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ABSTRACT

Background: Blood biomarkers carry potential for monitoring severity of
chronic heart failure (CHF). Studies correlating repeated measurements of
blood biomarkers with repeatedly assessed NYHA class over a prolonged
follow-up period, and concomitantly investigating their associations with clini-
cal endpoints, ... Not yet been performed.

Methods: In 2011-2013, 263 CHF patients were included. At inclusion and
subsequently every 3 months, we measured N-terminal pro-B-type natriuretic
(NT-proBNP), high-sensitivity troponin T (Hs-TnT) and C-reactive protein (CRP),
and assessed NYHA class. The primary endpoint comprised heart failure hospi-
talization, cardiovascular mortality, cardiac transplantation or left ventricular
assist device implantation. Time-dependent Cox models were used.

Results Mean age was 67113 years, 72% were men and 27% were in NYHA class
IlI-1V. We obtained 886 repeated measures (median 3[IQR 2-5] per patient).
The primary endpoint was reached in 41 patients during a median follow-up
of 1.0[0.6-1.4] year. Repeatedly measured NT-proBNP and Hs-TnT were sig-
nificantly associated with repeatedly assessed NYHA class, whereas CRP was
not (NT-proBNP: B[95%CI]:1.56[1.17-2.06]In(ng/L) increase per point NYHA
class, p=0.002; HSTNT: B[95%CIl]:1.58[1.21-2.07]. Serially measured NT-proBNP
(HR[95%CI]:1.37[1.18-1.60], CRP (1.17[1.06—-1.29]) and NYHA class (1.29[1.13—
1.47]) were positively and independently associated with the primary endpoint,
whereas Hs-TnT lost statistical significance after multivariable adjustment. A
model containing serially measured NYHA-class and NT-proBNP displayed a
c-index of 0.84, while serially measured NYHA-class and CRP showed a c-index
of 0.82.
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Conclusions: Temporal NT-proBNP, CRP and NYHA class patterns are indepen-
dently associated with adverse clinical outcome. Serially measured NT-proBNP
and NYHA-class are best suited for monitoring CHF outpatients.

INTRODUCTION

Adjustment of medicinal treatment for chronic heart failure (CHF) requires consider-
able clinical acumen and may in some cases cause misjudgement in risk assessment
and consequently suboptimal treatment.” Therefore, several diagnostic tools have
been developed over the past decades which aim to objectify disease severity, such
as the New York Heart Association (NYHA) Functional Classification,”* which has
limited reproducibility and high inter-observer variability.” Conversely, circulating
blood biomarkers are less subjective to interpretation, and carry potential to moni-
tor subtle changes in the heart that reflect and possibly predict adverse changes
before they become clinically apparent.® The use of biomarkers, such as B-type
natriuretic peptides (BNP), cardiac troponins and C- reactive protein (CRP), for
risk stratification of CHF patients has already been demonstrated.”™® Moreover, al-
though trials on natriuretic peptide-guided therapy of HF have provided somewhat

9,14

inconsistent results,” natriuretic peptide-guided HF therapy has recently been

given a class Ila recommendation in US HF guidelines to achieve guideline-directed
medical therapy.™®

Several studies have previously examined NYHA class in relation to clinical
outcome in CHF patients. However, these studies either used single, baseline as-
sessments or 2 repeated assessments taken in a relatively short time interval.'’*®
Furthermore, studies on the association between blood biomarkers and NYHA
class in CHF are scarce, and studies assessing both these properties repeatedly are
non-existent. Finally, the predictive value of serially assessed blood biomarkers and
NYHA class scores for adverse clinical outcome has never yet been compared in
stable CHF patients.

Therefore, the aim of the current investigation, performed in 263 patients with
CHF, was to examine the associations between repeatedly measured NT-proBNP,
troponin T (Hs-TnT), CRP, and NYHA class, as well as the associations of their
temporal patterns with adverse clinical outcome. Based on this, we evaluated the
incremental value of serially measuring blood biomarkers, to clinical assessment in

terms of serial NYHA class scoring, for monitoring stable CHF outpatients.
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METHODS

