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Abstract

Anemia is a commonly occurring comorbidity among patients with heart failure with preserved 

ejection fraction (HFpEF) but limited data exists on the cardiovascular phenotype of anemia in 

HFpEF. We sought to characterize the clinical features, exercise capacity and outcomes in patients 

with HFpEF to elucidate the phenotype and pathophysiology of anemia in HFpEF. Post-hoc 

analyses of participants enrolled in the RELAX (Phosphodiesterase-5 Inhibition to Improve 

Clinical Status and Exercise Capacity in Diastolic Heart Failure) trial was performed. Anemia was 

defined as hemoglobin <13g/dL in men and <12 g/dL in women. Multivariate adjusted regression 

modeling was done to assess for differences in peak oxygen uptake. Adjusted hazard ratios were 

generated to assess difference in hospitalization events using a Cox proportional hazards model. 

Anemic HFpEF patients were more likely to be older, male, and have worse renal function (p<0.05 
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for all). NT-proBNP, troponin I, pro-collagen III N-terminal peptide, C-telopeptide for type I 

collagen, uric acid, cystatin-c and galectin-3 (p<0.05 for all) levels were higher in anemic HFpEF 

patients. In adjusted models, anemic HFpEF patients had worse exercise capacity (peak oxygen 

uptake: 11.3 vs 12.1 mL/kg/min; p=0.004). The hazard for cardiac or renal cause of hospitalization 

in those with anemia was 2.0 (95% CI: 0.9–4.3). Anemic HFpEF patients have worse exercise 

capacity and are more likely to be hospitalized. A better understanding of the physiologic 

phenotypes of HFpEF patients may allow for greater personalization of treatment and 

prognostication in HFpEF patients.
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Introduction

Anemia occurs in approximately half of all individuals with chronic heart failure,1 and lower 

hemoglobin levels are independently associated with worse exercise capacity, longer and 

more frequent hospitalizations, lower quality of life, and poor cardiovascular outcomes.2 

The comorbidity burden of anemia is similar in patients of heart failure with preserved 

ejection fraction (HFpEF) and heart failure with reduced ejection fraction (HFrEF).2,3 There 

is a complex and multifactorial relationship between anemia and outcomes in HFpEF, with 

left ventricular (LV) dilation, hypertrophy, remodeling, and increased myocardial work 

playing a contributory role.2 The differences in the characteristics and the impact of anemia 

on outcomes in HFrEF have been previously described,4 and but data there is limited 

information on the impact of anemia in a well phenotyped and followed HFpEF population 

from clinical trials.2 The RELAX (Phosphodiesterase-5 Inhibition to Improve Clinical Status 

and Exercise Capacity in Diastolic Heart Failure) trial enrolled and comprehensive 

phenotyped clinical features, cardiac imaging parameters, biomarkers, exercise capacity, and 

quality of life of HFpEF patients.5 We sought to characterize the anemia-related differences 

in clinical features, cardiac structure and function by imaging, exercise capacity, and 

outcomes in patients with HFpEF. We hypothesized that anemia in HFpEF has a distinct 

phenotype and pathophysiology, and that anemia is associated with worse exercise capacity, 

and clinical outcomes in RELAX trial participants.

Methods

The RELAX trial was a multicenter, randomized, double-blind, placebo-controlled, 24-week 

trial conducted by the Heart Failure Clinical Research Network and funded by the National 

Heart, Lung, and Blood Institute (NHLBI).5 The trial was conducted between October 1, 

2009, and February 1, 2012, in 216 (215 with data on anemia) stable HFpEF patients 

enrolled across 26 centers in the United States and Canada randomized to 24-weeks of 

sildenafil versus placebo. The data for current analyses were obtained from the NHLBI 

BioLINCC data repository. Anemia was defined as hemoglobin <13g/dL in men and <12 

g/dL in women. The study was conducted in accordance with the principles in the 
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Declaration of Helsinki. Written and informed consent was obtained from all participants in 

the parent trial and the trial was approved by protocol review and data safety monitoring 

committee and the institutional review board at the respective sites.6

Study design, inclusion and exclusion criteria, and results have been previously described.
5,6. In brief, patients enrolled in the RELAX trial had a left ventricular ejection fraction 

(LVEF) ≥50% measured in the last 12 months and had objective evidence of heart failure. 

Additionally, the enrolled patients had elevated N-terminal pro-B-type natriuretic peptide 

levels (NT-proBNP) ≥400 pg/mL or B-type natriuretic peptide ≥200 pg/mL or elevated 

invasively measured filling pressures [pulmonary capillary wedge pressure (>20 mm Hg on 

rest or >25 mm Hg on exertion)], in addition to peak oxygen consumption (VO2) ≤60% of 

the age and sex-adjusted normative values while achieving an exercise respiratory exchange 

ratio ≥1.0.

