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Abstract

Background: Although women are known to have a relatively higher left ventricular ejection
fraction compared to men, a sex-neutral LVEF threshold continues to be used for clinical
management. We sought to investigate the relationship among high (>65%), normal (55-65%)
and low (<55%) LVEF and long-term all-cause mortality and major adverse cardiovascular events
(MACE) in women presenting with suspected myocardial ischemia.

Methods: A total of 734 women from the Women’s Ischemia Syndrome Evaluation (WISE)
were analyzed. LVEF was calculated by invasive left ventriculography. The relationship between
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baseline characteristics, LVEF and outcomes were evaluated. A multivariable Cox regression
model was used to assess the association of LVEF with outcomes, after adjusting for known risk
factors.

Results: Low LVEF was associated with higher rates of mortality and MACE compared to
normal and high LVEF (p<0.0001). Normal LVEF was associated with higher mortality (p=0.047)
and rate of myocardial infarctions (MI) compared to high LVEF (p=0.03). Low LVEF remained a
significant predictor of mortality compared to high LVEF (p=0.013) in a multivariable regression
model and normal compared to high LVEF trended towards higher mortality (p=0.16).

Conclusions: Among women with suspected ischemia, women with LVEF above the defined
normal threshold (>65%) had lower rates of all-cause mortality and non-fatal MI. Further
investigation is needed to determine the optimal LVEF in women.

Keywords

WISE; Women,; Ischemia; Left Ventricular Ejection Fraction; Outcomes

Introduction

Left ventricular ejection fraction (LVEF) is a measurement routinely used in clinical
management, such as for the classification of heart failure with reduced ejection fraction
(HFrEF) versus preserved ejection fraction (HFpEF), initiation of guideline-directed medical
therapy, and determination of when an implantable cardiac defibrillator is needed. Multiple
studies using various imaging modalities such as cardiac magnetic resonance imaging
(MRI), computed tomography (CT) and echocardiography have shown that baseline

LVEF is higher in women than men, and further increases with age.2:23 There is

increasing recognition of sex differences in the presentation and outcomes associated with
cardiovascular (CV) disease and awareness that women manifest CV disease in different
ways, therefore it is unclear what a “normal” LVEF cut-off in women should be.*® Despite
evidence of sex and age-related differences in LVEF, a sex neutral LVEF threshold continues
to be used for diagnosis, risk stratification and treatment. The risk of adverse CV events and
CV mortality has been shown to start at higher LVEF levels in women compared to men, and
failure to recognize this can lead to insufficient evaluation and under-treatment of women
with cardiac disease.®’

Women have a higher prevalence of HFpEF compared to men, however a portion of these
patients may actually have relatively reduced LVEF based on sex and age specific indices.
Multiple therapeutic agents used in the treatment of HFrEF have failed to show similar
benefit in HFpEF, however post-hoc analyses of some trials (TOPCAT, PARAGON-HF)
showed that women may derive benefit from these treatments at higher LVEF levels
compared to men.8:910 This suggests that there may need to be female-specific criteria with
regards to drug and device therapy in women and further reiterates the lack of knowledge
surrounding sex differences in the evaluation and management cardiac disease.

To address this current gap in knowledge and focus on creating a diagnostic and treatment
algorithm specific to women, we analyzed women from the Women’s Ischemia Syndrome
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Evaluation. WISE consisted of a cohort of women presenting with suspected myocardial
ischemia undergoing coronary angiography and represents a well-phenotyped population

to study the prognostic implication of LVEF and further delineate the optimal threshold

in symptomatic women. We investigated the relationship among high (>65%), normal (55—
65%) and low LVEF (<55%) and outcomes including all-cause mortality and major adverse
cardiovascular events (MACE).

