes were observed in abdominal fat on magnetic resonance imaging. Conclusion: Short-term T administration over a wide range of doses for 24 weeks in women with low T levels was not associated with worsening of cardiovascular risk markers. PMID: 24712568

Janowsky JS, Chavez B, Orwoll E., Sex steroids modify working mem​ory. J Cogn Neurosci 2000 May; 12(3): 407-14.

In the last ten years, numerous mechanisms by which sex steroids modify cortical function have been described. For example, estrogen replacement improves verbal memory in women, and animal studies have shown effects of estrogen on hippocampal synaptogenesis and function. Little is known about sex steroid effects on other aspects of memory, such as frontal lobe-mediated working memory. We examined the relationships between working memory and sex steroid concentrations and whether sex steroid supplementation would modify age-related loss of working memory in older men and women. Before hormone supplementation, working memory, tested with the Subject Ordered Pointing Test (SOP), was worse in older subjects than younger subjects, and there was no evidence of gender differences at either age. Testosterone supplementation improved working memory in older men, but a similar enhancement of working memory was not found in older women supplemented with estrogen. In men, testosterone and estrogen effects were reciprocal - with better working memory related to a higher testosterone to estrogen ratio. These results suggest that sex steroids can modulate working memory in men and can act as modulators of cognition throughout life.

Jassal SK, Barrett-Connor E, Edelstein SL. Low bioavailable testos​terone levels predict future height loss in postmenopausal women. Journal of Bone Mineral Research. 1995; 10:650-654.

The objective of this study was to examine the relation of endogenous sex hormones to subsequent height loss in postmenopausal women, in whom height loss is usually a surrogate for osteoporotic vertebral fractures. This was a prospective, community-based study. The site chosen was Rancho Bernardo, an upper middle class community in Southern California. A total of 170 postmenopausal women participated, aged 55-80 years. None of them were taking exogenous estrogen between 1972 and 1974. Plasma was obtained for sex hormone and sex hormone-binding globulin (SHBG) assays. Estradiol/SHBG and testosterone/SHBG ratios were used to estimate biologically available hormone levels; bioavailable (non-SHBG-bound) testosterone was measured directly in 60 women. Height loss was based on height measurements taken 16 years apart. Height loss was strongly correlated with age (p = 0.001). These women lost an average 0.22 cm/year in height. Neither estrone nor estradiol levels were significantly and independently related to height loss. Both estimated bioavailable testosterone (testosterone/SHBG ratio) and measured bioavailable testosterone levels predicted future height loss (p = 0.02 and 0.08, respectively) independent of age, obesity, cigarette smoking, alcohol intake, and use of thiazides and estrogen. We conclude that bioavailable testosterone is an independent predictor of height loss in elderly postmenopausal women. The reduced height loss is compatible with a direct effect of testosterone on bone mineral density or bone remodeling. PMID: 761093 (Women with highest testosterone had almost no height loss, those with lowest testosterone had loss of over 10cm.—HHL)  
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Kaczmarek A, Reczuch K, Majda J, Banasiak W, Ponikowski P. The association of lower testosterone level with coronary artery disease in postmenopausal women. Int J Cardiol. 2003 Jan;87(1):53-7. 


OBJECTIVE: Testosterone (T) is assumed to be a risk factor for coronary artery disease (CAD). However, recent studies have demonstrated a beneficial effect of T on myocardial ischaemia in men with CAD. To assess the potential role of T in CAD in postmenopausal women we investigated the association between T level and CAD and relationship between T and other CAD metabolic risk factors. RESULTS: Within the 12-month study period, 108 consecutive, postmenopausal women (age 62+/-7 years) referred for diagnostic coronary angiography were prospectively included in the study. In all patients serum level of T, sex hormone-binding globulin (SHBG), total cholesterol (T-chol), LDL-chol, HDL-chol, triglycerides (TG), apolipoproteins A(1) and B (apo A(1), apo B), lipoprotein a [Lp(a)], and C reactive protein were measured. Testosterone free index (TFI) was calculated as Tx100/SHBG. CAD was documented in 51 (47%) patients (CAD+). Women with CAD had decreased T level and lower TFI (T: 0.99+/-0.4 vs. 1.41+/-0.7 nmol/l, P=0.005; TFI: 3.2+/-1.4 vs. 4.2+/-2.2, P=0.04, CAD+ vs. CAD-, respectively). No difference in SHBG was found between the two groups. In 16 women (six CAD+, 10 CAD-) who were on hormonal replacement therapy (HRT+) we observed significantly elevated T level and TFI (T: 1.62+/-0.5 vs. 1.15+/-0.7 nmol/l; TFI: 5.0+/-2.2 vs. 3.5+/-1.8, HRT+ vs. HRT-, respectively, P<0.05). When these women were excluded from the analysis, T level remained decreased in CAD+ group (0.96+/-0.4 vs. 1.22+/-0.5 nmol/l, CAD+ vs. CAD- respectively, P<0.02). CAD+ group had an unfavourable profile of metabolic CAD risk factors as evidenced by elevated T-chol, LDL-chol, Lp(a), apoB, and decreased apoA(1) (P<0.05 vs. CAD- in all comparisons). Neither T nor TFI correlated with CAD metabolic risk factors (r<0.2, P>0.1 for all correlations), apart from an inverse correlation between T and Lp(a) (r=-0.24, P=0.04). CONCLUSION: In postmenopausal women decreased T level is associated with CAD independently of the other CAD metabolic risk factors. Hormonal replacement therapy tends to increase T level which may further support the beneficial role of HRT in postmenopausal women. 

Longcope C, Baker RS, Hui SL, Johnston CC Jr. Androgen and estro​gen dynamics in women with vertebral crush fractures. Maturitas 1984; 6:309​318.

Using constant infusions of [3H]androgen/[14C]estrogen we measured metabolic clearance and production rates and aromatization of androgens to estrogens in post-menopausal women with vertebral crush fractures and compared these results to similar measurements in a similar population of post-menopausal women who did not have vertebral crush fractures. The mean +/- SEM values for the metabolic clearance rates of testosterone and estrone, 220 +/- 10 and 880 +/- 50 1/day per m2, were significantly less in the crush fracture group than the respective mean values in the control group, 280 +/- 15 and 1110 +/- 70 1/day per m2. The mean concentration of estradiol was higher in the crush fracture group, 18 +/- 2 pg/ml, compared to that in the control group, 13 +/- 1 pg/ml. However, for the crush fracture group the mean blood production rates of both androstenedione, 0.7 +/- 0.1 mg/day, and testosterone, 56 +/- 9 micrograms/day, were significantly less than the respective values in the control group, 1.2 +/- 0.2 mg/day and 115 +/- 15 micrograms/day. The production rates for estrone and estradiol were not different for the two groups. In addition the mean value for the fraction of adrostenedione converted to testosterone ( [rho]A, T BB) was lower in the crush fracture, 0.030 +/- 0.002 compared to the control group, 0.041 +/- 0.004. Thus the amount of biologically available androgen is less in the vertebral crush fracture group than in the control group. However, since these measurements represent an isolated point temporally removed from major changes in bone morphology, their exact relationship to the crush fracture and osteoporotic process remains uncertain.

Manolagas SC. Birth and death of bone cells: basic regulatory mech​anisms and implications for the pathogenesis and treatment of osteo​porosis. Endocr Rev. 2000; 21:115-137.

