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ABSTRACT

ARTICLE HISTORY

Several diseases have a deleterious fibrosis component. Biomarkers indicating potential clinical utility
that reliably reflect the degree of fibrosis have been introduced, one of them being soluble suppression of tumorigenicity 2 (sST2). The aim of our study was to explore the association of cardiometabolic
risk factors, different diseases and total mortality with biomarker sST2 and see, how fibrosis is portrayed in these conditions. In addition, we were interested to see if sST2 levels could predict fibrosis
in the long-term (21 years). The Oulu Project Elucidating Risk of Atherosclerosis (OPERA) survey collected data on the same individuals in years 1991–1993 (baseline, n ¼ 1045), 2013–2014 (follow-up,
n ¼ 600) and mortality data until year 2019. Smoking at baseline retained a significant association with
sST2 levels reflecting fibrosis development 20 years later. In the multivariate model male gender, diabetes, quick-index, levels of alanine aminotransferase (ALAT), high-density lipoprotein (HDL) cholesterol
and high-sensitivity C-reactive protein (hsCRP) were associated with elevated sST2 levels at the examination 2013–2014. sST2 levels were higher among subjects suffering from cardiovascular disease
(p ¼ .031), cancer (p ¼ .021), mild cognitive decline (p ¼ .046) and diabetes (p < .001). Total mortality
was assessed by using the Cox proportional hazard survival model analysis. sST2 (log-transformed) was
an independent predictor of total mortality (HR 9.4; 95% CI 2.8–31.4, p<.001) when age, gender, diabetes, smoking, quick-index, levels of ALAT, HDL-cholesterol and hsCRP were added as covariates. In
addition, elevated levels indicated worse prognosis and predicted mortality.
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Introduction
Fibrosis is a reactive process, where components of the
extracellular matrix (ECM) are excessively produced and
accumulated in or around tissues or organs. This leads to
progressive architectural remodeling, permanent scarring,
organ dysfunction and ultimately death. Fibrosis is a consequence of various pathophysiological events and it can occur
in almost every tissue in the body. Moreover, the destruction of parenchymal cells initiates fibrosis, where cell death
is driven by multiple factors and mechanisms such as genetic dysfunction, chronic inflammation, toxins, smoke and
irritation. In addition, factors such as high cholesterol levels,
obesity, hypertension and diabetes can provoke the initiation
of fibrosis [1].
Biomarkers indicating potential clinical utility that reliably reflect the degree of fibrosis have been introduced. One
of these biomarkers is the suppression of tumorigenicity 2
(ST2), also called interleukin 1 receptor-like-1 (ILR1L1).
The marker belongs to the interleukin 1 receptor family and
the gene is located on chromosome 2. The protein has four
isoforms, from which two are significant; a transmembrane
receptor ST2L and a truncated, soluble receptor soluble
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suppression of tumorigenicity 2 (sST2) found from the
blood. Both main isoforms can be synthesized from the
same messenger RNA through alternative splicing and 30
processing [2,3]. sST2 expression and secretion occurs
mainly in endothelial cells throughout the body [4]. In addition, the lungs, heart, kidney and small intestine as well as
CD8 and CD4 T-cells and mast cells have been reported to
produce sST2. Production is stimulated by inflammation
and tissue damage [5].
Interleukin 33 (IL-33), which is also a part of the IL-1
family, functions as a ligand for the ST2L receptor. It is
released and stored in the nucleus of endothelial and epithelial cells and is secreted due to tissue damage caused by
pathogen exposure, injury or death by necrosis with inflammation further stimulating secretion. In addition, immune
cells as well as cardiac fibroblasts and myocytes can secrete
IL-33 [6,7]. IL-33 functions as an alarming by signaling the
occurrence of tissue damage to local immune cells. Binding
to ST2L, the IL-33/ST2 signaling pathway results in an
immune response through transcription of inflammatory
genes and the production of cytokines and chemokines. On
the other hand, when sST2 binds to IL-33, the interaction
between ST2L and IL-33 terminates, thus sST2 acts as a
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decoy receptor for IL-33 [7]. The IL33/ST2 signaling pathway and sST2 production is linked to several inflammatory
diseases such as cardiac diseases and diabetes. The pathway
takes part in the loss of balance between tissue regeneration
and inflammation leading to tissue remodeling, which is the
hallmark of fibrosis [6].
Increased sST2 levels have previously been linked to multiple pathophysiological states such as cardiac diseases,
immunological diseases and diabetes [8]. Our aim was to
explore cardiometabolic risk factors, diseases and mortality
associated with sST2 levels reflecting fibrosis. In addition,
we were interested in factors that predict fibrosis in the
long-term (21 years).

