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Abstract---This study aimed to estimate the levels of the biomarkers 

ADP, IL-6, IGF-1 and MCP-1 in the serum of obese men and adopt 

them as early predictors of the occurrence of metabolic syndrome. A 

total of (88) samples from men, (and 60) samples from obese men, 
were divided according to body mass index (BMI) and waist 

circumference (WC) into two groups. The first group had BMI values 

between 35-40 kg/m2 and WC 110-125 cm., while the 2nd group had 
BMI >40 kg/m2 and WC >125 cm. A (28) samples were collected from 

healthy, with BMI values between 18.5-24.5 kg/m2 and WC was < 102 

cm. The results show that there is a significant increase level IL-6 at P 
≤ 0.01 in the obese group compared with the healthy, and it was 

significantly higher in the group with WC > 125 cm. There was a 

significant decrease in the concentration biomarker IGF-1 in the 
obesity group, and it was significantly higher in the BMI ≥40 and WC 

110-125 cm groups. It was also found the MCP-1 biomarker was 

significantly higher with the increase in BMI and WC values, 

Furthermore, the study showed there was no sign of BMI and WC on 
the ADP in obese group. 

 

Keywords---Adiponectin, IL-6, IGF-1, MCP-1, Metabolic syndrome, 
Obesity. 

 

 
1. Introduction  

 

Obesity is a multifactorial chronic metabolic disease involving a complex 
interaction of genes, hormones and environmental factors. It is characterized by 
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an increase in fat stores of the body, so it is a gateway to the deterioration of 

health. It is one of the main causes of disability, cancer, cardiovascular disorders, 
respiratory disorders, metabolic disorders and death. In addition, it is a 

constantly growing social and economic burden on individuals, families and the 

health care system (Aktar et al., 2017).  

 
Obesity contributes to metabolic syndrome, as obesity is the main feature for this 

disease. In order to understand this relationship, the link between obesity and 

disease must be evaluated, as the accumulation of fat in tissues surrounding the 
viscera is directly related to the development of insulin resistance (Sironi et al., 
2004). It is believed that insulin resistance is a common factor in the development 

of metabolic syndrome. In addition, the inflammatory factors that are released by 
adipose tissue are also an important factor in the development of metabolic 

syndrome (Brooks et al., 2010 ). Visceral fat deposits are also associated with the 

development of functionally disturbed fat cells (Huth et al., 2016). These 

dysfunctional adipose tissues secrete pro-inflammatory biomarkers such as 
cytokines (Ellulu et al., 2016 ; Akabi et al., 2019 ), because of which a decrease in 

the levels of adiponectin happens, which makes the individual more susceptible 

to cardiovascular diseases (Golbidi et al., 2012).  
 

Metabolic syndrome has become a major public health problem and its prevalence 

is likely to increase to 20-30% of the adult population in most countries of the 
world. This prevalence depends on age, gender, race and diagnostic criteria (Eckel 

et al., 2005). This disease has been associated with increased mortality rates 

because of cardiovascular disease, type II diabetes, and various other 

complications (Haffner, 2006).  
 

Moreover, the assessment of metabolic syndrome and the risk of developing its 

complications depend on the test to determine the levels of biomarkers in the 
blood plasma (Mansoub et al., 2006). Therefore, in many pathological cases, 

medicine relies on biomarkers to aid in diagnosis and follow-up when clinical 

signs are not clear. In addition, biomarkers also provide the ability to determine 

susceptibility, allowing the assessment of disease risks to population (Mayeux, 
2004).  

 

Adiponectin is a hormone derived from adipose tissue that makes up 0.01% of 
blood plasma proteins (Gil-Campos et al., 2004). It plays an important role as a 

tool of communication between adipose tissue and other organs that are 

associated with metabolism (Wang and Scherer, 2016). It increases the oxidation 
of fatty acids and glucose uptake by muscle cells, as it was found that 

adiponectin increases the expression of glucose transport-4 (GLUT-4) (Ceddia et 
al., 2005). Further, it reduces glucose produced by the liver (gluconeogenesis) and 

glycogenolysis by reducing the levels of enzymes that stimulate glucose 
production in the liver such as glucose-6-phosphatase (G6Pase) and 

Phosphoenolpyruvate Carboxy Kinase (PEPCK) (Frankenberg et al., 2017). 

Adiponectin plays a protective role in preventing the development of insulin 
resistance, high blood pressure, atherosclerosis, and cardiovascular diseases. 

