Testosterone and Estradiol in Aging Men
See my review of the Life Extension article on the supposed dangers of higher estradiol levels in men below. 

· Serum estradiol declines as much as serum total testosterone with age (Elmlinger)

Abbott RD, Launer LJ, Rodriguez BL, Ross GW, Wilson PW, Masaki KH, Strozyk D, Curb JD, Yano K, Popper JS, Petrovitch H. Serum estradiol and risk of stroke in elderly men. Neurology. 2007 Feb 20;68(8):563-8.

OBJECTIVE: To determine if levels of serum estradiol and testosterone can predict stroke in a  population-based sample of elderly men. METHODS: Serum 17beta estradiol and testosterone were measured in 2,197 men aged 71 to 93 years who participated in the Honolulu-Asia Aging Study from 1991 to 1993. All were free of prevalent stroke, coronary heart disease, and cancer. Participants were followed to the end of 1998 for thromboembolic and hemorrhagic events. RESULTS: During the course of follow-up, 124 men developed a stroke (9.1/1,000 person-years). After age adjustment, men in the top quintile of serum estradiol (> or =125 pmol/L [34.1 pg/mL]) experienced a twofold excess risk of stroke vs men whose estradiol levels were lower (14.8 vs 7.3/1,000 person-years, p < 0.001). Among the lower quintiles, there were little differences in the risk of stroke. Findings were also significant and comparable for bioavailable estradiol and for thromboembolic and hemorrhagic events. After additional adjustment for hypertension, diabetes, adiposity, cholesterol concentrations, atrial fibrillation, and other characteristics, men in the top quintile of serum estradiol continued to have a higher risk of stroke vs those whose estradiol levels were lower (relative hazards = 2.2; 95% CI = 1.5 to 3.4, p < 0.001). Testosterone was not related to the risk of stroke. CONCLUSIONS: High levels of serum estradiol may be associated with an elevated risk of stroke in elderly men. PMID: 17310026  (Correlation does not prove causation. These are elderly men with very low testosterone levels, DHEAS levels, and growth hormone levels—all of which have anti-clotting effects as opposed to estradiol’s pro-clotting effects.—HHL) 
Amin S, Zhang Y, Felson DT, Sawin CT, Hannan MT, Wilson PW, Kiel DP. Estradiol, testosterone, and the risk for hip fractures in elderly men from the Framingham Study. Am J Med. 2006 May;119(5):426-33.

BACKGROUND: Low serum estradiol has been more strongly associated with low bone mineral density in elderly men than has testosterone, but its association with incident hip fracture is unknown. We examined whether low estradiol increases the risk for future hip fracture among men and explored whether testosterone levels influence this risk. METHODS: We examined 793 men (mean age = 71 years) evaluated between 1981 and 1983, who had estradiol measures and no history of hip fracture, and followed until the end of 1999. Total estradiol and testosterone were measured between 1981 and 1983. Hip fractures were identified and confirmed through medical records review through the end of 1999. We created 3 groups of men based on estradiol levels and performed a Cox-proportional hazards model to examine the risk for incident hip fracture, adjusted for age, body mass index, height, and smoking status. We performed similar analyses based on testosterone levels, and then based on both estradiol and testosterone levels together. RESULTS: There were 39 men who sustained an atraumatic hip fracture over follow-up. Incidence rates for hip fracture (per 1000 person-years) were 11.0, 3.4, and 3.9 for the low (2.0-18.1 pg/mL [7-67 pmol/L]), middle (18.2-34.2 pg/mL [67-125 pmol/L]), and high (> or =34.3 pg/mL [> or =126 pmol/L]) estradiol groups, respectively. With adjustment for age, body mass index, height, and smoking status, the adjusted hazard ratios for men in the low and middle estradiol groups, relative to the high group, were 3.1 (95% confidence interval [CI], 1.4-6.9) and 0.9 (95% CI, 0.4-2.0), respectively. In similar adjusted analyses evaluating men by their testosterone levels, we found no significant increased risk for hip fracture. However, in analyses in which we grouped men by both estradiol and testosterone levels, we found that men with both low estradiol and low testosterone levels had the greatest risk for hip fracture (adjusted hazard ratio: 6.5, 95% CI, 2.9-14.3). CONCLUSION: Men with low estradiol levels are at an increased risk for future hip fracture. Men with both low estradiol and low testosterone levels seem to be at greatest risk for hip fracture. PMID: 16651055

Arnlöv J, Pencina MJ, Amin S, Nam BH, Benjamin EJ, Murabito JM, Wang TJ, Knapp PE, D'Agostino RB Sr, Bhasin S, Vasan RS. Endogenous sex hormones and cardiovascular disease incidence in men. Ann Intern Med. 2006 Aug 1;145(3):176-84.

BACKGROUND: Data suggest that endogenous sex hormones (testosterone, dehydroepiandrosterone sulfate [DHEA-S], and estradiol) influence cardiovascular disease (CVD) risk factors and vascular function. Yet, prospective studies relating sex hormones to CVD incidence in men have yielded inconsistent results. OBJECTIVE: To examine the association of circulating sex hormone levels and CVD risk in men. DESIGN: Prospective cohort study. SETTING: Community-based study in Framingham, Massachusetts. PARTICIPANTS: 2084 middle-aged white men without CVD at baseline. MEASUREMENTS: The authors used multivariable Cox regression to relate baseline levels of testosterone, DHEA-S, and estradiol to the incidence of CVD (coronary, cerebrovascular, or peripheral vascular disease or heart failure) during 10 years of follow-up. RESULTS: During follow-up, 386 men (18.5%) experienced a first CVD event. After adjustment for baseline standard CVD risk factors, higher estradiol level was associated with lower risk for CVD (hazard ratio per SD increment in log estradiol, 0.90 [95% CI, 0.82 to 0.99]; P = 0.035). The authors observed effect modification by age: Higher estradiol levels were associated with lower CVD risk in older (median age >56 years) men (hazard ratio per SD increment, 0.86 [CI, 0.78 to 0.96]; P = 0.005) but not in younger (median age < or =56 years) men (hazard ratio per SD increment, 1.11 [CI, 0.89 to 1.38]; P = 0.36). The association of higher estradiol level with lower CVD incidence remained robust in time-dependent Cox models (updating standard CVD risk factors during follow-up). Serum testosterone and DHEA-S levels were not statistically significantly associated with incident CVD. LIMITATIONS: Sex hormone levels were measured only at baseline, and the findings may not be generalizable to women and nonwhite people. CONCLUSIONS: In the community-based sample, a higher serum estradiol level was associated with lower risk for CVD events in older men. The findings are consistent with the hypothesis that endogenous estrogen has vasculoprotective influences in men. PMID: 16880459

Ding EL, Song Y, Malik VS, Liu S. Sex differences of endogenous sex hormones and risk of type 2 diabetes: a systematic review and meta-analysis. JAMA. 2006 Mar 15;295(11):1288-99.

