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Abstract:  
Introduction: Diabetic foot ulcer is a common complication of uncontrolled diabetes mellitus. DFU leads to 
lower limb amputation and recurs easily hence affects quality of life. Detection of DFU in early stages may be 
beneficial in controlling its progression and prevent amputation. IL 6 is a pro inflammatory cytokine produced 
in early stages of infection.  
Aim: The aim of the current study was to assess and compare the levels of IL 6 in diabetic patients with DFU 
against diabetic patients without DFU.  
Materials and Methods: The current study was a prospective cross- sectional study conducted in a private clin-
ical setup for a period of over one year from mid of 2022 to 2023. There were total 100 participants grouped 
into Group A 50 diabetic patients without DFU and Group B 50 patients with DFU. 5ml of venous blood sam-
ples were collected and assessed for HbA1c and IL 6. The difference in values was compared using unpaired 
student t test and p value of <0.05 was considered to be statistically significant.  
Results: In Group A patients belonged to the age group of 37-83 years and in Group B the age range was 41-86 
years and the comparison showed a p value of 0.014. The comparison of gender among Group A and Group B 
showed that though males are more in both groups but was not significant (p=0.380). The comparison of dura-
tion of diabetes among Group A and Group B showed a p value of 0.001. The serum HbA1c and serum IL 6 
comparison of Group B showed more values than Group A with p value of 0.003 and 0.001 respectively.  
Conclusion: DFU is the most common complication of uncontrolled diabetes mellitus. Serum IL 6 is elevated in 
DFU and hence can be used in the early diagnosis of DFU. It can also be used to differentiate between infected 
and non-infected DFU. Decrease in level of IL 6 can be used as a measure of healing in patients undergoing 
treatment for DFU.  
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Introduction 

Reliability of serum IL 6 levels as a predictor for 
early diagnosis of DFU. 

Diabetes Mellitus (DM) is a chronic endocrinal 
condition which leads to impaired blood glucose 
control ultimately leading to microvascular and 
macrovascular complications.[1] Microvascular 
complications include diabetic retinopathy, 
nephropathy and neuropathy whereas macrovascu-
lar complication are coronary artery disease, pe-
ripheral arterial disease and cerebrovascular dis-
ease.[2] Peripheral arterial disease along with dia-
betic neuropathy impairs perfusion and sensation to 
lower limbs. Diabetic foot ulcer DFU is the most 
common complication of prolonged uncontrolled 
diabetes mellitus causing significant economic bur-
den and impact on patient’s quality of life. Other 
common causes for DFU apart from uncontrolled 
diabetes are calluses, foot deformities, improper 
foot care, ill-fitting footwear, underlying peripheral 

neuropathy, poor circulation, dry skin etc. [3] 
Among all the complications of diabetes, patients 
with DFU require more hospitalization. DFU oc-
curs in patients in areas of the foot which receives 
repeated trauma and pressure sensation. [4] 

DFU’s are commonly infected with Staphylococcus 
organism. DFU is associated with inflammation 
brought by immune cells like neutrophils, macro-
phages and T cells. Interleukin 6 IL 6 is a pro-
inflammatory cytokine secreted by T cells and 
macrophages. IL 6 in event of infection and in-
flammation stimulates immune reaction and can be 
detected in serum in early stages of infec-
tion.[5]Accordingly assessment of IL 6 will enable 
early diagnosis of DFU and the development of 
novel treatment methods. Thus the aim of the cur-
rent study was to assess and compare the levels of 
IL 6 in diabetic patients with DFU against diabetic 
patients without DFU.  

http://www.ijpcr.com/
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Materials and Methods 

The current study was a prospective cross sectional 
study conducted in a private clinical setup for over 
a period of 1 year from mid of 2022 to 2023. This 
study was structured and conducted according to 
local and global ethical norms. The total partici-
pants of the current study were 100 and were divid-
ed into 2 groups as follows.  

