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Disclosures
Research funded by the Department of Defense (WARRIOR 
Trial) and the NIH-NHLBI (Mae WEST Study)

Dr Gulati serves on the advisory boards of Novartis, Esperion 
and Boehringer Ingelheim. She is on the Data Safety 
Monitoring Committee for an investigational drug by Merck. 
No products by any of these companies will be discussed 
here.

@drmarthagulati
www.drmarthagulati.com

Understanding the “Other” Sex & Their Hearts

Women are NOT small men

Differences Due to Gender

Differences Due to Sex

Where Are the Women?

@drmarthagulati
www.drmarthagulati.com
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“… The medical community has viewed 
women’s health almost with a ‘bikini’ 
approach, looking essentially at the breast 
and reproductive system, and almost 
ignoring the rest of the woman as part of 
women’s health”

Nanette Wenger, MD 
Emory University

How do we move beyond the bikini & protect 
a woman’s heart?

Bikini Approach To Women’s Health?

Gulati, M. Improving the Cardiovascular Health of Women in the Nation: Circulation 2017;135(6):495-498
Gulati M. Yentl’s Bikini JAHA 2019 May 15
Gulati M. Saving women's hearts: Improving outcomes with prevention & policy. AJPC 2023 Jun; 14: 100504. @drmarthagulati

www.drmarthagulati.com

Cardiovascular Disease is Rising in the USA

Martin, S et al. Circulation. 2024 @drmarthagulati
www.drmarthagulati.com
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Total Deaths in Women in USA 2021: 
1,380,736

Cardiovascular Disease 
439,729

Breast Cancer
42,250

Lung Cancer
65,847

Chronic Lung Disease
84,236

Prevalence of  CVD 
in US Women:
• 60 Million

Prevalence of 
Breast Cancer in 
US Women:
• 4 Million

Martin, S. et al. Circulation. 2024

American Cancer Society 2024

@drmarthagulati
www.drmarthagulati.com

Higher Mortality in Women With Acute Coronary 
Syndrome Persists

International Survey of Acute 
Coronary Syndromes-ARCHIVES 
(ISACS-ARCHIVES)

56,890 men and 30,922 women 

Female patients had a higher 30-
day mortality and acute heart failure 
risk, especially after STEMI

@drmarthagulati
www.drmarthagulati.com
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Worse Outcomes for Young Women with Acute MI
VIRGO (Variation in Recovery: Role 
of Gender on Outcomes of Young 
AMI Patients) study:

Young women with AMI experience 
more adverse outcomes than men 
in the year after discharge

Sex difference in coronary-related 
hospitalizations (SHR: 1.33; P = 0.02) 
and noncardiac hospitalizations 
(SHR: 1.51; P = 0.01).

@drmarthagulati
www.drmarthagulati.com

ASCVD
Diagnosis & 
Outcomes 

Humphries K, Pilote L. CJC 2018 

Is it Sex or Is it Gender?

@drmarthagulati
www.drmarthagulati.com
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↓ Cath/PCI
↑ DTB Time

↓ Thrombolytics
↑ DTN Time

↓ GDMT (24H or D/C)

↑ Readmissions in Women
Trends Persist over Time

↑ Mortality: STEMI
↑ Mortality in Young Women

Global Problem

Women Less Likely to Receive Guideline Recommended 
Medical Therapy After Acute Myocardial Infarction

Jneid, H. et al. Circulation 2008;118:2803-2810
Anstey ED et al. Clin Card 2016; 39:585-95
Matetic A et al. CJCOpen 2021
de Miguel-Yanes JM J Clin Med. 2021 Apr 20;10(8):179
Cader A, Banerjee S, Gulati M. J Cardiovasc Dev Dis 2022;9:239

@drmarthagulati
www.drmarthagulati.com

Women with Chest Pain: Less Timely Care
National Hospital Ambulatory Medical Care 
Survey
2014-2018

• Represents ~ 29 million emergency department visits

• Young adults, ages 18 to 55, who presented to an 
emergency department with chest pain

• Women and people of color with CP waited longer to be 
seen by physicians, independent of clinical features

• Women were independently less likely to be admitted when 
presenting with CP

Banco D et al. JAHA 2022; e024199
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Secondary Preventive Care 
Underused in Women

Arora S  et al Circulation 2019;139:1047-56

Young Women after AMI: Less 
Likely to Receive GDMT

@drmarthagulati
www.drmarthagulati.com

Sex Differences: Rehospitalization after AMI

Dreyer R et al. Circulation. 2017;135:521–531.

