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Abstract 

Background: The C1q complement/TNF-related protein (CTRP) superfamily is a newly 

diagnosed adipokine with anti-inflammatory, insulin sensitivity, and glucose lowering effects. 

This study aimed to assess the plasma circulating levels of CTRP12 in type 2 diabetic (T2D) 

patients and healthy subjects.  

Methods: In this case-control study, plasma concentration of CTRP12 was measured by 

ELISA in 60 subjects (30 T2D and 30 healthy participants). The systolic blood pressure 

(SBP), waist circumference (WC), waist-to-hip ratio (WHR), body mass index (BMI), fasting 

blood sugar (FBS), glycated hemoglobin (HbA1c), insulin, and homeostasis model 

assessment of insulin resistance (HOMA-IR) were measured.  

Results: In contrast to the SBP, WC, WHR, BMI, FBS, HbA1c, insulin, and HOMA-IR, the 

levels of CTRP12 were significantly lower in T2D patients. There was significant negative 

correlation between CTRP12, FBS, and HbA1c. The regression analysis showed that when 

subjected to stepwise multiple regression analysis, HbA1c (β = -2.21; P < 0.004) was 

predictive of plasma levels of CTRP12.  

Conclusion: Finally, HbA1c was predictive of CTRP12 levels. It seems that CTRP12 could 

be considered as a novel biomarker for the prediction of T2D. 
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Introduction  

Obesity-induced type 2 diabetes (T2D) is one of the most 

serious problems in the world. According to the WHO 

statistics, 422 million people worldwide suffered from diabetes 

in 2014 and it is estimated that there will be at least 629 million 

people living with diabetes by 2045 (1). Adipose tissue 

cytokines which are collectively called adipocytokines or 

adipokines are the main culprits leading to insulin resistance 

and beta cell dysfunction characterizing T2D (2). Among 

adipokines, adiponectin is one of the most potent molecules 

with respect to its anti-inflammatory and insulin sensitizing 

activity (2). A growing body of evidence indicates that 

adiponectin level is reduced in T2D (3-5). Despite its anti-

inflammatory and insulin sensitizing properties, adiponectin 

gene knockout mice show surprisingly mild phenotypes (6-8). 

These findings suggest that there may be other factors that 
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could compensate the absence of adiponectin. Recent studies 

shed light on C1q TNF-related protein (CTRP) superfamily as 

a new adipokine resolving these discrepancies (9,10). The 

CTRP superfamily is a paralogue of adiponectin that consists 

of 15 members (11-13). Among CTRPs, CTRP12 (adipolin) is 

an adipokine which exerts beneficial effects on insulin 

sensitivity, inflammation and glucose metabolism (14-18). 

Lower circulating concentration of CTRP12 are found in 

rodent models of obesity-induced T2D (19). With the 

aforementioned in mind, circulating CTRP12 concentrations 

were measured in patients with T2D and in healthy subjects. 

 

Material and Methods 

Participants 

Thirty T2D patients and 30 healthy subjects aged between 

40 and 60 years participated in this case-control study. 

Participants were recruited from endocrine and metabolism 

research institute – Tehran University of Medical Sciences. The 

study protocol was approved by Ethics Committee of AJA 

University of Medical Sciences in accordance with the 

declaration of Helsinki and informed consents were obtained 

from all subjects prior to the study. T2D diagnosis was based 

on American Diabetes Association criteria; fasting blood sugar 

(FBS) ≥126 mg/dl, two hours plasma glucose after a standard 

oral glucose tolerance test (OGTT) ≥ 200 mg/dl or glycated 

hemoglobin (HbA1c) ≥ 6.5 % (20). Insulin resistance was 

determined by homeostasis model assessment of insulin 

resistance (HOMA-IR) using the following formula: HOMA-

IR = [FBS (mg/dl) × insulin (µU/ml)]/405 (21). Exclusion 

criteria included a history of acute or chronic inflammatory 

diseases, congestive heart failure, liver or kidney diseases, 

endocrine disorders, malignancy, pregnancy, treatment with 

anti-inflammatory drugs such as aspirin and insulin therapy.  

