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Abstract

Background: Inflammation and oxidative stress are thought to play an important role in the pathophysiology of heart failure with
preserved ejection fraction (HFpEF) through the development of endothelial dysfunction. Myeloperoxidase (MPO) functions as a link
between oxidative stress and inflammation and is an interesting therapeutic target. The objective of this observational cohort study was to
compare MPO levels between HFpEF and old controls, to define clinical characteristics associated with high levels of MPO and to assess
the relation between MPO levels and vascular function. Methods: Patients with HFpEF (N = 55) and controls >60 years (N = 18) were
prospectively included. All subjects underwent complete echocardiography and blood sampling. MPO levels were dosed by ELISA
assay. Effective arterial elastance (Ea) and peripheral arterial tonometry (EndoPAT reactive hyperemia index RHI and augmentation
index AIx) were used to assess vascular function. Characteristics between groups defined by the median of MPO were compared using
independent samples t-test or chi square test. Results: Patients with HFpEF (80 ± 8.7 years, 65% female) had higher levels of MPO
compared to controls (75± 5.0 years, 72% female) (34.7 ng/mL [22.7; 44.0] vs 22.6 [18.2; 32.0], p = 0.026). MPO levels were correlated
with markers of inflammation; C-reactive protein (Pearson’s R = 0.46, p = 0.001) and neutrophile to lymphocyte ratio (R = 0.36, p =
0.031) and with signs of left ventricular (LV) remodelling and elevated filling pressures, namely NT-proBNP levels (R = 0.32, p = 0.019),
decreased LV ejection fraction (LVEF, R = –0.36, p = 0.008) and E/e’ ratio (R = 0.35, p = 0.011). HFpEF patients with levels of MPO
above the median were more often men (48% vs 21%, p = 0.037) and suffered more often from diabetes (48% vs 18%, p = 0.017).
Intriguingly, they had lower indices of vascular stiffness (augmentation index 11.1 [0.1; 30.7] vs 19.9 [10.5; 33.4], p = 0.018 and arterial
elastance Ea 2.06 ± 0.676 vs 2.43 ± 0.721, p = 0.065) and there was no difference in endothelial function (1.82 [1.34; 2.30] vs 1.66
[1.32; 1.95], p = 0.55). Conclusions: HFpEF patients have higher levels of MPO than controls, reflecting leukocyte activation and
oxidative stress. Among patients, high levels of MPO are associated with male sex, diabetic status, subtle left ventricular dysfunction
and pronounced diastolic dysfunction. The association between oxidative stress and vascular stiffness, on the other hand could not be
demonstrated. Clinical Trial Registration: Clinical trial NCT03197350.

Keywords: heart failure with preserved ejection fraction; myeloperoxidase; oxidative stress; inflammation; diabetes; vascular stiffness

1. Introduction
Heart failure with preserved ejection fraction (HFpEF)

is characterized by signs and symptoms of heart failure,
including peripheral oedema, dyspnea and exercise intol-
erance, in the absence of a reduced left ventricular ejec-
tion fraction (LVEF ≥50%) [1]. Current understanding of
molecular mechanisms underlying HFpEF is largely based
on the 2013 “Paulus and Tschope paradigm” [2] relating co-
existing comorbidities to myocardial remodelling and dys-
function, through a systemic pro inflammatory state. Non-
cardiac co-morbidities such as diabetes, obesity, hyper-
tension, and chronic kidney disease are common in HF-
pEF and have the ability to induce systemic inflammation.
During inflammation, microvascular endothelial cells pro-
duce reactive oxygen species (ROS), which limits nitric ox-

ide (NO) bioavailability leading to oxidative stress and en-
dothelial dysfunction.

