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The significance of adiponectin as biomarker in metabolic syndrome and/or coronary artery disease

Abstract     
Introduction/Objective: Prevention of insulin resistence or prediabetes progression towards more severe clinical entities is of critical importance. Since adiponectin exerts profound protective actions during the metabolic syndrome and/or cardiovascular disease, it seems to be the most promising adipokine for both basic and clinical research. Adiponektin seem to be directly involved in improvement and control of insulin sensitivity due to effects both insulin resistance and endothelial function. Hypoadiponectinaemia contributes to the pathophysiology of the metabolic syndrome and coronary artery disease. In addition, the level of circulating adiponectin may be an early marker of the conditions such as metabolic syndrome and coronary artery disease. 

This case control study was performed in order to estimate the association of the adiponectin serum levels, insulin resistence/prediabetes in patients with the metabolic syndrome and/or coronary artery disease. The objective of this study is to elucidate significance of adiponectin and predictive value of adiponectin serum levels as a biomarker of metabolic syndrome and/or coronary artery diseases. 

Methods: The study included 100 patients with different degree of insulin resistance with metabolic syndrome and coronary artery disease diagnosed by criteria of MS proposed by the International Diabetes Federation.  Serum level of adiponectin, fasting glucose, fasting insulinemia, and Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) index were determined in all the patients. Adiponectin was measured by using the ultrasensitive ELISA method. The presence of glycemic disorders was assessed on the basis of oral glucose tolerance test (OGTT).

Results: Adiponectin level was inversely correlated with age, indices of obesity, insulin resistance. An extremely strong negative correlation between insulin resistance and adiponectin was found in all examinees. Most importantly, adiponectin serum level was significantly lower in prediabetic patients independently of the other variables, which can be seen in the procedural prospective study. The decrease of adiponectin level is in correlation with the increasing degree of insulin resistance and number of involved coronary arteries.
Conclusions: Serum adiponectin level could be used to identify individuals at high risk of metabolic syndrome and coronary artery disease in the early stages. Adiponectin may be a significant and independent predictor of prediabetes, metabolic syndrome and coronary artery disease, as well as hypoadiponectinaemia independent cardio-vascular risk factor.
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Značaj adiponektina kao biomarkera metaboličkog sindroma
i/ili koronarne bolesti
Kratak sadržaj

Uvod/Cilj: Sprečavanje insulinske rezistencije ili progresije predijabetesa u ozbiljnije kliničke entitete je od posebne važnosti. Pošto adiponektin ispoljava snažno zaštitno dejstvo tokom metaboličkog sindroma i/ili kardiovaskularne bolesti, predstavlja adipokin koji najviše obećava u smislu osnovnog i kliničkog ispitivanja. Čini se da je adiponektin  direktno uključen u poboljšanje i kontrolu insulinske osetljivosti zbog efekata insulinske rezistencije i endotelne funkcije. Hipoadiponektinemija doprinosi patofiziologiji metaboličkog sindroma i koronarne bolesti. U skladu sa tim, nivo cirkulišućeg adiponektina može biti rani pokazatelj metaboličkog sindroma i koronarne bolesti.

Ova kontrolna studija je urađena kako bi se procenila povezanost nivoa adiponektina i insulinske rezistencije/predijabetesa kod pacijenata sa metaboličkim sindromom i/ili koronarnom bolešću. 
Cilj ove studije je da objasni značaj adiponektina i prediktivnih vrednosti nivoa adiponektina kao biomarkera metaboličkog sindroma i/ili koronarne bolesti.

