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Editorial on the Research Topic

The role of sex in heart failure and transplantation, volume II

Heart failure (HF) is one of the main causes of hospitalization and death in developed

countries. This is partly due to population aging but also due to increased survival in patients

with heart disease (1). Differences between men and women with HF seem to be extremely

relevant a several of them are still under investigation. This Research Topic is a continuation

of the first volume previously published regarding this topic.

Den Ruijter summarizes the importance of cardiovascular disease in women and the

role of sex in this relation. Most cardiovascular diseases at younger ages are more common

in men, but under diagnosis in women might increase this difference. X chromosome seems

to be related to inflammation and the Y chromosome to atherosclerosis. This fact might be

one of the explanations to why men suffer more frequently from coronary artery disease

and HF with left ventricular reduced ejection fraction, while women typically have stable

atherosclerosis with non-obstructive coronary disease andHFwith preserved left ventricular

ejection fraction.

Women underrepresentation in clinical trials is still an issue that should be solved

as sex-dependent mechanisms of cardiovascular diseases might modulate the effect of

HF treatments. In fact, Sanromán Guerrero et al. conducted a systematic review of 29

randomized clinical trials in patients with HF with reduced ejection fraction. They observed

that the proportion of women was low, there was not a pre-specified analysis of efficacy by

sex, and the quality of evidence on the efficacy of medical treatment and devices in women

was poor.

Dahlen et al. described a sex-specific association between parathyroid hormone and

platelet indices in HF patients. The phenotypes of symptomatic HF varied depending

on the interaction between parathyroid hormone and platelets in men and women. In

women with symptomatic HF with reduced ejection fraction there was a positive association

between parathyroid hormone and mean platelet volume, while platelet count was inversely

associated with parathyroid hormone in males with HF with reduced ejection fraction and

in both sexes with HF with preserved ejection fraction.
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Some treatments may precipitate HF in women. Cheng et al.

evaluated the risk of HF hospitalizations in patients suffering from

gout under febuxostat and allopurinol. Febuxostat users had a

higher risk of HF hospitalization than allopurinol users, irrespective

of previous cardiovascular risk. Interestingly, the risk was higher in

women than in men.

Bi et al. analyzed the effect of sex on left atrial remodeling

and its relationship with myocardial fibrosis in 85 patients with

hypertrophic obstructive cardiomyopathy treated with surgical

septal myectomy. Left atrial function was evaluated using the early

atrial peak of emptying rate and was normalized by left ventricular

filling volume. These measurements were lower in patients with

this entity compared with healthy controls, particularly in the case

of female patients. This was attributed to a higher susceptibility

to myocardial fibrosis in women, quantified by collagen volume

fraction on magnetic cardiac resonance imaging. These would

explain some previously evidence that suggests more severe

diastolic dysfunction in women than in men. Gual-Capllonch

et al. review sex differences in the prevalence of atrial mitral and

tricuspid regurgitations. These valvular heart diseases occur mainly

in patients with atrial fibrillation and HF with preserved ejection

fraction. Women have a higher prevalence than men, especially

in the case of atrial tricuspid regurgitation. Several potential

mechanisms might explain these differences. Sex hormones may

induce a proinflammatory state with different electrophysiological

responses leading to a more advanced left atrial dysfunction and

fibrosis in women. In addition, histopathological differences in the

annuli and leaflets between women and men have been described.

Finally, a later diagnosis of atrial fibrillation and of HF with

preserved ejection fraction in women may lead to a less aggressive

treatment increasing the prevalence of atrial mitral and tricuspid

regurgitation in females.

Lozano-Jiménez et al. describe a cohort of 163 patients

presenting with cardiogenic shock, 39 women (24%).

Postcardiotomy and fulminant myocarditis were more frequent

in women, while acute myocardial infarction was more common

in male. The use of temporary mechanical circulatory support

and its escalation was similar in women and men. The authors

found no relevant sex-differences in hospital mortality, Society for

Cardiovascular Angiography and Interventions risk stratification,

and in the use of advanced HF therapies.

Two manuscripts focused on sex-differences in older patients

with HF. Sun et al. presented a secondary analysis of The Treatment

of Preserved Cardiac Function Heart Failure with an Aldosterone

Antagonist Trial (TOPCAT) study (2) evaluating the impact of

sex on baseline characteristics and outcomes of 1,619 patients

with preserved ejection fraction older than 70 years, with 55.1%

women. They found that, compared to males, females had worse

cardiac diastolic function, worse New York Heart Association

functional class and worse quality of life. However, outcomes

in women were better than in men, with lower cardiovascular

and all-cause mortality and less hospitalization due to HF. They

found no association between sex and spironolactone effects. Díez-

Villanueva et al. present a post-hoc analysis of 499 outpatients (28%

women) with HF older than 75 years included in the FRAGIC

registry (impacto de la FRAGilidad y otros síndromes Geriátricos

en el manejo clínico y pronóstico del paciente anciano ambulatorio

con Insuficiencia Cardíaca) (3). Compared to men, women were

more frail and had more frequently other geriatric syndromes, as

malnutrition, depression and poorer physical status. Interestingly,

this was the case even despite the lower rates of comorbidities in

women than in men. Frailty was less common in men but was only

an independent predictor of mortality in males.

Wewould like to finish this Research Topic with a call for action

to perform more studies on different aspects of HF in women and

men. It is particularly important to address this issue in elderly

patients with HF, as both women and advanced aged patients have

been traditionally underrepresented in HF studies.
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Although it is clear that sex and gender play a role in the development and progression
of cardiovascular disease, the integration of sex and gender is a real challenge in the field
of cardiovascular medicine. The specialty section Gender Cardiovascular Medicine is a new
section of Frontiers in Cardiovascular Medicine dedicated to transformative science in the field
of sex differences and publishes peer-reviewed articles across clinical, translational, and basic
cardiovascular medicine.

Thus far, prominent scientific journals and scientific funding organizations such as the European
Commission, the Canadian Institutes of Health Research, and the US National Institutes of Health
made huge efforts to integrate sex and gender not only in clinical research, but also in translational
and basic research with the goal to promote transparency, inclusion, and better science (1). Online
modules, courses and manuscripts are now available on how to integrate sex and gender in
scientific design, in analyses and in reporting. Also, for the (bio)medical curriculum, sex and gender
integration is gaining more attention. With this shift toward better integration of sex and gender in
science, we launch a Specialty Section in Frontiers in Cardiovascular Medicine to advance the field
even further.

In the next few lines, I briefly describe the knowledge gaps regarding cardiovascular disease
in women, and discuss the rationale for integration of sex and gender in cardiovascular
medicine studies.

SEX VS. GENDER

Although the terms sex and gender are often confused, “sex” refers to biological and physiologic
traits characterizing maleness and femaleness. “Gender” refers to the roles and behaviors of
men, women, and the continuum of gender diversities in our society. As recently elegantly
summarized (2) whereas biological sex likely plays a more substantial role in disease etiology,
onset, and progression, gender can differentially affect disease risk, symptom recognition, disease
manifestations, access to care, quality of care, and adherence to treatment recommendations.

In cardiovascular disease our historical view on cardiovascular patients is seen in many
textbooks in which pictures of male patients dominate. Indeed, men have outnumbered women
in the majority of the cardiovascular diseases, specifically at younger ages. This pattern seems to
reverse during aging with more women than men becoming affected with cardiovascular diseases.
In recent years, a trend is emerging of women contributing more to the population of heart diseases
at younger ages (3, 4). In addition, the question arises if heart disease in women has not been
underestimated due to (previously) unrecognized pathophysiology such as coronary microvascular
disease and coronary spasms. Therefore, the accurate diagnosis of heart disease in women warrants
urgent attention.

WOMEN IN CLINICAL STUDIES, AND SEX-SPECIFIC

PATHOLOGIES

The cornerstone of evidence-based medicine are randomized clinical trials that mostly evaluate
drug efficacy and safety profiles. Cardiovascular trials are known for low enrollment of women,
mostly attributed to exclusion of patients of older age and the presence of co-morbidities,
such as diabetes. Despite awareness of the importance of including women in clinical trials in
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cardiovascular disease, recent enrollment has not increased over
time in trials that test novel therapeutic strategies for coronary
artery disease and heart failure and remains at ∼25% women
(5). Neither has reporting of data stratified by sex improved over
time in studies reporting on efficacy and adverse drug reactions
in HF (6, 7).

Despite the low number of women in studies, and the lack of
sex stratification, the awareness that sex and gender differences
exist are starting to emerge. For instance, men more often
suffer from obstructive CAD and HF with reduced ejection
fraction and other atherosclerosis-driven diseases while women
more often develop stable atherosclerotic disease with plaque
erosion as feature, non-obstructive CAD and heart failure (HF)
with preserved ejection fraction (8, 9). Non-obstructive CAD
and HFpEF may no longer be considered benign with multiple
studies showing a poor prognosis, high prevalence in women,
and hypothesize on sex and gender-dependent mechanisms (10–
15). Most striking sex differences in terms of high prevalence
in either men or women are found within diseases that are far
less common such as Brugada syndrome in men, and sudden
coronary artery dissection and Tsako-tsubo cardiomyopathy
in women (16, 17). Tsako-tsubo seems to be triggered by
psychological stress and mimics the features of acute myocardial
infarction. It gives rise to severe left ventricular dysfunction while
the coronary arteries are open. The unknown etiology of these
rare cardiovascular events in either men or women allows us to
fully explore new (sex-biased) pathophysiological processes and
new opportunities for drug development.

IT IS NOT BETTER IN PRE-CLINICAL

STUDIES

Similar trends of a male preference is also seen in pre-clinical
studies, animal studies, and cellular studies (18). For animal
studies, lack of female rodents is often attributed to the variable
nature of the data caused by the reproductive cycle, yet this
hypothesis has been studied in neuroscience and refuted (19,
20). High-throughput phenotype data comparing wildtype and
mutant mice convincingly show that a large proportion of traits
are influenced by sex (21). The current lack of sex-stratification in
pre-clinical research may lead to unintended health risks. Drugs
being retracted from the market due to unanticipated adverse
drug reactions in women is an obvious health risk, but also for
men this poses health risks, as their access to previously effective
drugs are denied when taken from themarket due to adverse drug
reactions in women.

SEX-DEPENDENT MECHANISMS AND

MANIFESTATIONS OF CARDIOVASCULAR

DISEASES

Genetics and hormones play an important role, with sex
chromosomes functioning in all cells containing global gene

regulators that are present in different doses between the
sexes (22). The X chromosome is of interest in diseases that
have a different prevalence between sexes. Inactivation of the
X chromosome in women entails the random silencing of
one of the two X chromosomes to compensate for the fact
that men have only one. The X chromosomes contain genes
involved in inflammation, and are perceived to contribute
largely to the occurrence of autoimmune diseases that are
highly female-specific (23). Auto-immune diseases also set
the stage for accelerated atherosclerosis, and the role of X
chromosome-related mechanisms needs to be deciphered in
more detail. Furthermore, the Y chromosome has received
increasing attention due to its perceived role in inheritance
of CAD risk and atherosclerosis (24, 25). Also, mosaic
loss of chromosome Y in leukocytes has been associated
with many different diseases, among which atherosclerotic
diseases (26).

For sex hormones, estrogen and androgens are known to
influence the cardiovascular system in multiple ways. Yet, the
potential protection of exogenous sex hormone therapy on
coronary artery disease remains under debate, and is nowadays
thought to be dependent on timing, duration and dose. This
highlights the need for more rigorous research to understand
when and how sex hormones affect cardiovascular health in
women and men.

CONCLUSIONS

For too long, researchers and clinicians have neglected sex
and gender when reporting results related to cardiovascular
disease. This is not necessarily due to sexism but rather
to a lack of awareness that sex and gender can have
such an impact on cardiovascular disease, whether in
its development, progression, or treatment. We need to
change this harmful misconception, and make research
findings generalizable to everyone. Moreover, the potential
of integrating sex and gender in cardiovascular studies
is tremendous and can offer new perspectives on
cardiovascular disease (mechanisms), inspire new research
questions, and fill current knowledge gaps that society
rightfully demands.

This new section comes at a time where we can leverage
the momentum to call on our community to integrate sex and
gender in cardiovascular studies to improve scientific quality.
This will benefit the speed of translating research findings to the
clinic, enhance equality between women and men, and thereby
ultimately improve the cardiovascular health of both women
and men.
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Background: Heart failure (HF) is a multifactorial syndrome with pathophysiological

complexities still not fully understood. Higher mean platelet volume (MPV), a potential

marker of platelet activation, and high concentrations of parathyroid hormone (PTH) have

been implicated in the pathogenesis of HF.

Aim: This study aims to investigate sex-specifically the association between PTH

concentrations and platelet indices in phenotypes of HF.

Methods andResults: PTH and platelet indices (MPV and platelet count) were available

in 1,896 participants from the MyoVasc study in Mainz, Germany. Multivariable linear

regression models, adjusted for age, sex, season, vitamin D status, cardiovascular risk

factors, comorbidities, estimated glomerular filtration rate, and medication, were used to

assess the associations between platelet indices and PTH. The results showed distinct

sex-specific associations between PTH and platelet indices. A positive association

between PTH andMPV was found in females with symptomatic HF with reduced ejection

fraction (HFrEF) only [β = 0.60 (0.19; 1.00)]. Platelet count was inversely associated with

PTH in male HFrEF individuals [β = −7.6 (−15; −0.30)] and in both males and females

with HF with preserved ejection fraction (HFpEF).

Conclusion: This study reports differential, sex-specific relationships between PTH

and platelet indices in HF individuals independent of vitamin D status and clinical

profile. Particularly in phenotypes of symptomatic HF, distinct associations were

observed, suggesting a sex-specific mechanism involved in the interaction between PTH

and platelets.

Keywords: heart failure, MPV, platelet count, parathyroid hormone, heart failure with preserved ejection fraction,

heart failure with reduced ejection fraction
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INTRODUCTION

Heart failure (HF) is one of the most common cardiovascular
diseases (CVDs) accounting for substantial morbidity and
mortality worldwide, with increasing incidence and prevalence
especially among the elderly (1). As a heterogeneous condition,
HF syndrome comprises predominantly two phenotypes (1). HF
with preserved ejection fraction (HFpEF) is more frequent in
females with cardiovascular comorbidities, whereas males with
history of ischemic heart disease suffer more often from HF with
reduced ejection fraction (HFrEF) (2, 3).

Recently, elevated parathyroid hormone (PTH)
concentrations have been associated with all-cause and
cardiovascular mortality in HF patients, suggesting a potential
role for PTH in the pathogenesis and progression of HF (4, 5).
PTH is physiologically released at low calcium concentrations
to stimulate the synthesis of the active form of vitamin D,
Calcitriol, which in turn suppresses PTH release as a negative
feedback regulation of calcium homeostasis (6). Besides
calcium concentrations, plasma PTH concentrations were
also modulated by age and renal function (4, 7). Higher
concentrations of PTH have been associated with advanced
stages of HF according to categories of the New York Heart
Association (NYHA) (8, 9), reduced left ventricular ejection
fraction (LVEF) (8), and elevated brain natriuretic peptide
(BNP) or N-terminal propeptide of BNP (NT-proBNP) (10–12).
Different pathways have been proposed for the interaction of
PTH with the heart. As a stimulator of hypertrophy, arrhythmia,
and inflammation, PTH directly drives cardiomyocyte necrosis
and thus accelerates the severity of HF (8, 11). In addition,
PTH indirectly exacerbates HF by the activation of the renin–
angiotensin–aldosterone system (RAAS), a key element of HF
pathophysiology (13).

Platelet activation has been associated with traditional
cardiovascular risk factors (CVRFs) and CVD including the
HF syndrome (14, 15). Higher mean platelet volume (MPV),
a potential marker of platelet activation, was reported in
individuals with arterial hypertension, obesity, dyslipidemia,
and diabetes mellitus (16). We have recently reported on sex-
specific determinants of MPV in the general population with
age, smoking, arterial hypertension, and high blood glucose
concentrations linked with higher MPV in males, whereas oral
contraceptives and menstrual bleeding were associated with
higher MPV in females (14).

Platelet activation including higher MPV, increased whole
blood aggregation tendency, and higher platelet-bound and
soluble P-selectin has been associated with HF syndrome (14, 15).
Positive associations between MPV and PTH were described
in individuals with primary hyperparathyroidism and end-stage
renal failure patients (17, 18). In addition, an experimental
study showed an important enhancing effect of the PTH-
related protein, a protein initially isolated from hypercalcemia-
associated tumors, on agonist-induced platelet activation and
aggregation (19). Individuals with coronary artery disease
presenting with higher PTH concentrations showed increased
ADP-mediated platelet aggregation and suboptimal response to
clopidogrel, despite receiving a dual antiplatelet therapy (7).

The relation between platelet function and PTH plasma
concentration has been poorly explored in individuals with HF.
This analysis aimed to investigate sex-specifically the associations
between PTH concentrations and the platelet indices, platelet
count, andMPV, across phenotypes of HF in individuals enrolled
in the MyoVasc study.

METHODS

Analysis Sample
As a large prospective cohort study at the University Medical
Center of the Johannes Gutenberg-University Mainz in
Germany, the MyoVasc Study was primarily conceptualized
to investigate the development and progression of HF and its
interaction with vascular disease (20). The study included 3,289
participants aged from 35 to 84 years. All subjects underwent
an extensive, standardized clinical and laboratory investigation
including sampling of biomaterials for biobanking at the
MyoVasc study center. Platelet count, MPV, and PTH were
available in the first 2,000 participants enrolled in the MyoVasc
study at their baseline examination between January 2013 and
January 2016. The assessment of CVRFs, comorbidities, and
medication as well as echocardiography of cardiac structure and
function are described in the Supplementary Material (Part A).
Written informed consent was obtained from all study
participants prior to entering the study. The study complies
with the principles outlined in the Declaration of Helsinki,
Good Clinical Practice and Good Epidemiological Practice.
An approval from the responsible ethics committee [reference
number 837.319.12 (8420-F)] and data safety commissioner was
obtained in 2012, before study initiation. TheMyoVasc study was
registered at http://clinicaltrials.gov (identifier: NCT04064450).

Definition of HF Phenotypes
Based on measurement of LVEF following
a standardized echocardiographic assessment
(Supplementary Material Part A), subjects with LVEF ≥

50% were defined as having preserved ejection fraction (EF)
and those with LVEF < 50% as having reduced EF, independent
of presence of HF symptoms. Individuals with symptomatic
HF (i.e., HF, stage C or D according to AHA) were further
categorized according to LVEF into (i) HF with preserved
ejection fraction (HFpEF) with LVEF ≥ 50%, (ii) HF with
reduced ejection fraction (HFrEF) with LVEF ≤ 40%, and
(iii) HFpEF borderline with LVEF in the range of 41–49%
according to the ACCF/AHA Guideline for the Management of
Heart Failure (21).

Laboratory Assessment
Venous blood sampling was performed for laboratory
markers of the present analysis by using tripotassium
ethylenediaminetetraacetic acid (K3-EDTA) tubes. Platelet
count (109/L) and MPV (femtoliter, fl) were automatically
determined on an ADVIA 120 Hematology System (Siemens,
Erlangen, Germany) within 30 to 90min after blood withdrawal
in the Central laboratory of the Institute for Clinical Chemistry
and Laboratory Medicine, University Medical Center Mainz,
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FIGURE 1 | Derivation of the analysis sample. Flow chart presenting the derivation of the analysis sample based on measurements of PTH and ejection fraction. N,

number of individuals; PTH, parathyroid hormone; EF, ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFpEF borderline, heart failure with LVEF

41 to 49%; HFrEF, heart failure with reduced ejection fraction.

Germany. PTH was measured in pg/ml by an immunoassay
with an automated chemiluminescence analyzer (Liaison XL,
DiaSorin, Saluggia, Italy) in the Biomolecular Laboratory
of the Clinical Epidemiology and Systems Medicine, Center
for Thrombosis and Hemostasis, University Medical Center
Mainz, Germany.

Data Management and Statistical Analysis
Statistical analysis was performed after data quality
control including a review for correctness, completeness,
representativeness, accuracy, and plausibility performed by the
data management unit. Baseline characteristics of the analysis
sample were presented according to phenotype of cardiac
function. Normally distributed values were described by mean
and standard deviation (SD), non-normally distributed variables
were described by median and interquartile range. Associations
between platelet indices (i.e., MPV and platelet count) and
PTH were presented per phenotype of cardiac function by
linear regression models, adjusted for the following variables
in stepwise extended models: (i) age, sex, season, and vitamin
D status; (ii) plus additionally with CVRFs (diabetes mellitus,
arterial hypertension, smoking, dyslipidemia, obesity, and family
history of myocardial infarction and stroke) and estimated
glomerular filtration rate (eGFR); (iii) plus comorbidities
subsuming CVD, venous thromboembolism (VTE), chronic
obstructive pulmonary disease (COPD), cancer, and arthritis;
and (iv) plus additionally medication (vitamin D supplements,
calcium supplements, diuretics, beta-blockers, calcium channel
blockers, RAAS antagonists, antiplatelet agents, antilipemic
drugs, anti-inflammatory and rheumatic drugs, glucocorticoids,
corticosteroids, antibacterial drugs, and immunosuppressant
drugs). The subgroup analysis in males was conducted with

adjustment for the same covariates as the whole analysis
sample, whereas in females, it was additionally adjusted for oral
contraceptives, hormone replacement therapy, and menstrual
bleeding in the full model.

Because of the explorative character of the analysis, a
significance threshold for p-values was not defined and p-values
were interpreted as a continuous measure of statistical evidence.
All statistical analyses were performed using R, version 3.6.0 (R
Foundation for Statistical Computing, Vienna, Austria; http://
www.r-project.org).

RESULTS

Baseline Characteristics of the Analysis
Sample
After exclusion of individuals with missing data on PTH,
1,896 subjects were available for analysis (Figure 1). Baseline
characteristics of the individuals in the analysis sample are
reported in Table 1 according to phenotype of cardiac function.
Based on EF and irrespective of presence of symptoms, 1,197
individuals were characterized with preserved EF and 699
individuals with reduced EF. Symptomatic HF was present in
1,064 (56.1%) individuals, of whom 42.3% (450) had HFpEF,
30.8% (328) HFpEF borderline, and 26.9% (286) HFrEF. More
than 80% of individuals with reduced EF and HFrEF were males
with a higher frequency of smokers, dyslipidemia, coronary
artery disease, and history of myocardial infarction compared
to individuals with preserved EF and HFpEF, respectively. In
the subgroup with preserved EF and HFpEF, there were more
females comparatively to the other phenotypes, but overall still
more males. Individuals with preserved EF and HFpEF had more
often arterial hypertension and a history of VTE compared to
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TABLE 1 | Baseline characteristics according to phenotype of cardiac function (N= 1,896).

Phenotype of cardiac function

Preserved EF

(N = 1,197)

Reduced EF

(N = 699)

HFpEF

(N = 450)

HFpEF borderline

(N = 328)

HFrEF

(N = 286)

Age [years] 67.2 ± 9.4 65.6 ± 10.6 70.7 ± 8.2 66.2 ± 10.6 65.6 ± 10.6

Sex (women) 34.1% (408) 19.0% (133) 43.6% (196) 25.6% (84) 14.3% (41)

CVRFs

Arterial hypertension 84.0% (1,006) 74.8% (523) 86.2% (388) 78.7% (258) 75.9% (217)

Diabetes mellitus 25.1% (300) 30.3% (212) 32.7% (147) 28.7% (94) 33.9% (97)

Smoking 10.5% (126) 17.3% (121) 9.1% (41) 17.1% (56) 18.9% (54)

Obesity 34.4% (412) 35.2% (246) 38.7% (174) 38.4% (126) 36.0% (103)

Dyslipidemia 79.1% (947) 84.4% (590) 78.2% (352) 84.5% (277) 86.0% (246)

FH of MI/stroke 24.3% (290) 27.0% (189) 23.3% (105) 27.7% (91) 29.0% (83)

Comorbidities

History of MI 30.7% (368) 39.3% (275) 28.4% (128) 37.5% (123) 43.7% (125)

History of Stroke 10.3% (123) 10.4% (73) 10.4% (47) 11.9% (39) 10.8% (31)

CAD 50.9% (609) 56.2% (393) 49.8% (224) 57.6% (189) 57.3% (164)

AF 26.9% (322) 37.6% (263) 36.9% (166) 38.7% (127) 40.2% (115)

History of VTE 11.2% (134) 9.3% (65) 14.2% (64) 10.1% (33) 8.7% (25)

History of Cancer 16.8% (201) 17.6% (123) 19.6% (88) 18.3% (60) 16.8% (48)

Echocardiographic parameters

EF [%] 58.3 ± 5.2 39.5 ± 8.1 58.1 ± 5.4 45.2 ± 2.8 31.5 ± 5.9

E/E’ 8.57 (6.65/11.30) 10.17 (7.26/14.47) 11.16 (8.76/14.62) 9.22 (7.05/12.74) 12.40 (8.34/18.02)

Lab parameters

MPV [fl] 8.22 ± 0.86 8.36 ± 0.93 8.25 ± 0.84 8.31 ± 0.89 8.43 ± 0.99

Platelet count [109/L] 219 (182/260) 208 (173/251) 218 (179/261) 213 (177/260) 206 (170/244)

PTH [pg/ml] 30.0 (23.0/38.4) 34.0 (26.3/46.7) 32.1 (23.6/42.3) 32.7 (24.8/45.3) 38.6 (29.1/52.1)

eGFR [ml/min/1.73 m2] 76.44 ± 18.62 71.98 ± 21.50 69.80 ± 19.42 73.80 ± 20.54 66.36 ± 22.36

Medication

Vitamin D supplements (A11CC) 8.7% (104) 5.9% (41) 8.7% (39) 5.5% (18) 6.6% (19)

Calcium supplements (A12A) 1.9% (23) 1.9% (13) 3.1% (14) 2.7% (9) 1.0% (3)

Antihypertensiva (C02) 4.4% (53) 2.1% (15) 5.8% (26) 2.7% (9) 1.4% (4)

Diuretics (C03) 28.5% (341) 66.1% (462) 43.6% (196) 60.1% (197) 86.4% (247)

Beta-blockers (C07) 69.0% (826) 79.4% (555) 75.8% (341) 79.6% (261) 84.6% (242)

Calcium channel blockers (C08) 25.4% (304) 14.2% (99) 32.2% (145) 19.8% (65) 8.4% (24)

Renin–Angiotensin–Aldosterone system antagonsists (C09) 78.6% (941) 81.3% (568) 80.2% (361) 85.4% (280) 86.0% (246)

Lipid-modifying agents (C10) 60.4% (723) 60.9% (426) 58.9% (265) 64.3.% (211) 60.1% (172)

Antithrombotic agents (B01A) 80.6% (965) 85.6% (598) 85.1% (383) 88.4% (290) 86.0% (246)

Presented are baseline clinical characteristics, echocardiographic and laboratory parameters, including intake of medications according to cardiac function phenotype in 1,896 subjects.

EF, ejection fraction; HFpEF, heart failure with preserved ejection fraction (EF ≥ 50%); HFpEF borderline, heart failure with ejection fraction of 41%−49%; HFrEF, heart failure with

reduced ejection fraction (EF ≤ 40%); CVRFs, cardiovascular risk factors; FH, family history; MI, myocardial infarction; CAD, coronary artery disease; AF, atrial fibrillation, PAD, peripheral

artery disease, COPD, chronic obstructive pulmonary disease; VTE, venous thromboembolism; CKD, chronic kidney disease; EF, ejection fraction; MPV, mean platelet volume; PTH,

parathyroid hormone.

other phenotypes. Subjects withHFpEF borderline had the lowest
proportion of diabetes mellitus (28.7 vs. 32.7% in HFpEF and
33.9% in HFrEF).

Similarly to the clinical profile, differences between HF
phenotypes were also evident in laboratory parameters:
individuals with reduced EF presented with higher MPV and
PTH concentrations, but lower platelet count as well as worse
renal function (determined by eGFR), compared to individuals
with preserved EF. Within the subsample with symptomatic HF,

highest MPV and PTH and lowest platelet count and worst renal
function were observed in individuals with HFrEF.

Individuals with preserved EF and particularly subjects with
HFpEF were more frequently taking vitamin D supplements,
antihypertensives, and calcium channel blockers compared to
those with reduced EF, HFpEF borderline, and HFrEF. Intake
of diuretics, beta-blockers, and antithrombotic agents were more
often reported for subjects with reduced EF, HFpEF borderline,
and HFrEF.
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FIGURE 2 | Relation between MPV and PTH in HF individuals. Forest Plot of beta (β)-estimates with 95% confidence intervals (CIs) for the relation between MPV and

PTH in all HF individuals and stratified by sex. N = 1,861; thereof N = 532 females and N = 1,329 males; adjustment for sex only in overall analysis sample; MPV,

mean platelet volume; PTH, parathyroid hormone; CVRFs, cardiovascular risk factors; eGFR, estimated glomerular filtration rate.

Pearson’s correlation sex-specific analysis between PTH levels
and age and according to HF phenotype showed a weak
correlation in both males and females across different HF
phenotypes as presented in Supplementary Table 1.