 

Anthropometric and clinical assessment 

Systolic blood pressure (SBP) and diastolic blood 

pressure (DBP) were measured by a standard 

sphygmomanometer. Participants were asked to rest for 

5 minutes in sitting position before blood pressure 

measurement. Height and weight were measured using a 

stadiometer and standard weighing balance, respectively. 

Body mass index (BMI) was calculated as weight in 

kilograms divided by the square of height in meters. 

Waist circumference (WC) was measured at the 

narrowest level over light clothing by a plastic tape meter 

to the nearest 0.1 cm. Hip was measured at the maximum 

circumference of the buttocks. Waist-to-hip ratio (WHR) 

was calculated as waist circumference in centimeters 

divided by hip circumference in centimeters. Blood 

samples were taken from all participants after an 

overnight fasting. Biochemical parameters including 

fasting blood sugar (FBS), triacylglycerol (TG), total 

cholesterol, high-density lipoprotein cholesterol (HDL-

C), and low-density lipoprotein cholesterol (LDL-C) 

were measured by enzymatic methods (Pars Azmoon 

kits, Iran) using automated BIOLIS 24i Premium 

autoanalyser (Tokyo Boeki Machinery Ltd., Japan). 

Glycated hemoglobin (HbA1c) was measured with 

HPLC method by Tosoh G8 instrument (South San 

Francisco, CA). Insulin was measured by Insulin 

AccuBind ELISA Kit (Monobind Inc, California, USA). 
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Measurement of plasma CTRP12 

Plasma levels of CTRP12 were measured using a 

commercially available ELISA kit (Aviscera, Santa Clara, 

USA; Catalog number: SK00392-06) according to 

manufacturer’s protocol, with an intra-assay and inter-assay 

coefficient of variation of less than 8% and 12%, respectively.  

 

Statistical analysis 

Qualitative data are shown as proportions. Quantitative data 

are expressed as the mean value ± standard error of the mean 

(SEM) or as the median and the 25th to 75th interquartile range 

(IQR). Assumptions of normality and equal variances were 

checked to perform the appropriate statistical test. Variables 

with skewed distribution were logarithm transformed prior to 

analysis. Normally distributed data were compared using 

independent t- test and Mann-Whitney U test was used for 

nonparametric distributions. Partial (age-adjusted) correlation 

was used for calculation of associations between variables. 

Subsequently, if individual bivariate correlations achieved 

statistical significance, variables were entered into a linear 

regression model and stepwise multiple regression analysis was 

performed. Statistical analysis was performed using SPSS 

version 22.0 (SPSS Inc., Chicago, USA). The accepted level of 

significance was P < 0.05. 

 

Results 

Anthropometric and clinical characteristics of all 

participants have been shown in Table 1. WC, SBP, WHR, 

BMI, FBS, HbA1c, insulin, and HOMA-IR were significantly 

higher in T2D patients. In contrast, the levels of CTRP12 were 

significantly lower in T2D compared to healthy participants. 

There were no significant differences with respect to DBP, 

weight, hip, and lipid profiles between two groups.  

 

