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Diabetes is a serious non-communicable disease of two types of different pathophysiology. Since they cause a great impact on health, thus no effort is spared in investigating the risk factors of the disease. In this thesis was aimed to determine the correlations between diabetes and interleukins (17 and 37). 140 persons from Al-Jamhoury general hospital in Kirkuk in Iraq were randomly selected, were 70 of them had the disease and another 70 were free of the disease, 35 of each group were females and 35 of them were males, after ethical approval. Each blood samples were investigated for vitamin D level, blood urea level, serum creatinine, lipid profile test (cholesterol, triglycerides, high-density lipoprotein, and low-density lipoprotein) in addition to patients’ glycemic status (fasting blood glucose and hemoglobin A1C) and interleukins 17 and 37. Results showed that interleukin 17 and 37 were found to be significantly higher in the patients’ group and were correlated with fasting blood sugar and hemoglobin A1C with a  negative correlation with both age and body mass index. It also determined the glycemic status to be negatively correlated with age, weight, vitamin D, blood urea, and dyslipidemia.
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[bookmark: _Toc92890773]INTRODUCTION
Diabetes is a non-communicable serious health problem that has a great impact on the health care system. It is of two types: Type 1 diabetes, also known as juvenile or insulin-dependent diabetes, is caused by an autoimmune loss of pancreatic beta cells. Type 2 diabetes is caused by a reduction in tissue insulin sensitivity, thus requiring a larger amount of insulin to meet the level of euglycemia, this increase in insulin production causes the exhaustion of the pancreatic beta cells and the inability to secrete the required amount of insulin, and eventually leading to hyperglycemia and diabetes mellitus (Monesi et al.  2012 Insulin sensitivity and glucose tolerance are influenced by many factors. The most valued of which are lifestyle variables, which are recognized to have an essential role in illness progression, Raised consumption of saturated fats and trans-fatty acids in the diet significantly increased the risk of diabetes. Obesity was discovered to be a factor in around 55% of type 2 diabetes patients (Brooks 2009). This relation was suggested to be due to the chemical signals sent by adipose tissue (especially by the visceral fat). One of the risk variables evaluated was sleep disruptions, which might be the reason for increased diabetes incidence in industrialized countries due to fewer hours of sleep and a more stressful lifestyle (Knutson et al.  2007). 
Recently, mild inflammation has been linked to the development of this disease in studies. Inflammatory markers and cytokines like the interleukins were found to be either elevated IL17 or suggested to have a protective effect on IL37. Interleukins are cytokines that are generated by a variety of cells, including leukocytes, in response to antigens and infections, and they play a critical role in the inflammatory response. They are made up of a huge number of proteins that initiate a sequence of reactions. They may have a paracrine effect on nearby cells or an autocrine effect on the cell itself (Akdis et al.  2011). T helper 17 produces IL17 as a proinflammatory cytokine in response to interleukin 23, and it is greater in females than men in a variety of immune-related illnesses including rheumatoid arthritis, asthma, lupus, and allograft rejection (Aggarwal et al.  2002). While IL37 has an anti-inflammatory effect and helps to regulate innate immunity, immune cells such as B lymphocytes, natural killer cells, and monocytes make it, it was found to be elevated in lupus patients, it also has an anti-cancer effect immunosuppressive and metabolic regulation effect.
The aim of this study, the correlation between interleukin-17 and interleukin-37 with diabetes and blood glucose was tested in this letter, other parameters like lipid profile and renal function test were also included. The purpose of this study is to measure accurately the concentration of IL-17, IL-37. The possible relationship between these biomarkers and diabetes severity and control will be investigated.
