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ABSTRACT 
Background: Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by insulin 
resistance, progressive pancreatic β-cell dysfunction, and persistent hyperglycemia. C1q/Tumor 
Necrosis Factor-Related Protein 3 (CTRP3) is an adipokine with anti-inflammatory and insulin-
sensitizing properties that has been implicated in glucose and lipid metabolism. However, its 
association with dyslipidemia in T2DM remains incompletely understood. 
Objective: To compare serum CTRP3 concentrations between patients with T2DM and healthy 
controls and to evaluate the association of CTRP3 with glycaemic and lipid profile parameters. 
Methods: A hospital-based comparative cross-sectional study was conducted among 60 participants, 
including 30 patients with established T2DM and 30 age- and sex-matched healthy controls recruited 
from Government Medical College Hospital, Thiruvananthapuram. Serum CTRP3 concentrations were 
measured using a sandwich enzyme-linked immunosorbent assay. Fasting blood glucose (FBS), 
glycated hemoglobin (HbA1c), and lipid profile parameters were analyzed using standard automated 
biochemical methods. Statistical analysis was performed using SPSS version 24.0, and Pearson's 
correlation coefficient was used to assess associations between CTRP3 and biochemical variables. 
Results: Serum CTRP3 concentrations were significantly lower in patients with T2DM than in healthy 
controls (405 ± 82.5 vs. 559 ± 124 ng/mL; P < 0.001). Serum CTRP3 showed a significant inverse 
correlation with FBS (r = −0.434, P = 0.017) and triglycerides (r = −0.423, P = 0.020). Negative 
correlations were observed with HbA1c, total cholesterol, and LDL cholesterol, while HDL cholesterol 
showed a positive correlation; however, these associations were not statistically significant. 
Conclusions: Serum CTRP3 concentrations were significantly reduced in patients with T2DM and were 
inversely associated with fasting blood glucose and triglyceride concentrations. These findings 
suggest that CTRP3 may serve as a potential biomarker of metabolic dysfunction in T2DM. Larger 
prospective studies are required to determine its role in predicting disease progression and diabetes-
related complications. 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) represents the 

most common form of diabetes, accounting for 
nearly 90–95% of diabetes cases globally. It is 

a multifactorial metabolic disease characterized 

by impaired insulin action, gradual deterioration 

of pancreatic β-cell function, and sustained 
hyperglycemia. Over time, these metabolic 
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abnormalities lead to both microvascular and 

macrovascular complications, making T2DM a 

leading contributor to morbidity and mortality 
worldwide.[1–5] 

The burden of T2DM has increased rapidly 
across the globe, largely driven by urbanization, 

aging populations, rising obesity rates, reduced 

physical activity, and unhealthy dietary 
patterns. India has experienced a particularly 

steep increase in disease prevalence, with 
T2DM becoming one of the country's major 

public health concerns.[1,4-8] Although 
diagnostic and therapeutic strategies have 

improved considerably, a substantial proportion 

of individuals remain undiagnosed until 
irreversible complications become evident. This 

has intensified the search for reliable 
biomarkers to identify metabolic disturbances in 

the early phases of disease development.[9,10-15] 

Adipose tissue is no longer viewed merely as an 
energy storage site but is now recognized as an 

endocrine organ that plays a critical role in 
maintaining glucose and lipid balance through 

the secretion of various adipokines.[16-18] 
Among these molecules, C1q/TNF-related 

protein-3 (CTRP3), a member of the C1q/TNF 

superfamily, has attracted increasing attention 
because of its insulin-sensitizing, anti-

inflammatory, and glucose-regulating 
effects.[18-21] Experimental studies have shown 

that CTRP3 reduces hepatic gluconeogenesis, 

enhances insulin signaling pathways, improves 
lipid metabolism, and suppresses chronic low-

grade inflammation, thereby influencing several 
pathways implicated in the development of 

T2DM.[19-22] 

Clinical investigations have consistently 
reported lower circulating CTRP3 levels in 

individuals with T2DM and obesity.[23-27] 
However, its association with dyslipidemia 

remains unclear. Since insulin resistance and 
abnormal lipid metabolism are closely linked 

and play a major role in the development of 

cardiovascular complications in diabetes, 
evaluating the relationship between CTRP3 and 

lipid profile parameters may provide additional 
evidence supporting its utility as a biomarker of 

metabolic dysfunction.[5,24-30] Therefore, the 

present study was undertaken to assess serum 
CTRP3 levels in patients with T2DM, compare 

them with healthy individuals, and investigate 
their association with lipid profile parameters. 