Participants underwent baseline testing and investigation before randomization. In brief, the 

baseline evaluation included history and physical examination, quality of life assessment 

using the Minnesota Living with Heart Failure Questionnaire (MLWHFQ), laboratory 

examination for routine assessment and biomarkers, 6-minute walk testing, 

echocardiography, cardiac magnetic resonance imaging (CMR; if in sinus rhythm), and 

cardiopulmonary exercise testing.6

Assessment of laboratory parameters and biomarkers was done as per the previously 

described RELAX trial protocol.6 Lab parameters that included, hemoglobin, glomerular 

filtration rate, serum electrolytes, creatinine, and blood urea nitrogen, were assessed locally 

at the respective trial sites. Analyses of plasma biomarkers representing myocardial injury or 

inflammation [high-sensitivity Troponin-I (hs-TropI), and high-sensitivity C-reactive 

protein], fibrosis [Pro-Collagen III N-terminal peptide, C-telopeptide for type I collagen 

(CITP), galectin-3], renal function (creatinine, uric acid, cystatin-c) and neurohormonal 

activation (endothelin-1, NT-proBNP, aldosterone) was performed at the Heart Failure 

Clinical Research Network biomarker core lab (University of Vermont, Burlington, VT).

Doppler echocardiography and CMR imaging was performed as per the study protocol,6 and 

measurements were carried out at the Heart Failure Clinical Research Network core 

echocardiography lab (Mayo Clinic, Rochester, MN) and Heart Failure Clinical Research 

Network core CMR imaging lab (Duke University, Durham, NC). Echocardiography and 

CMR parameters included aortic thickness, aortic distensibility, cardiac index, deceleration 

time, E/A ratio, E/e’ ratio, left atrial (LA) volume, LA volume index, medial and lateral e’ 

velocity, LV end-diastolic volume, LV end-diastolic volume index, LV ejection fraction, LV 

end-systolic volume, LV end-systolic volume index, LV mass, LV mass index, pulmonary 

artery systolic pressure, and stroke volume. Grading of LV diastolic dysfunction was done as 

per the American Society of Echocardiography 2016 guidelines.7

The cardiopulmonary exercise testing was performed on a bicycle or a treadmill as per the 

predefined RELAX protocol, the details of which have been previously described.5,6 

Blinded analysis of the measurements was done at the Heart Failure Clinical Research 

Network core cardiopulmonary exercise testing lab (Harvard University, Cambridge, MA). 
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Exercise capacity parameters evaluated included chronotropic index, chronotropic 

incompetence, exercise duration, peak heart rate and blood pressure, peak oxygen 

consumption (VO2), percent predicted peak VO2, peak VO2 at ventilatory anaerobic 

threshold, and respiratory exchange ratio. The percent predicted peak VO2 was calculated 

using age and sex-specific normative values as previously described.5 Additionally, 6-minute 

walk distance (6MWD) and percent predicted 6MWD was measured to assess the sub-

maximal exercise capacity. The percent predicted 6MWD was calculated using normative 

values adjusted for age, sex, weight, and height.

Baseline characteristics including cardiac imaging and exercise parameters of study 

individuals were compared, stratified by anemia using descriptive statistics. In brief, 

continuous data were summarized as median and interquartile range (IQR) and compared 

using the Wilcoxon rank-sum test. Categorical variables were summarized as number with 

percentages and compared using the Chi-Square test. Continuous variables such as NT-

proBNP, hs-TropI, CITP, and galectin-3 levels were found to be non-normal (based on 

histogram, Q-Q plot, and Shapiro Wilk test) and were log-transformed for analyses.

Linear regression models were used to assess the relationship between anemia and baseline 

evaluation for echocardiography, CMR parameters, and exercise capacity. Furthermore, 

baseline parameters which were found to be significant in the aforementioned models were 

further adjusted for the factors known to affect imaging variables and exercise testing based 

on prior studies.8,9 In brief, we included age, sex, race, body mass index, systolic blood 

pressure, diabetes mellitus, resting heart rate, smoking, glomerular filtration rate (from 

modified MDRD [Modification of Diet in Renal Disease study] equation), history of atrial 

fibrillation, chronic obstructive pulmonary disease, NYHA (New York Heart Association) 

class, ischemic heart disease, valvular heart disease, and anti-hypertension medications for 

the adjustment.

The association between anemia and hospitalization was assessed using Cox proportional 

hazard model adjusted for age, glomerular filtration rate, and NYHA functional class based 

on prior studies.8 Potential effect modification by status of anemia was assessed using 

multiplicative interaction term (anemia*treatment) with respect to change (from 

randomization to end of study) in peak VO2, 6MWD, and MLWHFQ score.