Patients

The Serial biomarker measurements and new echocardiographic techniques in
chronic heart failure patients result in tailored prediction of prognosis (Bio-SHiFT)
study was designed to investigate the hypothesis that temporal patterns of bio-
markers involved in CHF are associated with prognosis. Bio-SHiFT is an ongoing pro-
spective, observational study of stable outpatients with CHF, conducted in Erasmus
MC, Rotterdam, The Netherlands and Noordwest Ziekenhuisgroep, Alkmaar, The
Netherlands. Patients were recruited during their regular outpatient visits and were
in clinically stable condition. Patients were eligible for inclusion if aged 18 years or
older, capable of understanding and signing informed consent, and if CHF (including
HF with preserved ejection fraction) was diagnosed 23 months ago according to the

1419 Detailed inclusion and

guidelines of the European Society of Cardiology (ESC).
exclusion criteria are shown in figure 1.

The study was approved by the medical ethics committees of the participat-
ing hospitals and was conducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all patients.The study is registered
in ClinicalTrials.gov, number NCT01851538. Follow-up for this analysis lasted from

October 2011 until November 2013.

Baseline assessment

At baseline, patients were evaluated by trained research physicians, who collected
information on HF-related symptoms, including NYHA class.™ History of chronic
renal failure was defined as glomerular filtration rate less than 60 mL/min/1.73m”’.
Alcohol consumption was defined as drinking >1 alcoholic consumption per day.
Electrocardiography and echocardiography were performed. Data were entered
into electronic case report forms. Non-fasting blood and urine samples were col-
lected.

Follow-up visits

Study follow-up visits were scheduled every 3 months (a window of £1 month was
allowed), for a maximum of 30 months. At each tri-monthly study visit, a short
medical evaluation was performed, NYHA functional class was scored and blood
and urine samples were collected.
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Inclusion eriteria
1. Age 2 18 years
2. Diagnosis chronic heart failure = 3 months®

3. Written informed consent

Heart failure, diagnosed = 3 months ago according to the Heart failure with preserved ejection fraction (HFPEF)
definition of the European Society of Cardiology (ESC), diagnosed = 3 months ago according to the definition of
which includes the following features: the ESC, which includesthe following features:
- Symptoms typical of heart failure: breathlessness * Presence of signs and/or symptoms of HF {as
at rest or on exercise, fatigue, tiredness, ankle described above)
swelling AND
AND . Presence of normal or only mildly abnormal
+  Signs typical of heart failure: tachycardia, systolic function (LVEF = 50%)
tachypnea, pulmonary rales, pleural effusion, AND
raised jugular venous pressure, peripheral . Evidence of diastolic left wentricular dysfunction
ocedema, hepatomegaly according to the criteria of the ESC:
AND o EE>15
»* Ohbjective evidence of a structural or functional OR
abnormality of the haart at rest cardiomegaly, L] 15= E/E' = & AND
third heart sound, cardiac murmurs, abnermality NT-proBMP = 220pg/ml /
on the echocardiogram, raised natriuretic peptide BNF > 220 pgiml
concentration OR
o /4 < 0.5 and DT = 280 ms
OR
= Atrial fibrillaticn

Exclusion criteria

1. Heart failure secondary to circulatory high output conditions
Scheduled for surgery or intervention for both coronary and non-
coronary indication within § months of inchusion

Severe renal failure for which dialysis is needad

Known moderate or severs liver disease

COPD Gold stage IV

Coexistent condition with life expectancy = 1 year

Congenital heart disease

Ham s

Figure 1. Inclusion and exclusion criteria

Blood sampling and biomarker measurement

Blood samples were collected at baseline and at each follow-up visit, and were
processed and stored locally at a temperature of -80°C within 2 hours after blood
collection. When applicable, samples were transported to the central labora-
tory (Erasmus MC, Rotterdam, The Netherlands) under controlled conditions (at
a temperature of -80°C), until batch analysis was performed. Thus, the biomarker
measurements performed for this study did not lead to treatment adjustments.
Batch analysis of NT-proBNP, Hs-TnT, and CRP was performed in the Clinical Chem-
istry Laboratory of the Erasmus MC. Plasma NT—proBNP and Hs-TnT were analysed
using electrochemiluminesence immunoassays (Roche Diagnostics, Elecsys 2010,
Indianapolis, Indiana, USA). For NT-proBNP, concentrations were measured ranging
from 5 to 35.000 pmol/L. Coefficients of variation (CVs) were <5% at mean values
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ranging from 5.19-274 pmol/L. For Hs-TnT, concentrations were measured ranging
from 3-10000 ng/L. CVs were <5% at mean values ranging from 12.7-1819 ng/L. CRP
was measured using an immunoturbidimetric assay (Roche Hitachi 912 chemistry
analyser, Basel, Switzerland). This system measures concentrations ranging from
0.3 to 350 mg/L, and CVs were <5% at mean values ranging from 0.84-284 mg/L.

