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RESEARCH ARTICLE

Mean platelet volume: a prognostic marker in heart failure with preserved 
ejection fraction
Nassiba Menghoum1,2, Christophe Beauloye1,2, Sibille Lejeune1,2, Maria Chiara Badii1,2, Damien Gruson 3,  
Marie-Astrid van Dievoet 3, Agnès Pasquet1,2, David Vancraeynest1,2, Bernhard Gerber1,2, Luc Bertrand2, 
Sandrine Horman2,*, & Anne-Catherine Pouleur1,2,*

1Cardiovascular Department, Cliniques universitaires Saint-Luc, Brussels, Belgium, 2Pôle de Recherche Cardiovasculaire (CARD), Institut de Recherche 
Expérimentale et Clinique (IREC), Université Catholique de Louvainr (UCLouvain), Brussels, Belgium, and 3Clinical Biology Department, Cliniques 
universitaires Saint-Luc, Brussels, Belgium

Abstract
Heart failure (HF) with preserved ejection fraction (HFpEF) is associated with high burden of 
comorbidities known to increase the mean platelet volume (MPV). This parameter has been 
associated with morbidity and mortality in HF. However, the role of platelets and the 
prognostic relevance of MPV in HFpEF remain largely unexplored. We aimed to evaluate 
the clinical usefulness of MPV as a prognostic marker in HFpEF. We prospectively enrolled 
228 patients with HFpEF (79 ± 9 years; 66% females) and 38 controls of similar age and 
gender (78 ± 5 years; 63% females). All subjects underwent two-dimensional echocardiogra-
phy and MPV measurements. Patients were followed-up for a primary end point of all-cause 
mortality or first HF hospitalization. The prognostic impact of MPV was determined using 
Cox proportional hazard models. Mean MPV was significantly higher in HFpEF patients 
compared with controls (MPV: 10.7 ± 1.1fL vs. 10.1 ± 1.1fL, p = .005). HFpEF patients (n = 56) 
with MPV >75th percentile (11.3 fL) displayed more commonly a history of ischemic 
cardiomyopathy. Over a median follow-up of 26 months, 136 HFpEF patients reached the 
composite endpoint. MPV >75th percentile was a significant predictor of the primary 
endpoint (HR: 1.70 [1.08; 2.67], p = .023) adjusted for NYHA class, chronic obstructive 
pulmonary disease, loop diuretics, renal function, and hemoglobin. We demonstrated that 
MPV was significantly higher in HFpEF patients compared with controls of similar age and 
gender. Elevated MPV was a strong and independent predictor of poor outcome in HFpEF 
patients and may be relevant for clinical use.
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Plain Lanuage Summary
What is the context? 

● Heart failure with preserved ejection fraction (HFpEF) is associated with several 
comorbidities known to increase the mean platelet volume (MPV).

● MPV is a measure of platelet size and a potential marker of platelet reactivity. An 
increased MPV results from an increased platelet turnover.

● MPV has been associated with morbidity and mortality from heart failure.
● No study has previously compared MPV between HFpEF and controls and investi-

gated the prognostic relevance of MPV in HFpEF disease.
What is new?

● In this study, we compared the MPV between HFpEF patients and controls of similar age 
and gender, prospectively enrolled between 2015 and 2021. We evaluated the prognostic 
role of elevated MPV in HFpEF patients.

*These authors contributed equally to this work.    

Correspondence: Anne-Catherine Pouleur, Cardiovascular Department, 
Cliniques universitaires Saint-Luc, Avenue Hippocrate, 10, Brussels 
BE-1200, Belgium. E-mail: anne-catherine.pouleur@uclouvain.be 
This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/ 
4.0/), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited. The terms on 
which this article has been published allow the posting of the Accepted 
Manuscript in a repository by the author(s) or with their consent.

http://www.tandfonline.com/iplt
ISSN: 0953-7104 (print), 1369-1635 (electronic)

Platelets, 2023; 34(1): 2188965
© 2023 The Author(s). Published with license by Taylor & Francis Group, LLC. 

DOI: https://doi.org/10.1080/09537104.2023.2188965

http://orcid.org/0000-0001-5987-4376
http://orcid.org/0000-0001-7056-7123
https://crossmark.crossref.org/dialog/?doi=10.1080/09537104.2023.2188965&domain=pdf&date_stamp=2023-05-08


● Our main results:
○ The MPV was higher in HFpEF patients compared to controls of similar age and 

gender.
○ HFpEF patients with elevated MPV displayed more commonly a history of 

ischemic cardiomyopathy.
○ Elevated MPV was a strong and independent predictor of poor outcome in HFpEF 

patients.

What is the impact?

● MPV may be relevant for clinical use to predict clinical outcome in HFpEF patients.
● Elevated MPV reflecting platelet activity supports the potential role of platelets in 

HFpEF’s pathophysiology.

Introduction

Heart failure with preserved ejection fraction (HFpEF) is a major cause 
of cardiovascular (CV) morbidity and mortality [1]. Although widely 
prevalent, HFpEF remains a poorly understood syndrome with only 
few efficient therapies. The growth of the HFpEF population can 
probably be explained by the increasing burden of advanced age and 
comorbidities. Indeed, a paradigm for HFpEF development has been 
proposed. Comorbidities, such as obesity, diabetes, chronic kidney 
disease, and chronic obstructive pulmonary disease, would lead to 
a systemic inflammatory state, thereby impacting the endothelium 
physiology while engaging complex molecular pathways that ulti-
mately converge to myocardial fibrosis and left ventricle (LV) dysfunc-
tion [2]. Interestingly, a recent unbiased network analysis involving 
a large cohort of HF patients (BIOSTAT-CHF project) demonstrated 
that biomarker profiles specific for HFpEF are related to inflammatory 
processes including cytokine response, extracellular matrix reorgani-
zation, as well as platelet activation [3]. However, the precise role of 
platelets in HFpEF pathophysiology is still poorly understood.