We also performed ranking of relative strength of association between peak VO2 and various 

clinical and demographic factors by using likelihood ratio test as previously described.10 

Multivariate linear regression models with and without respective covariates were used to 

calculate the Chi-Square values for each covariate. Additionally, we calculated the H2FPEF 

score, which has been recently developed to assess the diagnostic probability of HFpEF in 

clinical setting.11 The HFpEF probability was calculated using regression coefficients for the 

H2FPEF score parameters as previously described.11 For all analyses, a two-tailed p-value 

<0.05 was considered statistically significant. All statistical procedures and analyses were 

conducted using SAS software version 9.4 (SAS Institute, Cary, NC).
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Results

Two hundred and fifteen participants from the RELAX trial had hemoglobin data and were 

eligible for analyses. The prevalence of anemia in the entire cohort was 35%. Those with 

anemia were likely to be older (median age 71 vs. 67 years; p=0.07) and males (64.5% vs. 

44.6%; p=0.005) (Table 1). At the time of enrollment, the symptom severity, comorbidities 

burden, and quality of life were similar in HFpEF patients with and without anemia (Table 

1). Diabetes mellitus (51.3% vs. 38.1%; p=0.06) and valvular heart disease (82.9% vs. 

66.2%; p=0.009) was more common in people with anemia. Those with anemia had worse 

glomerular filtration rate (48.4 vs. 62.2 mL/min/1.73 m2; p<0.001), blood urea nitrogen 

(31.7 vs. 21.0 mg/dL; p<0.001), and creatinine levels (1.5 vs. 1.0 mg/dL; p<0.001) (Table 1). 

Apart from a trend for higher statin use in anemics (72.4% vs. 59.7%; p=0.06), the 

medication use was similar in both groups (Table 1). H2FPEF score was alike in both the 

groups [6 (IQR: 5, 8) vs. 6 (IQR: 5, 8); p=0.78] with comparable high estimated probability 

of HFpEF for the population with anemia and without anemia (96.7% vs. 95.4%; p=0.16) 

(Table 1).

Anemic HFpEF patients showed higher levels of profibrotic biomarkers galectin-3 (16.1 vs. 

13.1 ng/mL; p<0.001), CITP (9.0 vs. 5.4 μg/L; p<0.001), and pro-collagen III N-terminal 

peptide (8.1 vs. 7.5 μg/L; p=0.06)]. NT-proBNP levels were significantly higher in anemic 

patients (976.9 vs. 633.3 pg/mL; p=0.008), whereas other neurohormonal activation markers 

were similar when compared to patients without anemia (Table 2). Higher levels of high-

sensitivity Troponin I (hs-TropI) were noted in anemic patients (12.1 vs. 7.8 ng/L; p<0.001). 

However, high-senstivity C-reactive protein levels did not differ significantly between the 

two groups (Table 2). Anemic HFpEF patients also had evidence of worse renal function 

compared to patients without anemia (Table 2).

On echocardiography, anemic HFpEF patients had a similar ejection fraction compared to 

those without anemia. Anemic patients had a greater LA volume (LA volume index: 54.5 vs. 

42.1 mL/m2; p=0.02), LV volume (LV end-diastolic volume index: 57.7 vs. 49.9 mL/m2; 

p=0.05), relatively higher LV filling pressure (E/e’ ratio: 17.5 vs. 15.0; p=0.06), and right 

ventricular systolic pressure (pulmonary artery systolic pressure: 45.5 vs. 38.9 mmHg; 

p=0.07) (Table 3). Grading of LV diastolic dysfunction was similar in the patients with and 

without anemia (Supplementary Table). In the subgroup of patients who underwent CMR 

imaging, the ejection fraction was similar between the two populations, while anemic 

HFpEF patients had a higher stroke volume (80.1 vs. 67.9 mL; p=0.001) and indexed LV 

end-diastolic volume (65.1 vs. 60.0 mL/m2; p<0.001) (Table 3). The indexed LV mass was 

also greater in anemics (LV mass index: 70.3 vs. 60.0 gm/m2; p=0.005) compared to their 

counterparts without anemia. While other parameters were not statistically significant in 

multivariable-adjusted models (p>0.05 for all), stroke volume measured on CMR remained 

significant by the status of anemia (p=0.03).

