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Serum Interleukin 17 in Type 2 Diabetes Mellitus
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Background: The type 2 diabetes mellitus (T2DM) may alter the function of immune cells and produce inflammation, which is chronic, 
low grade and associated with insulin resistance
Objectives: The aim of this study was to compare interleukin 17 (IL-17) level in T2DM and healthy control, and evaluate the relationship 
between IL-17 and anthropometric and laboratory characteristics of diabetic patients.
Patients and Methods: A case-control study was carried out on 32 patients with T2DM (16 males and 16 females, aged 52.1 ± 8.0 years) who 
were hospitalized in Imam Reza hospital of AJA University of Medical Sciences for diabetes side effects, and 29 healthy control individuals 
(15 males and 14 females, aged 48.0 ± 8.6 years). Fasting blood sugar (FBS) was assessed colorimetrically by the GOD-POD method, and 
serum insulin and IL-17 levels were measured by ELISA method. Statistical analysis of the Student's t-test and Pearson correlation coefficient 
were used.
Results: The serum concentration of IL-17 was significantly higher in the patients with T2DM than in the controls (P = 0.002). It was also 
significantly higher in both male (P = 0.048) and female (P = 0.003) patients with T2DM than in their related controls. It was also significantly 
higher in the female than the male T2DM patients (P = 0.001). IL-17 level significantly correlated with age (r = 0.495, P = 0.001), body max 
index (BMI) (r = 0.347, P = 0.014), fasting blood sugar (r = 0.335, P = 0.043), insulin resistance (r = 0.338, P = 0.043), waist circumference (r = 
0.329, P = 0.029) and insulin (r = 0.36, P = 0.025).
Conclusions: It seems that patients with T2DM - especially females - have significantly higher IL-17 level and it correlates with age, insulin 
resistance, FBS, BMI and waist circumference.
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1. Background
Type 2 diabetes mellitus (T2DM) is estimated to affect 

millions of people around the world. The etiology of 
T2DM is not yet completely understood. However, it has 
been shown that a relation exists between incidence of 
diabetes mellitus and stress. Stress hormones such as 
glucagon, catecholamines, cortisol and Growth Hor-
mone secretion increase during the stress and emotional 
stimuli. Some of these hormones are diabetogenic and 
might be involved in the development of diabetes during 
the stress. 

Military personnel are exposed to a variety of stress-
ors. T2DM may alter the function of immune cells and 
produce inflammation, which is chronic, low grade and 
associated with insulin resistance (1-5). Monocytes con-
stitutively and inducibly secrets elevated levels of inter-
leukin (IL)-6, IL- 8, tumor necrosis factor (TNF)-α and IL-
1β in T2DM patients (1, 6, 7). Furthermore, B-cells secret 
elevated levels of IL-8 and decreased levels of the anti-
inflammatory cytokine such as IL-10 in T2DM patients 
(7). Recent studies have been demonstrated that T- help-
er cells 17, as a subset of CD4+ T-cells, has an important 
role in the development of autoimmunity in animal 

and human models of diabetes mellitus (8, 9). T-helper 
cells 17 produce IL-17. The IL-17 family of cytokines has 
been implicated in the pathogenesis of inflammatory 
conditions, including rheumatoid arthritis, psoriasis 
and systemic sclerosis (10-12). This cytokine promotes 
inflammation through a widely expressed family of IL-
17 receptors (7, 13). In addition, it has been shown that 
proinflammatory and inflammatory cytokines, such as 
IL-6, IL-1β and TNF-α, can exacerbate insulin resistance 
(14).

2. Objectives
As yet, there are a few studies about relationship of pro-

inflammatory cytokine IL-17 with anthropometric such as 
body max index (BMI) and waist circumference, and with 
laboratory characteristics of diabetes mellitus (insulin, 
insulin resistance, and fasting blood sugar) in T2DM. 
Given these observations, we hypothesized that the level 
of IL-17 is high in these patients and correlates with an-
thropometric and laboratory characteristics of diabetes 
mellitus.
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3. Patients and Methods