 
Mechanistic Background of CTRP3 in Type 
2 Diabetes Mellitus 

The pathogenesis of T2DM involves the 

combined effects of insulin resistance in 

skeletal muscle, liver, and adipose tissue along 

with progressive impairment of pancreatic β-

cell function. These defects reduce peripheral 
glucose uptake, increase hepatic glucose 

output, and ultimately lead to persistent 
hyperglycemia.[3,5,10-15] In addition, chronic low-

grade inflammation, oxidative stress, 

lipotoxicity, and ectopic fat deposition further 
worsen insulin resistance and promote the 

onset of vascular complications associated with 
diabetes.[5,11-15] As a result, adipokines have 

become an important area of research due to 
their roles in regulating glucose metabolism, 

lipid homeostasis, and inflammatory 

processes.[16-18] 
CTRP3 is a secretory adipokine predominantly 

synthesized by adipose tissue and belongs to 
the C1q/TNF-related protein family.[17-20] 

Although it shares structural similarities with 

adiponectin, CTRP3 exhibits distinct biological 
functions within the CTRP family.[17-20] 

Experimental evidence indicates that CTRP3 
suppresses hepatic glucose production by 

activating AKT- and ERK-dependent signaling 
pathways, downregulating gluconeogenic 

enzyme expression, promoting lipid oxidation, 

and decreasing triglyceride synthesis. 
Collectively, these actions enhance insulin 

sensitivity independently of circulating insulin 
levels.[19-22] 

Apart from its metabolic effects, CTRP3 also 

possesses significant anti-inflammatory activity. 
It inhibits the release of pro-inflammatory 

cytokines such as tumor necrosis factor-α and 
interleukin-6, reduces macrophage-mediated 

inflammation within adipose tissue, and 

improves insulin signaling in peripheral 
tissues.[21,22,28] Furthermore, CTRP3 expression 

appears to be modulated by both metabolic and 
inflammatory stimuli and may contribute to 

adipose tissue homeostasis through 
interactions with adiponectin-related signaling 

pathways.[20,21,28] These combined actions 

enhance insulin responsiveness while reducing 
chronic metabolic inflammation, both of which 

are fundamental mechanisms in T2DM 
progression.[5,21,22,28] 

Recent evidence also suggests that CTRP3 

exerts protective effects against diabetes-
related complications. Experimental studies 

have demonstrated improvements in 
endothelial function, preservation of vascular 

integrity, reduction of oxidative stress and 
inflammation, and attenuation of diabetic 

cardiomyopathy through AMPK- and AKT-

mediated signaling mechanisms.[29,30] Clinical 
studies have similarly shown significantly lower 
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circulating CTRP3 concentrations in patients 

with T2DM, obesity, metabolic syndrome, and 

diabetic nephropathy, indicating its potential 
value as a biomarker of insulin resistance and 

metabolic dysfunction.[23-27] Nevertheless, 
evidence linking CTRP3 with dyslipidemia 

remains limited, providing the scientific basis 

for undertaking the present investigation. 
 

 
MATERIALS & Methods 
Study Design 

A hospital-based cross-sectional comparative 

study was conducted to evaluate serum CTRP3 
concentrations in patients with type 2 diabetes 

mellitus and healthy controls. 
 
Study Setting 

The study was carried out in the Endocrinology 
Outpatient Department, Department of 

Endocrinology, Government Medical College 
Hospital, Thiruvananthapuram, Kerala, India. 

Biochemical analyses were performed in the 

Department of Biochemistry, Government 
Medical College Hospital, Thiruvananthapuram. 

 
Study Duration 

The study was conducted over a period of one 

year, from July 2021 to July 2022. Ethical 
approval was obtained from the Human Ethics 

Committee of Government Medical College, 

Thiruvananthapuram, before commencement 
of the study. 