In comparison to HFpEF patients without anemia, anemic HFpEF patients had a shorter 

exercise duration (9.2 vs. 9.9 minutes; p=0.03), lower absolute peak VO2 (11.3 vs 12.1 

mL/kg/min; p=0.003), percent of predicted peak VO2 (38.6% vs 42.6%; p=0.001), and had a 

higher respiratory effort (respiratory exchange ratio: 1.11 vs. 1.07; p=0.007) during 
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cardiopulmonary exercise testing (Table 4). Poorer sub-maximal exercise performance was 

observed in anemics as demonstrated by a lower 6MWD (303.5 vs. 317.0 m; p=0.03), 

percent predicted 6MWD (65.0% vs 72.1%; p=0.01), and peak VO2 at ventilatory anaerobic 

threshold (673.0 vs 730.5 mL/min; p=0.02) (Table 4). In multivariate-adjusted models, there 

was significant difference in peak VO2 (p=0.004) (Figure 1), percent of predicted peak VO2 

(p=0.02), respiratory exchange ratio (p=0.04), and peak VO2 at ventilatory anaerobic 

threshold (p=0.02). The ranking of relative strength of association between peak VO2 and 

various clinical and demographic factors in multivariate adjusted models was also done for 

patients with and without anemia (Figure 2).

Anemic HFpEF patients at the time of enrollment had a greater prevalence of at least one 

hospitalization in the preceding 12 months (47.4% vs. 30.2%; adjusted p=0.04). Anemic 

patients were more likely to be hospitalized (at least once) for cardiac or renal causes in the 

period after enrollment (19.7% vs. 9.4%: adjusted p=0.06) (Figure 3). After adjustment, the 

hazard for hospitalization due cardiac or renal causes at the end of 24-weeks was 2.0 (95% 

CI: 0.9–4.3). There was no significant interaction between treatment arm (sildenafil vs. 

placebo), and anemia for change in peak VO2, 6MWD, MLWHFQ score, and number of 

participants with one or more hospitalizations, respectively (p>0.10 for all).

Discussion

Our study provides a detailed characterization of the clinical, physiologic, and imaging 

phenotypic differences between HFpEF patients with and without anemia. Nearly 35% of 

HFpEF patients had anemia and these patients were clinically indistinguishable from those 

without anemia having a similar symptom severity, co-morbidity burden, and quality of life. 

However, there was greater evidence of fibrosis, oxidative stress, and myocardial injury as 

demonstrated by elevated galectin-3, Pro-Collagen III N-terminal peptide, NT-proBNP, and 

hs-TropI levels. Anemic patients had a worse functional capacity in comparison to HFpEF 

patients without anemia, as demonstrated by a significantly lower peak VO2 and 6MWD. 

Hospitalization rates before the study and during the follow-up period were higher in anemic 

patients.

Anemia has a multifactorial role in the pathophysiology of heart failure and has been 

previously reported in HFpEF patients with increasing age, diabetes mellitus, and renal 

dysfunction.12 A similar preponderance of comorbidities in anemic HFpEF patients was 

seen in the RELAX trial. Previous investigations in predominantly HFrEF populations 

suggest that chronic inflammation, inadequate erythropoietin production, bone marrow 

defects, marrow unresponsiveness, and iron deficiency contribute to the development of 

anemia.1,13, 14 Given the importance of iron in mitochondrial function, oxidative injury, and 

collagen synthesis,15 one can speculate its role in the underlying etiopathogenesis of HFpEF. 

We have studied the anemic phenotype of HFpEF independent of iron deficiency status, as 

we were limited by unavailability of data for iron deficiency markers. O’Meara et al.2 

previously described the differences in anemic phenotype in HFpEF individuals from the 

CHARM trial, and observed worse renal function, differences in comorbidity burden, more 

hospitalization, and greater cardiovascular and all-cause mortality. We observed a similar 

finding in our cohort with poor renal function and more hospitalization among anemic 
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HFpEF patients. Low rates of adverse outcomes in RELAX trial participants limited our 

ability to analyze the impact of anemia on mortality outcomes.

Anemic HFpEF patients had higher levels of biomarkers suggestive of worsening LV wall 

stress (NT-proBNP), increased oxidative stress (uric acid), ongoing myocardial injury (hs-

TropI) and fibrosis (CITP, galectin-3, Procollagen III N-terminal peptide). Correlates of NT-

proBNP are well recognized16 and its levels are used for risk stratification,16 

prognostication, and grading of heart failure severity. NT-proBNP is stimulated by 

hypoxemia in healthy subjects which may possibly explain the observed difference in levels 

between the two groups.17 Biomarker profiles of anemic HFpEF patients as described in our 

study provide insight not only to disease severity and progression but also help to illustrate 

the pathophysiology in HFpEF.18

Anemia may be compensated for by an increase in stroke volume, a mechanism which may 

already be impaired in heart failure, resulting in poor oxygen delivery and impairment of 

functional capacity.19 In line with this physiological principle, we observed a higher stroke 

volume and reduced peak oxygen consumption and exercise capacity, in anemic HFpEF 

patients. Furthermore, the natural history of HFpEF is not well understood as literature 

mostly describes the disease progression after an index event.20 Exercise capacity is central 

to the understanding of the disease and outcomes. Reduced exercise capacity in HFpEF 

correlates with elevated filling pressures21 and usually precedes the development of overt 