The mean platelet volume (MPV), which is calculated by divid-
ing the plateletcrit by the total number of platelets, is a measure of 
platelet size and a potential marker of platelet reactivity. An 
increased MPV results from an increased platelet turnover. The 
peripheral platelet consumption is instrumental in increasing the 
number of newly produced immature platelets, which are larger and 
more reactive than their mature counterparts [4,5].

An increased mean MPV has been associated with comorbidities 
that are recognized to be associated with HFpEF, including coronary 
disease, hypertension, diabetes, atrial fibrillation, renal dysfunction, 
hypertriglyceridemia, obesity, and metabolic syndrome [6–12]. 
Moreover, increased mean MPV has been described to be elevated 
in patients with congestive HF [13,14]. MPV may thus be a biomarker 
of the risk and prognosis of common heart diseases [15]. An increased 
mean MPV additionally represents a risk factor for overall cardiovas-
cular mortality, which is an independent predictor of mortality in 
decompensated heart failure. Thus, this parameter allows for identify-
ing patients at higher risk of death due to ischemic heart disease 
[6,13]. However, data on platelet indices in HFpEF are still limited, 
and the prognostic relevance of MPV in HFpEF remains largely 
unexplored.

This study sought to evaluate MPV in both HFpEF and con-
trols of similar age and gender and to assess the association 
between MPV, clinical, biological, and imaging characteristics 
and its prognostic value in HFpEF.

Methods

Study population

Between December 2015 and June 2021, all consecutive patients 
with HFpEF were prospectively evaluated for inclusion into this 

study in a single center, Cliniques universitaires Saint-Luc 
(Brussels, Belgium) [16].

The following criteria had to be fulfilled for study inclusion: 
New York Heart Association (NYHA) functional class ≥II, typi-
cal signs of HF, N-terminal pro-brain natriuretic peptide (NT‐ 
proBNP) >350 pg/mL, or hospitalization for HF in the previous 
12 months, left ventricular ejection fraction (LVEF) ≥50%, as 
well as relevant structural heart disease (LV hypertrophy/left 
atrial [LA] enlargement) or diastolic dysfunction assessed by 
echocardiography (LA > 34 ml/m2; E/e’ ratio >14; tricuspid 
regurgitation >2.8 ms, septal e’ velocity <7 cm/s, or Lateral e’ 
velocity <10 cm/s) [17]. The average duration of the disease was 
28 months. The exclusion criteria were as follows: severe valvular 
disease, infiltrative or hypertrophic cardiomyopathy, acute coron-
ary syndrome within the previous 30 days, chronic obstructive 
pulmonary disease of either GOLD 3 or 4, congenital heart 
disease, pericardial disease, atrial fibrillation with a ventricular 
response >140 bpm, severe anemia (hemoglobin: <8 g/dL), active 
cancer, and auto-immune diseases. Overall, 228 patients met the 
inclusion criteria, thereby constituting the final study population.

Patients were compared with 38 controls of similar age and 
gender without a history of cardiovascular disease, significant 
past medical history, or chronic disease. All controls were pro-
spectively recruited by advertisements in the local community and 
underwent a full clinical examination, electrocardiogram, echo-
cardiography, and exercise stress test, all of which had to be 
normal prior to inclusion.

All subjects underwent blood sampling and complete trans-
thoracic echocardiography.

The investigation was full in line with the principles outlined in the 
Declaration of Helsinki. The local ethics committee approved the 
study protocol, and all patients provided their written informed con-
sent before enrolling into the study (Clinical trial NCT03197350).

Echocardiography

All subjects underwent a complete two‐dimensional transthoracic 
echocardiography at inclusion (iE33 system Philips) in order to 
assess LV and right ventricle (RV) structure, systolic and diastolic 
function, and measurements of left and right atrial volumes, in 
addition to a valvular evaluation. Pulmonary pressures were esti-
mated using tricuspid regurgitation velocity. All measurements 
were averaged over three beats in patients suffering from atrial 
fibrillation.

Mean platelet volume analysis

Blood samples were obtained with venipuncture at inclusion and 
collected in microtubes containing lithium heparin for biochemistry 
tests and ethylenediamine tetraacetic acid (K3 EDTA) for the com-
plete blood count. Biochemistry tests were performed using an 
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automated chemistry platform, the Cobas® 8000 (Roche diagnostics, 
Basel, Switzerland), while the complete blood count was assessed on 
the XN-9000 (Sysmex, Kobe, Japan) chain. All analyses were carried 
out at the clinical laboratory of the Cliniques Universitaires Saint-Luc. 
The parameters assessed were as follows: absolute count and percen-
tage of leukocytes, neutrophils, lymphocytes, and monocytes, as well 
as the neutrophil-to-lymphocyte ratio, platelet count, and MPV. All 
blood samples were collected, handled, and processed in the same way 
and by the same study nurse. Tubes were completely filled (3.4 ml) 
and mixed at room temperature. Samples were analyzed within 1 h of 
the collection. MPV was calculated on the XN-9000 from the follow-
ing equation: MPV femtoliters (fL) = plateletcrit (%)/platelet count 
(x103/µL) × 10 000. Platelet count was measured using the impedance 
method. The reference intervals in our institution are as 150–450 ×  
103/µL for platelet count and 9.3–12.1 fL for MPV. Internal quality 
control was performed at three levels (XN Check level 1, 2 and 3; 
Sysmex) before, after daily maintenance, and at noon. Internal quality 
control results of MPV were also compared to so-called peer groups 
(laboratories using the same analyzer, lot number of QC material, and 
measurement method). External quality control from Sciensano 
(Ixelles, Belgium) is performed twice a year for platelet count but 
not for MPV. The intra-assay and inter-assay coefficients of variation 
for platelet count were 3.9%, 0.9%, 0.8% and 2.7%, 1.8%, 1.1% for 
low, medium, and high concentrations of control material, 
respectively.