The adult skeleton regenerates by temporary cellular structures that comprise teams of juxtaposed osteoclasts and osteoblasts and replace periodically old bone with new. A considerable body of evidence accumulated during the last decade has shown that the rate of genesis of these two highly specialized cell types, as well as the prevalence of their apoptosis, is essential for the maintenance of bone homeostasis; and that common metabolic bone disorders such as osteoporosis result largely from a derangement in the birth or death of these cells. The purpose of this article is 3-fold: 1) to review the role and the molecular mechanism of action of regulatory molecules, such as cytokines and hormones, in osteoclast and osteoblast birth and apoptosis; 2) to review the evidence for the contribution of changes in bone cell birth or death to the pathogenesis of the most common forms of osteoporosis; and 3) to highlight the implications of bone cell birth and death for a better understanding of the mechanism of action and efficacy of present and future pharmacotherapeutic agents for osteoporosis. PMID: 10782361

Miller BE, De Souza MJ, Slade K, Luciano AA. Sublingual administration of micronized estradiol and progesterone, with and without micronized testosterone: effect on biochemical markers of bone metabolism and bone mineral density. Menopause. 2000 Sep-Oct;7(5):318-26. 


OBJECTIVES: The purpose of this investigation was to evaluate the relative efficacy of the sublingual administration of micronized estradiol (E2), progesterone (P4), and testosterone (T) on bone mineral density and biochemical markers of bone metabolism. DESIGN: In this double-blind, prospective study, postmenopausal women were randomly assigned to one of four treatment groups: hysterectomized women were assigned to either 1) micronized E2 (0.5 mg) or 2) micronized E2 (0.5 mg) + micronized T (1.25 mg). Women with intact uteri were assigned to either 3) micronized E2 (0.5 mg) + micronized P4 (100 mg) or 4) micronized E2 (0.5 mg) + micronized P4 (100 mcg) + micronized T (1.25 mg). For the purpose of this study, the four treatment groups were combined into two groups for all comparisons. The E2 and E2+P4 groups were combined into the HRT alone group (n=30), and the E2+T and E2+P4+T groups were combined into the HRT + T group (n=27). Hormones were administered sublingually as a single tablet twice a day for 12 months. Bone mineral density was measured in the anterior-posterior lumbar spine and total left hip via dual energy x-ray absorptiometry. Bone metabolism was assessed via serum bone-specific alkaline phosphatase and urinary deoxypyridinoline and cross-linked N-telopeptide of type I collagen, both normalized to creatinine. Data were analyzed via a repeated measures analysis of variance and a Student's t test (alpha=0.05). RESULTS: The subjects were of similar age (54.0 +/- 0.8 years), height (64.0 +/- 0.3 in), weight (157.6 +/- 4.2 lb), and had similar baseline follicle-stimulating hormone (66.4 +/- 3.2 mIU/L), E2 (26.4 +/- 1.5 pg/ml), P4 (0.3 +/- 0.1 ng/ml), total T (19.0 +/- 1.5 ng/dL), and bioavailable T (3.7 +/- 0.3 ng/dL) levels. During therapy, serum levels increased (p < 0.05) for each hormone. Bone mineral density and bone markers at baseline were similar for each treatment group. Bone-specific alkaline phosphatase decreased (p < 0.05) by -14.3 +/- 4.1% in the HRT alone group and by -8.2 +/- 4.6% in the HRT + T group. Deoxypyridinoline levels decreased significantly in the HRT alone and HRT + T groups, - 14.4 +/- 6.8% and -26.9 +/- 7.6%, respectively. Significant reductions (p < 0.05) in cross-linked N-telopeptide of type I collagen were also observed in both groups, -24.4 +/- 6.5% and -39.5 +/- 8.6%, respectively. Bone mineral density in the lumbar spine increased (p < 0.05) by +2.2 +/- 0.5% the HRT alone group and by + 1.8 +/- 0.6% in the HRT + T group. Total hip bone mineral density was maintained in the HRT alone group (+0.4 +/- 0.4%) and increased (p < 0.05) in the HRT + T group (+ 1.8 +/- 0.5%). CONCLUSIONS: Sublingual micronized HRT favorably decreases serum and urine markers of bone metabolism, prevents bone loss, and results in a slight increase in spine and hip bone mineral density. Although the addition of testosterone to HRT for 1 year did not result in added benefit to the spine bone mineral density, it did result in a significant increase in hip bone mineral density. Longer duration of therapy may have further improved these outcomes. (Too bad they didn’t add a group with DHEA also as it is a major source of androgenic activity in women--HHL)

Miller KK, Grieco KA, Klibanski A. Testosterone administration in women with anorexia nervosa. J Clin Endocrinol Metab. 2005 Mar;90(3):1428-33. Epub 2004 Dec 21. 

Anorexia nervosa (AN) is complicated by severe bone loss, cognitive function deficits, and a high prevalence of major depression. We hypothesized that bone formation would increase and depressive symptoms and spatial cognition would improve with short-term physiological testosterone administration. We randomized 33 women with AN and relative testosterone deficiency to transdermal testosterone (Intrinsa, Procter and Gamble Pharmaceuticals, Cincinnati, OH), 150 mug, 300 mug, or placebo, for 3 wk. At baseline, free testosterone correlated with L4 bone density (r = 0.51, P < 0.001), body mass index (r = 0.39, P = 0.02), depressive symptoms (r = -0.44, P = 0.02), and spatial cognition (r = 0.45, P = 0.04). C-terminal propeptide of type 1 collagen levels were higher during testosterone administration than placebo (P = 0.03). The change in propeptide of type 1 collagen correlated with change in free testosterone over 3 wk (r = 0.50, P = 0.02). Osteocalcin and bone-specific alkaline phosphatase did not change. Depressed patients receiving testosterone improved from severely depressed to moderately depressed; the placebo group was unchanged (P = 0.02). Spatial cognition improved in the testosterone group, compared with placebo (P = 0.0015). Therefore, short-term low-dose testosterone may improve depressive symptoms and spatial cognition in women with AN. Low-dose testosterone may also prevent decreased bone formation in AN, but because testosterone did not affect all markers of bone formation studied, further data are needed.

Miller KK, Biller BM, Beauregard C, Lipman JG, Jones J, Schoenfeld D, Sherman JC, Swearingen B, Loeffler J, Klibanski A. Effects of Testosterone Replacement in Androgen-Deficient Women with Hypopituitarism: A Randomized, Double-Blind, Placebo-Controlled Study*  J Clin Endocrinol Metab. 2006 Feb 14; 

Context: Hypopituitarism in women is characterized by profound androgen deficiency due to a loss of adrenal and/or ovarian function. The effects of testosterone replacement in this population have not been reported. Objective: To determine whether physiologic testosterone replacement improves bone density, body composition, and/or neuro-behavioral function in women with severe androgen deficiency secondary to hypopituitarism. Design: 12-month randomized, placebo-controlled study Setting: General Clinical Research Center Study Participants: 51 women of reproductive age with androgen deficiency due to hypopituitarism Intervention: Physiologic testosterone administration using a patch that delivers 300 mcg daily or placebo Main Outcome Measures: Bone density, fat-free mass and fat mass were measured by dual x-ray absorptiometry, Thigh muscle and abdominal cross-sectional area were measured by CT scan. Mood, sexual function, quality of life and cognitive function were assessed using self-administered questionnaires. Results: Mean free testosterone increased into the normal range during testosterone administration. Mean hip (P = 0.023) and radius (P = 0.007), but not PA spine, bone mineral density (BMD) increased in the group receiving testosterone compared with placebo, as did mean fat-free mass (P = 0.040) and thigh muscle area (P = 0.038), but there was no change in fat mass. Mood (P = 0.029) and sexual function (P = 0.044) improved, as did some aspects of quality of life, but not cognitive function. Testosterone at physiologic replacement levels was well-tolerated, with few side effects. Conclusions: This is the first randomized, double-blind, placebo-controlled study to show a positive effect of testosterone on bone density, body composition, and neurobehavioral function in women with severe androgen deficiency due to hypopituitarism.