Women of all age groups have a higher crude risk of rehospitalization, compared with men, over the 1st year post AMI

31% rehosp
25% rehosp

<55 Years: 28% greater risk v

>55 Years: 8% greater risk v

@drmarthagulati
www.drmarthagulati.com
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The Sickest Women 
Are Treated Less 

Aggressively Than 
Men

• NIS 2006-2015: STEMI & 
Cardiogenic Shock

• Women were less likely to 
undergo invasive cardiac 
procedures, including 
revascularization and 
MCS

• Highest Mortality in 
Women, as well as Black 
and Hispanic ISACS-ARCHIVES: Women with STEMI are more likely to present with 

acute HF and this may explain sex differences in mortality
Cenco E et al. JACC Adv. 2023 May, 2 (3) 100294

@drmarthagulati
www.drmarthagulati.com

Adding Insult to Infarct

@drmarthagulati
www.drmarthagulati.com
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GDMT in Heart Failure Underused in Women
Men

N=1970
Women
N=188

P<0.000162%40%Any GDMT Rx within 12M of Dx

P<0.000154%30%Any GDMT Rx within 90 days of Dx

P<0.000137%22%Any GDMT Rx within 30 days of Dx

Dhruva et al JGIM 2022;37:806

Any of ACE inhibitor, ARB, bisoprolol, carvedilol, metoprolol, or mineralocorticoid receptor antagonist

US Veteran Women with incident HF had a lower odds of 
receiving GDMT: OR=0.54 (95% CI, 0.37–0.79) for woman 
with incident HF receiving at least 1 HF medication vs men

@drmarthagulati
www.drmarthagulati.com

Underutilization of Effective Cardiac 
Therapies in Women

↓TAVR in 

 have better 
outcomes vs 

TAVR

↓ Adequate Anticoagulation
↓ NOAC
↓ Rhythm control/ Ablation

AFib

↓ ICD/CRT use in  vs   
ICD/CRT

Women: 
25% of LVAD
25% of Transplant

Heart 
Transplant

Anu Lala/Martha Gulati. Journal of Cardiac Failure, 2022;28: 477-498
Arshad et al. J Am Coll Cardiol. 2011;57(7):813-820
Dewidar et al CJC 2022;4: 75-84
Thompson L et al. JAHA 2017; Law JACC 2018

@drmarthagulati
www.drmarthagulati.com
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Do Women 
Experience CVD Like 
Men?
Sex Differences in Presentation

@drmarthagulati
www.drmarthagulati.com

Sex Differences in the Presentation of 
Myocardial Infarction

Litchman J et al. Circulation. 2018;137:781-790
Kreastsoulas et al. (Presented at ESC 2019)
Ferry A et al. JAHA 2019;8, DOI: (10.1161/JAHA.119.012307) 

Do Women 
Have 

Different 
Symptoms?

VIRGO 
Study

(Young 
Women & 

Men)

High-
STEACS 

Trial

HERMES
(AI) Myocardial Infarction

Acute Myocardial Infarction:
90% of Women & Men Reported Chest 
Pain
• Women report 3 or more 

accompanying symptoms
• Women who sought care prior to MI 

more likely to be told it was not 
cardiac

@drmarthagulati
www.drmarthagulati.com
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“Atypical” Chest Pain
Misused; often used to refer to communicate that pain is not cardiac 
rather than an atypical presentation. This fosters less intensive care

90% of women and men with myocardial ischemia have “typical” 
symptoms

Redefine Chest Pain

Gulati, M. et al. 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the 
Evaluation and Diagnosis of Chest Pain. Circulation. @drmarthagulati

www.drmarthagulati.com

Accompanying 
Symptoms Occur 
Frequently in Women 

Narrow the Gap
Women have more accompanying symptoms than men
Women are less likely to have timely & appropriate care

Gulati, M. et al. 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain. Circulation. 
@drmarthagulati

www.drmarthagulati.com
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What About the Sex 
Differences in CVD?

