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Abstract: 
Introduction: Diabetic foot is a serious complication of diabetes, often leading to lower limb amputation due to 
infection, ischemia, and poor healing. Risk factors include neuropathy, peripheral arterial disease, and poor 
glycemic control. This study aimed to identify and evaluate clinical risk factors associated with lower limb 
amputation in diabetic foot patients. 
Methods: This hospital-based observational study included diabetic patients with foot ulcers over 12 months. 
Data on demographics, comorbidities, ulcer characteristics, and lab parameters were collected. Wagner grading 
assessed ulcer severity. Patients were followed during hospitalization to document outcomes including wound 
healing, debridement, and minor or major lower limb amputations. 
Results: Among 85 diabetic foot patients, the majority were male with type 2 diabetes and poor glycemic control. 
Ulcers >4 weeks, higher Wagner grades, PAD, osteomyelitis, and HbA1c >9% were significantly associated with 
amputation. Nearly 50% avoided amputation, while 49.4% required minor or major surgical intervention. 
Conclusion: This study identifies key risk factors—advanced ulcer grade, PAD, osteomyelitis, poor glycemic 
control, and ulcer chronicity—as significant predictors of lower limb amputation. Early recognition and 
multidisciplinary management of diabetic foot complications are essential to prevent amputations and improve 
long-term outcomes in diabetic patients. 
Keywords: Diabetic Foot Ulcer, Lower Limb Amputation, Risk Factors, Wagner Grading, Peripheral Arterial 
Disease. 
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Introduction

Diabetic foot (DF) is a major complication of 
diabetes mellitus and a leading cause of lower limb 
amputation (LLA) worldwide. [1] It arises due to a 
combination of peripheral neuropathy, peripheral 
arterial disease, poor glycemic control, and 
secondary infections, which collectively impair 
wound healing and predispose to ulceration and 
tissue necrosis. Timely recognition and management 
of risk factors are essential to prevent progression to 
amputation. 

Several clinical risk factors have been identified that 
increase the likelihood of LLA in DF patients. [2] 
These include advanced age, long-standing diabetes, 
poor glycemic control (elevated HbA1c), presence 
of peripheral arterial disease, infection, 
osteomyelitis, previous ulceration or amputation, 
and delayed presentation or treatment. Among these, 
the severity of infection and ischemia are 

particularly predictive of poor outcomes, often 
necessitating amputation to control sepsis and 
prevent mortality. [3] 

Furthermore, the Wagner classification of foot 
ulcers, which grades ulcers based on depth and 
presence of gangrene, has been shown to correlate 
with the risk of amputation. [4] Elevated 
inflammatory markers such as CRP, leukocytosis, 
and deranged renal function are also associated with 
higher risk. Socioeconomic factors, patient 
education, and healthcare access also significantly 
influence outcomes in DF management. [5] Early 
identification of high-risk patients through 
comprehensive clinical assessment and appropriate 
imaging, coupled with aggressive medical and 
surgical interventions, can reduce the incidence of 
major amputations. The current study aimed to 
identify and evaluate clinical risk factors associated 
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with LLA in patients presenting with diabetic foot 
ulcers (DFU). 

Methods: 

This was hospital-based observational study, 
conducted in the department of General Surgery, 
GSL Medical College over a period of 12 months. 
Required approvals were obtained. Adult >18 years, 
with type 1 or type 2 diabetes mellitus presenting 
with DFUs were included in the study. Exclusion 
criteria were non-DFUs, traumatic foot injuries, and 
patients with terminal illnesses or critical 
comorbidities preventing proper evaluation.  

After obtaining ethical clearance from the 
institutional review board, patients were interviewed 
and examined using a pre-structured proforma. Data 
collected included demographic variables (age, sex), 
clinical details (duration of diabetes, treatment 
modality, glycemic control), comorbidities 
(hypertension, nephropathy, peripheral vascular 
disease), lifestyle factors (smoking, alcohol use), 
and foot-related variables (duration of ulcer, site, 
depth, infection severity, presence of osteomyelitis). 
Laboratory investigations included fasting blood 
glucose, HbA1c, white blood cell count, renal 
function tests, and CRP. Peripheral arterial disease 
was assessed clinically and confirmed by Doppler 
ultrasound. 