Group A comprised of 50 diabetic patients without 
DFU and Group B comprised of 50 diabetic pa-
tients with DFU. Patients above 18 years who satis-
fied the IWGDF criteria for diabetic foot ulcer were 
included in the current study. Patients suffering 
from any form of inflammatory condition, Bowel 
disease and other diabetic or non-diabetic compli-
cation, coexisting infection, patients who were on 
immunosuppressive or antibiotics therapy, patients 
who underwent surgery in the past 6 month were 
excluded from the current study.  

All willing participants were randomly selected, 
procedure was explained and written consent was 

obtained. 5 ml of blood sample was collected from 
all participants under strict aseptic conditions. The 
blood samples were centrifuged and serum samples 
were collected to assess HbA1c and IL 6. HbA1c 
were measured in a fully automated analyzer 
whereas IL 6 was measured using ELISA.  

The values obtained were entered and stored in an 
excel sheet. Data was expressed as Mean ± stand-
ard deviation (SD). The difference in Group A and 
Group B was analyzed using student t test and p 
value of ≤ 0.05 was considered statistically signifi-
cant.  

Results 

The current study was a prospective study conduct-
ed on 100 diabetic patients who were grouped as 
Group A-50 diabetics without DFU and Group B- 
50 patients with DFU. The patients of Group B 
were selected based on International Working 
Group on the Diabetic Foot (IWGDF) and the 
PEDIS (perfusion, extent, depth, infection, and 
sensation) grading system (Table 1) [6]. 

 

Table 1: 
PEDIS Grade Clinical presentation 
1 Simple diabetic foot ulcer without infection 
2 Presence of 2 or more of: purulence, erythema, tenderness, warmth, or induration. If cel-

lulitis or erythema is present, it is limited to 2cm around the ulcer 
3 Infection as above in an otherwise systemically well patient and with the presence of 1 or 

more of: cellulitis >2cm, deep tissue abscess, gangrene, involvement of bone 
4 Infection as above in a patient with systemic involvement (sepsis) 
 
Table 1 showing IWGDF classification system of 
diabetic foot ulcers and PEDIS grade. The patients 
in Group A were in the age range of 37-83 years 
patients and patients in Group B were in the age 
range of 41-86 years with a p value of 0.014. There 

were 29 males and 21 females in Group A and 27 
males and 23 females in Group B with a p value of 
0.380 (Chart 1). The duration of diabetes in Group 
A is 3-34 years and in Group B is 4-38 years and 
the p value was 0.001 (Table2). 

  

 
Figure 1: 1 Bar Graph showing distribution of males and females in Group A and Group B 

 



 

International Journal of Pharmaceutical and Clinical Research                       e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Murugan                                              International Journal of Pharmaceutical and Clinical Research 

1993 

Table 2: 
Variables Group A (n=50) 

Diabetics without DFU 
Group B (n=50) 
Diabetic with DFU 

P value 

Age in years (mean± SD) 43.4±5.28 49.1±7.85 0.014 
Gender 
Males 
Females 

 
29 
21 

 
27 
23 

 
0.380 

Duration of diabetes in years (mean±SD) 7.72±5.61 13.15±6.34 0.001 
Table 2 showing the variables of the study in Group A and Group B and unpaired t test. The serum HbA1c value 
in Group A showed a mean and standard deviation of 8.23±2.11and in Group B the mean and deviation of  
9.55±2.30 and the p value noted was 0.003 (Table 3). HbA1c was noted to be >8% in 23 out of 50 patients in 
Group A and in 42 patients of Group B (Chart 2). 
 

Table 3: 
HbA1c Group A (n=50) Diabetics without DFU Group B (n=50) Diabetic with DFU P value 
 8.23±2.11 9.55±2.30 0.003 
 
Table 3 showing values of HbA1c in Group A and Group B with p value  
 

 
Figure 2: Bar Graph showing distribution of patients with HbA1c >8% in Group A and Group B 

 
The serum IL 6 value in Group A showed a mean and standard deviation of 31.25±23.57 and in Group B the 
mean and deviation of 276.21±329.54 and the p value noted was 0.001 (Table 4).  
 
