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Abstract
Purpose of Review The goal of this article is to review the disparities that exist for women who present for treatment of ischemic
heart disease.
Recent Findings It is well known that women are more likely to present with ischemic heart disease at an advanced age with more
comorbidities when compared to male counterparts. Despite correction of risk factors, women experience worse outcomes, even
in the absence of obstructive coronary artery disease. A review of the literature highlights the importance of a thoughtful approach
to medical therapy and revascularization.
Summary While most recommendations applied to women are derived mostly from male data, further study of sex-specific
differences may lead to approaches which can ultimately reduce disparities for the treatment of ischemic heart disease in
women.
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Introduction

Cardiovascular disease remains the leading cause for morbid-
ity and mortality in women. Despite improvements in care,
more mortalities occur in women annually from ischemic
heart disease compared to men. The reasons for this disparity
are multifactorial and may include lack of awareness, institu-
tion of guideline-directed therapy, and appreciation of sex-
specific differences. Women are less likely to present and
receive guideline-directed therapy. In addition, sex-specific
differences exist that are poorly understood. Women are un-
derrepresented in clinical trials. Even when included in clini-
cal trials, many studies do not include analysis for gender
differences. The hope is that with improved knowledge of
prevalence, novel risk factors, and sex-specific pathophysiol-
ogy, gender disparities would continue to decline.

Burden of Cardiovascular Disease in Women

Many people do not realize the discrepancies between men
and women in regard to their cardiovascular health. There has
been obvious improvement with both diagnostic modalities
and treatment options resulting in decreased mortality rate
from ischemic heart disease, but there are still more women
not only being diagnosed but also succumbing to cardiovas-
cular disease [1, 2]. Cardiac death continues to be the leading
cause of death amid women of all ages, leading to approxi-
mately one death per minute in the USA [1, 3]. There has been
an actual increase in mortality seen among women aged 35–
54 years from cardiovascular disease [2]. The CDC noted a
greater proportion of women dying from sudden cardiac death
(52%) when compared to men (42%) [2].

Discrepancies become even more apparent when compar-
ing different races; in particular, it has been noted by the
American Heart Association that black females are at a statis-
tically increased risk for cardiovascular disease compared to
white females [2, 3]. Cardiovascular disease is not just becom-
ing an increasing burden to females living within the USA but
it is also increasing in every major developed country and
many economies that are just emerging [4]. Therefore, it is
imperative for physicians, not only cardiologists but also gen-
eral practitioners, internists, and other sub-specialty physi-
cians, to realize the importance of making a diagnosis of car-
diovascular disease if patients are showing concerning
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symptoms. It is also important that these patients are referred
for the appropriate testing or referred to a cardiologist in order
to get the assessment initiated.

Lack of Inclusion in Clinical Trials

Many of the guidelines that have been developed for women
are the result of data obtained mostly from men. Among the
801,198 patients enrolled in over 150 trials, only 245,525
(approximately 31%) were women [5•]. Therefore, with the
lack of representation of women within randomized clinical
trials, the data has been extrapolated for clinical decision-
making in women. Unfortunately, this does not address the
many additional risk factors, such as pregnancy and hormone
changes over the course of woman’s lifespan, which may or
may not increase their risk of heart disease.

Recently, there has been increasing emphasis on recruiting
more women into clinical trials. Future studies should contin-
ue to strive not only to enroll women but also to look at
differences within them, such as ethnic variations, hormonal
changes, and age to see if there are in fact other risk factors
that may be leading to the increasing number of women being
diagnosed or dying from cardiovascular disease. It would also
be helpful to see more analysis of treatment management strat-
egies and their respective short- and long-term outcomes [5•].

Differences in Risk Factors

We realize that traditional risk factors and the Framingham
risk score (FRS) underestimate ischemic heart disease in
women [5•, 6–10]. The FRS classifies 90% of women at low
risk, with very few assigned to high risk under the age of
70 years [6]. There are other risk factor score calculators, such
as the Reynolds score, which has been used and resulted in
reclassification of 40–50% of intermediate risk by the FRS into
higher or lower risk categories [7, 11]. Therefore, it is obvious
that this is still a work in progress, but is improving as more
factors are being looked at, such as age, systolic blood pressure,
hemoglobin A1C (if diabetic), current smoking, HDL, hsCRP,
and family history of premature coronary disease [11, 12]. The
2013 ACC/AHA guidelines have introduced the use of the
pooled cohort equation. Further research will identify the ac-
curacy of this score to predict events in women.

Risk Factors

As mentioned previously, there are many risk factors that are
known to be associated with cardiovascular disease.
Hypertension, which is underdiagnosed and therefore
undertreated, is an ever-increasing risk factor for women, with
a lifetime risk of developing hypertension to be approximately
90% [2, 13]. It is believed that by the time a woman is 65 years
of age, they have a higher prevalence of hypertensionwith less

than half of them receiving adequate treatment if any treat-
ment at all [14, 15].