Miller KK, Biller BM, Schaub A, Pulaski-Liebert K, Bradwin G, Rifai N, Klibanski A. Effects of testosterone therapy on cardiovascular risk markers in androgen-deficient women with hypopituitarism. J Clin Endocrinol Metab. 2007 Jul;92(7):2474-9. 

CONTEXT: Low-dose testosterone replacement therapy in women with relative androgen deficiency has been shown to have beneficial effects on body composition, bone mass, and psychosexual function. However, the safety of chronic testosterone administration on cardiovascular risk and insulin resistance is unknown. OBJECTIVE: The aim of the study was to determine the effects of physiological testosterone replacement on cardiovascular risk markers and insulin resistance in women. DESIGN: A 12-month, randomized, placebo-controlled study was conducted. SETTING: A General Clinical Research Center was the setting for the study. STUDY PARTICIPANTS: A total of 51 women of reproductive age with androgen deficiency due to hypopituitarism participated. INTERVENTION: Study participants were randomized to physiological testosterone administration, 300 mug daily, or placebo, by patch. MAIN OUTCOME MEASURES: We measured fasting glucose, fasting insulin, insulin-resistance homeostasis model of assessment (IRHOMA), quantitative insulin sensitivity check index (QUICKI), high-sensitivity C-reactive protein, vascular cell adhesion molecule (VCAM), leptin, lipoprotein (a), apolipoprotein A1, and homocysteine. RESULTS: At 12 months, fasting insulin and IRHOMA were significantly lower in the testosterone compared with the placebo group, and there was a trend toward a higher QUICKI level at 12 months in the testosterone compared with the placebo group. These differences were no longer significant after controlling for baseline levels. We observed no effect, either positive or negative, of testosterone administration on high-sensitivity C-reactive protein, VCAM leptin, lipoprotein (a), or apolipoprotein A1. CONCLUSIONS: Our data suggest that physiological testosterone replacement in women with hypopituitarism for 12 months does not increase, and may improve, insulin resistance. Chronic low-dose testosterone administration does not increase markers of cardiovascular disease reflecting several different mechanistic pathways. Large, randomized, placebo-controlled, long-term prospective studies are needed to determine whether low-dose testosterone replacement affects cardiovascular risk and event rates in women.

Miller KK, Biller BM, Beauregard C, Lipman JG, Jones J, Schoenfeld D, Sherman JC, Swearingen B, Loeffler J, Klibanski A. Effects of testosterone replacement in androgen-deficient women with hypopituitarism: a randomized, double-blind, placebo-controlled study. J Clin Endocrinol Metab. 2006 May;91(5):1683-90. 

CONTEXT: Hypopituitarism in women is characterized by profound androgen deficiency due to a loss of adrenal and/or ovarian function. The effects of testosterone replacement in this population have not been reported. OBJECTIVE: The objective of the study was to determine whether physiologic testosterone replacement improves bone density, body composition, and/or neurobehavioral function in women with severe androgen deficiency secondary to hypopituitarism. DESIGN: This was a 12-month randomized, placebo-controlled study. SETTING: The study was conducted at a general clinical research center. STUDY PARTICIPANTS: Fifty-one women of reproductive age with androgen deficiency due to hypopituitarism participated. INTERVENTION: Physiologic testosterone administration using a patch that delivers 300 microg daily or placebo was administered. MAIN OUTCOME MEASURES: Bone density, fat-free mass, and fat mass were measured by dual x-ray absorptiometry. Thigh muscle and abdominal cross-sectional area were measured by computed tomography scan. Mood, sexual function, quality of life, and cognitive function were assessed using self-administered questionnaires. RESULTS: Mean free testosterone increased into the normal range during testosterone administration. Mean hip (P = 0.023) and radius (P = 0.007), but not posteroanterior spine, bone mineral density increased in the group receiving testosterone, compared with placebo, as did mean fat-free mass (P = 0.040) and thigh muscle area (P = 0.038), but there was no change in fat mass. Mood (P = 0.029) and sexual function (P = 0.044) improved, as did some aspects of quality of life, but not cognitive function. Testosterone at physiologic replacement levels was well tolerated, with few side effects. CONCLUSIONS: This is the first randomized, double-blind, placebo-controlled study to show a positive effect of testosterone on bone density, body composition, and neurobehavioral function in women with severe androgen deficiency due to hypopituitarism. PMID: 1647881

Montalcini T; Gorgone G; Gazzaruso C; Sesti G; Perticone F; Pujia A. Endogenous testosterone and endothelial function in postmenopausal women. Coron Artery Dis. 2007 Feb;18(1):9-13.

OBJECTIVE: It is well known that coronary heart disease incidence increases in women after menopause. This phenomenon was related to reduced levels of female sex hormones. Estrogen decline, however, is not the only hormonal change during the postmenopausal period and estrogen administration did not protect women from cardiovascular disease. Therefore, it is justified to explore other hormonal changes. The role of androgens is still controversial. The aim of the present study was to investigate the relationship between endogenous sex hormones and endothelial function, measuring the brachial artery flow-mediated dilation. METHODS AND RESULTS: Sixty postmenopausal women were consecutively enrolled and underwent a clinical and biochemical examination. Brachial artery flow-mediated dilation was also evaluated by ultrasound. After correction for confounding variables, testosterone was positively correlated to flow-mediated dilation (beta=0.277, P=0.03). Indeed, women in the lowest testosterone tertile had a flow-mediated dilation smaller than that in the highest tertile (P=0.02). CONCLUSIONS: This result could suggest that the development of cardiovascular disease after menopause is due not only to estrogen decline but also to androgen decline. More studies are needed to evaluate the role of androgen replacement therapy on postmenopausal women with low level of this hormone.

Nathorst-Boos J, Jarkander-Rolff M, Carlstrom K, Floter A, von Schoultz B. Percutaneous administration of testosterone gel in postmenopausal women--a pharmacological study. Gynecol Endocrinol. 2005 May;20(5):243-8.

We wished to investigate if a testosterone gel administered percutaneously to postmenopausal women could result in stable serum levels of the hormone and which dose was required to produce levels within the normal premenopausal range. Fifteen postmenopausal women, mean age 55.3 years (range 45-70 years), volunteered to participate in the study and were divided into three groups. They received 10, 20 or 30 mg of testosterone as a 1% testosterone hydroalcoholic gel at 09.00 hours daily for 14 days. The gel was applied in a thin layer on the outside of the thigh each morning, over an area of approximately 15 cm(2). Blood samples were collected hourly between 09.00 and 17.00 hours on days 1 and 14, and also at 08.00 hours on days 3, 5, 11, 12, 13 and finally day 16, i.e. 2 days after termination of treatment. The mean basal serum level of testosterone was 1.1 +/- 0.9 nmol/l and for 5a-dihydrotestosterone 208 +/- 143 pmol/l. There was a clear increase from the 10 mg to the 20 mg treatment (mean testosterone level during treatment 3.2 and 7.2 nmol/l, respectively) while serum testosterone values after 30 mg showed very little further increase (mean 7.5 nmol/l). Values for days 3-5 were quite similar to those for days 13-14. The present study suggests that adequate and acceptable serum levels of testosterone can be achieved with 10 mg testosterone applied transdermally.(That’s a high dose, but they were not restoring DHEA as I do.—HHL)
Ortmann J, Prifti S, Bohlmann MK, Rehberger-Schneider S, Strowitzki T, Rabe T. Testosterone and 5 alpha-dihydrotestosterone inhibit in vitro growth of human breast cancer cell lines. Gynecol Endocrinol. 2002 Apr;16(2):113-20. 

