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Aims

Methods and
results

The impact of sex in patients with CAD has been widely reported, but little is known about the influence of sex on
the risk of new-onset HF in patients with known or suspected CAD. We aimed to examine sex-related differences
and new-onset heart failure (HF) risk in patients with known or suspected coronary artery disease (CAD) under-
going vasodilator stress cardiac magnetic resonance (CMR).

We prospectively evaluated 5899 consecutive HF-free patients submitted to stress CMR for known or suspected
CAD. Ischaemic burden (number of segments with stress-induced perfusion deficit) and left ventricular ejection
fraction (LVEF) were assessed by CMR. The association between sex and new-onset HF (including outpatient diag-
nosis or acute HF hospitalization) was evaluated using a Cox proportional hazards regression model adjusted for
competing events [death, myocardial infarction (Ml), and revascularization]. A total of 2289 (38.8%) patients were
women. During a median follow-up of 4.5 years, 610 (10.3%) patients died, 191 (3.2%) suffered an MI, 905 (15.3%)
underwent revascularization, and 314 (5.3%) developed new-onset HF. Unadjusted new-onset HF rates were higher
in women than in men (1.25 vs. 0.83 per 100 person-years, P=0.001). After comprehensive multivariate adjust-
ment, women showed an increased risk of new-onset HF (hazard ratio 1.58, 95% confidence interval 1.18-2.10;
P=0.002). We found a sex-differential effect along the continuum of LVEF (P-value for interaction =0.007). At
lower LVEF, there was an increased risk in both sexes. However, compared with men, the risk of new-onset HF
was higher in women with LVEF >55%.

Women with known or suspected CAD are at a higher risk of new-onset HF. Further studies are needed to un-
ravel the mechanisms behind these sex-related differences.

* Corresponding author. Tel:

+34 96 1973500, Fax: +34 96 1973979, Email: vicente.bodi@uv.es

T The first two authors contributed equally to the study.
Published on behalf of the European Society of Cardiology. All rights reserved. © The Author(s) 2021. For permissions, please email: journals.permissions@oup.com.

20z Iudy 8| uo 3senb Aq 9¥0€/29/1 L2 L/G L/8Z/elone/odling/woo dno-oiwapese//:sdiy wody peapeojumod


https://orcid.org/0000-0003-1672-7119
https://orcid.org/0000-0001-9182-4459
https://orcid.org/0000-0001-8777-2588
https://orcid.org/0000-0001-5040-0924
https://orcid.org/0000-0002-5547-2828
https://orcid.org/0000-0003-3526-1246
https://orcid.org/0000-0002-3483-7066
https://orcid.org/0000-0002-6405-6279
https://orcid.org/0000-0003-4134-5278
https://orcid.org/0000-0002-9620-8839
https://orcid.org/0000-0003-1254-6724
https://orcid.org/0000-0003-0797-8709
https://orcid.org/0000-0002-4613-5459
https://orcid.org/0000-0002-3044-197X

1712

J. NuUnez et al.

Graphical Abstract
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Introduction

Several reports have outlined differences in clinical characteristics,
pathophysiology, and outcomes between men and women with coron-
ary artery disease (CAD)."™ Most prognostic studies have focused on
the risk of mortality, recurrent myocardial infarction (M), or revascula-
rization after M. Despite sex differences in age, comorbidities, and
treatments in the setting of acute coronary syndromes, some studies
have pointed to a significantly increased risk of heart failure (HF) in
women.”® However, little is known about the impact of sex on new-
onset HF patients with ambulatory known or suspected CAD.

