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INTRODUCTION:
The harmonious biochemical processes in a healthy individual are due 
to the balance between essential molecules that are necessary for the 
maintenance of physiology of the living system [1,2]. These include 
energy bio-molecules, co-factors for oxidation to attain energy 
expenditure, regulatory hormones, and protective immune system [3]. 
Apparently through evolution, biological cell has developed innate 
dynamic processes vital to safeguard the obnoxious effects of the 
external environmental forces and also from obnoxious internal forces 
[1-3]. Occurrence or production of any molecule in excess would 
proceed to dys-balance leading to deposition of products or adducts 
and excitation of unwanted responders [4,5]. 

According to World Health Organization report, around 1.6 million die 
of diabetic complications in the world every year [6,7]. The prevalence 
of hypertension is approximately about 70% in 2DM so that one-fourth 
to three-fourths of the secondary complications including 
cardiovascular and renal of 2DM are attributed to hypertension [6,7]. 
The recently concluded Trials and studies have reported that intensive 
insulin therapy has been shown to reduce the development of mico- 
and macro-vascular complications in Type 1 diabetes mellitus patients 
[8-12]. These studies have also shown that bringing the glucose levels 
to near physiological levels can reduce the morbidity of hypertension, 
diabetic retinopathy and diabetic nephropathy [8-12]. 

Insulin Resistance (IR), hyperglycemia, dyslipidemia and 
inammation are the risk factors that can initiate the development of 
hypertension in Type 2 diabetes mellitus (2DM) [13]. In 2DM, 
hyperglycemia drives non-enzymatic glycation of proteins and lipids 
leading to the formation of Advanced Glycation of End products 
(AGEs) including glycated Hemoglobin (HbA1C) and oxidized Low 
Density Lipoproteins cholesterol (oxLDLc) [14]. Studies across the 
globe suggested that glycated lipid namely oxLDLc bind to the vessel 
walls via a specic receptor, which in turn induces the development of 
atheromatous plaques [10]. Similarly, AGEs also attaches to the vessel 
walls through receptor and inuence to initiate cytokine stress [15].  

Cytokines are glycoprotein molecules released by the immune cells 
when they come into contact with the altered glycated molecules 
[16,17]. Cytokines, thus expressed play in immune response as either 
pro-inammatory or anti-inammatory [15-17].  These steps increase 
in inammation that produces tissue damage which may trigger an 
impending mechanism for development of diabetic complications 
[18]. 

Identifying predictive factors for 2DM will be benecial to developing 
effective prevention and early detection of the disease. The role of 
cytokines in 2DM individuals has not yet been well claried, 
especially in this specic part of India (Indore region). Moreover, there 
has been little study on 2DM individuals in the initial period of the 
disease and during the course of disease on blood glucose and cytokine 
levels as a damaging factor have not been considered in existing 
studies, Therefore, the novelty of this study is to evaluate whether anti-
inammatory and pro-inammatory markers are different in 
individuals with versus without 2DM. To assess the effect of glucose, 
insulin, Homeostasis metabolic assessment-estimated insulin 
resistance (HOMA-IR), lipids on cytokine variables in type 2DM 
subjects.

MATERIALS & METHODS:
Two hundred and thirty individuals are recruited in to this present 
study after the approval from Institutional ethical committee for the 
present study. The study was conducted in the Department of 
Biochemistry, Malwanchal university, Indore, India. Age & sex 
matched one hundred and fteen human non-2DM individuals were 
taken into healthy control group. One hundred and fteen subjects, on 
treatment for 2DM were included in second group. The diagnosis of 
2DM was made according to the norms laid by American Diabetes 
Association. The diagnosis of 2DM group subjects was done by the 
consultants of Medicine department of Malwanchal university.  
Exclusion criteria were 2DM individuals, more than ve years of 
known duration of 2DM, and with known complications. Inclusion 
criteria for healthy controls were non-diabetic, not taking 
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supplementations, and having no other complications. Five mL of 
fasting venous blood were drawn into uoride and plane vials, after 
informed written consent from all the study group subjects with a 
disposable syringe & needle, under all aseptic conditions. Plasma and 
serum was separated by centrifuging the blood at 3000 rpm for 20 