The prevalence of hypertension among black females with-
in the USAwas found to be among the highest and continues
to increase [2]. Hypertension is not the only a risk factor that
continues to increase. There is also a growth seen among those
suffering from type 2 diabetes mellitus, especially in Hispanic
females [2, 3]. Having hypertension alone increases a
woman’s risk of developingmany other comorbidities, includ-
ing myocardial infarction, heart failure, atrial fibrillation,
stroke, and renal failure [13].

Hyperlipidemia is also a significant risk factor, of which the
INTERHEART study showed that low-density lipoprotein
cholesterol (LDL-C) reduction with statins leads to improved
overall cardiovascular outcomes with similar proportional
benefits for both men and women [16–18]. Unfortunately,
again, it is seen that women are 20% less likely to actually
take a statin [19]. It is unclear as to why this is but likely
results from lack of prescription or from side effects, such as
statin-induced myopathy [19, 20].

Diabetes mellitus is believed to not only be a stronger
prognostic predictor of mortality in women when com-
pared to men, but it is also associated with a four to six
times increased risk of developing ischemic heart disease
[21–24].

Underlying these risk factors is the increasing rate of obe-
sity. Sadly, nearly two out of every three women over the age
of 20 years have been diagnosed with increased body weight
[3]. This is where the education should start, but often does
not. Physicians have to be engaged and speak to their patients
about the importance of regular exercise several times per
week for at least 30 min, eating a heart-healthy diet such as
the DASH diet in addition to smoking cessation [2]. If patients
have already developed hyperlipidemia, initiation of an anti-
cholesterol medication may need to be initiated to gain control
of their LDL [2].

We are all very aware of the literature behind tobacco use,
but regrettably many women continue to smoke cigarettes.
They do not realize or choose to not acknowledge its associ-
ation with progression of atherosclerosis, myocardial infarc-
tion, and sudden cardiac death [25]. Smoking as little as two to
three cigarettes daily increases a woman’s risk of cardiovas-
cular problems, and it is now recognized to be more strongly
associated with MI in middle-aged women when compared to
men [25, 26].

It is important to ask patients about family history.
Premature coronary disease in a family member is an indepen-
dent prognostic indicator of increased ischemic heart disease
in both men and women [27]. Women with family history
were found to have increased major adverse cardiovascular
events in a multivariate analysis of traditional FRS risk fac-
tors, but oddly there was no significant increased risk seen in
men [27, 28].
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A physician must also consider other risk factors that
may also impart risk of adverse cardiovascular health.
Peripheral arterial disease is believed to be an equivalent
to ischemic heart disease and often is associated with many
of the same risk factors as those seen in cardiovascular
disease, including hypertension, diabetes, and smoking.
In fact, a lower ankle-brachial index has been associated
with coronary artery calcification according to the Jackson
Heart Study [29, 30].

Emerging Risk Factors

Chronic kidney insufficiency is now considered an equiv-
alent to ischemic heart disease. According to the WISE
(Women’s Ischemia Syndrome Evaluation) study, women
with a baseline creatinine between 1.2 and 1.9 mg/dl were
found to have an increased risk of significant angiograph-
ic disease (defined in this study as any coronary stenosis
of at least 50%) when compared to woman with normal
renal function [29]. There is an increased risk of mortality
among patients with renal disease and 50% of these
deaths are thought to be secondary to cardiovascular
causes [31, 32].

Pregnancy is considered a metabolic stress test. It can
actually serve to provide information to a physician about
the health and cardiovascular outcomes for a particular
patient [2]. If a woman develops pre-eclampsia, eclamp-
sia, gestational diabetes, or pre-term delivery, it can actu-
ally be an early predictor of risk for cardiovascular dis-
ease in the future [33–36]. Therefore, these patients
should be referred on to see a cardiologist because there
is an increased risk for development of ischemic heart
disease, stroke, and venous thromboembolism [37, 38].

Other risk factors, which are now being associated to car-
diovascular disease, are systemic lupus erythematosus (SLE)
and rheumatoid arthritis (RA) [2, 38]. In fact, cardiovascular
disease is a leading cause of morbidity and mortality among
patients with SLE, while RA is associated with a two- to
threefold increased risk of myocardial infarction and cardio-
vascular disease [2, 38].