Oxidative stress and inflammation are closely inter-
connected. Transcription factors that regulate the expres-
sion of pro inflammatory cytokines are activated under ox-
idative stress conditions and in turn, induce the genera-
tion of ROS, thus creating a vicious cycle of oxidation and
inflammation [3]. Myeloperoxidase (MPO), a leukocyte-
derived enzyme, functions as a link between oxidative
stress and inflammation. During inflammation, MPO is re-
leased and uses H2O2 as a substrate to produce hypochlor-
ous acid, a powerful pro-oxidant and pro inflammatory
molecule.

Studies suggest that plasma MPO levels are elevated
in patients with HF compared to controls and that increasing
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levels ofMPO are associatedwith restrictive diastolic stage,
right ventricular systolic dysfunction and tricuspid regurgi-
tation in HFrEF [4]. Furthermore, MPOmay be involved in
the pathophysiology of atrial fibrillation through atrial ac-
cumulation of MPO and consequent increase in fibrosis [5].
These results imply that MPOmay be important also for the
development of HFpEF where diastolic dysfunction, atrial
fibrillation and fibrosis are major components. Indeed, a
recent study showed that HFpEF patients displayed higher
plasma concentration ofMPO compared to healthy controls
[6]. Furthermore, since oxidative stress and microvascular
endothelial dysfunction are suggested as fundamental parts
of the pathophysiology and development of HFpEF, MPO
inhibition appears as an interesting therapeutic approach
and a clinical trial investigatingMPO inhibitor “AZD4831”
(ENDEAVOR NCT04986202 and NCT03611153) is cur-
rently ongoing. Heterogeneity among patients with HFpEF
has been singled out to explain the difficulty to find treat-
ments improving prognosis in this population. Hence, iden-
tifying characteristics associated with high levels of MPO
could be interesting to target subgroups of patients most
likely to benefit from treatment with MPO inhibitors.

In this context, the objective of our study was to rein-
force data about MPO elevation in HFpEF, to assess the re-
lation between MPO levels and clinical parameters includ-
ing vascular function and to determine patient characteris-
tics associated with high levels of MPO.

2. Methods
2.1 Population

Patients with HFpEF encountered in our division of
cardiology betweenMay 2019 andMay 2021were prospec-
tively screened for inclusion in the study. HFpEF was diag-
nosed according to the guidelines of the European society
of cardiology [7,8]. Briefly, patients had to be symptomatic
(NewYork Heart Association (NYHA) functional class≥II
or hospitalization for HF in the previous 12 months), have a
left ventricular (LV) ejection fraction≥50%, show echocar-
diographic signs of elevated filling pressures (LV hyper-
trophy, left atrial (LA) enlargement, elevated E/e’ ratio or
elevated pulmonary pressures) and elevated NT-proBNP
(>220 pg/mL in sinus rhythm, >660 pg/mL in atrial fibril-
lation (AF)). The exclusion criteria were: history of reduced
ejection fraction (LVEF<50%), severe valvular disease, in-
filtrative or hypertrophic cardiomyopathy, acute coronary
syndrome in the previous 30 days, severe chronic obstruc-
tive pulmonary disease, congenital heart disease, pericar-
dial disease, AF with a ventricular response >140 bpm,
and severe anemia (hemoglobin <8 g/dL). A total of 55
patients satisfied the inclusion criteria. Patients underwent
blood sampling and complete transthoracic echocardiogra-
phy. All except 10 also underwent endothelial function
measurement by endoPAT (6 patients had finger deformi-
ties or injuries preventing the probes use and, there was a
technical problem with the device on the day of the study

for 4 patients). To constitute a control group of similar
age and sex, asymptomatic volunteers aged between 60 and
90 years were screened by advertisement in the local com-
munity. They all underwent a full clinical exam, blood
sampling, ECG, echocardiography and endoPAT. Exclu-
sion criteria were any evidence of heart disease as indicated
by clinical history, physical exam and echocardiography.
Eighteen subjects satisfied the inclusion criteria. Regard-
ing comorbidities, subjects were considered to have hyper-
cholesterolemia if recorded as pre-existing cardiovascular
risk factor in their medical file, if they had elevated choles-
terol values or if treated by statins. Diabetes was defined as
the presence of a previous diagnosis in the medical record.