ominutes. Samples were stored in aliquots at -20  C until assayed. 
Plasma glucose was estimated by using the method Glucose Oxidase 
and Peroxidase (DPEC – GOD/POD) purchased from Avantor 
laboratories. HbA1C was estimated by using the ClinRep complete kit 
on the BioRad HbA1c analyzers Diamat and Variant. Added 5 μl 
venous blood to 1.25 ml hemolysis reagent. Incubated hemolysate for 
300 min at 37�C. Injected 20 μl into the HbA1c variant instrument and 
noted the percentage of glycated hemoglobin. Serum TC was 
estimated by using the method of Cholesterol Oxidase and Peroxidase 
(CHOD/POD) purchased from Transasia Biomedicals. The reagents 
were prepared according to the instructions provided in the kit manual. 
Serum Low density lipoprotein cholesterol was estimated with 
Friedewald's formula. Serum cytokines were estimated with multi-
analyte Elisarray kit bought from Qiagen laboratories.

Statistical Analysis:
Microsoft excel was used to perform statistical analysis. Unpaired 't' 
test was performed to compare the means of variables between two 
groups. Percentages were also calculated. P <0.05 was considered 
signicant. 

RESULTS:
Biochemical Parameters in 2DM and Healthy control:
In the present study, the authors estimated age, fasting blood glucose 
(FBS) in plasma, serum Total cholesterol (Tc), Low density 
lipoproteins (Ldl), Glycated Hemoglobin (HbA1c), insulin, IL-4, Il-5, 
IL-10, IL-12 and IL-13 in both the group subjects. In addition to know 
the intensity of IR in both the group subjects, we calculated the 
HOMA-IR.

In Table 1, on comparison of age, Tc, and Ldl parameters between 
2DM and control group subjects showed insignicant differences, 
whereas parameters of FBS (t=12.24; df=228; P<0.001) HbA1c  
(t=16.40; df=228; P<0.05) and insulin mean levels (t=2.70; df=228; 
P<0.05) showed a signicant difference. Though the Ldl mean level of 
2DM group subjects was on the higher side but when compared 
between the two groups, we observed approximately 40 percent high 
in 2DM individuals than the control. In case of HOMA-IR we observed 
almost fty percent increase in level in 2DM subjects than in control 
subjects. We measured the percentages increase due to the fact that we 
included age and sex matched individuals in both the groups. 

In gure 1, we observed statistical difference in the serum levels of IL-
4, Il-5 and IL-13 when compared between 2DM group subjects and 
control group subjects. Decrease in the levels of serum IL-4 was 
observed in 2DM subjects when compared with healthy control 
subjects. On the contrary, we observed increase in the values of IL-5 
and IL-13 in 2DM subjects when compared with healthy control 
subjects. In case of IL-10 and IL-12 values, we observed no 
signicance when compared between the group subjects. 

In gure 2, we observed a stable decline, with a negative   regression of 
y = -0.248x + 38.06 when compared between HOMA-IR and IL-4 in 
2DM students. Similar negative decline in regression (y = -0.053x + 
2.67) we observed when HOMA-IR compared with IL-5 in healthy 
subjects (Fig. 4). In another, an incline depicted a positive regression (y 
= 0.007x + 15.76) when HOMA-IR of 2DM subjects was compared 
with serum IL-13. These regression analyses have shown the 
association that IR has an effect on the development of inammation in 
type 2DM individuals.