CONTEXT: Inconsistent data suggest that endogenous sex hormones may have a role in sex-dependent etiologies of type 2 diabetes, such that hyperandrogenism may increase risk in women while decreasing risk in men. OBJECTIVE: To systematically assess studies evaluating the association of plasma levels of testosterone, sex hormone-binding globulin (SHBG), and estradiol with risk of type 2 diabetes. DATA SOURCES: Systematic search of EMBASE and MEDLINE (1966-June 2005) for English-language articles using the keywords diabetes, testosterone, sex-hormone-binding-globulin, and estradiol; references of retrieved articles; and direct author contact. STUDY SELECTION: From 80 retrieved articles, 43 prospective and cross-sectional studies were identified, comprising 6974 women and 6427 men and presenting relative risks (RRs) or hormone levels for cases and controls. DATA EXTRACTION: Information on study design, participant characteristics, hormone levels, and risk estimates were independently extracted by 2 investigators using a standardized protocol. DATA SYNTHESIS: Results were pooled using random effects and meta-regressions. Cross-sectional studies indicated that testosterone level was significantly lower in men with type 2 diabetes (mean difference, -76.6 ng/dL; 95% confidence interval [CI], -99.4 to -53.6) and higher in women with type 2 diabetes compared with controls (mean difference, 6.1 ng/dL; 95% CI, 2.3 to 10.1) (P<.001 for sex difference). Similarly, prospective studies showed that men with higher testosterone levels (range, 449.6-605.2 ng/dL) had a 42% lower risk of type 2 diabetes (RR, 0.58; 95% CI, 0.39 to 0.87), while there was suggestion that testosterone increased risk in women (P = .06 for sex difference). Cross-sectional and prospective studies both found that SHBG was more protective in women than in men (P< or =.01 for sex difference for both), with prospective studies indicating that women with higher SHBG levels (>60 vs < or =60 nmol/L) had an 80% lower risk of type 2 diabetes (RR, 0.20; 95% CI, 0.12 to 0.30), while men with higher SHBG levels (>28.3 vs < or =28.3 nmol/L) had a 52% lower risk (RR, 0.48; 95% CI, 0.33 to 0.69). Estradiol levels were elevated among men and postmenopausal women with diabetes compared with controls (P = .007). CONCLUSIONS: This systematic review indicates that endogenous sex hormones may differentially modulate glycemic status and risk of type 2 diabetes in men and women. High testosterone levels are associated with higher risk of type 2 diabetes in women but with lower risk in men; the inverse association of SHBG with risk was stronger in women than in men. PMID: 16537739 (Type 2 diabetes is associated with lower testosterone and higher estradiol levels in men. Again, the higher estradiol/testosterone ratio is an effect of Type 2 diabetes, not the cause. Type 2 diabetes is strongly associated with increased abdominal and subcutaneous fat, and this causes more aromatization of testosterone to estradiol.—HHL)
Dobrzycki S, Serwatka W, Nadlewski S, Korecki J, Jackowski R, Paruk J, Ladny JR, Hirnle T. An assessment of correlations between endogenous sex hormone levels and the extensiveness of coronary heart disease and the ejection fraction of the left ventricle in males. J Med Invest. 2003 Aug;50(3-4):162-9.

This clinical study investigated the possible associations of male sex hormone with the extensiveness of coronary artery lesions, coronary heart disease risk factors and ejection fraction of the heart. Ninety six Caucasian male subjects were recruited, 76 with positive and 20 with negative coronary angiograms. Early morning, prior to haemodynamic examination all of them had determined levels of total testosterone, free testosterone, free androgen index (FAI), sex hormone-binding globulin (SHBG), oestradiol, luteinizing hormone, follicle-stimulating hormone, plasma lipids, fibrinogen and glucose. The ejection fraction and the extensiveness of coronary lesions of each subject was assessed on the basis of x-ray examination results using Quantitative Coronary Angiography (QCA) and Left Ventricular Analysis (LVA) packages on the TCS Acquisition workstation, Medcon. Men with proven coronary heart disease had significantly lower levels of total testosterone (11.9 vs 21.2 nmol/l), free testosterone (45.53 vs 86.10 pmol/l), free androgen index (36.7 vs 47.3 IU) and oestradiol (109.4 vs 146.4 pmol/l). The level of testosterone was negatively associated with the DUKE Index. The most essential negative correlation was observed between SHBG and atherogenic lipid profile (low high-density lipoprotein, high triglycerides). Ejection fraction was substantially lower in patients (51.85 vs 61.30) (without prior myocardial infarction) with low levels of free-testosterone (23.85 vs. 86.10 pmol/l) and FAI (28.4 vs 47.3 IU). A negative correlation was observed between total testosterone, free testosterone, FAI and blood pressure, especially with diastolic pressure. Men with proven coronary atherosclerosis had lower levels of endogenous androgens than the healthy controls. For the first time in clinical settings it has been demonstrated that low levels of free-testosterone was characteristic for patients with low ejection fraction. Numerous hypothesies for this action can be proposed but all require a proper evaluation process. The main determinant of atherogenic plasma lipid was low levels of SHBG suggesting its main role in developing atheroscerotic lesions.

Dunajska K, Milewicz A, Szymczak J, Jêdrzejuk D, Kuliczkowski W, Salomon P, Nowicki P. Evaluation of sex hormone levels and some metabolic factors in men with coronary atherosclerosis. Aging Male. 2004 Sep;7(3):197-204.

BACKGROUND: Because of the great controversy over the role of androgens in the pathogenesis of atherosclerosis, we investigated the relationship between serum sex hormone levels and angiographically confirmed coronary artery disease in men. MATERIAL AND METHODS: We investigated 86 men aged 40-60 years, 56 with coronary artery disease and 30 healthy men, matched by age, as a control group. Body mass index and waist to hip ratio were calculated and total body fat mass and percentage of abdominal deposit were investigated by dual-energy X-ray absorptiometry (Dpx (+) Lunar, USA). The serum levels of sex hormones and insulin were measured using commercial radioimmunoassay and IRMA (by SHBG) kits (DPC, USA). The serum levels of lipids and glucose were assessed by means of enzymatic methods.RESULTS: Men with coronary artery disease had lower total testosterone levels (17.01+/-6.42 vs. 19.37+/-6.58 nmol/l; p < 0.05), testosterone/estradiol ratio (228.5+/-88.5 vs. 289.8+/-120.1; p < 0.05) and free androgen index (FAI) (59.49+/-14.79 vs. 83.03+/-25.81; p < 0.0001), and higher levels of estrone (49.5+/-27.7 vs. 36.6+/-12.7 pg/ml) than men in the control group. Moreover, men with coronary artery disease were more insulin-resistant than controls and had an atherogenic lipid profile. There was an inverse correlation (p < 0.05) between testosterone level and serum level of glucose (r = -0.29), triglycerides (r= -0.37), body mass index (r= -0.55), waist (r = - 0.43), total body fat mass (r = - 0.3) and fasting insulin resistance index. A significant positive association (p < 0.05) was found between testosterone and the quantitative insulin sensitivity check index and high density lipoprotein cholesterol level in serum (r = 0.26). CONCLUSIONS: Low levels of total testosterone, testosterone/estradiol ratio and free androgen index and higher levels of estrone in men with coronary artery disease appear together with many features of metabolic syndrome and may be involved in the pathogenesis of coronary atherosclerosis. PMID: 15669538 (Does not implicate estradiol as causing coronary artery disease; estradiol is known to help reduce atherosclerosis in women. This studye does show that men with CAD have a lower testosterone/estradiol ratio and higher estrone levels. The relatively higher estrogen levels appear to be caused by their metabolic abnormalities: increased subcutaneous fat, insulin resistance, and the metabolic syndrome; and these are the true contributing factors to the CAD.—HHL)
Elmlinger MW, Dengler T, Weinstock C, Kuehnel W. Endocrine alterations in the aging male. Clin Chem Lab Med. 2003 Jul;41(7):934-41.

