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Abstract

Numerous studies have shown that C1q/TNF-related proteins (CTRPs) are involved in

the pathophysiology of metabolic disorders, such as Non-alcoholic fatty liver disease

(NAFLD) and Type 2 Diabetes (T2DM). There is a little information concerning CTRP13

in the context of NAFLD and T2DM. We evaluated the plasma levels of CTRP13 in

healthy control and patients with NAFLD, T2DM and NAFLD+T2DM, and also correla-

tions between CTRP13 plasma levels and clinical and subclinical features. Circulating

CTRP13 was examined in 88 male (20 healthy control, 22 T2DM patients, 22 NAFLD

patients and 22 NAFLD+T2DM patients). CTRP13 and adiponectin plasma levels were

measured by ELISA method. CTRP13 serum levels were higher in the control group than

the other groups (all p <0.001). CTRP13 had significant negative correlation with unfavor-

able anthropometric and metabolic factors including BMI, visceral fat, Insulin, HOMA-IR,

TG, AST, ALT and ɣ-GT and have a positive correlation with plasma concentration of adi-

ponectin. CTRP13 had a significant inverse correlation with cIMT (r = -0.345) and liver

stiffness (LS) (r = -0.372) (both, p <0.001). Also, the multiple stepwise linear regression

has shown that visceral fat is a significant predictor of CTRP13 serum levels (p <0.001).

Multiple stepwise linear regression with LS as the dependent variable showed that ALT

(p < 0.001) and SBP (p = 0.010) were two predictor factors for LS. Strikingly, multiple

stepwise linear regression showed that CTRP13 (p = 0.006) and SBP (p = 0.007) were

two independent predictors for cIMT. Lower CTRP13 in patients with T2DM, NAFLD and

NAFLD + T2DM was associated with increased risk of the diseases. CTRP13 have nega-

tive associations with unfavorable metabolic factors and also is a negative predictor of

cIMT. Our results suggested that CTRP13 could be an associated factor with NAFLD in

patients with and without T2DM.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a spectrum of progressive liver disease which

includes simple steatosis, NASH, fibrosis and eventually cirrhosis [1]. Several studies have

indicated that NAFLD has a significant relationship with the features of metabolic syn-

drome, such as abdominal obesity, glucose intolerance or diabetes mellitus type 2 (T2DM)

and insulin resistance [2]. Over the last few decades, NAFLD has become the most com-

mon cause of liver disorders in various race⁄ethnicity [3]. This is mainly because of dietary

change and lifestyle behaviors which lead to increased rates of obesity and insulin resis-

tance [3]. High prevalence of NAFLD has made it an important public health problem in

many countries [4]. Understanding the pathobiology of NAFLD is essential for developing

effective treatment and prevention strategies. However, the pathobiology mechanisms by

which NAFLD initiates and progresses are not fully understood. In recent years, several tis-

sue-based markers have been described for NAFLD, examples being C1q/TNF-related pro-

teins (CTRPs) [5,6]. CTRPs are a new family of adipokines with 15 members (CTRP1 to

CTRP15). This protein family shares a common structure but can be different in regulation

and function [7].

CTRP13 has been known as a highly conserved member of CTRP family and improves

insulin sensitivity as well as lipid induced stress on insulin signaling and glucose uptake.

Subsequently, it was found that this protein decreases gluconeogenesis [8]. CTRP13 con-

sist of C-terminal globular domain homologous to the immune complement protein C1q,

two highly conserved Cys residues and 17 Gly-X-Y repeats in collagen domain. In human,

most of CTRP13 was expressed by adipose tissue and secreted as a multimeric protein [8].

This is also worth mentioning that caloric restriction decreases, and high calorie diet

increases expression level of CTRP13 mRNA in brain tissue of mice [9]. However, little

information is available concerning CTRP13 in the context of NAFLD and T2DM. We

have previously describe the effect of NAFLD and T2DM on plasma levels of CTRP1

and CTRP5 [5,10]. Here, we aimed to evaluate the plasma levels of CTRP13 in healthy

control and patients with NAFLD, T2DM and NAFLD+T2DM. Additionally, possible

associations with anthropometric, metabolic parameters and subclinical atherosclerosis

were examined.