Association Between MPV and PTH
In the whole sample, a positive association between MPV and
SD change of PTH with beta estimate (β) = 0.081 (95%
confidence interval: 0.039; 0.12) was observed after adjustment
for age, sex, season, and vitamin D status, which corresponded
in males to β = 0.073 (0.022; 0.12) and in females to β =

0.095 (0.017; 0.17). Results from a linear regression model for
MPV are presented in Figure 2. Further adjustment for CVRFs
plus eGFR, comorbidities, and medication did not significantly
change this association in the whole sample. A sex-specific
analysis showed a mildly stronger association between MPV
and PTH in females compared to males. The analysis stratified

for cardiac function showed important sex-specific differences
between phenotypes (Table 2): there was a positive association
between MPV and PTH independent of age, season, and vitamin
D status in individuals with preserved EF [β = 0.078 (0.020;
0.14)], which was only present in male participants [β = 0.11
(0.034; 0.18)], whereas in reduced EF and HFrEF, MPV and
PTH were associated in females only [βreducedEF = 0.21 (0.043;
0.37); βHFrEF = 0.36 (0.063; 0.67)] after the same adjustment.
For HFpEF borderline, a weak association was only found in
women. Interestingly, the strongest and most robust association
was found in females in HFrEF, where it remained relevant even
after adjustment for CVRFs and comorbidities.

Association Between Platelet Count and
PTH
Results of the multivariable analysis for platelet count showed
a strong inverse association per SD of PTH independent of
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TABLE 2 | Relation between MPV and PTH according to cardiac function in a sex-specific analysis.

MPV

Adjusted for age, sexa,

season, vitamin D statusb
Additionally adjusted for

CVRFs and eGFR

Additionally adjusted for

comorbidities

Additionally adjusted for

medicationc

N β-estimate (95% CI) P-value β-estimate (95% CI) P-value β-estimate (95% CI) P-value β-estimate (95% CI) P-value

Preserved EF 1,174 0.078 (0.020; 0.14) 0.0086 0.077 (0.013; 0.14) 0.019 0.060 (−0.0066; 0.13) 0.078 0.043 (−0.025; 0.11) 0.21

Females 401 0.014 (−0.078; 0.11) 0.77 −0.023 (−0.13; 0.084) 0.67 −0.039 (−0.15; 0.073) 0.50 −0.046 (−0.17; 0.073) 0.45

Males 773 0.11 (0.034; 0.18) 0.0044 0.12 (0.037; 0.20) 0.0045 0.10 (0.016; 0.18) 0.020 0.074 (−0.011; 0.16) 0.090

Reduced EF 687 0.067 (0.0012; 0.13) 0.046 0.064 (−0.011; 0.14) 0.093 0.073 (−0.0051; 0.15) 0.067 0.071 (−0.0089;0.15) 0.082

Females 131 0.21 (0.043; 0.37) 0.015 0.26 (0.050; 0.46) 0.016 0.27 (0.055; 0.49) 0.016 0.25 (0.029; 0.47) 0.029

Males 556 0.030 (−0.041; 0.10) 0.41 0.021 (−0.061; 0.10) 0.62 0.025 (−0.061; 0.11) 0.57 0.023 (−0.065; 0.11) 0.61

HFpEF 442 0.075 (−0.0046; 0.15) 0.065 0.049 (−0.040; 0.14) 0.28 0.031 (−0.063; 0.12) 0.52 0.019 (−0.076; 0.11) 0.69

Females 191 0.033 (−0.086; 0.15) 0.59 −0.0011 (−0.15; 0.14) 0.99 −0.018 (−0.17; 0.13) 0.81 n.a. n.a.

Males 251 0.10 (−0.0087; 0.21) 0.073 0.076 (−0.045; 0.20) 0.22 0.056 (−0.073; 0.18) 0.40 0.028 (−0.10; 0.16) 0.68

HFpEF borderline 324 0.046 (−0.051; 0.14) 0.35 0.040 (−0.070; 0.15) 0.48 0.038 (−0.076; 0.15) 0.51 0.029 (−0.090; 0.15) 0.63

Females 82 0.22 (0.0076; 0.44) 0.046 0.22 (−0.066; 0.50) 0.14 0.21 (−0.095; 0.51) 0.18 0.10 (−0.30; 0.50) 0.62

Males 242 −0.028 (−0.14; 0.080) 0.61 −0.036 (−0.16; 0.087) 0.57 −0.044 (−0.17; 0.084) 0.50 −0.051 (−0.19; 0.087) 0.47

HFrEF 279 0.11 (0.0062; 0.21) 0.038 0.11 (−0.0033; 0.23) 0.058 0.14 (0.016; 0.26) 0.028 0.12 (−0.0055; 0.24) 0.062

Females 41 0.36 (0.063; 0.67) 0.024 0.59 (0.19; 0.99) 0.0071 0.60 (0.19; 1.0) 0.0089 n.a. n.a.

Males 238 0.072 (−0.036; 0.18) 0.19 0.059 (−0.065; 0.18) 0.35 0.083 (−0.049; 0.22) 0.22 0.079 (−0.056; 0.22) 0.25

Multivariable linear regression analysis with MPV as dependent variable and PTH as independent variable in phenotypes of cardiac function and sex-specific. Results are presented as

beta (β)-estimates for change per 1 standard deviation in PTH. MPV, mean platelet volume; PTH, parathyroid hormone; N, number of individuals; eGFR, estimated glomerular filtration

rate; EF, ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFpEF borderline, heart failure with ejection fraction of 41–49%; HFrEF, heart failure with reduced ejection

fraction; n.a., not available due to low sample size aSex-adjustment only in overall analysis sample; bVitamin D status was determined by concentrations of Calcifediol and Calcitriol; c In

females additionally adjusted for oral contraceptives, hormone replacement therapy and menstrual bleeding. P-value < 0.05 were highlighted in bold.

age, sex, season, and vitamin D status with β = −6.42 (−9.21;
−3.63), which remained after further adjustment for CVRFs
and eGFR [β = −6.79 (−9.94; −3.63)], comorbidities [β =

−6.52 (−9.78; −3.27)], and medication [β = −6.21 (−9.53;
−2.88)] in the whole analysis sample (Figure 3). This reciprocal
association was observed in males and females independent of
all potential confounders, but with higher estimates in females
then inmen [β females =−8.36 (−15.44;−1.27) vs. βmales =−4.50
(−8.32;−0.67)].

The analysis according to cardiac phenotypes, as presented
in Table 3, showed relevant associations between platelet
count and PTH in both individuals with preserved [β =

−6.7 (−11; −2.0)] and reduced ejection fraction [β = −5.6
(−11; −0.77)]. In HFpEF, the largest effect estimates for an
inverse association between PTH and platelet count were
found, and these remained robust after adjustment for age,
sex, season, and vitamin D status [β = −9.5 (−15; −3.6)],
but also further adjustment for CVRFs and eGFR [β =

−9.9 (−17; −3.2)], comorbidities [β = −9.4 (−16; −2.4)],
and medication [β = −8.9 (−16; −1.7)]. The sex-specific
analysis in this phenotype showed stronger associations in
females than in males. Differently, in HFrEF, the inverse
association between PTH and platelet count was only found
in male individuals and present independent of all considered
confounders [β = −7.6 (−15; −0.30)]. No associations were
observed between platelet count and PTH in individuals with
HFpEF borderline.

DISCUSSION

PTH and platelet activation have been independently implicated
in the pathogenesis of the HF syndrome (15, 22). However, the
sex-specific interplay of these factors, as well as their specific
relationship in phenotypes of HF, is currently largely unknown.
This study demonstrated an important relation between platelet
indices and PTH, which varied in phenotypes of cardiac function
and particularly in individuals with symptomatic HF. In addition,
the present analysis reports on distinct sex-specific differences in
HF phenotypes.

Previous studies in individuals with primary
hyperparathyroidism and end-stage renal failure patients
have shown positive associations between MPV and PTH;
however, sex-specific aspects were not addressed (17, 18). Other
research has already demonstrated sex-specific differences for
MPV in the general population that was also differentially
associated with total mortality (14).

In contrast to the findings for MPV and PTH, an inverse
association between PTH and platelet count was found in the
total sample, which was present in both men and women. The
inverse direction of the association between platelet count and
PTH compared to MPV is explained by the fact that platelet
count and MPV are physiologically inversely related to keep the
overall platelet mass stable (23). Similarly, as for the MPV and
PTH relation, sex-specific associations observed between platelet
count and PTH were distinct for phenotypes of symptomatic
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FIGURE 3 | Relation between platelet count and PTH in HF individuals. Forest Plot of beta (β)-estimates with 95% confidence intervals (CIs) for the relation between

platelet count and PTH in all HF individuals and stratified by sex. N (total analysis sample) = 1,860, thereof N = 532 females and N = 1,328 males; adjustment for sex

only in overall analysis sample; PTH, parathyroid hormone; CVRFs, cardiovascular risk factors; eGFR, estimated glomerular filtration rate.

HF: within HFpEF individuals, the inverse association was
observed more consistent in females, whereas in HFrEF, the
inverse association between PTH and platelet count was found
in males only.

The etiology of HF differs between males and females
regarding prevalence, risk factors, and comorbidities (2), and
in part these differences could be explained by the sex-
specific hormones, pregnancy, or preeclampsia (24). Also
the pathophysiology differs between both sexes, as females
tend to suffer more from a “microvascular” disease with
vascular stiffness and systemic inflammation, whereas males
tend to present with a more “macrovascular” pattern due to
comorbidities such as MI or CAD (3, 25). Indeed, the results
in the current analysis also differ between both sexes. The
associations between MPV or platelet count, and PTH, if found,
were with higher effect sizes in females compared to males.
Notably, the association was also independent of known female

factors influencing the platelet size, such as menstrual bleeding,
hormone replacement therapy, and intake of oral contraceptives.
Whether endogenous hormone levels influence the association
between platelet indices and PTH in the HF syndrome requires
further investigation. Genetically determined testosterone levels
have been linked with development of HF, predominantly in
men, as shown in a recent Mendelian randomization study
(26). Post-menopause in women has been associated with an
exponential increase in the incidence of HFpEF compared with
men of the same age. Estrogen deprivation in post-menopause
has been recognized as an important determinant of diastolic
dysfunction as estrogen is shown to modulate many regulatory
molecular pathways of cardiac diastolic function (27, 28). The
present results further support the importance of hormones
by showing an important effect of hormone-containing agents
on the association between platelet count and PTH in female
HF subjects.
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TABLE 3 | Relation between platelet count and PTH according to cardiac function in a sex-specific analysis.

Platelet count

Adjusted for age, sexa,

season, vitamin D statusb
Additionally adjusted for

CVRFs and eGFR

Additionally adjusted for

comorbidities

Additionally adjusted for

medicationc

N β-estimate (95% CI) P-value β-estimate (95% CI) P-value β-estimate (95% CI) P-value β-estimate (95% CI) P-value

Preserved EF 1,173 −7.0 (−11; −3.0) 0.00071 −7.2 (−12; −2.8) 0.0015 −6.9 (−11; −2.3) 0.0032 −6.7 (−11;−2.0) 0.0052

Females 401 −11 (−18; −3.3) 0.0046 −10 (−19; −1.9) 0.016 −10 (−19; −1.7) 0.019 −8.0 (−17; 1.1) 0.084

Males 772 −5.0 (−9.8; −0.17) 0.043 −5.2 (−10; 0.060) 0.053 −4.8 (−10; 0.64) 0.084 −4.4 (−10; 1.1) 0.12

Reduced EF 687 −4.4 (−8.3; −0.41) 0.031 −5.7 (−10; −1.1) 0.015 −5.3 (−10; −0.52) 0.030 −5.6 (−11; −0.77) 0.024

Females 131 −5.9 (−14; 2.4) 0.17 −8.0 (−18; 2.4) 0.13 −9.1 (−20; 1.9) 0.11 −5.0 (−17; 6.8) 0.41

Males 556 −4.0 (−8.5; 0.41) 0.075 −5.1 (−10; 0.050) 0.053 −4.5 (−9.9; 0.94) 0.11 −4.7 (−10; 0.85) 0.098

HFpEF 442 −9.5 (−15; −3.6) 0.0019 −9.9 (−17; −3.2) 0.0039 −9.4 (−16; −2.4) 0.0091 −8.9 (−16; −1.7) 0.015

Females 191 −11 (−21; −0.96) 0.033 −12 (−23; −0.14) 0.049 −11 (−23; 1.4) 0.084 n.a. n.a.

Males 251 −8.6 (−16; −1.2) 0.024 −8.3 (−17; 0.0084) 0.051 −7.7 (−17; 1.2) 0.090 −6.0 (−15; 3.2) 0.21

HFpEF borderline 324 −1.9 (−8.7; 4.8) 0.57 −3.0 (−11; 4.7) 0.44 −2.5 (−10; 5.4) 0.53 −3.9 (−12; 4.4) 0.35

Females 82 −11 (−23; 1.4) 0.086 −9.7 (−26; 6.5) 0.24 −12 (−29; 6.3) 0.21 −9.5 (−33; 14) 0.43

Males 242 0.71 (−7.2; 8.6) 0.86 −1.0 (−10; 8.1) 0.83 0.50 (−8.9; 9.9) 0.92 0.092 (−10; 10) 0.99

HFrEF 279 −5.4 (−11; −0.28) 0.040 −7.1 (−13; −1.2) 0.019 −7.0 (−13; −0.60) 0.033 −6.3 (−13; 0.18) 0.058

Females 41 −0.14 (−13; 13) 0.98 −10 (−27; 6.7) 0.25 −8.0 (−26; 10) 0.40 n.a. n.a.

Males 238 −6.5 (−12; −0.79) 0.027 −7.4 (−14; −0.90) 0.027 −7.6 (−15; −0.49) 0.037 −7.6 (−15; −0.30) 0.043

Multivariable linear regression analysis with platelet count as dependent variable and PTH as independent variable in phenotypes of cardiac function and sex-specific. Results are

presented as beta (β)-estimates for change per one standard deviation in PTH. PTH, parathyroid hormone; N, number of individuals; eGFR, estimated glomerular filtration rate; EF,

ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFpEF borderline, heart failure with ejection fraction of 41–49%; HFrEF, heart failure with reduced ejection fraction;

n.a., not available due to low sample size.
aSex-adjustment only in overall analysis sample; bVitamin D status was determined by concentrations of Calcifediol and Calcitriol; c In females additionally adjusted for oral contraceptives,

hormone replacement therapy and menstrual bleeding. P-value < 0.05 were highlighted in bold.

The role of PTH according to HF severity has also been
reported. A positive correlation between PTH and NYHA class
and PTH and NT-proBNP levels as well as an inverse correlation
between PTH and LVEF has been reported in different HF
studies (8–11).

A positive relation between increasing age and PTH levels
has been previously reported, primarily as a response to changes
in serum calcium (29). The results from this study showed
a weak positive correlation between age and PTH in males
with predominantly HFpEF phenotype and in females with
predominantly HFrEF phenotype.

In addition, patients with disorders of the parathyroid
gland suffered more frequently from arterial hypertension, left
ventricular hypertrophy, arrhythmia, and HF (13). Elevated
PTH can stimulate cardiac myocyte hypertrophy, dysfunction
of endothelium and vasculature, and hypercalcemia and activate
aldosterone via RAAS (13). However, a community-based study
in the Netherlands did not confirm PTH to be associated with
a risk of developing HF or predicting new onset of HFpEF
or HFrEF (30). Subjects with primary hyperparathyroidism
and thus elevated concentrations of PTH presented with
higher MPV compared to age- and sex-matched healthy
controls (17). Higher MPV could suggest the presence of
metabolically and enzymatically hyperactive platelets in HF
individuals (17). Activated platelets release a plethora of different
proinflammatory mediators that promote immune response,
angiogenesis, and fibrosis (31, 32). Hypercalcemia can lead

to oxidative stress and inflammation in the heart and finally
contribute to cardiomyocyte necrosis (8). However, calcium is
required as a cofactor in blood coagulation; a lack of calcium
can also impair cardiac function and affect HF progression
(33, 34). The presence of PTH-related protein and vitamin D
receptors on platelets might lead to platelet activation after direct
binding or after PTH-initiated increase of vitamin D or PTH-
initiated increase of calcium (18, 19). The described pathways of
platelet activation can result in a hypercoagulable state, an already
recognized risk factor in HF syndrome (35). Vitamin D has been
reported to have anti-inflammatory properties, and given the
presence of vitamin D receptors in cardiac myocytes, vitamin
D supplementation has been suggested as a possible supporting
therapy in HF syndrome (36, 37). Indeed, the VINDICATE study
showed the beneficial effects of Vitamin D supplementation on
cardiac function and LV structure in patients with chronic HF
and vitamin D deficiency for a duration of 1 year (38). On
the other hand, suppressing PTH by vitamin D intake might
present a potential therapeutic target to prevent PTH-driven
endothelial dysfunction, atherosclerosis, and platelet activation
as leading causes of cardiac ischemia and HF development
(4, 39). In absence of robust experimental evidence for the
direct interaction between PTH and platelets, it remains to
understand if the observed relation depends on other PTH-
dependent mechanisms such as plasma and platelet calcium level
and vitamin D concentration and its association with platelet
activation. Another hypothesis to be tested for the potential
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improvement of the clinical outcome of individuals with HF
syndrome, based on the present results on the interaction
between PTH and platelets, could be the addition of antiplatelet
agents in HF patients with higher PTH concentration. To
increase the understanding of the interaction between PTH and
platelet activation in HF phenotypes, a prospective investigation
with specific platelet function tests depicting different aspects
of platelet activation, that is, platelet aggregation and platelet
procoagulant function, is needed. Furthermore, well-designed
randomized controlled trials could importantly inform whether
attenuating the levels of PTH intake and/or impeding platelet
aggregation and procoagulant function by Vitamin D and
antithrombotic agents, respectively, will decrease HF risk or
mitigate its progression. Sex-related differences from biological
mechanisms to treatment effects and prognosis have been already
described in HF patients (40). Our findings for the sex differing
association between PTH and platelet indices further support
the recommendation to keep the sex-specific focus in future
mechanistic, translational, and interventional studies.

CONCLUSION

The results of this analysis report important differences for
the association between biomarkers of platelets and PTH
that vary between sexes and with the phenotype of cardiac
dysfunction. These differences are present independent of
vitamin D status, CVRFs, and comorbidities. Particularly in
phenotypes of symptomatic HF, distinct associations in males
and females were observed, suggesting a sex-specific mechanism
involved in the interaction between PTH and platelets. Further
mechanistic studies are warranted to understand the effect of
PTH at the molecular level of platelets, including the role of
endogenous hormones in HF phenotypes.
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Introduction: Although the impact of sex on patient outcomes for heart failure (HF)

with preserved ejection fraction (HFpEF) has been reported, it is still unclear whether

this impact is applicable for elderly patients with HFpEF. This study was conducted as a

secondary analysis from a large randomized controlled trial—The Treatment of Preserved

Cardiac Function Heart Failure with an Aldosterone Antagonist Trial (TOPCAT)—to

evaluate the impact of sex differences on the baseline characteristics and outcomes

of HFpEF patients who were older than 70 years.

Methods: Baseline characteristic of elderly patients were compared between men

and women. Primary outcomes were cardiovascular (CV) mortality and HF-related

hospitalization, whereas secondary outcomes were all-cause mortality and all-cause

hospitalization. Cox regression models were used to determine the effect of sex

differences on patient outcomes.

Results: A total of 1,619 patients were included in the study: 898 (55.5%) women

and 721 (44.5%) men. Age was similar between women and men. Women had fewer

comorbidities but worse cardiac function than men. The rate of primary outcomes was

lower in women than in men (18.4 vs. 27.5%; p < 0.001), including rate of CV mortality

(8.9 vs. 14.8%; p < 0.001) and HF-related hospitalization (13.4 vs. 18.2%; p = 0.008).

All-cause mortality was also lower in women than in men (15.6 vs. 25.4%; p < 0.001).

After adjustment for baseline characteristics, Cox regression analysis showed that female

sex was a protective factor for CV mortality [hazard ratio (HR): 0.53; 95% confidence

interval (CI): 0.40–0.73], HF-related hospitalization (HR: 0.71; 95% CI: 0.55–0.93),

and all-cause mortality (HR: 0.59; 95% CI: 0.47–0.75). Although spironolactone

significantly reduced the rate of all-cause mortality in women even after adjusting

for baseline characteristics (HR: 0.68; 95% CI: 0.48–0.96; p = 0.028), no significant

multivariate association was noted between sex and treatment effects (p = 0.190).
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Conclusion: Among elderly patients with HFpEF, women had worse cardiac function

but better survival and lower HF-related hospitalization rate than men.

Clinical Trial Registration: NCT00094302 (TOPCAT). Registered October 15,

2004, https://www.clinicaltrials.gov/ct2/show/NCT00094302.

Keywords: sex differences, HFpEF, baseline characteristics, mortality, HF-related hospitalization, elderly patients

INTRODUCTION

The incidence and prevalence of heart failure (HF) with
preserved ejection fraction (HFpEF) increase exponentially
with advancing age (1). And clinical and echocardiographic
characteristics, quality of life, and patient outcomes differ
between young and old HFpEF patients (2). Most of the
recently completed large randomized clinical trials on HFpEF
did not specifically set an age limit for participants, and elderly
patients whose clinical features, event rates, and response to
treatments may be different from those of young patients are
underrepresented in randomized clinical trials.

Sex differences exist in almost every facet of HF (both HF
with reduced ejection fraction and HFpEF), including baseline
characteristics, risk factors, pathophysiology, drug response, and
patient outcomes (3–5). Community-based studies indicated
that women are substantially different from men in terms
of clinical features and event rates (6, 7). The Irbesartan in
Heart Failure with Preserved Ejection Fraction (I-PRESERVE)
trial demonstrated a lower mortality or hospitalization rate for
both cardiovascular (CV) and non-CV diseases in women with
HFpEF, suggesting a better overall prognosis in women (8).
The Treatment of Preserved Cardiac Function Heart Failure
with an Aldosterone Antagonist Trial (TOPCAT) reported
no significant interactions between spironolactone and sex in
terms of primary outcomes in a pre-specified subgroup analysis
(9), whereas a secondary analysis of this trial, which was
restricted to the Americans, has shown that women have a
significantly decreased all-cause mortality rate associated with
spironolactone (10); however, this was not observed in men,
suggesting sex differences in patient outcomes. But information
about sex differences on patient outcomes and spironolactone
response in elderly patients with HFpEF is limited. To address
this, our study conducted a post-hoc exploratory subgroup
analysis in elderly patients with HFpEF from TOPCAT to
determine sex differences in baseline characteristics, outcomes,
and spironolactone response.

MATERIALS AND METHODS

Study Design and Patients
For this post-hoc analysis, clinical data from TOPCAT
were collected from the National Heart, Lung, and Blood
Institute’s Biological Specimen and Data Repository Information

Abbreviations: CV, cardiovascular; HF, heart failure; NYHA, New York Heart

Association; HFpEF, heart failure with preserved ejection fraction; BNP, brain

natriuretic peptide.

Coordinating Center (BioLINCC, Calverton, Maryland, USA).
Patients who were diagnosed with symptomatic HF and left
ventricular ejection fraction of ≥45% and were hospitalized
for HF within 12 months prior to enrollment or had elevated
natriuretic peptide levels (brain natriuretic peptide level (BNP)
of ≥100 pg/ml or N-terminal pro-BNP level of ≥360 pg/ml)
within 60 days prior to inclusion were eligible. The age of
the patients had to be 50 years or above, with controlled blood
pressure (systolic blood pressure of<140 mmHg or≤160 mmHg
if three or more drugs were used to control blood pressure)
and serum potassium level of <5.0 mmol/L. Patients whose
life expectancy was <3 years, estimated glomerular filtration
rate was <30 ml/min/1.73 m2 of body surface area, or serum
creatinine level was ≥2.5 mg/dl were excluded. The details can
be found in the main study publications (9, 11). All included
patients were randomly assigned to receive spironolactone
or placebo treatment according to a double-blind design. For
the purposes of our study, we selected 1,619 elderly patients
(age ≥70 years) (12, 13) from TOPCAT to conduct a post-hoc
secondary analysis.

Definitions of Outcomes
The follow-up time was about 3.3 years. Primary outcomes were
cardiovascular (CV) mortality and HF-related hospitalization,
and secondary outcomes were all-cause mortality (CV and non-
CV mortality) and all-cause hospitalization.

Statistical Analysis
Descriptive statistical data were obtained for all variables
of interest. Baseline clinical characteristics of patients were
expressed as mean± standard deviation for normally distributed
continuous variables, median (interquartile range) for non-
normally distributed continuous variables, and frequencies and
percentages for categorical variables. Data were stratified by sex
and treatment arms. Sex differences in outcomes were compared
within the entire cohort, the placebo arm, and the spironolactone
arm. All continuous variables were compared using the t-test
or Mann–Whitney U-test, and categorical variables were
compared using Fisher’s exact test or the χ2 test. The Kaplan–
Meier method was performed for time-to-event analysis.
Associations between sex and patient outcomes were determined
using univariate and multivariate Cox proportional hazards
regression models. Adjusted variables included race, New York
Heart Association (NYHA) class, myocardial infarction, atrial
fibrillation, hypertension, dyslipidemia, chronic obstructive
pulmonary disease, percutaneous coronary intervention,
coronary artery bypass grafting, systolic blood pressure, diastolic
blood pressure, heart rate, body mass index, baseline estimated
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glomerular filtration rate, and baseline potassium level. Stata/S.E.
version 15.0 software (Stata Corp., College Station, TX, USA)
was used for statistical analyses. Empower Stats was used to
analyze sex–treatment interactions. Values of p < 0.05 were
considered statistically significant.

RESULTS

Baseline Characteristics According to Sex
in the Elderly
Baseline characteristics of the overall cohort (n = 1,619)
according to sex are summarized in Table 1. Of the 1,619 elderly
patients, 898 (55.5%) were women, and 721 (44.5%) were men.
All the patients were ≥70 years, and their mean age was similar
between women and men. There were 533 (59.4%) women from
the Americas (including the United States, Canada, Brazil, and
Argentina) and 365 (40.6%) from Russia/Georgia. The baseline
characteristics of each group are presented in Table 1. Women
had fewer comorbidities than men: atrial fibrillation (41.4 vs.
47.4%; p = 0.016), myocardial infarction (18.7 vs. 30.9%; p <

0.001), coronary artery bypass grafting (7.6 vs. 22.3%; p < 0.001),
percutaneous coronary intervention (12.5 vs. 18.9%; p < 0.001),
dyslipidemia (57.3 vs. 66.2%; p= 0.001), and chronic obstructive
pulmonary disease (9.24 vs. 47.4%; p = 0.001). However, women
had a higher prevalence of hypertension (93.0 vs. 89.2%; p =

0.007), higher rate of NYHA functional classes III–IV (38.5 vs.
31.5%; p = 0.003), and higher body mass index (30.9 ± 6.2
vs. 30.1 ± 5.8 kg/m2; p = 0.011) than men, whereas serum
potassium (4.2 ± 0.43 vs. 4.3 ± 0.48 mmol/l; p = 0.010), blood
urea nitrogen (16.2 ± 14.2 vs. 20.1 ± 14.3 mg/dl; p = 0.001),
hemoglobin (12.6 ± 1.8 vs. 13.3 ± 2.4 g/dl; p = 0.001), and
creatinine (1.0 ± 0.3 vs. 1.3 ± 0.31 mg/dl; p < 0.001) levels
were lower in women than in men, and women had lower
Kansas City Cardiomyopathy Questionnaire scores (54.1 ± 19.9
vs. 61.9 ± 21.3, p < 0.001) than men. Furthermore, elderly
women with HFpEF had significantly higher left ventricular
ejection fraction (63.3 ± 0.5 vs. 58.9 ± 0.6%, p = 0.001) and
late mitral inflow velocity (81.5 ± 25.2 vs. 71.1 ± 26.8 cm/s,
p < 0.001). Left ventricular filling pressure (E/Em) (12.5 ±

6.4 vs. 11.5 ± 5.9, p = 0.142) and E-wave deceleration time
(210.4 ± 65.2 vs. 201.6 ± 67.1 s, p = 0.154) were higher in
women than in men, but the differences in these parameters
were not significant. Furthermore, plasma BNP [245 (148, 431)
vs. 302 (165, 483) pg/ml, p = 0.039] was lower in women
than in men, but there was no significant difference in the N-
terminal pro-BNP [889 (485, 1,914) vs. 901 (532, 1,908) pg/ml,
p= 0.787] level.

Regarding the use of medications, no significant differences
were noted for angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, beta-blockers, calcium channel
blockers, or diuretics between men and women. Men
were significantly more likely to take statins, warfarin, any
hypoglycemic drug, other antihypertensives, or CV medications.
Moreover, in both the placebo and spironolactone arms,
differences in the use of drugs between women and men were the
same as the differences in the entire cohort.

