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Abstract
BACKGROUND: Research suggests that C1q/TNF-related proteins (CTRPs) play a role 
in inflammation and may impact coronary artery disease (CAD). This study aimed to 
measure their levels in CAD patients and assess their correlation with disease severity.

METHODS: This study involved 88 individuals (50 men and 38 women) who underwent 
coronary angiography. Among them, 47 patients had significant coronary obstruction and 
were selected as the case group, and 41 individuals without significant obstruction were 
considered as the control group. Serum levels of CTRP1 and CTRP3 were quantified using 
the ELISA method, whereas other parameters were assessed by standard laboratory 
techniques. Multiple logistic regression analysis was used to examine the association 
between CTRP1 and CTRP3 levels with CAD.

RESULTS: The mean age of CAD patients was 62.1 ± 11.5 years. Thirty-one patients were 
male and sixteen were female. The control group comprised nineteen men and twenty-
two women, with a mean age of 62.3 ± 12.7 years. 

The concentrations of CTRP1 and CTRP3 proteins were significantly higher in individuals 
with CAD relative to controls. Except for serum HDL levels, which were lower in the CAD 
group than in the control group, there were no significant differences in the demographic 
or clinical features between the studied groups. A direct and significant association was 
discovered between the amounts of assessed adipokines and the severity of CAD. 

CONCLUSION: A greater concentration of both CTRP1 and CTRP3 was strongly associated 
with the presence and severity of CAD, indicating that these adipocytokines may serve 
as markers for CAD.
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Introduction
Adipose tissue, functioning as a crucial endocrine 
organ, secretes diverse physiologically active 
proteins known as adipokines, which significantly 
contribute to the pathophysiology of obesity, 
diabetes, hypertension, and cardiovascular 
illnesses. One of the most important of these 
adipokines that has received significant 
attention in recent years is the C1q/TNF-related 
protein (CTRP) superfamily, which consists of 15 
members, including CTRP1 to CTRP15¹. These 
members not only modulate the signalling of 
hormones associated with carbohydrate and 
lipid metabolism but also significantly influence 
tissue inflammation levels².

CTRP1 is an adipokine primarily expressed in 
adipose tissue cells. Increased levels of CTRP1 
in the bloodstream are associated with insulin 
resistance, cardiac failure, and hypertension³⁻⁵. 

CTRP3, a recently identified adipokine 
exhibiting sequence homology with adiponectin, 
plays a role in the regulation of metabolism and 
cardiovascular function. CTRP3 has been identified 
as a modulator of metabolism, endocrine system, 
and immunological processes⁶⁻⁸. 

Limited studies have examined the role of 
CTRPs in CAD patients, yielding inconsistent 
findings, especially for CTRP3 levels in the blood 
of individuals with CAD. To our knowledge, in 
one of the published studies⁹, the concentration 
of CTRP3 in CAD patients was reported to 
be elevated compared to the control group, 
whereas in a few other studies, it was observed 
to be diminished¹⁰⁻¹². Furthermore, only one 
study has employed the Gensini index to 
assess the severity of coronary artery disease 
(CAD), while the others relied on the count 
of occluded coronary arteries, which is not 
a precise metric¹³˒¹⁴. In addition, the Gensini 
scoring system is not a perfect system, and 
contemporary scholars advocate for the 
utilization of alternative modified systems¹⁵.

The primary objective of the present study 
was to assess the blood concentrations of 
CTRP1 and CTRP3 in individuals with CAD and to 
compare these levels with those in individuals 
without CAD. The correlation between the 

concentrations of these two adipocytokines 
and the existence and severity of the disease 
(measured by the modified Gensini index) was 
also examined.	