Follow-up

Patients were prospectively followed up by ambulatory visits and 
phone calls at 6-month intervals. Clinical and survival status was 
obtained based on follow-up visits and using phone contact with 
the patients, their relatives, or their physician as necessary. The 
primary end point was a composite of either all-cause mortality or 
hospitalization for HF, whichever came first. Hospitalization was 
defined as patients diagnosed with HF (symptoms and signs) and 
requiring intravenous diuretics, being either treated in the emer-
gency room or admitted to the hospital. The secondary end point 
was all-cause mortality. The end points have been adjudicated and 
validated by three trained physicians.

Statistical analysis

Statistical analyses were performed using the SPSS Version 26 (SPSS 
Corp., Somers, New York) and R Version 4.1.2 software (http://www. 
r-project.org). All tests were two-sided, with a statistical significance 
set at p < .05. Continuous variables were expressed as mean ±1 
standard deviation (SD) if normally distributed or as median (25th 
and 75th percentiles) if not. Categorical variables were expressed as 
counts and percentages. Biomarkers were log‐transformed in order to 
establish normality. The HFpEF patient population was divided into 
two groups according to the 75th percentile of MPV, in line with 
a previous study [18]. Clinical, biological, and imaging parameters 
between-group comparison were performed using either independent 
t- or chi‐squared tests as appropriate.

Event‐free survival and overall survival (OS) of HFpEF patients 
was estimated using log-rank test and Cox regression analysis. All 
baseline and imaging variables were initially proposed for inclusion 
into a univariate Cox proportional hazard model. Significant variables 
(p < .10) were entered into a multivariate Cox regression model. To 
avoid collinearity, the correlation coefficients between covariates were 
further examined. In the case of collinearity (r > 0.50), only the 
strongest of two covariates was proposed for inclusion into the multi-
variate model. To evaluate the additive prognostic value of MPV, we 
tested it with the MAGGIC (Meta-Analysis Global Group in Chronic) 
Score, a validated predictive risk tool for mortality prediction in 
HFPEF which incorporates multiple demographics and clinical and 

laboratory variables [19]. All of these variables were available for 
patients. Kaplan–Meier curves based on the 75th percentile of MPV 
group was used to illustrate event‐free survival and OS of HFpEF 
patients. The maximally selected rank test was used to identify the 
MPV cutoff associated with event-free survival and OS of HFpEF 
patients.

Results

Baseline characteristics

Overall, 228 consecutive HFpEF patients (79 ± 9 years; 66% females) 
and 38 controls of similar age and gender (78 ± 5; 63% females) were 
prospectively included in the study. The baseline and imaging patient 
characteristics are summarized in Table I. As expected, HFpEF 
patients displayed a higher incidence of cardiovascular risk factors 
and comorbidities compared with controls. These patients exhibited 
lower hemoglobin levels and lower estimated glomerular filtration 
rates (eGFR). Median NT‐proBNP, neutrophil-to-lymphocyte ratio, 
high-sensitivity troponin T (hsTnT), C-reactive protein (CRP), fibro-
blast growth factor 23 (FGF‐23), and soluble suppression of tumor-
igenicity 2 (ST2) were significantly higher in patients with HFpEF. 
Moreover, median total cholesterol, low-density lipoprotein choles-
terol (LDL-C), and triglycerides were significantly higher in controls, 
most probably due to a difference in statin intake.

HFpEF patients exhibited higher LA volumes, higher E wave 
velocities, higher E/e′ ratio, and higher pulmonary pressures, 
likely reflecting more diastolic dysfunction than controls.

Furthermore, the MPV was significantly higher in HFpEF 
patients versus controls (MPV: 10.7 ± 1.1fL vs. 10.0 ± 1.1fL, 
p = .005) (Figure 1A). However, MPV was poorly correlated 
with NT-proBNP in the whole population (Figure 1B).

Comparison of clinical and imaging parameters according to 
the 75th percentile

Table II summarizes the clinical and imaging parameters of HFpEF 
patients according to the 75th percentile of MPV. Interestingly, 
HFpEF patients with MPV >75th percentile displayed no comorbid-
ities known to be associated with MPV apart from a history of 
ischemic cardiomyopathy. However, no differences in anticoagulation 
and antiplatelet treatments were found.

Patients with MPV >75th percentile exhibited a higher level of 
intact FGF-23, lower level of high-density lipoprotein cholesterol 
(HDL-C), and lower platelet count. There were no significant 
differences in renal function and markers of inflammation or in 
myocardial injury and congestion.

