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Abstract           

     Metabolic disorders, characterized by concurrent metabolic abnormalities such 

as dyslipidemia, hyperglycemia, and obesity, involve dysregulated signaling 

pathways critical to energy homeostasis. This study investigates the interplay 

between the Glycogen Synthase Kinase 3β (GSK3β) enzyme and the protein 

Arrestinβ-1in individuals with metabolic disorders. A total of 135 samples were 

collected and divided into 2 groups: The first group was the controls, n= 46, and the 

second group the patients, which was divided into two groups:  45 patients with 

metabolic disorders patients (dyslipidemia, hyperglycemia, and obesity), and 

44(T2DM) patients with obesity, Samples were collected from AL-Yarmouk 

Teaching Hospital from August to September 2024. Biochemical variables were 

assessed in all sample groups, including the quantification of GSK3β, Arrestinβ-1, 

and insulin by the ELISA technique . Glycemic and lipid profiles were measured. 

The findings indicated elevated GSK3β and Arrestin β-1 levels in the obese  T2DM 

when compared with the control group. The statistical analysis showed a favorable 

association between insulin resistance andGSK3β and Arrestinβ-1. This study 

demonstrates that both GSK3β enzyme and Arrestin β-1 serve as effective 

biomarkers for predicting metabolic disorders. Their critical roles in metabolic 

disorders lead them to the development of these metabolic pathways. Disruptions in 

this signalling pathway result in beta cell damage which is one of the causes of 

diabetes, which is considered one of the Risk factors of metabolic disorders in 

addition to obesity and dyslipidemia. 

 

Keywords: Glycogen Synthase Kinase 3β, Arrestinβ-1, Metabolic disorders, Insulin 

resistance,  Type 2 diabetes. 
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 جمع   تم   السمنة،  من   يعانون (  2  النوع   من  السكري   داء )   مريضًا   44و  ،(والسمنة  الدم   سكر  وفرط  الدم   شحميات   خلل ) 
 في   الحيوية   الكيميائية   المتغيرات   تقييم   تم .  2024  سبتمبر   إلى   أغسطس   من  التعليمي   اليرموك   مستشفى   من  العينات 

  تم .  ELISA  تقنية  بواسطة  والأنسولين  Arrestinβ-1  و  GSK3β  كمية  تحديد  ذلك  في  بما  العينة،   مجموعات  جميع
 مرضى  لدى  Arrestinβ-1و  GSK3β  مستويات  ارتفاع  إلى  النتائج  وأشارت.  والدهون   الدم   سكر  مستويات  قياس

 بين  إيجابيًا   ارتباطًا   الإحصائي  التحليل  وأظهر.  الضابطة   بالمجموعة  مقارنةً   بالسمنة  المصابين  الثاني  النوع  من  السكري 
 Arrestinβ-1 و  GSK3β  إنزيم  من  كلً   أن  الدراسة  هذه  توضح.  Arrestinβ-1و  GSK3βو  الأنسولين  مقاومة
 إلى  الأيضية   الاضطرابات   في   الحاسم   دورهما  ويؤدي .  الأيضية   بالاضطرابات   للتنبؤ   فعالين   حيويين  كمؤشرين  يعملن
 مرض   أسباب  أحد   وهو  بيتا،   خليا  تلف  إلى  الإشاري   المسار  هذا   في  خلل  أي   ويؤدي .  الأيضية  المسارات   هذه   تطور

 .الدم  شحميات  وخلل السمنة إلى بالإضافة الأيضية، الاضطرابات   خطر  عوامل أحد يُعتبر الذي   السكري، 
 

        1. Introduction 

     Metabolic disorders are characterized by the presence of three to five metabolic defects 

[1], such as elevated blood sugar, dyslipidemia, cardiovascular disease (CVD), and diabetes. 

These conditions tend to occur together in a non-random manner. Furthermore, they are 

influenced by metabolic disorders associated with  IR [2]. Recent studies have revealed a 

pathophysiological connection between T2DM and IR [3], which is a significant defect that 

precedes T2DM, CVD disease, and other metabolic diseases [4]. Impaired insulin-stimulated 

transport of the glucose transporter GLUT4 to the cell surface is one of the primary defects 

resulting from IR [5]. A key feature of IR  is reduced insulin-stimulated sensitivity in skeletal 

muscle, which leads to compensatory hyperinsulinemia and many metabolic diseases [6]. 