Clinical study endpoints

During follow-up, endpoints were recorded in the electronic case report forms by
trained research physicians, and associated hospital records and discharge letters
were collected. Subsequently, a clinical event committee blinded to the biomarker
results reviewed all collected information and adjudicated primary and secondary
endpoints.

The primary endpoint comprised the composite of cardiac death, cardiac trans-
plantation, left ventricular assist device implantation, and hospitalization for the
management of acute or worsened HF.

Cardiac death was defined as death from myocardial infarction (Ml) or other
ischemic heart disease (ICD-10: 120-125), death from other heart disease includ-
ing HF (130-145 and 147-152), sudden cardiac death (146), sudden death undefined
(R96) or unwitnessed or ill-described death (R98, R99). Hospitalisation for acute
or worsened HF was defined as exacerbation of symptoms typical of HF, in combi-
nation with 2 of the following: BNP or NT-proBNP >3x the upper limit of normal,
signs of worsening HF, such as pulmonary rales, raised jugular venous pressure or
peripheral oedema, increased dose or intravenous administration of diuretics, or
administration of positive inotropic agents.

Statistical analysis

Statistical methods are described in detail in the supplemental text. In brief, we
used linear mixed models to assess the associations between serial biomarker
measurements and repeated assessment of NYHA functional class. Associations
between serial measurements of biomarkers and NYHA class, and occurrence of
the primary endpoint, were examined by entering the serial measurements as time-
varying covariates into extended Cox proportional hazards models. First, the models
were adjusted for age, gender, systolic blood pressure and estimated glomerular
filtration rate (eGFR; calculated using the Chronic Kidney Disease Epidemiology Col-
laboration (CKD-EPI) equation). Subsequently, all variables, i.e. NT-proBNP, Hs-TnT,
CRP and NYHA functional class, were entered simultaneously into the models to
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Table 1 — Baseline characteristics
NYHA class | NYHA class Il NYHA class llI/IV Total

(n=78) (n=116) (n=66) (n=263)

Demographics

Age 64 (+11) 68 (+13) 72 (+11) 67 (+13)
Male gender 60 (78) 81 (69) 48 (70) 189 (72)
Caucasian ethnicity 71(92) 107 (92) 66 (94) 244 (94)
Clinical characteristics
Body mass index kg/m? 28 (25) 27 (x4) 28 (+4) 28 (25)
Heart rate, bpm 63 (+10) 68 (+11) 69 (+13) 67 (+12)
SBP, mmHg 123 (+19) 124 (+20) 120 (+21) 122 (+20)
DBP, mmHg 75 (+11) 72 (£11) 71 (+10) 72 (£11)
Biomarker level
NT-proBNP (pmol/L) 93 (38-175) 141 (49-583) 225 (120-436) 140 (52-273)
HsTNT (ng/L) 13 (7.8-21) 19 (9.9-37) 24 (16-43) 18 (10-33)
CRP (mg/L) 1.6 (0.6-3.4) 2.3(1.0-5.3) 2.7 (1.3-4.9) 2.2 (0.9-4.8)
Creatinine (mg/dL) 1.2 (1.0-1.5) 1.1 (1.0-1.4) 1.3 (1.0-1.6) 1.2 (1.0-1.5)
eGFR? (ml/min/1.73 m2) 62 (42— 83) 58 (46 —78) 53 (38—72) 58 (43— 76)
Medical history
CAD 29 (39) 57 (50) 56 (84) 142 (46)
ICD 42 (55) 67 (57) 42 (61) 151 (59)
CRT 20 (26) 40 (34) 18 (26) 78 (30)
CVA 8(10) 18 (15) 15 (22) 41 (16)
Chronic renal failure 34 (44) 61 (52) 41 (59) 136 (53)
Diabetes Mellitus 16 (23) 34 (28) 31 (42) 81(31)
Hypercholesterolemia 26 (34) 41 (35) 26 (38) 93 (36)
Hypertension 33 (43) 56 (48) 31 (45) 120 (46)
Intoxications
Alcohol consumption 30 (40) 51 (44) 27 (39) 108 (42)
Ever smoker 58 (75) 79 (68) 48 (70) 185 (71)
Medication use
ACE-i or ARB 75 (96) 109 (94) 61 (88) 245 (93)
Aldosteron antagonist 44 (56) 81 (70) 53 (80) 178 (68)
Diuretic 64 (82) 107 (92) 66 (96) 237 (90)
Beta-blocker 68 (87) 106 (91) 58 (88) 232 (88)
Aspirin 14 (18) 16 (14) 15 (22) 45 (17)
Vitamin K antagonist 59 (77) 88 (78) 53 (77) 200 (77)