Therefore, this molecule could clarify the relationship between obesity and 

metabolic disorders (Shibata et al., 2009 ; Jallod and Kata , 2019).  
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Interleukin-6 is a pleiotropic glycoprotein with broad biological activity that is 

secreted by white blood cells (macrophages) and T-cells, as well as by a number of 

other cells such as fibroblasts, osteoblasts, and endothelial cells, as well as 

tumour cell (Toumpanakis and Vassilakopoulos, 2007). The IL-6 is a non-specific 
biomarker that is associated with the inflammatory response and is not 

considered a diagnostic marker for any disease. However, the elevated 

concentrations of it are interpreted as an accompanying case of clinical signs of 
the disease. It is also referred to as a stimulating and anti-inflammatory cytokine 

because it has properties that work in both pathways (Kibe et al., 2011).  

 
The IL-6 has an inverse relationship with the level of HDL, which contributes to 

the occurrence of pathological complications that are associated with metabolic 

syndrome such as cardiovascular diseases, insulin resistance and diabetes, as 

one third of the total concentration of IL-6 in the blood circulation is released by 
fat tissue (Pietrzak et al., 2020).  

 

Insulin-like growth factor-1 (IGF-1) is a single-chain peptide with a structural 
framework that is similar to insulin. It has growth-stimulating activities as it 

works to regulate the growth and differentiation of many types of cells. Moreover, 

it plays an important role in regulating metabolic processes inside the body 
because it has metabolic effects which is similar to insulin (Kemp, 2009). This 

factor is mainly produced by the liver in response to its stimulation by growth 

hormone, and it can also be secreted from a number of other tissues, as 75% of 
the hormone present in the blood circulation is produced by the liver (Puche and 

Castilla-Cortazar, 2012).  

 

The IGF-1 is one of the factors that change in obesity and many related diseases, 
as its short-term metabolic effect is similar to that of insulin, while the long-term 

effect is similar to that of growth hormone. The IGF-1 has many roles in the 

initiation and development of various diseases, because in some cases it prevents 
programmed cell death and in other cases it contributes to the increase in fat 

cells (Asgharihanjani and Vafa, 2019). IGF-1 is also an essential hormone in the 

pathophysiology of metabolic syndrome because of its relationship to fat and 
carbohydrate metabolism, as it can be one of the effective options in treating this 

globally growing disease by restoring the normal levels of this hormone (Aguirre et 
al., 2016).   

  
Insulin-like growth factor is a good predictor of metabolic syndrome, as its high 

levels are associated with a lower risk of developing metabolic syndrome (Sesti et 
al., 2005). Also, its low levels were negatively associated with components of the 
metabolic syndrome such as type 2 diabetes, abdominal obesity, body mass 

index, and blood lipid disorders, which makes IGF-1 hormone of great importance 

in protecting against the development of metabolic syndrome (Juul et al., 2002).  

 
Monocyte-attracting protein (MCP-1) is a protein that regulates the migration and 

filtration of monocytes and phagocytes across the vascular endothelium to 

different tissues in response to the inflammatory state, where it, along with its 
receptors, contributes to causing many diseases (Deshmane et al., 2009). Many 

types of cells are involved in the production and secretion of MCP-1, including 

monocytes, macrophages, fibroblasts, endothelial cells, smooth muscle cells, and 
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fat cells (Lockwood et al., 2006). MCP-1 plays an important role in a number of 

pathological conditions such as cardiovascular diseases, brain, bone and joint 
diseases, cancers and respiratory infections, in addition to atherosclerosis and 

type 2 diabetes, through the activation of a number of pathways. In addition, it 

participates in protective immune responses during infection (Singh et al., 2021).   

 
2. Material and methods  

 

The current study was conducted on obese men whose metabolic health is good 
in Basrah province/Iraq. The study aimed to evaluate the concentration of some 

biomarkers and take them as predictors of metabolic syndrome, which are 

adiponectin (ADP), interleukin-6 (IL-6), insulin-like growth factor (IGF-1), 
monocyte-attractive protein (MCP-1) as well as biochemical tests, represented by 

estimating the level of glucose, total cholesterol and triglycerides. 

 
2.1 Design of experiment  

 

The study involved the collection of (88) blood serum samples from men, 

including (60) samples from obese people, which were divided according to body 
mass index into two groups. The first group included (24) samples of people who 

had obesity of the second degree, where the values of their body mass index 

ranged between 35-39.9 kg / m2. The second group included (36) samples of 
people who had obesity of the third degree if the values of the index of their body 

mass is greater than 40 kg/m². It was also divided based on the values of waist 

circumference into two groups. The first group also included (28) samples of 
people with waist circumference values ranging between 110 - 125 cm. The 

second group included (32) samples of people with waist circumference values 

greater than 125 cm. In addition, it was divided into two age groups (20-40) years 
old and (41-60) years old. Moreover, (28) samples were taken from healthy people 

(with normal weights), where their BMI values ranged between 18.5-24.5 kg/m2 

and waist circumference less than 102 cm. Samples were collected from 

volunteers in cooperation with private medical clinics.  
 