Subjects and methods
Study cohort
The study was approved by the Ethics Committee of the
Medical Department of the University of Oulu (48/2009).
Written informed consent was given by participants for
their clinical records to be used in this study.
The study was executed as a part of the Oulu Project
Elucidating Risk of Atherosclerosis (OPERA) project, in
which the impact of genetic and environmental risk factors
on cardiovascular (CV) diseases and diabetes were studied.
The first phase of the study was conducted during the years
1991–1993 and 1045 subjects aged 40–59 years participated.
The second phase of the study was carried out in
2013–2014 where 600 of the 813 survivors, aged 63–68 years,
attended a follow-up visit. Hypertensive subjects were given
age- and sex-matched controls in both stages of the study.
Mortality was followed and complete information was
updated from the hospital data from the follow-up (years
2013–2014) visit until 31 December 2019. The outline of the
study and study selection process is portrayed in Figure 1.
Examinations
Thorough examinations were carried out during both first
and second phases of the study. Alcohol consumption,
smoking, physical activity, the use of hypertensive medication and past medical history were inquired through questionnaires. The consumption of alcohol was measured in
grams of absolute alcohol consumed per week and smoking
was measured in the number of cigarettes consumed per
day. The lifetime smoking burden was calculated as pack
years (1 pack year ¼ 20 cigarettes smoked/day in one year).
Body mass index (BMI) was measured by dividing weight
(kg) by height squared (m2). Waist circumference was measured in cm.
WHO criteria were used to determine prediabetes including impaired glucose tolerance (IGT), impaired fasting glucose (IFG) and type 2 diabetes (T2D) [9]. The degree of
insulin sensitivity was analyzed by using the quantitative
insulin sensitivity check-index (QUICKI) following the formula QUICKI ¼ 1/(log (fasting insulin) (l IU/L) þ log (fasting glucose) (mg/dL)). A low reading indicated high insulin

325

resistance [10]. Blood pressure was measured according to
the recommendations of the American Society of
Hypertension in a sitting position from the right arm with
an oscillometric device (DinamapV model 18465X, Criticon
Ltd., Ascot, UK) after an overnight fast and a 10–15-minute
rest. Three measurements were made at one-minute intervals and the means of the last two were used in the analysis.
Subjects were considered hypertensive if their blood pressure value was over 140/90 mmHg or if they used antihypertensive medication.
Hepatosteatosis was diagnosed with liver-kidney contrast
assessed ultrasonography at the baseline of the study. These
subjects were classified as non-alcoholic fatty liver disease
(NAFLD) patients in the follow-up, if they did not have
excessive alcohol use (men 210 g/week, women 140 g/
week) or another liver disease excluding NAFLD. The
NAFLD fibrosis score (NFS) value was used to evaluate the
probability of liver fibrosis within NAFLD patients using the
following variables: age in years, BMI (kg/m2), IFG or diabetes status (no ¼ 0, yes¼ 1), aspartate aminotransferase
(ASAT) (U/L), alanine aminotransferase (ALAT) (U/L),
plasma albumin (g/dL) and blood thrombocyte count
(109/L). The score was calculated by using the following
formula: NFS¼ 1.675 þ 0.037 þ age (years)þ0.094 þ BMI
(kg/m2)þ1.13  IFG
or
diabetes
þ
0.99  ASAT/
ALAT – 0.013  blood thrombocyte count (109/L)
0.66  plasma albumin (g/L). The variable data were collected during the follow-up visit and the score was calculated with the help of an Internet calculator (www.
nafldscore.com) [11]. Liver transient elastography (TE) was
reliably measured from 86 subjects in the follow up phase of
the OPERA study.
Cognition was assessed by the Mini-Mental State Exam
(MMSE) score in the follow-up stage of the study. To measure MMSE scores, a standardized test described by Folstein
et al. [12] was used. The examination was divided into two
parts: the first part was used to cover attention, memory
and orientation, the second part was used to cover following
of verbal and written commands. The overall score in this
evaluation is 30. Subjects were divided into two groups
depending on the MMSE score; subjects with <24 points
(44 subjects, 7.4%) and subjects with >24 points (554 subjects, 92.6%).
Carotid intima media thickness of the common carotid
artery was measured by using a duplex ultrasound system in
the first phase of the study [13].
Examinations and laboratory tests were performed for
1045 subjects during the baseline and for 598–600 subjects
during the follow-up stage of the study.
R