HFpEF and acute decompensated heart failure. Decreased exercise capacity is an indicator 

of poor cardiovascular outcomes in patients with HFrEF, and with a modest increase in 

exercise capacityis associated with an improvement in cardiovascular outcomes.22 We found 

that anemic HFpEF patients had reduced exercise capacity and a higher risk for 

hospitalization. Physiologically, a reduced arteriovenous oxygen gradient due to reduced 

oxygen delivery or reduced oxygen extraction in exercising muscle is a significant 

determinant for reduced peak VO2.23 We observed a worse peak VO2 in the anemic HFpEF 

cohort, mirroring physiological role hemoglobin plays in oxygen delivery. Though it may be 

difficult to differentiate HFpEF patients with and without anemia based on clinical 

symptoms and comorbidity burden, literature suggests that exercise testing is valuable in 

HFpEF patients for risk stratification and prognostication.24

Burns et al.25 elaborated upon the association of anemia in HFpEF with markers of diastolic 

dysfunction, such as E/A ratio, E/e’ ratio, and pulmonary artery systolic pressure. With 

respect to echocardiographic markers, we observed a larger indexed LA volume, a trend for 

higher pulmonary artery systolic pressure, and E/e’ ratio in anemic HFpEF patients without 

any significant difference in E/A ratio, possibly due to inadequate study power. Additionally, 

on CMR imaging we demonstrated a higher indexed LV mass and a significantly higher LV 

end-diastolic volume in HFpEF patients with anemia. Increased LV mass has been showed 

to be an independent risk marker for adverse cardiac events with higher LV mass at baseline 

associated with incident HF.26 CMR imaging provides better spatial resolution and may 

elucidate more information for patients with HFpEF as the imaging modality gains utility in 

clinical practice.
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HFpEF is now increasingly being recognized as a systemic disorder27 that involves multiple 

other organs including lungs skeletal muscle, adipose tissue, and kidneys with limited 

therapeutic options.28 HFpEF is characterized by multiple comorbidities existing alongside 

the cardiac dysfunction, and anemia appears to be part of the complex etiopathogenesis 

puzzle of HFpEF (Figure 4). The distinct biomarker profile we observed lays groundwork 

into exploring the role anemia and iron deficiency play in the pathophysiology of HFpEF 

and its impact on the disease morbidity. A better understanding of the pathophysiology may 

help us in addressing the pathological derangements by focusing on the development of 

novel therapeutic measures and by using pre-existing therapies like cardiopulmonary 

rehabilitation and iron supplementation. Understanding these differences in 

cardiopulmonary exercise testing in anemic HFpEF patients will allow for greater 

personalization of treatment and prognostication. Increasing awareness for the recognition of 

the anemic HFpEF phenotype as a high-risk group is important, particularly to stem the 

symptomatic deterioration and hospitalization. Multiple trials have tried to address the 

importance of anemia in heart failure29 by treating the frequently preceding and underlying 

iron deficiency.30,31 The CONFIRM-HF30 and FAIR-HF31 trial evaluated intravenous iron 

treatment in HFrEF and observed significant improvements in functional status and reduced 

risk for hospitalizations following treatment. The results of the ongoing FAIR-HFpEF study 

(NCT03074591) examining the role of intravenous iron therapy in improving symptoms in 

HFpEF patients are eagerly awaited.

There are several limitations in our study while interpreting the results. There is a notable 

lack of other hematological parameters available to assess the anemia status and derive 

information on the iron deficiency. Serial hemoglobin assessments were also not available 

for the participants. RELAX trial outlined detailed phenotype of HFpEF patients, but due to 

limited number of patients and a relatively younger population, we may have been unable to 

detect smaller yet significant variations between the HFpEF phenotype with and without 

anemia. The limited sample size also restricted our ability to detect interactions and adjust 

for confounders in our statistical models.

In a multicenter, meticulously phenotyped cohort of HFpEF patients, we observed that 

differences in cardiac structure and function with evidence of underlying oxidative stress, 

fibrosis, myocardial injury, and poor renal function, may contribute to the impaired exercise 

capacity, and increased hospitalizations in anemic HFpEF patients. Instead of a singular 

derangement of myocardial function, a combination of multi-systemic factors may be 

responsible for the worse outcomes in HFpEF patients with anemia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Exercise Capacity in Heart Failure With Preserved Ejection Fraction Patients With 
and Without Anemia
The red bars represent the values in patients with anemia. The blue bars represent the values 

in patients without anemia. Data are shown as median and IQR.