Prolonged hyperinsulinemia, in turn, further aggravates IR. 

 

     IR states, such as T2DM, are associated with higher glycogen synthase kinase-3β 

(GSK3β)   , which phosphorylates and inactivates glycogen synthase [7]. Glycogen synthase 

kinase-3β (EC 2.7.11.26) is a serine-threonine kinase involved in several physiological 

processes, such as glycogen metabolism and microtubule integrity. It phosphorylates more 

than one protein substrate. It can link various signals outside and inside the cell to maintain 

the proper balance. In addition, studies established that GSK3β plays a significant role in the 

development of IR, a key factor in diabetes. GSK3β impairs insulin action within cells and 

disrupts glucose utilization by phosphorylating and promoting the degradation of insulin 

receptor substrate-1 (IRS-1), thereby weakening insulin signaling. It has been proven that a 

defect in the regulation of this enzyme may lead to many disorders, including heart disease 

and diabetes [8].  

 

     Arrestins β-1are a family of cytoplasmic proteins that are quite tiny, with an average size 

of about 45 kDa and four different subtypes. Since these proteins can stop (or "arrest") 

signaling via G protein-coupled receptors (GPCRs), the term "arrestin" was coined [9]. As the 

primary role of these proteins is to stop GPCR cellular pathways, it is yet unknown if these 

non-canonical arrestin beta1 actions require prior recruitment by GPCRs.  Comprehending  

arrestins β-1 independent function in metabolic homeostasis is crucial since they can function 

as signaling molecules on their own [10]. The GPCRs control almost every metabolic 

process, including the regulation of glucose and energy. An increase in Arrestin β-1 activity 

may hinder normal interactions between insulin and its receptors, contributing to IR, a 

hallmark of obesity [11].  

 

     The study aims to investigate a relationship between the GSK3β enzyme and the 

Arrestinβ-1 protein in patients with metabolic disorders and to explore the possibility of using 

them as biomarkers for these metabolic disorders  
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2. Methods 

2.1 Patients and Control 

     This study was conducted at the College of Science for Women, University of Baghdad. 

Samples were collected from Al-Yarmouk Teaching Hospital; with a total of 135 samples 

selected for the study. The groups were divided according to body mass index(BMI) and 

metabolic diseases into three groups: G1 includes 46 healthy subjects that represent the 

control group, patients group with metabolic disorders (G2, n=45), and patients with T2DM 

who have obesity (G3, n= 44). The age range of the participants was (30 -55) years. The BMI 

and waist-to-hip ratio (WHR) was calculated using the following equations: BMI=: weight in 

kg / height m² [12], and WHR= waist cm/hip cm [13].  

 

     The study population consisted of healthy individuals as well as patients diagnosed with 

metabolic disorders including dyslipidemia, hyperglycemia, and obesity, and those with 

T2DM of 1 to 10 years duration who were receiving treatment with metformin and 

Diamicron. Exclusion Criteria in this study included individuals who use insulin injections 

and suffer from T1DM, thyroid diseases, heart disease, kidney disease, pregnant women, 

liver diseases, and hypertension. 

Six mL of venous blood was drawn from each individual using a 10 mL syringe. The blood 

was subsequently transferred into a gel tube and allowed to clot. After coagulation, the 

samples were centrifuged at 3000 rpm for 10 min to separate and collect the serum. 

Afterwards, the serum was frozen at -20 ℃. The GSK3β, Arrestinβ-1, and insulin were 

evaluated using ELISA, Al-Kit and technology from Huma Reader HS made in (USA). The 

lipid profile including (serum cholesterol, triglycerides (TG), low-density lipoprotein (LDL-

C), very low-density lipoprotein (VLDL) and fasting blood sugar (FBS) were also measured 

with a UV-visible spectrophotometer from Huma Reader HS (USA). The (AIP) was derived 

through mathematical calculations utilizing a logarithm of (TG/HDL-C) [14]. Homeostasis 

Model Assessment (HOMA) for IRusing HOMA IR =(FBG x  Insulin / 405) [15]. 

