
September 2, 2002 
Workshop 

Women and Ischemia Syndrome Evaluation (WISE)  
Diagnosis and Pathophysiology of Ischemic Heart Disease 

October 2-4, 2002 
 

Session 4 
 
 
 

1. Topic and Author   
                                        

Effects of HRT on Hemostasis and Inflammation 
Richard O. Cannon III 
2. Where we stand in 2002. Overview/rationale for inclusion of topic.  
   Estrogen and hormone replacement preparations have numerous biological effects that might be expected to 
be beneficial or deleterious with regard to atherogenesis. Before publication of HERS, the beneficial properties 
were commonly reported in publications (reduction in LDL cholesterol, increased in HDL cholesterol, enhanced 
nitric oxide bioactivity, augmented fibrinolysis, diminished neointimal response to arterial injury in animal 
models). After HERS, emphasis has shifted to procoagulant and pro-inflammatory effects of hormone therapy. 
   HRT and Hemostasis. Levels of several coagulation factors increase following menopause, including factors 
VII and VIII in addition to fibrinogen, although effects of aging independent of estrogen status likely contribute to 
these changes.  In this regard, the Postmenopausal Estrogen/Progestin Interventions (PEPI) trial1   reported that 
placebo-treated postmenopausal women had an average increase in fibrinogen levels of 0.10 g/L (baseline 
2.88± 0.03 g/L, correlating positively with body mass index) over 3 years; no significant changes in fibrinogen 
levels were seen in groups receiving hormone therapy that included conjugated equine estrogens.  In addition, 
levels of a critical inhibitor of fibrinolysis, plasminogen activator inhibitor-1 (PAI-1), are higher in postmenopausal 
women than premenopausal women, approaching PAI-1 levels present in men of any age, as reported in the 
Framingham Offspring Study2. Several studies have shown that estrogen activates coagulation pathways, as 
evidenced by increased factor VII antigen and activity, increased indices of thrombin generation and activity, and 
decreased levels of inhibitors of thrombin generation and activity.3,4  We and others have reported that oral 
estrogen increases fibrinolytic activity by reducing levels and activity of PAI-1, and that this effect of oral (but not 
transdermal) HRT is independent of coagulation activation.5-7 Nonetheless, the net effect of oral hormone 
therapy appears to be procoagulant, likely accounting for the approximately 3-fold  increased risk of venous 
thromboemboli in healthy postmenopausal women and women with CAD.8-11 Further, the coexistence of other 
risk factors for hypercoagulability (e.g., immobility, smoking, obesity, diabetes, advanced age, heart failure, 
malignancy,or inherited traits) may tip this balance adversely.  Procoagulant effects of hormone therapy could 
also contribute to arterial thrombus formation, especially in the vicinity of plaques with inflammation-mediated 
release of the coagulation activator tissue factor. 
    HRT and Inflammation. Considerable pathological and experimental evidence indicates that inflammation 
within large arteries contributes importantly to the development, progression, and clinical expression of 
atherosclerosis.12 In cohort studies of healthy men and women, serum levels of a marker of inflammation --C-
reactive protein (CRP)-- were positively correlated with cardiovascular risk.13-15 CRP may be released from the 
liver upon stimulation by cytokines such as interleukin-6 and from macrophages and smooth muscle cells of 
atherosclerotic plaques.16 In experimental preparations, CRP induces the synthesis of cytokines, cell adhesion 
molecules and tissue factor in monocytes and endothelial cells and may further contribute to atherogensis by 
facilitating uptake of LDL by macrophages, thus accelerating foam cell formation.17-19  Accordingly, a plausible 
mechanism for adverse effects of estrogen could be potentiation of vascular inflammation and thrombosis by 
increased CRP associated with oral hormone therapy in postmenopausal women.20  Increases in CRP with oral 
hormone therapy may result in part from a direct stimulatory effect of estrogen on hepatic CRP synthesis or 



release during the first pass through the liver, as transdermal application of estrogen does not increase CRP 
levels.21 

   HMG-CoA reductase inhibitor (statin) therapy, which reduces cardiovascular risk, may diminish arterial 
inflammation as suggested by reduction in levels of CRP in serum that appear to be independent of reduction in 
LDL cholesterol levels.22   We recently reported that the addition of statin attenuates the stimulatory effect of 
hormone therapy on CRP in postmenopausal women.23 This modulating effect of statins on the potential 
proinflammatory effect of hormone therapy may account for the observation in HERS that statin use was 
associated with lower rates of cardiovascular and venous thromboembolic events and total mortality, even in 
women randomized to hormone therapy.24 
    
3. Current challenges and the most important issues for future research  
Are the apparent deleterious effects of hormone therapy used in HERS and WHI shared by all forms of hormone 
therapy, whether oral or transdermal, as well as by estrogen-only preparations? Are pro-coagulant and pro-
inflammatory effects of hormone therapy dose-dependent, such that lower doses might shift the balance towards 
net cardiovascular benefit? Is there cardiovascular benefit to estrogens from plant sources (phytoestrogens)? 
Does concomitant use of statins make hormone therapy “safe” from a cardiovascular perspective? 
4. Current challenges in the areas of communicating messages to health care community, patients and 
the public 
Emphasis must be placed on lifestyle choices that importantly impact cardiovascular risk (smoking, diet, 
sedentary lifestyle) and the need for greater personal participation in risk reduction. For women (and men) at 
risk for cardiovascular disease or have established disease, drugs shown in clinical trials to reduce risk must be 
used more frequently (statins and other lipid-lowering therapies, aspirin, ACE-I/ARBs, beta blockers). 
5. Translating new findings to improved diagnosis and treatment/saving lives.  
The results of large scale clinical trials with hormone therapy and statins should improve treatment and reduce 
risk of cardiovascular disease by shifting emphasis from hormonal approaches to lifestyle modification and 
greater use of statins in clinical practice. 
 