The WISE study, which enrolled patients between 1996-2000 (NCT00000554), is a
multicenter prospective study of a cohort of women >18 years of age with signs and
symptoms suggestive of ischemia who underwent clinically indicated coronary angiography
for evaluation of chest pain or suspected ischemia. The WISE protocol, which has been
published in detail previously, was approved by institutional review boards of participating
centers and all women provided written informed consent.11 Major exclusion criteria
included pregnancy, contraindications to provocative diagnostic testing, cardiomyopathy,
New York Heart Association class IV heart failure, recent myocardial infarction (Ml),
significant valvular or congenital heart disease, and a language barrier to questionnaire
testing.

A total of 939 women were enrolled in the study and followed for adverse outcomes.
Baseline demographics and medical history were obtained at enrollment and outcomes data,
including mortality, nonfatal MI, hospitalization for heart failure and nonfatal stroke were
collected. Coronary angiography was performed shortly after enrollment, and obstructive
CAD was defined as presence of =50% diameter stenosis in =1 major epicardial coronary
artery. LVEF was calculated by invasive contrast left ventriculography by the WISE
angiographic core laboratory.12 Prior work has demonstrated comparability of core lab
invasive ventriculography to echo and gated single-photon emission computed tomography,
and superior to non-quantitative “eyeball” cineangiography.1314.15 The LVEF cut-off
values of low <55%, normal 55-65% and high >65% were chosen based on previously
reported reference ranges.16:17:18 Qutcomes data was collected annually by study site
personnel and deaths were adjudicated by an Events Committee as cardiovascular or non-
cardiovascular.1 MACE was defined as death, nonfatal myocardial infarction, nonfatal
stroke, and hospitalization for heart failure (HF).

Statistical Analyses

Baseline characteristics were summarized by LVEF group using standard descriptive
measures — frequency and percentage for categorical variables and median (IQR) for
continuous variables. LVEF groups were then compared using Pearson’s chi-square test
for categorical variables and Wilcoxon rank sum test or Kruskal-Wallis test for continuous
variables. Kaplan-Meier analysis was used to estimate survival probabilities and the log-
rank test was used to compare KM curves. Time-to-event was defined as the time from
WISE study entry to last follow-up, death, or MACE. We also constructed a multivariable
Cox proportional hazards regression model to further assess the association of LVEF

with mortality. The chained equation approach for multiple imputation was used prior
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to performing the Cox regression to account for the missing LVEF measures in the

data. The Cox model was adjusted for known risk factors of mortality as outlined in
previous literature, including age, smoking status, statin use, history of diabetes, history of
hypertension, history of HF, history of coronary artery disease (CAD), and CAD severity
score. CAD severity score was determined using the Sharaf-Gensini system. Receiver
operating characteristic curve (ROC) analysis and Youden’s index was used to determine
the optimal LVEF cut-off for predicting mortality. All statistical analyses were performed
using SAS software (SAS, version 9.2, Carey, N.C.) and a significance level of 0.05.

A total of 734 out of 939 women with LVEF, angiographic and outcomes data were included
in this analysis with median follow-up occurring over 11.3 years. Baseline characteristics
are listed in Table 1. The average LVEF of the total group was 65% and the majority of
women had an LVEF of 60% or greater. Women with low LVVEF were older with higher rates
of comorbidities such as heart failure, diabetes, tobacco use and obstructive CAD, and had
more elevated inflammatory markers. When comparing just normal and high LVEF groups,
there were fewer baseline differences however high LVEF group was older, had higher high-
density lipoprotein cholesterol levels, higher blood pressure parameters (including systolic
blood pressure and mean arterial pressure) and a slightly lower rate of obstructive CAD
(Table 1).