DISCUSSION:
Objectives that are framed in this study are to evaluate whether 
inammatory markers are different in individuals with versus without 
T2DM. For this to understand we assessed the effect of glucose, 
insulin, HOMA-IR, lipids on cytokine variables in type 2DM subjects. 
The 2DM group subjects showed altered FBS, HbA1c, and insulin 
when compared with healthy control group subjects. Insignicant 
difference was observed in the age parameter when compared between 
the two groups. In the present study pertaining to 2DM group subjects, 
an increase in FBS was observed, but not in healthy controls. This 
nding suggests that increased blood sugar in T2DM group may be 
caused by increase age in the subjects [10,11,13]. Studies related to 

2DM have revealed that 2DM is one of the aging diseases in the present 
world and our nding also infers the concerns with age in T2DM 
subjects [19,20]. Studies have also reported that individuals above 40 
years of age are more susceptible to develop T2DM [10,11]. 
Interesting point is that no correlation was observed in the control 
group when compared between age and blood sugar, however, we 
observed insignicant difference in age when compared between 
T2DM and controls. Keeping in view of this nding, suggests that 
people who have predisposition to T2DM, are prominently driven 
towards the initiation of the disease rather than the people who have 
little predisposition. Moreover, because older adults have the highest 
prevalence of diabetes, such individuals have traditionally not been 
included in some studies that involve research on diabetes [13,19,20]. 

It is interesting that a correlation between age and HbA1c was negative 
in the T2DM group and also control group. At rst it seems 
contradictory, but possible explanation could be that the oxidative 
stress increases with age and increase in HbA1c is compensatory to the 
increase in age and the free radical production. Many studies have 
shown that people with T2DM tend to have higher oxidative stress 
compared to healthy controls compared with same age group 
individuals [21,22]. Though the present did not estimate free radicals 
but it is clear through the literature that oxidative stress is increased in 
T2DM patients and also in aged controls [19-22].

We observed signicant difference in the serum levels of IL-4, Il-5 and 
IL-13 when compared between 2DM group subjects and control group 
subjects. Decrease in the levels of serum IL-4 was observed in 2DM 
subjects when compared with healthy control subjects. Moreover we 
observed negative association with HOMA-IR when compared with 
IL-4 in 2DM subjects.  The lower level was due to hyperglycemia and 
HOMA-IR present in 2DM subjects. In some reports it has been 
reported that IL-4 has the ability to reduce IR and also immune 
response through improvement of anti-atherogenic properties [23,24]. 
Badr et al, in his report, demonstrated signicant decrease in the IL-4 
expression in 2DM subjects [25]. On the contrary, Tripathi et al has 
reported elevated levels of IL-4 gene expression in 2DM individuals 
when compared with healthy controls [26]. Whereas, in a report by 
Maier et al, has observed no association between IL-4 and 
susceptibility to 2DM [27]. It is imperative from the present study that, 
HOMA-IR and hyperglycemia are the factors for the decreased IL-4 
production in 2DM subjects than healthy controls. 

On the contrary, we observed increase in the values of IL-5 and IL-13 
in 2DM subjects when compared with healthy control subjects. In case 
of IL-10 and IL-12 values, we observed no signicance when 
compared between the group subjects. Similar negative decline in 
regression, we observed when HOMA-IR compared with IL-5 in 
healthy subjects. At rst it seems contradictory, but possible inference 
could be that the increase in IL-5 is compensatory to the increase in 
HOMA-IR in healthy controls that can occur due to increase in age. In 
one study it has been reported that IL-5 levels are directly proportional 
to the oxLdl in patients affected with 2DM [28]. Apart from few 
studies, little research is known in relation to IL5 and 2DM around the 
world.  

