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 Abstract   

     Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent 

hyperglycemia. It may be due to impaired insulin secretion, resistance to insulin's peripheral 

actions, or both. The aim of this study was to estimate the percentage impact of obesity on the 

incidence of DM, as well as compare the levels of Apelin-36, glutathione-S-transferase, and 

insulin resistance (IR) in subjects with and without DM for both sexes. This study included 120 

subjects, divided into 60 as a control group and 60 as a patient group of both sexes; all were 

adults between the ages of 30 and 65. The participants with fasting blood sugar, lipid profile, 

glycated hemoglobin (HbA1c), apelin-36, body mass index, insulin hormone, and IR were 

tested. The results showed a significant difference in the males' age and body mass index but a 

non-significant difference for females. Fasting blood sugar, HbA1c and Apelin-36, insulin 

hormone, and IR for both sexes have a significant difference (P ≤ 0.05). There is no relation 

between glutathione-S-transferase activity, insulin, and IR for both sexes' correlation; the area 

under the curve in the study= 0.993, indicating a perfect ROC test for correctly identifying 

individuals. An important role is played by higher levels of Apelin-36, which directly increase 

obesity and DM. This study concluded that Apelin-36 serves as a reliable indicator for both 

male and female patients with type 2 DM (T2DM); while women are less likely to develop 

DM, they are more likely to experience common complications such as cardiovascular disease. 

Men are more likely to develop T2DM due to their age and higher weight than women. 

Keywords: Apelin-36, Glutathione-S-transferase, Insulin, Insulin resistance, Type 2 diabetes 

mellitus. 

 

1. Introduction 

     Type 2 diabetes mellitus (T2DM) is previously known as adult-onset diabetes, maturity 

onset diabetes, or non-insulin dependent diabetes mellitus (NIDDM). This disease results from  

loss of responsiveness (sensitivity) of target tissues to insulin; impaired removal of glucose 

from blood produces hyperglycemia even in the presence of higher insulin levels (1). The main 

risk factor for the development of T2DM is obesity because of a variety of variables, including 
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age and genetics, which can induce risk for T2DM. There is a wide range of body mass at 

diagnosis (2). Properly the number of people with T2DM has tripled due to the rise of obesity, 

idle lives, high-calorie foods, and the aging of the population (3, 4). In obesity, fat cells reach a 

limit in storing excess energy, leading to increased release of free fatty acids into the 

bloodstream through lipolysis. This can result in insulin resistance (IR) and the development of 

T2DM. T2DM patients often have excess body fat, particularly in the abdominal area, 

contributing to insulin resistance through inflammatory processes (5). Insulin resistance is one 

of the first metabolic problems that can lead to T2DM. Because of this, it is thought to be a key 

factor in how the disease develops (6). It is a significant risk factor for T2DM and metabolic 

syndrome, a group of diseases that often go together (7). Insulin is a hormone secreted from 

cells in the islets of Langerhans. It controls how carbohydrates, proteins, and fats are broken 

down by helping glucose become fat, muscle, and liver cells (8). Glucose provides energy to 

cells or is stored as fat. The release of abnormal insulin caused by β-cell loss, a damaged 

pancreas, or IR decreases the amount in circulation and inhibits glucose uptake by cells (9). 

Glutathione-S-transferase (GSTs) are phase-II cleaning enzymes in all living things and are 

essential for keeping cells in balance. They defend cells by speeding up the process between 

harmful electrophiles made by cytochrome P450 metabolism and reduced glutathione (GSH) to 

form GSH conjugates (10). GST is thought to significantly contribute to determining the 

sensitivity of cells that show a wide range of spectrum toxins (11). Glycosylated hemoglobin 

(HbA1c) provides essential information about blood glucose values over a few weeks. It is also 

the primary way that people with DM keep track of glycemia (12). Some studies have shown 

that HbA1c could be used as a possible measure to identify cholesterol and cardiovascular 

disease (CVD) (13). Apelin-36 was found to be the natural ligand for the APJ receptor, which 

had not been known before (14). This study aims to clarify the percentage effect of obesity 

incidence and CVD and the levels of Apelin-36, GST, and IR in people with and without DM 

for both genders. 