In this study, we sought to evaluate sex-related differences and risk
of new-onset HF in a cohort of patients who underwent vasodilator
stress cardiac magnetic resonance (CMR) imaging. Additionally, we
aimed to analyse the influence of CMR ischaemic burden, and CMR left
ventricular systolic function on new-onset HF risk across both sexes.
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e’ Gray's test p=0.002

Cumulative incidence of new-onset HF, %
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Adjusted HR=1.61, 95% ClI: 1.21-2.13, p=0.001

Methods

Study population

This study was based on a large prospective registry that included 6675
consecutive patients referred for vasodilator stress CMR for known or
suspected CAD from 2001 to 2016.”"" Baseline characteristics and CMR
data were prospectively recorded and immediately entered into the pre-
defined database. The physician in charge of the patient had full access to
all CMR parameters, and the patients’ management was left to their dis-
cretion. After excluding cases with incomplete baseline data, those lost to
follow-up, cardiomyopathy, incomplete CMR study, insufficient image
quality, and prior diagnosis of HF, there were 5899 patients finally
included in this analysis (Figure 1).

This registry was carried out following the Declaration of Helsinki, and
all patients provided signed consent. In September 2018, the local ethics
committee authorized a retrospective update of the occurrence of all-
cause mortality.
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6,675 patients with known or
suspected CAD submitted to undergo
a vasodilator stress CMR

—— 84 patients with missing baseline data
—— 73 patients lost in follow-up

|, 427 patients with prior HF and/or
cardiomyopathy

192 patients excluded for CMR quality
» 104 patients with insufficient image quality
88 patients with incomplete study

5,899 patients included

Figure | Flow chart. CAD, coronary artery disease; CMR, cardio-
vascular magnetic resonance; HF, heart failure.

Cardiac magnetic resonance data analysis
Technical aspects related to CMR studies are depicted in Supplementary
material online, File ST and elsewhere.”'®'? Images were examined using
customized software (Syngo, Siemens, Erlangen, Germany).

Left ventricular end-diastolic and end-systolic volume indexes and left
ventricular ejection fraction (LVEF) were quantified in cine images.
Ischaemia was visually defined, using the 17-segment model,'? as the pres-
ence of a segmental perfusion deficit (PD), determined as a persistent
delay (in at least three consecutive temporal images, in comparison with
other segments in the same slice) during the first pass of contrast through
the myocardium after vasodilator infusion. The ischaemic burden was
defined as the number of segments that showed post-stress PD. The
presence of stress-induced PD was ruled out in segments exhibiting trans-
mural late gadolinium enhancement (LGE) and segments with simultan-
eous PD and non-transmural LGE in which the extent of PD did not
exceed the extent of LGE. The ischaemic burden was also analysed as a
continuous variable and dichotomized as non-extensive (<5 segments)
and extensive (>5 segments with PD). This cut-off value was derived
from this same series of patients based on its ability to predict all-cause
death in the entire population.'! Late gadolinium enhancement extent
was visually defined as the number of segments with LGE. Inter- and intra-
observer variability for all parameters used in the present registry were
<5% and have been previously reported."’

Cardiac magnetic resonance-related

revascularization

Cardiac magnetic resonance-related revascularization was defined as
those procedures (either coronary artery bypass grafting or percutan-
eous coronary intervention) performed within 3 months following the
index vasodilator stress CMR study.

Endpoint and follow-up

The clinical endpoint was new-onset HF. New-onset HF included a new
HF diagnosis at the outpatient level according to current ESC guidelines
or hospitalization for acute HF (AHF). AHF hospitalization was defined as
any unplanned in-hospital stay with symptoms and signs of HF longer than
24 h requiring intravenous therapy. Outpatient HF diagnosis required the
diagnosis label in the electronic medical record and the use of diuretics.

Follow-up was centrally carried out from October 2018 to November
2018 by four cardiologists authorized by the local ethics committee using
the unified electronic regional health system registry. Acute coronary syn-
drome (Killip >1) was not considered admission for AHF. Additionally, all-
cause mortality, MI, and non-CMR-related revascularization were regis-
tered during follow-up. Follow-up was carried out centrally from
October 2018 to November 2018 by four cardiologists authorized by the
local ethics committee, using the unified electronic regional health system

registry.

