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Abstract

ACKGROUND: Heart failure (HF) is a clinical
syndrome caused by structural or functional cardiac

disorders and is the final stage of every heart disease,

marked by decreased functional capacity and patients’
quality of life (QoL). Suppression of tumorigenicity-2 (ST2)
is a biomarker depicting heart fibrosis and remodeling that
altered left ventricular geometry, which in turn decreases
left ventricular contractility, decreases functional capacity,
and ultimately affects the QoL of the HF patient.

METHODS: An observational study was conducted with a
cross-sectional approach involving 60 patients with systolic
heart failure. Left ventricular geometry, left ventricular
ejection fraction (LVEF), ST2 level, and other biomarkers
were examined, continued by QoL assessment.

RESULTS: The ST2 level (33.25+23.55 ng/mL) was
negatively correlated with LVEF (r=-0.257; p=0.024) and
was positively correlated with QoL (r=0.255; p=0.05).
The LVEF was negatively correlated with QoL (r=-0.224;
p=0.031). However, no significant correlation was found
between left ventricular geometry with ST2 level or
patients’ QoL.

CONCLUSION: Elevated ST2 levels are correlated with
decreased LVEF and worse QoL in systolic heart failure
subjects. Therefore, ST2 together with LVEF can be used as
prognostic tools for patients with HF.
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Introduction

Heart Failure (HF) has become a worldwide problem. More
than 915,000 new cases were reported in USA with five
years mortality rate of 52.6% (24.4% at age 60 and 54.4% at
age 80).(1,2) The incidences of HF in developing countries
vary from 1.5-9.9%. Data from Indonesian National Basic
Health Research showed a prevalence of 0.5% for HF in 65-
74 years old population, and this number increased to 1.1%
in population with age >75 years.(1,3,4) HF can be simply
defined as a failure of heart muscle to pump blood in the rate
it should be, to meet the needs of tissue metabolism.(2) HF

known as the final stage of almost all kind of cardiovascular
diseases (CVD).

Cardiac remodeling in HF, refers to changes in
the heart’s size, shape, structure, and function. Current
modality to assess the remodeling is echocardiography.
The echocardiography examination primarily focusing
on assessing the left ventricular geometry, i.e., the left
ventricular hypertrophy (LVH) with or without left atrial
enlargement, and the left ventricular diastolic function.(5)
Severe heart remodeling will lead to a decrease in muscle
contractility in HF patients, impact in decreased ability
of daily activities, and of course the patient’s Quality
of Life (QoL), which then will increase morbidity and
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rehospitalization.(6) Thus, knowing the rate of cardiac
muscle damage at an earlier stage will help to manage better
strategies for the patients.

Some biomarkers including B-type natriuretic peptide
(BNP), N-terminal-proBNP (NT-proBNP), and High
Sensitivity Troponin were recently considered as the tools
to assess the damage of the heart muscle and prognosing the
HF. However, the prognostic utility of natriuretic peptides is
still limited and its role for treatment guidance has not yet
been clearly established.(7) Suppression of tumorigenicity
2 (ST2) is a member of the interleukin 1 receptor family,
also known as interleukin 1 receptor-like 1 (IL1RL-1).(8)
The expression of ST2 upon cardiomyocytes stress, drew
attention to encourage ST2 as a biomarker for fibrosis and
cardiac remodeling. ST2 can predict the incidence of HF,
rehospitalization, death, and cardiovascular adverse events.
Monitoring ST2 levels can be useful to assess the patient's
respond to treatments and can dynamically illustrate the
clinical status of a patient's development.(9) Therefore,
this study was aimed to observe the use of ST2 levels for
prognosting patients with HF.

Methods

Subjects

This study has been approved by the Ethic Committee
for Research of Prof. Dr. Kandou Hospital (No. PP 04.03/
XIX.2/995-1/2017). All subjects provided written informed
consent. A cross-sectional study was conducted involving
60 subjects with ejection fraction (EF) <40% (based on ACC/
AHA Guideline on the Primary Prevention of Cardiovascular
Disease), and were able to perform six minutes walking test
in Clinic of Cardiovascular, Prof. Dr. Kandou Hospital,
Manado, from October to December 2017. Subjects with
uncompensated acute heart failure, autoimmune disease,
and sepsis were excluded. Physical anamneses and
echocardiography were performed to subjects after filling
the QoL questionnaire, continued with blood drawing from
median cubital vein for ST2 measurements.