In another, an incline depicted a positive regression when HOMA-IR 
of 2DM subjects was compared with serum IL-13. These regression 
analyses have shown the association that IR has an effect on the 
development of inammation in type 2DM individuals. The results in 
the present study, show that increase in the levels of IL-13 is could be 
due to the HOMA-IR. In one study, IL-13 levels were increased in 
tuberculosis patients suffering with 2DM [29]. In a study conducted on 
altered chemokine levels in individuals at risk of type 1 diabetes 
mellitus did not observe any signicant difference in IL-13 in the 
project individuals [30].  In another report by Kreotowski et al., 
demonstrate that IL-13 were signicantly high in patients who were 
diagnosed recently with DM [31].  Study by Al-Hamoudi et al [32], 
suggested increase in IL-13 levels in patients using electronic 
cigarettes that show inammation in the oral cavity. In a study by 
Zhang et al [33]., reported higher levels of Il-13 in patients with 
clinical periodontal parameters of middle-aged and elderly patients 
with 2DM.

CONCLUSION:
Our study concludes that pro- and anti-inammatory cytokines are 
responsible for the initiation of secondary complications in 2DM. The 
present study also concludes that there is association of IL-4, IL-5 and 
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IL-13 with relation to 2DM. These cytokines can be used as 
biomarkers for early identication and diagnosis of secondary 
complications in 2DM individuals. 

Table 1: The mean values of different parameters of 2DM subjects 
and control subjects of the study

Figure 1: The mean values of IL-4, IL-5, IL-10, IL-12 and IL-13 in 
2DM subjects and in healthy control subjects

Figure 2: Scatter diagram showing relationship between HOMA-
IR and IL-4 in 2DM subjects

Figure 3: Scatter diagram showing relationship between HOMA-
IR and IL-13 in 2DM subjects

Figure 4: Scatter diagram showing relationship between HOMA-
IR and IL-5 in healthy subjects

Conflict of interest:
None declared.

REFERENCES:
1. Santolini J, Wootton SA, Jackson AA, Feelisch M. The Redox architecture of 

physiological function. Current opinion in physiology. 2019 Jun 1;9:34-47.
2. Salem MS. Biological networks: An introductory review. Journal of Proteomics and 

Genomics Research. 2018 Oct 10;2(1):41-111.
3. Jones S. A Look to the Bioenergetic Medicine from the Human Physiology. Journal of 

Pharmacy and Pharmacology. 2021 Jan 1.
4. Suárez J, Stencel A. A part-dependent account of biological individuality: Why 

holobionts are individuals and ecosystems simultaneously. Biological Reviews. 2020 
Oct;95(5):1308-24.

5. Taghavi F, Rahban M, Moosavi-Movahedi AA. Lifestyle in the Regulation of Diabetic 
Disorders. InRationality and Scientic Lifestyle for Health 2021 (pp. 129-153). 
Springer, Cham.

6. Balwan WK, Kour S. Lifestyle Diseases: The Link between Modern Lifestyle and threat 
to public health. Saudi J Med Pharm Sci. 2021;7(4):179-84.

7. Ling W, Huang Y, Huang YM, Fan RR, Sui Y, Zhao HL. Global trend of diabetes 
mortality attributed to vascular complications, 2000–2016. Cardiovascular diabetology. 
2020 Dec;19(1):1-2.

8. Nathan DM, DCCT/Edic Research Group. The diabetes control and complications 
trial/epidemiology of diabetes interventions and complications study at 30 years: 
overview. Diabetes care. 2014 Jan 1;37(1):9-16.

9. Lachin JM, Nathan DM. Understanding metabolic memory: the prolonged inuence of 
glycemia during the Diabetes Control and Complications Trial (DCCT) on future risks 
of complications during the study of the Epidemiology of Diabetes Interventions and 
Complications (EDIC). Diabetes Care. 2021 Oct 1;44(10):2216-24.

10. Braffett BH, Gubitosi-Klug RA, Albers JW, Feldman EL, Martin CL, White NH, 
Orchard TJ, Lopes-Virella M, Lachin JM, Pop-Busui R, DCCT/EDIC Research Group. 
Risk factors for diabetic peripheral neuropathy and cardiovascular autonomic 
neuropathy in the Diabetes Control and Complications Trial/Epidemiology of Diabetes 
Interventions and Complications (DCCT/EDIC) study. Diabetes. 2020 May 
1;69(5):1000-10.