Normally distributed continuous variables are presented as mean (t standard deviation). Non-
normally distributed continuous variables are expressed as median (25" — 75" percentile). Cat-
egorical variables are expressed as count (percentage). Valid percentages may vary for some
counts, because of missing values. ACE-i = angiotensin converting enzyme inhibitor; ARB = angio-
tensin receptor blocker; CAD = coronary artery disease; CRP = C-reactive protein; CRT = cardiac
resynchronisation therapy; CVA = cerebro vascular accident DBP = diastolic blood pressure; eGFR
= estimated glomerular filtration rate; HSTNT = high sensitive cardiac troponin T; ICD = implant-
able cardioverter defibrillator; NT-proBNP = N-terminal pro-B-type natriuretic peptide; NYHA =
New York Heart Association; SBP = systolic blood pressure.

?eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation
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Table 2 — Associations between blood biomarker measurements, NYHA class, and the primary
endpoint

Associations between baseline measurements and the primary endpoint

Univariable models® Multivariable models®

HR (95% Cl) p HR (95% Cl) p
NT-proBNP® 1.41(1.22-1.63) <0.001 1.26 (1.08 - 1.47) 0.003
Hs-TnT* 1.23(1.10-1.37) <0.001 1.11 (0.98-1.27) 0.11
CRP* 1.15(1.04-1.27) 0.005 1.14 (1.03-1.26) 0.013
NYHA class® 1.29 (1.13-1.47) <0.001 1.22 (1,07 - 1.40) 0.003

Univariable models® Multivariable model®

HR (95% Cl) p HR (95% Cl) p
NT-proBNP* 1.51(1.32-1.73) <0.001 1.34 (1.16 - 1.55) <0.001
Hs-TnT* 1.23(1.11-1.36) <0.001 1.06 (0.95-1.18) 0.32
CRP® 1.26 (1.14-1.38) <0.001 1.18(1.07 - 1.30) 0.001
NYHA class® 1.36 (1.21-1.53) <0.001 1.25 (1.11—1.42) <0.001

HR= hazard ratio; CRP = C-reactive protein; Hs-TnT = high-sensitive cardiac troponin T, NT-proBNP
= N-terminal pro-B-type natriuretic peptide; NYHA = New York Heart Association.

% Including age and gender

® Including age, gender, systolic blood pressure and estimated glomerular filtration rate

° HR per standard deviation increase in log transformed level

4HR per 1-step increase

investigate their independence. We calculated time-dependent C-indices based on
the extended Cox models. Analyses were performed with R Statistical Software and
MedCalc.

RESULTS

Study population

A total of 263 were included from October 2011 to June 2013. Baseline character-
istics are displayed in table 1. Mean age was 67 years (SD+13), 72% were men, and
73% were in New York heart association (NYHA) class | or Il. Median duration of
HF at inclusion was 4.6 years (IQR 1.7-9.9). Median baseline NT-proBNP was 137.3
pmol/L (IQR 51.9-272.9), Hs-TnT:18.0 ng/L (IQR 9.6-33.2) and CRP:2.2 mg/L (IQR
0.9-4.8).
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Figure 2. Temporal evolution of serial biomarkers measurements and NYHA class
X-axes display the time that is left until occurrence of the clinical endpoint.