 

2.2 Statistical Analysis   

     Statistical analysis was performed using IBM SPSS Statistics version 26 (SPSS Inc., 

Chicago, U.S.A.). Data are presented as mean ± standard error (SE). This study involved 

several tests, including the ANOVA test to assess the correlation coefficient (r) between 

parameters, the Tukey test, the ROC curve, and the analysis of differences among three 

independent variables. The statistical test employed linear regression analysis as the 

estimation method. The expected value, of P as significant was at p≤0.05 and non-significant 

at p>0.05, was utilized to determine the statistical significance. 

 

3. Results and Discussion 

     The results indicate that there was no significant difference in the ages of the three groups, 

However, a significant difference in WHR and BMI (kg/m²) ,(p<0.001) as indicated in Table 

1. Additionally, the lipid profile showed significant differences, with mean values ± SE for 

cholesterol, TG , LDL-C and VLDL as indicated in Table 1, while, HDL-C demonstrated a 

significant decrease HDL demonstrated significant differences among the groups 

Atherogenic index plasma  AIP showed a significant difference between the three groups. in 

insulin, insulin resistance (IR), and fasting blood sugar (FBS) levels in both G2 and G3 

groups compared to G1. Insulin resistance was assessed using the HOMA-IR equation, and 

the results showed a statistically significant increase (P<0.05), as presented in Table 1. 
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Table 1:  Clinical and  biochemical parameters among studied groups .  

Groups 

 

Parameters 

Control 

G1 

No. (46) 

Metabolic 

disorders 

G2 

No. (45) 

T2DM with 

Obesity 

G3 

No. (44) 

P-value 

Age (year) 
40.82±1.28a 

(40) 

40.84±1.10a 

(41) 

44.45±1.04a 

(47.5) 

0.071 

 

BMI (kg/m2) 
22.85±0.17 a 

(23) 

36.51±0.74 c 

(36.3) 

34.01±0.65b 

(33) 
0.001** 

WHR 
0.87±0.01a 

(0.9) 

1.12±0.02c 

(1.09) 

1.04±.0.02b 

(1.04) 
0.001** 

FBS (mg/dL) 
97.79±1.96 a 

(93.1) 

131.58±2.34 b 

(130) 

212.67±6.71 c 

(217.35) 
0.001** 

Insulin ( IU/ mL  ) 
3.36±0.11 a 

(3.5) 

6.05±0.12 b 

(6) 

7.66±0.17 c 

(7.9) 
0.001** 

IR 

 

0.79±0.02 a 

(0.82) 

1.91±0.06c 

(1.9) 

4.05±0.19 b 

(4.2) 
0.001** 

Cholesterol 

(mg/dL) 

173.91±1.11 a 

(174.95) 

209.17±2.30 b 

(207.5) 

213.56±2.45b 

(207) 
0.001** 

TG (mg/dL) 
156.49±1.16a 

(154.3) 

204.38±2.97 b 

(201.8) 

217.87±1.91 c 

(220.95) 
0.001** 

HDL-C (mg/dL) 
38.67±0.69 b 

(40) 

18.05± 0.48a 

(18.7) 

21.46±1.71a 

(16.85) 
0.001** 

LDL-C (mg/dL) 
103.39±1.58 a 

(104) 

150.06±2.58 b 

(148) 

148.59±1.80b 

(145.75) 
0.001** 

VLDL-C (mg/dL) 
31.00±0.22a 

(30) 

40.80±0.59b 

(40) 

43.46±0.38c 

(44) 
0.001** 

AIP 
0.609 ±0.008 a 

(0.60) 

1.059± 0.013 b 

(1.03) 

1.051± 0.028 b 

(1.11) 
0.001** 

 

     Body mass index: BMI, Waist to hip ratio : W/H ratio, Fasting Blood sugar: FBS, 

Homeostasis Model Assessment: HOMA, Insulin hormone: IR, Total cholesterol:TC, 

Triglycerides: TG, Low-Density Lipoprotein: LDL-C, Very Low-Density Lipoprotein: 

