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Abstract

Aims: To investigate the correlation between C1q/TNF-Related Pro-
tein-6 (CTRP®6), irisin, and Type 2 Diabetes Mellitus (T2DM).

Methods: A total of 80 T2DM patients who visited the Endocrinol-
ogy Department of Bayannur City Hospital from March 2022 to Octo-
ber 2022 were selected as the research group, and 80 healthy subjects
were selected as the normal control group. Several indicators, includ-
ing serum Clqg/TNF-Related Protein-6 (CTRP6), irisin, Adiponectin
(ADP), Tumor Necrosis Factor Alpha (TNF-a), Interleukin 6 (IL-6), Fast-
ing Plasma Glucose (FPG), Plasma glucose 2h after 75g glucose load
(2hPG), Fasting Insulin (Fins), Homeostasis Model Assessment of Insu-
lin Resistance (HOMA-IR), Glycated Hemoglobin (HbAlc), Body Mass
Index (BMI) and Visceral Fat Area (VFA) were measured in all subjects.

Results: Compared with the control group, the serum CTRP6 level in
the study group was significantly increased [(150.69 £ 29.57) vs. (116.05
+29.06) ng/ml, P<0.05], and the irisin level was significantly decreased
[145.56 (117.5~191.75) vs. 205.2 (142.1~334.7) ng/L, P<0.05]. The re-
sults of Spearman correlation analysis showed that serum CTRP6 was
positively correlated with BMI, VFA, FPG, 2hPG, Fins, HOMA-IR, HbAlc,
IL-6, and TNF-a (P<0.05). Serum irisin was negatively correlated with
BMI, FPG, 2hPG, HOMA-IR, and HbA1lc (P<0.05) and positively corre-
lated with ADP and IL-6 (P<0.05). Multiple linear regression analysis
showed that VFA, FINS, HOMA-IR, ADP and IL-6 were independent in-
fluencing factors of CTRP6 (P<0.05), and IL-6 was an independent in-
fluencing factor of irisin (standardized B value=0.276, P<0.05). Binary
logistic regression analysis showed that HOMA-IR, CTRP6 and irisin
were independent predictors of T2DM. Receiver operating character-
istic (ROC) curve analysis showed that the Area Under the Curve (AUC)
of serum CTRP6 for predicting T2DM was 0.795, and the AUC of serum
irisin for predicting T2DM was 0.669.

Conclusions: Serum CTRP6 and irisin are closely related to T2DM
and have predictive value for T2DM.

Keywords: C1g/TNF-related protein-6; Irisin; Insulin resistance;
Type 2 diabetes mellitus.
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Introduction

Type 2 Diabetes Mellitus (T2DM) is associated with pancreat-
ic B-cell dysfunction, macrophage infiltration, and systemic low-
grade inflammation [1]. In recent years, T2DM has been found
to be closely related to adipocytokines. Adipose tissue not only
stores energy but is also an active endocrine organ, secreting
a variety of peptide hormones, and these secreted proteins
are called adipocytokines. Dysfunction of adipocytokines can
lead to changes in lipid formation and carbohydrate synthesis,
which affects lipid and glucose metabolism and leads to insulin
resistance and T2DM [1]. At present, hundreds of adipocyto-
kines have been discovered in humans, such as Interleukin 6
(IL-6), visceral adipose tissue-derived serine protease inhibitor
(Vaspin), Adiponectin (ADP), leptin, IL-1B, and Tumor Necrosis
Factor Alpla (TNF-a). These factors can participate in the regu-
lation of glucose and lipid metabolism, insulin sensitivity and
the inflammatory response in the human whole body through
mechanisms of endocrine, paracrine, and autocrine [2].

C1g/TNF-Related Proteins (CTRPs) are a family that has been
found to be homologous to ADP, including 15 family members
from CTRP1 to CTRP15. All CTRP members are secreted pro-
teins and are widely expressed in various tissues and cells [3].
Clg/TNFa-related protein-6 (CTRP6) is a 29kDa adipocytokine
consisting of four domains, including an amino-terminal signal
peptide, a short variable domain, a collagen-like repeatable
domain, and a carboxy-terminal complement Clqg-like globular
domain [4]. As a member of the CTRP family, CTRP6 is widely
expressed in a variety of tissues and organs, including adipose
tissue, heart, brain, and placenta, and it has been shown to play
a role in fat metabolism, glucose metabolism, myocardial me-
tabolism, inflammation, and autoimmunity [3,5].