Differences in Outcomes Between Elderly
Women and Men
The rates of primary and secondary outcomes according to sex
between the placebo and spironolactone arms are summarized
in Table 2. In the entire cohort, the rates of primary outcome
(18.4 vs. 27.5%, p < 0.001), CV mortality (8.9 vs. 14.8%,
p < 0.001), HF-related hospitalization (13.4 vs. 18.2%, p =

0.008), all-cause mortality (15.6 vs. 25.4%, p < 0.001), and
all-cause hospitalization (47.0 vs. 52.3%, p = 0.012) were all
significantly lower in women than in men. In the placebo
arm, women had lower rates of composite primary outcomes
(18.9 vs. 28.1%; p = 0.002), CV mortality (10.6 vs. 15.4%;
p = 0.039), HF-related hospitalization (13.5 vs. 19.0%; p =

0.033), and all-cause mortality (31.5 vs. 50.4%; p < 0.001)
than men. The rate of all-cause hospitalization was lower in
women than in men (48.5 vs. 53.2%, p = 0.191), but the
difference was not statistically significant. In patients treated
with spironolactone, the rates of composite primary outcomes
(17.9 vs. 26.8%; p = 0.002), CV mortality (7.3 vs. 14.2%;
p = 0.001), all-cause mortality (13.0 vs. 25.7%; p < 0.001),
and all-cause hospitalization (45.5 vs. 53.4%; p = 0.026) were
significantly lower in women than in men. The HF-related
hospitalization rate was lower in women than in men (13.2
vs. 17.3%, p = 0.107), but the difference was not statistically
significant. Kaplan–Meier curves for primary and secondary
outcomes stratified by sex are shown in Figures 1, 2. Sex-
specific univariate analysis showed that women had lower
rates of all outcomes in the entire cohort and in the placebo
arm. In patients treated with spironolactone, no significant
statistical differences were noted in HF-related hospitalization
[hazard ratios (HR): 0.73; 95% confidence interval (CI): 0.51–
1.04; p = 0.083] and all-cause hospitalization (HR: 0.71;
95% CI: 0.50–1.01; p = 0.058) between women and men,
but primary outcome, CV mortality, and all-cause mortality
were significantly lower in women than in men. Sex-specific
multivariate HRs in the placebo and spironolactone arms for all
outcomes adjusted for race, NYHA class, myocardial infarction,
percutaneous coronary intervention, coronary artery bypass
grafting, atrial fibrillation, hypertension, dyslipidemia, chronic
obstructive pulmonary disease, systolic blood pressure, diastolic
blood pressure, heart rate, body mass index, baseline estimated
glomerular filtration rate, and baseline potassium levels are
detailed in Supplementary Table 1 and Figure 3. In the entire
cohort, the risk of primary outcomes, CV mortality, HF-related
hospitalization, and all-cause mortality was significantly lower in
women after adjusting for covariates. Also, both in the placebo
and spironolactone arms, women were more likely to have
significantly reduced risks of composite primary outcomes, CV
mortality, and all-cause mortality compared with men.

Treatment Effect in Elderly Women and
Men
Univariate HR for all outcomes is shown in Table 3. In women,
primary outcomes occurred in 84 patients (10.4%) treated with
placebo and in 81 patients (10.0%) treated with spironolactone
(HR: 0.95; 95% CI: 0.70–1.29). The rates of CV mortality,
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TABLE 1 | Characteristics of the patients according to treatment arm.

All Placebo arm Spironolactone arm

Women

(n = 898)

Men

(n = 721)

p Women

(n = 445)

Men

(n = 363)

p Women

(n = 453)

Men

(n = 358)

p

Age, years 77.0 ± 5.3 77.1 ± 5.1 0.458 76.6 ± 0.2 77 ± 0.3 0.116 77.4 ± 0.3 77.2 ± 0.3 0.621

Region

Americas, n (%)

533 (59.4) 498 (69.1) <0.001 255 (56.0) 252 (69.4) <0.001 278 (61.4) 246 (68.7) 0.03

Russia/Georgia, n (%) 365 (40.6) 223 (30.9) <0.001 190 (42.7) 111 (30.6) <0.001 175 (38.6) 112 (31.3) 0.03

Atrial fibrillation, n (%) 371 (41.4) 341 (47.4) 0.016 188 (42.2) 164 (45.2) 0.399 183 (40.4) 177 (49.4) 0.01

Coronary artery disease

Angina, n (%) 363 (40.4) 316 (43.9) 0.166 193 (43.4) 164 (45.2) 0.602 170 (37.5) 152 (42.5) 0.154

MI, n (%) 168 (18.7) 223 (30.9) <0.001 86 (19.3) 120 (33.1) <0.001 82 (18.1) 103 (28.8) <0.001

CABG, n (%) 68 (7.6) 161 (22.3) <0.001 41 (9.2) 89 (24.5) <0.001 27 (6.0) 72 (20.1) <0.001

PCI, n (%) 11 2(12.5) 136 (18.9) <0.001 49 (11.0) 76 (20.9) <0.001 63 (13.9) 60 (16.8) 0.261

Hypertension, n (%) 835 (93.0) 643 (89.2) 0.007 417 (93.7) 326 (89.8) 0.042 418 (92.3) 317 (88.5) 0.071

Diabetes mellitus, n (%) 252 (28.1) 229 (31.2) 0.105 117 (26.3) 123 (33.9) 0.019 135 (29.8) 106 (29.6) 0.953

Dyslipidemia, n (%) 515 (57.3) 477 (66.2) <0.001 258 (58.0) 250 (68.9) 0.001 257 (56.7) 227 (63.4) 0.054

Tobacco use, n (%) 224 (24.8) 482 (66.9) <0.001 114 (25.6) 236 (65.0) <0.001 110 (24.3) 246 (67.8) <0.001

COPD, n (%) 83 (9.24) 118 (47.4) <0.001 39 (8.6) 63 (17.6) <0.001 44 (9.7) 55 (15.4) 0.015

Heart rate, beats/min 69.0 ± 10.4 67.2 ± 10.2 0.002 69.0 ± 0.5 67.5 ± 0.5 0.049 69.1 ± 0.5 66.8 ± 0.6 0.013

SBP, mmHg 130.5 ± 14.3 126.8 ± 13.5 <0.001 131.1 ± 0.7 126.6 ± 0.7 <0.001 129.9 ± 0.7 127.1 ± 0.7 0.009

DBP, mmHg 74.5 ± 11.1 71.9 ± 10.7 <0.001 74.5 ± 0.6 71.6 ± 0.6 <0.001 72.5 ± 0.5 72.1 ± 0.6 0.006

Body mass index,

kg/m2

30.9 ± 6.2 30.1 ± 5.8 0.011 31.0 ± 0.3 30.0 ± 0.3 0.024 30.7 ± 0.3 30.1 ± 0.3 0.164

Serum potassium,

mmol/L

4.2 ± 0.4 4.3 ± 0.5 0.01 4.3 ± 0.0 4.29 ± 0.0 0.108 4.2 ± 0.2 4.3 ± 0.0 0.349

Blood urea nitrogen,

mg/dl

16.2 ± 14.2 20.1 ± 14.3 <0.001 16.9 ± 0.7 18.8 ± 0.7 0.005 15.4 ± 0.6 21.4 ± 0.8 <0.001

Creatinine, mg/dl 1.0 ± 0.3 1.3 ± 0.3 <0.001 1.0 ± 0.0 1.2 ± 0.0 <0.001 1.0 ± 0.0 1.3 ± 0.0 <0.001

Estimated GFR,

ml/min/1.73 m2

60.8 ± 17.6 64.2 ± 17.5 <0.001 60.0 ± 0.8 65.1 ± 1.0 <0.001 61.5 ± 0.8 63.3 ± 0.9 0.073

Hemoglobin, g/dL 12.6 ± 1.8 13.3 ± 2.4 <0.001 12.8 ± 0.1 13.2 ± 0.1 <0.001 12.5 ± 0.1 13.4 ± 0.1 <0.001

NYHA functional

classes III–IV, n (%)

346 (38.5) 227 (31.5) 0.003 172 (38.7) 104 (28.7) 0.003 174 (38.4) 123 (34.4) 0.234

LVEF (%) 63.3 ± 0.5 58.9 ± 0.6 0.001 61.3 ± 0.7 59.3 ± 0.8 0.031 61.4 ± 0.6 58.5 ± 0.9 0.012

E (cm/s) 86.3 ± 26.9 86.7 ± 29.1 0.37 85.2 ± 24.8 88.6 ± 29.1 0.381 87.2 ± 28.7 84.6 ± 29.0 0.727

A (cm/s) 81.5 ± 25.2 71.1 ± 26.8 <0.001 83.9 ± 25.1 7.6 ± 26.0 0.001 79.3 ± 25.3 71.9 ± 27.9 0.11

E/A 1.1 ± 0.7 1.2 ± 0.7 0.108 1.1 ± 0.7 1.3 ± 0.7 0.064 1.2 ± 0.7 1.2 ± 0.7 0.712

EDT (s) 210.4 ± 65.2 201.6 ± 67.1 0.154 210 ± 73.5 198.5 ± 63.9 0.381 210.8 ±

57.3

205.1 ±

70.8

0.249

E/Em septal 16.5 ± 6.7 15.9 ± 7.7 0.262 16.3 ± 5.8 15.8 ± 7.5 0.345 16.6 ± 7.5 15.8 ± 8.0 0.513

E/Em lateral 12.5 ± 6.4 11.5 ± 5.9 0.142 12.6 ± 5.3 11.8 ± 6.3 0.149 12.4 ± 7.2 11.2 ± 5.5 0.436

BNP (pg/ml) 245 [148, 431] 302 [165, 483] 0.039 241.5

[147.5,

389.5]

307 [159,

454]

0.094 245 [151,

472]

284.5

[170,502]

0.234

NT-proBNP (pg/ml) 889 [485,1914] 901 [532, 1,908] 0.787 971 [560,

2,276]

904.5 [540.5,

2,025]

0.437 802 [435,

1,650]

901 [517,

1,790]

0.378

KCCQ overall score 54.1 ± 19.9 61.9 ± 21.3 <0.001 53.8 ± 0.9 61.8 ± 1.1 <0.001 54.3 ± 1.0 62.0 ± 1.2 <0.001

PHQ-9 score 5.3 ± 9.2 4.8 ± 8.8 0.065 5.5 ± 0.6 4.1 ± 0.8 0.078 5.0 ± 0.7 5.4 ± 0.3 0.377

Any antihypertensive

drugs, n (%)

892 (99.4) 713 (99.0) 0.334 441 (99.1) 360 (99.2) 0.825 451 (99.6) 353 (98.6) 0.144

ACEI or ARB, n (%) 730 (81.4) 568 (78.9) 0.21 365 (82.0) 282 (77.7) 0.126 365 (80.6) 286 (80.0) 0.807

Beta-blocker, n (%) 670 (74.7) 558 (77.5) 0.189 333 (74.8) 286 (78.8) 0.18 337 (74.4) 272 (76.0) 0.604

CCB, n (%) 356 (39.7) 256 (35.6) 0.089 186 (41.8) 125 (34.4) 0.033 170 (37.5) 131 (36.6) 0.784

Diuretic, n (%) 754 (84.1) 604 (83.9) 0.927 378 (84.9) 309 (85.1) 0.929 376 (83.0) 295 (82.4) 0.822

(Continued)
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TABLE 1 | Continued

All Placebo arm Spironolactone arm

Women

(n = 898)

Men

(n = 721)

p Women

(n = 445)

Men

(n = 363)

p Women

(n = 453)

Men

(n = 358)

p

Other antihypertensive

drugs, n (%)

110 (12.3) 115 (16.0) 0.032 56 (12.6) 55 (15.2) 0.29 54 (11.9) 60 (16.8) 0.049

Aspirin, n (%) 552 (61.5) 460 (63.9) 0.332 278 (62.5) 233 (64.2) 0.608 274 (60.5) 227 (63.4) 0.395

Nitrate, n (%) 143 (15.9) 113 (15.7) 0.892 73 (16.4) 57 (15.7) 0.789 70 (15.5) 56 (15.6) 0.941

Any hypoglycemic, n

(%)

202 (22.5) 195 (27.1) 0.034 93 (20.9) 103 (28.4) 0.013 109 (24.1) 92 (25.7) 0.592

Statin, n (%) 420 (46.8) 445 (61.8) <0.001 204 (45.8) 220 (60.6) <0.001 216 (47.7) 225 (62.8) <0.001

Warfarin, n (%) 231 (25.8) 229 (31.8) 0.007 116 (26.1) 115 (31.7) 0.078 115 (25.4) 114 (31.8) 0.043

Other CV medication, n

(%)

396 (44.1) 410 (56.9) <0.001 192 (43.1) 207 (57.0) <0.001 204 (45.0) 203 (56.7) 0.001

Selective serotonin

reuptake inhibitor, n (%)

78 (8.7) 50 (6.9) 0.195 39 (87.6) 26 (7.2) 0.406 39 (8.6) 24 (6.7) 0.314

Values are mean ± SD or n (%).

CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate; HF, heart failure; LVEF,

left ventricular ejection fraction; MI, myocardial infarction; SBP, systolic blood pressure; DBP, diastolic blood pressure; KCCQ, Kansas City Cardiomyopathy Questionnaire; NYHA, New

York Heart Association; PHQ-9, Patient Health Questionnaire 9th edition; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; CV,

cardiovascular; E, early mitral inflow velocity; A, late mitral inflow velocity; E/A, early to late mitral inflow velocity ratio; EDT, E wave deceleration time; E/Em, mitral inflow to mitral relaxation

velocity ratio.

TABLE 2 | Differences in outcomes between women and men.

All Placebo arm Spironolactone arm

Women Man p Women Men P Women Men p

(n = 898) (n = 721) (n = 445) (n = 363) (n = 453) (n = 358)

Primary outcome, n (%) 165 (18.4) 198 (27.5) <0.001 84 (18.9) 102 (28.1) 0.002 81 (17.9) 96 (26.8) 0.002

CV mortality, n (%) 80 (8.9) 107 (14.8) <0.001 47 (10.6) 56 (15.4) 0.039 33 (7.3) 51 (14.2) 0.001

HF hospitalization, n (%) 120 (13.4) 131 (18.2) 0.008 60 (13.5) 69 (19.0) 0.033 60 (13.2) 62 (17.3) 0.107

All-cause mortality, n (%) 140 (15.6) 183 (25.4) <0.001 140 (31.5) 183 (50.4) <0.001 59 (13.0) 92 (25.7) <0.001

All-cause hospitalization, n (%) 422 (47.0) 384 (52.3) 0.012 216 (48.5) 193 (53.2) 0.191 206 (45.5) 191 (53.4) 0.026

Values are n (%). Chi-square tests for women vs. men. Abbreviations as in Table 1.

HF-related hospitalization, all-cause mortality, and all-cause
hospitalization were also lower in patients taking spironolactone,
but the differences were not statistically significant (p > 0.05
for all outcomes). The effects of spironolactone treatment were
similar among men.

Multivariate HR and interaction terms between sex and
treatment response are summarized in Supplementary Figure 1

and Table 3. No significant reduction was observed in the rate
of primary outcomes associated with spironolactone in women
(HR: 0.91; 95% CI: 0.67–1.25; p = 0.580) and men (HR: 0.88;
95% CI: 0.66–1.17; p = 0.377). The rates of CV mortality, HF-
related hospitalization, and all-cause hospitalization were not
significantly different between the placebo and spironolactone
arms in both women and men (p > 0.05). Although women
treated with spironolactone had a decreased rate of all-cause
mortality (10.0 vs. 7.3%; HR: 0.68; 95% CI: 0.48–0.96, p
= 0.028) compared with that noted in men treated with
spironolactone, sex–treatment interactions were not significant
(p for interaction= 0.190).

DISCUSSION

Patients older than 70 years from TOPCAT were included in
the present study, and the following sex differences in baseline
characteristics and outcomes were found: (1) elderly women with
HFpEF had fewer comorbidities but worse cardiac function than
men; (2) elderly women had a lower rate of primary outcomes,
CV mortality, HF-related hospitalization, all-cause mortality,
and all-cause hospitalization than men; and (3) although elderly
women taking spironolactone had a lower rate of all-cause
mortality than women taking placebo, there was no significant
multivariate sex–treatment interaction.

Sex Differences in Baseline Characteristics
in Elderly Patients
Most of the HF cases happens in elderly patients, and more
than half of patients hospitalized with HF are older than 75
years (14). It is reported that the prevalence of HF doubles for
each decade of life. The prevalence is <1 and 10% for those
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FIGURE 1 | Kaplana–Meier survival curves for primary outcomes and components stratified by sex according to treatment. There was a significant association

between sex and the primary outcome, CV mortality in either placebo arm or spironolactone arm. Women had a significantly lower rate of all the primary outcomes in

all patients. (A–C) Primary outcome in placebo arm, spironolactone arm, all patients; (D–F) CV mortality in placebo arm, spironolactone arm, all patients; (G–I)

HF-related hospitalization in placebo arm, spironolactone arm, all patients. CV, cardiovascular diseases; HF, heart failure; HR, hazard ratio.

younger than 40 years and older than 80 years, respectively (15).
Moreover, a recent prospective study demonstrated that patients
from different age groups have different clinical characteristics
and outcomes (2). Previous HF trials examined sex differences for
different age groups, such as age of≥60 years in the I-PRESERVE
study (8), age of ≥21 years in the DIG (Digitalis Investigation
Group)—PEF (preserved ejection fraction) study (16), and age
of ≥50 years in the TOPCAT—Americas study (17). Although
significant sex differences in the baseline characteristics of
patients with HFpEF have been reported, only a few studies have
specifically focused on sex differences in elderly patients with
HFpEF. Moreover, elderly HFpEF patients are underrepresented
in large-scale randomized clinical trials. Thus, it is of great
significance to emphasize sex difference in these elderly patients.

In the present study, we focused on elderly patients from
TOPCAT. We observed that hypertension, higher body mass
index, and lower hemoglobin levels were more prevalent in
elderly women. Men were more likely to be smokers and have
coronary artery disease, atrial fibrillation, and chronic obstructive
pulmonary disease. These findings were consistent with the data
derived from the I-PRESERVE (8) and TOPCAT studies (17),
and were also consistent with another meta-analysis (10) of the
CHARM-Preserved (Candesartan in Heart Failure: Assessment
of Reduction in Mortality and Morbidity), I-PRESERVE, and
TOPCAT—Americas studies: female HFpEF patients are older
and more likely to have obesity and hypertension but less likely
to have coronary artery disease or atrial fibrillation. Pepine et al.
reported in a recent study that the higher prevalence of obesity,
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FIGURE 2 | Kaplana–Meier survival curves for secondary outcomes and components stratified by sex according to treatment. Women were associated with a

significantly reduced likelihood of all-cause mortality in the placebo arm, spironolactone arm, and all patients. No significant result was observed for all-cause

hospitalization. (A–C) All-cause mortality in placebo arm, spironolactone arm, all patients; (D–F) All-cause hospitalization in placebo arm, spironolactone arm, all

patients.

hypertension, and other comorbidities in older women increases
the prevalence of HFpEF in this group, which might explain that
older women are more likely to develop HFpEF (18).

Furthermore, we observed that elderly women with HFpEF
had worse NYHA functional classes and lower Kansas City
Cardiomyopathy Questionnaire (19) scores (0–100, the higher
scores, the fewer symptoms and physical limitations) than elderly
men with HFpEF. The results suggested that elderly women were
prone to have higher left ventricular ejection fraction, worse
NYHA functional classes, more symptoms, and worse quality of
life. We speculated that the worse NYHA functional classes and
more symptoms in elderly women were attributable to impaired
diastolic function. Women presented significantly higher late
mitral inflow velocity (A) than men. Left ventricular filling
pressure (E/Em) and E-wave deceleration time were numerically
higher in women than in men but did not reach statistical
significance, possibly due to the fact that many patients were
without echo data. Consistent with previous studies, women
with HFpEF had worse cardiac diastolic dysfunction than men.
The possibility that diastolic cardiac function is more frequently
abnormal in women is in agreement with the findings of previous
studies (20–22): women with HFpEF have more prominent
diastolic dysfunction than men with HFpEF. In contrast to
the impaired diastolic function in women, lower BNP level
was observed in elderly women with HFpEF. It was reported
that women have higher plasma BNP level (23) in the general

population but have lower BNP level in HFpEF due to the
left ventricular concentric remodeling and hypertrophy among
HFpEF patients (24). However, another study also reported that
female HFpEF patients have a higher BNP level (21). Thus, the
sex difference of BNP in HFpEF is still unclear and warrants
further exploration.

Although women with HFpEF were more likely to have
comorbid hypertension, no significant sex differences in
the use of antihypertensive drugs, including angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers,
beta-blockers, calcium channel blockers, or diuretics were
observed. Based on previous studies (25–28), we speculated
that these findings are attributed to different pharmacokinetics
and pharmacodynamics: women taking angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers, and beta-
blockers had higher plasma drug concentrations than men. Men
were more likely to taking statins, warfarin, or hypoglycemic
drugs than women, which could be explained by the fact
that more men in our study had atrial fibrillation, diabetes,
and dyslipidemia.

Sex Differences in Outcomes in Elderly
Patients
In the entire cohort, women not only had a lower rate of death
including both CV mortality and all-cause mortality but also
had a significantly lower rate of HF hospitalization. This result
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FIGURE 3 | Multivariate hazard ratios for primary and secondary outcomes according to treatment arm and stratified by sex. #p < 0.05, ##p < <0.01, ###p <

0.001. ACM, all-cause mortality; CVH, cardiovascular hospitalization; CVM, cardiovascular mortality; HFH, heart failure hospitalization; ACH, all-cause hospitalization.

was inconsistent with a previous meta-analysis (10) involving
4,174 patients ≤70 years and 4,294 patients >70 years: women
had better survival conditions than men but had similar rates
of hospitalization. Another secondary analysis using data from
the I-PRESERVE study (patients ≥60 years old) also indicated
that women had significantly lower mortality rates and HF
hospitalization than men (8). These results may suggest that the
difference in the rate of HF-related hospitalization becomes more
obvious with aging.

We also found that elderly women had significantly lower
rates of composite primary outcome, CV mortality, and all-
cause mortality than men both in the placebo arm and in
the spironolactone arm. The rate of HF-related hospitalization
in women were lower in women than in men even without
a statistical significance. While in the study of Merrill (17),
women and men present with similar clinical outcomes in the
placebo arm, in the spironolactone arm, although women had
better survival rate than men, the HF-related hospitalization was
similar. The discrepant results might be caused by different age

groups. Our study strictly selected patients ≥70 years, while the
result of Merrill also included patients <70 years. The results
might further confirm that men will have a higher rate of HF-
related hospitalization with aging.

Interestingly, upon examining the differences in quality of
life and outcomes between female and male HFpEF patients,
we found that women, who had more symptoms and more
physical limitations than men, had better outcomes. An
observational study in 2018 has reported a similar result (21),
such that quality of life was associated with HF severity
and outcomes in men but not in women, whose quality
of life was determined more by other unknown factors
instead of HF itself. More evidence is needed to investigate
the relationship between quality of life and outcomes in
women with HFpEF. Combined with these studies, ways to
improve quality of daily life are more pivotal for female
patients, while exploring ways to improve outcomes for
elderly male patients is more urgent even though they have
fewer symptoms.
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TABLE 3 | Univariate and multivariate hazard ratios and interaction terms between sex and treatment response for all outcomes.

Outcome Placebo Spironolactone Univariate p Multivariate p P interaction

(n = 808) (n = 811) HR (95% CI) HR (95% CI)

Primary outcome 0.781

Women, n (%) 84 (10.4) 81 (10.0) 0.95 (0.70–1.29) 0.73 0.91 (0.67–1.25) 0.58

Men, n (%) 102(12.6) 96 (11.8) 0.90 (0.68–1.19) 0.475 0.88 (0.66–1.17) 0.377

CV mortality 0.525

Women, n (%) 47 (5.8) 33 (4.1) 0.70 (0.45–1.09) 0.117 0.66 (0.42–1.03) 0.068

Men, n (%) 102 (12.6) 96 (11.8) 0.87 (0.60–1.28) 0.483 0.81 (0.55–1.20) 0.287

HF hospitalization 0.699

Women, n (%) 60 (7.4) 60 (7.4) 0.98 (0.67–1.40) 0.921 0.93 (0.68–1.33) 0.683

Men, n (%) 69 (8.5) 62 (7.6) 0.87 (0.62–1.23) 0.436 0.87 (0.61–1.24) 0.449

All-cause mortality 0.19

Women, n (%) 81 (10.0) 59 (7.3) 0.73 (0.52–1.01) 0.062 0.68 (0.48–0.96) 0.028

Men, n (%) 91 (11.3) 92 (11.3) 0.97 (0.73–1.30) 0.857 0.95 (0.70–1.28) 0.72

All-cause hospitalization 0.325

Women, n (%) 216 (26.7) 206 (25.4) 0.89 (0.73–1.07) 0.212 0.84 (0.69–1.02) 0.086

Men, n (%) 193 (23.9) 191 (23.6) 0.97 (0.80–1.19) 0.783 0.97 (0.79–1.19) 0.779

Values are n (%). Cox proportional hazards model to explore the associations between sex and the outcomes. Abbreviations as in Table 1.

Apart from the fact of the different outcomes in elderly women
and men with HFpEF, digging the causes is more important.
Another secondary analysis from TOPCAT has reported that
outcomes are influenced by key physiological factors that vary
according to sex, such as ventricular vascular stiffening, which
was the most significant determinant of outcomes in women,
whereas in men, overall survival was influenced by heart rate
and BNP levels (29). Thus, according to the varied determinants,
controlling hypertension is key to improve outcomes in women
while heart rate control may be beneficial to improve outcomes
in men.

Sex Differences of Spironolactone
Treatment in Elderly Heart Failure With
Preserved Ejection Fraction Patient
A previous meta-analysis (30) demonstrated that although
mineralocorticoid receptor antagonists reduce morbidity and
mortality rates in elderly patients with HFpEFmore significantly.
It also has the same effect on HFpEF, while in the current
study, spironolactone therapy failed to reduce the rate of
CV mortality or HF-related hospitalization in elderly patients
with HFpEF. Moreover, after stratification by sex, there was
no significant reduction in the rate of CV mortality and
HF-related hospitalization associated with spironolactone in
elderly women and men. This result is consistent with the
findings of a previous study stating that the interaction between
spironolactone and sex was not significant for CV mortality
and HF-related hospitalization in the entire TOPCAT cohort
(9) and the TOPCAT study restricted to the Americas (17).
Although there was no significant sex–treatment interaction,
spironolactone treatment had a significantly lower multivariate
risk of the all-cause mortality in elderly women, suggesting a

possible sex difference in spironolactone treatment concerning
all-cause mortality.

Limitations
First, all results are just hypotheses based on post-hoc, subgroup
analysis selecting subjects older than 70 years from TOPCAT.
Second, in order to make the sample size larger, we also
included patients from Russia and Georgia, wherein the dose and
treatments could vary between the Americas and other regions
(Russia and Georgia) (31, 32), which might influence researchers
to analyze treatment response. Finally, the post-hoc analysis was
underpowered to assess sex differences in outcomes and response
to treatment above the age of 75 years.

Perspectives and Significance
This study showed that elderly women with HFpEF had worse
clinical symptoms but better outcomes including both better
survival and lower HF-related hospitalization than elderly men
with HFpEF. Although the results were almost similar with
studies that were not strictly limited to elderly patients, it did
give an implication to us that men were more likely to have
worse HF-related hospitalization with aging and provide stronger
evidence for gender differences in HFpEF. Exploring the in-
depth mechanism of HFpEF prognostic differences caused by sex
differences is emergent and may help discover new targets for
HFpEF treatment according to sex in the future.

In conclusion, our results showed that elderly women with
HFpEF had fewer comorbidities but were more likely to have
worse NYHA functional classes and worse quality of life than
men. Importantly, elderly women not only had a better survival
but also a lower rate of HF-related hospitalization than elderly
men. It is worth noting that spironolactone is possibly associated
with a reduced rate of all-cause mortality in elderly women.
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Atrial functional regurgitation is caused by atrioventricular annulus dilation, with normal

leaflets and ventricular dimensions and function within the normal range. Its occurrence,

in both mitral and tricuspid valves, implies a worse prognosis due to the hemodynamic

derangement they produce, but also constitutes a marker of greater comorbidity and

more advanced disease. Predisposing conditions for these heart valve dysfunctions are

mainly atrial fibrillation and heart failure with preserved ejection fraction. However, other

factors like female sex also may be involved and influence their incidence, especially

for atrial tricuspid regurgitation. In the present review, we analyze sex differences

in the reported prevalence of atrial mitral and tricuspid regurgitation, and suggest

possible mechanisms involved. Finally, we underline potential therapeutic and preventive

strategies to reduce the burden of these heart valve disorders and discuss research gaps.