VLDL, High-Density Lipoprotein cholesterol: HDL-C, and  Atherosclerosis index plasma: 

AIP Different letters (a, b, c) indicate values which reliably differed one from another within 

one line of the table according to the results of comparison using the Tukey test with 

Bonferroni correction,(a) represents the difference between G1 and G2 as shown in the FBS 

results, insulin,(b) represents the difference between G2 and G3 as shown in Triglyceride,(c 

)represents the difference between G3 and G2 as shown in VLDL. 

 

     The results indicated that the mean age level ± SE for G1, G2, and G3 showed a 

significant non-difference, which indicates an age matching between groups. A significant 

difference in BMI is a predictive measure of potential health risks associated with weight 

gain [16]. An increase in the index exceeding 30 kg/m² was observed in both groups. Obesity 

does not necessarily indicate the presence of DM or sclerosis. However, atherosclerosis 

contributes to the development of metabolic diseases. This result indicates that the individual 

does not experience excess weight and maintains good health. This finding aligns with other 

studies, which demonstrate that individuals with a BMI greater than 35 kg/m² have an 

elevated risk of developing T2DM compared to those with a BMI lower than 23 kg/m², as 

reported by Chan et al [17]. Similarly, Satman et al. established that BMI is a significant 

indicator of diabetes risk [18]. 
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     The WHR is a significant predictor of body fat percentage and its distribution. Findings 

from groups G2 and G3 indicate that individuals with obesity, T2DM, and metabolic 

disorders exhibit the highest fat accumulation around the waist and hips. This observation 

aligns with existing literature, as the WHR reflects total body fat content and distribution, 

particularly highlighting abdominal obesity, which is associated with an increased risk of 

metabolic diseases [19]. This is consistent with another study that measured the WHR as a 

diagnostic tool for obesity. This also agrees with Shungin D, Who confirmed that the WHR is 

a good predictor of diabetes and identified different aspects of the risk associated with obesity 

[20]. The result in G1, indicates that the fat distribution percentage in the hips and waist is 

uniform, and non-harmful. The current results indicate that  BMI and WHR significantly 

contribute to the prevalence of metabolic disorders. Additionally, fasting blood sugar (FBS) 

serves as another parameter for predicting metabolic diseases, alongside BMI and WHR. The 

G2 result, indicates the onset of diabetes in the absence of anti-diabetic treatment. A high 

BMI is a contributing factor to elevated blood sugar levels. Exceeding 30 kg/m², as indicated 

above, along with age and. These factors significantly contribute to the development of DM, 

aligning with the findings of Tchernof et al. The factors contributing to fat storage and an 

elevated BMI include age, sex, and genetic predisposition. These factors also influence 

individuals with DM [21], In G3, this result is higher than in G2, and this is because they 

suffer from T2DM resulting from several factors secreted by adipose tissue impair glucose 

tolerance and cause damage to pancreatic cells, which leads to the development of diabetes 

[22]  In patients with T2DM and obesity, the result is greater than in patients with metabolic 

disorders, due to the duration of diabetes, which ranges from 1 to 10 years, along with their 

adherence to oral anti-diabetic therapy.T2DM arises from a dysfunction in insulin production, 

specifically in the β-cells, resulting in heightened IR, as our findings indicate the high IR 

value in G3 group. This outcome signifies impairment of the pancreatic cells, which are 

responsible for controlling insulin output. The results indicated IR levels of G2was higher 

than that of the control group and G1, revealing a notable difference. This signifies the degree 

of damage to pancreatic cells in G2 patients with metabolic problems. This marginal increase 

in IR reflects the degree of damage to pancreatic cells in G2 patients with metabolic 

disorders. A marginal increase was observed in comparison to the control group, suggesting 

the initial stages of diabetes development. This marginal increase of IR in T2DM is partly 

attributed to the decreased insulin response in adipose and muscle tissues, resulting in glucose 

intolerance, which significantly contributes to the development of the condition [23]. 