Irisin is a newly discovered myokine that is produced by the
exercise-induced hydrolysis of Fibronectin type Ill Domain-Con-
taining protein 5 (FNDC5) in skeletal muscle. In recent years,
irisin has been found to be involved in some of the body’s en-
ergy metabolism, brown-like changes in white fat, and insulin
resistance [6]. A study by Bostrom et al., reported that exercise-
and pgc-la-induced myokine irisin drives the browning of white
fat, and brown adipose tissue affects systemic metabolism and
may affect insulin sensitivity [7]. Another study showed thatin a
high-fat-fed mouse model, high expression of irisin significantly
improved the glucose tolerance level of mice and reduced the
fasting insulin level of mice [7].

Therefore, this study intends to explore the relationship be-
tween CTRP6 and irisin and T2DM by analyzing the serum levels
of CTRP6 and irisin in the normal population and newly diag-
nosed T2DM population.

Materials and methods
Research subjects

A total of 80 patients (31 males and 49 females) who were
initially diagnosed with T2DM at the Endocrinology Department
of Bayannur City Hospital from March 2022 to October 2022
were selected. All subjects met the T2DM diagnostic criteria of
the World Health Organization (WHO). They were all diagnosed
for the first time and had not used hypoglycemic drugs, insu-
lin, and diet and exercise therapy. At the same time, 80 healthy
subjects were recruited as the normal control group (34 males

and 46 females).

Exclusion criteria: (1) age <18 years old or >70 years old; (2)
type 1 diabetes mellitus or other types of diabetes mellitus; (3)
other endocrine diseases, such as acute complications of T2DM
mellitus, thyroid disease, etc.; (4) taking antihypertensive or
lipid-lowering medications; (5) severe liver and kidney insuffi-
ciency; (6) pregnancy; and (7) patients with cardiovascular and
cerebrovascular diseases. This study complied with the ethical
guidelines of the Declaration of Helsinki and was approved by
the Medical Ethics Committee of Bayannur Hospital, Inner Mon-
golia Autonomous Region, and all subjects signed an informed
consent.

Research methods

A medical history was collected, and a questionnaire was
completed to collect general information on all subjects: age,
sex, history of disease, family history, and medication history.
A unified method was used to measure and record anthropo-
metric parameters: body weight, height, waist circumference,
hip circumference, body fat ratio, systolic blood pressure, and
diastolic blood pressure. Body Mass Index (BMI) was calculated
as BMI=weight (kg)/height (m)2. The Visceral Fat Area (VFA) was
measured by the bioelectrical impedance method (OMRON
HDS-2000), the abdominal cross-sectional area at the transum-
bilical plane was calculated by scanning the abdomen shape,
and the nonfat area and Subcutaneous Fat Area (SFA) were
calculated by two sets of electrodes on the limbs and trunk.
VFA=abdominal cross-sectional area - nonfat area - SFA.

Fasting venous blood was collected from all subjects in the
morning to detect Fasting Plasma Glucose (FPG), Fasting Insulin
(FINS), and glycosylated hemoglobin (HbA1c). All subjects un-
derwent an Oral Glucose Tolerance Test (OGTT) to detect plas-
ma glucose 2h after 75g glucose load (2hPG). All subjects were
tested at Bayannur City Hospital, Inner Mongolia Autonomous
Region. The Homeostatic Model-Assessed Insulin Resistance,
(HOMA-IR) =FINS*FPG/22.5, was calculated.

Detection of serum CTRPS, irisin, ADP, TNF-a, and IL-6

The levels of serum CTRPS, irisin, ADP, TNF-a and IL-6 were
detected by Enzyme-Linked Immunosorbent Assay (ELISA). The
detection ranges were 5-180 pg/mL, 6-280 pg/mL, 80-2000 pg/
mL, 20-400 ng/L, and 0.8-20 ng/L, respectively. The kits were
purchased from Shanghai Hengyuan Biotechnology Co, Ltd. And
used in strict accordance with the manufacturer’s instructions.