Study subjects and methods

Patients and Controls

A total of 88 male (20 healthy control, 22 T2DM patients, 22 NAFLD patients and 22

NAFLD+T2DM patients) were recruited from Shariati Hospital from May 2014 to Nov

2015. All patients were newly diagnosed. T2DM was diagnosed based on American diabe-

tes association (ADA) criteria [11]. NAFLD was diagnosed using ultrasonography and

Liver Stiffness (LS) was determined by elastography. Also, carotid intima media thickness

(cIMT) and the amount of visceral fat measured by ultrasonography.

Control subjects were randomly selected from the population and did not have any meta-

bolic disorder. Patients and controls had no significant differences in ethnicity. All subjects

provided written consent, and the study was approved by the ethics committee of Tehran Uni-

versity of Medical Science. Subjects who had evidence of special conditions were excluded

from the study. These conditions include type 1 diabetes mellitus, acute or chronic renal fail-

ure, congenital cardiac disease, infectious disease, malignancies and other liver disease such as

Wilson’s disease, primary biliary cirrhosis viral or autoimmune hepatitis and haemochromato-

sis and also a history of alcohol consumption (>30g/day).
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Anthropometric and laboratory measurement

Anthropometric parameters of study subjects, including age, height, weight and blood pres-

sure, were measured and body mass index (BMI) also calculated using following equation:

body weight (kg) divided by the square of height (m2). Five mL venous blood was collected

from study participants after overnight fasting. Fasting blood sugar (FBG), triglyceride (TG),

total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein

cholesterol (HDL-C), Creatinine (Cr), Urea, gamma glutamyl transferase (GGT), alanine

amino transferase (ALT), aspartate amino transferase (AST), alkaline phosphatase (ALP) were

measured by auto analyzer using commercial kits (Pars Azmoon, Tehran, Iran). Fasting

plasma insulin was measured by ELISA kit (Monobind Inc., USA). Homeostasis Model Assess-

ment of Insulin Resistance (HOMA-IR) were calculating with the following equation: [fasting

blood sugar (mg/dL)] × [fasting blood insulin (μU/mL)] / 405.

Ultrasonography and elastography

Ultrasonography was conducted for evaluating liver, visceral fat and cIMT, using Accuvix XQ

ultrasound unit (Medison, seoul, South Korea) equipped with a 5–12 MHz linear-array trans-

ducer and a 3–7 MHz curved-transducer as previously described [12]. Also, we used average of

the right and left mean IMT values as cIMT. LS was measured by FibroScan 502 machine

(EchoSense, Paris, France, 5MHz) with X and XL probes according to manufacturer’s protocol

[10]. We considered cIMT�0.90 mm as a typical cutoff value for determine number of sub-

jects with significant risk for coronary artery disease [13].

Measuring plasma levels of adiponectin and CTRP13

Adiponectin plasma levels was measured using the ELISA Kit (Elabscience, Wuhan, China)

according to manufacture protocol, Intra-assay Coefficients of Variability (CV) was <10% and

Inter-assay CV was <10%. Plasma levels of CTRP13 was measured by ELISA kit (Cusabio Bio-

tech Co, Wuhan, China) according to manufacturer’s protocol. Intra-assay and inter-assay CV

were<8% and<10%, respectively.

Statistical analysis

Continuous variable with normal distribution was shown with mean ± standard error of mean

(SEM) and skewed distributed variables was shown with median (IQR). ANOVA with scheffe

post hoc was performed for normal distributed data, and Kruskal wails and Bonferroni correc-

tion post hoc were used for non-normal distributed data. Then, ANCOVA analysis was per-

formed to remove effect of potential confounder. Before correlation analysis, non-normal

distributed data was logarithmic transformed, and Pearson’s correlations was used to evaluate

correlation between CTRP13 with different anthropometric and laboratory variables. Also, we

performed univariate linear regression with CTRP13, LS and cIMT as dependent variable. If

variables reached statistical cut off (p value<0.2), included to multiple stepwise linear regres-

sion to identify significant predictor of CTRP13, LS and cIMT. Multinomial logistic regression

was performed to identify risk of each condition (T2DM, NAFLD and NAFLD+T2DM) with

regarding to CTRP13 plasma levels. ROC curve was plotted to evaluating sensitivity and speci-

ficity of CTRP13 plasma levels to differentiate between each condition. All analysis was con-

ducted with SPSS 16 (SPSS, Chicago, IL, USA) and p<0.05 considered as statistical significant.
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Results

Clinical and laboratory characteristics of the study population were shown in Table 1. Accord-

ing to ANOVA, BMI, visceral fat, blood pressure, FBG, Insulin, HOMA-IR and adiponectin

were different and post hoc analysis showed the significant difference were mainly between

the control group and other groups. Also, factors related to measuring the function of the

liver, including ALT, AST, GT-ɣ as well as the LS were increased in NAFLD and NAFLD +

T2DM groups in compared to other groups. The cIMT in NAFLD + T2DM group was higher

than the control group. Also, the number of patients with cIMT�0.90 mm were higher in

T2DM and NAFLD+T2DM groups compared with control and NAFLD groups (p<0.05).