The local ethics committee approved the study, and all
subjects gave written informed consent before study enrol-
ment (Clinical trial NCT03197350). The investigation con-
forms to the principles outlined in Declaration of Helsinki.
Patients and controls were interrogated about symptoms,
medical history and treatment and were thoroughly exam-
ined. Other information was retrieved from medical files
and from review of hospital records.

2.2 Echocardiography

Standardized complete transthoracic echocardiogra-
phy (TTE) exams were acquired according to established
guidelines [9] using iE33 ultrasound systems (Philips Med-
ical Systems, Andover, Massachusetts) equipped with a
3.5/1.75-MHz phased-array transducer and stored on a
XCELERA 2.1 PACS server (PhilipsMedical Systems, An-
dover, Massachusetts). Annular e’ velocity, average E/e’
ratio, LA volume index and peak TR velocities were mea-
sured to evaluate LV diastolic function [10].

2.3 Blood Sampling

Blood samples were collected from the cubital vein.
Samples were immediately centrifuged and aliquots of
plasma and serum were stored in microcentrifuge tubes at –
80℃ until analysis. Plasma MPO concentration was deter-
mined by an enzyme-linked immunosorbent assay (ELISA)
method (#DMYE00B, R&D Systems) according to the
manufacturer’s instructions.

2.4 Vascular Function: Effective Arterial Elastance,
Reactive Hyperemia Index and Augmentation Index

Effective arterial elastance (Ea) was calculated as de-
scribed in the literature [11]: end-systolic pressure divided
by stroke volume. End-systolic pressure was estimated as
systolic pressure times 0.9, as previously validated [12].
Digital hyperemia response was measured at finger (index)
tips using an EndoPat2000 device (Rev 3, Itamar Medical,
Caesara, Israël) (Fig. 1). Briefly, pulse wave amplitude
(PWA) changes were assessed as beat-to-beat plethysmo-
graphic signals in the index finger by high-sensitive pneu-
matic probes (EndoPAT, Itamar). The signals were mea-
sured at basal state during 5 minutes from each fingertip.
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Fig. 1. Calculation of the reactive hyperemia index (RHI) and the augmentation index (Aix) by the EndoPAT2000 software
(Itamar Medical).

Then brachial blood flow was interrupted for 5 minutes by
inflation of a sphyngomanometer cuff placed on one prox-
imal forearm, and signals were recorded during occlusion
(5 minutes) and after restoration of blood flow (5 minutes).
Data were digitized and computed automatically by En-
doPat2000 software; the reactive hyperemia index (RHI)
was defined as the ratio of mean post-deflation signal (in
the 90 to 120-second post-deflation interval) to baseline sig-
nal in hyperemic finger normalized by the same ratio in the
contra-lateral finger and multiplied by a baseline correction
factor (K = 0.523976 × log (mean baseline amplitude) –
0.2). Arterial stiffness was approximated by the augmenta-
tion index (AI), which is calculated through software identi-
fication of the systolic peak (P1) and reflected wave (P2) in-
flection points and then using the formula AI = (P1 - P2)/P1
× 100, averaged over multiple valid pulses collected dur-
ing the baseline period. It is then normalized to heart rate
of 75 bpm (referred to as AIx in the manuscript). Lower
AI values (including negative results) reflect better arterial
elasticity. This method has been shown to correlate well
with other methods of AI derivation [13].