Materials and Methods  
Study participants and their characteristics
This case-control study involved 88 individuals 
(50 men and 38 women) who were referred to 
the angiography department of Shahid Beheshti 
Hospital in Kashan for chest pain. Among them, 
47 patients had obstruction of more than 50% 
in at least one of the main coronary arteries 
and were selected as the case group, and 41 
individuals without significant obstruction were 
considered as the control group.The sample size 
was calculated using a power analysis based 
on preliminary data obtained in our centre. 
Assuming a mean difference of 1.3 ng/mL in 
CTRP1 levels between groups, an SD of 2.2 ng/
mL, alpha = 0.05, and power = 80%, the required 
minimum sample size was 39 subjects per group.

Clinical characteristics of the patients, 
including common risk factors for cardiovascular 
diseases, were recorded. To prevent individual 
errors, all measurements were taken by one 
person, and blood pressure was measured 
by a skilled physician after 15 minutes of rest. 
Patients who had a history of recent myocardial 
infarction (MI), blood disorders, metabolic or 
hormonal disorders, inflammatory diseases, or 
malignancy were excluded from the study.

The research was conducted in accordance 
with the Declaration of Helsinki, and written 
informed consent was acquired from all 
participants. 

Angiographic analysis
Coronary angiography was performed for all 
patients using the Judkins technique. Two 
blinded cardiac surgeons analysed all the 
angiograms and calculated the modified Gensini 
score¹⁶.

Biochemical analysis
After collecting all the samples, the serum of 
the study participants was sent to the clinical 
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laboratory to examine fasting blood glucose 
levels and lipid profiles. For each patient, the 
sample was thawed only once before biochemical 
analyses, and the relevant tests were conducted. 
The measurement of fasting blood glucose and 
lipid profile was carried out using diagnostic kits 
from Pars Azmoon Company (Iran) and the BT-
3000 auto-analyser (Italy).

The serum concentrations of CTRP1 and 
CTRP3 were quantified utilising the sandwich 
ELISA technique and appropriate commercial 
kits produced by ZellBio GmbH, Wurttemberg, 
Germany.

Statistical analysis
Qualitative data were presented as 

percentages. Following the assessment of data 
distribution normality by the Kolmogorov–
Smirnov test, the normally distributed parameters 
were expressed as the mean ± standard deviation 
(SD). 

The independent sample t-test was used to 
assess differences between two groups, and a chi-
square test was applied for categorical variables. 

Single and multiple logistic regression analyses 
were utilised to examine the relationship between 
adipokine levels and other risk factors associated 
with cardiovascular diseases in relation to the 
presence of coronary artery disease (CAD). In 
the single analysis, CAD was designated as the 
outcome variable, and the relationships between 
demographic, clinical, and biochemical variables 
were analysed sequentially in relation to CAD. 
Variables demonstrating a significant association 
with CAD in the single analysis were incorporated 
into the multivariate analysis. Data analysis 
was conducted using SPSS statistical software 
(Version 20), and a p-value < 0.05 was considered 
statistically significant.

Results
Table 1 shows the clinical, demographic, and 
laboratory characteristics of participants. We 
studied 88 individuals, including 41 patients 
with CAD in the case group and 47 individuals 
without CAD in the control group. The mean age 
of CAD patients was 62.1 ± 11.5 years. Thirty-one 
patients were male and sixteen were female. 

Table 1. Clinical, demographic, and laboratory characteristics of participants with and without coronary artery disease 
 
 
 
 

Quantitative variables were expressed as mean ± SD and qualitative variables were expressed as frequency (percent). BMI: Body mass 
index; CTRP1: C1q-TNF-related protein-1; CTRP3: C1q-TNF-related protein-3; DBP: Diastolic blood pressure; HDL-C: High-
density lipoprotein-cholesterol; LDL-C: Low-density lipoprotein-cholesterol; SBP: Systolic blood pressure; TG: Triglyceride; WHR: 
Waist hip ratio.   
 