Additionally, treatment for Hodgkin’s lymphoma or
breast cancer with radiation to the chest wall or mediasti-
num has been recognized to have increased risk of not only
atherosclerosis and ischemic heart disease but also pericar-
dial and valvular disease [29]. In particular, left breast and
chest wall radiation is associated with mid-left anterior
descending, distal diagonal, and proximal right coronary
artery atherosclerosis [39]. Lastly, underdiagnosed ob-
structive sleep apnea among women has also been associ-
ated with development of both pulmonary and systemic
hypertension that may ultimately lead to the development
of cardiovascular disease [40, 41].

Differences in Clinical Presentation

Women tend to present with atypical symptoms. This is
thought to be a strong reason why women are more likely
to have a delay in seeking care and experience an increased
risk of sudden cardiac death [42, 43]. Interestingly, 64% of
women who die from sudden cardiac death as a result of
cardiovascular heart disease had no prior symptoms [44].
In a study of 515 women, 43% did not have chest pain at
presentation [42]. The most common acute symptoms seen
within this study were dyspnea (58%), weakness (55%),
and fatigue (43%). Additionally, they were found to have
prodromal symptoms beginning roughly 1 month prior that
include fatigue (71%), sleep disturbance (71%), and dyspnea
(42%) [42].

Within the National Registry of Myocardial Infarction
(NRMI) from 1994 to 2006, there were over 1,000,000
patients of which 481,581 were women [43]. Within this
registry, it was discovered that women had a higher in-
hospital mortality after presentation with coronary syn-
drome when compared to men (14.6% vs. 10.3%) [43].
Women found to be at greatest risk tended to be younger
at presentation and were without chest pain [43, 44]. The
women who were younger and without chest pain also
tended to be sicker overall with known diabetes mellitus,
delay in presentation, higher Killip class (III or IV), and
elevated troponins. As a result, many women presenting
without chest pain during coronary syndrome were less
likely to receive timely therapies including fibrinolytics
or pr imary percutaneous in te rvent ion [43, 44] .
Additionally, these women were less likely to receive as-
pirin, other antiplatelet agents, heparin, and beta-blocker
therapies during their hospitalization [43, 44].

Sex-Specific Pathophysiology

Understanding is needed regarding the paradoxical result
of worse outcomes despite the absence of obstructive
CAD [45•]. Several studies and registries cite advanced
age, comorbidities, and less use of guideline-directed
medical therapy as a cause for this difference in out-
comes. Other studies demonstrate differences that exist
after adjustment for covariates [46, 47]. Some proposed
mechanisms of female-specific pathophysiology and is-
chemic heart disease include distal microembolization,
abnormal coronary vasoreactivity, and microvascular
dysfunction [48–54].

Microvascular dysfunction is poorly understood. It is esti-
mated to be present in 50 to 65% of patients who present with
angina without epicardial coronary disease or microvascular
angina (MVA) [55]. Similar pathophysiology is also thought
to be responsible for the development of stress (takotsubo)
cardiomyopathy that is more prevalent in postmenopausal
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women [56–58]. The only difference is that stress cardio-
myopathy usually occurs in association with a catechol-
amine surge as a result of physical or emotional stress.
The diagnosis of coronary microvascular dysfunction
(CMD) can be made by evaluation of coronary flow re-
serve (CFR) or myocardial perfusion reserve (MPR).
CFR and MPR compare the increase in coronary flow
or perfusion at both resting and stress states. Because
resistance is determined primarily by microvasculature,
CFR and MPR allow assessment of microvascular dys-
function. CFR can be evaluated invasively through tech-
niques such as thermodilution and intracoronary Doppler
ultrasound. The downsides of this approach include risk
of procedural complications and ability to interrogate one
coronary distribution at a time. Conversely, microvascular
dysfunction can be evaluated noninvasively with PET and
CMR. PET has become the gold standard for evaluation
of microvascular dysfunction [55]. CMR is thought to
produce MPR levels that are lower compared to PET
MPR values [59]. Disadvantages of PET include avail-
ability, the need for an onsite cyclotron, and radiation
exposure. CMR is more available and does not expose
patients to radiation. The cons of CMR include lack of
patient comfort and contraindication in patients who have
metallic hardware and are at risk for nephrogenic system-
ic fibrosis due to low GFR. The ideal cutoff for CFR/
MPR has not been established. Prognostic benefit has
been shown in several studies inpatient without epicardial
CAD with CFR/MPR values of 1.5–2.6 [60••]. There is
limited data available on the treatment of MVA. A sys-
tematic review by Marinescu et al. evaluated therapies for
MVA which defined CMD as a CFR or MPR < 2.5 using
invasive, PET, or CMR methods [55]. Although numer-
ous treatments have been evaluated, the only treatments
that showed potential benefit in improving CMD after
meeting the review inclusion criteria were sildenafil,
quinapril, estrogen (not recommended for secondary pre-
vention of coronary events in patients with NSTE-ACS),
and use of transcutaneous electrical nerve stimulation
(TENS) [55]. While treatment of CMD is a potential tar-
get for both improving symptoms and outcomes in wom-
en, several barriers exist. The goals of future research
should aim to standardize the definition of CMD and
evaluate outcomes in studies with adequate size and du-
ration of follow-up. Identification of the ideal treatment
regimens could reduce disparities by treating this sex-
specific pathophysiologic mechanism.