2.5 Statistical Analysis

Statistical analyses were performed using SPSS ver-
sion 25 (SPSS Corp., Somers, NY, USA). All tests were 2-
sided and p-value < 0.05 was considered statistically sig-
nificant. The sample size of the control group was deter-
mined to reach a power of 80%, α = 0.05, with an expected

difference of 15% of plasma MPO levels between patients
and controls [6] (minimum n = 15). Continuous variables
are expressed as mean ± standard deviation (SD) or me-
dian [P25; P75] if not normally distributed. Non-normal
biomarkers (NT-proBNP, Troponin, CRP, MPO) were log-
transformed to achieve normality. Categorical variables
are expressed as count and proportion. Receiver operat-
ing characteristic (ROC) curves were established and the
area under the ROC curves (AUC) were calculated to es-
tablish the diagnostic value ofMPO levels compared to NT-
proBNP levels. Correlation between variables was assessed
using Pearson coefficient of correlation (R). Differences of
characteristics between groups were examined using inde-
pendent sample t-test, Mann Whitney U test, Chi-square
test or Fisher exact test when appropriate. Multivariate lo-
gistic regression was used to evaluate the association be-
tween MPO levels and diabetic status after correction for
age and sex.

3. Results
3.1 MPO Levels in HFpEF Compared to Controls

The characteristics of all 55 patients with HFpEF
are presented in Table 1. Patients were 80 ± 8.7 years
old, mostly women (65%) and about one third was suffer-
ing from advanced heart failure (36% NYHA class III or
IV). One third (33%) of the patients had diabetes. While
ejection fraction was preserved, patients displayed func-
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Table 1. Characteristics of HFpEF patients stratified by levels of myeloperoxidase.
All patients (N = 55) MPO below median (N = 28) MPO above median (N = 27) p-value

Age (years) 80 ± 8.7 79 ± 9.7 80 ± 7.9 0.72
Female (n, %) 36 (65%) 22 (79%) 14 (52%) 0.037
Body mass index (kg/m2) 28.2 ± 4.97 28.3 ± 5.94 28.3 ± 3.84 0.99
Systolic blood pressure (mmHg) 134 ± 20 138 ± 17 129 ± 22 0.099
Diastolic blood pressure (mmHg) 74 ± 14 75 ± 14 72 ± 15 0.45
Heart rate at inclusion (bpm) 72 ± 13 74 ± 12 70 ± 13 0.26
NYHA III – IV (n, %) 20 (36%) 10 (36%) 10 (37%) 0.92
Diabetes (n, %) 18 (33%) 5 (18%) 13 (48%) 0.017
HbA1C (in diabetic patients) (%) 6.7 [6.35; 8.23] 7.8 [6.40; 9.90] 6.6 [6.15; 7.85] 0.34

Atrial fibrillation (n, %) 42 (76%) 23 (85%) 19 (68%)
0.13Paroxysmal (n, %) 10 (18%) 6 (21%) 6 (22%)

Permanent (n, %) 32 (58%) 17 (61%) 13 (48%)
Ischemic cardiomyopathy (n, %) 21 (38%) 8 (29%) 13 (48%) 0.14
Smoking (n, %) 18 (18%) 9 (32%) 9 (33%) 0.93
Hypertension (n, %) 52 (95%) 26 (93%) 26 (93%) 1
Hypercholesterolemia (n, %) 39 (71%) 17 (61%) 22 (81%) 0.09
Sleep apneas (n, %) 6 (11%) 3 (11%) 3 (11%) 1
COPD (n, %) 6 (11%) 4 (14%) 2 (7%) 0.67
Medication
Loopdiuretics (n, %) 42 (76%) 19 (68%) 23 (85%) 0.13
MRA (n, %) 18 (33%) 11 (39%) 7 (26%) 0.19
Beta blockers (n, %) 34 (62%) 21 (75%) 22 (81%) 0.56
ACE inhibitors/ARB (n, %) 43 (78%) 16 (57%) 18 (67%) 0.47
Statins (n, %) 35 (64%) 15 (54%) 20 (74%) 0.11