There was no significant difference in terms of: age, TG, TC, HDL-C, LDL-C, urea nitrogen,

creatinine and ALP in four study groups.

CTRP13 serum levels were higher in the control group than the other groups (all p<0.001),

as shown in Fig 1. ANCOVA analysis was performed to eliminate the effect of age, BMI and

Table 1. Anthropometric and laboratory characteristics of study subjects.

Variables Control (20) T2DM (22) NAFLD (22) T2DM+NAFLD (22) P value

Age (years) 53.40 ± 1.81 57.36 ± 1.58 52.23 ± 1.29 52.86 ± 1.33 0.072

BMI (kg/m2) 24.92 ± 0.82 27.11 ± 0.81 29.34 ± 0.79b** 30.69 ± 0.69c*** <0.001

Visceral Fat (mm) 44.45 ± 3.82 62.14 ± 4.09a* 70.82 ± 4.13b*** 78.27 ± 4.31c*** <0.001

SBP (mmHg) 122.35 ± 3.92 136.27 ± 4.38 135.18 ± 3.28 142.23 ± 4.44c* 0.009

DBP (mmHg) 77.30 ± 2.44 79.95 ± 2.20 84.77 ± 2.49 85.59 ± 1.92 0.036

FBG (mg/dL) 89.9 (83.4–97.0) 150.20 (123.1–191.6)b*** 96.5 (87.2–101.7)d*** 162.5 (128.2–187.1)c***,f*** <0.001

Insulin (μU/mL) 3.20 (1.32–6.01) 6.65 (2.45–9.19) 8.65 (7.12–12.15)b** 7.10 (4.58–11.04)c*** <0.001

HOMA-IR 0.83 ± 0.13 2.70 ± 0.35a** 2.27 ± 0.25b* 3.40 ± 0.45c*** <0.001

TG (mg/dL) 111.9 (90.8–156.1) 146.4 (104.4–166.3) 140.6 (93.7189.8) 154.3 (113.8–196.0) 0.099

TC (mg/dL) 184.07 ± 6.59 204.74 ± 10.65 203.71 ± 7.21 209.06 ± 7.80 0.197

HDL-C (mg/dL) 52.21 ± 2.40 54.18 ± 2.59 51.55 ± 2.76 55.46 ± 2.35 0.688

LDL-C (mg/dL) 108.26 ± 6.54 122.57 ± 9.49 121.00 ± 5.18 127.50 ± 9.20 0.388

Urea nitrogen (mg/dL) 28.89 ± 1.22 31.76 ± 0.96 29.76 ± 1.36 32.63 ± 1.40 0.141

Creatinine (mg/dL) 1.22 ± 0.06 1.27 ± 0.05 1.27 ± 0.03 1.26 ± 0.06 0.905

AST (U/L) 18.0 (15.2–20.4) 16.4 (14.6–21.7) 25.4 (20.3–33.3)b**,d** 23.0 (20.0–28.2)c*,e* <0.001

ALT (U/L) 16.2 (13.4–21.4) 17.6 (13.4–27.3) 31.6 (22.2–44.2)b**,d* 38.2 (23.6–50.4)c***,e** <0.001

ALP (U/L) 222.8 ± 11.2 257.9 ± 16.8 217.6 ± 12.0 231.0 ± 13.3 0.154

ɣ-GT (U/L) 18.3 (15.6–20.8) 23.9 (20.4–36.7)a* 32.7 (21.7–43.8)b*** 37.0 (27.9–60.5)c*** <0.001

