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Background: Diabetic foot ulcer (DFU) is a debilitating complication of diabetes mellitus, and peripheral arterial disease (PAD) frequently 

coexists with DFU, worsening wound healing and increasing the risk of amputation. The aim is to determine the prevalence of PAD among 

patients with DFU, assess its association with risk factors, evaluate the correlation between the WIfI-G score and Wagner grade, and assess the 

diagnostic accuracy of a bedside “triple test” (clinical examination, Ankle Brachial Index and Doppler ultrasonography) against Doppler 

ultrasonography. Material and Methods: This cross-sectional study was conducted over one year in the Department of General Surgery, 

Government Mohan Kumaramangalam Medical College and Hospital, Salem, India, among 50 adult diabetic in-patients (35–65 years) with 

isolated foot ulcers, enrolled by consecutive sampling. Demographic, clinical, biochemical and radiological data were recorded using a semi-

structured questionnaire. PAD was confirmed by Doppler ultrasonography; Wagner grading and the WIfI-G classification were applied to each 

ulcer. Data were analysed using SPSS version 25, with the Chi-square/Fisher's exact test, Spearman's correlation and odds ratios; p<0.05 was 

taken as significant. Results: The mean age was 50.46±9.57 years, with an 80% male predominance. PAD was present in 24 of 50 patients 

(48%). Smoking (64%) and alcohol use (76%) were the commonest comorbidities. Patients with PAD had significantly higher HbA1c (8.50% 

vs 7.71%, p<0.001), fasting glucose (p=0.001) and post-prandial glucose (p<0.001). Smoking (OR 106.65), alcohol use (OR 42.24), cardiac 

disease (OR 86.47) and epilepsy (OR 14.95) were significantly associated with PAD. The WIfI-G score correlated strongly with Wagner grade 

(ρ=0.681, p<0.0001). The triple test showed 91.7% sensitivity and 92.3% specificity against Doppler ultrasonography. Conclusion: Nearly half 

of the DFU patients had coexisting PAD, strongly linked to poor glycaemic control, smoking, alcohol use and cardiac disease. The triple test 

showed high diagnostic accuracy and may serve as a low-cost PAD screening tool where Doppler facilities are limited, while the WIfI-G 

classification can guide risk stratification for limb salvage. 
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INTRODUCTION 
 

Diabetes mellitus is a chronic metabolic disorder 

characterised by hyperglycaemia, affecting nearly 830 

million people worldwide, with the majority living in low- 

and middle-income countries.[1] Type 2 diabetes, driven 

principally by insulin resistance, accounts for most cases and 

predisposes patients to a range of microvascular and 

macrovascular complications. Among these, lower limb 

complications carry a disproportionate burden of morbidity, 

frequently culminating in diabetic foot ulcer (DFU) and, in 

severe cases, amputation. A meta-analysis by Zhang et al 

reported a pooled global DFU prevalence of 6.3% among 

diabetic patients.[2] 

While peripheral neuropathy is the most widely recognised 

contributor to DFU, peripheral arterial disease (PAD) a 

partial or complete obstruction of the lower limb arteries due 

to atherosclerosis – plays an equally important role in ulcer 

pathogenesis and healing. Diabetes mellitus is itself an 

independent risk factor for PAD, with each 1% rise in 

glycated haemoglobin (HbA1c) associated with a 28% 

increase in the risk of PAD.[3] The coexistence of PAD 

accelerates ulcer progression, delays healing and substantially 

raises the likelihood of major and minor amputation. 

Given the mutually reinforcing relationship between DFU and 

PAD, early identification of PAD in patients presenting with 

DFU is essential to guide timely revascularisation and reduce 

limb loss. However, routine vascular imaging such as Doppler 

ultrasonography or computed tomography (CT) angiography is 

not universally accessible, particularly in resource-limited 

settings, underscoring the need for reliable bedside screening 
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tools. The Society for Vascular Surgery's Wound, Ischaemia 

and foot Infection (WIfI) classification, incorporating a 

gangrene (G) component, offers a structured method of risk-

stratifying the threatened limb. 