The recent increase in the elderly population, current health trends and awareness of age-related changes in the male endocrine system, have led to discussions about the role of the hormonal changes in the aging process in males. Better prevention and treatment of suboptimal health status and age-related diseases in aging men are based on an improved understanding of aging, particularly of the significance of age-associated hormonal changes. The aims of this study were 1) to evaluate the age dependence of the serum concentrations of the following important hormonal parameters in adult males using the IMMULITE 1 automated assay system (DPC, Los Angeles): testosterone, dehydro-epiandrosterone sulfate (DHEAS), estradiol (E2), sex hormone binding globulin (SHBG), lutropin (LH), follitropin (FSH), cortisol, prolactin, thyroid stimulating hormone (TSH), free triiodothyronine (fT3), free thyroxine (fT4) and the growth hormone-dependent parameters insulin-like growth factor (IGF-I) and IGF-binding protein-3 (IGFBP-3) and 2) to derive the following parameters: calculated free testosterone (cFT), ratio of calculated free testosterone to total testosterone (% cFT) and free androgen index (FAI). We found a significant decrease between the 21-30-year age group and the > 70-year age group for total testosterone (-42.4%), FAI (-65.5%), cFT (-60.0%), % cFT (-30.0%), DHEAS (-71.9%), E2 (-35.4%), TSH (-23.6%), IGF-I (-40.3%) and IGFBP-3 (-26.5%). Since the decreases in the FAI and cFT were greater than that of total testosterone and because these derived parameters reflect the biologically active fraction of testosterone, FAI and cFT are better markers for androgen deficiency in males. In contrast, a significant increase with age was observed for SHBG (+61.2%), LH (+40.0%), FSH (+98.3%) and cortisol (+54.2%). No significant alterations with age were observed for prolactin, fT3 and fT4. The study demonstrates that determining complete profiles of the androgenic, gonadotropic, adrenocortical, thyroid, pituitary and growth hormone/IGF endocrine axes in middle-aged and elderly men may be helpful in obtaining a correct clinical diagnosis for various hormonal disorders. PMID: 12940521

Gooren LJ, Giltay EJ, Bunck MC. Long-term treatment of transsexuals with cross-sex hormones: extensive personal experience. J Clin Endocrinol Metab. 2008 Jan;93(1):19-25. 

CONTEXT: Transsexuals receive cross-sex hormone treatment. Its short-term use appears reasonably safe. Little is known about its long-term use. This report offers some perspectives. SETTING: The setting was a university hospital serving as the national referral center for The Netherlands (16 million people). PATIENTS: From the start of the gender clinic in 1975 up to 2006, 2236 male-to-female and 876 female-to-male transsexuals have received cross-sex hormone treatment. In principle, subjects are followed up lifelong. INTERVENTIONS: Male-to-female transsexuals receive treatment with the antiandrogen cyproterone acetate 100 mg/d plus estrogens (previously 100 microg ethinyl estradiol, now 2-4 mg oral estradiol valerate/d or 100 microg transdermal estradiol/d). Female-to-male transsexuals receive parenteral testosterone esters 250 mg/2 wk. After 18-36 months, surgical sex reassignment including gonadectomy follows, inducing a profound hypogonadal state. MAIN OUTCOME MEASURES: Outcome measures included morbidity and mortality data and data assessing risks of osteoporosis and cardiovascular disease. RESULTS: Mortality was not higher than in a comparison group. Regarding morbidity, with ethinyl estradiol, there was a 6-8% incidence of venous thrombosis, which is no longer the case with use of other types of estrogens. Continuous use of cross-sex hormones is required to prevent osteoporosis. Androgen deprivation plus an estrogen milieu in male-to-female transsexuals has a larger deleterious effect on cardiovascular risk factors than inducing an androgenic milieu in female-to-male transsexuals, but there is so far no elevated cardiovascular morbidity/mortality. Low numbers of endocrine-related cancers have been observed in male-to-female transsexuals. CONCLUSIONS: Cross-sex hormone treatment of transsexuals seems acceptably safe over the short and medium term, but solid clinical data are lacking. PMID: 17986639 (Since better testosterone/estradiol levels are protective against atherosclerosis in men, then if estradiol dominance were deleterious, one would expect to see much more stroke and coronary artery disease in male to female transsexuals—yet no great increase has been seen. Some increase in CV risk factors (increase visceral fat, lower insulin sensitivity) is seen with estrogen treatment in biological males, but it is unclear what is the cause—it may be only in oral estrogen users, or it  may be the anti-androgen drug that is used prior to orchiectomy.—HHL)
Gooren LJ, Toorians AW. Significance of oestrogens in male (patho)physiology. Ann Endocrinol (Paris). 2003 Apr;64(2):126-35.

Traditionally conceptualized as 'female hormones', oestrogens appear to have significant effects in the male biological system. Favorable effects have been noted on bone, brain and cardiovascular physiology while a potential role in the prostate pathology of the aging male has been seriously suspected. Oestrogens in male are predominantly the products of peripheral aromatization of testicular and adrenal androgens. While the testicular and adrenal production of androgens declines with aging, levels of total plasma oestradiol do not decline. This is to be ascribed to the common increase in fat mass with aging (the substrate of peripheral aromatization) and an increased aromatase activity with aging. But free or bioavailable oestrogens may decline due to an increase in sex hormone binding globulin. Oestrogens produce significant beneficial effects on skeletal growth and bone maturation. In old age oestrogens are better predictors of bone fractures than androgens. Oestrogens exert effects on the brain: on cognitive function, co-ordination of movement, pain and affective state, and are maybe protective of Alzheimer's disease. Oestrogen effects on the cardiovascular system include those on lipid profiles, fat distribution, endocrine/paracrine factors produced by the vascular wall (such as endothelins, nitric oxide), blood platelets, inflammatory factors and coagulation. The potentially adverse effects of oestrogens on the prostate may be due to a shift in the oestrogen / androgen ratio with aging. Sources of estrogens in men are endogenous androgens, or in case of androgen deficiency, exogenous androgens. Dietary phytoestrogens or selective estrogen receptor modulators, as drugs, may be significant as well. PMID: 12773948

Kenny AM, Prestwood KM, Gruman CA, Marcello KM, Raisz LG. Effects of transdermal testosterone on bone and muscle in older men with low bioavailable testosterone levels. J Gerontol A Biol Sci Med Sci. 2001 May;56(5):M266-72.

