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This Go Red for Women theme collection of articles in Circulation: Cardiovascular Quality 

and Outcomes presents several interesting studies focused on women's health.1-9 The 

publication of this grouping provides an opportunity to reflect on the state of research into 

women's heart health, the challenges ahead, and what is needed for progress.

Despite the many successful campaigns raising awareness about heart disease in women, the 

inclusion of women in cardiovascular clinical research is a relatively recent occurrence. 

Before 1993, many large cardiovascular trials, including the Physicians' Health Study10, 11 

and the Multiple Risk Factor Intervention Trial (MRFIT),12, 13 studied only men. Concerns 

in the 1980's about gender equity in research led to two federal mandates for the inclusion of 

women in clinical trials. The National Institutes of Health (NIH) Revitalization Act of 1993 

required that all clinical trials funded by the NIH include women as subjects and adequately 

power their samples to perform sex-specific analyses,14, 15 and the Food and Drug 

Administration's “Guideline for the Study and Evaluation of Gender Differences in the 

Clinical Evaluation of Drugs” called for the examination of sex differences in 

pharmaceutical trials.16 These policies marked a seminal advancement in women's health 

research and set the precedent for subsequent guidelines and reports.

Since the NIH Revitalization Act, the absolute number of women in clinical trials has 

increased.17 However, recent reports show that women remain woefully under-represented 

in trials of cardiovascular disease prevention and treatment18-21 and that the relative 

proportion of women in mixed-gender trials has remained relatively stagnant.22, 23 Part of 

the reason for the lack of improvement may be the absence of an established benchmark for 

adequate enrollment. Neither the NIH Revitalization Act nor the Food and Drug 

Administration guidelines identified a target recruitment proportion for women. Although 
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studies have suggested that the ratio of women to men in trials should mirror that in the 

overall disease population,22 this approach may yield low numbers of women, particularly in 

trials of younger patients. Because women present with heart disease later in life and older 

patients are often excluded from clinical trials, women may be less likely to be recruited. 

Additionally, there are known sex differences in cardiac risk perception24 and referrals for 

cardiac testing and treatments,25, 26 which may limit the inclusion of women in trials. Thus, 

it may be necessary to intentionally “oversample” women in many of these studies.

Despite federal mandates to specifically examine drug and treatment effects in women, sex-

specific analyses are frequently not performed and most clinical trials are underpowered to 

examine such effects.17, 23, 27 Moreover, studies reporting sex-specific analyses are often 

conducted post-hoc without regard to whether the initial trial was adequately powered for 

such analyses. Underpowered subgroup analyses can produce false negatives and incorrect 

conclusions, which can lead to the institution of ineffective or even harmful treatment 

strategies in women.

In fact, there is growing evidence that women and men respond differently to drug therapies. 

Aspirin for the primary prevention of cardiovascular disease is one such example. A meta-

analysis of 6 trials found that aspirin in men reduced the risk of myocardial infarction (MI) 

by 32% but had no effect on ischemic stroke.28 In contrast, aspirin in women had no effect 

on MI but reduced the risk of stroke by 24%. Similarly, the recent debate on implantable 

cardioverter-defibrillators (ICDs) in women has raised concerns about sex differences in 

procedure and device outcomes. A meta-analysis of 5 trials and 934 women found that 

although ICDs significantly reduced mortality rates in men, there was no benefit in 

women.29 These examples highlight the need for sex-based analyses to be prospectively 

planned and adequately powered if they are to identify differences in treatment effects and 

unwanted side effects. Simply enrolling women into trials is not sufficient. Clinical 

investigators should be specifying a priori sex-based analyses and ensuring that trials are 

adequately powered for such investigations in both men and women.

Even beyond sex-based analyses, there may be subgroups of women that warrant particular 

attention. Although women, as a whole, are often considered to be a “subgroup” in clinical 

research, they represent a diverse and heterogeneous population. Compared with men, 

women have unique biological life events, which may alter their risk of cardiovascular 

disease and response to therapies. However, these events have largely been ignored in 

cardiovascular trials.