Additionally, there is a significant difference in total cholesterol levels among the three 

groups, with higher cholesterol percentages observed in the two groups affected by DM. This 

is due to exhibit dyslipidemia resulting from elevated TC levels. Dyslipidemia results in an 

imbalance of blood sugar, causing substantial harm to β-cells. This aligns with Wong, who 

indicated that metabolic diseases stem from elevated TC, reduced beneficial HDL-C, and an 

increase in detrimental LDL-C. These factors contribute to dyslipidemia and arteriosclerosis, 

ultimately impairing blood sugar regulation and damaging β-cells [24]. Also, there was a 

significant difference in the results for TG between the three groups, where we noticed a 

significant increase in G3 and G2 as compared with G1. This is due to insufficient insulin 

secretion, which causes an increase in the liver's secretion of VLDL with a delay in removing 

lipoproteins rich in TG. This is mainly due to increasing the levels of substrates for the 

synthesis of TG [25].  

 Furthermore, it was observed that diabetic patients exhibit high IR, a primary contributor to 

dyslipidemia. This is consistent with the findings of Goldberg et al [26]. On the other hand, 

our results for HDL mg/dL showed a significant difference between the three groups: G1, G2, 

and G3, as it was proven that low HDL is an independent risk factor for chronic heart disease 
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due to its important role in reducing heart disease. The present findings showed a significant 

reduction in HDL for people with T2DM who have excessive obesity, as well as those who 

have a metabolic disorder, and this indicates a high risk of heart disease. Numerous studies 

have demonstrated that higher HDL levels can lower the risk of heart chronic disease thus 

contributing to prolonging life expectancy [27]. This study revealed a significant increase in 

LDL and VLDL in the G2 metabolic disorders group and G3 obesity group with T2DM 

compared to G1 control group. The findings indicate that high levels of LDL and VLDL are 

associated with heart diseases, particularly atherosclerosis, corroborating numerous studies. 

This is consistent with Murtadha et al., that people who are obese and have T2DM face a 

greater risk of developing CVD. Impaired clearance of plasma lipoprotein particles, LDL, has 

been proven crucial in arteriosclerosis and CVD [28]. The results AIP showed a significant 

increase in G2 metabolic disorders and G3 obesity and T2DM patients compared to the 

control group G1. 

 

     These values are regarded as a reliable biomarker for predicting DM, a contributing factor 

to metabolic disorders. To explain these results, there are biological mechanisms, such as an 

increase in the AIP leading to dyslipidemia, which is one of them. On the other hand, a study 

has confirmed that it is a calculated indicator that accurately predicts atherosclerosis and 

future atherosclerosis risk. Studies have confirmed that the AIP value may deteriorate further, 

especially in patients with T2DM and obesity, consistent with current results [29].  

 

Table 2 presents the mean ± SE values of GSK3β and Arrestin β-1 With now a significant 

difference between G2 and G1, but there is a significant increase compared to G3.   

 

 

Table 2:The  GSK3β and Arrestin β-1 levels in patients and control groups. 

Groups 

 

Parameters 

Control 

G1 

No. (46) 

Metabolic 

disorders 

G2 

No. (45) 

T2DM with 

Obesity 

G3 

No. (44) 

P-value 

GSK3β (ng\mL) 
3.53±0.06 a 

(3.47) 

3.20±0.05 a 

(3.1) 

16.16±0.62 b 

(16.5) 
0.001** 

Arrestin β-1 

(pg\mL) 

273.98±21.30 a 

(218.6) 

311.16± 20.23 a 

(244) 

520.75±27.25 b 

(543.75) 
0.001** 

Glycogen Synthase Kinase 3β (GSK3β), Arrestin β-1 

a, b, c, Different letters indicate values which reliably differed one from another within one 

line of the table according to the results of comparison using the Tukey test with Bonferroni 

correction. (b( represents the difference between G3 and G2.(a) represents no difference 

between G1 and G2. 