Metode: Studija je uključila 100 pacijenata različitog stepena insulinske rezistencije sa metaboličkim sindromom i koronarnom bolešću dijagnostikovanim po kriterijumima MS datim od strane Međunarodne federacije za dijabetes. Nivo serumskog adiponektina, glukoze našte, insulinemije našte i HOMA-IR indeksa su ustanovljeni kod svih pacijenata. Adiponektin je meren korišćenjem ultrasenzitivnog ELISA metoda. Prisustvo glikemijskih poremećaja je procenjeno na osnovu testa oralne glukozne tolerancije (OGTT). 
Rezultati: Nivo adiponektina je obrnuto povezan sa starošću, indikatorima gojaznosti, insulinskom rezistencijom. Posebno jaka negativna korelacija između insulinske rezistencije i adiponektina zabeležena je kod svih ispitanika. Najvažnije, nivo serumskog adiponektina je bio značajno niži kod predijabetičnih pacijenata nezavisno od drugih varijabli, što se može videti u proceduralnoj prospektivnoj studiji. Opadanje nivoa adiponektina je u korelaciji sa rastućim stepenom insulinske rezistencije i brojem aterosklerotski izmenjenih koronarnih arterija.

Zaključci: Nivo seruma adiponektina bi se mogao koristiti za identifikovanje osoba sa visokim rizikom od metaboličkog sindroma i koronarnog oboljenja u ranoj fazi.
Adiponektin može biti značajni i nezavisni marker predijabetesa, metaboličkog sindroma i koronarne bolesti, kao i hipoadiponektinemija nezavisni kardiovaskularni faktor rizika.
Ključne reči: adiponektin, insulinska osetljivost, predijabetes, metabolički sindrom, koronarna bolest.
Introduction
Dysfunctional adipose tissue represents the pathogenetic link between obesity, metabolically conditioned disorders and coronary artery disease development. As an active metabolic-endocrine organ, adipose tissue, especially abdominal, has an adverse effect on the cardiovascular system by secretion of many adipokines (leptin, omentin, visfatin, resistin). (1) However, adipocytes secrete unique vasculoprotective adipokine with multiple anti-diabetic, anti-inflammatory, and anti-lipid and antioxidant effects in endothelial, vascular, muscle cells, adipocytes and cardiomyocytes (2). 
Adiponectin is a hormone secreted primarily from the mature adipocytes and circulates at a concentration significantly higher in metabolically healthy individuals of normal body weight. Epicardial adipose tissue also produces adiponectin, which is significant in coronary endothelial dysfunction (3). Recent studies have shown that levels of adiponectin are in a statistically more significant inverse correlation with visceral than with total adipose tissue, indicating that the concentration of serum adiponectin is not determined only by the amount of adipose tissue, but also by its distribution (4,5). 

How important this hormone is in the body is supported by the fact that adiponectin is stable throughout the evolution of mammals. Circulating adiponectin levels are strictly controlled by genetic factors (46%) and remain relatively constant.
Interestingly, the part of the human adiponectin chromosome 3 (3q27) contains the "quantitative trait locus" (QTL) with strong influence on the phenotypes of hypertension, prediabetes and metabolic syndrome (6,7). 
In physiological conditions, adiponectin has a protective role in the maintenance of insulin sensitivity, anti-inflammatory role in the prevention of pro-inflammatory response to numerous cytokines, vasculoprotective role in the maintenance of the vasculature in vasodilating condition and inhibition of proliferation of smooth muscle cells of blood vessels. Adiponectin realizes the primary effect of insulin sensitizer in skeletal muscles and liver, through the inhibition of lipid synthesis and glyconeogenesis, maintaining the glucose, triglycerides and free fatty acids in blood by means of adiponectin receptor AdipoR and molecules AMPK, PPAR-α and other unknown signaling pathways (8,9). 
Adiponectin receptor-binding protein (APPL1) participates in all of the biological functions of adiponectin and insulin on the cellular and subcellular level. Interection between APPL1 and Akt realizes the insulin stimulated glucose uptake in muscle cells, mediated by the translocation of GLUT4 to the cell membrane surface (10). 
Given these roles of adiponectin, in recent years it has attracted the attention of many researchers due to its characteristics, it is easy to measure, stable in the circulation, it is not subject to large day-night fluctuations in concentrations and its relationship inversely correlates with numerous metabolic disorders and diseases (11). 
Methods
Section study included 100 patients with metabolic syndrome and/or coronary artery disease, in which there were clinical and laboratory signs of varying degrees of insulin resistance and nutritional status, which is treated in the Institute "Niska Banja". Determination of the concentration of the hormone adiponectin was done at the Center for Molecular Medicine of Stem Cell, Faculty of Medical Sciences, University of Kragujevac. Insulinemia was determined in the Laboratory for radioactive isotopes, at the Department of Nuclear Medicine, Clinical Center "Kragujevac" using the diagnostic kit RIA INSULIN (CIS).
All examinees were divided into four groups of 25 patients, homogeneous by age and sex structure:

1. group with metabolic syndrome and coronary artery disease,
2. group with metabolic syndrome without coronary artery disease,
3. group without metabolic syndrome and with coronary artery disease, and
4. group without metabolic syndrome and without coronary artery disease (control group).
The criteria for non-inclusion: patients with associated diseases of the digestive and renal systems (malabsorption syndrome, liver and renal insufficiency), acute infections in the past three months, neoplastic diseases, diabetes mellitus.

All examinees were measured for anthropometric characteristics: body mass (kg), body height (cm), body mass index (BMI) as the ratio of body mass and the height square (kg/m2), waist circumference (cm), hip circumference (cm) and waist/hip ratio WHR (waist to Hip ratio).

Determination of the total quantity of adipose tissue (Whole body fat/DEXA) was performed on the DXA (dual. energy X-ray absorptiometry scan) device Densitometer Hologic Dyscavery and shown in percentage (%), and obesity was defined according to the following values​​: up to 40 years for men >22 and women >35%, over 40 years for men >25 and women >38% (12). Serum level of adiponectin was determined in all patients, fasting glycemia, fasting insulinemia and HOMA-IR index.

Based on the oral glucose tolerance test (OGTT), assessment of the existence of glycemic disorders was performed.
Glycoregulation disorders were determined according to the current WHO classification (13) and based on the individual values ​​of glycemia (two values).

· Normal fasting glycemia - fasting glycemia < 6.1 mmol/L, 

· Increased fasting glycemia - 6.1 mmol/l ≤ fasting glycemia < 7.0 mmol/L and
· Highly risky fasting glycemia - fasting glycemia ≥ 7.0 mmol/L;
and based on values of glycemia during OGTT in the 120th minute: 

· Normal glycose tolerance - OGTT glycemia in the 120th minute < 7.8 mmol/L, 

· Decreased glycose tolerance - 7.8 ≤ OGTT glycemia in the 120th minute < 11.1 mmol/L and

· Highly risky glycose tolerance-OGTT glycemia in the 120th minute ≥11.1 mmol/L (13).
Determination of the HOMA-IR index as an indicator of insulin resistance and HOMA-β index as an indicator of the function of pancreatic β-cells was carried out based on the concentration of glucose (G), and insulin (I) in plasma, using formula (14):
  
HOMA-IR =                       (index)   and   HOMA- β =                     (%), 

where glucose and insulin were given in G [mmol/L] and I [mIU/L].

There are no standardized reference values ​​for the HOMA-IR index due to conflicting values ​​of different ethnic groups (15). Therefore, based on the obtained results, the patients were grouped according to the amount of insulin resistance, whereas those in the highest third of the obtained values, have 27% higher risk of developing a cardiovascular event than those in the lowest third of the insulin resistance. The adiponectin concentration in the serum was determined by commercial ELISA (Enzyme-linked immunosorbent assay) kit specific for human adiponectin (Human Adiponectin Duo Set ELISA Development kit , R & D systems, USA). (16) Based on the measured values ​​of the standards, a standard curve was created, and then the values for each individual sample were calculated. All samples were measured in triplicate. The measuring range of the method was 62.5 - 4000 pg/mL.