3.1. Subjects
The protocol was approved by the ethics committee 

of AJA University of Medical Sciences, Iran, and all sub-
jects gave informed consent before participation in the 
study. This study was designed as a case-control survey 
in Imam Reza Hospital of AJA University of Medical Sci-
ences to investigate the serum IL-17 level in patients 
with diabetes mellitus and apparently healthy people. 
In this study, blood sample were obtained from 32 pa-
tients with diabetes mellitus and 29 individuals with-
out diabetes. Patients who were hospitalized for the 
side effects of diabetes mellitus and fasting blood sugar 
(FBS) over 134 mg/dL were considered as the case group. 
Age- and sex-matched healthy control subjects were 
selected from hospital staff or individuals who accom-
pany with patients referred to the hospital. All subjects 
met the following criteria: no history of liver, respirato-
ry, thyroid diseases or other illness and any current in-
fectious condition. They were not on any drug therapy 
except drugs for controlling of diabetes.

3.2. Sample Collection
Fasting blood collection was carried out on the morn-

ing. Blood specimens were obtained by venipuncture, 
collected in 10-mL glass vacuum tubes without addi-
tive, and allowed to clot. Upon completing sample col-
lection, blood was centrifuged at 2000 g for 10 minutes, 
and then the serum was isolated and stored at -70° C for 
later analysis of glucose, IL-17 and insulin.

3.3. Determination of Anthropometric Data
Anthropometric measurements (body height and 

weight and waist circumference) were performed by 
trained personnel, with the participants wearing only 
light underwear and without shoes. BMI was calculated 
as body weight (in kilograms) divided by body height 
(in meters) squared. Waist circumference was mea-
sured at the midpoint between the lower rib margin 
and the iliac crest with the subject standing at the end 
of normal expiration.

3.4. Analysis of serum
Serum glucose concentration was assessed colori-

metrically by the GOD-POD method using affiliated kits 
(Pars azmoon, Karaj, Iran). Serum insulin concentration 
was analyzed by ELISA technology using commercially 
available kits (Monobind, Inc. Lake Forest, CA, USA). IL-
17 level was measured by commercial ELISA kit (eBio-
science, San Diego, CA). Insulin resistance value were 
calculated using the homeostasis model assessment, 
HOMA- IR, as fasting insulin (IU/L) × fasting glucose 
(mmol/L) /22.5 as previously reported by Matthows (15).

3.5. Statistical Analysis
The data are presented as a Mean ± SD (standard devia-

tion of mean). The two-tailed student’s unpaired t-test 
and Pearson correlation were used as statistical analy-
sis. A p-value of < 0.05 was considered statistically sig-
nificant. Statistical analysis was performed using SPSS 
18 for windows. 

4. Results
A total of 32 diabetic patients (16 males and 16 females, 

aged 52.1 ± 8.0) and 29 healthy individuals (15 males and 
14 females, aged 48.0 ± 8.6) participated in the study. 
There were no significant differences between groups 
regarding sex (P = 0.592) and age (P = 0.128). Anthropo-
metric and laboratory characteristics of diabetic and 
non-diabetic individuals are summarized in Table 1. 
As expected, the mean concentration of fasting blood 
sugar (FBS) was significantly higher in the patients with 
T2DM compared with controls (P = 0.001). FBS was signif-
icantly higher in the both male (P = 0.008) and female 
(P = 0.001) patients with T2DM than in their related con-
trols. The serum concentration of insulin proved to be 
significantly higher in the patients with T2DM than in 
the controls (P = 0.005). It was also significantly high-
er in the both male (P = 0.041) and female (P = 0.036) 
patients with T2DM than in their related controls. The 
insulin resistance was also significantly lower in the 
controls than in the patients with T2DM (P = 0.002). 
It was also significantly higher in the both male (P = 
0.01) and female (P = 0.008) patients with T2DM than 
in their related controls. The waist circumference and 
BMI were significantly higher in the patients with T2DM 
than in the controls (P = 0.001). They were also signifi-
cantly higher in the both male and female patients with 
T2DM than in their related controls. In addition, BMI 
was significantly higher in the female diabetic patients 
than the male diabetic patients (P = 0.01; Table 1). The 
serum concentration of IL-17 proved to be significantly 
higher in the patients with T2DM than in the controls 
(P = 0.002). It was also significantly higher in the both 
male (P = 0.048) and female (P = 0.003) patients with 
T2DM than in their related controls. It was also signif-
icantly higher in the female (6.8 ± 4.2) than the male 
(3.1 ± 2.5) T2DM patients (P = 0.001; Table 1). IL-17 level 
significantly correlates with age (r = 0.495, P = 0.001), 
BMI (r = 0.347, p = 0.014), fasting blood sugar (r = 0.335, 
p = 0.043), insulin resistance (r = 0.338, P = 0.043), waist 
circumference (r = 0.329, P = 0.029 and insulin (r = 0.36, 
P = 0.025) (Table 2).

