
ABSTRACT
Type 2 diabetes (T2D) is a heterogeneous condition caused by insulin resistance and/or decreased insulin secretion. Adipsin is 
one of the adipokines secreted by adipose tissues, increasing insulin secretion. This study has investigated adipsin concentration 
in T2D patients and healthy subjects. This case-control study enrolled 30 patients with T2D who attended The Medical City 
Hospital-Baghdad from September 2020 to April 2021; their ages ranged from 40–55 years. They were compared with 30 
healthy subjects as control group. 
The results showed significant glycemic and lipid profile increases with their ratios in diabetic patients compared to the 
controls. Also, there was a significant rise in insulin resistance represented by the homeostasis model assessment in diabetic 
patients as equated to the control. Moreover, a lower adipsin level was detected in diabetic patients as equated to the control 
(13.86 ± 3.49 vs. 29.00 ± 4.48, respectively).
This data confirms that high-sensitivity C-reactive protein (CRP) plays a progressive pathogenesis role in T2D Iraqi patients. 
Also, serum adipsin was interrelated with insulin resistance, particularly in subjects with greater body mass index (BMI) and 
higher blood glucose levels. These results recommend that Adipsin may be convoluted in the pathogenesis of irregular glucose 
metabolism, hence additional examination is required.
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INTRODUCTION
T2D mellitus (T2DM) is a chronic metabolic disease 
accompanied by hyperglycemia due to insufficient insulin 
secretion, insulin action or both. T2DM is predisposed by both 
host genetics and environmental influences comprising age, 
family history, diet, and sedentary lifestyle.1

The association between T2DM and insulin resistance (IR) 
has been documented. The IR is essentially not only the most 
influential predictor of the future progress of T2DM, but it is 
also a therapeutic target once hyperglycemia is present.2 It was 
noted that β-cell mass was already decreased by 50% during 
the diagnosis of T2DM and continued to decay further during 
T2DM. Major problems resulting from IR are elevated blood 
pressure and insulin levels, leading to cardiovascular disease 
(CVD) and T2DM, respectively. However, mounting evidence 
shows that these morbidities result from failing metabolism 
due to IR.3

High sensitivity CRP (hs-CRP) is an excellent biomarker 
of acute phase response and independent predictor of CVD. 
Concerning the hs-CRP concentration and CVD risk, when it is 
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below 1 mg/ L indicates lower risk, 1–3 mg/L indicates moderate 
risk and a concentration greater than 3 mg/ L indicates a higher 
risk. Patients with the highest concentrations of hs-CRP; 5-10, 
10-20, or even more than 20 mg/L are most at risk.4

Adipose tissue is identified to serve as endocrine organ 
that secrete pro- and anti-inflammatory mediators comprising 
adipokines. A human study proposed that diabetic patients with 
β-cell failure were deficient in  Adipsin. Adipsin, also called 
complementary factor D, is one of the adipokines that were 
the first adipokines to be described. Adipsin is a member of 
the trypsin family of peptidases, which was later recognized 
as a constituent agent D.5 It is secreted by adipocytes, 
monocytes, and macrophages, catalyzing the rate-limiting 
step of the alternative complement pathway. Thus, Adipsin 
cleaves complement factor B and catalyzes the formation of 
complementary transformer 3 (C3), leading to a hydrolysis 
cascade that results in different complement fractions 
comprising C3a, C3b, C5a, and C5b. It was documented that  
familial C3 deficit is related to obesity and metabolic diseases,  
and C3a concentrations are risk factors for DM.6
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Some studies proposed that serum adipsin concentrations were 
negatively correlated  with the homeostasis model assessment 
of IR (HOMA-IR).7,8 Though, human data concerning the 
role of Adipsin among people with diabetes is  restricted. 
Moreover, how adipsin modifications disturb the progress of 
pre-diabetes  or early untreated DM remains uncertain.9 The 
target of this study was to investigate the serum adipsin level 
in T2D Iraqi patients.

PATIENTS AND METHODS
The study enrolled 30 patients with T2DM who attended The 
Medical City Hospital-Baghdad from September 2020 to April 
2021. All diabetic patients with a known history of T2DM and 
their ages ranged from 40–55 years. Diabetic patients were 
treated with oral anti-diabetic agents. None of them were 
taken lipid-lowering drugs or antihypertensive drugs. An 
endocrinologist examined them in the Medical City Hospital. 
They were compared with 30 healthy subjects as control group. 
All the clinical and biochemical examinations were done. 
Ethical Considerations 
This study was agreed by the Ethics Committee of University 
of Baghdad, College of Education for Pure Science (Ibn 
Al-Haitham)/ Department of Chemistry (approval number: 
5145 at 25/10/2020).
Informed Consent
Written informed approval was acquired for all patients prior 
to participation in the current study.
Anthropometric Measurements
Systolic- and diastolic- blood pressure (SBP and DBP) 
were measured with a mercury manometer in the sitting 
position. The waist circumference (WC) was measured from 
the narrowest point and to the nearest 0.1 cm. Also, waist 
to hip ratio (WHR) was measured. BMI was calculated as 
weight (kg)/ height (m2) according to WHO classification.10 
Additionally, body fat percent (BF%) was measured according 
to the following formula:

   
Gender = 0 if female and 1 if male.    
Laboratory Measurements 
Fasting venous blood samples were drawn from all individuals. 
Biochemical assessments comprised fasting serum glucose 
(FSG) and glycated hemoglobin (HbA1c) using a biochemical 
auto-analyzer (Roche, Hitachi). Fasting venous blood samples 
were collected from all the subjects after 10–12 hours of fasting. 
Laboratory assessments were down, which encompassed 
fasting serum glucose (FSG), glycated hemoglobin (HbA1c), 
lipid profile comprising: total cholesterol (TC), triacylglycerol 
(TAG), low density lipoprotein cholesterol (LDL-C), and high 
density lipoprotein cholesterol (HDL-C). They were measured 
using a chemical analyzer- Hitachi. 

The IR was estimated by the homeostasis model assessment 
(HOMA) index and quantitative insulin-sensitivity check index 
(QUICKI)11 as in the following formula:-

HOMA-IR = G0×I0/405    
QUICKI = 1/ [ log G0+ log I0] 

G0:Fasting glucose (mg/dL)  
I0: fasting insulin (μU/ml)
Fasting serum insulin was measured by enzyme-linked 

immunoassay (ELISA) kit, and IR was calculated from 
homeostasis model assessment-2 (HOMA2-IR) using 
Microsoft downloaded freely.12 Serum hs-CRP was also 
determined turbidimetrically using (Cobas, Roche).
Exclusion Criteria
Patients with chronic diseases such as liver disease, renal 
failure, and CVD, which can directly or indirectly affect 
the result, preceding or current treatment with medications 
recognized to influence glucose and lipid metabolism were 
excepted from the study.
Statistical Analysis
Data were studied using the statistical package for social 
sciences (SPSS) program, version 20. Descriptive statistics 
were used; presented as numbers and proportions (%), or 
mean ± standard deviation (SD) according to the data type. 
The t-test was used to equate between the two groups, and the 
significance level was deliberated at p-value ≤ 0.05.

RESULTS
Table 1 shows the anthropometric and clinical features of 
DM and control groups. There was no significant difference 
in age between patients and control group. While, there were 
significant increases (p = 0.0001) in WC, WHR, BMI, BF%, 
SBP, and DBP in diabetic patients as equated to the control.

Glycemic profile of the studied groups is illustrated in 
Table 2. There were remarkable increases (p ≤ 0.05) in FSG, 
HbA1c, insulin, HOMA1-IR, and HOMA2-IR. Whereas 
remarkable decreases (p = 0.0001) were found in glucose to 
insulin (G/I) ratio, HOMA2-B%, HOMA2-S%, 1/HOMA, and 
QUICKI in diabetic patients as equated to the control.

Table 3 clarified the lipid profile for both groups. There 
have been noticeable increases (p  =  0.0001) in serum TC, 
Table 1: Anthropometric and clinical characteristics of the studied groups

Parameters

Means ± SD 

 p-value
DM
(n = 30)

 Control
 (n = 30)

Age (years) 45.30 ± 5.67 42.36 ± 2.26 0.062
Gender 
(Number, %)

Male: 15 (50%)
Female: 15 (50%)

Male: 15 (50%)
Female: 15 (50%)

0.307

WC (cm) 105.10 ± 2.95 71.53 ± 3.29 0.0001 
WHR 0.950 ± 0.03 0.720 ± 0.03 0.0001 
BMI (kg/m2) 30.35 ± 3.40 22.31 ± 1.67 0.0001 
BF% 36.04 ± 6.72 25.72 ± 7.12 0.0001 
SBP (mmHg) 135.76 ± 8.25 119.60 ± 2.44 0.0001 
DBP (mmHg) 80.83 ± 2.29 78.67 ± 2.34 0.0001 
Duration of 
DM (Years)

8.23 ± 4.85 - 0.932

 p ≤ 0.05: Significant.
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TAG, LDL-C, VLDL, non HDL-C, and the ratios (TC/HDL-C, 
TAG/HDL-C, LDL-C/HDL-C) in diabetic patients as equated 
to the control. Moreover, hs-CRP level was considerably 

elevated (p = 0.0010) in diabetic patients as equated to the 
control, Table 4.