2.2 Preparation of serum  

 
Blood samples were drawn from the donors (who suffer from obesity and the 

healthy group) after they were presented to the specialized doctor in the private 

clinic. Five mL of venous blood was drawn from each donor after making sure of 
his safety and he does not suffer from any of the chronic diseases. The blood was 

placed in a special tube (Gel Tube) for the purpose of isolating the serum from the 

blood. The blood was left for 15 minutes for the purpose of coagulation. Then the 
tubes were placed in a centrifuge at a rotation rate of 3500 revolutions per minute 

for 15 minutes. The serum was placed in small Eppendrof tubes after separating 

it and store it at -20°C until tests are done. 

 
2.3 Estimation of the concentration of biomarkers in serum 

 

The well-known immunoassay (Enzyme-Linked Immunosorbeut Assay (ELISA)) 
was adopted using an ELISA reader device from Mindray Company (Germany), 
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and hormone kits that are prepared by Elabscience (USA), to estimate the levels of 

biomarkers. 

 

2.4 Statistical Analysis  
 

Statistical analysis of the data was carried out using the T-test between the 

concentrations of samples of obese people and samples of people with normal 
weight at the probability level of P≤ 0.05 and P≤ 0.01 and using the Statistical 

Science Package for the Social (SPSS) program version 21.  

3. Results  
 

Table (1) shows some clinical measurements and biochemical tests for men who 

suffer from obesity and for men of normal weight. 
  

Table (1) Some clinical measurements and biochemical tests for the study 

samples 

 

people with normal weight 
n = 28 

the average 

Obese people 
n = 60 

the average 

Feature 

195.75  cm 172 cm Height 

49.74 kg 122.93  kg Weight 

11.71  kg/m2 41.17  kg/m2 BMI 

70.48 cm 126.10 cm Waistline 

115.8  mm/Hg 119.2  mm/Hg systolic pressure 

99.5  mm/Hg  80.4  mm/Hg diastolic pressure 

 75.79 mg/m3 110.01 mg/m3 Glucose 

 77.77 mg/m3 138.09  mg/m3 Triglyceride 

 74.17 mg/m3  122.12  mg/m3 Cholesterol 

 

 
3.1 The concentration of biomarkers in the blood serum of obese and 

healthy men (normal weight)   

 
Table (2) shows that there was no significant effect in the level of ADP and MCP-1 

hormone between the group of obese men and the healthy group, while there was 

a significant effect on the concentration of IL-6 and IGF-1 biomarkers between the 
two groups.  
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Table (2): Concentrations of biomarkers in the serum of the group of obese men 

compared to the healthy group 
 

 

P-Value  

Mean ± S.D  

Healthy people  
No.28 

Obese people 
No. 60 

Biomarkers 

0.230 4.536 
±2.061 

4.009 
±1.825 

ADP ng/ml 

0.000 0.175 
±0.240 

2.057** 

±0.915 

IL-6 pg/ml 

0.001 37.177** 

±13.998 

26.876 

±12.094 

IGF-1pg/ml 

0.140 776.873 

±154.443 

856.088 

±260.312 

MCP-1ng/ml 

          ** Significant difference at probability level P≤ 0.01  

 

3.2 The effect of body mass index on the concentration of biomarkers in 
obese men  

 

Table (3) shows that there is no significant difference between the group (39.9 
≤BMI≥85) and the group (BMI≥40) at the probability level of P≤0.05 in the 

concentrations of the biomarkers ADP and IL-6, while there was a significant 

increase in the concentration of the biomarkers IGF-1 and MCP-1 in the second 
group compared to the first group.  

 

Table (3) Effect of BMI on biomarkers ADP, IL-6, IGF-1 and MCP-1 
 

 

P.Value  

Mean ± S.D  

BMI> 40 

No.=36 

BMI=35-40 

No.= 24 

Biomarkers 

0.382 4.196 
±1.884 

3.770 
±1.754 

ADP ng/ml 

0.240 1.969 
±1.093 

2.273 
±0.860 

IL-6 pg/ml 

0.017 29.999* 

±10.378 

23.024 
±11.447 

IGF-1pg/ml 

0.001 970.353** 

±358.268 

701.358 

±161.562 

MCP-1ng/ml 

    * Significance at P≤0.05, ** Significant at P≤0.01   

 

3.3 The effect of waist circumference on the concentrations of biomarkers           
in obese people  

 

Table (4) shows that there is no significant difference in the concentrations of the 
biomarker ADP between the waist circumference group( 115≥ WC ≥110) and the 

waist circumference group (WC > 125), while there were significant differences in 

the concentrations of biomarkers IL-6, IGF-1 and MCP-1 between the two groups.                                                                                          
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Table (4): The effect of waist circumference on the concentration of biomarkers 

ADP, IL-6, IGF-1 and MCP-1  

 

 

P-Value  

Mean ± S.D  

Waist circumference 

˃ 125 cm 

No. = 32 

Waist circumference 

110-125 cm 

No.= 28 

Biomarkers 

0.250 3.763 

±1.798 

4.325 

±1.948 

ADP ng/ml 

0.000 2.791** 

±1.037 
1.187 
±0.428 

IL-6 pg/ml 

0.005 22.851 
±10.281 

31.116** 

±11.548 
IGF-1pg/ml 

0.013 976.06* 

±212.635 

825.498 

±244.002 

MCP-1ng/ml 

 * Significance at P ≤ 0.05, ** Significant at P ≤ 0.01.      

