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ABSTRACT

Summary: Diabetic foot ulcers (DFU) are prime cause for 85 % of limb amputation in diabetes patients. Triggered by uncontrolled blood sugar,
Internal milieu of diabetic patients exhibit a state of chronic inflammation. There is uninhibited increase in levels of extracellular matrix degrading
proteinases like Matrix Metallo Proteinase 9, marked by high levels of serum C Reactive Protein. Hence, wound healing is delayed for years. Skin
grafting is one modality of treating chronic diabetic foot ulcers. Although the prerequisite for grafting remains the same for all diabetic foot ulcers,
certain wounds show failed skin graft uptake. Hence, apart from routine wound assessment, there is a dire need for a molecular guide to predict
successful outcomes. So, we evaluated the inflammatory markers MMP9 and hs-CRP levels serially in diabetic patients with foot ulcers on the day
of admission, preoperative day and 5" postoperative day after grafting. Results: Biochemical parameters were analyzed on day of admission, day
before and five days after grafting. Wound with successful graft uptake showed a 29% reduction in serum MMP 9 levels and 28% reduction in
serum hs-CRP levels on the preoperative day compared with admission. Conclusion: MMP-9 s a mediator of the phagocytic NADPH oxidase.
High MMP 9 results in chronic inflammatory state. Decrease in serum MMP9 levels mark reduction in inflammation, which aids in extracellular
matrix growth. Hence, along with routine wound assessment, serial monitoring of MMP 9 and hs-CRP levels becomes key for successful timing of
skin grafts in diabetic foot ulcers and successful outcomes.
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INTRODUCTION Study was conducted for the period of 6 years from January 2018 to

With increasing prevalence of diabetes, incidence of complications
has increased. Lifetime risk of developing foot ulcer for diabetics is
15%'". In India, the prevalence of diabetic foot ulcers is 3.6%'. Socio-
cultural practices such as barefoot walking, walking on fire, use of
improper footwear, poor knowledge regarding foot care - attribute to
increased prevalence of foot complications in India’. Diabetic foot is
often challenging to treat owing to compromised healing, higher risk
of infection and higher risk of lower-limb amputation’. Expedited
closure of diabetic foot wounds can reduce the risk of major limb
amputation and decrease costs. Split-thickness skin grafts are the ideal
choice, because of shorter healing times and lower cost compared with
other wound-healing modalities’. Despite adequate local conditions
(no infection, no ischemia, adequate offloading, good granulation
tissue), 20% of dermal grafts did not integrate with wound bed 6. MMP
9 is a matrix modulator and plays crucial role during inflammatory
phase of wound healing. However, high MMP 9 levels are associated
with lower wound closure rates’. Inflammatory markers like MMP 9,
hs-CRP could influence the integration of dermal grafts despite
euglycemic status as inflammation is antecedent event in diabetes. Our
goal was to provide surgeons with a molecular marker that could
predict the outcome of the grafting for a better management of diabetic
footulcer.

MATERIALSAND METHODS
Itis a prospective longitudinal study and comprised of 40 subjects

Inclusion Criteria:
Type 2 diabetes mellitus patients with foot ulcer for more than six
months.

Exclusion Criteria:

»  Footulcers with osteomyelitis

»  Footulcers with exposed bone, tendon

»  Footulcers with complications (infection, angiopathy)

» Patients with cardiovascular disease, hypertension, bronchial
asthma and rheumatoid arthritis.

Study was approved by institutional human ethical committee. Written
informed consent was obtained from all patients before the study.

December 2023. Blood samples were collected three times during the
study i.e. on the day of admission, on the preoperative day and on the
5th post operative day. All the samples were stored at -80° till the
analysis.

Baseline Investigations-

Complete hemogram, Fasting blood glucose, Urea, Creatinine,
HbA lc, total Cholesterol, Tri acyl glycerol (TGL), HDL and VLDL
cholesterol were analysed. LDL was calculated using Fridewald
formula.

Levels of Matrix metalloproteinase- 9 (MMP-9), hs-CRP and insulin
were assayed using ELISA kits. One way ANOVA was done using
Minitab 18 and p value less than 0.05 was considered significant.

Table 1: General Patient Characteristics

PARAMETER STUDY GROUP (MEAN:+ SD)
Age 59.32 +£7.60

Duration of diabetes(yrs) 14.63 +5.75

Duration of ulcer(months) 12.25+6.17

WHR 0.95 +0.09

WBC 7859.90 + 1980.25

Urea (mg/dl) 28.26 £ 6.07

Creatinine (mg/dl) 0.97+0.16

Uric acid (mg/dl) 4.65+ (.88

HbA1C (%) 7.50 +£0.85

Total cholesterol (mg/dl) 188.80 + 26.55

Serum triglycerides (mg/dl) 150.31 £53.5

HDL (mg/dl) 48.96 +8.73

LDL (mg/dl) 106.90 + 25.05

VLDL (mg/dl) 30.11 + 10.79

Dataare mean+ SD.