References. 
1. The Writing Group for the PEPI Trial.  Effects of estrogen or estrogen/progestin regimens on heart 

disease risk factors in postmenopausal women.  The Postmenopausal Estrogen/Progestin Interventions 
(PEPI) trial.  JAMA 1995;273:199-208. 

2. Gebara OCE, Mittleman MA, Sutherland P, Lipinska I, Matheney T, Xu P, Weltry FK, Wilson PWF, Levy 
D, Muller JE, Tofler GH.  Association between increased estrogen status and increased fibinolytic 
potential in the Framingham Offspring Study.  Circulation 1995;91:1952-8.  

3. Caine YG, Bauer KA, Barzegar S, ten Cate H, Sacks FM, Walsh BM, Schiff I, Rosenberg RD.  
Coagulation activation following estrogen administration to postmenopausal women.  Thromb Haemost 
1992;68:392-5. 

4. Kroon U-B, Silfverstolpe G, Tengborn L.  The effects of transdermal estradiol and oral conjugated 
estrogens on haemostasis variables.  Thromb Haemost 1994;71:420-3. 

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

6. Koh KK, Mincemoyer R, Bui MN, Csako G, Pucino F, Guetta V, Waclawiw M, Cannon RO III.  Effects of 
hormone-replacement therapy on fibrinolysis in postmenopausal women.  N Engl J Med 1997;336:683-
90. 

7. Koh KK, Horne MK III, Csako G, Waclawiw MA, Cannon RO III.  Relation of fibrinolytic potentiation by 
estrogen to coagulation pathway activation in postmenopausal women.  Am J Cardiol 1999 (in press). 

8. Jick H, Derby LE, Myers MW, Vasilakis C, Newton KM.  Risk of hospital admission for idiopathic venous 
thromboembolism among users of postmenopausal oestrogens.  Lancet 1996;348:981-3. 

9. Grodstein F, Stampfer MJ, Goldhaber SZ, Manson JE, Colditz GA, Speizer FE, Willett WC, Hennekens 
CH.  Prospective study of exogenous hormones and risk of pulmonary embolism in women.  Lancet 
1996;348:983-7. 

10. Daly E, Vessey MP, Hawkins MM, et al.  Risk of venous thromboembolism in users of hormone 
replacement therapy.   Lancet 1996;348:977-80. 

11. Hulley S, Grady D, Bush T, Furberg C, Herrington DM, Riggs B, Vittinghoff  E, for the Heart and 



Estrogen/progestin Replacement Study (HERS) Research Group.  Randomized trial of estrogen plus 
progestin for secondary prevention of coronary heart disease in postmenopausal women.  JAMA 
1998;280:605-13.  

12. Ross R. Atherosclerosis- an inflammatory disease. N Engl J Med. 1999;340:115-126.  
13. Tracy RP, Lemaitre R, Psaty B, et al. Relationship of C-reactive protein to risk of cardiovascular disease 

in the elderly: results from the Cardiovascular Health Study and the Rural Health Promotion Project. 
Arterioscler Thromb Vasc Biol. 1997;17:1121-1127.  

14. Ridker PM, Cushman M, Stampfer MJ, et al. Inflammation, aspirin, and the risk of myocardial infarction in 
the Physician’s Health Study. N Engl J Med 1997;98:731-3.  

15. Ridker PM, Buring JE, Shih J, et al. Prospective study of C-reactive protein and the risk of future 
cardivascular events among apparently healthy women. Circulation. 1998;98:731-733.  

16. Yasojima K, Schwab C, McGeer EG, et al. Generation of C-reactive protein and complement 
components in atherosclerotic plaques. Am J Pathol. 2001;158:1039-1051.  

17. Cernak J, Key NS, Bach RR, et al. C-reactive protein induces human peripheral blood monocytes to 
synthesize tissue factor. Blood. 1993;82:513-520.  

18. Pasceri V, Willerson JT, Yeh ETH. Direct proinflammatory effect of C-reactive protein on human 
endothelial cells. Circulation. 2000;102:2165-2168.  

19. Zwaka P, Hombach V, Torzewski J. C-reactive protein–mediated low density lipoprotein uptake by 
macrophages. Implications for atherosclerosis. Circulation. 2001;103:1194-1197.  

20. Cushman M, Legault C, Barrett-Conner E, et al. Effect of postmenopausal hormones on inflammation-
sensitive proteins: the Postmenopausal Estrogen Progestin Interventions (PEPI) study. Circulation. 
1999;99:354-360. 

21.  Vehkavaara S, Silveira A, Hakala-Ala-Pietila T, et al. Effects of oral and transdermal estrogen 
replacement therapy on markers of coagulation, fibrinolysis, inflammation and serum lipids and 
lipoproteins in postmenopausal women. Thromb Haemost 2001;85:619-25. 

22. Sparrow CP, Burton CA, Hernandez M, et al. Simvastatin has anti-inflammatory and antiatherosclerotic 
activities independent of plasma cholesterol lowering. Arterioscler Thromb Vasc Biol. 2001;21:115-121.  

23. Koh KK, Schenke WH, Waclawiw MA, et al. Statin increase in C-reactive protein during estrogen 
replacement therapy in postmenopausal women. Circulation 2002, 105;1531-33. 

24. Herrington DM, Vittinghoff E, Lin F, et al. Statin therapy, cardiovascular events, and total mortality in the 
Heart and Estrogen/progestin Replacement Study. Circulation 2002;105:2962-7. 

 

 
 