Biology
eGFR (mL/min/1.73 m2) 49.4 ± 18.26 51.4 ± 16.13 47.4 ± 20.35 0.42
Hemoglobin (g/dL) 12.0 ± 1.75 12.3 ± 1.52 11.7 ± 1.94 0.19
NT-proBNP (pg/mL) 1302 [498; 2435] 1015 [361; 2251] 1668 [824; 3386] 0.044
Troponin (pg/mL) 21 [11; 40] 16 [10; 40] 32 [16; 41] 0.47
CRP (mg/L) 3.1 [1.2; 8.4] 2.1 [1.2; 4.2] 4.7 [1.4; 10.2] 0.045
Myeloperoxidase (ng/mL) 34.7 [22.7; 44.0] 23.9 [18.4; 32.0] 44.0 [37.8; 78.5] By design
Uric acid (mg/dL) 7.3 ± 2.66 6.6 ± 2.34 8.0 ± 2.84 0.06
Neutrophiles 4.3 ± 1.44 4.3 ± 1.37 4.2 ± 1.54 0.98
Lymphocytes 1.6 ± 0.66 1.7 ± 0.61 1.5 ± 0.72 0.45
Monocytes 0.68 ± 0.219 0.65 ± 0.179 0.71 ± 0.257 0.56
Neutrophile to lymphocyte ratio 3.2 ± 2.12 3.0 ± 1.9 3.3 ± 2.3 0.63

Echocardiography
Indexed LA volume (mL/m2) 37.6 ± 11.42 36.1 ± 13.29 39.2 ± 9.17 0.32
LV ejection fraction (%) 57.7 ± 5.11 59.5 ± 4.89 55.8 ± 4.71 0.007
E wave velocity (mm/s) 108.5 ± 30.29 105.6 ± 23.9 111.4 ± 35.78 0.49
E/e’ ratio 16.3 ± 5.63 14.4 ± 3.96 18.2 ± 6.40 0.012
TAPSE (mm) 19.2 ± 6.59 19.9 ± 6.09 18.7 ± 7.17 0.53
eSPAP (mmHg) 50.7 ± 13.82 49.8 ± 13.32 51.7 ± 14.59 0.66

Vascular function
Effective arterial elastance (mmHg/mL) 2.24 ± 0.716 2.43 ± 0.721 2.06 ± 0.676 0.065
EndoPAT (n = 45) (n = 22) (n = 23)

0.55
Reactive hyperemia index (RHI) 1.67 [1.33; 2.02] 1.66 [1.32; 1.95] 1.82 [1.34; 2.30]
Augmentation Index (AIx) 17.81 [2.64; 31.24] 19.9 [10.5; 33.4] 11.1 [0.1; 30.7] 0.018

NYHA, New York heart association; COPD, chronic obstructive pulmonary disease; MRA, mineralocorticoid receptor antagonist; ACE,
angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; eGRF, estimated glomerular filtration rate; NT-proBNP, N-terminal
of brain natriuretic peptide; CRP, C-reactive protein; LA, left atrium; LV, left ventricle; TAPSE, tricuspid annular plane systolic excursion;
eSPAP, estimated systolic pulmonary artery pressure.
p values are for differences of characteristics between the groupsMPO above median vsMPO belowmedian and are derived from independent
sample t-test, Mann Whitney U test, Chi-square test or Fisher exact test when appropriate). All tests were 2-sided and p-value < 0.05 was
considered statistically significant.
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tional and morphological signs of diastolic dysfunction in-
cluding increased E/e’ ratio and dilated left atrium. The
18 healthy controls (75 ± 5.0 years) were 72% women
(Supplementary Table 1).

Besides expected differences in NT-proBNP levels
and echocardiographic parameters, patients with HFpEF
had higher levels of CRP (3.1 mg/L [1.2; 8.4] vs 1.2 mg/L
[1.0; 1.75], p = 0.001), uric acid (7.3± 2.66 vs 5.2± 1.01, p
< 0.001) and MPO (34.7 ng/mL [22.7; 44.0] vs 22.6 [18.2;
32.0], p = 0.026) reflecting higher degree of inflammation
and oxidative stress (Fig. 2). However, there were no signif-
icant differences in vascular function. In controls, the reac-
tive hyperemia index was 1.80 [1.42; 2.55] and the augmen-
tation index 17.7 [4.6; 36.9] vs 1.67 [1.33; 2.02] and 17.81
[2.64; 31.24] in patients (respectively p = 0.26 and 0.70).
Effective arterial elastance was also not different (1.99 ±
0.570 vs 2.24 ± 0.716, p = 0.21).