5. Discussion
In this study, the relationship of serum IL-17 level with 

anthropometric and laboratory characteristics of dia-
betes mellitus in human T2DM were investigated. The 
present study showed that IL-17, insulin, insulin resis-
tance, fasting blood sugar, waist circumference and BMI
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Table 1.  Anthropometric and Laboratory Data of Diabetic Patients and Control Healthy Participants a,b

Variable Healthy Control Type 2 Diabetes P Value

Fasting blood sugar, mg/dL 95.1 ± 5.9 166.1 ± 60.5 0.001

Male 96.9 ± 5 149.3 ± 67.7 0.008

Female 93.16.3 ± 6.3 182.5 ± 48.8 0.001

Insulin, µIU/mL 91 ± 7.9 27.7 ± 24.3 0.005

Male 10.9 5.3 30.4 ± 24.6 0.041

Female 9.2 ± 8.8 24.1 ± 20.5 0.036

Insulin resistance 2.09 ± 1.95 11.1 ± 10.8 0.002

Male 2.13 ± 1.2 14.2 ± 12.6 0.010

Female 2.07 ± 2.36 6.8 ± 6.4 0.008

IL-17, pg/mL 1.95 ± 2.13 5.01 ± 3.92 0.002

Male 1.52 ± 1.2 3.1 ± 2.5 0.048

Female 2.35 ± 2.7 6.8 ± 4.2 0.003

Waist circumference, cm 83.2 ± 5.2 88.2 ± 5.1 0.001

Male 84.5.3 ± 3.5 88.3 ± 5.9 0.048

Female 81.4 ± 5.5 88.1 ± 4.2 0.001

BMI, kg/m2 25.6 ± 2.8 28.1 ± 3.1 0.001

Male 25.22.4 ± 2.4 26.1 ± 2.3 0.001

Female 25.9 ± 3.1 30.1 ± 2.3 0.001
a Abbreviations: BMI: body max index; IL-17, Interleukin 17.
b Data are presented as Mean ± SD.

Table 2.  Correlation of Serum IL-17 With Serum Insulin and FSB and With Insulin Resistance, BMI, Waist Circumference and Age in 
Type 2 Diabetes Mellitus a

Insulin Insulin Resistance FSB BMI Waist Circumference Age

IL-17

r = 0.36 R = 0.338 r = 0.335 r = 0.347 r = 0.329 r = 0.495

P = 0.025 P = 0.043 P = 0.043 P = 0.014 P = 0.029 P = 0.001
a Abbreviations: FBS: Fasting blood sugar; BMI: body max index; IL-17, Interleukin 17.

were significantly higher in the diabetic patients than in 
the controls. IL-17 and BMI was also significantly higher in 
female than male. Moreover, IL-17 significantly correlates 
with insulin, insulin resistance, fasting blood sugar, waist 
circumference, BMI and age. However, these correlations 
were moderate. Serum FBS and insulin concentrations 
and also insulin resistance were higher in patients 
with diabetes mellitus than in the individuals without 
diabetes which are in agreement with other studies (16, 
17). The National Institutes of Health reported that 45.7% 
of diabetics were obese, and 78.5% were overweight (18). 
In addition, it has been shown that waist circumference 
and BMI - as the obesity markers - are the major risk factor 
of developing diabetes (19, 20). These are supported by 
our study, which we showed that the waist circumference 
and BMI were significantly higher in the diabetic patients 
than in the control individuals. It has been shown that 
the blood level of IL-17 increases in obesity (21) and it is 
higher in diabetic patients (22). In addition, it has been 

