Heart Disease in Menopause

· Statin therapies have not been shown to be beneficial overall for women without heart disease. (Walsh 2004).
· Oral estrogens, not transdermal estradiol, associated with increase in MI risk (Lokegaard, 2008)

· Estrogen/progesterone therapy lowers androgen levels, and may increase risk of heart disease by this mechanism. (Khatibi 2007)

· A woman’s risk of heart disease is greatly increase if ovaries are removed around menopause—the ovary continues to produce androgens that can be converted to estrogens. (Parker, 2007)

· Lower estradiol levels in perimenopause associated with faster progression of atherosclerosis (El Khoudary 2012)

 Bush TL, Barrett-Connor E, Cowan LD, Criqui MH, Wallace RB, Suchindran CM, Tyroler HA, Rifkind BM. Cardiovascular mortality and noncontraceptive use of estrogen in women: results from the Lipid Research Clinics Program Follow-up Study. Circulation. 1987 Jun;75(6):1102-9. 


A cohort of 2270 white women, aged 40-69 years at baseline, were followed for an average of 8.5 years in the Lipid Research Clinics Program Follow-up Study. There were 44 deaths due to cardiovascular disease among the 1677 nonusers of estrogens and six cardiovascular disease deaths among the 593 estrogen users. The age-adjusted relative risk (RR) of cardiovascular disease deaths in users compared with nonusers was 0.34 (95% confidence limits 0.12 to 0.81). After multivariable adjustment for potential confounding factors (age, blood pressure, and smoking), the estimated RR for estrogen use was 0.37 (95% confidence limits 0.16 to 0.88). Analyses were done to explore whether these results could be due to selection bias for estrogen use. However, the prevalence of cardiovascular disease at baseline was slightly higher in estrogen users (12%) than in nonusers (10%); furthermore, the exclusion of all women with prevalent cardiovascular disease at baseline did not alter the apparent protective effect of estrogen use on cardiovascular disease mortality (RR = 0.42, 95% confidence limits 0.13 to 1.10). Additional analyses examining the complex association between estrogen use, lipoprotein levels, and cardiovascular disease mortality suggest that the protective effect of estrogen is substantially mediated through increased high-density lipoprotein levels.

Canonico M, Oger E, Plu-Bureau G, Conard J, Meyer G, Levesque H, Trillot N, Barrellier MT, Wahl D, Emmerich J, Scarabin PY; Estrogen and Thromboembolism Risk (ESTHER) Study Group. Hormone therapy and venous thromboembolism among postmenopausal women: impact of the route of estrogen administration and progestogens: the ESTHER study. Circulation. 2007 Feb 20;115(7):840-5. 


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

Cherry N, Gilmour K, Hannaford P, Heagerty A, Khan MA, Kitchener H, McNamee R, Elstein M, Kay C, Seif M, Buckley H; ESPRIT team. Oestrogen therapy for prevention of reinfarction in postmenopausal women: a randomised placebo controlled trial. Lancet. 2002 Dec 21-28;360(9350):2001-8. 

BACKGROUND: Results of observational studies suggest that hormone replacement therapy (HRT) could reduce the risk of coronary heart disease (CHD), but those of randomised trials do not indicate a lower risk in women who use oestrogen plus progestagen. The aim of this study was to ascertain whether or not unopposed oestrogen reduces the risk of further cardiac events in postmenopausal women who survive a first myocardial infarction. METHODS: The study was a randomised, blinded, placebo controlled, secondary prevention trial of postmenopausal women, age 50-69 years (n=1017) who had survived a first myocardial infarction. Individuals were recruited from 35 hospitals in England and Wales. Women received either one tablet of oestradiol valerate (2 mg; n=513) or placebo (n=504), daily for 2 years. Primary outcomes were reinfarction or cardiac death, and all-cause mortality. Analyses were by intention-to-treat. Secondary outcomes were uterine bleeding, endometrial cancer, stroke or other embolic events, and fractures. FINDINGS: Frequency of reinfarction or cardiac death did not differ between treatment groups at 24 months (rate ratio 0.99, 95% CI 0.70-1.41, p=0.97). Similarly, the reduction in all-cause mortality between those who took oestrogen and those on placebo was not significant (0.79, 0.50-1.27, p=0.34). The relative risk of any death (0.56, 0.23-1.33) and cardiac death (0.33, 0.11-1.01) was lowest at 3 months post-recruitment. INTERPRETATION: Oestradiol valerate does not reduce the overall risk of further cardiac events in postmenopausal women who have survived a myocardial infarction.

Christian RC, Harrington S, Edwards WD, Oberg AL, Fitzpatrick LA. Estrogen status correlates with the calcium content of coronary atherosclerotic plaques in women. J Clin Endocrinol Metab. 2002 Mar;87(3):1062-7. 