BACKGROUND: A large proportion of men over 65 years of age have bioavailable testosterone levels below the reference range of young adult men. The impact of this on musculoskeletal health and the potential for improvement in function in this group with testosterone supplementation require investigation. METHODS: Sixty-seven men (mean age 76 +/- 4 years, range 65--87) with bioavailable testosterone levels below 4.44 nmol/l (lower limit for adult normal range) were randomized to receive transdermal testosterone (two 2.5-mg patches per day) or placebo patches for 1 year. All men received 500 mg supplemental calcium and 400 IU vitamin D. Outcome measures included sex hormones (testosterone, bioavailable testosterone, sex-hormone binding globulin [SHBG], estradiol, and estrone), bone mineral density (BMD; femoral neck, Ward's triangle, trochanter, lumbar spine, and total body), bone turnover markers, lower extremity muscle strength, percent body fat, lean body mass, hemoglobin, hematocrit, prostate symptoms, and prostate specific antigen (PSA) levels. RESULTS: Twenty-three men (34%) withdrew from the study; 44 men completed the trial. In these men, bioavailable testosterone levels increased from 3.2 +/- 1.2 nmol/l (SD) to 5.6 +/- 3.5 nmol/l (p <.002) at 12 months in the testosterone group, whereas no change occurred in the control group. Although there was no change in estradiol levels in either group, estrone levels increased in the testosterone group (103 +/- 26 pmol/l to 117 +/- 33 pmol/l; p <.017). The testosterone group had a 0.3% gain in femoral neck BMD, whereas the control group lost 1.6% over 12 months (p =.015). No significant changes were seen in markers of bone turnover in either group. Improvements in muscle strength were seen in both groups at 12 months compared with baseline scores. Strength increased 38% (p =.017) in the testosterone group and 27% in the control group (p =.06), with no statistical difference between the groups. In the testosterone group, body fat decreased from 26.3 +/- 5.8% to 24.6 +/- 6.5% (p =.001), and lean body mass increased from 56.2 +/- 5.3 kg to 57.2 +/- 5.1 kg (p =.001), whereas body mass did not change. Men receiving testosterone had an increase in PSA from 2.0 +/- 1.4 microg/l to 2.6 +/- 1.8 microg/l (p =.04), whereas men receiving placebo had an increase in PSA from 1.9 +/- 1.0 microg/l to 2.2 +/- 1.5 microg/l (p =.09). No significant differences between groups were seen in hemoglobin, hematocrit, symptoms or signs of benign prostate hyperplasia, or PSA levels. CONCLUSIONS: Transdermal testosterone (5 mg/d) prevented bone loss at the femoral neck, decreased body fat, and increased lean body mass in a group of healthy men over age 65 with low bioavailable testosterone levels. In addition, both testosterone and placebo groups demonstrated gains in lower extremity muscle strength, possibly due to the beneficial effects of vitamin D. Testosterone did result in a modest increase in PSA levels but resulted in no change in signs or symptoms of prostate hyperplasia.

Kula K, Walczak-Jedrzejowska R, Słowikowska-Hilczer J, Wranicz JK, Kula P, Oszukowska E, Marchlewska K. [Important functions of estrogens in men--breakthrough in contemporary medicine]. [Article in Polish] Przegl Lek. 2005;62(9):908-15.

Estradiol (E2) is traditionally recognised as the female sex hormone. Since discovery of estrogens in the early forties of XX century it has been believed, that these hormones caused impairment of the gonadal function in men or didn't exert any influence. New studies are contradictory, but indicate also a possible involvement of estrogens in the pathogenesis of some systemic diseases of men. The main source of E2 in men is adipose tissue and the brain. E2 is also produced in adrenals, liver, mammary glands, hair and in male gonads. Daily production and blood level of E2 in men are higher than those in postmenopausal women. In 1988 we were the first to demonstrate that E2 is an important hormonal signal for initiation of spermatogenesis. The traditional view about unimportant or inhibitory role of E2 in male physiology was finally refuted thanks to discovery of the estrogen receptors in males. In the middle 90ties transgenic mice with the lack of estrogen receptor (ER knockout) or enzyme aromatase, that enable the conversion of testosterone into E2, were produced. Observations of men with inherited mutations of these genes, considerably extended our knowledge about stimulatory role of E2 in men in the formation of bone stroma, inhibition of their linear growth, lipids metabolism and sexual maturation, the effects that were attributed to testosterone action until today. New data indicate role of estrogens and ER in the function of the cardio-vascular system. Their link with development of arteriosclerosis seems, however, to be bipolar. In single reported cases of men with the inactivating mutations of ERalpha or aromatase genes, a precocious arteriosclerosis is noted. From the other site, men homozygous for the most common variant of ERalpha gene (ESR1c.454-397cc) have a significantly increased risk of myocardial infarction. Estrogens are the risk factors in prostatic cancer and their local tissue increase in autoimmune diseases is connected with aggravation of the proliferative complications of these disorders. PMID: 16541728 (Lack of estradiol is associated with arteriosclerosis and myocardial infarction in men.--HHL)
Maggio M, Lauretani F, Ceda GP, Bandinelli S, Basaria S, Paolisso G, Giumelli C, Luci M, Najjar SS, Metter EJ, Valenti G, Guralnik J, Ferrucci L. Estradiol and metabolic syndrome in older italian men: The InCHIANTI Study. J Androl. 2010 Mar-Apr;31(2):155-62. 

The increasing prevalence of metabolic syndrome (MS) with age in older men has been linked with decreasing testosterone levels. Interestingly, while testosterone levels decline with age, estradiol (E2) levels remain relatively stable, resulting in a decreased testosterone:E2 ratio. Because E2 levels tend to be elevated in morbid obesity, insulin resistance, and diabetes, it is reasonable to hypothesize that high E2 levels are associated with MS in older men. We studied the relationship of total and free E2 with MS after adjustment for multiple confounders, including age, BMI, smoking, alcohol consumption, physical activity, interleukin-6 (IL-6), fasting insulin, and testosterone. Men 65 years or older (age range, 65-96; n = 452) had complete data on E2, testosterone, fasting insulin, sex hormone-binding globulin, IL-6, and albumin. Concentrations of free E2 and free testosterone were calculated using the mass action equations. MS was defined according to Adult Treatment Panel III (ATP-III). Participants with MS had significantly higher serum free and total E2 (P < .001) (P = .003). After adjusting for confounders, including age, smoking, alcohol consumption, physical activity, log(IL-6), and log(insulin), participants with higher log(total E2) (odds ratio [OR], 2.31; 95% confidence interval [95% CI], 1.39-4.70; P = .02) and higher log(free E2) (OR, 2.69; 1.38-5.24; P < .001) had an increased risk of having MS. Log(free E2) (P = .04) maintained significant correlation with MS, even after further adjustment for BMI. In older men, high E2 is independently associated with MS. Whether confirmed in other studies, assessment of E2 should be also considered in older men. Whether changes in this hormonal pattern play a role in the development of MS should be further tested in longitudinal studies. PMID: 19059904  (It appears that higher free estradiol is an effect, and not a cause of MS. Estradiol improves insulin sensitivity in women, and male-to-female sex change with estradiol supplementation does not cause MS.—HHL)

Mohamad MJ, Mohammad MA, Karayyem M, Hairi A, Hader AA Serum levels of sex hormones in men with acute myocardial infarction. Neuro Endocrinol Lett. 2007 Apr;28(2):182-6.

OBJECTIVE: To compare the serum levels of total testosterone(TT), free testosterone (FT), estradiol, sex hormone binding globulin (SHBG), and androstenedione (AS) in patients with acute myocardial infarction (AMI) at the time of hospitalization, patients with old myocardial infarction (OMI), and patients with normal coronary arteries (NC) admitted for diagnostic coronary angiography. METHODS: Serum sex hormones and lipid profile were measured in 79 male patients; 30 patients with AMI, 21 patient with OMI and 28 patients with NC. Ages ranged from 33-68 years. Androstenedione, estrogen, both total and free testosterone levels were quantified using coat-a-count radioimmunoassay kits. Sex hormone binding globulin was analyzed using immunoradiometric assay (IRMA)-count kits. RESULTS: The levels of serum estradiol in the AMI were significantly higher and serum levels of TT, FT, and SHBG were significantly lower in AMI than in OMI and NC but there was no difference found for the levels of AS in all groups. Estradiol level was also higher in OMI than in control group but no significant changes found for other sex hormones in OMI and control group. Also triglyceride, high density and low density lipoprotein in AMI were significantly different from that in OMI and control groups. CONCLUSIONS: Serum estradiol and low density lipoprotein levels are increased but TT, FT and SHBG levels are decreased in men with AMI compared with patients with NC. PMID: 17435665 (Total estradiol higher, SHBG lower, indicating higher free estradiol levels in men with AMI. Is the higher free estradiol due to the lower free testosterone—or due to some other metabolic abnormality like metabolic syndrome which reduces SHBG?—HHL)

Muller M, Grobbee DE, den Tonkelaar I, Lamberts SW, van der Schouw YT. Endogenous sex hormones and metabolic syndrome in aging men. J Clin Endocrinol Metab. 2005 May;90(5):2618-23. 