 

4. Discussion   
 

The results of the current study showed that there were no significant differences 

in the concentration of the hormone adiponectin between the group of obese 

people and the healthy group. The study did not show a significant difference in 
the concentration of the hormone between the two groups of waist circumference 

and the two groups of BMI, and these results agreed with the results of the 

studies (Aguilar-Salinas et al., 2008; Snehalatha et al., 2008; Mente et al., 2010; 
Kuo and Halpern, 2011; Awede et al., 2018). These results are drawn because the 

samples taken in our study of obese people are among those who enjoy metabolic 

health. This is evident from the results of the biochemical analyzes that were 
conducted for them, which measured the levels of glucose, triglycerides and 

cholesterol, in addition to the clinical tests, which measured blood pressure 

levels. People who are obese and who are metabolically healthy obese are defined 

as people who have a body mass index greater than 30 kg/m2 and do not have 
type 2 diabetes and high blood pressure (Aguilar-Salinas et al., 2008).                                                                             

 

The results of the current study showed that the levels of (IL-6) were significantly 
higher in the obese group compared to the healthy group (with normal weights). 

In addition, it showed a significant increase in the concentration of IL-6 in the 

waist circumference group that is greater than 125 cm compared to the other 
group. These results are in agreement with the results obtained by other studies 

(Bastard et al., 2000; Khaodhiar et al., 2004; Fenkci et al., 2006; Wannnamethee 

et al., 2007).  

 
These results may be due to the expansion of adipose tissue in people who suffer 

from obesity, as adipose tissue contributes to the production of at least 35% of 

interleukin-6 present in the blood circulation (Kim et al., 2009). Obesity is also 
associated with a state of chronic low-grade inflammation (Han et al., 2020).  This 

is a result of the lack of oxygen reaching the fat cells (Hypoxia) after the 

expansion of the fat tissues, which leads to programmed cell death (Roytblat et 
al., 2000), which in turn generates signals to recruit macrophages and increase 
their infiltration into the fat tissues (Klover et al., 2005). This in turn contributes 
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to an increase in the expression of IL-6 in the adipose tissue of obese people and 

an increase in its levels in the circulatory system (Han et al., 2020).                                   
 

It is clear from the results of the current study that there is a significant decrease 

in the concentration of (IGF-1) in the blood plasma of people with obesity 

compared to its concentration in the blood plasma of people of normal weight. It 
also showed a significant decrease in the concentration of IGF-1 in the group of 

people with a waist circumference greater than 125 cm compared to its 

concentration in people with a waist circumference less than or equal to 125 cm 
.There results agree with the results obtained by the studies (Schneider et al., 
2006; Gram et al., 2006; Friedrich et al., 2012; Savastano et al., 2012).                                                                                                                                            

 
The reason for the decrease in IGF-1 levels in obese individuals may be attributed 

to the chronic low-grade inflammatory state that is associated with obesity. This 

is characterized by increased production of inflammatory cytokines such as IL-6, 

which is one of the important factors that impair IGF-1 activity by affecting the 
regulation of IGF-1 carrier proteins (Witkowska-Sedek and Pyrzak, 2020). As 

inflammatory cytokines inhibit IGF-1 signaling pathways by 30-50% (Choukair et 
al., 2014).                                                                             
 

Furthermore, it, especially IL-6, stimulates hepatic C-Reactive protein (CRP) 

synthesis (a measure of systemic inflammation) which in turn is a limiting factor 
for IGF-1 production by hepatocytes due to its effect on hepatocyte expression of 

IGF-1 (Bermudez et al.,2002). Also, low levels of IGF-1 in obese individuals may 

be a result of a decrease in functional hepatocytes producing insulin-like growth 

factor because of fatty degeneration of the liver associated with obesity (Garcia-
Galiano et al., 2007).                                                                               

 

The results of the current study showed that there was a significant increase in 
the concentration of IGF-1 in the BMI group greater than 40 kg/m2 compared to 

the BMI group of 35-40 kg/m2. The reason behind this result may be that fat 

cells can produce IGF-1, and thus the higher the body mass index is, the greater 
the number of fat cells becomes, which leads to an increase in the level of IGF-1 

in the blood circulation (Wabitsch et al., 2000). Insulin also stimulates hepatic 

production of IGF-1, whose levels are usually high in obese people (Rajpathak et 
al., 2009). In addition, insulin inhibits the secretion of IGF-1-carrying proteins by 
the liver, which increases the free concentration of IGF-1 in the blood circulation 