Fig. 2. Boxplot of myeloperoxidase levels in heart failure and
preserved ejection fraction patients and controls. Center line:
median; box limits: upper and lower quartiles; whiskers: 1.5 ×
interquartile range; cross: mean; points: outliers.

TheAUC of the ROC curves for myeloperoxidase was
0.72 (0.59; 0.84) p = 0.006 indicating moderate diagnos-
tic value for HFpEF. Expectedly, NT-proBNP levels had a
very good diagnostic value of 0.94 (0.89; 1.00) p < 0.001
(Supplementary Fig. 1).

3.2 Correlation between MPO Levels and Patients’
Characteristics

Among HFpEF patients, MPO levels were correlated
with markers of inflammation; CRP (R = 0.46, p = 0.001)

and neutrophile to lymphocyte ratio (R = 0.36, p = 0.031)
and with signs of LV remodelling and elevated filling pres-
sures, namely NT-proBNP levels (R = 0.32, p = 0.019), de-
creased LV ejection fraction (LVEF, R = –0.36, p = 0.008)
and E/e’ ratio (R = 0.35, p = 0.011) (Fig. 3). There was no
correlation with age (R = 0.12, p = 0.41), body mass index
(R = 0.09, p = 0.54), nor renal function (glomerular filtra-
tion rate estimated by Chronic Kidney Disease Epidemiol-
ogy Collaboration CKD-EPI equation) (R = –0.13, p = 0.34)
[14].

3.3 Characteristics Associated with High MPO Levels
Patients with MPO levels above the median consis-

tently had higher levels of CRP and NT-proBNP levels.
They also showed lower LVEF (55.8 ± 4.71% vs 59.5 ±
4.89%, p = 0.007) and higher E/e’ ratio (18.2 ± 6.40 vs
14.4 ± 3.96, p = 0.012). Patients with MPO levels above
the median suffered more often from diabetes (48 vs 18%, p
= 0.017) and were more often males (48 vs 21%, p = 0.037)
than patients with MPO levels below the median (Table 1).
Prevalence of other risk factors (hypertension, hypercholes-
terolemia) and respiratory comorbidities (chronic obstruc-
tive pulmonary disease (COPD) and sleep apneas) did not
differ between groups.

In multivariable logistic regression, diabetic status re-
mained predictive of high levels of myeloperoxidase after
adjustment for age and sex (OR = 4.7, 95% CI 1.15–19.19,
p = 0.031). Fig. 4 illustrates the proportion of patients with
MPO levels above or below median according to sex and
diabetic status. Interestingly, all men suffering from dia-
betes (9, 100%) had MPO levels above the median, while
in women (both with or without diabetes) and in men with-
out diabetes the proportion was similar, around 40%.

Intriguingly, patients with higher levels of MPO
showed lower augmentation index (11.1 [0.1; 30.7] vs 19.9
[10.5; 33.4], p = 0.018) and a trend towards lower effective
arterial elastance (2.06± 0.676 vs 2.43± 0.721, p = 0.065)
indicating less vascular stiffness. Endothelial function did
not differ between groups (1.82 [1.34; 2.30] vs 1.66 [1.32;
1.95], p = 0.55).

4. Discussion
The findings of this study are as follows: patients with

HFpEF have higher levels of MPO than controls, MPO lev-
els in HFpEF are positively correlated with inflammation
(CRP levels), diastolic dysfunction (E/e’) and congestion
(NT-proBNP) and negatively with left ventricular ejection
fraction. Patients with MPO levels above the median suffer
more often from diabetes, are more often males but tend to
show less vascular stiffness (lower AIx) than patients with
MPO levels below the median.