Serum adipsin level was considerably decreased 
(p  =  0.0001) in diabetic patients as equated to the control, 
Table 5. Sensitivity and specificity for DM and control group 
were explained in Table 6.

DISCUSSION
The global occurrence of DM is predictable  at 415 million 
(8.8%), which is expected to rise to 642 million in next 25 
years. Also, worldwide around 193 million diabetics persist 
undiagnosed, influencing them to the progress of numerous 
long-term complications of chronic hyperglycemia.13

Numerous prospective studies have studied the connection 
between grade of obesity, BF% and weight gain with 
consequent incidence of T2DM. Elevated BMI is now a well-
established independent risk factor for the progress of T2DM.14 
In the current study, the BMI of diabetic patients was greater 
than control subjects. Nevertheless, the BMI of non-diabetic 
subjects was about 22 kg/m2 which is in normal range as per 
WHO approvals. While, in diabetic subjects BMI was found 
to be about 30 kg/m2, which denotes borderline obesity.15 The 
BMI was designated as the strongest predictor of T2DM. It is 
clear from the current study that BMI elevates with age and 
obesity, in central obesity is closely related with IR. Among 
obese subjects, suppression of lipolysis and release of free 
fatty acids restricts peripheral insulin uptake of glucose in 
a dose-dependent manner while inhibiting insulin secretion 
simultaneously.16

Fasting blood glucose and HbA1c levels are generally used 
as glycemic control markers, revealing the disease’s progress 
and complications.17

The IR is key to the evolution of T2DM, which is 
considered a risk for CVD and death rate. Consequently, a 
detailed of understood mechanisms in IR is required for the 
occurrence of T2DM and its related diseases.18

Both HOMA1-IR and HOMA2-IR in this data indicated 
a remarkable increase along with WHR. Mishra et al.,19 also 
found a strong association of HOMA1-IR with WHR. A 
parallel data was found in a large study from Europe.20 Also, 
the WHR for the estimate of IR and T2DM was considerably 
greater than that of BMI. All these studies have revealed that 
WHR is a good sign of IR and can hence be used to recognize at 
risk persons. Though BMI may be a simple measure of obesity 
and extreme fat stores, it is less dependable in paralleling body 
composition. One of the causes for reduced dependability of 
BMI is that there may be identical distributions of BMI in 
2 persons, but they might reveal large alterations regarding 
the accumulation of intra-abdominal fat responsible for IR 
progression.21 

The outcomes of this study suggested that WHR is a more 
consistent marker of IR. This study also revealed that the more 
reduced insulin sensitivity (HOMA2-S%) is paralleled to a 
decrease in β-cell function (HOMA2-B%) in diabetic patients. 
This can be illustrated by the fact that South Asians have 
preferential fat deposition in the abdominal region, which is 

Table 2: Glycemic profile of the studied groups

Parameters

Means ± SD 

 p-value
 DM 
 (n = 30)

 Control   
 (n = 30) 

FSG (mg/dL) 201.87 ± 12.84 85.63 ± 6.62 0.0001 
HbA1c (%) 7.94 ± 1.37 3.93 ± 0.76 0.0001 

Insulin (μU/mL) 31.77 ±7.02 4.39 ± 1.55 0.0001 

G/I ratio 6.24 ± 1.47 20.95 ± 4.59 0.0001 
HOMA1-IR 16.94 ± 11.02 0.949 ± 0.41 0.0001 
HOMA2-IR 21.51 ±7.83 0.568 ± 0.21 0.050 
HOMA2-B% 4.00 ± 1.53 70.88 ± 8.03 0.0001 
HOMA2-S% 75.52 ± 16.06 194.55 ± 17.66 0.0001 
1/HOMA1 0.078 ± 0.03 1.210 ± 0.42 0.0001
QUICKI 0.321 ± 0.06 0.656 ± 0.02 0.0001 

 p ≤ 0.05: Significant.

Table 6: Sensitivity and Specificity for the studied groups

Groups Sensitivity Specificity
DM 53.29 44.66
Control 41.37 64.72

Table 5: Serum adipsin levels of the studied groups

 Parameters

Means ± SD 

 p value
 DM 
 (n = 30)

 Control   
 (n = 30) 

Adipsin (ng/mL) 13.86 ± 3.49 29.00 ± 4.48 0.0001
 p ≤ 0.05: Significant.