@drmarthagulati
www.drmarthagulati.com

Prevalence of Non-Obstructive Coronary Artery Disease 

13.5

13.9

5.0

4.2

7.6

6.8

27.1

30.5

10.2

9.1

8.8

10.2

Meta Analysis
n=19,777

GUSTO IIb

Meta Analysis
n=14,466

GUSTO IIb

Meta Analysis
n=102,004

GUSTO IIb

% with non-obstructive CAD

STEMI

NSTEMI

UA

p<0.02 for all comparisons

Hochman JS et al. N Engl J Med 1999;341:226 –32
Berger JS et al. JAMA 2009 2009;302(8):874-82.

Maron DJ et al. N Engl J Med. 2020;382(15):1395-1407.

ISCHEMIA Trial: 
8518 patients with 

moderate or severe ischemia 
on stress testing

14% had no obstructive CAD

@drmarthagulati
www.drmarthagulati.com
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INOCA is Not a Benign Condition in Women

Gulati M et al. Arch Intern Med 2009;169:843-850
Bakir M et al. Int J Cardiol. 2016;223:936-939

2.5%/year
• WISE (n=540 women with 

INOCA, mean age 52 yrs)

• Compared to 1000 age 
and race-matched 
controls (St. James WTH)

@drmarthagulati
www.drmarthagulati.com

Obstructive CAD is Just One Phenotype of IHD!

@drmarthagulati
@drmarthagulati

www.drmarthagulati.com

25

26

13 of 30



MHIF Cardiovascular Grand Rounds | 
May 6, 2024

Ischemia with No Obstructive Coronary Arteries (INOCA) 

• Signs and symptoms of ischemia but no 
obstructive CAD (stenosis<50%)

• Estimated to affect at least 3-4 million 
women and men in the US

• Healthcare costs related to angina and 
heart failure hospitalizations and repeat 
testing/angiography

Bairey Merz CN et al.  Circulation. 2017;135(11):1075-1092
Marinescu MA et al.  JACC Cardiovascular Imaging. 2015;8(2):210-220. @drmarthagulati

www.drmarthagulati.com

MINOCA/INOCA: Invisible to the Eye

Good News! It wasn’t a 
heart attack after all! 
Normal Coronary Arteries!

@drmarthagulati
www.drmarthagulati.com
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Postmenopausal Women: 10% of 
all acute chest pain

Takotsubo Syndrome (TTS)
90% Women

No specific treatment 
proven to reduce the risk 
of recurrent TTS

~5% In-hospital Mortality in TTS

~20% left with persistent  
abnormalities in cardiac 
function

Survivors: ↑MACE & Mortality

10% of TTS patients 
experience recurrent 
episodes of acute TTS

No established Tx for TTS

@drmarthagulati
www.drmarthagulati.com

Do CVD Risk Factors 
affect Women in the 
same way as Men?

Sex Differences in Cardiac Risk Factors 

@drmarthagulati
@drmarthagulati

www.drmarthagulati.com
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Sex Differences in Traditional ASCVD Risk Factors
↑ CVD Risk for 
Women

SBP Trajectory Differ 
by Sex

Lp(a): Women

↑ Risk for Women

↓ Fitness in Women, 
↑ Mortality Risk

↑ RA/SLE

@drmarthagulati
@drmarthagulati

www.drmarthagulati.com

Diabetes

HTN

Lipids

Tobacco

Exercise

Inflammation

Exercise Capacity in Women

Gulati M et al. Circulation 2003; 108: 1554- 1559
Gulati M et al. N Engl J Med 2005; 353:468-475

@drmarthagulati
@drmarthagulati

www.drmarthagulati.com
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Age-Predicted Heart Rate for Women: Not 220-Age!

Gulati M et al. Circulation 2010; 108: 1554- 1559
@drmarthagulati
@drmarthagulati

www.drmarthagulati.com

Sex Differences in Physical Activity & Mortality

Ji, H, Gulati, M et al. JACC 2024;83:783-793

: Greatest mortality benefit achieved at 
300 min/wk MVPA- 18% lower all-cause 
mortality.