  

 Total Patients 
(N=88) 

Control patients 
 (N=41) 

Patients with CAD 
(N=47)          P-Value 

Age (years) 62.2 ± 12.0  62.3 ± 12.7 62.1 ± 11.5 0.990 

Gender n (%)     

         Male 
         Female 

50 (56.8) 
38 (43.2) 

19 (46.3) 
22 (53.7) 

31 (66) 
16 (34) 0.064 

BMI  26.8 ± 4.5  27.55 ± 4.99 26.07 ± 3.92 0.132 
WHR  0.91 ± 0.05 0.89 ± 0.05 0.93 ± 0.03 0.125 
SBP (mm /Hg) 129.1 ± 15.9 127.2 ± 17.4 130.7 ± 14.4 0.300 
DBP (mm/ Hg) 80.2 ± 9.9 78.9 ± 9.9 81.3 ± 9.8 0.255 
TG (mg/dL) 147.2 ± 61.4 145.3 ± 49.7 148.9 ± 71.4 0.208 
Total cholesterol (mg/dL) 179.6 ± 42.1 185.2 ± 40.5 174.7 ± 43.3 0.242 
HDL-C (mg/dL) 57.1 ± 11.7 60.9 ± 10.8 53.9 ± 11.6 0.004 
LDL-C (mg/dL) 96.7 ± 23.8 100.6 ± 21.9 93.4 ± 25.1 0.158 
CRRP1 5.3 ± 2.4 4.26 ± 2.03 6.20 ± 2.40 <0.001 
CTRP3 13.7 ± 5.4 11.19 ± 3.07 15.97 ± 5.96 <0.001 

Table 1. Clinical, demographic, and laboratory characteristics of participants with and without coronary artery disease

Table 1. Clinical, demographic, and laboratory characteristics of participants with and without coronary artery disease 
 
 
 
 

Quantitative variables were expressed as mean ± SD and qualitative variables were expressed as frequency (percent). BMI: Body mass 
index; CTRP1: C1q-TNF-related protein-1; CTRP3: C1q-TNF-related protein-3; DBP: Diastolic blood pressure; HDL-C: High-
density lipoprotein-cholesterol; LDL-C: Low-density lipoprotein-cholesterol; SBP: Systolic blood pressure; TG: Triglyceride; WHR: 
Waist hip ratio.   
 
  

 Total Patients 
(N=88) 

Control patients 
 (N=41) 

Patients with CAD 
(N=47)          P-Value 

Age (years) 62.2 ± 12.0  62.3 ± 12.7 62.1 ± 11.5 0.990 

Gender n (%)     

         Male 
         Female 

50 (56.8) 
38 (43.2) 

19 (46.3) 
22 (53.7) 

31 (66) 
16 (34) 0.064 

BMI  26.8 ± 4.5  27.55 ± 4.99 26.07 ± 3.92 0.132 
WHR  0.91 ± 0.05 0.89 ± 0.05 0.93 ± 0.03 0.125 
SBP (mm /Hg) 129.1 ± 15.9 127.2 ± 17.4 130.7 ± 14.4 0.300 
DBP (mm/ Hg) 80.2 ± 9.9 78.9 ± 9.9 81.3 ± 9.8 0.255 
TG (mg/dL) 147.2 ± 61.4 145.3 ± 49.7 148.9 ± 71.4 0.208 
Total cholesterol (mg/dL) 179.6 ± 42.1 185.2 ± 40.5 174.7 ± 43.3 0.242 
HDL-C (mg/dL) 57.1 ± 11.7 60.9 ± 10.8 53.9 ± 11.6 0.004 
LDL-C (mg/dL) 96.7 ± 23.8 100.6 ± 21.9 93.4 ± 25.1 0.158 
CRRP1 5.3 ± 2.4 4.26 ± 2.03 6.20 ± 2.40 <0.001 
CTRP3 13.7 ± 5.4 11.19 ± 3.07 15.97 ± 5.96 <0.001 



37

Serum levels of CTRP1 and 3 in CAD

ARYA Atheroscler 2025; Volume 21; Issue 5; 34-41

The control group comprised nineteen men and 
twenty-two women, with a mean age of 62.3 ± 
12.7 years. 