Differences in Treatment

The importance of medical therapy cannot be underestimated
given worse outcomes in women even in the absence of sig-
nificant epicardial coronary disease. Even in the absence of

obstructive stenosis, women who present with NSTE-ACS
have a 2% risk of MI or death at 30 days [61]. Several studies
have documented the fact that women are less likely to receive
guideline-directed medical therapy, which is proven to im-
prove outcomes, both in the hospital and after discharge for
presentation with acute coronary syndrome. Simply correctly
diagnosing acute coronary syndrome and instituting appropri-
ate guideline-directed medical therapy could improve out-
comes in women. Given women are more likely to present
with advanced age and comorbidities, prevention and optimal
control of risk factors is important in improving outcomes.

While women receive the same benefit from PCI, they are
more likely to experience periprocedural complications
[62–64]. The frequency of complications has again been at-
tributed to increased age and presence of comorbidities in
women. Women who have low-risk features (low TIMI score)
and negative troponin are more likely to be harmed than ben-
efit from revascularization [65–70]. While thoughtful proce-
dural risk reduction strategies should be employed for all pa-
tients, they are more important for women. A few suggested
strategies include careful patient selection, access manage-
ment (radial access, use of ultrasound-guided access, vascular
closure devices, pharmacology management (renal and
weight-based dosing), and CIN prevention (pre/post-hydra-
tion and contrast minimization). While women benefit from
revascularization with CABG after presentation with ACS,
they are more likely to experience periprocedural complica-
tions [70–74]. Risk reduction strategies such as appropriate
use of hemodynamic support, pharmacology, and use of opti-
mal conduits for grafting should also be used to minimize
complications in patients who are undergoing surgical
revascularization.

Conclusions

Women continue to represent a significant amount of the an-
nual cardiovascular mortalities. While women are underrepre-
sented in clinical trials, clinical approaches have been extrap-
olated to treat women. Improved recognition of ACS, imple-
mentation of guideline-directed medical therapy, treatment of
risk factors, and careful patient selection for revascularization
can achieve reduction in disparities. Future research should
address gaps in knowledge including emerging sex-specific
risk factors, pharmacology, and pathophysiology (vascular re-
modeling and function). As we strive to increase our focus on
heart disease in women, we can continue to improve overall
cardiovascular outcomes.

Compliance with Ethical Standards

Conflict of Interest Rhian E. Davies and Jeremy D. Rier declare no
conflict of interest.

51 Page 4 of 7 Curr Atheroscler Rep (2018) 20: 51



Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. “State-specific mortality from sudden cardiac death — United
States, 1999.” Centers for Disease Control and Prevention,
Centers for Disease Control and Prevention, www.cdc.gov/
mmwr/preview/mmwrhtml/mm5106a3.htm. Accessed 25 Aug
2008.

2. Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-
Jones DM, et al. Effectiveness-based guidelines for the prevention
of cardiovascular disease in women–2011 update: a guideline from
the American Heart Association. Circulation. 2011;123:1243–62.

3. Roger VL, Go AS, Lloyd-Jones DM, Adams RJ, Berry JD, Brown
TM, et al. Heart disease and stroke statistics—2011 update: a report
from the American Heart Association [published correction appears
in Circulation. 2011;123:e240]. Circulation. 2011;123:e18–e209.

4. Centers for Disease Control and Prevention. Racial/ethnic dispar-
ities in prevalence, treatment, and control of hypertension—United
States, 1999–2002. Available at: http://www.cdc.gov/mmwr/
preview/mmwrhtml/mm5401a3.htm. Accessed 25 Aug 2008. 17.
Murphy SL. Death: final data for 1998. Natl Vital Stat Rep 2000;48:
1–105.

5.• Melloni C, et al. Representation of women in randomized clinical
trials of cardiovascular disease prevention. Circ Cardiovasc Qual
Outcomes. 2010;(3, 2):135–42. https://doi.org/10.1161/
circoutcomes.110.868307. This was a great article which
highlights the lack of involvement of women and cardiology
clinical trials.

6. Hecht HS, Superko HR. Electron beam tomography and National
Cholesterol Education Program guidelines in symptomatic women.
J Am Coll Cardiol. 2001;37:1506–11.