Androgens are of biological and clinical importance for the growth and development of breast cancer in women, and the androgen receptor (AR) has been shown to be a predictor of tumor differentiation. In the present study, we investigated the relationship between AR status and testosterone and 5 alpha-dihydrotestosterone (DHT)-dependent proliferation of the human breast carcinoma cell lines MCF-7, T47-D, MDA-MB 435S and BT-20. AR status was studied by means of immunocytochemistry and Western blot analysis. All four cell lines stained positively for AR. Western blot analysis revealed a strong expression of AR in MCF-7, in contrast to BT-20 cells. According to proliferation kinetics, we observed a significant (p < or = 0.05) dose-dependent inhibition of cell growth by testosterone and DHT treatment in all four cell lines. In the estrogen receptor (ER)-negative cell lines BT-20 and MDA-MB 435S, testosterone was a more potent inhibitor of cell proliferation than DHT (p < or = 0.05), in contrast to the ER-positive cells lines MCF-7 and T47-D, in which a stronger inhibition of proliferation was achieved by DHT. A partial transformation of testosterone to estrogen in ER-positive cells might be an explanation for this effect. Our data favor a possible role of androgens in growth regulation of breast cancer. Clinical studies are needed to analyze the importance of AR as a possible predictor in response to endocrine therapy of breast cancer.

Phillips GB, Pinkernell BH, Jing TY. Relationship between serum sex hormones and coronary artery disease in postmenopausal women. Arterioscler Thromb Vasc Biol. 1997 Apr;17(4):695-701. 


Although sex hormones appear to be importantly involved in the development of coronary heart disease, apparently no study has yet reported an alteration in an endogenous sex hormone level in relation to coronary heart disease in women. In an attempt to determine whether any sex hormone abnormality might be a factor in the development of myocardial infarction in women, estradiol and testosterone, as well as sex hormone-binding globulin, insulin, dehydroepiandrosterone sulfate, and risk factors for myocardial infarction, were measured in relation to the degree of coronary artery disease (CAD) in 60 postmenopausal women undergoing coronary angiography. In a multiple-regression analysis with the degree of CAD as the dependent variable and free testosterone (FT), estradiol, age, body mass index, systolic blood pressure, cholesterol, smoking, and insulin as independent variables in the model, only FT (P < .008) and cholesterol (P = .01) were significantly related to the degree of CAD, both positively. To exclude a possible confounding effect due to prior myocardial infarction, the multiple-regression analysis was repeated for the subgroup of 49 patients remaining after excluding the 11 patients who had ever had a myocardial infarction; again only FT (P < .04) and cholesterol (P = .05) were significantly related to the degree of CAD. Neither total testosterone in place of FT nor HDL cholesterol in place of total cholesterol in the model was significantly related to CAD. Sex hormone-binding globulin and dehydroepiandrosterone sulfate, added individually to the model, showed no significant relationship to CAD. These results raise the possibility that in women an elevated FT level may be a risk factor for coronary atherosclerosis. (Same authors, similar study found FT associated with lower risk of CAD in men. Other studies show testosterone to be protective in women, it may be a matter of balance in the individual.—HHL)

Raisz L, Wiita B, Arthis A, et al. Comparison of the effects of estro​gen alone and estrogen plus androgen on biochemical markers of bone formation and resorption in postmenopausal women. J Clin Endo Metab. 1996; 81:37-43.

The present study was undertaken to determine whether the addition of an androgen to estrogen therapy in postmenopausal women would alter the skeletal response as determined by measurements of markers of bone formation and resorption. Postmenopausal women were treated for 9 weeks with either a combination of 1.25 mg esterified estrogen and 2.5 mg methyltestosterone (E+A) or 1.25 mg conjugated equine estrogen (CEE). Both groups showed a similar decrease in urinary excretion of the bone resorption markers, deoxypyridinoline, pyridinoline, and hydroxyproline. Patients treated with CEE showed decreases in the serum markers of bone formation, bone-specific alkaline phosphatase, osteocalcin, and C-terminal procollagen peptide. In contrast, subjects treated with E+A showed increases in these markers of bone formation. CEE increased, and E+A decreased serum levels of sex hormone-binding globulin as well as triglycerides and high density lipoprotein levels. Only CEE significantly reduced low density lipoproteins. Both regimens were effective in reducing postmenopausal somatic symptoms, but only E+A had a significant effect on psychological symptoms. We conclude that short term administration of androgen with estrogen may reverse the inhibitory effects of estrogen on bone formation. Long term studies are needed to determine the relative benefits and risks of the combination of estrogen and androgen and whether this results in greater increases in bone mass and strength. 

Rako S. Testosterone deficiency: a key factor in the increased cardiovascular risk to women following hysterectomy or with natural aging? J Womens Health. 1998 Sep;7(7):825-9.

The ovaries are a critical source not only of estrogen but also of testosterone. On removal of the uterus, even in instances where ovaries have been spared, their function can be compromised. Women who have had a simple hysterectomy (ovaries remaining intact), even if treated postsurgically with supplementary estrogen, have three times the risk of cardiovascular disease compared with women who have not had a hysterectomy. In men, testosterone has been demonstrated to have beneficial fibrinolytic effects and beneficial effects on blood vessel endothelium, in blood sugar and insulin metabolism, and in maintaining coronary artery circulation. Studies on the potential cardiovascular protective effects of physiologic levels of testosterone in women are critically needed. Restoring a physiologic level of testosterone to women after hysterectomy not only can improve quality of life in terms of sexual libido, sexual pleasure, and sense of well-being but also can build bones--and may be a key to protecting cardiovascular health. Women developing testosterone deficiency as a consequence of natural aging/menopause may similarly benefit from physiologic testosterone supplementation.

Rudenko L.V., Ramazanova Y.I., Kalinchenko S.Y.  Estimation of prolonged androgen therapy safety in patients with female-male transexualism. The Aging Male, March 2006; 9(1): 1–70 

Background: Observation of the prolonged androgen therapy safety in patients with female-male type of transsexualism being treated with prolonged androgenic testosterone ether drugs. Materials and Methods: Fifty-two patients with female male transsexualism were included into the trial. They were administered substitution hormonotherapy (Sustanon-250, Omnadren-250—esterified testosterone depot preparations) once per 1–3 weeks with individually adjusted doses. To evaluate cardio-vascular system safety we applied instrumental examination algorithm, which included ECG and Holter monitoring. To evaluate hepatic function in all patients, blood biochemical analysis, including AST and ALT estimation was performed. Venous blood glucose level and immunoreactive insulin level were defined to evaluate carbohydrate metabolism. Besides, 13 patients underwent echocardiography with ultrasonic multifunctional scanner VIVID-7 GI US with multifrequency transducer (3.5 MHz), with main hemodynamic values estimation and evaluation of blood lipids (levels of total cholesterol, triglycerides, HDL, LDL). Statistical analysis were performed with non-parametric methods usage. Results: Median age was 28 [23;34] years, therapy length was 4 [2;7] years. Cardio-vascular status of all patients was appropriate to the age standard in the socially Abstracts of The 5th World Congress on the Aging Male 21 adapted age population. There were no significant arrhythmias and segment ST fluctuations. Carbohydrate metabolism was normal in all examined patients glucose and immunoreactive insulin levels (n¼9) were in normal values limits. None of patients had increased levels of AST or ALT. Eleven of 12 examined patients total cholesterol and LDL were 5.4 [5.3;5.8] and 3,7 [3.6;3.9] mmol\l, respectively and exceeded levels of normal values, whilst levels of HDL and triglyceride were 1.30 [0.99;1.47] and 1.3 [0.8;1.5] mmol\l, respectively, and were in levels of normal values. Found data are unable to indicate hyperlipidemic effect of androgentherapy, as increased levels of total cholesterol and LDL were not significant (p440.05). Conclusions: Results showed safety of the extended androgentherapy regarding cardio-vascular system, carbohydrate metabolism and impact on hepatic function.  (and this is with MALE doses of testosterone given to females!—HHL)

Sarrel P, Dobay Wiita B. Estrogen and estrogen-androgen replacement in postmenopausal women dissatisfied with estrogen-only ther​apy. Sexual behavior and neuroendocrine responses. J Reprod Med 1998 Oct;43(10)847-56.