Statistical analysis

Continuous variables are presented as mean (£ standard deviation) or
median (interquartile range), as appropriate. Categorical variables are
expressed as percentages. Baseline continuous variables were compared
according to sex using the Student’s t-test or Wilcoxon rank-sum test, as
appropriate. Discrete variables were compared using the 7 test.

The association of sex with time-incident HF was assessed using multi-
variate Cox proportional hazards regression models accounting for the
effect of competing events using the Fine and Gray method."® All-cause
mortality, Ml, and revascularization that occurred during follow-up were
considered competing events. All covariates shown in Table T were eval-
uated in regression models for predictive purposes. To minimize the re-
sidual confounding and indication bias, the covariates included in the
multivariate models were selected based on their biological/clinical plausi-
bility, regardless of the P-value. The linearity assumption for all continuous
variables was simultaneously tested and transformed, if appropriate, with
fractional polynomials."® Finally, we derived a reduced and parsimonious
model by using backward step-down selection. The final model included
the following 12 covariates: age, diabetes mellitus, hypertension, dyslipi-
daemia, smoking status, prior known CAD, prior revascularization, left
bundle branch block, ability to perform an electrocardiography stress
test, CMR LVEF, CMR ischaemic burden (0-17 segments), and segments
with LGE. Under the same multivariate setting, subgroup analyses were
performed. Two sensitivity analyses were also performed. The first
included body mass index into the final multivariate model (N =5392).
The second included only patients with LVEF >50%, without ischaemia or
necrosis on CMR (N =2826).

The proportionality assumption for the hazard function over time was
tested using the Schoenfeld residuals. The multivariate model’s discrimin-
atory ability was evaluated, with Harrell's C-statistics showing an ad-
equate performance (0.799).

We set a two-sided P-value of <0.05 as the threshold for statistical sig-
nificance. Stata 15.1 [STATA Statistical Software, Release 15 (2017);
StataCorp LP, College Station, TX, USA] was used for the analysis.

Results

The patients’ mean age was 65.1 £ 11.5 years, and 2289 (38.8%) were
women. Baseline characteristics across sex are presented in Table 1.
Overall, women were older, exhibited more frequent hypertension
and dyslipidaemia, and had higher LVEF. Men had a more frequent his-
tory of smoking, CAD, and coronary revascularization. Likewise, men
showed greater ischaemic burden, LGE, and underwent CMR-related
angiography and revascularization more frequently (Table 7).

Women and risk of new-onset heart
failure

During a median follow-up of 4.5 years (1.8-7.8), we registered 610
(10.3%) deaths, 191 (3.2%) MI, 905 (15.3%) revascularization
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Table I Baseline characteristics relative to sex and new-onset heart failure
Women
(N =2289)
Demographics and medical history
Age (years) 68.0£10.8

Sex (male), n (%) 0

Sex (female), n (%) 2289 (100)
Body mass index 29170
Diabetes, n (%) 660 (28.8)
Hypertension, n (%) 1569 (68.5)
Dyslipidaemia,* n (%) 1363 (59.5)
Current smoker, n (%) 259 (11.3)
Family history of IHD, n (%) 124 (5.4)
Previous IHD, n (%) 589 (25.7)
Previous revascularization, n (%) 295 (12.9)
Ability to perform an electrocardiography stress test, n (%) 458 (20.0)
ECG
ST-segment depression, n (%) 75 (3.3)
T-wave inversion, n (%) 183 (8.0)
LBBB, n (%) 165 (7.2)
CMR indices
LVEF (%) 67.4+10.1
LVEF <50%, n (%) 165 (7.2)
Number of PD segments 15£26
Any segment with PD, n (%) 746 (32.6)
Number of LGE segments 06x1.6
Any segment with LGE, n (%) 436 (19.1)
CMR-related revascularization
CMR-related coronary angiography, n (%) 330 (14.4)
CMR-related revascularization, n (%) 153 (6.7)