7. Shaw LJ, Lewis JF, HlatkyMA, et al. Women’s ischemic syndrome
evaluation: current status and future research directions, report of
the National Heart Lung Blood Institute (NHLBI) Workshop,
October 2–4, 2002: section 5: gender-related risk factors for ische-
mic heart disease. Circulation. 2004a;109:56e–8e.

8. Pasternak RC, Abrams J, Greenland P, Smaha LA, Wilson PW,
Houston-Miller N. 34th Bethesda Conference: task force #1—iden-
tification of coronary heart disease risk: is there a detection gap? J
Am Coll Cardiol. 2003;41:1863–74.

9. Michos ED, Nasir K, Braunstein JB, Rumberger JA, Budoff MJ,
Post WS, et al. Framingham risk equation underestimates subclin-
ical atherosclerosis risk in asymptomatic women. Atherosclerosis.
2006;184:201–6.

10. Lakoski SG, Greenland P,WongND, Schreiner PJ, Herrington DM,
Kronmal RA, et al. Coronary artery calcium scores and risk for
cardiovascular events in women classified as “low risk” based on
Framingham risk score: the Multi-Ethnic Study of Atherosclerosis
(MESA). Arch Intern Med. 2007;167:2437–42.

11. Ridker PM, Buring JE, Rifai N, Cook NR. Development and vali-
dation of improved algorithms for the assessment of global cardio-
vascular risk in women: the Reynolds Risk Score. JAMA.
2007;297:611–9.

12. Nasir K, Michos ED, Blumenthal RS, Raggi P. Detection of high-
risk young adults and women by coronary calcium and National
Cholesterol Education Program Panel III guidelines. J Am Coll
Cardiol. 2005;46:1931–6.

13. Messerli FH, Williams B, Ritz E. Essential hypertension. Lancet.
2007;370:591–603.

14. Gu Q, Burt VL, Paulose-Ram R, Dillon CF. Gender differences in
hypertension treatment, drug utilization patterns, and blood pres-
sure control among us adults with hypertension: data from the na-
tional health and nutrition examination survey 1999–2004. Am J
Hypertens. 2008;21:789–98.

15. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden
WB, et al. Heart disease and stroke statistics–2013 update: a report
from the American Heart Association. Circulation. 2013;127:e6–
e245.

16. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifi-
able risk factors associated with myocardial infarction in 52 coun-
tries (the INTERHEART study): case-control study. Lancet.
2004;364:937–52.

17. Stone NJ, Robinson J, Lichtenstein AH, et al. ACC/AHA guideline
on the treatment of blood cholesterol to reduce atherosclerotic car-
diovascular risk in adults: a report of the American College of
Cardiology/American Heart Association task force on practice
guidelines. Circulation. 2013;2013

18. Kostis WJ, Cheng JQ, Dobrzynski JM, Cabrera J, Kostis JB. Meta-
analysis of statin effects in women versus men. J Am Coll Cardiol.
2012;59:572–82.

19. Bhattacharjee S, Findley PA, Sambamoorthi U. Understanding gen-
der differences in statin use among elderly Medicare beneficiaries:
an application of decomposition technique. Drugs Aging. 2012;29:
971–80.

20. Bhardwaj S, Selvarajah S, Schneider EB.Muscular effects of statins
in the elderly female: a review. Clin Interv Aging. 2013;8:47–59.

21. Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary
heart disease associated with diabetes in men and women: meta-
analysis of 37 prospective cohort studies. BMJ. 2006;332:73–8.

22. Gregg EW, Gu Q, Cheng YJ, Venkat Narayan KM, Cowie CC.
Mortality trends in men and women with diabetes, 1971 to 2000.
Ann Intern Med. 2007;147:149–55.

23. Kalyani RR, Lazo M, Ouyang P, Turkbey E, Chevalier K, Brancati
F, et al. Sex differences in diabetes and risk of incident coronary
artery disease in healthy young and middle-aged adults. Diabetes
Care. 2014;37:830–8.

24. Golden SH, Brown A, Cauley JA, Chin MH, Gary-Webb TL, Kim
C, et al. Health disparities in endocrine disorders: biological, clini-
cal, and nonclinical factors–an endocrine society scientific state-
ment. J Clin Endocrinol Metab. 2012;97:E1579–639.

25. Njolstad I, Arnesen E, Lund-Larsen PG. Smoking, serum lipids,
blood pressure, and sex differences in myocardial infarction. A
12-year follow-up of the Finnmark Study. Circulation. 1996;93:
450–6.

26. Teo KK, Ounpuu S, Hawken S, PandeyMR, Valentin V, Hunt D, et
al. Tobacco use and risk of myocardial infarction in 52 countries in
the INTERHEART study: a case-control study. Lancet. 2006;368:
647–58.