This study was undertaken to determine the prevalence of 

PAD among patients with DFU, evaluate its association with 

clinical and biochemical risk factors, assess the correlation 

between the WIfI-G score and Wagner grade, and evaluate 

the diagnostic accuracy of a simple bedside “triple test” 

against Doppler ultrasonography. 

 

MATERIALS AND METHODS 

Study Design and Setting: This hospital-based, cross-

sectional study was conducted over a period of one year in 

the Department of General Surgery, Government Mohan 

Kumaramangalam Medical College and Hospital, Salem, 

Tamil Nadu, India. 

Study Population: Adult diabetic in-patients aged 35–65 

years, of either sex, admitted with an isolated foot ulcer were 

included. Patients with a known history of peripheral 

vascular disease prior to admission, ulcers involving body 

parts other than the foot, and any case of vasculitis were 

excluded, as were patients unwilling to participate. 

Sample Size and Sampling Method: The sample size was 

calculated using the Cochrane formula (N = Z²pq/d²) with a 

95% confidence interval (Z=1.96) and an allowable error (d) 

of 13%, yielding a minimum requirement of 45 patients; after 

adding a 10% non-response margin, a final sample of 50 

patients was enrolled. Participants were recruited by 

consecutive sampling – eligible patients presenting to the 

department were enrolled sequentially until the target sample 

size was reached. 

Data Collection: After obtaining written informed consent 

(or a thumb impression from patients unable to sign), an  

interviewer-administered  semi-structured  questionnaire  

was  used  to  record  socio- demographic characteristics, 

illness and treatment history, examination findings and 

investigation results. Comorbidities including smoking, 

alcohol use, hypertension, cardiac disease, tuberculosis and 

epilepsy were recorded. General examination and local 

examination of the ulcer (inspection, palpation and 

auscultation) were performed for all patients. 

Laboratory and Radiological Investigations: Venous 

blood samples were analysed for complete haemogram, renal 

and liver function tests, glycaemic profile (random, fasting 

and post-prandial blood glucose, and HbA1c) and viral 

markers (HIV, HBsAg, VDRL). All patients underwent 

Doppler ultrasonography of the affected limb, supplemented 

by CT angiography or contrast-enhanced MR angiography 

where clinically indicated. 

Assessment of Peripheral Arterial Disease: PAD was 

assessed using a combination of clinical examination, the 

Ankle Brachial Index (ABI) and Doppler ultrasonography. 

An ABI of 0.9–1.3 was taken as normal, 0.5–0.9 as indicative 

of claudication, less than 0.5 as indicative of ischaemic rest 

pain, and greater than 1.3 as suggestive of arterial stiffening. 

Doppler ultrasonography served as the reference standard for 

confirming PAD. The combination of clinical examination, 

ABI and Doppler assessment (the “triple test”) was evaluated for 

its diagnostic accuracy against Doppler ultrasonography alone. 

Wound Grading: Each ulcer was staged using the Wagner 

classification and the Society for Vascular Surgery Wound, 

Ischaemia and foot Infection classification incorporating 

gangrene (WIfI-G), based on wound characteristics, degree of 

ischaemia and severity of infection4,5. 

Ethical Considerations: The study was approved by the 

Institutional Ethics Committee, Department of General Surgery, 

Government Mohan Kumaramangalam Medical College and 

Hospital, Salem (IEC No. 1203/2024), and was conducted in 

accordance with the Declaration of Helsinki (1975, revised 

2013). Written informed consent was obtained from all 

participants, who were informed that participation was voluntary 

and that they could withdraw at any stage without any effect on 

their treatment. Confidentiality of patient identity was 

maintained throughout data collection, analysis and reporting. 

Statistical Analysis: Data were entered in Microsoft Excel and 

analysed using SPSS version 25 (IBM Corp., Armonk, NY). 