 
Sample Size 

The sample size was estimated using the 

standard formula for comparison of two 
independent means: 

n = (Z1-α/2 + Z1-β)2 (σ 2 + σ22) 

(μ1 – μ2)2 

 
(𝑍1 − 𝛼/2 +  𝑍1 − 𝛽)2 𝑣𝑎𝑙𝑢𝑒, 𝑤ℎ𝑒𝑛 𝛽 

=  90% 𝑖𝑠 10.49 𝜎1 
−  80.73 𝜎2 −  69.79 

 

μ1 – 328.17, μ2 – 257.61. The expected 
mean values were 328.17 and 257.61, with 

corresponding standard deviations of 80.73 and 

69.79 for the two groups. 
The estimated minimum sample size was 24 

participants. To improve the reliability of the 
analysis and facilitate a meaningful comparison 

between groups, the final sample size was 

increased to 30 participants in each group. 
Accordingly, the study included 30 patients with 

type 2 diabetes mellitus (study group) and 30 
healthy individuals (comparison group). 

 
Study Population 

The study included patients with established 
type 2 diabetes mellitus (T2DM) attending the 

Endocrinology Outpatient Department, 

Government Medical College Hospital, 
Thiruvananthapuram, and age- and sex-

matched healthy controls. 
 
Inclusion Criteria 

Study group: Patients aged 20–75 years with 
established T2DM receiving treatment at the 

Department of Endocrinology. 

Comparison group: Age- and sex-matched 
healthy volunteers who provided written 

informed consent. 
 
Exclusion Criteria 

Patients with type 1 diabetes mellitus, those 
receiving GLP-1 receptor agonists or DPP-4 

inhibitors, and individuals unwilling to provide 
informed consent were excluded. Healthy 

controls who did not provide informed consent 

were also excluded. 
 
Ethical Approval 

Written informed consent was obtained from all 
participants before enrolment. The study was 

approved by the Human Ethics Committee, 
Government Medical College, 

Thiruvananthapuram (HEC No. 

03/13/2021/MCT; approved on 05 March 
2021). 

 
Sampling Method 

Participants fulfilling the eligibility criteria were 

recruited consecutively until the required 
sample size was achieved. 

 
Data Collection 

Demographic and clinical data were collected 

using a structured study proforma after 
obtaining written informed consent. 

 
Biochemical Measurements 
Sample Collection 

After a 12-hour overnight fast, 3 mL of venous 

blood was collected under aseptic precautions. 
Serum was separated by centrifugation at 3000 

rpm for 10 minutes and stored at −20°C until 

analysis. 
 
Serum CTRP3 Estimation 

Serum CTRP3 concentrations were measured 
using a commercially available Human Intact 

CTRP3 sandwich ELISA kit (Bioassay 
Technology Laboratory). The assay had a 

detection range of 0.05–30 ng/mL and a 
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sensitivity of 0.026 ng/mL. Serum samples 

were diluted 1:20 with phosphate-buffered 

saline before analysis. Absorbance was 
recorded at 450 nm, and concentrations were 

calculated from the standard calibration curve 
after correction for the dilution factor. The 

intra-assay and inter-assay coefficients of 

variation were less than 8% and less than 10%, 
respectively. 

 
Fasting Blood Glucose and HbA1c 

Fasting blood glucose was estimated by the 

enzymatic hexokinase method using a Beckman 
Coulter automated chemistry analyzer. HbA1c 

was measured using the turbidimetric 
immunoinhibition method on the same 

analyzer, following the manufacturer's 

instructions. 
 
Lipid Profile 

Serum total cholesterol, triglycerides, and HDL-
cholesterol were measured using standard 

enzymatic methods on the Beckman Coulter 

automated analyzer. LDL-cholesterol was 

calculated using the Friedewald equation for 
samples within the valid triglyceride range, and 

VLDL-cholesterol was estimated as triglycerides 
divided by five. 

 
RESULTS 
Demographic Characteristics 

A total of 60 participants were included in the 

study, comprising 30 patients with T2DM and 
30 age- and sex-matched healthy controls. 

The proportion of females was 56.7% (17/30) 

in the T2DM group and was comparable to that 
of the control group, with no significant 

difference in sex distribution between groups 
(Chi-square test, p = 0.795). The control group 

counts (16 females, 14 males) are consistent 
with the reported non-significant sex 

distribution (p = 0.795). 