(Frystyk, 2004).                                                                                                                             

 
The results of the present study revealed that there is no significant difference in 

the level of mononuclear-attracting protein (MCP-1) in the blood plasma between 

obese people and people with normal weight. These results are in agreement with 

the results obtained by the study (Lee et al., 2015). The reason for this may be 
due to the healthy metabolic health of the study samples for people who suffer 

from obesity. 

 
The results of the current study also showed a significant increase in the 

concentration of MCP-1 in blood plasma with an increase in body mass index and 

waist circumference. These results are consistent with the results obtained by 
studies (Kim et al., 2006; Breslin et al., 2012), which showed that high levels of 
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MCP-1 were positively associated with the increase in the values of body mass 

index and waist circumference.                                         

 

The reason for this may be due to the increase in the number and size of fat cells 
in the adipose tissue with an increase in the values of body mass index and waist 

circumference, as well as an increase in the accumulation of macrophages, which 

leads to a decrease in the oxygen supply and thus an increase in oxidative stress 
(Katsuki et al., 2006). The MCP-1 is produced by many cell types such as 

fibroblasts, epithelial cells, vascular smooth muscle cells, as well as adipose 

tissue cells after induction by oxidative stress and inflammatory cytokines (Chen 
et al., 2005).                                                                                                       

                                                          
5. Conclusion  
 

The current study concluded that the altered levels of IL-6 and IGF-1 associated 

with obesity is a risk marker that predicts the development of metabolic syndrome 
in obese men.  

 

References 

 
Aguilar-Salinas, C. A.; García, E. G; Robles, L.; Riano, D.; Ruiz-Gomez, D. G.; 

García-Ulloa, A. C.; and Gomez-Pérez, F. J. (2008). High adiponectin 

concentrations are associated with the metabolically healthy obese phenotype. 
The Journal of Clinical Endocrinology & Metabolism, 93(10): 4075-4079. 

Aguirre, G. A.; De Ita, J. R.; De La Garza, R. G.; and Castilla-Cortazar, I. (2016). 

Insulin-like growth factor-1 deficiency and metabolic syndrome. Journal of 
translational medicine, 14(1): 1-23. 

Aktar, N.; Qureshi, N. K.; and Ferdous, H. S. (2017). Obesity: a review of 

pathogenesis and management strategies in adult. Delta Medical College 
Journal, 5(1): 35-48. 

Al-Akabi, D. F.; Kata, F. S.; and Khosho, E. Z. (2019). Estimation of biochemical 

and immunological parameters alteration in women with polycystic ovary 

syndrome in basrah governorate. European Journal of Biomedical, 6(5): 607-
611. 

AsghariHanjani, N.; and Vafa, M. (2019). The role of IGF-1 in obesity, 

cardiovascular disease, and cancer. Medical journal of the Islamic Republic of 
Iran, 33, 56: 1-4. 

Awede, B.; Adovoekpe, D.; Adehan, G; MacFarlane, N. G.; Azonbakin, S.; Dossou, 

E.; and  Djrolo, F. (2018). Adiponectin, in contrast to leptin, is not associated 
with body mass index, waist circumference and HOMA‐IR in subjects of a 

west‐African population. Physiological reports, 6(11): 1-6. 

Anchundia, M. J. L., Gámez, M. R., Quiroz, A. M. V., Miles, G. M., & Molina, L. A. 
V. (2022). Energy efficiency and the link with society. International Research 

Journal of Management, IT and Social Sciences, 9(4), 398-404. 

https://doi.org/10.21744/irjmis.v9n4.2094 

Bastard, J. P.; Jardel, C.; Bruckert, E.; Blondy, P.; Capeau, J.; Laville, M.; and  
Hainque, B. (2000). Elevated levels of interleukin 6 are reduced in serum and 

subcutaneous adipose tissue of obese women after weight loss. The Journal of 

Clinical Endocrinology & Metabolism, 85(9): 3338-3342. 

https://doi.org/10.21744/irjmis.v9n4.2094


         

 

828 

Bermudez, E. A.; Rifai, N.; Buring, J.; Manson, J. E.; and Ridker, P. M. (2002). 

Interrelationships among circulating interleukin-6, C-reactive protein, and 
traditional cardiovascular risk factors in women. Arteriosclerosis, thrombosis, 

and vascular biology, 22(10): 1668-1673. 