OBJECTIVE: To investigate the efficacy of esterified estrogens alone and combined with oral androgen on sexual function and menopausal symptoms in postmenopausal women. STUDY DESIGN: Twenty postmenopausal women dissatisfied with their estrogen or estrogen-progestin therapy volunteered to enter a double-blind, randomized trial in which they received either oral esterified estrogens or esterified estrogens + androgen for eight weeks after a single-blind, placebo, lead-in period. Sexual function was assessed with a questionnaire used in the Yale midlife survey, and plasma levels of estradiol, estrone, sex hormone binding globulin (SHBG) and beta-endorphin were measured at two- to four-week intervals. RESULTS: Estrogen-androgen therapy significantly improved sexual sensation and desire after four and eight weeks of double-blind treatment in comparison to previous estrogen therapy and postplacebo baseline assessments. Plasma levels of estradiol and estrone increased significantly in all patients as compared to the postplacebo baseline and decreased in comparison to circulating estrogen concentrations on previous therapy. Relative proportions of free and bound steroid hormone exhibited contrasting shifts during estrogen and estrogen-androgen therapy. SHBG increased in the estrogen group and decreased in the estrogen-androgen group, leading to lower amounts of free androgens during estrogen therapy and increased free androgen levels during estrogen-androgen therapy. Since proportions of free (bioavailable) ovarian steroids would correlate inversely with plasma protein binding capacity, the beneficial effects of oral estrogen-androgen therapy on sexual sensation and desire may be due either to the administered androgen or to the increased availability of endogenous and exogenous androgens, particularly in the central nervous system. CONCLUSION: Sexual desire, satisfaction and frequency in postmenopausal women taking hormonal therapy were improved significantly by combined estrogen-androgen therapy but not by estrogen or estrogen-progestin therapy. Sexual function improved with estrogen-androgen therapy even though circulating estrogen levels were lower than those measured during previous estrogen therapy. This leads to the conclusion that androgens play a pivotal role in sexual function but that estrogens are not a significant factor determining levels of sexual drive and enjoyment. 

Sherwin BB; Gelfand MM. Differential symptom response to parenteral estrogen and/or androgen administration in the surgical menopause. Am J Obstet Gynecol 1985 Jan 15;151(2):153-60.

The investigation of estrogen and/or androgen administration on physical and psychological symptoms in the surgical menopause was carried out in a prospective, double-blind, crossover design. When patients who received either a combined estrogen-androgen drug or androgen alone were compared with those who received estrogen alone or placebo, energy level, well-being, and appetite were increased (p less than 0.01). The androgen-containing preparations also induced lower somatic, psychological, and total scores on the menopausal index. Superior functioning in the androgen-treated groups occurred in association with higher plasma testosterone levels during the treatment phases (p less than 0.01). These data suggest that reduced levels of circulating testosterone subsequent to bilateral oophorectomy may play an important role in the development of physical and psychological symptoms that are frequent sequelae of this surgical procedure.

Sherwin B.B., Affective changes with estrogen and androgen replacement therapy in surgically menopausal women. J Affect. Disord. 1988; 14:177-187.

Otherwise healthy surgically menopausal women who had been receiving either an intramuscular estrogen-androgen (E-A) combined preparation or estrogen alone (E) long-term had more positive moods than an untreated control group (CON) coincident with their higher levels of circulating estradiol (E2). Women who received both E2 and testosterone (T) felt more composed, elated, and energetic than those who were given E alone. These findings confirm that mood covaries with circulating estradiol levels in generally healthy, nondepressed women. Possible mechanisms of action of the sex steroids on affect are discussed.

Shrifen J, Braunstein G, Siman J, et al. Transdermal testosterone treat​ment in women with impaired sexual function and psychological well-​being in oophorectomized women. N Engl. J Med. 2000; 343:682-688.

BACKGROUND: The ovaries provide approximately half the circulating testosterone in premenopausal women. After bilateral oophorectomy, many women report impaired sexual functioning despite estrogen replacement. We evaluated the effects of transdermal testosterone in women who had impaired sexual function after surgically induced menopause. METHODS: Seventy-five women, 31 to 56 years old, who had undergone oophorectomy and hysterectomy received conjugated equine estrogens (at least 0.625 mg per day orally) and, in random order, placebo, 150 microg of testosterone, and 300 microg of testosterone per day transdermally for 12 weeks each. Outcome measures included scores on the Brief Index of Sexual Functioning for Women, the Psychological General Well-Being Index, and a sexual-function diary completed over the telephone. RESULTS: The mean (+/-SD) serum free testosterone concentration increased from 1.2+/-0.8 pg per milliliter (4.2+/-2.8 pmol per liter) during placebo treatment to 3.9+/-2.4 pg per milliliter (13.5+/-8.3 pmol per liter) and 5.9+/-4.8 pg per milliliter (20.5+/-16.6 pmol per liter) during treatment with 150 and 300 microg of testosterone per day, respectively (normal range, 1.3 to 6.8 pg per milliliter [4.5 to 23.6 pmol per liter]). Despite an appreciable placebo response, the higher testosterone dose resulted in further increases in scores for frequency of sexual activity and pleasure-orgasm in the Brief index of Sexual Functioning for Women (P=0.03 for both comparisons with placebo). At the higher dose the percentages of women who had sexual fantasies, masturbated, or engaged in sexual intercourse at least once a week increased two to three times from base line. The positive-well-being, depressed-mood, and composite scores of the Psychological General Well-Being Index also improved at the higher dose (P=0.04, P=0.03, and P=0.04, respectively, for the comparison with placebo), but the scores on the telephone-based diary did not increase significantly. CONCLUSIONS: In women who have undergone oophorectomy and hysterectomy, transdermal testosterone improves sexual function and psychological well-being.

Shufelt CL, Braunstein GD. Testosterone and the breast. Menopause Int. 2008 Sep;14(3):117-22. 

Although women have been treated with testosterone (T) for female sexual dysfunction since the 1950s, the role of T in normal female physiology is not yet fully defined. One of the major safety concerns of androgen therapy is whether androgens have a stimulatory effect on the breast that could lead to breast carcinomas. The proposed mechanisms for such stimulation include local estrogen production from the aromatase enzyme complex present in the breast tissue or by the direct stimulation of the androgen receptor. Predominant data from in vitro studies have shown that androgens actually have apoptotic and antiproliferative effects and not stimulatory effects. Animal models have shown similar results to in vitro studies, finding that androgens inhibit breast cancer growth. Prospective and retrospective epidemiological analyses have shown mixed outcomes, with no clear consensus regarding androgen use and breast cancer risk. Hyperandrogenism in patients with polycystic ovarian syndrome with elevated levels of endogenous T is not associated with an increased risk of breast cancer and may, in fact, be protective. Another human model with excess of T is female-to-male transgenderism, in which genotypic women are treated with large doses of exogenous T with no increased risk. High-dose androgen therapy also has been effective in treating patients with advanced breast cancer. Thus, the preponderance of data suggests that T use in females is not associated with an increased risk of breast carcinoma. PMID: 18714077

Simon JA. Safety of estrogen/androgen regimens. J Reprod Med. 2001 Mar;46(3 Suppl):281-90.