Mean platelet volume and clinical outcome

Over a median follow-up of 26 months (11.5–56.7 months), 87 
patients (38%) died, and 107 patients (47%) were hospitalized for 
HF. Overall, 136 patients (60%) reached the primary composite 
end point of all‐cause mortality or HF hospitalization, whichever 
came first. Figure 2(A,B) depicts the Kaplan–Meier curves for the 
primary and secondary end points (all-cause mortality) according 
to the 75th percentile of MPV, respectively, illustrating that 
patients with the highest MPV level displayed the worse prog-
nosis. In addition, the threshold of MPV associated with a higher 
risk of all-cause mortality or HF hospitalization was 11.2 fL using 
maximally selected rank test statistics. Interestingly, this value is 
close to the 75th percentile (11.3 fL).

In univariate Cox regression analysis, age, NYHA functional 
class III to IV, body mass index (BMI), chronic obstructive 
pulmonary disease (COPD), use of loop diuretics and thiazides, 
E/e’ ratio, estimated systolic pulmonary arterial pression 
(eSPAP), MPV >75th percentile, eGFR, hemoglobin, and NT- 
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Table I. Baseline characteristics of controls and patients with HFpEF of similar age and gender.

Control (n = 38) HFpEF (n = 228) P-value

Baseline characteristics
Age (years) 78 ± 5 79 ± 9 0.28
Female (n, %) 24 (63) 150 (66) 0.90
BMI (kg/m2) 26 ± 4 28 ± 6 0.001
Systolic blood pressure (mmHg) 137 ± 21 136 ± 21 0.65
Diastolic blood pressure (mmHg) 78 ± 12 73 ± 14 0.019
NYHA class III and IV (n, %) 0 (0) 99 (43) <0.001
Medical history
Atrial fibrillation (n, %) 2 (6) 150 (66) <0.001
Ischemic cardiomyopathy (n, %) 0 (0) 78 (34) <0.001
COPD (n, %) 0 (0) 24 (11) 0.051
Sleep apnea (n, %) 1 27 (12) 0.14
Cardiovascular risk factors
Hypertension (n, %) 31 (82) 216 (95) 0.007
Diabetes (n, %) 6 (16) 84 (37) 0.019
Hypercholesterolemia (n, %) 26 (68) 151 (67) 0.97
Smoking (n, %) 10 (25) 54 (24) 0.051
Family history of CV disease (n, %) 9 (24) 48 (21) 0.89
Medication
ACE inhibitor - ARBs (n, %) 20 (54) 145 (64) 0.35
Beta blocker (n, %) 4 (11) 154 (68) <0.001
Loop diuretics (n, %) 2 (5) 159 (70.0) <0.001
Thiazide (n, %) 5 (13) 39 (17) 0.59
MRA (n, %) 0 (0) 52 (23) 0.003
CCB (n, %) 11 (30) 85 (37) 0.48
Anticoagulants (n, %) 2 (6) 139 (61) <0.001
Antiplatelet agents (n, %) 6 (16) 73 (32) 0.079
Statins (n, %) 8 (22) 103 (46) 0.009
Echocardiography study
LA volume indexed (ml/m2) 21 ± 9 43 ± 17 <0.001
LV end diastolic volume indexed 58 ± 13 63 ± 19 0.084
LV ejection Fraction (%) 64 ± 7 61 ± 7 0.052
E/e’ septal ratio 8.9 ± 2.2 15.8 ± 6.9 <0.001
E/A ratio 0.8 ± 0.2 1.4 ± 0.7 <0.001
eSPAP (mmHg) 18 ± 7 34 ± 11 <0.001
Biology
Hemoglobin (g/dL) 13.8 ± 1.5 11.8 ± 1.9 <0.001
eGFR (mL/min/1.73 m2) by CK-EPI 69 ± 15 53 ± 22 <0.001
NT-proBNP (pg/mL) 117 [66.8; 158] 1871 [828; 3560] <0.001
White blood cells (103/µL) 6.6 [5.7; 7.4] 7.3 [6.0; 9.1] <0.001
Neutrophil (103/µL) 3.9 [3.3; 4.6] 4.8 [3.7; 6.2] <0.001
Lymphocytes (103/µL) 1.7 [1.5; 2.1] 1.4 [1.0; 1.9] 0.02
Monocytes (103/µL) 0.6 [0.4; 0.7] 0.7 [0.6; 0.9] 0.21
Neutrophil-to-lymphocyte ratio 2.2 [1.9; 2.3] 3.3 [2.2; 5.0] <0.001
Platelet count (103/µL) 244 ± 58 242 ± 89 0.83
MPV (fL) 10.1 ± 1.1 10.7 ± 1.1 0.005
Total cholesterol (mg/dL) 201 [178; 222] 151 [127; 179] <0.001
LDL-C (mg/dL) 107 [88; 133] 75 [54; 97] <0.001
HDL-C (mg/dL) 61 [51; 73] 52 [42; 63] 0.006
Triglycerides (mg/dL) 112 (83; 164] 94 [73; 128] 0.08
CRP* (mg/dL) 0.1 [0.1; 0.3] 

9 [7; 13] 
62.2 [54; 80.2] 

79 [65; 94] 
28 [24; 35]

0.6 [0.2; 1.7] 
28 [16; 38] 

265 [124; 571] 
112 [84; 176] 

45 [32; 62]

<0.001
Hs TnT** (pg/mL) <0.001
FGF-23** (RU/mL) <0.001
Intact FGF-23** (pg/mL) <0.001
Soluble ST2** (ng/mL) <0.001

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; 
BMI, body mass index; CK‐EPI, Chronic Kidney Disease Epidemiology Collaboration; COPD, chronic 
obstructive pulmonary disease; CRP, C-reactive protein; CV, cardiovascular; eGFR, estimated glomerular 
filtration rate; eSPAP, estimated systolic pulmonary artery pressures; FGF-23, fibroblast growth factor 23; 
HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced 
ejection fraction; HDL-C, high-density lipoprotein cholesterol; hsTnT, high-sensitivity troponinT; LA, left 
atrium; LDL-C, low-density lipoprotein cholesterol; LV, left ventricular; MRA, mineralocorticoid receptor 
antagonist; MPV, mean platelet volume; NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA, 
New York Heart Association; SBP, systolic blood pressure; ST2; suppression of tumorigenicity 2. 

