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Chapter 1
General introduction and outline of thesis 



Biomarkers and heart failure 
Heart failure (HF) is a major and growing public health problem.1 Prevalence of HF is 

 as about 10% of men and 8% of women over the age of 

and 29% for women at the age of 55.3

 

HF is a clinical syndrome characterized by typical symptoms that may be accompanied 

cardiac output or elevated intracardiac pressures at rest or during stress.4 HF is 
2

a progressive disease. HF patients are in need of permanent medication use and acute 

is necessary. It is essential to improve prognostication in heart failure patients to be 
able to help physicians diagnose patients early and anticipate in time to intensify heart 
failure treatment and patient monitoring.5 

5 There is growing evidence that biomarkers released as 
a consequence of these underlying pathophysiological processes may not only 

and for improved risk prediction in HF patients.2 Circulating microRNAs have been 

6  

5

biomarker measurements over time are assumed to propose additional information.7 

HF with a preserved ejection fraction (HFpEF).8

12
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Health related quality of life in heart failure patients

patients value quality of life at least as important as longevity.

is worse than that of patients with other chronic conditions.10-12

HRQoL is also related to adverse outcome.13 

 HF 

in HF patients.16

cardiac comorbidities may also impact HRQoL. Determinants related to HRQoL may be 

The renin-angiotensin-aldosteron system (RAAS) plays an important role in the 
regulation of hemodynamic stability in the human body by controlling electrolytes 

organ systems and interacts with autonomic nervous system and several vasoactive 
hormones.

atherosclerosis and left ventricular dysfunction.  Therefore the blockade of RAAS has 

patients and RAAS blockade is also a cornerstone in treatment of heart failure patients. 

currently are the angiotensin-converting enzyme (ACE) inhibitors and AT1 receptor 
blockers (ARBs).

Reductions in both cardiovascular morbidity and mortality have been well 

21-23 

and so only half of the patients enrolled in these trials had prevalent hypertension.  

13
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Aim and outline of this thesis

2 To take into account the dynamic and progressive 

novel strategies for Management of Patients with Heart failure (TRIUMPH) study.24  
TRIUMPH is a multi-centre observational cohort study in acute HF patients. Patients 
were enrolled when they where hospitalized with decompensation of known chronic 

properties using a unique design of seven planned repeated measurements during 
1-year follow-up. To be able to account for repeated biomarker measurements in our 

marked as biomarkers with high potential for improving prognostication.  Although 
the AHA/ACC Guidelines advise physicians to consider using ST2 and galectin-3 as an 

26 
the ESC guidelines state that none of the newer biomarkers has reached the stage 
of being recommended for routine use.4 Therefore in chapter two, three and four

cause and cardiovascular mortality ( ). 

promising novel microRNA (miR 1306
enriched or previously linked to HF were evaluated (miR 22 345
miR 378a 423 133a 499a 622 and 
miR 208a 3p) (chapter six). 

development of HF.27 Lipoprotein phospholipase A2 (Lp-PLA2) is proposed as a pro-
28 We 

persons aged 55 years and over (chapter seven).29 In chapter eight

14
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associations of several biomarkers with the occurrence and prognosis of HF with a 
preserved ejection fraction.

The aim of the second part of this thesis is to evaluate symptom burden and health-related 
quality of life (HRQoL) determinants in acute HF patients. We evaluated the occurrence 

on data from the TRIUMPH cohort (chapter nine

chapter ten).

and cardiovascular mortality in hypertensive patients. We considered RAAS inhibitors 
chapter eleven). In 

performed a ‘number needed to treat’ analyses to give insight to the absolute treatment 

important measure to accurately communicate risk (chapter twelve).

this thesis is given.

15
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Part I
Biomarkers in heart failure





Chapter 2
measurements in patients 
with acute heart failure
L.C. van Vark, I. Lesman-Leegte, S.J. Baart, D. Postmus, Y.M. Pinto, R.A. de Boer, 

F.W. Asselbergs, E.M.C.J. Wajon, J.G. Orsel, E. Boersma, H.L. Hillege, K.M. Akkerhuis; 

TRIUMPH Investigators

J Am Heart Assoc. 2017 Dec 29



Background

Several clinical studies have evaluated the association between galectin-3 levels 

the predictive value of repeated galectin-3 measurements. This study evaluates the 
prognostic value of repeated time-dependent galectin-3 measurements in acute HF 
patients.

Methods

hospitals . Repeated blood samples 
(seven) were drawn during 1-year follow-up. Associations between repeated biomarker 
measurements and the primary endpoint were assessed using a joint model. 

Results

Median age was 74 years and 37% were women

a median follow-up of 325 days (IQR 85-401). Median baseline galectin-3 level was 24 
ng/ml (IQR 18-34). The mean number of galectin-3 measurements available per patient 
was 4.3.

between baseline galectin-3 and risk of the primary endpoint. When repeated 
per 1 standard 

deviation increase of the galectin-3 level (on the log2 scale) at any time point increased 
to 

Conclusions

Repeated galectin-3 measurements appeared a strong predictor of outcome in acute 

practice for prognostication and treatment monitoring.

24



Introduction
Most studies on serum biomarkers in heart failure (HF) populations conducted so 

baseline.1-3 Although this approach has demonstrated the prognostic value of a variety 
4

heterogeneous and progressive condition.5

patient compared to models that only use single measurements.
 
The TRanslational Initiative on Unique and novel strategies for Management of Patients 
with Heart failure (TRIUMPH) study was designed to identify and validate novel biomarkers 
to improve prognostication in HF.6 TRIUMPH was designed as a translational study 

both the novel and established HF biomarkers were evaluated for their prognostic 
properties using a unique design of seven planned repeated measurements during 

earmarked as a biomarker with high potential for improving prognostication.
 

7 

macrophages secrete galectin-3.8

9-11 Galectin-3 
12 The 

but may increase substantially under pathophysiological circumstances.13 

Several clinical studies have evaluated the prognostic value of galectin-3. Higher levels 
of galectin-3 have been associated with an increased risk of incident HF and all-cause 

25
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mortality in the general population.

although it still remains uncertain whether galectin-3 confers independent prognostic 
information when added to NT-proBNP.  A few studies have been performed to 
assess the prognostic value of galectin-3 when measured multiple times. The change in 
galectin-3 level over time was predictive of outcome.19-21

cause mortality and HF readmission during 1-year follow-up in the 496 patients with 
acute HF who compose the TRIUMPH clinical cohort. 

Methods
Objective and study design

TRIUMPH was designed as a translational bench-to-bedside study program encompassing 
the entire spectrum of biomarker discovery to clinical validation.6 The clinical validation 
study was an observational prospective study enrolling patients admitted with acute 

This cohort study was designed to validate the clinical value of biomarkers successfully 

evaluate more established biomarkers of HF. There was a particular interest in the 
change in biomarker levels over time. The study was approved by the medical ethics 
committee at all participating centers.

Patient selection

26



informed consent.

Patient management

with the guidelines of the European Society of Cardiology.22

treatment decisions.

Study procedures

The baseline blood 

of 2 days after inclusion. 

use of an angiotensin converting enzyme inhibitor (ACE-I) or an angiotensin II receptor 

heart rate. 

Blood collection

Non-fasting blood samples were obtained by venipuncture and transported to the 
clinical chemistry laboratory of each participating hospital for further processing 
according to a standardized protocol. The collected material was centrifuged at 1700 G 

EDTA tube for cryopreservation of blood cells. All blood aliquots were subsequently 
stored at a temperature of -80°C within 2 hours after venipuncture.

Galectin-3 measurements

Serum and heparin-plasma was transported under controlled conditions to a central 
laboratory (Future Diagnostics Solutions B.V.) for batch analysis of galectin-3 and NT-

NT-proBNP concentrations were determined in heparin plasma using the Elecsys 

27
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Switzerland). Analysts were blinded for patient characteristics and endpoints.

Endpoints

Information on vital status and hospital readmissions was obtained until at least 9 

their follow-up visits.

The primary endpoint is the composite of all-cause mortality and readmission 

with intravenous diuretics. Secondary endpoints included the individual components 
of the primary endpoint and cardiovascular mortality. 

endpoints.

Statistical analysis

whereas the median and interquartile range (IQR) are presented in case of non-normality. 
Categorical variables are presented as counts and percentages. Galectin-3 and NT-
proBNP levels had a non-normal distribution and were therefore log-transformed for 
further analysis. 
 

appropriate.
 

galectin-3 levels with the study endpoints. Subjects were censored at the time of 

of follow-up. No deviations of the proportional hazards assumption were found by 
inspecting log minus log plots of the survival functions. We performed univariate analyses 

28



3). The results are presented as adjusted hazard ratios (HR) per 1 SD increase of the 
We calculated the 

23 
 

study endpoints

study endpoints.24 We used 

regression model. We also tested whether the instantaneous slope of the galectin-3 

combined the repeated measurements of galectin-3 and NT-proBNP to assess their 
respective independent prognostic value. Taking into account the limitations of the R 

(using a ) and the estimated NT-proBNP trajectory 
Since the 

sensitivity analyses were performed to evaluate the joint models. To account for the 
correlation structure between serial biomarker measurements collected from the same 

per 1 SD increase of the biomarker level (on the log2 scale) at any point in time with 
95% CI.

an odds ratio of at least 2.0 (α
percentile of its distribution comparing endpoint cases with non-cases. The incidence 

29
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complete in 78%. Single imputation was applied to account for missing values of 
covariates. 

categorical data. Baseline covariates used in the full model and survival information 
were used in the imputation. The software used was R package MICE (https://cran.r-
project.org/web/packages/mice/mice.pdf). A sensitivity analyses was performed on the 
full model for the primary end point on the complete cases.
 

at: www.r-project.org) was used for advanced statistical analyses of the longitudinal 
biomarker data and study endpoints (packages JMBayes and JM). All statistical tests 

Results
Patients

A total of 496 patients were enrolled in the TRIUMPH clinical cohort. Three patients 
withdrew their informed consent. Eighteen patients were withdrawn from statistical 
analyses due to inclusion violation. These patients had no evidence of sustained systolic 

compose the analysis set. Their median age was 74 years (IQR 65-80) and 37% were 
women (Table 1). Median systolic blood pressure was 125 mmHg (IQR 110-147) and 

78% used a beta-blocker and 93% used diuretics. Median baseline galectin-3 level was 
24 ng/ml (IQR 18-34) and NT-proBNP 4152 pg/ml (IQR 2089-9387). Table 2 shows the 

quartiles with a higher galectin-3 level were older and had a worse kidney function. In 
the higher galectin-3 quartiles more patients had a history of myocardial infarction and 

failure during the last 6 months. In the lower galectin-3 quartiles more patients had 
newly-diagnosed HF during the initial hospitalization. 

30



Table 1. 

Variables Overall sample
Demographic characteristics, median (IQR) or %

74 (65-80)
Female 37
Caucasian 95
Measurements at baseline, median (IQR) or %

28 (25-31)
125 (110-147)
74 (65-85)
85 (72-100)

ml/min/1.73m2 46 (34-62)
30 (21-41)

 II
                                                             III
                                                             IV

17
55
27

Medical history, %

Newly diagnosed heart failure 36
Heart failure with reduced ejection fraction 83
Previous heart failure admission within 6 months
Ischemic heart failure

20
49

Myocardial infarction 40
Hypertension 51

42
Diabetes Mellitus 36
Stroke 17
Medication use at discharge, %
ACE-I and/or ARB 78
Beta-blocker 78
Diuretics 93 
Biomarkers, median (IQR)
Galectin-3 (ng/ml) 24 (18-34)
NT-proBNP (pg/ml) 4152 (2089-9387) 

IQR

Baseline Galectin-3 levels and the incidence of study endpoints

During the median follow-up of 325

reached the primary endpoint compared to 27 patients (24%) in the lowest quartile. The 
number of events in the highest quartile compared to the lowest quartile of galectin-3 

31
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Table 2. Baseline characteristics according to quartiles of galectin-3 level.

Variables Quartile 
1

Quartile 
2

Quartile 
3

Quartile 4 p-value*

Demographic characteristics, median or %
70 73 76 75 0.010

Female 45 31 33 38 0.13
Caucasian 92 93 97 96 0.27
Measurements at baseline, median (IQR) or %

2 27 27 29 29 0.035
130 125 125 122 0.29
80 73 74 70
94 85 84 80 0.002

ml/min/1.73m2 63 55 42 32
30 30 34 31 0.020

                                                     III
                                                     IV                 

23
50
27

18
51
28

11
63
25

14
60
26

0.12

Medical history, %
Newly diagnosed heart failure 57 40 26 21
Heart failure with reduced ejection fraction 88 88 76 81 0.080
Previous heart failure admission within 6 months 8 17 24 29
Ischemic heart failure 40 45 55 56 0.036
Myocardial infarction 28 32 54 48
Hypertension 40 50 56 60 0.016

32 44 45 46 0.089
Diabetes Mellitus 20 32 41 50
Stroke 14 14 17 22 0.29
Biomarkers, median 

3180
16

3970
21

4372
28

7544
40

*P-value fo  

Baseline galectin-3 levels were higher in patients who reached a study endpoint when 
compared with those who remained event-free (Figure 1). The baseline galectin-3 level 

adjustment for all selected potential confounders including baseline NT-proBNP level 
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Table 3. baseline galectin-3 level (on the log2 
scale).

Mean value * Baseline level †
M - SD M M + SD

HR (95% CI) P-value
15.9 24.7 38.2

Primary endpoint
Model 1 1.50 (1.30 - 1.75)
Model 2 1.49 (1.28 – 1.73)
Model 3 1.12 (0.93 – 1.36) 0.241
Number of events / patients 188/475
All-cause mortality
Model 1 1.54 (1.29 – 1.85)
Model 2 1.52 (1.26 – 1.83)
Model 3 1.26 ( 1.01 – 1.59) 0.044
Number of events / patients 113/475
HF hospitalization
Model 1 1.47 (1.22 – 1.76)
Model 2 1.47 (1.23 – 1.76)
Model 3 1.05 (0.82 – 1.33) 0.720
Number of events / patients 123/475
Cardiovascular mortality
Model 1 1.60 (1.28 – 1.99)
Model 2 1.57 (1.26 – 1.97)
Model 3 1.24 (0.93 – 1.67) 0.147
Number of events / patients 77/475

* Mean ± ean galectin-3 value at baseline (presented on the 
linear scale). 
† Hazard ratios are related to a 1 SD increase of galectin-3 (on the log scale) at baseline. 

 

Repeatedly measured galectin-3 levels and the incidence of study endpoints

scale from the mean was 13 ng/ml. A decrease of 1 SD galectin-3 level on the log2 scale 

galectin-3 level (on the log2 scale) at any point in time was 2.09 (95% CI 1.71 – 2.56) for 
the primary endpoint. After adjustment for the broader range of potential confounders 

(Table 4). Results were similar for the secondary endpoints. The instantaneous slope of 
the galectin-3 level trajectories itself was not an independent predictor of the primary 
endpoint.

33
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Figure 1. Distributions of baseline galectin-3 levels within the subpopulations of patients that had an event and 

c) the single endpoint of readmission for heart failure; d) the single endpoint of cardiovascular mortality.

Table 4. 

Mean value * Instantaneous level †
M - SD M M + SD HR (95% CI) P-value

Primary endpoint 15.4 23.8 36.6
Model 1 2.07 (1.71 – 2.53)
Model 2 2.09 (1.71 – 2.56)
Model 3 1.67 (1.24 – 2.23)
All-cause mortality 15.4 23.8 36.9
Model 1 2.41 (1.83 – 3.15)
Model 2 2.36 (1.78 – 3.08)
Model 3 2.14 (1.47 – 3.16)
HF hospitalization 15.4 23.8 36.6
Model 1 1.87 (1.47 – 2.39)
Model 2 1.92 (1.48 – 2.46)
Model 3 1.41 (1.02 – 1.93) 0.035
Cardiovascular mortality 15.4 23.8 36.9
Model 1 2.46 (1.79 – 3.34)
Model 2 2.43 (1.76 – 3.35)
Model 3 2.22 (1.48 – 3.36)

* Mean ± on ean galectin-3 value during follow-up (presented 
on the linear scale).

† Hazard ratios are related to a 1 SD increase of galectin-3 (on the log scale) at any point in time. 
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Table 5. 
scale) at any point in time using repeated galectin-3 and NT-proBNP measurements in a joint model.

Mean value * Instantaneous level †
M – SD M M + SD HR (95% CI) P-value

Primary endpoint
Galectin-3 15.4 23.8 36.6 1.54 (1.16 – 2.05) 0.003
NT-proBNP 742 2445 8062 2.10 (1.63 – 2.74)
All-cause mortality
Galectin-3 15.4 23.8 36.9 1.77 (1.22 – 2.52)
NT-proBNP 739 2480 8321 2.68 (1.90 – 3.86)
HF hospitalization
Galectin-3 15.4 23.8 36.6 1.29 (0.92 – 1.81) 0.160
NT-proBNP 742 2445 8062 1.71 (1.27 – 2.25)
Cardiovascular mortality
Galectin-3 15.4 23.8 36.9 1.89 (1.25 – 2.85) 0.002
NT-proBNP 739 2480 8321 2.62 (1.70 – 4.27)

* Mean ± 
the linear scale).
† Hazard ratios are related to a 1 SD increase of biomarker level (on the log scale) at any point in time.

 
NT-proBNP level

between repeated galectin-3 levels and adverse outcome remained statistically 

with 1 SD increase of galectin-3 level (on the log2 scale) at any point in time (Table 5). 
The HR corresponding with a 1 SD increase of NT-proBNP level (on the log2 scale) at 
any point in time was 2.10 (95% CI 1.63 – 2.74) after adjustment for repeated galectin-3 
levels.