A persistent view of testosterone as the "male hormone" deprives many clinically androgen deficient women of effective treatment, although data from the 1960s to the present have indicted the importance of androgens to libido and feelings of well-being in women, providing relief from vasomotor symptoms that are unresponsive to estrogen alone. The safety of androgen replacement therapy is reviewed in this article. The risk of androgen toxicity is influenced by dosage and route of administration. Most products developed for use in men produce androgen levels that are too high for safety in women. Low-dose androgen replacement therapy as used in women, 1.25 mg esterified estrogen (EE) + 2.5 mg methyltestosterone (MT), or a half-strength preparation, 0.625 mg EE plus 1.25 mg MT, is unlikely to produce commonly described side effects: liver dysfunction, adverse lipid effects or virilization, as reviewed in this article. The potential for adverse endometrial effects if used by women with uteri unless a progestogen is used is also discussed. Low-dose estrogen/androgen therapy offers beneficial cardiovascular effects, primarily regarding lipids, atherogenesis and vasodilation. Androgens may act independently on the cardiovascular system and may be mediated by estrogen metabolites (aromatization products) or by secondary effects of androgens on estrogen bioavailability and metabolism (sex hormone binding globulin [SHBG] effects). They may improve vasomotor stability and reduce triglyceride (TG) levels. The marked reduction in TG in the estrogen/androgen (E/A) regimen is of note because women who experience oophorectomy have significantly increased levels of TG as compared with women who are naturally menopausal. Androgens offer positive effects on bone. Various types of studies--including cell culture, preclinical and observational--have attempted to document potential associations between androgens and breast cancer. Androgen administration has been shown to induce down-regulation of mammary epithelial proliferation and estrogen receptor expression, suggesting that E/A therapy might reduce the risk of breast cancer associated with ERT. However, studies of the relation of breast cancer to elevated circulating androgen levels have yielded inconsistent results. Testosterone may have an indirect effect on breast cancer risk because of its association with estrogen levels. Testosterone's effect on estrogen bioavailability may be of importance since an increase in serum testosterone levels could lead to a decrease in the percent of estradiol bound to SHBG. For the surgically menopausal woman faced with significant symptoms and health risks associated with estrogen withdrawal, E/A supplementation offers a reasonable course of treatment. PMID: 11304876

Slater CC, Zhang C, Hodis HN, Mack WJ, Boostanfar R, Shoupe D, Paulson RJ, Stanczyk FZ. Comparison of estrogen and androgen levels after oral estrogen replacement therapy. J Reprod Med. 2001 Dec;46(12):1052-6.

OBJECTIVE: To assess the extent of accumulation of circulating estrone (E1), total and free estradiol (E2) and estrone sulfate (E1S) levels in postmenopausal women receiving prolonged oral E2 therapy and to determine the effect of increased estrogenicity on free testosterone levels. STUDY DESIGN: Descriptive study involving 14 healthy postmenopausal women during a three-year period. Group 1 (n = 7) took a placebo. Group 2 (n = 7) took 1 mg micronized E2 daily. Blood samples were taken at one, two and three years. E2, E1 and total testosterone were quantified by radioimmunoassay (RIA) following extraction and celite chromatography. Free testosterone and E2 were calculated. Sex hormone-binding globulin (SHBG) and E1S were quantified by RIA. RESULTS: In the control group, none of the hormone levels changed significantly. Free testosterone decreased 49% in women taking E2 replacement as compared to a 7% decline in women taking placebo. In women taking E2 replacement, E1, E2, E1S, free E2 and SHBG levels increased 10, 6, 51, 2 and 2 times, respectively, between baseline and year 3. CONCLUSION: E1, E2 and E1S levels significantly increased with E2 replacement. Free testosterone levels decreased with E2 replacement. Testosterone replacement may be warranted when giving postmenopausal women estrogen replacement therapy.

Slemenda C; Longcope C; Peacock M; Hui S; Johnston Sex steroids, bone mass, and bone loss. A prospective study of pre-, peri-, and postmenopausal women.  J Clin Invest 1996 Jan 1;97(1):14-21.

Although bone loss around the time of menopause is driven by estrogen deficiency, the roles of estrogens and androgens in the preservation of skeletal mass at other stages of life are less well understood. To address this issue we studied 231 women between the ages of 32 and 77 with multiple measurements of sex steroids and bone mass over a period of 2-8 yr. In all women bone mass was negatively associated with concentrations of sex-hormone binding globulin, and positively associated with weight. Bone loss occurred from all skeletal sites in peri- and postmenopausal women, but premenopausal women lost bone only from the hip (-0.3%/yr) and had positive rates of change in the radius and spine. Bone loss was significantly associated with lower androgen concentrations in premenopausal women, and with lower estrogens and androgens in peri- and postmenopausal women. Sex steroids are important for the maintenance of skeletal integrity before menopause, and for as long as 20-25 yr afterwards.

Somboonporn W, Davis SR. Postmenopausal testosterone therapy and breast cancer risk. Maturitas. 2004 Dec 10;49(4):267-75. 


BACKGROUND: Testosterone therapy is being increasingly used in the management of postmenopausal women. However, as clinical trials have demonstrated a significantly increased risk of breast cancer with oral combined estrogen-progestin therapy, there is a need to ascertain the risk of including testosterone in such regimens. OBJECTIVE: Evaluation of experimental and epidemiological studies pertaining to the role of testosterone in breast cancer. DESIGN: Literature review. SETTING: The Jean Hailes Foundation, Research Unit. MAIN OUTCOME MEASURES: Mammary epithelial proliferation, apoptosis and breast cancer. RESULTS: In experimental studies, testosterone action is anti-proliferative and pro-apoptotic, and mediated via the AR, despite the potential for testosterone to be aromatized to estrogen. Animal studies suggest that testosterone may serve as a natural, endogenous protector of the breast and limit mitogenic and cancer promoting effects of estrogen on mammary epithelium. In premenopausal women, elevated testosterone is not associated with greater breast cancer risk. The risk of breast cancer is also not increased in women with polycystic ovary syndrome who have chronic estrogen exposure and androgen excess. However, in postmenopausal women, who are oestrogen deplete and have increased adipose aromatase activity, higher testosterone has been associated with greater breast cancer risk. CONCLUSION: Available data indicate the inclusion of testosterone in estrogen-progestin regimens has the potential to ameliorate the stimulating effects of hormones on the breast. However, testosterone therapy alone cannot be recommended for estrogen deplete women because of the potential risk of enhanced aromatisation to estrogen in this setting. (Unless balanced with progesterone!)
Somboonporn W, Davis SR; National Health and Medical Research Council. Testosterone effects on the breast: implications for testosterone therapy for women. Endocr Rev. 2004 Jun;25(3):374-88. 


Androgens have important physiological effects in women. Postmenopausal androgen replacement, most commonly as testosterone therapy, is becoming increasingly widespread. This is despite the lack of clear guidelines regarding the diagnosis of androgen insufficiency, optimal therapeutic doses, and long-term safety data. With respect to the breast specifically, there is the potential for exogenous testosterone to exert either androgenic or indirect estrogenic actions, with the latter potentially increasing breast cancer risk. In experimental studies, androgens exhibit growth-inhibitory and apoptotic effects in some, but not all, breast cancer cell lines. Differing effects between cell lines appear to be due primarily to variations in concentrations of specific coregulatory proteins at the receptor level. In rodent breast cancer models, androgen action is antiproliferative and proapoptotic, and is mediated via the androgen receptor, despite the potential for testosterone and dehydroepiandrosterone to be aromatized to estrogen. The results from studies in rhesus monkeys suggest that testosterone may serve as a natural endogenous protector of the breast and limit mitogenic and cancer-promoting effects of estrogen on mammary epithelium. Epidemiological studies have significant methodological limitations and provide inconclusive results. The strongest data for exogenous testosterone therapy comes from primate studies. Based on such simulations, inclusion of testosterone in postmenopausal estrogen-progestin regimens has the potential to ameliorate the stimulating effects of combined estrogen-progestin on the breast. Research addressing this is warranted; however, the number of women that would be required for an adequately powered randomized controlled trial renders such a study unlikely.