Table 4: Serum hs-CRP levels of the studied groups

Parameters

Means ± SD 

 p value
 DM 
 (n = 30)

 Control   
 (n = 30) 

hs-CRP (mg/L) 5.77 ± 0.82 0.703 ± 0.22 0.0010 
 p ≤ 0.05: Significant.

Table 3: Lipid profile of the studied groups

Parameters

Means ± SD 

 p value
 DM 
 (n = 30)

 Control   
 (n = 30) 

TC (mg/dL) 219.03 ± 13.52 134.46 ± 6.50 0.0001 
TAG (mg/dL) 177.90 ± 14.67 96.38 ± 17.16 0.0001 
VLDL (mg/dL) 35.58 ± 8.13 20.47 ± 6.66 0.0001 
HDL-C (mg/dL) 49.60 ± 7.77 68.71 ± 5.54 0.0001 
LDL-C (mg/dL) 133.85 ± 14.02 45.27 ± 10.36 0.0001 
Non HDL-C (mg/dL) 169.43 ± 17.38 65.75 ± 9.11 0.0001 
TC/HDL-C ratio 4.60 ± 1.65 1.971 ± 0.21 0.0001 
TAG/HDL-C ratio 3.74 ± 1.45 1.418 ± 0.32 0.0001 
LDL-C/HDL-C ratio 2.86 ± 1.38 0.671 ± 0.20 0.0001 

 p ≤ 0.05: Significant.
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related to decreased insulin-mediated glucose disposal. Thus 
South Asian population being more disposed to abdominal 
obesity and also low muscle mass, has been assumed to 
progress IR and subsequently T2DM earlier than the population 
of European origin.22 

It has been found that HOMA-β in T2D patients with a 
history of DM of less than 1 year was around 52% that of 
healthy subjects, and HOMA-β with a history of more than 30 
years of DM was around 32% of the pancreatic islet function 
left in healthy subjects. So, HOMA-IR in T2D patients with a 
history of DM of less than 1 year was 1.5-fold that of healthy 
subjects, while HOMA-IR in patients with a history of DM 
of between 20-30 years was lesser than that in other diabetic 
patients.23 The duration of DM in this study was 8.23 ± 4.85 
years with lower HOMA2-B% and HOMA2-S%, which agrees 
with this data.

According to the current results of this work, there is a 
direct correlation between HbA1c and IR, as it was revealed 
that HbA1c is more closely related to insulin sensitivity in 
diabetics and control subjects. Hence, HbA1c is a reliable 
biomarker and an excellent infrared marker for testing diabetes 
and pre-diabetes in individuals with a higher BMI.

Hyperglycemia and lipotoxicity have roles in the potential 
mechanisms underlying impaired β-cell function. The severity 
of dyslipidemia elevates in patients with upper HbA1c values, 
following the existent results when diabetic and obese subjects 
had higher HbA1c and lipid disorders. Type 2 diabetes is related 
to lipid and lipoprotein abnormalities, comprising decreased 
HDL-C and elevated TAG.24

About lipid parameters, LDL-C was found to be considerably 
related with HOMA-IR and HOMA-B% values. Diabetes is 
well defined for distinctive dyslipidemia, comprising higher 
TAG, decreased HDL-C, and a preponderance of small dense 
LDL particles. Any association between LDL particles and IR 
might be employed through insulin’s influence on lipoprotein 
metabolism. Accumulated fatty acids and their metabolic 
returns may negatively influence converting proinsulin into 
insulin and reducing nitric oxide production, which reduces 
glucose oxidation and induces β-cell apoptosis β. Also, it 
has been proposed that LDL-C above 6 mmol/L to prompt 
apoptosis of β-cells.25 

This study indicated TC/HDL-C, TAG/HDL-C, and 
LDL-C/HDL-C ratios to be used as surrogate markers 
for IR, which agrees with previous data.26 However, an 
association between TAG and TAG/HDL-C with insulin 
may vary by ethnicity and using it to assess IR may not be  
suitable.27

The trend of T2DM is altered from metabolic disorder 
to inflammation as effects of the pro and anti-inflammatory 
cytokines like CRP are proposed in insulin signaling pathways, 
cross-linking and ultimately developing IR in β-cells of 
pancreas, which endorse risks to T2DM. Stability among these 
pro- and anti-inflammatory cytokines is essential to make 
β-cells immune to any infection leading to T2DM.28 Some 
studies had documented elevated levels of CRP in T2DM as 
an independent biomarker for T2DM.29,30

In T2DM, many acute-phase proteins like CRP’s levels 
are elevated, which relates to the progress of characteristics 
linked with the state (deficiency of IR revealed by HOMA1 
and HOMA2).31