Values are mean ± standard deviation or median and interquartile range (IQR 0.25–0.75). Categorical vari-
ables are expressed as count and proportion. P-values are derived from unpaired t‐test or Chi squared test as 
appropriate. 

*missing data in controls (n = 3) and HFpEF patients (n = 39). 
**missing data in controls (n = 17) and HFpEF patients (n = 94). 
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proBNP were primary end point predictors. In multivariate Cox 
regression analysis, NYHA functional class III to IV, COPD, loop 
diuretics, MPV >75th percentile (HR: 1.70 [1.08; 2.67], 
p = .023), eGFR, and hemoglobin turned out to be independent 
primary endpoint predictors (χ2 = 63.9, p < .001; Table III).

For the secondary end point, age, gender, BMI, COPD, loop 
diuretics, thiazide, eSPAP, E/e’ ratio, MPV >75th percentile, 
eGFR, hemoglobin, and NT-proBNP were predictors of all- 
cause mortality in univariate Cox regression. In multivariate 
Cox regression analysis, only BMI, loop diuretics, MPV >75th 
Percentile (HR: 2.06 [1.24–3.41], p = .005) and eSPAP were still 
independent predictors of all-cause mortality (χ2 = 41.9, p < .001; 
Table IV).

Interestingly, MPV >75th percentile (HR 1.66 [1.05–2.62], p  
= .03) provided an additional prognostic value over the MAGGIC 
Score (HR 1.1 [1.06–1.15], p < .001), at least to predict mortality 
(χ2 = 30.1, p < .001).

Discussion

The current study has demonstrated MPV to be significantly 
higher in HFpEF patients compared with controls of similar age 
and gender. Furthermore, HFpEF patients with elevated MPV 
exhibited only one relevant difference in clinical features, notably 
the presence of ischemic heart disease. By contrast, there was no 
interaction between anticoagulation and antiplatelet treatments 
nor were there differences in cardiovascular risk factors known 
to be associated with elevated MPV. High MPV levels were not 
associated with renal function, inflammation markers, myocardial 
injury, or congestion markers, which are usually observed in 
HFpEF. However, high MPV levels were associated with high 
levels of intact FGF-23, which is a marker of cardiac fibrosis 
[20]. These results imply that MPV might be linked to athero-
sclerosis and cardiac fibrosis, independently of renal function and 
congestion markers.

In addition, elevated MPV turned out to be both a strong and 
independent marker of poor outcome in HFpEF, whereas prior 
ischemic cardiomyopathy did not. To our knowledge, these find-
ings have not been previously reported. According to our results, 
platelets might play an essential role in HFpEF’s pathology.

Mean platelet volume reflecting platelet activation in HFpEF

HFpEF is a clinical syndrome that has already been associated 
with a systemic proinflammatory state induced by comorbidities, 
with an impact on endothelium physiology, thereby engaging 
complex molecular pathways that ultimately converge to myocar-
dial fibrosis and LV dysfunction [2]. Tromp et al. [3] showed that 
biomarker profiles that were associated with HFpEF compared 

with heart failure with reduced ejection fraction (HFrEF) are 
related to inflammatory processes including cytokine response, 
extracellular matrix reorganization, and platelet activation, sup-
porting a potential role of platelets in HFpEF’s pathophysiology.

MPV is universally available with routine blood counts from 
automated hemograms, and it not only reflects platelet size but 
also reflects their turnover. Platelets are produced within the bone 
marrow by megakaryocytes, which are large precursor cells. 
Typically, younger platelets are larger than older ones. MPV is 
often considered a reflection of the average platelet age. Thus, in 
response to a significant platelet consumption resulting in 
a decreased platelet count, the bone marrow produces a higher 
number of megakaryocytes, which turn out to be fragmenting into 
larger platelets with a higher MPV. Elevated MPV is likewise 
a marker of platelet activation or reactivity [21,22]. This latter 
parameter has been associated with a variety of prothrombotic 
and proinflammatory diseases [23]. Interestingly, it appears that 
platelet size depends on the intensity of systemic inflammation. 
Low-grade inflammation as opposed to high-grade inflammation, 
characteristic of CV disease and chronic HF, would contribute to 
MPV elevation. Chronic inflammation in HFpEF is characterized 
by the elevation of proinflammatory markers, such as interleukin 
1, interleukin 6 (IL-6), and tumor necrosis factor-alpha, known to 
have a role in the regulation of thrombopoiesis [2,24]. Among 
these proinflammatory factors, IL-6 plays an important role in 
cardiac remodeling and in the pathophysiology of cardiac decom-
pensation in HFpEF [2,25,26]. Several studies have affirmed that 
IL-6 stimulated megakaryocytopoiesis and platelet production 
[27,28]. Moreover, IL-6 alters platelet function, rendering them 
more sensitive to activation by thrombin and platelet activating 
factor [29,30]. Thus, elevated MPV in HFpEF is probably related 
to the inflammatory context of the disease. However, we did not 
find any significant correlation between MPV and available mar-
kers of inflammation in our HFpEF population (neutrophil-to- 
lymphocytes ratio, soluble ST2, CRP). In addition, an elevated 
platelet size was found to be related with function and aggregation 
[31,32]. Larger platelets have been demonstrated to display 
increased reactivity, producing a higher level of activation bio-
markers in plasma, including soluble P-selectin that is known to 
be associated with HFpEF prognosis [33–35]. Moreover, there 
seems to be a link between platelet size and platelet content. 
Larger platelets are supposed to contain more granules, thereby 
becoming more reactive, the most numerous of which are alpha 
granules. In these granules, fibrinogen, von Willebrand factor, 
thrombospondin, thromboxane A2, and transforming growth fac-
tor (TGF-β) are notably stored. Interestingly, the TGF-β isoform 
levels have been shown to be increased in myocardial diseases 
[36]. Furthermore, the highest cellular TGF-β concentrations are 
found in platelets, thereby contributing to 40–50% of systemic