Data regarding coronary artery diseases were taken under coronarographic findings from the patients’ medical records. Significant coronary artery stenosis defined the >50% reduction of absolute lumen diameter of major epicardial arteries or their major branches.
Statistical analysis
Statistical analysis was performed using descriptive and analytical methods. The mean values ​​of the parameters are shown as the arithmetic mean of X ± SD. Differences in mean values ​​of adiponectin levels in groups of patients and parameters of metabolic syndrome and coronary artery disease were determined by variance analysis (ANOVA) and multivariate variance analysis (MANOVA), while the correlation of adiponectin levels with these parameters was determined using multiple regression analysis and Pearson's and Spearman’s correlation coefficient.

All statistical analyzes were performed for the statistical significance level of p<0.05.
Results
Clinical and biological characteristics
This study included 50 men (M) and 50 women (W), aged 40-75 years (average age: 53.19±15.0, men: 51.0±16.5 and women: 55.3±13.2). (Table 1)

Table 1
Adiponectin level significantly correlated with group patients (r = 0.299), with age (ρ = - 0.015) and was significantly higher in female patients (r = 0.208, p<0.05).


Correlation between adiponectin levels and parameters of obesity [body mass index (BMI), waist circumference (WC), waist/hip circumference ratio (WC/HC) and adipose tissue amounts (FAT)] is shown in Table 2.
Tabela 2
Correlation between adiponectin level with parameters of obesity is very significant and of moderate intensity (R = 0.437, p<0.001). In the prognostic set of obesity parameters, the most significant impact on adiponectin level has waist circumference        (β = - 1.105, p<0.001), BMI (β = 0.579, p<0.01) and WC/HC (β = 0.357, p<0.05), while the total amount of adipose tissue does not have a significant impact on the level of adiponectin.
Correlation between adiponectin level and parameters of insulin resistance (IR) [Fasting glycemia (OGTT I), glycemia in 120th minute (OGTT II), insulin, HOMA-IR and HOMA-β] was found in the whole study group, using the Pearson correlation coefficient, and shown in Table 3. 

Tabela 3
The results show the negative, relatively weak correlation between adiponectin level and all the parameters of IR, but highly significant (p<0.01) with OGTT I (r = - 0.292) and HOMA-IR (r = - 0.259), and a significant correlation (p<0.05) with insulin (r = - 0.238), and in the second part of the table significant and relatively strong correlation between the IR parameters.
Correlation between adiponectin level and IR parameters, their relationships and the significance in prognostic set, using the multiple regression analysis are shown in Table 4.
Tabela 4
The correlation between adiponectin level and IR parameters is moderate and significant (R1 = 0.373, R2 = 0.391, p<0.05). In the prognostic set of IR parameters in the first model, the most significant impact on the level of adiponectin (p​​<0.01) has OGTT I (β = - 0.496), while in the second model with the transformed parameters (ln - natural logarithm) has ln insulin (β = 0.933, p<0.05), and ln HOMA-IR (β = - 1.305, p<0.01). Pearson correlation coefficients are shown in Correlations column.
For a more detailed analysis of the correlation between adiponectin level and insulin resistance in accordance with the natural course of MS and IR stages and for determination of the adiponectin levels in IR stages, depending on glucose tolerance and values of blood insulin, the patients were divided into four groups:
· 1. group (Normal fasting glycemia and glucose tolerance, and normoinsulinemia),

· 2. group (Increased fasting glycemia, normal glucose tolerance, and hyperinsulinemia),

· 3. group (Increased fasting glycemia, decreased glucose tolerance, and hyperinsulinemia) and 

· 4. group (Highly risky increased fasting glycemia and decreased glucose tolerance, and

normoinsulinemia).

Average values of adiponectin level and IR parameters in groups (IR stages) is shown in Table 5.

Tabela 5

Comparing to the stage of normal glucose tolerance (0), in the stage of "pre-diabetes", in the first stage (1) of increased fasting glycemia and normal glucose tolerance, there is an increase in insulin and a sudden decrease in adiponectin level (1054.19). In the second stage (2), impaired glucose tolerance, hyperglycemia is maintained, while the glycemia in 120th min continuously increases, continues in the third (3) final stage, also with fasting glycemia, which is constantly increasing, until the end of the third stage maintains hyperglycemia at a high level. Levels of adiponectin, after a sharp decrease in the first stage of increased fasting glycemia, in the second stage rapidly increases (1209), as induced response to an increase in glycemia and impaired glucose tolerance, and in the third stage it continues increasing and maintains the achieved level (1319.42), significantly below the initial values​​, in terms of high hyperglycemia and insulin resistance.