Statistical analysis

SPSS 26.0 statistical software was used for data analysis. The
measurement data were tested for normality. Measurement
data that conformed to a normal distribution are expressed as
and subjected to the t test. Measurement data that did not con-
form to the normal distribution are expressed as M (P 25 ~P 75).
The rank sum test and Spearman correlation analysis were used.
Factors that influence serum CTRP6 and irisin were analyzed by
multiple linear regression. A binary logistic regression model
was used to analyze the relationship between serum CTRP6 and
irisin and T2DM. Receiver operating characteristic (ROC) curves
were used to analyze the predictive value of serum CTRP6 and
irisin for T2DM. P<0.05 and P<0.0001 were considered statisti-
cally significant differences.
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Table 1: Comparison of clinical indicators between the normal \

\\and T2DM groups. j
Factor NGT (n = 80) T2DM (n = 80) P
Sex (F/M) 46/34 49/31 0.629
Age (y) 45.33+11.19 48.44 +10.72 0.074
BMI (kg/m2) 24.39+2.88 27.87 £4.19 <0.05
VFA (cm?) 102.46 + 28.69 116.31+39.94 <0.05
FPG (mmol/L) 4.77 £0.45 9.37+2.81 <0.05
2hPG (mmol/L) 5.65+1.06 17.58 +4.57 <0.05
Fins (uU/mL) 10.72 (7.34 - 15.93) 11.6 (7.73-15.9) 0.548
HOMA-IR 2.42 (1.48 -3.53) 4.53(3.1-6.98) <0.05
HbA1c (%) 5.49 +0.31 8.82+2.04 <0.05
ADP (pg/mL) 2050.5 (1252.2-2797.69) | 1379.64 (907.45—2010.7) | <0.05
IL-6 (ng/L) 9.01+3.28 10.66 + 4.97 <0.05
TNF-a (ng/L) 261.03 £ 45.99 287.15 +61.03 <0.05
CTRP6 (ng/L) 116.05 +29.06 150.69 * 29.57 <0.05
Irisin (ng/L) 205.19 (142.15 — 334.69) 145.56 (117.5-191.75) | <0.05

Abbreviations: 2hpg: 2h Plasma Glucose; ADP: Adiponectin; BMI: Body
Mass Index; Fins: Fasting Plasma Insulin; FPG: Fasting Plasma Glucose;
Hbalc: Hemoglobin alc; HOMA-IR: Homeostasis Model Assessment of
Insulin Resistance; IL-6: Interleukin 6; TNF- a: Tumor Necrosis Factor
Alpla; VFA: Visceral Fat Area.

Results

Analysis of clinical indicators of the two groups of study
populations

The sex and age of the T2DM group and the normal group
were comparable, and the difference was not statistically signif-
icant (P>0.05). Compared with the normal group, the levels of
BMI, VFA, FPG, 2hPG, HOMA-IR, HbA1lc, IL-6, TNF-a, and CTRP6
in the T2DM group were significantly increased, while the levels
of ADP and irisin were significantly decreased (P<0.05, Table 1).

Serum CTRP6 and irisin levels of the two groups of study
populations

Compared with the normal group, the level of CTRP6 was
significantly increased, and the level of irisin was significantly
decreased in the T2DM group (P<0.0001 Figure 1). According
to the insulin resistance index (IR), subjects were divided into a
no-IR group and an IR group, for which IR<3 was defined as the
non-IR group and IR>3 was defined as the IR group. The results
showed that the serum CTRP6 level in the IR group was signifi-
cantly higher than that in the non-IR group in the T2DM popula-
tion (P<0.05, Figure 2).