Steinberg KK; Freni-Titulaer LW; DePuey EG; Miller DT; Sgoutas DS; Coralli CH; Phillips DL; Rogers TN; Clark RV  Sex steroids and bone density in premenopausal and perimenopausal women.  J Clin Endocrinol Metab 1989 Sep;69(3):533-9.

Bone density begins to decline in women before menopause, and the degree of bone loss is variable. We performed a cross-sectional analysis on the entry data of a 5-yr prospective study of risk factors for osteoporosis to determine the correlation of bone density with serum sex steroid concentrations and body weight. We studied 292 healthy white women, aged 35-50 yr, who were menstruating regularly or had had menses in the past 12 months. Blood samples were drawn in the early follicular phase for estradiol (E2), testosterone (T), dehydroepiandrosterone sulfate, and sex hormone-binding globulin (SHBG). Free levels of E2 (FE2) and T (FT) were calculated based on total T and E2, SHBG, and albumin levels. Women were classified as premenopausal (FSH, less than 12 U/L) and perimenopausal (FSH greater than or equal to 12 U/L; n = 46; 16%). Bone density was measured by dual photon absorptiometry of the lumbar spine (L2-L4) and hip and by single photon absorptiometry of the wrist. Perimenopausal women were older than premenopausal women (45.5 +/- 3.5 and 41.0 +/- 3.9 yr, respectively), but did not differ in height or weight. While bone density did not correlate with age in each group, perimenopausal women had significantly lower bone density at the L2-L4 and femoral neck (L2-L4, 1.18 +/- 0.14 in perimenopausal and 1.24 +/- 0.12 g/cm2 in premenopausal women; femur, 0.84 +/- 0.11 in perimenopausal and 0.90 +/- 0.11 g/cm2 in premenopausal women; P less than 0.005). Body weight showed the strongest positive correlation with bone density. Log FT, percent FT, and FE2 percent correlated positively with bone density, even after controlling for weight. Log SHBG was negatively correlated with bone density in premenopausal women at the hip and wrist after controlling for weight. FSH was inversely correlated with bone density, and E2 and T were lower in perimenopausal than premenopausal women. These data suggest that women who are still menstruating may have relative deficiencies in both E2 and T, with reduced bone densities as a consequence. 

Turna B, Apaydin E, Semerci B, Altay B, Cikili N, Nazli O. Women with low libido: correlation of decreased androgen levels with female sexual function index. Int J Impot Res. 2005 Mar-Apr;17(2):148-53.

We found significant differences between the women with low libido and the controls in total testosterone, free testosterone and DHEA-S levels and full-scale FSFI score for both pre- and postmenopausal women (P<0.05). In addition, decreased total testosterone, free testosterone and DHEA-S levels positively correlated with full-scale FSFI score and FSFI-desire, FSFI-arousal, FSFI-lubrication and FSFI-orgasm scores (P<0.05). Our data suggest that women with low libido have lower androgen levels compared to age-matched normal control groups and their decreased androgen levels correlate positively with female sexual function index domains.

Traish AM, Gooren LJ. Safety of physiological testosterone therapy in women: lessons from female-to-male transsexuals (FMT) treated with pharmacological testosterone therapy. J Sex Med. 2010 Nov;7(11):3758-64. 

INTRODUCTION: The safety of long-term physiological doses of testosterone (T) therapy in women with sexual dysfunction is a contentious issue, in part, because of fear of adverse effects, such as breast cancer, vascular disease, and excessive virilization. This unsubstantiated fear has hampered progress in treating women with sexual dysfunction using T therapy in physiological doses to achieve circulating levels in the normal range. AIM: To examine evidence derived from studies in female-to-male transsexuals (FMT) treated with supraphysiological (pharmacological) doses of T for long periods of time with no apparent major adverse effects. METHODS: A comprehensive literature search of relevant articles published between 1980 and 2010 pertaining to the topic of T in FMTs was performed using PubMed. The following key words were used: female-to-male transsexuals; testosterone; virilization; gender re-assignment; and androgen therapy in women. Relevant articles were retrieved, reviewed, and the information was analyzed and evaluated for study methodology and major findings. MAIN OUTCOME MEASURES: Data from peer-reviewed publications were critically analyzed and the information was summarized. RESULTS: The data from the studies reported in the literature to date strongly suggest that treatment of FMTs with supra-physiological doses of T had minimal adverse effects. No increase in mortality, breast cancer, vascular disease, or other major health problems were reported. CONCLUSIONS: No significant serious adverse effects were reported in FMTs treated with pharmacological doses of T. In light of the findings with supraphysiological doses of T, we suggest that treatment with T at doses producing physiological levels in women with sexual dysfunction are expected to produce limited and minimal adverse effects. PMID:  20722789

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.

van Staa TP, Sprafka JM. Study of adverse outcomes in women using testosterone therapy. Maturitas. 2009 Jan 20;62(1):76-80. 
OBJECTIVES: There are concerns that exogenous testosterone therapy may be associated with adverse cardiovascular effects, increases in risk of breast or uterus cancer and alterations in insulin sensitivity. Objective of this study was to explore the safety of testosterone therapy in actual clinical practice. METHODS: Data from the General Practice Research Database and the Health Improvement Network was used, including computerised medical records of UK general practitioners. The study population included women aged 18+ years prescribed testosterone, administered through implants (72.2%), tablets (18.4%) or injections (7.9%). Each testosterone user was matched by age and practice to three control patients. Cox proportional hazards models were used to compare the rates of several outcomes. RESULTS: The study population included 8412 women, 2103 testosterone users and 6309 controls. There were no statistically significant differences between the cohorts in the rates of cerebrovascular disease, ischemic heart disease, breast cancer, deep venous thrombosis/pulmonary embolism, diabetes mellitus or acute hepatitis. The rate of breast cancer was comparable between testosterone users and control patients. The rate of androgenic events was increased in the testosterone cohort (relative rate of 1.55 [95% CI 1.21-1.97]). Differences in outcomes between the cohorts were generally comparable across subgroups based on age and use of hormone therapy. CONCLUSIONS: This study found no major increase in the risk of cardiovascular diseases or breast cancer in women using testosterone (implants, tablets, or injections), while the risk of androgenic events was increased. It would be useful to conduct similar studies at lower doses with transdermal testosterone. PMID: 19108962

Waxenberg, S. E., M. G. Drellich, A. M. Sutherland, The role of hor​mones in Human Behavior. I. Changes in female sexuality after adren​alectomy. J Clin Endo 19 (1959)193-202.

White T, Jain JK, Stanczyk FZ. Effect of oral versus transdermal steroidal contraceptives on androgenic markers. Am J Obstet Gynecol. 2005 Jun;192(6):2055-9. 


OBJECTIVE: The purpose of this study was to compare biochemical androgen profiles in women treated with the contraceptive patch versus an oral contraceptive (OC). STUDY DESIGN: Twenty-four healthy women were randomly assigned to receive 3 cycles of either the contraceptive patch (ethinyl estradiol [EE] 20 microg/d and norelgestromin 150 microg/d) or OC (EE 35 mug and norgestimate 250 microg). Blood samples were taken at baseline and end of treatment. Serum levels of sex hormone-binding globulin (SHBG), total testosterone (T), androstenedione (A), dehydroepiandrosterone sulfate (DHEAS), dihydrotestosterone (DHT), and 3alpha-androstanediol glucuronide (3alpha-diol G) were quantified by immunoassay methods; free T was calculated. The paired t and Student t tests were used for statistical analysis. RESULTS: Nineteen women completed the study (patch, n = 10; OC, n = 9). Despite a 1.6-fold relative increase in SHBG levels with the patch versus OC (449% vs 274%, P = .03), free T decreased equally in both groups (patch 60%, P < .0001; OC 59%, P < .0001). DHEAS decreased by 26% in the patch group (P < .01) and 32% in the OC group (P < .001). 3alpha-diol G was reduced by 52% in the patch group (P < .0001) and 51% in the OC group (P < .0001). In addition, the OC was associated with significant decreases in A and DHT. CONCLUSION: The contraceptive patch had an effect comparable to the OC on several key androgenic markers. Given these biochemical findings, the contraceptive patch has significant potential as a therapeutic agent for disorders of androgen excess.