Men P- No new-onset New-onset HF  P-
(N=3610) value HF (N =5585) (N=314) value
63.3+11.6 <0.001 648+ 11.5 71.2+99 <0.001
3610 (100) <0.001 3450 (61.8) 160 (51.0) <0.001
0 <0.001 2135 (38.2) 154 (49.0) <0.001
282+4.6 <0.001 285 (5.7) 29.4 (4.8) 0.007
998 (27.6)  0.323 1505 (26.9) 153 (48.7) <0.001
2279 (63.1) <0.001 3617 (64.8) 231 (73.6) 0.001
2030 (56.2)  0.012 3204 (57.4) 189 (60.2) 0.325
797 (22.1)  <0.001 1020 (18.3) 36 (11.5) 0.002
185 (5.1) 0.623 296 (5.3) 13 (4.1) 0.369
1634 (45.3) <0.001 2087 (37.4) 136 (43.3) 0.034
1105 (30.6) <0.001 1316 (23.6) 84 (26.8) 0.196
762 (21.1) 0310 1192 (21.3) 28 (8.9) <0.001
101 (2.8) 0.292 163 (2.9) 13 (4.1) 0.216
261 (7.2) 0.278 415 (7.4) 29(9.2) 0.238
152 (42) <0.001 291 (5.2) 26 (8.3) 0.019
62.0+10.9 <0.001 644+10.8 59.3+13.0 <0.001
583 (16.1) <0.001 657 (11.8) 91 (29.0) <0.001
24+29 <0.001 20+2.8 29433 <0.001
1791 (49.6) <0.001 2369 (42.4) 168 (53.5) <0.001
15+£23 <0.001 1.1+£21 1.5+£25 0.001
1505 (41.7) <0.001 1816 (32.5) 125 (39.8) 0.007
700 (19.4) <0.001 951 (17.0) 79 (25.2) <0.001
386 (10.7) <0.001 497 (8.9) 42 (134) 0.007

Continuous values are expressed as mean + SD.

CMR, cardiovascular magnetic resonance; HF, heart failure; IHD, ischaemic heart disease; LBBB, left bundle branch block; LGE, late gadolinium enhancement; LVEF, left ventricu-

lar ejection fraction; PD, perfusion deficit; SD, standard deviation.

Dyslipidaemia was defined as total cholesterol >200 mg/dL (5.2 mmol/L) or high-density lipoprotein <40 mg/dL (1.03 mmol/L) for men or high-density lipoprotein <50 mg/dL
(1.3 mmol/L) for women or triglycerides >150 mg/dL (1.7 mmol/L) or low-density lipoprotein (LDL) >130 mg/dL (3.4 mmol/L) according to the National Cholesterol Education
Program Adult Treatment Panel 111> Patients who met one or more of these criteria were categorized as having dyslipidaemia. Those treated with a lipid-lowering agent due to a

prior diagnosis of dyslipidaemia were also classified as having dyslipidaemia.

®National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel Ill). Third
Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment

Panel lll) final report. Circulation 2002;106:3143-3421.

procedures, and 314 (5.3%) new-onset HF. Baseline characteristics
according to new-onset HF status are presented in Table 1. In sum-
mary, those with new-onset HF presented a worse baseline risk pro-
file, including lower mean LVEF and greater ischaemic and LGE
extension (Table 1).

More than half of the HF diagnoses were in an AHF hospitalization
setting [61.8% (N =194)]. In these cases, the median (p25—p75) value
of NT-proBNP on admission was 3210 pg/mL (1766-5600), and 122
(62.9%) of these patients showed LVEF >50%, being these rates
higher in women (78.9% vs. 47.9%, P<0.001). Except for LVEF and
age, we did not find significant differences across sex in the other
baseline characteristics of patients with AHF hospitalizations
(Supplementary material online, File S2).