Keywords: female sex, atrial mitral regurgitation, atrial tricuspid regurgitation, heart failure, atrial fibrillation

Secondary regurgitation of atrioventricular valves is characterized by geometric changes of the
valvular apparatus secondary to dilation and/or dysfunction of the ventricles or atria. In contrast to
primary atrioventricular regurgitation, the leaflets of the mitral and tricuspid valves are structurally
normal. Accordingly, the management of secondary atrioventricular valve regurgitation differs
significantly from that of primary regurgitation since it needs to target the underlying mechanism
first rather than fixing directly the anatomy and competence of the atrioventricular valve (1).
Secondary atrioventricular valve regurgitation due to dilation and dysfunction of the left or
right ventricles are associated with an excess of mortality (2–5). Additionally, it is increasingly
recognized a specific type of secondary atrioventricular regurgitation caused by mitral or
tricuspid valve annulus dilation but with left and right ventricular dimensions and function
within the normal range. This type of secondary atrioventricular valve regurgitation is known
as atrial mitral regurgitation (AMR) (6) and atrial tricuspid regurgitation (ATR) (7), and is
characterized by normal leaflet motion -type I of the Carpentier classification- and a diminished
coaptation surface caused by atrial and subsequent atrioventricular annulus valve dilation. The
characteristics of the patients with significant AMR and ATR have been described in a few
cohort-based studies (6, 7). Patients are characterized for being elderly, having a high prevalence
of atrial fibrillation (AF) (8, 9) and heart failure with preserved ejection fraction (HFpEF)
(10, 11). Both AF and HFpEF are associated with atrial cardiomyopathy and/or atrial failure (12)
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and increased pressure overload of the atria leading to dilation
and dysfunction of these cardiac chambers (13). Furthermore,
the volume overload imposed by atrioventricular regurgitation
may aggravate the atrial and atrioventricular valvular annulus
dilation, leading to more advanced atrial myopathy and
impairment of atrioventricular valve regurgitation. The excess
of mortality and heart failure complications associated to the
presence of significant AMR and ATR has been demonstrated in
patients with AF and HFpEF (14–17).

While it is well known that women with AF and/or HFpEF
(which are associated with AMR and ATR) present at a more
advanced course of the disease as compared to men and the
implementation of the available therapies may differ between the
two sexes (18, 19), the sex differences in AMR and ATR have
not been extensively investigated. In the present review article we
provide an overview of the sex differences in the prevalence and
pathophysiology of AMR and ATR and discuss the potential gaps
in knowledge from the diagnostic and therapeutic point of view
that need further research in order to improve the outcomes of
men and women (Figure 1).

DIFFERENCES IN PREVALENCE OF AMR
BETWEEN WOMEN AND MEN

Women have a distinct etiologic spectrum of mitral valve disease
compared to men, with a higher prevalence of mitral valve
prolapse and rheumatic mitral valve regurgitation and lower
prevalence of ischemic mitral regurgitation (20, 21). However,
differences in prevalence of AMR between sexes is not clearly
established, since the definition of AMR is relatively new and not
consistent across the various observational studies and there are
potential selection biases inherent to the design of the studies.
Nonetheless, a number of studies have shown a higher frequency
of AMR in women as compared to men. In a community study
from Olmsted County, 67% of patients with AMR were women
whereas only 41% of patients with secondary mitral regurgitation
due to left ventricular dilation and/or dysfunction (ventricular
functional regurgitation) and 49% of patients with primarymitral
regurgitation were women (22). In a study evaluating the etiology
of mitral valve regurgitation of patients referred for surgical
mitral valve repair, Glower et al observed that 78% of the patients
with isolated mitral annular dilation causing significant mitral
regurgitation (surrogate definition of AMR) were women (23).
Additionally, a study of 378 consecutive patients with significant
secondary mitral regurgitation demonstrated a higher frequency
of women with AMR compared to women with ventricular
functional regurgitation (64 vs. 35%, p < 0.001) (24). In an
attempt to understand the efficacy of transcatheter edge-to-edge
mitral valve repair, various studies have analyzed the subgroups
of patients with AMR and have shown that the frequency of
women with AMR was larger than the frequency of men with
AMR (25–27).

When analyzing the frequency of AMR from the underlying
pathophysiology point of view, the sex differences are less
clear. A substudy of the Atherosclerosis Risk in Communities
(ARIC) Study investigating the association between AF and

FIGURE 1 | Differents factors contribute to the occurrence of AMR and ATR.

The most frequent substrate is AF, which leads to atrial and atrioventricular

annulus dilation. HFpEF also elicits AMR and ATR, due to left and right atrial

dilation as a result of pressure overload, and also constitutes a frequent trigger

for AF. *denotes other variables or mechanisms, which may contribute to the

occurrence of AMR, like hypervolemia, hamstringing of the posterior mitral

leaflet or insufficient leaflet growth. # denotes other variables or mechanisms,

which may contribute to the occurrence of ATR, like older age, hypervolemia,

pulmonary hypertension, intracardiac lead or insufficient leaflet growth.

Prevalence data and suggested pathophysiologic mechanisms indicate that

female patients are at higher risk for these heart valve disorders. AMR, atrial

mitral regurgitation; ATR, atrial tricuspid regurgitation; AF, atrial fibrillation;

HFpEF, heart failure with preserved ejection fraction; PH,

pulmonary hypertension.

mitral regurgitation among patients hospitalized for acute
decompensated heart failure showed that among 9,104 patients
with HFpEF, 2,501 had significant mitral regurgitation and 4,437
had AF. Although the mechanism of mitral regurgitation was
not specified, most probably the majority of the patients had
AMR since patients with primary mitral regurgitation would
have been excluded as per study design. The proportion of
female was comparable among patients with and without AF
(67 vs. 65%, respectively) and the frequency of AF increased
with increasing severity of mitral regurgitation (28). Therefore,
it could be inferred that the prevalence of AMR would be higher
in women than in men. In the prospective All Nippon AF In
the Elderly (ANAFIE) registry, the echocardiographic substudy
including 1,494 elderly patients with non-valvular AF showed
that 41% of patients were female and that the proportion of
significant AMRwas 14%. However, it was not specified if among
patients with significant AMR there were more women than
men (29).

DIFFERENCES IN PREVALENCE OF ATR
BETWEEN WOMEN AND MEN

Several observational studies have shown that tricuspid
regurgitation is more prevalent in women than in men
(30–32). It was also demonstrated in a retrospective cohort
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study of 1,552 patients (49% of women), in which female
sex, as well as age, AF, heart failure and right ventricular
systolic pressure were significantly associated with tricuspid
regurgitation progression (33). Specifically, the association
of ATR to female sex has also been recognized (9, 34). Zhao
et al analyzed factors involved in determining the severity of
ATR in 170 patients with AF (56% of women), and found a
female predominance in severe ATR (percentage of women
70 vs. 43% of women in non-severe ATR group, p < 0.001)
(35). It was also observed in an echocardiographic study of 251
patients (53% of women), in which AF was strongly associated
with the occurrence of significant ATR in women (OR 10.1,
p < 0.001) but not in men (OR 0.91, p < 0.87) (36). This
was confirmed in a non-selected population of 432 patients
(49.1% of women) with AF and without primary valve disease
or LV abnormalities. Significant ATR was present in 14.8%
of patients, and the associated factors were female sex (OR
2.61, p < 0.001), LA dilation and increasing pulmonary artery
systolic pressure (37). Regarding ATR in the context of HFpEF,
a retrospective observational study of 328 patients detected 8%
of significant ATR, with 58% of female patients among this
group (11).

POTENTIAL CAUSES FOR THE DIFFERENT
FREQUENCY OF AMR AND ATR BETWEEN
WOMEN AND MEN

The possible causes for the higher proportion of women with
AMR and ATR as compared to men are not completely
understood and remain speculative. First, some studies point
to distinct factors that may lead to more advanced LA
dysfunction and more atrial fibrosis in women than in men
(38), higher levels of the inflammatory markers (39, 40), or
different electrophysiological properties (41, 42), which may
be modulated by sex hormones (43, 44). In addition, the
atrioventricular annuli may have differences in composition and
cellularity according to sex. In a post-mortem study, El-Busaid
et al. analyzed 5-mm sections from the anterior and posterior
mitral and tricuspid valve annuli and demonstrated that the
myocardium was consistently present in all atrioventricular valve
annuli of men but it was nearly absent in women, whereas
the atrioventricular valve annuli of women were less elastic
and had relatively scattered cells within the collagen matrix
compared to the atrioventricular valve annuli of men (45).
Insufficient compensatory leaflet remodeling in response to
mitral and tricuspid annulus dilation has been demonstrated to
play a role in the pathophysiology of AMR (46, 47) and ATR
(48, 49). A distinct pattern of leaflet remodeling between sexes
cannot be inferred from these studies yet. However, different
response of fibroblasts has been demonstrated according to
sex (50, 51) and could explain different prevalence of AMR
and ATR between men and women. Finally, it is possible
that more advanced stage of AF (18) and HFpEF (19) at the
time of diagnosis and less aggressive treatment approach may
also account for this greater prevalence of AMR and ATR
in women.

CLINICAL PERSPECTIVE AND FORWARD
THINKING. A CALL FOR ACTION

As a result of this higher susceptibility of women for this
type of atrioventricular valve regurgitation as compared to
men, strategies aimed at reducing the occurrence of AMR
and ATR may have a greater impact in women than in men.

The development of AMR and ATR has been associated to

worse prognosis, as it entails volume overload and decreased
stroke volume, but also because they are both markers of

more advanced atrial remodeling due to increased AF burden,
diastolic dysfunction, LA failure and pulmonary hypertension.
Therefore, early diagnosis and adequate treatment of related

conditions may impact on the burden of AMR and ATR,
particularly in women. For instance, it is acknowledged that
women with AF are diagnosed later and received less rhythm
control as compared to men, as demonstrated in the EORP-
AF Pilot survey (52). Subsequently, this late diagnosis and
underutilization of effective therapies in women with AF may
lead to a higher prevalence of significant AMR and ATR.

Furthermore, successful pulmonary vein ablation for AF has been
associated with lower rates of significant AMR (8) and ATR
(53) during follow-up. Earlier detection of HFpEF would also be

expected to reduce atrial dilation and dysfunction, and decrease

the incidence of AMR. On the other side, timely diagnosis
and effective treatment of pulmonary hypertension would

reverse right atrial and ventricular dilation and consequently,

ATR and secondary tricuspid regurgitation. Additionally, an

intracavitary lead may predispose to tricuspid regurgitation (54),

or worsen its severity when there are other pathogenic factors

like tricuspid annular remodeling or right ventricular dilatation
(55). Therefore, mode of pacing should be carefully pondered

in women with high risk of tricuspid regurgitation, taking

into account that leadless pacing has been also unexpectedly

associated with tricuspid regurgitation progression (56). When

surgery for AMR is indicated, it has been advocated to perform
simultaneously a tricuspid annuloplasty in all patients to prevent

future regurgitation, since right atrial enlargement is expected

to continue as long as AF or HFpEF persist (57). In the

setting of other left-sided valve surgery, tricuspid repair for

mild or moderate tricuspid regurgitation with a dilated tricuspid

annulus is advocated (class IIa) (1), and should be particularly

recommended in women with additional risk factors, in order
to prevent more severe forms of ATR. Furthermore, the use

of surgical ablation techniques should be considered at the

time of mitral valve repair/replacement in patients who are

symptomatic and may be considered in patients who are
asymptomatic, if feasible and if it does not increase the risk of

pacemaker implantation (58). It is conceivable to hypothesize

that effective rhythm control may help to halt the progression
of atrial remodeling and reduce the risk of failure of mitral
valve repair at long-term follow-up, although this has not
been demonstrated.

The use of new percutaneous transcatheter therapies may
increase in the future for the treatment of symptomatic
and refractory significant AMR (25) and ATR (59), which
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may be preferred over valve surgery due to old age or
comorbidities of these patients. In this regard, early diagnosis
and treatment may be imperative in order to ensure that these
therapies are effective and the patients are not referred too
late when the remodeling process of the atria has reached
a point of no return. Finally, echocardiographic follow-up is
warranted to evaluate the development of significant AMR or
ATR in patients considered at risk, for instance, those with
permanent AF, HFpEF, severely dilated atria, mild-to-moderate
AMR or ATR, pulmonary hypertension or those with an
intracavitary lead.

There is currently a growing interest in the field of AMR
and ATR due to their increasing prevalence, prognostic
implications and novel therapeutic strategies. In this regard,
research on sex differences in pathophysiology, clinical
presentation and treatment approach is warranted and
could help to better understand these heart valve diseases.
On the other hand, a closer attention is required to prevent
sex inequity in diagnosis and treatment of AF and HFpEF
(18, 60, 61), the underlying conditions of AMR and ATR.
Additionally, prompt referral to echocardiography is necessary
for an earlier diagnosis, when treatment or preventive
strategies may modify the natural history of these heart
valve diseases.

CONCLUSIONS

AMR and ATR occur mainly in patients with AF and HFpEF and
are associated with higher rates of heart failure and mortality.
Observational data demonstrate a higher prevalence of these
heart valve diseases in women, especially for ATR. Mechanisms
involved in this sex distribution are not well-understood, and
may be related to differences in histopathological characteristics
of the atrio-ventricular annuli and leaflets and different
time-course or treatment strategies of the predisposing
conditions in women compared to men. Research gaps include
pathophysiological determinants and unbiased incidence of
both heart valve diseases, as well as differential treatment
strategies. Awareness of these sex-related differences from the
clinical ground to the echocardiography laboratories and the
investigational setting may contribute to improve the knowledge
and better management of these valve disorders in both sexes.
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Introduction: There is scarce knowledge about gender differences in clinical

presentation, management, use of risk stratification tools and prognosis in cardiogenic

shock (CS) patients.

Purpose: The primary endpoint was to investigate the differences in characteristics,

management, and in-hospital mortality according to gender in a cohort of CS patients

admitted to a tertiary hub center. The secondary endpoint was to evaluate the prognostic

performance of the Society of Cardiovascular Angiography and Interventions (SCAI)

classification in predicting in-hospital mortality according to sex.

Methods: This is a retrospective single-Center cohort study of CS patients treated

by a multidisciplinary shock team between September 2014 and December 2020.

Baseline characteristics and clinical outcomes according to gender were registered.

Discrimination of SCAI classification was assessed using the area under the receiver

operating characteristic curve (AUC).

Results: Overall, 163 patients were included, 39 of them female (24%). Mean age

of the overall cohort was 55 years (44–62), similar between groups. Compared with

men, women were less likely to be smokers and the prevalence of COPD and diabetes

mellitus was significantly lower in this group (p < 0.05). Postcardiotomy (44 vs. 31%)

and fulminant myocarditis (13 vs. 2%) were more frequent etiologies in females than in

males (p= 0.01), whereas acute myocardial infarction was less common among females

(13 vs. 33%). Regarding management, the use of temporary mechanical circulatory

support, mechanical ventilation, or renal replacement therapy was frequent and no

different between the groups (88, 87, and 49%, respectively, in females vs. 42, 91,

and 41% in males, p > 0.05). In-hospital survival in the overall cohort was 53%,

without differences between groups (52% in females vs. 55% in males, p = 0.76).
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Most of the patients (60.7%) were in SCAIE at presentation without differences between

sexes. The SCAI classification showed a moderate ability for predicting in-hospital

mortality (overall, AUC: 0.653, 95% CI 0.582–0.725). The AUC was 0.636 for women

(95% CI 0.491–0.780) and 0.658 for men (95% CI 0.575–0.740).

Conclusions: Only one in four of patients treated at a dedicated CS team were

female. This may reflect differences in prevalence of severe heart disease at young (<65)

ages, although a patient-selection bias cannot be ruled out. In this very high-risk CS

population of multiple etiologies, overall, in-hospital survival was slightly above 50% and

showed no differences between sexes. Treatment approaches, procedures, and SCAI

risk stratification performance did not show gender disparities among treated patients.

Keywords: cardiogenic shock, gender, SCAI classification, heart failure, prognosis, mortality

INTRODUCTION

Cardiogenic shock (CS) is a life-threatening condition. In spite
of recent advances in its management, morbidity and mortality
remains high (1) and only emergency revascularization in CS
complicating acute myocardial infraction (AMI) has shown a
significant survival benefit (2).

There is scarce knowledge about gender differences in clinical
presentation and prognosis of CS. Previous studies in this field
are based on AMI-related CS and women tended to have a higher
mortality (3–5). However, it has been argued that this fact might
be explained by an older age in female patients. Furthermore,
results among the different authors are conflicting and there is a

Abbreviations: ACS, Acute coronary syndrome; AMI, Acute Myocardial

infarction; AUC, Area under the curve; CHF, Chronic heart failure; COPD,

Chronic obstructive pulmonary disease; CS, Cardiogenic shock; ECMO,

venoarterial extracorporeal membrane oxygenation; LVAD, Left ventricular assist

device; MCS, Mechanical circulatory support; ROC curves, Receiver operating

characteristic; SCAI, Society of Cardiovascular Angiography and Interventions;

VIS, Vasoactive inotropic score.

FIGURE 1 | Baseline characteristics according to gender.

lack of consensus on whether gender is associated with outcomes
in CS (6).

On the other hand, a classification of the Society of
Cardiovascular Angiography and Interventions (SCAI) has been
recently proposed. It can be easily obtained at bedside and
stratifies CS in 5 stages from least to greatest severity (A: “at risk”;
B: “beginning”; C: “Classic”; D: “Deteriorating” or E: “Extremis”)
(7). There are insufficient data regarding to gender-associated
differences for this risk stratification tool.

Therefore, the primary end-point of this study was to
investigate the influence of gender on in-hospital mortality.
Secondary end-points were to evaluate differences between
gender regarding comorbidities, clinical presentation and
treatment approaches for CS. Finally, we analyzed the yield of
SCAI classification in both sexes.

MATERIALS AND METHODS

Study Design, Inclusion Criteria and Data
Collection
We performed a retrospective observational study of a cohort
of CS patients managed by a multidisciplinary team in a hub
center between September 2014 and December 2020. It has
been considered to be managed in this Unit those patients with
refractory cardiogenic shock and/or patients who are candidates
for advanced heart failure therapies, such as transplantation or
LVAD (8).

Baseline characteristics and clinical outcomes according to
gender were registered. Mean age of the overall cohort was
55 years (44–62). CS was defined by a systolic blood pressure
< 90 mmHg for more than 30min or inotropes required to
maintain a mean blood pressure > 65 mmHg and signs of
impaired organ perfusion with at least one of the following:
altered mental status, urine output <30 ml/h or serum lactate
> 2 mmol/l. Patients were assigned to one of the five SCAI
stages by two independent cardiologists, who were blind to
each other’s classification. SCAI CS subgroups were interpreted
considering the recent consensus statement (7); based on clinical,
laboratory, and hemodynamic parameters. In our case, due to
the nature of the CS Unit, all the patients fulfilled at least
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TABLE 1 | Baseline characteristics, treatment, and outcomes according to gender.

Male (n = 124) Female (n = 39) P-value

Mean age (years) 52 (44–62) 53 (43–62) 0.91

Comorbidities: n (%)

Hypertension 48 (39) 12 (31) 0.37

Dyslipidemia 44 (35) 8 (21) 0.07

Diabetes mellitus 29 (23) 3 (8) 0.03

Smoking 38 (31) 9 (23) 0.01

Chronic kidney disease 14 (11) 2 (5) 0.25

COPD 15 (12) 0 (0) 0.02

Prior stroke 9 (7) 6 (15) 0.12

Previous heart disease 73 (59) 23 (59) 0.09

Etiology of CS: n (%)

ADHF Overall 36 (30) 9 (23) 0.01

- Ischemic 10 (28) 2 (22) 0.01

- Non ischemic 26 (72) 7 (78)

Acute myocardial infarction 40 (33) 5 (13)

Postcardiotomy Overall 37 (31) 17 (44)

- CABG 15 (41) 4 (23)

- Valvular heart surgery 12 (32) 8 (47)

- Acute MI 0 0

- PGD 9 (24) 4 (23)

- Other causes 1 (3) 1 (7)

Myocarditis 3 (2) 5 (13)

Other causes 8 (6) 3 (8)

Clinical presentation: n (%)

SCAI C 6 (5) 3 (8) 0.42

SCAI D 45 (36) 10 (26)

SCAI E 73 (59) 26 (67)

Prior cardiac arrest 43 (35) 10 (26) 0.29

Mean blood pressure (mmHg) 81 ± 17 73 ± 17 0.86

Treatment and procedures: n (%)

Vasoactive-inotropic score in the first 24 h 44 ± 5 50 ± 10 0.74

Intra-aortic balloon pump 73 (59) 22 (56) 0.78

Mechanical circulatory support (MCS) 99 (80) 33 (85) 0.24

VA-ECMO 52 (42) 24 (62)

Levitronix Centrimag 30 (24) 7 (18)

Impella 17 (14) 2 (5)

Mechanical ventilation 113 (91) 34 (87) 0.47

Renal replacement therapy 51 (41) 19 (49) 0.40

Outcome

Initial mortality due to CS 52 (42%) 17 (43%) 0.88

Recovery 35 (28%) 12 (31%)

Heart replacement (Heart transplant or LVAD) 37 (30%) 10 (26%)

Overall in-hospital survival 67 (55%) 20 (52%) 0.76

ADHF, Acute decompensation of chronic heart failure; CABG, Coronary Artery Bypass Graft surgery; COPD, Chronic obstructive pulmonary disease; CS, Cardiogenic shock; LVAD,

Left ventricular assist device; MCS, Mechanical circulatory support; MI, Myocardial infarction; PGD, Primary Graft Dysfunction; SCAI, Society of Cardiovascular Angiography and

Interventions; VA- ECMO, venoarterial extracorporeal membrane oxygenation. Categorical variables are expressed as No. (%) and continuous variables as mean ± standard deviation

or median (interquartile range).

stage C. Most patients were classified as stage D due to clinical
and/or biochemical worsening in the first hours, addition of 2
or more vasoactive drugs, and/or need or change of mechanical
circulatory support (MCS). Those classified as stage E had
combinations of some or all of the following characteristics:

cardiac arrest requiring cardiopulmonary resuscitation and/or
venoarterial extracorporeal membrane oxygenation (ECMO),
mechanical ventilation, profound acidosis (pH < 7.2) and/or
lactate > 5 mmol/l, refractory ventricular arrhythmias or
sustained hypotension despite maximum support.
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FIGURE 2 | AUC of SCAI classification.

FIGURE 3 | In-hospital mortality according to SCAI and gender.

The study was approved by Local Institutional
Ethics Committee.

Statistical Analysis
Continuous variables are reported as mean (standard deviation)
or median (interquartile range) as appropriate. For categorical
variables, frequencies and percentages are presented. Statistical
differences were analyzed using T-student (for continuous
variables) or the χ2 test/fisher’s exact test (for categorical
variables). Discrimination of the SCAI classification was assessed
with the area under the receiver-operating characteristic curve
(AUC) and its calibration with the Hosmer-Lemeshow test.
Two-tailed p < 0.05 were considered statistically significant. All
analyses were performed using statistical software STATA IC/13
(Stata corp, College Station, TX, USA).

RESULTS

Sex-Differences in Baseline
Characteristics of the Study Population
Overall, 163 patients were included and 39 of them female (24%).
Mean age of the overall cohort was 55 years (44–62), similar

between groups. Compared with men, women were less likely to
be smokers, and the prevalence of COPD and diabetes mellitus
was significantly lower in this group (p < 0.05). Postcardiotomy
(44 vs. 31%) and fulminant myocarditis (13 vs. 2%) were more
frequent etiologies in females than in males, whereas CS was less
often related to AMI in women (13 vs. 33%) (Figure 1). However,
other relevant characteristics did not differ between both sexes
(Table 1).

Management and Outcomes According to
Sex
Regarding management, the use of temporary MCS was high and
no different between the groups (female 33/39 [84%] vs. male
99/124 [80%]; p = 0.24). The vast majority of patients required
only one MCS procedure (138/163; 85%). However, 25 patients
(15%) needed two or more devices. Most of them were converted
to Levitronix Centrimag R© (21/25; 84%). Likewise, escalation of
MCS did not differ according to gender (13% in female patients
vs. 19% in male, p= 0.61).

Furthermore, the use of mechanical ventilation (87 vs. 91%)
and renal replacement therapy (49 vs. 41%) were not significantly
different either.

In-hospital survival rate in the overall cohort was 53%,
without differences between the groups (female 20/39 [52%] vs.
male 67/124 [55%], p = 0.76). Likewise, use of advanced heart
failure therapies such as heart transplantation or left ventricular
assist device (LVAD) did not differ according to gender (26 vs.
30%, p= 0.96).

Performance of the SCAI Classification in
Predicting In-hospital Mortality
No significant differences were observed regarding SCAI
classification according to gender (p = 0.42), with the highest
proportion of patients in SCAI class E (60.7%).

The SCAI classification showed a moderate ability for
predicting in-hospital mortality AUC: 0.653 (95% CI 0.582–
0.725). The AUC was 0.636 in women (95% CI 0.491–0.780) and
0.658 in men (95% CI 0.575–0.740) (Figure 2). Figure 3 shows
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FIGURE 4 | Calibration of SCAI classification.

in-hospital mortality in each stage according to gender. It was
0, 25, and 42% in stages C, D, and E respectively in female
patients and 13, 26, and 54% in stages C, D and E respectively
in male (p = 0.06). Calibration of the SCAI classification was
good (Hosmer-Lemeshow p = 0.92) and similar between sexes
(Figure 4).

There were no differences in performance between SCAI
categorization in the overall cohort and VIS score. This last
stratification tool had an AUC of 0.67 (CI 95% 0.57–0.74).

DISCUSSION

This study concluded that there is a high (47%) in-hospital
mortality in patients with cardiogenic shock of any etiology
in our population and mortality risk did not vary significantly
between sexes. Treatment approaches and procedures performed
in our center were equitable and no sex disparities were observed.

Clinical evidence in this field is scarce. There are only
few divergent observational studies addressing CS complicating
AMI (3, 4) whose results cannot be extrapolated to any other
different etiology. In addition, the proportion of ACS-related
CS is significantly lower in women (9). In contrast, our cohort
of patients includes a wide range of underlying conditions and
provides valuable insight into this complex area.

Moreover, women are underrepresented, as the proportion
of women included in previous series is relatively low (ranging
from 25 to 45%) as it happened in our case. It is also
remarkable that they are usually older and suffer from
more comorbidities (9–11) which might be associated with
a worse prognosis. Conversely, our cohort is quite balanced
with respect to baseline characteristics and prognostic factors.
However, it is remarkable that only 24% of our cohort are
women. We hypothesize that this low percentage may reflect

a low prevalence of severe heart disease at young ages in
female patients, although a patient-selection bias cannot be
ruled out.

Some authors suggest that management disparities may also
play a crucial role in ACS-related CS (12). Vallabhajosyula et
al. described that young women are treated less aggressively
with coronary angiography and experience higher in-hospital
mortality than men (13). On the other hand, this inequity seems
to be less noticeable in patients requiring advanced support
treatment. The use of temporary mechanical circulatory support,
mechanical ventilation or renal replacement therapy was not
significantly different in both groups in the vast majority of
studies (14, 15).

The major limitation of our single-center study is its
observational retrospective design, with a modest sample size,
which makes necessary further validation in a prospective trial.
It is of paramount importance to highlight that our results
must be contextualized in a CS cohort of high severity and
complexity, with a high accessibility to heart transplantation in
an urgent code.

Noteworthy is also the modest ability of SCAI classification
for predicting in-hospital mortality, similar in both sexes. To our
knowledge, this fact has not been previously described in the
literature. Despite the limitations mentioned above, we strongly
believe that SCAI classification is easy to apply in clinical practice
and provides useful baseline information about the prognosis of
patients in CS.

CONCLUSIONS

The management of cardiogenic shock remains a clinical
challenge even in hub centers. Almost one in four patients in this
series are women. In- hospital mortality risk is still high (47%
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in our population) and did not differ significantly between both
sexes. Treatment approaches and procedures performed were
equitable and no sex disparities were observed in our cohort.
The yield of SCAI risk classification was only fair and similar in
both genders.
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Elena Hernández Sánchez, Susana del Prado Díaz,

Marta Jiménez-Blanco Bravo, David Cordero Pereda,

José Luis Zamorano Gómez and Jesús Álvarez-García*
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Background:Heart Failure (HF) is a growing epidemic with a similar prevalence

inmen andwomen. However, women have historically been underrepresented

in clinical trials, leading to uneven evidence regarding the benefit of

guideline-directed medical therapy (GDMT). This review aims to outline the

sex di�erences in the e�cacy of pharmacological and non-pharmacological

treatment of HF with reduced ejection fraction (HFrEF).

Methods and results: We conducted a systematic review via Medline from

inception to 31 January 2022, including all randomized clinical trials published

in English including adult patients su�ering HFrEF that reported data on the

e�cacy of each drug. Baseline clinical characteristics, primary outcomes, and

sex-specific e�ects are summarized in tables. The systemic review has been

conducted in accordance with the Preferred Reporting Items for Systematic

Reviews and Meta-analyses (PRISMA) statement. In total, 29 articles were

included in the systematic review. We observed that the proportion of women

enrolled in clinical trials was generally low, the absence of a prespecified

analysis of e�cacy by sex was frequent, and the level of quality of evidence on

the e�cacy of GDMT and implantable cardioverter defibrillator (ICD) or cardiac

resynchronization therapy (CRT-) in women was relatively poor.

Conclusions: Sex influences the response to treatment of patients su�ering

from HFrEF. All the results from the landmark randomized clinical trials

are based on study populations composed mainly of men. Further studies

specifically designed considering sex di�erences are warranted to elucidate

if GDMT and new devices are equally e�ective in both sexes.
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sex di�erences, gender, heart failure, women, sex
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Introduction

Heart failure (HF) is a global epidemic that is growing every

year, with a similar prevalence and incidence in men and women

(1, 2). During the last 30 years, there has been a significant

advance in the treatment of HF, in particular in those patients

suffering from HF with reduced ejection fraction (HFrEF)

(3). Thus, current guidelines recommend several saving-life

therapies, such as drugs and devices, based on the positive results

of randomized clinical trials (4, 5).