Over median 11 years of follow-up, all-cause mortality occurred in 18% of total patients
(41%, 17% and 12% respectively in the low, normal and high LVEF groups). LVEF was
associated with mortality among the 3 groups (p<0.0001, Figure 1A), with low LVEF
demonstrating the highest rate of mortality. When comparing normal and high LVEF only,
normal LVEF was associated with a significantly higher rate of mortality (p<0.05, Figure
2A). When the predictive value of LVEF was assessed in a multivariable Cox regression
model after imputation adjusted for age, CV risk factors and CAD severity, low LVEF
remained a significant predictor of mortality compared to high LVEF (HR 1.88, CI 1.14-
3.11, p=0.01) and normal LVEF compared to high LVEF trended towards higher mortality
(HR 1.33, C1 0.89-1.99, p=0.2, Table 2A).

LVEF was also associated with MACE among groups, with highest rate of MACE in the
low LVEF group (p<0.0001, Figure 1B). There was no significant difference in MACE when
comparing normal and high LVEF alone (Figure 2B). Upon analysis of individual MACE
components, high LVEF was associated with a significantly lower risk of nonfatal Ml
compared to normal LVEF (1% vs 4%, p=0.03, Table 3), however the remainder of MACE
components, including death, HF hospitalization, and non-fatal stroke were not significantly
different. ROC curve analysis demonstrated that an LVEF of <58% was the optimal cut-off
point for predicting mortality based upon Youden index (Figure 4).

Discussion

In this study, we examined LVEF and outcomes in women presenting with signs and
symptoms of ischemia who are referred for coronary angiography. Our study focuses on an
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at-risk group of women with a 20% all-cause mortality and 12% CV mortality rate over

a 10-year follow-up period, which is substantially higher than the average population.1®
Our analysis shows that women with low LVEF (<55%) had the highest rates of all-cause
mortality. Women with normal LVEF (55-65%) had a significantly higher rate of mortality
compared to women with high LVEF (>65%), and an LVEF of 58% was determined to be
the optimal cut-off point for predicting mortality.

There is an increasing awareness of sex specific presentation of ischemic heart disease
(IHD). Women have unique risk factors contributing to IHD such as pregnancy related
complications, autoimmune disease and radiation/chemotherapy for breast cancer and also
present with an expanded spectrum of coronary disease related not only to epicardial

CAD but also coronary microvascular dysfunction, vasospasm and spontaneous coronary
artery dissection.20 In patients presenting with signs and symptoms of myocardial ischemia,
women have a higher prevalence of non-obstructive CAD on coronary angiography as

well as ischemia with no obstructive CAD (INOCA) and myocardial infarction with no
obstructive CAD (MINOCA).2! These factors, in addition to current risk stratification

tools based upon predominantly male populations, contribute to a lower recognition of

IHD in women, which leads to less aggressive treatment, lower rates of diagnostic and
interventional procedures, and suboptimal use of medical therapy for primary and secondary
prevention,20.22

Of note, our data showed that 36% of women presenting with signs and symptoms of
myocardial ischemia were found to have obstructive CAD on angiography, with the highest
rate seen in the low LVEF group. Patients with normal LVEF had higher rates of obstructive
CAD and MI compared to high LVEF. The risk of adverse cardiac events such as non-fatal
MI has been shown to increase with low LVEF in both men and women, however prior

data has shown that women have a relatively higher risk of adverse cardiac events for each
1% incremental decrease in L\VEF compared to men (4.3% vs. 2.8%) and have a higher
optimal prognostic LVEF for predicting hard cardiac events (52% vs. 47%).8 These findings
along with our results illustrate sex differences in risk stratification associated with LVEF
and suggest that despite having a “normal” LVEF, aggressive evaluation and treatment is
necessary to prevent adverse cardiac events especially in those with known CAD.