Women showed unadjusted higher new-onset HF rates (1.25 vs.
0.83 per 100 person-years, P=0.001). In contrast, women showed
lower unadjusted rates of death (1.65 vs. 2.0 per 100 person-years,
P=0.013), MI (0.44 vs. 0.71 per 100 person-years, P=0.003), and
non-CMR-related revascularizations (1.0 vs. 1.57 per 100 person-
years, P <0.001). Higher rates of new-onset HF persisted in women
after accounting for competing events (0.93 vs. 0.64 per 100 person-
years, P=0.006). A cumulative incidence plot for new-onset HF,
accounting for all-cause mortality, Ml, and revascularization proce-
dures as competing events, confirmed the higher incidence of new-
onset HF in women during the entire follow-up (Figure 2). Incidence
of competing events across sex are presented in Supplementary ma-
terial online, Figure S1. Women showed a significantly higher
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Figure 2 Cumulative incidence of new-onset heart failure. HF,
heart failure.

incidence of new-onset AHF hospitalizations (P=0.025) and a statis-
tical trend to higher incidence when the endpoint was an ambulatory
HF diagnosis (P =0.081), as is shown in Supplementary material on-
line, Figure S2. After multivariate adjustment, female sex carried an
increased risk of new-onset HF [hazard ratio (HR) 1.61, 95% confi-
dence interval (Cl) 1.21-2.13; P=0.001]. Under the same multivariate
adjustment, we found that the association of female sex with higher
risk was highly significant when the endpoint was new-onset AHF
hospitalizations (HR 1.58, 95% CI 1.09-2.28; P=0.015) and border-
line significant for ambulatory HF diagnosis (HR 1.57, 95% Cl 0.98—
2.51; P=0.060). Estimates of risks of all the covariates included in the
final multivariate model are shown in Supplementary material online,
File S3.

In women, the excess risk of new-onset HF did not significantly dif-
fer across the most relevant demographic and cardiovascular (CV)
risk factor subgroups and CMR-related parameters, as shown in
Figure 3. A sensitivity analysis, which forced into the multivariate
model the same prior 12 covariates included in the full model plus
body mass index (N =5392) continued to display an excess of risk for
women (HR 1.53, 95% Cl 1.13-2.06; P = 0.006). Likewise, we did not
find a differential effect of sex across obesity status (Figure 3).

Impact of left ventricular ejection
fraction on heart failure sex-related risk
We found an adjusted significant differential effect across sex along
the continuum of LVEF (P-value for interaction = 0.007). At lower
LVEF, there was a higher risk in both sexes (Figure 4A and B).
However, and compared with men, new-onset HF’s risk was higher
in women at LVEF >55% and upward (Figure 4C).

Impact of ischaemic and necrosis
extension on heart failure sex-related
risk

Ischaemic and necrosis extension as the main terms were not associ-
ated with new-onset HF risk (Supplementary material online, Figure
$3). Likewise, we did not find a differential association between sex
and risk of new-onset HF along the continuum of ischaemic (P-value

for interaction = 0.508) and necrosis burden (P-value for interaction
= 0.425), as shown in Figure 5.

Sex and risk of new-onset heart failure in
those with preserved ejection fraction
and absence of ischaemia and necrosis on

baseline cardiac magnetic resonance

In this sensitivity analysis that included 2826 patients with LVEF >50%
and without CMR ischaemia and necrosis, women had a higher inci-
dence of new-onset HF (Supplementary material online, Figure $4).
Under the same multivariate setting (excluding LVEF, CMR ischaemia,
and necrosis), women remained to display a higher risk of new-onset
HF (HR 2.22, 95% Cl 1.23-3.99; P=0.008).

Discussion

In a real-life consecutive and prospective registry that included known
or suspected CAD subjects and free from HF, and adjusting for cru-
cial competing events, we identified a significantly increased risk of
new-onset HF in women (Graphical abstract). We also found a sex-
related difference regarding the influence of baseline LVEF on the risk
of new-onset HF. In both sexes, lower LVEF was associated with
higher risk; however, and compared with men, women displayed a
higher risk in certain ranges of preserved LVEF. Specifically, at LVEF
>55%, women were at higher risk. Interestingly, we could not find an
influence of ischaemic and necrosis detected by CMR in HF sex-
related differences.

