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ABSTRACT 

Background: There is a rising trend in diabetes in our country. Diabetes leads to several 

micro and macro vascular complications, of which peripheral arterial disease can worsen 

the prognosis of diabetic foot patients. Most of the patients tend to be asymptomatic. 

Finding a non-invasive and accessible screening test for early detection and treatment of 

diabetic foot complications is important. The aim of this study was to compare pulse 

oximetry and ankle brachial pressure index (ABPI) to doppler scan as a reference standard 

to assess their usefulness in detecting peripheral arterial disease and to asses if they are 

acceptable screening tool to detect hemodynamically significant lower extremity arterial 

occlusive disease. 

Materials and Methods: This prospective study was conducted in a tertiary care centre in 

India amongst 120 diabetic foot patients. Patients were examined, pulse oximetry of lower 

limbs and ABPI were measured and compared to gold standard Doppler scan. The 

sensitivity, specificity, positive predictive value and negative predictive value of pulse 

Oximeter and ABPI were assessed, along with its diagnostic accuracy separately and in 

combination. 

Results: The sensitivity, specificity, positive predictive value and negative predictive value 

of pulse oximetry was found to be 63.6% (CI 52.7-73.6), 96.9% (CI 83.8-99.9), 98.2% (CI 

90.6-100.0) and 49.2% (CI 36.4-62.1) respectively. The sensitivity, specificity, positive 

predictive value and negative predictive value of ABPI was found to be 72.7% (CI 62.2-

81.7), 100% (CI 89.1-100.0), 100% (CI 94.4-100.0) and 57.1% (CI 43.2-70.3) respectively. 
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Conclusion: Pulse oximetry is a useful tool in screening of asymptomatic PAD patients in 

diabetic foot. Pulse oximetry used in combination with ABPI has better accuracy.  

Keywords: Diabetic foot, peripheral arterial disease, pulse oximetry, ankle brachial 

pressure index, Doppler 

 

BACKGROUND 

Diabetes Mellitus (DM) is a chronic condition brought on by either insufficient insulin 

production by the pancreas or inefficient insulin utilisation by the body. Insulin plays a 

major role in metabolism of carbohydrates. Over time, hyperglycemia seriously harms 

numerous bodily systems, particularly the nerves and blood vessels.  [1] 

Between the years 1980 to 2014, diabetes has risen from 108 million to 422 million in last 

four decades. Compared to high-income countries the prevalence has been increasing more 

quickly in low- and middle-income nations. [1] 

Every fifth diabetic in the world in an Indian. According to estimates 41 million people in 

India have diabetes, making India "the diabetes capital of the world". [2] 

Diabetes experienced the greatest age-standardized DALY (Disability Adjusted Life Years) 

rate increase of 39.6% among major non-communicable diseases in India from 1990 to 

2016. [3] 

DM is a significant contributor to renal disease, heart attacks, strokes, blindness, and lower 

limb amputation. [1] 

The major complications of DM can be categorized into two groups:  

1. MicrovascularComplications:  

 Diabetic Nephropathy  

 Diabetic Neuropathy  

 Diabetic Retinopathy 

2. Macrovascular Complications:  

 Coronary Arterial Disease  

 Peripheral Arterial Disease  

 Stroke 

Peripheral Arterial Disease: 

Symptoms of peripheral arterial disease (PAD) can be divided into two main categories:  

1. Acute limb ischemia: 90% of acute cases involve embolism or thrombosis.  

2. Chronic limb ischemia: Diabetic foot is a symptom of atherosclerotic alterations in 

the lower limb vessels, which cause chronic ischemia.  

The prevalence of diabetic foot is rising as the population ages, and it has a big impact on 

lifestyle, morbidity, and death. [4] 
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Diabetic Foot Ulcer: 

25% of the 62 million diabetics in India experience diabetic foot ulcers (DFU), of which 

50% become infected and necessitate hospitalisation, and 20% require amputation. 

Approximately 80% of all non-traumatic amputations in India occur as a result of diabetic 

foot ulcers each year. [5] 

In order to educate prompt management and prepare interventions, including 

revascularization, it is crucial to correctly identify the diabetic foot in patients with DM. 

There are several non-invasive tests that can be used to diagnose diabetic foot at the 

bedside, but it is unclear which of these tests will be most helpful or how accurate they will 

be compared to standard imaging tests like colour duplex ultrasound, computed 

tomography, magnetic resonance angiography, digital subtraction angiography. [6] 

Pulse Oximeter: 

The pulse oximeter, which combines optical plethysmography and spectrophotometry to 

function, is said to have a sensitivity of roughly 80% and a specificity of over 90% [5]. It is 

inexpensive, non-intrusive, widely accessible, and usable without special training. Like 

angiography, pulse oximetry is not the gold standard, but it would speed up the diagnosis 

process, reducing the number of PAD patients that go untreated as a result. 