Breslin, W. L.; Johnston, C. A.; Strohacker, K.; Carpenter, K. C.; Davidson, T. R.; 
Moreno, J. P.; and McFarlin, B. K. (2012). Obese Mexican American children 

have elevated MCP-1, TNF-α, monocyte concentration, and dyslipidemia. 

Pediatrics, 129(5): e1180-e1186. 

Brooks, G. C.; Blaha, M. J.; and Blumenthal, R. S.(2010). Relation of C-reactive 
protein to abdominal adiposity.The American Journal of Cardiology, 106(1):56-

61. 

Ceddia, R. B.; Somwar, R.; Maida, A.; Fang, X.; Bikopoulos, G.; and Sweeney, G. 
(2005). Globular adiponectin increases GLUT4 translocation and glucose 

uptake but reduces glycogen synthesis in rat skeletal muscle cells. 

Diabetologia, 48(1): 132-139. 
Chen, A.; Mumick, S.; Zhang, C.; Lamb, J.; Dai, H.; Weingarth, D.; and Qian, S. 

(2005). Diet induction of monocyte chemoattractant protein‐1 and its impact 

on obesity. Obesity research, 13(8): 1311-1320. 
Choukair, D.; Hügel, U.; Sander, A.; Uhlmann, L.; and Tönshoff, B. (2014). 

Inhibition of IGF-I–related intracellular signaling pathways by proinflammatory 

cytokines in growth plate chondrocytes. Pediatric Research, 76(3): 245-251. 

 Deshmane, S. L.; Kremlev, S.; Amini, S.; and Sawaya, B. E. (2009). Monocyte 
chemoattractant protein-1 (MCP-1): an overview. Journal of interferon & 

cytokine research, 29(6): 313-326 

Eckel, R. H.; Grundy, S. M.; and Zimmet, P. Z. (2005). The metabolic syndrome. 
The lancet, 365(9468): 1415-1428. 

Ellulu, M. S.; Khazaai, H.; Rahmat, A.; Patimah, I.; and Abed, Y.( 2016). Obesity 

can predict and promote systemic inflammation in healthy adults. Int J 
Cardiol, 215:318-324. 

Fenkci, S.; Rota, S.; Sabir, N.; Sermez, Y.; Guclu, A.; and Akdag, B. (2006). 

Relationship of serum interleukin-6 and tumor necrosis factor α levels with 
abdominal fat distribution evaluated by ultrasonography in overweight or 

obese postmenopausal women. Journal of investigative medicine, 54(8): 455-

460. 

Frankenberg, A. D. V.; Reis, A. F.; and Gerchman, F. (2017). Relationships 
between adiponectin levels, the metabolic syndrome, and type 2 diabetes: a 

literature review. Archives of endocrinology and metabolism, 61: 614-622. 

Friedrich, N.; Jørgensen, T.; Juul, A.; Spielhagen, C.; Nauck, M.; Wallaschofski, 
H.; and Linneberg, A. (2012). Insulin-like growth factor I and anthropometric 

parameters in a Danish population. Experimental and clinical endocrinology & 

diabetes, 120(03): 171-174. 
Frystyk, J. (2004). Free insulin-like growth factors–measurements and 

relationships to growth hormone secretion and glucose homeostasis. Growth 

Hormone & IGF Research, 14(5): 337-375. 
García-Galiano, D.; Sánchez-Garrido, M. A.; Espejo, I.; Montero, J. L.; Costán, G.; 

Marchal, T.; and Muntané, J. (2007). IL-6 and IGF-1 are independent 

prognostic factors of liver steatosis and non-alcoholic steatohepatitis in 
morbidly obese patients. Obesity surgery, 17(4): 493-503. 

Gil-Campos, M.; Cañete, R.; and Gil, A. (2004). Adiponectin, the missing link in 

insulin resistance and obesity. Clinical nutrition, 23(5): 963-974. 



 

 

 

829 

Golbidi, S.; Mesdaghinia, A.; and Laher, I. (2012). Exercise in the metabolic 

syndrome. Oxidative medicine and cellular longevity, 2012: 1-13. 

Gram, I. T.; Norat, T.; Rinaldi, S.; Dossus, L.; Lukanova, A.; Tehard, B.; and 

Kaaks, R. (2006). Body mass index, waist circumference and waist–hip ratio 
and serum levels of IGF-I and IGFBP-3 in European women. International 

journal of obesity, 30(11): 1623-1631. 

Haffner, S. M. (2006). Risk constellations in patients with the metabolic 
syndrome: epidemiology, diagnosis, and treatment patterns. The American 

journal of medicine, 119(5): 3-9. 

Han, M. S.; White, A.; Perry, R. J.; Camporez, J. P.; Hidalgo, J.; Shulman, G. I.; 
and Davis, R. J. (2020). Regulation of adipose tissue inflammation by 

interleukin 6. Proceedings of the National Academy of Sciences, 117(6): 2751-

2760. 
Huth, C.; Pigeon, E.; and Riou, M. E.(2016). Fitness adiposopathy and adiposity 

are independent predictors of insulin sensitivity in middle-aged men without 

diabetes. Journal Physiol Biochem, 72(3):435-444. 