 
Characteristic T2DM (n = 30) Controls (n = 30) P value 

Male, n (%) 13 (43.3) 14 (46.7) 
0.795 

Female, n (%) 17 (56.7) 16 (53.3) 

Male:Female ratio 1:1.31 1:1.14 — 

Table 1. Baseline demographic characteristics of the study population 

*Values are presented as n (%). Sex distribution was comparable between the T2DM and control 

groups (Chi-square test, P = 0.795). 
 
Clinical Characteristics of Patients with 
T2DM 

Among the 30 patients with T2DM, 17 (56.7%) 

had dyslipidemia, indicating that lipid 

abnormalities were common in the diabetic 

population. The distribution of diabetes 

duration is shown in Figure 1. 

 

 
 

Figure 1 Horizontal bar chart showing the 

distribution of diabetes duration among 
patients with T2DM. The largest proportion of 

patients had diabetes for ≤5 years (40.0%), 

followed by more than 15 years (23.3%), 5–10 

years (26.7%), and 10–15 years (10.0%). 
 
Comparison of Biochemical Parameters 
Between Groups 
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Serum CTRP3 concentrations were significantly 

lower in patients with T2DM than in healthy 

controls. Mean serum CTRP3 concentration was 
405 ± 82.5 ng/mL in the T2DM group compared 

with 559 ± 124.0 ng/mL in controls (P &lt; 

0.001). Mean total cholesterol was slightly 

higher in patients with T2DM (181 ± 59.5 

mg/dL) than in controls (177 ± 29.6 mg/dL), 
but this difference was not statistically 

significant (P = 0.726). 
 

Parameter T2DM (n=30) Mean ± SD 
Controls (n=30) Mean ± 

SD 
P value 

Total cholesterol (mg/dL) 181 ± 59.5 177 ± 29.6 0.726 

Serum CTRP3 (ng/mL) 405 ± 82.5 559 ± 124.0 &lt;0.001 

Table 2. Comparison of biochemical parameters between patients with T2DM and healthy 
controls 

Values are expressed as mean ± standard deviation 
 
Association Between Serum CTRP3 and 
Glycaemic Parameters 

Pearson correlation analysis demonstrated a 

significant inverse correlation between serum 

CTRP3 and fasting blood glucose (r = −0.434, 
P = 0.017). Although CTRP3 also showed a 

negative correlation with HbA1c (r = −0.314), 

the association was not statistically significant 
(P = 0.091). These findings suggest that lower 

circulating CTRP3 concentrations were 

associated with poorer fasting glycaemic status 
but not with long-term glycaemic control in this 

study population.

 

 
Parameter Pearson's r P value 

Fasting blood glucose -0.434 0.017 

HbA1c -0.314 0.091 

Table 3. Correlation of serum CTRP3 with glycaemic parameters in patients with T2DM 

 
Association Between Serum CTRP3 and 
Lipid Profile Parameters 

Serum CTRP3 showed a significant inverse 

correlation with serum triglyceride 
concentration (r = −0.423, P = 0.020). In 

contrast, correlations with total cholesterol (r = 
−0.087, P = 0.646), LDL cholesterol (r = 

−0.164, P = 0.387), and HDL cholesterol (r = 

0.081, P = 0.672) were not statistically 

significant. The observed inverse relationship 
between CTRP3 and triglycerides suggests a 

potential association between lower CTRP3 
concentrations and diabetic dyslipidemia.

 

 

Lipid parameter Pearson's r P value 

Total cholesterol -0.087 0.646 

Triglycerides -0.423 0.020 

LDL cholesterol -0.164 0.387 

HDL cholesterol 0.081 0.672 

Table 4. Correlation of serum CTRP3 with lipid profile parameters in patients with T2DM 

 
DISCUSSION 

Type 2 diabetes mellitus (T2DM) is 

characterized by insulin resistance, progressive 

β-cell dysfunction, chronic low-grade 
inflammation, and disturbances in lipid 

metabolism, all of which contribute to the 
development of vascular complications.[1-5,10-15] 

