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Complement C1q/Tumor Necrosis Factor-Related
Protein-3 (CTRP3) is Significantly Decreased in
Patients with Heart Failure and Closely Related
with Ventricular Tachycardia
Arafat Yildirim,1 Hilmi Erdem Sumbul,2 Hasan Koca,1 Mehmet Kucukosmanoglu,1 Yahya Kemal Icen1 and Mevlut Koc1

Background: The relationship between serum complement C1q/tumor necrosis factor (TNF)-related protein-3 (CTRP3)
levels and ventricular tachycardia (VT) in heart failure patients with reduced ejection-fraction (HFrEF) is unclear.
The aim of this study was to investigate changes in serum CTRP3 level and the relationship with VT in HFrEF.
Methods: The study included 88 patients with HFrEF with and without VT and 30 age- and sex-matched healthy
controls. Serum CTRP3 levels were measured in addition to routine anamnesis, physical, laboratory and echocardiography
examinations. The patients were divided into groups with and without HFrEF and HFrEF patients with and without
VT.
Results: Serum CTRP3 levels were significantly lower in the patients with HFrEF than in the control group (206 ± 16
ng/mL and 427 ± 49 ng/mL, p < 0.001). Similarly, CTRP3 levels were lower in the patients with VT (194 ± 10 ng/mL
and 216 ± 15 ng/mL, p < 0.001). Left ventricular (LV) volume and tricuspid regurgitation pressure gradient were
significantly higher and LV ejection-fraction was significantly lower in the patients with VT (all p < 0.05). Serum
CTRP3 and LV end-systolic volume values independently determined the patients with VT (all p < 0.01). Every 10
ng/mL decrease in CTRP3 level increased the odds ratio of VT by 79%. In the receiver operating characteristic curve
(ROC) analysis, the area under the ROC curve for CTRP3 was 0.884 (p < 0.001). A CTRP3 cut-off value of 200 ng/mL
could predict VT with 88.1% sensitivity and 80.2% specificity.
Conclusions: Serum CTRP3 levels were significantly decreased in the patients with HFrEF, and decreased CTRP3
levels were very closely related to the presence of VT in these patients.
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INTRODUCTION

adipose tissue and play a critical role in regulating energy metabolism.1 Complement C1q/tumor necrosis factor (TNF)-related protein-3 (CTRP3) is a new member of
the adipokine family. The main effects of CTRP3 are inhibiting high glucose-induced oxidative stress, inhibiting
apoptosis, anti-inflammation, promoting angiogenesis,
inhibiting fibrosis and inhibiting gluconeogenesis. 2-5
CTRP3 has been investigated for its metabolic effects,
and it has been shown to reduce the incidence of cardiovascular (CV) diseases.6-9
In a recent study, serum levels of CTRP3 were investigated in patients with heart failure with reduced ejec-

Adipokines are polypeptides that are secreted from
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tion fraction £ 40%] and New York Heart Association
(NYHA) class I-II-III with medical treatment according to
the stage. In addition, 30 and age- and sex-matched
healthy controls (20 males, 10 females, mean age 64.1 ±
6.3 years) were also included.
All patients included in the study had ICD implantation for at least 6 months. In all patients, whether or not
they had VT, all electrogram (EGM) records in the device
were examined. All EGM recordings considered to indicate VT were evaluated by two electrophysiology specialists with experience in ICD implantation and VT ablation. In the EGM recordings, VT was considered if the
heart rate was ³ 171 bpm and the RR interval was equal.
If the two electrophysiology specialists could not make a
clear decision about the diagnosis of VT, the opinion of
the chief of the electrophysiology department was sought.
At the same time, all patients underwent similar NYHA
staging. Patients with acute coronary syndrome, patients with a history of liver disease, severe renal insufficiency, moderate-severe heart valve disease, active thyroid disease, suspected cancer and/or pregnancy, left
ventricule ejection fraction (LVEF) ³ 40%, and those who
did not wish to be included in the study were excluded.
The study was conducted according to the recommendations of the Helsinki Declaration of Human Subjects
Biomedical Research and the protocol was approved by
our institutional ethics committee. Voluntary consent
forms were explained in detail to all patients and the patients were included in the study after obtaining written
consent.
A detailed history was taken and physical examination was performed in all patients. Subsequently, the demographic characteristics including age, gender, hypertension (HT), diabetes mellitus (DM), active smoking
and hyperlipidemia (HPL) history were recorded. The patients with HFrEF were evaluated for coronary artery
disease. Patients with a history of myocardial infarction,
revascularization procedure or patients with critical coronary artery disease were classified as having ischemic
HF. Body mass index (BMI) was calculated by measuring
their weight and height. High sensitive C reactive protein (hs-CRP) and high sensitive cardiac troponin I (hscTnI) were measured in addition to routine laboratory
parameters (glucose, renal and liver functions, lipid parameters and NT-proBNP) in all patients with HFrEF included in the study.