Jallod, A. A. R.; and Kata, F. S. (2019). Estimation of adiponectin hormone and 
antioxidants levels in type 2 diabetic patients in Dhiqar Province. Journal of 

Global Pharma Technology, 11(07): 885-893. 

Juul, A.; Scheike, T.; Davidsen, M.; Gyllenborg, J.; and Jørgensen, T. (2002). Low 
serum insulin-like growth factor I is associated with increased risk of ischemic 

heart disease: a population-based case-control study. Circulation, 106(8): 939-

944. 
Katsuki, A.; Suematsu, M.; Gabazza, E. C.; Murashima, S.; Nakatani, K.; Togashi, 

K.; and Sumida, Y. (2006). Increased oxidative stress is associated with 

decreased circulating levels of adiponectin in Japanese metabolically obese, 
normal-weight men with normal glucose tolerance. Diabetes research and 

clinical practice, 73(3): 310-314. 

Kemp, S. F. (2009). Insulin-Like Growth Factor-I Deficiency in Children with 

Growth Hormone Insensitivity. BioDrugs, 23(3): 155-163. 
Khaodhiar, L.; Ling, P. R.; Blackburn, G. L.; and Bistrian, B. R. (2004). Serum 

levels of interleukin‐6 and C‐reactive protein correlate with body mass index 

across the broad range of obesity. Journal of Parenteral and Enteral Nutrition, 
28(6): 410-415. 

Kibe, S.; Adams, K.; and Barlow, G. (2011). Diagnostic and prognostic biomarkers 

of sepsis in critical care. Journal of antimicrobial chemotherapy, 66(2): 33-40. 
Kim, C. S.; Park, H. S.; Kawada, T.; Kim, J. H.; Lim, D.; Hubbard, N. E.; and Yu, 

R. (2006). Circulating levels of MCP-1 and IL-8 are elevated in human obese 

subjects and associated with obesity-related parameters. International journal 
of obesity, 30(9): 1347-1355. 

Kim, J. H.; Bachmann, R. A.; and Chen, J. (2009). Interleukin‐6 and insulin 

resistance. Vitamins & Hormones, 80: 613-633. 

Klover, P. J.; Clementi, A. H.; and Mooney, R. A. (2005). Interleukin-6 depletion 
selectively improves hepatic insulin action in obesity. endocrinology, 146(8): 

3417-3427. 

Kuo, S. M.; and  Halpern, M. M. (2011). Lack of association between body mass 
index and plasma adiponectin levels in healthy adults. International journal of 

obesity, 35(12): 1487-1494. 



         

 

830 

Lee, T. H.; Jeon, W. S.; Han, K. J.; Lee, S. Y.; Kim, N. H.; Chae, H. B.; and Rhee, 

E. J. (2015). Comparison of serum adipocytokine levels according to metabolic 
health and obesity status. Endocrinology and Metabolism, 30(2): 185-194. 

Lockwood, C.J.; Matta, P.; Krikun, G.; Koopman, L.A.; Masch, R.; Toti, P.; Arcuri, 

F.; Huang, S.T.; Funai, E.F.; and Schatz, F.(2006). Regulation of monocyte 
chemoattractant protein-1 expression by tumor necrosis factor-alpha and 

interleukin-1beta in first trimester human decidual cells: implications for 

preeclampsia. Am J Pathol, 168(2):445-52. 

Mayeux, R. (2004). Biomarkers: potential uses and limitations. The Journal of the 
American Society for Experimental NeuroTherapeutics, 1(2): 182-188. 

Mente, A.; Razak, F.; Blankenberg, S.; Vuksan, V.; Davis, A. D.; Miller, R.; and 

Study of Health Assessment and Risk Evaluation (SHARE) and SHARE in 
Aboriginal Peoples (SHARE-AP) Investigators. (2010). Ethnic variation in 

adiponectin and leptin levels and their association with adiposity and insulin 

resistance. Diabetes care, 33(7): 1629-1634. 
Miharja, M. ., Setiawati, S. ., & Lubis, A. L. P. . (2020). How dangerous the 

Indonesian recession due to COVID-19 pandemic: review policy and strategy to 

recovery. International Journal of Social Sciences and Humanities, 4(3), 121–
129. https://doi.org/10.29332/ijssh.v4n3.470 

Monasoub, S.; Chan, M. K.; Adeli, K.(2006). Gap analysis of pediatric reference 

intervals for risk biomarkers of cardiovascular disease and the metabolic 

syndrome . Clinical Biochemistry, Vol.39: 569-587. 
Pietrzak, A.; Chabros, P.; Grywalska, E.; Pietrzak, D.; Kandzierski, G.; Wawrzycki, 

B.; and Krasowska, D. (2020). Serum concentration of interleukin 6 is related 

to inflammation and dyslipidemia in patients with psoriasis. Advances in 
Dermatology and Allergology/Postępy Dermatologii i Alergologii, 89(1): 41-45. 