Adipokines have emerged as important 

regulators of these metabolic pathways, and 
CTRP3 has attracted increasing attention for its 

anti-inflammatory, insulin-sensitizing, and 
glucose-regulating properties.[16-22] The present 

study evaluated circulating serum CTRP3 

concentrations in patients with T2DM and 
examined their relationship with glycaemic 

status and lipid profile parameters. 
The principal finding of this study was that 

serum CTRP3 concentrations were significantly 

lower in patients with T2DM than in healthy 
controls. In addition, serum CTRP3 showed 

significant inverse correlations with fasting 
blood glucose and serum triglyceride 

concentrations, whereas no significant 
associations were observed with HbA1c, total 

cholesterol, LDL cholesterol, or HDL 

cholesterol. These findings suggest that 
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reduced circulating CTRP3 levels are associated 

with impaired metabolic regulation in T2DM.[23-

30] 
The reduction in serum CTRP3 observed in the 

present study is consistent with several 
previous clinical investigations. Ban et al. 

reported significantly lower CTRP3 

concentrations in patients with newly 
diagnosed T2DM, suggesting that reduced 

CTRP3 may be an early metabolic abnormality 
in diabetes.[23] Similar findings have been 

described in patients with diabetic nephropathy 
and other insulin-resistant conditions, where 

decreased CTRP3 concentrations were 

associated with worsening metabolic 
dysfunction.[25-27] Experimental studies have 

also demonstrated reduced CTRP3 expression 
in obesity and insulin resistance, supporting its 

role as a protective adipokine that helps 

maintain glucose homeostasis.[18-22] 
Collectively, these observations strengthen the 

evidence that diminished circulating CTRP3 is a 
characteristic feature of T2DM. 

However, not all studies have reported similar 
findings. Choi et al. observed higher circulating 

CTRP3 concentrations in individuals with T2DM 

and metabolic syndrome.[24] Differences 
between studies may reflect variations in 

participant characteristics, obesity status, 
disease duration, antidiabetic therapy, 

ethnicity, and laboratory methods used for 

CTRP3 estimation.[20,24] Such heterogeneity 
highlights the need for standardized methods 

and larger multicentre studies to better define 
the clinical behavior of CTRP3 across different 

populations. 

A significant inverse correlation was identified 
between serum CTRP3 and fasting blood 

glucose in the present study. This finding is 
consistent with studies showing reduced CTRP3 

concentrations in individuals with obesity, 
insulin resistance, and impaired glucose 

metabolism.[25,28] The biological basis for this 

relationship is supported by experimental 
evidence showing that CTRP3 suppresses 

hepatic gluconeogenesis, enhances insulin 
signaling through AKT- and ERK-mediated 

pathways, and improves peripheral glucose 

utilization.[18-22] In addition, CTRP3 has been 
shown to reduce the production of pro-

inflammatory cytokines and improve insulin 
sensitivity in adipose tissue, mechanisms that 

may contribute to improved glycaemic 
regulation.[21,22,28] Although causality cannot be 

established in a cross-sectional study, the 

observed association supports the proposed 

metabolic role of CTRP3 in glucose 

homeostasis. 

Serum CTRP3 showed a negative correlation 
with HbA1c, although the association was not 

statistically significant. HbA1c reflects long-
term glycaemic control over approximately 

three months, whereas CTRP3 may be more 

closely related to current metabolic and 
inflammatory status than to cumulative 

glycaemic exposure. The lack of statistical 
significance may also be attributable to the 

relatively small sample size and variability in 
diabetes duration among participants. Similar 

inconsistent associations between CTRP3 and 

HbA1c have been reported in previous 
studies.[23-30] 

Among the lipid parameters evaluated, serum 
triglycerides demonstrated a significant inverse 

correlation with CTRP3. This observation is 

clinically relevant because hypertriglyceridemia 
is a common feature of insulin resistance and 

contributes substantially to cardiovascular risk 
in patients with T2DM.[5,11-15] Wolf et al. 

reported an inverse association between 
circulating CTRP3 concentrations and 

triglyceride levels in obese individuals, while 

Deng et al. demonstrated similar relationships 
in patients with obesity and hypertension.[25,27] 

Experimental evidence suggests that CTRP3 
promotes lipid oxidation, suppresses 

triglyceride synthesis, and improves hepatic 

lipid metabolism, providing a plausible 
explanation for the observed association.[19-22] 