Figure 2A shows the average estimated galectin-3 level in patients with and without the 
primary endpoint according to model 3 and the individual galectin-3 measurements. 
During hospitalization the average galectin-3 level remains steady for patients who 
remained free of the primary endpoint. For patients who reached the primary endpoint 
during follow-up the average estimated galectin-3 level decreased slightly after the initial 

35
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A

B

Figure 2 A. Average estimated galectin-3 pattern during initial hospitalization for decompensated heart failure 

for patients with and without the primary endpoint.
2 B. Average estimated galectin-3 pattern prior to the primary endpoint or end of follow-up for patients with and 

without the primary endpoint.

 and baseline NT-proBNP 
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Discussion

galectin-3 measurements are a strong and independent predictor of the composite 
endpoint of all-cause mortality or readmission for HF during 1-year follow-up. Our results 

in HF patients.

the association between baseline galectin-3 level and mortality attenuated after 

 The association between baseline galectin-3 level and readmission for HF was less 
 to hospitalize a patient for decompensation of HF 

level and heart failure readmission attenuated after adjustment for these risk factors. 
Since the primary endpoint is a composite of all-cause mortality and readmission for 

stronger compared to the primary endpoint.

Repeated galectin-3 measurements were strongly and independently related to the 

into account the 

number of galectin-3 measurements per patient was high and therefore the repeated 
galectin-3 measurements could be used to estimate instantaneous galectin-3 levels 
(i.e. the estimated galectin-3 level at any point in time during the follow-up period). 

that cannot be captured in a single biomarker assessment at one point in time.5 
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which occurs during hospitalization.28 As galectin-3 is involved in the process of 

patients enter a more chronic phase of HF.11

helpful in identifying high-risk patients when their galectin-3 level rises above a certain 
threshold. The change in galectin-3 level prior to reaching this threshold is not essential 

have been conducted on the prognostic value of multiple galectin-3 measurements in 
acute and stable HF patients.  These studies showed that change in galectin-3 level is 

number of galectin-3 measurements during follow-up was substantially higher in our 

The statistical method (Joint Model) used to estimate the trajectory of the galectin-3 level 
takes into account the continuous changes in biomarker levels and adequately analyses 

the changing population due to censoring at the time of occurrence of an endpoint. 
Previous studies presented changes in biomarker level as a ‘delta’ between just two 
measurements that are separated in time. If more than two samples are taken into 

reduced. 

baseline as well as repeated NT-proBNP measurements. The fact that NT-proBNP and 
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processes that lead to adverse cardiac remodelling and deterioration of cardiac 

the studied population is not completely representable for the average HF population. 
The mean age in our study population is 74 and the women are underrepresented. 
Moreover only 18% of the included HF patients have a preserved ejection fraction. 
De Boer et al.30

a reduced and preserved ejection fraction and the predictive value of galectin-3 was 
stronger in patients with a preserved ejection fraction. By underrepresenting the HF 
patients with a preserved ejection fraction in our study we possibly underestimated the 
prognostic value of galectin-3.

Future studies should evaluate the value of repeated galectin-3 measurements when 
used to guide treatment decisions. It may be hypothesized that treatment is to be 

who are more likely to respond to certain treatments.31

Additional studies should also determine the number of galectin-3 measurements 
needed for optimal prognostication and therapy monitoring. The frequency by which 

progression of galectin-3 levels during follow-up.

Conclusions 

The TRIUMPH study clearly demonstrates that repeated measurements of galectin-3 
are a strong and independent predictor of adverse outcome in patients following 
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at a higher risk of reaching adverse events than baseline galectin-3 levels alone. In 

proBNP. These results suggest that repeated galectin-3 measurements in addition to 
NT-proBNP measurements may be helpful in clinical practice to identify HF patients who 
are at increased risk of adverse outcome.
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Background

Several clinical studies have evaluated the association between ST2 and outcome in 

of frequently measured ST2 levels in an acute HF population.

Objectives

To describe the prognostic value of baseline and repeated ST2 measurements in acute 
HF patients.

Methods

hospitals . Repeated blood samples (seven) 
were drawn during 1-year follow-up. ST2 and NT-proBNP levels were measured in a 
central laboratory. The primary endpoint was the composite of all-cause mortality and 
HF rehospitalization. Associations between repeated biomarker measurements and the 
primary endpoint were assessed using a joint model. 

Results

Median age was 74 years and 37% were women. The primary endpoint was reached 
 days (IQR 85-401). Median 

baseline ST2 level was 71 ng/ml (IQR 46-102).

ST2 level (on the log2 scale) was 1.30 (95% CI 1.08 – 1.56 repeated 
per 1SD increase of the ST2 level 

(on the log2 scale) during follow-up increased to 1.85 (95% CI 1.02 – 3.33
adjusted for clinical factors and repeated measurements of NT-proBNP. 
ST2 levels appear to elevate several weeks prior to the time of the primary endpoint.  

Conclusions

Repeated ST2 measurements appeared a strong predictor of outcome in acute HF 

in clinical practice for prognostication and treatment monitoring.
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Introduction

Heart failure (HF) is a major cause of morbidity and mortality in the Western World.1 

HF patients die despite evidence-based treatment. Serum biomarkers may play an 
important role in bridging the gap between the assessment of HF and the occurrence 

 

related adverse outcome during follow-up with a single measurement at baseline.2-4 

5

prognostication and therapy monitoring.

ST2 is an IL-1 receptor family member with membrane-bound (ST2L) and soluble (sST2) 

ligand for ST2L.6 IL-33/ST2L signalling protects the myocardium against hypertrophy 
7

ST2L interaction and the subsequent cardioprotective cascade of events. The major 

sST2 has been shown to be secreted by cardiomyocytes when the cells are subjected 
to biomechanical overload.8 Accordingly serum ST2 levels correlate strongly with serum 
levels of natriuretic peptides.9

rather than the human myocardium.10

 A recent meta-analysis supports 
12 

of studies have evaluated the prognostic value of multiple ST2 measurements.  It is 

patients and fall rapidly over days to weeks during HF treatment.13 This lack of reduction 
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levels of ST2 were associated with increased mortality risk.16 

 

17 
The RELAX-AHF trial showed that serial sST2 measurements combined in a multimarker 
approach are useful for prognostication in acute HF patients.18 

during follow-up will add incremental prognostic information to that conferred by repeated 

is required to support this suggestion.19

assessed the association between frequently measured ST2 independent of frequently 
measured NT-proBNP and the incidence of all-cause mortality and HF readmission during  
1-year follow-up in 496 patients admitted with acute HF.

Methods

Objective and study design

TRIUMPH was designed as a translational bench-to-bedside study program 
encompassing the entire spectrum of biomarker discovery to clinical validation.20 The 
clinical validation study was an observational prospective study enrolling patients 

and December 2013. This cohort study was designed to validate the clinical value of 
biomarkers successfully passing the bio-informatics and early-validation stages of 

patients. The study was approved by the medical ethics committee at all participating 
centres.

Patient selection
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informed consent.

Patient management

with the guidelines of the European Society of Cardiology.21

treatment decisions.

Study procedures

Medication use was determined at discharge using three categories: (1) 
use of an angiotensin converting enzyme inhibitor (ACE-I) or an angiotensin II receptor 

Patients underwent 

measured. 

Blood collection

Non-fasting blood samples were obtained by venipuncture and transported to the clinical 
chemistry laboratory of each participating hospital for further processing according to 
a standardized protocol. The collected material was centrifuged at 1700 G / Relative 

blood aliquots were subsequently stored at a temperature of -80°C within 2 hours after 
venipuncture.
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ST2 measurements

Serum and heparin-plasma samples were transported under controlled conditions to a 
central laboratory (Future Diagnostics Solutions B.V.) for batch analysis of ST2 and NT-
proBNP levels. ST2 concentrations were determined in serum in single measurements 
using a quantitative sandwich monoclonal enzyme-linked immunosorbent assay 
(Presage®

inter-assay CV of 5.2% reported by the manufacturer. NT-proBNP concentrations were 
determined in heparin plasma using the Elecsys NT-proBNP electrochemiluminescent 

Switzerland). Analysts were blinded for patient characteristics and endpoints.

ST2 pattern

Post hoc analyses were performed to identify ST2 patterns in patients with and without 

if less than three ST2 measurements were available or three ST2 measurements were 

session.

Endpoints

Information on vital status and hospital readmissions was obtained until at least 9 

their follow-up visits.

The primary endpoint is the composite of all-cause mortality and readmission for 

with intravenous diuretics. Secondary endpoints included the individual components of 

endpoints.
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Statistical analysis

The distributions of continuous variables were evaluated for normality by visual 

interquartile range (IQR) are presented in case of non-normality. Categorical variables 
are presented as counts and percentages. ST2 and NT-proBNP levels had a non-normal 
distribution and were therefore log-transformed for further analyses.
 

in baseline characteristics between these quartiles were evaluated by chi-square tests 

 

ST2 levels with the study endpoints. Subjects were censored at the time of occurrence 

No deviations of the proportional hazards assumption were found by inspecting log 
minus log plots of the survival functions. We performed univariate analyses to obtain 

results are presented as adjusted hazard ratios (HR) per 1SD increase of the biomarker 

22

23

For the analyses with the repeated

(model 1). We combined repeated measurements of ST2 and NT-proBNP in one joint 

eGFR 
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diuretics) (model 3). 

analyses were performed to evaluate the joint models. 
as adjusted HR per 1 SD increase of the biomarker level (on the log2 scale) at any point 
in time with 95% CI.
 

complete in 78%. Single imputation was applied to account for missing values of 
covariates.
 

at: www.r-project.org) was used for advanced statistical analyses of the longitudinal 
biomarker data and study endpoints (packages JMBayes and JM). All statistical tests 

Results

Patients

A total of 496 patients were enrolled in the TRIUMPH clinical cohort. Three patients 
withdrew their informed consent. Eighteen patients were withdrawn from statistical 
analyses due to inclusion violation. These patients had no evidence of sustained systolic 

compose the analysis set. Their median age was 74 years (IQR 65-80) and 37% were 
women (Table 1). Median systolic blood pressure was 125 mmHg (IQR 110-147) and 
median LVEF was 30% (IQR 21-42). The majority were HF patients with a reduced ejection 
fraction (83%). Median baseline ST2 level was 71 ng/ml (IQR 46-102) and NT-proBNP 

had a worse kidney function and more patients had a history of myocardial infarction.
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Table 1. baseline ST2 level 

Variables Overall sample Q 1 Q 2 Q 3 Q 4 p-value*

Demographic characteristics, median (IQR)or %
74 (65-80) 72 75 73 74 0.427

Female 37 45 37 38 34 0.434

Caucasian 95 91 95 95 95 0.541
Measurements at baseline, median (IQR) or %

2 28 (25-31) 28 28 28 27 0.768

125 (110-147) 128 135 124 124 0.534

74 (65-85) 75 76 72 74 0.513

85 (72-100) 85 86 84 84 0.503
ml/min/1.73m2 46 (34-62) 51 49 44 40 0.002

30 (21-41) 34 30 30 29 0.204

                                        III
                                        IV                 

17
55
27

20
53
27

16
58
25

16
63
20

11
53
34

0.378

Medical history, %
Newly diagnosed heart failure 36 43 40 37 27 0.088
Heart failure with reduced ejection fraction 83 78 85 79 87 0.434
Previous heart failure admission within 6 
months

20 20 18 15 27 0.245

Ischemic heart failure 49 43 44 47 53 0.498

Myocardial infarction 40 35 31 43 50 0.034

Hypertension 51 55 55 46 48 0.470

42 38 45 43 46 0.640

Diabetes Mellitus 36 32 32 41 39 0.439
Stroke 17 13 16 16 19 0.718
Biomarkers, median (IQR)

71 (46-102) 37 59 89 132
4152 (2089-9387) 2347 3970 4871 5692

Endpoints, %
Primary endpoint 40 23 34 44 52
All-cause mortality 24 7 20 26 32
HF Hospitalization 26 20 27 33 34 0.15
Cardiovascular mortality 16 2 15 17 23

 quartiles of baseline ST2 level. 

Heart Failure.

Baseline ST2 levels and the incidence of study endpoints

corresponds with an incidence rate (IR) of 55.9 per 100 patient-years for the primary 
endpoint. Baseline ST2 levels were available in 386 patients. In the highest quartile of 

(23%) in the lowest quartile of ST2. All-cause mortality was also higher in the highest ST2 
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similar for cardiovascular mortality 22 (23%) and 2 (2%) respectively (Table 1).
 

adjustment for all selected potential confounders including baseline NT-proBNP level 
(model 3). 

Table 2. baseline ST2 level (on the log2 scale).

Mean value * Baseline level †
M - SD M M + SD

HR (95% CI) P-value
40.7 70 120.3

Primary endpoint
Model 1 1.49 (1.26 – 1.77)
Model 2 1.48 (1.25 – 1.76)
Model 3 1.30 (1.08 – 1.56) 0.005
Number of events / patients 188/475
All-cause mortality
Model 1 1.80 (1.41 – 2.29)
Model 2 1.77 (1.39 – 2.27)
Model 3 1.43 (1.11 – 1.86) 0.006
Number of events / patients 113/475
HF hospitalization
Model 1 1.33 (1.09 – 1.61) 0.005
Model 2 1.33 (1.09 – 1.61) 0.005
Model 3 1.16 (0.94 – 1.43) 0.159
Number of events / patients 123/475
Cardiovascular mortality
Model 1 2.01 (1.49 – 2.72)
Model 2 1.98 (1.46 – 2.67)
Model 3 1.63 (1.19 – 2.23) 0.002
Number of events / patients 77/475

* Mean ± one standard d ean ST2 value at baseline (presented on the 
linear scale).

† Hazard ratios are related to a 1 SD increase of ST2 (on the log scale) at baseline.

Prognostic value of repeated ST2 measurements

The average number of ST2 measurements per patient during follow-up was 3.9 and 4.1 
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p-value < 0.001). 
After adjustment for the broader range of potential confounders including repeated 

with a HR corresponding with 1 SD increase of ST2 level (on the log2 scale) during follow-
p-value 0.044). The HR corresponding with 1 SD increase of 

NT-proBNP level (on the log2 scale) during follow-up for the primary endpoint was 2.13 
p-value < 0.001) adjusted for model 3 and repeated measurements of 

ST2 (Table 3). The HRs for all-cause and cardiovascular mortality corresponding with 
1 SD increase of ST2 level (on the log2 scale) during follow-up after adjustment for all 
covariates and repeated measurements of NT-proBNP (model 3) were highly statistically 

p-value < 0.001 p-value < 

0.001

predictor of the primary endpoint.

Figure 1 shows the measured ST2 levels of 3 individuals who showed a “U-shaped” ST2 
pattern and of 3 individuals who showed a “J-shaped” pattern. 56% of the patients who 
reached the primary endpoint had a “U-shaped“ ST2 pattern preceding the occurrence 

the patients remained event free. 

Figure 2 shows the average estimated biomarker level and the individual biomarker 
measurements in patients with and without the primary endpoint adjusted according to 

the average estimated ST2 level in patients who reached the primary endpoint were 

average estimated ST2 levels increased several weeks prior to the time of the primary 
endpoint (Figure 2B). The shape of the average estimated NT-proBNP pattern following 

2C).

55

PROGNOSTIC VALUE OF SERIAL ST2 MEASUREMENTS IN PATIENTS WITH ACUTE HEART FAILURE.



Table 3. 
at any point in time using repeated ST2 and repeated NT-proBNP measurements in a joint model. 

Model
Mean value * Instantaneous level †

M - SD M M + SD HR (95% CI) P-value
Primary endpoint
ST2 (crude) 1 24.2 41.4 70.9 2.78 (2.16 – 3.64)
ST2 2 24.2 41.4 70.9 3.54 (2.07 – 7.32)
NT-proBNP 2 517 1776 6093 1.67 (1.20 – 2.34) 0.002
ST2 3 24.2 41.4 70.9 1.85 (1.02 – 3.33) 0.044
NT-proBNP 3 517 1776 6093 2.13 (1.35 – 3.88)
All-cause mortality
ST2 (crude) 1 24.8 42.6 73.3 4.45 (3.12 – 6.39)
ST2 2 24.8 42.6 73.3 4.19 (2.31 – 8.79)
NT-proBNP 2 545 1874 6447 1.85 (1.22 – 2.83) 0.002
ST2 3 24.8 42.6 73.3 4.36 (2.31 – 8.92)
NT-proBNP 3 545 1874 6447 2.48 (1.35 – 6.10) 0.004
HF hospitalization
ST2 (crude) 1 24.2 41.4 70.9 2.24 (1.68 – 3.01)
ST2 2 24.2 41.4 70.9 1.80 (1.27 – 2.56)
NT-proBNP 2 517 1776 6093 1.62 (1.18 – 2.19)
ST2 3 24.2 41.4 70.9 1.10 (0.64 – 1.83) 0.690
NT-proBNP 3 517 1776 6093 1.47 (0.92 – 2.45) 0.096
Cardiovascular mortality
ST2 (crude) 1 24.8 42.6 73.3 5.27 (3.31 – 8.31)
ST2 2 24.8 42.6 73.3 4.55 (2.47 – 8.37)
NT-proBNP 2 545 1874 6447 1.66 (1.05 – 2.67) 0.022
ST2 3 24.8 42.6 73.3 3.98 (2.15 – 7.94)
NT-proBNP 3 545 1874 6447 1.85 (1.02 – 3.45) 0.046

* Mean ± one sta ean biomarker level during follow-up (presented 
on the linear scale).

† Hazard ratios are related to a 1 SD increase of biomarker level (on the log scale) at any point in time.
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Figure 1. 

during follow-up.
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A

C

B

Figure 2. 
during follow-up in patients with and without the primary endpoint. A Average estimated ST2 pattern 
during initial hospitalization for decompensated heart failure for patients with and without the 
primary endpoint. B Average estimated ST2 pattern prior to the primary endpoint or end of follow-
up for patients with and without the primary endpoint. C Average estimated NT-proBNP pattern 
prior to the primary endpoint or end of follow-up for patients with and without the primary endpoint. 

(model 3).
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Discussion

This study clearly demonstrates that baseline ST2 levels but even more so repeated ST2 
measurements are a strong and independent predictor of the composite endpoint of 
all-cause mortality or readmission for HF during 1-year follow-up in patients admitted 

still considered the gold standard biomarker in HF. 