BACKGROUND: Coronary artery calcium, a radiographic marker for atherosclerosis and a predictor of coronary heart disease (CHD), is less extensive in women than in men of the same age. The role of estrogen in the pathogenesis of coronary artery calcification is unknown. We examined the association of estrogen status with extent of calcification and atherosclerotic plaque in coronary arteries of deceased women. METHODS: Coronary arteries were obtained at autopsy from 56 white women age 18--98 yr, 46 postmenopausal and 10 premenopausal. Exclusion criteria included patients with coronary stents, coronary artery bypass surgery, and medical-legal cases. Medical records were reviewed for demographics, CHD risk factors, menstrual status, and use of estrogen replacement therapy. Contact microradiography of coronary arteries assessed true calcium content and atherosclerotic plaque area was analyzed histologically. RESULTS: The coronary arteries from estrogen-treated postmenopausal women had lower mean coronary calcium content (P = 0.002), mean plaque area (P < 0.0001), and calcium-to-plaque area ratio (P = 0.004) than those from untreated menopausal women. Estrogen status, age, diabetes, and hypertension predicted calcium and plaque area by univariate analysis. After controlling for these CHD risk factors, estrogen status remained an independent predictor of both calcium (P = 0.014) and plaque area (P = 0.001) in all women. Mean calcium area (P < 0.05) but not plaque area (P = 0.44) was significantly greater in women treated with estrogen replacement therapy than in premenopausal women. Coronary calcium (P < 0.007) and plaque area (P < 0.03) varied significantly with age in untreated postmenopausal women, but not in the estrogen-treated or premenopausal women (P = 0.33). CONCLUSIONS: Estrogen status is associated with coronary calcium and plaque area independent of age and CHD risk factors. Estrogen may modulate the calcium content of atherosclerotic plaques, as well as plaque area and may slow the progression of atherosclerosis in women.

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


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

Colditz GA; Willett WC; Stampfer MJ; Rosner B; Speizer FE; Hennekens CH. Menopause and the risk of coronary heart disease in women. N Engl J Med 1987 Apr 30;316(18):1105-10. 

To determine the relation of menopause to the risk of coronary heart disease, we analyzed data on a prospective cohort of 121,700 U.S. women 30 to 55 years old who were followed from 1976 to 1982. Information on menopausal status, the type of menopause, and other risk factors was obtained in 1976 and updated every two years by mailing questionnaires. Through 1982, the follow-up rate was 98.3 percent for mortality and 95.4 percent for nonfatal events. After we controlled for age and cigarette smoking, women who had had a natural menopause and who had never taken replacement estrogen had no appreciable increase in the risk of coronary heart disease, as compared with premenopausal women (adjusted rate ratio, 1.2; 95 percent confidence limits, 0.8 and 1.8). Again compared with premenopausal women, the occurrence of a natural menopause together with the use of estrogens did not affect the risk (rate ratio, 0.8, 95 percent confidence limits, 0.4 and 1.3). Women who had undergone bilateral oophorectomy and who had never taken estrogens after menopause had an increased risk (rate ratio, 2.2; 95 percent confidence limits, 1.2 and 4.2). However, the use of estrogens in the postmenopausal period appeared to eliminate this increased risk among these women as compared with premenopausal women (rate ratio, 0.9; 95 percent confidence limits, 0.6 and 1.6). These data suggest that, in contrast to a natural menopause, bilateral oophorectomy increases the risk of coronary heart disease. This increase appears to be prevented by estrogen-replacement therapy.

El Khoudary SR, Wildman RP, Matthews K, Thurston RC, Bromberger JT, Sutton-Tyrrell K. Endogenous sex hormones impact the progression of subclinical atherosclerosis in women during the menopausal transition. Atherosclerosis. 2012 Nov;225(1):180-6.

OBJECTIVE: To determine whether endogenous sex hormones (estradiol (E2), testosterone (T), sex hormone binding globulin (SHBG), and follicle stimulating hormone (FSH)) are longitudinally associated with progression of atherosclerosis among women at midlife. METHODS: 249 Pre- or early peri-menopausal women (42-57 years) from the Study of Women's Health Across the Nation (SWAN) were followed for up to 9 years (median = 3.7 years) and had up to 5 repeated measures of common carotid intima-media thickness (IMT) and adventitial diameter (AD). Linear mixed models were used for statistical analysis. Final models included age at baseline, time since baseline, cycle day of blood draw, race, income, SBP, BMI, insulin resistance index, lipids, C-reactive protein and co-morbidity. RESULTS: In final models for IMT, each one log unit decrease in SHBG was  associated with a 0.005 mm/year increase in IMT progression (P = 0.003). E2, T, and FSH were not associated with level or progression of IMT. For AD, each one log unit decrease in E2 was associated with a 0.012 mm/year increase in AD progression (P = 0.04) and each one log unit increase in FSH was associated with a 0.016 mm/year increase in AD progression (P = 0.003). T and SHBG were not associated with progression or level of AD. CONCLUSIONS: Independent of SBP, BMI, lipids and other covariates, lower E2 and SHBG, and higher FSH were associated with increased subclinical atherosclerosis progression in women at midlife. PMID: 22981430

Grodstein F, Manson JE, Stampfer MJ. Hormone therapy and coronary heart disease: the role of time since menopause and age at hormone initiation. J Womens Health (Larchmt). 2006 Jan-Feb;15(1):35-44. 