BACKGROUND: Sex hormone levels in men change during aging. These changes may be associated with insulin sensitivity and the metabolic syndrome. METHODS: We studied the association between endogenous sex hormones and characteristics of the metabolic syndrome in 400 independently living men between 40 and 80 yr of age in a cross-sectional study. Serum concentrations of lipids, glucose, insulin, total testosterone (TT), SHBG, estradiol (E2), and dehydroepiandrosterone sulfate (DHEA-S) were measured. Bioavailable testosterone (BT) was calculated using TT and SHBG. Body height, weight, waist-hip circumference, blood pressure, and physical activity were assessed. Smoking and alcohol consumption was estimated from self-report. The metabolic syndrome was defined according to the National Cholesterol Education Program definition, and insulin sensitivity was calculated by use of the quantitative insulin sensitivity check index. RESULTS: Multiple logistic regression analyses showed an inverse relationship according to 1 sd increase for circulating TT [odds ratio (OR) = 0.43; 95% confidence interval (CI), 0.32-0.59], BT (OR = 0.62; 95% CI, 0.46-0.83), SHBG (OR = 0.46; 95% CI, 0.33-0.64), and DHEA-S (OR = 0.76; 95% CI, 0.56-1.02) with the metabolic syndrome. Each sd increase in E2 levels was not significantly associated with the metabolic syndrome (OR = 1.16; 95% CI, 0.92-1.45). Linear regression analyses showed that higher TT, BT, and SHBG levels were related to higher insulin sensitivity; beta-coefficients (95% CI) were 0.011 (0.008-0.015), 0.005 (0.001-0.009), and 0.013 (0.010-0.017), respectively, whereas no effects were found for DHEA-S and E2. Estimates were adjusted for age, smoking, alcohol consumption, and physical activity score. Further adjustment for insulin levels and body composition measurements attenuated the estimates, and the associations were similar in the group free of cardiovascular disease and diabetes. CONCLUSIONS: Higher testosterone and SHBG levels in aging males are independently associated with a higher insulin sensitivity and a reduced risk of the metabolic syndrome, independent of insulin levels and body composition measurements, suggesting that these hormones may protect against the development of metabolic syndrome. PMID: 15687322 (This illustrates that insulin resistance lowers SHBG and testosterone production. Since total estradiol was not lowered, men with metabolic syndrome must aromatize testosterone to estradiol at a higher rate. Higher estradiol is not the cause of metabolic syndrome, but an effect.—HHL) 
Jeppesen LL, Jorgensen HS, Nakayama H, Raaschou HO, Olsen TS, Winther K. Decreased serum testosterone in men with acute ischemic stroke. Arterioscler Thromb Vasc Biol. 1996 Jun;16(6):749-54. 


Serum levels of total and free testosterone and 17 beta-estradiol were determined in 144 men with acute ischemic stroke and 47 healthy male control subjects. Blood samples from patients were drawn a mean of 3 days after stroke onset and also 6 months after admission in a subgroup of 45 patients. Initial stroke severity was assessed on the Scandinavian Stroke Scale and infarct size by computed tomographic scan. Mean total serum testosterone was 13.8 +/- 0.5 nmol/L in stroke patients and 16.5 +/- 0.7 nmol/L in control subjects (P = .002); the respective values for free serum testosterone were 40.8 +/- 1.3 and 51.0 +/- 2.2 pmol/L (P = .0001). Both total and free testosterone were significantly inversely associated with stroke severity and 6-month mortality, and total testosterone was significantly inversely associated with infarct size. The differences in total and free testosterone levels between patients and control subjects could not be explained by 10 putative risk factors for stroke, including age, blood pressure, diabetes, ischemic heart disease, smoking, and atrial fibrillation. Total and free testosterone levels tended to normalize 6 months after the stroke. There was no difference between patients and control subjects in serum 17 beta-estradiol levels. These results support the idea that testosterone affects the pathogenesis of ischemic stroke in men.

Phillips GB, Pinkernell BH, Jing TY. The association of hypotestosteronemia with coronary artery disease in men. Arterioscler Thromb. 1994; 14:701-706. 

Hyperestrogenemia and hypotestosteronemia have been observed in association with myocardial infarction (MI) and its risk factors. To determine whether these abnormalities may be prospective for MI, estradiol and testosterone, as well as risk factors for MI, were measured in 55 men undergoing angiography who had not previously had an MI. Testosterone (r = -.36, P = .008) and free testosterone (r = -.49, P < .001) correlated negatively with the degree of coronary artery disease after controlling for age and body mass index. When the patient group was successively reduced to a final study group of 34 men by excluding the patients with other major disorders, the testosterone and free testosterone correlations persisted (r = -.43, P < .02 and r = -.62, P < .001, respectively). Neither estradiol nor the risk factors, except for high-density lipoprotein cholesterol, correlated with the degree of coronary artery disease in the final group. Testosterone correlated negatively with the risk factors fibrinogen, plasminogen activator inhibitor-1, and insulin and positively with high-density lipoprotein cholesterol. The correlations found in this study between testosterone and the degree of coronary artery disease and between testosterone and other risk factors for MI raise the possibility that in men hypotestosteronemia may be a risk factor for coronary atherosclerosis.

Rochira V, Madeo B, Zirilli L, Caffagni G, Maffei L, Carani C. Oestradiol replacement treatment and glucose homeostasis in two men with congenital aromatase deficiency: evidence for a role of oestradiol and sex steroids imbalance on insulin sensitivity in men. Diabet Med. 2007 Dec;24(12):1491-5. 

AIMS: The role of sex steroids in glucose and insulin metabolism in men remains unclear. To investigate the effects of sex steroids and oestrogen on insulin sensitivity in men, we studied two male adults with aromatase deficiency (subject 1 and subject 2). METHODS: The effects of transdermal oestradiol (tE(2)) treatment at different dosages on insulin sensitivity were studied before tE(2) treatment (phase 1), and after 6 months (phase 2) and 12 months of tE(2) treatment (phase 3) by means of homeostasis model assessment-insulin resistance (HOMA-IR) and Quantitative Insulin Sensitivity Check Index (QUICKI), insulin tolerance test (ITT), and oral glucose tolerance test (OGTT). The latter was performed only in subject 1, as subject 2 suffered from Type 2 diabetes. RESULTS: The restoration of normal serum oestradiol led to improved insulin sensitivity, as shown by changes in HOMA-IR and QUICKI. The ITT provided evidence of improved insulin sensitivity during tE(2) treatment. Insulin secretion after OGTT was reduced during tE(2) treatment in subject 1. After 12 months of tE(2) treatment, insulin sensitivity was improved compared with in phases 1 and 2. CONCLUSIONS: The study suggests a direct involvement of oestrogens in insulin sensitivity, and supports a possible role of oestradiol : testosterone ratio, which may be as influencial as the separate actions of each sex steroid on glucose homeostasis. PMID: 17976198 (Estradiol is essential to normal insulin sensitivity in men as well as in women—HHL)

Simpson ER. Sources of estrogen and their importance. J Steroid Biochem Mol Biol. 2003 Sep;86(3-5):225-30.