The TRanslational Initiative on Unique and novel strategies for Management of Patients 
with Heart failure (TRIUMPH) study was designed to identify and validate novel biomarkers 
to improve prognostication in HF.20 TRIUMPH was designed as a translational study 

the biomarkers were evaluated for their prognostic properties using a unique design of 

a biomarker with high potential for improving prognostication.

It has been established that ST2 levels in acutely decompensated HF patients are 
useful for prognostication.

In line with previous 

than the association between baseline ST2 and the mortality endpoints when adjusted 
for all potential confounders and baseline NT-proBNP. 

its separate components. The association between repeated ST2 level and the primary 

baseline ST2 level and the primary endpoint. Repeated measurements take into account 

the true changes that occur in the underlying pathophysiological processes in the 

the instantaneous ST2 levels (i.e. the estimated ST2 level at any point in time during the 
follow-up period). These estimated instantaneous ST2 levels were strongly associated 

condition of the patient at that point in time during follow-up. This is important since 
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and remodelling are on-going processes that cannot be captured in a single biomarker 
assessment at one point in time.5 

level in patients without the primary endpoint during follow-up stabilizes. The slope of 

the biomarker measurements is not ideal for assessment of the instantaneous slope. 

individual patients. This analysis demonstrated that almost twice as many patients who 

subjectivity and that one should be careful with drawing conclusions from this post-hoc 

for the evaluation of a HF patient. The increase or stabilization of the ST2 level may be 
a useful variable in daily practice not only for stratifying patients in high risk and low 
risk categories but even more so for acting on an anticipated cardiac deterioration of a 
patient when the ST2 levels rise during the outpatient clinic follow-up visit. 

reason for this observation. NT-proBNP is a marker of volume overload.26 ST2 responds 

remodelling.8

combined use with (repeatedly-measured) NT-proBNP levels.

proBNP measurements in acute HF patients and therefore adds important evidence to 
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NT-proBNP.19

Future studies should evaluate the value of repeated ST2 measurements when used to 

repeated ST2 measurements may be helpful to identify patients who are more likely to 
respond to certain treatments. Additional studies should also determine the number 
of ST2 measurements needed for optimal prognostication and therapy monitoring. 
The frequency by which ST2 levels should be measured may not be identical for each 

ST2 level and the progression of ST2 levels during follow-up. Based on these factors 

biomarker for monitoring HF patients.27

Conclusions 

The TRIUMPH study clearly demonstrates that repeated measurements of ST2 are a 
strong and independent predictor of adverse outcome in patients following admission 

that repeated ST2 measurements in addition to NT-proBNP measurements may be 
helpful in clinical practice to identify HF patients who are at increased risk of adverse 
outcome.

Sources of funding

This work received support within the framework of CTMM (Center for Translational 

grant 2003T083 of the Netherlands Heart Foundation. 

Disclosures

None.

61

PROGNOSTIC VALUE OF SERIAL ST2 MEASUREMENTS IN PATIENTS WITH ACUTE HEART FAILURE.



References

1. 

and stroke statistics--2014 update: a report from the American Heart Association. Circulation. 2014;129:e28-e292.

2. 

of Interleukin Family Member ST2 as Predictor of Mortality in Patients With Acutely Decompensated Heart Failure 

Relative to Left Ventricular Ejection Fraction. American Journal of Cardiology. 2011;107:259-267.

3. 

acutely decompensated heart failure: the Multinational Observational Cohort on Acute Heart Failure (MOCA) study. 

Int J Cardiol. 2013;168:2186-94.

4. 

1-year mortality in patients with dyspnea treated in the emergency department. Arch Intern Med. 2006;166:315-20.

5. Braunwald E. Heart failure. JACC Heart Fail. 2013;1:1-20.

6. 

and induces T helper type 2-associated cytokines. Immunity. 2005;23:479-90.

7. 

biomechanically induced and cardioprotective signaling system. J Clin Invest. 2007;117:1538-49.

8. 

infarction. Circulation. 2002;106:2961-6.

9. 

as a novel heart failure biomarker. Circulation. 2003;107:721-726.

10. 

hypertrophy and failure is related to diastolic load. J Am Coll Cardiol. 2008;52:2166-74.

11. 

Chronic Heart Failure. Circ-Heart Fail. 2011;4:180-U107.

12. 

Value of Soluble Suppression of Tumorigenicity-2 in Chronic Heart Failure: A Meta-Analysis. JACC Heart Fail. 

62



2017;5:280-286.

13. 

90-Day Mortality Following Destabilized Heart Failure. Journal of Cardiac Failure. 2008;14:732-738.

14. 

patients with chronic heart failure. JACC Heart Fail. 2014;2:65-72.

15. 

Failure Trial. Circ Heart Fail. 2014;7:418-26.

16. 

JACC Heart Fail. 2016;4:68-77.

17. 

Gullestad L and Grp CS. Soluble ST2 is associated with adverse outcome in patients with heart failure of ischaemic 

aetiology. European Journal of Heart Failure. 2012;14:268-277.

18. 

strategy in acute heart failure: results from the RELAX-AHF trial. Eur J Heart Fail. 2017.

19. 

Task Force on Practice G. 2013 ACCF/AHA guideline for the management of heart failure: a report of the American 

College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 

2013;62:e147-239.

20. TRIAL ID: NTR1893. TRanslational Initiative on Unique and novel strategies for Management of Patients with Heart 

failure (TRIUMPH).

21. 

ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure 2012: The Task Force for the 

Diagnosis and Treatment of Acute and Chronic Heart Failure 2012 of the European Society of Cardiology. Developed 

in collaboration with the Heart Failure Association (HFA) of the ESC. Eur Heart J. 2012;33:1787-847.

22. 

N Engl J Med. 2006;354:2473-83.

23. Rizopoulos D. arXiv:1404.7625. 30 April 2014;2015.

24. 

Acute Heart Failure. Journal of the American College of Cardiology. 2008;52:1458-1465.

25. 

63

PROGNOSTIC VALUE OF SERIAL ST2 MEASUREMENTS IN PATIENTS WITH ACUTE HEART FAILURE.



Dyspnea. Circ-Heart Fail. 2009;2:311-319.

26. 

brain natriuretic peptide (NT-PROBNP): a new marker of cardiac impairment. Clin Endocrinol (Oxf). 1997;47:287-96.

27. 

With Stable Chronic Heart Failure and Implications for Monitoring. Am J Cardiol. 2016;118:95-8.

64



65

PROGNOSTIC VALUE OF SERIAL ST2 MEASUREMENTS IN PATIENTS WITH ACUTE HEART FAILURE.





Chapter 4
 

in acute heart failure: miRNA regulation  
and genetic factors

L.C. van Vark, I. Kardys, E. Boersma, H.L. Hillege, K.M. Akkerhuis; TRIUMPH Investigators

J Am Coll Cardiol. 2018 Mar 27  



We appreciate dr. Patanè’s comments on our manuscript concerning the prognostic 
value of repeatedly measured ST2 in acute heart failure patients.1 We agree that 

 2

adverse clinical outcome.3 In our Bio-SHiFT study of 263 chronic heart failure patients 

T and CRP.4

stress-induced hypertrophy.5
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Background

RNA sequencing to identify novel candidate circmiRs and compared this to previously 

Methods

RNA sequencing of plasma from instrumented pigs was used to identify circmiRS 

(PE) was the composite of all-cause mortality and HF rehospitalization. 

Results

repeatedly measured miR-1306-5p were positively associated with the risk of the PE at that 

and NT-proBNP. Baseline miR-1306-5p did not improve model discrimination/

423-5p and miR-1254 associations with the PE were present after adjustment for age 

respectively). Detection rate of myomiRs miR208a-3p and miR499a-5p was very low. 

Conclusions

Repeatedly-measured miR-1306-5p was positively associated with adverse clinical 
outcome in AHF

heart-enriched myomiRs are often undetectable which mandates more sensitive assays. 
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Introduction

for diagnosis and prognostication of heart failure (HF).1 Improved HF prognostication 

management.

Circulating microRNAs (circmiRs) have been proposed as an attractive new class 

assessment in easily accessible samples.2

between separate studies.3-7 Larger studies are scarce and have not investigated the 
temporal patterns of microRNAs (miRs) in patients with HF.8

temporal patterns and the patient’s ensuing risk of disease progression and adverse 
outcome. 
 

for prognostication of the most promising novel circmiR (miR-1306-5p) in a set of 475 
patients who were prospectively included for serial sampling after an AHF admission 
and compared it to multiple miRs known to be cardiac-enriched or already previously 

Methods

PART I: PRECLINICAL STUDY DESIGN

Aortic Banding and plasma and tissue harvesting 

(n ) and sham-operated 
(

9 Up 

tissue samples from the left ventricular anterior wall. 
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RNA Sequencing

RNA was isolated from myocardial tissue and from arterial and coronary venous plasma 
samples of AoB-treated ( (

samples and from plasma obtained from arterial and coronary venous samples from 

platform and base-calling was performed using the bcl2fastq 2.0 Conversion Software 
from Illumina.

http://www.bioinformatics.
bbsrc.ac.uk/projects/fastqc/). Trimmomatic version 0.32 was used to carry out 3´ 

bases whilst ensuring that reads with a length below 18 bases were discarded.10

11

were analyzed. We used quantitative polymerase chain reaction (PCR) to analyze 

from 21 sham pigs and 29 AoB pigs. Plasma samples were analyzed to obtain a trans-
coronary gradient in a comparable fashion; sham arterial plasma vs. coronary venous 

estimate dispersion between each comparison. DESeq2’s negative binomial model was 

Part II: Clinical study design

2013. The study was designed to allow analysis of novel potential biomarkers for 
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blood-biomarker patterns over time and their value for prognostication in HF patients. 
The study was approved by the medical ethics committee at all participating centers. All 
patients provided written informed consent.

Patients

limit of normal (determined in each individual hospital); (2) evidence of sustained 

during hospitalization; and (3) treatment with intravenous diuretics. Patients were 

an acute ST-segment elevation myocardial infarction or by severe valvular dysfunction 

Patient management

the guidelines of the European Society of Cardiology.12

used for clinical decisions.

Study procedures

Blood samples were obtained from all patients during hospitalization at admission 

died before all samples could be taken. A short medical evaluation was performed and 
blood samples were collected at every follow-up visit. Adverse cardiovascular events 
and changes in medication were recorded in electronic case report forms.

MiR- and NT-proBNP measurements

MiRNAs were measured in all separate plasma samples as described in detail in the 
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 miR-378a-3p and 
14

 MiR486-

shown to carry advantages for normalization compared to spike-in (e.g. Cel39) or small 
RNAs.17

as a normalizer (details of normalization are described in the Supplementary Material 
NT-proBNP measurements are also described in the Supplemental Material.

Quality control of human miR measurements

missing values.18 
due to template levels that are too low to measure reliably with qPCR. 
used a quality assessment algorithm to ensure the validity of each measurement. This 

19

were not used in further analyses. 

Endpoints

The primary endpoint comprised the composite of all-cause mortality and readmission 

Secondary endpoints included the individual components of the primary endpoint and 
additionally cardiovascular mortality.
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for information during their follow-up visits. A clinical event committee blinded to the 
biomarker results subsequently reviewed all collected information and adjudicated 
primary and secondary endpoints. 

Statistical analysis

The associations between the baseline miR measurements and the risk of a study 

the current level of each separate miR at a particular time point and the risk of an 

20 A 
detailed description of the statistical analysis is provided in the Supplemental Material.

Results

RNA sequencing in pigs samples

followed by discarding sequences longer than 25 nucleotides and those with low 
6 reads that were successfully 

mapped to pig hairpin sequences. Aligning unmapped reads to hairpin sequences of 

used those sequences that were mapped to Sus scrofa hairpins. 

a high abundance of miR-486-5p was observed in plasma samples (constituting 92.5-
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the potential role of miR-1306-5p as a circulating biomarker. We compared the values 
obtained for miR-1306 in the control samples that are routinely taken along on the 

 1.43 
)

circulating miR-1306-5p could serve as a novel biomarker for HF.

Figure 1. Trans-coronary gradients in plasma microRNAs
The number indicates the number of pigs (out of a total of 44 pigs) with both a detectable venous and arterial 

venous Ct value of the microRNA.
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Table 1. 

MiR Fold change* Adjusted p-value
306-5p 0.002
132 0.013
133a-3p 0.004
142-5p
144 0.004
144-5p
150 0.006
15b
15b-5p
342
365-3p
451
532-3p 0.001
7139-3p
92b-3p 0.015
99b-3p 0.023
133b
103
143-3p
143-5p
28-3p
486-5p
7f
99

Myocardial samples were obtained from the left ventricular free wall and compared between sham-operated and TAC-

* Log2 fold change

Prospective Clinical study: Baseline characteristics 

A total of 496 patients were enrolled in the TRIUMPH clinical cohort and provided 
written informed consent. Three patients withdrew their informed consent. Eighteen 
patients were withdrawn from statistical analyses due to inclusion violation. These 
patients had no evidence of sustained systolic or diastolic left ventricular dysfunction on 

ejection fraction was 30% (IQR 21-42) (Table 2). Median baseline NT-proBNP level was 
4135 pg/mL (IQR 2123–9328).

Clinical endpoints 

The composite primary endpoint was reached by 188 patients (40%) during a median 

decompensated HF. 
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Table 2. Baseline characteristics 

Variables
Demographic characteristics, median [IQR] or number (%)

36.6 (167)
94.3 (430)

Measurements at baseline, median [IQR] or number (%)

eGFR

79.8 (289)
NT-proBNP (pg/ml)
Medical history, number (%)
Previous heart failure admission within 6 months 19.8 (90)
Ischemic heart failure 48.1 (219)
Myocardial infarction 40.4 (184)
Hypertension 50 (228)

42.5 (194)
Diabetes Mellitus 36.5 (166)
Stroke 17.5 (80)

Circulating miR measurements

A total of 2214 blood samples were available for the current investigation. Median 
(IQR) number of miR measurements per patient was 3 (IQR 2–5). Supplemental table 
1 displays the number of measurements that were detectable per miR. MiRs that were 
detectable in less than 700 out of 2214 samples were not used as continuous variables 
in further analyses but were dichotomized (detectable vs. non-detectable) as described 

for normalization of these miR levels. MiR-622 and miR-208a-3p were only detectable 

miR-1306-5p.
 

vs. HF with preserved ejection fraction (HFpEF) are presented in supplemental table 3.
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Associations between baseline miR levels and clinical endpoints

primary endpoint (HRs(95%CI): 1.10(1.00-1.21)). Associations with secondary endpoints 
are shown in Supplemental Table 4. A sensitivity analysis on the subgroup of HFrEF 

1.25) (supplemental table 5). This was most likely caused by a decrease in statistical 
power in this subgroup. 
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P < 0.001

Figure 2. Kaplan-Meier survival curves for the primary endpoint of death or readmission for HF in the four 
quartiles of baseline miR-1306-5p levels

103

SERIALLY-MEASURED CIRCULATING MICRORNAS AND ADVERSE CLINICAL OUTCOMES IN PATIENTS WITH ACUTE HEART FAILURE. 



Table 3. Associations between baseline microRNA levels and primary endpoint

miR
Hazard ratio (95% CI)

Model 1 Model 2 Model 3
320a* 1.19 (1.09 – 1.30) 1.18 (1.08-1.29) 1.10 (1.00 – 1.21)
1254* 1.06 (0.98 – 1.14) 1.05 (0.97 – 1.14) 1.00 (0.92 – 1.08)
22-3p* 1.04 (0.96 – 1.12) 1.05 (0.97 – 1.14) 1.02 (0.94 – 1.10)
378a-3p* 1.08 (0.98 – 1.18) 1.07 (0.97 – 1.18) 1.03 (0.93 – 1.14)
423-5p* 1.08 ( 0.98 – 1.18) 1.09 (0.98 – 1.20) 1.05 (0.95 – 1.16)
345-5p* 1.03 (0.97 – 1.11) 1.03 (0.96 – 1.10) 0.99 (0.93 – 1.07)
1306-5p* 1.19 (1.09 – 1.30) 1.18 (1.09 – 1.29) 1.13 (1.03 – 1.23)
133a-3p† 0.84 (0.56 – 1.24) 0.89 (0.60 – 1.34) 1.00 (0.66 – 1.53)
499a-5p† 1.49 (0.79 2.84) 1.53 (0.81 – 2.92) 1.25 (0.64 – 2.42)
133b† 0.97 (0.40 – 2.36) 0.97 (0.40 – 2.36) 1.07 (0.43 – 2.67)
NT-proBNP 1.47 (1.27 – 1.71) 1.46 (1.25 – 1.69) 1.36 (1.15 – 1.60)

Model 1 unadj

endpoint: composite of all-cause mortality and readmission for heart failure

† Hazard ratio of detectable vs. non-detectable miR level

Associations between temporal miR patterns and clinical endpoints

Repeatedly measured miR1306-5p level was positively and independently associated 

 
disappeared after multivariable adjustment. The temporal pattern of miR-1254 displayed 

endpoints are shown in Supplemental Table 6.

Incremental prognostic value of miR-1306-5p
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Table 4. Associations between repeated microRNA measurements and primary endpoint

miR
Hazard ratio (95% CI)

Model 1 Model 2 Model 3
320a 1.40 (1.14 – 1.72) 1.38 (1.12 – 1.70) 1.13 (0.91 – 1.40)
1254 1.26 (1.03 – 1.55) 1.22 (1.00 – 1.50) 1.00 (0.82 – 1.22)
22-3p 1.25 (0.97 – 1.63) 1.27 (0.99 – 1.64) 1.18 (0.91 – 1.52)
378a-3p 1.39 (1.07 – 1.80) 1.35 (1.04 – 1.74) 1.01 (0.76 – 1.34)
423-5p 1.45 (1.10 – 1.90) 1.45 (1.10 – 1.92) 1.08 (0.81 – 1.44)
345-5p 1.11 (0.93 – 1.34) 1.10 (0.92 – 1.32) 1.00 (0.89 – 1.12)
1306-5p 5.16 (2.58 – 10.31) 3.05 (1.58 – 5.88) 4.69 (2.18 – 10.06)

Model 1 u

endpoint: composite of all-cause mortality and readmission for heart failure

Discussion

Direct RNA sequencing of plasma from instrumented pigs revealed a number of 

prospective AHF cohort that repeatedly-assessed circulating miR-1306-5p is positively 
and independently associated with all-cause mortality and HF hospitalization. This 
association 

 Repeatedly-assessed circulating miR-

independent association was found between baseline values of miR-1306-5p and miR-
320a and the primary endpoint. 

with the risk of all-cause mortality or HF hospitalization. This further strengthens our 

21 and results have most often been discrepant between 

105

SERIALLY-MEASURED CIRCULATING MICRORNAS AND ADVERSE CLINICAL OUTCOMES IN PATIENTS WITH ACUTE HEART FAILURE. 