However, women have been underrepresented in every

landmark study, preventing us from concluding if the benefit

of these therapies is unequivocally observed in both sexes

(6). There are also sex differences in demographics and

pathophysiology which may modulate the response to HF

treatments (7). Moreover, some social factors historically

linked to gender have determined distinct patterns in clinical

presentation, workup, and management in HF that, in turn, also

could play a role in the treatment of women (8). In consequence,

greater awareness about the relevance of closing these gaps and

implementing strategies that consider a sex perspective is rising

from the scientific community to medical societies (9, 10).

The purpose of this systematic review is to describe the

sex-specific differences in the efficacy of pharmacological and

non-pharmacological treatment of HFrEF.

Methods

This review was reported according to the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) statement (11).

Search strategy

An electronic systematic review of the literature was

conducted in the Medline database (National Library of

Medicine Bethesda, Maryland). The keywords used were chosen

according to the MESH terminology: (sex OR gender OR

female OR male OR women OR men) AND (beta-blocker

OR Nebivolol OR Bisoprolol OR Metoprolol OR Carvedilol

OR sacubitril OR sacubitril-valsartan OR angiotensin neprylisin

inhibitor receptor OR sodium glucose cotransporter inhibitor

OR SGLT2 inhibitor OR dapagliflozin OR empagliflozin OR

sotagliflozin OR mineralocorticoid receptor antagonist OR

MRA OR eplerenone OR spironolactone OR ivabradine OR

implantable cardioverter defibrillator OR ICD OR cardiac

resynchronization therapy OR CRT). These terms were

restricted to “Title/Abstract” and “English” (Language). The

search was conducted from inception to 31 January 2022. In

addition, we conducted a hand-searching of reference lists of all

included studies and guidelines to identify further studies.

FIGURE 1

Flow-chart of the study selection.

Eligibility criteria for study selection and
validity assessment

The inclusion criteria were the following: (i) randomized

clinical trials including adult patients (≥18 years of age)

suffering from HFrEF and (ii) studies that reported data on the

efficacy of each drug. There was no restriction on the publication

date. We excluded animal studies, abstracts, editorials,

commentaries, systematic reviews, and narrative reviews.

Once duplicates were removed, all authors independently

screened titles and abstracts to ensure the capture of all

relevant studies. Disagreements were resolved by discussion to

achieve consensus.

Data extraction and outcomes of interest

Data were extracted by the authors into predetermined

tables using a standardized protocol. The data extracted were

drug name, study name, year of publication, characteristics of

the study population, number of included patients, number

of women included, left ventricular ejection fraction (LVEF),

efficacy primary endpoint, sex-specific outcomes, and p-value

for interaction when available. The primary outcomes of interest

were all-cause mortality or the combined endpoint of mortality

and HF hospitalization. This systematic review was restricted to

data published in manuscript or abstract form. We expressed

study results as relative risk (RR) or hazard ratio (HR) with 95%

confidence intervals (CI) when available.
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Results

Study selection

Our electronic search retrieved 23,938 articles. After the

removal of duplicates and those which did not fulfill inclusion

criteria, 17 articles were identified. After hand-searching, 12

articles were identified. Finally, 29 articles were included in our

systematic review. Figure 1 illustrates the flowchart of the study

selection. The main characteristics of the included studies are

summarized in Table 1. The specific results of the studies are

presented in chronological order of appearance by drug class.

Angiotensin-converting enzyme
inhibitors

Two studies were reviewed according to the inclusion

criteria (12, 13). The Cooperative North Scandinavian Enalapril

Survival (CONSENSUS) study was conducted in 1987 to

evaluate the impact of Enalapril vs. placebo in 253 patients

with the New York Heart Association (NYHA) IV congestive

HF. Only 74 (30%) patients were women and, interestingly,

LVEF was not measured. After a 6-month follow-up period,

enalapril significantly reduce all-cause mortality, but a sex-based

analysis was not performed (12). After 4 years, the Studies of

Left Ventricular Dysfunction (SOLVD) analyzed the effect of

Enalapril vs. placebo in 2,569 patients with mostly NYHA II-III

congestive HF and LVEF ≤35% (505 women, 20%), showing a

significant 14% risk reduction of death at 4-year. However, an

analysis stratified by sex was not performed either (13).

Two meta-analyses including the CONSENSUS and SOLVD

study populations together with smaller studies showed that the

mortality benefit of ACEI showed only a trend for benefit in

women, without reaching statistical significance (14, 15).

Beta-blockers

Five studies were finally selected according to our selection

criteria (16–20). The U.S. Carvedilol of HF study was conducted

in 1996 in 1,094 patients (256 women, 23%) suffering from

chronic HF with LVEF ≤ 35% and showed that carvedilol

significantly reduced the risk of death by 65% after a median

follow-up of 6.5 months. The analysis stratified by sex showed

similar benefits in both sexes (16). The CIBIS II was a trial

performed in 1999 to assess bisoprolol vs. placebo on all-cause

mortality in 2,564 patients (515 women, 19%) with advanced

HF and LVEF < 35% already treated with ACEI (17). It was

also stopped early because a clear benefit was observed in the

group assigned to beta-blockers. Women differed from men

with regard to age, the NYHA functional classification, the

primary cause of HF, and risk factors, such as left bundle-

branch block. In a post-hoc analysis, bisoprolol reduced the

mortality rates for both men and women after adjustment for

baseline differences (21). The MERIT-HF was another clinical

trial conducted in 1999 in 3,991 (898 women, 23%) patients

with advanced HF and LVEF ≤ 40% to investigate whether

metoprolol-controlled release/extended release (CR/XL) once

daily added to optimum standard therapy lowered mortality

(18). After a median follow-up of 1 year, a 34% decrease in

death risk was observed in the metoprolol arm. In a post-hoc

analysis, treatment with metoprolol CR/XL in women resulted

in a 21% reduction in the primary combined endpoint of all-

cause mortality/all-cause hospitalizations (164 vs. 137 patients;

p = 0.044) (22). In the Beta-blocker Evaluation of Survival Trial

(BEST), it was evaluated bucindolol vs. placebo in 2,708 patients

(593 women, 23%) with NYHA III or IV HF and LVEF ≤ 35%

(19). The primary endpoint to evaluate was death from any

cause and the results showed no improvement in survival. In a

prespecified analysis by sex, no differences were observed among

men and women (23). The Carvedilol Prospective Randomized

Cumulative Survival (COPERNICUS) trial was designed to

evaluate the effects of carvedilol in 2,289 patients (465 women,

20%) with severe chronic HF and LVEF ≤ 25% (20). Carvedilol

reduced the combined endpoint of death or hospitalization

among the 469 women studied, mostly driven by a reduction in

hospitalization, but the significant reduction in all-cause death

was only achieved in men.

In a pooling-data analysis of total mortality by sex from

CIBIS II, MERIT-HF, and COPERNICUS, beta-blockers showed

very similar and statistically significant survival benefits in

women (RR 0.69; 95% CI 0.51–0.93) and men (0.66; 95% CI

0.58–0.75) (22).

Antagonist receptor blockers

Three studies were reviewed according to the inclusion

criteria (24–26). The Valsartan Heart Failure Trial (Val-HeFT)

was conducted in 2001 to evaluate the effect of valsartan vs.

placebo on mortality in 5,010 patients (1,003 women, 20%)

with NYHA II-IV HF and LVEF < 40% (24). On top of

ACEI, diuretics, digoxin, and beta-blocker treatment, valsartan

significantly reduced the combined endpoint of mortality or

cardiac arrest, HF hospitalization, or need for intravenous

therapy. There was a clear benefit in men and a trend

toward benefit in women, although it did not reach statistical

significance. In a post-hoc analysis adjusted for NYHA class,

LVEF, use of ACEI and beta-blockers, and HF etiology, valsartan

reduced the adjusted RR for the combined endpoint in women

(0.84; 95% CI: 0.67–1.06; p = 0.044), but not in men (0.872;

95% CI: 0.779–0.975; p = 0.053) (27). The Candesartan

in Heart failure Assessment of Reduction in Mortality and

Morbidity (CHARM) program was specifically designed as
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TABLE 1 Randomized clinical trials for drugs in HFrEF included in the systematic review.

Intervention Study name Year Study

population

N Women (%) LVEF Primary endpoint Overall treatment

effect (95% CI)

Sex-specific effect P value for sex

interaction

Enalapril CONSENSUS 1987 NYHA IV

Congestive HF

253 74 (30) – All-cause mortality RR 0.56 (0.34–0.91) Not performed –

Enalapril SOLVD 1991 NYHA I-IV

Congestive HF

(90% NYHA II-III)

2569 504 (20) ≤35% All-cause mortality RR 0.86 (0.74–0.95) Not performed –

Carvedilol US Carvedilol HF 1996 NYHA I–IV 1094 256 (23) ≤35% All-cause mortality HR 0.35 (0.20–0.61) HR 0.41 (0.22–0.80) in men; HR

0.23 (0.07-0.69) in women

Not reported

Bisoprolol CIBIS II 1999 NYHA III–IV 2647 515 (19) ≤35% All-cause mortality HR 0.66 (0.54–0.81) HR 0.53 (0.42–0.67) in men; HR

0.37 (0.19–0.69) in women

Not reported

Metoprolol MERIT-HF 1999 NYHA II–IV 3991 898 (23) ≤40% All-cause mortality RR 0.66 (0.53–0.81) HR 0.61 in men (p < 0.001); HR

0.92 in women (p= NS)

0.14

Bucindolol BEST 2001 NYHA III–IV 2708 593 (22) ≤35% All-cause mortality HR 0.90 (0.78–1.02) No differences among sexes Not reported

Carvedilol COPERNICUS 2001 NYHA III–IV 2289 469 (20) <25% All-cause mortality HR 0.65 (0.52–0.81) Significant benefit in men, trend

toward benefit in women

Not reported

Valsartan Val-HeFT 2001 NYHA II–IV 5010 1003 (20) <40% Mortality or cardiac

arrest or HF admission

or need for iv therapy

RR 0.87 (0.77–0.97) Significant benefit in men, trend

toward benefit in women

Not reported

Candesartan CHARM added 2003 NYHA II–IV+

ACEI

2548 542 (21) ≤40% CV death or HF

admission

HR 0.85 (0.75–0.96) No differences among sexes 0.87

Candesartan CHARM alternative 2003 NYHA II-IV,

intolerant to ACEI

2028 646 (32) ≤40% CV death or HF

admission

HR 0.77 (0.67–0.89) No differences among sexes 0.87

Spironolactone RALES 1999 NYHA III-IV 1663 446 (27) ≤35% All-cause mortality RR 0.70 (0.60–0.82) No differences among sexes Not reported

Eplerenone EPHESUS 2003 Acute MI and HF

or diabetes mellitus

6632 1918 (29) ≤40% All-cause mortality RR 0.85 (0.75–0.96) Significant benefit in women, trend

toward benefit in men

0.44

Eplerenone EMPHASIS-HF 2011 NYHA II and older

than 55 years old

2737 610 (22) ≤35% CV death/HF admission HR 0.63 (0.54–0.74) No differences among sexes 0.36

Ivabradine SHIFT 2010 NYHA II-IV 6505 1535 (24) ≤35% CV death/HF admission HR 0.82 (0.75–0.90) No differences among sexes 0.26

Sacubitril-valsartan

vs enalapril

PARADIGM 2014 NYHA II-IV 8399 1832 (22) ≤40% CV death/HF admission HR 0.80 (0.73–0.87) No differences among sexes 0.63

Dapagliflozin DAPA-HF 2019 NYHA II-IV 4744 1109 (23) ≤40% CV death/Worsening HF HR 0.74 (0.65–0.85) HR 0.73 (0.63–0.85) in men, HR

0.79 (0.59–1.06) in women

0.67

Empagliflozin EMPEROR-Reduced 2020 NYHA II–IV 3730 893 (24) ≤40% CV death/Worsening HF HR 0.75 (0.65–0.86) HR 0.80 (0.68–0.93) in men, HR

0.59 (0.44–0.80) in women

Not reported

HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; HF, heart failure; RR, relative risk; HR, hazard ratio; CV, cardiovascular; ACEI, angiotensin-converter enzyme inhibitor; MI,

myocardial infarction.
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three double-blind, placebo-controlled, clinical trials comparing

candesartan vs. placebo in three distinct populations with

symptomatic HF. In those two trials including subjects with

LVEF ≤ 40% (being treated with an ACEI -CHARM-Added-

or intolerant to ACEI -CHARM-Alternative-), candesartan

significantly reduced the combined endpoint of cardiovascular

death or HF readmission (25, 26). This reduction was similar in

men and women (28).

Mineraloid receptor antagonists

Three studies met the established search criteria for drugs

(29–31). The Randomized Aldactone Evaluation Study (RALES)

was a trial to test the hypothesis that daily treatment with

spironolactone would significantly reduce the risk of all-cause

death among 1,663 patients (446 women, 27%) who had severe

HF and LVEF≤ 35% who were receiving standard therapy, such

as ACEI. The RALES accomplished the primary endpoint, with

a similar benefit in both sexes, and a good safety profile (29).

The Eplerenone Post–AcuteMyocardial InfarctionHeart Failure

Efficacy and Survival Study (EPHESUS) was a trial to evaluate

the effect of eplerenone—an aldosterone blocker that selectively

blocks the mineralocorticoid receptor—on overall mortality

in 6,632 patients (1,918 women, 29%) with acute myocardial

infarction complicated by left ventricular dysfunction and HF

who were receiving optimal medical therapy. Eplerenone also

met the primary endpoint for efficacy, but regarding sex-

specific effects, women presented a higher benefit than men

for mortality risk reduction (30). Lastly, the Eplerenone in

Mild Patients Hospitalization and Survival Study in Heart

Failure (EMPHASIS-HF) was designed to investigate the effects

of eplerenone, added to evidence-based therapy, on clinical

outcomes in 2,737 patients (610 women, 22%) with NYHA II HF

and LVEF ≤ 35% (31). After a median follow-up of 21 months,

patients allocated in the drug arm showed a significant 37%

reduction in the primary endpoint composed by cardiovascular

death or HF admission and a significant 24% reduction in all-

cause mortality. Similar benefits were observed among men

and women.

Ivabradine

The Systolic Heart failure treatment with the If inhibitor

ivabradine Trial (SHIFT) study reported a significant reduction

in the composite endpoint of cardiovascular death or HF

hospitalization with ivabradine vs. placebo (HR 0.82, 95% CI

0.75–0.90, p < 0.0001) in 6,505 patients (1,535 women, 24%)

with symptomatic HF and LVEF ≤ 35%, in sinus rhythm and

with heart rate ≥70 beats per minute (bpm) (32). The effects

were driven mainly by hospital admissions for worsening HF

(HR 0.74, 0.66–0.83; p < 0.0001) and deaths due to HF (HR

0.74, 0.58–0.94, p = 0.014). This lower rate of the composite

endpoint with ivabradine was similar in both sexes (p-value for

interaction= 0.260).

Angiotensin receptor neprylisin inhibitor

Only the Prospective Comparison of Angiotensin receptor

neprylisin inhibitor (ARNI) with ACEI to Determine Impact

on Global Mortality and Morbidity in Heart Failure Trials

(PARADIGM-HF) met the inclusion criteria (33). This was

a clinical trial conducted in 2014 which evaluated sacubitril-

valsartan (SV) vs. enalapril in 8,399 patients (1,832 women,

22%) with NYHA II–IV, LVEF ≤ 40% and increased natriuretic

peptides. After a median follow-up of 27 months, patients

allocated in the SV arm showed a significant 20% reduction in

the primary endpoint composed by cardiovascular death or HF

admission and a significant 16% reduction in all-causemortality.

Similar benefits were observed in both sexes.

Sodium-glucose cotransporter 2
inhibitors

Two clinical trials met the search criteria (34, 35). The

Dapagliflozin and Prevention of Adverse Outcomes in Heart

Failure (DAPA-HF) prospectively evaluated the efficacy and

safety of dapagliflozin in 4,744 patients (1,109 women, 23%)

with NYHA II–IV and LVEF ≤ 40%, regardless of the presence

of diabetes (34). Over a median of 18 months, the primary

outcome (worsening HF or CV death) occurred in 386 of 2,373

patients (16.3%) in the dapagliflozin group and in 502 of 2,371

patients (21.2%) in the placebo group (HR, 0.74; 95% CI 0.65–

0.85; p < 0.001). Moreover, a total of 276 patients (11.6%)

in the dapagliflozin group and 329 patients (13.9%) in the

placebo group died from any cause (HR 0.83; 95% CI, 0.71–

0.97). In a prespecified subgroup analysis of the DAPA-HF,

dapagliflozin reduced the risk of worsening HF, CV death, and

all-cause death and improved symptoms, physical function, and

health-related quality of life similarly in men and women with

HFrEF. In addition, dapagliflozin was safe and well-tolerated

irrespective of sex (36). The Empagliflozin Outcome Trial in

Patients with Chronic Heart Failure and a Reduced Ejection

Fraction (EMPEROR-Reduced) evaluated empagliflozin in 3,730

patients (893 women, 24%) with NYHA II–IV and LVEF ≤

40%, regardless of the presence of diabetes (35). After a median

follow-up of 16 months, the primary outcome event occurred

in 361 of 1,863 patients (19.4%) in the empagliflozin group and

in 462 of 1,867 patients (24.7%) in the placebo group (HR for

CV death or hospitalization for HF, 0.75; 95% CI 0.65–0.86; p <

0.001). The effect of empagliflozin on the primary outcome was

consistent in patients of both sexes.
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Implantable converter defibrillators and
cardiac resynchronization therapy

In total, 12 clinical trials were reviewed according to

inclusion criteria (37–48). Table 2 summarizes the main

characteristics of the randomized clinical trials in HfrEF

for implantable cardioverter defibrillator (ICD) and cardiac

resynchronization therapy (CRT).

Several randomized trials have proven the efficacy of ICD

to prevent all-cause death. As in most HF drug therapy trials,

women were underrepresented in these studies, accounting for

less than one-third of the total population (37–43). Overall,

subgroup analyses of each study were consistent and did not

show statistically significant differences between both sexes.

On the other hand, CRT studies included a wide variety of

patients (with NYHA classes ranging from I to IV), but less than

one-third of them were women. The subgroup analysis of most

trials did not show a significant difference in outcomes between

men and women (44–48). An exception to this is the MADIT-

CRT trial, in which ICD plus CRT therapy was associated with a

greater benefit in women (p for interaction= 0.01) (49).

Discussion

Main findings

In this systematic review including 28 randomized clinical

trials evaluating pharmacological and non-pharmacological

treatment of HFrEF, we observed that: (1) the proportion

of women enrolled was generally low, (2) the absence of a

prespecified analysis of efficacy by sex was frequent, and (3) the

level of quality of evidence on the efficacy of GDMT and ICD or

CRT in women is relatively poor.

Role of sex on HFrEF treatment

Over the last 30 years, many significant advances have

been made in the treatment of patients suffering from

HFrEF. Thus, the main HF guidelines that have been recently

published recommend starting neurohormonal drugs and

SGLT2 inhibitors at the same level to achieve the maximum

mortality risk reduction (4, 5). Once GDMT is implemented

at the highest tolerated dose and LVEF is again assessed, ICD

and CRT have to be considered in those patients with an

estimated survival greater than 1 year according to HF etiology,

morphology, and duration of QRS complex.

However, this “foundational therapy” approach is not

supported by the same level of quality of evidence when sex

is considered. After reviewing the principal landmark trials

involving drugs, we observed that women were repeatedly

underrepresented and prespecified sex-based analyses were not

performed. Only in the case of the most recent families,

sacubitril-valsartan and SGLT2 inhibitors, we should be

confident that the sex interaction was not significant when

assessing the efficacy of the drug (33–36).

This uneven supporting evidence is particularly relevant

when epidemiological, physiological, and pharmacological

differences by sex are known. The HF incidence increases

over time with aging in both sexes and the overall lifetime

risk for developing HF is also similar (50, 51). Nevertheless,

women tend to be older, with a higher prevalence of

comorbidities than men when HFrEF appears (52). In addition,

the presence of risk factors is different according to sex

(less smoking and more diabetes in women) and the social

determinants of health can also be especially unique in women

(7). Regarding to pathophysiological differences by sex, the

predisposition to macrovascular coronary artery disease and

myocardial infarction in men may only explain a part of

the higher risk of HFrEF compared with women (6). As we

said, HFrEF in women is more likely to be present with

aging and non-cardiac comorbidities, and distinct immune

responses can be particularly important when inflammation

and microvascular disease are pointed out to develop HF (53,

54). Specific etiologies of HFrEF, such as Takotsubo syndrome,

peripartum cardiomyopathy, or cardiotoxicity (whether related

to chemotherapy or alcohol abuse) also involve different

consequences by sex (7, 55). Lastly, there are relevant sex-

differences in pharmacokinetics and pharmacodynamics based

on differences in body composition (with women usually

having lower weight and height, a higher proportion of body

fat, and a lower peripheral distribution volume) and lower

renal and hepatic filtration rate (56). Several studies have

suggested that the maximum benefit of GDMT may be achieved

in women at doses lower than those recommended by the

guidelines (57).

In relation to devices, women are less likely to receive

an ICD than men, but they have higher rates of device

implantation-related complications. Instead, women are more

likely to respond favorably to CRT than men, which can result

in an improvement of survival rates. The reasons for this are

not clear still but include differences in vascular access, higher

hemorrhagic risk, QRS duration cutoff, and less ischemic HF

origin (58).

Limitations

Our systematic review has some limitations. First, we only

included randomized clinical trials in our study. Although

publication and selection bias may arise because we selected

those published in English, the main pivotal studies are usually

published in this language. Second, since only aggregated data

were available, it was not possible to perform a more granular

analysis of clinical outcomes.
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TABLE 2 Randomized clinical trials for ICD/CRT in HFrEF included in the systematic review.

Intervention Study

name

Year Study population N Women (%) LVEF Primary endpoint Overall treatment effect

(95% CI)

Sex-specific effect P value for sex

interaction

ICD MADIT II 2002 Prior MI 1232 192 (16) ≤30% All-cause mortality HR 0.69 (0.51–0.93) HR 0.66 (0.48–0.91) in men,

HR 0.57 (0.28–1.18) in

women

0.72

ICD AMIOVIRT 2003 NIDCM and asymptomatic

NSVT

103 30 (29) ≤35% All-cause mortality 1- and 3-year survival rates did not

differ between both arms (p= 0.8)

Not performed –

ICD DINAMIT

TRIAL

2004 Post-acute MI patients 694 160 (24) ≤35% All-cause mortality HR 1.08 (0.76–1.55) Not reported 0.82

ICD DEFINITE

TRIAL

2004 Non-ischemic dilated

cardiomyopathy with PVB

458 264 (29) ≤35% All-cause mortality HR 0.65 (0.40–1.06) HR 0.49 (0.27–0.90) in men,

HR 1.14 (0.50–2.64) in

women

0.18

ICD SCD HeFT 2005 NYHA class II or III 2521 588 (23) ≤35% All-cause mortality HR 0.77 (0.62–0.96) HR 0.73 (0.57–0.93) in men,

HR 0.96 (0.56–1.61) in

women

0.54

ICD IRIS TRIAL 2009 Post-acute MI patients with

HR ≥ 90 bpm

898 209 (23) ≤40% All-cause mortality HR 1.04 (0.81–1.35) Not reported 0.85

ICD DANISH 2016 NIDCM 1160 307 (28) ≤35% All-cause mortality HR 0.87 (0.68–1.12) HR 0.85 (0.64–1.12) in men,

HR 1.03 (0.57–1.87) in

women

0.66

CRT COMPANION 2004 NYHA III-IV and a QRS ≥

120ms

1520 493 (33) ≤35% Time to death from or hospitalization

for any cause

CRT vs OMT: HR 0.81 (p= 0.014)

ICD-CRT vs OMT: HR 0.80 (p=

0.01)

Not reported Not reported

CRT MADIT-CRT 2005 Cardiomyopathy with

QRS≥130 msec and NYHA

I-II

1820 453 (25) ≤30% All-cause mortality and HF events HR 0.66 (0.52–0.84) HR 0.76 (0.59–0.97) in men,

HR 0.37 (0.22–0.60) in

women

0.01

CRT CARE HF 2005 NYHA III-IV and cardiac

desynchrony

813 216 (27) ≤35% Time to death from any cause or an

unplanned hospitalization for a major

cardiovascular event

HR 0.63 (0.51–0.77) HR 0.62 (0.49–0.79) in men,

HR 0.64 (0.42–0.97) in

women

Not reported

CRT RAFT 2010 NYHA II-III, QRS≥120ms

or a paced QRS duration ≥

200ms

1798 308 (18) ≤30% Death from any cause or hospitalization

for HF

HR 0.75 (0.64–0.87) Not reported 0.09

CRT ECHO-CRT 2013 NYHA III-IV, QRS<130ms

and desynchrony

809 227 (28) ≤35% Death from any cause or first

hospitalization for HF

HR 1.20 (0.92–1.57) HR 1.31 (0.95–1.80) in men,

HR 0.93 (0.56–1.56) in

women

0.43

ICD, implantable cardioverter defibrillator; CRT, cardiac resynchronization therapy; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; HF, heart failure; NIDCM, non-ischemic

dilated cardiomyopathy; NSVT, non-sustained ventricular tachycardia; PVB, premature ventricular beats; RR, relative risk; HR, hazard ratio; CV, cardiovascular; MI, myocardial infarction.
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Conclusion

Sex influences in the response to treatment of patients

suffering from HFrEF. All results from the landmark

randomized clinical trials are based on study populations

composed mainly of men. Further studies specifically designed

to consider sex-differences are warranted to elucidate if GDMT

and new devices are equally effective in both sexes.
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Cheng Kung University Hospital, College of Medicine, National Cheng Kung University, Tainan,
Taiwan, 3Health Outcome Research Center, National Cheng Kung University, Tainan, Taiwan,
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Background: Gout or rapid reduction in serum uric acid level may increase

the incidence of heart failure (HF). To compare the risk of HF between

febuxostat and allopurinol in gout patients with coexisting cardiovascular (CV)

diseases, the varying severity would be likely to confound the risk estimation.

Gout and HF are both sex-related diseases, and the risk di�erence from the

urate-lowering agents between women and men remains unknown.

Aims: To evaluate the HF hospitalisations risk of febuxostat and allopurinol in

gout patients in real-world settings.

Methods: A population-based cohort enrolled patients with allopurinol or

febuxostat initiation from 2011 to 2018. Participants were grouped into,

without (low CV risk group) or with (high CV risk group) a history of recent

major CV admission. The primary outcome was HF hospitalization. The

secondary outcomes were composite CV events, all-cause mortality, and the

cause of CV mortality. We used the ‘as-treated’ analysis and Cox proportional

hazards model after propensity score (PS) matching. Patients were further

stratified into men and women to evaluate the gender di�erences.

Results: Febuxostat users had a significantly higher risk of HF hospitalization

than allopurinol users in gout patients either with low CV risk [hazard ratio

(HR) 1.39; 95% confidence interval (CI) 1.25–1.55] or high CV risk [HR 1.36;

95% CI 1.22–1.52]. Particularly, women with gout had a higher risk of HF

hospitalization than men.

Conclusion: The HF hospitalization risk was highest in gout women with high

CV risk and febuxostat use. Monitoring of HF is warranted in these patients.

KEYWORDS

heart failure, febuxostat, allopurinol, gout, sex di�erence, Taiwan
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Introduction

Heart failure (HF) hospitalisations were reported to occur

more frequently than myocardial infarction or stroke in gout

patients in previous studies (1). Because uric acid lowering

agents would be indicated for gout patients, the risk associated

with HF should not be ignored (2, 3). The risk of HF

hospitalization event rate was higher in febuxostat users than

in allopurinol users (4.3 vs. 3.9%) in the trial of Cardiovascular

Safety of Febuxostat or Allopurinol in Patients with Gout and

Cardiovascular Morbidities (CARES) (4). However, all patients

enrolled in the CARES study had cardiovascular (CV) history

but might be different in severity, that would confound the risk

of HF hospitalization events.

In addition, results of previous observational studies

comparing the HF risk between febuxostat and allopurinol were

inconsistent (5–7).

Gout and HF are both considered sex-dependent diseases

(8). Earlier studies have shown that hyperuricemia-associated

risks of HF, and cardiovascular mortality are both greater in

women than in men (9, 10). Some studies showed that women

had more sex-specific CV comorbidities than men with HF

(11, 12). In addition, women who were hospitalized with CV

disease had a higher risk of readmission for heart failure than

men. Some prescription drugs were withdrawn from the market

due to greater health risks for women than formen (11). It would

be critical to assess the sex difference of HF in gout patients

receiving uric acid lowing agents.

Therefore, considering patients receiving uric acid lowering

agents would pose various severity of CV disease, we stratified

the gout patients into low- and high-risk groups to compare

the risk difference of HF between febuxostat and allopurinol

exposure.We also compared theHF hospitalization risk between

febuxostat and allopurinol in female and male gout patients.