Table 3: One Way ANOVA

PARAMETER ONE WAY ANOVA
FBS (mg/dl) P<0.001

PPBS (mg/dl) P<0.001
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SERUM MMP9 (pg/ml) P<0.001
INSULIN (IU/ml) P<0.001
hs-CRP (mg/L) P<0.001

Table 2: Biochemical Parameters Assessed On Admission,
Preoperative Day And 5" Postoperative Day (POD)

PARAMETER |ON PREOPERA (5™ POD III
ADMISSION I |TIVE DAY II
FBS(mg/dl) 199.15+35.80 [108.30 + 12.59/107.03 + 11.27
PPBS(mg/dl) 290.67 £ 62.26 |144.90 + 18.02[141.65 + 16.64
SERUM MMP9 [15615.60 = 987 (11068 + 1116 [10726 + 1128
(pg/ml)
INSULIN (IU/ml)|55.66 + 4.60 38.43+5.05  [37.60 +4.74
hs-CRP(mg/L)  |58.63 +7.21 41.53+£5.84 [37.30+4.82
Data are mean=+SD.
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Graph 1: Serum MMP 9 Levels On Admission, Pre-operative Day, 5™
POD
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Graph 2 : Serum Hs-crp Levels On Admission, Pre-operative Day
And5 "' POD

DISCUSSION

Type 2 diabetes mellitus is characterized by insulin resistance and
hyperglycaemia. Foot ulcers precede 50% to 70% of lower limb
amputations in diabetes patients'. Hyperglycaemia and associated
inflammation are major causative factors in development of such
complications’. Accelerated inflammation due to hyper active immune
system is antecedent event in diabetes mellitus’. Macrophage
infiltration of pancreatic Islet is an early event in Type 2 Diabetes
mellitus. It precedes 8 weeks before the onset of disease in mice fed
with high-fat diet’. In a vicious cycle, Inflammation precedes insulin
resistance and insulin resistance aggravates inflammation. Over the
last century, Insulin Resistance was also found in chronic
inflammatory states like obesity, arthritis, Systemic Lupus
Erythematosus, ankylosing spondylitis alongside with psychiatric
illnesses like schizophrenia & depression®. Matrix Metallo Proteinase
9 (MMP 9) is a gelatinase that acts primarily on type IV collagen,
elastin, fibronectin and Interleukin 1b". A delicate balance overlies
synthesis of MMP 9. Under expression of MMP 9 affects normal
wound healing, while over expression leads to chronic non healing
wounds, owing to its matrix degrading Property.

Though hs-CRP is considered as an acute phase reactant, several
studies indicate its importance for predicting inflammatory status in
diabetic patients''"*". Hence in chronic inflammatory state like

diabetes mellitus, hypertension there is long term elevation of hs-CRP
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levels. In diabetes Mellitus patients, Insulin resistance up regulates
MMP 9 promoter and mRNA, leading to Matrix Metallo proteinase 9
over synthesis'". Also, Insulin resistance promotes NADPH oxidase
over activity in phagocytes, which increases free radical production15.
High oxidative stress up-regulates MMP-9. Persistently elevated
MMP 9 levels attribute to chronicity of ulcers, despite tight glycaemic
control and culture negative wound.

Figure 1: On The Day Of Admission

Figure2: Day Before Grafting

Figure3: FIVEDAYSAFTER GRAFTING
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Valentina et al in 2014 observed that high MMP 9 levels are associated
with dermal graft failures in diabetic foot ulcers’.

In our study, we observed successful graft uptake in all the forty
patients. There was a 29% decrease of MMP9 and 28 % decrease of
hsCRP levels on preoperative day in comparison with levels on
admission day. Liu et al in 2014 described that increased MMP9 in
wound fluid predicts poor wound healing in diabetic foot ulcers. This
could also explain graft failure despite the presence of tight glycaemic
control, culture negative wound and absence of other complications.
Hence monitoring serum MMP 9 levels during the course of grafting
could help in predicting the outcome.

CONCLUSION

Serum MMP 9, an inflammatory marker could aid in proper timing of
grafting and help in preventing graft failure. Monitoring MMP 9 and hs
— CRP levels in patients with diabetic foot ulcers slated for skin
grafting will help deciding the ideal time for the procedure and hence
enabling successful outcomes reducing the costs associated with it.
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