tion fraction (HFrEF). The authors reported that serum
CTRP3 levels were decreased in patients with HFrEF, and
that this was closely related to mortality and morbidity
in these patients.10 The most important cause of mortality in patients with HFrEF is ventricular tachycardia (VT).
The pathophysiology and mechanism of VT in patients
with HFrEF is complex and multifactorial. However, increased inflammation, fibrosis, apoptosis and oxidative
stress are closely related to the presence and occurrence of VT in patients with HFrEF.11-13 Due to the fact
that decreased CTRP3 levels are closely related to inflammation, fibrosis, apoptosis and oxidative stress, we
hypothesized that VT, which is the most common cause
of mortality in patients with HFrEF, may be associated
with decreased CTRP3 levels. To the best of our knowledge, no previous studies have investigated serum CTRP3
levels in patients with VT. Therefore, the aim of this study
was to investigate the changes in serum CTRP3 levels
and the relationship between CTRP3 levels and VT in patients with HFrEF.

MATERIALS AND METHODS
Study population
Patients with HFrEF who were indicated for implantable cardioverter defibrillator (ICD) according to
the current European Society of Cardiology (ESC) Heart
Failure guidelines and those who had an ICD implanted
for primary and secondary protection were screened
between January 2019 and January 2020. 14,15 Gao et
al. 10 compared mean CTRP3 levels between patients
with HFrEF (173.3 ± 49.8 ng/mL) and controls (236.4 ±
62.9 ng/mL) using a two-sample t test at a 5% significance level with 80% power, and found that 14 patients
for each groups were needed. Based on the knowledge
that 28-31% of HFrEF patients have VT,11,12 we planned
to enroll 100 HFrEF patients in order to include at least
30 HFrEF patients with VT. However, the number of
HFrEF patients with VT was much higher than expected,
so 88 HFrEF patients were finally enrolled in this prospective study.
The 88 patients (58 male, 30 female, mean age 64.5
± 13.1 years) were admitted to the arrhythmia clinic of
our hospital and all had an ICD device for primary and
secondary prevention. All 88 patients had HFrEF [ejec279
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used as a measure of the accuracy of the test. Statistical
significance was accepted if p < 0.05.

Blood samples for CTRP3 levels were taken from the
patient and control groups at 08:00 am following a fasting period of at least 12 hours. The venous blood samples were taken and centrifuged at 4000 rpm for at least
10 minutes. Serum samples were kept frozen at -80 °C
until analysis. For measuring the serum CTRP3 levels,
CTRP3 (human) competitive enzyme-linked immunosorbent assay (ELISA) kit (Adipogen, South Korea, Cat#
AG-45A0042EK-KI01) were used. CTRP3 sensitivity was
assay range: 1 ng/mL-1000 ng/mL, and the results were
given as ng/mL.
Echocardiography examinations were performed on
an EPIQ 7 system (Philips Healthcare, Andover, Massachusetts, USA). American Echocardiography Society guidelines were followed to obtain images. The patients were
monitorized and placed on their left side, then standard
parasternal long and short axis views were obtained, as
well as apical 5, 4 and 2 space chambers and at least 3
consecutive cycles.16 LV diastolic and systolic (LVd and
LVs) volumes and LVEF were calculated during echocardiography using the modified Simpson method from apical 4 and 2 space chambers. 17 Tricuspid regurgitation
pressure gradient (TRPG) was calculated using the Bernoulli equation over the peak flow rate of tricuspid regurgitation.