Incident heart failure and sex in patients
with coronary artery disease: an under-
examined endpoint

Prior studies have highlighted differences in symptoms, care received,
and clinical outcomes between men and women with acute M1
A recent systematic review, including 39 studies, reported that age,
comorbidities, and treatment differences explained most of the mor-
tality risk excess found in women."® However, little is known about
the differences between women and men regarding HF risk in
patients with ambulatory known or suspected CAD. Following Ml, a
recent study of 45 064 patients with a first MI found that women re-
main at a higher risk than men of developing HF within 5 years follow-
ing ST-elevation myocardial infarction (STEMI) or non-STEMI, even
after accounting for traditional confounders, including coronary anat-
omy.8 In contrast to acute coronary syndromes, in subjects without a
history of CAD, some data suggest survival and prognostic advantage
in women vs. men."” This is the first study reporting an excess HF risk
in women in a large contemporary cohort of known or suspected
CAD. The excess HF risk found in women was consistent in the cur-
rent study despite thorough adjustment, including age, traditional CV
risk factors, revascularization procedures, LVEF, ischaemic burden,
and accounting for competing events during follow-up.

Furthermore, the results were homogeneous in the most import-
ant subgroups. Several factors minimize the possibility that most of
these sex-related differences may be explained by different access to
a diagnostic test, revascularization rates, calendar year, LVEF, and se-
verity of ischaemic burden. First, all these subjects underwent a CMR
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HR 95%Cl P

Age
<65 years f B { 1.67 1.21-230 0.002 0.912
>65 years t S { 1.61 0.87-298 0.131
HTA
Yes t @ 1 1.63 117-2.27 0.004 0.683
No } @ { 143 0.82-2.49 0.204
Diabetes
Yes I @ { 1.25 0.83-1.88 0278 0.112
No f . 4 { 196 1.33-2.89 0.001
Dyslipidemia
Yes } L 4 | 1.58 1.10-2.28 0.014 0.976
No f @ | 1.57 1.01-2.43 0.043
Smoker
Yes f ® | 1.83 0.74-4.57 0.193 0.737
No —e— 1.55 1.15-2.10 0.004
BMI >30*
Yes t L 4 { 1.93 1.22-3.08 0.005 0.178
No e 1.28 0.86-1.91 0.222
LVEF
<50% k @ 1.24 0.71-2.15 0.444 0.464
>50% A 157 1.12-221 0.009
Previous IHD
Yes I @ { 149 095-2.36 0,083 0.806
No f @ i 1612 1.12-—2.31 0.011
CMR-related ischemia
Yes | @ | 143 0.95-2.16 0.084 0.512
No f L | 1.73 116-2.59 0,008
CMR-related necrosis
Yes | L | 117 0.70-1.96 0541 0.171
No ; B | 1.81 1.26-2.60 0.001
CMR-related
coronary angiography b ;
Yes ; » ! 1.82 0.99-3.36 0.054 0.593
e
No 151 1.10-2.08 0.010
T T T 3 T T T T T T T
0.6 1.0 1.4 1.8 2.2 2.6 3.0 3.4 3.8 4.2 4.6

Hazard ratio

Figure 3 Risk of new-onset heart failure in women across the most relevant subgroups. BMI, body mass index; Cl, confidence interval; CMR: cardio-
vascular magnetic resonance; HR, hazard ratio; HTA: hypertension; IHD, ischaemic heart disease; LVEF: left ventricular ejection fraction. *Analysis in

5392 subjects.

with a morphological, functional, and ischaemic assessment. Second,
despite revascularization having failed to show a prognostic benefit
over optimal medical treatment in chronic coronary syndromes in re-

2021 astimates of risk

cent randomized clinical trials and meta-analysis,
were adjusted for revascularization procedures. Likewise, the multi-
variate analysis included the most critical confounders and accounted
for events that may substantially modify HF risk during follow-up.
Finally, treatment of chronic coronary syndromes has not substantial-
ly changed in recent years;' thus, we believe these findings may be

extrapolated to current clinical practice.