[bookmark: _Toc92890791][bookmark: _Toc87995857]MATERIALS AND METHODS
[bookmark: _Toc92890792]Materials
[bookmark: _Toc92890793]Sample collection
Blood was drawn in a sterilized environment and placed in separate tubes for each parameter to be tested.
[bookmark: _Toc92890794]Biochemical parameters
Vitamin D measurement (code 82306): The rivalry between vitamin D and a vitamin D tracer for a monoclonal antibody binding site is the basis for this test concept. As a result, the amount of tracer that can attach to the antibody is inversely proportional to vitamin D levels. At 412 nm, the product is extremely absorbable and has a yellow tint. A 50-liter sample of freshly obtained blood was maintained in hermetically sealed glass vials for analysis. Reagents were diluted and mixed with the sample for 5-10 minutes before and during usage. Where B is corrected counts/minutes for each tube, and B0 is corrected counts/minutes for 0 standards.
[bookmark: _Toc87995861]Interleukin 17 (REF 83520): The washing buffer was diluted to 1:20 and thoroughly mixed. The standards and samples were serially diluted at a ratio of 1:2. Based on the expected concentration of the analyte, the sample was diluted in assay diluent to the required concentration. Everything should be kept at ambient temperature (20-25 °C). After washing the wells, allowing them to dry, and After adding the sample, the samples were incubated at room temperature for at least 2 hours. The plate was rinsed four times before adding the detecting antibody. The Plate Sealer was used to cover the samples, which were incubated after that at the temperature of 37 centigrade for 2 hours. The plate was aspirated, and the dish was washed once again. Color Development Enzyme has been added to the mix. For appropriate color development, samples were incubated at room temperature (between 2 and 12 minutes) To prevent color change, The stop solution was given to each well in the amount of 100 µL. The plate was read at a wavelength of 450 nm. 
Interleukin 37 (REF 83520): To eliminate clots, samples were centrifuged at 3,000 rpm for 10 minutes at 4°C. A washing Solution was given to each well in the amount of 200 µL. The plate was cleaned three times with 300 µL of Washing Solution in each well after the wells were aspirated to remove liquid. In each well, 100 µL of standard, blank, and sample were put in duplicate. For 2 hours, the dish was covered and incubated. The wells were aspirated and cleansed to remove the fluids. Per well, 100 um of diluted detection antibody was added. The plate was then aspirated and washed after being covered and incubated for 2 hours. Per well, 100 µL of diluted StreptavidinHRP was added. Covered, the plate was incubated for 30 minutes. Following another wash, each well received 100 µL of TMB or a single TMB solution. Incubate at room temperature for optimum color development. The stop solution was injected into each well in the amount of 100 µL.
[bookmark: _Toc87995862][bookmark: _Toc92890795]Statistical Analysis
The findings were analyzed using SPSS 23, and descriptive data were calculated using the mean and standard deviation and it was written in the formula of (mean ± standard deviation), the study of correlation was done using ANOVA one way and P-value with the level of significance being <0.05.
[bookmark: _Toc92890796]RESULTS
[bookmark: _Toc92890797]Design of Study
This study was aimed towards patients with diabetes mellitus type 2, it included 70 males and 70 females aged between 38 to 70 years old. Cases were divided into two groups according to gender and subgroup that ıs contain two groups. 35 cases from patients affected by DM2, 35 of which are females and a similar number of males (patients group), 35 of healthy individuals, 35 of which are females, and a similar number of males (control group). This study was conducted in Al-Jamhoury general hospital in Kirkuk-Iraq, lab work was done in associated laboratories, and the study lasted from the first of June to the thirty-first of August of 2021.
[bookmark: _Toc92890798]Biochemical Parameters
The standard deviation and the mean value were calculated as shown in Table 1.
[bookmark: _Toc92492593]Table 1.The mean and standard deviation of all tested parameters
	PARAMETER
	CONTROL M (N=35)
	CONTROL W (N=35)
	PATİENTS M (N=35)
	PATİENT W (N=35)
	TOTAL (N=140)
	P

