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Abstract

Aims The aim of the study was to assess the association of P-selectin with outcomes in heart failure with preserved ejection
fraction (HFpEF).
Methods and results This is a prospective, observational study of 130 HFpEF patients who underwent clinical profiling,
blood sampling, 6 min walk testing, Minnesota Living with Heart Failure Questionnaire evaluation, echocardiography,
cardiovascular magnetic resonance imaging, calculation of the Meta-Analysis Global Group in Chronic Heart Failure
(MAGGIC) risk scores, and blinded plasma P-selectin measurement. Patients were followed up for the endpoint of
all-cause mortality. The HFpEF subgroup with higher P-selectin levels [overall median 26 372, inter-quartile range
(19 360–34 889) pg/mL] was associated with lower age, higher heart rate, less prevalent atrial fibrillation, more frequent
current smoking status, and lower right ventricular end-diastolic volumes. During follow-up (median 1428 days), there
were 38 deaths. Following maximal sensitivity and specificity receiver operating characteristic curve analysis, P-selectin
levels above 35 506 pg/mL were associated with greater risk of all-cause mortality [hazard ratio (HR) 2.700; 95%
confidence interval (CI) 1.416–5.146; log-rank P = 0.002]. Following multivariable Cox proportional hazards regression
analysis and when added to MAGGIC scores, only P-selectin (adjusted HR 1.707; 95% CI 1.099–2.650; P < 0.017) and
myocardial infarction detected by cardiovascular magnetic resonance imaging (HR 2.377; 95% CI 1.114–5.075;
P < 0.025) remained significant predictors. In a final model comprising all three parameters, only P-selectin (HR 1.447;
95% CI 1.130–1.853; P < 0.003) and MAGGIC scores (HR 1.555; 95% CI 1.136–2.129; P < 0.006) remained independent
predictors of death. Adding P-selectin (0.618, P = 0.035) improved the area under the receiver operating characteristic
curve for mortality prediction for MAGGIC scores (0.647, P = 0.009) to 0.710, P < 0.0001.
Conclusions Plasma P-selectin is an independent predictor of mortality and provides incremental prognostic information
beyond MAGGIC scores in HFpEF.
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Background

Selectins of cell adhesion molecules are integral mediators of
platelet activation and endothelial function1 and have been
implicated in the pathophysiology of heart failure (HF) with
preserved ejection fraction (HFpEF).2 P-selectin is the largest

of the selectins, and its increased expression has previously
shown adverse association with outcomes across a range of
cardiovascular disease1 including coronary artery disease,
hypertension, atrial fibrillation (AF), and HF with reduced
ejection fraction.3 However, there are limited data for its
prognostic utility in HFpEF,4 a condition currently with no
effective therapies.2
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Aims

The aim of the present study was to assess the association of
P-selectin with mortality in a well-characterized group of
HFpEF.

Methods

Patients were recruited from the Developing Imaging And
plasMa biOmarkers iN Describing HFpEF (DIAMOND-HFpEF)
study: a single-centre, prospective, observational cohort
study as previously detailed.5 All patients underwent clinical
profiling, 6 min walk testing, Minnesota Living with Heart
Failure Questionnaire evaluation, blood sampling [renal
function, B-type natriuretic peptide (BNP), and haemoglobin],
transthoracic echocardiography, and cardiovascular magnetic
resonance imaging (CMR) during the same visit. Blinded
single-batch testing of P-selectin levels was undertaken in
130 HFpEF patients from residual supernatant plasma
stored at �80°C in cryotubes using a Luminex® bead-based
multiplex assay (Bristol Myers Squibb, Princeton, New Jersey,
USA), enabling high-throughput biomarker profiling as
previously described.6 Patients were followed up for the
endpoint of all-cause mortality. BNP, 6 min walk test dis-
tance, and Minnesota Living with Heart Failure Questionnaire
scores were log10 transformed prior to survival analysis.
Z-standardization of continuous variables was undertaken to
enable comparison of hazard ratios (HRs) based upon 1-SD
increase in the predictor variable. In particular, we assessed
the prognostic performance of P-selectin against a base
model of the Meta-Analysis Global Group in Chronic Heart
Failure (MAGGIC) risk score: a validated, strong predictor of
mortality in HFpEF.7 The MAGGIC score comprises the follow-
ing domains: age, ejection fraction, systolic blood pressure,
body mass index, creatinine, New York Heart Association
class, smoking status, diabetes, chronic obstructive pulmo-
nary disease, time since HF first diagnosed, beta-blocker,
and angiotensin-converting enzyme inhibitor or angiotensin
II receptor blocker usage. All components comprising
MAGGIC scores were available for analysis except the time
of HF diagnosis, for which no points were allocated.