Correlation between adiponectin levels and parameters of insulin resistance is negative; in normal weight patients exists a significant correlation (p<0.05) with insulin    (r = - 0.287) and HOMA-IR index (r = - 0.299), and, less significant, with the OGTT I      (r = - 0.266, p<0:10); while in obese patients there was no significant correlation.
Discussion

With the emergence of obesity and development of MS, process of deregulation of adipocytes leads to disorders of intracellular function, and the results are insulin resistance at the level of adipose tissue, increased production of adipokines, free fatty acids, and other inflammatory mediators in the form of insulin resistance, particularly in skeletal muscles and liver. Insulin resistance further affects the cells of vascular membrane, which further increases the risk of cardiovascular diseases (17).
Over the last decade through many clinical studies (18,19) as well as this one, reported that the level of adiponectin paradoxically decreases in states of MS, associated diseases MS and CAD, as well as in acute phases of CAD (20), as a reaction to an abnormal inflammatory response. Due to the inhibitory impact of adiponectin on the production of TNF-α and other proinflammatory cytokines, expression of adhesion molecules, and the growth-factor-induced proliferation of smooth muscle cells, is significant mostly in the early stages of atherosclerosis and acute exacerbations. The protective effects of adiponectin are often associated with a proven reduction of inflammation and endothelial dysfunction, which are in the basis of MS and CAD occurrence, which leads to the conclusion that the hypoadiponectinaemia, haemodynamic vascular abnormalities, as well as the complications of atherosclerosis are consequently correlated.
The results showed, as well as the study of Wang et al. (21), that in middle-aged patients serum levels of adiponectin in relation to gender, are more significant in men with CAD, whereas in women they are more significant in the group with MS and prediabetes, which explains that there is female predisposition of males towards the development of coronary artery disease, whereas in women towards metabolic disorders, due to the up-regulation of estrogen to adiponectin in premenopausal women. Adiponectin level in men is significantly lower than in women due to the inhibitory effects of testosterone on its production. 
According to the study by Saely et al. (18), the results of this research show that patients with CAD and MS have the lowest levels of adiponectin, higher in patients with MS, then in patients with CAD, and the highest level of adiponectin is in healthy examinees, and that women have higher levels of adiponectin than men. The reason for significantly lower serum levels of adiponectin in patients with MS and CAD, should not be looked for in the combined pathogenesis of the diseases, but in common genetic predisposition by mediation of transcription factors (PPAR-γ, FOKS), which with the external risk factors leads to the expression of both conditions (22). 
Although MS and atherosclerosis in MS in its pathogenesis include lower levels of inflammation, their molecular pathogenetic mechanisms are different. Clinically manifested MS immediately results in a decrease of adiponectin levels, since it is in the stage of adiponectin decompensation, when endothelial cells do not have enough signals for the secretion of adiponectin from adipose tissue. Probably the early stage of MS, or just prior to MS, is accompanied by increasing levels of adiponectin in so-called compensation phase, while later results in a sharp decrease, when the levels of adiponectin signaling are worn out. During the formation of atherosclerotic plaques, macrophages, which have not yet been converted into the foamy cells secrete pro-inflammatory cytokines leading to the inhibitory impact on the expression of adiponectin and destablisation of atherosclerotic plaque. In stable form of multiple coronary artery disease, where the adiponectin levels are slightly increased, since the state of the mild adiponectin resistance is maintained, as opposed to the sudden decrease in the adiponectin level created in the ACS. 
The results show that level of adiponectin significantly decreases with the increase of nutrition/obesity level, especially visceral adipose tissue, as evidenced by recently published studies (23,24), while the total amount of adipose tissue did not show significant effect.