These findings indicate that CTRP3 may 
influence both glucose and triglyceride 

metabolism through interconnected metabolic 

pathways. 
Although serum CTRP3 showed negative 

correlations with total and LDL cholesterol and 
a positive correlation with HDL cholesterol, 

none of these associations were statistically 
significant. Previous studies have reported 

variable relationships between CTRP3 and 

individual lipid fractions.[23-30] The absence of 
significant associations in the present study 

may reflect the limited sample size, differences 
in lipid-lowering therapy, dietary habits, and the 

relatively heterogeneous duration of diabetes 

among participants. Therefore, the present 
findings do not exclude a possible relationship 

between CTRP3 and cholesterol metabolism but 
suggest that this association requires further 

evaluation. 
The findings of the present study have potential 

clinical implications. Identification of 

biomarkers that reflect early metabolic 
dysfunction may improve risk stratification in 
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patients with T2DM before the development of 

overt vascular complications.[9,13-15] The 

observed reduction in serum CTRP3 and its 
association with fasting blood glucose and 

triglycerides suggest that CTRP3 may serve as 
an adjunctive biomarker for insulin resistance 

and metabolic dysregulation. However, its role 

as a diagnostic or prognostic biomarker 
requires validation in larger prospective 

studies.[20-30] 
This study has several strengths. It included 

age- and sex-matched healthy controls and 
evaluated CTRP3 alongside glycaemic and lipid 

parameters in a well-defined, hospital-based 

population. Standardized biochemical methods 
were used to estimate CTRP3 and other 

laboratory parameters. Nevertheless, certain 
limitations should be acknowledged. The cross-

sectional design precludes causal inference; the 

sample size was relatively small, and 
measurements were obtained at a single 

tertiary care center. Information on body mass 
index, inflammatory biomarkers, insulin levels, 

and medication effects was not evaluated, 
which may have influenced circulating CTRP3 

concentrations. 

In conclusion, the present study demonstrates 
that serum CTRP3 concentrations are 

significantly reduced in patients with T2DM and 
are inversely associated with fasting blood 

glucose and serum triglyceride concentrations. 

These findings support emerging evidence that 
CTRP3 is involved in glucose and lipid 

metabolism and may serve as a promising 
biomarker of metabolic dysfunction in T2DM.[23-

30] Larger longitudinal studies are required to 

clarify its predictive value and its potential role 
in the development of diabetic complications. 

 
Limitations 

 The study was conducted at a single 

tertiary care center with a relatively small 

sample size, which may limit the 
generalizability of the findings. 

 The cross-sectional design and single-

time-point measurement of serum CTRP3 
precluded assessment of causal or 

temporal relationships with T2DM and 

dyslipidemia. 
 Nutritional status, body composition, and 

dietary intake were not assessed and may 

have influenced circulating CTRP3 
concentrations. 

 
CONCLUSION 

Serum CTRP3 concentrations were significantly 

lower in patients with type 2 diabetes mellitus 

than in healthy controls. Serum CTRP3 showed 

significant inverse correlations with fasting 

blood glucose and triglyceride concentrations. 
No significant associations were observed 

between serum CTRP3 and HbA1c, total 
cholesterol, LDL cholesterol, or HDL 

cholesterol. 

These findings suggest that reduced circulating 
CTRP3 may serve as a potential biomarker of 

metabolic dysfunction in type 2 diabetes 
mellitus. Further prospective studies are 

needed to validate its role in disease 
progression and diabetes-related 

complications. 

 
REFERENCES 

1. Chen L, Magliano DJ, Zimmet PZ. The 
worldwide epidemiology of type 2 
diabetes mellitus-present and future 
perspectives. Nat Rev Endocrinol 
2012;8(4):228-36. doi: 
10.1038/nrendo.2011.183. 

2. DeFronzo RA. Pathogenesis of type 2 
diabetes mellitus. Med Clin North Am 
2004; 88(4):787-835, ix. doi: 
10.1016/j.mcna.2004.04.013 

3. DeFronzo RA, Ferrannini E, Groop L, 
Henry RR, Herman WH, Holst JJ, ET AL. 
Type 2 diabetes mellitus. Nat Rev Dis 
Primers 2015;1:15019. doi: 
10.1038/nrdp.2015.19. 

4. Bhutani J, Bhutani S. Worldwide burden 
of diabetes. Indian J Endocrinol Metab 
2014;18(6):868-70. doi: 10.4103/2230-
8210.141388. 