indicated that IL-17 positively correlates with waist 
circumference and BMI (23). These are in agreement with 
our results that IL-17 significantly correlated with BMI 
and waist circumference and it was significantly higher 
in the diabetic patients than in the controls. Moreover, 
serum IL-17 was significantly higher in the female diabetic 
patients than in the related controls. This is supported by 
Kandeel et al. reports (23). Also, the results of our study 
corroborate the rise in serum IL-17 level in the male 
diabetic patients as compared to the non-diabetic males. 
IL-17 was also significantly higher in the diabetic females 
than in the diabetic males. As BMI was also significantly 
higher in the diabetic females than the diabetic males, 
it seems that the higher level of IL-17 in females may 
be due to the high level of BMI in the diabetic females. 
In consistence with the previous studies (7, 22) results 
of this study showed a significant positive correlation 
between Il-17 level and age. A number of studies have 
reported a positive correlation between serum IL-17 and 
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glucose levels (23, 24). Similar to these report, in our 
study IL-17 correlated with FBS. Our results also showed 
that there was a significant positive correlation between 
IL-17 and insulin resistance and also insulin level. It has 
been shown that IL-17 inhibits glucose uptake in vitro and 
impairs glucose and insulin metabolism in metabolic 
syndrome and diabetes in young mice (25). IL-17 induces 
expression of IL-6. IL-6 is known to induce insulin 
resistance in vitro and in vivo (26). It seems that patients 
with type 2 diabetes mellitus, especially females, have 
significantly higher IL-17 level and IL-17 correlates with 
age, insulin resistance, FBS, BMI and waist circumference.

Acknowledgements
We would like to thank all the patients and other volun-

teers for their contribution to this study.

Authors' Contributions
All authors contributed in the analysis and interpreta-

tion of the data, drafting the article and revising it, and 
gave final approval of the version to be published.

References
1.       Pickup JC. Inflammation and activated innate immunity in the 

pathogenesis of type 2 diabetes. Diabetes Care. 2004;27(3):813–23.
2.       Grimble RF. Inflammatory status and insulin resistance. Curr 

Opin Clin Nutr Metab Care. 2002;5(5):551–9.
3.       Spranger J, Kroke A, Mohlig M, Hoffmann K, Bergmann MM, Ris-

tow M, et al. Inflammatory cytokines and the risk to develop type 
2 diabetes: results of the prospective population-based Euro-
pean Prospective Investigation into Cancer and Nutrition (EPIC)-
Potsdam Study. Diabetes. 2003;52(3):812–7.

4.       Tilg H, Moschen AR. Inflammatory mechanisms in the regula-
tion of insulin resistance. Mol Med. 2008;14(3-4):222–31.

5.       Duarte PM, Santos VR, Dos Santos FA, de Lima Pereira SA, Ro-
drigues DB, Napimoga MH. Role of smoking and type 2 diabetes 
in the immunobalance of advanced chronic periodontitis. J Peri-
odontol. 2011;82(3):429–38.

6.       Mosser DM, Edwards JP. Exploring the full spectrum of macro-
phage activation. Nat Rev Immunol. 2008;8(12):958–69.

7.       Jagannathan-Bogdan M, McDonnell ME, Shin H, Rehman Q, Has-
turk H, Apovian CM, et al. Elevated proinflammatory cytokine 
production by a skewed T cell compartment requires mono-
cytes and promotes inflammation in type 2 diabetes. J Immunol. 
2011;186(2):1162–72.

8.       Arif S, Moore F, Marks K, Bouckenooghe T, Dayan CM, Planas R, 
et al. Peripheral and islet interleukin-17 pathway activation char-
acterizes human autoimmune diabetes and promotes cytokine-
mediated beta-cell death. Diabetes. 2011;60(8):2112–9.

9.       Honkanen J, Nieminen JK, Gao R, Luopajarvi K, Salo HM, Ilonen 
J, et al. IL-17 immunity in human type 1 diabetes. J Immunol. 
2010;185(3):1959–67.

10.       Teunissen MB, Koomen CW, de Waal Malefyt R, Wierenga EA, Bos 
JD. Interleukin-17 and interferon-gamma synergize in the en-
hancement of proinflammatory cytokine production by human 

keratinocytes. J Invest Dermatol. 1998;111(4):645–9.
11.       Albanesi C, Scarponi C, Cavani A, Federici M, Nasorri F, Girolo-

moni G. Interleukin-17 is produced by both Th1 and Th2 lym-
phocytes, and modulates interferon-gamma- and interleukin-
4-induced activation of human keratinocytes. J Invest Dermatol. 
2000;115(1):81–7.