Menopause and pregnancy are two such events. Cardiovascular risk varies greatly by age 

and menopausal status, and young women often present very differently than older women 

for many disease types. MI is a prime example. Compared with men and older women, 

young women with MI represent a “higher risk” population with higher rates of traditional 

and non-traditional risk factors, more atypical symptoms, and higher complication and 

mortality rates.30-33 Moreover, they more frequently experience atypical disease processes 

including disease of the coronary microvasculature 34, 35 and spontaneous coronary artery 

dissection.36, 37 Although virtually no studies have evaluated differences in drug or therapy 

effects by age specifically in women, it is reasonable to think that certain therapies may be 
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more or less beneficial for younger versus older women or even for pre- versus post-

menopausal women. Certainly age-by-treatment interactions have been reported for men and 

women collectively with procedures such as carotid artery stenting versus carotid 

endarterectomy 38 and coronary artery bypass grafting versus percutaneous coronary 

intervention.39 However, almost nothing is known about the effectiveness of these therapies 

in specific female subgroups.

Without these subgroup analyses, our knowledge of certain cardiovascular disease subtypes 

will remain inexcusably naïve. Diseases such as spontaneous coronary artery dissection, 

Takosubo's cardiomyopathy, long QT syndrome, pulmonary arterial hypertension, and 

postpartum cardiomyopathy have a strong female predominance or are exclusively found in 

women and as a result, have been largely understudied.

To effectively translate research evidence into clinical practice, all populations must be 

adequately represented and studied. We cannot dismiss such trials for being too expensive. 

Once we acknowledge that sex interactions – even with subgroups of women – are likely, 

we must find ways to study these differences explicitly and with adequate power, not as an 

afterthought with whatever data are available. We must also be thoughtful and deliberate in 

recruiting larger percentages and specific subgroups of women. Simply adding women in 

proportions to their disease prevalence will fail to provide us with the necessary sample 

sizes.

Although we have made significant strides in bringing women's heart disease into the 

national spotlight and promoting the inclusion of women in clinical trials, we have 

considerably more to learn about cardiovascular disease prevention, diagnosis, and response 

to therapy in this population. To continue progress in this direction, it is not enough just to 

include more women in the studies, even though we should. It is not enough to publish more 

subgroup analyses by sex, even though we should. What is needed is to turn the spotlight on 

the imperative that studies be designed at the outset to address important differences 

between men and women, and among women. Only with rigorously designed, adequately 

powered studies to detect and explain the differences will we make true progress.

Acknowledgments

Funding Sources: Dr. Krumholz is supported by grant U01 HL105270-05 (Center for Cardiovascular Outcomes 
Research at Yale University) from the National Heart, Lung, and Blood Institute.

References

1. Zusterzeel R, Spatz ES, Curtis JP, Sanders WE, Selzman KA, Pina IL, Bao H, Ponirakis A, Varosy 
PD, Masoudi FA, Canos DA, Strauss DG. Cardiac resynchronization therapy in women vs. men: an 
observational comparative effectiveness study from the NCDR®. Circ Cardiovasc Qual Outcomes. 
2015; 8:xx–xx.

2. Lauck SB, Sawatzky R, Johnson JL, Humphries K, Bennett MT, Chakrabarti S, Kerr CR, Tung S, 
Yeung-Lai-Wah JA, Ratner PA. Gender is associated with differences in individual trajectories of 
change in social health after implantable cardioverter-defibrillator. Circ Cardiovasc Qual Outcomes. 
2015; 8:xx–xx.

Bucholz and Krumholz Page 3

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Lichtman JH, Leifheit-Limson EC, Watanabe E, Allen NB, Garavalia B, Garavalia LS, Spertus JA, 
Krumholz HM, Curry LA. Symptom recognition and healthcare experiences of young women with 
acute myocardial infarction. Circ Cardiovasc Qual Outcomes. 2015; 8:xx–xx.

4. Davis MB, Maddox TM, Langner P, Plomondon ME, Rumsfeld JS, Duvernoy CS. Characteristics 
and outcomes of women veterans undergoing cardiac catheterization in the veterans affairs 
healthcare system: insights from the VA CART program. Circ Cardiovasc Qual Outcomes. 2015; 
8:xx–xx.

5. Lip GYH, Rushton-Smith SK, Goldhaber SZ, Fitzmaurice DA, Mantovani LG, Goto S, Haas S, 
Bassand JP, Cam AJ, Ambrosio G, Jansky P, Al Mahmeed W, Oh S, van Eiekels M, Raatikainen P, 
Steffel J, Oto A, Kayani G, Accetta G, Kakkar AK. for the GARFIELD-AF Investigators. Does 
gender affect anticoagulant use for stroke prevention in the field-atrial fibrillation (GARFIELD-
AF)? Circ Cardiovasc Qual Outcomes. 2015; 8:xx–xx.

6. Joynt KE, Mega JL, O'Donoghue ML. Difference or disparity: will big data improve our 
understanding of sex and cardiovascular disease? Circ Cardiovasc Qual Outcomes. 2015; 8:xx–xx.

