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ABSTRACT

Background:  
There are few sex-specific outcomes data in heart failure with preserved 
ejection fraction (HFPEF).  

Methods and Results:  We assessed sex differences in baseline 
characteristics and outcomes among 4128 patients with HFPEF 
in the Irbesartan in Heart Failure with Preserved Ejection Fraction 
(I-PRESERVE) trial.  Women (N=2491) with HFPEF were ~1 year 
older (72±7y vs 71±7y) and more likely to be obese (46 vs 35%), have 
chronic kidney disease (34 vs 26%) and hypertension (91 vs 85%) 
than men; but less likely to have an ischemic etiology (19 vs 34%), 
atrial fibrillation (27 vs 33%) or chronic obstructive pulmonary disease 
(8 vs 13%) (all p<0.001).  Over a mean of 49.5 months, there were 
881 deaths (447 in women, 434 in men; RR 0.64; 95%CI, 0.56-0.74) 
and 5776 hospitalizations (3239 in women, 2537 in men; RR 0.80; 
95% CI, 0.76-0.84).  Women had lower risk of all-cause events (deaths 
and hospitalizations), even after adjusting for baseline characteristics 
(adjusted HR 0.81; 95%CI, 0.73-0.89).  However, the sex-related 
difference in risk of all-cause events was modified in the presence or 
absence of atrial fibrillation, renal dysfunction, stable angina pectoris or 
advanced New York Heart Association class symptoms.  

Conclusions:  In patients with typical HFPEF, there were prominent 
sex differences in baseline characteristics and outcomes. Women 
had better overall prognosis, although the presence of four common 
baseline characteristics appeared to moderate this finding.

Clinical Trial Registration: URL - http://www.clinicaltrials.gov. Unique 
identifier - NCT000095238.
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INTRODUCTION
Epidemiological studies have revealed striking sex-related differences 
in clinical presentation,1-5 risk factors6, 7 and prognosis8-10 of heart 
failure (HF).  One of the most notable sex-related differences in HF is 
that most women have HF with preserved ejection fraction (HFPEF), 
an important disorder that is incompletely understood.11 
Previous studies have been limited by retrospective design,12 under-
representation of women, or exclusion of HFPEF.13  Three previous 
trials (DIG-PEF,14 CHARM-Preserved,15 PEP-CHF16) have included 
sizeable numbers of patients with HFPEF but have been criticized for 
selecting patients who were not necessarily representative of patients 
with HFPEF seen in population-based studies.17  The I-PRESERVE 
(Irbesartan in Heart Failure with Preserved Ejection Fraction) trial18 is 
the largest HFPEF trial to date and included patients (60% women) that 
closely resembled those with typical HFPEF described in population-
based epidemiologic studies.1, 2 
 Elucidating the effect of sex and risk factors on outcomes in 
HFPEF may advance fundamental understanding of the HFPEF 
syndrome and guide the design of tailored intervention strategies.  
Recognizing that a substantial proportion of events during follow-up 
in the I-PRESERVE trial were non-cardiovascular events,19 in sharp 
contrast to the profile of events observed in HF studies of predominantly 
younger men, we hypothesized that women with HFPEF would be older 
and would have more non-cardiovascular co-morbidities at baseline 
compared to men, which could predispose to sex-related differences 
in outcomes in HFPEF.  Accordingly, we aimed to test this hypothesis 
by examining the differences in clinical characteristics and prognosis in 
women and men with HFPEF from the large, prospective I-PRESERVE 
trial.  

METHODS
Sample
The study sample consisted of the 4128 patients enrolled in the 
I-PRESERVE trial.18  Inclusion criteria included age ≥60 years old, 
clinical signs and symptoms of HF and a left ventricular ejection fraction 
≥45%.  The intervention was irbesartan 300 mg/d versus placebo.  
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Although the primary trial results,18 mode of death19 and HF–related 
quality of life20 have been previously published, where some results 
were stratified by sex and heterogeneity in the treatment effect by sex 
was not found, the detailed sex-specific analyses and hospitalization 
events presented here have not been previously reported.

Outcomes
The primary outcome in I-PRESERVE was a composite of all-cause 
death or the first hospitalization for a protocol-specified adjudicated 
cardiovascular hospitalization (defined as worsening HF, unstable 
angina, myocardial infarction, ventricular arrhythmia, atrial arrhythmia 
or stroke).  Secondary outcomes included cardiovascular death, all-
cause mortality, HF mortality or hospitalization, and change in quality 
of life related to heart failure, NYHA functional class, and N-terminal pro 
B-type natriuretic peptide (NT-proBNP) level in blood (Roche Elecsys 
assay®).  Outcomes (deaths and hospitalizations) were adjudicated 
by an independent Clinical End Point Committee using pre-specified 
criteria that have been previously published.19  HF mortality was defined 
as death due to worsening or intractable HF, while HF hospitalization 
was defined as one with a primary diagnosis of worsening HF, where 
patients with worsening HF displayed symptoms and signs of HF as 
well as diagnostic evidence such as a significant increase in natriuretic 
peptides, radiographic congestion or prerenal azotemia. 

Statistical analysis 
Baseline variables were compared between men and women using 
two-sided Student t tests or Wilcoxon rank-sum tests for continuous 
variables, and Fisher exact tests or chi-square tests for categorical 
variables.  For each outcome of interest, time to first event was 
recorded, while other events were censored.  Cox proportional hazards 
analysis was used to model the effect of sex, baseline covariates (age, 
obesity, NHYA status, HF etiology, HF hospitalization 6 months prior to 
baseline, history of hypertension, stable angina pectoris, myocardial 
infarction, percutaneous coronary intervention/ coronary artery 
bypass surgery, atrial fibrillation, diabetes mellitus, stroke/transient 
ischemic attack, chronic obstructive pulmonary disease/asthma, valve 
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disease, smoking, ejection fraction, heart rate, systolic blood pressure, 
hemoglobin, NTproBNP, neutrophil count, glomerular filtration rate, 
and medications), as well as the interactions between sex and each 
baseline covariate. The analyses of interactions with sex focused 
on all-cause events because the results for cardiovascular and non-
cardiovascular events were similar, there were more all-cause events, 
and competing risks are incorporated into the endpoint.  To help account 
for multiple comparisons, the threshold for statistical significance was 
P<0.01.  Estimated P-values are presented for readers who would like 
to make further adjustments considering the number of tests done to 
compare women and men.

RESULTS
Baseline characteristics
Among 4128 elderly patients with HFPEF, 2491 (60%) were women, 
who were, on average, 1 year older than men (Table 1).  Compared 
to men, women were:  more likely to be obese and have a history 
of hypertension; less likely to have an ischemic etiology, stable 
angina pectoris, previous myocardial infarction, atrial fibrillation, 
chronic obstructive pulmonary disease or smoking; and had a similar 
prevalence of diabetes mellitus.  At baseline in women compared to 
men, heart rate was higher and peripheral edema was more prevalent.  
HF-specific quality of life was worse in women compared to men.  
Women were more likely than men to have chronic kidney disease, but 
less likely to be anemic (using differential hemoglobin cutpoints) and 
had lower NT-proBNP levels.  