Women are known to have higher baseline LVEFs compared to men due to smaller left
ventricular volumes and threshold values to define low LVEF have been demonstrated to be
several points higher in women, however they continue to be risk stratified using the same
LVEF cut-offs for treatment decisions and prognostication.12 A recent large registry-based
cohort study, which included over 400,000 patients, again showed that women had a higher
average EF while twice as many men presented with LVEF<50%, and all-cause mortality
and CV mortality were the lowest at an LVEF of 65-69.9% for both men and women.
While mortality was significantly higher below an LVEF of 55% for both sexes, only
women had a continued increase risk of death at a threshold of 60-64.9%.” Additionally
there appeared to be an increase in mortality (mostly non-CV related) associated with
hyperdynamic LV function, particularly in younger women, although the number of patients
in this range was small. Our study demonstrated that all-cause mortality (predominantly
adjudicated CV deaths) was lower in patients with LVEF>65% compared to 55-65% and

Heart. Author manuscript; available in PMC 2023 October 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wu et al.

Page 6

reached a nadir at an LVEF of 70-75%, further suggesting that the optimal LVEF in

women is still unknown. Women are more predisposed to developing HFpEF due to intrinsic
sex differences and epidemiological factors such as differences in cardiac remodeling,
microvascular dysfunction, stronger immunity/increased inflammation and higher rates of
hypertension and obesity.12:23 It is possible that a portion of these women may actually have
relatively reduced LVEF when using sex neutral cut-offs as there has been evidence showing
contractile dysfunction despite an LVEF that falls within a “normal” range.24.21

Although our study showed lower mortality in LVEF>65%, there have been studies showing
that high LVEF is associated with worse outcomes including results from the recent
CONFIRM trial which showed a higher long-term mortality in women with LVEF>65%,
particularly with obstructive CAD.17:18 However only 33% of women in this study had high
LVEF, whereas over 60% of women in our study were classified as having a high LVEF and
heterogeneity in clinical characteristics may account for the different results.

Focusing on a female-specific approach for the recognition, diagnosis and risk assessment of
CV disease will lead to more optimal management and initiation of therapeutics. Lifestyle
intervention and risk factor modification in women can have a significant impact in the
reduction of CV disease. Medications such as aspirin and statins are a crucial component
of primary prevention and are known to improve mortality in patients with IHD however
previous WISE data showed that there was suboptimal use of these therapies, even in women
with known obstructive and non-obstructive CAD.26 Additional delineation of sex specific
risk assessment in addition to existing risk factors is crucial and closer attention may need
to be paid to women presenting with so called “normal” LVEFs. Further supporting the
idea of sex-specific LVEF cut-offs are results from the PARAGON-HF and TOPCAT trials,
which evaluated the use of angiotensin receptor neprilysin inhibitor and mineralocorticoid
receptor agonists. While these medications did not show any benefit in HFpEF patients,
post-hoc analyses show that women may derive benefit at a higher L\VEF compared to
men.%10 |f a subset of women with HFpEF actually have relatively reduced function based
on age and sex, then earlier initiation of routine heart failure medications needs to be
considered. With the US Food and Drug Administration’s recent expanded labeling for use
of angiotensin receptor neprilysin inhibitors in patients with higher LVEF, it is even more
important to determine sex-specific LVEF cutoffs to further increase the number of women
who may benefit from its use.2” Evaluation of LVEF is also important when considering
primary prevention for sudden cardiac death and severe LVEF dysfunction is an indication
for an implantable cardiac defibrillator. Sudden cardiac death was shown to be a substantial
contributor to mortality in the WISE cohort despite preserved LVEF, and would not qualify
for primary prevention devices, again highlighting the potential issue of using a sex-neutral
LVEF threshold to determine therapeutics.28:2°

Limitations

There are several limitations in our study that deserve comment. This study focused on a
high-risk group of women presenting with signs and symptoms of myocardial ischemia,
therefore the results are not applicable to men and may not be generalizable to all women.
LVEF was calculated with invasive left ventriculography and therefore echocardiographic
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parameters such as classification of diastolic dysfunction were not available. Further, prior
work has demonstrated comparability of core lab interpreted invasive ventriculography

to echo and gated single-photon emission computed tomography, and superior to non-
quantitative “eyeball” cineangiographyl3.14.15,