	Age (years)
	46.3  ± 7.47
	39.3 ± 8.39
	54.4  ± 8.17
	52.1 ± 6.93
	48.0 ± 8.12
	0.443

	Weight (kg)
	69.2  ± 6.33
	59.4  ± 7.78
	79.3  ± 7.78
	71.7 ± 10.1
	69.9 ± 9.55
	0.031

	HbA1c (%)
	4.98 ± 0.57
	5.08  ± 0.48
	8.93  ± 1.04
	8.61 ± 0.71
	6.90 ± 2.01
	0.001

	Vit.D (ng/mL)
	34.8 ± 4.62
	25.9  ± 4.15
	15.9  ± 1.30
	10.9 ± 0.88
	21.8 ± 2.73
	0.020

	IL17 (pg/mL)
	7.14 ± 0.56
	7.99  ± 0.79
	14.7  ± 1.32
	15.1 ± 0.90
	11.2 ± 3.80
	0.030

	IL37 (pg/mL)
	192.4 ±13.6
	173.2 ±32.9
	583.2 ± 145.7
	464.5± 132.9
	353.2 ± 81.2
	0.010



2.1.1 [bookmark: _Toc87995867][bookmark: _Toc92890799]Correlation of interleukins with blood sugar
[bookmark: _Toc87995869]Both of the interleukins’ levels (IL17 and IL37) were found to be significantly correlated with all of the other parameters (Figure 1, and 2) including fasting blood glucose (P-value < 0.001) and that of HbA1c (P-value <0.001) as shown in Tables 2 and 3 respectively.

[bookmark: _Toc92492141][bookmark: _Toc88227260][bookmark: _Toc88259538][bookmark: _Toc87995890]Figure 1	Comparison between the means of IL17 level among the groups

[bookmark: _Toc92492142]Figure 2 Comparison between the means of IL37 level among the groups
[bookmark: _Toc92492594]Table 2	Correlation between interleukin 17 and glycemic status
	
	
	HBA1C

	IL17
	Pearson Correlation
	0.920**

	
	Sig. (2-tailed)
	0.000

	
	N
	140


[bookmark: _Toc92492595]Table 3	Correlation between interleukin 37 and glycemic status
	
	
	HbA1c

	IL37
	Pearson Correlation
	0.930**

	
	Sig. (2-tailed)
	0.000

	
	N
	140


It was also found to be highly significantly correlated to all other studied parameters, where age, weight, and HDL level had a negative correlation and a positive correlation was shown with blood urea, serum creatinine, total cholesterol, triglycerides, lipid profile, and vitamin D as shown in Tables 4 and 5.
[bookmark: _Toc92492596]Table 4	Correlation of IL 17 levels with other parameters
	IL17

	TESTS
	PEARSON CORRELATİON
	SİG. (2-TAİLED)
	N

	Age
	0.323**
	0.000
	140

	Weight 
	0.408**
	0.000
	140

	Vit. D
	0.942**
	0.000
	140


[bookmark: _Toc92492597]Table 5	Correlation of IL 37 levels with other parameters
	IL37