RESULTS
CTRP3 measurements were successfully performed
in all patients with HFrEF and the control patients included in the study. The study data were compared in
two groups as patients with HFrEF and control group. In
addition, patients with HFrEF were grouped and compared as patients with and without VT. Parameters that
could independently determine the patients with VT
were determined.
Serum CTRP3 levels were significantly lower in the
patients with HFrEF than in the control group (206 ± 16
ng/mL and 427 ± 49 ng/mL, p < 0.001, power = 100%).
Similarly, CTRP3 levels were lower in the patients with
VT (194 ± 10 ng/mL and 216 ± 15 ng/mL, p < 0.001,
power = 100%).

Demographic, clinical and laboratory data of the
patients with HFrEF and the control group
When the demographic data of the patients with and
without HF were compared, age and gender were found
to be similar. For the laboratory parameters, glucose,
blood urea nitrogen, creatinine, aspartate aminotransferase, alanine aminotransferase, uric acid, triglycerides,
hs-cTnI, hs-CRP and NT-proBNP levels were higher in the
patients with HFrEF (Table 1). Serum albumin, total protein, all cholesterols and CTRP3 levels were lower in the
patients with HFrEF (Table 1). Other laboratory data
were similar between the two groups. For echocardiography parameters, LVd and LVs volumes and TRPG values were higher and LVEF was significantly lower in the
patients with HFrEF (Table 1).

Statistical analysis
All analyses were done using SPSS 22.0 (Chicago, IL,
USA) statistical software package. Whether the distribution of continuous variables was normal or not was evaluated using the Kolmogorov-Smirnov test. Continuous
variables were expressed as mean ± standard deviation.
Categorical variables were expressed as numbers and
percentages. Continuous variables that showed normal
distribution were compared using the Student t test,
whereas the Mann-Whitney U test was used to compare
differences between two independent groups when the
dependent variable was either ordinal or continuous,
but not normally distributed. The chi-square (c2) test was
used to compare categorical variables. Logistic regression analysis was performed to determine the independent markers among the HFrEF patients with VT. Receiver
operating characteristic curve (ROC) curve analysis was
performed to re-evaluate the CTRP3 level to detect the
HFrEF patients with VT and to determine the cutoff value of CTRP3. The value of the area under the curve was
Acta Cardiol Sin 2021;37:278-285

Demographic, clinical and laboratory data of the
patients with HFrEF with and without VT
When the demographic data of the patients with and
without VT were compared, age and gender were similar, and the frequencies of HT, DM, smoking and HPL
were higher in the patients without VT. For the laboratory parameters, hs-cTnI, hs-CRP and NT-proBNP levels
were higher in the patients with VT (Table 2). CTRP3 levels were lower in the patients with VT (Table 2). Other
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Table 1. Demographic and laboratory findings of patients with HFrEF and healthy controls
Variable

HFrEF (n = 88)

Healthy controls (n = 30)

p value

Age (year)
Gender (female), n (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
Current smoker, n (%)
Hyperlipidemia, n (%)
NYHA class I-II-III, n
2
BMI (kg/m )
Glucose (mg/dL)
BUN (mg/dL)
Creatinine (mg/dL)
Total protein (gr/dL)
Serum albumin (gr/dL)
Aspartate aminotransferase (u/L)
Alanine aminotransferase (u/L)
Uric acid (mg/dL)
Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Triglycerides (mg/dL)
hs-cTnI (ng/L)
hs-CRP (mg/dL)
NT-proBNP (pg/mL)
CTRP3 (ng/mL)
LVd volume (mL)
LVs volume (mL)
LVEF (%)
TRPG (mmHg)

64.5 ± 13.1
30 (34.0)
47 (53.4)
33 (37.5)
31 (35.2)
35 (39.8)
29-45-14
28.89 ± 2.310
152 ± 590
58.2 ± 27.5
1.13 ± 0.38
6.48 ± 0.55
3.67 ± 0.47
38.2 ± 26.5
33.9 ± 230.
07.23 ± 1.24
175 ± 35
110 ± 25
35.5 ± 7.4
148 ± 890
0.31 ± 0.16
15.4 ± 5.30
2977 ± 1234
206 ± 16
112 ± 13
78.6 ± 12
30.1 ± 4.5
35.2 ± 5.54