Figure 1. A. Box plot of mean platelet volume (MPV) in heart failure with preserved ejection fraction (HFpEF) patients and controls of similar age and 
gender. B. Correlation between MPV and NT-proBNP (N-terminal pro-brain natriuretic peptide) in HFpEF patients and controls.
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Table II. Baseline characteristics of patients with HFpEF according to MPV ≤ and >75th percentile.

MPV≤75th Percentile 
n=172

MPV>75th Percentile 
n=56 P-value

MPV (fL) ≤11.3 >11.3
Age (years) 79 ± 9 79 ± 9 0.87
Female (n, %) 118 (69) 32 (57) 0.16
BMI (Kg/m2) 28 ± 6 28 ± 6 0.89
Systolic blood pressure (mmHg) 135 ± 20 137 ± 23 0.59
Diastolic blood pressure (mmHg) 73 ± 13 73 ± 16 0.84
NYHA class III and IV (n, %) 72 (42) 27 (48) 0.50
MAGGIC Score 23 ± 6 25 ± 6 0.09
Medical history
Atrial fibrillation (n, %) 117 (68) 33 (59) 0.28
Ischemic cardiomyopathy (n, %) 52 (30) 26 (46) 0.04
COPD (n, %) 22 (13) 2 (4) 0.09
Sleep apnea (n, %) 19 (11) 8 (15) 0.67
Cardiovascular risk factors
Hypertension (n, %) 162 (95) 54 (96) 0.73
Diabetes (n, %) 62 (36) 22 (39) 0.78
Hypercholesterolemia (n, %) 111 (65) 40 (71) 0.46
Smoking (n, %) 37 ((22) 17 (30) 0.27
Family history of CV disease (n, %) 34 (20) 14 (25) 0.53
Medication
ACE inhibitor - ARBs (n, %) 108 (63) 37 (66) 0.78
Betablocker (n, %) 122 (71) 32 (57) 0.08
Loop diuretics (n, %) 119 (69) 41 (73) 0.69
Thiazide (n, %) 26 (15) 13 (23) 0.16
MRA (n, %) 44 (26) 8 (14) 0.12
CCB (n, %) 64 (37) 21 (38) 1.00
Anticoagulants (n, %) 104 (61) 35 (63) 0.91
Antiplatelet agents (n, %) 58 (34) 15 (27) 0.42
Statins (n, %) 79 (47) 24 (44) 0.92
Echocardiography study
LA volume indexed (ml/m2) 43 ± 17 44 ± 17 0.66
LV ejection fraction (%) 61 ± 7 61 ± 7 0.52
eSPAP (mmHg) 34 ± 11 34 ± 12 0.70
E/e’ septal ratio 15.6 ± 6.7 16.3 ± 7.4 0.54
Biology
Hemoglobin (g/dL) 11.8 ± 1.80 11.7 ± 2.2 0.65
eGFR (mL/min/1.73 m2) by CK-EPI 54 ± 22 50 ± 21 0.22
NT-proBNP (pg/mL) 1650 [783; 2840] 2830 [1034; 4150] 0.073
Neutrophil-to-lymphocyte ratio 3.3 [2.2; 5.0] 3.3 [2.6; 5.0] 0.47
Platelet count (103/µL) 241 [190; 293] 213 [167; 234] 0.002
Total cholesterol (mg/dL) 152 [127; 179] 147 [126; 190] 0.91
LDL-C (mg/dL) 75 [53; 97] 77 [55; 102] 0.39
HDL-C (mg/dL) 54 [44; 67] 45 [39; 56] 0.013
Triglycerides (mg/dL) 93 [71; 129] 101 [83; 125] 0.45
CRP* (mg/dL) 0.6 [0.2; 1.5] 0.6 [0.2; 2.4] 0.83
Hs TnT** (pg/mL) 26 [15; 37] 28 [16; 42] 0.34
FGF-23** (RU/mL) 215 [105; 461] 331 [137; 855] 0.077
Intact FGF-23** (pg/mL) 108 [81; 161] 148 [96; 275] 0.01
Soluble ST2** (ng/mL) 45 [32; 60] 44 [32; 83] 0.78

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; BMI, body 
mass index; CK‐EPI, Chronic Kidney Disease Epidemiology Collaboration; COPD, chronic obstructive pulmonary 
disease; CRP, c-reactive protein; CV, cardiovascular; eGFR, estimated glomerular filtration rate; eSPAP, estimated 
systolic pulmonary artery pressures; FGF-23, fibroblast growth factor 23, HF, heart failure; HFpEF, heart failure with 
preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HDL-C, high-density lipoprotein 
cholesterol; hsTnT, high-sensitivity troponinT; LA, left atrium; LDL-C, low-density lipoprotein cholesterol; LV, left 
ventricular; MRA, mineralocorticoid receptor antagonist; MPV, mean platelet volume; NT-proBNP, N-terminal pro 
B-type natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood pressure, ST2; suppression of 
tumorigenicity 2. 