BACKGROUND: Apparently discrepant findings have been reported by the Women's Health Initiative (WHI) trial compared with observational studies of postmenopausal hormone therapy (HT) and coronary heart disease (CHD). METHODS: We prospectively examined the relation of HT to CHD, according to timing of hormone initiation relative to age and time since menopause. Participants were postmenopausal women in the Nurses' Health Study, with follow-up from 1976 to 2000. Information on hormone use was ascertained in biennial, mailed questionnaires. We used proportional hazards models to calculate multivariable adjusted relative risks (RR) and 95% confidence intervals (CI). We also conducted sensitivity analyses to determine the possible influence of incomplete capture of coronary events occurring shortly after initiation of HT. RESULTS: Women beginning HT near menopause had a significantly reduced risk of CHD (RR = 0.66, 95% CI 0.54-0.80 for estrogen alone; RR = 0.72, 95% CI 0.56-0.92 for estrogen with progestin). In the subgroup of women demographically similar to those in the WHI, we found no significant relation between HT and CHD among women who initiated therapy at least 10 years after menopause (RR = 0.87, 95% CI 0.69-1.10 for estrogen alone; RR = 0.90, 95% CI 0.62-1.29 for estrogen with progestin). Among women who began taking hormones at older ages, we also found no relation between current use of estrogen alone and CHD (for women aged 60+ years, RR = 1.07, 95% CI 0.65-1.78), although there was a suggestion of possible reduced risk for combined HT (RR = 0.65, 95% CI 0.31-1.38). In sensitivity analyses, we found that the incomplete capture of coronary events occurring shortly after initiation of HT could not explain our observation of a reduced risk of coronary disease for current users of HT. CONCLUSIONS: These data support the possibility that timing of HT initiation in relation to menopause onset or to age might influence coronary risk.

Hermsmeyer RK, Mishra RG, Pavcnik D, Uchida B, Axthelm MK, Stanczyk FZ, Burry KA, Illingworth DR, Juan C, Nordt FJ. Prevention of coronary hyperreactivity in preatherogenic menopausal rhesus monkeys by transdermal progesterone. Arterioscler Thromb Vasc Biol. 2004 May;24(5):955-61. Epub 2004 Mar 18.

OBJECTIVE: To test if transdermal progesterone (P) confers coronary vascular protection in surgically menopausal preatherosclerotic rhesus monkeys. METHODS AND RESULTS: Ovariectomized rhesus monkeys fed an atherogenic diet (AD) for 19 months were treated with an investigational transdermal P cream (n=7) or identical placebo cream (n=5) for 4 weeks. Aorta and carotids showed fatty streaks and Oil Red O staining demonstrated lipid deposition. Serum P levels in P-treated rhesus monkeys (0.6 ng/mL) were significantly greater than placebo (0.2 ng/mL). Significant elevation of cholesterol, LDL cholesterol, and HDL cholesterol, was noted in all animals. Lp(a) was significantly attenuated in the AD-fed P-treated monkeys. Coronary angiographic experiments stimulating vasoconstriction by intracoronary injections of serotonin plus U46619 showed exaggerated prolonged actions amplified by AD, but significant protection against severe prolonged vasoconstriction in P-treated monkeys. Immunocytochemistry confirmed co-expression of P and thromboxane prostanoid (TP) receptors in coronaries and aorta. Western blotting demonstrated TP receptor attenuation in vascular muscle after P treatment. CONCLUSIONS: Coronary hyperreactivity, a putative component of coronary artery disease mediated via increased vascular muscle thromboxane prostanoid receptors, can be prevented by subphysiological levels of P, not only in nonatherosclerotic (previously shown) but also in preatherosclerotic primates.

Hodis HN, Mack WJ, Lobo RA, Shoupe D, Sevanian A, Mahrer PR, Selzer RH, Liu Cr CR, Liu Ch CH, Azen SP; Estrogen in the Prevention of Atherosclerosis Trial Research Group. Estrogen in the prevention of atherosclerosis. A randomized, double-blind, placebo-controlled trial. Ann Intern Med. 2001 Dec 4;135(11):939-53. 

BACKGROUND: Although observational studies suggest that estrogen replacement therapy (ERT) reduces cardiovascular morbidity and mortality in postmenopausal women, use of unopposed ERT for prevention of coronary heart disease in healthy postmenopausal women remains untested. OBJECTIVE: To determine the effects of unopposed ERT on the progression of subclinical atherosclerosis in healthy postmenopausal women without preexisting cardiovascular disease. DESIGN: Randomized, double-blind, placebo-controlled trial. SETTING: University-based clinic. PATIENTS: 222 postmenopausal women 45 years of age or older without preexisting cardiovascular disease and with low-density lipoprotein cholesterol levels of 3.37 mmol/L or greater (>/=130 mg/dL). INTERVENTION: Unopposed micronized 17beta-estradiol (1 mg/d) or placebo. All women received dietary counseling. Women received lipid-lowering medication if their low-density lipoprotein cholesterol level exceeded 4.15 mmol/L (160 mg/dL). MEASUREMENTS: The rate of change in intima-media thickness of the right distal common carotid artery far wall in computer image processed B-mode ultrasonograms obtained at baseline and every 6 months during the 2-year trial. RESULTS: In a multivariable mixed-effects model, among women who had at least one follow-up measurement of carotid intima-media thickness (n = 199), the average rate of progression of subclinical atherosclerosis was lower in those taking unopposed estradiol than in those taking placebo (-0.0017 mm/y vs. 0.0036 mm/y); the placebo-estradiol difference between average progression rates was 0.0053 mm/y (95% CI, 0.0001 to 0.0105 mm/y) (P = 0.046). Among women who did not receive lipid-lowering medication (n = 77), the placebo-estradiol difference between average rates of progression was 0.0147 mm/y (CI, 0.0055 to 0.0240) (P = 0.002). Average rates of progression did not differ between estradiol and placebo recipients who took lipid-lowering medication (n = 122) (P > 0.2). CONCLUSIONS: Overall, the average rate of progression of subclinical atherosclerosis was slower in healthy postmenopausal women taking unopposed ERT with 17beta-estradiol than in women taking placebo. Reduction in the progression of subclinical atherosclerosis was seen in women who did not take lipid-lowering medication but not in those who took these medications.