27. Paixao AR, Berry JD, Neeland IJ, et al. Coronary artery calcifica-
tion and family history of myocardial infarction in the Dallas heart
study. JACC Cardiovasc Imaging. 201447.

28. Kim C, Chang HJ, Cho I, Sung JM, Choi D, Jeong MH, et al.
Impact of family history on the presentation and clinical outcomes
of coronary heart disease: data from the Korea acute myocardial
infarction registry. Korean J Intern Med. 2013;28:547–56.

29. Mehta PK, Wei J, Wenger NK. Ischemic heart disease in women: a
focus on risk factors. Trends Cardiovasc Med. 2015;25(2):140–51.
https://doi.org/10.1016/j.tcm.2014.10.005.

Curr Atheroscler Rep (2018) 20: 51 Page 5 of 7 51

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5106a3.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5106a3.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5401a3.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5401a3.htm
https://doi.org/10.1161/circoutcomes.110.868307
https://doi.org/10.1161/circoutcomes.110.868307
https://doi.org/10.1016/j.tcm.2014.10.005


30. Tullos BW, Sung JH, Lee JE, CriquiMH,Mitchell ME, Taylor HA.
Ankle-brachial index (ABI), abdominal aortic calcification (AAC),
and coronary artery calcification (CAC): the Jackson Heart Study.
Int J Card Imaging. 2013;29:891–7.

31. Reis SE, Olson MB, Fried L, Reeser V, Mankad S, Pepine CJ, et al.
Mild renal insufficiency is associated with angiographic coronary
artery disease in women. Circulation. 2002;105:2826–9.

32. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic
kidney disease and the risks of death, cardiovascular events, and
hospitalization. N Engl J Med. 2004;351:1296–305.

33. Wilson BJ, Watson MS, Prescott GJ, Sunderland S, Campbell DM,
Hannaford P, et al. Hypertensive diseases of pregnancy and risk of
hypertension and stroke in later life: results from cohort study. BMJ.
2003;326:845.

34. Wenger NK. Recognizing pregnancy-associated cardiovascular risk
factors. Am J Cardiol. 2014;113:406–9.

35. Ahmed R, Dunford J, Mehran R, Robson S, Kunadian V. Pre-
eclampsia and future cardiovascular risk among women: a review.
J Am Coll Cardiol. 2014;63:1815–22.

36. Jay JG, Vermeulen MJ, Schull MJ, et al. Cardiovascular health after
maternal placental syndromes (CHAMPS): population-based retro-
spective cohort study. Lancet. 2005;366:1797–803.

37. Bellamy L, Casas JP, Hingorani AD, Williams DJ. Pre-eclampsia
and risk of cardiovascular disease and cancer in later life: systematic
review and meta-analysis. BMJ. 2007;335:974.

38. Zhang J, Chen L, Delzell E, Muntner P, Hillegass WB, Safford
MM, et al. The association between inflammatory markers, serum
lipids and the risk of cardiovascular events in patients with rheu-
matoid arthritis. Ann Rheum Dis. 2014;73:1301–8.

39. Nilsson G, Holmberg L, Garmo H, Duvernoy O, Sjögren I,
Lagerqvist B, et al. Distribution of coronary artery stenosis after
radiation for breast cancer. J Clin Oncol Off J Am Soc Clin Oncol.
2012;30:380–6.

40. Somers VK, White DP, Amin R, et al. Sleep apnea and cardiovas-
cular disease: an American Heart Association/American College of
Cardiology Foundation Scientific Statement from the American
Heart Association Council for High Blood Pressure Research
Professional Education Committee, Council on Clinical
Cardiology, Stroke Council, and Council on Cardiovascular
Nursing. In collaboration with the National Heart, Lung, and
Blood Institute National Center on Sleep Disorders Research
(National Institutes of Health). Circulation. 2008;118:1080–111.

41. Quintana-Gallego E, Carmona-Bernal C, Capote F, Sánchez-
Armengol Á, Botebol-Benhamou G, Polo-Padillo J, et al. Gender
differences in obstructive sleep apnea syndrome: a clinical study of
1166 patients. Respir Med. 2004;98:984–9.

42. McSweeney JC, Cody M, O’Sullivan P, et al. Women’s early warn-
ing symptoms of acute myocardial infarction. Circulation,
American Heart Association, Inc., 25 Nov. 2003, circ.ahajournals.
org/content/108/21/2619.long.

43. Canto JG, Rogers WJ, Goldberg RJ, et al. Association of age and
sex with myocardial infarction symptom presentation and in-
hospital mortality. JAMA Internal Medicine, American Medical
Association, 22 Feb 2012, jamanetwork.com/journals/jama/
fullarticle/1355992.