Puche, J. E.; and Castilla-Cortázar, I. (2012). Human conditions of insulin-like 

growth factor-I (IGF-I) deficiency. Journal of translational medicine, 10(1): 1-
29. 

Rajpathak, S. N.; Gunter, M. J.; Wylie‐Rosett, J.; Ho, G. Y.; Kaplan, R. C.; 

Muzumdar, R.; and Strickler, H. D. (2009). The role of insulin‐like growth 
factor‐I and its binding proteins in glucose homeostasis and type 2 diabetes. 

Diabetes/metabolism research and reviews, 25(1): 3-12. 

Roytblat, L.; Rachinsky, M.; Fisher, A.; Greemberg, L.; Shapira, Y.; Douvdevani, 

A.; and Gelman, S. (2000). Raised interleukin‐6 levels in obese patients. 
Obesity research, 8(9): 673-675. 

Savastano, S.; Barbato, A.; Di Somma, C.; Guida, B.; Pizza, G.; Barrea, L.; and  

Colao, A. (2012). Beyond waist circumference in an adult male population of 
Southern Italy: Is there any role for subscapular skinfold thickness in the 

relationship between insulin-like growth factor-I system and metabolic 

parameters?. Journal of Endocrinological Investigation, 35(10): 925-929. 
Schneider, H. J.; Saller, B.; Klotsche, J.; Ma ̈rz, W.; Erwa, W.; Wittchen, H. U.; and 

Stalla, G. K. (2006). Opposite associations of age-dependent insulin-like growth 

factor-I standard deviation scores with nutritional state in normal weight and 
obese subjects. European Journal of Endocrinology, 154(5): 699-706. 

Sesti, G.; Sciacqua, A.; Cardellini, M.; Marini, M. A.; Maio, R.; Vatrano, M.; and 

Perticone, F. (2005). Plasma concentration of IGF-I is independently associated 
with insulin sensitivity in subjects with different degrees of glucose tolerance. 

Diabetes care, 28(1): 120-125. 



 

 

 

831 

Shibata, R.; Ouchi, N.; and Murohara, T. (2009). Adiponectin and cardiovascular 

disease. Circulation Journal, 73: 608 – 614. 

Singh, S.; Anshita, D.; and Ravichandiran, V. (2021). MCP-1: Function, 

regulation, and involvement in disease. International immunopharmacology, 
101: 1-10. 

Sironi, A. M.; Gastaldelli, A.; Mari, A.; Ciociaro, D.; Postano, V.; Buzzigoli, E.; and 

Ferrannini, E. (2004). Visceral fat in hypertension: influence on insulin 
resistance and β-cell function. Hypertension, 44(2): 127-133. 

Snehalatha, C.; Yamuna, A.; and Ramachandran, A. (2008). Plasma adiponectin 

does not correlate with insulin resistance and cardiometabolic variables in 
nondiabetic Asian Indian teenagers. Diabetes care, 31(12): 2374-2379. 

Suryasa, I. W., Rodríguez-Gámez, M., & Koldoris, T. (2021). Get vaccinated when 

it is your turn and follow the local guidelines. International Journal of Health 
Sciences, 5(3), x-xv. https://doi.org/10.53730/ijhs.v5n3.2938 

Toumpanakis, D.; and Vassilakopoulos, T. (2007). Molecular mechanisms of 

action of Interleukin-6 (IL-6). Pneumon, 20(1): 154-167. 

Wabitsch, M.; Heinze, E.; Debatin, K. M.; and Blum, W. F. (2000). IGF-I-and 
IGFBP-3-expression in cultured human preadipocytes and adipocytes. 

Hormone and Metabolic Research, 32(11/12): 555-559. 

Wang, Z. V.; and Scherer, P. E. (2016). Adiponectin, the past two decades. 
Journal of molecular cell biology, 8(2): 93-100. 

Wannamethee, S. G.; Whincup, P. H.; Rumley, A.; and Lowe, G. D. O. (2007). 

Inter‐relationships of interleukin‐6, cardiovascular risk factors and the 
metabolic syndrome among older men. Journal of Thrombosis and 

Haemostasis, 5(8): 1637-1643. 

Witkowska-Sędek, E.; and  Pyrżak, B. (1010). Chronic inflammation and the 
growth hormone/insulin-like growth factor-1 axis. Central European Journal 

of Immunology, 45(4): 469-475. 

 