Correlation analysis between serum CTRP6 and irisin and
clinical indicators

The results of Spearman correlation analysis showed that se-
rum CTRP6 was positively correlated with BMI, VFA, FPG, 2hPG,
Fins, HOMA-IR, HbAlc, IL-6, and TNF-a (P<0.05, Table 2). Serum
irisin was negatively correlated with BMI, FPG, 2hPG, HOMA-IR,
and HbA1lc and positively correlated with ADP and IL-6 (P<0.05,
Table 2).
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Figure 1: Serum levels of CTRP6 and Irisin in the normal versus
\\TZDM groups. j

Note: CON is the normal group and T2DM is the Type 2 diabetes mel-
litus group, ****P < 0.0001 vs CON.
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Figure 2: Serum levels of CTRP6 in the insulin-resistant and non-

insulin-resistant groups.

Note: CON is the normal group, T2DM is the type 2 diabetes mellitus
group, NON-IR is the non-insulin resistance group, IR is the insulin re-

sistance group,**P<0.05 vs NON-IR.

(Table 2: Correlation analysis of serum CTRP6 and Irisin with \‘
\\clinical indicators in the T2DM group.

/

Factor CTRP6 Irisin

r P r P
Age (y) -0.113 0.039 -0.031 0.872
BMI (kg/m?) 0.255 <0.05 -0.201 <0.05
VFA (cm?) 0.243 <0.05 -0.119 0.133
FPG (mmol/L) 0.500 <0.05 -0.295 <0.05
2hPG (mmol/L) 0.434 <0.05 -0.278 <0.05
Fins (LU/mL) 0.237 <0.05 -0.055 0.493
HOMA-IR 0.456 <0.05 -0.234 <0.05
HbAlc (%) 0.470 <0.05 -0.352 <0.05
ADP (pg/mL) -0.150 0.059 0.248 <0.05
IL-6 (ng/L) 0.284 <0.05 0.248 <0.05
TNF-a (ng/L) 0.222 <0.05 -0.013 0.872
CTRP6 (ng/L) - - -0.134 0.092
Irisin (ng/L) -0.134 0.092 - -

Abbreviations: 2hpg: 2h Plasma Glucose; ADP: Adiponectin; BMI: Body
Mass Index; Fins: Fasting Plasma Insulin; FPG: Fasting Plasma Glucose;
Hbalc: Hemoglobin alc; HOMA-IR: Homeostasis Model Assessment of
Insulin Resistance; IL-6: Interleukin 6; TNF- o: Tumor Necrosis Factor
Alpla; VFA: Visceral Fat Area.

www.jcimcr.org

Page 3



Multiple linear regression analysis of the influencing fac-
tors of serum CTRP6 and irisin

Multiple linear regression analysis was performed with
CTRP6 and irisin as dependent variables, and the indepen-
dent variables were age, BMI, VFA, FPG, 2hPG, FINS, HOMA-IR,
Hb1Ac, ADP, IL-6, and TNF-a. The results showed that VFA, Fins,
HOMA-IR, ADP and IL-6 were independent influencing factors
of CTRP6 (P<0.05, Table 3); IL-6 was an independent influencing
factor of irisin (P<0.05, Table 3).

/Table 3: Multiple linear regression analysis of the factors affect- \
‘ ing serum CTRP6 and irisin in the T2DM group
Factor CTRP6 Irisin
B P B P

Age (y) -0.112 0.081 -0.061 0.440
BMI (kg/m?) -0.122 0.164 -0.163 0.126
VFA (cm?) 0.222 <0.05 0.125 0.205
FPG (mmol/L) -0.121 0.455 -0.219 0.270
2hPG (mmol/L) 0.245 0.109 -0.017 0.928
Fins (WU/mL) -0.449 <0.05 -0.257 0.181
HOMA-IR 0.814 <0.05 0.290 0.199
HbAlc (%) -0.011 0.931 -0.210 0.171
ADP (pg/mL) 0.140 <0.05 0.068 0.394
IL-6 (ng/L) 0.203 <0.05 0.276 <0.05
TNF-a (ng/L) 0.054 0.396 0.000 0.998

Abbreviations: 2hpg: 2h Plasma Glucose; ADP: Adiponectin; BMI: Body
Mass Index; Fins: Fasting Plasma Insulin; FPG: Fasting Plasma Glucose;
Hbalc: Hemoglobin alc; HOMA-IR: Homeostasis Model Assessment of
Insulin Resistance; IL-6: Interleukin 6; TNF-a: Tumor Necrosis Factor Al-
pla; VFA: Visceral Fat Area.