44. Roger VL, Go AS, Lloyd-Jones DM, et al. Heart disease and stroke
statistics—2012 update; a report from the American Heart
Association. http://Circ.ahajournals.org/Content/125/1/e2.Full, 3
Jan. 2012, circ.ahajournals.org/content/125/1/e2.full.

45.• Shaw LJ, Bugiardini R, Merz CN. Women and ischemic heart dis-
ease: evolving knowledge. J Am Coll Cardiol. 2009;54:1561–75.
This provides a thorough review of ischemic heart disease in
women.

46. Woodfield SL, Lundergan CF, Reiner JS, Thompson MA,
Rohrbeck SC, Deychak Y, et al. Gender and acute myocardial

infarction: is there a different response to thrombolysis? J Am
Coll Cardiol. 1997;29:35–42.

47. Becker RC, Burns M, Every N, Maynard C, Frederick P, Spencer
FA, et al. Early clinical outcomes and routine management of pa-
tients with non-ST-segment elevation myocardial infarction: a na-
tionwide perspective. Arch Intern Med. 2001;161:601–7.

48. Bairey Merz CN, Shaw LJ, Reis SE. Ischemic heart disease in
women: insights from the NHLBI-sponsored Women’s Ischemia
Syndrome Evaluation (WISE) Study. Part II: gender differences in
presentation, diagnosis, and outcomewith regard to sex-based path-
ophysiology of atherosclerosis, macro- and micro-vascular CAD. J
Am Coll Cardiol. 2006;47 Suppl:21s–9s.

49. Shaw LJ, Bairey Merz CN, Reis SE, WISE Investigators, et al.
Ischemic heart disease in women: insights from the NHLBI-
sponsored Women’s ischemia Syndrome Evaluation (WISE) study.
Part I: sex differences in traditional and novel risk factors, symptom
evaluation and gender-optimized diagnostic strategies. J Am Coll
Cardiol. 2006;47:S4–20.

50. Humphries KH, Pu A, Gao M, Carere RG, Pilote M. Angina with
“normal” coronary arteries: sex differences in outcomes. Am Heart
J. 2008;155:375–81.

51. Reynolds HR, Farkouh ME, Lincoff AM, Hsu A, Swahn E,
Sadowski ZP, et al. Impact of female sex on death and bleeding
after fibrinolytic treatment of myocardial infarction in GUSTO V.
Arch Intern Med. 2007;167:2054–60.

52. Blomkalns AL, Chen AY, Hochman JS, Peterson ED, Trynosky K,
Diercks DB, et al. Gender disparities in diagnosis and treatment of
non-ST-segment elevation acute coronary syndromes. J Am Coll
Cardiol. 2005;45:832–7.

53. 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;341:217–25.

54. Hemingway H, McCallum A, Shipley M, Manderbacka K,
Martikainen P, Keskimäki I. Incidence and prognostic implications
of stable angina pectoris among women and men. JAMA.
2006;295:1404–11.

55. Marinescu MA, Loffler AI, Ouellette M, Smith L, Kramer CM,
Bourque JM. Coronary microvascular dysfunction, microvascular
angina, and treatment strategies. JACC Cardiovasc Imaging.
2015;8:210–20. This systematic review was recently published
and of great importance as it illustrates the lack of data to
support current therapy for MVA and that there is no
established definition for defining CMD.

56. Kohan AA, Levy Yeyati E, De Stefano L, Dragonetti L, Pietrani M,
Perez de Arenaza D, et al. Usefulness of MRI in takotsubo cardio-
myopathy: a review of the literature. Cardiovasc Diagn Ther.
2014;4:138–46.

57. Pelliccia F, Greco C, Vitale C, Rosano G, Gaudio C, Kaski JC.
Takotsubo syndrome (stress cardiomyopathy): an intriguing clinical
condition in search of its identity. Am J Med. 2014;127:699–704.

58. Summers MR, Prasad A. Takotsubo cardiomyopathy: definition
and clinical profile. Heart Fail Clin. 2013;9:111–22. vii

59. Pärkkä JP, Niemi P, Saraste A, Koskenvuo JW, Komu M, Oikonen
V, et al. Comparison of MRI and positron emission tomography for
measuring myocardial perfusion reserve in healthy humans. Magn
Reson Med. 2006;55:772–9.

60.•• Löffler AI, Bourque JM. Coronary microvascular dysfunction, mi-
crovascular angina, andmanagement. Curr Cardiol Rep. 2016;18:1.
This was a great review on microvascular dysfunction which is
a potential sex-specific mechanism that is common in women
that may lead to worse outcomes.