Women and risk of heart failure in
coronary artery disease: a
pathobiological explanation

Non-coronary acute chest pain, non-obstructive CAD, non-ath-
erosclerotic disease, and lesser ischaemic burden, but greater an-
gina are more frequent in women than in men.®*>?* Indeed,
almost two-thirds of women with persistent symptoms and

clinical signs of ischaemia have no significant obstructive CAD
(INOCA) on angiography, vs. only one-third of men.®*> However,
this latter scenario does not confer a good prognosis.**? In line
with the present findings, prior authors have reported that in
women with INOCA, the most frequent adverse cardiac event is
HF hospitalization.*** Thus, we postulate that coronary micro-
vascular dysfunction might be a crucial pathophysiological link
explaining the excess risk in women with CAD, INOCA, and HF.
Also, other cardiac and non-cardiac differences could underlie
these differences. For instance, women tend to have lower left
ventricle volumes and mass, greater left ventricle contractility,
small coronary vessels, and faster heart rate.** Additionally,
hypertension, diabetes, obesity, and inactivity are other predomin-
ant risk factors in women.?*

Finally, we cannot exclude the possibility of misclassification in the
diagnosis workout. It is well known that symptoms and signs of HF
offer a limited accuracy for diagnosis.>” It is also well reported that
women display a more atypical clinical HF presentation.*®?” Probably,
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some of the women were misinterpreted already showing HF at the
presentation.

Clinical implications

We envision potential clinical implications for diagnosis, risk stratifica-
tion, and monitoring derived from these findings. First, it may be that
in certain circumstances, the clinical presentation in women with
known or suspected CAD may represent non-typical clinical presen-
tations of already existing symptomatic HF (atypical presentation of
HF in women). Thus, clinicians should consider and accurately diag-
nose coronary microvascular dysfunction and rule out a clinically
symptomatic HF in INOCA patients. Second, given the non-negligible
risk of new-onset HF in this study, further studies should incorporate
HF endpoints in the risk stratification workup of patients with known
or suspected CAD. Third, according to the current findings, women
are at higher risk of HF regardless of the ischaemic burden. Thus, con-
versely to what we find in daily clinical practice in which negative or
low ischaemic burden leads to reduced awareness, we foresee
women as one of the subgroups in which a differential diagnostic
workup and close monitoring for early identification of HF might be
justified. Additionally, this subset of women may also require a specif-

ic approach for risk stratification and treatment.”®%°

Limitations

Some limitations should be outlined. First, several unmeasured con-
founders might play a meaningful role. We do not have granular infor-
mation on patients’ symptoms, coronary anatomy, or medical
treatment. Second, we excluded patients with a prior clinical diagno-
sis of HF; however, we cannot rule out undiagnosed HF in some
patients. Third, the lack of assessment of body mass index in all the
patients and the non-availability of anthropometric measures and
body composition analysis preclude the evaluation of these variables’
influence on HF risk in both sexes. Fourth, we did not register import-
ant HF parameters (imaging, natriuretic peptides, and therapeutics) of
those patients ascertained as new-onset HF, especially in those with
ambulatory diagnosis. Finally, specific assessment of coronary anat-
omy, coronary flow reserve, or regional patterns of ischaemia sug-
gesting microvascular dysfunction would have been valuable in
unravelling these patients’ pathobiology.

Conclusions

Women with known or suspected CAD are at higher risk of new-
onset HF. Further studies should be performed to confirm the
current findings and disentangle the pathophysiological mechanism
behind these findings.

Clinical perspectives

Competencies in medical knowledge
Little is known about sex and new-onset HF in patients with known
or suspected CAD. Compared with men, women with CAD more
often developed new-onset HF, mainly with preserved LVEF.

Translational outlook
Our data suggest that irrespective of LVEF, women with known or
suspected CAD should be closely monitored for early identification
and management of new-onset HF.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology online.
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The originally published version of this article contained an error in the title. We have since corrected this to remove the text ‘(compare
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