64.1 ± 6.3
10 (33.3)
–
–
–
–
–
028.2 ± 2.24
91.6 ± 7.6
28.7 ± 6.3
00.61 ± 0.15
06.98 ± 0.27
04.19 ± 0.17
20.9 ± 7.5
018.2 ± 6.31
04.36 ± 0.84
199 ± 34
124 ± 27
52.7 ± 12.3
108 ± 41
0.15 ± 0.19
05.53 ± 1.77
0035.7 ± 15.02
427 ± 49
78.1 ± 9.6
31.2 ± 5.2
60.4 ± 3.5
18.5 ± 3.4

< 0.873
< 0.905

< 0.658
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.007
< 0.001
< 0.020
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

The values were shown as mean ± standard deviation or n (%).
BMI, body mass index; BUN, blood urea nitrogen; CTRP3, complement C1q/tumor necrosis factor (TNF)-related protein-3; HDL, high
density lipoprotein; HFrEF, heart failure with reduced ejection fraction; hs-CRP, high sensitive C reactive protein; hs-cTnI, high
sensitive cardiac troponin I; LDL, low density lipoprotein; LVd, left ventricular diastolic; LVEF, left ventricular ejection fraction; LVs,
left ventricular systolic; NYHA, New York Heart Association; TRPG, tricuspid regurgitation pressure gradient.

laboratory data were similar between the two groups.
For the echocardiography parameters, LVd and LVs volumes and TRPG values were higher and LVEF was significantly lower in the patients with VT (Table 2).

ability of the patient’s having VT by 79%. In the same
analysis, LVd volume, LVEF, TRPG, and serum values of
high sensitive cardiac troponin I (hs-TnI), NT-proBNP and
hs-CRP did not independently determine the presence
of VT.

Regression analysis to determine patients with
ventricular tachycardia
Demographic, clinical and laboratory parameters associated with VT in Table 2 were evaluated using multivariate logistic regression analysis. Serum CTRP3 level
and LVs volume could independently determine the patients with VT (Table 3). In this analysis, every 10 ng/mL
decrease in CTRP3 level was found to increase the prob-

ROC analysis for CTRP3 level in determining the
patients with VT
In the ROC analysis performed to determine the
CTRP3 values for HFrEF patients with VT, the area under
the ROC curve for CTRP3 was found to be 0.884 (0.812957) and it was statistically significant (p < 0.001). A
CTRP3 cutoff value of 200 ng/mL could predict the pa281
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Table 2. Demographic and laboratory findings of HFrEF patients according to presence of ventricular tachycardia
Variable

Ventricular tachycardia (+)
(n = 46)

Ventricular tachycardia (-)
(n = 42)

p value

063.2 ± 12.7
17
19 (41.3)
011 (23.29)
06 (13.0)
12 (26.1)
12-26-8
28.9 ± 2.5
146 ± 61
055 ± 27
01.09 ± 0.33
06.51 ± 0.65
03.71 ± 0.60
034.1 ± 11.7
30.8 ± 9.7
7.06 ± 1.30
174 ± 42
106 ± 28
36.1 ± 5.1
159 ± 106
00.34 ± 0.18
17.2 ± 5.3
03315 ± 1311
194 ± 10
117 ± 12
083.80 ± 11.86
028.8 ± 4.81
36.8 ± 6.2

65.9 ± 13.5
13
28 (66.7)
22 (52.4)
25 (59.5)
23 (54.8)
17-19-6
28.9 ± 2.1
160 ± 56
062 ± 28
01.19 ± 0.42
06.46 ± 0.42
03.63 ± 0.29
42.7 ± 36
037.4 ± 43.6
07.43 ± 1.16
176 ± 26
114 ± 21
34.7 ± 9.3
136 ± 63
0.26 ± 0.13
13.4 ± 4.6
2608 ± 1037
216 ± 15
107 ± 12
72.97 ± 8.86
31.6 ± 3.6
33.3 ± 3.9