There were no significant differences in 
demographic or clinical characteristics between 
the two study groups, with the exception of 
serum HDL levels, which were lower in the patient 
group than in the control. As shown in Figure 1a, 
 serum levels of CTRP1 were significantly higher 
in patients (6.20 ± 2.40) compared to the 
control group (4.26 ± 2.03, p < 0.001). As seen 
in Figure 1b, the serum level of CTRP3 was also 
significantly higher in the patient group (15.97 
± 5.96) compared to the control group (11.19 ± 
3.07, p < 0.001).

Figures 2a and 2b respectively show the 
relationship between serum levels of CTRP1 and 
CTRP3 with the modified Gensini index. As seen 

in Figure 2a, there is a direct and statistically 
significant correlation between serum levels 
of CTRP1 and the severity of coronary artery 
stenosis (r = 0.443, p < 0.001). Figure 2b also 
shows a direct and significant relationship 
between serum levels of CTRP3 and the severity 
of coronary artery stenosis (r = 0.363, p < 0.001).

To ensure that the relationship between 
CTRP concentration and disease severity is not 
altered by confounding factors, a multiple linear 
regression test was used, and it was determined 
that this relationship is not significantly affected 
by demographic, clinical, and biochemical 
variables (Table 2). In addition, the examination 
of the relationship between adipokine levels 
and demographic and clinical variables showed 
that the level of CTRP3 is directly related to WHR 
and inversely related to HDL levels (Table 3). 

 

Figure 1. Serum levels of CTRP1 (a) and CTRP3 (b) in studied groups . 

  

Figure 1. Serum levels of CTRP1 (a) and CTRP3 (b) in studied groups.

 

 

Figure 2. Correlation of serum levels of CTRP1 (a) and CTRP3 (b) with CAD severity in studied 

groups . 

 

Figure 2. Correlation of serum levels of CTRP1 (a) and CTRP3 (b) with CAD severity in studied groups.
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 Although there was a significant correlation 
between the levels of CTRP1 and CTRP3, no 
relationship was observed between CTRP1 and 
any of the demographic or clinical variables.

To determine the association between 
adipokines and CAD, single and multiple logistic 
regression analyses were performed between 
the study groups. All variables listed in Table 4 
 were regarded as independent. Single and 

multiple regression analyses showed that CTRP1, 
CTRP2, and HDL were significantly associated 
with CAD.

Discussion
The primary finding of this study was the elevated 
levels of CTRP1 and CTRP3 in patients with CAD 
relative to non-patients, alongside a direct and 
significant correlation with the presence and 

Table 2. Multiple linear regression analysis between the modified Gensini score and demographic, clinical, and biochemical variables. 
 
 
 

BMI: Body mass index; CTRP1: C1q-TNF-related protein-1; CTRP3: C1q-TNF-related protein-3; DBP: Diastolic blood pressure; 
HDL-C: High-density lipoprotein-cholesterol; LDL-C: Low-density lipoprotein-cholesterol; SBP: Systolic blood pressure; TG: 
Triglyceride; WHR: Waist hip ratio.   
  

Variables  (95% CI) P-Value 

Age  0.45 (-0.8–3.25) 0.671 
Gender 0.25 (-0.4-0.224) 0.056 
BMI 0.12 (-0.05-0.152) 0.912 
WHR 0.22 (-0.52–0.110) 0.074 
SBP  0.06 (-0.270–0.150) 0.607 
DBP  0.04 (-0.17–0.34) 0.743 
TG  0.09 (-0.15–0.20) 0.392 
Total cholesterol  0.19 (-0.17–0.145) 0.532 
HDL-C 0.14 (-0.83-3.77) 0.205 
LDL-C -0.09 (-0.560–0.890) 0.750 
CRRP1 0.27 (0.216–0.946) 0.009 
CTRP3 0.23 (0.190–0.860) 0.029 