Kalantaridou SN, Naka KK, Papanikolaou E, Kazakos N, Kravariti M, Calis KA, Paraskevaidis EA, Sideris DA, Tsatsoulis A, Chrousos GP, Michalis LK.  Impaired endothelial function in young women with premature ovarian failure: normalization with hormone therapy. J Clin Endocrinol Metab. 2004 Aug;89(8):3907-13. 


Normal menopause is associated with vascular endothelial dysfunction, an early stage of atherosclerosis. The effect of premature ovarian failure (or premature menopause) on endothelial function in young women is unknown. Endothelial function was assessed in 18 women with premature ovarian failure before and after 6 months of hormone therapy and was compared with the endothelial function of 20 age- and body mass index-matched premenopausal women. Brachial artery diameter was measured both during hyperemia (an index of endothelium-dependent vasodilation) and in response to glyceryl trinitrate (an index of endothelium-independent vaso-dilation). Flow-mediated dilation was significantly lower in women with premature ovarian failure at baseline (increase in brachial artery diameter during hyperemia by 3.06 +/- 4.33%) than in control women (increase by 8.84 +/- 2.15%; P < 0.0005). Glyceryl trinitrate-induced vasodilation did not differ between the groups. After hormone therapy for 6 months, flow-mediated dilation was improved in women with premature ovarian failure, increasing by more than 2-fold (7.41 +/- 3.86%; P < 0.005 compared with pretreatment) and reaching normal values (P not significant compared with control women). Glyceryl trinitrate-induced vasodilation did not change after treatment in women with premature ovarian failure. Young women with premature ovarian failure have significant vascular endothelial dysfunction. Early onset of endothelial dysfunction associated with sex steroid deficiency may contribute to the increased risk of cardiovascular disease and mortality in young women with premature ovarian failure. Hormone therapy restores endothelial function within 6 months of treatment.

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.
Khatibi A, Agardh CD, Shakir YA, Nerbrand C, Nyberg P, Lidfeldt J, Samsioe G. Could androgens protect middle-aged women from cardiovascular events? A population-based study of Swedish women: The Women's Health in the Lund Area (WHILA) Study. Climacteric. 2007 Oct;10(5):386-92.

OBJECTIVE: The aim of this analysis was to delineate perceived associations between androgens and cardiovascular events in perimenopausal women. DESIGN: A cross-sectional, population-based study of 6440 perimenopausal women aged 50-59 years, living in Southern Sweden. In all, 461 (7.1%) women were premenopausal (PM), 3328 (51.7%) postmenopausal without hormone therapy (HT) (PM0) and 2651 (41.2%) postmenopausal with HT (PMT). For further comparisons, 104 women (1.6%) who reported cardiovascular disease (CVD) were studied in detail; 49 had had a myocardial infarction, 49 a stroke and six women both events. For each woman with CVD, two matched controls were selected (n=208). RESULTS: In the matched controlled series, androstenedione levels were lower (p<0.005) in cases. Cases with hormone therapy had also lower testosterone levels than matched controls (p=0.05). In the total cohort, by using multiple logistic regression analyses, testosterone was positively associated with low density lipoprotein cholesterol (p<0.001) and high density lipoprotein cholesterol (HDL-C) (p<0.001) in all women, but negatively associated with levels of triglycerides in both the PM0 (p<0.001) and PMT (p<0.001) groups. Androstenedione levels were positively associated with HDL-C (p<0.05) and negatively with triglycerides (p<0.05) in the PM group. CONCLUSION: Women with cardiovascular disease had lower serum androgen levels, particularly women using hormone replacement therapy, even when controlled for lipids and other potential risk factors.

Løkkegaard E, Andreasen AH, Jacobsen RK, Nielsen LH, Agger C, Lidegaard Ø. Hormone therapy and risk of myocardial infarction: a national register study. Eur Heart J. 2008 Nov;29(21):2660-8. 