Association between sex and outcomes  
In time to first event (death or hospitalization) analyses, there were 
2430 all-cause events over a mean follow-up of 49.5 months, of which 
1754 were of cardiovascular causes (Table 2, Figure 1). Women had 
a 21% lower unadjusted risk of all-cause events than men which 
persisted after adjusting for the differences in baseline characteristics.  
As with all-cause events, the unadjusted risk of the primary outcome 
of I-PRESERVE (all-cause death or hospitalization for protocol-
specified cardiovascular causes) was 28% lower in women than men, 
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remaining significant (albeit attenuated) after adjusting for baseline 
covariates.  Similarly, in women compared to men the unadjusted risk 
of cardiovascular events alone was 25% lower, and the unadjusted risk 
of non-cardiovascular events 19% lower, with the difference remaining 
significant even after adjusting for baseline covariates.  There was a 
trend for lower risk of HF-specific events in women than men that did 
not reach statistical significance. For all-cause mortality, there were 
a total of 881 deaths (447 [17.9%] in women, 434 [26.5%] in men; 
unadjusted HR 0.64; 95% CI, 0.56-0.73).  
 Table 3 shows the total events in women and men.  In both women 
and men with HFPEF, there were more deaths from cardiovascular 
than non-cardiovascular causes, with the most common cardiovascular 
cause of death being sudden death.  Non-cardiovascular causes 
comprised 29.1% of all deaths in women, and 31.8% of all deaths in 
men.  There were a total of 5776 all-cause hospitalizations (including 
repeat admissions; 3239 in women and 2537 in men).  In both women 
and men, there were more hospitalizations for cardiovascular than 
non-cardiovascular causes, with the most common cardiovascular 
cause of hospitalization being worsening HF.  Non-cardiovascular 
causes comprised 45.1% of hospitalizations in women, and 44.5% 
of hospitalizations in men. The risk ratio for overall hospitalizations in 
women vs men was 0.80 (95% CI, 0.76-0.84). For cardiovascular and 
non-cardiovascular hospitalizations, risk was similarly lower in women, 
with risk ratios of 0.81 (0.75-0.87) and 0.78 (0.73-0.86) respectively. 
Virtually all hospitalization subcategories were also lower in women 
than men.

Sex-differences in the Predictors of All-cause Events
In sex-stratified multivariable analyses including all baseline covariates, 
variables associated with all-cause events in both men and women 
included higher age, HF hospitalization within 6 months, history of 
chronic obstructive pulmonary disease, lower hemoglobin and higher 
NT-proBNP (Table 4).  In women, obesity, diabetes mellitus, lower 
glomerular filtration rate and antiarrythmic medications were also 
significantly associated with higher risk of all-cause events.  In men, 
higher NYHA status (class III/IV versus I/II), a history of coronary 
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Table 1. Baseline clinical characteristics by sex 
Characteristic Women

(N=2491)
Men

(n=1637) P value
Clinical

Age, years 72 ± 7 71 ± 7 <0.001
Body mass index, kg/m2 30 ± 6 29 ± 5 <0.001
Obesity* (%) 46 35 <0.001
Heart failure etiology (% ischemic) 19 34 <0.001
Stable angina pectoris(%) 38 43 <0.001
Myocardial infarction (%) 17 33 <0.001
PCI/CABG (%) 9 20 <0.001
Hypertension (%) 91 85 <0.001
Atrial fibrillation (%) 27 33 <0.001
Diabetes mellitus (%) 28 27 0.74
Chronic obstructive pulmonary disease (%) 8 13 <0.001
Smoking (%) 9 32 <0.001
NYHA class II/III/IV (%) 20/77/2 22/75/3 0.006
Hospitalization in the last 6 months (%) 44 45 0.49
Ejection fraction % 61 ± 9 58 ± 9 <0.001

Physical examination
Heart rate, bpm 72 ±11 71 ±10 0.003
Systolic blood pressure, mmHg 137 ±15 136 ± 15 0.14
Diastolic blood pressure, mmHg 79 ± 9 79 ± 9 0.80
S3 gallop, number (%) 8 9 0.10
Jugular venous distension (%) 7 10 0.008
Hepatomegaly (%) 17 20 0.16
Edema (%) 25 21 0.002
Rales (%) 25 24 0.43

Quality of life
Minnesota living with heart failure score 45 ± 21 39 ± 21 <0.001

Investigations
Radiologic pulmonary congestion (%) 42 40 0.001
Median (Q1-Q3) NT-proBNP, pg/mL 301 (126-

897)
413 (155-

1051) <0.001
Hemoglobin, g/dL 13.5 ± 1.8 14.5 ± 1.9 <0.001
Anemia† (%) 11 16 <0.001
Estimated glomerular filtration rate, ml/
min/1.73m2 70.8 ± 22.1 75.2 ± 

22.9 <0.001
Chronic kidney disease‡ (%) 34 26 <0.001
Potassium, μmol/L 4.4 ± 0.5 4.5 ± 0.5 0.10

Medications
Loop diuretic (%) 51 53 0.08
Thiazide diuretic(%) 41 34 <0.001
Spironolactone(%) 15 17 0.08
Angiotensin converting enzyme inhibitor(%) 23 29 <0.001
Digoxin(%) 12 16 0.006
Beta-blocker(%) 59 59 0.93
Antiarrythmic(%) 8 11 0.003
Calcium channel blocker(%) 42 37 <0.001
Nitrate(%) 25 30 <0.001
Oral anticoagulant(%) 55 64 <0.001
Aspirin(%) 52 59 <0.001
Lipid lowering (%) 28 35 <0.001

Data are mean ± SD
*Obesity defined as body mass index ≥ 30 kg/m2
†Anemia defined as hemoglobin ≤ 13 g/dL in men and ≤ 12 g/dL in women
‡Chronic kidney disease defined as estimated glomerular filtration rate <60 ml/
min/1.73m2
PCI/CABG, percutaneous coronary intervention/ coronary artery bypass surgery; 
NYHA, New York Heart Association; NT-proBNP, N-terminal pro-B-type natriuretic 
peptide
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revascularization, higher neutrophil count and smoking were also 
significantly associated with higher risk of all-cause events.  
In order to gain further insights into the HR for all-cause events in women 
relative to men, we tested for interactions between sex and baseline 
variables.  There were significant interactions between sex and 4 
baseline characteristics: stable angina pectoris, atrial fibrillation, NYHA 
class and eGFR (Table 4 last column).  The effect of each interaction, 
analyzed one at a time, is shown in Figure 2A.  The risk of all-cause 
events was not lower in women in the presence of atrial fibrillation or 

Figure 1. Association between sex and time to first event. Hazards ratios (HRs) for 
women versus men for first events where HR<1 indicates lower risk in women.  Event 
categories include: All Cause (all-cause death or hospitalization); I-PRESERVE (the 
primary outcome of the I-PRESERVE trial, which was all-cause death or hospitalization 
for protocol-specified cardiovascular cause including heart failure, myocardial 
infarction, unstable angina, arrhythmia, or stroke); CV (cardiovascular events); and 
Non-CV (non-cardiovascular events).  Black circles and lines represent unadjusted 
HR and 95% confidence intervals (95%CI).  Gray squares and lines represent HR and 
95%CI adjusted for age, obesity, New York Heart Association status, HF etiology, HF 
hospitalization within 6 months, co-morbidities/ risk factors (history of hypertension, 
stable angina pectoris, myocardial infarction, percutaneous coronary intervention/ 
coronary artery bypass surgery, atrial fibrillation, diabetes, stroke/transient ischemic 
attack, chronic obstructive lung disease, valve disease, smoking), ejection fraction, 
heart rate, systolic blood pressure, hemoglobin, N-terminal pro-B-type natriuretic 
peptide, neutrophil count, glomerular filtration rate, and medications.
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Table 3. Total mortality and hospitalizations and causes in women and men