Values were expressed as mean ± standard deviation or median and interquartile range (IQR 0.25–0.75). Continuous 
variables were expressed as mean ±1 standard deviation and categorical variables as count and proportion. P-values 
were derived from unpaired t‐test or Chi squared test when appropriate. 

*missing data in HFpEF patients (n = 39). 
**missing data in HFpEF patients (n = 94). 
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TGF-βs [37]. Among several isoforms, the active TGF-β1 form 
has been specifically related to fibrosis, hypertrophy, and diastolic 
dysfunction in a mouse model of pressure overload induced by 
trans-aortic constriction, which likely mimics HFpEF [38]. 
HFpEF patients have been previously shown to display higher 
circulating TGF-β1 levels than HFrEF patients [39]. These data 
clearly support the hypothesis that both platelet size and activity 
are likely related to cardiac fibrosis in HFpEF. There is a probable 
close connection between MPV and TGF-β secretion level. 

However, data on TGF-β expression and platelet activity in 
HFpEF patients remain largely unexplored.

Clinical and biological parameters associated with elevated 
MPV

Surprisingly, not all clinical features known to increase MPV, 
including hypertension, diabetes, atrial fibrillation, and obesity, 
were shown to be associated with high MPV levels in HFpEF

Figure 2. A. Kaplan–Meier curves for the primary endpoint according to 75th percentile of mean platelet volume (MPV) with preserved ejection 
fraction (HFpEF) patients. B. Kaplan–Meier curves for the secondary end point according to 75th percentile.

Table III. Cox regression analysis for the primary endpoint (all-cause mortality or HF hospitalization).

Cox regression analysis 
Combined events

Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Age (year) 1.02 (1.00–1.04) 0.099
Female 0.89 (0.63–1.26) 0.504
BMI (kg/m2) 0.97 (0.94–1.00) 0.035
NYHA class III and IV 3 − 4 1.52 (1.08–2.12) 0.016 1.48 (1.01–2.16) 0.043
Atrial fibrillation 1.14 (0.80–1.64) 0.461
Ischemic etiology 1.07 (0.75–1.53) 0.693
Diabetes 1.30 (0.92–1.83) 0.136
COPD 2.45 (1.53–3.94) <0.001 2.53 (1.53–4.20) <0.001
ACEi or ARBs 0.98 (0.69–1.38) 0.895
Betablocker 0.94 (0.66–1.34) 0.728
Loop diuretics 2.23 (1.47–3.37) <0.001 2.12 (1.36–3.33) 0.001
Thiazide 0.48 (0.29–0.82) 0.007
MRAs 1.05 (0.70–1.59) 0.801
Antiplatelet agent 1.07 (0.76–1.51) 0.708
Anticoagulant 1.33 (0.94–1.90) 0.109
EF (%) 1.00 (0.98–1.02) 0.980
eSPAP (mmHg) 1.02 (1.01–1.04) 0.005
E/e’ ratio 1.04 (1.03–1.06) <0.001
NLR 1.23 (0.63–2.38) 0.545
MPV>75th percentile 1.45 (0.99–2.13) 0.055 1.70 (1.08–2.67) 0.023
eGFR (mL/min/1.73 m2) 0.98 (0.97–0.99) <0.001 0.99 (0.98–0.99) 0.006
Hemoglobin (g/dL) 0.85 (0.78–0.94) <0.001 0.90 (0.82–0.99) 0.038
NT-proBNP (log pg/mL) 1.01 (1.40–2.79) <0.001
CRP (log mg/dL) 0.97 (0.73–1.29) 0.84

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; COPD, chronic 
obstructive pulmonary disease; CV, cardiovascular; EF, ejection fraction, eGFR, estimated glomerular filtration rate; 
eSPAP, estimated systolic pulmonary artery pressures; HF, heart failure, HR, hazard ration; MPV, mean platelet 
volume; MRA, mineralocorticoid receptor antagonist; NLR, neutrophil-to-lymphocyte ratio; NT-proBNP, N-terminal 
pro B-type natriuretic peptide; NYHA, New York Heart Association 
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patients. Patients with elevated MPV displayed only a higher 
prevalence of prior ischemic cardiomyopathy, lower platelet 
counts, and lower HDL-C levels, thus reflecting macrovascular 
and atherothrombotic disease in HFpEF. Indeed, enhanced per-
ipheral consumption caused by atherosclerotic disease does 
increase counts of immature platelets, which are larger and 
more reactive than mature platelets. Considering these results, 
several hypotheses emerge as follows: a high platelet volume is 
either a consequence of prothrombotic, proinflammatory 
events, or a reflection of increased platelet activity. Increased 
MPV is likely associated with greater activity owing to higher 
expression of adhesion molecules, with platelets undergoing 
faster activation, which eventually results in platelet hyperac-
tivity. This hypothesis is supported by a study that showed that 
MPV levels were increased 2–3 days following acute coronary 
syndrome, probably reflecting platelet release that occurs prior 
to the cardiac event, with platelets having an average life span 
of 7 days [40]. These large platelets could actually promote the 
thrombotic event rather than simply being its cause. In addi-
tion, HDL-C levels, which were reported to be inversely asso-
ciated with the risk of atherosclerosis development, have been 
shown to be negatively correlated with MPV while reducing 
platelet aggregation [41,42]. Moreover, MPV has been pre-
viously shown to reflect the response to anti-platelet agents, 
although we did not find any effect of treatment on MPV in 
our HFpEF population [40]. Therefore, in the future, it might 
be interesting to further explore the role of immature platelets 
in macrovascular disease in HFpEF and their relationship 
with MPV.