Results

As reported previously,5 CMR data to measure diffuse fibrosis,
that is, extracellular volume and indexed extracellular
volume, were not acquired in a subset of patients (n = 46).
Baseline characteristics stratified according to overall
median P-selectin levels [26 372, inter-quartile range
(19 360–34 889) pg/mL] are shown in Table 1. The HFpEF sub-
group with higher P-selectin levels was associated with lowerTa
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age, higher heart rate, less prevalent AF, more frequent cur-
rent smoking status, and lower right ventricular end-diastolic
volumes. During median follow-up of 1428 days (1153–1663),
there were 38 deaths. Usingmaximal sensitivity and specificity
receiver operating characteristic (ROC) curve analysis, a
P-selectin thresholdvalueof>35506pg/mLbestdiscriminated
HFpEF patients into a subgroup with events. In Kaplan–Meier
analysis (Figure 1), the group with P-selectin values above this
thresholdwasassociatedwithgreater riskofall-causemortality
[HR 2.700; 95% confidence interval (CI) 1.416–5.146; log-rank
P = 0.002]. Excluding components of the MAGGIC score, there
were 12 parameters demonstrating univariate associationwith
the endpoint of P< 0.1 including diastolic blood pressure, pre-
vious HF hospitalization, loop diuretic use, haemoglobin, BNP,
echocardiographic E/E′, indexed left ventricular mass indexed,
indexed right ventricular end-diastolic and end-systolic vol-
umes, indexed maximal left atrial volume, myocardial infarc-
tion detected by CMR, and plasma P-selectin. Following
multivariable Cox proportional hazards regression analysis
and when added to MAGGIC scores, only P-selectin (adjusted
HR 1.707; 95% CI 1.099–2.650; P < 0.017) and myocardial
infarction (HR 2.377; 95% CI 1.114–5.075; P< 0.025) remained
significant predictors. In a final model comprising all three of
the aforementioned parameters and following stepwise
forward and backward selection methods, only P-selectin
(HR 1.447; 95% CI 1.130–1.853; P< 0.003) andMAGGIC scores
(HR 1.555; 95% CI 1.136–2.129; P< 0.006) remained indepen-
dent predictors of death. The areas under the ROC curve for
predicting all-cause mortality (see Supporting Information,
Figure S1)wereMAGGICscores (0.647,P=0.009)andP-selectin
(0.618, P = 0.035). The addition of P-selectin toMAGGIC scores
improved the area under the ROC curve to 0.710, P< 0.0001.

Conclusions

Our study is the first to demonstrate that P-selectin is
strongly associated with mortality in an extensively
characterized population with HFpEF encompassing clinical,
biochemical, and gold-standard CMR imaging parameters.
Furthermore, P-selectin levels appear to confer incremental
prognostic information beyond MAGGIC scores and may help
risk stratify HFpEF subjects into high-risk and lower-risk
categories. While P-selectin levels are elevated in HF with re-
duced ejection fraction, there are conflicting data regarding
association with adverse outcomes in this setting.3,8 Our data
in HFpEF corroborate and extend the signal for increased risk
associated with P-selectin as recently demonstrated in the
Treatment of Preserved Cardiac Function Heart Failure With
an Aldosterone Antagonist (TOPCAT) trial study, which
showed univariate association with outcomes but not when
adjusted for MAGGIC scores.4 In our study, even following
similar adjustment as well as accounting for historically
strong prognostic markers such as BNP and CMR-derived
imaging parameters, P-selectin remained independently asso-
ciated with mortality. We hypothesize that P-selectin is inti-
mately involved in the milieu of inflammation, endothelial
dysfunction, and microvascular dysfunction as proposed in
the now widely accepted paradigm for HFpEF. Beyond its
prognostic role, future studies are needed to explore whether
P-selectin may serve as a potential biomarker of treatment
response as well as a potential therapeutic target itself.2

Our study limitations include the single-centre study design
with a relatively small sample size, necessitating further
evaluation in additional populations. The data for time of
HF diagnosis were not available for many patients in our

Figure 1 Kaplan–Meier survival analysis. Kaplan–Meier survival curves stratified according to high and low P-selectin levels (optimal threshold value—
35 506 pg/mL) derived from maximal sensitivity and specificity receiver operating characteristic curve analysis.
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study. However, this component was uniformly excluded
from all patients for MAGGIC score derivation to minimize
systematic bias. In addition, data regarding concomitant anti-
platelet or antithrombotic therapies, which could potentially
influence plasma levels of P-selectin, were not available.
P-selectin has been proposed as a marker of vascular events
such as thrombosis in HF previously,1,8 and while we have
presented data pertaining to all-cause mortality, stratification
into cardiovascular vs. non-cardiovascular deaths is lacking.
Contrary to our findings, a previous study9 has reported an
association of higher P-selectin levels in AF subjects. The
smaller left atrial size (albeit of borderline significance,
P = 0.057) and hence less prevalent AF in our higher
P-selectin HFpEF subgroup likely partly explains this differ-
ence. Furthermore, the aforementioned study (AF n = 90;
controls n = 79) excluded elderly subjects (>75 years) as well
as those with hypertension, coronary artery disease, diabe-
tes, and HF, which are additional, potential confounders.

In conclusion, plasma P-selectin is an independent
predictor of mortality and provides incremental prognostic
information beyond MAGGIC scores in HFpEF.
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