Table 4: 
IL 6 (pg/ml) Group A (n=50) Diabetics without DFU Group B (n=50) Diabetic with DFU P value 
Min- max 31.25±23.57, 4.9 to 102.7 (31.7) 276.21±329.54, 158.9-2002.8 (483.2) 0.001 
Unpaired t test 0.001 
 
Table 4 showing serum IL 6 values in Group A and 
Group B with p value  

Discussion 

DFU is an injury to all layers of skin that usually 
occur on the soles of the feet which includes ul-
cerations, infections and gangrene, as a result of 
peripheral neuropathy or peripheral arterial disease, 
poor glycemic control, foot deformity in patients 
with diabetes mellitus. DFU occurs in 3 stages; in 
the first stage there is development of callus which 
is a result of neuropathy. Physical deformity of the 
foot results from motor neuropathy and sensory 
loss leading to repeated trauma. Such continued, 

repeated trauma results in subcutaneous hemor-
rhage and eventually erodes to become an ulcer. 
Alternatively severe atherosclerosis of small blood 
vessels in the leg and feet may also lead to vascular 
compromise leading to DFU. Blood compromise 
delays healing and may lead to eventual necrosis 
and gangrene. DFU is colonized by many micro-
organism and they may penetrate down to the 
deeper tissues, and spreads to bone. Thus, progres-
sion of infection leads to hospitalization, surgical 
resection and amputation of lower extremity. The 
quality of life after lower extremity amputation is 
very poor and the 5year mortality is similar to that 
of some of the most mortal cancer types.[6] IL 6 is 
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a pro inflammatory cytokine secreted by T cells 
and macrophages. It is a multifunctional cytokine 
detected in serum at early stages of infection. It is 
thought to be involved in the inflammatory re-
sponse associated with insulin resistant state.[7] 
The level of IL 6 increases earlier than CRP hence 
can help in early diagnosis of DFU.[8] To the best 
of our knowledge there are few studies reported in 
literature related to use of serum IL 6 levels in DFU 
diagnosis.  

The current study was a prospective study conduct-
ed on 100 diabetic patients who were grouped as 
Group A-50 diabetic patients without DFU and 
Group B- 50 diabetic patients with DFU. The age 
of patients in Group B was noted to be slightly 
higher than Group A and the finding of the study 
was statistically significant. It is generally stated 
that advancing age is considered as a risk factor for 
development of DFU and incidence is more in pa-
tients above 65 years in 50% of patients, similar to 
the findings of our study. [9,10] 

However contrast to this finding Al Kafrawy 2014 
and Mackson Nongmaithem 2016 suggested that 
age is not a risk factor in diabetic patients for de-
veloping DFU.[11,12] The population of males 
were noted to be more than females in both Group 
A and Group B however, were not statistically sig-
nificant. This finding of the study is similar to me-
ta-analysis by Rossboth 2021 and is mainly at-
tributed to disease awareness, accurate foot care in 
females. They are more attentive to symptoms and 
seek doctor’s advice.[13] Men on the other hand 
are less prone to chronic diseases hence awareness 
is less they do not follow foot care and use inap-
propriate foot wear. [14] Men presenting with DFU 
have higher prevalence of critical limb ischemia, 
however women with DFU present with asympto-
matic disease diagnosed in more advanced stage. 
[15] Thanh Dinh 2008 reported that women are at 
lower risk of developing DFU than men as they 
have less severe neuropathy, increased joint mobili-
ty and lower foot pressure. [16] However Song P 
2015 in their meta-analysis suggested that gender is 
not a risk factor for DFU.[17] 

The duration of diabetes in patients with DFU was 
almost double than that in patients without DFU 
and was noted to be statistically significant. Longer 
duration of diabetes is considered as a risk factor 
for DFU as seen in the current study as well as by 
Brownrigg JR 2012, Shahi 2012, Mackson 
Nongmaithem 2016, and Rossboth 2021. [9,12,13, 
18] 

HbA1c is currently considered as the measure of 
glycemic control for 3 months and thus is the diag-
nostic test for Type 2 diabetes mellitus and elevated 
level of HbA1c is considered as a risk factor for 
complications of diabetes mellitus.  Elevated 
HbA1c is associated with increased risk of DFU in 

diabetic patients. This is similar to the findings of 
Hajieh Shahbazian 2013. [19] The increase in level 
of HbA1c is associated with increased level of tis-
sue loss and amputation. Wang J 2022 considered 
HbA1c as an independent risk factor for DFU. [20] 
Meta-analysis by Tang WH 2023 showed that 
HbA1c level was one of the factor predicting de-
velopment of DFU. [21] 