Laboratory tests
Comprehensive laboratory tests were taken in both baseline
and follow-up stages of the study. Glucose, insulin, total
cholesterol, triglyceride, high-density lipoprotein (HDL) and
low density-lipoprotein (LDL) cholesterol, creatinine, ALAT,
ASAT and high-sensitivity C-reactive protein (hsCRP) levels
were all evaluated in both baseline and follow-up
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Figure 1. OPERA – Oulu Project Elucidating Risk of Atherosclerosis study outline.

examinations. In addition, estimated glomerular filtration
rate (eGFR) was determined in both phases with the following formula: eGFR (mL/min/1.73 m2) ¼ 186  (plasma creatinine in mg/dL) – 1.154(age) – 0.203(0.742 if female)).
sST2 values were analyzed in the second phase of the study
from 598 subjects. The concentrations were measured from
the plasma with Human ST2/IL1-R4 Quantikine ELISA kit
DST200 (intra-assay coefficient of variation 1.8% and interassay coefficient of variation 9.0%). The values ranged from
6.7 ng/mL to 250.6 ng/mL with the mean of 23.7 ng/mL with
a standard deviation (SD) of 18.2 ng/mL. High-sensitivity Creactive protein levels were measured by using a commercially available ELISA kit with a detection limit of
0.00031 mg/L (Diagnostic System Laboratories, Webster,
TX). Baseline clinical laboratory tests were performed after
12 h of fasting in the central laboratory of the Oulu
University Hospital. The follow-up examinations laboratory
tests were performed in the join municipal service provider
of Northern Finland Laboratory Center, NordLab Oulu
(Oulu, Finland). The laboratory examinations and tests are
given in more detail in previous articles: for the baseline by
Rantala et al. [14] and for the follow-up by Leinonen
et al. [15].
Statistical analysis
The statistical analysis was performed by using IBM SPSS
(Armonk, NY). sST2 values were log-transformed due to
skewed distribution. The data were analyzed with logistic
regression in univariate and multivariate models. Values

with p<.05 were considered statistically significant.
Differences between groups were tested with the analysis of
variance (ANOVA) for continuous variables and the chisquare test was used for categorical variables.
Total mortality between the years 2014 and 2019 was
assessed as cumulative proportional probability of development of death and analyzed using Kaplan–Meier’s survival
curves for sST2 tertiles. Statistical significances of the
Kaplan–Meier survival curves were calculated by using the
log-rank test. The association between the sST2 tertile
groups and risk of death during the follow-up time was estimated with the Cox proportional hazards models.