QoL Assessment

The QoL was determined from total score of the
Indonesian version of Minnesota Living with Heart Failure
Questionnaire (MLHFQ) which consisted of 21 questions
with 6-point scale (0-5) The questionnaire used to evaluate
the effect of heart failure and treatment on patient’s QoL.
There were two domains in the questionnaire which were
8 physical domains questions and 5 emotional domains
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questions and the other miscellaneous 8 questions. The
higher the MLHFQ score, the lower the QoL of patient.(10)

Soluble ST2 (sST2) Measurement

The sST2 level was measured from frozen aliquot serum
(-80°C). The aliquot was thawed, left in room temperature,
and used for sST2 quantification by immunochromato-
graphic methods using ASPECT-PLUS ST2 rapid test
(Critical Diagnostics, San Diego, CA, USA). The ASPECT-
PLUS ST2 test cassette was warmed under room temperature
for 15 minutes, before 30-40 mL serum sample was dropped
into the well. Two drops of test buffer was added. The
ASPECT-PLUS ST2 test cassette was then inserted into
the ASPECT reader (Critical Diagnostics, San Diego, CA,
USA). The sST2 levels (ng/mL) were displayed after £20
minutes and recorded.(11)

Geometry and Left Ventricular Ejection Fractions
(LVEF) Assessment

Geometric and LVEF assessments were performed by
echocardiography using Epiq5 (Phillips, Amsterdam,
Netherland) based on The original American Society
of Echocardiography (ASE).
performed on parasternal long axis, parasternal short

The assessments were

axis, apical 4-chamber, and apical 2-chamber view. The
linear measurements of LV internal dimension (LVDd),
interventricular septal (IVS), and posterior wall (PW) were
made from the parasternal long-axis acoustic window at the
level of the LV minor axis, approximately at the mitral valve
leaflet tips. The EF was measured on echocardiography
using Simpson’s biplane method.

Statistical Analysis

Statistical analysis was performed using SPSS v21.0 (IBM
Corporation, Armonk, New York, USA). Demographics and
clinical and laboratory variables were generally described
as means with SD using univariate descriptive analysis.
Mann-Whitney test was performed to assess the variables’
differences. The correlation between variables were
evaluated by bivariate analysis with Spearman and Pearson
correlation test. The value of correlation coefficient grouped
according to De Vaus, p-values<0.05 considered significant.

Results

Clinical and Laboratory Characteristics of Subjects
From October to December in 2017, 60 patients have been
participated in this study. As much as 78.3% subjects in this
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Table 1. Basic characteristics of the study subjects.

Variable Mean+SD Minimum Maximum
ST2 (ng/mL) 33.25+23.55 12.50 125.00
Age (years old) 57.45£11.38 30.00 85.00
BH (cm) 161.38+8.09 142.00 178.00
BW (kg) 66.88+14.15 35.00 98.00
BMI (kg/n) 25.57+4.50 16.20 36.58
LVMI (g/m) 187.45+60.23 84.00 334.00
RWT 0.32+0.07 0.20 0.49
LVEDD (cm) 6.53+0.95 5.11 8.90
IVSd (cm) 1.09+0.26 0.69 1.84
PWd (cm) 1.02+0.16 0.76 1.36
EF (%) 31.50+7.67 13.00 40.00
MLHFQ 36.50+7.79 22.00 58.00

ST: Suppression of tumorigenicity 2; BH: Body height; BW: Body weight;
BMI: Body mass index; LVMI: Left ventricular mass index; RWT: Relative wall
thickness; LVEDD: Left ventricular end diastolic diameter; IVSd: Interventricular
septum thickness; PWd: Posterior wall thickness; EF: Ejection fraction; MLHFQ:
Minnesota Living with Heart Failure Questionnaire.

study were male. The patients’ basic characteristics could be
found in Table 1. The mean value for age was 57.45+11.38
years old. Subjects’ EF was 31.5+7.67%, with minimum EF
value of 13% and the maximum of 40%. Fourty-two (70%)
patients have normal ST2 levels (<35 ng/mL) while 18
(30%) patients have elevated ST2 levels, gave out a mean
value of 33.254+23.55 ng/mL.