 
RNA sequencing using plasma-derived RNA led to the discovery of miR-1306-5p produced 
by the heart. Akat et al also used RNA sequencing to analyze miRs potentially produced 
by the human heart.22

of circmiRs as biomarkers. A word of caution concerns the large proportion of invalid 
and undetectable miR-1306-5p measurements which reduces power and illustrates 
the need for more sensitive methods of miR assessment to enable optimal use of this 

miR-1306-5p and the primary and secondary endpoints in spite of the proportion of 
invalid and undetectable measurements.

is that Tijsen et al demonstrated upregulation of miR-1254 in HF cases compared to 
healthy controls.5 An association between higher baseline miR423-5p levels and signs 

 6 and human studies with 
limited sample size.  Rising miR423-5p has also been related to worsening left ventricular 
function and has been shown to be upregulated in non-ST elevation myocardial 
infarction patients.23

observed between miR423-5p and hospital readmission.8
8 Smaller studies have 

previously demonstrated higher circulating levels of miR-320a in HF patients compared 
to healthy individuals.
miR-320a leads to a greater loss of cardiomyocytes during infarction and that inhibition 
of miR-320a leads to reduced infarction size.25

injury in a rat model.26 The results of the current study are in line with these previous 

and that repetitively-measured miR-320a is independently associated with heart failure 
hospitalization in particular. The temporal pattern of miR-378a-3p was also associated 
with the primary endpoint. Naga Prasad et al showed downregulation of miR-378a-3p in 
left ventricular free wall tissue of HF patients with dilated cardiomyopathy.4

et al found higher levels of circulating miR-378a-3p in 5 patients with coronary artery 
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27

prognostic value of miR-378a-3p in patients with HF are lacking. 

information that is incremental to clinical characteristics. Such myomiRs play a central 
role in myogenesis regulation and muscle remodeling.  Although the main sources of 

by myocardial infarction or myocarditis) and upregulation of circulating myomiRs 
has been previously demonstrated.15

associated with skeletal muscle wasting.30

of detectable myomiR levels at baseline and occurrence adverse events. The loss of 
information inherent to such an analysis may have obscured potential associations with 

roles of myomiRs in HF. 

To remove noise by less robust QPCR results we designed and implemented a strict and 

to carry advantages. 17 We have separately described our quality control algorithm we 
used here (provided for review purposes) and given the strong concordance between 
three large cohorts we have thus measured strengthens the point of view that such 
algorithms help to remove noise and improve reproducibility. 

to model heart failure. This is a model that shows strong similarity to the TAC model in 
mice and has previously been used in multiple studies as a model for pressure-overload 
hypertrophy.31-34 This model may not be fully representative of human left ventricular 
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repeated miR1306-5p and the primary endpoint rendered a HR(95%CI) of 4.69(2.18–

on patients with known heart failure. Studies using a healthy control group may provide 
insights into temporal miR patterns in healthy persons.

1306-5p was independently associated with adverse clinical outcome. Associations of 

were non-detectable in a large proportion of the samples. More sensitive myomiR 
assays are needed in order to precisely estimate the risk associated with elevated levels 

predictors. 
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Supplemental table 1. 

N = 2214 Detectable Non-detectable Invalid
miR-486-5p 1677 99 438
miR-320a 1599 20 595
miR-1254 1574 31 609
miR-22-3p 1444 319 451
miR-378a-3p 1409 363 442
miR-423-5p 1408 205 601
miR-345-5p 884 1066 264
miR-1306-5p 727 650 837
miR-133a-3p 494 1488 232
miR-499a-5p 103 1946 165
miR-133b 85 1959 170
miR-622 56 1848 310
miR-208a-3p 6 2100 108

Supplemental table 2. 

Variable p-value
Demographic characteristics [IQR] or (%)
Age 0.12
Female 38.6 (64) 35.5 (103) 0.52
Caucasian 92.2 (153) 95.5 (277) 0.14
Measurements at baseline [IQR] or (%)

0.68
Systolic blood pressure 0.22
Diastolic blood pressure 0.09
Heart rate 0.59
eGFR 0.29
Left ventricular ejection fraction 0.54
Heart failure with reduced ejection 
fraction

79.2 (103) 80.2 (186) 0.83

NT-proBNP 0.78
Medical history (%)
Previous heart failure admission within 
6 months

26.5 (44) 15.9 (46) 0.006

Ischemic heart disease 48.2 (80) 48.1 (139) 0.98
Myocardial infarction 40.4 (67) 40.3 (117) 1
Hypertension 51.2 (85) 49.3 (143) 0.7

41 (68) 43.4 (126) 0.61
Diabetes Mellitus 39.2 (65) 34.9 (101) 0.37
Stroke 19.3 (32) 16.6 (48) 0.46
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Supplemental table 3. HFrEF versus patients with HFpEF

miR p-value
1254 0.3
486.5p
423.5p 0.044
378a-3p 0.031
345.5P
320a 0.0019
22.3p 0.017
208a 0.27
499a.5p 0.95
1306-5p 0.7
622 0.43
133b 0.88
133a-3p 0.67

All  values were multiplied by 108.

Supplemental table 4. Associations between baseline microRNA levels and secondary endpoints

miR
Hazard ratio (95% CI) 
Model 1 Model 2 Model 3

All-cause mortality 320a* 1.10 (0.98 - 1.23) 1.08 (0.96 – 1.21) 0.98 (-0.87 – 1.10)
1254* 0.99 (0.90 – 1.10) 0.98 (0.88 – 1.08) 0.93 (0.84 – 1.04)
22-3p* 1.00 (0.90 – 1.11) 1.01 (0.91 – 1.12) 0.99 (0.89 – 1.11)
378a-3p* 0.98 (0.86 – 1.11) 0.97 (0.85 – 1.10) 0.92 (0.80 – 1.06
423-5p* 1.00 (0.88 – 1.13) 1.01 (0.89 – 1.15) 0.98 (0.87 – 1.10)
345-5p* 0.97 (0.89 – 1.06) 0.97 (0.88 – 1.06) 0.92 (0.83 – 1.02)
1306-5p* 1.10 (0.98 – 1.25) 1.09 (0.97 – 1.23) 1.03 (0.90 – 1.17)
133a-3p† 0.82 (0.49 – 1.39) 0.92 (0.54 – 1.57) 1.11 (0.64 – 1.92)
499a-5p† 2.25 (1.09 – 4.66) 0.92 (0.54 – 1.57) 2.04 (0.96 – 4.43)
133b† 1.40 (0.52 – 3.82) 1.40 (0.51 – 3.82) 1.55 (0.54 – 4.43)

Heart failure 
hospitalizations

320a* 1.26 (1.13 – 1.40) 1.27 (1.14 – 1.41) 1.19 (1.06 – 1.33)
1254* 1.12 (1.03 – 1.23) 1.12 (1.03 – 1.29) 1.06 (0.97 – 1.17)
22-3p* 1.05 (0.96 – 1.15) 1.06 (0.97 – 1.16) 1.02 (0.93 – 1.12)
378a-3p* 1.15 (1.03 – 1.29) 1.15 (1.03 – 1.29) 1.13 (1.00 – 1.28)
423-5p* 1.20 (1.06 – 1.35) 1.20 (1.06 – 1.36) 1.16 (1.02 – 1.31)
345-5p* 1.06 (0.98 – 1.15) 1.06 (0.98 – 1.15) 1.03 (0.94 – 1.12)
1306-5p* 1.27 (1.15 – 1.40) 1.27 (1.15 – 1.40) 1.22 (1.10 – 1.36)
133a-3p† 0.73 (0.44 – 1.21) 0.73 (0.44 – 1.22) 0.75 (0.44 – 1.29)
499a-5p† 1.09 (0.45 – 2.68) 1.09 (0.44 – 2.69) 0.89 (0.35 – 2.25)
133b† 0.56 (0.14 – 2.29) 0.56 (0.14 – 2.28) 0.71 (0.17 – 2.99)

Model 1 unadjusted; model 2

all-cause mortality and readmission for heart failure

† Hazard ratio of detectable vs. non-detectable miR level
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Supplemental table 5. Associations between baseline microRNA levels and primary endpoint in the subgroup 
of HFrEF fraction patients

miR
Hazard ratio (95% CI)

Model 1 Model 2 Model 3
320a* 1.14 (1.01 – 1.29) 1.13 (1.00 – 1.29) 1.08 (0.95 – 1.24)
1254* 1.01 (0.91 – 1.11) 0.99 (0.89 – 1.10) 0.96 (0.86 – 1.07)
22-3p* 1.00 (0.91 – 1.11) 1.01 (0.92 – 1.12) 0.95 (0.85 – 1.06)
378a-3p* 1.01 (0.88 – 1.15) 1.00 (0.87 – 1.14) 0.96 (0.83 – 1.11)
423-5p* 0.99 (0.87 – 1.13) 1.00 (0.88 – 1.15) 1.01 (0.89 – 1.16)
345-5p* 0.98 (0.89 – 1.07) 0.96 (0.88 – 1.05) 0.95 (0.86 – 1.04)
1306-5p* 1.13 (1.00 – 1.27) 1.12 (0.99 – 1.27) 1.09 (0.95 – 1.25)
133a-3p† 0.64 (0.36 – 1.15) 0.71 (0.39 – 1.29) 0.94 (0.51 – 1.77)
499a-5p† 1.34 (0.54 – 3.29) 1.41 (0.57 – 3.47) 1.20 (0.47 – 3.07)
133b† 0.63 (0.15 – 2.55) 0.63 (0.16 – 2.57) 1.04 (0.24 – 4.59)

Model 1 unadjust

MicroRNA. Primary endpoint: composite of all-cause mortality and readmission for heart failure

† Hazard ratio of detectable vs. non-detectable miR level

Supplemental table 6. Associations between repeated microRNA measurements and secondary endpoints.

Endpoint MiR Hazard ratio (95% CI)
Model 1 Model 2 Model 3

All-cause mortality 320a 1.20 (0.93 – 1.54) 1.16 (0.90 – 1.50) 0.89 (0.69 – 1.15)
1254 1.21 (0.94 – 1.56) 1.17 (0.91 – 1.52) 0.87 (0.66 – 1.15)
22-3p 1.17 (0.82 – 1.67) 1.24 (0.88 – 1.76) 1.16 (0.81 – 1.65)
378a-3p 1.28 (0.89 – 1.75) 1.22 (0.90 – 1.66) 0.86 (0.61 – 1.22)
423-5p 1.25 (0.89 – 1.75) 1.21 (0.87 – 1.68) 0.83 (0.57 – 1.19)
345-5p 0.99 (0.79 – 1.24) 0.94 (0.75 – 1.18) 0.82 (0.64 – 1.05)
1306-5p 2.78 (1.43 – 5.38) 1.83 (1.15 – 2.90) 2.31 (1.15 – 4.64)$

Heart failure 
hospitalizations

320a 1.54 (1.20 – 1.98) 1.54 (1.20 – 1.98) 1.30 (1.00 – 1.69)
1254 1.30 (1.02 – 1.66) 1.29 (1.01 – 1.66) 1.06 (0.83 – 1.35)
22-3p 1.27 (0.93 – 1.73) 1.26 (0.93 – 1.70) 1.14 (0.83 – 1.55)
378a-3p 1.43 (1.05 – 1.95) 1.43 (1.05 – 1.95) 1.06 (0.77 – 1.47)
423-5p 1.71 (1.22 – 2.41) 1.71 (1.21 – 2.40) 1.30 (0.92 – 1.84)
345-5p 1.18 (0.95 – 1.47) 1.19 (0.95 – 1.48) 1.10 (0.88 – 1.37)
1306-5p 5.50 (2.21 – 13.69) 3.95 (1.89 – 8.26) 4.95 (2.02 – 12.12)

Model 1 

all-cause mortality and readmission for heart failure
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Supplemental table 7. Added predictive value of baseline miR-1306-5p and baseline NT-proBNP levels for the 
primary endpoint.

C -statistic
(95% CI)

Change in C-statistic 
(95% CI)

cNRI (95% CI) IDI (95% CI)

miR-1306-5p 0.619
(0.562 – 0.677)

NT-proBNP 0.607
(0.566 – 0.648)

Model 0.677
(0.634 – 0.721)

Model + miR-1306-5p 0.694
(0.649 – 0.739)

0.017 0.138
(-0.004 – 0.280)

0.024
(-0.012 – 0.059)

Model + NT-proBNP 0.698
(0.655 – 0.740)

0.020
(0 – 0.041)

0.074
(-0.053 – 0.201)

0.027
(-0.005 – 0.058)

Model + NT-proBNP + 
miR-1306-5p

0.709
(0.665 – 0.754)

0.012
(-0.006 – 0.029)

0.125
(-0.016 – 0.267)

0.020
(-0.013 – 0.053)

Model
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Preclinical study in pigs

Aortic banding and plasma and tissue harvesting

(n ) and sham-operated (

compliance with the “Guiding principles in the care and use of animals” as approved by the 
Council of the American Physiological Society and under the regulations of the Animal 
Care Committee of the Erasmus University Medical Center. Swine were sedated with 

2:N2

blood pressure and sampling of arterial blood. The anterior interventricular vein was 

the left ventricular anterior wall.
 

pressure gradient across the aortic banding did not result in overt heart failure at any of 

Alignment of RNA-seq reads to the genome

All known hairpin sequences belonging to Sus Scrofa Homo Sapiens Bos 

Taurus (cow) and Equus Caballus (horse) were downloaded from release 20 of miRBase. 
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that remained unaligned were mapped to version 10.2 of the Sus Scrofa ncRNA and 

QPCR measurement of selected miRs for assessment of trans-coronary gradient 

layer was transferred to a new tube. RNA was precipitated by isopropanol and washed 

The primers used for qPCR were: 133b: TTTGGTCCCCTTCAACCAGCTAT; miR-28-3p: 
CACTAGATTGTGAGCTCCTGGA; miR-99: AACCCGTAGATCCGATCTTGTG; miR-486-5p: 
TCCTGTACTGAGCTGCCC CGAG; miR-133a: TTGGTCCCCTTCAACCAGCTG; miR-103: 
AGCAGCATTGTACAGGGCTATGA; miR-1306-5p: CCACCTCCCCTGCAAACGTCC A; miR-7f: 
TGAGGTAGTAGATTGTATAGTT; miR-143: TGAGATGAAGCACTGTAGCTC.

swine for qPCR. The number of animals used may thus seem quite large for identifying 

and genomics to well-characterized hemodynamics in an animal model of pressure-

only part of these samples were used for validation of our NGS results.

Clinical study

Blood collection

Non-fasting blood samples were obtained by venipuncture and transported to the clinical 
chemistry laboratory of each participating hospital for further processing according to 
a standardized protocol. Blood aliquots were subsequently stored at a temperature of 
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MiR measurements 

Reverse transcriptase of miRs

4°C for 5 minutes. 

by 5 minutes at 85 °C. Both a non-template control and a no-RT control were included 
in the sample tot ensure that products were not the results of genomic DNA of RNA. 
 

the primer character) and 72 °C for 30 seconds . Melting curve analysis was done by 
hand and melting curves were marked as bad when the melting curve deviated from 
the tissue control or showed multiple peaks that could not be distinguished from the 
amplicon. Data were analyzed using LinRegPCR quantitative qPCR data analysis software 
version 2014.61. The primers used were: miR-133b: TTGGTCCCCTTCAACCAGCTA; miR-
1254: CTGGAAGCTGGAGCCTGC; miR-378a-3p: ACTGGACTTGGAGTCAGAAGG; miR-
423-5p: TGAGGGGCAGAGAGCGAGACTTT; miR-320a: AAAAGCTGGGTTGAGAGGGCGA; 
miR-345-5p: GCTGACTCCTAGTCC; miR22-3p: AAGCTGCCAGTTGAAGAACTGT; miR-
1306-5p: CCACCTCCCCTGCAA ACGTCCA; miR-133a-3p: TTGGTCCCCTTCAACCAGCTG; 
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miR-622: ACAGTCTGCTGAGGTTG; miR-499a-5p: GACTTGCAGTGATGTT; miR-208a-3p: 
ATAAGACGAGCAAAAAGCTTGT; miR-486-5p: TCCTGTACTGAGCTG.

Normalization using miR-486-5p

preferred over normalization with a spike-in (e.g. Cel39 spike-in) or small RNAs (e.g. 
RNU6B).1

2 In the current study, RNA 
sequencing of plasma samples revealed that miR-486-5p was the most abundant 

3 

assess which miRNAs were most stable and suitable for normalization in 2 clinical cohorts 

stability to miR-320a as in these large cohorts miR-320 appeared also as very stable. It 

the primary normalizer. 

NT-proBNP measurements

where measurements were conducted using the Elecsys NT-proBNP assay on a Cobas 

Statistical analysis

Normally distributed continuous variables are presented as mean ± standard deviation 

interquartile range (IQR). Categorical data are displayed as count and percentage. 

The associations between the baseline miR measurements and the risk of a study 

multivariable adjustment was performed. Potential confounders were selected based 
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than 7% missing values. Data on all covariates were complete in 87% of the patients. 
Multiple imputation was applied to account for missing covariates. For abundant miRs 

HF with reduced ejection fraction.

study endpoint. The primary endpoint consisted of all-cause mortality and readmission 

associations between the current level of each separate miR at a particular time 
point and the risk of an endpoint at that same time point were assessed using a joint 

levels did not allow so.