Relationship between serum CTRP6 and irisin and T2DM

Taking T2DM as the dependent variable, HOMA-IR, CTRPS6,
and irisin, which were statistically significantly correlated in
univariate analysis, were selected as the independent variables
and substituted into the binary logistic regression model. The
results showed that HOMA-IR, CTRP6 and irisin were inde-
pendent predictors of T2DM. Among these predictors, each
increase of HOMA-IR by one unit increased the risk of T2DM
by 23.6% (OR=1.236, 95% Cl: 1.025-1.490, P<0.05), and each
increase in CTRP6 by 1 ng/mL increased the risk of T2DM by
4.0% (OR=1.040, 95% Cl: 1.023~1.057, P<0.05). Every 1 ng/mL
decrease in irisin was associated with a 0.6% increase in the risk
of T2DM (OR=0.994, 95% Cl: 0.989-0.999, P<0.05) (Table 4).

/Table 4: Binary logistic regression analysis of the association of \
‘ serum CTRP6 and Irisin with T2DM ‘

/
Variable B SE | Wald x* P OR 95% CI
HOMA-IR 0.212  0.095 4.912 <0.05 1.236  1.025-1.490
CTRP6 (ng/mL) 0.039 0.008 21.154 <0.05 1.040  1.023-1.057
Irisin (ng/mL) -0.006 0.002 6.025  <0.05 0.994 0.989-0.999

Abbreviations: HOMA-IR: The Homeostasis Model Assessment of
Insulin Resistance; Cl: Confidence Interval; OR: Odds Radio.

Predictive value of serum CTRP6 and irisin in T2DM

ROC curve analysis showed that the optimal cutoff value of
serum CTRP6 for predicting T2DM was 121.8 pg/L [sensitivity:
86.3%, specificity: 58.8%, AUC: 0.795 (95% Cl: 0.727-0.863),
P<0.0001, Figure 3]; the optimal cutoff value of serum irisin for
predicting T2DM was 193.3 pg/L [sensitivity: 76.3%, specificity:
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Figure 2: Serum levels of CTRP6 in the insulin-resistant and non-
insulin-resistant groups.

. /
56.3%, AUC: 0.669 (95% Cl: 0.585~0.755), P<0.0001, Figure 3].

Discussion

The adipocytokines CTRP6 and irisin may be involved in the
regulation of energy metabolism, insulin resistance, and sys-
temic low-grade inflammation in the body, but these findings
have not yet been clinically confirmed [8-11]. The results of
this study showed that CTRP6 was significantly increased in the
serum of patients newly diagnosed with T2DM and was posi-
tively correlated with blood glucose and the insulin resistance
index, which were independent predictors of T2DM. Every 1
ng/mL increase in CTRP6 was associated with 4.0% increased
risk of T2DM. Irisin was significantly decreased in the serum of
patients newly diagnosed with T2DM and was negatively cor-
related with blood glucose and insulin resistance index, which
were independent predictors of T2DM. Every 1 ng/mL decrease
in irisin was associated with a 0.6% increase in the risk of T2DM.
In addition, the AUC of serum CTRP6 for predicting T2DM was
0.795 (95% Cl: 0.727-0.863), and the AUC of serum irisin for
predicting T2DM was 0.669 (95% Cl: 0.585-0.755). Therefore,
we hypothesize that serum CTRP6 and irisin are associated with
T2DM and have predictive value for T2DM.