AIM: To assess the risk of myocardial infarction (MI) as a result of hormone therapy (HT), with focus on the influence of age, duration of HT, various regimens and routes, progestagen type, and oestrogen dose. METHODS AND RESULTS: All healthy Danish women (n = 698,098, aged 51-69) were followed during 1995-2001. On the basis of a central prescription registry, daily updated national capture on HT was determined. National Registers identified 4947 MI incidents. Poisson regression analyses estimated rate ratios (RRs). Overall, we found no increased risk [RR 1.03 (95% CI: 0.95-1.11)] of MI with the current HT compared with women who never used HT; age-stratified RR among women aged 51-54, 55-59, 60-64, and 65-69 years were 1.24 (1.02-1.51), 0.96 (0.82-1.12), 1.11 (0.97-1.27), and 0.92 (0.80-1.06), respectively. An increasing risk with longer duration was found for younger women, which was not observed with older age groups. In all age groups, the highest risk of MI was found with continuous HT regimen. No increased risk was found with unopposed oestrogen, cyclic combined therapy, or tibolone. Significantly lower risk was found with dermal route than oral unopposed oestrogen therapy (P = 0.04). No associations were found with progestagen type or oestrogen dose. CONCLUSION: In a National cohort study, we found that HT regimen and route of application could modify the influence of HT on the risk of MI. PMID 18826989 (Progestins once again were found to increase the risk of heart attack, while transderma estradiol greatly reduced the risk of heart attack. Progesterone was not studied but has been shown elsewhere to have a neutral or protective effect when combined with transdermal estradiol. Cyclic regimens with progestins are better as the body has less exposure to the progestin. See graphic of the study’s results below. Notice the highly protective effect of transdermal/vaginal estradiol—the bioidentical hormone. Researchers and commentators only mentioned that transdermal “estrogen” was associated with a “lower risk” of heart attack!! They know who has the money and the power to make their lives miserable!—HHL)
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Mack WJ, Slater CC, Xiang M, Shoupe D, Lobo RA, Hodis HN.  Elevated subclinical atherosclerosis associated with oophorectomy is related to time since menopause rather than type of menopause.Fertil Steril. 2004 Aug;82(2):391-7. 


OBJECTIVE: To compare common carotid artery intima-media thickness (IMT) between women who had natural menopause with those who had surgical menopause and to correlate IMT with time since menopause. DESIGN: Cross-sectional study. SETTING: University-based research clinic. PATIENT(S): One hundred eighty-nine healthy postmenopausal women who were not on hormone therapy (HT), age 46 to 81 (n = 132, women who did not have a prior hysterectomy or oophorectomy; n = 57, women who had undergone hysterectomy with bilateral oophorectomy). INTERVENTION(S): B-mode ultrasonography of the carotid artery, standardized questionnaires, and fasting blood samples were completed to evaluate the relationship between type of menopause, time since menopause, and subclinical atherosclerosis. MAIN OUTCOME MEASURE(S): Carotid artery IMT. RESULT(S): Mean (SEM) carotid artery IMT measurements were 0.74 (0.01) mm among women experiencing natural menopause and 0.81 (0.02) mm among women having bilateral oophorectomy (P=.02). After adjusting for years since menopause, the mean IMT did not differ between the two groups (0.77 [0.01] mm among natural menopause and 0.76 [0.02] mm among bilateral oophorectomy groups). The age-adjusted carotid IMT was significantly positively associated with years since menopause (P=.02). CONCLUSION(S): Earlier menopause is associated with elevated subclinical atherosclerosis. Because they have on average far earlier menopause, women with bilateral oophorectomy have elevated subclinical atherosclerosis compared with women of similar age who had natural menopause.

Mendelsohn ME. Protective effects of estrogen on the cardiovascular system. Am J Cardiol. 2002 Jun 20;89(12A):12E-17E; discussion 17E-18E. 


Estrogen has direct and indirect effects on the cardiovascular system that are mediated by the estrogen receptors ER-alpha and ER-beta. The direct effects of estrogen occur through rapid nongenomic and longer-term genomic pathways. The rapid effects of estrogen are mediated by ERs and result in the activation of endothelial nitric oxide synthase, leading to arterial vasodilation. Longer-term effects involve changes in gene and protein expression, modulating the response to injury and atherosclerosis. Estrogen also indirectly influences serum lipoprotein and triglyceride profiles, and the expression of coagulant and fibrinolytic proteins. Advanced atherosclerosis and certain progestins, however, may attenuate some of the protective effects of estrogen.

Miyagawa K, Rösch J, Stanczyk F, Hermsmeyer K. Medroxyprogesterone interferes with ovarian steroid protection against coronary vasospasm.Nat Med. 1997 Mar;3(3):324-7.

Cardiovascular disease, the major cause of death in post-menopausal women, can be reduced by replacement of ovarian steroid hormones. To compare medroxyprogesterone with progesterone as the progestin in hormone replacement therapy from the standpoint of coronary artery vasospasm, we treated ovariectomized rhesus monkeys with physiological levels of estradiol-17 beta in combination with medroxyprogesterone or progesterone for four weeks. Coronary vasospasm in response to pathophysiological stimulation without injury showed that progesterone plus estradiol protected but medroxyprogesterone plus estradiol failed to protect, allowing vasospasm. We conclude that medroxyprogesterone in contrast to progesterone increases the risk of coronary vasospasm.

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.