0.315
0.357
0.015
0.005
0.001
0.006
0.210
0.971
0.267
0.258
0.224
0.684
0.442
0.127
0.321
0.165
0.814
0.153
0.362
0.232
0.022
0.001
0.007
< 0.001 <
< 0.001 <
< 0.001 <
0.002
0.002

Age (year)
Gender (female)
Hypertension, n (%)
Diabetes mellitus, n (%)
Current smoker, n (%)
Hyperlipidemia, n (%)
NYHA class I-II-III, n
BMI (kg/m2)
Glucose (mg/dL)
BUN (mg/dL)
Creatinine (mg/dL)
Total protein (gr/dL)
Serum albumin (gr/dL)
Aspartate aminotransferase (u/L)
Alanine aminotransferase (u/L)
Uric acid (mg/dL)
Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Triglycerides (mg/dL)
hs-cTnI (ng/L)
hs-CRP (mg/dL)
NT-proBNP (pg/mL)
CTRP3 (ng/mL)
LVd volume (mL)
LVs volume (mL)
LVEF (%)
TRPG (mmHg)

The values were shown as mean ± standard deviation or n (%).
BMI, body mass index; BUN, blood urea nitrogen; CTRP3, complement C1q/tumor necrosis factor (TNF)-related protein-3; HDL, high
density lipoprotein; HFrEF, heart failure with reduced ejection fraction; hs-CRP, high sensitive C reactive protein; hs-cTnI, high
sensitive cardiac troponin I; LDL, low density lipoprotein; LVd, left ventricular diastolic; LVEF, left ventricular ejection fraction; LVs,
left ventricular systolic; NYHA, New York Heart Association; TRPG, tricuspid regurgitation pressure gradient.

NT-proBNP and hs-CRP serum values in determining the
presence of VT. The results showed an area under the
ROC curve of < 0.700 for each of the six parameters.

Table 3. Variable regression analysis for the detection of HFrEF
patients with ventricular tachycardia
Variable
LVs volume (mL)
CTRP3 (10 ng/mL)

Odds ratio

95% confidence
interval

p value

1.107
0.210

1.034-1.184
0.103-0.429

< 0.004
< 0.001

DISCUSSION

CTRP3, complement C1q/tumor necrosis factor (TNF)-related
protein-3; LVs, left ventricular systolic.

The most important finding of our study is that serum CTRP3 value was significantly lower in the patients
with HFrEF compared to the healthy controls, and that a
decreased CTRP3 level was closely related to VT, which
is the most important cause of mortality in patients with

tients with VT with 88.1% sensitivity and 80.2% specificity (Figure 1). In addition, ROC analysis was performed
for the importance of LVd volume, LVEF, TRPG, hs-TnI,
Acta Cardiol Sin 2021;37:278-285
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showed that both CTRP3 and CTRP9 levels were significantly lower in patients with HFrEF than in healthy controls.10 At the same time, after 36 months of follow-up,
both biomarkers were shown to be closely related to
mortality and morbidity.10 In our study, in accordance
with this previous study, we found that serum CTRP3
level was significantly lower in the patients with HFrEF
compared to the healthy controls.
In in vivo studies on mice, CTRP3 has been shown to
improve cardiac contractile function with anti-apoptotic
and pro-angiogenic effects after myocardial ischemia.18
Similarly, in patients with acute coronary syndrome and
stable angina, serum CTRP3 levels have been reported
to be significantly lower than in healthy controls.20 These
positive effects may be due to anti-atherogenic and antiinflammatory effects.19
The mechanism of VT pathogenesis in patients with
HFrEF is unclear. The most common form of HFrEF is
heart pump failure due to myocardial contraction disorder, and myocardial ischemia and infarction are mostly
responsible for this condition. Cardiac adaptation mechanisms are aimed at keeping the LV ejection volume
within normal limits. Chronic pressure is compensated
by cardiac hypertrophy prior to loading. Then, when dilatation is added as a result of remodeling, decompensation begins. Non-cardiac adaptation mechanisms
change intravascular volume and vascular resistance
and are effective with many different mechanisms such
as sympatho-adrenal system, renin-angiotensin-aldosterone system, natriuretic peptides, arginine vasopressin, prostaglandins, nitric oxide and cytokines. These
physiopathological processes, which initially increase
ventricular performance, lead to a decrease in cardiac
performance and heart failure symptoms over time. As
a result, this decreased angiogenesis in patients with
heart failure results in increased oxidative stress, apoptosis, inflammation and fibrosis development with increased automaticity, triggered activity or re-entry mechanism leading to VT. 11-13 The fact that CTRP3 level
has a positive effect on all these mechanisms that are
effective in the pathophysiology of VT suggests that
there may be a relationship between CTRP3 level and
VT. In our study, the serum CTRP3 level was significantly lower in the patients with VT due to HFrEF compared to those without VT. Although no studies in the
literature have investigated the level of CTRP3 in pa-