Results
Characteristics of the study population
The main characteristics of both baseline and follow-up
study populations are presented in Table 1. Metabolic syndrome was defined by criteria presented by the
International Diabetes Federation (IDF) [15].
From the baseline subject group (n ¼ 1045), 11.3% suffered from coronary artery disease, 51.7% were hypertensive,
26.6% had a BMI of 30 or over and 10.1% had diagnosed
diabetes. In addition, 37.2% had metabolic syndrome, 31.0%
of the subjects fulfilled IDF triglyceride criteria (>1.7 mmol/
L) and 30.2% had low HDL levels according to IDF criteria.
In the follow-up study population (n ¼ 600), 31.7% suffered from CV disease, 75.0% were hypertensive, 37.5% had
a BMI of 30 or more and 36.0% had diagnosed diabetes. In
addition, 62.0% had metabolic syndrome, 20.0% of the
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Table 1. Main characteristics of the baseline and follow-up study population.
Control cohort
Age (years)
Baseline
Follow-up
Female (%)
Baseline
Follow-up
BMI (kg/m2)
Baseline
Follow-up
Waist circumference (cm)
Baseline
Follow-up
Systolic BP (mmHg)
Baseline
Follow-up
Diastolic BP (mmHg)
Baseline
Follow-up
Smoking habit (pack years)
Baseline
Follow-up
Alcohol consumption (g/week)
Baseline
Follow-up
ST2 (log transformed)
Baseline
Follow-up
Diabetes status (%)
Baseline
Follow-up
Creatinine (mmol/L)
Baseline
Follow-up
eGFR (mL/min/1.73 m2)
Baseline
Follow-up
Total cholesterol (mmol/L)
Baseline
Follow-up

Hypertensive cohort

51.4 (6.0)
71.7 (5.5)

51.2 (5.9)
71.7 (5.3)

50.8 (n ¼ 267)
56.1 (n ¼ 174)

49.7 (n ¼ 258)
50.0 (n ¼ 145)

26.4 (4.0)
28.1 (4.7)

29.0 (4.9)a
30.2 (5.2)a

87.2 (12.0)
93.9 (13.6)

94.0 (13.5)a
100.4 (13.4)a

141.0 (21.0)
137.6 (22.5)

a

155.0 (21.0)
138.9 (21.7)

85.0 (12.0)
71.6 (10.6)

94.0 (11.0)a
72.9 (10.3)

12.4 (14.3)
10.6 (17.2)

11.5 (13.7)a
10.30 (17.4)

56.0 (82.0)
40.1 (70.9)

68.0 (103.0)
38.3 (66.7)

–
1.3 (0.16)

–
1.3 (0.18)

4.2
13.8

13.7a
22.2a

79.9 (12.8)
69.3 (18.5)

85.4 (42.9)a
77.7 (37.0)a

83.8 (16.4)
84.0 (12.7)

82.2 (17.4)a
79.5 (17.2)a

5.6 (1.1)
4.9 (1.0)

5.8 (1.0)
4.5 (1.0)a

BMI: body mass index; systolic BP: systolic blood pressure, mean of 2 and 3
measurements; diastolic BP: diastolic blood pressure, mean of 2 and 3 measurements; eGFR: estimated glomerular filtration rate.
Values given in means or percentages (SD). Diabetes status (no ¼ 0,
yes ¼ 1). a Statistical significant difference (p < 0.05) between cohorts.