VO2: oxygen consumption.
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Figure 2. Ranking of Strength of Association Between Peak VO2 and Clinical and Demographic 
Factors
The panel shows likelihood ratios for various factors contributing to peak VO2 in patients 

with (Panel A) and without anemia (Panel B). Multivariate linear regression models with 

and without respective covariates were used to calculate the Chi-Square values for each 

covariate.

VO2: oxygen consumption.
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Figure 3. Hospitalizations in Heart Failure With Preserved Ejection Fraction Patients With and 
Without Anemia
The red bars represent the values in patients with anemia. The blue bars represent the values 

in patients without anemia. Hospitalization prior to trial enrollment was defined as at least 

one heart failure hospitalization during the 12-month period before enrollment in the 

RELAX trial. Hospitalization after enrollment was defined as the percentage of patients with 

≥1 hospitalization for cardiac or renal causes during the 6-month trial period. Data are 

shown as median and IQR.
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Figure 4. 
Insights into Cardiovascular Phenotype of HFpEF With Anemia
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Table 1:

Baseline Characteristics of Heart Failure With Preserved Ejection Fraction Patients With and Without Anemia

Variable Anemia (n=76) Without Anemia (n=139) p-value

Age (years), median, (IQR) 71 (63, 79) 67 (61, 76) 0.07

Body mass index (kg/m2), median, (IQR) 32.9 (27.8, 38.9) 33.3 (28.9, 38.7) 0.47

Body Surface Area (m2), median, (IQR) 2.1 (1.9, 2.3) 2.1 (1.9, 2.3) 0.49

Women 27 (36%) 77 (55%) 0.005

Heart Rate (beats/min), median, (IQR) 66 (59,77) 70 (62, 79) 0.10

White 68 (90%) 129 (92%) 0.40

Systolic Blood Pressure, mm Hg, median, (IQR) 122 (112, 135) 128 (115, 139) 0.09

Atrial fibrillation/flutter 42 (55%) 69 (50%) 0.43

Chronic Obstructive Pulmonary Disease 12 (16%) 29 (21%) 0.37

Diabetes Mellitus 39 (51%) 53 (38%) 0.06

Hyperlipidemia 55 (72%) 105 (76%) 0.61

Hypertension 68 (89%) 114 (82%) 0.15

Coronary Heart Disease 31 (41%) 53 (38%) 0.70

Malignancy 1 (1%) 7 (5%) 0.17

Myocardial Infarction 7 (9%) 18 (13%) 0.42

Peripheral Vascular Disease 13 (17%) 18 (13%) 0.41

Valvular Heart Disease 63 (83%) 92 (66%) 0.009

JVP ≥8 cm 35 (48%) 60 (44%) 0.63

MLWFQ Score, median, (IQR) 42 (28, 58) 44 (30, 66) 0.34

NYHA class II 33 (43%) 68 (49%) 0.44

NYHA class III 43 (57%) 71 (51%) 0.44

Orthopnea 25 (34%) 48 (35%) 0.97

Peripheral Edema ≥2 18 (24%) 26 (19%) 0.39

Blood Urea Nitrogen, mg/dL, median, (IQR) 31.7 (23.0, 42.3) 21.0 (16.0, 27.0) <0.001

Creatinine level, mg/dL, median, (IQR) 1.5 (1.2, 1.8) 1.0 (0.9, 1.4) <0.001

GFR, mL/min/1.73 m2, median, (IQR) 48.4 (33.8, 63.4) 62.2 (49.0, 80.1) <0.001

Hemoglobin, g/dL, median, (IQR) 11.5 (11.0, 12.2) 13.5 (13.0, 14.5) <0.001

Sodium level, mEq/L, median, (IQR) 140 (139, 142) 140 (138, 141) 0.24

H2FPEF Score*, median, (IQR) 6 (5, 8) 6 (5, 8) 0.78

H2FPEF Score based HFpEF Probability, Median 96.7 (91.0, 98.6) 95.4 (84.0, 98.1) 0.16

Percentage, (IQR)

ACE inhibitors or ARB 51 (67%) 93 (67%) 0.98

Aldosterone Antagonist 11 (15%) 12 (9%) 0.18

Calcium Channel Blocker 22 (29%) 44 (32%) 0.68

Statin 55 (72%) 83 (60%) 0.06

β-Blockers 56 (35%) 108 (65%) 0.51

Abbreviations: ACE = angiotensin converting enzyme; ARB = angiotensin receptor blocker; BMI = body mass index; GFR = glomerular filtration 
rate; IQR=interquartile range; JVP = jugular venous pressure; MLWFQ = Minnesota Living with Heart Failure Questionnaire; NYHA = New York 
Heart Association.
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Note: Data are presented as median (25th–75th percentile) or as number (percentage).