Meta-analysis by Lane in 2020 and Lin C 2020 
show that HbA1c levels ≥8% is associated with 
increased likelihood of lower extremity amputation 
in patients with DFU.[22,23] Thus success of 
HbA1c is the most important factor for predicting 
success of amputation. Thus it is of utmost im-
portance to lower the levels of HbA1c to reduce the 
risk of amputation as 1% reduction of HbA1c re-
duced all diabetic complications by 21% as report-
ed by Stratton 2000 and Pozilli 2014. [24,25] Con-
ditions like chronic kidney disease, iron, B12, folic 
acid deficiency anemia, functional asplenia the 
RBC is decreased hence HbA1c may not be relia-
ble. [1] 

Thus discovery of other biomarkers is essential in 
predicting DFU. Though limited research is availa-
ble multifunctional cytokine IL 6 is emerging as a 
marker for DFU. It is produced in a variety of tis-
sues including activated leukocytes, adipocytes and 
endothelial cells. Elevated levels of IL 6 produce 
features of insulin resistance syndrome and overt 
type of T2DM. [26] 

In diabetic foot ulcer there is overexpression of pro 
inflammatory cytokine like IL 6 and hypersecretion 
of IL 6 which destroys or impairs beta cell insulin 
secretion. IL 6 produced at sites of diabetic compli-
cation may exacerbate atherosclerosis. Atheroscle-
rotic plaque itself produces cytokines which exac-
erbates local atherosclerosis. In the current study 
we found that serum IL 6 was significantly elevated 
in diabetic patients with DFU when compared to 
diabetic patients without DFU. This finding is simi-
lar to studies by Chambers 2001, Weigelt 2009, 
Ammal AW 2012 and Aruna et al 2021. [26-28] 

Serum level of IL 6 was found to be effective in 
classification of ulcer as well as to effectively dif-
ferentiate between infected DFU and non-infected 
DFU. Also elevated serum IL 6 was seen in pa-
tients with infected DFU consequently the levels of 
IL 6 decreased in patients who recovered after anti-
biotic treatment. [5] Hence IL 6 can be used as a 
promising inflammatory marker to differentiate 
infected DFU from non- infected DFU and thus 
serves a marker for progression of DFU. [29] Se-
rum levels of IL 6 reduced consistently when Plate-
let rich fibrin combined with hyaluronic acid was 
applied topically in the treatment of DFU. There is 
successful formation of healthy granulation tissue 
for successful wound healing by increasing angio-
genesis and fibrogenosis. [30] Inflammation is an 

https://pubmed.ncbi.nlm.nih.gov/?term=Nongmaithem%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Nongmaithem%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Nongmaithem%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Shahbazian%20H%5BAuthor%5D
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inevitable process of DFU and can be used as a 
potential target in DFU by using pro inflammatory 
cytokine like IL 6.   

Limitations of the study  

In the current study PEDIS grading system with 
comparison of other variables was not performed. 
The study performed as randomized control trial on 
larger sample size with more variables may yield 
better statistical results.  

Conclusion  

DFU is the most common complication of uncon-
trolled diabetes mellitus. Serum IL 6 is elevated in 
DFU and hence can be used in the early diagnosis 
of DFU. It can also be used to differentiate between 
infected and non-infected DFU. Decrease in level 
of IL 6 can be used as a measure of healing in pa-
tients undergoing treatment for DFU.  

References 

1. Moodley R M, D'Almeida S S, Lameko V, 
Ghimire S.  Novel Relationship Between He-
moglobinA1c Levels and Foot UlcerDevelop-
ment Among Patients With Type 2 Diabetes 
Mellitus Admitted at TupuaTamasese Meaole 
Hospital. Cureus 2021; 13(11):e20054. 