Methods

Data source

The National Health Insurance Database (NHID) and Cause

of Death Data from 2011 to 2018, provided by the Ministry of

Health andWelfare, were used for this study. The databases were

accessed at the Health andWelfare Data Science Center in Taipei

City, Taiwan (13). The NHID is derived from the claims data of

Taiwan’s national health insurance program, which covers nearly

the entire population (23 million people). The NHID includes

registries for beneficiaries, ambulatory care claims, inpatient

claims, and prescriptions dispensed at pharmacies. Eachmedical

encounter in the claims data contains diagnosis and procedure

codes ([International Classification of Diseases, Ninth Edition,

Clinical Modification [ICD-9-CM, up to 2015] and Tenth

Edition [ICD-10-CM, after 1/1/2016]), and details regarding

drug information (e.g., date of prescription, days of supply for

all drugs covered by the program). The cause of death data were

derived from the death certificates, which included date of birth,

sex, date of death, and cause of death (ICD diagnosis codes: ICD-

9-CM until 2008 and ICD-10-CM after 2008). These databases

can be linked with personal identification numbers to provide

details of patient-level information regarding demographics,

clinical data, and cause of death information. This study was

approved by the Institutional Review Board of the National

Cheng Kung University Hospital (IRB certificate number B-

EX-107-018). Informed consent from the study participants

was waived because patient-level information from the NHID

was anonymous.

Study design and study population

The present study used a retrospective cohort study

with a new user design. We identified a study cohort aged

>20 years who had used CV-related drugs and initiated

treatment with allopurinol or febuxostat, between 2012 and

2017 (patients had at least one year of follow-up). The CV-

related drugs in this study were defined as alpha-blockers,

antiplatelets, antithrombotics, antiarrhythmics, beta-blockers,

calcium channel blockers, diuretics, or renin-angiotensin–

aldosterone system inhibitors. We also estimated nitrates from

use with other CV-related drugs. The index date was defined as

the date of allopurinol or febuxostat initiation, and a new user

was defined as a patient who had not received any febuxostat

or allopurinol within 1 year before the index date. Patients were

excluded if they met any of the following criteria: (1) cancer

history; (2) history of acquired immune deficiency syndrome;

(3) pregnancy within the one-year period prior to the index

date; (4) prescription of cyclosporine, tacrolimus, rifampicin,

pyrazinamide, ethambutol, or isoniazid within 180 days prior to

the index date (Figure 1).

Exposure and high/low CV risk definition

We performed an “as-treated” analysis to estimate whether

heart failure occurred within the exposure period. The

medication exposure to allopurinol or febuxostat was counted

from the date of the first prescription to discontinuation during

the study period. Discontinuation was defined as the last day of

continuous supply, allowing for a gap of 90 days to account for

delayed refills.

We aimed to divide patients into high and low CV risk

groups. High CV risk was defined as a history of major CV

admission during the 3-year look-back period prior to the index

date. Low CV risk was defined as patients who did not have

a history of major CV admission during the 3-year look-back

period prior to the index date. Major CV admission was defined
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FIGURE 1

Assembly of the study population.
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TABLE 1 Baseline characteristics of the study population.

Variable (%) Low CV risk group High CV risk group

Allopurinol

(n = 61,424)

Febuxostat

(n = 61,424)

SMDa Allopurinol

(n = 12,795)

Febuxostat

(n = 12,795)

SMDa

Demographics

Sex, male 69.9 69.1 −0.02 64.6 64.3 −0.01

Age, mean (SD) 66.8 (13.6) 66.7 (14.4) −0.01 72.7 (12.7) 72.6 (13.3) 0.00

Age, % 0.08 0.08

20–29 0.6 0.8 0.2 0.3

30–39 2.8 3.6 1.1 1.6

40–49 7.6 8.2 3.7 4.3

50–59 18.1 16.9 11.3 10.8

60–69 25.1 24.9 19.6 19.9

70–79 26.4 24.3 29.4 27.6

80+ 19.4 21.2 34.8 35.7

Comorbidities

Hypertension 82.4 82.1 −0.01 85.5 85.5 0.00

Gout 51.4 50.4 −0.02 39.2 39.0 0.00

Hyperlipidaemia 48.1 47.1 −0.02 39.4 39.5 0.00

Diabetes mellitus 44.6 44.6 0.00 56.3 56.5 0.01

Osteoarthritis 26.0 26.0 0.00 28.0 28.3 0.01

Ischaemic heart disease 23.8 23.9 0.00 50.1 50.1 0.00

Liver disease 14.1 13.9 −0.01 11.5 11.6 0.00

Kidney disease 0.09 0.04

CKD 36.0 34.2 42.7 41.2

Pre-ESRD 12.8 14.5 15.2 16.4

ESRD 2.8 2.6 4.6 4.4

Stroke 11.8 11.8 0.00 41.9 42.3 0.01

COPD 10.5 10.5 0.00 18.6 18.0 −0.02

Heart failure 9.1 9.4 0.01 54.9 54.4 −0.01

Kidney stone 8.8 8.5 −0.01 5.4 5.2 −0.01

Atrial fibrillation 3.4 3.4 0.00 16.8 16.7 0.00

Peripheral artery disease 2.1 2.0 0.00 3.1 2.9 −0.02

Rheumatoid arthritis 1.9 1.8 −0.01 1.8 1.9 0.00

Acute myocardial infarction 1.0 1.0 0.01 12.7 12.6 0.00

Co-medications

RAAS inhibitors 65.5 64.4 −0.02 62.1 61.3 −0.01

CCBs 45.4 46.1 0.01 48.4 48.6 0.00

NSAIDs 45.4 45.9 0.01 41.8 41.6 0.00

Antidiabetics 40.5 40.3 0.00 52.3 52.4 0.00

Beta blockers 40.2 40.4 0.01 53.0 53.0 0.00

Antiplatelets 38.8 38.5 −0.01 65.2 65.3 0.00

Statins 36.9 36.2 −0.02 38.1 38.4 0.01

Diuretics 35.4 36 0.01 68.3 68.4 0.00

Colchicine 34.5 34.5 0.00 34.6 34.7 0.00

Systemic steroids 24.3 24.6 0.01 33.2 32.5 −0.02

Analgaesics 14.1 14.3 0.01 23.4 23.1 −0.01

Benzbromazone 12.3 12.4 0.00 13.3 13.5 0.01

(Continued)
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TABLE 1 Continued

Variable (%) Low CV risk group High CV risk group

Allopurinol

(n = 61,424)

Febuxostat

(n = 61,424)

SMDa Allopurinol

(n = 12,795)

Febuxostat

(n = 12,795)

SMDa

Nitrates 12.1 12.3 0.01 38.5 37.9 −0.01

Alpha blockers 10.8 11 0.01 13.7 13.7 0.00

Antithrombotics 6.8 7.1 0.01 22.2 22.1 0.00

Antiarrhythmics 4.1 4.2 0.00 12.6 12.3 −0.01

Sulfinpyrazone 1.1 1.1 0.00 1.2 1.3 0.00

Probenecid 0.0 0.0 0.00 0.0 0.0 0.01

aSMD, standardized mean difference.

Low CV risk: No admission for AMI, HF, or stroke prior to the 3-year look-back period.

High CV risk: Admission for AMI, HF, or stroke prior to the 3-year look-back period.

as patients being admitted for acute myocardial infarction (AMI,

ICD-9 code: 410), HF (ICD-9 code: 428), or stroke (ICD-9 code:

430-434 and 436).

Outcomes, follow-up, and covariates
definition

The primary outcome was hospitalization for HF (ICD-9

code: 428). The secondary outcomes were composite CV events,

defined as any hospitalization with AMI (ICD-9 code: 410), HF

(ICD-9 code: 428), stroke (ICD-9 code: 430–434, and 436), all-

cause mortality, and cause of CV mortality. CV mortality was

defined as death due to AMI, HF, or stroke. We followed up with

patients until the date of one of the following outcomes: death,

the end of the study period, or discontinuation of allopurinol

or febuxostat, whichever came first. The covariates included

in the analyses were age, sex, comorbidities, and concomitant

medications. Baseline comorbidities were retrieved during the 1-

year look-back period prior to the index date. Patients diagnosed

with old myocardial infarction, HF, and stroke from outpatient

visits were retrieved as baseline comorbidities. Concomitant

medications were retrieved during the 30-day period both before

and after the index date. The details of the covariates are shown

in Table 1.

Statistical analysis

Continuous variables were described as means and

standard deviations and categorical variables as numbers and

proportions. The distribution of time to event or death since

prescription initiation was estimated using the Kaplan-Meier

survival analysis. Propensity score (PS) matching was used to

adjust for confounding effects. The PS was derived frommultiple

logistic regression models, and the degree of multicollinearity

for all covariates was tested using the PS model. The allopurinol

group was matched to the febuxostat group at a 1:1 ratio using a

greedy algorithm. The standardized mean difference (SMD) was

used to evaluate the degree of different proportions of baseline

characteristics between the two groups. In order to consider

competing risk, that is, death as a competing risk of CV events,

Fine and Gray’s sub-distribution hazard model was used (14).

For gender analysis, we stratified the study population into

male and female groups to estimate the primary and secondary

outcomes within low or high CV risk. All statistical analyses

were performed using SAS 9.4 version software (SAS Institute,

Cary, NC, USA).

Sensitivity analyses

We conducted two sensitivity analyses to validate the

results. First, whether long-term use of allopurinol or febuxostat

influences the treatment effect was investigated by including

patients who were exposed to allopurinol or febuxostat for at

least 1 year and comparing the risk of heart failure, composite

endpoints, all-cause mortality, and cause of CV death between

allopurinol and febuxostat. Second, serum uric acid level is an

important factor associated with the occurrence of CV events

and is not available in claim databases. To evaluate the effect

of this unmeasured confounding factor, we used the “rule-out

approach” based on the method developed by Schneeweiss (15).

Two data would be required in this approach, the association

between drug use category and confounder (OREC) and the

association between confounders and disease outcome (RRCD).

Then, the apparent relative risk could be calculated to plot the

curve within OREC and RRCD.

Results

The NHID showed that there were 269,580 patients who

had used CV-related drugs and had been prescribed allopurinol
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TABLE 2 Hazard ratios of heart failure, composite of end points, all-cause mortality, and cause of CV death between patients taking allopurinol and

febuxostat.

Allopurinol Febuxostat HR

(febuxostat

vs.

allopurinol)

95 % CI

Variable No. of event Incidence

(per 1,000

person-year

No. of event Incidence

(per 1,000

person-year

Lower Upper

Low CV risk group

Primary outcome

Heart failure 541 11.4 947 15.8 1.39 1.25 1.55

Secondary outcome

Composite of end points 1,199 25.2 1,744 29.0 1.15 1.07 1.24

All-cause mortality 656 13.8 869 14.5 1.08 0.97 1.19

Cause of CV death 65.0 1.4 104 1.7 1.35 0.98 1.85

High CV risk group

Primary outcome

Heart failure 523 69.2 840 89.2 1.36 1.22 1.52

Secondary outcome

Composite of end points 886 117.2 1,308 138.9 1.26 1.15 1.37

All-cause mortality 309 40.9 425 45.1 1.11 0.95 1.28

Cause of CV death 56 7.4 83 8.8 1.16 0.83 1.64

or febuxostat from 2012 to 2017. After PS matching, 61,424

and 12,795 patients initiated allopurinol/febuxostat at low CV

and high CV risk, respectively. The mean age was higher in

the high CV risk group than in the low CV risk group. The

proportion of male patients was higher than that of female

patients in both groups, particularly in gout patients with low

CV risk. The baseline characteristics were similar and more

comparable in the two groups after PS matching (SMD <0.1)

(Table 1).

Low CV risk group

For the primary outcome, febuxostat users had a

significantly higher risk for HF hospitalization than allopurinol

users [hazard ratio (HR) 1.39; 95% confidence interval (CI)

1.25–1.55] (Table 2). For secondary outcomes, febuxostat users

had a significantly higher risk for composite endpoints than

allopurinol users (HR 1.15; 95% CI 1.07–1.24) (Table 2). There

was no significant difference between the allopurinol and

febuxostat groups in all-cause mortality risk (HR 1.08; 95% CI

0.97–1.19) and cause of CV mortality risk (HR 1.35; 95% CI

0.98–1.85) (Table 2).

Stratified by gender, women (HR 1.24; 95% CI 1.05–1.47)

and men (HR 1.47; 95% CI 1.28–1.69) among febuxostat users

also had a higher risk of HF hospitalization than allopurinol

users (Figure 2). The association of composite endpoint and

febuxostat was also found in men (HR 1.20; 95% CI 1.10–1.32)

but not in women (HR 1.04; 95% CI 0.91–1.18) (Figure 2).

High CV risk group

The incidence of HF hospitalization was fivefold higher in

the high CV risk group than in the low CV risk group (Figure 3).

For the primary outcome, the febuxostat users had a higher

risk for HF hospitalization than the allopurinol users (HR 1.36;

95% CI 1.22–1.52) (Table 2). With regards to the secondary

outcomes, febuxostat users also had a significantly higher risk

for composite endpoints than allopurinol users (HR 1.26; 95%

CI 1.15–1.37). There was no significant difference between the

allopurinol and febuxostat groups in all-causemortality risk (HR

1.11; 95% CI 0.95–1.28) and cause of CV mortality risk (HR

1.16; 95% CI 0.83–1.64) (Table 2). The primary and secondary

outcomes were the same in both women and men (Figure 2).

Sensitivity analyses

In the sensitivity analysis, we also found that febuxostat had

an increased risk of HF hospitalization in gout patients with

high CV risk (HR 2.00; 95% CI 1.59–2.51) or low CV risk

(HR 1.65; 95% CI 1.40–1.96) for long-term use of medication

(Table 3).With regards to the effects of unmeasured confounders

(high levels of serum uric acid) in association with allopurinol,

febuxostat, and HF hospitalization risk, we found that when

the effect of high levels of serum uric acid had a very strong

association with allopurinol or febuxostat exposure (odds ratio

>10), the observed association of CV risk between allopurinol

and febuxostat tended to be negligible (relative risk = 1).
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FIGURE 2

Gender analysis for CV risk-specific hazard ratios of (A) heart failure, (B) composite of end points, (C) all-cause mortality, and (D) cause of CV
death between patients taking allopurinol and febuxostat. The x-axis shows two drugs: allopurinol and febuxostat, and the y-axis shows the
incidence rate per 1,000 person-years. The circles and triangles represent female and male patients, respectively. The red dots represent
moderate CV risk, and the blue dots represent severe CV risk. HR represents the hazard ratio. The hazard ratios were estimated in the same
strata (the same sex and CV risk groups) for febuxostat users compared to allopurinol users.

However, the chance of a strong association with allopurinol

or febuxostat is much lower. Therefore, the effect of high levels

of serum uric acid as a confounder might be ruled out because

its results were not significant enough to explain this observed

association (Supplementary Figures 1A,B).

Discussion

Our study found that febuxostat use had a significantly

higher risk of HF hospitalization, but similar mortality

compared to allopurinol use in gout patients with low or high

CV risk. In gout patients, women were more likely to experience

HF hospitalization than men, and the HF hospitalization risk

was highest in women with high CV risk and febuxostat use.

Gout is related to a variety of cardiovascular diseases, such as

myocardial infarction, stroke, and HF. In the studies in younger

populations with mean a age og <50 years old, urate-lowering

therapy was associated with lowered coronary artery disease

and stroke hospitalization, but not heart failure hospitalization,

compared to non-urate lowering therapy in gout patients (16,

17). In particular, gout was associated with an increased risk of

HF, rather than an increased incidence of coronary heart disease,

stroke, or all-cause mortality, in the REasons for Geographic

And Racial Differences in Stroke (REGARDS) cohort study (18).

Meanwhile, serum uric acid level was known to be associated

with incident cardiovascular events and could be an important

prognostic factor for patients with HF (19–21). Animal studies

demonstrated that high serum UA increased HF and worse

the prognosis, with a possible mechanism via its effects on

oxidative stress and endothelial dysfunction (22–25). Therefore,

it is suggested that lowering uric acid therapy has a beneficial

effect on the prognosis of HF (26, 27). However, other studies

have reported that individuals whose serum UA was too low

might have an increased incidence of cardiovascular disease or

mortality (28, 29). In addition, rapid reduction of serum UA
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FIGURE 3

The failure function by year of medication exposure. (A) Failure function of time to heart failure in patients without admission for AMI, HF, or
stroke prior to the 3-year look-back period (low CV risk group). (B) Failure function of time to heart failure in patients admitted for AMI, HF, or
stroke prior to the 3-year look-back period (high CV risk group).
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TABLE 3 Heart failure, composite of end points, all-cause mortality, and cause of CV death between patients taking allopurinol and febuxostat for

more than 1-year.

Allopurinol Febuxostat HRa

(febuxostat

vs.

allopurinol)

95% CI

Variable No. of event Incidence

(per 1,000

person-year

No. of event Incidence

(per 1,000

person-year

Lower Upper

Low CV risk group

Primary outcome

Heart failure 218 5.9 407 8.3 1.65 1.4 1.96

Secondary outcome

Composite of end points 480 12.9 713 14.6 1.35 1.19 1.52

All-cause mortality 207 5.6 246 5.0 1.16 0.95 1.4

Cause of CV death 24 0.6 32 0.7 1.45 0.84 2.5

High CV risk group 0 0 0

Primary outcome

Heart failure 112 20.6 248 35.4 2.00 1.59 2.51

Secondary outcome

Composite of end points 204 37.6 363 51.8 1.64 1.37 1.95

All-cause mortality 55 10.1 76 10.9 1.26 0.88 1.81

Cause of CV death 7 1.3 18 2.6 2.22 0.90 5.48

aHR: The hazard ratios were adjusted by propensity score.

levels was associated with readmission of HF (30). In particular,

a potent uric acid lowering drug, febuxostat, was found to

have higher rates of all-cause mortality and CV mortality than

allopurinol in clinical trials (4). In the CARES study, a large

and randomized control study enrolled patients with major CV

disease. All-cause mortality and cardiovascular mortality were

higher with febuxostat use than with allopurinol use. They also

found that the HF hospitalization event rate was higher in

febuxostat users than in allopurinol users (4.3 vs. 3.9%) (4). The

main limitations of the CARES study were the high attrition

rate of 45% (lost to follow-up) and high drug discontinuation

rate (56%). A population cohort study from Taiwan similarly

reported increased adverse CV events in febuxostat users,

compared to allopurinol users, and subgroup analysis showed

that elevated risk of HF hospitalization (HR, 1.22; 95% CI, 1.13–

1.36) (5). However, the mean follow-up duration of the above-

mentioned studies were <1 year. In contrast, in a population

study using US Medicare claims data with a mean follow-up

duration of 1.1–1.2 years, febuxostat users had similar rates

of new-onset HF, compared to allopurinol users (6). A trend

toward a lower risk for HF hospitalisations in febuxostat users,

compared to allopurinol users, was noted in a cohort study

from Hong Kong, but the study population was relatively

small (7). In the recently published randomized FAST trial,

no risk difference of MACEs or HF hospitalisations between

febuxostat and allopurinol use was found (31). However, the

enrolled population had fewer comorbidities, lower adverse CV

event rates, and total mortality than the population from our

study, which might not be representative of the real-world

setting. Compared to these conflicting results, our national

population-based cohort study from the NHID, which covered

more than 99.9% of the total population of 23 million in Taiwan

with extremely few barriers to medical accessibility, had the

advantage of assessing the CV risk of febuxostat in the general

population with gout. We identified gout patients with CV

risk from the National Health Insurance database by using

CV-related drugs, to elucidate the risk of HF hospitalization

between febuxostat and allopurinol users in real-world settings.

We further divided gout patients into low or high CV risk to

evaluate the risk of HF at different CV risk profiles.Moreover, we

restricted our analysis to patients, who had received febuxostat

or allopurinol treatment for more than 1 year. These analyses

yielded consistent results with the elevated HF hospitalization

risk of febuxostat, compared to allopurinol. Assuming the

follow-up duration was fixed, we estimated the attributable risk

of febuxostat in the low and high CV risk groups are 42.87 and

37.7%, respectively. Our study provided valuable information

to illustrate the HF hospitalizations risk of febuxostat use as

stratified by low or high CV risk in the Asian population.

The mechanism underlying the cardiovascular risk of

febuxostat vs. allopurinol was uncertain. Previous evidence has

suggested that high levels of uric acid represent an independent

CV risk factor and that the use of xanthine oxidase inhibitor

(XOI) may reduce the risk of major adverse CV events (MACEs)

(32, 33). On the other hand, accumulating evidence suggests

that increased xanthine oxidase activity contributes to increased
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vascular oxidative stress and endothelial dysfunction in HF

patients (25). The CV protective effects of allopurinol might be

attributed to the anti-oxidant effect by inhibiting the production

of reactive oxygen species released during the activity of

xanthine oxidase or improving endothelium function along

with the reduction of uric acid levels (34, 35). Compared with

febuxostat, the CV protective effect of allopurinol might be due

to the difference in chemical activities of purine (allopurinol)

and non-purine-like (febuxostat) medication and was only

seen in patients with allopurinol dosage ≤300 mg/day (32).

In patients with HF and gout, lower dose allopurinol (≤100

mg/day) was found to have reduced HF hospitalizations or

death (36). In contrast, in the EXACT-HF study, allopurinol

with a target dosage of 300–600 mg/day in heart failure patients

failed to improve clinical status (35). This might possibly explain

the relatively beneficial effect of lower dose allopurinol in

our study.

Our study found that compared to men, women with gout

were substantially more likely to experience HF hospitalisations,

which was independent of low or high CV risk. This result

might be due to the fact that women with gout arthritis had

onset of gout at an older age, had increased comorbidities with

hypertension or renal insufficiency, and had more frequent

use of diuretics (8). Gender differences were observed in

the prevalence of heart disease, comorbidities, mortality, and

treatment response to HF (11). In the general population, men

have a higher incidence of HF, but the overall prevalence rate

is similar in both sexes due to better long-term survival after

the onset of HF in women (37). HF occurs at an older age and

with fewer ischaemic causes in women compared to men. In

addition, hypertension and diabetes predispose older women

to HF to a greater extent than men (11). In HF patients,

some comorbidities were clearly sex-specific, such as arthritis,

depression, and hypothyroidism were higher in women, while

arrhythmias, ischaemic heart disease, and chronic COPD were

higher in men (12). Febuxostat users had an increased risk

of HF hospitalisations and similar mortality in both sexes

compared to allopurinol users. Interestingly, there was no

significant difference between febuxostat and allopurinol users

in composite CV outcomes for female gout patients with low CV

risk (HR 1.04; 95% CI 0.91–1.18), and further investigation is

needed. Therefore, our study reinforced the importance of HF

monitoring and management in gout patients, particularly in

females and patients taking febuxostat.

Our study had several strengths. First, this was a national

population-based cohort study using a claims database to

estimate the HF risk of febuxostat compared with allopurinol,

adjusted for many known confounders. We also provided safety

information regarding febuxostat, which is widely used in Asia

where allopurinol hypersensitivity is common (38–40). Second,

we divided our patients into low or high CV risk to further

analyse the complete risk profiles in general practice. Third,

we restricted our analysis to patients with more than 1 year

of febuxostat or allopurinol treatment to assess the safety of

long-term use. Since febuxostat at usual doses is more potent

in lowering uric acid than allopurinol, it is probable that

patients who started on febuxostat had higher baseline uric

acid than those on allopurinol. Physicians would likely switch

allopurinol to febuxostat if uric acid levels were uncontrolled.

Not only in as-treated analysis, but also in the cohort of long-

term use, we found that the heart failure risk was higher in

febuxostat than in allopurinol users. However, there were some

limitations to our study. First, unlike hospitalization of AMI or

stroke which had been validated in previous studies, the coding

of HF hospitalisations was not validated (41, 42). However,

the Bureau of NHI regularly performs auditing reviews on a

random sample of one per every 100 ambulatory claims and

one per 20 inpatient claims quarterly and false reporting of

diagnostic information results in a severe penalty from the

Bureau. The coding validity of HF would be acceptable and

misclassification of HF hospitalisations between febuxostat and

allopurinol should be non-differential in this comparative study

design. Second, the CV-related mortality was not been validated

from death certificates, but the in-hospital mortality for AMI

and stroke cases was validated, with a positive predictive value

of 0.79 (43). Third, unmeasured confounding factors, such as

uric acid level, blood pressure, BMI, and renal function, were

not available in our study. Febuxostat was usually reimbursed

when allopurinol or uricosuric treatment was ineffective in

achieving target uric acid levels and in individuals who were

intolerant to allopurinol. Gout patients who were resistant or

intolerant to allopurinol or uricosuric treatment might be at

higher risk of hyperuricemia than those who achieved effective

control with allopurinol alone (44). Thus, we used a new-users

design to minimize this confounding bias, as patients did not

receive any study drug before 1 year on the index date. In

addition, we used the rule-out sensitivity approach to estimate

the extent of high levels of serum uric acid in association with

allopurinol, febuxostat, and HF hospitalization risk. Further,

we found it cannot possibly be strong enough confounders to

explain the observed association obtained between allopurinol

and febuxostat. Therefore, the effect of uric acid levels might

be negligible in this study. Although we did not measure

blood pressure or renal function, the baseline characteristics on

renal disease and antihypertensive drugs were similar between

febuxostat and allopurinol even before PS matching.

Conclusion

Febuxostat use was associated with an increase in HF

hospitalization risk compared to allopurinol use in gout patients,

which was independent of low or high CV risk. Considering

the risk of HF hospitalization would be highest in female gout

patients with high CV risk who use febuxostat, HF monitoring

is particularly warranted in these patients.
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Introduction: Frailty is common among patients with heart failure (HF). Our

aim was to address the role of frailty in the management and prognosis of

elderly men and women with HF.

Methods and results: Prospective multicenter registry that included 499 HF

outpatients ≥75 years old. Mean age was 81.4 ± 4.3 years, and 193 (38%)

were women. Compared with men, women were older (81.9 ± 4.3 vs. 81.0

± 4.2 years, p = 0.03) and had higher left ventricular ejection fraction (46

vs. 40%, p < 0.001) and less ischemic heart disease (30 vs. 57%, p < 0.001).

Women had a higher prevalence of frailty (22 vs. 10% with Clinical Frailty Scale,

34 vs. 15% with FRAIL, and 67% vs. 46% with the mobility visual scale, all p-

values < 0.001) and other geriatric conditions (Barthel index ≤90: 14.9 vs.

6.2%, p = 0.003; malnutrition according to Mini Nutritional Assessment Short

Formulary ≤11: 55% vs. 42%, p = 0.007; Pfei�er cognitive test’s errors: 1.6

± 1.7 vs. 1.0 ± 1.6, p < 0.001; depression according to Yesavage test; p <

0.001) and lower comorbidity (Charlson index ≥4: 14.1% vs. 22.1%, p = 0.038).

Women also showed worse self-reported quality of life (6.5 ± 2.1 vs. 6.9 ±

1.9, on a scale from 0 to 10, p = 0.012). In the univariate analysis, frailty was

an independent predictor of mortality in men [Hazard ratio (HR) 3.18, 95%

confidence interval (CI) 1.29–7.83, p = 0.012; HR 4.53, 95% CI 2.08–9.89,

p < 0.001; and HR 2.61, 95% CI 1.23–5.43, p = 0.010, according to FRAIL,
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Clinical Frailty Scale, and visual mobility scale, respectively], but not in women.

In the multivariable analysis, frailty identified by the visual mobility scale was an

independent predictor of mortality (HR 1.95, 95% CI 1.04–3.67, p = 0.03) and

mortality/readmission (HR 2.06, 95% CI 1.05–4.04, p = 0.03) in men.

Conclusions: In elderly outpatients with HF frailty is more common in women

than in men. However, frailty is only associated with mortality in men.

KEYWORDS

frailty, heart failure, elderly, sex, prognosis

Introduction

Heart failure (HF) is one of the main causes of

morbimortality in older patients (1). Both its incidence and

prevalence are increasing due, in part, to population aging (2, 3).

However, elderly patients are still frequently underrepresented

in clinical trials (4), and a better understanding of the clinical

factors associated with prognosis in this population is needed

(5). Frailty, which is common in elderly patients with HF, is an

age-associated clinical syndrome characterized by a decrease

in physiological reserve that entails an increased vulnerability

to stressors (6–8). As such, frailty should be adequately both

identified and addressed in HF patients (9).

Besides, sex-related differences in men and women with HF

have been identified, not only from a pathophysiological point of

view, but also regarding the different impact of traditional risk

factors, together with specific sex-related factors and different

prognosis in men and women (10, 11).

Our aim was to address the role of frailty and sex differences

in the management and prognosis of elderly outpatients

with HF.

Methods

The FRAGIC registry (impacto de la FRAGilidad y otros

síndromes Geriátricos en el manejo clínico y pronóstico del

paciente anciano ambulatorio con Insuficiencia Cardíaca) is

an prospective observational multicenter study. The rationale

of this study has been previously reported (12). Briefly,

ambulatory patients ≥75 years with chronic HF treated

according to current guidelines (13) were prospectively

included between March and September 2019. Baseline

clinical characteristics and laboratory and echocardiographic

parameters were collected. Functional status and functional class

as well as comorbidity and a systematic and comprehensive

geriatric evaluation were registered in all patients at the first visit.