 

2. Materials and Methods 

     This work was done at the Department of Chemistry/ College of Sciences for Women/ 

University of Baghdad and Mustansiriyah University/ National Diabetes Centre for Treatment 

and Research. Two groups of 120 subjects participated in the study; group 1 included 60 

T2DM patients. The study divided the T2DM patients into 31 males and 29 females. Group 2 

consisted of 60 individuals without DM, comprising 35 males and 25 females. All groups were 

randomly selected, aged 30 to 65 years. Each participant (patient and control) was given a 10 

mL disposable syringe. The blood was divided into two parts,  and the first part was placed into 

a gel tube to collect the serum. The first part was put into a gel tube to collect the serum. The 

blood was spun at 3000 rpm for 10 minutes at room temperature to separate the serum after it 

had clotted, and then the serum was placed into aliquots in an Eppendorf tube and stored at -20 

°C until testing. The second part was transferred into an EDTA tube. The HbA1c test was done 

on this sample. Medication such as metformin and sulfonylurea were administered to assist the 

participants. The kit from the U.S. company Biosource was used to measure the amount of 

insulin in the blood during the fasting period. The kit (Biosource USA ELISA kit from My 

Biosource, USA used to measure the amount to measure the amount of human total serum 

Apelin-36. The Cobas c111 Germany analyzer was used to measure the amount to measure 



IHJPAS. 2025, 38(2) 

225 
 

fasting blood sugar (FBS), triglyceride (T.G.), total cholesterol (Cho), and high-density 

lipoprotein (HDL-C). The Cobas c 111 Origin Germany analyzer automatically calculates the 

ratio between A1C and Hb of each sample. GSH (Sigma Chemistry, USA) was used to measure 

GST activity by hand. The Homeostasis Model Assessment (HOMA-IR) measures IR= FBS 

(mg/dL) X fasting insulin (mU/L) / 405 (for SI units). 

2.1. Data analysis  

The statistical analysis was done with SPSS, Version 26. The data was shown as a median 

(mean SE). The ANOVA test was used to find the difference between the factors using the T-

test (P-value), LSD, and correlation coefficient (r). This study used the probability value to 

determine the statistical significance; if the probability value was less than 0.05, it was 

considered significant, and if it exceeded 0.05, it was not. 

 

3. Results and Discussion 

     Table 1 shows a statistically significant difference between the male group with T2DM and 

the male control group without T2DM. The study showed that age, BMI, FSG, and HbA1C 

showed substantial differences between the groups with a p-value ≤ 0.05. Cholesterol, T.G., 

LDL-C, and VLDL showed non-significant differences among groups 1 and 2 (p ≥ 0.05). 

However, HDL showed significant differences. 

The earlier study of Suastika et al. agrees with the present study. There is a strong relationship 

between increased age and the incidence of DM; when the age of the infected person increases, 

it may be more likely to be associated with CVD (15). Taylor et al. results agreed very well 

with our findings. Metabolic diseases, like T2DM and CVD, are more common in older 

people. This could be because of age or the aging process itself or other age-related risk factors 

for T2DM and CVD, like central obesity, mitochondrial dysfunction, FFA and lipid 

metabolism disorders, inflammation, cell dysfunction, IR, metabolic syndrome, and so on. For 

males, the BMI showed a significant difference in high muscle mass (16). 

 

Table 1. Mean ± SE among male with T2DM patient and male without T2DM as control. 