Obesity’s influence on T2DM has been associated with 
dysregulation of adipokines, i.e., improper production of 
adipokines by adipose tissue and glucose uptake. Adipokines 
play a vital role in maintaining lipidogenesis, chemical 
attraction of immune cells in adipose tissue, adipocyte function 
via autocrine/ paracrine signaling, appetite regulation, energy 
expenditure, and insulin sensitivity in the brain and peripheral 
target tissues.32

Adipsin stimulates glucose transport which promotes 
TAG accumulation in fat cells and also prevents lipolysis. 
The adipsin-acyl-stimulating protein system is complex 
in regulating TAG metabolism in adipocytes. This system 
raises the rate of TAG synthesis in adipocytes by transporting 
glucose transporters from intracellular vesicles to the plasma 
membrane, which increases the specific membrane glucose 
transporter.33

It has been suggested that Adipsin improved β-cell function 
in diabetic mice, and a lesser adipsin level was detected in 
T2D patients and β-cell function failure. The mechanism by 
which Adipsin was negatively related to HOMA-IR might 
be associated with inflammation. Type 2DM is a chronic 
inflammatory disease with a negative correlation between 
Adipsin and HOMA-IR. This might be due to the expression 
of inflammatory cytokines like interleukin-17 in T2DM. 
Circulating adipsin levels were decreased in T2D patients 
with impaired glucose tolerance; which is related with the 
first-phase insulin secretion of pancreatic β-cells and glucose 
metabolism.34 

The current data proposed a noticeable decline in serum 
adipsin level in diabetic patients with a sensitivity of 53.29 
and specificity of 44.66.

In obesity convoluted with T2DM, there is an imbalance 
between adipsin and leptin levels. Elevating adipsin production 
among obese individuals can be considered a compensatory 
response for stabilizing carbohydrate and lipid metabolism 
limitations. Hence, adipcin could stimulate insulin secretion 
and stabilize blood glucose levels. Moreover, the diabetic mice 
treated with Adipsin revealed a substantial decrease in FSG 
and improved glucose clearance.35 

CONCLUSIONS
The present results found more reduced insulin sensitivity 
related to decline in β-cell function among diabetic patients. 
This data confirms that hs-CRP shows a positive role in the 
pathogenesis of T2DM in Iraqi patients. Additional studies are 
needed on the diverse range of these inflammatory mediators 
in conjunction with other biochemical agents, hematological 
and immunoassay agents to determine the role of inflammatory 
markers as biomarkers of the initial predictor that can inhibit 
T2DM in this group. Also, serum adipsin was related with 
IR, particularly in patients with greater BMI and higher 
blood glucose. These outcomes recommend that adipsin 
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may be complicated in the pathogenesis of abnormal glucose 
metabolism, and therefore more investigation is necessary.

ACKNOWLEDGMENTS
Special thanks to all the patients and healthy subjects approved 
to contribute to the current study and sincere thanks to The 
Medical City Hospital, Baghdad, Iraq. 

ETHICAL CLEARANCE
The research was conducted under the guidance of Ethical 
Committee at Scientific Research with the approval of both 
MOH and MOHSER in Iraq

REFERENCES
1.	 Zheng Y, Ley SH, and Hu FB. Global etiology and epidemiol-

ogy of type   2  diabetes mellitus and its complications. Nat Rev 
Endocrinol. 2018; 14(2):88-89.       

2.	 Hossan T, Kundu S, Alam SS, and and Nagarajan S. Epigenetic 
modifications associated with the pathogenesis of type 2 diabetes 
mellitus.  Endocr Metab Immune Disord Drug Targets.  2019; 
19(6):775-786.       

3.	 Wolfs MGM, Gruben N, Rensen SS, Verdam FJ, Greve JW, Dries-
sen A, Wijmenga C , Buurman WA, Franke L, Scheja L,  Koonen  
DPY, Shiri-Sverdlov R, Van-Haeften TW, Hofker MH, and Fu J. 
Determining the association between adipokine expression in 
multiple tissues and phenotypic features of non-alcoholic fatty 
liver disease in obesity. Nutr Diabetes. 2015; 5(2):e146.

4.	 Packard RR and Libby P. Inflammation in atherosclerosis: from 
vascular biology to biomarker discovery and risk prediction. Clin 
Chem 2008; 54(1):24–38. ‏  

5.	 Lo JC, Ljubicic S, Leibiger B, Kern M, Leibiger IB, Moede T, 
Kelly ME,  Chatterjee Bhowmick D, Murano I, Cohen P, Banks 
AS, Khandekar MJ, Dietrich  A, Flier JS, Cinti S, Bluher M, 
Danial NN, Berggren PO, and Spiegelman BM.  Adipsin is an 
adipokine that improves beta cell function in diabetes. Cell   
2014; 158(1):41–53.