LS (kPa) 3.78 ± 0.24 4.08 ± 0.37 6.30 ± 0.28b***,d*** 7.25 ± 0.29c***,e*** <0.001

cIMT (mm) .76 ± 0.02 0.84 ± 0.02 0.80 ± 0.02 0.88 ± 0.03c* 0.006

cIMT�0.90mm [n (%)] 1 (5) 6 (27.3) 2 (9.1) 10 (45.5) 0.005

Adiponectin (ng/mL) 4.90 ± 0.34 3.61 ± 0.30a* 2.98 ± 0.24b*** 3.59 ± 0.32c* <0.001

CTRP13 (ng/mL) 3.67 ± 0.24 2.37 ± 0.21a*** 2.10 ± 0.18b*** 1.75 ± 0.15c*** <0.001

a: Comparison between Control and T2DM

b: Comparison between Control and NAFLD

c: Comparison between Control T2DM-NAFLD

d: Comparison between T2DM and NAFLD

e: Comparison between T2DM and T2DM+NAFLD and

f: Comparison between NAFLD and T2DM+NAFLD.

*P < 0.05

**P < 0.01

***P < 0.001.

doi:10.1371/journal.pone.0168082.t001
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adiponectin and it was found that a significant difference for T2DM group than the control

group had disappeared, but the difference remained significant between the control group and

NAFLD and NAFLD + T2DM groups (Table 2).

Bivariate correlation analysis of CTRP13 with anthropometric and laboratory parameters

was shown in Table 3. CTRP13 had significant negative correlation with unfavorable

Fig 1. Circulating CTRP13 in study subjects. Data present with mean+SEM. * and *** represent p<0.05 and p<0.001, respectively.

doi:10.1371/journal.pone.0168082.g001

Table 2. A full factorial model of ANCOVA to adjust the effect of age, BMI and adiponectin on CTRP13 plasma levels in healthy controls, T2DM,

NAFLD and NAFLD+T2DM patients.

(I) Group (J) Group Mean Difference (I-J) Std. Error Sig.b 95% Confidence Interval for Differenceb

Lower Bound Upper Bound

HC T2DM .711 .344 .252 -.220 1.641

NAFLD 1.168* .366 .012 .178 2.159

NAFLD+T2DM 1.520* .371 .001 .515 2.526

*. The mean difference is significant at the 0.05 level.

b. Adjustment for multiple comparisons: Bonferroni.

doi:10.1371/journal.pone.0168082.t002
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anthropometric and metabolic factors including BMI, visceral fat, Insulin, HOMA-IR, TG,

AST, ALT and ɣ-GT and have a positive correlation with plasma concentration of adiponectin.

After adjusting for adiponectin concentration, all correlation remains significant except for

negative correlation with TG. Interestingly, CTRP13 had a significant inverse correlation

with cIMT (r = -0.345) and LS (r = -0.372) (both, p<0.001). The subgroup analysis showed,

CTRP13 in diabetic patients correlated with visceral fat (r = -0.497, p = 0.024) and FBG (r =

-0.550 and p = 0.008). Also, the multiple stepwise linear regression has shown that visceral fat

is a significant predictor of CTRP13 serum levels (β [SE] = -0.022 [0.005], p<0.001). Multiple

stepwise linear regression with LS as the dependent variable showed that ALT (β [SE] = 5.395

[0.917], p< 0.001) and SBP (β [SE] = 0.030 [0.011], p = 0.010) were two predictor factors for

LS (S1 Table). Strikingly, multiple stepwise linear regression showed that CTRP13 (β [SE] =

-0.028 [0.010], p = 0.006) and SBP (β [SE] = 0.002 [0.001], p = 0.007) were two independent

predictors for cIMT (S2 Table).

In addition, based on multinomial logistic regression, increased CTRP13 was associated

with reduce the risk of T2DM, NAFLD and NAFLD + T2DM (Table 4). After adjustment for

age, BMI and serum levels of adiponectin, this association remained significant, but in subjects

with diabetes, association was disappeared after adjusting for age and BMI. ROC Curve data

for evaluation of diagnostic value of CTRP13 also showed that the area under the curve were

0.700 for T2DM, 0.808 for NAFLD, and 0.895 for NAFLD + T2DM (as shown in Fig 2). This

Table 3. Correlation between CTRP13 plasma levels with anthropometric and laboratory variables.