The Wagner grading system was used to classify the 
severity of foot ulcers. [6] Each patient was followed 
throughout the hospital stay, and outcomes such as 
wound healing, requirement for debridement, minor 
amputation (toe or foot), or major amputation 
(below or above knee) were recorded. 

Statistical Analysis: The data were entered in 
Microsoft Excel and analyzed using SPSS version 
22. Descriptive statistics such as mean, standard 
deviation, and frequency distribution were 
calculated. Comparative analysis was performed 
using chi-square test and unpaired t-test. Logistic 
regression was used to identify independent risk 
factors for LLA. A p-value <0.05 was considered 
statistically significant. 

Results 

Total 85 members were included. The mean age was 
58.6 ± 10.4 years and majority were male (55; 
64.7%). The average duration of diabetes was 10.2 
± 6.8 years, with type 2 diabetes being predominant 
(73; 85.9%). History of smoking in 32 (37.6%) and 
alcohol in 27 (31.8%). The mean HbA1c was 8.9 ± 
1.4% (Table 1). Majority (72.9%) had ulcers 
persisting for > 4 weeks. As per Wagner grading, 
most ulcers were grade 3 (31.8%) and grade 4 
(23.5%). Grade 1 and grade 5 were 11.8% each. 
Peripheral arterial disease was present in 38.8% and 
neuropathy confirmed by 76.5%. Osteomyelitis was 
diagnosed in 34.1%, while hypertension and 

nephropathy were seen in 56.5% and 25.9%, 
respectively. The mean white blood cell (WBC) 
count was 12.5 ± 3.2 ×10³/μL, C-reactive protein 
(CRP) levels were 45.3 ± 18.7 mg/L, serum 
creatinine was 1.4 ± 0.6 mg/dL, hemoglobin level 
was10.2 ± 1.8 g/dL and serum albumin was 3.1 ± 0.7 
g/dL (Table 2). Nearly half of the patients (50.6%) 
were managed conservatively without amputation. 
Minor amputations involving the toe or foot were 
performed in 27 (31.8%) members, while 15 
(17.6%) underwent major amputations, such as 
below or above-knee. Infection resolution was 
achieved in 58 (68.2%). However, 12 (14.1%) 
members required rehospitalization due to 
complications or poor wound healing (Table 3). 
Higher proportion of amputations occurred among 
the wagner grade ≥3 (81.0% vs. 27.9%; P<0.001), 
peripheral arterial disease (61.9% vs. 16.3%, 
P<0.001), and osteomyelitis (50% vs. 18.6%, 
P=0.003). Poor glycemic control, indicated by 
HbA1c >9%, was also strongly associated with 
amputation (69% vs. 23.3%, P<0.001). 
Additionally, ulcer duration >4 weeks was more 
frequent among those who underwent amputation 
(83.3%) compared to those did not (62.8%), P=0.04 
(Table 4). 

Discussion 

The occurrence of a first amputation significantly 
increases the risk of further limb loss. Studies have 
shown that once a patient undergoes an initial LLA, 
up to 50% may require a second amputation, either 
on the same or the opposite limb, within the next 3 
to 5 years. [7] This highlights the importance of 
early prevention, timely intervention, and 
multidisciplinary foot care to reduce the risk of 
repeated amputations and improve long-term 
outcomes. The present study included 85 patients 
with DFU, with a mean age of 58.6 ± 10.4 years, 
indicating that middle-aged and elderly individuals 
are more commonly affected. This aligns with 
existing literature which identifies older age as a 
significant risk factor for DF complications, likely 
due to prolonged disease duration, vascular 
compromise, and delayed tissue healing capacity. 
[8] 

A male predominance was observed in the study 
population, with 55 (64.7%) participants being male. 
This gender disparity has been consistently reported 
in other studies and may be attributed to greater 
exposure to occupational hazards, poorer footwear 
practices, and delayed health-seeking behavior 
among men. [9] Additionally, men with diabetes 
tend to have a higher risk of peripheral arterial 
disease and neuropathy, contributing further to foot 
complications. 