Associations between serial biomarker measurements and serial assessment
of NYHA class

During follow-up, we collected 921 blood samples and scored NYHA functional class
1292 times. Of all follow-up visits, 1135 took place before the occurrence of the
primary endpoint. During these follow-up visits, 886 blood samples were drawn
(median 3; IQR 2-5 per patient), and NYHA functional class was scored 1114 times
(median 4; 1QR 2-6 per patient).

Repeatedly measured NT-proBNP and Hs-TnT showed strong asso-
ciations with repeatedly assessed NYHA class, whereas CRP did not (NT-proBNP:
B[95%CI]:1.56[1.17-2.06]In(ng/L) increase per point NYHA class, p=0.002; HsTNT:
B[95%CI]:1.58[1.21-2.07], p=0.001; CRP: PB[95%Cl]:1.22[0.98-1.53], p=0.076)
(supplemental table 1).

Clinical endpoints

The composite endpoint was reached by 41 patients (16%), during a median follow-
up of 1.0 [0.6-1.4] years: 5 patients died from a cardiovascular cause, 35 patients
were re-hospitalized for worsened HF and 1 patient underwent heart transplanta-
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tion. Of the 35 patients reaching the primary endpoint because of re-hospitalisation
for HF, 16 patients died eventually during further follow-up, of whom 12 patients
died from a cardiovascular cause. Overall all-cause mortality was 21 (8.0%).

Baseline biomarker measurements and NYHA class and the primary endpoint
NT-proBNP, Hs-TnT, CRP, and NYHA class all displayed strong and positive associations
with the primary endpoint (table 2). After multivariable adjustment, NT-proBNP,
CRP and NYHA class remained independently associated with the primary endpoint,
while, Hs-TnT lost statistical significance. Of all other baseline characteristics, only
age was independently associated with the primary endpoint.

Serial measurements of biomarkers and NYHA class, and the primary
endpoint

Temporal evolutions of serial biomarker measurements and NYHA class are dis-
played in figure 2. Serially measured NT-proBNP, Hs-TnT, CRP, and NYHA class all
displayed strong and positive associations with the primary endpoint (table 2).
After multivariable adjustment for all serially measured variables, NT-proBNP, CRP
and NYHA class remained significantly associated with the primary endpoint.

Model performance

The discriminative abilities of the models containing baseline measurements of
NT-proBNP, Hs-TnT, CRP and NYHA class are shown in supplemental table 2, and
those of serial measurements in table 3. All individual serially assessed c-indices,
except for Hs-TnT, were numerically higher than corresponding baseline c-indices.
Adding serial NT-proBNP to the model containing age, sex, systolic blood pressure
and eGFR and NYHA class, provided a substantial increase in C-index from 0.76(Cl
0.66-0.86) to 0.84(0.74 — 0.93), although this did not reach statistical significance
(p=0.26). Adding serial CRP instead to this same multivariable model resulted in a
C-index of 0.82(0.72 — 0.92), p=0.40. Adding both serial NT-proBNP and CRP to the
multivariable model only resulted in a slight improvement compared to addition of
NT-proBNP only: 0.85(Cl 0.75-0.95), p=0.20.

DISCUSSION

In this prospective, observational cohort of CHF patients, repeatedly measured
NT-proBNP and Hs-TnT were positively and significantly associated with repeatedly
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Table 3 — Discriminative ability of models containing serial blood biomarker- and NYHA assessment

Model C-index (CI) P-value
Model® 0.62 (0.52-0.71) NA
Model® + NT-proBNP 0.80 (0.70 — 0.90) 0.010°
Model® + Hs-TnT 0.72 (0.62 - 0.82) 0.13"
Model® + CRP 0.76 (0.66 — 0.85) 0.048"
Model® + NYHA class 0.76 (0.66 — 0.86) 0.040°
Model® + NYHA class + NT-proBNP 0.84 (0.74 — 0.93) 0.26°
Model® + NYHA class + Hs-TnT 0.79 (0.69 — 0.89) 0.67°
Model® + NYHA class + CRP 0.82(0.72-0.92) 0.40°
Model® + NT-proBNP + CRP 0.82 (0.73 -0.92) 0.40¢
Model® + NYHA class + NT-proBNP + CRP 0.85 (0.75-0.95) 0.20°

Cl = Confidence interval; CRP = C-reactive protein; Hs-TnT = High-sensitive cardiac troponin T; NT-
proBNP = N-terminal pro-B-type natriuretic peptide; NYHA = New York Heart Association.