	TESTS
	PEARSON CORRELATİON
	SİG. (2-TAİLED)
	N

	Age
	0.234**
	0.005
	140

	Weight 
	0.375**
	0.000
	140

	Vit. D
	0.944**
	0.000
	140



[bookmark: _Toc92890800]DISCUSSION AND CONCLUSION
[bookmark: _GoBack]This study was limited by the small sample size and lack of further follow-up to the patients, as well as a random selection of the study groups and the possible confounders that were not excluded when selecting the patients and control groups. In addition to little available previous studies of the same topic. Further studies are therefore suggested to have a larger study group, in addition to determining the possible cause of the remarked correlations. The values of interleukin 17 and 37 were considerably higher in the patients' group. Interleukin 17 and 37 were significantly correlated with fasting blood sugar and hemoglobin A1c. Interleukin 17 and 37 were negatively correlated to age and body mass index and Glycemic status was found to be negatively correlated with weight, age, blood urea vitamin D, and dyslipidemia. Diabetes mellites type two is a serious health condition that has many well-documented risk factors, recently the role of low-grade inflammation has been widely recognized and studied. Interleukin 17 is a proinflammatory cytokine that has been linked to the etiology of insulin resistance in type 2 diabetes Zareian et al. (2014), because of its abundance, interleukin 37 has been related to a protective impact against insulin resistance and enhanced insulin sensitivity (Li et al. 2019). These hypotheses were investigated in our study and the results were as shown above. Interleukin 17 levels in the patients' group were considerably greater than in the control group, which was consistent with prior study findings Büsing et al. (2013), Zareian et al. (2014) who also discovered such a significant correlation. In our study, it was also shown to be strongly linked with both fasting blood sugar and hemoglobin A1c levels, in agreement with the conclusions of Surendar et al. (2011), Kandeel et al. (2012) that revealed a substantial association between fasting blood glucose levels. While studying the relationship between interleukin 17 and other parameters, it was found that interleukin 17 was negatively correlated with both age and body mass index, the studies made by Surendar et al. (2011), Kandeel et al. (2012) both showed such a correlation with the age of the studied group, Kandeel et al. (2012) also illustrated the positive correlation with body mass index alongside with two other studies by Arababadi  (Arababadi et al. 2010, Kandeel et al. 2012). Interleukin 37, on the other hand, was shown to be raised in older people as a defensive mechanism against insulin resistance by decreasing gut microbiota dysbiosis, according to research. These results are comparable to what was found in our study, as the levels of interleukin 37 were found to be significantly higher in the patients’ group and were positively correlated with the level of blood glucose measured during fasting and hemoglobin A1c levels in the blood, but the protective role suggested by the above-mentioned study was not studied in this letter. On the other hand, a study by Wang et al. (2019) found that interleukin 37 be decreasingly expressed in patients with gestational diabetes, and another study found that it was negatively correlated with insulin level (Moschen et al. 2011). In our study, we found the level of interleukin 37 to be negatively associated with both weight and age, which was in accordance with what was found by the above-mentioned study by Moschen et al. (2011) who found a significant negative correlation with the body mass index. hemoglobin A1c and fasting blood glucose was found to be negatively correlated with age in this study, while it is a globally identified risk factor of the disease and documented by many studies (Ebenezer et al. 2003, Burattini et al. 2006), this difference in results can be due to other confounders and the small age range taken by our study making this negative correlation less reliable. Obesity is another well-known risk factor that has been linked to blood glucose and hemoglobin A1c levels in numerous research looking at the relationship between BMI and blood glucose levels (Meisinger et al. 2006, Kahn and flier 2000) while in our study negative correlation was found with weight, this difference in results may be because the factor studied in our letter is the weight rather than the body mass index. While studying vitamin D effect on glycemic status, we observed a significant negative association between the two as was suggested by two other studies done by (Borissova 2003). Blood urea level was also found to be significantly correlated to the level of glucose in blood and HbA1c in our study and other studies studying the correlation (Idonije et al. 2011, Shrestha et al. 2008, Bamanikar et al. 2016). We found that dyslipidemia (increased low-density lipoprotein, triglyceride, and cholesterol, and decreased level of high-density lipoprotein) as previously established by research, was highly connected with higher blood glucose levels and found by Suryawanshi et al. (2006), Nakhjavani et al. (2006), Otamere et al. (2011) among others.