The mean duration of diabetes in the cohort was 10.2 
± 6.8 years, underscoring the cumulative impact of 
chronic hyperglycemia over time. Prolonged 
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diabetes is known to result in progressive 
microvascular and macrovascular complications, 
including neuropathy and peripheral arterial 
disease—both crucial in the pathogenesis of DFU. 
[10] Consistent with global trends, type 2 diabetes 
was predominant in this study, present in 73 (85.9%) 
of the patients, reflecting the increasing burden of 
type 2 diabetes in aging populations. Lifestyle-
related risk factors such as smoking and alcohol use 
were also prevalent in this study group. Smoking 
was reported by 32 (37.6%) patients, while 27 
(31.8%) consumed alcohol. Smoking has been 
strongly linked to impaired peripheral circulation 
and delayed wound healing, thereby increasing the 
risk of foot ulceration and subsequent amputation. 
Alcohol abuse, similarly, can interfere with 
glycemic control and immune function, 
exacerbating infection and tissue damage. [11] 

The mean HbA1c level among participants was 8.9 
± 1.4%, indicating poor glycemic control in the 
majority of the population. Elevated HbA1c is 
directly associated with increased risk of 
neuropathy, infection, and poor wound healing—
key contributors to foot ulcer development and 
complications. Several studies have confirmed that 
poor glycemic control is not only a predictor of ulcer 
formation but also a determinant of poor surgical 
outcomes including delayed healing and risk of limb 
loss. [10, 11]  

The clinical characteristics of DFU observed in this 
study reflect the multifactorial nature of the disease 
and its complications. A significant majority of 
patients (72.9%) presented with ulcers lasting more 
than four weeks, indicating chronicity and delayed 
wound healing. Chronic ulcers are associated with 
an increased risk of infection, progression to deeper 
tissues, and amputation, particularly when 
complicated by ischemia and neuropathy. Similar 
findings were reported by Al-Rubeaan et al., who 
found that ulcer duration exceeding 30 days 
significantly correlated with poor prognosis and 
higher amputation rates. [12] Wagner grading, a 
widely used clinical tool to assess ulcer severity, 
showed that most patients in our cohort had 
advanced grades—Grade 3 (31.8%), Grade 4 
(23.5%), and Grade 5 (11.8%). These grades 
represent deep tissue involvement, gangrene, or 
osteomyelitis. Comparable results were found in a 
study by El-Tahawy et al. where Grade 3 and above 
ulcers were strongly associated with increased 
surgical interventions and limb loss. [13] These 
higher grades usually signify advanced infection and 
ischemia, necessitating urgent debridement or 
amputation.  

PAD was observed in 38.8% of our study 
population. PAD contributes to impaired perfusion 
and is a key predictor of delayed wound healing and 
poor surgical outcomes. A multicenter study by 
Morbach et al. reported PAD in 49% of DFU 

patients, emphasizing its role in worsening ischemic 
ulcers. [14] Neuropathy was present in 76.5% of 
patients as detected by monofilament testing. 
Neuropathy is a cornerstone in the pathogenesis of 
DFU, leading to loss of protective sensation, foot 
deformities, and unrecognized trauma. A study by 
Lavery et al. similarly identified peripheral 
neuropathy as a leading contributor to foot 
ulceration in 78% of their cases. [15] Osteomyelitis 
was diagnosed in 34.1% of patients, signifying deep-
seated infections. It often complicates longstanding 
ulcers and requires prolonged antibiotic therapy or 
surgical resection. Additionally, hypertension 
(56.5%) and diabetic nephropathy (25.9%) were 
common comorbidities. Both are components of 
microvascular and macrovascular complications 
that impair healing and increase morbidity. 