? Including age, gender, systolic blood pressure and estimated glomerular filtration rate

® p-value compared to model®

€ P-value compared to model® + NYHA class

assessed NYHA class. Serial assessments of NT-proBNP, CRP and NYHA class were
independently associated with adverse clinical outcome. Repeatedly measured NT-
proBNP and CRP both added individually to serial NYHA-class assessments in terms
of discriminative ability. However, a model combining both of these biomarkers
with serially scored NYHA-class, seemed to have little incremental value over se-
rial NYHA-class assessment combined with only one of these blood biomarkers. In
particular, adding NT-proBNP only seemed the best suited strategy for monitoring
stable CHF outpatients.

Strengths of the current study include simultaneous assessment of multiple bio-
markers and NYHA class on the one hand, as well as frequent, repeated assessment
of these properties on the other hand. Combined with clinical follow-up on adverse
events, this renders insight into temporal evolution and manifestation of CHF. On
top of that, using biomarker measurements for monitoring patients with CHF has
the appealing feature of being objective, and thus uniform and reproducible.

Serial NT-proBNP and CRP measurements were both independently associated
with the endpoint and adding serial NT-proBNP and CRP measurements to a model
containing NYHA class assessments greatly increased the c-index, from 0.76 to
0.85. This increase did not reach statistical significance, but recently it has been
demonstrated that testing for improvement in prediction performance is actually
redundant if a variable has already been shown to be an independent risk factor,
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and that standard testing procedures such as c-indices are very conservative and
thus insensitive to improvements in prediction performance.”® Nevertheless, to
provide an impression of the magnitude of the incremental prognostic value, we
presented C-indices. Altogether, our results support combining blood biomarkers
with clinical assessment for prognostication in CHF patients.

While the prognostic value of blood biomarkers for clinical events has been widely
investigated, less is currently known about the association between blood biomark-
ers and NYHA class in CHF patients. Only two studies have previously assessed this
association. These studies measured natriuretic peptide level both at study baseline
and at 622 weeks of follow-up, and correlated these measurements with, among
others, clinical change as categorized by clinicians.*® Studies performing multiple,
repeated measurements of biomarkers and NYHA class over a prolonged follow-up
period, and concomitantly investigating their association with clinical endpoints
have not yet been performed. Although the NYHA functional classification is a
common and globally used system,"* its biggest disadvantage is the non-uniformity
in its application by individual clinicians. Raphael et al conducted a study to investi-
gate consistency in NYHA functional class assessment and found that inter-observer
variability was high, with only 54% concordance between two cardiologists.” In this
respect, adding biomarker information to clinical patient assessment could be valu-
able for obtaining a more objective estimate of patient prognosis.

Limitations

Extended Cox models with time-dependent covariates were used to analyse the
effects of changes in NYHA class and temporal biomarker patterns on the primary
endpoint, because these models are able to accommodate multiple time-varying
covariates. However, time-dependent Cox models assume that biomarker levels do
not change between measurements.”! In reality, blood biomarkers are dynamic and
continuously change over time, parallel to the condition of the patient. Therefore,
we performed a sensitivity analysis by means of a joint modelling approach. Joint
models combine a linear mixed-effects model for the serial biomarker measure-
ments with a Cox proportional hazards model for the occurrence of the primary
endpoint.”* We estimated the individual biomarker trajectories and NYHA trajecto-
ries using separate joint models, then extracted the fitted trajectories from the joint
models, and entered the extracted trajectories simultaneously into one extended
Cox model. The results of this analysis were materially the same as those we de-
scribed in the paper. Furthermore, the majority of the patient population was in
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NYHA class | or Il, and thus at relatively low risk. The results and conclusions should
be judged accordingly.

Conclusion

Serial assessments of NT-proBNP and Hs-TnT are positively associated with NYHA
class. Temporal patterns of NT-proBNP, CRP and NYHA class are independently as-
sociated with adverse clinical outcome. A model containing these serially measured
variables displayed good discriminative ability. However, serially measured CRP had
only little incremental discriminative value compared to a strategy combining serial
assessments of NYHA class and NT-proBNP. Altogether, our findings underscore the
incremental value of biomarkers to NYHA class for monitoring stable CHF outpa-
tients.
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SUPPLEMENTAL TEXT

Statistical analysis

Variables with normal distributions are presented as meanzstandard deviation (SD).
Variables with non-normal distributions are presented as median and interquartile
range (IQR). Categorical data are displayed as count and percentage. In case of
skewed distributions, continuous variables were logarithmically transformed for
further analyses.