Parameters Male with T2DM 

Group (1) 

(n=31) 

Male control 

Group (2) 

(n=35) 

 

P-value 

Age (year) 57.16 ± 1.17 

(58) 

42.74±1.40 

(42) 

**0.0001 

BMI (kg/m2) 

body mass index 

28.84± 0.75 

(28.30) 

31.88±0.46 

(30.30) 

**0.001 

FBS (mg/dL) 

fasting blood sugar 

212.2±15.07 

(195) 

96.24±2.12 

(101) 

**0.0001 

HbA1C (%) 

Glycated hemoglobin 

8.19± 0.37 

(7.70) 

5.09±0.072 

(5) 

**0.0001 

Cho (mg/dL) 

Cholesterol  

172.53±9.29 

(163) 

180.180±6.24 

(196) 

0.489 

TG (mg/dL) 

Triglycerides 

173.03±13.96 

(167) 

198.16±17.66 

(129) 

0.277 

HDL-C (mg/dL) 

High-density lipoprotein 

40.07±1.59 

(39) 

35.27±1.084 

(34) 

*0.014 

LDL-C (mg/dL) 

Low-density lipoprotein 

96.16±6.93 

(98) 

106.35±4.89 

(116) 

0.226 
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Parameters Male with T2DM 

Group (1) 

(n=31) 

Male control 

Group (2) 

(n=35) 

 

P-value 

VLDL-C (mg/dL) 

Very low-density lipoprotein 

38.16±4.51 

(36) 

39.47±3.53 

(38.40) 

0.817 

     - Data were presented as Mean ± SE (Median), ** is significant at the p value ≤ 0.001 level. 

 

There was a significant difference in HOMA-IR between the male patients (0.91±150.7) group 

and the control group (0.11±0.008) at P-value (≤ 0.05). The HOMA-IR had a moderately 

significant correlation with the increase of the BMI percentile in the study population, which is 

why the current study can serve as evidence to propose an early diagnosis of IR as a preventive 

measure for the development of T2DM and CVD in the Chiapas adolescent population (17), 

and this agrees with the current study. Insulin showed a significant difference (1.84 ±0.290) for 

patients and (0.483±0.038) for the control group at P-value ≤ 0.05). The Apelin-36 showed a 

significant difference between male patients (22.01±1.20) and the male control group (10.41± 

0.32). Previous study indicated a significant relationship between Apelin-36 and T2DM, which 

have reduced body weight and blood glucose while improving glucose tolerance and lipid 

profile (18). 

For the GST activity, there was a non-significant difference between male patients (6.66±0.73) 

and the male control group (6.68 ± 0.944). It has been showed that diabetic patients have lower 

levels of antioxidant power, which is related to an increased chance of developing DM. The 

GST play an essential role in the defense of cells against ROS because of their ability to 

employ a diverse array of oxidative stress products as substrates (19), as revealed in Table 2. 

 
Table 2. Mean ± SE values between Apelin-36, insulin and HOMA IR for male patient and control. 

Parameters                      Male with T2DM 

Group (1) 

(n=31) 

Male control 

Group (2) 

(n=35) 

 

P-value 

Apelin-36 (nmol/mL) 22.01±1.20 

(21.25) 

10.41±0.32 

(10.12) 

**0.0001 

Insulin (ng/mL) 1.84±0.290 

(0.844) 

0.483±0.038 

(0.55) 

**0.001 

HOMA-IR 

Insulin resistance 

 

0.91±150.7 

(0.58) 

0.11±0.008 

(0.126) 

**0.0001 

GST activity (IU/L) 

Glutathione-S-transferase 

6.66±0.73 

(5.20) 

6.68±0.944 

(5.20) 

    0.984 

     - Data were presented as Mean ± SE (Median), ** is significant at the p value ≤ 0.001 level. 

Table 3 displays the mean standard error (SE) values for BMI, age, cholesterol, TG, HDL-C, 

and VLDL-C. The results indicate a non-significant difference between the female patients and 

the control group, with a p-value of less than 0.05. However, the mean SE value for LDL was 

significantly different, ranging from 96.37 to 6.94 for diabetic females to 121.73 to 7.34 for the 

control group, with a p-value of less than 0.05.  
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Table 3. Mean ± SE between female diabetics and female as controls. 