Medical treatment was optimized according to clinical practice

guidelines recommendations in all patients. Follow-up was

carried out via clinical visit, electronic medical records review

and/or telephone contacts at 1 year follow up. Total mortality

and the need for hospitalization for any cause (duration >24 h)

were recorded. The ethics committee of Hospital Universitario

de La Princesa (Madrid, Spain) approved the study and the

protocol was redacted according to the Declaration of Helsinki.

All patients included in this study willingly completed the

informed consent.

Statistical analysis

For the purpose of this analysis, patients were divided by

sex. Percentages were used to represent categorical variables,

and the mean and standard deviation were used for continuous

variables. The univariate comparison between each independent

variable and sex, was assessed by Log-Rank test, from which p-

values and Hazard ratios (HR) were obtained. Next, a predictive

model was fitted using Cox Regression (multivariate analysis) by

selecting those variables from the univariate analysis (p < 0.05

for women, and p < 0.001 for men, this difference is due to the

high number of statistically significant variables in univariate

analysis in men); this analysis was performed separately for

women and men by considering as outcome mortality or the

combination of mortality and readmission. Disease-specific

survival or the cumulative event of readmission for any cause

and mortality was obtained using the Kaplan-Meier method.

Comparison of survival distributions was performed using a

Log-Rank test. Data were analyzed using our own codes and

basic functions in R, version 4.0.3 (http://www.R-project.org; the

R Foundation for Statistical Computing, Vienna, Austria).

Results

Baseline characteristics and geriatric
syndromes according to sex

A total of 499 ambulatory patients with chronic HF were

included. Mean age was 81.4 ± 4.3 years, and 38% were

women. Compared with men, women were older (81.9 ±
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4.3 vs. 81.0 ± 4.2 years, p = 0.03) and had significantly

higher left ventricular ejection fraction as well as less previous

ischemic heart disease. Baseline variables are depicted in Table 1.

Comorbidity prevalence was higher in men. Women had a

higher prevalence of frailty and other geriatric conditions.

Frailty was always more common in women irrespective of

the scale (all p values< 0.001). Physical status according to

short physical performance battery (SSPB) was also lower in

women, in whom malnutrition and depression, as well as

worse self-reported quality of life, were also more frequent

(Table 1).

Clinical outcomes during follow-up
according to sex

During a mean follow up of 371 (361–387) days, 58

patients (11.6%) died (32 men and 26 women). The leading

cause of mortality was non-cardiovascular mortality (58%).

Table 2 shows the variables associated with 1-year mortality

according to sex in univariate analysis. In men, lower values

of hemoglobin, lymphocytes, albumin and sodium, as well as

urea and renal dysfunction were associated with mortality,

whilst a lower platelet count was associated with prognosis in

women. Data related to more advanced HF were associated with

worse prognosis in women. Higher doses of diuretics, higher

levels of natriuretic peptides and reduced right ventricular

function were the only parameters independently associated

with mortality in men and women. Frailty was associated

with mortality only in men, although a trend toward higher

mortality was observed in women according to some scales.

Figure 1 shows the differential impact of frailty according to sex

in mortality

During follow up, 202 patients (40%) fulfilled the 1-

year composite endpoint of mortality and readmission for

any cause:117 (38%) men and 85 (44.5%) women. Table 3

shows the variables associated with this endpoint according to

sex in univariate analysis. Atrial fibrillation, physical signs of

congestion, lower hemoglobin or lymphocytes levels, and amore

advanced HF, were associated with mortality and readmission in

men and women. Comorbidity and geriatric syndromes, were

associated with worse prognosis in men, but not in women

(except frailty estimated by Clinical Frailty Scale). Figure 2

shows the different impact of frailty in men and women in the

composite endpoint.

In the multivariable analysis, frailty identified by the visual

mobility scale was an independent predictor of mortality (HR

1.95, 95% CI 1.04–3.67, p = 0.03) and mortality/readmission

(HR 2.06, 95% CI 1.05–4.04, p = 0.03) in men (Tables 4,

5). In women, higher doses of diuretics and higher levels of

natriuretic peptides were the only factors significantly associated

with mortality, while hemoglobin, right ventricular dilatation

and higher diuretic doses were independently associated with

mortality/readmission during follow-up (Tables 6, 7).

Discussion

To the best of our knowledge, this is the first study

addressing sex differences in the impact of frailty in elderly

ambulatory patients with chronic HF followed by cardiologists.

Main findings of our study are: (1) elderly men and women

with chronic HF show a different baseline and clinical profile;

(2) frailty and other geriatric syndromes are more common

in women, although they only associate worse prognosis in

men; (3) some parameters common in advanced stages of

HF entail worse prognosis in men and women, but differ

between them.

There are several sex differences in patients with HF

previously reported, as traditional risk factors, pathophysiology

and response to treatment differs between men and women

(10, 11, 14, 15). In a large multicentre study, including >80,000

hospitalized patients, Hsich et al. described, more than a decade

ago, that women with HF were usually older than men, more

likely to have hypertension and depression and less likely to

have coronary or peripheral artery disease. However, in-hospital

mortality rates were similar irrespective of sex (16). Our study

showed similar results, since HF women were older, and had

less frequently a previous history of coronary or peripheral

artery disease. However, patients included in our study were

all ambulatory patients with chronic HF (i.e., not hospitalized),

and mean age was much higher. Besides, our study adds novel

evidence with valuable data from the late clinical follow up,

unlike the study by Hsich et al.

In FRAGIC study, women presented with better LVEF

compared with men, as previously reported (10). Such

differences regarding the subtype of HF have been suggested

to be partially explained due to inherent physiological

distinctions between men and women (17, 18). Regarding

clinical presentation, some studies suggest women usually

present with worse functional class and more advanced

symptoms (10, 11, 14). Interestingly, in our study key issues

like NTproBNP levels or NYHA functional class did not differ

at baseline between men and women, unlike other previous

studies, in which female sex had been associated with worse

functional class and even higher NTproBNP levels regardless

of LVEF (14, 19). In FRAGIC study, higher levels of natriuretic

peptides and diuretics doses were significantly associated with

higher mortality in women at 1 year follow-up. On the

other hand, lower hemoglobin and sodium levels and higher

NTproBNP levels independently associated poorer prognosis in

men, together with the presence of frailty identified by the visual

mobility scale.

Regarding geriatric conditions, HF commonly coexists with

frailty, especially in the elder population, yet the prevalence
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TABLE 1 Baseline characteristics.

Overall

n = 499

Men

(308, 61.7%)

Women

(191, 38.3%)

p-value

Mean age (years) 81.4± 4.3 81.0± 4.2 81.9± 4.3 0.03

>85 years 25.9% 28.3% 24.3% 0.33

Body mass index (kg/m2) 27.6± 4.6 27.5± 4.1 27.7± 5.4 0.719

Hypertension 400 (80.3%) 241 (78.5%) 159 (83.2%) 0.238

Diabetes mellitus 199 (40%) 125 (40.7%) 74 (38.7%) 0.732

Dyslipidaemia 334 (67.3%) 210 (68.6%) 124 (65.3%) 0.498

Past smoker 166 (33.4%) 147 (47.9%) 19 (10%) <0.001

Prior stroke 60 (12.1%) 38 (12.4%) 22 (11.5%) 0.758

Prior peripheral artery disease 55 (11.0%) 46 (14.9%) 9 (4.74%) 0.001

Atrial fibrillation 263 (52.7%) 163 (52.9%) 100 (52.4%) 0.975

Chronic obstructive pulmonary disease 74 (14.8%) 60 (19.5%) 14 (7.33%) <0.001

Chronic renal failure 210 (42.1%) 128 (41.6%) 82 (42.9%) 0.835

Left ventricular ejection fraction (%) 42± 13 40± 12 46± 15 <0.001

NYHA≥II 422 (84.5%) 255 (82.8%) 167 (87.4%) 0.106

Ischemic HF 161 (48.2%) 130 (56.8%) 31 (29.5%) <0.001

Idiopathic HF 121 (36.2%) 70 (30.6%) 51 (48.6%) <0.001

Systolic blood pressure (mmHg) 123± 19 122± 19 126± 19 0.028

Heart rate (bpm) 69± 12 69± 12 71± 12 0.027

Laboratory findings

Hemoglobin (g/dl) 13.3± 1.7 13.7± 1.8 12.7± 1.4 <0.001

Platelet count (×103/mm3) 187± 54 179± 50 202± 59 <0.001

Leucocytes (×103/mm3) 7.1± 2.2 7.09± 2.0 7.07± 2.4 0.916

Lymphocytes (×103/mm3) 1.9± 1.3 1.87± 1.1 2.01± 1.5 0.254

Estimated glomerular filtration rate (eGFR,

ml/min/1.72 m2)

52.1± 17.5 53.6± 17.4 49.6± 17.6 0.015

Sodium (mEq/L) 140 (3.1) 141 (3.1) 141 (3.1) 0.501

Potassium (mEq/L) 4.5 (0.5) 4.52 (0.5) 4.48 (0.5) 0.486

Brain natriuretic peptide NT proBNP (pg/ml) 2817± 3803 2940± 4032 2617± 3381 0.341

Ultrasensitive troponin (ng/ml) 26± 28 28± 32 20± 18 0.019

Cholesterol (mg/dl) 151± 35 145± 33 162± 36 <0.001

LDL-cholesterol (mg/dl) 80± 29 76± 27 88± 30 <0.001

Albumin (g/dl) 4.1± 0.4 4.1± 0.4 4.1± 0.4 0.514

Ferritin (ng/ml) 194± 18 200± 17 184± 22 0.424

Transferrin (mg/dl) 232± 47 229± 47 237± 48 0.126

Transferrin saturation (%) 24± 10 25± 10 23± 9 0.072

Geriatric assessment and comorbidity

Comorbidity (Charlson index≥4) 95 (19.0%) 68 (22.1%) 27 (14.1%) 0.038

Dependency (Barthel index ≤90) 96 (19.2%) 46 (14.9%) 50 (26.2%) 0.003

Dependency for daily activities (Lawton-Brody

index ≤5)

183 (36.7%) 116 (37.7%) 67 (35.1%) 0.627

Pfeiffer cognitive test 1.22± 1.7 1.01± 1.6 1.57± 1.7 <0.001

Frailty (clinical frailty scale ≥4) 73 (14.6%) 32 (10.4%) 41 (21.5%) 0.001

Frailty (FRAIL) 111 (22.2%) 47 (15.3%) 64 (33.5%) <0.001

Frailty (mobility visual scale ≥2) 269 (53.9%) 141 (45.8%) 128 (67.0%) <0.001

Frailty (SPPB≤9) 372 (74.5%) 211 (68.5%) 161 (84.3%) <0.001

Nutrition status (MNA-SF ≤11) 235 (47.1%) 130 (42.2%) 105 (55.0%) 0.007

Yesavage test

(v-15) 133 (26.6%) 59 (19.2%) 74 (38.7%) <0.001

(v-5) 201 (40.3%) 101 (32.8%) 100 (52.4%)

Self-reported quality of life (0–10) 6.8± 2 6.94± 1.91 6.47± 2.08 0.012

Average prescribed drugs 9.6± 3.2 9.6± 3.2 9.6± 3.3 0.93

Frontiers inCardiovascularMedicine 04 frontiersin.org

6667

https://doi.org/10.3389/fcvm.2022.1000700
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


D
íe
z
-V

illa
n
u
e
v
a
e
t
a
l.

1
0
.3
3
8
9
/fc

v
m
.2
0
2
2
.1
0
0
0
7
0
0

TABLE 2 Variables significantly associated with 1-year mortality according to sex.

Men Women

No event

(n = 276)

Event

(n = 32)

HR CI 95% p-value No event

(n = 165)

Event

(n = 26)

HR CI 95% p-value

Malignancy* 55 (19%) 13 (40.6%) 2.66 [1.31; 5.39] 0.007 28 (17.0%) 6 (23.1%) 1.51 [0.60; 3.76] 0.377

Hemoglobin (g/dl)* 13.9 (1.66) 12.1 (2.01) 0.56 [0.47; 0.68] <0.001 12.8 (1.32) 12.3 (1.83) 0.77 [0.58; 1.02] 0.072

Platelets (×103 /µl)y 178 (48.0) 187 (64.8) 1.00 [1.00; 1.01] 0.331 205 (59.9) 184 (52.9) 0.99 [0.99; 1.00] 0.035

Lymphocites (×103/µl)* 1.92 (1.09) 1.42 (0.59) 0.38 [0.21; 0.69] 0.001 2.08 (1.65) 1.59 (0.76) 0.64 [0.40; 1.02] 0.058

eGFR (ml/min/1.72 m2)* 54.6 (17.1) 45.0 (17.3) 0.97 [0.95; 0.99] 0.002 49.8 (17.5) 48.3 (18.1) 0.99 [0.97; 1.02] 0.562

Urea (mg/dl)* 64.3 (30) 81.5 (42) 1.01 [1.00; 1.02] 0.002 66.9 (31) 77.1 (37) 1.01 [1.00; 1.02] 0.095

Sodium (mEq/L)* 141 (3) 139 (4) 0.81 [0.74; 0 0.91] <0.001 141 (3) 141 (3) 1.00 [0.88; 1.13] 0.968

NT-proBNP (pg/ml)*† 2586 (3272) 6202 (7567) 1.00 [1.00; 1.00] <0.001 2437 (3388) 3725 (3178) 1.00 [1.00; 1.00] 0.014

Albumin (mg/dl)* 4.15 (0.41) 3.92 (0.50) 0.27 [0.11; 0.65] 0.003 4.10 (0.42) 4.06 (0.44) 0.55 [0.16; 1.92] 0.348

Non-dilated right ventricle (%)† 224 (83.6%) 25 (80.6%) 0.80 [0.33; 1.95] 0.626 146 (89.6%) 12 (57.1%) 0.20 [0.08; 0.47] <0.001

Systolic pulmonary artery pressure

(mmHg)†

38.6 (11.8) 42.3 (12.2) 1.03 [1.00; 1.06] 0.072 38.8 (12.9) 49.8 (20.1) 1.03 [1.01; 1.05] 0.004

Significant tricuspid regurgitation† 29 (10.7%) 4 (12.9%) 1.45 [0.51; 4.16] 0.487 22 (13.6%) 11 (42.3%) 3.94 [1.80; 8.63] 0.001

Significant mitral regurgitation† 39 (14.3%) 8 (25.8%) 1.91 [0.85; 4.27] 0.116 18 (11.1%) 8 (30.8%) 4.31 [1.80; 10.3] 0.001

TAPSE (mm)*,† 18.3 (4.1) 16 (2.8) 0.88 [0.79; 0.97] 0.012 18.7 (3.7) 16.7 (4.3) 0.88 [0.79; 0.99] 0.032

Diuretic mean dose (mg of

furosemide)*,†

55.1 (36.2) 80.8 (45.1) 1.01 [1.01; 1.02] 0.001 57.9 (32.3) 78.0 (45.8) 1.01 [1.00; 1.02] 0.004

Frailty (FRAIL)* 37 (13.4%) 10 (31.2%) 3.18 (1.29–7.83) 0.012 54 (32.7%) 10 (38.5%) 5.79 (0.74−45.3) 0.094

Frailty (CFS)* 23 (8.33%) 9 (28.1%) 4.53 (2.08–9.89) <0.001 36 (21.8%) 5 (19.2%) 0.84 (0.32- 2.24) 0.732

Frailty (mobility visual scale ≥2)* 120 (43.5%) 21 (65.6%) 2.61 (1.26–5.43) 0.010 107 (64.8%) 21 (80.8%) 2.35 (0.88–6.24) 0.086

Malnutrition (MNA-SF ≤11)* 109 (39.5%) 21 (65.6%) 2.86 (1.38–5.94) 0.005 87 (52.7%) 18 (69.2%) 1.98 (0.86–4.57) 0.107

CFS, Clinical Frailty Scale; eGFR, estimated glomerular filtration rate; MNA-SF, Mini Nutritional Assessment Short Formulary; TAPSE, tricuspid annular plane systolic excursion.
*Variables significantly associated with 1-year mortality in men.
†Variables significantly associated with 1-year mortality in women.
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FIGURE 1

Kaplan–Meyer for 1-year mortality according to frailty category. E�ects of frailty (FRAIL scale) in mortality in men (A) and women (B). E�ects of
frailty (Clinical Frailty scale) in mortality in men (C) and women (D). E�ects of frailty (mobility visual scale) in mortality in men (E) and women (F).
p-value shows comparison by Log-Rank.
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TABLE 3 Variables significantly associated with 1-year mortality or readmission according to sex.

Men Women

No event

(n = 191)

Event

(n = 117)

HR CI 95% p-value No event

(n = 106)

Event

(n = 85)

HR CI 95% p-value

Atrial fibrillation*,† 88 (46.1%) 75 (64.1%) 1.83 [1.25; 2.67] 0.002 50 (47.2%) 50 (58.8%) 1.62 [1.05; 2.51] 0.028

Number of previous HF admissions* 0.36 (0.59) 0.56 (0.87) 1.44 [1.15; 1.80] 0.001 0.53 (1.27) 0.56 (0.68) 1.02 [0.84; 1.23] 0.874

NYHA class ≥II* 150 (78.5%) 105 (89.7%) 2.07 [1.14; 3.77] 0.017 89 (84.0%) 78 (91.8%) 1.62 [0.75; 3.52] 0.220

Chronic pulmonary obstructive

disease*

27 (14.1%) 33 (28.2%) 1.99 [1.33; 2.99] 0.001 6 (5.66%) 8 (9.41%) 1.30 [0.63; 2.69] 0.485

Chronic oxygen supply† 4 (2.09%) 3 (2.56%) 1.57 [0.50; 4.94] 0.444 4 (3.77%) 11 (12.9%) 1.99 [1.05; 3.75] 0.034

Peripheral artery disease* 19 (9.95%) 27 (23.1%) 1.87 [1.22; 2.88] 0.004 6 (5.71%) 3 (3.53%) 0.73 [0.23; 2.31] 0.593

Malignancy* 35 (18.3%) 33 (28.2%) 1.55 [1.04; 2.33] 0.032 18 (17.0%) 16 (18.8%) 1.08 [0.62; 1.86] 0.792

Peripheral congestion* 21 (11.1%) 26 (22.2%) 1.97 [1.28; 3.06] 0.002 13 (12.3%) 10 (11.8%) 1.08 [0.56; 2.10] 0.817

Pulmonary rales*,† 9 (4.74%) 14 (12.0%) 2.46 [1.40; 4.32] 0.002 2 (1.89%) 13 (15.3%) 4.13 [2.26; 7.52] <0.001

Jugular venous distention*,† 6 (3.14%) 9 (7.69%) 2.19 [1.11; 4.33] 0.024 1 (0.95%) 6 (7.06%) 3.43 [1.47; 7.97] 0.004

Hemoglobin (g/dl)*,† 13.9 (1.63) 13.3 (1.97) 0.84 [0.76; 0.93] 0.001 12.9 (1.34) 12.6 (1.46) 0.86 [0.73; 1.00] 0.047

Lymphocites (×103/µl)*,† 1.97 (1.18) 1.70 (0.81) 0.70 [0.55; 0.91] 0.007 2.23 (1.90) 1.75 (0.97) 0.76 [0.60; 0.97] 0.025

Creatinine (mg/dl)* 1.30 (0.41) 1.46 (0.75) 1.39 [1.11; 1.73] 0.004 1.21 (0.80) 1.19 (0.41) 1.00 [0.72; 1.38] 0.994

Urea (mg/dl)*,† 62.8 (30.7) 71.2 (34.9) 1.01 [1.00; 1.01] 0.011 63.3 (28.0) 74.2 (36.5) 1.01 [1.00; 1.01] 0.030

Estimated glomerular filtration rate

(eGFR, ml/min/1.72 m2)*

55.1 (16.7) 51.2 (18.2) 0.99 [0.98; 1.00] 0.030 50.4 (17.8) 48.7 (17.3) 1.00 [0.98; 1.01] 0.561

Sodium (mEq/L)* 141 (3.05) 140 (3.29) 0.92 [0.87; 0.98] 0.005 141 (3.27) 141 (2.95) 0.98 [0.92; 1.05] 0.647

Albumin (mg/dl)* 4.17 (0.38) 4.05 (0.48) 0.48 [0.29; 0.78] 0.003 4.11 (0.39) 4.09 (0.45) 0.68 [0.35; 1.30] 0.239

NT-proBNP (pg/ml)* 2356 (3092) 3911 (5102) 1.00 [1.00; 1.00] <0.001 2686 (3993) 2536 (2487) 1.00 [1.00; 1.00] 0.781

Transferrin (mg/dl)* 235 (45.6) 219 (48.1) 0.99 [0.99; 1.00] 0.014 238 (45.1) 237 (51.9) 1.00 [0.99; 1.00] 0.798

Left ventricle hypertrophy* 84 (45.4%) 66 (58.4%) 1.67 [1.14; 2.43] 0.008 43 (41.7%) 39 (47.6%) 1.35 [0.87; 2.09] 0.178

Non-dilated right ventricle (%)† 157 (85.3%) 92 (80.0%) 0.71 [0.45; 1.12] 0.138 98 (94.2%) 60 (75.0%) 0.34 [0.21; 0.57] <0.001

Systolic pulmonary artery pressure

(mmHg)*,†

37.1 (11.0) 42.2 (12.7) 1.03 [1.01; 1.05] 0.001 37.7 (12.6) 43.9 (16.2) 1.02 [1.00; 1.03] 0.022

Significant tricuspid regurgitation† 21 (11.2%) 12 (10.4%) 1.07 [0.59; 1.95] 0.819 12 (11.5%) 21 (25.0%) 1.97 [1.20; 3.23] 0.008

Diuretic mean dose (mg of

furosemide)*,†

50.7 (33.0) 67.4 (42.1) 1.01 [1.00; 1.01] <0.001 53.8 (31.6) 69.3 (37.9) 1.01 [1.00; 1.01] 0.005

Comorbidity (Charlson index)* 3.03 (1.89) 3.80 (2.07) 1.16 [1.06; 1.26] 0.001 2.65 (1.59) 3.02 (1.85) 1.06 [0.94; 1.20] 0.319

Independency (Barthel index≥90) * 168 (88.0%) 94 (80.3%) 0.59 [0.37; 0.93] 0.022 80 (75.5%) 61 (71.8%) 0.86 [0.54; 1.38] 0.540

Frailty (FRAIL)* 20 (10.5%) 27 (23.1%) 2.57 [1.55; 4.26] <0.001 33 (31.1%) 31 (36.5%) 1.54 [0.79; 3.01] 0.201

Frailty (CFS ≥4)*,† 11 (5.76%) 21 (17.9%) 3.07 [1.91; 4.94] <0.001 17 (16.0%) 24 (28.2%) 1.78 [1.11; 2.86] 0.018

Frailty (mobility visual scale ≥2)* 77 (40.3%) 64 (54.7%) 1.68 [1.17; 2.42] 0.005 68 (64.2%) 60 (70.6%) 1.22 [0.77; 1.95] 0.396

Depression* 55 (28.8%) 46 (39.3%) 1.50 [1.03; 2.17] 0.034 52 (49.1%) 48 (56.5%) 1.29 [0.84; 1.99] 0.239

Average prescribed drugs* 9.28 (3.09) 10.2 (3.31) 1.07 [1.01; 1.13] 0.015 9.27 (3.33) 10.1 (3.22) 1.05 [0.99; 1.11] 0.135

CFS, Clinical Frailty Scale; MNA-SF, Mini Nutritional Assessment Short Formulary.

*Variables significantly associated with 1-year mortality in men.
†Variables significantly associated with 1-year mortality in women.
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FIGURE 2

Kaplan–Meyer for 1-year mortality or readmission according to frailty category. E�ects of frailty (FRAIL scale) in mortality or readmission in men
(A) and women (B) E�ects of frailty (Clinical Frailty scale) in mortality or readmission in men (C) and women (D). E�ects of frailty (mobility visual
scale) in mortality or readmission in men (E) and women (F). p-value shows comparison by Log-Rank.
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TABLE 4 Independent predictors of 1-year mortality in men.

HR CI 95% p-value

Hemoglobin (g/dl) 0.68 0.57–0.80 <0.001

Sodium (mEq/L) 0.94 0.86–1.02 0.17

NT-proBNP (pg/ml) 1.00 1.00–1.00 <0.001

Frailty (FRAIL) 1.45 0.81–2.59 0.20

Hemoglobin (g/dl) 0.67 0.56–0.79 <0.001

Sodium (mEq/L) 0.95 0.87–1.03 0.24

NT-proBNP (pg/ml) 1.00 1.00–1.00 <0.001

Frailty (CFS) 1.36 0.71–2.58 0.34

Hemoglobin (g/dl) 0.68 0.58–0.80 < 0.001

Sodium (mEq/L) 0.94 0.87–1.03 0.21

NT-proBNP (pg/ml) 1.00 1.00–1.00 0.001

Frailty (mobility visual scale ≥2) 1.95 1.04–3.67 0.03

ACox regression was performed for each of the different frailty scales to avoid collinearity

between them: in each case, the significant variables (p < 0.001) were included in the

log-rank test and the corresponding frailty scale.

of frailty varies according to the scale used. Both conditions

when present together lead to worse outcomes (3, 20). Thus,

it is recommended to properly assess its presence (9, 21),

since the greater accumulation of deficits in frailty domains,

the greater the mortality (22). Notably, frailty affects women

significantly more than men in HF, as demonstrated in a recent

meta-analysis including 29 studies, in which the relative risk of

frailty was found to be 26% higher in women compared with

men (23). As expected, the relative risk of frailty in women

was higher when defined with a physical approach. In this

regard, Denfeld et al. performed a small prospective single-

center study (including 115 patients, mean age 63.6 ± 15.7

years, 49% women) aimed to characterize sex differences in

physical frailty in HF. Authors found that women with HF were

significantly more likely to be physically frail than men. Frailty

was related with higher overall comorbidity burden in both

men and women although frail women had a worse symptom

profile (24). However, such population was significantly younger

than that in our study (mean age 63.6 vs. 81.4 years) and had

different baseline characteristics: 71% had reduced LVEF and

almost 50% had NYHA III-IV functional status (which may,

in part, explain the discrepant findings). In our study, women

were more commonly frail than men, irrespective of the scale.

Hence, it could be hypothesized that these differences may rely

on the fact that frailty scales might not adequately identify (or

even overestimate) the presence of frailty in women. However,

the FRAIL scale was developed in a cohort of 4,000 patients,

50% women and this scale was later validated in a mostly-

women community population (25, 26). FRAIL scale has been

also validated in a sample of 703 patients, 40% women (27),

whereas the CFS was developed in a prospective cohort of 2305

patients, 61% women, from the Canadian Study of Health and

TABLE 5 Independent predictors of 1-year mortality and readmission

in men.

HR CI 95% p-value

NT-proBNP

(pg/ml)

1.00 1.00–1.00 <0.001

Diuretic mean dose

(mg of furosemide)

1.01 1.01–1.02 <0.001

Frailty (FRAIL) 1.59 0.86–2.95 0.13

NT-proBNP

(pg/ml)

1.00 1.00–1.00 <0.001

Diuretic mean dose

(mg of furosemide)

1.01 1.01–1.02 <0.001

Frailty (CFS≥4) 1.99 0.95–4.14 0.06

NT-proBNP

(pg/ml)

1.00 1.00–1.00 0.002

Diuretic mean dose

(mg of furosemide)

1.01 1.01–1.02 < 0.001

Frailty (mobility

visual scale ≥2)

2.06 1.05–4.04 0.03

CFS, Clinical Frailty Scale.

A Cox regression was performed for each of the different frailty scales to avoid collinearity

between them: in each case, the significant variables (p < 0.001) were included in the

log-rank test and the corresponding frailty scale.

TABLE 6 Independent predictors of 1-year mortality in women.

HR CI 95% p-value

Platelets (×103/µl) 1.00 0.99–1.00 0.91

NT-proBNP (pg/ml) 1.00 1.00–1.00 < 0.001

TAPSE (mm) 0.96 0.87–1.06 0.45

Non-dilated right ventricle

(%)

0.75 0.32–1.75 0.51

Systolic pulmonary artery

pressure (mmHg)

1.02 0.99–1.04 0.09

Diuretic mean dose (mg of

furosemide)

1.01 1.00–1.01 0.04

Significant mitral

regurgitation

1.26 0.56–2.78 0.56

Significant tricuspid

regurgitation

1.39 0.55–3.55 0.48

TAPSE, tricuspid annular plane systolic excursion.

Aging (CSHA) (28). Interestingly, in our study, women showed

significantly worse self-reported quality of life. This finding has

been previously reported in some studies, closely related to HF

status (10), though it has also been found to be higher in frail

patients (Souza).

Concerning the prognosis of frailty in HF patients, a recent

metanalysis showed it was associated with an approximately

1.5-fold increase risk of death and hospitalization in HF
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TABLE 7 Independent predictors of 1-year mortality and readmission

in women.