Continuous variables following a normal distribution were 

expressed as mean±standard deviation, and those not normally 

distributed as median with interquartile range. Categorical 

variables were expressed as frequency and proportion and 

compared using the Chi-square test or Fisher's exact test, as 

appropriate. The correlation between the WIfI-G score and 

Wagner grade was assessed using Spearman's rank correlation 

coefficient. The sensitivity, specificity, positive predictive value 

and negative predictive value of the triple test were calculated 

against Doppler ultrasonography as the reference standard. A p-

value <0.05 was considered statistically significant. 

 

RESULTS 

Of the 50 patients with isolated DFU studied, the mean age was 

50.46±9.57 years, with males comprising 80% (n=40) and 

females 20% (n=10) [Table 1]. The most prevalent comorbidities 

were alcohol use (76%), smoking (64%) and cardiac disease 

(30%); tuberculosis (4%) and epilepsy (10%) were less common 

[Table 2]. On clinical examination, pedal oedema and anaemia 

were each noted in 20% of patients, clubbing in 28%, icterus in 

6% and lymphadenopathy in 4%. All patients had stable systemic 

examination findings and tested negative for VDRL, HIV and 

HBsAg. 

The mean HbA1c was 8.09±0.46%, with mean fasting and post-

prandial blood glucose of 217.96±9.79 mg/dl and 259.16±25.74 

mg/dl respectively, reflecting sub-optimal glycaemic control 

across the cohort [Table 3]. The leukocyte differential showed a 

predominance of neutrophils (mean 59.92%), with lymphocytes 

at 34%, consistent with a state of chronic low-grade 

inflammation. 

PAD, confirmed by Doppler ultrasonography, was present in 24 

of 50 patients (48%) [Table 4]. Patients with PAD had 

significantly higher HbA1c (8.50±0.26% vs 7.71±0.18%, 

p<0.001), fasting blood glucose (222.46±6.81 vs 213.81±10.38 

mg/dl, p=0.001) and post-prandial blood glucose (280.58±19.79 

vs 239.38±9.55 mg/dl, p<0.001) than those without PAD; 

random blood glucose did not differ significantly between the 

groups (p=0.204) [Table 5]. 

On univariate analysis, PAD was significantly associated with 
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smoking (OR 106.65, 95% CI 5.78–1968.21, p<0.001), 

alcohol use (OR 42.24, 95% CI 2.32–767.96, p<0.001), 

cardiac disease (OR 86.47, 95% CI 4.70–1590.65, p<0.001) 

and epilepsy (OR 14.95, 95% CI 0.78– 286.62, p=0.020). 

Tuberculosis showed a numerically elevated but statistically 

non-significant odds ratio (OR 5.89, 95% CI 0.27–129.15, 

p=0.225) [Table 6]. 

The WIfI-G score correlated strongly and significantly with 

the Wagner grade (Spearman's ρ=0.681, p<0.0001), indicating 

that higher WIfI-G scores were associated with more severe ulcer 

pathology [Table 7]. 

Against Doppler ultrasonography as the reference standard, the 

triple test correctly identified 22 of 24 PAD-positive and 24 of 

26 PAD-negative patients, yielding a sensitivity of 91.7%, 

specificity of 92.3%, positive predictive value of 91.7% and 

negative predictive value of 92.3% [Table 8]. 

 

Table 1: Age and Sex Distribution of Study Participants (N=50) 

Variable Value 

Age, years (Mean ± SD) 50.46 ± 9.56 

Male, n (%) 40 (80.0%) 

Female, n (%) 10 (20.0%) 

 

Table 2: Prevalence of Comorbidities Among Study Participants (N=50) 

Comorbidity n % 

Smoking 32 64.00 

Alcohol use 38 76.00 

Cardiac disease 15 30.00 

Epilepsy 5 10.00 

Previous cardiac surgery 5 10.00 

Tuberculosis 2 4.00 

 

Table 3: Glycaemic and Haematological Profile of Study Participants (N=50) 