Conclusions and Implications

Our study demonstrates that women with LVEF above a defined normal threshold (>65%)
had lower rates of all-cause mortality and non-fatal MI compared to lower levels. Current
guidelines do not address female-specific differences in management of heart disease and
there remains a deficit of large studies focusing on women to establish reference standards.
Further investigation is needed to confirm optimal female-specific LVEF indices in order to
most effectively improve heart health with preventive and treatment strategies in women.
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Key Messages
What is already known on this topic:

. Women are known to have different presentation and outcomes associated
with cardiovascular disease compared to men.

. Women have a higher left ventricular ejection fraction (LVEF) at baseline
compared to men, however a sex-neutral LVEF threshold is commonly used
in practice for risk stratification and clinical decision-making.

What this study adds:

. In women presenting with signs and symptoms of ischemia, normal LVEF
(55-65%) was associated with higher mortality compared to high LVEF
(>65%).

. Normal LVEF (55-65%) was associated with higher rate of myocardial
infarctions compared to high LVEF (>65%).

. An LVEF of 58% was demonstrated to be the optimal cut-off point for
predicting mortality.

How this study might affect research, practice or policy:

. These findings contribute to the gap of knowledge in gender-specific
differences in the diagnosis and management of cardiovascular disease.

. The current applied thresholds for interpreting LVEF and making clinical
decisions may need to be re-visited in women, especially those at higher
cardiovascular risk. Further research is needed to confirm optimal female-
specific LVEF thresholds.
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(A) 10-year all-cause mortality stratified by LVEF. (B) 10-year major adverse cardiovascular

events (MACE) stratified by LVEF.
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Figure 2.

(A) 10-year all-cause mortality stratified by LVEF. (B) 10-year major adverse cardiovascular

events (MACE) stratified by LVEF
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Figure 4.

Receiver operating characteristic curve for Left Ventricular Ejection Fraction
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Baseline characteristics stratified by low (<55%), normal (55-65%) and high (>65%) LVEF

Low LVEF (n=81) | Normal LVEF (n=355) | High LVEF (n=298) | p-value p-value (noTn;aI v. high
only
Age (years) 61 (53-69) 56 (48-66) 59 (52-68) 0.004 0.010
BMI (kg/m?) 28 (25-32) 29 (25-33) 29 (25-34) 0.258 0.959
LVEF (%) 45 (35-50) 65 (60-65) 75 (70-76) <0.001 <0.001
MAP (mmHg) 95 (89-104) 95 (87-103)) 97 (89-107) 0.069 0.022
SBP (mmHg) 132 (122-148) 132 (120-149) 138 (122-150) 0.041 0.014
DBP (mmHg) 78 (68-81) 76 (68-82) 78 (70-85) 0.160 0.060
Hypertension 52 (64%) 190 (54%) 174 (59%) 0.189 0.239
Diabetes 33 (41%) 78 (22%) 57 (19%) <0.001 0.373
Dyslipidemia 45 (61%) 166 (50%) 149 (54%) 0.246 0.418
CHF 20 (25%) 16 (5%) 12 (4%) <0.001 0.748
Tobacco use 55 (68%) 183 (52%) 156 (52%) 0.030 0.168
Current HRT use 30 (38%) 128 (37%) 132 (45%) 0.081 0.029
HDL (mg/dL) 47 (36-58) 48 (40-58) 51 (43-63) 0.040 0.054
LDL (mg/dL) 129 (91-161) 124 (95-152) 119 (95-146) 0.577 0.314
Triglycerides (mg/dL) 141 (103-225) 141 (100-212) 145 (105-231) 0.801 0.517
Glucose (mg/dL) 105 (84-142) 96 (83-119) 94 (83-109) 0.041 0.224
Creatinine (mg/dL) 0.8 (0.7-1.0) 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.847 0.984
CRP (mg/L) 0.6 (0.3-1.4) 0.4 (0.1-0.8) 0.4 (0.2-0.7) 0.018 0.537
IL-6 (pg/mL) 3.9 (2.6-6.5) 2.9 (1.7-4.9) 2.7 (1.6-5.1) 0.015 0.974
Obstructive CAD (>50%) 48 (59%) 129 (36%) 84 (28%) <0.001 0.027
CAD severity score 14 (5-79) 8 (5-85) 8 (5-73) <0.001 0.749

Values reported as median (IQR) or n (%).