Unadjusted Adjusted for adiponectin

Variables CTRP13 CTRP13

Age -.034 -.060

BMI -.290** -.231*

Visceral Fat -.440** -.414**

SBP -.103 -.080

DBP -.183 -.132

FBGa -.148 -.131

Insulina -.315** -.278*

HOMA-IR -.225* -.228*

TGa -.239* -.204

TC .048 .051

HDL-C .191 .196

LDL-C -.014 -.046

Urea nitrogen .018 .028

Creatinine .082 .076

ASTa -.286** -.267*

ALTa -.270* -.237*

ALP .035 .008

ɣ-GTa -.342** -.291**

Liver Stiffness -.372** -.333**

cIMT -.345** -.339**

Adiponectin .255* ---

a: Logarithmic transformation was performed

*p<0.05 and

**p<0.01.

doi:10.1371/journal.pone.0168082.t003
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measurement approved the good specificity and sensitivity of CTRP13 as diagnostic

biomarker.

Discussion

CTRP13 plays an important role in regulating glucose metabolism and insulin sensitivity.

Recent studies indicate the importance of the CTRP family in metabolic diseases[14], but so

far there is no data about the role of CTRP13 in NAFLD. In our study, we have demonstrated

that CTRP13 is lower in three patients groups (T2DM, NAFLD and NAFLD+T2DM) com-

pared to the control group. This difference remained significant even after adjustment for age,

BMI and serum adiponectin for NAFLD and NAFLD+T2DM groups. Our result is inconsis-

tent with observations reported by Peterson JM et al and Byerly MS et al. They found that

plasma level of CTRP13 decreased in in leptin-deficient mice [8,9]. This discrepancy may arise

due to differences in sample type. It worth also mentioning that our data is inconsistent with

some investigations that indicated the high plasma level of CTRP1 in NAFLD and T2DM [10].

This might be a possible explanation for the compensatory role of CTRP1 which increased in

coronary artery disease and T2DM patients [15–17].

There is also several of evidence from preclinical investigations showing that CTRP3 have

decreased in obese patients [18] and newly diagnosed T2DM [19]. Other studies have also

shown that CTRP5 have decreased in NAFLD and T2DM patients [5]. It seems that our data

support this view that CTRPs have reduced in plasma of NAFLD patients. In this in vivo study,

we have demonstrated that serum levels of CTRP13 have a significant negative correlation

with insulin and HOMA-IR. Our study is consistent with previous investigations, which

showed that CTRP3 [20] and CTRP5 [5] negatively correlated with HOMA-IR in T2DM and

obese, T2DM and NAFLD patients. In addition, CTRP13 showed a significant negative corre-

lation with TG. According to the previous studies, AMPK function leads to beta-oxidation

induction [21]. Since, AMPK can be induced by CTRP13 [8]; it seems that reduced CTRP13

serum levels have a negative effect on beta oxidation. However, molecular mechanistic studies

are required to establish this concept.

In recent years, there has been an increasing number of studies in the literature on the cor-

relation of adiponectin with BMI and visceral fat [22,23]. We showed that visceral fat is a sig-

nificant negative predictor of plasma CTRP13, so that visceral fat may be associated with

Table 4. Multinomial logistic regression for odds ratios of T2DM, NAFLD and NAFLD+T2DM accord-

ing to Circulating CTRP13.

T2DM NAFLD NAFLD+T2DM

Model-1 B (SE) -.762 (0.332) -1.260 (.382) -1.740 (.426)

OR (CI) 0.467 (0.243–0.895) 0.284 (0.134–0.599) .176 (0.076–0.404)

p .022 .001 < .001

Model-2 B (SE) -.600 (0.337) -1.119 (0.399) -1.605 (0.471)

OR (CI) .549 (0.284–1.061) 0.327 (0.149–0.714) .201 (0.080–0.505)

p .074 .005 .001

Model-3 B (SE) -.502 (0.361) -1.039 (0.432) -1.558 (0.483)

OR (CI) .605 (0.298–1.229) .354 (0.152–0.825) .211 (0.082–0.543)

P .165 .016 .001

Model-1: unadjusted

Model-2: adjusting for age and BMI

Model-3: adjusting for age, BMI and adiponectin

doi:10.1371/journal.pone.0168082.t004
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decreased serum levels of CTRP13. Also, it is believed that CTRP13 is expressed in adipose tis-

sue [8] and appears to increase the volume of visceral adipose tissue associated with decrease

circulating CTRP13. Unlike CTRP1, CTRP13 have a negative correlation with LS. The finding

of our previous study indicated that CTRP1 has a positively correlation with LS and CTRP5

have a negative correlation with LS [5,10]. Compensatory role of CTRP1 which increased in

NAFLD patients might be a possible explanation for the positive correlation of CTRP1 with

LS. Negative correlation between CTRP13 and LS (as a marker for liver fibrosis [24]) needed

further studies to prove possible casual relation between CTRP13 and liver fibrosis.