61. Gulati M, Cooper-DeHoff RM, McClure C, et al. Adverse cardio-
vascular outcomes in women with nonobstructive coronary artery
disease: a report from theWomen’s Ischemia Syndrome Evaluation

51 Page 6 of 7 Curr Atheroscler Rep (2018) 20: 51

http://172.20.145.64:85/JViewer/View.aspx?articlename=NAR80753
http://172.20.145.64:85/JViewer/View.aspx?articlename=NAR80753
http://jamanetwork.com/journals/jama/fullarticle/1355992
http://jamanetwork.com/journals/jama/fullarticle/1355992
http://circ.ahajournals.org/Content/125/1/e2.Full
http://circ.ahajournals.org/content/125/1/e2.full


Study and the St James Women Take Heart Project. Arch Intern
Med. 2009;169:843–50.

62. Alexander KP, Chen AY, Newby LK, Schwartz JB, Redberg RF,
Hochman JS, et al. Sex differences in major bleeding with glyco-
protein IIb/IIIa inhibitors: results from the CRUSADE (Can Rapid
risk stratification of Unstable angina patients Suppress ADverse
outcomes with Early implementation of the ACC/AHA guidelines)
initiative. Circulation. 2006;114:1380–7.

63. Regitz-Zagrosek V, Blomstrom LC, Borghi C, et al. ESC guidelines
on the management of cardiovascular diseases during pregnancy:
the Task Force on the Management of Cardiovascular Diseases
during Pregnancy of the European Society of Cardiology (ESC).
Eur Heart J. 2011;32:3147–97.

64. Dey S, Flather MD, Devlin G, Brieger D, Gurfinkel EP, Steg PG, et
al. Sex-related differences in the presentation, treatment and out-
comes among patients with acute coronary syndromes: the Global
Registry of Acute Coronary Events. Heart. 2009;95:20–6.

65. Glaser R, Herrmann HC, Murphy SA, Demopoulos LA, DiBattiste
P, Cannon CP, et al. Benefit of an early invasive management strat-
egy in women with acute coronary syndromes. JAMA. 2002;288:
3124–9.

66. Lagerqvist B, SafstromK, Stahle E, et al. Is early invasive treatment
of unstable coronary artery disease equally effective for both wom-
en and men? FRISC II Study Group Investigators. J Am Coll
Cardiol. 2001;38:41–8.

67. Dolor RJ, Melloni C, Chatterjee R, et al. Treatment strategies for
women with coronary artery disease. comparative effectiveness re-
view no. 66. Rockville, MD: Agency for healthcare Research and
Quality. 2012. AHRQ publication no. 12-EHC070-EF. Available at:

http://www.effectivehealthcare.ahrq.gov/reports/final.cfm.
Accessed 30 July 2014.

68. Bavry AA, Kumbhani DJ, Rassi AN, Bhatt DL, Askari AT. Benefit
of early invasive therapy in acute coronary syndromes: a meta-
analysis of contemporary randomized clinical trials. J Am Coll
Cardiol. 2006;48:1319–25.

69. Clayton TC, Pocock SJ, Henderson RA, et al. Do men benefit more
than women from an interventional strategy in patients with unsta-
ble angina or non-ST-elevation myocardial infarction? The impact
of gender in the RITA 3 trial. Eur Heart J. 2004;25:1641–50.

70. Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats
TG, Holmes DR Jr, et al. 2014 AHA/ACC Guideline for the
Management of Patients with Non-ST-Elevation Acute Coronary
Syndromes: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. J
Am Coll Cardiol. 2014;64:e139–228.

71. Jneid H, Fonarow GC, Cannon CP, Hernandez AF, Palacios IF,
Maree AO, et al. Sex differences in medical care and early death
after acute myocardial infarction. Circulation. 2008;118:2803–10.

72. Bukkapatnam RN, Yeo KK, Li Z, Amsterdam EA. Operative mor-
tality in women and men undergoing coronary artery bypass
grafting (from the California Coronary Artery Bypass Grafting
Outcomes Reporting Program). Am J Cardiol. 2010;105:339–42.

73. Kim C, Redberg RF, Pavlic T, Eagle KA. A systematic review of
gender differences in mortality after coronary artery bypass graft
surgery and percutaneous coronary interventions. Clin Cardiol.
2007;30:491–5.

74. Shaw LJ, Bugiardini R, Merz CN. Women and ischemic heart dis-
ease: evolving knowledge. J Am Coll Cardiol. 2009;54:1561–75.

Curr Atheroscler Rep (2018) 20: 51 Page 7 of 7 51

http://www.effectivehealthcare.ahrq.gov/reports/final.cfm

	Gender Disparities in CAD: Women and Ischemic Heart Disease
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Burden of Cardiovascular Disease in Women
	Lack of Inclusion in Clinical Trials
	Differences in Risk Factors
	Risk Factors
	Emerging Risk Factors
	Differences in Clinical Presentation
	Sex-Specific Pathophysiology
	Differences in Treatment

	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