subjects fulfilled IDF triglyceride criteria (>1.7 mmol/L) and
19.2% had low HDL levels according to IDF criteria.
Cancer status was evaluated in the follow-up stage of the
study, where all in all 20.7% of the study population had
diagnosed cancer. Skin cancer was the most prevailing
cancer type with breast- and prostate cancer coming
in second.
Association of baseline factors with sST2 in the
follow-up
Several variables measured at baseline (years 1991–1993)
were associated with plasma levels of ST2 measured in
the follow-up examination (years 2013–2014). In the linear regression analysis, male gender (p < .001), diabetes
(p ¼ .024), QUICKI (p < .001), BMI (p < .001), waist circumference (p < .001), hepatosteatosis (p < .001), smoking
(p < .001), alcohol consumption (p ¼ .018), systolic(p < .001) and diastolic blood pressure (p < .001), levels of
creatinine (p ¼ .001), total- (p ¼ .033), HDL- (p ¼ .002)
and LDL cholesterol (p ¼ .020), triglycerides (p < .001),
hsCRP (p ¼ .003), fasting glucose (p ¼ .001) and insulin
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(p < .001), ALAT (p < .001) and use of antihypertensive
medication (p ¼ .003), were significantly associated with
sST2 levels (Table 2). Including all baseline parameters
that were significant in the univariate analysis, smoking
alone retained a significant association with the risk of
developing fibrosis in the multivariate linear regression
analysis model. In addition, baseline atrial natriuretic peptide (ANP) values were not associated with elevated sST2
concentrations in the follow-up.
Association of parameters determined at the follow-up
visit (years 2013–2014) with sST2 levels
Parameters that showed association with sST2 levels
included male gender (p < .001), diabetes (p < .001),
QUICKI (p < .001), BMI (p ¼ .013), waist circumference
(p < .001), ALAT (p < .001), tobacco (p ¼ .001) and alcohol
(p ¼ .042) consumption, exercise during free time (p < .001),
levels of creatinine (p < .001), total (p ¼ .014) and HDL
cholesterol (p ¼ .047), hsCRP (p < .001), plasma glucose
(p ¼ .002) and serum insulin (p < .001), eGFR (p ¼ .010) and
use of antihypertensive medication (p ¼ .003) (Table 3).
Including all parameters that were significant in the univariate analysis, in the multivariate linear regression analysis
model, male gender, diabetes, quick-index, levels of ALAT,
HDL-cholesterol and hsCRP retained a significant association with the risk of fibrosis.
During the 21-year follow-up, 46 subjects continued, 98
had quit and 456 remained as non-smoking. There were no
differences in sST2 levels between these groups. There was a
positive correlation between follow-up smoking pack years
and log transformed sST2 levels (Pearson’s correlation
(r) ¼ 0.141, p ¼ .001).
Association of follow-up glucose tolerance groups
with fibrosis
An association between glucose tolerance groups and plasma
sST2 levels existed. Elevated sST2 levels in diabetic patients
(p < .001 for trend) compared to those with normoglycemia
(p < .001) and IGT (p < .05) were observed. Patients with
IGT also had higher plasma ST2 levels than normoglycemic
patients (p.05).
After adjustment for gender, QUICKI, ALAT, HDL-cholesterol and hsCRP levels the significant association between
glucose tolerance groups and plasma ST2 levels persisted
(p < .001). Further, adjustment for age and waist circumference did not alter the results. These results are portrayed in
Figure 2.
Association of other follow-up diseases with sST2
All significant parameters (gender, diabetes status,
QUICKI, ALAT, HDL-cholesterol and hsCRP levels) that
were independently associated with plasma levels of sST2
were taken into account in the association analysis with
diseases. Classical risk factors (age, sex, hypertension,
LDL-cholesterol, smoking) were added to the model,
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Table 2. Baseline classical and metabolic risk predictors of follow-up plasma ST2 levels in univariate and multivariate regression models.
Univariate model
Gender (female ¼ 0, male ¼ 1)
Diabetes status (no ¼ 0, yes ¼ 1)
QUICKI
Waist circumference (cm)
Hepatosteatosis
Smoking habit (pack years)
Alcohol consumption (g/week)
Systolic BP (mmHg)
Creatinine (mmol/L)
Total cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
Triglycerides (mmol/L)
hsCRP (mg/L)
Antihypertensive medication (no ¼ 0, yes ¼ 1)
Fasting glucose (mmol/L)
Fasting insulin (mmol/L)
BMI (kg/m2)
ALAT (U/L)
Diastolic BP (mmHg)
LDL-cholesterol (mmol/L)
Carotid intima-media thickness (mm)

Multivariate model

p Value

Beta coefficient

p Value

Beta coefficient

<.001
.024
<.001
<.001
<.001
<.001
.018
<.001
.001
.033
.002
<.001
.003
.003
.001
<.001
<.001
<.001
<.001
.020
.045

–0.197
0.092
–0.172
0.227
0.185
0.163
0.097
0.153
0.136
0.087
–0.129
0.168
0.123
0.122
0.139
0.150
0.150
0.173
0.161
0.095
0.082

.174
.135
.829
.465
.057
.012
.328
.163
.148
.603
.563
.636
.448
.301

–0.083
0.065
–0.012
0.046
0.090
0.113
–0.045
0.063
0.067
0.023
0.031
0.026
0.035
0.045