Figure 1. ROC analysis of serum CTRP3 level in predicting the presence
of ventricular tachycardia for patients with heart failure with reduced
ejection fraction. AUROC, area under the receiver operating characteristic; CI, confidence interval; CTRP3, complement C1q/tumor necrosis factor (TNF)-related protein-3; ROC, receiver operating characteristic curve;
VT, ventricular tachycardia.

HFrEF. In the literature, only one study has reported
lower serum CTRP3 levels in patients with HFrEF. However, our study is the first to show the importance of serum CTRP3 level in predicting VT that may develop in
these patients. A serum CTRP3 cutoff level of 200 ng/mL
could predict the risk of having VT with acceptable sensitivity and specificity. For this reason, our study provides important data to the literature.
Previous studies have reported that CTRP3 has the
following effects on the cardiovascular system: i) reduces oxidative stress, ii) inhibits apoptosis, iii) has
anti-inflammatory and anti-atherogenic effects, iv) reduces the development of fibrosis, v) inhibits gluconeogenesis, and as a result of all these effects, CTRP3
decreases CV diseases. 2-9,18,19 Accordingly, CTRP3 can
physiopathologically protect and improve the clinical
outcomes of patients with HF. Recent studies have reported significantly low serum CTRP3 levels in patients
with HFrEF, acute coronary syndrome, stable angina
pectoris and acute aortic dissection.6,10,20
Serum CTRP3 levels were first reported to be lower
in patients with HFrEF in 2019.10 Goa et al. investigated
serum CTRP3 and CTRP9 levels in patients with HFrEF,
considering that patients with HFrEF should have a new
marker in addition to BNP and NT-proBNP.10 Their results
283
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ned as a follow-up study, however long-term follow-up
would have yielded more meaningful results.

tients with VT, it supports other studies showing an association between a decreased CTRP3 level and negative CV events.6,10,21
The most important cause of sudden cardiac death
and arrhythmia in patients with HFrEF is VT.14,15 The most
important parameters related to ICD indications in patients with HFrEF are the detection of arrhythmia and the
LVEF value according to the patient’s NYHA stage.14,15 Serum levels of hs-TnI, hs-CRP and NT-proBNP have been
reported to be useful in determining the future presence
of VT/ventricular fibrillation (in patients with HFrEF.22-25
Although HF and arrhythmia guidelines state that elevated levels of cardiac troponins, hs-CRP and NT-proBNP
are sensitive markers of cardiac involvement and predictors of adverse outcomes in patients with HFrEF, there
are no data to suggest that these biomarkers can be used
to identify patients who might benefit from an ICD.14,15 In
our study, serum hs-TnI, NT-proBNP and hs-CRP values in
HFrEF patients with VT were higher than in those without
VT. However, in accordance with the literature and guidelines, none of these parameters were found to be independent or closely related to the presence of VT.

CONCLUSIONS
Serum CTRP levels were significantly decreased in
the patients with HFrEF and closely related to VT, which
was common in these patients. According to our study
and previous studies investigating CTRP3 levels in CV
diseases, serum CTRP3 levels may be a useful parameter
in the diagnosis and prognosis of patients with HFrEF.
Although CTRP3 was very important in detecting VT development in the HFrEF patients in this study, further
studies with different patient groups and more patients
are needed to verify our results.
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