Previous studies [8,12] have shown that CTRP6 is highly ex-
pressed in the serum of patients with T2DM, while irisin is sig-
nificantly reduced in the serum of patients with T2DM, which
is consistent with our findings. In addition, animal experiments
have demonstrated that the expression of CTRP6 in adipose tis-
sue of High-Fat Diet (HFD)-fed ob/ob mice and ADP-knockout
mice is elevated, and rosiglitazone treatment can reduce the
expression of CTRP6 in fat tissues of ob/ob mice [13]. High ex-
pression of CTRP6 can increase insulin sensitivity in mice, while
low expression of CTRP6 can improve insulin sensitivity and re-
duce inflammatory responses in mice [14]. Irisin can improve
glucose metabolism disorder in T2DM mice by reducing hepatic
gluconeogenesis and insulin resistance [15]. Therefore, we hy-
pothesized that serum CTRP6 and irisin are related to the occur-
rence of insulin resistance and T2DM. However, due to the limi-
tations of cross-sectional studies, we still do not know whether
the changes in the levels of these factors are adaptive defensive
responses to insulin resistance, T2DM, and other metabolic dis-
orders, and further studies are needed to prove this hypothesis.
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Insulin resistance is closely related to the occurrence and
development of T2DM and is an important feature of T2DM
[16]. Because CTRP6 may play a key role in the development
of insulin resistance, we examined the relationship between
CTRP6 and irisin and parameters related to insulin resistance.
This study showed that serum CTRP6 and irisin were signifi-
cantly correlated with FPG, 2hPG, HOMA-R, and Fins. Serum
CTRP6 was highly expressed in insulin-resistant people (Figure
2), and HOMA-IR and Fins were independent influencing factors
of CTRP6. ADP is an insulin-sensitizing hormone secreted by
adipocytes that can improve insulin resistance in mice [17]. The
results of this study showed that ADP was significantly reduced
in the serum of patients with T2DM, and ADP was significantly
correlated with irisin, and ADP was an independent influenc-
ing factor of CTRP6. Therefore, serum CTRP6 and irisin may be
related to insulin resistance. Although the exact mechanism by
which serum CTRP6 and irisin are involved in T2DM and insulin
resistance could not be determined in this study, they play an
important regulatory role in glucose metabolism and insulin sig-
nal transduction pathways.

Over the past few decades, chronic low-grade inflammation
has been recognized as an important feature of T2DM [18]. IL-6
and TNF-a are important markers of chronic low-grade inflam-
mation and play an important role in the pathogenesis of T2DM
[19]. Li et al., [20]. found that serum TNF-a and IL-6 levels were
higher in patients with T2DM than in the normal population.
Leinonen et al. [21] found that serum inflammatory markers,
such as CRP, IL-6, and SAA, were higher in T2DM patients than
in the normal population. Several domestic and foreign stud-
ies also showed that the level of IL-6 in the peripheral blood
was significantly higher in T2DM patients than in the normal
population [22]. Therefore, we examined the serum levels of
IL-6 and TNF-a in the normal population and T2DM popula-
tion. Consistent with previous findings, IL-6 and TNF-a were
significantly increased in the serum of patients with T2DM. A
recent study showed that knocking out CTRP6 in mice results
in significant reductions in TNF-a, IL-1B, and IL-6 in glomerular
mesangial cells stimulated by high glucose [23]. Another study
confirmed that irisin can block intestinal inflammatory changes
by reducing the levels of TNF-a and Receptor Activator of Nu-
clear Factor-Kappa B Ligand (RANKL) [23]. Furthermore, IL-6 can
directly act on leukocytes by coupling the JAK2/STAT3 signaling
pathway to inhibit the secretion of irisin [24]. Because CTRP6
and irisin play key roles in the development of inflammation, we
investigated the relationship between serum CTRP6 and irisin
and inflammatory factors. The study showed that CTRP6 was
positively significantly correlated with IL-6 and TNF-q, irisin was
positively and significantly correlated with IL-6, and IL-6 was an
independent factor of CTRP6 and irisin. Therefore, further re-
search is needed to explore relationship between serum CTRP6
and irisin and inflammatory factors in T2DM patients and the
role of CTRP6 and irisin in the inflammatory response.

This study has certain limitations. First, this study is a single-
center, small sample, cross-sectional study, and the causal re-
lationship between serum CTRP6 and irisin and T2DM cannot
be speculated. Second, the recruited populations in this study
were all from Inner Mongolia, China. The results of this study
need to be confirmed by multicenter, large-sample, and pro-
spective cohort studies.
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