QUICKI: quantitative insulin sensitivity check-index; systolic BP: systolic blood pressure, mean of 2 and 3 measurements; HDL: highdensity lipoprotein; hsCRP: high-sensitivity C-reactive protein (log transformed); BMI: body mass index; P-ALAT: plasma alanine aminotransferase; diastolic BP: diastolic blood pressure, mean of 2 and 3 measurements; LDL: low-density lipoprotein.
Shaded values indicate a significant p-value of the parameter in both univariate and multivariate models.
Table 3. Association of classical and metabolic risk factors with plasma ST2 levels at follow-up examination, in univariate and multivariate regression models.
Univariate model
Gender (female ¼ 0, male ¼ 1)
Diabetes status (no ¼ 0, yes ¼ 1)
QUICKI
Waist circumference (cm)
Smoking habit (pack years)
Alcohol consumption (g/week)
Exercise during free timea
Creatinine (mmol/L)
Total cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
hsCRP (mg/L)
P-ALAT (U/I)
Antihypertensive medication (no ¼ 0, yes ¼ 1)
P-glucose (mmol/L)
S-insulin, mU/L
BMI (kg/m2)
eGFR (mL/min/1.73 m2)

Multivariate model

p Value

Beta coefficient

p Value

Beta coefficient

<.001
<.001
<.001
<.001
.001
.042
<.001
<.001
.014
.047
<.001
<.001
.003
.002
<.001
<.013
.010

–0.197
0.211
–0.227
0.182
0.141
0.083
–0.147
0.154
–0.101
–0.081
0.165
0.150
0.122
0.240
0.182
0.102
–0.105

<.001
<.001
.006
.067
.119
.702
.074
.067
.516
.013
<.001
.042
.452

–0.215
0.159
–0.141
–0.102
0.065
–0.016
–0.074
0.075
–0.030
0.122
0.160
0.083
0.032

QUICKI: quantitative insulin sensitivity check-index; HDL: high-density lipoprotein; hsCRP: high-sensitivity C-reactive protein (log-transformed); P-ALAT: plasma alanine aminotransferase concentration; P-glucose: plasma glucose; S-insulin: serum insulin; BMI: body mass
index; eGFR: estimated glomerular filtration rate.
a
Exercise during free time: no or irregular, regular, heavy regular.
Shaded values indicate a significant p-value of the parameter in both univariate and multivariate models.

when CV disease was considered. Plasma (log-transformed) sST2 levels were higher with subjects suffering
from coronary artery disease (p ¼ .018), had any evidence
of CV disease (p ¼ .031) or cancer (p ¼ .021) in the follow-up stage (Table 4). Elevated sST2 levels were associated with a lower ( < 24) score in the MMSE test
(p < .03) before adjustments. The association between
MMSE class ( < 24 and 24) persisted after adjustment
for age, sex and hsCRP (p ¼ .046) (Table 4). However,
after the inclusion of diabetes status, the association
became non-significant.

In addition, we tested the correlation of sST2 levels and
liver fibrosis. sST2 levels correlated with the NFS (r ¼ 0.176;
p < .001: n ¼ 598), but not the liver TE measurement
(r ¼ 0.207; p ¼ .058; n ¼ 86).
sST2 tertile groups and the risk of death
Mortality was followed in the second phase of the study
between 2013 and 2014 and again in 2019. In the year 2014,
241 subjects had died, 7.8% due to CV reasons. In 2019,
364 subjects had died.
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Figure 2. The association of follow-up glucose tolerance groups with plasma levels of sST2.
Table 4. Association of plasma sST2 (log-transformed) levels with follow-up diseases in multivariate model.
Yes
Metabolic syndrome
Sleep apnea
Coronary artery disease
Any evidence of CVDd
Cancer
Cognitive impairment (MMSE)e

1.34
1.40
1.38
1.37
1.37
1.39

(0.17)
(0.17)
(0.18)
(0.18)
(0.20)
(0.14)

(n ¼ 370)
(n ¼ 48)
(n ¼ 127)
(n ¼ 189)
(n ¼ 110)
(n ¼ 44)