11. Duţă I, Fica S, Ion DA. The association between insulin resistance and proliferative 
retinopathy in type 1 diabetes. Rom J Intern Med. 2015 Jul 1;53(3):261-6.

12. Desai RS. Inammatory mechanisms associated with type 1 diabetes mellitus and oral 
diseases (Doctoral dissertation, Newcastle University).

13. Abdaly MS, Azizi MS, Wijaya IP, Nugroho P, Purnamasari D. Subclinical 
Atherosclerosis in Young Adult Population with First Degree Relatives of Type 2 
Diabetes Mellitus. Acta Med Indones. 2019 Apr 1;51(2).

14. Kaur R, Kaur M, Singh J. Endothelial dysfunction and platelet hyperactivity in type 2 
diabetes mellitus: molecular insights and therapeutic strategies. Cardiovascular 
Diabetology. 2018 Dec;17(1):1-7.

15. Emamalipour M, Seidi K, Jahanban-Esfahlan A, Jahanban-Esfahlan R. Implications 
of resistin in type 2 diabetes mellitus and coronary artery disease: Impairing insulin 
function and inducing pro-inammatory cytokines. Journal of cellular physiology. 
2019 Dec;234(12):21758-69.

16. Oguntibeju OO. Type 2 diabetes mellitus, oxidative stress and inammation: examining 
the links. International journal of physiology, pathophysiology and pharmacology. 
2019;11(3):45.

17. Randeria SN, Thomson GJ, Nell TA, Roberts T, Pretorius E. Inammatory cytokines in 
type 2 diabetes mellitus as facilitators of hypercoagulation and abnormal clot formation. 
Cardiovascular diabetology. 2019 Dec;18(1):1-5.

18. Oguntibeju OO. Type 2 diabetes mellitus, oxidative stress and inammation: examining 
the links. International journal of physiology, pathophysiology and pharmacology. 
2019;11(3):45.

19. Nanayakkara N, Curtis AJ, Heritier S, Gadowski AM, Pavkov ME, Kenealy T, Owens 
DR, Thomas RL, Song S, Wong J, Chan JC. Impact of age at type 2 diabetes mellitus 
diagnosis on mortality and vascular complications: systematic review and meta-
analyses. Diabetologia. 2021 Feb;64(2):275-87.

20. Sattar N, Rawshani A, Franzén S, Rawshani A, Svensson AM, Rosengren A, McGuire 
DK, Eliasson B, Gudbjörnsdottir S. Age at diagnosis of type 2 diabetes mellitus and 
associations with cardiovascular and mortality risks: ndings from the Swedish 
National Diabetes Registry. Circulation. 2019 May 7;139(19):2228-37.

21. Gu J, Pan JA, Fan YQ, Zhang HL, Zhang JF, Wang CQ. Prognostic impact of HbA1c 
variability on long-term outcomes in patients with heart failure and type 2 diabetes 
mellitus. Cardiovascular diabetology. 2018 Dec;17(1):1-1.

22. Rains, Justin L., and Sushil K. Jain.(2011). Oxidative stress, insulin signaling, and 
diabetes." Free Radical Biology and Medicine 50(5), 567-575.

23. Russell MA, Morgan NG. The impact of anti-inammatory cytokines on the pancreatic 
β-cell. Islets. 2014 May 4;6(3):e950547.

24. Ho KT, Shiau MY, Chang YH, Chen CM, Yang SC, Huang CN. Association of 
interleukin-4 promoter polymorphisms in Taiwanese patients with type 2 diabetes 
mellitus. Metabolism. 2010 Dec 1;59(12):1717-22.

25. Badr E, Assar M, Elshayeb EI, El-Bab SF, El-Kousy S. A preliminary study of the 
relation between IL-4 and hypertension in type II diabetes mellitus. Molecular biology 
reports. 2018 Dec;45(6):1967-72.