Table 2. Multiple linear regression analysis between the modified Gensini score and demographic, clinical, and biochemical variables.
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CTRP-1 - - 0.330 0.002 
CTRP-3 0.330 0.002 - - 
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severity of CAD. Choi KM and colleagues first 
reported the levels of CTRP3 in patients with 
stable and unstable coronary artery disease in 
2014¹¹. They showed that the serum level of 
CTRP3 in both the stable and unstable groups 
was lower compared to the control group. In 
the same year, another study conducted by 
Fadaei and colleagues reported lower levels 
of CTRP3 in patients with CAD compared to 
the control group. About a year later, in 2017, 
Wang and colleagues, contrary to the findings 
of the two previous studies, showed that serum 
CTRP3 levels increase in patients with CAD⁹. In 
another recent study, the serum level of CTRP3 
in both stable and unstable patient groups was 
reported to be lower compared to the control 
group¹². These contradictions may be explained 
by the hypothesis that a defensive response to 
metabolic stresses or resistance to CTRP3 action 
results in elevated serum CTRP3 concentrations 
in CAD patients. 

To our knowledge, in contrast to CTRP3, all 
research conducted so far on serum CTRP1 levels 
in patients with CAD has indicated elevated 
blood levels in these patients, regardless of 

whether they had stable or unstable CAD, in 
comparison to control subjects¹⁷⁻²¹. Consistent 
with these investigations, the current research 
also revealed that the concentration of CTRP3 
was elevated in persons with CAD relative to the 
control group.

Evidence from various studies indicates 
that the involvement of CTRP1 in CAD and the 
process of atherosclerosis may occur through 
the induction of mild chronic inflammation. 
CTRP1 stimulates the expression of adhesion 
molecules and the synthesis of inflammatory 
cytokines via the NF-κB and MAPK pathways, 
enhancing leukocyte adherence to endothelial 
cells²². These data suggest that CTRP1 may play 
a role in the advancement of thrombosis, a 
critical element in the onset and worsening of 
CAD²³.

Additionally, in the present study, a direct 
correlation between the level of CTRP3 and WHR 
was observed. This may be due to the higher 
amount of visceral fat tissue in individuals with 
abdominal obesity, which produces more CTRP3 
compared to subcutaneous fat tissue²⁴.

Despite published studies aiming to elucidate 
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the correlation between plasma levels of CTRPs 
and the severity of coronary artery stenosis, 
most have failed to employ suitable indices for 
evaluating stenosis severity. In fact, it would 
have been better to use the modified Gensini 
score in these studies, which is recognised as the 
preferred method for determining the severity 
of stenosis.

The current investigation encounters some 
limitations that require attention. Initially, we 
examined a comparatively limited sample; 
hence, our findings require validation in a 
more extensive statistical cohort. Secondly, 
the study was conducted on a population of 
Iranian nationality, so its conclusions cannot 
be applied to other societies. Ultimately, 
although intravascular ultrasonography 
(IVUS) is more precise than angiography, 
we were unable to utilize IVUS due to cost 
constraints²⁵˒²⁶.

Acknowledgements
We express our gratitude to the staff of the 
Cardiac Angiography Unit at Beheshti Hospital 
in Kashan, Iran, for their assistance. We also 
express our gratitude to the Department of 
Clinical Biochemistry.

Conflict of interests
The authors declare no conflict of interest.

Funding
The research was financed by Kashan University 
of Medical Sciences (grant ID: 97115).

Author’s Contributions
Study Conception or Design: GN, MM
Data Acquisition: MM, AM, RS, FR
Data Analysis or Interpretation: GN
Manuscript Drafting: GN, MM
Critical Manuscript Revision: GN
All authors have approved the final manuscript 
and are responsible for all aspects of the work.