HR CI 95% p-value

Atrial fibrillation 0.81 0.38–1.71 0.58

Chronic oxygen supply 0.69 0.17–2.72 0.59

Pulmonary rales 1.43 0.41–5.00 0.56

Jugular venous distention 1.62 0.47–5.55 0.43

Hemoglobin (g/dl) 0.76 0.60–0.97 0.03

Lymphocites (×103/µl) 0.68 0.46–1.01 0.05

Urea (mg/dl) 0.99 0.98–1.00 0.47

Non-dilated right ventricle

(%)

0.45 0.20–0.99 0.04

Systolic pulmonary artery

pressure (mmHg)

1.01 0.98–1.03 0.35

Diuretic mean dose (mg of

furosemide)

1.01 1.00–1.01 0.04

Frailty (CFS≥4) 1.46 0.56–3.79 0.43

Significant tricuspid

regurgitation

1.55 0.69–3.48 0.28

CFS, Clinical Frailty Scale.

patients, although differences betweenmen andwomenwere not

explored (29). However, results of this study should be taken

with caution, since the sample had high heterogeneity, with

some studies including patients during an acute HF episode,

and frailty was not uniformly defined. On the other hand,

in a recent study including nearly 600 patients admitted with

decompensated HF (mean age 76.6 years, 45% women), patients

with higher CFS score showed a worse clinical profile and had

higher probability of all-cause death and rehospitalisation in

both men and women (30). Besides, it is recommended to

assess frailty in an ambulatory fashion, and not in the setting

of an acute HF event, as in those studies (9). In our study,

frailty identified by the mobility visual scale was independently

associated with mortality/readmission in men.

Recently, St Sauver et al. (31), demonstrated the negative

relationship between inflammation, multi-morbidity and

biologic aging, in such a way that men and elderly people,

especially with higher comorbidity, had significantly higher

levels of inflammatory biomarkers. This, in turn, has been linked

with the concept of “inflammaging,” key component of the aging

process. Soysal et al. (32) have associated this concept with

the development of cardiovascular disease and frailty. Thus,

although the prevalence of frailty was lower in men in our study,

it could be hypothesized that a greater proinflammatory state

might explain, at least in part, why it had a greater prognostic

impact in older men with heart failure.

Our study, despite its prospective design, has some

limitations that merit discussion. First, it is an observational

study so we cannot rule out the possibility of selection bias.

On the other hand, the sample size was modest, and the

percentage of women included lower than that in other similar

studies. Also, the 1-year event rate was relatively low, therefore

results should be extrapolated with caution, particularly to

other settings, since our study only included elderly ambulatory

patients with chronic HF followed by cardiologists. In spite of

these limitations, we think that this study provides new and

interesting information on gender differences in the impact

of frail in older patients from a large cohort of consecutive

unselected elderly HF patients. Further studies will be required

to elucidate the underlying reasons explaining a distinct effect of

frailty according to gender.

Conclusion

Elderly women with HF present frailty and other geriatric

conditions more often than men, although frailty is only

associated with worse prognosis in men.
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Background: This study aimed to explore the effect of sex on left atrial

(LA) remodeling and its relationship with myocardial fibrosis in patients with

hypertrophic obstructive cardiomyopathy (HOCM).

Methods and results: A total of 85 patients with HOCM were enrolled.

Myocardial fibrosis was quantified by the collagen volume fraction (CVF)

in myocardial samples. The early atrial peak of emptying rate (PER-E) was

assessed by LA volume/time (V/t) curves derived from cardiac magnetic

resonance (CMR) imaging analysis. The PER-E index was PER-E normalized

by left ventricular (LV) filling volume. Patients with HOCM showed a lower

PER-E index than healthy controls (P = 0.027). Compared with men, the PER-

E (P < 0.001) and the PER-E indexes (P = 0.012) in women were lower. In

CVF-stratified subgroups, a sex difference in the PER-E index was eliminated

(P > 0.05). The CVF was correlated with the PER-E and PER-E indexes in

both sexes (all P-values were <0.05). In multivariate regression analysis, sex

(P = 0.007) and CVF (P < 0.001) were independently correlated with PER-E

(all P-values were <0.05).

Conclusion: Patients with HOCM presented LA reverse remodeling. Impaired

LA function was more common in female patients with HOCM due to their

susceptibility to myocardial fibrosis.

KEYWORDS

hypertrophic cardiomyopathy, myocardial fibrosis, magnetic resonance imaging, left
atrial function, sex differences
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Introduction

Hypertrophic cardiomyopathy (HCM) is a complex and
relatively common genetic cardiac disorder (1). Many patients
remain free of clinically significant symptoms and adverse
events (2). However, patients with hypertrophic obstructive
cardiomyopathy (HOCM) usually present with exertional
dyspnea or angina and may experience severe functional
limitation and higher HCM-related death risk (3). Left
ventricular (LV) diastolic dysfunction (LVDD) is a major reason
for these clinical manifestations in HOCM, with myocardial
fibrosis as the pathological basis (4, 5). An enlargement of the
left atrium (LA), an established marker of LVDD, acts as a
compensatory mechanism to modulate LV filling pressure (6).
However, recent studies have shown that functional LA changes
became evident at the earliest stages of LVDD (7). Despite
the increased knowledge of LA function in HCM, its exact
relationship with myocardial fibrosis needs further research
to be elucidated.

Sex is an important factor contributing to disease
heterogeneity. Interestingly, female patients with HCM have
been described to show less ventricular remodeling compared
with male patients (8, 9), whereas several studies reported more
severe diastolic dysfunction, greater likelihood of heart failure
progression, and higher mortality in female patients than in
male patients with HCM (10, 11). The possible mechanism
might be the susceptibility to myocardial fibrosis in female
patients with HCM (12). Although LVDD and myocardial
fibrosis are closely related to sex, the sex differences in LA
remodeling in patients with HOCM remain undetermined.

Therefore, the current study aimed to investigate the effect
of sex on LA remodeling and the association between LA
remodeling and myocardial fibrosis in patients with HOCM.

Materials and methods

Study population

This study was carried out in accordance with the
Declaration of Helsinki. Written informed consent was obtained
from every patient. The study protocol was approved by the
Ethics Committee.

We consecutively recruited 85 symptomatic adult
patients with HOCM who underwent surgical myectomy
consecutively from 2016 to 2019. All patients underwent a
detailed cardiovascular evaluation, including medical history,
clinical examination, 12-lead ECG, and cardiac magnetic
resonance (CMR) imaging.

Hypertrophic cardiomyopathy was diagnosed by the
presence of a non-dilated and hypertrophied LV on CMR
imaging in the absence of other diseases that could account
for the hypertrophy. Obstructive HCM was defined as a left

ventricular outflow tract (LVOT) gradient either ≥40 mmHg
at rest and/or ≥50 mmHg during provocation using Doppler
echocardiography (13). Patients with severe valvular disease,
stages 3–5 of chronic kidney disease (CKD), connective tissue
disease, and osteoarthropathy were excluded from the study.

Control myocardium from the LV septal wall was collected
at autopsy of nine individuals (6 men/3 women; mean age
45.4± 14.3 years) who died from accidents without any cardiac
medical history and their hearts showed no signs of macroscopic
or microscopic cardiac lesions. CMR images from 35 age- and
gender-matched healthy people (21 men/14 women; mean age
45.2± 8.5 years) were used as control subjects.

Cardiovascular MRI

Cardiac magnetic resonance was performed on a
1.5-T magnetic resonance scanner (Magnetom Avanto,
Siemens Medical Solutions, Erlangen, Germany). All imaging
acquisitions were captured under breath control. CMR images
were analyzed using the standard ventricular analysis software
(Medis Medical Imaging systems, Leiden, Netherlands). For
all patients, septal wall thickness, and posterior and LV end-
diastolic dimensions were all determined in the short-axis view
(at the midpapillary level). To evaluate functional parameters,
cine images were acquired in three long-axis views (LV 2-
chamber, 4-chamber, and LV outflow tract) and continuous
short-axis planes encompassing the entire LV using a balanced
steady-state free precession sequence. Typical parameters
include field of view: 320 × 320 mm; matrix: 192 × 224; slice
thickness: 8 mm; slice gap: 2 mm; repetition time: 2.8–3.0 ms;
echo time: 1.1–1.5 ms; flip angle: 60–70◦; bandwidth: 930 Hz;
views per segment: 12–20; temporal resolution: 30–55 ms
(depending on the heart rate); cardiac phases: 25; SENSE
factor: ×2. Epicardial and endocardial borders of the LV
myocardium were manually traced during the whole cardiac
phase on each cine short-axis image to obtain LV end-diastolic
and end-systolic volumes, ejection fractions, and myocardial
mass. Myocardial mass was calculated by multiplying the
volume of the myocardium calculated at end-diastole by the
specific gravity of the myocardium (1.05 g/ml). The end-
diastolic volume index, end-systolic volume index, and mass
index were indexed to body surface area (BSA). Late gadolinium
enhancement (LGE, %) was performed on 67 patients. LGE
images were acquired 15 min after intravenous administration
of 0.2 mmol/kg gadolinium-DTPA (Magnevist, Schering,
Berlin, Germany) using a phase-sensitive inversion recovery-
spoiled gradient echo sequence. LGE images were determined
automatically by computer counting all hyper-enhanced pixels
in the LV myocardium on each of the short-axis images. LGE
images were defined as those with image intensities of 6 SDs
above the mean of image intensities in a remote myocardial
region in the same image.
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Image post-processing was performed using the Tracking
Tool software (QStrain version 2.0; Medis Medical Imaging
Systems bv). LA endocardial contour was manually traced
at the phase of the maximal LA volume before mitral valve
opening and at the phase of the minimum LA volume after
atrial contraction in the two-chambered and four-chambered
views. The atrial and ventricular volume/time (V/t) and dV/dt
curves were obtained by plotting the cavity volumes over time
(Figures 1d,h,l). From atrial curves, we measured maximum LA
volume (LAV max; ml; Figures 1b,f,j) at the end of ventricular
systole, and minimum LA volume (LAV min; ml; Figures 1a,e,i)
at the end of atrial systole. The left atrial stroke volumes (LASVs;
ml) were defined as the difference between the maximal and
minimal atrial volumes (i.e., LASV = LAV max-LAV min); the
left atrial ejection fraction (LAEF; %) was measured as the ratio
in percentage between atrial stroke volumes and maximal atrial
volumes (i.e., LAEF = LASV/LAV max × 100%). Peaks of the
atrial dV/dt curves were defined as follows: the first negative
peak was defined as the early peak empty rate (PER-E; ml/s),
and the second peak was defined as the atrial peak empty
rate (PER-A; ml/s) representing maximal emptying during the
conduit phase and the booster phase, respectively. To be more

comparable, LAV max and LAV min were indexed to BSA
(m2). PER-E and PER-A were also normalized by the LV filling
volume (difference between LV end-diastolic and end-systolic
volumes), obtaining the PER-E index and the PER-A index. The
isovolumetric pulmonary vein transit (IPVT; ml) was defined
as the amount of LV filling volume flowing directly from the
pulmonary veins into the LV cavity without significant change
in LA volume (i.e., IPVT = LV filling volume-LASV). The
isovolumetric pulmonary vein transit ratio (IPVTR) was defined
as the ratio between IPVT and the atrial emptying volume (i.e.,
IPVTR= IPVT/LASV), as previously described (14).

Histomorphological studies

The septal myocardium samples were immediately fixed in
10% buffered formalin and embedded in paraffin. The samples
were sectioned and stained with Masson’s trichrome staining
for evaluating myocardial fibrosis (Figures 1c,g,k). Four images
of every section were acquired with a projection microscope
(200×). Subsequent image analysis was performed using the
Image-Pro Plus version 6.0 image analysis software (Media

FIGURE 1

Cardiac magnetic resonance (CMR) images of left atrial (LA) and histological images of myocardium from a control subject (the top panel), a
male patient with hypertrophic obstructive cardiomyopathy (HOCM) (the middle panel), and a female patient with HOCM (the bottom panel).
The first column is CMR images of the minimum LA volume after atrial contraction in the two-chambered view (Control: a, Male: e, Female: i).
The second column is CMR images of the maximal LA volume before the mitral valve opening in the two-chambered view (Control: b, Male: f,
Female: j). The third column is the images of myocardial fibrosis (blue) stained with Masson’s trichrome (Control: c, Male: g, Female: k). The
fourth column is volume-time curves (black) and their first derivatives (red) of the left atrium (Control: d, Male: h, Female: l). LA V/T curves after
the first peak and dV/dt curves under the coordinate axis represent the process of LA emptying. The first negative peak, representing maximal
emptying during the conduit phase, is identified as the early atrial peak emptying rate (PER-E). The second peak, during the booster phase, is
identified as the late atrial peak emptying rate (PER-A).
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Cybernetics Inc., Buckinghamshire, UK) by a cardiovascular
pathologist. The extent of myocardial fibrosis was expressed
as collagen volume fraction (CVF; %). CVF was calculated as
the ratio of collagen-specific staining to the total area of the
myocardium in each myocardium sample. The endocardium
was excluded from the analysis.

Statistical analysis

Continuous variables are shown as mean ± SD. Categorical
variables are presented as frequencies (percentages). Patients
with HOCM were divided into two subgroups according to
the upper limit of CVF normality (established as mean + 2
SDs obtained in control subjects and equal to 6%). Of these
patients, 51 patients showed high CVF (23 men and 28 women)
and 34 patients showed normal CVF (26 men and 8 men).
Comparisons of the groups for continuous variables were
performed with the unpaired t-test or the Mann–Whitney U
test, whereas the chi-squared test or Fisher’s exact test was used
for categorical variables. Pearson’s correlation test or Spearman’s
correlation test was used to examine correlations between two
continuous variables when indicated. A multivariate analysis
was performed with logistic regression analysis using block
entry to evaluate if the variables were independent predictors
for PER-E, provided to have a p-value of <0.1 in a univariate
analysis. All p-values were two-sided. Statistical analysis was
performed using the SPSS software package (version 20; IBM
Corp., Armonk, NY, USA).

Results

A total of 85 patients were enrolled in our study. The
baseline clinical characteristics of patients with HOCM are
summarized in Table 1.

Assessment of myocardial fibrosis in
patients with hypertrophic obstructive
cardiomyopathy

The CVF values were significantly higher in patients with
HOCM than in controls (7.4± 3.8% vs. 3.8± 1.1%, P = 0.002).
Women showed more extensive fibrosis than men (8.7 ± 4.2%
vs. 6.4 ± 3.3%, P = 0.012, Figure 2A). However, no difference
in the extent of LGE was found between the two sexes. In
subgroups stratified by fibrotic status, there was no difference
in CVF between the two sexes (Figure 2D).

Left atrial structure and function in
patients with hypertrophic obstructive
cardiomyopathy

Compared with healthy controls, patients with HOCM
showed greater septal wall thickness, LV mass index (LVMI), LV
end-diastolic diameter (LVEDD), and LV end-diastolic volume
index (LVEDVI) (all P-values were <0.05). LA diameters,
LAV max, and LAV min indices were larger (all P-values
were <0.005) in patients with HOCM than in the controls. In
addition, patients with HOCM had a lower PER-E index and
LAEF (1.2 ± 0.6/s vs. 1.6 ± 1.2/s, P = 0.027; 41.2 ± 12.2% vs.
59.4± 6.6%, P < 0.001) than the controls.

As shown in Table 2, LVEDD and septal thickness were
lower in women than in men (43.9± 4.1 mm vs. 46.3± 3.8 mm,
P= 0.006; 23.9± 4.9 mm vs. 26± 4.8 mm, P= 0.048). However,
women showed lower PER-E, PER-E index, and PER-E/PER-A
than men (86.3 ± 47.4 ml/s vs. 130.6 ± 58.6 ml/s, P < 0.001,
Figure 2B; 1± 0.5 ml/s vs. 1.3± 0.6 ml/s, P= 0.012, Figure 2C;
0.64 ± 0.42 vs. 0.97 ± 0.86, P = 0.025). The results of the
CVF-stratified analyses revealed that female patients with high
CVF showed lower LVEDD (43.9 ± 4.4 mm vs. 46.7 ± 3.9 mm,

TABLE 1 Baseline clinical characteristics of patients with hypertrophic obstructive cardiomyopathy (HOCM).

Patients with HOCM

All patients Males Females P-value
(n = 85) (n = 49) (n = 36)

Age, years 48.4± 13.2 46.2± 11.6 51.3± 14.7 0.074

Dyspnea, % 79 (92.9) 46 (93.9) 33 (91.7) 1.000

NYHA III/IV, % 30 (35.3) 16 (32.7) 14 (38.9) 0.552

AF, % 13 (15.3) 10 (20.4) 3 (8.3) 0.126

History of hypertension, % 19 (22.4) 8 (16.3) 11 (30.6) 0.12

History of diabetes mellitus, % 8 (9.4) 2 (4.1) 6 (16.7) 0.122

Family history of HCM or SCD, % 6 (7.1) 5 (10.2) 1 (2.8) 0.372

Calcium antagonist, % 24 (28.2) 17 (34.7) 7 (19.4) 0.123

Beta blocker, % 68 (80) 36 (73.5) 32 (88.9) 0.079

AF, atrial fibrillation; HCM, hypertrophic cardiomyopathy; HOCM, hypertrophic obstructive cardiomyopathy; NYHA, new york heart association; SCD, sudden cardiac death.

Frontiers in Cardiovascular Medicine 04 frontiersin.org

7778

https://doi.org/10.3389/fcvm.2022.947975
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-947975 November 29, 2022 Time: 7:47 # 5

Bi et al. 10.3389/fcvm.2022.947975

FIGURE 2

Sex differences in collagen volume fraction (CVF) and left atrial (LA) deformation rates in patients with hypertrophic obstructive cardiomyopathy
(HOCM). Female patients showed higher CVF (A), but lower peak of emptying rate (PER-E) (B), and PER-E index (C) than males. When stratifying
patients by the CVF values, the sex differences in CVF (D) and PER-E index (F) were eliminated in the subgroups with normal and high CVF, but
in PER-E (E), the sex differences remained significant in the subgroup with high CVF.

P = 0.021), LVMI (89.5 ± 30.6 g/m2 vs. 111.1 ± 38.1 g/m2,
P = 0.036), and PER-E (77 ± 46 ml/s vs. 102.3 ± 42.8 ml/s,
P= 0.013, Figure 2E) than male patients with high CVF. PER-E
index (0.9 ± 0.5 ml/s vs. 1.1 ± 0.4 ml/s, P = 0.078, Figure 2F),
septal thickness (24.1 ± 5 mm vs. 26.4 ± 4.3 mm, P = 0.076),
and IVPTR (1± 0.5 vs. 1.4± 1, P= 0.082) were lower in female
patients than in male patients with high CVF, although the
difference was not significant between the two sexes. However,
there was no sex-specific difference in CMR parameters in the
subgroup with normal CVF.

The associations between left atrial
cardiac magnetic resonance
parameters and myocardial fibrosis in
patients with hypertrophic obstructive
cardiomyopathy

The CVF value was inversely correlated with PER-E (whole
cohort: r = −0.604, P < 0.001; women: r = −0.727, P < 0.001,
Figure 3B; men: r = −0.482, P < 0.001, Figure 3A),
PER-E index (whole cohort: r = −0.568, P < 0.001; women:
r =−0.653, P < 0.001, Figure 3D; men: r =−0.460, P = 0.001,
Figure 3C), and PER-E: PER-A ratio (whole cohort: r=−0.464,

P = 0.008; women: r = −0.693, P < 0.001; men: r = −0.269,
P = 0.061). However, the extent of LGE was not correlated with
any LA remodeling parameters.

A univariate regression analysis showed that age (P= 0.033),
sex (P < 0.001), EDVI (P = 0.098), ESVI (P = 0.071), and
CVF (P < 0.001) were associated with PER-E. After multivariate
adjustment, only sex (P = 0.007), EDVI (P = 0.012), and CVF
(P < 0.001) remained significant (Table 3).

Discussion

The major findings can be summarized as follows. (1)
Compared with the healthy controls, patients with HOCM
showed worse LA remodeling. (2) Female patients were more
likely to develop impaired LA deformation rates than male
patients. (3) The female sex and myocardial fibrosis were
independent predictors for LA deformation rate after adjusting
for clinical confounders in patients with HOCM.

Patients with HOCM are characterized by early LVDD,
mitral regurgitation, and outflow tract obstruction (15). The
abnormal hemodynamics could increase LV filling pressure,
leading to LA reverse remodeling. LA function has three phases,
serving as a reservoir in systole, a conduit in early diastole, and a
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TABLE 2 Cardiac magnetic resonance (CMR) parameters in patients with hypertrophic obstructive cardiomyopathy (HOCM).

High CVF Normal CVF

Males Females P-value Males Females P-value Males Females P-value
(n = 49) (n = 36) (n = 23) (n = 28) (n = 26) (n = 8)

Left atrium
diameter, mm

43.3± 8.7 40.6± 6.7 0.122 42.3± 10.1 41.3± 6.3 0.691 44.2± 7.4 38.1± 8 0.053

LAV max index,
ml/m2

67.4± 26.5 67.1± 17.2 0.491 64± 25.1 68.5± 14.4 0.125 70.3± 27.8 62.2± 25.5 0.291

LAV min index,
ml/m2

41.4± 23.5 40.5± 16.8 0.676 39.3± 20.3 41.1± 14.3 0.472 43.2± 26.3 38.2± 24.7 0.372

PER-E, ml/s 130.6± 58.6 86.3± 47.4 <0.001 102.3± 42.8 77± 46 0.013 155.7± 60 118.7± 38.7 0.104

PER-A, ml/s 178.7± 85.4 169.9± 84.5 0.341 173.4± 88.6 175.3± 87.8 0.514 183.3± 83.8 151± 73.7 0.31

PER-E index, /s 1.3± 0.6 1± 0.5 0.012 1.1± 0.4 0.9± 0.5 0.078 1.6± 0.6 1.4± 0.4 0.655

PER-A index, /s 1.8± 0.7 2± 1.0 0.471 1.8± 0.8 2.1± 1 0.394 1.8± 0.7 1.8± 0.8 0.839

PER-E/PER-A 0.97± 0.86 0.64± 0.42 0.025 0.95± 1.1 0.56± 0.4 0.135 0.98± 0.53 0.91± 0.39 0.871

LASV, ml 48.3± 18 43.6± 13 0.249 45.4± 16.3 44.7± 13.5 0.985 50.9± 19.3 39.9± 11.3 0.113

222 LAEF, % 41.1± 12.4 41.3± 12.2 0.925 41± 11.1 41.3± 12.1 0.929 41.1± 13.6 41.4± 13.5 0.957

IPVTR 1.3± 0.9 1.1± 0.6 0.259 1.4± 1 1± 0.5 0.082 1.2± 0.9 1.2± 0.7 0.903

Septal thickness,
mm

26± 4.8 23.9± 4.9 0.048 26.4± 4.3 24.1± 5 0.076 25.7± 5.3 23.1± 4.7 0.271

LV end-diastolic
diameter, mm

46.3± 3.8 43.9± 4.1 0.006 46.7± 3.9 43.9± 4.4 0.021 46± 3.8 43.9± 3.2 0.165

LVEDVI, ml/m2 82.1± 19.9 85.3± 17.9 0.335 85.9± 25.1 83.6± 16.8 0.91 78.7± 13.6 90.9± 21.6 0.208

LVESVI, ml/m2 31.5± 17.7 30± 11.8 0.855 30.8± 12.6 29.3± 11.3 0.733 32.2± 21.4 32.7± 14 0.871

LVMI, g/m2 99± 35.4 91.5± 31.4 0.449 111.1± 38.1 89.5± 30.6 0.036 88.3± 29.5 98± 35.1 0.626

LVEF, % 64.2± 9.8 65.7± 8 0.452 64.6± 7.7 65.9± 8.2 0.586 63.8± 11.6 65.1± 7.7 0.772

LGE 6.64± 4.76 7.08± 5.12 0.876 7.18± 4.69 8.29± 5.36 0.664 6.27± 4.86 3.99± 2.82 0.227

IPVTR, isovolumetric pulmonary vein transit ratio, defined as the ratio between the PRVT and the atrial emptying volume; LA, left atrial; LAEF, left atrial ejection fraction; LASV, left
atrial stroke volume; LAV, left atrial volume; LGE, late gadolinium enhancement; LV, left ventricular; LVEDVI, left ventricle end diastolic volume index; LVEF, left ventricular ejection
fraction; LVESVI, left ventricle end systolic volume index; LVMI, left ventricle mass index; PER-A, atrial peak emptying rate; PER-A, index atrial peak emptying rate A normalized by LV
filling volume; PER-E, early peak emptying rate; PER-E, index early peak emptying rate normalized by LV filling volume. Bold values mean P < 0.05.

booster pump in late diastole. LA reservoir function represents
LA relaxation and compliance (16). LA conduit function is
reliant on LV diastolic function, including both the suction force
dependent on LV relaxation and LV chamber stiffness, whereas
LA booster function is based on intrinsic LA contractility and LV
end-diastolic compliance and pressure (17, 18). Thereby, there is
a close relationship between LA and LV functions.

Cardiovascular magnetic resonance imaging-feature
tracking (CMR-FT) is a new quantitative method for wall
motion assessment, with a high spatial resolution and large
field of view. The details for the change rates of LAV during
conduit (i.e., PER-E and PER-E indexes) and booster phases
(i.e., PER-A and PER-A indexes) can be provided by the
analysis of LA dV/dt curves plotting by CMR-FT. In this study,
patients with HOCM showed a lower PER-E index in the
conduit phase than controls, but there was no difference in the
booster phase. A previous study has also found that patients
with non-obstructive HCM were likely to have LA conduit
dysfunction, compared to healthy controls (19). The possible
explanation is that during early LVDD, increased ventricular

stiffness and abnormal relaxation reduce the passive suction
effect on LA, which decreases the empty rate in the conduit
phase. In contrast, increased atrial stretching results in a more
powerful contraction of the LA during the booster phase (6).
Therefore, we believed that parameters in the conduit phase are
superior as an estimate of the LA function.

In addition, our study showed that the PER-E and PER-E
index of female patients is lower than male patients. A previous
study has demonstrated that female patients presented more
severe atrial stiffness than male patients with heart failure,
which was assessed with pulse wave analysis of the radial artery
and carotid-femoral pulse wave velocity using commercially
available radial artery tonometry. The effect of atrial stiffness
can increase LV afterload and impair LV relaxation, which
may contribute to a greater susceptibility to heart failure
with preserved LV ejection fraction in female patients (20).
To explore the relationship between LA remodeling and
myocardial fibrosis, we stratified patients with HOCM into two
subgroups according to the upper limit of CVF normality. In
both subgroups with high and normal CVF, female patients
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FIGURE 3

Correlations between collagen volume fraction (CVF) and left atrial (LA) deformation rates in both sexes. CVF was significantly correlated with
PER-E and PER-E index in males (A,C) and females (B,D).

TABLE 3 Univariate and multivariate regression analyses for peak of emptying rate (PER-E) in patients with hypertrophic obstructive
cardiomyopathy (HOCM).

Univariate Multivariate

β (95%CI) P-value β (95%CI) P-value

Age −1.022 (−1.959–−0.084) 0.033

Sex 44.347 (20.707–67.986) <0.001 28.341 (8.016–48.666) 0.007

EDVI 0.551 (−0.104–1.207) 0.098 0.658 (0.151–1.165) 0.012

ESVI 0.744 (−0.064–1.552) 0.071

CVF −8.914 (−11.582–−6.646) <0.001 −7.927 (−10.547–−5.308) <0.001

CVF, collagen volume fraction; HOCM, hypertrophic obstructive cardiomyopathy; LVMI, left ventricular mass index; PER-E, early peak emptying rate.

had a similar extent of myocardial fibrosis to male patients.
The sex difference in PER-E remained significant in patients
with high CVF, but the sex differences in PER-E index were
eliminated in both subgroups with normal CVF and high
CVF. The multivariate analysis also suggested that sex and
myocardial fibrosis were independently correlated with PER-
E when adjusting for clinical confounders. This indicated
that a higher fibrotic burden in female patients might be
one of the factors that led to their worse LA remodeling.

Interestingly, at present, LGE imaging is a standard non-
invasive approach to evaluate myocardial fibrosis. However, this
sex-related difference in myocardial fibrosis could not be found
in the LGE analysis, and no correlation was found between the
LA function and the extent of LGE. This might be explained by
the drawback of detecting diffuse fibrosis in LGE imaging. In
patients with aortic stenosis, female patients presented with a
larger extent of diffuse myocardial fibrosis but a similar amount
of replacement myocardial fibrosis (LGE), which was possible
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due to the aggressive nature of the response to increasing the
LV filling pressure (21). The interaction of sex with myocardial
fibrosis was significant in pathological studies (22), but was
easily ignored with the use of LGE (23).

The mechanisms underlying sex-specific differences in
myocardial fibrosis are unknown, but in our study, despite
worse LA function in female patients, they showed smaller
LV diameters and lower septal wall thickness. The LV
geometry in female patients could underlie a greater prevalence
of obstructive hemodynamics (24), which was negatively
correlated with LGE (25). Sex hormones and different responses
to the renin-angiotensin-aldosterone system may also play a role
in the process of fibrosis development (26, 27).

Our study still has several limitations. First, owing to the
observational nature of our study, there may be less insight into
the causality between LA function and myocardial fibrosis, and
it is still unclear how sex modifies the relationship. Second, we
only enrolled patients with HOCM, which limited the appliance
to other morphological types of HCM. Third, this study is
a cross-sectional analysis and may have inherent limitations;
the findings must be confirmed by further studies with a
longitudinal design.

Conclusion

Patients with HOCM presented LA reverse remodeling.
Impaired LA function was more common in female patients
with HOCM due to their susceptibility to myocardial fibrosis.
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