Among the obesity parameters the most significant and strongest correlation with the level of adiponectin is showed by waist circumference, thus confirming the clinical significance of anthropometric measurements of waist circumference.

It is important to note that large adipocytes, which are particularly contained in visceral adipose tissue, create less antiinflammatory adiponectin, and more pro-inflammatory cytokines and adipokines, supporting vicious cycle of low level chronic inflammation (25).
Persons with normal weight, but increased amount of visceral adipose tissue, have an increased risk of developing MS and CAD. On the other hand, the obese, but metabolically healthy persons may have an increased insulin sensitivity, and thus the protecting effect of metabolic diseases associated with obesity over combined and partly crossed adiponectin/insulin signaling pathways (26). 
Inverse association of adiponectin level with parameters of insulin resistance is confirmed by many studies (27,28), of which the Shams’ study (27), of similar study sample by gender and age, in patients with CAD, shows a significant negative correlation (p<0.01) with insulin (r = - 0.192) and HOMA-index (r = - 0.216), and Mohan's study (29) a significant negative correlation of adiponectin level with fasting glucose and HOMA-IR index (p<0.001).
In terms of hypoadiponectinaemia, MS, and chronic inflammation it comes to signalization disorders in insulin and adiponectin way and their receptors, and subsequent formation of insulin resistance. Disorders in adiponectin and insulin signalization lead to the occurrence of metabolic and vascular disorders, including endothelial dysfunction and metabolic syndrome.
The precise correlation of hypoadiponectinaemia and damaged signalization on insulin signaling pathway is not fully understood. However, there are several mechanisms of negative correlation between adiponectin level and parameters of insulin resistance: damaged signalization under the influence of TNF-α, disorder of the constituent components of insulin receptors, disordered function of APPL protein, down-regulation of genes PAPR-γ and PAPR-α and decreased expression of adiponectin AdipoR receptor, as well as the disorder of all the other signaling molecules (AMPK, Akt, PKB, p38 MAPK) and the secondary messengers of insulin/adiponectin cascade pathways at the transcriptional and postranslational level (9-11). 
Regardless of the cause of pre-diabetic state, it appears that changes in adiponectin level may validly reflect on the severity and stage of the IR evolution, as demonstrated by the results from this study (and not yet published results) as well as by the results from one of the few studies (30) obtained in pre-diabetic patients, wherein the statistical significance was higher compared to non-diabetic patients.
Bearing in mind the aforementioned, adiponectin could be a representative marker of the early stages of insulin resistance, even in chronic cardiovascular damage. However, there are still too small a number of studies dealing with the relationship of adiponectin level and insulin sensitivity in pre-diabetes, in order to determine the value of change in adiponectin level as a routine clinical biomarker.
Conclusions
In conclusion, it can be emphasized that this study supports the hypothesis that adiponectin plays the central role in maintaining the functioning of adipose tissue, insulin sensitivity and energy consumption of the body.

Bearing in mind that the serum concentration of this significant hormone reflects early changes in the development of insulin resistance and prediabetes, which is the main cause, leading to the progression and acceleration of the creation of atherosclerotic lesions, adiponectin might be a significant and independent clinical marker of glucose intolerance.
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Tables

Table 1

Average age and sex characteristics for each of the examined groups

	GROUP
	1

МS+CAD
	2

МS
	3

CAD
	4

CONTROL
	TOTAL

	SEX
	М
	W
	∑
	М
	W
	∑
	М
	W
	∑
	М
	W
	∑
	М
	W
	∑

	N
	13
	12
	25
	12
	13
	25
	13
	12
	25
	12
	13
	25
	50
	50
	 100

	age
	56.4
	64.8
	60.4
	53.6
	57.2
	55.5
	59.8
	54.8
	57.4
	33.2
	45.2
	39.5
	51.0
	55.3
	53.19


Tabela 2

Correlation between adiponectin level and obesity parameters
	Model
	R
	R2

Square

Change
	Sig
	Predictors
	Unstandar. Coefficient B
	Standard. Coefficient

Beta
	Sig.
	Correlations

	
	