6.	 Gomez-Banoy N, Guseh JS, Li G, Rubio-Navar ro   A, 
Chen T, Poirier B, Putzel G, Rosselot G, Pabon MA, Campo-
rez JP,  Bhambhani V,  Hwang S,  Yao C,  Perry RJ,  Mukher-
jee S,  Larson MG,  Levy D,  Dow LE,  Shulman GI,  Dephoure 
N, Garcia-Ocana A, Hao M, Spiegelman BM,  Ho JE, and Lo JC. 
Adipsin preserves  beta cells in diabetic mice and associates 
with protection from  type 2 diabetes in humans. Nat Med. 2019; 
25(11):1739–1747.

7.	 Wang JS, Lee WJ, Lee IT, Lin SY, Lee WL, Liang KW, and 
Sheu WH. Association between serum adipsin levels and insulin 
resistance in subjects with various degrees of glucose intolerance. 
J Endoc Soc 2019; 3(2):403–410. 

8.	 Zhou Q, Ge Q, Ding Y, Qu H, Wei H, Wu R, Yao L, Wei Q, Feng 
Z, Long J, and  Deng H. Relationship between serum adipsin 
and the first phase of glucose- stimulated insulin secretion in 
individuals with different glucose tolerance. J  Diabetes Invest 
2018; 9(5):1128–1134.       

9.	 Madjid M and Willerson JT. Inflammatory markers in coronary 
heart Disease. Br Med Bull 2011; 100:23–38      

10.	 Lohman TG, Roche AF, and Martorell R. Anthropometric 
standardization reference manual. Champaign, Ill: Human 
Kinetics. 1988.   

11.	 Matthews DR, Hosker JR, Rudenski AS, Naylor BA, Treacher 
DF and Turner RC. Homeostasis model assessment: insulin 

resistance and β-cell function from fasting plasma glucose and 
insulin concentrations in man. Diabetologia 1985; 28(7): 412-419.        

12.	 Kalaichelvi S and Somasundram K. Prevalence of insulin 
resistance among patients with cirrhosis of liver in Government 
Royapettah Hospital, Chennai. IAIM. 2016; 3:21-27.         

13.	 Biradar SB, Desai AS, Kashinakunti SV, Rangappa M, Kallag-
anada GS, and Devaranavadagi B. Correlation between glycemic 
control markers and lipid profile in type 2 diabetes mellitus and 
impaired glucose tolerance. Int J Adv Med. 2018; 5(4): 832-837.         

14.	 Bertin E, Marcus C, Ruiz JC, Eschard JP, and Leutenegger M. 
Measurement of visceral adipose tissue by DXA combined with 
anthropometry in obese humans. Int J Obes Relat Metab Disord 
2000; 24(3):263-270.    

15.	 World Health Organisation. Obesity: Preventing and managing 
the global epidemic. Report of WHO consultation. WHO Tech 
Rep Ser 2000; 894:1-253. 

16.	 Boden G. Role of fatty acids in the pathogenesis of insulin resis-
tance and NIDDM. Diabetes 1997; 46(1):3-10.     

17.	 Ali A, Ayaz A, Dar MA, Singh N, and Bhat SA. A Key Role of 
Insulin in Diabetes Mellitus. Int J Sci Res Sci. 2017; 3(6):80-85.     

18.	 Ahn YM, Kim SK, Kang JS, and Lee BC. Platycodon grandi-
florum modifies adipokines and the glucose uptake in high-fat 
diet in mice and L6 muscle cells. J Pharm Pharmacol 2012; 
64(5):697-704.

19.	 Misra A, Vikram N, Arya S, Pandey R, Dhingra V, Chatterjee 
A,  Dwivedi M, Sharma R, Luthra K, Guleria R, and Talwar 
KK. High prevalence of insulin resistance in postpubertal Asian 
Indian children is associated with adverse truncal body fat pat-
terning, abdominal adiposity and excess body fat. Int J Obes 
Relat Metab Disord 2004; 28:1217-1226.         

20.	 Kondaki K, Grammatikaki E, Pavon DJ, Manios Y, González-
Gross M, Michael Sjostrom M, Gottrand F, Molnar D, Moreno 
LA, Kafatos A, Gilbert C, Kersting M, and Henauw SD. Com-
parison of several anthropometric indices with insulin resistance 
proxy measures among European adolescents: The Helena Study. 
Eur J Pediatr 2011; 170(6):731-739.       