Ankle Brachial Pressure Index: 

Ankle-Brachial Pressure Index (ABPI), which measures blood circulation across the body, 

is used to screen for PAD.  

 

 

 

 

Only few studies have examined ABPI and pulse oximetry as a screening tool for diabetic 

patients in India who are uncomplicated cases. This study is necessary because numerous 

studies have called for more research on the subject. 

 

Doppler Scan: 

Colour Doppler ultrasonography is a non-invasive radiological investigation that protect the 

kidneys. Unlike magnetic resonance imaging (MRI) or computed tomography (CT) scan, it 

doesn't use contrast material. As claudication, femoral bruit, and irregular distal pulses 

alone are insufficient to diagnose PAD, a recent study also showed that hand-held doppler 

offers the highest diagnostic accuracy in individuals with PAD. [7] 

The purpose of this study is to evaluate the diagnostic performance of pulse oximetry and 

ABPI keeping the arterial doppler scan as the gold standard in diabetic foot patients. 

MATERIALS AND METHODS 

Type of Study: Prospective Study 

Place of Study: A tertiary care hospital 

ABPI = Systolic blood pressure in calf 

             Systolic blood pressure in arm 
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Period of Study: September 2020 to January 2023 

Source of Data: IPD and OPD patients having diabetic foot. 

Sample Size: Assuming that 74% sensitivity for pulse oximetry and acceptable difference 

of 17% within 95% CI and a prevalence of 22% of PAD in diabetes, minimum sample size 

is calculated to be 118 or until saturation has reached. Final sample size was decided at 120. 

Inclusion Criteria:  

 Patients admitted in ward with a diagnosis of diabetic foot aged 30yrs and above 

 Known history of diabetes mellitus, or diagnosed diabetes mellitus after relevant 

blood investigations according to American Diabetes Association standards.  

 IPD patients who have history of diabetes mellitus. 

Exclusion Criteria:  

 Age less than 30yrs 

 Patients with comorbidities affecting lower limb (eg: Raynaud’s, vasculitis) 

 Patients on oxygen supplementation 

 Patients with compartment syndrome, gross gangrene.  

 Patients with amputated limbs 

 Patients who cannot lie in supine position 

 COPD patients 

 

Case Definition: 

 Diabetes Mellitus is confirmed according to the American Diabetes Association 

standards: Normal (Hba1c < 5.7 mmol/mol); Prediabetes (HbA1c: 5.7-6.4 

mmol/mol); Diabetes (HbA1c > 6.5 mmol/mol). 

 Pulse Oximetry: Diabetic foot was considered present if toe saturation was less than 

finger saturation by > 2% or if the foot saturation decreased by > 2% in the elevated 

position. 

 Ankle Brachial Pressure Index: Values for each leg were calculated by dividing the 

ankle systolic blood pressure by the elbow systolic blood pressure and a value of    

< 0.9 for any leg was considered positive for diabetic foot. 

 Doppler Ultrasound Scan: The presence of monophasic waveforms in any one 

artery by doppler ultrasonography was taken as confirmatory evidence for diabetic 

foot. 

Method:  

Initially, an Institute Ethics Committee Clearance was taken. OPD/ IPD/ Casualty 

patients meeting the inclusion criteria were assessed. Written and Informed Consent 

was taken in language they understand. History and Clinical Examination was done as 

per Proforma. Blood investigations to confirm Diabetes Mellitus such as Blood sugar 

levels and HbA1c were done. Pulse Oximetry and ABPI was measured. Doppler 



European Journal of Molecular & Clinical Medicine 

 

ISSN 2515-8260      Volume 09, Issue 08,  2022 

 

1656 
 

Ultrasound of Bilateral lower limbs was done for confirmation. Data entry and 

Statistical Analysis was done. 

 

Materials:  

 A handheld pulse oximeter was used to measure SpO2 (peripheral arterial oxygen 

saturation) of fingers and toes.  

 Systolic blood pressures of the arms and legs were measured with appropriate size 

sphygmomanometer cuffs and a handheld 8 MHz Doppler probe.  

 Doppler of lower extremity arteries was performed using a Doppler ultrasonogram 

machine (PHILIPS AFFINITI 30).  