The left ventricular geometric pattern measurement
(Table 2) showed 7 patients (11.7%) with normal geometry,
1 patient (1.7%) with concentric remodeling, 48 patients
(80%) with eccentric hypertrophy, and 4 patients (6.7%)
with concentric hypertrophy. While the assessment of
MLHFQ QoL showed mean score of 36.5+7.79 with lowest
score was 22 and highest score was 58.

However, in this study, there was no characteristic
differences between the patients with normal or elevated
ST2 level, as presented in Table 3.

The Correlation between ST2 Levels with Left
Ventricular Geometry and LVEF

No significant correlation was found between ST2 level
and left ventricular geometry (r=0.082, p=0.266), and
also no significant correlation between ST2 levels and all
left ventricular geometry parameter, including LVEDD
(p=0.976), RWT (p=0.939), PWD (p=0.861), and at LVMI
(»p=0.787). However, there was a significant negative
but weak correlation between ST2 level and LVEF using
Spearman correlation test (r=-0.257, p=0.024) (Figure 1A,
Table 4).

Correlation between ST2 Levels, Left Ventricular
Geometry, and LVEF with QoL

As illustrated in Table 5 and Figure 1B, ST2 levels
was found to be positively correlated with QoL (r=0.255,
p=0.05), while Left Ventricular Geometry, and LVEF
showed a significant negative correlation with QoL.

Discussion

Many tools were used to assess systolic heart failure,
including ST2 level, left ventricular geometry, and LVEF in

Table 2. Subjects description based on geometry of left
ventricle and ST2 levels.

Variables n Percentage (%)

Gender

Men 47 78.3

Women 13 21.7
Geometry of Left Ventricle

Normal 7 11.7

Remodeling Concentric 1 1.7

Eccentric hypertrophy 48 80

Concentric hypertrophy 4 6.7
ST2

<35 ng/mL 40 66.7

>35 ng/mL 20 333
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Table 3. Subjects characteristic based on ST2 levels.
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Variables (;l;:t;)l) ST2 (;f:g/mL ST2 (iis;(lﬁ/ml‘ p-value

Age (years old) 57.45 58.75 54.85 0.146
BH (cm) 161.38 160.53 163.10 0.386
BW (kg) 66.80 67.90 64.85 0.242
BMI (kg/m’) 25.56 26.18 24.33 0.9
LVMI (g/n’) 187.45 189.62 183.10 0.838
RWT 0.32 0.32 0.32 0.937
LVDD (cm) 6.53 6.54 6.53 0.987
PWd (cm) 1.02 1.02 1.01 0.938
EF (%) 31.50 33.31 27.89 0.12
MLFHQ 36.50 35.22 39.05 0.062
ST2 (ng/mL) 33.25 20.47 58.80 <0.001
ACE-IVARB 100% 100% 100% 1
Beta Blocker 100% 100% 100% 1

ST: Suppression of tumorigenicity-2; BH: Body height; BW: Body weight; BMI: Body mass index; LVMI: Left ventricular
mass index; RWT: Relative wall thickness; LVEDD: Left ventricular end diastolic diameter; IVSd: Interventricular septum
thickness; PWd: Posterior wall thickness; EF: Ejection fraction; MLHFQ: Minnesota Living with Heart Failure Questionnaire;
ACE-I: Angiotensin converting enzyme inhibitor; ARB: Angiotensin II receptor blocker. *Tested with Mann-Whitney.

order to determine patients’ prognostic so better treatment
strategies could me made.(6,12-14) In this study, 40 patients
(66.7%) had normal ST2 levels (<35 ng/mL) and 20 patients
(33.3%) had elevated ST2 levels. EF and QoL in patients
with normal ST2 levels was found to be different compared
to those with higher ST2 levels, showed that patients who
have higher ST2 levels suffer with lower EF and worse
QoL, although it was not statistically significant. A study in
2013 involving 1670 male and 661 female patients reported

LVEF

0 20 40 60 80 100 120
ST2

an association between ST2 levels and functional capacity
in HF patients from HF-action trial. They found that patients
who have ST2 levels >35 ng/mL had a lower ejection
fraction although are not statistically significant.(6)

There was no significant relationship between ST2
level with left ventricular geometry (p=0.266) in this study.
However, a significant negative relationship was found
between ST2 level and LVEF, suggesting that higher ST2
level correlated with lower EF. Therefore, ST2 level can be

ST2

Figure 1. Correlation graphs of the related parameters. A: Correlation between ST2 levels and LVEF; B: Correlation between

ST2 level and MLHFQ QoL.
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Table 4. Correlation between ST2 levels with left
ventricle geometry and ejection fraction.