12.       Kurasawa K, Hirose K, Sano H, Endo H, Shinkai H, Nawata Y, et al. 
Increased interleukin-17 production in patients with systemic 
sclerosis. Arthritis Rheum. 2000;43(11):2455–63.

13.       Schwandner R, Yamaguchi K, Cao Z. Requirement of tumor ne-
crosis factor receptor-associated factor (TRAF)6 in interleukin 17 
signal transduction. J Exp Med. 2000;191(7):1233–40.

14.       Chagas CE, Borges MC, Martini LA, Rogero MM. Focus on vitamin 
D, inflammation and type 2 diabetes. Nutrients. 2012;4(1):52–67.

15.       Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC. Homeostasis model assessment: insulin resistance 
and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia. 1985;28(7):412–9.

16.       Busing KA, Schonberg SO, Brade J, Wasser K. Impact of blood 
glucose, diabetes, insulin, and obesity on standardized uptake 
values in tumors and healthy organs on 18F-FDG PET/CT. Nucl Med 
Biol. 2013;40(2):206–13.

17.       Mominzadeh M, Mirzaii-Dizgah I, Mirzaii-Dizgah MR, Mirzaii-
Dizgah MH. Stimulated saliva aminotransaminase alteration af-
ter experiencing acute hypoxia training. Air Med J. 2014;33(4):157–
60.

18.       Mominzadeh M. , Mirzaii-Dizgah I, Mirzaii-Dizgah MR, Mirzaii-
Dizgah MH. Clinical Guidelines on the Identification, Evalua-
tion, and Treatment of Overweight and Obesity in Adults--The 
Evidence Report. National Institutes of Health. Obes Res. 1998;6 
Suppl 2:51S–209S.

19.       Sjostrom L, Lindroos AK, Peltonen M, Torgerson J, Boucha-
rd C, Carlsson B, et al. Lifestyle, diabetes, and cardiovascu-
lar risk factors 10 years after bariatric surgery. N Engl J Med. 
2004;351(26):2683–93.

20.       Nguyen NT, Magno CP, Lane KT, Hinojosa MW, Lane JS. Asso-
ciation of hypertension, diabetes, dyslipidemia, and metabolic 
syndrome with obesity: findings from the National Health 
and Nutrition Examination Survey, 1999 to 2004. J Am Coll Surg. 
2008;207(6):928–34.

21.       Sumarac-Dumanovic M, Stevanovic D, Ljubic A, Jorga J, Simic 
M, Stamenkovic-Pejkovic D, et al. Increased activity of interleu-
kin-23/interleukin-17 proinflammatory axis in obese women. Int J 
Obes (Lond). 2009;33(1):151–6.

22.       Arababadi MK, Nosratabadi R, Hassanshahi G, Yaghini N, Poolad-
vand V, Shamsizadeh A, et al. Nephropathic complication of type-
2 diabetes is following pattern of autoimmune diseases? Diabe-
tes Res Clin Pract. 2010;87(1):33–7.

23.       Kandeel WA, Younes K, El Malt HA, Gomaa HAM. Interleukins 17 
and 23 and Resistin Levels among Obese Diabetic Egyptian fe-
male Patients. J App Sci Res. 2012;8(10):5203–12.

24.       Surendar J, Aravindhan V, Rao MM, Ganesan A, Mohan V. De-
creased serum interleukin-17 and increased transforming 
growth factor-beta levels in subjects with metabolic syndrome 
(Chennai Urban Rural Epidemiology Study-95). Metabolism. 
2011;60(4):586–90.

25.       Kern PA, Ranganathan S, Li C, Wood L, Ranganathan G. Adipose 
tissue tumor necrosis factor and interleukin-6 expression in hu-
man obesity and insulin resistance. Am J Physiol Endocrinol Metab. 
2001;280(5):E745–51.

26.       Rotter V, Nagaev I, Smith U. Interleukin-6 (IL-6) induces insulin 
resistance in 3T3-L1 adipocytes and is, like IL-8 and tumor necro-
sis factor-alpha, overexpressed in human fat cells from insulin-
resistant subjects. J Biol Chem. 2003;278(46):45777–84.