No
1.32
1.32
1.32
1.31
1.32
1.33

(0.17)
(0.17)
(0.17)
(0.17)
(0.17)
(0.17)

(n ¼ 228)
(n ¼ 550)
(n ¼ 471)
(n ¼ 409)
(n ¼ 488)
(n ¼ 554)

Adjusted p Value
.063a
.053a
.018b
.031b
.021a
.046c

The results are given as means (SD). The ‘yes’ group consisted of subjects whose scores were lower than or equal to 24 while
the ‘no’ group comprised the rest of the subjects (MMSE higher than 24).
a
Multivariate model includes sex, quick-index, plasma HDL-cholesterol, hsCRP, ALAT and diabetes status (not in metabolic syndrome).
b
Adjusted also with age, LDL-cholesterol, smoking (pack-years) and hypertension status.
c
Multivariate model includes age, sex and hsCRP.
d
CVD: cardiovascular disease ¼ coronary artery disease, cerebrovascular disease or peripheral vascular disease.
e
MMSE: Mini-Mental State Examination.

Kaplan–Meier’s estimate survival analysis
The Kaplan–Meier estimate analysis was used to estimate
the cumulative probability of death. During the follow-up
time (between the years 2013–2014 and 2019), subjects
belonging to the lowest sST2 tertile had lower mortality,
while subjects belonging to the highest sST2 tertile, had
higher mortality (log-rank p ¼ .007, Figure 3).

Cox regression model analysis
Total mortality was assessed by the Cox proportional hazard
survival model analysis. sST2 (log-transformed) was an
independent predictor of total mortality (HR 9.4; 95% CI
2.8–31.4, p < .001) when age, gender, diabetes, smoking,
QUICKI, levels of ALAT, HDL-cholesterol and hsCRP were
added as covariates.

Discussion
In the present study, we show that several baseline and follow-up variables were associated with plasma levels of sST2.
Soluble ST2, a member of the IL-1 superfamily, is a novel
biomarker, which has previously shown predictive value in
cardiac insufficiency and myocardial infarction-related mortality [16]. Elevated ST2 levels were linked to several CV
risk factors such as male gender, overall and abdominal
obesity, unhealthy lifestyle (smoking and alcohol consumption), blood pressure and use of antihypertensive medication, renal insufficiency, dyslipidemia, inflammation, insulin
resistance and T2D as well as liver adiposity. In addition,
sST2 seems to be a sufficient marker for total mortality.
During the 20-year follow-up, life-time smoking burden
remained as the only risk factor for predicting the risk of
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Figure 3. sST2 tertile groups and the risk of death.

developing fibrosis in the future, when other significant univariate parameters were included in the multivariate model.
The increase of sST2 levels does not specify the location of
damage; however, the effects of smoking are also vast and
seen throughout the body. Therefore, the increase of concentration may predict and suggest more widespread problems.
Previous studies have established a link between elevated
sST2 levels and T2D [17], as was observed in our study. In
addition, we found that subjects with IGT had higher sST2
levels compared to normoglycemic subjects; however, this
association was not equally as strong. As with smoking,
sST2 levels have an array of reasons to be elevated in diabetic subjects. Adjustment for insulin sensitivity index,
hsCRP and waist did not alter the result, suggesting that
T2D is independently associated with elevated sST2 levels.
Higher sST2 values could indicate a higher general complication risk or give information on the progression of
the disease.
In the follow up examination, elevated sST2 levels correlated moderately with the NFS, but not with the liver TE
measurement. This could suggest that sST2 may not be a
sufficient indicator of liver fibrosis, although it reflects liver
adiposity. However, TE was successfully performed in only
86 patients when NFS was tested from 598 subjects. The
lack of significance for TE may be due to lack of power. In
addition, since the TE examination was only performed to a
small group, while sST2 was measured from 598 subjects,
the result may be a false negative. NAFLD has been associated with multiple metabolic complications and comorbidities such as myocardial remodeling, heart failure and
kidney disease [18]. Elevated sST2 values in NAFLD could
be due to fibrosis caused by pre-existing metabolic
factors.sST2 levels were found to be elevated in patients suffering from cancer during the follow-up examination. Skin-,
breast- and prostate cancer were the most prevailing cancer
types in our study. In previous studies, the IL-33/ST2