Parameters                      Female with T2DM 

Group (1) 

(n=29) 

Female control 

Group (2) 

(n=25) 

 

P-value 

Age (year) 52.68±1.47 

(53) 

51.04±2.17 

(53) 

0.524 

BMI (kg/m2) 

body mass index 

33.01±1.19 

(34) 

32.30±0.55 

(31.1) 

0.609 

FBS (mg/dL) 

fasting blood sugar  

218.68±15.89 

(200) 

95.11±1.87 

(96) 

**0.0001 

HbA1C (mg/dl) 

Glycated hemoglobin 

 

8.381±0.264 

(8.20) 

5.39±0.078 

(5.50) 

**0.0001 

Cho (mg/dL) 

Cholesterol  

 

191.20±14.18 

(173) 

191.92±9.53 

(201) 

0.968 

TG (mg/dL) 

Triglycerides 

160.96±16.69 

(133) 

165.18±9.43 

(181) 

0.834 

HDL-C (mg/dL) 

High-density lipoprotein 

 

44.06±2.59 

(44) 

41.80±2.63 

(37) 

0.544 

LDL-C (mg/dL) 

Low-density lipoprotein 

96.37±6.94 

(97) 

121.73±7.34 

(124) 

*0.015 

VLDL-C (mg/dL) 

Very Low-density 

lipoprotein 

33.24±3.39 

(27) 

35.164±3.37 

(36.2) 

0.691 

     - Data were presented as Mean ± SE (Median), ** is significant at the p value ≤ 0.001 level. 

 

The FBS and HbA1C gave a significant difference between the groups (p ≤ 0.05). FBS's mean 

± SE values were (218.68±15.89) for T2DM patients and (95.11±1.87) for control and for the 

HbA1C was (8.381±0.264) for patients with DM and 5.39±0.078 for controls, as shown in  

Table 3. 

The current results are consistent with the results of Salmeron et al., who found no connection 

between total fat consumption and the risk of T2DM in their sizeable prospective study of 

women (20). Another study found that DM raises the risk of heart failure, and women with 

T2DM are much more likely to have heart failure than men with T2DM (21). This is due to the 

increased LDL and its relationship to CVD. LDL rises, indicating diabetic dyslipidemia and a 

higher risk of CVD. Likewise, the current study agrees with previous study (22). Table 4 

displays all the parameters that significantly differed in mean SE values between the female 

patient and control groups at a p-value of less than 0.05. The mean ± SE value for  Apelin-36 

was (23.80±1.20) for patients and (9.99±0.53) for control, and the mean ± SE value for insulin 

was (2.31±0.25) for patients and (0.70±0.038) for control. The mean ± SE value for HOMA-IR 

was (1.21±0.15) for patients and (0.16±0.009) for controls. At last, the significant difference 

(mean ± SE value) for GST was (5.31±0.78) for patients and (7.97±1.37) for controls, as 

shown in Table 4. 
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Table 4. Mean ± SE values between Apelin-36, insulin and HOMA-IR for female patient and control. 
Parameters                                         female with T2DM 

Group (1) 

(n=29) 

female control 

Group (2) 

(n=25) 

 

P-value 

Apelin-36 

(nmol/mL) 

23.80±1.20 

(24.21) 

9.99±0.53 

(9.14) 

**0.0001 

Insulin 

(ng/mL) 

2.31±0.25 

(2.81) 

0.70±0.038 

(0.77) 

**0.001 

HOMA IR 

insulin resistance 

1.21±0.15 

(1.29) 

0.16±0.009 

(0.17) 

**0.0001 

GST activity 

(IU/L) 

Glutathione-S-transferase 

5.31±0.78 

(3.64) 

7.97±1.37 

(4.60) 

  * 0.088 

  - Data were presented as Mean ± SE (Median), ** is significant at the p value ≤ 0.001 level 

 

There was a significant difference in HOMA IR between females and control females; this 

value was higher than that of males, and the HOMA-IR index of female patients was 

significantly higher than that of males. These results agree with previous study (23). Table 5 

displays the correlation results for Apelin-36 in both the male and female groups.  

 
Table 5. The correlation of Apelin-36 for male and female groups. 