References
1.	 Zhang Y, Liu C, Liu J, Guo R, Yan Z, Liu W, et 

al. Implications of C1q/TNF-related protein 
superfamily in patients with coronary artery 

disease. Sci Rep. 2020 Jan 21;10(1):878. https://
doi.org/10.1038/s41598-020-57877-z

2.	 Liu Y, Wei C, Ding Z, Xing E, Zhao Z, Shi F, Tian Y, 
Zhang Y, Fan W, Sun L. Role of serum C1q/TNF-
related protein family levels in patients with 
acute coronary syndrome. Front Cardiovasc Med. 
2022 Aug 19;9:967918. https://doi.org/10.3389/
fcvm.2022.967918

3.	 Xin Y, Lyu X, Wang C, Fu Y, Zhang S, Tian C, 
et al. Elevated circulating levels of CTRP1, a 
novel adipokine, in diabetic patients. Endocr 
J. 2014;61(9):841-7. https://doi.org/10.1507/
endocrj.ej14-0016

4.	 Yang Y, Liu S, Zhang RY, Luo H, Chen L, He WF, 
et al. Association Between C1q/TNF-Related 
Protein-1 Levels in Human Plasma and Epicardial 
Adipose Tissues and Congestive Heart Failure. Cell 
Physiol Biochem. 2017;42(5):2130-43. https://doi.
org/10.1159/000479915

5.	 A novel adipokine CTRP1 stimulates aldosterone 
production. FASEB J. 2008 May;22(5):1502-11. 
https://doi.org/10.1096/fj.07-9412com

6.	 Wölfing B, Buechler C, Weigert J, Neumeier M, 
Aslanidis C, Schöelmerich J, et al. Effects of the new 
C1q/TNF-related protein (CTRP-3) “cartonectin” 
on the adipocytic secretion of adipokines. Obesity 
(Silver Spring). 2008 Jul;16(7):1481-6. https://doi.
org/10.1038/oby.2008.206

7.	 Maeda T, Wakisaka S. CTRP3/cartducin is induced 
by transforming growth factor-beta1 and promotes 
vascular smooth muscle cell proliferation. Cell 
Biol Int. 2010 Jan 29;34(3):261-6. https://doi.
org/10.1042/cbi20090043

8.	 Hou M, Liu J, Liu F, Liu K, Yu B. C1q tumor necrosis 
factor-related protein-3 protects mesenchymal 
stem cells against hypoxia- and serum deprivation-
induced apoptosis through the phosphoinositide 
3-kinase/Akt pathway. Int J Mol Med. 2014 
Jan;33(1):97-104. https://doi.org/10.3892/
ijmm.2013.1550

9.	 Wang S, Ling Y, Liang W, Shen L. Association 
of serum C1q/TNF-related protein-3 (CTRP-3) 
in patients with coronary artery disease. BMC 
Cardiovasc Disord. 2017 Jul 28;17(1):210. https://
doi.org/10.1186/s12872-017-0646-7

10.	 Fadaei R, Moradi N, Baratchian M, Aghajani H, 
Malek M, Fazaeli AA, et al. Association of C1q/
TNF-Related Protein-3 (CTRP3) and CTRP13 Serum 
Levels with Coronary Artery Disease in Subjects 
with and without Type 2 Diabetes Mellitus. PLoS 
One. 2016 Dec 29;11(12):e0168773. https://doi.
org/10.1371/journal.pone.0168773

11.	 Choi KM, Hwang SY, Hong HC, Choi HY, Yoo HJ, Youn 
BS, et al. Implications of C1q/TNF-related protein-3 
(CTRP-3) and progranulin in patients with acute 

https://doi.org/10.1038/s41598-020-57877-z
https://doi.org/10.1038/s41598-020-57877-z
https://doi.org/10.3389/fcvm.2022.967918
https://doi.org/10.3389/fcvm.2022.967918
https://doi.org/10.1507/endocrj.ej14-0016
https://doi.org/10.1507/endocrj.ej14-0016
https://doi.org/10.1159/000479915
https://doi.org/10.1159/000479915
https://doi.org/10.1096/fj.07-9412com
https://doi.org/10.1038/oby.2008.206
https://doi.org/10.1038/oby.2008.206
https://doi.org/10.1042/cbi20090043
https://doi.org/10.1042/cbi20090043
https://doi.org/10.3892/ijmm.2013.1550
https://doi.org/10.3892/ijmm.2013.1550
https://doi.org/10.1186/s12872-017-0646-7
https://doi.org/10.1186/s12872-017-0646-7
https://doi.org/10.1371/journal.pone.0168773
https://doi.org/10.1371/journal.pone.0168773