Parker WH, Broder MS, Liu Z, Shoupe D, Farquhar C, Berek JS. Ovarian conservation at the time of hysterectomy for benign disease. Clin Obstet Gynecol. 2007 Jun;50(2):354-61.

Approximately 78% of women between the ages of 45 and 64 years have prophylactic oophorectomy when hysterectomy is performed for benign disease to prevent the development of ovarian cancer. However, after menopause, the ovary continues to produce androstenedione and testosterone in significant amounts and these androgens are converted in fat, muscle, and skin into estrone. Evidence suggests that oophorectomy increases the subsequent risk of coronary heart disease (CHD) and osteoporosis and whereas 14,000 women die of ovarian cancer every year nearly 490,000 women die of heart disease and 48,000 women die within 1 year after hip fracture. PubMed and the Cochrane database were used to identify studies that examined the incidence of disease and mortality from 5 conditions that seem to be related to ovarian hormones: CHD, ovarian cancer, breast cancer, stroke and hip fracture, and also data for death from all other causes. The data were applied to a Markov decision analytic computer model to calculate risk estimates for mortality from these conditions until the age of 80. The model shows for a hypothetical cohort of 10,000 women undergoing hysterectomy and who chose oophorectomy (vs. ovarian conservation) between the ages of 50 and 54 [without estrogen therapy(ET)], that by the time they reach age 80, 47 fewer women will have died from ovarian cancer, but 838 more women will have died from CHD and 158 more will have died from hip fracture. Therefore, the decision to perform prophylactic oophorectomy should be approached with great caution for the majority of women who are at low risk of developing ovarian cancer. PMID: 17513923

Rocca WA; Grossardt BR; de Andrade M; Malkasian GD; Melton LJ 3rd. Survival patterns after oophorectomy in premenopausal women: a population-based cohort study. Lancet Oncol. 2006 Oct;7(10):821-8.

BACKGROUND: A statistical model of death due to ovarian cancer, breast cancer, coronary heart disease, hip fracture, and stroke has suggested that women who undergo prophylactic bilateral oophorectomy are at increased risk of death for all causes. We aimed to investigate survival patterns in a population-based sample of women who had received an oophorectomy and compare these with women who had not received an oophorectomy. METHODS: From an existing cohort of all women who underwent unilateral or bilateral oophorectomy while residing in Olmsted County, MN, USA, in 1950-87, we analysed those who had received an oophorectomy for a non-cancer indication before the onset of menopause. Every member of the cohort was matched by age to a referent woman in the same population who had not undergone oophorectomy. 1293 women with unilateral oophorectomy, 1097 with bilateral oophorectomy, and 2390 referent women were eligible for the study. Women were followed up until death or the end of the study (staggered over 2001-06) by use of direct or proxy interviews, medical records in a records-linkage system, and death certificates. FINDINGS: Overall, mortality was not increased in women who underwent bilateral oophorectomy compared with referent women. However, mortality was significantly higher in women who had received prophylactic bilateral oophorectomy before the age of 45 years than in referent women (hazard ratio 1.67 [95% CI 1.16-2.40], p=0.006). This increased mortality was seen mainly in women who had not received oestrogen up to the age of 45 years. No increased mortality was recorded in women who underwent unilateral oophorectomy in either overall or stratified analyses. INTERPRETATION: Although prophylactic bilateral oophorectomy undertaken before age 45 years is associated with increased mortality, whether it is causal or merely a marker of underlying risk is uncertain.

Rosenberg L, Hennekens CH, Rosner B, Belanger C, Rothman KJ, Speizer FE. Early menopause and the risk of myocardial infarction. Am J Obstet Gynecol. 1981 Jan;139(1):47-51. 

We evaluated the relation between age at menopause and the risk of nonfatal myocardial infarction (MI) among 121,964 nurses who responded to a mail questionnaire. Of 279 women who reported having been hospitalized for MI, 123 (44%) were postmenopausal (i.e., no longer menstruating) at the time of hospitalization, compared with 1,859 (33%) of 5,580 age-matched control subjects. Among women who became menopausal because of bilateral oophorectomy, the estimated relative risk of MI increased with decreasing age at menopause, and women who underwent bilateral oophorectomy before age 35 were estimated to have a risk of hospitalization for MI approximately 7.2 times (95% confidence interval, 4.5 to 11.4) that of premenopausal women. Hysterectomy without the removal of both ovaries was only weakly associated with an increased risk. The data support the hypothesis that premature cessation of ovarian function increases the risk of nonfatal MI.