Events

Numbers (%) 
events* Event rate per 100 patient-years of follow-up†

Women 
(n=2491)

Men 
(n=1637) Women Men Risk Ratio  (95% 

CI) P-value

Deaths  
All-cause deaths 447 434 4.32 6.72 0.64 (0.56-0.74) <0.0001
  Non-cardiovascular 
deaths

130 
(29.1)

138 
(31.8) 1.26 2.14 0.59 (0.46-0.75) <0.0001

  Cardiovascular 
deaths

260 
(58.2)

272 
(62.7) 2.51 4.21 0.60 (0.50-0.71) <0.0001

Sudden death 104 
(23.3)

127 
(29.3) 1.01 1.97 0.51 (0.39-0.67) <0.0001

Pump failure 62 (13.9) 63 (14.5) 0.6 0.98 0.61 (0.43-0.89) 0.007
Stroke 45 (10.1) 31 (7.1) 0.44 0.48 0.91 (0.56-1.48) 0.67
Myocardial 

infarction 23 (5.1) 22 (5.1) 0.22 0.34 0.65 (0.34-1.23) 0.16
Other vascular 

death 17 (3.8) 15 (3.5) 0.16 0.23 0.70 (0.33-1.52) 0.33
Other cardiac 

death 9 (2.0) 14 (3.2) 0.09 0.22 0.40 (0.15-0.99) 0.033
  Unknown/
unclassified deaths 57 (12.8) 24 (5.5) 0.55 0.37

1.48 (0.91-2.50) 0.1
Hospitalizations  
All-cause 
hospitalizations 3239 2537 31.33 39.29 0.80 (0.76-0.84) <0.0001

Non-
cardiovascular 
hospitalizations

1462 
(45.1)

1130 
(44.5) 14.1 17.5

0.81 (0.75-0.87)  <0.0001
Cardiovascular 

hospitalizations
1761 
(54.4)

1407 
(55.5) 17.0 21.8 0.78 (0.73-0.86) <0.0001

Worsening 
heart failure

736 
(22.7)

506 
(19.9) 7.1 7.8 0.91 (0.81-1.02) 0.098

Cardiovascular 
procedure 147 (4.5) 182 (7.2) 1.42 2.81 0.50 (0.40-0.63) <0.0001

Unstable 
angina/MI 196 (6.1) 162 (6.4) 1.90 2.50 0.76 (0.61-0.94) 0.009

Arrhythmia 166 (5.1) 117 (4.6) 1.61 1.81 0.89 (0.70-1.13) 0.32
Chest pain 131 (4.0) 122 (4.8) 1.27 1.89 0.67 (0.52-0.87) 0.002
Stroke/ transient 

ischemic attack 126 (3.9) 105 (4.1) 1.22 1.63 0.75 (0.57-0.98) 0.03
Other cardiac 79 (2.4) 53 (2.1) 0.76 0.82 0.93 (0.65-1.34) 0.68
Peripheral 

vascular disease 59 (1.8) 57 (2.2) 0.57 0.88 0.65 (0.44-0.95) 0.02
Syncope 42 (1.3) 61 (2.4) 0.41 0.94 0.43 (0.28-0.65) <0.0001
Hypertension 58 (1.8) 16 (0.6) 0.56 0.25 2.26 (1.28-4.22) 0.002
Hypotension 19 (0.6) 19 (0.7) 0.18 0.29 0.62 (0.31-1.25) 0.15
Sudden death 2 (0.1) 1 (<0.1) 0.02 0.015 1.25 (0.07-73.7) 0.9

*Numbers represent absolute numbers of events (% of total events in women and men), including multiple 
hospitalizations per patient
†Numbers represent rates of death and first admission to hospital for specified causes per 100 patient-years 
of follow-up
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renal dysfunction, and in the absence of advanced NYHA class III/IV 
symptoms or stable angina pectoris.  To show how the women-to-men 
all-cause HR’s varied with all four interacting variables, we entered 
different values of the interacting variables into the estimated Cox 
regression model as shown in Figure 2B.  There was also a significant 
interaction between sex and antiarrythmic medications, but numbers 
were too small for further analyses.
 
DISCUSSION
In this large sample of women and men with HFPEF, there were notable 
sex-related differences in baseline risk factors.  Women were more likely 
to be obese and have a history of hypertension or renal impairment, 
while only ~1 year older than men.  Men were more likely to have 
an ischemic etiology for HFPEF, atrial fibrillation, chronic obstructive 
pulmonary disease and anemia.  Even accounting for these baseline 
differences, women with HFPEF were ~20% less likely than men to 
experience death or hospitalization for any cause during follow-up.  A 
lower risk was observed for women for both cardiovascular and non-
cardiovascular events.  This lower relative risk for women could not 
be explained by adjustment for differences in baseline characteristics.  
However, the sex-related difference in risk of all-cause events was 
modified by atrial fibrillation, stable angina pectoris, NYHA class, and 
renal function. 
 Prior reports from HF trials that examined sex differences 
were largely limited to HF with reduced ejection fraction and included 
relatively small numbers of women.13  I-PRESERVE was the largest 
prospective trial of HFPEF to date and the first in which women were a 
majority of the patients, reflecting its prevalence in the population.  The 
number of women in I-PRESERVE (n=2491) was more than twice that 
of CHARM-Preserved, the largest previously reported trial of HFPEF.  
Further, the baseline characteristics the I-PRESERVE patients closely 
resembled those with HFPEF described in population based studies.1, 
2  In contrast, in CHARM-Preserved there was a dominance of men, 
coronary artery disease, and relatively low mean ejection fraction in 
patients who were, on average, younger than those seen in population 
and community studies.  This was also the case for the report from the 
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Table 4. Sex differences in the multivariable predictors of all-cause events
Variable HR (95%CI); P value P-value

Women Men Interaction
Age 1.024 (1.014-1.035);

P<0.001
1.025 (1.013-1.037);

P<0.001
0.45

Obesity 1.210 (1.063-1.377);
P=0.004

1.136 (0.969-1.330);
P=0.115

0.52

NYHA (class III/IV vs 
I/II)

1.019 (0.852-1.220);
P=0.835

1.329 (1.076-1.640);
P=0.008

0.006

HF etiology (ischemic 
vs non-ischemic)