To assess incremental predictive value of baseline miR-1306-5p and baseline NT-proBNP 

(NRIs) and Integrated Discrimination Indices (IDIs) were calculated for subsequent 

All analyses were performed with R Statistical Software using package JM.  All tests 
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The Rotterdam study
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Aims

properties. We investigated whether Lp-PLA2 activity is associated with heart failure. 

Methods and results

Lp-PLA2 activity was determined in a random sample of 1820 subjects from the 

participants with heart failure or coronary heart disease at baseline and we accounted 

 

Conclusion

This study suggests that Lp-PLA2 activity is independently associated with incident heart 
failure. 
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Introduction

mediators in the pathophysiology of heart failure. Associations have been found between 
1 tumour necrosis factor-α 2 and 

3

pulmonary oedema.4 5

6

of coronary heart disease.  Lp-PLA2 is an enzyme that circulates in the blood 

12

platelet-activating factor.13 14 The relationship found between Lp-PLA2 and coronary 

women aged 55 years and over.

Methods

Rotterdam Study

The Rotterdam Study is a population-based cohort study comprising 7983 men and 
women aged 55 years and over. Its overall aim is to assess the occurrence of and risk 
factors for chronic diseases in the elderly. A detailed description of the objectives 
and methods of the Rotterdam Study has been given elsewhere.15 All residents of a 
Rotterdam suburb aged 55 and over were invited to participate in the study and 78% 
participated. Baseline measurements started in 1990 and were completed in 1993.
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study. All participants gave written informed consent. This study complies with the 
Declaration of Helsinki.

Study population

Lp-PLA2 activity was determined in a random subcohort of 1820 subjects. Prevalent heart 

analysis.

Measurement of Lp-PLA2 activity

Plasma aliquots prepared from non-fasting blood samples were collected at baseline 
and stored at -80°C. Lp-PLA2 activity was measured with a high throughput radiometric 

11

nano moles of platelet-activating factor hydrolysed per minute per millilitre of plasma 
samples.

freeze–thaw of frozen plasma did not result in appreciable loss of activity. The assay 

which were tested in duplicate. Samples were re-tested if the replicate CV was > 25%. 
The range of detection was 8–150 nmol/min per mL.

Measurement of covariates at baseline

information using a computerized questionnaire. The information obtained included 

established cardiovascular risk factors were measured at the research centre. Height 

height2 (m2

use of blood pressure-lowering medication with an indication for hypertension.
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16 Non-HDL 
cholesterol was computed by subtracting HDL cholesterol from total cholesterol. LDL 
cholesterol was determined in fasting blood samples in 120 randomly selected subjects 

mmol/L or the use of blood glucose-lowering medication.17 Using a nephelometric 

kept frozen at -20°C.

A 12-lead resting electrocardiography (ECG) was recorded with an ACTA 

stored digitally. All ECGs were processed by the modular ECG analysis system (MEANS) 
to obtain ECG measurements and interpretations.18 Myocardial infarction found on ECG 
was based on a comprehensive set of criteria that partly derive from the Minnesota 
code. 19 A history of myocardial infarction was considered present in case of a self-

the presence of an ECG characteristic of prior myocardial infarction.

discharge letters from the medical specialist.

Ascertainment of heart failure cases

Study has been described elsewhere in detail.
22 This 

score was based on the presence of at least two symptoms suggestive of heart failure 

disease.

using one of the following three methods: interview questions on indication of 

database to a database containing hospital discharge diagnoses from all hospitals in the 
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for the occurrence of heart failure in the majority of participants of the Rotterdam Study.

previously.21

monitoring participants of the Rotterdam Study for the occurrence of heart failure 

participant’s medical record was fully screened for incident heart failure. All available 

21 Two research physicians 

cardiologist’s judgement was considered decisive. The research physicians and the 

were included in the analyses.

Statistical analysis

To compare the baseline characteristics of the random subcohort to the remainder of 
χ2 

protein because of its skewed distribution and we computed the geometric mean. We 
computed the standard deviation and interquartile range from the standard error. To 

continuous plasma values of Lp-PLA2 activity were used as the independent variable.

with risk of heart failure. Subjects were censored at the time of occurrence of heart 
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into the models to obtain the hazard ratio for heart failure per unit increase in Lp-PLA2 

quartile as the reference category.

To compare survival time until the occurrence of heart failure in the quartiles of Lp-

We conducted a subgroup analysis to compare the association between Lp-PLA2 
activity and heart failure in subjects with a non-HDL cholesterol level below and above 

To test for interaction between Lp-PLA2 activity and non-HDL cholesterol and C-reactive 

PLA2 activity instead of quartiles of Lp-PLA2 activity and using non-HDL cholesterol and 

missing values.
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Results

Table 1 shows the baseline characteristics of the total random cohort and the remainder 
of the Rotterdam Study. The characteristics of the random cohort were similar to 

hypertension. Subjects in the random cohort were slightly younger (69.1 vs. 71.1 

prevalence of hypertension (33.1 vs. 37.1%). Table 2 shows the baseline characteristics 

residuals were normally distributed with a constant variance. Quartiles with a higher 
Lp-PLA2 activity contained a higher percentage of men and hypertensive participants. 

higher quartiles of Lp-PLA2 activity.

Lp-PLA2 activity was associated with risk of heart failure (Table 3). After adjustment for 
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Table 1. Baseline characteristics.

Variable Random Cohort  Remainder Rotterdam 
Study 

p-value

2

  Current
  Former  
  Never

69.1 ± 9.1
38.3
26.2 ± 3.7
138.2 ± 22.3
73.3 ± 11.2
33.1
5.30 ± 1.24
1.35 ± 0.38
9.8

23.0
41.7
35.3
1.78 (0.90-3.59)*

71.1 ± 9.9
39.1
26.3 ± 3.8
139.9 ± 22.4
73.8 ± 11.8
37.1
5.24 ± 1.23
1.34 ± 0.37
10.7

22.5
40.4
37.0
1.93 (0.92-3.71) *

0.55
0.29

0.12

0.1
0.38
0.31

0.68
0.34
0.18
0.07

Continuous vari
* Median and interquartile range because of skewed distribution.

The event-free survival curve according to quartiles of Lp-PLA2 activity shows that the 
survival time until the occurrence of heart failure was higher in the lowest quartile than 

between quartiles 1 and 4 is rather consistent over time. Figures 2 and 3 show the 

clear association was found for non-HDL cholesterol.

Figure 1.
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Figure 2.

Figure 3.

Figure 4 shows the results of our subgroup analyses. The hazard ratios for heart failure 
associated with Lp-PLA2 activity for the subgroups below and above the median of 

respectively. The hazard ratio was somewhat larger in subjects with a non-HDL 
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risk of heart failure. The hazard ratio for the subjects with a C-reactive protein below 

Figure 4. Hazard ratios for heart failure associated with Lp-PLA2 activity in strata of non-HDL cholesterol level 
and C-reactive protein.
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Table 2. Baseline characteristics according to quartiles of Lp-PLA2 activity.

Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value 
for 
trend

68.6 ± 9.1 69.7 ± 9.0 68.8 ± 9.0 69.5 ± 9.1 0.29
27.1 35.2 42 48.9

m2
25.8 ± 3.6 26.1 ± 3.6 26.5 ± 3.6 26.5 ± 3.6

mmHg
135.9 ± 21.5 138.4 ± 21.4 137.7 ± 21.4 140.8 ± 21.5

Diastolic blood 72.8 ± 11.2 73.8 ± 11.2 73.4 ± 11.2 73.3 ± 11.2 0.84

29 30.7 33.3 39.5

mmol/L
4.49 ± 1.09 5.13 ± 1.08 5.53 ± 1.06 6.06 ± 1.08

mmol/L
1.50 ± 0.36 1.38 ± 0.36 1.28 ± 0.36 1.25 ± 0.36

mg/L
1.67 (1.62–1.73)* 1.69 (1.64–1.75)* 1.83 (1.77–1.89)* 1.97 (1.91–2.04 )*

8.8 9.6 11 10 0.18

  Current 24.5 20.6 22.5 24.3 0.76
  Former 42.7 44 42.7 37.5 0.10
  Never 32.8 35.4 34.8 38.2 0.05

Continuous v

adjusted for age). *Geometric mean and interquartile range because of skewed distribution.

Table 3. Hazard ratios for heart failure according to quartiles of Lp-PLA2 activity

Lp-PLA2 (nmol/min per mL) Cases/
subjects

Hazard ratio (95% CI)

Model 1 Model 2 Model 3
Unit increase 94/1590 1.02 (1.00 – 1.03) 1.02 (1.00 – 1.04) 1.03 (1.01 – 1.05)
P-value for trend 0.026 0.024 0.011
Quartile 1 18/397 1 (reference) 1 (reference) 1 (reference)
Quartile 2 20/398 0.99 (0.52 – 1.86) 1.01 (0.53 – 1.92) 1.06 (0.55 – 2.04)
Quartile 3 21/398 1.27 (0.68 – 2.40) 1.34 (0.69 – 2.60) 1.43 (0.73 – 2.81)
Quartile 4 35/397 1.93 (1.09 – 3.42) 2.16 (1.13 – 4.11) 2.33 (1.21 – 4.49)

Model

Discussion

predictor of heart failure. The association persisted after we adjusted for known 
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subjects in the highest quartile had no less than a doubled risk of developing heart 

with prevalent coronary heart disease at baseline and censored subjects with incident 
coronary heart disease during follow-up. This suggests that the association found 
between Lp-PLA2 activity and heart failure is independent of coronary heart disease.

and risk of heart failure. The present study is a population-based prospective cohort 

include the ability to account for possible confounding by incorporating established 

for prevalent and incident coronary heart disease in our analysis.

1 tumour necrosis factor-α 2 3 have been 

failure patients.6

present in subjects with a low LDL cholesterol.9 Our subgroup analysis showed that the 
association found between Lp-PLA2 activity and heart failure is present in subjects with 
a non-HDL cholesterol level below the median as well as in subjects with a non-HDL 

in subjects with a C-reactive protein level below the median than in subjects with a 

in risk estimates. The interaction between Lp-PLA2 and C-reactive protein was not 

the association between LDL cholesterol and heart failure 23-25
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26 subsequent studies were 

non-HDL cholesterol and risk of heart failure. Lp-PLA2 is an enzyme bound to LDL 
cholesterol and therefore Lp-PLA2 activity is highly cor- related with LDL cholesterol 

failure was independent of non-HDL cholesterol. We used non-HDL cholesterol for 

the high correlation between LDL cholesterol and non-HDL cholesterol in a random 

11

the aetiology of heart failure.
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Chapter 8
Biomarkers of heart failure with normal 

J.M. Cheng, K.M. Akkerhuis, L.C. Battes, L.C. van Vark, H.L. Hillege, W.J. Paulus, 
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Aims

Heart failure with normal ejection fraction (HFNEF) is a major and growing public 

studies have investigated the diagnostic and prognostic value of new biomarkers in 

HFNEF. We performed a systematic review of epidemiologic studies on the associations 
of biomarkers with the occurrence of HFNEF and with the prognosis of HFNEF patients. 

Methods and results

ejection fraction (HFREF). 
GDF-

with development of HFNEF and 
with clinical outcomes of HFNEF patients in terms of morbidity and mortality. 

Conclusion

galectin-3 appeared to be promising diagnostic and prognostic tools in patients with 
HFNEF. Investigation of the incremental diagnostic and prognostic value of these 

techniques in 
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Introduction
Heart failure (HF) is a major and growing public health problem that is associated 
with substantial morbidity and mortality.

with clinical HF have a normal left ventricular ejection fraction (LVEF). Some studies 
report a prevalence as high as 50%.3 This entity is often termed HF with normal ejection 

 

3 In the single syndrome 

shape change or left ventricular remodelling.3 Although HFNEF is typically characterized 

biological arguments.3 Regardless of which hypothesis will eventually turn out to be 

4 

Although echocardiography is the most useful noninvasive diagnostic method for 

has limited value for prognostication in HF.

could aid in prevention of ensuing decompensation with its adverse sequels. 
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Although many studies have investigated the diagnostic and prognostic value of new 
5 Limited 

overview of clinical and population based studies on the associations of biomarkers with 

markers is less elaborate.  

Methods

search from inception to February 2012 using the following search terms: “Heart Failure” 
(MeSH term) and “normal ejection fraction” or “HFNEF” or “preserved ejection fraction” 
or “HFPEF” or “diastolic heart failure” or “DHF” or “diastolic dysfunction” in combination 
with “Biological Markers” (MeSH term) or “cytokine” or “CRP” or “TNF” or “MMP” or “TIMP” 
or “collagen”. We limited our search to studies on human adults. Articles were included if 

or that has registered incident HFNEF; measurement of biomarkers in blood samples 
(other than natriuretic peptides); and reference to outcome in terms of morbidity and 

potentially eligible studies were missed.
 

Studies 
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Results

review. The study populations and baseline characteristics of these studies are shown 

peptides in HFNEF.6-8

BIOMARKERS OF MYOCYTE STRESS

Natriuretic peptides

5

neurohormonal activation.9

inactive amino-terminal fragment (NT-proBNP) is split from proBNP. An increased active 

10

form that is measured by laboratory assays.10

The associations of the natriuretic peptides with HFNEF have already been evaluated 
6-8

and NT-proBNP levels are increased in both HFREF and HFNEF compared to control 
subjects. Higher plasma NT-proBNP levels are shown to be associated with greater 
severity of diastolic dysfunction in patients with HFNEF.11

major drivers of higher NT-proBNP levels in HFNEF as well.12 Several studies have also 
shown that plasma levels of natriuretic peptides are strong predictors of mortality and 
hospitalizations in both patients with HFREF and patients with HFNEF.13 For a given BNP 

14
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Table 1. Baseline characteristics.
Year Population (n) EF 

for 
HFNEF HFNEF HFREF

LVH, no 

HF

No HF 

or LVH HFNEF HFREF

LVH, no 

HF

No HF 

or LVH

Yu et al. (15) 2001
controls (17)

50% 31 46 17
66.5 ± 

8.4
65.7 ± 
12.2

Amosova et al. (23) 2004
controls (10)

NR

Wisniacki et al. (19) 2005
healthy (26)

50% 25 27 26
80.4 ± 

4.5
79.8 ± 

5.2 3.5

Ahmed et al. (35) 2006
healthy controls (53)

50% 26 23 53 59 ± 7

Martos et al. (36) 2007  outpatient HT patients (86) 45% 32 54 72 ± 11 67 ± 9

Varol et al. (49) 2007
outpatient HCM patients with 

NR 32 30
51.3 ± 
18.4

49.6 ± 
16.1

Frantz et al. (37) 2008
controls (74)

45% 102 147 74

Michowitz et al. (17) 2008
controls (7701)

45% 77 217 7701
71 ± 
11.2

72.4 ± 
10.8

Dunlay et al. (29) 2008
community-based HF patients 

(486)
50% 486

76.7 ± 
13.0

Moran et al. (44) 2008
(4453)

50% 4453

Niethammer et 
al. (24)

2008
controls (20)

50% 17 17 20 72 ± 9 70 ± 8 56 ± 5

Barasch et al. (40) 2009
(880)

55% 179 131 570 76 ± 5 77 ± 6 77 ± 6

Butler et al. (46) 2009
community-based aged 70-79 

(2902)
40% 2902

73.6 ± 
2.9

Naito et al. (38) 2009 hospitalized non-HF patients 
(10)

45% 42 68 10 74 ± 13 71 ± 16 70 ± 13

Okuyan et al. (18) 2010
controls (40)

50% 68 40
65.5 ± 

9.6 
65.2 ± 

9.7

Stahrenberg et 
al. (42)

2010
community-based HF patients 

(188)
50% 142 86 188

Gonzales et al. (39) 2010
outpatient hypertensive 

healthy controls (20)
50% 156 20 75 ± 9

Kalogeropoulos et 
al. (28)

2010
community-based aged 70-79 

(2610)
45% 2610

73.6 ± 
2.9

De Boer et al. (13) 2011 Hospitalized HF (592) 40% 114 368 74 ± 10 69 ± 12

Matsubara et 
al. (16)

2011 hospitalized non-HF patients 
(171)

50% 82 70 171
71.2 ± 
10.2

65.5 ± 
13.6

66.5 ± 
11.2

Carrasco-Sanchez 
et al. (45) 

2011 hospitalized HFNEF (218) 45% 218
75.6 ± 

8.7

Wu et al. (25) 2011
hospitalized non-HF patients (55)

NR 110 55
72.22 ± 

9.86
72.16 ± 

9.62

Zile et al. (26) 2011
healthy controls (241)

50% 61 144 241 66 ± 8 60 ± 12 58 ± 16

Collier et al. (27) 2011 outpatient HT patients (275) 50% 181 94 73 ± 12 66 ± 10

Krum et al. (41) 2011
(313)

45% 313 72 ± 7

Santhanakrishnan 
et al. (43)

2012
In- and outpatient compensated 

controls (50)
50% 50 51 50 69 ± 12 59 ± 11 63 ± 8

Data are presen
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HFNEF HFREF

LVH, no 

HF

No 

HF or 

LVH HFNEF HFREF

LVH, 

no 

HF

No HF 

or LVH HFNEF HFREF

LVH, no 

HF

No 

HF or 

LVH HFNEF HFREF

LVH, no 

HF

No 

HF or 

LVH HFNEF HFREF

81 72 87.9 84.1 16.7 22.9

48 59.3 53.8 52 44

38

53 76 12 7 100 100

66 63 13 0 13 0 34

61 81.1 40.2 38.2 70.1 57.1 50.6 83.4

48.6 30.5 80.4 53.7 73.0

47 82 45 18 24 0 100 88 13

45 63 52 27 30 11 53 48 29 66 83 14

48.1 14.7 43.5 16.5

52 0.64 60 33 32 30 48 31 50 17 50 70

43 40 51.47 30 66.17 60

36 83 34 30 37 0 93 91 1 35 52 0

46 100

48.3 14.8 53.1 19.5

50 66 29 28 51 40 30 44 47 59

72 67 57 45.1 28.6 37.4 72.0 54.3 67.8 53.7 45.7 55.0 37 63

39.9 52.8 83.5 18.8 39.4

52 26 29 36 69 78

41 45 30 31 16 9

54 55 19 14 100 100 38 30

34 34 96 21 83

58 86 46 40 49 3 88 69 36 32 59 0 16 37
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in HFNEF.6-8 NT-proBNP levels have been shown to be lower in HFNEF than HFREF 
patients of a similar NYHA class.15

Failure with Preserved Ejection Fraction Trial (I-PRESERVE) had low overall NT-proBNP 
levels.16 These relatively lower natriuretic peptide levels suggest a lower diastolic wall 
stress in HFNEF when compared to HFREF. In case NT-proBNP is required to be elevated 

resulting in a reduced prevalence of HFNEF.17

natriuretic peptides concentrations as a patient selection criterion for HFNEF trials 
could be questioned because the I-PRESERVE trial showed that the use of irbesartan 

16 
 
The above considerations suggest that natriuretic peptides may be less useful as a 
diagnostic and prognostic tool in HFNEF than in HFREF. Although NT-proBNP has a 
better negative predictive value than invasive measurement of left ventricular end-

according to the receiver operating characteristic was only similar to that of tissue 
doppler imaging indices.11

will be discussed in this review.  