Table 1. Anthropometric and laboratory characteristics of participants 

Variable Control T2D P-value 

Age (years) 46.44 ± 1.25 55.95 ± 1.97 ˂0.001 

SBP (mmHg) 122.47 ± 1.71 130.65 ± 3.31 0.037 

DBP (mmHg) 83.50 (79.50 , 88.125) 80 (70.025 , 82.50) 0.089 

Weight (kg) 75.66 ± (3.77) 85.74 ± 3.30 0.051 

BMI (kg/m2) 26.45 ± 1.0 30.88 ± 1.02 0.004 

WC (cm) 90.22 ± 4.20 107.05 ± 3.0 0.003 

Hip (cm) 111.61 ± 4.66 112.80 ± 2.67 0.827 

WHR 0.68 ± 0.02 0.92 ± 0.01 ˂0.001 

FBS (mg/dl) 83.50 (79.50 , 88) 144.50 (133.75 , 186.50) ˂0.001 

HbA1c (%) 5.39 ± 0.11 7.81 ± 0.32 ˂0.001 

Insulin (µU/ml) 5.70 (4.07 , 16.87) 13.85 (7.30 , 28.02) 0.013 

HOMA-IR 1.13 (0.81 , 3.64) 6.39 (2.92 , 10.22) ˂0.001 

TG (mg/dl) 145.61 ± 22.21 152.05 ± 11.06 0.357 

Total cholesterol (mg/dl) 163.38 ± 8.31 157.30 ± 7.94 0.537 

HDL-C (mg/dl) 45.50 ± 1.55 43.80 ± 1.59 0.452 

LDL-C (mg/dl) 79.83 ± 4.66 86.50 ± 4.42 0.307 

CTRP12 (pg/ml) 391.96 ± 0.091 167.36 ± 0.033 0.009 
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Values are mean ± SEM for data with normal distribution 

and median (interquartile ranges) for data not normally 

distributed. SBP, systolic blood pressure; DBP, diastolic blood 

pressure; BMI, body mass index; WC, waist circumference; 

WHR, waist to hip ratio; FBS, fasting blood sugar; HbA1c, 

glycated hemoglobin; HOMA-IR, homeostasis model 

assessment of insulin resistance; TG, triacylglycerol; HDL-C, 

high-density lipoprotein; LDL-C, low-density lipoprotein; 

CTRP12, C1q complement/TNF-related protein 12. 

Correlation of CTRP12 with biochemical and metabolic 

parameters 

In all participants, partial correlation analysis showed that 

plasma levels of CTRP12 were negatively and significantly 

correlated with FBS and HbA1c (Table 2). When subjected to 

stepwise multiple regression analysis, HbA1c (β = -2.21; P < 

0.004) was predictive of plasma levels of CTRP12 (Table 2).  

 

Table 2. Linear regression analysis of variables associated with CTRP12. 

 Simple Multiple 

Variable r P β P 

SBP (mmHg) 0.062 0754   

DBP (mmHg) 0.162 0.406   

Weight (kg) 0.024 0.904   

BMI (kg/m2) 0.004 0.984   

WC (cm) -0.002 0.990   

Hip (cm) 0.061 0.757   

WHR -0.237 0.224   

FBS (mg/dl) -0.457 0.015   

HbA1c (%) -0.510 0.008 -2.21 0.004 

Insulin (µU/ml) -0.195 0.319   

HOMA-IR -0.334 0.083   

TG (mg/dl) 0.106 0.593   

Total cholesterol (mg/dl) 0.022 0.912   

HDL-C (mg/dl) -0.129 0.512   

LDL-C (mg/dl) -0.105 0.594   

 

Partial (age-adjusted) correlation was used for calculation 

of associations between variables. If individual bivariate 

correlations achieved statistical significance, stepwise multiple 

regression analysis with CTRP12 was performed to test the 

joint effect of these parameters on CTRP12. SBP, systolic 

blood pressure; DBP, diastolic blood pressure; BMI, body mass 

index; WC, waist circumference; WHR, waist to hip ratio; 

FBS, fasting blood sugar; HbA1c, glycated hemoglobin; 

HOMA-IR, homeostasis model assessment of insulin 

resistance; TG, triacylglycerol; HDL-C, high-density 

lipoprotein; LDL-C, low-density lipoprotein. 
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Discussion 

The importance of CTRP superfamily as a new adipokine 

in the pathogenesis of T2D is still emerging (22). CTRP12 is 

one of the members of this superfamily with anti-inflammatory, 

insulin sensitivity and glucose lowering effects (14-18). Despite 

ample evidence from in vitro and animal models, clinical 

evidences are still limited. In this context, the current study adds 

new knowledge in the area being studied. The main findings of 

this case-control study were; a) circulating levels of CTRP12 

were lower in T2D patients compared to healthy subjects b) 

Plasma levels of CTRP12 were negatively and significantly 

correlated with FBS and HbA1c. Using regression analysis, 

HbA1c was found to be predictive of plasma levels of CTRP12.  