Apelin-36 (nmol/mL) for male 

(n=31) 

Apelin-36 (nmol/mL) for female 

(n=29) 

Parameters Person 

correlation 

Sig.(2.tailed) Person 

correlation 

Sig.(2.tailed) 

Age (year) 0.034 0.856 0.010 0.957 

BMI (kg/m2) 0.582** 0.001 0.543** 0.002 

Tg (mg/dL) 0.150 0.420 -0.084 0.665 

Chol (mg/dL) -0.165 0.375 -0.054 0.779 

HDL (mg/dL) -0.32 0.865 -0.092 0.634 

LDL (mg/dL) -0.274 0.137 -0.287 0.131 

VLDL (mg/dL) -0.080 0.670 -0.067 0.729 

FBS (mg/dL) -0.276 0.133 -0.151 0.433 

Insulin (ng/mL) 0.533** 0.002 0.719** 0.000 

IR 0.433** 0.015 0.537** 0.003 

GST (IU/L) -0.012 0.950 -0.129 0.506 

HbA1C (%) -0.316 0.083 0.136 0.483 

   ** correlation is significant at the 0.001 level (2-tailed). 

 

When comparing the correlation result values for all parameters for the two groups, there was 

no correlation found between Apelin-36 and age, lipid profile, FBS, GST, and HbA1C, but a 

positive correlation between Apelin-36 and BMI, Insulin, and IR. In this aspect, current results 

confirm that Apelin-36 has a significant relationship with obesity and DM for both sexes. Also, 

obesity has a substantial relationship with DM, and the HOMA-IR index of female patients 

was significantly higher than that of males. Therefore, Apelin-36 is a good indicator of DM in 

males and females. Table 6 displays the correlation results for insulin resistance (HOMA-IR) 

for both male and female groups. Upon comparing the correlation values for all parameters, no 

correlation was found between the HOMA-IR and age, lipid profile, FBS, GST, and HbA1C 

for either group. However, there was a positive correlation between the HOMA-IR and BMI, 
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Insulin, and Apelin-36 for both groups. In this aspect, current data also confirmed that IR is 

present in subjects with DM and high obesity and that Apelin-36 is a significant indicator for 

DM in both females and males. BMI exhibits a positive correlation with insulin and HOMA-

IR, as the IR increases in obese with DM. In another study, increased HOMA-IR gives rise to a 

hyperglycemic state and is a significant risk factor for the development of T2DM. Based on 

current results, it can be concluded that obesity is a risk factor for the development of T2DM 

(24). 

 

Table 6. The correlation of HOMA-IR for male and female groups.  

HOMA IR for male 

(n=31) 

HOMA IR for female 

(n=29) 

Parameters Person 

correlation 

Sig.(2.tailed) Person 

correlation 

Sig.(2.tailed) 

Age (year) -0.172 0.354 -0.167 0.388 

BMI (kg/m2) 0.591** 0.000 0.605** 0.001 

Tg (mg/dL) 0.280 0.127 0.118 0.542 

Chol (mg/dL) -0.006 0.973 -0.040 0.836 

HDL (mg/dL) -0.050 0.790 0.090 0.641 

LDL (mg/dL) -0.094 0.615 -0.138 0.475 

VLDL (mg/dL) 0.036 0.850 0.101 0.604 

FBS (mg/dL) 0.132 0.478 0.336 0.075 

Insulin (ng/mL) 0.931* 0.000 0.844** 0.000 

Apelin-36 (nmol/mL) 0.433* 0.015 0.537** 0.003 

GST (IU/L) 0.240 0.193 -0.296 0.119 

HbA1C (%) -0.008 0.967 0.074 0.701 

   ** correlation is significant at the 0.001 level (2-tailed). 

 

For the male group, the ROC (AUC) gave a positive value for Apelin-36; the result is an 

excellent value (0.993) for the ROC. Table 7 and Figure 1 demonstrate that Apelin-36 

significantly impacted with T2DM. For the female group, the ROC (AUC) gave a positive 

value for Apelin-36; the result is an excellent value (0.993) for the ROC. Table 8 and Figure 2 

demonstrate that Apelin-36 significantly impacted with T2DM. The two groups had excellent 

results for linking Apelin-36 with DM upon rock analysis, as shown in Figures 1 and 2 for the 

male and female groups. 