7. Pedrotty DM, Jessup M. “Frailty, they name is woman” - the syndrome of women with HFpEF. Circ 
Cardiovasc Qual Outcomes. 2015; 8:xx–xx.

8. Cook JL, Grady KL, Colvin M, Brisco JS, Walsh MN. for the gen VAD Work Group. Sex 
differences in the care of patients with advanced heart failure. Circ Cardiovasc Qual Outcomes. 
2015; 8:xx–xx.

9. Brown N. How the AHA helped change women's heart health. Circ Cardiovasc Qual Outcomes. 
2015; 8:xx–xx.

10. Hennekens CH, Buring JE. Methodologic considerations in the design and conduct of randomized 
trials: The U.S. Physicians' Health Study. Control Clin Trials. 1989; 10:142S–150S. [PubMed: 
2605963] 

11. Hennekens CH, Eberlein K. A randomized trial of aspirin and beta-carotene among U.S. 
Physicians. Prev Med. 1985; 14:165–168. [PubMed: 3900975] 

12. The Multiple Risk Factor Intervention Trial Group. Statistical design considerations in the NHLBI 
multiple risk factor intervention trial (MRFIT). J Chronic Dis. 1977; 30:261–275. [PubMed: 
863996] 

13. Multiple Risk Factor Intervention Trial Research Group. Multiple Risk Factor Intervention Trial. 
Risk factor changes and mortality results. JAMA. 1982; 248:1465–1477. [PubMed: 7050440] 

14. National Institutes of Health. Revitalization act of 1993. United States public law. :103–43.

15. National Institutes of Health. NIH guidelines on the inclusion of women and minorities as subjects 
in clinical research. 1994; 59(Part VIII):14508–14513.

16. United States Food and Drug Administration. Guideline for the study and evaluation of gender 
differences in the clinical evaluation of drugs. 1993; 58:39406–39416.

17. United States General Accounting Office. Women sufficiently represented in new drug testing, but 
FDA oversight needs improvement. 2001. http://www.gao.gov/new.items/d01754.pdf

18. Dhruva SS, Bero LA, Redberg RF. Gender bias in studies for Food and Drug Administration 
premarket approval of cardiovascular devices. Circ Cardiovasc Qual Outcomes. 2011; 4:165–171. 
[PubMed: 21364127] 

19. Melloni C, Berger JS, Wang TY, Gunes F, Stebbins A, Pieper KS, Dolor RJ, Douglas PS, Mark 
DB, Newby LK. Representation of women in randomized clinical trials of cardiovascular disease 
prevention. Circ Cardiovasc Qual Outcomes. 2010; 3:135–142. [PubMed: 20160159] 

20. Heiat A, Gross CP, Krumholz HM. Representation of the elderly, women, and minorities in heart 
failure clinical trials. Arch Intern Med. 2002; 162:1682–1688. [PubMed: 12153370] 

21. Lee PY, Alexander KP, Hammill BG, Pasquali SK, Peterson ED. Representation of elderly persons 
and women in published randomized trials of acute coronary syndromes. JAMA. 2001; 286:708–
713. [PubMed: 11495621] 

22. Harris DJ, Douglas PS. Enrollment of women in cardiovascular clinical trials funded by the 
National Heart, Lung, and Blood Institute. N Engl J Med. 2000; 343:475–480. [PubMed: 
10944565] 

Bucholz and Krumholz Page 4

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.gao.gov/new.items/d01754.pdf


23. Kim ES, Carrigan TP, Menon V. Enrollment of women in National Heart, Lung, and Blood 
Institute-funded cardiovascular randomized controlled trials fails to meet current federal mandates 
for inclusion. J Am Coll Cardiol. 2008; 52:672–673. [PubMed: 18702973] 

24. Mosca L, Linfante AH, Benjamin EJ, Berra K, Hayes SN, Walsh BW, Fabunmi RP, Kwan J, Mills 
T, Simpson SL. National study of physician awareness and adherence to cardiovascular disease 
prevention guidelines. Circulation. 2005; 111:499–510. [PubMed: 15687140] 

25. Chang AM, Mumma B, Sease KL, Robey JL, Shofer FS, Hollander JE. Gender bias in 
cardiovascular testing persists after adjustment for presenting characteristics and cardiac risk. 
Acad Emerg Med. 2007; 14:599–605. [PubMed: 17538080] 