Fig 2. ROC curves for diagnosis NAFLD (A), T2DM (B) and NAFLD+T2DM (C), according to circulating CTRP13.

doi:10.1371/journal.pone.0168082.g002
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There is also a growing body of studies showing that CTRP1 and CTRP9 play a possible

role in coronary artery disease and atherosclerosis [17,25,26]. In the present study we show

that CTRP13 have a negative correlation with cIMT (as a marker for subclinical atherosclero-

sis), and CTRP13 also is a significant negative predictor of cIMT. Another study has indicated

that adiponectin could be an additional independent factor associated with atherosclerosis

[27]. Hence, it seems likely that decreasing CTRP13 serum levels associated with subclinical

atherosclerosis, however more studies with a large sample size are necessary to establish this

concept.

In current study, ROC curve analysis determined that CTRP13 has a good ability to distin-

guish between patients (T2DM, NAFLD and NAFLD + T2DM) and controls. These results

suggest a potential marker role for CTRP13 in patients with NAFLD. However, future study

with larger sample size on the current topic may be helpful.

This study has several limitations; first, sample size is relatively small to make a definite con-

clusion. Second, the case control design does not allow us to determine the causality between

examined variables. Therefore, it is highly desirable to conduct further large-scale prospective

clinical investigations in NAFLD. Also, all participant are Iranian population and our results

should carefully be generalized to other populations. In addition, there is no study in human

regarding role of CTRP13. Therefore, it makes difficult to compare and interpret our results

with other studies.

In summary, we showed that lower CTRP13 in patients with T2DM, NAFLD and

NAFLD + T2DM was associated with increased risk of the diseases. CTRP13 have negative

associations with unfavorable metabolic factors and also is a negative predictor of cIMT.

Our results suggested that CTRP13 could be an associated factor with NAFLD in patients

with and without T2DM. Future study is needed to clarify the role of CTRP13 in pathogene-

sis of NAFDL and atherosclerosis.

Supporting Information

S1 Table. Univariate and multiple linear regression with LS as dependent variable.

(DOCX)

S2 Table. Univariate and multiple linear regression with cIMT as dependent variable.

(DOCX)

Acknowledgments

We are thankful to Research Institute of Digestive Diseases Research Institute of Tehran Uni-

versity of Medical Sciences.

Author Contributions

Conceptualization: MS HP SE.

Formal analysis: RF.

Investigation: NM RF.

Resources: HP MS.

Supervision: HP MS.

Writing – original draft: RF MS.

Writing – review & editing: SE HP NM MS RF.

CTRP13 in Type 2 Diabetes and Non-Alcoholic Fatty Liver Disease

PLOS ONE | DOI:10.1371/journal.pone.0168082 December 9, 2016 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0168082.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0168082.s002


References
1. Dowman JK, Tomlinson J, Newsome P (2010) Pathogenesis of non-alcoholic fatty liver disease. Qjm

103: 71–83. doi: 10.1093/qjmed/hcp158 PMID: 19914930

2. Mirza MS (2011) Obesity, Visceral Fat, and NAFLD: Querying. ISRN Gastroenterol 2011.

3. Loomba R, Sanyal AJ (2013) The global NAFLD epidemic. Nat Rev Gastroenterol Hepatol 10: 686–

690. doi: 10.1038/nrgastro.2013.171 PMID: 24042449

4. Angulo P (2007) GI epidemiology: nonalcoholic fatty liver disease. Aliment Pharmacol Ther 25: 883–

889. doi: 10.1111/j.1365-2036.2007.03246.x PMID: 17402991

5. Emamgholipour S, Moradi N, Beigy M, Shabani P, Fadaei R, Poustchi H, et al. (2015) The association

of circulating levels of complement-C1q TNF-related protein 5 (CTRP5) with nonalcoholic fatty liver dis-

ease and type 2 diabetes: a case-control study. Diabetol Metab Syndr 7: 108. doi: 10.1186/s13098-