Variable r p-value
Left Ventricle Geometry 0.082 0.266
LVMI 0.036 0.787
RWT -0.010 0.939
LVEDD 0.004 0.976
PWd -0.230 0.861
Ejection Fraction -0.257 0.024

LVMI: Left ventricular mass index; RWT: Relative wall
thickness; LVEDD: Left ventricular end diastolic diameter;
PWd: Posterior wall thickness. *Tested with Spearman.

used together with the LVEF as prognostic tools, where high
ST2 level with lower the LVEF defined a higher mortality
rate.(15) Study performed on hypertension, hypertensive
heart disease, and hypertensive HF patients showed a
negative relationship between EF and ST2 level (r=-0.6,
p<0.05).(14) While another study on HF subjects with
normal EF found no correlation between ST2 level and
EF.(14,16)

Patients’ therapies may affect the ST2 level correlation
with the left ventricular geometry. Sub-analysis of pro-
BNP Outpatient Tailored Chronic Heart Failure Therapy
(PROTECT) study showed a significant decrease of ST2
levels among patients who received beta-blocker therapy:.
(17) This therapy may alter the left ventricular geometry
as shown in the Beta-Blocker Evaluation of Survival Trial
(BEST) sub-analyses, where an improvement in the left
ventricular mass index was observed after beta blocker
administration.(18) Similarly, the Valsartan Heart Failure

Tabel 5. Correlation between ST2 level, left ventricle
geometry, and LVEF with MLHFQ QoL.

Variable r p-value
ST2 0.255 0.050*
LVMI -0.037 0.781%*
RWT -0.168 0.199**
LVEDD -0.210 0.874%*
PWD -0.218 0.094%**
EF -0.242 0.031%*

ST2: Suppression of tumorigenicity 2, LVEF: Left
ventricle ejection fraction; LVMI: Left ventricular mass
index; RWT: Relative wall thickness; LVEDD: Left
ventricular end diastolic diameter; PWd: Posterior wall
thickness, EF: Ejection Fraction. *Tested with Spearman.
**Tested with Pearson Test.
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Trial study also showed a lower ST2 levels in subjects
who received Angiotensin Converting Enzyme Inhibitor
(ACE-I) or Angiotensin II Receptor Blocker (ARB).(17)
Thus, a decrease of ST2 levels was observed on periodic
examination in patients treated with a combination of
ACE-I/ARB, beta blockers, and mineralocorticoid receptor
antagonists (MRA).(19)

ST2 level is currently one of the most recognized
markers for HF patient’s prognostic assessment. Elevated
ST2 level has shown to increase mortality and morbidity,
also affect the QoL of patients with HF. Our study showed
a significant correlation between elevated ST2 level and
decreased QoL of patients with HF. This finding was
consistent with one similar study although they performed
a different questioner (Kansas City Cardiomyopathy
Questionnaire).(6)

More than ST2 level, several echocardiographic
parameters such as left ventricular geometry could be used
as prognostic factors in patients with HF, and also become
one of the therapeutic targets for improving patients’ QoL.
There was no correlation between left ventricular geometry
and its parameters with the patients’ QoL in this study.
However, there was a significant negative correlation
between LVEF with the patients’ QoL, where patients
with lower EF have worse QoL. Left ventricular geometry
affects patient’s functional capacity which in turn will
affect the QoL. This is consistent with a study conducted
in 2013 which reported there was no correlation between
left systolic functional parameters and functional capacity,
but found the role of diastolic parameters in the functional
capacity and systolic heart failure patients’ QoL.(20) The
limitation of this study was no observation made on HF
medications effect on ST2 levels.

Conclusion

Elevated ST2 levels are correlated with decreased LVEF
and worse QoL in systolic heart failure subjects. In addition
to the ST2 level, the LVEF also showed a significant
correlation with patients QoL. Therefore, ST2 together with
LVEF can be used as prognostic tools for patients with HF.
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