41

Serum levels of CTRP1 and 3 in CAD

ARYA Atheroscler 2025; Volume 21; Issue 5; 34-41

coronary syndrome and stable angina pectoris. 
Cardiovasc Diabetol. 2014 Jan 13;13:14. https://
doi.org/10.1186/1475-2840-13-14

12.	 Schmid A, Pankuweit S, Vlacil AK, Koch S, Berge 
B, Gajawada P, et al. Decreased circulating CTRP3 
levels in acute and chronic cardiovascular patients. 
J Mol Med (Berl). 2024 May;102(5):667-77. https://
doi.org/10.1007/s00109-024-02426-8

13.	 Hammami R, Jdidi J, Mroua F, Kallel R, Hentati M, 
Abid L, et al. Accuracy of the TIMI and GRACE scores 
in predicting coronary disease in patients with non-
ST-elevation acute coronary syndrome. Rev Port 
Cardiol (Engl Ed). 2018 Jan;37(1):41-9. https://doi.
org/10.1016/j.repc.2017.05.012

14.	 Gao L, Lu D, Xia G, Zhang H. The relationship 
between arterial stiffness index and coronary heart 
disease and its severity. BMC Cardiovasc Disord. 
2021 Nov 8;21(1):527. https://doi.org/10.1186/
s12872-021-02350-6

15.	 Khandelwal G, Jain A, Rathore M. Prediction of 
Angiographic Extent of Coronary Artery Disease 
on the Basis of Clinical Risk Scores in Patients 
of Unstable Angina. J Clin Diagn Res. 2015 
Nov;9(11):OC13-6. https://doi.org/10.7860/
jcdr/2015/15069.6778

16.	 Namazi G, Asa P, Movahedian A, Sarrafzadegan 
N, Sadeghi M, Pourfarzam M. Investigation of 
membrane fatty acid profiles in erythrocytes of 
patients with stable coronary artery disease. J 
Clin Lipidol. 2016 Jul-Aug;10(4):930-6. https://doi.
org/10.1016/j.jacl.2016.03.011

17.	 Yuasa D, Ohashi K, Shibata R, Takeshita K, Kikuchi 
R, Takahashi R, et al. Association of circulating C1q/
TNF-related protein 1 levels with coronary artery 
disease in men. PLoS One. 2014 Jun 19;9(6):e99846. 
https://doi.org/10.1371/journal.pone.0099846

18.	 Tang JN, Shen DL, Liu CL, Wang XF, Zhang L, Xuan 
XX, et al. Plasma levels of C1q/TNF-related protein 
1 and interleukin 6 in patients with acute coronary 
syndrome or stable angina pectoris. Am J Med Sci. 
2015 Feb;349(2):130-6. https://doi.org/10.1097/
maj.0000000000000378

19.	 Wang H, Wang R, Du D, Li F, Li Y. Serum levels of 

C1q/TNF-related protein-1 (CTRP-1) are closely 
associated with coronary artery disease. BMC 
Cardiovasc Disord. 2016 May 11;16:92. https://doi.
org/10.1186/s12872-016-0266-7

20.	 Lu L, Zhang RY, Wang XQ, Liu ZH, Shen Y, Ding FH, 
et al. C1q/TNF-related protein-1: an adipokine 
marking and promoting atherosclerosis. Eur 
Heart J. 2016 Jun 7;37(22):1762-71. https://doi.
org/10.1093/eurheartj/ehv649

21.	 Shen L, Wang S, Ling Y, Liang W. Association 
of C1q/TNF-related protein-1 (CTRP1) serum 
levels with coronary artery disease. J Int 
Med Res. 2019 Jun;47(6):2571-9. https://doi.
org/10.1177/0300060519847372