To assess the associations between serial biomarker measurements and repeated
assessment of NYHA functional class, we used linear mixed models. Time was used
as a random effect. NYHA class was used as the independent variable (fixed effect),
in order to be able to uniformly display the change in each of the biomarkers per
point increase in NYHA class. Each of the biomarkers was consecutively used as
the dependent variable. Associations amongst the 3 biomarkers were examined
likewise. For these analyses, all samples drawn were used.

Associations between baseline values of NT-proBNP, Hs-TnT, CRP, and NYHA
functional class on the one hand, and the primary endpoint on the other hand,
were assessed using only the samples drawn before the occurrence of the primary
endpoint. Cox proportional hazards models were used. Associations between serial
measurements of the aforementioned variables and occurrence of the primary
endpoint were examined by entering the serial measurements into extended Cox
proportional hazards models as time-varying covariates. First, the models were
adjusted for age, gender, systolic blood pressure and estimated glomerular filtration
rate (eGFR; calculated using the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation). Subsequently, all variables, i.e. NT-proBNP, Hs-TnT, CRP and
NYHA functional class, were entered simultaneously into the models to investigate
their independence. For serial measurements, this meant that all variables were
simultaneously entered as time-varying covariates into the extended Cox analysis.
The multivariable models also included age, gender, systolic blood pressure and
eGFR.

It has previously been demonstrated that testing for improvement in prediction
performance is actually redundant if a variable has already been shown to be an in-
dependent risk factor. Independence already proves presence of incremental value
[20]. Still, to provide an impression of the magnitude of the incremental discrimina-
tive ability of the individual and combined serial measurements of the biomarkers
and NYHA functional class, we calculated time-dependent C-indices based on the
extended Cox models.
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Finally, to investigate the incremental value of serial biomarker measurements
to baseline assessment only, we simultaneously added the baseline measurements
and the series of longitudinal measurements of NT-proBNP, CRP, Hs-TnT and NYHA
class into the models, in order to obtain separate hazard ratios for the baseline
measurements and for the series of longitudinal measurements.

Analyses were performed with R Statistical Software using packages ‘Survival’
and ‘nlme’. C-indices were compared using MedCalc. All tests were two-tailed and
p-values <0.05 were considered statistically significant.
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Supplemental table 1 — Associations between serial blood biomarker measurements and NYHA
class

NT-proBNP*

NT-proBNP? B p-value  Hs-TnT°
(95%Cl)

Hs-TnT* 1.66 <0.001 B p-value CRP*
(1.53 - 1.81) (95%Cl)

CRP* 1.11 <0.001 1.03 0.11 B p-value
(1.06 - 1.16) (0.99-1.08) (95%Cl)

NYHA class® 1.56 0.002 1.58 0.001 1.22 0.076
(1.17 - 2.06) (1.21-2.07) (0.98 - 1.53)

CRP = C-reactive protein; Hs-TnT = high sensitive cardiac troponin T; NT-proBNP = N-terminal pro-
B-type natriuretic peptide; NYHA = New York Heart Association.

® Beta coefficient per standard deviation increase in log transformed level

® Beta coefficient per 1-step increase

Supplemental table 2 — Discriminative ability of models containing baseline blood biomarker-
and NYHA assessment

Model C-index (CI)

Model® 0.62 (0.52 - 0.71)
Model® + NT-proBNP 0.76 (0.67 —0.86)
Model® + Hs-TnT 0.72 (0.62 - 0.81)
Model® + CRP 0.68 (0.58 — 0.78)
Model® + NYHA class 0.71 (0.60 — 0.81)
Model® + NT-proBNP + CRP + Hs-TnT + NYHA class 0.80 (0.71-0.91)

Cl = Confidence interval; CRP = C-reactive protein; Hs-TnT = High-sensitive cardiac troponin T; NT-
proBNP = N-terminal pro-B-type natriuretic peptide; NYHA = New York Heart Association.
? Including age, gender, systolic blood pressure and estimated glomerular filtration rate.
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