21.	 Stevens J, Couper D, Pankow J, Folsom AR, Duncan BB, Nieto 
FJ, Jones D, and Tyroler HA. Sensitivity and specificity of anthro-
pometrics for the prediction of diabetes in a biracial cohort. Obes 
Res 2001; 9(11):696-705.   

22.	 Nakagami T,  Qiao Q,  Carstensen B,  Nhr-Hansen C,  Hu 
G, Tuomilehto J, Balkau B, Borch-Johnsen K, and D-D Study 
Group. Age, body mass index and type 2 diabetes-associations 
modified by ethnicity. Diabetologia 2003; 46(8):1063-1070. 

23.	Basukala P, Jha B, Yadav BK, and Shrestha PK. Determi-
nation of insulin resistance and beta-cell function using 
homeostatic model assessment in T2D patients at diagnosis. 
J Diabetes Metab 2018; 9(3):790.   

24.	 Singh PS, Sharma H, Zafar KS, Singh PK, Yadav SK, and Gautam 
RK. Prevalence of type 2 diabetes mellitus in rural population of 
India- a study from Western Uttar Pradesh. Int J Res Med Sci. 
2017; 5(4):1363-1367.   

25.	 Bhat MA, Bhat SA, Ahmad SB, Qureshi W, Majid S, and Ali A. 
Biochemical profile and genetic polymorphism of MTHFRC677T 
in risk of type 2 diabetes mellituss. Int J Diabetes Endocrinol. 
2017; 2(2):19-25.  

26.	Ray S, Talukdar A, Sonthalia N, Saha M, Kundu S, Khanra 
D, Guha S, Basu AK, Mukherjee A, Ray D,  and Ganguly S. 
Serum lipoprotein ratios as markers of insulin resistance: 
A study among non-diabetic acute coronary syndrome 

https://pubmed.ncbi.nlm.nih.gov/?term=Driessen+A&cauthor_id=25664838
https://pubmed.ncbi.nlm.nih.gov/?term=Driessen+A&cauthor_id=25664838
https://pubmed.ncbi.nlm.nih.gov/?term=Wijmenga+C&cauthor_id=25664838
https://pubmed.ncbi.nlm.nih.gov/?term=Buurman+WA&cauthor_id=25664838
https://pubmed.ncbi.nlm.nih.gov/?term=Franke+L&cauthor_id=25664838
https://pubmed.ncbi.nlm.nih.gov/?term=Scheja+L&cauthor_id=25664838
https://pubmed.ncbi.nlm.nih.gov/?term=Koonen+DP&cauthor_id=25664838
https://pubmed.ncbi.nlm.nih.gov/?term=Shiri-Sverdlov+R&cauthor_id=25664838
https://pubmed.ncbi.nlm.nih.gov/?term=van+Haeften+TW&cauthor_id=25664838
https://pubmed.ncbi.nlm.nih.gov/?term=Hofker+MH&cauthor_id=25664838
https://pubmed.ncbi.nlm.nih.gov/?term=Fu+J&cauthor_id=25664838
https://pubmed.ncbi.nlm.nih.gov/?term=Rubio-Navarro+A&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+T&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Rosselot+C&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Pab%C3%B3n+MA&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Camporez+JP&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Camporez+JP&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Bhambhani+V&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Hwang+SJ&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Yao+C&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Perry+RJ&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Mukherjee+S&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Mukherjee+S&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Larson+MG&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Levy+D&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Dow+LE&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Shulman+GI&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Dephoure+N&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia-Ocana+A&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Spiegelman+BM&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Ho+JE&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Lo+JC&cauthor_id=31700183
https://pubmed.ncbi.nlm.nih.gov/?term=Sj%C3%B6strom+M&cauthor_id=21052739
https://pubmed.ncbi.nlm.nih.gov/?term=Gottrand+F&cauthor_id=21052739
https://pubmed.ncbi.nlm.nih.gov/?term=Molnar+D&cauthor_id=21052739
https://pubmed.ncbi.nlm.nih.gov/?term=Moreno+LA&cauthor_id=21052739
https://pubmed.ncbi.nlm.nih.gov/?term=Kafatos+A&cauthor_id=21052739
https://pubmed.ncbi.nlm.nih.gov/?term=Gilbert+C&cauthor_id=21052739
https://pubmed.ncbi.nlm.nih.gov/?term=Kersting+M&cauthor_id=21052739
https://pubmed.ncbi.nlm.nih.gov/?term=De+Henauw+S&cauthor_id=21052739
https://pubmed.ncbi.nlm.nih.gov/?term=Nieto+FJ&cauthor_id=11707536
https://pubmed.ncbi.nlm.nih.gov/?term=Jones+D&cauthor_id=11707536
https://pubmed.ncbi.nlm.nih.gov/?term=Tyroler+HA&cauthor_id=11707536
https://pubmed.ncbi.nlm.nih.gov/?term=Nakagami+T&cauthor_id=12827246
https://pubmed.ncbi.nlm.nih.gov/?term=Qiao+Q&cauthor_id=12827246
https://pubmed.ncbi.nlm.nih.gov/?term=Carstensen+B&cauthor_id=12827246
https://pubmed.ncbi.nlm.nih.gov/?term=Nhr-Hansen+C&cauthor_id=12827246
https://pubmed.ncbi.nlm.nih.gov/?term=Hu+G&cauthor_id=12827246
https://pubmed.ncbi.nlm.nih.gov/?term=Tuomilehto+J&cauthor_id=12827246
https://pubmed.ncbi.nlm.nih.gov/?term=Balkau+B&cauthor_id=12827246
https://pubmed.ncbi.nlm.nih.gov/?term=Borch-Johnsen+K&cauthor_id=12827246
https://pubmed.ncbi.nlm.nih.gov/?term=DECODE-DECODA+Study+Group%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=DECODE-DECODA+Study+Group%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Khanra+D&cauthor_id=25857496
https://pubmed.ncbi.nlm.nih.gov/?term=Guha+S&cauthor_id=25857496
https://pubmed.ncbi.nlm.nih.gov/?term=Basu+AK&cauthor_id=25857496
https://pubmed.ncbi.nlm.nih.gov/?term=Mukherjee+A&cauthor_id=25857496
https://pubmed.ncbi.nlm.nih.gov/?term=Ray+D&cauthor_id=25857496
https://pubmed.ncbi.nlm.nih.gov/?term=Ganguly+S&cauthor_id=25857496