*
H2FPEF score is a composite of age>60 years; use of ≥2 anti-hypertensive medications, obesity, presence of atrial fibrillation, E/e’ ratio >9, and 

pulmonary artery systolic pressure >35 mm Hg. The score is available in 126 participants (77 with anemia, 49 without anemia).
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Table 2.

Biomarkers Profile of Heart Failure with Preserved Ejection Fraction Patients with and without Anemia

Plasma Biomarkers Anemia (n = 76) Without Anemia (n = 139) p-value*

Aldosterone (pg/mL), median, (IQR) 201.0 (115.8, 267.1) 76 184.6 (122.3, 290.4) 137 0.93

cGMP levels (pmol/mL), median, (IQR) 73.4 (56.5, 94.8) 76 80.4 (59.7, 103.6) 137 0.35

CITP level (μg/L), median, (IQR) 9.0 (5.9, 14.9) 76 5.4 (4.3, 7.5) 137 <0.001

C-reactive protein (mg/dL), median, (IQR) 4.3 (1.9, 8.3) 76 3.5 (1.7, 7.9) 137 0.27

Creatinine level (mg/dL), median, (IQR) 1.3 (1.1, 1.7) 75 1.0 (0.8, 1.2) 136 <0.001

Cystatin-C level (mg/L), median, (IQR) 1.7 (1.3, 2.3) 69 1.2 (1.0, 1.5) 128 <0.001

Endothelin-I (pg/mL), median, (IQR) 2.4 (2.0, 3.4) 76 2.3 (1.9, 3.2) 137 0.19

Galectin-3 level (ng/mL), median, (IQR) 16.1 (12.1, 21.9) 74 13.1 (10.9, 15.8) 133 <0.001

NT-proBNP(pg/mL), median, (IQR) 976.9 (401.7, 2395.0) 75 633.3 (203.7, 1388.0) 137 0.008

Procollagcn III NTP level (μg/L), median, (IQR) 8.1 (6.6, 10.8) 76 7.5 (5.6, 9.3) 137 0.06

Troponin I level (ng/L), median, (IQR) 12.1 (6.5, 37.2) 75 7.8 (4.2, 14.2) 136 <0.001

Uric acid level (mg/dL), median, (IQR) 8.0 (6.3, 9.7) 75 6.7 (5.7, 8.1) 136 <0.001

Abbreviations: NT-proBNP = N-terminal pro B-type natriuretic peptide; PA = pulmonary artery; CITP=C-telopeptide for type I collagen; 
procollagen III NTP = procollagen type III N-terminal peptide; IQR-interquartile range.

Note: Data are presented as median (25th–75th percentile).

*
p-values generated after log transformation of the variables
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Table 3:

Cardiac Imaging Profile of Heart Failure With Preserved Ejection Fraction Patients with and without Anemia

Anemia (n=76) Without Anemia (n=139) p-value

Echocardiographic Parameters

Cardiac Index (L/min per meters2), median, (IQR) 2.5 (2.1, 3.0) 64 2.5 (2.0, 3.0) 121 0.60

Deceleration time (m/s), median, (IQR) 190 (159, 223) 67 182 (153, 215) 126 0.19

E/A ratio, median, (IQR) 1.5 (0.9, 2.6) 46 1.4 (1.0, 2.0) 96 0.76

E/e’ ratio, median, (IQR) 17.5 (13.3, 25.0) 63 15.0 (11.3, 20.0) 125 0.06

LA volume index (mL/m2), median, (IQR) 54.5 (38.8, 62.8) 45 42.1 (33.6, 55.2) 104 0.02

LA volume (mL), median, (IQR) 104.2 (80.3, 137.8) 45 87.8 (72.5, 110.5) 104 0.03

Lateral e’ velocity (m/s), median, (IQR) 0.09 (0.06, 0.11) 64 0.08 (0.06, 0.10) 127 0.86

LV diastolic dimension (cm), median, (IQR) 4.6 (4.2, 5.2) 59 4.6 (4.2, 5.1) 104 0.84

LV dimension/BSA, (cm/m2), median, (IQR) 2.3 (2.0, 2.5) 59 2.2 (2.1, 2.4) 104 0.61

LV end-diastolic volume index (mL/m2), median, (IQR) 57.7 (46.5, 69.6) 34 49.9 (43.5, 61.9) 70 0.05

LV end-diastolic volume (mL), median, (IQR) 116 (87, 159) 34 103 (87, 138) 70 0.17