: Similar magnitude of benefit at 140 
min/wk of MVPA, continued benefit with 
increasing min/wk of MVPA until 
300min/wk with 24% lower risk of death (HR: 
0.76; 95% CI: 0.72-0.80)

@drmarthagulati
www.drmarthagulati.com

: Greatest mortality benefit from 3 
sessions/wk of muscle strengthening with 
a 14% lower hazard in all-cause mortality

: equivalent or greater benefit by 
engaging in only a single muscle 
strengthening/week
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@drmarthagulati
www.drmarthagulati.com

Ji, H, Gulati, M et al. JACC 2024;83:783-793

Atherosclerotic Cardiovascular 
Disease (ASCVD) Risk Calculator PREVENT Risk Calculator

@drmarthagulati
www.drmarthagulati.com
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Pregnancy-Related Mortality Continues to Rise in USA

Reference: Centers for Disease Control and Prevention. Pregnancy Mortality Surveillance System. @drmarthagulati
www.drmarthagulati.com

Maternal Mortality Rates Continue to Rise

With persistent 
racial inequities

@drmarthagulati
www.drmarthagulati.com
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Cardiovascular 15.5%

Infection/Sepsis 12.7%

Hemorrhage 11.4%

Cardiomyopathy 11.0%

PE 9.2%

Hypertensive Disorder 7.4%

CVA 6.6%

Pregnancy Mortality

https://www.cdc.gov/reproductivehealth/maternalinfanthealth/pmss.html

23 Deaths/100,000 Live Births in USA (2020)

@drmarthagulati
www.drmarthagulati.com

Identifying Preventable Maternal Deaths

Report from Nine Maternal Mortality Review Committees 2018
Cdcfoundation.org @drmarthagulati

www.drmarthagulati.com
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CVD Assessment Algorithm 
For Peri- and Postpartum Women

©California Department of Public Health, 2017; supported by Title V funds. Developed in partnership with California Maternal 
Quality Care Collaborative Cardiovascular Disease in Pregnancy and Postpartum Taskforce. Visit: www.CMQCC.org for details @drmarthagulati

www.drmarthagulati.com

Gulati M , Minhas A. Eur Heart J, Volume 44, Issue 9, 1 March 2023, Pages 738–740, 
https://doi.org/10.1093/eurheartj/ehac770

Countering Rising CVD in Pregnancy

@drmarthagulati
www.drmarthagulati.com
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Pregnancy = Nature’s Free Stress Test

Pregnancy complications
=

Effective CVD risk “stress tests”

Identify Women Who Would Benefit from 
Primary Prevention Efforts to Reduce ASCVD 

Risk

Brown H, Warner J, Gianos E, Gulati M et al. Circulation. 2018;CIR.0000000000000582
Originally published May 10, 2018 @drmarthagulati

www.drmarthagulati.com

Future Risk of ASCVD by APOs

Brown H, Warner J, Gianos E, Gulati M et al. Circulation. 2018;CIR.0000000000000582
Davis M et al JACC 2021;77:1763-1777

 80% of women bear at least 1 child
 APOs: Occur in 10-20% pregnancies

@drmarthagulati
www.drmarthagulati.com
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Potential Mechanisms for ASCVD with APOs

Wu P, Mamas M, Gulati M. Journal of Women’s Health 2019 @drmarthagulati
www.drmarthagulati.com

The Fourth Trimester

Stuebe A Auguste T, Gulati M. ACOG Presidential Task Force. Obstet Gynecol
2018;131:e140–50. @drmarthagulati

www.drmarthagulati.com
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Sex-Specific Risk Factors for 
ASCVD: Across the Lifespan

Petal Elder, Garima Sharma, Martha Gulati, Erin D. Michos
American Journal of Preventive Cardiology · June 2020

Young Women
• Age of Menarche
• PCOS
• OCP + Smoking

Reproductive Years
• Age of 1st Birth
• APOs
• Fertility Treatment
• Premature Menopause/ Ovarian Insufficiency/ FHA

Older Women
• Menopause
• HRT Use

Inclusion of 
Women in 
Cardiovascular 
Trials

@drmarthagulati
@drmarthagulati

www.drmarthagulati.com
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@drmarthagulati
@drmarthagulati

www.drmarthagulati.com

“… overall strategic commitment of the NIH to make women's health a 
priority, not just in the interest of women but for the well-being of the 
American people. And it is our hope that the bold and charming 
heroine Yentl will survive, but that her syndrome will slip back into 
history as a curiosity of times gone by.”