Volume - 12 | Issue - 01 | January - 2022 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar

Variable 2DM Subjects 
(n=115)

Healthy Controls
(n=115)

AGE  (Years) 51.4±7.3 50.6±4.8

FBS  (mg/dL) 132.8±45 86.6±11

PPBS (mg/dL) 195.9±62.2 123.7±11.5

HbA1C (gm%) 7.9±1.5 5.3±0.8

Insulin (μU/mL) 20.1±4.9 17.4±9.5

HOMA-IR 5.7±2.8 23.8±1.2

Total Cholesterol  (mg/dL) 164.7±28.1 147.5±14.7

Low density lipoprotein  
(mg/dL)

149.1±53.6 128.8±21.4

IL-4 (pg/mL) 40.1±10.8 44.3±14.4

IL-5 (pg/mL) 15.9±1.0 12.3±0.5

IL-10 (pg/mL) 24.1±2.3 23.0±8.6

IL-12 (pg/mL) 146.8±43.8 153.3±12.0

IL-13 (pg/mL) 79.8±41.8 62.8±10.7

42  INDIAN JOURNAL OF APPLIED RESEARCH



26. Tripathi AK, Shukla S, Tripathi JK, Saket RD, Kol S, Mishra P, Chauhan UK, Indurkar 
M. Association of genetic polymorphism of inammatory genes (IL-1β and IL-4) with 
diabetes type 2. Enliven: J Genet Mol Cell Biol. 2015;1(1):004.

27. Maier LM, Chapman J, Howson JM, Clayton DG, Pask R, Strachan DP, McArdle WL, 
Twells RC, Todd JA (2005) No evidence of association or interaction between the 
IlarA,IL-4, and IL-13 genes in type I diabetes mellitus. Am J Hum Genet 76(3):517-521

28. Sämpi M, Ukkola O, Päivänsalo M, Kesäniemi YA, Binder CJ, Hörkkö S. Plasma 
interleukin-5 levels are related to antibodies binding to oxidized low-density lipoprotein 
and to decreased subclinical atherosclerosis. Journal of the American College of 
Cardiology. 2008 Oct 21;52(17):1370-8.

29. Hasan Z, Irfan M, Masood Q, Ahmed O, Rao S, Moosajee US, Salahuddin N. Raised 
levels of IFN-gamma and IL-13 are associated with pre-diabetes amongst newly 
diagnosed patients with Tuberculosis. Journal of the Pakistan Medical Association. 
2019;69(4):468.

30. Hani-Moghaddam P, Kappler S, Seissler J, Müller-Scholze S, Martin S, Roep BO, 
Strassburger K, Kolb H, Schloot NC. Altered chemokine levels in individuals at risk of 
Type 1 diabetes mellitus. Diabetic Medicine. 2006 Feb;23(2):156-63.

31. Kretowski A, Myśliwiec J, Kinalska I. In vitro interleukin-13 production by peripheral 
blood in patients with newly diagnosed insulin-dependent diabetes mellitus and their 
rst degree relatives. Scandinavian journal of immunology. 2000 Mar 1;51(3):321-5.

32. Al-Hamoudi N, Alsahhaf A, Al Deeb M, Alrabiah M, Vohra F, Abduljabbar T. Effect of 
scaling and root planing on the expression of anti-inammatory cytokines (IL-4, IL-9, 
IL-10, and IL-13) in the gingival crevicular uid of electronic cigarette users and non-
smokers with moderate chronic periodontitis. Journal of periodontal & implant science. 
2020 Apr;50(2):74.

33. Zhang H, Zhang Y, Chen X, Li J, Zhang Z, Yu H. Effects of statins on cytokines levels in 
gingival crevicular uid and saliva and on clinical periodontal parameters of middle-
aged and elderly patients with type 2 diabetes mellitus. PloS one. 2021 Jan 
8;16(1):e0244806.

Volume - 12 | Issue - 01 | January - 2022 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar

 INDIAN JOURNAL OF APPLIED RESEARCH 43