2. Skyler JS, Bakris GL, Bonifacio E, Darsow T, 
Eckel RH, Groop L, et al. Differentiation of 
diabetes by pathophysiology, natural history, 
and prognosis. Diabetes. 2017; 66(2):241–255. 
https://doi.org/10.2337/db16-0806 PMID: 
27980006.  

3. Lipsky BA, SennevilleE, Abbas ZG, Aragon-
Sanchez J, Diggle M, Embil JM, et al. Guide-
lines on thediagnosis and treatment of foot in-
fection in persons with diabetes (IWGDF 2019 
update). Diabetes Metab Res. 2020; 36(S1): 
e3280.https://doi.org/10.1002/dmrr.3280 
PMID: 32176444.  

4. Singer AJ, Tassiopoulos A, Kirsner RS. Evalu-
ation and Management of Lower-Extremity 
Ulcers. N Engl J Med. 2018 Jan 18; 378(3): 
302-303. 

5. Korkmaz P, Kocak H, Onbası K,  Bicici P, 
Ozmen A, Uyar C et al. The Role of Serum 
Procalcitonin, Interleukin-6, and Fibrinogen 
Levels in Differential Diagnosis of Diabetic 
Foot Ulcer Infection. Journal of Diabetes Re-
search 2018; Article ID 7104352.  

6. Armstrong DG, Boulton AJM, Bus SA. Dia-
betic Foot Ulcers and Their Recur-
rence.NEnglJMed. 2017 Jun 15; 376(24):2367-
2375. 

7. KatyaWE, Salman AN, Mohammed AG. Role 
of interleukin-6 in diabetic foot ulcers patients 
in Thi-Qar Provence. International Journal of 
Health Sciences. 2022; 6(S9); 1499–1505. 

8. Buck C, Bundschu J, Gallati H, Bartmann P, 
Pohlandt P. Interleukin-6: a sensitive parame-

ter for the earlydiagnosis of neonatal bacterial 
infection. Pediatrics 1994; 93(1):54–58.  

9. Shahi SK, Kumar A, Kumar S, Singh SK. 
Prevalence of Diabetic Foot Ulcer and Associ-
ated Risk Factors in Diabetic Patients From 
North India. The Journal of Diabetic Foot 
Complications. 2012; 4: 83–91. 

10. Moss SE, Klein R, Klein BE. The prevalence 
and incidence of lower extremity amputation 
in a diabetic population. Arch Intern Med. 
1992; 152: 610–616. 

11. Al Kafrawy NA, Mustafa EA, Dawood AE, 
Ebaid OM, Zidane OM. Study of risk factors 
of diabetic foot ulcers. Calicut Med J. 2014; 
27:28–34. 

12. Nongmaithem M, Bawa AP, Pithwa AK, 
Bhatia SK, Singh G, Gooptu S. A study of risk 
factors and foot care behavior among diabetics. 
J Family Med Prim Care. 2016 Apr-Jun; 
5(2):399-403. doi: 10.4103/2249-4863.192340. 

13. Rossboth S, Lechleitner M, Oberaigner W. 
Risk factors for diabetic foot complications in 
type 2 diabetes-A systematic review. Endo-
crinol Diabetes Metab. 2021;4: e00175. doi: 
10.1002/edm2.175.   

14. Vanherwegen AS, Lauwers P, Lavens A, Dog-
gen K, Dirinck E; Initiative for Quality Im-
provement and Epidemiology in multidiscipli-
nary Diabetic Foot Clinics (IQED-Foot) Study 
Group. Sex differences in diabetic foot ulcer 
severity and outcome in Belgium. PLoS One. 
2023 Feb 16; 18(2):e0281886. doi: 10.1371/ 
journal.pone.0281886 

15. Srivaratharajah K, Abramson BL. Women and 
Peripheral Arterial Disease: A Review of Sex 
Differences in Epidemiology, Clinical Mani-
festations, and Outcomes. Can J Cardiol. 2018; 
34: 356–361. doi: 10.1016/j.cjca.2018.01.009 

16. Dinh T, Veves A. The influence of gender as a 
risk factor in diabetic foot ulceration.Wounds. 
2008 May; 20(5):127-31. PMID: 25942414 

17. Song P, Rudan D, Zhu Y, Fowkes FJI, Rahimi 
K, Fowkes FGR, et al. Global, regional, and 
national prevalence and risk factors for periph-
eral artery disease in 2015: an updated system-
atic review and analysis. Lancet Glob Health. 
2019; 7: e1020–e1030. doi: 10.1016/S2214-
109X(19)30255-4.  