1.046 (0.868-1.262);
P=0.635

1.159 (0.956-1.406);
P=0.134

0.054

Hypertension 0.845 (0.677-1.055);
P=0.138

0.999 (0.813-1.228);
P=0.990

0.41

Stable angina 
pectoris

1.020 (0.880-1.182);
P=0.795

1.117 (0.947-1.317);
P=0.191

0.007

Myocardial infarction 1.035 (0.859-1.247);
P=0.718

1.040 (0.867-1.248);
P=0.669

0.13

PCI/CABG 1.107 (0.870-1.408);
P=0.408

1.242 (1.011-1.525);
P=0.039

0.96

Atrial fibrillation 1.115 (0.928-1.341);
P=0.244

0.834 (0.680-1.022);
P=0.080

0.005

Diabetes mellitus 1.454 (1.128-1.872);
P=0.004

1.178 (0.851-1.631);
P=0.323

0.49

Smoking 1.117 (0.905-1.378);
P=0.301

1.208 (1.035-1.410);
P=0.016

0.58

Chronic obstructive 
lung disease

1.351 (1.081-1.689);
P=0.008

1.301 (1.054-1.606);
P=0.014

0.59

Valve disease 1.117 (0.925-1.349);
P=0.248

1.140 (0.909-1.431);
P=0.257

0.47

Heart rate (per 1 
bpm)

1.004 (0.998-1.010);
P=0.247

1.004 (0.996-1.011);
P=0.336

0.97

SBP (per 1 mmHg) 1.000 (0.996-1.005); 
P=0.889

1.000 (0.995-1.005);
P=0.917

0.90

Hemoglobin (per 1 g/
dL)

0.962 (0.929-0.996);
P=0.029

0.946 (0.912-0.982);
P=0.003

0.95

NT-proBNP (per 1 log 
unit)

1.172 (1.085-1.265);
P<0.001

1.174 (1.077-1.281);
P=<0.001

0.44

Hospitalization in 6 
months 

1.447 (1.240-1.690);
P<0.001

1.411 (1.171-1.700);
P<0.001

0.049

Neutrophil count (per 
1 log unit)

1.154 (0.966-1.377);
P=0.114

1.634 (1.309-2.041);
P<0.001

0.048

Ejection Fraction 0.985 (0.972-0.999);
P=0.033

0.992 (0.977-1.007);
P=0.281

0.70

eGFR (per 1 ml/
min/1.73 m2)

0.991 (0.987-0.994);
P<0.001

0.997 (0.993-1.002);
P=0.211

0.01

Antiarrythmic 1.320 (1.052-1.656)
P=0.016

1.036 (0.806-1.333)
P=0.781

0.004

NYHA, New York Heart Association; HF, heart failure; PCI/CABG, percutaneous coronary 
intervention/ coronary artery bypass surgery; SBP, systolic blood pressure; NT-proBNP, 
N-terminal pro-B-type natriuretic peptide; eGFR, estimated glomerular filtration rate
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earlier DIG trial.14
 These are important considerations since age, sex, co-
morbidities and outcomes are closely related in HF: women with HF 
tend to be older than men with HF, leading to the speculation that 
women with HFPEF, being older, would have more non-cardiovascular 
co-morbidities, thus predisposing them to a higher rate of non-
cardiovascular events than men.21  Our findings are contrary to this 
hypothesis.  In this sample, the age distributions were similar between 

Figure 2. Effect of interactions on association between sex and all-cause events. 
The y-axis indicates hazards ratios (HRs) for women versus men for all-cause events 
where HR<1 indicates lower risk in women.  A) Results of univariable analyses showing 
the HRs in the absence (black) or presence (gray) of specific risk factors, including 
New York Heart Association (NYHA) class 3 or 4, stable angina pectoris (SAP), atrial 
fibrillation (AF); and reduced estimated glomerular filtration rate (eGFR).  B) Results 
of multivariable analyses accounting for all four significant interactions and adjusting 
for age, obesity, New York Heart Association status, HF etiology, HF hospitalization 
within 6 months, co-morbidities/ risk factors (history of hypertension, stable angina 
pectoris, myocardial infarction, percutaneous coronary intervention/ coronary artery 
bypass surgery, atrial fibrillation, diabetes, stroke/transient ischemic attack, chronic 
obstructive lung disease, valve disease, smoking), ejection fraction, heart rate, systolic 
blood pressure, hemoglobin, N-terminal pro-B-type natriuretic peptide, neutrophil 
count, glomerular filtration rate, and medications.  The graph indicates situations 
where specific risk factors are present (cross) or absent (tick), at levels of estimated 
glomerular filtration rate (eGFR) of 70 ml/min/1.73 m2 (black circles), 60 ml/min/1.73 
m2 (gray squares), and 50 ml/min/1.73 m2 (black triangles).
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women and men with HFPEF, and the risk of non-cardiovascular 
events was lower in women, even when adjustments were made for 
several significant sex differences in the baseline characteristics.  It 
is notable that non-cardiovascular events were common (although 
cardiovascular events predominated), with approximately 30% of all 
deaths and 45% of hospitalizations due to non-cardiovascular causes.  
These rates of non-cardiovascular outcomes are similar to those 
reported from population-based studies and Medicare claims data in 
HFPEF,21-26 and far exceed the rates of non-cardiovascular events 
typically seen in patients with HF with reduced ejection fraction where 
men predominate.27  
 Our analyses of I-PRESERVE data indicate that among elderly 
patients with HFPEF, women in general had a lower risk of adverse 
clinical events than men.  These results are consistent with previous 
reports including the recently published Meta-Analysis Global Group 
In Chronic Heart Failure (MAGGIC) meta-analysis,28 where women 
with HF were shown to have lower all-cause mortality over three years 
than men, irrespective of EF and even after accounting for baseline 
differences in risk factors.  Similarly in the overall CHARM Program, 
first cardiovascular events were lower in women than men regardless 
of ejection fraction.  However, our results differ from CHARM as all-
cause and non-cardiovascular hospitalization risks for women were 
also lower than in men in our cohort.  Sex-specific data in HFPEF alone 
from CHARM-Preserved were displayed but were not analyzed in 
depth,29 and the estimated sex-specific event rates did not appear to 
be lower in women.  Of note, unlike in CHARM-Preserved, we used the 
composite endpoint of death or hospitalization.  We therefore extend 
the previously published data by showing that the lower risk in women 
than men with typical HFPEF persisted using composite outcomes for 
mortality as well as hospitalizations, and was observed not only for 
first events but also for multiple all-cause, cardiovascular, and non-
cardiovascular events experienced throughout the entire 49 month 
period of follow-up.  
 We further examined whether the relative risk in women versus 
men depended on the values of specific baseline characteristics.  
Atrial fibrillation and renal dysfunction appeared to carry greater risk 
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in women than men.  Previous studies have shown that women are 
more likely than men to experience symptomatic episodes of atrial 
fibrillation, higher heart rates during episodes, and a higher frequency 
of recurrences.30  While further research is needed to understand these 
sex differences in risk, potential reasons may include the lower rate of 
treatment with statins31 or the higher rate of obesity among women 
compared to men in our cohort, both of which may predispose women 
to more severe arrhythmic episodes (though not necessarily greater 
prevalence of disease).  The coexistence of renal dysfunction in HFPEF 
is common, but poorly understood and often under-diagnosed.32  
Despite recognition of renal dysfunction as an important predictor of 
outcomes in HFPEF among women,33 the sex difference in the extent 
of risk imparted by similar degrees of renal dysfunction has not been 
widely appreciated previously.  The differential impact of symptoms of 
angina and HF on women versus men may relate to known difficulties 
of interpreting symptoms of ischemic heart disease in women, which 
are more often atypical in women than men, or differences in perception 
of symptoms between women and men.  Although these data extend 
previous reports, we agree with other commentators28 that there 
remains uncertainty regarding the interaction between HF etiology 
and sex-related outcomes, as well as the need for further studies to 
understand this relationship.  