 

     The results of GSK3β indicated that there was no significant difference between G1 and 

G2; however, G3 exhibited a significant increase. This is because it significantly regulates 

blood glucose levels and is involved in insulin deficiency and resistance [30]. These results 

are consistent with other studies which indicated that GSK 3β enzyme is elevated in patients 

with T2DM. The primary cause of T2DM is a defect in the function of β-cells in the 

pancreas, characterized by high IR and inadequate insulin secretion. This dysfunction may 

stem from a weakness in mitochondrial function, adversely impacting the β-cells. 

Deficiencies in either of its two mitochondrial functions impact the enzyme glycogen 

synthase [31], which plays a role in mitochondrial energy metabolism. Numerous studies 

indicate that the AKT/IRS-1 pathway is critical in pancreatic β-cell death. In T2DM patients. 

This leads to a defect and disruption of the GSK3β and AKT pathways and the inhibition of 
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its host mitochondria. Another study has indicated that high GSK3β is the leading cause of 

impaired glucose metabolism in patients with T2DM, fat accumulation, and inhibition of 

protein synthesis [32]. 

 

     While Arrestin-β1 showed results a significant difference between the three groups, as we 

noticed a significant increase in G3 patients with T2DM and obesity compared to G2 patients 

with metabolic disorders. 

Arrestinβ-1 is a crucial intracellular protein involved in regulating fundamental metabolic 

processes, including glucose homeostasis and energy balance. Increased serum levels of 

arrestinβ-1 indicate heightened IR and diminished β-cell function. This occurs due to 

enhanced insulin signalling, which promotes the degradation IRS-1, thereby underscoring IR. 

Arrestin-β-1 also works to desensitize the glucagon-like peptide 1 GLP-1 receptor in 

pancreatic cells, which enhances insulin secretion [33].  

 

Table 3:  The correlation coefficient between difference parameters and IR. 

                                The studied groups 

 

Parameters 

Insulin resistance 

Control Group 

G1 

No. (46) 

Metabolic disorders 

Group 

G2 

No. (45) 

T2DM with Obesity 

Group 

G3 

No. (44) 

Age (years) 
r -.042 .021 .035 

P .784 .892 .823 

BMI (kg/m2) 
r -.205 -.106 -.057 

P .171 .487 .715 

WHR 
r -.155 -.034 -.260 

P .304 .824 .088 

FBS (mg/dL) 
r .082 .805** .965** 

P .590 .000 .000 

Cholesterol (mg/dL) 
r -.373* .136 .621** 

P .011 .374 .000 

Triglyceride (mg/dL) 
r .038 .262 .711** 

P .801 .082 .000 

HDL-C (mg/dL) 
r .278 -.056 .559** 

P .062 .717 .000 

LDL-C (mg/dL) 
r -.370* .072 .158 

P .011 .637 .306 

VLDL-C (mg/dL) 

 

r .060 .266 .711** 

P .692 .077 .000 

Insulin (uIU/mL) 
r .859** .795** .901** 

P .000 .000 .000 

GSK3β (ng\mL) 
r .008 .262 .312* 

P .960 .082 .039 

Arrestin β-1 (pg\mL) 
r -.078 -.243 .714** 

P .606 .108 .000 

*Correlation is significant at the 0.05 level. 

**Correlation is significant at the 0.01 level. 

 

 

     A weak positive correlation was identified in Group G3 between IR and GSK3β, along 

with IR and Arrestinβ-1, as shown in Table 3. IR plays a significant pathophysiologic role in 

T2DM and is also a risk factor for the development of CVD [34]. These results show that an 

increase in IR indicates and predicts an increase in the vital indicator GSK3β. Insulin 

activates GS due to its phosphorylation of GSK3β, which is involved in the activity of 

glycogen synthase, as this enzyme works to convert glucose into glycogen, which agrees with 
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a previous study. Insulin plays a vital role in facilitating the transport of glucose across the 

membrane to specific tissues, and this agrees with both previous studies, which showed that 

insulin stimulation has a strong effect on increasing protein expression in many pathways, 

most notably GSK3β, IR, and IRS-1 in middle-aged and elderly adults who suffer from 

obesity [35]. There is also a positive correlation between IR and Arrestinβ-1 in G3, which is 

due to the physiological role of Arrestinβ-1 within β-cells. This is consistent with previous 

data, which confirmed the role of Arrestinβ-1 in regulating insulin secretion and the 

proliferation of β-cells in the pancreas [36].   