REFERENCES
Aggarwal, S. and Gurney, A. L. 2002. IL‐17: prototype member of an emerging cytokine family. Journal of Leukocyte Biology., 71: 1-8.
Akdis, M., Burgler, S., Crameri, R., Eiwegger, T., Fujita, H., Gomez, E., Klunker, S., Meyer, N., O’Mahony, L., Palomares, O. and Rhyner, C. 2011. Interleukins from 1 to 37 and interferon-γ: receptors functions and roles in diseases. Journal of Allergy and Clinical Immunology., 127: 701-721.
Arababadi, M. K., Nosratabadi, R., Hassanshahi, G., Yaghini, N., Pooladvand, V., Shamsizadeh, A., Hakimi, H. and Derakhshan, R. 2010. Nephropathic complication of type-2 diabetes is following pattern of autoimmune diseases. Diabetes Research and Clinical Practice., 87: 33-37.
Bamanikar, S. A., Bamanikar, A. A. and Arora, A. 2016. Study of Serum urea and Creatinine in Diabetic and nondiabetic patients in a tertiary teaching hospital. The Journal of Medical Research., 2: 12-15.
Borissova, A. M., Tankova, T., Kirilov, G., Dakovska, L. and Kovacheva, R. 2003. The effect of vitamin D3 on insulin secretion and peripheral insulin sensitivity in type 2 diabetic patients. International Journal of Clinical Practice., 57: 258-261.‏
Brooks, N. A. 2009. Type 2 diabetes: lifestyle changes and drug treatment. AMA Journal of Ethics., 11: 237-241.
Burattini, R., Di Nardo, F., Boemi, M. and Fumile, P. 2006. Deterioration of insulin sensitivity and glucose effectiveness with age and hypertension. Am J. Hypertens., 19: 98-102.
[bookmark: _Hlk87124315]Büsing, K. A., Schönberg, S. O., Brade, J. and Wasser, K. 2013. Impact of blood glucose diabetes insulin and obesity on standardized uptake values in tumors and healthy organs on 18F-FDG PET/CT. Nuclear Medicine and Biology., 40: 206-213.‏
Idonije, B. O., Festus, O. and Oluba, O. M. 2011. Plasma glucose, creatinine and urea levels in type 2 diabetic patients attending a Nigerian teaching hospital. Research Journal of Medical Sciences., 5: 1-3.
[bookmark: _Hlk87124338]Kahn, B. B. and Jeffrey, S. 2000. Flier obesity and insulin resistance. J. Clin Invest., 106: 473-481.
Kandeel, W. A., Younes, K., El-Malt, H. A. and Gomaa, H. A. M. 2012. Interleukins 17 and 23 and resistin levels among obese diabetic Egyptian female patients. J. Appl Sci Res., 5203-12.
Knutson, K. L., Spiegel, K., Penev, P. and Van Cauter, E. 2007. The metabolic consequences of sleep deprivation. Sleep medicine reviews., 11: 163-178.
Meisinger, C., Döring, A., Thorand, B., Heier, M. and Löwel, H. 2006. Body fat distribution and risk of type 2 diabetes in the general population: are there differences between men and women The MONICA/KORA Augsburg cohort study. The American Journal of Clinical Nutrition., 84: 483-489.
Monesi, L., Baviera, M., Marzona, I., Avanzini, F., Monesi, G., Nobili, A., Tettamanti, M., Cortesi, L., Riva, E., Fortino, I. and Bortolotti, A. 2012. Prevalence, incidence and mortality of diagnosed diabetes: evidence from an Italian population‐based study. Diabetic Medicine., 29: 385-392.
Moschen, A. R., Molnar, C., Enrich, B., Geiger, S., Ebenbichler, C. F. and Tilg, H. 2011. Adipose and liver expression of interleukin (IL)-1 family members in morbid obesity and effects of weight loss. Molecular Medicine., 117: 840-845.
Nakhjavani, M., Esteghamati, A. R. and Heshmat, F. E. A. 2006. Dyslipidemia in type 2 diabetes mellitus: more atherogenic lipid profile in women. Acta Medica Iranica., 111-118.
Otamere, H. O., Aloamaka, C. P., Okokhere, P. O. and Adisa, W. A. 2011. Lipid profile in diabetes mellitus; what impact has age and duration. British Journal of Pharmacology and Toxicology., 2: 135-137.
[bookmark: _Hlk87124276]Shrestha, S., Gyawali, P., Shrestha, R., Poudel, B. and Sigdel, M. 2008. Serum urea and creatinine in diabetic and non-diabetic subjects. Journal of Nepal Association for Medical Laboratory Sciences., 9: 11-12.
[bookmark: _Hlk87135826]Surendar, J., Aravindhan, V., Rao, M. M., Ganesan, A. and Mohan, V. 2011. Decreased serum interleukin-17 and increased transforming growth factor–β levels in subjects with metabolic syndrome (Chennai Urban Rural Epidemiology Study–95). Metabolism., 60: 586-590.
Suryawanshi, N. P., Bhutey, A. K., Nagdeote, A. N., Jadhav, A. A. and Manoorkar, G. S. 2006. Study of lipid peroxide and lipid profile in diabetes mellitus. Indian Journal of Clinical Biochemistry., 21: 126.
Wang, P., Wang, H., Li, C., Zhang, X., Xiu, X., Teng, P. and Wang, Z. 2019. Dysregulation of microRNA‐657 influences inflammatory response via targeting interleukin‐37 in gestational diabetes mellitus. Journal of Cellular Physiology., 234: 7141-7148.
Zareian, P. and Mirzaii Dizgah, I. 2014. Serum interleukin 17 in type 2 diabetes mellitus. Journal of Archives in Military Medicine., 2.
Mean of IL-17
Control M	فئة 1	7.14	Control W	فئة 1	7.99	Patient M	فئة 1	14.73	Patient W	فئة 1	15.06	



Mean of IL-37
 Control M	83.23	Control W	64.59	Patient M	283.63	Patient W	273.27999999999997	
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