The laboratory findings among DFU patients in this 
study provide insight into the underlying infection, 
inflammation, and metabolic disturbances 
commonly associated with poor wound healing and 
higher amputation risk. The mean WBC count in our 
study was 12.5 ± 3.2 ×10³/μL, suggesting a systemic 
inflammatory response. Elevated leukocyte counts 
are a common finding in infected diabetic ulcers and 
have been identified as a predictor of severe soft 
tissue infection and osteomyelitis. A similar trend 
was observed in a study by Ndosi et al., where high 
WBC count was significantly associated with 
infection severity and increased hospital stay in 
DFU patients. [16] CRP levels were markedly raised 
in our population, with a mean of 45.3 ± 18.7 mg/L. 
CRP is a sensitive biomarker of systemic 
inflammation and correlates with the presence of 
deep infections and sepsis. Prompers et al. 
demonstrated that CRP levels above 40 mg/L were 
significantly associated with osteomyelitis and the 
need for surgical intervention in DFU cases. [17] 
Thus, CRP serves as a useful adjunct for monitoring 
disease progression and treatment response.  

Renal function, as assessed by serum creatinine, 
showed a mean value of 1.4 ± 0.6 mg/dL in our 
patients. Impaired renal function is a known 
complication of long-standing diabetes and has been 
linked to delayed wound healing and increased 
mortality. According to Game et al. diabetic patients 
with nephropathy had a significantly higher rate of 
non-healing ulcers and major amputations. [18] This 
association highlights the importance of routine 
renal monitoring in DFU management. Anemia was 
a common finding, with a mean hemoglobin level of 
10.2 ± 1.8 g/dL. Chronic anemia in diabetic patients 
may result from nutritional deficiencies, chronic 
inflammation, or nephropathy and contributes to 
poor oxygen delivery to ulcer sites. Zubair et al. 
reported that low hemoglobin levels were 
independently associated with non-healing ulcers 
and poor surgical outcomes in DFpatients. [19] The 
mean serum albumin level in our cohort was 3.1 ± 
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0.7 g/dL, indicating poor nutritional status. 
Hypoalbuminemia has been consistently linked with 
delayed wound healing, poor immune response, and 
increased complication rates. Therefore, nutritional 
assessment and support should be integral to DFU 
management. 

The surgical outcomes of DFU patients in this study 
highlight the significant burden of amputations and 
rehospitalizations despite medical and surgical 
interventions. Among the 85 patients evaluated, 43 
(50.6%) did not require amputation, while 27 
(31.8%) underwent minor amputations (toe or foot 
level), and 15 (17.6%) underwent major 
amputations, such as below-knee or above-knee 
procedures. These results emphasize that while 
conservative management is often successful, a 
substantial number of patients still require limb-
sparing or limb-sacrificing surgical procedures. The 
rate of minor amputations in our study aligns with 
findings from the international EURODIALE study, 
where minor amputation occurred in 29% of patients 
presenting with advanced foot ulcers. The study 
reported that the presence of infection, ischemia, and 
neuropathy were key contributors to surgical 
interventions. [17] Similarly, the major amputation 
rate in our study (17.6%) reflects a serious level of 
disease burden and is comparable to data from 
Morbach et al. who observed a 13–20% rate of major 
amputations over a 10-year follow-up of DF 
patients. [14] 

Infection resolution was achieved in 58 (68.2%) 
patients, which indicates a favorable response to 
combined medical and surgical therapy. Successful 
infection control is crucial in avoiding progression 
to deep-tissue involvement and osteomyelitis. 
Lavery et al. emphasized that early surgical 
debridement and targeted antibiotic therapy 
significantly increase the likelihood of infection 
resolution and limb salvage in DFU patients. [15] 
However, the rate of rehospitalization in our study 
was 14.1%, reflecting the recurrent and chronic 
nature of DF complications. Rehospitalizations are 
often necessitated by recurrent infections, poor 
glycemic control, and delayed wound healing. 
According to Sohn et al., patients with DFU have a 
30-day readmission rate of up to 15%, with infection 
and unresolved ulcers being the leading causes. [20] 
Overall, these outcomes reinforce the importance of 
early risk factor identification, aggressive wound 
and infection management, and patient education to 
reduce the need for amputation and hospitalization. 
Multidisciplinary DF care teams remain essential in 
improving long-term outcomes and minimizing 
surgical morbidity. 