5. Hu FB. Globalization of diabetes: The 
role of diet, lifestyle, and genes. 
Diabetes Care 2011;34(6):1249-57. Doi: 
10.2337/dc11-0442. 

6. Chandrupatla SG, Khalid I, Muthuluri T, 
Dantala S, Tavares M. Diabetes and 
prediabetes prevalence among young 
and middle-aged adults in India, with an 
analysis of geographic differences: 
findings from the National Family Health 
Survey. Epidemiol Health 
2020;42:e2020065. doi: 
10.4178/epih.e2020065. 

7. Ramachandran A. Epidemiology of type 
2 diabetes in Indians. J Indian Med Assoc 
2002;100(7):425-427. 

8. Raman Kutty V, Joseph A, Soman CR. 
High prevalence of type 2 diabetes in an 
urban settlement in Kerala, India. Ethn 
Health 1999;4(4):231-9. doi: 
10.1080/13557859998029. 

9. American Diabetes Association 
Professional Practice Committee. 2. 



Dr. Priya S. et al / Serum C1q/Tumor Necrosis Factor-Related Protein 3 (CTRP3) Levels in 
Individuals with Type 2 Diabetes Mellitus and Healthy Controls: A Comparative Cross-Sectional Study 

 

4881| International Journal of Pharmacy Research & Technology | July - Dec 2026 | Vol 16| Issue 2 

Classification and diagnosis of diabetes: 
Standards of Medical Care in Diabetes-
2021. Diabetes Care 2021;44(Suppl 
1):S15-33. doi: 10.2337/dc21-S002. 

10. Nowicka P, Santoro N, Liu H, Lartaud D, 
Shaw MM, Goldberg R, et al. Utility of 
hemoglobin A1c for diagnosing 
prediabetes and diabetes in obese 
children and adolescents. Diabetes Care 
2011;34(6):1306-11. doi: 10.2337/dc10-
1984. 

11. Abdul-Ghani MA, Tripathy D, DeFronzo 
RA. Contributions of beta-cell 
dysfunction and insulin resistance to the 
pathogenesis of impaired glucose 
tolerance and impaired fasting glucose. 
Diabetes Care 2006;29(5):1130-9. doi: 
10.2337/dc05-2179. 

12. Chan JCN, Malik V, Jia W, Kadowaki T, 
Yajnik CS, Yoon KH, et al. Diabetes in 
Asia: epidemiology, risk factors, and 
pathophysiology. JAMA 
2009;301(20):2129-40. doi: 
10.1001/jama.2009.726. 

13. Bellou V, Belbasis L, Tzoulaki I, 
Evangelou E. Risk factors for type 2 
diabetes mellitus: an exposure-wide 
umbrella review of meta-analyses. PLoS 
One 2018;13(3):e0194127. doi: 
10.1371/journal.pone.0194127. 

14. Czech MP. Insulin action and resistance 
in obesity and type 2 diabetes. Nat Med 
2017;23(7):804-14. doi: 
10.1038/nm.4350. 

15. Brownlee M. The pathobiology of 
diabetic complications: a unifying 
mechanism. Diabetes 2005;54(6):1615-
25. doi: 10.2337/diabetes.54.6.1615. 

16. Schäffler A, Schölmerich J, Salzberger B. 
Adipose tissue as an immunological 
organ: Toll-like receptors, C1q/TNFs 
and CTRPs. Trends Immunol 
2007;28(9):393-9. doi: 
10.1016/j.it.2007.07.003. 

17. Wong GW, Wang J, Hug C, Tsao TS, 
Lodish HF. A family of 
Acrp30/adiponectin structural and 
functional paralogs. Proc Natl Acad Sci 
USA 2004;101(28):10302-7. doi: 
10.1073/pnas.0403760101. 

18. Li Y, Wright GL, Peterson JM. C1q/TNF-
related protein 3 (CTRP3) function and 
regulation. Compr Physiol 
2017;7(3):863-78. doi: 
10.1002/cphy.c160021. 

19. Peterson JM, Wei Z, Wong GW. 
C1q/TNF-related protein-3 (CTRP3), a 
novel adipokine that regulates hepatic 

glucose output. J Biol Chem 
2010;285(51):39691-701. doi: 
10.1074/jbc.M110.180695. 