The findings regarding plasma levels of CTRP12 in 

diabetic patients were consistent with a recent report (22) in 

which levels of CTRP12 were lower in diabetic patients 

compared to age and BMI matched control group.  

Obesity, as is shown in our data, is characterized by a 

chronic inflammatory state contributing to the development of 

insulin resistance. Enomoto et al. (23) showed that obesity is 

linked with the reduced expression of plasma CTRP12. Thus, 

it is plausible that obesity enhances the development of insulin 

resistance via suppression of insulin sensitizing effect of 

CTRP12. 

An in-depth study of polycystic ovary syndrome (PCOS), 

a pro- inflammatory state associated with obesity and diabetes, 

revealed that serum and subcutaneous adipose tissue CTRP12 

mRNA expression and protein concentrations were 

significantly lower in women with PCOS compared with 

control subjects (16). 

Based on linear regression analysis, it was found that 

CTRP12 was significantly and negatively correlated with FBS, 

and HbA1c. This fact can be explained by the observations in 

the study by Bai et al. (22) showing that glucose as OGTT 

significantly decreased levels of CTRP12 in T2D patients. Tan 

et al. showed that serum CTRP12 concentrations were 

significantly and negatively correlated with glucose (16). 

Moreover, glucose profoundly reduced and metformin 

significantly increased CTRP12 protein production in human 

adipose tissue explants respectively (16). In another study by 

Tan et al. on healthy subjects, it was revealed that 

hyperinsulinaemic induction in healthy lean human subjects 

significantly increased circulating levels of CTRP12 (18). 

Furthermore, in subcutaneous adipose tissue explants, insulin 

significantly increased CTRP12 protein expression and 

secretion (18). In another study, it was shown that metformin 

treatment substantially increased serum CTRP12 

concentrations in women with PCOS (17). Serum CTRP12 

decreased significantly in response to the OGTT in PCOS and 

control subjects (17). Moreover, it is noteworthy to mention that 

increasing CTRP12 levels in animal models of obesity and 

diabetes lowers blood glucose concentrations (24). Taken 

together, these explanations illustrate that there is a negative 

correlation between glucose parameters and levels of CTRP12 

in line with the results of the present study. 

In a recent study by Mehrdadi et al, it was demonstrated that 

supplementation with coenzyme Q10 reduced the HbA1c 

significantly in patients with T2D, although interestingly 

adipolin levels declined considerably at the same time. They 

concluded that the depressing effect of coenzyme Q10 on 

adipolin levels might be due to improved glucose homeostasis, 

which was expected to be mediated by increasing adipolin 

concentration. As a result, the adipolin requirement, its 

secretion to blood, and its serum levels declined (25). 
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The current study had a few limitations including a 

relatively small sample size. Hence, we advise caution with 

regard to the findings; further studies with a larger number of 

subjects are needed to confirm the findings of the present study. 

Moreover, since metformin affects the CTRP12 levels, it is 

needed to perform a study in newly diagnosed T2D to preclude 

the effects of drugs on circulating levels of CTRP12. Finally, 

the present study only involved the Iranian population. Thus, 

findings should be generalized cautiously to other populations.   

 

Conclusion 

The present study revealed that the plasma levels of 

CTRP12 are lower in T2D patients compared to those of 

healthy controls. In addition, the results showed that CTRP12 

levels could predict as well as diagnose T2D. Further studies 

are required to investigate the mechanistic action of CTRP12 in 

T2D patients. 
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