Several studies have shown a strong correlation be-
tween MPO and cardiovascular disease (CVD) including
acute coronary syndrome, atherosclerosis, hypertension,
and stroke [4,15]. Consistently, recent studies that tar-
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Fig. 3. Correlations between myeloperoxidase and C-reactive protein (CRP), NT-proBNP, E/e’ ratio, left ventricular ejection
fraction (LVEF) in heart failure and preserved ejection fraction patients.

Fig. 4. Proportion of patients with MPO levels above or below
median according to sex and diabetic status.

get MPO in animal models of CVD have demonstrated
favourable outcomes with regard to disease progression

[16]. However, data in HFpEF are limited to the study by
Hage and collegues [6]. Our study corroborates their find-
ing that MPO is elevated in HFpEF patients compared to
controls and demonstrates that this applies also when the
control group is older (74 ± 6 years) and with a proportion
of women comparable to the HFpEF group (65 and 72% re-
spectively). MPO levels showed moderate diagnostic value
for HFpEF, less powerful in that regard than NT-proBNP
levels (ROC curves Supplementary Fig. 1).

MPO-mediated oxidative stress may be one of the
mechanistic link between comorbidities, inflammation and
endothelial dysfunction at the source of HFpEF [3]. Co-
morbidities, namely obesity, diabetes, and ageing generate
inflammation [17–20], during which MPO is released and
uses H2O2 as a substrate to produce hypochlorous acid, a
potent pro-oxidant and proinflammatory molecule. MPO
levels in our study were indeed correlated with markers
of inflammation (CRP and NLR) and signs of myocardial
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Fig. 5. Illustration of patients’ characteristics associated with levels of myeloperoxidase below or above the median. Patients with
heart failure and preserved ejection fraction and myeloperoxidase above the median are more often men, suffer more often form diabetes,
show subtle left ventricular dysfunction and pronounced diastolic dysfunction (high E/e’) while patients with myeloperoxidase below
the median are more often women with elevated vascular stiffness and high left ventricular ejection fraction.

remodelling, namely NT-proBNP levels, decreasing LVEF
(althoughwithin the normal range) and increasing E/e’. It is
still to be determined whether MPO plays a causative role
in the development of the disease or if it is merely a by-
stander of neutrophils activation. Indeed, recent studies di-
rectly incriminate activated neutrophils in aggravating dias-
tolic dysfunction in mice subject to pressure overload [21],
and in HFpEF patients [22,23].

HighMPO levels were associated with diabetic status.
This is not surprising since diabetes is known to promote
a systemic pro-inflammatory state [24,25]. Furthermore,
MPO was shown to be predictive of insulin resistance in
a population of obese patients [26]. Since the proportion of
patients with diabetes was higher in patients with MPO lev-
els above themedian, and since the difference in pathophys-
iology between diabetic and non-diabetic HFpEF patients is
a topic of interest [27,28], we further investigated this as-
sociation with logistic regression adjusted for age and sex.
Interestingly, the combination of male sex and diabetic sta-
tus seem particularly associated with higher levels of MPO
among patients with HFpEF. Indeed, all men suffering from
diabetes had MPO levels above the median, while the pro-
portion was limited to 40% in the other subgroups (Fig. 4).
This finding is consistent with the sex-specific proteomic
profile of patients with HFpEF in the PROMIS study [29],
where they demonstrated that inflammation-related path-
ways predominated in men.

On the other hand, we found no association between
vascular stiffness or endothelial function and MPO levels.