In premenopausal women, the ovaries are the principle source of estradiol, which functions as a circulating hormone to act on distal target tissues. However, in postmenopausal women when the ovaries cease to produce estrogen, and in men, this is no longer the case, because estradiol is no longer solely an endocrine factor. Instead, it is produced in a number of extragonadal sites and acts locally at these sites as a paracrine or even intracrine factor. These sites include the mesenchymal cells of adipose tissue including that of the breast, osteoblasts and chondrocytes of bone, the vascular endothelium and aortic smooth muscle cells, and numerous sites in the brain. Thus, circulating levels of estrogens in postmenopausal women and in men are not the drivers of estrogen action, they are reactive rather than proactive. This is because in these cases circulating estrogen originates in the extragonadal sites where it acts locally, and if it escapes local metabolism then it enters the circulation. Therefore, circulating levels reflect rather than direct estrogen action in postmenopausal women and in men. Tissue-specific regulation of CYP19 expression is achieved through the use of distinct promoters, each of which is regulated by different hormonal factors and second messenger signaling pathways. Thus, in the ovary, CYP19 expression is regulated by FSH which acts through cyclic AMP via the proximal promoter II, whereas in placenta the distal promoter I.1 regulates CYP19 expression in response to retinoids. In adipose tissue and bone by contrast, another distal promoter--promoter I.4--drives CYP19 expression under the control of glucocorticoids, class 1 cytokines and TNFalpha. The importance of this unique aspect of the tissue-specific regulation of aromatase expression lies in the fact that the low circulating levels of estrogens which are observed in postmenopausal women have little bearing on the concentrations of estrogen in, for example, a breast tumor, which can reach levels at least one order of magnitude greater than those present in the circulation, due to local synthesis within the breast. Thus, the estrogen which is responsible for breast cancer development, for the maintenance of bone mineralization and for the maintenance of cognitive function is not circulating estrogen but rather that which is produced locally at these specific sites within the breast, bone and brain. In breast adipose of breast cancer patients, aromatase activity and CYP19 expression are elevated. This occurs in response to tumor-derived factors such as prostaglandin E2 produced by breast tumor fibroblasts and epithelium as well as infiltrating macrophages. This increased CYP19 expression is associated with a switch in promoter usage from the normal adipose-specific promoter I.4 to the cyclic AMP responsive promoter, promoter II. Since these two promoters are regulated by different cohorts of transcription factors and coactivators, it follows that the differential regulation of CYP19 expression via alternative promoters in disease-free and cancerous breast adipose tissue may permit the development of selective aromatase modulators (SAMs) that target the aberrant overexpression of aromatase in cancerous breast, whilst sparing estrogen synthesis in other sites such as normal adipose tissue, bone and brain. PMID: 14623515

Svartberg J, von Mühlen D, Mathiesen E, Joakimsen O, Bønaa KH, Stensland-Bugge E. Low testosterone levels are associated with carotid atherosclerosis in men. J Intern Med. 2006 Jun;259(6):576-82.

OBJECTIVE: To study the relationship between endogenous sex hormone levels and intima-media thickness (IMT) of the carotid artery measured by ultrasonography. DESIGN: Population-based cross-sectional study. METHODS: Sex hormone levels measured by immunoassay, anthropometric measurements and IMT was studied in 1482 men aged 25-84 years participating in the 1994-1995 Tromsø study. The data were analysed with partial correlation, multiple linear regression and logistic regression analysis. RESULTS: Linear regression models showed that total testosterone and sex hormone-binding globulin levels, but not calculated free testosterone, serum oestradiol or dehydroepiandrosterone sulphate levels were inversely associated with the age-adjusted IMT (P = 0.008 and P < 0.001 respectively). These associations were independent of smoking, physical activity, blood pressure and lipid levels, but were not independent of body mass index (BMI). Excluding men with cardiovascular disease (CVD) did not materially change these results. In a logistic regression model adjusted for the confounding effect of CVD risk factors, men with testosterone levels in the lowest quintile (<9.0 nmol L(-1)) had an independent OR = 1.51 (P = 0.015) of being in the highest IMT quintile. CONCLUSIONS: We found an inverse association between total testosterone levels and IMT of the carotid artery in men that was present also after excluding men with CVD, but was not independent of BMI. The clinical relevance of this, however, is uncertain and needs to be investigated in a clinical setting. PMID: 16704558

Tivesten A, Hulthe J, Wallenfeldt K, Wikstrand J, Ohlsson C, Fagerberg B. Circulating estradiol is an independent predictor of progression of carotid artery intima-media thickness in middle-aged men. J Clin Endocrinol Metab. 2006 Nov;91(11):4433-7. 

CONTEXT: Estrogen treatment of men with prostate cancer is associated with increased cardiovascular morbidity and mortality; however, the role of endogenous estrogen levels for atherosclerotic disease in men is unknown. OBJECTIVE: The objective of the study was to determine whether endogenous serum estradiol (E2) levels predict the progression of carotid artery intima-media thickness in men. DESIGN, SETTING AND PARTICIPANTS: This was a population-based, prospective cohort study (the Atherosclerosis and Insulin Resistance study) conducted in Göteborg, Sweden, among 313 Caucasian men without cardiovascular or other clinically overt diseases. Carotid artery intima-media thickness, an index of preclinical atherosclerosis, was measured by ultrasound at baseline (58 yr of age) and after 3 yr of follow-up. Serum sex hormone levels and cardiovascular risk factors (body mass index, waist to hip ratio, systolic blood pressure, serum triglycerides, plasma c-peptide, and smoking status) were assessed at study entry. INTERVENTION: There was no intervention. MAIN OUTCOME MEASURES: Association between baseline total and free E2 levels and progression of carotid intima-media thickness over 3 yr with adjustments for cardiovascular risk factors was measured. RESULTS: In univariate analyses, both total and free E2 levels at baseline were positively associated with the annual change in intima-media thickness. In linear regression models including E2 and cardiovascular risk factors, low-density lipoprotein and high-density lipoprotein cholesterol and E2 were identified as independent predictors of progression of carotid artery intima-media thickness (total E2 beta = 0.187, P = 0.001; and free E2 beta = 0.183, P = 0.003). CONCLUSIONS: Circulating E2 is a predictor of progression of carotid artery intima-media thickness in middle-aged men. Further studies are needed to investigate the role of endogenous E2 for incident cardiovascular disease events. PMID: 16940451 (There was no correlation between total or free testosterone levels, or SHBG and intimal thickness progression. Once again we have a correlation. We must look at other sources of evidence to decide if the higher estradiol levels are the cause of the increase, or if the increase and the higher estradiol levels are both results of some other factor(s) like the metabolic syndrome .—HHL)
Wranicz JK, Cygankiewicz I, Rosiak M, Kula P, Kula K, Zareba W. The relationship between sex hormones and lipid profile in men with coronary artery disease. Int J Cardiol. 2005 May 11;101(1):105-10. 