015-0099-z PMID: 26613006

6. Ouchi N, Parker JL, Lugus JJ, Walsh K (2011) Adipokines in inflammation and metabolic disease. Nat

Rev Immunol 11: 85–97. doi: 10.1038/nri2921 PMID: 21252989

7. Schaffler A, Buechler C (2012) CTRP family: linking immunity to metabolism. Trends Endocrinol Metab

23: 194–204. doi: 10.1016/j.tem.2011.12.003 PMID: 22261190

8. Wei Z, Peterson JM, Wong GW (2011) Metabolic regulation by C1q/TNF-related protein-13 (CTRP13):

activation OF AMP-activated protein kinase and suppression of fatty acid-induced JNK signaling. J Biol

Chem 286: 15652–15665. doi: 10.1074/jbc.M110.201087 PMID: 21378161

9. Byerly MS, Swanson R, Wei Z, Seldin MM, McCulloh PS, Wong GW (2013) A central role for C1q/TNF-

related protein 13 (CTRP13) in modulating food intake and body weight. PLoS One 8: e62862. doi: 10.

1371/journal.pone.0062862 PMID: 23638159

10. Shabani P, Naeimi Khaledi H, Beigy M, Emamgholipour S, Parvaz E, Poustchi H, et al. (2015) Circulat-

ing level of CTRP1 in patients with nonalcoholic fatty liver disease (NAFLD): is it through insulin resis-

tance? PLoS One 10: e0118650. doi: 10.1371/journal.pone.0118650 PMID: 25767880

11. Association AD (2010) Diagnosis and Classification of Diabetes Mellitus. Diabetes Care 33: S62–69.

doi: 10.2337/dc10-S062 PMID: 20042775

12. Merat S, Poustchi H, Hemming K, Jafari E, Radmard AR, Nateghi A, et al. (2015) PolyPill for Prevention

of Cardiovascular Disease in an Urban Iranian Population with Special Focus on Nonalcoholic Steato-

hepatitis: A Pragmatic Randomized Controlled Trial within a Cohort (PolyIran—Liver)—Study Protocol.

Arch Iran Med 18: 515–523. PMID: 26265520

13. Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, et al. (2012) European Guidelines

on cardiovascular disease prevention in clinical practice (version 2012). The Fifth Joint Task Force of

the European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clini-

cal Practice (constituted by representatives of nine societies and by invited experts). Eur Heart J 33:

1635–1701. doi: 10.1093/eurheartj/ehs092 PMID: 22555213

14. Seldin MM, Tan SY, Wong GW (2014) Metabolic function of the CTRP family of hormones. Rev Endocr

Metab Disord 15: 111–123. doi: 10.1007/s11154-013-9255-7 PMID: 23963681

15. Pan X, Lu T, Wu F, Jin L, Zhang Y, Shi L, et al. (2014) Circulating complement-C1q TNF-related protein

1 levels are increased in patients with type 2 diabetes and are associated with insulin sensitivity in Chi-

nese subjects. PLoS One 9: e94478. doi: 10.1371/journal.pone.0094478 PMID: 24827430

16. 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; 16:92. doi: 10.1186/s12872-

016-0266-7 PMID: 27169633

17. Yuasa D, Ohashi K, Shibata R, Takeshita K, Kikuchi R, Takahashi R, et al. (2014) Association of circu-

lating C1q/TNF-related protein 1 levels with coronary artery disease in men. PLoS One 9: e99846. doi:

10.1371/journal.pone.0099846 PMID: 24945145

18. Wolf RM, Steele KE, Peterson LA, Magnuson TH, Schweitzer MA, Wong GW (2015) Lower Circulating

C1q/TNF-Related Protein-3 (CTRP3) Levels Are Associated with Obesity: A Cross-Sectional Study.

PLoS One 10.

19. Ban B, Bai B, Zhang M, Hu J, Ramanjaneya M, Tan BK, et al. (2014) Low serum cartonectin/CTRP3

concentrations in newly diagnosed type 2 diabetes mellitus: in vivo regulation of cartonectin by glucose.

PLoS One 9: e112931. doi: 10.1371/journal.pone.0112931 PMID: 25409499

20. Qu H, Deng M, Wang H, Wei H, Liu F, Wu J, et al. (2015) Plasma CTRP-3 concentrations in Chinese

patients with obesity and type II diabetes negatively correlate with insulin resistance. J Clin Lipidol 9:

289–294. doi: 10.1016/j.jacl.2015.03.006 PMID: 26073386
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