Sablik Z, Samborska-Sablik A, Goch JH. [Concentrations of adrenal steroids and sex hormones in postmenopausal women suffering from coronary artery disease]. Pol Merkur Lekarski. 2008 Oct;25(148):326-9. [Article in Polish]

The lack of the benefits in the prevention of coronary artery disease (CAD) from the hormonal substitution with preparations of estradiol (E2) suggests that higher frequency of CAD in postmenopausal women (PMW) may be influenced by a hormonal mechanism different from the postmenopausal hypoestrogenism. AIM OF THE STUDY: Due to the fact adrenal glands are the important source of steroids in PMW the aim of our research was the assessment of the concentrations of the adrenal hormones and their possible relations with CAD. MATERIAL AND METHODS: W-CAD group--31 PMW at the age of 66 +/- 9 years with angiographically proven CAD; 3/4 of them suffered from myocardial infarction. W-H group--17 healthy women at the age of 59 +/- 7 years. Common clinical and biochemical risk factors were searched for in each and every of the PMW. In the venous blood samples taken from them by means of immunological methods the concentrations of the hormones were assessed: starving insulin, adrenocorticotropic hormone (ACTH), E2, progesterone, testosterone, dehydroepiandrosterone sulfate (DHEAS), cortisol, aldosterone, androstenedione, folliculotropic hormone and luteinising hormone. The levels of the hormones were compared between the groups. Logistic regression analysis was used to discover possible relations among the clinical and hormonal parameters and CAD. RESULTS: In W-CAD mean concentration of DHEAS was lower than in W-H, close to the significant value (75 +/- 76 vs 102 +/- 79 microg/dl, p<0,08). In PMW with CAD mean concentration of cortisol (18 +/- 5 vs 15 +/- 6 microg/dl, p<0,07) and ACTH was higher, but mean concentration of aldosterone was more than twice as small as in the healthy ones. The levels of the rest aforementioned hormones were similar in the groups. In the univariate model created by logistic regression analysis DHEAS was the only hormone that revealed the significant relation between its level and the occurrence of CAD. CONCLUSION: In PMW diminished concentration of DHEAS is correlated with occurrence of CAD. The differences of the concentrations of the other hormones between PMW with and without CAD need further observation. PMID: 19145930

Schairer C, Adami HO, Hoover R, Persson I. Cause-specific mortality in women receiving hormone replacement therapy. Epidemiology. 1997 Jan;8(1):59-65.

To assess the risks and benefits of menopausal hormone replacement therapy, we followed a 23,346-member, population-based cohort of Swedish women who were prescribed menopausal estrogens for an average of 8.6 years for mortality. Compared with the general population, the standardized mortality ratio for all-cause mortality in this cohort was 0.77 (95% confidence limits = 0.73, 0.81). Deaths in each of the 12 major categories of causes of death except for injuries occurred 12% to 86% less frequently than expected. We examined in detail four specific causes of death according to the type of hormone prescribed, namely weak estrogens (primarily estriol), more potent estrogens (primarily estradiol and conjugated estrogens) in combination with a progestin, and more potent estrogens without a progestin. Mortality from endometrial cancer was not related to the prescription of weak estrogens or an estrogen-progestin combination, but mortality was 40% higher in women prescribed more potent estrogens without a progestin. Women prescribed weak estrogens, more potent estrogens, and the combined estrogen-progestin regimen were at reduced risk of death from ischemic heart disease (standardized mortality ratios of 0.7, 0.6, and 0.4, respectively). The more potent estrogens and the estrogen-progestin combination were associated with a marked reduction in risk of intracerebral hemorrhage (standardize mortality ratios of 0.4 and 0.6, respectively) and "other" cerebrovascular disease, but not other types of stroke. The concern that use of progestins would lead to psychic disorders related to suicide received no support from our results. Breast cancer results are described elsewhere. These data provide little evidence of an adverse effect of the combined estrogen-progestin regimen as compared with estrogens alone on mortality. They do indicate, however, that both selection factors and biology may contribute to the almost across-the-board-reduction in mortality associated with hormone replacement therapy.

Tremollieres FA, Cigagna F, Alquier C, Cauneille C, Pouilles J, Ribot C. Effect of hormone replacement therapy on age-related increase in carotid artery intima-media thickness in postmenopausal women. Atherosclerosis. 2000 Nov;153(1):81-8.

The aim of this study was to determine the changes in carotid artery intima-media thickness as measured by B-mode ultrasound in postmenopausal women receiving hormone replacement therapy (HRT) or not. One hundred and fifty-nine healthy postmenopausal women aged 45-65 years were recruited from our menopause clinic. All the selected women were free of cardio-vascular diseases and had no cardio-vascular risk factors. None of the women were receiving lipid-lowering or antihypertensive drugs. Because carotid artery intima-media thickness was shown to be strongly and positively correlated with age in women aged 55 years and older but not before, women were divided into four groups according to age (<55 vs. > or =55 years) and use of HRT (current users vs. never users). All the treated women received non-oral 17beta-estradiol with a non-androgenic progestin and had started HRT within the first year after menopause. Scanning of the right common carotid artery was performed with a B-mode ultrasound imager and thickness of the intima-media complex as well as luminal diameter of the artery were determined using an automated computerized procedure. Within each age group (i.e. <55 or > or =55 years), women had comparable demographic characteristics and only differed by HRT use. Long-term treated women had significantly lower total cholesterol levels than untreated women (P=0.005). Triglycerides, low-density lipids (LDL)-cholesterol and high-density lipids (HDL)-cholesterol levels, systolic and diastolic blood pressure were not significantly different between users and non-users. In women <55 years, no significant difference in carotid intima-media thickness was found between current users (mean 2.5+/-1.4 years) and non users. In older women, the mean values of carotid intima-media thickness were significantly smaller in current users (mean 6.9+/-3.3 years) than in never treated women: 0.50+/-0.05 versus 0.56+/-0.07 mm, P<0.0001. Carotid artery intima-media thickness was significantly correlated to age in never users (r=0.5, P<0.0001) but not in women who were currently receiving HRT (r=0.2, ns). These findings suggest an apparent protective effect of long-term HRT on age-related thickening of the intima-media of the right common carotid artery. This may contribute to explain the apparent cardio-protective effect of HRT after the menopause.