Other biomarkers of myocyte stress

Another interesting biomarker of myocyte stress is adrenomedullin. Adrenomedullin 
is a hormone that lowers systemic vascular resistance and has natriuretic and diuretic 

plasma adrenomedullin concentrations were higher in HFNEF patients than in healthy 
controls.18

concentrations in patients with HF are especially raised in the presence of a restrictive 

not yet been investigated.
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BIOMARKERS OF INFLAMMATION

Pathophysiology

have focused on tumor necrosis factor α (TNF-α

left ventricular dilatation (e.g. by TNF-α).5 CRP has been correlated with the severity and 
19-22 

 

failing myocardium itself because of hemodynamic overload.23

23 In 

diabetes mellitus are believed to play a major role in the remodeling of the ventricles 
and in the development of HFNEF.24 Both obesity and diabetes mellitus are associated 

may be a measure of factors driving left ventricular remodeling in HFNEF. 

25

 which further underscores the important role of obesity 
in the development of this condition. 

Biomarker levels in HFNEF

are summarized below (Table 2 and Supplemental Table 1).  Several studies 
have demonstrated elevated TNF-α and IL-6 levels in HFNEF patients when compared 
to a non-HF reference group. α receptors 
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(sTNFR-1 and sTNFR-2) were found to be higher in HFNEF patients.  Serum levels of 

higher in HFNEF patients when compared to with the non-HF reference group.19-22 

31 These results once again emphasize 

progression of HFNEF. 
 
Biomarker levels in HFNEF compared with HFREF

sTNFR2 and IL-6 levels between 25 HFNEF patients and 27 HFREF patients.22 Michowitz 

patients either.20 Niethammer et al. showed that TNF-α
elevated in HFREF but not in HFNEF.28

α concentrations were similarly elevated.19 These 

which supports the hypothesis that the origin and the meaning of these markers may 

 
Association with incidence of HFNEF

study and found that TNF-α (unadjusted HR per doubling 1.48; 95% CI 1.19-1.86) and 
IL-6 (unadjusted HR per doubling 1.81; 95% CI 1.23-2.68) were associated with incident 
HFNEF during follow-up.32 Such associations of TNF-α and IL-6 were less strong for HFREF. 

Association with HFNEF prognosis

HFNEF. Michowitz et al. found that CRP was independently associated with hospitalization 
20 These results support the 

particularly in HFREF. Mortality was not predicted by CRP levels in either patient category. 
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33 They found 
that mortality increased with increasing TNFα level (unadjusted HR of highest vs lowest 
quartile 2.10; 95% CI 1.30-3.38). No interaction was present between TNFα and ejection 

BIOMARKERS OF EXTRACELLULAR-MATRIX REMODELING

Pathophysiology

shape.5

of the ventricles resulting in progression of HF.5

of metalloproteinases (TIMPs). The MMPs are a family of endopeptidases that digest 
interstitial constituents.30

telopeptide of collagen type I (CITP) is a marker of collagen degradation. 
 

HFNEF and HFREF.34

34

35 while replacement 
36

HFNEF.37 HFNEF patients with only mild elevations of collagen volume fraction may have 
highly elevated left ventricular end-diastolic pressures.38

 
Biomarker levels in HFNEF

Most studies have applied a cross-sectional or case-control design (Table 3 and 
Supplemental table 2).  Although some of the results were not consistent 
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group consisting of patients without HF.

less well investigated.30

13 were observed in patients with HFNEF.
that the MMP-1/TIMP-1 ratio was increased in HFNEF patients with normal left-sided 

43

turnover is disturbed in patients with HFNEF.

Biomarker levels in HFNEF compared with HFREF

Only two studies compared biomarker levels of HFNEF with HFREF patients. Frantz et 
al. reported similarly elevated TIMP-1 levels in hospitalized HFNEF and HFREF patients. 
Naito et al. found similarly elevated plasma concentration of MMP-2 in hospitalized 

HFREF and HFNEF.   
 
Association with incidence of HFNEF

Barasch et al. performed a nested case-control study within the Cardiovascular Health 
44 Biomarkers were assessed at 5-year or 9-year 

elevated CITP (OR per tertile 3.1; 95% CI 2.4 to 4.0) and PIIINP (OR per tertile 2.2; 95% CI 
1.7 to 2.8) were associated with incident HFNEF during follow-up.

Association with HFNEF prognosis

remodeling are also small in number. Within the Irbesartan in Heart Failure With 

45 In univariable 

adjusting for 19 clinical parameters. These results are in line with above-mentioned 
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OTHER BIOMARKERS

Homocysteine

increase in collagen.21 Okuyan et al. measured homocysteine concentrations in 68 
hospitalized HFNEF patients and 40 healthy controls (Table 4 and Supplemental table 
3).21

GDF-15 was found to attenuate reduction in fractional shortening and to protect the 
heart from hypertrophy and ischemia-reperfusion injury.46 Stahrenberg et al. measured 

46 
They found that GDF-15 was higher in HFNEF compared to controls. Serum GDF-15 
concentrations were equal in HFNEF and HFREF patients. The authors concluded that 

by Santhanakrishnan et al.47 

Cystatin C

Renal function is also believed to play a role in the evolvement of HF.  Cystatin C 

older without HF at baseline from the Cardiovascular Health Study.48 They compared the 
association of cystatin C with risk of incident HFNEF and HFREF. During 8 years of follow-

risk of HFNEF was apparent only in the highest cystatin C quartile (HR 2.25; 95% CI 1.33-

dysfunction is a risk factor for occurrence and progression of HF. Carrasco-Sanchez et al. 
investigated the prognostic value of cystatin C in HFNEF.49 They included 218 hospitalized 
HFNEF patients and collected 1-year follow-up. Cystatin C was a strong predictor of the 
composite of mortality or hospitalization (HR of highest compared to lowest quartile 
4.85; 95% CI 2.76-8.51) and mortality alone (HR 11.35; 95% CI 4.01-32.14). Cystatin C also 
remained a strong independent predictor with multivariable analysis.
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Table 3. 

Index group (n) Reference group (n) Outcome MMP-1 MMP-2 MMP-3 MMP-7 MMP-8

Cross-sectional / case-control studies comparing HFNEF with a non-HF reference group

Ahmed et al. (35)
outpatient HFNEF 

(26)
healthy without 

HT (39)
level ns

outpatient HFNEF 
(26)

healthy with 
HT (14)

level ns

outpatient HFNEF 
(26)

LVH without 
HF (23)

level ns

Martos et al. (36)
outpatient HFNEF 

(32)
HT patients 

without HF (54)
level ns

Frantz et al. (37)
hospitalized 
HFNEF (102)

healthy (74) level

Naito et al. (38)
hospitalized 
HFNEF (42)

non-HF patients 
(10)

level

Gonzales et 
al. (39)

outpatient HFNEF 
(156)

healthy (20) level

Zile et al. (26)
outpatient HFNEF 

(61)
healthy (241) level ns ns ns

outpatient HFNEF 
(61)

LVH without HF 
(144)

level ns ns

Collier et al. (27)
outpatient HFNEF 

(181)
HT patients 

without HF (94)
level

Cross-sectional / case-control studies comparing HFNEF with HFREF

Frantz et al. (37)
hospitalized 
HFNEF (102)

hospitalized 
HFREF (147)

level

Naito et al. (38)
hospitalized 
HFNEF (42)

hospitalized 
HFREF (68)

level ns

Follow-up studies

Barasch et al. 
(40)

community-based HFNEF 
(4y follow-up)

Krum et al. (41)
outpatient HFNEF mortality or 

hospitalization (4.1y 
follow-up)

all-cause mortality 
(4.1y follow-up)

HF death or 
hospitalization (4.1y 

follow-up)

 Indicates  Indicates a 

telopeptide of collagen type I; 

* Unadjusted odds ratio per tertile.

‡ Unadjusted hazard ratio per 10 nmol/L.
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MMP-9 MMP-13 TIMP-1 TIMP-2 TIMP-3 TIMP-4 PINP PICP PIIINP CITP Osteopontin

ns

ns

ns ns ns

ns ns

ns

ns ns

ns ns ns ns ns ns ns

ns ns ns

ns

ns
OR 2.2 OR 3.1

(1.7-2.8)* (2.4-4.0)*

HR 1.09 HR 2.47 HR 1.08

(1.05-1.13)† 
(0.97-6.33)† (1.03-1.15)‡

HR 1.06 HR 2.85 HR 1.06

(1.03-1.09)† (1.52-5.36)† (1.02-1.11)‡

HR 1.09 HR 5.91 HR 1.06

(1.05-1.13)† 
(2.94-

11.88)† (0.99-1.14)‡
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Table 4. Other biomarkers.

Index group (n) Reference group (n) Outcome

Adreno-
medullin

Nor-
adrenalin

Cross-sectional / case-control studies comparing HFNEF with a non-HF reference group

Yu et al. (15) hospitalized HFNEF (31) healthy (17) level

Wisniacki et al. (19)  oupatient HFNEF (25) healthy (26) level ns

Varol et al. (49) outpatient HFNEF (32) healthy (30) level

Okuyan et al. (18) hospitalized HFNEF (68) healthy (40) level

Stahrenberg et al. (42) community-based HFNEF (142) healthy (188) level

Zile et al. (26) outpatient HFNEF (61) healthy (241) level

outpatient HFNEF (61) LVH without HF (144) level

Santhanakrishnan et 
al. (43)

in- and outpatient HFNEF (50) healthy (50) level

Cross-sectional / case-control studies comparing HFNEF with HFREF

Yu et al. (15) hospitalized HFNEF (31)
hospitalized HFREF 

(46)
level

ns

Wisniacki et al. (19) outpatient HFNEF (25) outpatient HFREF (27) level ns

Stahrenberg et al. (42) community-based HFNEF (142)
community-based 

HFREF (86)
level

De Boer et al. (13) hospitalized HFNEF (114)
hospitalized HFREF 

(368)
level

Santhanakrishnan et 
al. (43)

in- and outpatient HFREF (51)
in- and outpatient 

HFREF (51)
level

Follow-up studies

Moran et al. (44)
community-based 

HFNEF (8y follow-up)

Butler et al. (46)
community-based

HFNEF (9.4y follow-up)
 aged 70-79 (2902)

De Boer et al. (13)
hospitalized mortality or hospitalization (1.5y 

follow-up) HF (592)

Carrasco-Sanchez et 
al. (45)

hospitalized mortality or hospitalization (1y 
follow-up)HFNEF (218)

all-cause mortality (1y follow-up)

 Indica

glycation end-product. 

† Unadjusted hazard ratio per 10ng/mL.
‡ Unadjusted hazard ratio per doubling.
§ Unadjusted hazard ratio of highest quartile compared to lowest quartile.
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Homo-
cysteine GDF-15 Cystatin C Resistin Galectin-3 sRAGE CA-125 Troponin-T ST2

ns

ns

ns

ns

ns

ns ns

HR 2.25

(1.33-3.80)*

HR 1.42

(1.27-1.58)†

HR 1.97

(1.62-2.42)‡

HR 4.85

(2.76-8.51)§

HR 11.35

(4.01-32.14)§
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Resistin

Another potentially interesting biomarker is resistin. Resistin has been found to be 

50 Resistin concentrations have previously been correlated with risk of coronary artery 
50 Butler et 

al. measured resistin in 2902 subjects aged 70-79 years without prevalent HF from the 
50 Resistin 

was found to be associated with both incident HFNEF (HR per 10ng/mL 1.42; 95% CI 
1.27-1.58) and incident HFREF (HR per 10ng/mL 1.35; 95% CI 1.20-1.53). The prognostic 
value of resistin in HFNEF patients has not been investigated yet. Another study showed 

is associated with incidence of HF.51

was not found to be associated with HF.52

hypothesis that obesity and the metabolic syndrome drive development of HF. 

Galectin-3

Galectin-3 is a protein that has a broad biological functionality. It is known to be involved in 

activation and apoptosis.15  Galectin-3 has been proposed as a novel biomarker of HF. 
It was found to be associated with increased risk for incident HF and mortality.15  De 

patients and 368 HFPEF patients.15

per doubling 1.97; 95% CI 1.62-2.42). The predictive value of galectin-3 was stronger in 

prognostic value over either biomarker alone. 

Advanced glycation end-products

Advanced glycation end-products (AGEs) are formed through a reaction between 
proteins and sugar residues. AGEs and their soluble receptors (sRAGEs) are known 

30 Enhanced 
accumulation of AGE is thought to play a role in the pathophysiology of chronic HF. Zile 
et al. measured sRAGE concentration in HFNEF patients and controls. They could not 

30

Carbohydrate antigen 125

Carbohydrate antigen 125 (CA-125) is traditionally known as a tumor marker for 
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mesothelium.53

with HF severity.53 Varol et al. measured CA-125 concentrations in 32 HFNEF outpatients 
with hypertrophic cardiomyopathy and in 30 healthy controls.53

NYHA class and level of diastolic dysfunction.  

Troponin-T

Troponin-T is a well-established marker of myocardial necrosis in acute coronary 
47 Santhanakrishnan et al. have 

47 They 
found that troponin-T levels were higher in HF patients compared to healthy control 

in HFREF. 

ST2

ST2 is a member of the interleukin-1 receptor family and is involved in the process of 
ventricular remodeling.47

subjected to mechanical stress. Santhanakrishnan et al. found that HFNEF patients 
had higher serum levels of ST2 compared to healthy control subjects.47

independent predictor of mortality in patients with acute HF and that ST2 was equally 
predictive in patients with HFREF and HFNEF.54  

Discussion

patients are cross-sectional in design and have included limited numbers of patients. 
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51

HFNEF.24

23

34

37 This may 

between HFNEF and HFREF.  

α

enzymes) and CITP (collagen degradation).

with hypertrophy) and resistin (adipose tissue and insulin resistance).  In this 

α

some of these results were not consistent between studies. Together with previous 

biomarker patterns in HFNEF and HFREF.51 
 

 diagnostic tools 
α

may carry prognostic value as well. Further research may provide additional evidence 
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(e.g. MMP/TIMP ratios and balance between inhibitory and stimulatory cytokines) may 

Applying a multiple-biomarker strategy may result in even further improvement of risk 

8 was able to identify HFNEF patients with an area under the receiver operating 

30 Such results are promising and should be further 
investigated before such biomarkers can be used in clinical practice. 
 
Some of the studies we reviewed displayed inconsistent results. This may in part be 

of the reference groups. 
 

Future directions

 Before other known biomarkers may 

multiple biomarkers are urgently needed in order to further elucidate the role and 
value of biomarkers in HF in general. With regard to the diagnostic and prognostic 

turnover and collagen signaling pathways.  
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discovery. New biomarkers may contribute to further improvement of prognostication 

of HFNEF may be obtained. 
 

None declared.
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Chapter 11
reduce mortality in hypertension: 

L.C. van Vark, M. Bertrand, K.M. Akkerhuis, J.J. Brugts, K. Fox, J.J. Mourad, E. Boersma

Eur Heart J. 2012 Aug



Aims

Renin–angiotensin–aldosterone system (RAAS) inhibitors are well established for 

Methods and Results

We performed a pooled analysis of 20 cardiovascular morbidity–mortality trials. In each 

control treatment. The cohort included 158 998 patients (71 401 RAAS inhibitor; 87 597 
control). The incidence of all-cause death was 20.9 and 23.3 per 1000 patient-years 

Conclusion

the widespread use of ACE inhibitors may result in an important gain in lives saved.
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Introduction
The World Health Organization describes hypertension as the number one risk factor for 

1 

hypertension treatment should aim at reducing the long-term risk of (cardiovascular) 
morbidity and mortality.

2 

 

per se

recently with the renin–angiotensin–aldosterone system (RAAS) inhibitors.2 Blockade 

overactive RAAS is strongly associated with high BP. The RAAS controls circulating volume 
and electrolyte balance in the human body and is therefore an important regulator 
of haemodynamic stability.4 RAAS inhibitors are the most widely prescribed class 

pharmacological agents that block the RAAS are angiotensin-converting enzyme (ACE) 

inhibitors are characterized by a decrease in the degradation of bradykinin leading to a 

implications for patients with hypertension.5

 
Reductions in both cardiovascular morbidity and mortality have been well demonstrated 

criterion other than hypertension per se

less than half of the patients enrolled had prevalent hypertension.6-8
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antihypertensive therapy)2 have not been convincingly demonstrated in the indication 

of RAAS inhibitors were evaluated were underpowered for this endpoint.9-11 To evaluate 
the impact of RAAS inhibitors on all-cause and cardiovascular mortality for their main 

 

 Although 
the primary aim of this meta-analysis decided a priori was to evaluate RAAS inhibitors as 

 

motivate hypertensive patients to comply with long-term treatment with these agents.