Limitations
Our study was performed in the context of a clinical trial, which may 
limit the generalizeability of our findings.  However, the I-PRESERVE 
cohort at baseline closely resembled the patients with typical HFPEF 
described in population-based epidemiologic studies.1, 2  Furthermore, 
I-PRESERVE had the largest group of women with HFPEF in a 
prospective study of HFPEF and included detailed characterization, 
systematic long-term follow-up, and adjudication of outcomes.  As in 
all studies, we cannot definitively exclude that some of the outcomes 
that appeared to be sex-related were instead due to other unmeasured 
factors or to chance given the number of comparisons.  Thus, these 
results should be interpreted with caution and confirmed in future 
studies.  
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Conclusion
There were several sex differences in elderly patients with typical 
HFPEF in I-PRESERVE.  Women had better overall prognosis than men 
and were at lower risk of both cardiovascular and non-cardiovascular 
events, although this effect was modified by the presence or absence of 
atrial fibrillation, renal dysfunction, stable angina pectoris or advanced 
NYHA class symptoms.  Further research is needed to understand the 
complex sex-related differences in risk among HF patients.  A better 
understanding of sex-specific risk factors may help inform strategies 
aimed at improving outcomes in this important disorder.
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Introduction

Heart failure with preserved ejection fraction (HFpEF) represents an 
important health problem due to its increasing prevalence and related 
morbidity, mortality, and cost to health care systems.1 In contrast to 
heart failure with reduced ejection fraction (HFrEF), there is no proven 
therapy to improve survival in HFpEF syndrome.
 One of the most striking contrasts between HFpEF and HFrEF 
is the difference in sex prevalence, where women outnumber men by 
almost 2:1 in HFpEF,2 whereas men outnumber women in HFrEF. 
This may in part be explained by differences in the impact of aging 
and comorbidities on cardiovascular structure and function by sex.3 
In the general population, aging is associated with more concentric 
remodeling, diastolic dysfunction, and vascular stiffness in women 
compared to men.4-5678910 However there are limited data about sex 
differences in cardiovascular structure and function in the setting of 
HFpEF.11,12 
 The PARAMOUNT trial prospectively compared the efficacy 
of therapy with an angiotensin receptor neprilysin inhibitor (ARNi) 
versus angiotensin receptor blocker (ARB) in patients with HFpEF (left 
ventricular ejection fraction ³ 45%, NT-proBNP at study entry > 400 
pg/ml). In this population we aimed to assess differences in baseline 
clinical characteristics and cardiovascular structure and function 
between women and men.

Methods
Patient population
The design, baseline findings, and primary results of the Prospective 
comparison of ARNi with ARB on Management Of heart failUre with 
preserved ejectioN fracTion (PARAMOUNT) trial have been previously 
reported.13 Briefly, the study enrolled 301 patients with HFpEF, aged 
40 years or older, with a left ventricular ejection fraction (LVEF) ³ 45%, 
and elevated NT-proBNP (> 400 pg/ml), while on active diuretic therapy. 
The main exclusion criteria included dyspnea due to non cardiac 
causes, significant valvular heart disease and estimated glomerular 
filtration rate (eGFR) lower than 30 ml/min*1.73 m2. The proportion of 
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patients enrolled with atrial fibrillation was limited to roughly 25% of the 
study population. Of the 301 patients randomized, 279 (93%) subjects 
had analyzable baseline echocardiographic data and were included in 
this analysis.

Echocardiography 
All echocardiograms were analyzed in the cardiovascular imaging 
core laboratory at Brigham and Women’s Hospital, Boston MA, USA. 
All measurements were made in triplicate in accordance with the 
recommendations of the American Society of Echocardiography.14 
Left ventricular (LV) mass was calculated from LV linear dimensions 
and indexed to height2.7 and body surface area (BSA). LV volumes 
were derived according to the modified biplane Simpson’s method 
in the apical four-chamber and/or two-chamber views and indexed 
to height2.7 and BSA. Relative wall thickness (RWT) was calculated 
by the formula: (2×diastolic posterior wall thickness)/end diastolic LV 
diameter. We studied sex differences in LV geometry patterns. LV 
hypertrophy (LVH) was defined as LVM indexed to height2.7 >44 g/m2.7 
in women and >48 g/m2.7 in men. Normal geometry was classified as 
LVM/left ventricular end diastolic volume (LVEDV) ratio ≤1.5 and no 
LVH. Concentric remodeling (CR) was defined as LVM/LVEDV >1.5 
and no LVH. Concentric hypertrophy (CH) was defined as LVM/LVEDV 
>1.5 and LVH. Eccentric hypertrophy (EH) was defined as LVM/LVEDV 
≤1.5 and LVH.15

Diastolic parameters
Mitral flow velocities were assessed by positioning the sample volume 
of pulsed wave Doppler at the tip of the mitral leaflets from the apical 
four-chamber view. Tissue Doppler E’ velocity was measured as the 
average of the values detected at the septal and lateral mitral annulus. 
Left atrial volume was assessed by the biplane area-length method 
from apical two-chamber and four-chamber views at end systole from 
the frame preceding mitral valve opening, and indexed to BSA and to 
height2.7. Pulmonary artery systolic pressure (PASP) was estimated 
using Doppler tricuspid regurgitant velocity (V) as PASP= 4 (V2) + 10 
mm Hg.
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Systolic parameters
LVEF was calculated from LV end-diastolic volume and LV end-systolic 
volume. Tissue Doppler Imaging (TDI) mitral S’ velocity was measured 
as the average of the values detected at the septal and lateral mitral 
annulus. Using a vendor-independent 2D speckle tracking software 
(2D Cardiac Performance Analysis version 4.5, TomTec Imaging 
Systems, Munich, Germany), we assessed longitudinal and radial 
strain in 215 participants, and circumferential deformation in 143 
subjects. Deformation imaging data were obtained using apical four 
chamber and two chamber views for longitudinal and radial systolic 
strain, and the mid LV short axis view for circumferential systolic strain. 
For strain analysis we excluded patients with non DICOM images, 
lack of a full cardiac cycle, more than 1 segment dropout or significant 
foreshortening of the left ventricle.

Noninvasive estimation of ventricular-vascular stiffness
LV diastolic stiffness was characterized as LV diastolic elastance 
(Ed), calculated as the ratio of E/E’ (index of mean left atrial pressure) 
to LV end diastolic volume, and as Ed indexed to BSA.  LV systolic 
stiffness was characterized as end-systolic elastance (Ees), which was 
calculated using the modified single-beat method from stroke volume 
(SV), arm-cuff pressures, and pre-ejection and total systolic periods 
determined on pulsed-wave Doppler of aortic flow, LVEF, and an 
estimated normalized ventricular elastance at arterial end diastole, as 
previously validated against invasive assessment.16 We also detected 
LV end systolic stiffness indexed to BSA.
 Arterial stiffness was characterized as effective arterial elastance 
(Ea),17 and as the individual components of arterial load, systemic 
arterial compliance (SAC)18 and systemic vascular resistance index 
(SVRi). Ea was estimated as end-systolic pressure (ESP) divided by 
SV, determined echocardiographically using the Simpson’s method of 
discs; LV ESP was calculated as 0.9 multiplied by arm cuff systolic 
blood pressure (SBP) detected at the time of echocardiography. SAC 
was estimated as the ratio between SV and pulse pressure. SVRi was 
estimated by the formula: (mean arterial pressure/cardiac index) * 80. 
Vascular/ventricular coupling was assessed as the ratio Ea/Ees. To 
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account for differences in body size, we indexed all LV volumes to 
BSA or height2.7, and used the indexed LV volumes for calculation of 
indexed Ea. 