Circulating Adipsin in Type 2 Diabetes

IJDDT, Volume 12 Issue 2, April - June 2022 Page 593

patients with impaired fasting glucose. Indian J Med Res 
2015; 141(1):62-67.      

27.	 Bovet P, Faeh D, Gabriel A, and Tappy L. The prediction of 
insulin resistance with serum triglyceride and high-density 
lipoprotein cholesterol levels in an East African population. Arch 
Intern Med 2006; 166(11):1236-1237.      

28.	 Dongway AC, Faggad AS, Zaki HY, and Abdalla BE. C-reactive 
protein is associated with low-density lipoprotein cholesterol 
and obesity in type 2 diabetic Sudanese. Diabetes Metab Syndr 
Obes. 2015; 8:427–35.   

29.	 Pan A, Wang Y, Yuan JM, and Koh WP. High-sensitive C-reactive 
protein and risk of incident type 2 diabetes: a case–control study 
nested within the Singapore Chinese Health Study. BMC Endo-
crinol Disord. 2017; 17(1):8.    

30.	 Pradhan AD, Manson JE, Rifai N, Buring JE, and Ridker PM. 
C-reactive protein, interleukin 6, and risk of developing type 2 
diabetes mellitus. JAMA. 2018; 286(3):327-334.       

31.	 Din I, Majid S, Rashid F, Hussain I, Koul RK, Qadir J, and Farooq 
R. Combinatorial effect of leptin, tumor necrosis factor-αlpha, 

and vitamin D in progression of type 2 diabetes in Kashmiri 
population. Asian J Pharm Clin Res. 2018; 10(11):477-482.       

32.	 Bashir H, Ahmad Bhat Sh, Majid S, Hamid R, Koul RK, Rehman 
MU, Din I, Ahmad Bhat J, Qadir J, and Masood A. Role of 
inflammatory mediators (TNF-α, IL-6, CRP), biochemical and 
hematological parameters in type 2 diabetes mellitus patients of 
Kashmir, India. Med J Islam Repub Iran. 2020; 34:5.     

33.	 Bluher M and Mantzoros CS. From leptin to other adipokines 
in health and disease: facts and expectations at the beginning of 
the 21st century. Metabolism 2015; 64(1):131-145.       

34.	 Elekofehinti OO, Ejelonu OC, Kamdem JP, Akinlosotu OB, and 
Adanlawo IG. Saponins as adipokines modulator: A possible 
therapeutic intervention for type 2 diabetes. World J Diabetes 
2017; 8(7):337-345.      

35.	 Vasilenko MA, Kirienkova EV, Skuratovskaia DA,atolokin 
PA, Mironyuk NI, and Litvinova LS. The role of production of 
Adipsin and leptin in the development of insulin resistance in 
patients with abdominal obesity. Dokl Biochem Biophys. 2017; 
475(1):271–276.

https://pubmed.ncbi.nlm.nih.gov/?term=Litvinova+LS&cauthor_id=28864895