Wehr E, Pilz S, Boehm BO, Grammer TB, März W, Obermayer-Pietsch B. Low free testosterone levels are associated with all-cause and cardiovascular mortality in postmenopausal diabetic women. Diabetes Care. 2011 Aug;34(8):1771-7. Epub 2011 Jun 29.

OBJECTIVE: Hyperandrogenemia is associated with cardiovascular risk factors in women but evidence about the relationship of testosterone levels with mortality is sparse. We aimed to evaluate whether total testosterone (TT), free testosterone (FT), and sex hormone-binding globulin (SHBG) are associated with all-cause and cardiovascular mortality in a cohort of postmenopausal women. RESEARCH DESIGN AND METHODS: We measured TT and SHBG levels in 875 postmenopausal women who were referred for coronary angiography (during 1997-2000). FT was calculated according to the Vermeulen method. The main outcome measures were Cox proportional hazard ratios (HRs) for mortality from all causes and from cardiovascular causes.RESULTS: After a median follow-up time of 7.7 years, 179 women (20.5%) had died. There were 101 deaths due to cardiovascular disease (56.4% of all deaths). We found no association of FT, TT, and SHBG levels with mortality in all postmenopausal women. In postmenopausal diabetic women, multivariable-adjusted HRs (with 95% CIs) in the fourth compared with the first FT quartile for all-cause and cardiovascular mortality were 0.38 (0.08-0.90), P = 0.025, and 0.28 (0.08-0.90), P = 0.032, respectively. We found no association of TT and SHBG with mortality in diabetic postmenopausal women. CONCLUSIONS: In postmenopausal diabetic women referred for coronary angiography, low FT levels are independently associated with increased all-cause and cardiovascular mortality. PMID: 21715525

Worboys S; Kotsopoulos D; Teede H; McGrath B; Davis SR Evidence that parenteral testosterone therapy may improve endothelium-dependent and -independent vasodilation in postmenopausal women already receiving estrogen. J Clin Endocrinol Metab 2001 Jan;86(1):158-61.

The gender difference in cardiovascular disease has been partly attributed to higher androgenic hormone levels. Although testosterone in women may not affect lipids, it remains unknown whether it negates favorable estrogenic effects on endothelial function. We have investigated the effects of testosterone implant therapy on arterial reactivity encompassing endothelial-dependent and -independent vasodilation in women using hormone replacement therapy (HRT). B-mode ultrasound measurements of resting brachial artery diameter, following reactive hyperemia [endothelium-dependent flow- mediated dilation (FMD)] and following glyceryl trinitrate (GTN) (endothelium-independent dilation), were recorded in 33 postmenopausal women stabilized on HRT (>6 months), at baseline, and 6 weeks after a testosterone implant (50 mg), with 15 postmenopausal nonusers of HRT serving as controls. In the brachial artery, baseline resting diameter was similar (0.40 +/- 0.01 vs. 0.41 +/- 0.01 cm, P = 0.5). In the treated group, testosterone levels increased (0.99 +/- 0.08 to 4.99 +/- 0.3 nmol/L, P < 0.001), associated with a mean 42% increase in FMD (6.4% +/- 0.7 to 9.1% +/- 1.1, P = 0.03). The control group did not change (8.1% +/- 1.4 to 5.6% +/- 1.0, P = 0.4). ANOVA of repeated measures (P = 0.04) and mean change (P = 0.02) in FMD both demonstrated significantly greater improvement with testosterone compared with controls. GTN induced vasodilation increased with testosterone treatment (14.9% +/- 0.9 to 17.8% +/- 1.2, P = 0.03). Our preliminary data indicate that parenteral testosterone therapy improves both endothelial-dependent (flow-mediated) and endothelium-independent (GTN-mediated) brachial artery vasodilation in postmenopausal women using long-term estrogen therapy. The mechanisms underlying these potentially beneficial cardiovascular effects require further investigation.

Zhou J, Ng S, Adesanya-Famuiya O, Anderson K, Bondy CA. Testosterone inhibits estrogen-induced mammary epithelial proliferation and suppresses estrogen receptor expression. FASEB J. 2000 Sep;14(12):1725-30.  

This study investigated the effect of sex steroids and tamoxifen on primate mammary epithelial proliferation and steroid receptor gene expression. Ovariectomized rhesus monkeys were treated with placebo, 17beta estradiol (E2) alone or in combination with progesterone (E2/P) or testosterone (E2/T), or tamoxifen for 3 days. E2 alone increased mammary epithelial proliferation by approximately sixfold (P:<0.0001) and increased mammary epithelial estrogen receptor (ERalpha) mRNA expression by approximately 50% (P:<0.0001; ERbeta mRNA was not detected in the primate mammary gland). Progesterone did not alter E2's proliferative effects, but testosterone reduced E2-induced proliferation by approximately 40% (P:<0.002) and entirely abolished E2-induced augmentation of ERalpha expression. Tamoxifen had a significant agonist effect in the ovariectomized monkey, producing a approximately threefold increase in mammary epithelial proliferation (P:<0.01), but tamoxifen also reduced ERalpha expression below placebo level. Androgen receptor (AR) mRNA was detected in mammary epithelium by in situ hybridization. AR mRNA levels were not altered by E2 alone but were significantly reduced by E2/T and tamoxifen treatment. Because combined E2/T and tamoxifen had similar effects on mammary epithelium, we investigated the regulation of known sex steroid-responsive mRNAs in the primate mammary epithelium. E2 alone had no effect on apolipoprotein D (ApoD) or IGF binding protein 5 (IGFBP5) expression, but E2/T and tamoxifen treatment groups both demonstrated identical alterations in these mRNAs (ApoD was decreased and IGFBP5 was increased). These observations showing androgen-induced down-regulation of mammary epithelial proliferation and ER expression suggest that combined estrogen/androgen hormone replacement therapy might reduce the risk of breast cancer associated with estrogen replacement. In addition, these novel findings on tamoxifen's androgen-like effects on primate mammary epithelial sex steroid receptor expression suggest that tamoxifen's protective action on mammary gland may involve androgenic effects.

Zumoff B, Strain GW, Miller LK, Rosner W. Twenty-four-hour mean plasma testosterone concentration declines with age in normal premenopausal women. J Clin Endocrinol Metab. 1995 Apr;80(4):1429-30. 


The 24-h mean plasma concentration of total testosterone (T) was measured in 33 healthy, regularly cycling, nonobese women between 21 and 51 yr of age. Percent free T was measured in 17 of them. Plasma dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS) were measured in 24 of them, and the DHEA-to-T and DHEAS-to-T ratios were calculated. It was found that the concentration of total T showed a steep decline with age; the regression equation was: T (nanomoles per L) = 37.8 x age-1.12 (r = -0.54; P < 0.003). According to this equation, the expected T concentration of a woman of 40 would be 0.61 nmol/L, about half that of a woman of 21 (1.3 nmol/L). The percent free T did not vary significantly with age, so free T concentration likewise showed a steep decline with age. The DHEA-to-T and DHEAS-to-T ratios were both age invariant, clearly because the levels of DHEA and DHEAS also decline steeply with age, as previously reported.
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