	
	
	
	
	
	
	Zero-

order
	   sig.(2)

	ADIPO-NECTIN
	.437**
	.191
	.000
	(constant)
	1080.095  
	
	 .202
	
	

	
	
	
	
	Waist circumference
	- 42.122
	- .105**
	.000
	- .309*
	.002

	
	
	
	
	BMI
	61.586
	.579*
	.008
	- .138
	.172

	
	
	
	
	WC/HC
	2740.367
	.357*
	.047
	- .203*
	.043

	
	
	
	
	FAT (%)
	3.651
	    .053
	.659
	  .020
	.844


** Correlation significant for the level 0.001 (2-)   * Correlation significant for the level 0.01 (2-)   

Tabela 3

Correlation between adiponectin level and parameters of insulin resistance

	Pearson’s coefficient
	Adiponectin
	OGTT I
	OGTT II
	Insulin
	I N D E X

	
	
	
	
	
	HOMA-IR
	HOMA-β

	OGTT I
	- 0.292**
	-
	-
	-
	-
	-

	OGTT II
	- 0.069
	     0.595***
	-
	-
	-
	-

	Insulin
	- 0.238*
	    0.353***
	   0.242*
	-
	-
	-

	HOMA-IR
	- 0.259**
	 0.526***
	   0.342**
	0.970***
	-
	-

	HOMA-β
	- 0.062
	 - 0.068
	   - 0.023
	0.585***
	0.480***
	-


*** Correlation significant for the level 0.001(1-) ** Correlation sig. for 0.01(1-) * Correlation sig. for 0.05 (1-)   
Tabela 4

Correlation between adiponectin level and parameters of insulin resistance
	ADIPO-NECTIN Model
	R
	R2

Square

Change
	Sig.


	Predictors
	Unstandar.     Coefficient B
	Standard. Coefficient

Beta
	Sig.
	Correlations

	
	
	
	
	
	
	
	
	Zero-

order
	 sig.(2)

	1
	.373*
	.139
	.014
	(constant)
	2568.382
	
	.000
	
	

	
	
	
	
	OGTT I 
	-219.091
	- .496**
	.009
	- .292*
	.003

	
	
	
	
	OGTT II 
	36.556
	.171
	.155
	  - .069
	.496

	
	
	
	
	Insulin 
	-20.567
	   - .976
	.144
	- .238*
	.017

	
	
	
	
	HOMA-IR 
	56.085
	.857
	.220
	- .259*
	.009

	
	
	
	
	HOMA-β 
	0.142
	.068
	.607
	  - .062
	.540

	2
(Backward)
	.391*
	.153
	.020
	(constant)
	397.338
	
	.005
	
	

	
	
	
	
	ln Insulin
	778.064
	  .933*
	.040
	    - .288*
	.002

	
	
	
	
	ln HOMA-IR
	-942.575
	- 1.305**
	.006
	   - .332*
	.000

	
	
	
	
	OGTT II
	37.701
	.176
	.126
	- .069
	.496


** Correlation significant for the level 0.001 (2-)   * Correlation significant for the level 0.01 (2-)   
Tabela 5

Average values of adiponectin level and IR parameters in groups (IR stages)

	P a r a m e t E r
	G     R    O    U    P    S        (S    T   A   G   E   S)

	
	       1.    (0)
	    2.    (1)
	   3.    (2)
	   4.    (3)

	Glycemia  (mmol/L)
	5.11
	6.55
	6.77
	8.80

	Glycemia -120 min. (mmol/L)
	5.02
	6.22 
	9.60 
	12.55

	Insulin     (mIU/L)
	22.71
	35.02
	55.08
	34.82

	HOMA-IR  (indeks)       
	5.25
	10.40
	17.25
	13.92

	HOMA-β   (%)       
	280.19
	240.25
	340.50
	140.50

	ADIPONECTIN (pg/mL)
	1539.20
	1054.19
	1209.73
	1319.42
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