Methods
Study Selection

We intended to include all publicly available morbidity-mortality prospective randomized 
controlled trials that compared active treatment with an ACE inhibitor or an ARB with 

st

1st

the HOPE trial to be a landmark study in this respect (published in the year 2000).7 
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endpoints.

A total of 512 publications met the above-mentioned search criteria (Figure1). We 

post hoc and subgroup analyses. 

RAAS inhibition beyond BP lowering in these patient populations.

which less than two-thirds (66·7%) of the studied population were diagnosed with 

trial arms.14-16

a follow-up duration of at least 1 year.

Data Extraction

This analysis is based on data that were obtained from the trials’ main results papers. 

total follow-up time (until death) in years.
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Figure 1. Flow diagram of trial search and selection process. 

The endpoints of this pooled analysis were all-cause and cardiovascular mortality 
during long-term follow-up. Data on all-cause death were available for all trials. Data on 
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We aimed to provide estimates of the incidence of these endpoints in patients 

and relative reduction in the incidence of the endpoints by RAAS inhibitors. Since the 

the endpoint in the comparison group divided by the patient-years of follow-up in the 
corresponding group (i.e. the sum of the follow-up times for each individual). The latter 

 

from the reported death rate by dividing the total number of deaths by the annual death 

used the mean follow-up time that was reported for all trial participants together.

Statistical analysis

mortality IR was determined. We evaluated the assumption that the mortality rate is 
constant over time by visually inspecting the Kaplan–Meier curves of the studies in this 

the follow-up time within each of the trials is relatively short (the overall mean follow-up 

constant over time.
 
Information on follow-up times is needed to obtain estimates of absolute risks (and 

227

ANGIOTENSIN-CONVERTING ENZYME INHIBITORS REDUCE MORTALITY IN HYPERTENSION



IRs in the separate treatment arms.
 

17 and a P

among trials. The degree of heterogeneity was presented as an I² value. Publication bias 

Egger regression test to calculate two-tailed P-values.18

We hypothesized that the mortality reduction by antihypertensive drugs might be 

time in this analysis we were able to see if the mortality incidence ratio is constant over 
time. 
 

 
P  We 

used SAS 9.2 for Windows for data analysis.
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Results
Trial characteristics

characteristics are presented in Table 1.

controlled.
 

Patient characteristics

used in each trial. The mean baseline SBP was 153 mmHg (range of the means across 

58% of participants were man (range of this percentage across trials 36-80; Table 1).

All-cause mortality

reached the endpoint of all-cause death. This corresponds with an IR of 20.9 deaths per 

 

P

P

the P-value using an Egger regression test for all-cause mortality was >0.10 (intercept 
P

Cardiovascular mortality

assigned to RAAS inhibition had cardiovascular death. Based on a total of 295 617 patient-

control therapy was 10.1 per 1000 patient-years (3773 events; 372 105 patient-years of 
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P

P

evidence of publication bias.

Figure 2. 
blockade in all included trials.

Overall p-value 0·032 for all-cause mortality. Overall p-value 0.018 for cardiovascular mortality.

Angiotensin-converting enzyme inhibitors vs. AT1 receptor blockers

10% reduction in all-cause mortality (IR: 20.4 vs. 24.2 deaths per 1000 patient-years; 
P

demonstrated with ARB treatment (13 trials; IR: 21.4 vs. 22.0 deaths per 1000 patient-
P

P-value for interaction 
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P

ACE inhibitor regimen on all-cause mortality (P
P-value for 

Patients randomized to an ACE inhibitor had 9.1 cardiovascular deaths per 1000 patient-
P

P

P

Meta-regression

P

by RAAS-blockade. The mortality reduction was largest in trials with the highest mean 
P

hypothesis that the mortality incidence ratio is constant over time (at least for the mean 
duration of 4.3 years).

Similar HRs for all-cause mortality were found in clinical trials that compared RAAS 
P= 0.177) and with active control 

P P
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Figure 3. 

Discussion

of RAAS inhibitors as a class of drugs on total and cardiovascular mortality in their main 

during a 4-year follow-up period associated with the class of RAAS inhibitors. This 

based on data from well-designed randomized trials encompassing a broad population 

represent usual hypertensive patients seen today.
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Reduction in mortality is the primary goal of antihypertensive therapy.2

heart failure or coronary artery disease populations (with or without hypertension) 

a pooled analysis of trials in patients with cardiovascular disease (including hypertension) 
concluded that the reduction in cardiovascular mortality and stroke with RAAS inhibitors 
is BP dependent.38

associated with RAAS inhibition supports previous literature.

analysis clearly showed that nearly all of the mortality reduction was observed with ACE 

deserve consideration.

previously been discussed.  A recent meta-analysis of 37 ARB trials also failed to detect 
a reduction in all-cause or cardiovascular mortality in a broad population of patients.41 

42

we did not design this meta-analysis to make a head-to-head comparison between ACE 

population as opposed to the ARB population should be considered a post hoc 
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previous studies were designed to compare ACE inhibitors and ARBs in an hypertensive 

inhibitors.
clinical practice treatment guidelines that recommend that an ARB may be used in ACE 
inhibitor-intolerant hypertensive patients.2

It might be argued that the observed 5% relative mortality reduction in the overall group 

reached in patients who did receive a broad range of other contemporary risk-reduction 

1000 patient-years for the RAAS inhibitors as a group and 3.8 per 1000 patient-years for 

46 despite the widespread use 

observed mortality reduction was largest in trials with the highest baseline SBP. The 
observed mortality reduction may be used as an additional argument to stimulate 
patients to adhere to the prescribed treatment.

Limitations
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conditions and background therapy. Although this does not hamper the generalizability 

in a broad range of routine clinical practice situations.

data. Information on background therapy and co-morbidities were not available in 

trials.

and ARBs. The validity of this concept was not challenged by formal statistical tests on 

class that are simply missed due to lack of statistical power. It should therefore be 

properties of the applied agents.

Conclusion

5% relative reduction in all-cause mortality in populations with a high prevalence of 
hypertension when compared with contemporary control antihypertensive therapy. 

no mortality reduction was observed with the ARBs. In view of the high prevalence of 
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result in a considerable gain in lives saved. The results of this study provide a convincing 
argument to improve treatment adherence in the millions of people around the world 

Funding
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Meta-analysis of RCTs of RAAS inhibitors after the retraction of the kyoto

17 March 2013 Eric Boersma

The Editorial Board of your Journal has decided to retract the paper reporting the main 
results of the Kyoto Heart Study (Eur Heart J 2009;30:2461-2469). We studied the impact 

Study. 

of all-cause death was 21.2 and 23.5 per 1000 patient-years in patients randomized 

lives saved.

None declared

243

ANGIOTENSIN-CONVERTING ENZYME INHIBITORS REDUCE MORTALITY IN HYPERTENSION





Chapter 12

J.J. Brugts, L.C. van Vark, K.M. Akkerhuis, M. Bertrand, K. Fox, J.J. Mourad, E. Boersma

Int J Cardiol. 2015 Feb 15 



 

Objective

hypertensive patients considering the number needed to treat (NNT).

Methods

trials (68 343 RAAS inhibitor; 84 543 control) were used to calculate NNTs for the 
 

Results

Angiotensin-converting enzyme (ACE) inhibitors were used in 7 trials and angiotensin 
receptor blockers (ARBs) in 11 trials. Mean follow-up was 4.3 years. The annual incidence 
rate of all-cause mortality was 0.0233 in patients randomized to RAAS inhibitors versus 

to be driven by ACE inhibitors. We found a lower NNT for stroke in favor of ARB (NNT 
 

Conclusion

cause and cardiovascular mortality and myocardial infarction.
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Introduction

hypertension is considered by the World Health Organization as the number one cause of 
mortality.1 This observation is consistent with current understanding of antihypertensive 

2-5 

meta-analysis by our group.6

7

0.97) for ACE inhibitors and 0.99 (0.94–1.04) for ARBs during 4.3 years of follow-up. We 
concluded that ACE inhibitors – but not ARBs – reduce all-cause mortality in hypertensive 
patients.6

8-11

of hypertension do not distinguish between these two types of RAAS inhibitors. The 

CV endpoints is a topic of intensive debate worldwide for which additional analyses are 

treat’ is essential for future guidelines and health care policies.

Our meta-analytical data were presented in terms of relative risk reductions on all-

(NNT) to prevent one additional adverse outcome is novel and highly important.12 In 

event per 7000 women to 2 events per 7000 women (i.e. absolute risk). In that particular 

unwanted pregnancies and abortions.12 13 this underlines 
the importance of considering all parameters associated with the impact of treatment 
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14

and stroke in hypertensive patients. We present separate NNTs for ACE inhibitors and 
ARBs on these endpoints. In view of the high prevalence of hypertension and its impact 

Methods
Trial selection

Data from a pooled meta-analysis of 18 trials described in the Supplementary Webtable 

1 15

.

included treatment with a RAAS inhibitor (ACE inhibitor or ARB) were included if they 

if the comparator group was treated with placebo or an antihypertensive treatment 

(the KYOTO heart study and the JIKEI trial) ( ).

Endpoints
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6.

Statistical analysis

determined as the ratio of the number of endpoint events and the patient years of 
follow-up. The follow-up time within each of the trials was relatively short (the overall 
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ratios (HR) were then determined as the ratio of the IR in the patients randomized to 

the non-normal distribution of NNTs. Pooled estimates were obtained by weighing trial-
level observations according to the inverse of the squared standard error of the natural 

is produced by each trial.

the number of patients that need to be treated in order to avoid one event over 4.3 

performed to obtain point estimates and estimates of precision. We report the median 

σ

ARBs separately.

Results
ACE inhibitors were used as the active treatment in 7 trials and ARBs in 11 trials 
(Webtable 1

of the population were similar to those presented elsewhere.6
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Webtable 1. Trials included in the meta-analysis.

Trial Type of RAAS inhibitor RAAS inhibitor Control
Number of 
patients patient-years

Number of 
patients patient-years

RENAAL ARB 751 2324 762 2349
IDNT ARB 579 1652 1136 3260
LIFE ARB 4605 22 190 4588 22 076
ALLHAT ACE inhibitor 9054 45 837 24 303 12 1262
ANBP-2 ACE inhibitor 3044 12 420 3039 12 281
SCOPE ARB 2477 9283 2460 9172
pilot HYVET ACE inhibitor 431 493 852 939
JMIC-B ACE inhibitor 822 1784 828 1931
VALUE ARB 7649 32 852 7596 32 984
MOSES ARB 681 1703 671 1678
ASCOT-BPLA ACE inhibitor 9639 53 094 9618 52 903
ADVANCE ACE inhibitor 5569 24 005 5571 23 845
HYVET ACE inhibitor 1933 4159 1912 3964
PRoFESS ARB 10 146 25 365 10 186 25 465
TRANSCEND ARB 2954 13 785 2972 13 869
CASE-J ARB 2354 7766 2349 7748
HJ-CREATE ARB 1024 4132 1025 4126
NAVIGATOR ARB 4631 28 365 4675 28 435
Total 68 343 291 208 84 543 368 285

angiotensin
Details of trials: ADVANCE 2007: perindopril/indapamide vs placebo; ALLHAT 2002: lisinopril vs chlorthalidone or 
amlodipine; ANBP-2 2003: enalapril or other ACE inhibitor vs hydrochlorothiazide or other diuretic; ASCOT-BPLA 2005: 

candesartan vs non-ARB; HYVET 2008: indapamide ± perindopril vs placebo; Pilot HYVET 2003: lisinopril or other ACE 

JMIC-B 2004: ACE inhibitor vs nifedipine retard; LIFE 2001: losartan ± hydrochlorothiazide vs atenolol ± hydrochlorothiazide; 
MOSES 2005: eprosartan vs nitrendipine; NAVIGATOR 2010: valsartan vs placebo; PROFESS 2008: telmisartan vs placebo; 
RENAAL 2001: losartan vs placebo; SCOPE 2003: candesartan vs placebo; TRANSCEND 2008: telmisartan vs placebo; 
VALUE 2004: valsartan vs amlodipine. 

The results for the mortality and morbidity endpoints are presented in Figure 1 and Table 

1. The IR of all-cause mortality was 0.0233/year in the patients randomized to RAAS 

would have to be treated with RAAS inhibitor for 4.3 years to prevent one death. When 

− 4341 to 
5076) for ARBs.
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− 

− 4184 to 

the advantage in NNT values for the RAAS inhibitors was driven by the ACE inhibitor 
trials.

Complete results separated by individual trials are shown in the Supplementary material 
(Webtable 2).

Table 1.

Incidence rate 
(events/patient-year) HR (95% CI) NNT (2.5th to 97.5th 

percentile)
Control Active

All-cause mortality
0.0252 0.0233 0.954 (0.91 to 0.99) 113 (85 to 168)
0.0255 0.022 0.905 (0.84 to 0.97) 67 (53 to 92)
0.0249 0.0246 0.991 (0.94 to 1.04) 335 (−

Cardiovascular mortality
0.0117 0.0104 0.934 (0.87 to 1.00) 170 (126 to 259)
0.012 0.0103 0.884 (0.78 to 1.01) 116 (88 to 172)
0.0111 0.0104 0.969 (0.90 to 1.05) 409 (−

Myocardial infarction
0.013 0.0107 0.956 (0.89 to 1.02) 117 (95 to 154)
0.0148 0.012 0.921 (0.86 to 0.99) 80 (65 to 105)
0.0094 0.0092 1.004 (0.91 to 1.11) 338 (−

Stroke
0.0137 0.0125 0.912 (0.83 to 1.00) 203 (136 to 404)
0.0092 0.009 0.923 (0.78 to 1.09) 337 (165 to 1752)
0.0196 0.0179 0.902 (0.80 to 1.01) 131 (83 to 308)

Composite of myocardial 
infarction and stroke

0.0246 0.0227 0.927 (0.87 to 0.99) 136 (96 to 235)
0.0233 0.0204 0.896 (0.80 to 1.01) 86 (64 to 131)
0.0267 0.025 0.947 (0.86 to 1.04) 157 (89 to 567)

Hazard

group / (mean follow-up duration × number of patients in group).
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Figure 1.  
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Discussion
A large body of evidence has emerged from randomized controlled trials of 
antihypertensives in head-to-head comparisons. Meta-analysis is a useful method 

.6 We found a median NNT of 67 
patients to prevent one all-cause mortality event for ACE inhibitors during 4.3 years of 

the NNT values for the mortality endpoints and the endpoints including myocardial 
infarction were systematically smaller for ACE inhibitors and systematically larger for 

that enrolled patients already receiving background medications such as statins and 
antiplatelet agents. This underlines how use of ACE inhibitors in mild-to-moderate 

all-cause and cardiovascular mortality. Our results are consistent with previous reports 
16 and with reports of reductions in mortality 

with ACE inhibitors.17-20 They are also in line with other meta-analyses in other patient 
8-11

depends on the target of treatment as well the prevalence of the disease (worldwide). For 

with aspirin and streptokinase is associated with NNT values of between 20 and 40.21 

of dyslipidemia in primary prevention for patients with multiple atherosclerotic risk 
factors – a strategy that is currently widely applied in clinical practice – was associated 
with a NNT of 190 over 4.8 years for all-cause mortality.22 Statin treatment in men with 

23

for ACE inhibitors of 67 over 4.3 years for all-cause mortality and 116 for cardiovascular 
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associated with ACE inhibitors in the treatment of hypertension (i.e. reductions in 

and stroke as demonstrated by an NNT of 86 for the composite of the two endpoints 
in our analysis. Previous meta-analyses have indeed already reported an intrinsic 

24-26 

of coronary events.26

24 They hypothesized that various biological 

and ARBs. The most plausible seems to be the uncovered stimulation of angiotensin II 

have the advantage of preserving bradykinin and may therefore enhance its protective 

of mode of action have consequences beyond MI protection and translate into important 

ACE inhibitor versus ARB debate with respect to hypertensive patients.

Our analysis is not without limitations. The meta-analysis does not contain the 
individual trial data of the 18 included trials to perform adjustments for confounding 

ACE inhibitor and ARB trials. NNT values also depend on the duration of follow-up. 
Our results were therefore standardized for the mean duration of follow-up of the 18 
studies included in the analysis. The standardization of follow-up duration assumes that 

up times considered (1.1 to 6.1 years).
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 and that this therefore is a reasonable assumption. 

so our analysis could not be applied to repeated myocardial infarction events.

misinterpret the data.

Conclusions

should be preferred in the management of hypertension and the agents cannot be 
considered as mere equivalents.
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Biomarkers in heart failure 

increasing age and improved treatment of cardiovascular disease the prevalence of HF 

20% and 46% in middle-aged men and women.1 Guidelines emphasize the need for 
2 

Biomarkers may aid in selecting individuals that are at risk for developing HF or for 
progression of HF.3

The TRanslational Initiative on Unique and novel strategies for Management of Patients 
with Heart failure (TRIUMPH) study was designed to evaluate the prognostic properties 
of serially-measured biomarkers using a unique design of seven planned repeated 
measurements during one year follow-up in acute HF patients. 4

we were able to take into account the change in biomarker levels over time representing 
the dynamic nature of HF.3 Patients were eligible for enrolment if they were hospitalized 
with decompensation of known chronic HF or newly diagnosed HF. TRIUMPH was a 

In part I chapter 2, we evaluated the prognostic properties of galectin-3 in 
acute HF patients in the TRIUMPH cohort. The baseline galectin-3 level was associated with 
an increased risk of reaching the primary endpoint (composite of all-cause mortality and 

NT-proBNP level) the strength of the association between baseline galectin-3 and the 

up while hospitalized and at the outpatient clinic. 
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A second promising biomarker evaluated in the TRIUMPH cohort is ST2 (chapter 3 and 4). 
We demonstrated that repeated measurements of ST2 are a strong and independent 
predictor of adverse outcome during one year follow-up in patients following admission 

measurements of NT-proBNP. 
average ST2 levels appeared to increase in patients prior to reaching the primary 

ST2 patterns in individual patients. We demonstrated that 82% of patients with a so-

overall percentage of patients in the TRIUMPH cohort reaching the primary endpoint 
was 40%. These results suggest that repeated ST2 measurements in addition to NT-
proBNP measurements may be helpful in clinical practice to identify HF patients who 
are at increased risk of adverse outcome.