20. Guo B, Zhuang T, Xu F, Lin X, Li F, Shan 
SK, et al. New insights into implications 
of CTRP3 in obesity, metabolic 
dysfunction, and cardiovascular 
diseases: potential of therapeutic 
interventions. Front Physiol 
2020;11:570270. doi: 
10.3389/fphys.2020.570270 

21. Kopp A, Bala M, Buechler C, Falk W, 
Gross P, Neumeier M, ET AL. C1q/TNF-
related protein-3 represents a novel and 
endogenous lipopolysaccharide 
antagonist of the adipose tissue. 
Endocrinology 2010;151(11):5267-78. 
doi: 10.1210/en.2010-0571. 

22. Piya MK, McTernan PG, Kumar S. 
Adipokine inflammation and insulin 
resistance: the role of glucose, lipids 
and endotoxin. J Endocrinol 
2013;216(1):T1-15. doi: 10.1530/JOE-
12-0498. 

23. Ban B, Bai B, Zhang M, Hu J, 
Ramanjaneya M, Tan BK, et al. Low 
serum cartonectin/CTRP3 
concentrations in newly diagnosed type 
2 diabetes mellitus: in vivo regulation of 
cartonectin by glucose. PLoS One 
2014;9(11):e112931. doi: 
10.1371/journal.pone.0112931. 

24. Choi KM, Hwang SY, Hong HC, Yang SJ, 
Choi HY, Yoo HJ, Baik SH, Choi DS, Kim 
NH. C1q/TNF-related protein-3 (CTRP-3) 
and pigment epithelium-derived factor 
concentrations in patients with type 2 
diabetes and metabolic syndrome. 
Diabetes 2012;61(11):2932-6. doi: 
10.2337/db12-0210. 

25. Deng W, Li C, Zhang Y, Zhao J, Yang M, 
Tian M, et al. Serum C1q/TNF-related 
protein-3 (CTRP3) levels are decreased 
in obesity and hypertension and are 
negatively correlated with parameters 
of insulin resistance. Diabetol Metab 
Syndr 2015;7:33. doi: 10.1186/s13098-
015-0023-3. 

26. Moradi N, Fadaei R, Khamseh ME, 
Nobakht A, Rezaei MJ, Aliakbary F, et al. 
Serum levels of CTRP3 in diabetic 
nephropathy and its relationship with 
insulin resistance and kidney function. 
PLoS One 2019;14(4):e0215617. doi: 
10.1371/journal.pone.0215617. 

27. Wolf RM, Steele KE, Peterson LA, 
Magnuson TH, Schweitzer MA, Wong GW. 
Lower circulating C1q/TNF-related 



Dr. Priya S. et al / Serum C1q/Tumor Necrosis Factor-Related Protein 3 (CTRP3) Levels in 
Individuals with Type 2 Diabetes Mellitus and Healthy Controls: A Comparative Cross-Sectional Study 

 

4882| International Journal of Pharmacy Research & Technology | July - Dec 2026 | Vol 16| Issue 2 

protein-3 (CTRP3) levels are associated 
with obesity: a cross-sectional study. 
PLoS One 2015;10(7):e0133955. doi: 
10.1371/journal.pone.0133955. 

28. Lin J, Liu Q, Zhang H, Huang X, Zhang R, 
Chen S, et al. C1q/tumor necrosis 
factor-related protein-3 protects 
macrophages against LPS-induced lipid 
accumulation, inflammation and 
phenotype transition via PPARγ and 
TLR4-mediated pathways. Oncotarget 
2017;8(47):82541-57. doi: 
10.18632/oncotarget.19648. 

29. Yan Z, Cao X, Wang C, Liu S, Li Y, Lu G, 
et al. C1q/tumor necrosis factor-related 
protein-3 improves microvascular 
endothelial function in diabetes through 
the AMPK/eNOS/NO signaling pathway. 
Biochem Pharmacol 2022;195:114745. 
doi: 10.1016/j.bcp.2021.114745. 

30. Ma ZG, Yuan YP, Xu SC, Wei WY, Xu CR, 
Zhang X, et al. CTRP3 attenuates cardiac 
dysfunction, inflammation, oxidative 
stress and cell death in diabetic 
cardiomyopathy in rats. Diabetologia 
2017;60(6):1126-37. doi: 
10.1007/s00125-017-4252-4. 

 