Dr. Bernadine Healy
@drmarthagulati
@drmarthagulati

www.drmarthagulati.com
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Globally:

    ↓ Enrollment esp Heart Failure, CAD Trials

    ↓ Enrollment in Device Trials

    ↓ Enrollment with Government Funding

      Relatively Unstudied

Women Remain Underrepresented 
in Cardiovascular Trials

Xurui Jin. Circulation 2020 (141), 540-548, DOI: (10.1161/CIRCULATIONAHA.119.043594) S
@drmarthagulati

www.drmarthagulati.com

Pharmacologic Therapies

Anu Lala, ...., Martha Gulati. Journal of Cardiac Failure, 2022;28: 477-498
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DRUG METABOLISM SEX-SPECIFIC 
CONSIDERATIONS

SEX DIFFERENCES 
IN SIDE EFFECTS

Diuretics 
(loop & thiazide)

↑Plasma 
Concentration in 

Women 

Plasma 
Concentrations 30-

40% in women

More electrolyte 
imbalance in women
↑ arrhythmic risk

Beta Blockers
↑Plasma 

Concentration in 
Women 

Drug exposure to 
metoprolol ↑ with 

oral contraceptives
↓HR & BP in women 

at same doses

Renin Angiotensin 
Aldosterone System 

Inhibitors

↑Plasma 
Concentration in 

Women 

↓ BP with ACEi due 
to slower clearance 

in women

Angioedema/Cough 
2X greater in women 

Teratogenic

Calcium Channel 
Blockers

↓ clearance of 
oral verapamil in 

women

↑ clearance IV 
verapamil, ↓ clearance 

oral verapamil in 
women vs men

↑ leg edema in women

Mineralocorticoid 
Receptor 

Antagonists
No established 
sex differences

Early decline in 
eGFR in women with 

eplerenone

↑  Hyperkalemia & ↑ 
Gynecomastia in Men 

(spironolactone)

Isosorbide/Hydralaz
ine

No established 
sex differences 

No difference in 
response by sex

↑  headaches, 
dizziness & SLE seen 

in women

Mihailidou A, Gulati M, Maas A.  ESC e-Journal of Cardiology practice 2022; 22 @drmarthagulati
www.drmarthagulati.com

1960s 1970s 1980s 1990s 2000s 2010s 2020s

Thalidomide

FDA: Exclusion of 
Women of 
childbearing potential 
(Phase I/II)

FDA: Requirement of specific 
subgroups exclude Race & Sex

NIH: Recommended Women be 
included in studies

FDA: Removed restrictions for 
participation of women of 
childbearing potential

OWHR Established

Congress Mandates inclusion 
of women in trials

FDA: Pregnancy 
Exposure Registries

FDA: Expectations for 
medical devices

NIH mandates preclinical  
(cell/animal) studies 
include both sexes (2016)

FDA: Framework to 
include 
sex/gender in 
device reporting

Timeline of Requirements of Inclusion of Women: FDA, NIH, Congress

@drmarthagulati
www.drmarthagulati.com

53

54

27 of 30



MHIF Cardiovascular Grand Rounds | 
May 6, 2024

And Still Women Remain Understudied, While 
No One is Held Accountable….

@drmarthagulati
www.drmarthagulati.com

DIVERSITY

Increase the Diversity in Trials to 
Understand Sex & Gender Differences

Apply Guidelines 
Equally

Continue to 
Follow Metrics 

Globally

Women Focused 
Centers

↓Gender Bias 
in Care

Improving CVD Care for 
Women @drmarthagulati

www.drmarthagulati.com
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Understanding Sex Differences in CVD

• Women remain underrecognized, underdiagnosed, 
undertreated & understudied in CVD

• Women Have Worse Outcomes after AMI: Women are Less 
likely to received Guideline Directed therapies

• How can we harness the power of EHR & AI to improve the 
care and remove the bias?

• Women Need to Be Studied; Sex-Differences Exist if We Look

@drmarthagulati
www.drmarthagulati.com

Women’s Cardiovascular Health
National Priority

@drmarthagulati
www.drmarthagulati.com
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Thank you!

@drmarthagulati
www.drmarthagulati.com
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