 

Table 7. The result of Apelin-36 at the ROC (AUC) analysis for male group. 

Cut-off point Sensitivity Specificity Std. Errora Asymptotic Sig.b Asymptotic 95% CI 

0.993-12.7310 1.000 0.086 0.006 0.0001 Lower 

Bound 

Upper 

Bound 

0.980 1.000 

   a. Under the nonparametric assumption, Null hypothesis: true area = 0.5. 

 

Table 8. The result of Apelin-36 at the ROC (AUC)  analysis for female group. 

Cut-off point Sensitivity Specificity Std. Errora Asymptotic Sig.b Asymptotic 95% CI 

0.977-9.3430 1.000 0.320 0.016 0.0001 Lower 

Bound 

Upper 

Bound 

0.945 1.000 

   a. Under the nonparametric assumption, b. Null hypothesis: true area = 0.5. 
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Figure 1. The ROC carve for Apelin-36 with 

diabetic male. 

Figure 2. The ROC carve for Apelin-36 with diabetic 

female. 

 

The present study shows that males with advanced age and increased muscle mass and weight 

are more likely to develop T2DM. They may reach advanced stages of the disease early, and 

women are less likely to develop diabetes than men. The common element between the two 

sexes is obesity, which is the incidence of DM. The weights of men are less than in women, 

which may be attributed to the pattern of fat distribution and the extent of its role in the 

incidence of the disease, and Apelin-36 is a good indicator for male and female patients with 

T2DM. The current results agree with Delaney et al., who suggested that T2DM is more 

common in men than women. In middle age, more men than women have T2DM. One of the 

reasons that T2DM is more common in women than in men that the difference in the 

distribution of adipose tissue (fat) in different body regions in women than in men (25,26) 

indicated that the greater prevalence of T2DM in older men compared to older women was 

associated with a higher visceral fat percentage in men. In contrast, BMI differences were not 

related to this disparity. Also, sex differences have been found in the onset and development of 

diabetic problems, which shows how important it is to treat DM differently for men and 

women. As with almost all diseases, the sex of the person with DM should be taken into 

account when deciding how to treat them (27). Diabetes raises the risk of CVD, and women 

with diabetes are much more likely to have heart failure than men with DM (28). T2DM causes 

several problems with the large blood vessels through different pathogenic pathways, such as 

high blood sugar and IR. T2DM is accompanied by arterial disease (29). Age at T2DM 

diagnosis has predictive importance for life and cardiovascular risks, which has implications 

for determining appropriate treatment strategies, making clinical decisions, and giving care 

based on guidelines. Based on this result, T2DM  is more likely to be prevented or delayed in 

younger people (30). In patients with T2DM, the disease becomes more complicated after a 

long time, for example, diseases of the liver, kidneys, heart, and retinas. Elevated serum 

concentrations of enzymatic and non-enzymatic markers of liver function in T2DM support the 

hypothesis that the liver plays a vital role in the pathogenesis of T2DM and that hepatic 

enzymes may be helpful to additional markers of individuals at high risk for developing DM. 

Elevated levels of renal profile markers in the serum were associated with an increased risk of 

T2DM and hyperglycemia. As DM is the primary cause of renal morbidity and mortality, sugar 

management can reverse the progression of kidney damage (31). Previous study showed that 

age plays a significant part in developing T2DM risk after 40 years (32). Adopting a healthy 

lifestyle is associated with a considerable reduction in the risk of T2DM and adverse long-term 
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outcomes among diabetic patients; reducing the global burden of T2DM should be based on 

addressing multiple risk factors (33). 

 

4. Conclusion 

     In conclusion, Apelin-36 is a good indicator for patients with T2DM, both males and 

females. Although women are less likely to develop DM than men, they are more likely to 

experience common complications, such as CVD. On the other hand, men are more likely to 

develop T2DM due to factors such as age, higher muscle mass (BMI), and weight. 
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