18. Brownrigg JR, Davey J, Holt PJ, Davis WA, 
Thompson MM, Ray KK, et al. The associa-
tion of ulceration of the foot with cardiovascu-
lar and all-cause mortality in patients with dia-
betes: A meta-analysis. Diabetologia. 2012; 
55:2906–12. 

19. Shahbazian H, Yazdanpanah L, Latifi SM. 
Risk assessment of patients with diabetes for 
foot ulcers according to risk classification con-
sensus of International Working Group on Di-
abetic Foot (IWGDF). Pak J Med Sci. 2013 
May; 29(3):730-4. 

https://doi.org/10


 

International Journal of Pharmaceutical and Clinical Research                       e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Murugan                                              International Journal of Pharmaceutical and Clinical Research 

1996 

20. Wang J, Xue T, Li H, Guo S. Nomogram pre-
diction for the risk of diabetic foot in patients 
with Type 2 diabetes mellitus. Front Endo-
crinol (Lausanne) 2022; 13:890057. 

21. Tang WH, Zhao YN, Cheng ZX, Xu JX, 
Zhang Y, Liu XM. Risk factors for diabetic 
foot ulcers:A systematic review and meta-
analysis. Vascular. 2023 Feb 5; 1708538123 
1154805. doi:10.1177/170⅚123 1154805. 

22. Lane KL, Abusamaan MS, Voss BF, Thurber 
EG, Al-Hajri N, Gopakumar S, et al. Glycemic 
control and diabetic foot ulcer outcomes:A 
systematic review and meta-analysis of obser-
vational studies. J Diabetes Complications. 
2020; 34:107638. 

23. Lin C, Liu J, Sun H. Risk factors for lower 
extremity amputation in patients with diabetic 
foot ulcers:A meta-analysis. PLoS One. 2020; 
15:e0239236. 

24. Stratton IM, Adler AI, Neil HA, Matthews DR, 
Manley SE, Cull CA, et al. Association of gly-
caemia with macrovascular and microvascular 
complications of Type 2 diabetes (UKPDS 
35):Prospective observational study. BMJ. 
2000; 321:405–12. 

25. Pozzilli P, Strollo R, Bonora E. One size does 
not fit all glycemic targets for Type 2 diabetes. 
J Diabetes Investig. 2014; 5:134–41. 

26. Pradhan AD, Manson JE, Rifai N, Buring JE, 
Ridker PM. C-Reactive Protein, Interleukin 6, 
and Risk of Developing Type 2 Diabetes 
Mellitus. JAMA. 2001; 286:327-334.  

27. Chambers JC, Eda S, Bassett P, Karim Y, 
Thompson SG, Gallimore JR, et al. C-reactive 
protein, insulin resistance, central obesity, and 
coronary heart disease risk in Indian Asians 
from the United Kingdom compared with Eu-
ropean whites. Circulation. 2001; 104:145–50. 

28. Sallam AAW, Sharawy AMH. Role of inter-
leukin 6 and indicators of inflammation in the 
pathogenesis of diabetic foot ulcer. Australian 
Journal of Basic and Applied Sciences 2012; 
6(6): 430-435.  

29. Sharma SK, Bairwa S, Ajmera D, Sharma AK. 
Evaluation of Serum Interleukin-6 Levels in 
Diabetic Foot Ulcers. International Journal of 
Pharmaceutical and Clinical Research 2024; 
16(2); 1323-1325.  

30. Kartika RW, Alwi I, Suyatna FD, Yunir E, 
Waspadji S, Immanuel S. The role of VEGF, 
PDGF and IL-6 on diabetic foot ulcer after 
Platelet Rich Fibrin þ hyaluronic thera-
py.Heliyon 7 (2021) e07934. 

 