Parameter Mean ± SD 

Haemoglobin (g/dL) 12.16 ± 1.60 

ESR (mm/hr) 22.2 ± 4.10 

Serum creatinine (mg/dL) 1.15 ± 0.12 

HbA1c (%) 8.09 ± 0.46 

Fasting blood glucose (mg/dL) 217.96 ± 9.79 

Post-prandial blood glucose (mg/dL) 259.16 ± 25.74 

Random blood glucose (mg/dL) 257.70 ± 29.69 

 

Table 4: Prevalence of Peripheral Arterial Disease Among Study Participants (N=50) 

Peripheral Arterial Disease n % 

Present 24 48.00 

Absent 26 52.00 

 

Table 5: Comparison of Glycaemic Parameters in Patients with and Without Peripheral Arterial Disease 

Parameter PAD Present (Mean ± SD) PAD Absent (Mean ± SD) p-value 

HbA1c (%) 8.50 ± 0.26 7.71 ± 0.18 <0.001 

Fasting blood glucose (mg/dL) 222.46 ± 6.81 213.81 ± 10.38 0.001 

Post-prandial blood glucose (mg/dL) 280.58 ± 19.79 239.38 ± 9.55 <0.001 

Random blood glucose (mg/dL) 263.29 ± 12.69 252.54 ± 39.00 0.204 

 

Table 6: Association Between Comorbidities and Peripheral Arterial Disease 

Comorbidity PAD Present n (%) PAD Absent n (%) Odds Ratio (95% CI) p-value 

Smoking 24 (75.0) 8 (25.0) 106.65 (5.78–1968.21) <0.001 

Alcohol use 24 (63.2) 14 (36.8) 42.24 (2.32–767.96) <0.001 

Cardiac disease 15 (100.0) 0 (0.0) 86.47 (4.70–1590.65) <0.001 

Epilepsy 5 (100.0) 0 (0.0) 14.95 (0.78–286.62) 0.020 

Tuberculosis 2 (100.0) 0 (0.0) 5.89 (0.27–129.15) 0.225 

 

Table 7: Correlation Between WIfI-G Score and Wagner Grade 

Variable 1 Variable 2 Spearman's ρ p-value 

WIfI-G Score Wagner Grade 0.681 <0.0001 

 

Table 8: Diagnostic Accuracy of the Triple Test Compared with Doppler Ultrasonography 

Triple Test Result PAD Absent PAD Present Total 

Negative 24 2 26 

Positive 2 22 24 

Total 26 24 50 

Sensitivity = 91.7%; Specificity = 92.3%; Positive Predictive Value = 91.7%; Negative Predictive Value = 92.3%. 
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DISCUSSION 

Diabetic foot ulcer remains one of the most debilitating and 

costly complications of diabetes mellitus, and peripheral 

arterial disease significantly contributes to its chronicity and 

poor healing. Early identification of PAD is therefore central 

to reducing amputation rates and planning revascularisation. 

The mean age of our cohort (50.46±9.57 years) reflects an 

earlier onset of diabetic foot complications than is typically 

reported from high-income settings, likely related to earlier 

onset of type 2 diabetes and delayed diagnosis in India. This 

finding is consistent with Muthiah et al, who reported a 

similar age distribution (40–60 years) in a South Indian 

cohort.[6] By contrast, Meloni et al reported a substantially 

higher mean age in a European DFU population, reflecting 

later disease onset where glycaemic control and access to 

vascular care are generally better.[7] The male predominance 

observed in our study (80%) mirrors findings by Azhar et al 

and Vijayasarathy, who similarly reported higher rates of 

PAD and limb complications among men, attributed to 

higher rates of smoking, alcohol use and delayed health-

seeking behavior.[8,9] 

Smoking (64%) and alcohol use (76%) were the most 

prevalent modifiable risk factors in our cohort, consistent 

with their established role in impairing peripheral circulation 

and endothelial repair.[7] Cardiac disease, present in 30% of 

patients, likely reflects underlying systemic atherosclerosis; 