BACKGROUND: Men are more prone to develop coronary artery disease (CAD) than women and the mechanism of this different susceptibility is not well elucidated. The aim of this study was to evaluate the relationship between serum levels of several sex hormones and serum levels of lipoproteins, as well as the association between sex hormones and clinical covariates in men with stable coronary artery disease. METHODS: Study population consisted of 111 men (mean age 55 years) with stable coronary artery disease. In all patients levels of testosterone, dehydroepiandrosterone sulfate (DHEA-S), estradiol, sex hormone binding globuline (SHBG), luteinizing hormone (LH) and follicle stimulating hormone (FSH) were measured and free testosterone index (FTI) was calculated knowing SHBG. Standard lipid analysis included total cholesterol, HDL-cholesterol, LDL-cholesterol, and triglycerides. The extent of coronary artery disease was defined using semiquantitative coronary angiography score. RESULTS: Significant positive correlations were found between estradiol levels and levels of total cholesterol (r = 0.31; p = 0.005), LDL-cholesterol (r = 0.32; p=0.004), total cholesterol/HDL ratio (r = 0.26; p = 0.020), and triglycerides (r = 0.24; p = 0.030), whereas no significant association was found between levels of these lipids and testosterone or DHEA levels. HDL cholesterol showed a significant association with levels of FSH (r = 0.23; p = 0.03) and LH (r = 0.25; p = 0.02).  CONCLUSIONS: Our results indicate a possible role of estradiol in promoting the development of atherogenic lipid milieu in men with CAD. Simultaneously, the observed association between increased FSH and LH levels with increased levels of HDL cholesterol might suggest a protective effect of these hormones. PMID: 15860391 (Again, correlation between total serum estradiol and higher LDL and higher cholesterol/HDL ratio. Other evidence must be consulted to determine if the relationship is causal or incidental, and what its actual clinic effects are.—HHL)
van den Beld AW, de Jong FH, Grobbee DE, Pols HA, Lamberts SW. Measures of bioavailable serum testosterone and estradiol and their relationships with muscle strength, bone density, and body composition in elderly men.J Clin Endocrinol Metab. 2000 Sep;85(9):3276-82.

In the present cross-sectional study of 403 independently living elderly men, we tested the hypothesis that the decreases in bone mass, body composition, and muscle strength with age are related to the fall in circulating endogenous testosterone (T) and estrogen concentrations. We compared various measures of the level of bioactive androgen and estrogen to which tissues are exposed. After exclusion of subjects with severe mobility problems and signs of dementia, 403 healthy men (age, 73-94 yr) were randomly selected from a population-based sample. Total T (TT), free T (FT), estrone (E1), estradiol (E2), and sex hormone-binding globulin (SHBG) were determined by RIA. Levels of non-SHBG-bound T (non-SHBG-T), FT (calc-FT), the TT/SHBG ratio, non-SHBG-bound E2, and free E2 were calculated. Physical characteristics of aging included muscle strength measured using dynamometry, total body bone mineral density (BMD), hip BMD, and body composition, including lean mass and fat mass, measured by dual-energy x-ray absorptiometry. In this population of healthy elderly men, calc-FT, non-SHBG-T, E1, and E2 (total, free, and non-SHBG bound) decreased significantly with age. T (total and non-SHBG-T) was positively related with muscle strength and total body BMD (for non-SHBG-T, respectively, beta = 1.93 +/- 0.52, P < 0.001 and beta = 0.011 +/- 0.002, P < 0.001). An inverse association existed between T and fat mass (beta = -0.53 +/- 0.15, P < 0.001). Non-SHBG-T and calc-FT were more strongly related to muscle strength, BMD, and fat mass than TT and were also significantly related to hip BMD. E1 and E2 were both positively, independently associated with BMD (for E2, beta = 0.21 +/- 0.08, P < 0.01). Non-SHBG-bound E2 was slightly strongly related to BMD than total E2. The positive relation between T and BMD was independent of E2. E1 and E2 were not related with muscle strength or body composition. In summary, bioavailable T, E1, total E2, and bioavailable E2 all decrease with age in healthy old men. In this cross-sectional study in healthy elderly men, non-SHBG-bound T seems to be the best parameter for serum levels of bioactive T, which seems to play a direct role in the various physiological changes that occur during aging. A positive relation with muscle strength and BMD and a negative relation with fat mass was found. In addition, both serum E1 and E2 seem to play a role in the age-related bone loss in elderly men, although the cross-sectional nature of the study precludes a definitive conclusion. Non-SHBG-bound E2 seems to be the best parameter of serum bioactive E2 in describing its positive relation with BMD. PMID: 10999822
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. PMID: 9373456
Vermeulen A, Kaufman JM, Goemaere S, van Pottelberg I. Estradiol in elderly men. Aging Male. 2002 Jun;5(2):98-102.

The role of estrogens in male physiology has become more evident, as a consequence of the discovery of human models of estrogen deficiency such as estrogen resistance or aromatase deficiency. In males, testosterone is the major source of plasma estradiol, the main biologically active estrogen, only 20% of which is secreted by the testes. Plasma estrone, 5% of which is converted to plasma estradiol, originates from tissue aromatization of, mainly adrenal, androstenedione. The plasma concentration of estradiol in males is 2-3 ng/dl and its production rate in blood is 25-40 micrograms/24 h; both of these values are significantly higher than in postmenopausal women. Plasma levels of estradiol do not necessarily reflect tissue-level activity as peripherally formed estradiol is partially metabolized in situ; thus, not all enters the general circulation, with a fraction remaining only locally active. Of the factors influencing plasma estradiol levels, plasma testosterone is a major determinant. However, the age-associated decrease in testosterone levels is scarcely reflected in plasma estradiol levels, as a result of increasing aromatase activity with age and the age-associated increase in fat mass. Free and bioavailable estradiol levels do decrease modestly with age as does the ratio of free testosterone to free estradiol, the latter testifying to the age-associated increased aromatization of testosterone. Estradiol levels are highly significantly positively related to body fat mass and more specifically to subcutaneous abdominal fat, but not to visceral (omental) fat. Indeed, aromatase activity in omental fat is only one-tenth of the activity in gluteal fat. Estrogens in males play an important role in the regulation of the gonadotropin feedback, several brain functions, bone maturation, regulation of bone resorption and in lipid metabolism. Moreover, they affect skin metabolism and are an important factor determining sex interest in man. PMID: 12198740

Wranicz JK, Cygankiewicz I, Rosiak M, Kula P, Kula K, Zareba W. The relationship between sex hormones and lipid profile in men with coronary artery disease.Int J Cardiol. 2005 May 11;101(1):105-10.

BACKGROUND: Men are more prone to develop coronary artery disease (CAD) than women and the mechanism of this different susceptibility is not well elucidated. The aim of this study was to evaluate the relationship between serum levels of several sex hormones and serum levels of lipoproteins, as well as the association between sex hormones and clinical covariates in men with stable coronary artery disease. METHODS: Study population consisted of 111 men (mean age 55 years) with stable coronary artery disease. In all patients levels of testosterone, dehydroepiandrosterone sulfate (DHEA-S), estradiol, sex hormone binding globuline (SHBG), luteinizing hormone (LH) and follicle stimulating hormone (FSH) were measured and free testosterone index (FTI) was calculated knowing SHBG. Standard lipid analysis included total cholesterol, HDL-cholesterol, LDL-cholesterol, and triglycerides. The extent of coronary artery disease was defined using semiquantitative coronary angiography score. RESULTS: Significant positive correlations were found between estradiol levels and levels of total cholesterol (r = 0.31; p = 0.005), LDL-cholesterol (r = 0.32; p=0.004), total cholesterol/HDL ratio (r = 0.26; p = 0.020), and triglycerides (r = 0.24; p = 0.030), whereas no significant association was found between levels of these lipids and testosterone or DHEA levels. HDL cholesterol showed a significant association with levels of FSH (r = 0.23; p = 0.03) and LH (r = 0.25; p = 0.02). CONCLUSIONS: Our results indicate a possible role of estradiol in promoting the development of atherogenic lipid milieu in men with CAD. Simultaneously, the observed association between increased FSH and LH levels with increased levels of HDL cholesterol might suggest a protective effect of these hormones. PMID: 15860391 (A correlation between estradiol levels and an atherogenic cholesterol profile. We know from other studies that the metabolic syndrome with its associated obesity and insulin-resistance causes both the atherogenic lipid profile and the higher estradiol levels.—HHL)
Zou B, Sasaki H, Kumagai S. Association between Relative Hypogonadism and Metabolic Syndrome in Newly Diagnosed Adult Male Patients with Impaired Glucose Tolerance or Type 2 Diabetes Mellitus. Metab Syndr Relat Disord. 2004 Spring;2(1):39-48.