22.	 Zhang H, Zhang-Sun ZY, Xue CX, Li XY, Ren J, Jiang 
YT, et al. CTRP family in diseases associated 
with inflammation and metabolism: molecular 
mechanisms and clinical implication. Acta 
Pharmacol Sin. 2023 Apr;44(4):710-25. https://doi.
org/10.1038/s41401-022-00991-7

23.	 Lasser G, Guchhait P, Ellsworth JL, Sheppard P, Lewis 
K, Bishop P, et al. C1qTNF-related protein-1 (CTRP-
1): a vascular wall protein that inhibits collagen-
induced platelet aggregation by blocking VWF 
binding to collagen. Blood. 2006 Jan 15;107(2):423-
30. https://doi.org/10.1182/blood-2005-04-1425

24.	 Masoodian SM, Toolabi K, Omidifar A, Zabihi 
H, Rahimipour A, Shanaki M. Increased mRNA 
Expression of CTRP3 and CTRP9 in Adipose Tissue 
from Obese Women: Is it Linked to Obesity-Related 
Parameters and mRNA Expression of Inflammatory 
Cytokines? Rep Biochem Mol Biol. 2020 Apr;9(1):71-
81. https://doi.org/10.29252/rbmb.9.1.71

25.	 Peng C, Wu H, Kim S, Dai X, Jiang X. Recent Advances 
in Transducers for Intravascular Ultrasound (IVUS) 
Imaging. Sensors (Basel). 2021 May 19;21(10):3540. 
https://doi.org/10.3390/s21103540

26.	 Marteslo JP, Makary MS, Khabiri H, Flanders 
V, Dowell JD. Intravascular Ultrasound for the 
Peripheral Vasculature-Current Applications 
and New Horizons. Ultrasound Med Biol. 2020 
Feb;46(2):216-24. https://doi.org/10.1016/j.
ultrasmedbio.2019.10.010

https://doi.org/10.1186/1475-2840-13-14
https://doi.org/10.1186/1475-2840-13-14
https://doi.org/10.1007/s00109-024-02426-8
https://doi.org/10.1007/s00109-024-02426-8
https://doi.org/10.1016/j.repc.2017.05.012
https://doi.org/10.1016/j.repc.2017.05.012
https://doi.org/10.1186/s12872-021-02350-6
https://doi.org/10.1186/s12872-021-02350-6
https://doi.org/10.7860/jcdr/2015/15069.6778
https://doi.org/10.7860/jcdr/2015/15069.6778
https://doi.org/10.1016/j.jacl.2016.03.011
https://doi.org/10.1016/j.jacl.2016.03.011
https://doi.org/10.1371/journal.pone.0099846
https://doi.org/10.1097/maj.0000000000000378
https://doi.org/10.1097/maj.0000000000000378
https://doi.org/10.1186/s12872-016-0266-7
https://doi.org/10.1186/s12872-016-0266-7
https://doi.org/10.1093/eurheartj/ehv649
https://doi.org/10.1093/eurheartj/ehv649
https://doi.org/10.1177/0300060519847372
https://doi.org/10.1177/0300060519847372
https://doi.org/10.1038/s41401-022-00991-7
https://doi.org/10.1038/s41401-022-00991-7
https://doi.org/10.1182/blood-2005-04-1425
https://doi.org/10.29252/rbmb.9.1.71
https://doi.org/10.3390/s21103540
https://doi.org/10.1016/j.ultrasmedbio.2019.10.010
https://doi.org/10.1016/j.ultrasmedbio.2019.10.010

	Serum Levels of C1q/TNF-related protein-1 (CTRP1) and CTRP3 in Patients with Coronary Artery Disease
	Abstract
	Keywords
	Introduction
	Materials and Methods   
	Study participants and their characteristics 
	Angiographic analysis 
	Biochemical analysis 
	Statistical analysis 

	Results
	Discussion
	Acknowledgements
	Conflict of interests 
	Funding
	Author’s Contributions 
	References