Aiello et al have emphasised the importance of integrated 

cardiovascular screening in the management of diabetic foot 

disease, given the shared vascular risk profile.[10] 

PAD was present in 48% of our DFU patients, closely 

matching the 40–50% range reported in a systematic review 

by Hinchliffe et al,[11] and the prevalence reported by Azhar 

et al8. Other reported estimates range more widely, from 

22% in the classic cohort of Beach et al,[12] to over 70% in 

more advanced or hospital-referred populations,[13] reflecting 

differences in study population, diagnostic criteria and 

disease severity. This near 50% prevalence in our cohort 

reinforces the case for routine vascular screening as an 

integral part of DFU assessment, in line with 

recommendations from the International Working Group on 

the Diabetic Foot.[14] 

Patients with PAD in our study had significantly higher 

HbA1c, fasting and post-prandial glucose than those without 

PAD, consistent with the well-established link between 

chronic hyperglycaemia and macrovascular disease. 

Sustained hyperglycaemia promotes the formation of 

advanced glycation end-products, oxidative stress and 

endothelial dysfunction, which are believed to accelerate 

atherosclerosis in diabetic patients. This observation mirrors 

the findings of Soyoye et al and Agarwal et al, who identified 

poor glycaemic control as a significant correlate of PAD in 

diabetic patients.[15,16] 

Smoking, alcohol use, cardiac disease and epilepsy were 

each significantly associated with PAD in our cohort. 

Smoking has consistently emerged as the strongest 

modifiable risk factor for PAD across multiple studies, 

including Abu-Jableh et al, who reported an almost five-fold 

increased risk of PAD among smokers with DFU.[17] The wide 

confidence intervals around several of our odds ratios reflect the 

small sample size and should be interpreted with caution; 

nonetheless, the direction and statistical significance of these 

associations are consistent with the broader literature. 

The strong positive correlation observed between the WIfI-G 

score and Wagner grade (ρ=0.681, p<0.0001) supports the use of 

both systems as concordant measures of ulcer severity, consistent 

with Huang et al, who found that both the Wagner grade and the 

Saint Elian Wound Score correlated with ulcer healing time.[18] 

The WIfI-G classification additionally incorporates ischaemia 

and infection severity, offering a more granular tool for guiding 

revascularisation decisions and predicting amputation risk than 

Wagner grading alone. 

The triple test demonstrated a sensitivity of 91.7% and specificity 

of 92.3% against Doppler ultrasonography, suggesting that a 

combination of careful clinical examination and ABI 

measurement can reliably screen for PAD even where advanced 

vascular imaging is not readily available. This is of particular 

relevance in resource-limited settings, and is consistent with the 

broader principle articulated by Mehraj, who emphasised the 

value of baseline ischaemic assessment in predicting ulcer 

outcomes.[19] 

Limitations: This study is limited by its relatively small sample 

size (n=50) from a single centre, which may limit generalisability 

and contributed to the wide confidence intervals seen in some 

associations. The cross-sectional design precludes assessment of 

causality or temporal relationships between risk factors and 

PAD. Inter-observer variability in WIfI-G scoring was not 

formally assessed. Larger, prospective, multicentric studies with 

longer follow-up are needed to validate these findings and to 

assess long-term limb salvage outcomes. 

 

CONCLUSION 

Nearly half of the patients presenting with diabetic foot ulcers in 

this cohort had coexisting peripheral arterial disease, which was 

significantly associated with poor glycaemic control, smoking, 

alcohol use and cardiac disease. The WIfI-G classification 

correlated well with Wagner grading and can aid risk 

stratification for limb salvage. The triple test – combining clinical 

examination, Ankle Brachial Index and Doppler assessment – 

showed high sensitivity and specificity for detecting PAD and 

may serve as a practical, low-cost alternative for PAD screening 

in resource-limited diabetic foot clinics, supporting earlier 

referral for vascular intervention. 
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