     In contrast, a positive correlation has been noticed between IR and TG, FBG, TC, HDL-C, 

and VLDL in G3. The results elucidate mechanisms by which competition with glucose for 

cellular entry impairs glucose oxidation, leading to hypertriglyceridemia and potential IR. 

Moreover, elevated TG levels diminish both the quantity and quality of adipocyte insulin 

receptor activity. Additionally, one study suggests that elevated triglycerides may precede the 

onset of diabetes rather than solely result from it, as high TG levels were observed in 

individuals without diabetes, a finding that contrasts with previous research [37,38] . 

Table 4 indicates that the area under the curve for the enzyme GSK3β is 0.999, which 

signifies an excellent result. Also, Arrestin β-1 gave a very good result =0.817. This suggests 

that the indicator is highly effective for both groups, G1 and G2. 

 

Table 4: The ROC Curve analysis of Arrestin β-1and GSK3β of patients and control groups.   

Parameters 

Area 

under 

the 

curve 

Std.Error
a 

Asymptoti

c Sig. b 

Asymptotic 95% 

Confidence Interval 

Lower Bound-Upper 

Bound 

Sensitivit

y 

Specificit

y 

0.995-1.0 0.932 0.022 

GSK3β 0.999 0.002 < 0.001 0.722-0.912 0.795 0.152 

Arrestin β-

1 
0.817 0.049 < 0.001    

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

   
 

a. GSK3β                                                             b. Arrestin β-1 

Figure1: The ROC curve analysis of Arrestin β-1and GSK3β metabolic disorders. 

 

 Table 4 and Figure 1 represent a curve for GSK3β and Arrestin β-1 biomarkers to 

differentiate between metabolic disorders from controls. The result for GSK3β yielded an 

area under the curve of (0.999). This result is significant, demonstrating that GSK3β is an 

effective indicator for metabolic disorders. It directly contributes to glucose formation and is 

involved in glycogen synthase activity. Kinases serve as critical targets for diagnosing 
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metabolic diseases such as obesity, T2DM, and prediabetes. The findings of McManus et al. 

support these results, which indicate that hyperactivity of GSK3β results in defects in 

pancreatic islets associated with diabetes and in the subgenual area.  The hypothalamus 

impairs glucose homeostasis, and thus targeting GSK3β provides a way to combat multiorgan 

dysfunction that leads to the development of diabetes and thus increases metabolic diseases 

[39]. Also, the ROC analysis of Arrestin β-1 gave a very good result =0.817, proving that 

Arrestin β-1 is a clear indicator to differentiate metabolic disorders from control. Arrestin β-1 

is a plasma membrane that has a role in regulating the cell cycle and also joins many 

subsequent signals that play a role in ageing and also has a role in functions related to the G 

protein, which modifies metabolic responses such as insulin secretion and glucose balance. 

Functional studies of β-cells have shown that activation of G protein receptors can modulate 

B- cell signaling and protein phosphorylation, suggesting that G protein receptors in beta 

cells promise targets for developing antidiabetic treatments. In patients with T2DM, Arrestin-

β1 plays a vital role in decreased homeostatic stability, which leads to less efficient metabolic 

processes, as indicated by van Gastel et al [40], who affirmed that it contributes to the 

regulation of different types of cells, including GSK3β, which is consistent with other 

studies, including Peterson et al [41].  

 

Conclusion 

     This study concludes that the GSK3β enzyme and Arrestin β-1 are reliable biomarkers for 

predicting metabolic disorders, owing to their fundamental roles in metabolic disorders 

pathways. Cellular functions, particularly in pancreatic β- cells, are regulated by inhibiting 

signals through G protein-associated receptors. Defects in this signaling pathway result in β-

cell damage, contributing to IR and impairing the production of GSK3β, an enzyme crucial 

for glucose organization and synthesis. These results in a defect in glucose production, 

causing an increase in blood sugar levels and contributing to metabolic disorders syndrome.   
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