 5 
In chapter 5 

with repeated biomarker measurements during 1 year of follow-up in the TRIUMPH 

cTnI and creatinine are a strong and independent predictor of all-cause mortality. 

measurements are helpful to identify patients with an increased biomarker level and 
therefore are at increased risk of death at a certain point in time. Future studies 
should evaluate the value of repeated biomarker measurements when used to guide 

should help clinicians to manage patients.6 Additional studies should also determine the 
number and timing of biomarker measurements needed for optimal prognostication 
and therapy monitoring.

new class of biomarkers.7 We evaluated several microRNAs in the TRIUMPH cohort 
(chapter 6). Direct RNA sequencing of plasma from instrumented pigs revealed a number 
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demonstrated that miR-1306-5p was positively and independently associated with all-
cause mortality and HF hospitalization. Other microRNAs known to be cardiac-enriched 
or previously linked to HF were also evaluated in the TRIUMPH cohort. Associations of 

 We found 

investigate whether they are capable of providing additional information to established 
predictors of clinical risk.

In chapter 7

activity was determined in a random sample of 1820 subjects from the Rotterdam 
8 During 

HF of coronary heart disease at baseline and we accounted for incident coronary 
heart disease during follow-up. We showed that Lp-PLA2 activity was independently 

heart disease patients.9

reduce cardiovascular events. Still baseline Lp-PLA2 was found to be independently 

 

pathophysiological mechanisms are present in HF and interact with each other.3 HF 

considered to be associated with impaired cardiac contractility and cardiac dilatation. 

patients presenting with clinical HF have a normal left ventricular ejection fraction 
(LVEF). Some studies report a prevalence of HF with a normal LVEF as high as 50%.12 
In the 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart 

13 
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fraction (HFmrEF) and HF with a preserved ejection fraction (HFpEF). Although it is 

12

HFpEF patients.14 We performed a systematic review on biomarkers in HFpEF patients 

α

prognostic value as well (chapter 8). Further research may provide additional evidence 

HFpEF. Applying a multiple biomarker strategy may result in even further improvement 
13

Health related quality of life in heart failure patients

part II of this thesis. There is not a gold standard for 
measuring HR-QoL or symptom burden in HF patients.15

several questionnaires at discharge and after 9-12 months of follow-up. HR-QoL was 

assessed by a questionnaire on symptom occurrence and symptom burden.

Chapter 9 demonstrates that patients with HF report a high symptom occurrence 

clinical practice it is known that symptoms are under-recognized and therefore 
16 This supports 

our recommendation that elaborate research and education on symptom burden is 

should give even more attention to symptom management in patients with depression. 
17

chapter 10, we evaluated the relationship between comorbidities and 
HR-QoL and depression.
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management of the most prevalent non-cardiovascular comorbidities.18

found in the subgroup of patients with comorbidity.19 

Future research is necessary to establish how to improve symptom recognition and 
treatment in HF patients. We should prioritize our aim to reduce symptoms in HF 

morbidities seem to be important targets in successfully treating HF patients.

RAAS inhibitors and outcome in hypertensive patients

In part III chapter 11, which included almost 
and showed that renin-angiotensin-aldosteron system (RAAS) inhibitors 

are associated with a 5% reduction in all-cause mortality during a 4-year follow-up period 
in hypertensive patients. 

they are based on data from well-designed randomized trials encompassing a broad 

risk factors and who represent usual hypertensive patients seen today. 

The clinically most important pharmacologic agents that block the RAAS currently 
are the angiotensin-converting enzyme (ACE) inhibitors and AT1 receptor blockers 
(ARBs). Although 
mechanisms of action.22 
that the observed overall all-cause 5% mortality reduction resulted almost completely 

all-cause mortality. It should be emphasized that we did not design this meta-analysis to 
make this head-to-head comparison between ACE inhibitors and ARBs. 

The 2018 ESC/ESH “Management of arterial hypertension” guideline states that ACE 
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23 This statement is primarily based on a 
meta-analysis performed in 2008 by Reboldi.24

ACE inhibitors and ARBs in strictly hypertensive populations.25 Subgroup 

hypertension. This meta-analysis included randomized controlled trials that compared 

mortality (moderate-quality evidence) and total cardiovascular events (low-quality 

which makes the results of the meta-analysis less generalizable to an asymptomatic 
hypertensive population.26 

27

with our post-hoc analyses may favor the use of ACE inhibitors in treating hypertension.

In chapter 12

of relative risk reduction alone. The NNT is considered an important measure to 
accurately communicate risk.  The corresponding median NNT to prevent one death 

 We also 

in hypertensive patients. ACE inhibitors reduce all-cause mortality (corresponding 

corresponding NNT during 4 years of treatment for ARBs in hypertensive patients were 

on the incidence of stroke was similar for ACE inhibitors and ARBs. 
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of the disease.  Hypertension is highly prevalent in the general population 31 and 

a NNT of 113 to prevent one death during 4 years of treatment seems to be a relevant 

with a RAAS inhibitor.
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Biomarkers en hartfalen

Hartfalen komt veel voor en het aantal mensen met hartfalen groeit gestaag. De oorzaken 
hiervan zijn onder andere een toename van risicofactoren voor hartfalen binnen de 

hart- en vaatziekten. Naar schatting is het risico op het ontwikkelen van hartfalen 
gedurende het gehele leven bij mannen en vrouwen van middelbare leeftijd tussen de 
20% en 46%.1 Richtlijnen benadrukken de noodzaak individuen met een verhoogd risico 

2 Bij het selecteren van deze personen 
zouden biomarkers kunnen helpen. Hiernaast zouden biomarkers kunnen vast stellen 
welke hartfalen patiënten risico lopen op klinische progressie van de ziekte.3

De ‘TRanslational Initiative on Unique and new strategies for Management of Patients 
with Heart failure’ (TRIUMPH) studie is opgezet om de prognostische waarde van serieel 
gemeten biomarkers te evalueren bij patiënten die opgenomen werden met acuut 
hartfalen. Er werd gebruik gemaakt van een uniek ontwerp waarbij zeven herhaalde 
metingen gepland werden gedurende één jaar.4 Vanwege deze herhaalde metingen 
zien we de verandering in biomarker waarde binnen een patiënt uitgezet in de tijd. 
Dit biomarker beloop is een goede weergave van het dynamische ziekteproces bij 
patiënten met hartfalen.3 Patiënten kwamen in aanmerking voor deze studie als ze in 
het ziekenhuis werden opgenomen met acuut gedecompenseerd hartfalen. Patiënten 
konden opgenomen worden met ‘de novo’ hartfalen of al bekend zijn met hartfalen. 

2013.

Deel I

is één van de biomarkers die onderzocht is (hoofdstuk 2). Een enkele galectine-3 meting 
tijdens de initiële opname is geassocieerd met zowel het primaire eindpunt (combinatie 
van sterfte of ziekenhuis opname voor acuut hartfalen) en de individuele secundaire 

de associatie tussen een enkele galectine-3 meting en de verschillende eindpunten 
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zwakker. Alleen de associatie tussen de galectine-3 meting en het eindpunt sterfte 

serieel gemeten NT-proBNP waarden. Hierbij concluderen wij dat galectine-3 een goed 

patiënten een slechtere prognose hebben. Vooral wanneer galectine-3 herhaaldelijk 
gemeten wordt tijdens een opname en gedurende het poliklinische vervolg.

ST2 is een tweede veelbelovende biomarker die onderzocht is in het TRIUMPH-cohort 
(hoofdstuk 3 en 4). We hebben aangetoond dat bij patiënten opgenomen met acuut 

eindpunten. Deze associatie is onafhankelijk van bekende risicofactoren en serieel 
gemeten NT-proBNP waarden. Daarnaast hebben we onderzocht wat het beloop 
is van de gemiddelde ST2 waarde gedurende één jaar. We hebben gevonden dat de 
gemiddelde ST2 waarde van de patiënten die tijdens het jaar een eindpunt bereikten 
toenam voorafgaande aan dit eindpunt. Daarentegen bleef de gemiddelde ST2 waarde 
van de patiënten die tijdens het jaar geen eindpunt bereikten laag. Vanwege deze 
observatie hebben we een post-hoc analyse uitgevoerd waarbij we de serieel gemeten 
ST2 waardes van individuele patiënten hebben uitgezet tegen de tijd. Vervolgens hebben 
we per patiënt het ST2 patroon ingedeeld in een “U-vorm” dalende ST2 waarde na 

stabilisatie of een ander patroon. Hierbij zagen we dat 82% van de patiënten met een 
zogenaamde “J-vorm” gedurende het vervolg van de studie geen eindpunt bereikten. 
Gemiddeld genomen bereikte 40% van de patiënten in het TRIUMPH-cohort het 
primaire eindpunt. Deze resultaten suggereren dat serieel gemeten ST2 waarden naast 
serieel gemeten NT-proBNP waarden geschikt kunnen zijn om hartfalen patiënten te 

In een wetenschappelijke verklaring van de “American Heart Association” wordt 
voorgesteld dat het combineren van meerdere biomarkers nuttig kan zijn voor 

5 In hoofdstuk 5 hebben we dan ook in het TRIUMPH-
cohort seriële metingen van verschillende biomarkers gecombineerd in één analyse. 

creatinine waarden een sterke en onafhankelijke voorspeller zijn van sterfte. Onze 
resultaten tonen aan dat bovenal het combineren van serieel gemeten NT-proBNP 
en ST2 waarden belangrijke onafhankelijke voorspellers zijn van (cardiovasculaire) 
sterfte. Bovendien suggereren de resultaten van deze analyse dat seriële metingen een 
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overlijden toe neemt gedurende opname en poliklinische controle.

Toekomstige studies zouden het belang van seriële biomarker metingen verder moeten 

worden voor het nemen van behandel beslissingen. Het beantwoorden van deze vraag 

als ze aan drie criteria voldoen. (1) Een clinicus moet een biomarker nauwkeurig kunnen 

clinici helpen behandel beslissingen te nemen.6 Daarnaast is het van belang kennis 
te verkrijgen over de timing en het aantal benodigde biomarker metingen voor het 
optimaal vast stellen van de prognose en het monitoren van de behandeling.

7 waarvan we er verschillende in het TRIUMPH-cohort hebben geëvalueerd 
(hoofdstuk 6).

geproduceerd worden in het myocard van varkens met hartfalen. Een van deze 

en hebben wij een onafhankelijk relatie gevonden met het primaire eindpunt (combinatie 
van sterfte of ziekenhuis opname voor acuut hartfalen). Vervolgens hebben we ook 
andere microRNA’s geëvalueerd in het TRIUMPH cohort. Deze microRNA’s werden ofwel 
geproduceerd in het myocard of zijn al in eerdere studies geassocieerd met hartfalen. 

met de verschillende eindpunten waren echter niet onafhankelijk van klinische factoren. 

microRNA’s in een groot deel van de bloedmonsters niet detecteerbaar was. Het is 

eindpunten beter onderzocht kan worden in bloedmonsters van hartfalen patiënten.

In hoofdstuk 7 hebben we aangetoond dat lipoproteïne-geassocieerd fosfolipase A2 (Lp-

onder 55-plussers die in de wijk Ommoord wonen in Rotterdam.8 Gemiddeld werden de 
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patiënten met stabiel coronairlijden.9 Darapladib verminderde de activiteit van Lp-PLA2 

het gebruik van darapladib. Wel was ook in deze studie de mate van Lp-PLA2 activiteit 
geassocieerd met cardiovasculaire eindpunten en ziekenhuisopnames voor hartfalen. 

remmers in een hartfalen populatie. Voor nu lijkt Lp-PLA2 activiteit een biomarker die 
gebruikt kan worden voor prognostische doeleinden.

ziekte. Er zijn verschillende pathofysiologische mechanismen die een rol spelen en elkaar 
beïnvloeden.3 Het beloop van hartfalen is dan ook dynamisch en de onderliggende 
oorzaak is divers. Van oudsher werd hartfalen gezien als een verminderde knijpkracht 
van het hart en daarbij verwijding van de linker hartkamer. In het afgelopen decennium 
is echter duidelijk geworden dat een aanzienlijk deel van de patiënten met het 
hartfalen syndroom een normale of licht verminderde knijpkracht van het hart heeft. 
Sommige studies laten zien dat in 50% van de hartfalen patiënten er sprake is van een 
normale knijpkracht van het hart.12 In de ESC-richtlijnen van 2016 voor de diagnose 

13 Deze drie typen 

licht verminderde knijpkracht (HFmrEF) en hartfalen met een behouden knijpkracht 
(HFpEF). Hoewel het niet geheel duidelijk is of deze typen hartfalen daadwerkelijk 
verschillende syndromen vertegenwoordigen of dat ze deel uitmaken van één hartfalen 

en behandel respons verschillend is.12 De gemiddelde biomarker waarden verschillen 
tussen patiënten met HFrEF en HFpEF.14

hartfalen patiënten met een behouden knijpkracht van het hart (HFpEF) (hoofdstuk 8). 

waaronder TNF-α
waarde te hebben bij deze hartfalen patiënten.

Kwaliteit van leven bij patiënten met hartfalen

In deel II

kwaliteit van leven bij patiënten met hartfalen. Kwaliteit van leven werd onderzocht in 
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en klachten van depressie. Er is geen gouden standaard voor het meten van de 
kwaliteit van leven.15

aan het einde van de studie als patiënten terug kwamen op de polikliniek. Kwaliteit van 

Dimensions (EQ-5D). Bovendien werden angst en depressieve klachten gemeten met de 
Hospital Angst and Depression Scale (HADS) en uiteindelijk werd de aanwezigheid van 
hartfalen symptomen geëvalueerd in een aparte vragenlijst.

Hoofdstuk 9 toont aan dat hartfalen patiënten vaak last hebben van hartfalen 

wordt onderschat en daarom onvoldoende behandeld.16 Voorlichting aan patiënten 
en behandelaars verdient dan ook de aandacht. Daarnaast hebben we vastgesteld dat 
de symptoomlast bij patiënten met depressieve klachten toegenomen is ten opzichte 

hartfalen patiënten aandacht te hebben voor depressieve klachten en dit mee te nemen 
in de behandeling.17

In hoofdstuk 10 hebben we gekeken naar de relatie tussen comorbiditeiten en kwaliteit 
van leven in hartfalen patiënten en de invloed van bepaalde determinanten op de 
kwaliteit van leven. In het gehele TRIUMPH-cohort hadden hartfalen patiënten zonder 

COPD) een betere kwaliteit van leven in vergelijking met patiënten met comorbiditeit. 
Dit ondersteunt de opvatting dat om kwaliteit van leven te verbeteren van hartfalen 

18 Daarnaast hebben we 
onderzocht of bepaalde determinanten van invloed zijn op de kwaliteit van leven in 
patiënten met en zonder comorbiditeiten. De determinanten die gerelateerd zijn aan 

is dat deze determinanten alleen belangrijk zijn in de subgroep van patiënten met een 
comorbiditeit.19

Er is nog veel onderzoek nodig om vast te stellen hoe de herkenning van symptomen 

patiënten kan worden verbeterd. Voor veel patiënten is het verbeteren van de kwaliteit 
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van leven op zijn minst zo belangrijk als het verlengen van het leven.  Hartfalen 

goede behandeling van patiënten met hartfalen.

RAAS-remmers bij patiënten met hypertensie

In deel III hoofdstuk 11, hebben we een meta-analyse uitgevoerd met 
als onderzoeksvraag of de behandeling van patiënten met hypertensie met een renine-
angiotensine-aldosteronsysteem (RAAS)-remmer er voor zorgt dat mensen minder snel 
komen te overlijden. Gegevens van bijna 160.000 patiënten zijn geanalyseerd en we 
toonden aan dat hypertensie patiënten die behandeld werden met RAAS-remmers 
minder vaak overleden vergeleken met hypertensie patiënten die niet behandeld 
werden met RAAS-remmers. De patiënten zijn gemiddeld 4 jaar vervolgd en gedurende 
deze periode was er een afname in overlijden van 5%. De studies die meegenomen 
zijn in deze meta-analyse zijn over het algemeen kwalitatief goed opgezet en alle 
patiënten werden gerandomiseerd. In de verschillende studies werd een diversiteit aan 

generaliseren naar de algemene hypertensie populatie in de dagelijkse klinische praktijk.

de ACE-remmers en AT1-receptorblokkers (ARB). Hoewel ACE-remmers en ARB’s beide 
22 We hebben 

medicamenten. We zagen dat de ACE-remmers de kans op overlijden gedurende 4 jaar 
met 10% verlaagden ten opzichte van de patiënten die behandeld werden zonder een 

een behandeling zonder een RAAS-remmer. Benadrukt moet worden dat we deze meta-
analyse niet hebben ontworpen om deze twee groepen medicamenten met elkaar te 
vergelijken en gezien dit geen rechtstreeks vergelijking is moeten we voorzichtig zijn met 
het trekken van conclusies. 

Aanvullend hebben we in hoofdstuk 12 een analyse gedaan waarin we gekeken hebben 

een ‘Number Needed to Treat’ (NNT) analyse. Dit hebben we gedaan om inzicht te krijgen 

risico.  Ons onderzoek toonde dat we 113 hypertensie patiënten gedurende 4 
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(NNT 116) en een hartinfarct (NNT 80). De overeenkomstige NNT gedurende 4 jaar door 

ACE-remmers en ARB’s voor beroerte was vergelijkbaar.

absolute risico en de prevalentie van de ziekte in de algemene bevolking.  Hypertensie 
komt veel voor in de algemene bevolking26 en rekening houdend met het relatief lage 

overlijden te voorkomen relevant. Bovendien is er naast de afname van de sterfte ook 
nog sprake van een afname van het aantal hartinfarcten en beroertes. Deze kennis zal 
artsen moeten aanmoedigen om patiënten met hypertensie te behandelen met een 
RAAS-remmer.
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