pathway has been associated with several types of cancer
including glioblastoma, leukemia and breast cancer [19].
The signaling pathway has also been found to have both
pro-and anti-tumorigenic effects depending on the site of
tumorigenesis [20]. However, it remains unclear, if sST2 levels are elevated due to cancer itself or other systemic pathologies of the subjects.
Previous studies have shown elevated sST2 levels to be
associated with worse prognosis within patients suffering
from different CV diseases, especially heart failure [2]. In
our study, subjects with coronary artery disease or with any
evidence of CV disease, were found to have elevated sST2
concentrations. Higher concentrations are linked to pathophysiological processes in CV diseases including fibrosis,
myocardial stretch, harmful remodeling, inflammation,
impaired hemodynamics and vascular diseases. Thus, as a
prognostic marker, elevated plasma values reflect a more
adverse phenotype of the disease and a higher risk for complications. This has been seen especially in patients suffering
from heart failure. In addition, sST2 has been found to have
prognostic value in both short- and long-term outcomes as
well as in acute and chronic CV diseases. As a diagnostic
marker for CV diseases, sST2 has not been found to be sufficient, since it lacks specificity [16]. In addition, baseline
ANP values did not predict elevation of sST2 concentrations
in the follow-up. Other CV biomarkers such as troponin
were not measured or included in our study, which is
a limitation.
In the follow-up examination, we identified a cross-sectional connection between elevated sST2 concentrations and
cognitive impairment characterized by a mini mental score
of 24 points. In the central nervous system, sST2 is
expressed by endothelial cells, microglia and astrocytes [21].
Mild cognitive impairment (MCI) is described as a stage of
pre-dementia and is symptomatic. Some diagnostic biomarkers for MCI have been presented in literature, although
they are not in widespread clinical use yet. Patients diagnosed with MCI at any point have a higher risk of developing dementia than healthy subjects. This could suggest that
MCI patients already have pathophysiological brain alterations, that cannot be portrayed otherwise [22]. sST2 could
act as a prognostic factor for the development of MCI into
dementia or for example Alzheimer’s disease (AD). The IL33/ST2 pathway has been found to be present in AD with
more IL-33 and ST2 positive cells in AD brains compared
to healthy subjects [23]. However, in the present study, the
association between elevated sST2 levels and cognitive
decline became a non-significant trend after the inclusion of
T2D status. It is possible, that T2D has a more effect on
sST2 values than MCI. On the other hand, a connection
between T2D and MCI has been previously established with
T2D subjects having poorer cognitive performance than
healthy controls. In addition, T2D subjects had an increased
risk for developing dementia [24]. However, the mechanisms linking the conditions are unclear; insulin signaling as
well as low-grade inflammation have been suggested [25].
Even if traditional risk factors that increase mortality
were included in the analysis sST2 maintained its position
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as a marker for all-cause mortality and therefore can be
considered an independent marker for total mortality. An
individual could possess various risk factors or suffer from a
pre-stage disease without being diagnosed with a specific illness. In this case, sST2 could give us prognostic information
on the mortality of the individual before any particular disease is diagnosed. Similar data on the association of sST2
and mortality has been published by Chen et al. [26].

[7]
[8]

[9]

[10]

Conclusions
In conclusion, sST2 is too unspecific to function as a diagnostic marker for individual diseases. However, since the
concentrations are elevated due to multiple reasons, it could
give us information on the overall systemic condition of the
patient and therefore may serve as a prognostic biomarker,
giving information on the possible complications and progression of the disease. Plasma ST2 levels seem to correspond to several metabolic factors and states, which are very
much intertwined and appear to serve as risk factors for
each other. sST2 could be used as a marker for widespread
damage due to metabolic syndrome; its complications and
comorbidities that can ultimately be fatal. Indeed, we found
sST2 to be an independent predictor of total mortality. All
in all, as a biomarker, sST2 could be used to analyze the
overall health, complication risk and ultimately the death of
an individual.
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