This study highlights key clinical risk factors 
significantly associated with lower limb amputation 
in patients with DFUs. Among the 85 participants, 
Wagner grade ≥3, PAD, osteomyelitis, poor 

glycemic control (HbA1c >9%), and ulcer duration 
>4 weeks were all significantly associated with 
amputation. The Wagner grading system reflects the 
depth and extent of tissue involvement. In our study, 
81% of amputees had Wagner grade ≥3, compared 
to 27.9% in the non-amputation group (p<0.001). 
This aligns with findings from El-Tahawy et al., who 
reported that higher Wagner grades strongly predict 
limb loss, with increased risk for grades ≥3 due to 
deeper infections and gangrene. PAD was present in 
61.9% of amputees versus 16.3% of non-amputees 
(p<0.001), reinforcing the role of ischemia in poor 
wound healing. [13] Al-Rubeaan et al. also 
identified PAD as a major independent predictor of 
lower limb amputation, emphasizing the importance 
of vascular assessment in DFU patients. [12] 

Osteomyelitis, diagnosed in 50% of amputees, was 
significantly associated with amputation compared 
to 18.6% in the non-amputation group (p=0.003). 
Game et al. observed a similar correlation and 
highlighted the need for early imaging and 
aggressive treatment to avoid limb loss. [18] Deep 
infections, especially involving bone, often fail to 
resolve with conservative management alone, 
necessitating surgical intervention. Poor glycemic 
control (HbA1c >9%) was observed in 69% of 
patients who underwent amputation, compared to 
23.3% in the non-amputation group (p<0.001). 
Ndosi et al. found that elevated HbA1c was 
associated with increased ulcer severity, infection 
risk, and delayed healing, contributing to surgical 
outcomes. [16] Long-term hyperglycemia impairs 
immune response and collagen synthesis, both 
essential for wound healing. Ulcers lasting longer 
than four weeks were also linked with higher 
amputation rates (83.3% vs. 62.8%, p=0.04). 
According to Lavery et al., prolonged ulcer duration 
increases the chance of infection and tissue necrosis, 
especially in the presence of neuropathy and 
ischemia. [15] 

Conclusion 

This study highlights that several clinical factors—
such as advanced Wagner grade, presence of 
peripheral arterial disease, osteomyelitis, poor 
glycemic control (HbA1c >9%), and prolonged 
ulcer duration—are significantly associated with an 
increased risk of lower extremity amputation in 
patients with DFU. Early identification and 
aggressive management of these risk factors are 
critical for limb preservation. Multidisciplinary care 
involving endocrinologists, surgeons, podiatrists, 
and wound care specialists can help improve 
outcomes. Emphasis on patient education, strict 
glycemic control, regular foot examinations, and 
timely interventions can substantially reduce the rate 
of amputations and improve the quality of life in 
these patients.
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Table 1: Demographic and clinical characteristics of the study population 

Variable Frequency  
Age  58.6 ± 10.4 
Male 55 (64.7%) 
Duration of diabetes  10.2 ± 6.8 
Type 2 73 (85.9%) 
Smoking history 32 (37.6%) 
Alcohol use 27 (31.8%) 
HbA1c 8.9 ± 1.4 

 
Table 2: Laboratory findings among the study members 

Parameter Mean ± SD  
WBC count (×10³/μL) 12.5 ± 3.2 
CRP (mg/L) 45.3 ± 18.7 
Serum creatinine (mg/dL) 1.4 ± 0.6 
Hemoglobin (g/dL) 10.2 ± 1.8 
Albumin (g/dL) 3.1 ± 0.7 

 
Table 3: Surgical outcome among the study members 

Outcome Frequency (%)  
No amputation 43 (50.6) 
Minor amputation (toe/foot) 27 (31.8) 
Major amputation (BKA/AKA) 15 (17.6) 
Infection resolved 58 (68.2) 
Rehospitalization 12 (14.1) 

 
Table 4: Association of risk factors with amputation among the study members 

Risk Factor Amputation  No Amputation  P value 
Wagner grade ≥3 34 (81.0) 12 (27.9) <0.001 
PAD 26 (61.9) 7 (16.3) <0.001 
Osteomyelitis 21 (50) 8 (18.6) 0.003 
HbA1c > 9% 29 (69) 10 (23.3) <0.001 
Ulcer duration >4 weeks 35 (83.3) 27 (62.8) 0.04 
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