BMI, body mass index; CAD, coronary artery disease; CHF, congestive heart failure; CRP, c-reactive protein; DBP, diastolic blood pressure; HDL,
high-density lipoprotein; HRT, hormone replacement therapy; IL-6, interleukin-6; LDL, low-density lipoprotein; LVEF, left ventricular ejection
fraction; MAP, mean arterial pressure
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(A) Univariate and multivariate analysis of baseline variables for all-cause mortality (B) Univariate and

Table 2.

multivariate analysis of baseline variables for MACE

A
| Hazard Ratio | 95% CI of HR | Univariate p-value | Multivariable p-value

Age | 1.03 | 1.02-1.05 | <0.001 | <0.001
History of smoking | | | |

Former smoker | 1.68 | 1.20-2.37 | 0.017 | 0.003

Current smoker | 2.07 | 1.38-3.11 | 0.033 | <0.001
Statin use | 1.63 | 1.20-2.21 | <0.001 | 0.002
Diabetes | 1 | 130248 | <0.001 | <0.001
Hypertension | 1.65 | 1.15-2.35 | <0.001 | 0.006
CHF | 225 | 15233 | <0.001 | <0.001
CAD | 0.83 | 0.61-1.14 | 0.143 | 0.252
CAD severity score | 1.01 | 1.01-1.02 | <0.001 | <0.001
Low LVEF (v. high) | 1.88 | 1.14-3.11 | <0.001 | 0.013
Normal LVEF (v. high) | 1.33 | 0.89-1.99 | 0.197 | 0.159
B.

Hazard Ratio | 95% CI of HR | Univariate p-value | Multivariable p-value

Age | 1.02 | 1.01-1.03 | <0.001 | 0.005
History of smoking | | | |

Former smoker | 1.88 | 1.40-2.52 | <0.001 | <0.001

Current smoker | 2.29 | 1.62-3.24 | <0.001 | <0.001
Statin use | 1.52 | 1.16-1.98 | <0.001 | 0.002
Diabetes | 1.88 | 1.43-2.47 | <0.001 | <0.001
Hypertension | 1.23 | 0.92-1.64 | <0.001 | 0.157
CHF | 257 | 1.81-3.65 | <0.001 | <0.001
CAD | 0.92 | 0.70-1.20 | 0.327 | 0.522
CAD severity score | 1.02 | 1.01-1.02 | <0.001 | <0.001
Low LVEF (v. high) | 1.28 | 0.82-2.00 | <0.001 | 0.274
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A
| Hazard Ratio | 95% CI of HR | Univariate p-value | Multivariable p-value
Normal LVEF (v. high) | 1.03 | 0.74-1.43 | 0.714 | 0.854

CHF, congestive heart failure, CAD, coronary artery disease
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Table 3.

Comparison of individual MACE components between normal and high LVEF

| Normal EF (n=355) | High EF (n=298) | Total (n=653) | p-value

All-cause mortalityl 61 (17%) | 36 (12%) | 97 (15%) | 0.068
HF hospitalization | 17 (5%) | 18 (6%) | 35 (5%) | 0.483
Non-fatal MI | 15 (4%) | 4 (1%) | 19 (3%) | 0.029
Non-fatal stroke | 16 (5%) | 17 (6%) | 33 (5%) | 0.490

HF, heart failure hospitalization, M1, myocardial infarction
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