Statistical Analysis
Subjects in PARAMOUNT were stratified according to sex with 
continuous data presented as mean and standard deviation or median 
and interquartile range. Categorical variables are shown as counts 
and percentages. Log transformation was applied to skewed variables 
(NTproBNP, urine albumin to creatinine ratio (UACR)). Clinical 
characteristics and cardiac structure and function were compared 
between men and women using 2-sided Student t tests with unequal 
variance, X2 test or Fisher exact tests, as determined by variable type 
and distributional shape. Multivariable adjusted linear and logistic 
regression models were used to assess the association between 
echocardiographic parameters of cardiac structure and function 
(outcome variables) and sex after adjusting for significant covariates 
known to be related to the outcome of interest and that differed by sex at 
univariable screen: age, diabetes, SBP at the time of echocardiogram, 
heart rate, NYHA class, history of myocardial infarction, BMI, and 
presence of albuminuria, defined as UACR ≥17 mg/g in men and ≥25 
mg/g in women.19 For deformation analysis, the model was further 
adjusted for baseline LVEF. For analyses of Ees or Ed, the model was 
further adjusted for LV geometry (LV mass/LV end diastolic volume), 
recognizing that this parameter is an important determinant of LV 
chamber elastance properties.20-2122  
 Predictors of eccentric versus concentric LV geometry, including 
baseline characteristics, were assessed via multivariate logistic 
regression models using a stepwise forward selection procedure, with 
p-value threshold of 0.15.
 All tests were two-sided and P-values of<0.05 were considered 
statistically significant. Statistical analyses were performed with the 
STATA software package (version 12, Stata Corp, College Station, 
Texas).
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Results
Clinical characteristics

Of the 279 patients included in this analysis 159 (57%) were women. 
Table 1 shows baseline characteristics of the study population stratified 
by sex. Age did not differ between the groups, whereas women were 
more obese. The rate of previous admission for HF and the duration 
of the disease did not vary by sex, while CAD was less common in 
females. Despite similar medical therapy and NTproBNP values, 

Table 1: Baseline characteristics of the study population by sex
Men

(n=120)
Women
(n=159) P-value

Age (year) 70±10 71 ± 9 0.11
NYHA II

NYHA III

103 (86)

16 (13)

120 (75)

38 (24)

0.048 

Fatigue 58 (48) 92 (59) 0.08
Rales 7 (6) 9 (6) 1.00 
Edema 37 (31) 51 (32) 0.83
Previous Hospitalization for HF 58 (48) 62 (39) 0.12
Date of HF diagnosis
   Less than 1 year
   More than 1 year

48 (40)
72 (60)

60 (38)
99 (62)

0.70

Atrial Fibrillation at screening 38 (32) 43 (27) 0.40
Hypertension 109 (91) 151 (95) 0.18
Diabetes 53 (44) 54 (34) 0.08
Glycated hemoglobin (%) 6.5±1.2 6.4±1.0 0.40
Myocardial Infarction 40 (33) 18 (11) <0.001
Current Smoker 11 (9) 6 (4) 0.08
Heart Rate (beats per min) 69±13 70±13 0.44
Systolic Blood Pressure (mm 
Hg) 134±16 137±15 0.13
Diastolic Blood Pressure (mm 
Hg) 77±10 78±10 0.60
Pulse Pressure (mm Hg) 57±14 59±15 0.21
Mean Arterial pressure (mmHg) 101±10 102±10 0.22
Body Mass Index (kg/m2) 29.4±5.1 30.7 ±6.2 0.049
Obesity 47 (39) 82 (42) 0.040
eGFR (mL/min/1.73 m2) 67±20 64±21 0.30
CKD 47 (39) 68 (43) 0.55
UACR (mg/g) 19 [8,64] 12 [6,32] 0.055
Albuminuria 57 (54) 39  (29) <0.001
Hemoglobin (g/dl) 13.9±1.8 13.2±1.5 0.001
Anemia 34 (30) 31 (20) 0.059
NT-proBNP (pg/mL) 947 [494,1490] 828 [507,1287] 0.31

Data are counts (%), mean ± SD, median [IQR]. 
NYHA= New York Heart Association; HF= heart failure; eGFR = estimated glomerular 
filtration rate; CKD = chronic kidney disease; UACR= urine albumin to creatinine 
ratio. Obesity defined as BMI≥ 30 kg/ m2 ; CKD defined as eGFR<60 ml/min/1.73 
m2; albuminuria defined as UACR≥17 mg/g in men and ≥25 mg/g in females; anemia 
defined as Hb <12 g/dl in females and < 13 g/dl in males.
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women were more symptomatic, having less II NYHA class and more 
III class. There was a trend toward less diabetes and anemia (using 
sex specific cut off values for hemoglobin: <12 g/dl for women and < 
13 g/dl for men) in women compared to men. Women were less likely 
to have albuminuria, while chronic kidney disease (CKD), defined as 
eGFR< 60 ml/min per 1.73 m2, did not vary between the groups.
Sex differences in cardiac structure
 After adjustment for age, diabetes, SBP, and significant 
covariates that differed by sex in univariable analyses, women had 
higher indexed LV wall thicknesses, while LV mass and LV volumes 
indexed for height2.7 were similar. RWT and LVM/LVEDV ratio were 
not significantly different between sexes (Table 2). Plotting the sex 
differences in LV geometry (we considered normal geometry versus 
CR, or CH, or EH) there was a trend towards more abnormal LV 
geometry in women compared to men (unadjusted p=0.028, adjusted 
p=0.056, Figure 1).

NORMAL 73%

CONCENTRIC REMODELING 10%

CONCENTRIC HYPERTROPHY 12%

ECCENTRIC HYPERTROPHY 4%

NORMAL 56%

CONCENTRIC REMODELING 17%

CONCENTRIC HYPERTROPHY 17%

ECCENTRIC HYPERTROPHY 10%

MEN WOMEN

Figure 1: Prevalence of LV geometry patterns by sex. CR= concentric remodeling; 
CH=concentric hypertrophy; EH=eccentric hypertrophy. Unadjusted p value 0.028, 
adjusted p value 0.056 (adjusted for age, diabetes, SBP, heart rate, NYHA class, 
history of myocardial infarction, BMI, and presence of albuminuria)
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Multivariate logistic regression showed that the only clinical correlate of 
eccentric hypertrophy (considering all the variables included in Table 1) 
was a higher NYHA functional class (OR 4.4, 95% CI 1.4-13.8; p 0.010). 
Conversely, a concentric phenotype (remodeling or hypertrophy) was 
significantly associated only with female sex (OR 2.6, 95% CI 1.3-5.0; 
p 0.006).