Walsh JM, Pignone M. Drug treatment of hyperlipidemia in women. JAMA. 2004 May 12;291(18):2243-52.

CONTEXT: Several clinical trials have evaluated the effects of lipid-lowering medications on coronary heart disease (CHD). Many of the trials have not included enough women to allow sex-specific analyses or have not reported results in women separately. OBJECTIVES: To assess and synthesize the evidence regarding drug treatment of hyperlipidemia for the prevention of CHD events in women and to conduct a meta-analysis of the effect of drug treatment on mortality. DATA SOURCES: We searched MEDLINE, the Cochrane Database, and the Database of Abstracts of Reviews of Effectiveness for articles published from 1966 through December 2003. We reviewed reference lists of articles and consulted content experts. STUDY SELECTION AND DATA EXTRACTION: Studies of outpatients that had a treatment duration of at least 1 year, assessed the impact of lipid lowering on clinical outcomes, and reported results by sex were included. Outcomes evaluated were total mortality, CHD mortality, nonfatal myocardial infarction, revascularization, and total CHD events. Summary estimates of the relative risks (RRs) with therapy were calculated using a random-effects model for patients with and without a previous history of cardiovascular disease. DATA SYNTHESIS: Thirteen studies were included. Six trials included a total of 11 435 women without cardiovascular disease and assessed the effects of lipid-lowering medications. Lipid lowering did not reduce total mortality (RR, 0.95; 95% confidence interval [CI], 0.62-1.46), CHD mortality (RR, 1.07; 95% CI, 0.47-2.40), nonfatal myocardial infarction (RR, 0.61; 95% CI, 0.22-1.68), revascularization (RR, 0.87; 95% CI, 0.33-2.31), or CHD events (RR, 0.87; 95% CI, 0.69-1.09). However, some analyses were limited by too few CHD events in the available trials. Eight trials included 8272 women with cardiovascular disease and assessed the effects of lipid-lowering medications. Lipid lowering did not reduce total mortality in women with cardiovascular disease (RR, 1.00; 95% CI, 0.77-1.29). However, lipid lowering reduced CHD mortality (RR, 0.74; 95% CI, 0.55-1.00), nonfatal myocardial infarction (RR, 0.71; 95% CI, 0.58-0.87), revascularization (RR, 0.70; 95% CI, 0.55-0.89), and total CHD events (RR, 0.80; CI, 0.71-0.91). CONCLUSIONS: For women without cardiovascular disease, lipid lowering does not affect total or CHD mortality. Lipid lowering may reduce CHD events, but current evidence is insufficient to determine this conclusively. For women with known cardiovascular disease, treatment of hyperlipidemia is effective in reducing CHD events, CHD mortality, nonfatal myocardial infarction, and revascularization, but it does not affect total mortality.

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.
Wren BG. The effect of oestrogen on the female cardiovascular system. Med J Aust. 1992 Aug 3;157(3):204-8. 


OBJECTIVE: To review the present state of knowledge regarding the effect of oestrogen on the female cardiovascular system (e.g. atherosclerosis, myocardial infarction, hypertension and thrombosis). DATA SOURCES: Over 100 articles (most published over the last 10 years) were reviewed. They included epidemiological, biochemical, physiological, animal and clinical studies which related to the effect oestrogens have on the cardiovascular system of postmenopausal women. These data contained a wide cross-section of results and outcomes and each study was summarised to provide the most relevant information. Where a particular study provided an opinion or result at variance with the majority opinion, that study has been discussed in greater detail. STUDY SELECTION: All published papers which appeared to be relevant to an understanding of the clinical implications of oestrogen replacement therapy and its impact on the female cardiovascular system were included in this analysis. Some papers which appeared to repeat data and results previously published were not included. DATA SYNTHESIS: The overwhelming weight of evidence from this literature review supports the concept that oestrogen reduces the risk of atherosclerosis and myocardial infarction. It also confirms that postmenopausal "natural" oestrogen is a vasodilating agent which will lead to a fall in blood pressure and an improvement in blood flow and the pulsatility index. Although oral oestrogen did appear to increase thrombogenic activity, there was no clinical evidence that "natural" oestrogen taken after the menopause increased the risk of venous thrombosis. CONCLUSIONS: The consensus of the published data is that oestrogen conveys a highly protective effect on the cardiovascular system of postmenopausal women. There will be a reduction of up to 50% in myocardial infarction and stroke, a reduction in the incidence of hypertension and an improvement in blood flow. Some of the data suggest that even for women who have suffered from an infarct, their long-term survival is enhanced by oestrogen therapy. The medical myth that oestrogen has a deleterious effect on the cardiovascular system of women is finally laid to rest.