Even more surprising, vascular stiffness seemed less im-
portant in the patients with higher MPO levels (lower AIx,
lower Ea). The augmentation index (AIx) is calculated from
pulse waveforms as the ratio of the difference between the
early and late systolic peaks of the waveform relative to the
early peak (Fig. 1) and represents the relative importance
of the reflected wave [30]. Multiple small reflections travel
back to the proximal aorta and merge into a “net” reflected
wavewhosemagnitude and timing depend on vascular stiff-
ness. In older subjects, systolic wave reflections mediate
late systolic load, with an important impact on LV relax-
ation [31,32]. The augmentation index is not simply a mea-
sure of arterial stiffness and wave reflection, but was also
shown to be elevated in conditions of increased LV contrac-
tility and may reflect overall ventricular-vascular coupling
[33]. In HFpEF, high AIx was associated with abnormal LV
diastolic responses to exercise, particularly in women, sug-
gesting that arterial stiffness may contribute to the patho-
physiology of HFpEF more commonly in women than in
men [34]. The finding that patients with MPO levels above
median do not display more endothelial dysfunction, nor
vascular stiffness might be an indication that the sequence:
comorbidities, inflammation, oxidative stress, endothelial
dysfunction, myocardial remodelling is not straightforward.
Rather, different mechanisms are probably involved in the
development of myocardial remodeling and impaired vas-
cular function, while both condition can ultimately lead to
HFpEF. Recent data from phenomapping point towards the
same direction. Indeed, although studies identify slightly
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different clusters depending on available variables [35–39],
two clusters seem to be commonly differentiated: one with
older patients with stiff arteries, small highly contractile
LVs and high rates of electrical remodelling (atrial fibril-
lation) and the other with high rates of metabolic comor-
bidities, mainly diabetes, marked LV remodelling and ad-
vanced diastolic dysfunction. Inflammation and oxidative
stress may play a more prominent role in the latter, hence
the elevation of MPO (Fig. 5). Accordingly, there were
more men and more patients suffering from diabetes in the
group of patients with MPO levels above the median and
they displayed lower (although ≥50%) LVEF and higher
E/e’. These two subgroups might reflect two distinct patho-
physiological mechanisms underlying HFpEF.

5. Strengths and Limitations
We acknowledge this single centre study has several

limitations. Maybe the most important arising from the
small sample size. Unfortunately, restrictions related to the
COVID pandemic interrupted the recruitment for several
months. Furthermore, due to limitations of the EndoPAT
technique, we could not obtain RHI and AIx for all patients.
Despite our best effort to include controls of similar age and
sex, both groups are not accurately matched for these char-
acteristics. However, our groups are more alike than the
only other published study demonstrating higher MPO lev-
els in HFpEF [6]. The presence of a control group of similar
age and sex is important since there are no validated refer-
ence values of MPO. On the contrary, there is a wide range
of concentrations reported in the literature [40–42], hence
standardisationwill be necessary before routine use ofMPO
measurements.

In the context of the development of treatment with
MPO inhibitor “AZD4831” (NCT03611153) it is interest-
ing to note that not all patients might respond homoge-
neously. The results of our study suggest that patients with
metabolic comorbidities, particularly diabetes, subtle LV
dysfunction and evident diastolic dysfunction might bene-
fit more from treatment targeting MPO while patients with
predominant arterial stiffness (mostly females) and hyper
contractile LV might be less responsive. Hence, while this
study should be considered exploratory and hypothesis gen-
erating, it adds relevant information to existing literature.
Future studies should aim at exploring the sex specific in-
terplay between vascular inflammation and stiffness in this
population, with special interest in features of metabolic
stress such as obesity and diabetes.

6. Conclusions
Myeloperoxidase levels are elevated in HFpEF com-

pared to controls, reflecting leukocyte activation and oxida-
tive stress. Patients with levels of MPO above the median
are more often males and suffer more often from diabetes.
MPO levels in HFpEF are positively correlated with dias-
tolic dysfunction and congestion and negatively with left

ventricular ejection fraction. The association between ox-
idative stress and vascular stiffness, on the other hand could
not be demonstrated and deserves future attention.
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