Prognostic and risk stratification

As demonstrated, high MPV turns out to be a strong and inde-
pendent predictor of worse clinical prognosis in the HFpEF 
population, whereas prior ischemic heart disease does not. 
Elevated MPV was not impacted by classical predictors known 
to be associated with a worse prognosis in HFpEF, such as renal 
function and NT-proBNP. The prognostic impact of MPV has 
already been demonstrated in HF, whereas there is only one study 
that has previously demonstrated MPV’s prognostic impact in 
HFpEF [43]. Indeed, Dahlen et al. [18] revealed MPV levels to 
increase with the E/e’ ratio, displaying a stronger effect on prog-
nostic deterioration in the HFpEF phenotype compared with the 
HFrEF phenotype. These results suggest that the platelets’ role is 
probably essential in disease progression, which should thus be 
further investigated.

Limitations

Our study displays several limitations. This is a single-center 
sampling of HFpEF patients, which likely limits the generaliz-
ability of our findings and their extrapolation to other settings. 
Although MPV has already demonstrated some usefulness in 
predicting mortality in HFpEF, its measurement is associated 
with several limitations, thereby restricting the extrapolation of 
these results. Indeed, MPV evaluation in clinical laboratories is 
routinely assessed within complete blood count testing, and it still 
suffers from lack of standardization. Several factors may influ-
ence MPV evaluation, including blood collection conditions, mea-
surement conditions, and methodology used for platelet size 
evaluation. Furthermore, it has been previously shown in large 

Table IV. Cox regression analysis for the secondary end point (all-cause mortality).

Cox regression analysis 
All-cause mortality

Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Age (year) 1.04 (1.01–1.07) 0.010
Female 0.68 (0.45–1.04) 0.075
BMI (kg/m2) 0.94 (0.90–0.97) <0.001 0.94 (0.90–0.98) 0.002
NYHA class III and IV 3 − 4 1.18 (0.77–1.80) 0.441
Atrial fibrillation 0.84 (0.55–1.30) 0.434
Ischemic etiology 1.32 (0.86–2.03) 0.200
Diabetes 1.39 (0.91–2.12) 0.131
COPD 1.65 (0.92–2.98) 0.095
ACEi or ARBs 0.75 (0.49–1.16) 0.199
Betablocker 0.78 (0.51–1.21) 0.271
Loop diuretics 1.84 (1.11–3.07) 0.019 1.80 (1.03–3.14) 0.04
Thiazide 0.47 (0.23–0.94) 0.032
MRAs 1.32 (0.79–2.20) 0.295
Antiplatelet agent 1.22 (0.80–1.86) 0.364
Anticoagulant 0.95 (0.62–1.47) 0.830
EF 0.99 (0.96–1.02) 0.453
eSPAP (mmHg) 1.04 (1.02–1.06) <0.001 1.02 (1.00–1.04) 0.019
E/e’ ratio 1.04 (1.02–1.07) 0.002
NLR 1.15 (0.50–2.62) 0.747
MPV>75th percentile 1.70 (1.08–2.67) 0.023 2.06 (1.24–3.41) 0.005
eGFR (mL/min/1.73 m2) 0.98 (0.97–0.99) <0.001
Hemoglobin (g/dL) 0.86 (0.77–0.97) 0.011
NT-proBNP (log pg/mL) 2.44 (1.55–3.84) <0.001
CRP (log mg/dL) 1.25 (0.89–1.76) 0.20
MAGGIC Score* 1.10 (1.06–1.14) <0.001

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; COPD, chronic 
obstructive pulmonary disease; CV, cardiovascular; EF, ejection fraction, eGFR, estimated glomerular filtration rate; 
eSPAP, estimated systolic pulmonary artery pressures; HF, heart failure, HR, Hazard ratio; MPV, mean platelet 
volume; MRA, mineralocorticoid receptor antagonist; NLR, neutrophil-to-lymphocyte ratio; NT-proBNP, N-terminal 
pro B-type natriuretic peptide; NYHA, New York Heart Association. 

*Not included in the multivariate analysis. 
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cohorts that MPV increased with aging probably explained by 
comorbidities increasing over time [44,45]. However, we demon-
strated that the MPV values, with blood samples collected and 
analyzed under the same conditions, remained significantly 
higher in HFpEF compared with a controlled population of simi-
lar age and gender. Interestingly, age alone does not erase the 
expected difference between these two groups. In addition, due to 
the limitations of generalizing MPV cutoff values, we identified 
a value associated with higher risk very close to the 75%ile in our 
HFpEF cohort. Thus, it might be worthwhile for each center to 
validate this cutoff value on their HFpEF population. However, 
further studies are needed to reproduce these results, involving 
a larger sample under other conditions, and to further explore 
MPV-specific cutoff values for predicting HFpEF outcomes.

Conclusion

HFpEF patients displayed significantly higher MPV levels than 
controls. The ele found in HFpEF patients likely supports the 
hypothesis that platelets play a role in HFpEF’s pathophysiology. 
MPV was a strong predictor of poor outcome, even after adjusting 
for usual confounding factors, and this parameter could thus serve 
as a valuable marker in clinical practice, enabling us to identify 
high-risk patients within the HFpEF population.
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