Sex differences in LV diastolic function
LV diastolic function was more impaired in women than men, as 
reflected by more impaired LV relaxation (lower E’), higher LV filling 
pressure (higher E/E’), and greater LV diastolic stiffness (higher Ed) 
(Table 2 and 3). Additionally, Ed indexed to BSA was significantly 
higher in women compared to men (0.29±0.15 vs 0.19±0.09), both in 
unadjusted (p<0.001) and adjusted analysis (p<0.001). 

Sex differences in LV systolic function
Despite higher LVEF in women, overall pump function, as assessed by 
stroke volume index and deformation imaging parameters, was similar 
between men and women, while S’ mitral velocity was lower in women. 
In contrast, LV systolic stiffness (Ees) was higher in women than men, 
even after adjusting for LV geometry (LV mass/LV end diastolic volume), 
or indexing for BSA (women 4.94±1.86, men 4.28±1.70, unadjusted 
p=0.006, adjusted p=0.046). 

Sex differences in arterial stiffness
Women had higher arterial stiffness (Ea) compared to men, although 
the difference was not significant after adjusting for height2.7. The 
higher absolute values of Ea in women were matched to higher Ees, 
such that there was no sex difference in the vascular-LV coupling 
ratio. Since Ea is an index of arterial load reflective of both pulsatile 
and resistive load and influenced by heart rate, we further studied the 
separate components of pulsatile (systemic arterial compliance, SAC) 
and resistive (systemic vascular resistance index, SVRi) load. SAC was 
lower in women than men, even after adjusting for clinical covariates 
and heart rate. In contrast, SVRi was similar in women and men. Sex 
differences in arterial elastance were therefore principally reflective of 
differences in oscillatory properties.
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Discussion
Our study highlights sex differences in clinical characteristics and 
vascular-LV structure and function among patients with HFpEF. Women 
with HFpEF were less likely affected by CAD and more obese than men 
with HFpEF. Compared to men, women also displayed more impaired 

Table 2: Cardiovascular structure and function of the study population 
by sex

Males
(n=120)

Females
(n=159)

P 
(unadjusted)

P
(adjusted)a

SWT (cm) 0.97±0.19 0.94±0.17 0.28 0.28
SWT indexed to hgt2.7 (cm/m2.7) 0.23±0.05 0.28±0.06 <0.001 <0.001
SWT indexed to BSA (cm/m2) 0.49±0.11 0.53±0.11 0.005 0.002

PWT (cm) 0.88±0.17 0.85±0.15 0.10 0.07
PWT indexed to hgt2.7 (cm/m2.7) 0.21±0.05 0.25±0.05 <0.001 <0.001
PWT indexed to BSA (cm/m2) 0.45±0.10 0.48±0.10 0.010 0.005

LVM (g) 162±47 136±34 <0.001 <0.001
LVM indexed to hgt2.7 (g/m2.7) 38.5±12.0 39.5±10.7 0.47 0.39
LVM indexed to BSA (g/m2) 82.6±24.6 76.5±19.9 0.023 0.26

LVEDV (ml) 130±32 102±22 <0.001 <0.001
LVEDV indexed to hgt2.7 (ml/m2.7) 30.7±8.0 29.6±7.1 0.23 0.73
LVEDV indexed to BSA (ml/m2) 66.2±16.7 57.2±12.6 <0.001 0.005

LVESV (ml) 59±22 41±13 <0.001 <0.001
LVESV indexed to hgt2.7 (ml/m2.7) 14.0±5.5 11.9±3.9 <0.001 0.10
LVESV indexed to BSA (mL/m2) 30.1±11.7 23±7.3 <0.001 0.001

RWT (cm) 0.368±0.082 0.384±0.083 0.10 0.48
LVM/LVEDV (g/ml) 1.30±0.43 1.38±0.40 0.16 0.34
SV (ml) 71±17 61±14 <0.001 <0.001

SV indexed to hgt2.7 (ml/m2.7) 16.7±3.9 17.7±4.4 0.060 0.20
SV indexed to BSA (ml/m2) 36.1±8.5 34.2±7.9 0.054 0.22

LA volume (ml) 69±28 64±24 0.10 0.023
LA volume indexed to hgt2.7 (ml/m2.7) 16.2±6.5 18.7±7.3 0.004 0.08
LA volume indexed to BSA (ml/m2) 35.1±13.9 36.3±13.3 0.45 0.77

LVEF (%) 55.5±8 60.1±6.9 <0.001 0.012
S’ (cm/s) 6.6±1.6 6.2±1.4 0.06 0.037
Global Longitudinal Strain (%) -14.5±3.2 -14.8±3.4 0.53 0.28 b

Global Circumferential Strain (%) -22.4±6.2 -23.4±5.8 0.33 0.24 b

Global Radial Strain (%) 21.1±6.9 22.6±9.7 0.21 0.50 b

E (cm/s) 76.8±27.4 87.4±29.2 0.002 0.001
A (cm/s) 71.6±20.9 79.2±29.5 0.06 0.017
E/A 1.2±0.7 1.0±0.5 0.18 0.10
E’ (cm/s) 7.1±2.3 6.3±2.1 0.009 0.002
E/E’ 12.1±4.8 15.8±7.1 <0.001 <0.001
PASP (mmHg) 35±8 37±9 0.47 0.16
MR jet area/LA area 5.4±2.7 6.0±3.1 0.21 0.18