26. Schulman KA, Berlin JA, Harless W, Kerner JF, Sistrunk S, Gersh BJ, Dube R, Taleghani CK, 
Burke JE, Williams S, Eisenberg JM, Escarce JJ. The effect of race and sex on physicians' 
recommendations for cardiac catheterization. N Engl J Med. 1999; 340:618–626. [PubMed: 
10029647] 

27. Johnson SM, Karvonen CA, Phelps CL, Nader S, Sanborn BM. Assessment of analysis by gender 
in the Cochrane reviews as related to treatment of cardiovascular disease. J Womens Health 
(Larchmt). 2003; 12:449–457. [PubMed: 12869292] 

28. Berger JS, Roncaglioni MC, Avanzini F, Pangrazzi I, Tognoni G, Brown DL. Aspirin for the 
primary prevention of cardiovascular events in women and men: a sex-specific meta-analysis of 
randomized controlled trials. JAMA. 2006; 295:306–313. [PubMed: 16418466] 

29. Ghanbari H, Dalloul G, Hasan R, Daccarett M, Saba S, David S, Machado C. Effectiveness of 
implantable cardioverter-defibrillators for the primary prevention of sudden cardiac death in 
women with advanced heart failure: a meta-analysis of randomized controlled trials. Arch Intern 
Med. 2009; 169:1500–1506. [PubMed: 19752408] 

30. Champney KP, Frederick PD, Bueno H, Parashar S, Foody J, Merz CN, Canto JG, Lichtman JH, 
Vaccarino V. NRMI Investigators. The joint contribution of sex, age and type of myocardial 
infarction on hospital mortality following acute myocardial infarction. Heart. 2009; 95:895–899. 
[PubMed: 19147625] 

31. Gupta A, Wang Y, Spertus JA, Geda M, Lorenze N, Nkonde-Price C, D'Onofrio G, Lichtman JH, 
Krumholz HM. Trends in acute myocardial infarction in young patients and differences by sex and 
race, 2001 to 2010. J Am Coll Cardiol. 2014; 64:337–345. [PubMed: 25060366] 

32. Vaccarino V, Horwitz RI, Meehan TP, Petrillo MK, Radford MJ, Krumholz HM. Sex differences 
in mortality after myocardial infarction: evidence for a sex-age interaction. Arch Intern Med. 
1998; 158:2054–2062. [PubMed: 9778206] 

33. Vaccarino V, Parsons L, Every NR, Barron HV, Krumholz HM. Sex-based differences in early 
mortality after myocardial infarction. National Registry of Myocardial Infarction 2 participants. N 
Engl J Med. 1999; 341:217–225. [PubMed: 10413733] 

34. Bellasi A, Raggi P, Merz CN, Shaw LJ. New insights into ischemic heart disease in women. Cleve 
Clin J Med. 2007; 74:585–594. [PubMed: 17708130] 

35. Merz CN, Kelsey SF, Pepine CJ, Reichek N, Reis SE, Rogers WJ, Sharaf BL, Sopko G. The 
women's ischemia syndrome evaluation (WISE) study: protocol design, methodology and 
feasibility report. J Am Coll Cardiol. 1999; 33:1453–1461. [PubMed: 10334408] 

36. Basso C, Morgagni GL, Thiene G. Spontaneous coronary artery dissection: a neglected cause of 
acute myocardial ischaemia and sudden death. Heart. 1996; 75:451–454. [PubMed: 8665336] 

37. Thompson EA, Ferraris S, Gress T, Ferraris V. Gender differences and predictors of mortality in 
spontaneous coronary artery dissection: a review of reported cases. J Invasive Cardiol. 2005; 
17:59–61. [PubMed: 15640544] 

38. Voeks JH, Howard G, Roubin GS, Malas MB, Cohen DJ, Sternbergh WC 3rd, Aronow HD, 
Eskandari MK, Sheffet AJ, Lal BK, Meschia JF, Brott TG. Investigators C. Age and outcomes 
after carotid stenting and endarterectomy: The Carotid Revascularization Endarterectomy Versus 
Stenting Trial. Stroke. 2011; 42:3484–3490. [PubMed: 21980205] 

39. Zhang Z, Mahoney EM, Spertus JA, Booth J, Nugara F, Kolm P, Stables RH, Weintraub WS. The 
impact of age on outcomes after coronary artery bypass surgery versus stent-assisted percutaneous 
coronary intervention: one-year results from the Stent Or Surgery (SOS) trial. Am Heart J. 2006; 
152:1153–1160. [PubMed: 17161069] 

Bucholz and Krumholz Page 5

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