Sex steroid hormones are known to be important regulators of the lipid and glucose metabolism. Lower levels of testosterone (T) or sex hormone-binding globulin (SHBG) have been reported in men with type 2 diabetes. On the other hand, the relationship between relative hypogonadism and metabolic syndrome has not yet to be thoroughly studied. Ninety-eight Japanese adult (age 20-64) male patients with impaired glucose tolerance (IGT) or type 2 diabetes mellitus were divided into either an metabolic syndrome group (n = 42) or a non- metabolic syndrome (n = 56) group according to the definition of metabolic syndrome from WHO, or into three tertiles according to their sex hormone index level. The metabolic syndrome group had a significantly lower T/estradiol (E(2)) and SHBG level (p < 0.01). The age and subcutaneous fat surface area (SFA) were significantly different within the tertiles in SHBG and T/E(2). Logistic regression analyses were performed to investigate the association between the sex steroid hormone index level and the incidence of metabolic syndrome. Regarding the highest tertiles as a criterion, lower SHBG, T/E(2) or free T/E(2) had a higher odds ratio of prevalence of metabolic syndrome even after adjusting for age and SFA. Relative hypogonadism was strongly associated with the prevalence of metabolic syndrome in Japanese adult men who were newly diagnosed to have IGT or type 2 diabetes. PMID: 18370675
Review of Fallon Life Extension article on Estradiol in Men: 

Estradiol in men comes from the aromatization of testosterone. Testosterone is actually a pro-hormone and is beneficial to men because it is metabolized into estradiol and dihydrotestosterone. Higher testosterone levels leads to higher estradiol and DHT levels and effects. 

Fallon's Life Extension article on estradiol’s dangers for men has many problems. He admits that estradiol is vital to a man’s health but he thinks there is some upper level of estrogen--whether or not a man is on TRT--at which estrogen ceases to be beneficial and becomes deleterious. His use of references is shoddy, he often quotes references whose implications are far different than what he asserts. For instance, he says that "symptoms of excess estrogen in aging men include the development of breasts, having too much abdominal weight, feeling tired, suffering loss of muscle mass, and having emotional disturbances. Many of these symptoms correspond to testosterone deficiency as well.41" The reference refers only to the symptoms of testosterone deficiency. There is no study existing that describes any symptoms due to high estradiol in men. Surely too much estradiol would cause breast enlargement, but there's no evidence for the other symptoms he mentions as being related to estradiol levels, neither have I seen any such evidence.

Note that nothing in the article or its references touches on whether there are any adverse effects from higher total or free estradiol levels in men on testosterone replacement therapy, or on what estradiol levels should be on TRT. Also, we have the problem that the estradiol levels are totals, not free. Total estradiol is no more helpful than is total testosterone. The free or bioavailable estradiol and testosterone are what matter because there can be marked discrepancies in total and free levels in persons with high or low SHBG levels. 


Fallon does mention the tremendous amount of evidence that estradiol is vital to men's health, but then quotes a few studies that found correlations between higher estradiol levels and certain health problems in older men, and presumes that the connection was causal--that the higher estradiol levels caused the pathology involved. He doesn't really seem to grasp the immense complexity of the hormonal system. Hormones affect everything, and everything affects hormones. Correlation surely does not prove causation in this case. 


Fallon bases his upper limit recommendation for estradiol levels on a study of hip fractures in men. Fallon says, "Men with estradiol levels greater than 34.3 pg/mL had a slightly higher risk of hip fracture compared with those in the range of 18.2-34.2 pg/mL. This study helps confirm Life Extension’s recommended range for estrogen levels in aging men." The article actually stated: "Incidence rates for hip fracture (per 1000 person-years) were 11.0, 3.4, and 3.9 for the low (2.0-18.1 pg/mL [7-67 pmol/L]), middle (18.2-34.2 pg/mL [67-125 pmol/L]), and high (> or =34.3 pg/mL [> or =126 pmol/L]) estradiol groups, respectively." Clearly there is no significant difference between the 3.4 and 3.9 incident rates for middle and higher estradiol levels, compared to the 11.0 rate for low estradiol. The study actually implies that once you are above a certain level of estradiol you are protected fully against fractures, higher levels do not add any additional protection. Fallon insinuates that the higher estradiol level somehow increased the men's risk for fracture. That simply makes no physiological sense.


Fallon dismissed the Arnlov Framingham study that showed that higher baseline estradiol levels, and not testosterone levels, correlated with lower risk of cardiovascular disease in older men but not in younger men. He dismissed it even though it was a high-quality prospective study involving thousands of men. He stated that it went against all the other evidence that higher estradiol is associated with a higher risk of CVD. "All other evidence" is apparently the Mohamed study of 30 men with an acute MI who had higher estradiol and lower testosterone levels than controls. But, who knows what physiological effects occur duing an acute MI and afterwards that may affect sex hormone metabolism? The Phillips study found low free testosterone, but not estradiol, predicted finding coronary artery disease in men undergoing angiography. 


Fallon quotes a study showing higher estradiol levels but no difference in testosterone levels found in elderly men who went on to have a stroke, but doesn't mention the Jeppesen study that found lower testosterone levels but no difference in estradiol levels in men with acute stroke. 


Fallon mentions the Tivesten study which found a corellation between higher estradiol levels and progression of carotid intima thickening, but he doesn't mention the Svartberg study where carotid intimal thickness was associated with lower free testosterone and not at all with estradiol levels. 

Fallon claims that estradiol levels rise with age, but fails to mention studies like Van de Beld that show that total and free estradiol decline with age in healthy older men. 

My own impression overall, looking over all the research I have seen so far, is that estradiol is critical for male health, and that when testosterone levels are too low, estradiol levels are also reduced adding to the many health problems caused by low testosterone. There are certain pathological conditions in which estradiol levels are higher in men--obesity and the metabolic syndrome--but it seems pretty clear that higher estradiol levels are the result of the excess fat (aromatization) and metabolic abnormalities that occur in those conditions. 
Lastly, there is a great deal of experience with male-to-female transexuals. Oral estrogen therapy with the birth-control estrogen—ethinyl estradiol—had to be abandoned due to the increase in blood clots. Transdermal estradiol, however, has not been shown to cause any problem in men. They are receiving feminizing doses and they have little testosterone in their bodies. According to Fallon’s arguments, transexual females should be dying in large numbers. Yet published reports (Van Kestern above) state that their morbidity and mortality are not increased. So much for the dangers of higher estradiol levels in men. 