LVEF (%), median, (IQR) 60 (55, 65) 73 60 (55, 65) 139 0.91

Medial e’ velocity (m/s), median, (IQR) 0.06 (0.05, 0.07) 66 0.06 (0.05, 0.08) 130 0.23

PA Systolic Pressure (mmHg), median, (IQR) 45.5 (36.4, 51.4) 54 38.9 (32.0, 51.0) 84 0.07

Stroke Volume (mL), median, (IQR) 81.9 (65.8, 93.5) 64 76.3 (62.3, 87.9) 121 0.29

Magnetic Resonance Imaging Parameters

Aortic distensibility (10−3/mm Hg), median, (IQR) 1.02 (0.67, 1.76) 31 1.19 (0.63, 1.64) 54 0.93

Aortic Thickness (mm), median, (IQR) 1.3 (1.1, 1.5) 34 1.3 (1.1, 1.4) 55 0.89

Cardiac Index (L/min per meters2), median, (IQR) 2.5 (2.2, 2.8) 38 2.2 (1.9, 2.6) 76 0.01

LV end-diastolic volume index, (mL/m2), median, (IQR) 65.1 (53.2, 75.7) 40 60.0 (50.4, 72.5) 76 <0.001

LV end-diastolic volume (mL), median, (IQR) 132.8 (109.0, 156.3) 40 108.5 (91.6, 133.1) 76 <0.001

LV mass index (gm/m2), median, (IQR) 70.3 (58.0, 85.6) 40 60.0 (50.4, 72.5) 76 0.005

LV mass (gm), median, (IQR) 148.8 (125.8, 176.3) 40 126.5 (99.0, 168.9) 76 0.01

LVEF (%), median, (IQR) 65.9 (54.5, 69.6) 40 65.8 (58.9, 70.9) 76 0.58

LV-end systolic volume index, (mL/m2), median, (IQR) 20.7 (17.5, 31.1) 40 18.4 (13.9, 23.8) 76 0.01

LV-end systolic volume (mL), median, (IQR) 46.0 (35.6, 64.7) 40 35.9 (27.1, 52.7) 76 0.02

Stroke Volume (mL), median, (IQR) 80.1 (70.5, 94.2) 40 67.9 (59.2, 85.5) 76 0.001

Abbreviations: BMI = body mass index; BSA = body surface area; E/A ratio = ratio of early diastolic to late diastolic mitral inflow Doppler 
velocity; e’ = tissue Doppler velocity in early diastole at mitral annulus; E/e’ = ratio of early diastolic mitral inflow velocity to tissue Doppler 
velocity in early diastole at mitral annulus; IQR-interquartile range; LA = left atrial; LV = left ventricular; LVEF = left ventricular ejection fraction.

Note: Data are presented as median (25th–75th percentile).
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Table 4.

Exercise Capacity of Heart Failure with Preserved Ejection Fraction Patients with and without Anemia

Exercise Parameter Anemia (n=76) Without Anemia (n=139) p-value

6-minute walk distance (m), median, (IQR) 303.5 (193.5, 355.5) 76 317.0 (241.0, 396.0) 139 0.03

Chronotropic incompetence (%) 80% 75 76% 137 0.50

Chronotropic index, median, (IQR) 0.42 (0.25,0.62) 75 0.52 (0.31,0.68) 137 0.08

Exercise Duration (min), median, (IQR) 9.2 (7.3, 10.9) 68 9.9 (7.8, 11.6) 135 0.03

Peak heart rate (beats/min), median, (IQR) 104 (86, 122) 75 111 (93, 128) 137 0.02

Peak systolic blood pressure (mmHg), median, (IQR) 158 (132, 170) 74 149 (130, 170) 134 0.36

Peak VO2 (ml/kg/min), median, (IQR) 11.3 (9.6, 13.2) 75 12.1 (10.7, 15.5) 139 0.003

Peak VO2 at VAT (ml/min) 673.0 (544.0, 817.0) 74 730.5 (550.0, 919.0) 138 0.02

Predicted 6-minute walk distance (% achieved), median, (IQR) 65.0 (45.9, 77.2) 76 72.1 (54.3, 84.7) 139 0.01

Predicted peak VO2 (% achieved), median, (IQR) 38.6 (32.9, 44.6) 75 42.6 (36.5, 51.3) 139 0.001

Respiratory exchange ratio, median, (IQR) 1.11 (1.04, 1.19) 75 1.07 (1.02, 1.15) 139 0.007

Abbreviations: VO2=oxygen consumption; VAT=ventilatory anaerobic threshold; m=meters Chronotropic index = [peak HR — rest HR] / [(220-

age) — rest HR].

Note: Data are presented as median (25th–75th percentile) or %.
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