Data are mean ± SD. 
Hgt= height. BSA= body surface area. LVEDD= left ventricular end diastolic diameter. LVESD= 
left ventricular end systolic diameter. SWT= septal wall thickness. PWT= posterior wall thickness. 
RWT=relative wall thickness. LVM= left ventricular mass. LVEDV= left ventricular end diastolic 
volume. LVESV= left ventricular end systolic volume. SV= stroke volume. LA= left atrial. LVEF=left 
ventricular ejection fraction. S’= TDI systolic mitral annulus velocity. E= early mitral inflow velocity. 
A= late mitral inflow velocity. E/A=early to late mitral inflow velocity ratio. E’= mitral relaxation 
velocity. E/E’=mitral inflow to mitral relaxation velocity ratio. PASP=pulmonary artery systolic 
pressure. MR= mitral regurgitation. 
a adjusted for age, diabetes, NYHA class, history of myocardial infarction, BMI, systolic blood 
pressure, presence of albuminuria, heart rate.
b adjusted for age, diabetes, NYHA class, history of myocardial infarction, BMI, systolic blood 
pressure, presence of albuminuria, heart rate, and EF
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LV diastolic function (lower E’, higher E/E’), LV diastolic stiffening 
(higher Ed), and LV systolic stiffening (higher Ees), associated with 
a trend towards more abnormal LV geometry. There were no sex 
differences in systolic arterial-LV coupling. These findings contribute to 
our understanding of the predisposition of women to HFpEF.
 The clinical differences between women and men described 
in PARAMOUNT parallel those seen previously in other HFpEF 
studies,1,11,23 and mimic the characteristics that distinguish HFpEF 
from HFrEF in the community.2,24 These findings could contribute to 
the predominance of women compared to men carrying the burden of 
HFpEF compared to HFrEF. Since aging, hypertension, and obesity 
may have a different impact on cardiac structure and function, arterial 
elastance, and endothelial dysfunction in women and men,3,5,8,25-
262728 they represent a possible explanation for sex disparities in 
cardiovascular remodelling in HFpEF.
 Women have been shown to display a steeper increase of 
LV mass with aging.4 Furthermore, so-called normal aging has been 
demonstrated to worsen LV diastolic function more in women than 
in men.7,8,29 In the PARAMOUNT study, women displayed greater 
cardiac functional abnormalities compared to men with HFpEF. 
Additionally, our current findings of possible sex differences in LV 
geometry are consistent with previous data from the community, where 
women had a greater degree of LVH in response to hypertension and 
obesity compared to men.6 Furthermore, it is noteworthy that the extent 
of LVH was not very marked in our population. This is consistent with 
epidemiologic data in HFpEF 30 and underscore that the presence of 
LVH is not a prerequisite for the development of HFpEF. Nonetheless, it 
is also possible that in a sicker population more extensive LV remodeling 
might have been found, and some sex differences potentiated. 
 Of note, the encountered sex based differences in cardiac 
structure and function in our HFpEF population are consistent with 
“intrinsic” sex differences in LV structure and function in the absence 
of HF.7,8,28,31,32 Sex differences appear to be greater in the 
presence of risk factors for HFpEF, and further exaggerated when 
HFpEF develops. Importantly, our data show that these differences 
persisted after adjustment for comorbidities and age, suggesting 
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that the enhanced LV diastolic dysfunction and systolic stiffening in 
women with HFpEF may be secondary to sex-specific mechanisms. 
Indeed, sex hormones have been suggested as a possible explanation 
for the female predisposition to develop LV diastolic dysfunction and 
HFpEF.33-343536 In particular, reduced levels of estrogens in post-
menopausal women have been linked to activation of the renin–
angiotensin system, alterations in renal sodium handling, and inhibition 
of nitric oxide and natriuretic peptides.31,33 
 Recent studies have also shown that myocardial cGMP 
production may be more dependent on natriuretic peptide signaling 
in men and on nitric oxide signaling in women.37,38 Thus, loss 
of estrogen signaling in menopause may predispose women to 
reductions in myocardial cGMP, greater LV diastolic dysfunction 
and development of HFPEF.39 At the same time, the duration of 
estrogen exposure, modifications at the estrogen receptor level, as 
well as levels of androgens seem to contribute to sex differences in 
cardiovascular structure and function.32,33 These sex based time 
varying phenomena matches with the recently observed changes of 
diastolic function,30 LV systolic function, and functional reserve across 
the lifespan in both sexes, which become more impaired in women 
compared to men in the postmenopausal years, despite similar or 
enhanced function in women during youth.40 Furthermore, hormone 
levels are believed to partly justify sex based disparities in arterial 
properties, with higher arterial stiffening described in aged women 
than men.8,41,42 However, multiple factors affecting the arterial 
tree differ between the two sexes, including discrepancies in body 
height, heart rate, and smaller arterial diameters in women.43 Since 
women have on average smaller body size and arterial length than 
men, they have an earlier wave reflection, which tends to amplify the 
pressure wave in systole rather than diastole, and may account for 
lower vascular compliance in women.44 Concordantly, in our study we 
found a higher arterial elastance (Ea) in women compared to men, 
which may have been related to sex based differences in height or 
BSA, as demonstrated by Ea indexed measures (Eai). Nonetheless 
other studies using applanation tonometry have shown that the sex 
differences in arterial wave reflection are not fully accounted for by 
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morphometric differences, and may also be due to differences in the 
physical properties of the vascular tree (i.e. arterial stiffness).45 Thus 
the higher absolute Ea in women than men, although not significant 
after adjusting for height, may still be of clinical importance.
 Finally we observed a higher mean LVEF in women compared 
to men with HFpEF, consistent with previous reports11,12,24 and 
with the known 5% difference in LVEF described as a “normal LVEF 
gap” expected between the sexes.46 Since SVi was not significantly 
different by sex, the higher LVEF in women was primarily due to the 
smaller LV end diastolic volume index denominator in women. This 
is consistent with findings reported in the MESA population.47 In our 
study, LVEF was higher in women with HFpEF despite lower mitral S’ 
velocities and similar systolic longitudinal strain, compared to men with 
HFpEF. Sex differences in tissue Doppler velocities, but not in global 
longitudinal strain, were consistent in systole and diastole and suggest 
that the two modalities may provide different information. Indeed, 
global longitudinal strain has been shown to be less load-dependent 
than tissue Doppler velocities.48 Overall, these results indicate that 
the higher LVEF in women may be related to differences in LV structure 
rather than a true increase in myocardial contractility.
 Limitations of this analysis should be noted. First, the cross-

Table 3: Vascular and ventricular stiffness parameters by sex
Males

(n=120)
Females
(n=159)

P 
(unadjusted)

P
(adjusted) 

a

Ed 0.10±0.05 0.17±0.08 <0.001 <0.001 b

Ea (mm Hg/ml) 1.8±0.5 2.1±0.5 <0.001 <0.001
Ea indexed to hgt2.7 (mm 
Hg·m2.7/ml) 7.6±1.9 7.4±2.0 0.31 0.27
Ea indexed to BSA (mm 
Hg·m2/ml) 3.5±0.9 3.8±1.0 0.028 0.26

SAC (ml/mm Hg) 1.31±0.43 1.10±0.37 <0.001 <0.001
SVRi (dyn·s·cm-5·m2) 3377±956 3555±1060 0.15 0.19
Ees (mm Hg/ml) 2.1±0.8 2.7±1.0 <0.001 <0.001 b

Ea/Ees 0.92±0.35 0.88±0.51 0.49 0.48

Data are mean ± SD. 
BSA= body surface area. Ed= left ventricular diastolic stiffness. Ea= effective arterial elastance. 
SAC= systemic arterial compliance. SVRi= systemic vascular resistance index. Ees= left 
ventricular end systolic elastance. Ea/Ees= ventricular/vascular coupling. 
a adjusted for age, diabetes, NYHA class, history of myocardial infarction, BMI, systolic blood 
pressure, presence of albuminuria, heart rate.
b adjusted for age, diabetes, NYHA class, history of myocardial infarction, BMI, systolic blood 
pressure, presence of albuminuria, heart rate, and LV mass/LV end diastolic volume.
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sectional nature of the data precludes conclusions about causality. 
Second, we did not assess diastolic indices or ventricular/arterial 
mechanical properties using invasive measures. Although invasive 
methods are considered the gold standard, repeated invasive studies 
to characterize ventricular/arterial mechanics would not have been 
feasible in this large sample. Furthermore all echoes were analyzed 
in an experienced echo-core laboratory. Third, our results may not be 
generalizable to HFpEF population in the community, given the inclusion 
and exclusion criteria of the PARAMOUNT trial. The PARAMOUNT 
study population was a stable, compensated chronic HFpEF population 
with only mildly elevated LV filling pressures and PASP at rest despite 
a validated diagnosis of HF in every case. Nonetheless, baseline 
characteristics of our patients were largely similar to those described 
in previous HFpEF epidemiological studies .11,49-5051 
 In conclusion, there are prominent sex differences in clinical 
characteristics and vascular-LV structure and function among patients 
with HFpEF. Our data show that more pronounced diastolic dysfunction 
may contribute to the greater predisposition to HFpEF in women 
compared with men.
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