 

Statistical Analysis:  

Data were entered into Microsoft Excel and statistical analysis was carried out in SPSS 

software version 17.0. Age and duration of diabetes mellitus were categorised and reported 

as percentages. Qualitative variables like gender, co-morbidities, complications, addictions, 

results of pulse oximetry and ABPI results were expressed as frequency and percentages. 

Diagnostic accuracy (sensitivity, specificity, positive predictive value, negative predictive 

value) of pulse oximetry and ABPI was calculated by considering Doppler as gold standard. 

All diagnostic accuracy parameter results were presented as percentages with its 95% 

confidence limits. 

 

OBSERVATION AND RESULTS 

Out of the total 120 patients that took part in the study, more than 60% belonged to 41-60 

years of age and 25% were beyond 60 years of age, rest 8.3% belonged to the age group of 

31-40 years. The sample size included IPD more than OPD patients, which is likely why a 

larger frequency is reported in the 41–60-year age group since older patients need 

hospitalization more frequently due to diabetes, compared to younger patients.  

Nearly 80% (96 out of 120) of the included participants were men and 20% (24 out of 120) 

were women. We think the conventional wisdom that peripheral artery disease among 

diabetics is more common in men because our study's diabetic foot group also had a fairly 

significant number of men, which is consistent with earlier studies. 

Of all the included diabetic foot patients, more than half had a disease duration of 6-10 

years, one fourth had the disease duration of 5 years or less. Around 18.3% of the patients 

had DM for more than 10 years. 56.7% patients of our study population were having a 

normal BMI category of 18.5 - 24.9. Nobody was < 18.5. 

Depending on the HbA1C, 97.5% of our patients were classified as diabetics and 2.5% as 

pre-diabetics. The ADA standards classification of diabetes mellitus was used which 

included Pre-diabetics within a range of 5.7 - 6.4 mmol/mol and Diabetics as 6.5 mmol/mol 

and above. (As shown in Figure 1)  
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FIGURE 1: Approximately 98% of our patients had HbA1c greater than 6.5 

 

Of all the included participants, more than half of them, 53.3% had hypertension as a co-

morbid condition, 30% had dyslipidaemia, 10% had IHD and 2.5% had stroke. The 

majority of research have found a link between systemic hypertension and peripheral 

arterial disease in people with diabetes. This well-known fact was supported by the patterns 

observed in our research population. Furthermore, there is evidence that coronary artery 

disease and peripheral artery disease share similar pathophysiologic processes, suggesting 

that one may precede the other or the two may coexist. 

Of all the diabetes patients, 13.3% patients ended up in retinopathy, 73.3% had neuropathy 

and 2% had nephropathy as a complication. Neuropathy was a major complication 

observed in three-fourth of our patients. Distal Sensory Peripheral Neuropathy is the most 

prevalent type of complication in diabetes mellitus, particularly in long-term diabetes 

mellitus with poor glycemic control. Peripheral neuropathy and peripheral artery disease 

together increase the chance of developing diabetic foot ulcers and, subsequently, diabetic 

foot syndrome, which may potentially need lower limb amputation. 

Nearly three-fourth of the participants, had a habit of smoking, 82 (68.3%) were using 

tobacco and 78 (65%) were consuming alcohol at the time of enrolment. 

Pulse oximetry reports showed that 63 (52.5%) of patients were normal and 57 (47.5%) 

were shown as abnormal. Abnormal pulse oximetry value was considered if toe saturation 

was less than finger saturation by > 2% or if the foot saturation decreased by > 2% in the 

elevated position. (As shown in Figure 2) 

Prediabetes, 
2.5 

Diabetes, 
97.5 

DM status 

Prediabetes Diabetes
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FIGURE 2: Pie chart representation of patients having abnormal reading on pulse oximetry 

 

Ankle Brachial Pressure Index between 1 – 1.4 was considered normal (46.7% patients) 

and less than 0.9 were considered abnormal (53.3% patients). (As shown in Table 1) 

ABPI Number Percentage 

Normal 56 46.7 

Abnormal 64 53.3 

Total 120 100.0 

TABLE 1: Percentage distribution of patients having normal and abnormal ABPI 

 

Based on Doppler results, 32 (26.7%) were classified as normal and 88 (73.3%) were 

classified as abnormal. Out of 88 patients diagnosed as abnormal, 34% were monophasic, 

22% were biphasic and 17% had atheromatous plaques. (As shown in Figure 3) 

Normal 
52% 

Abnormal 
48% 

Pulse Oximetry 

Normal Abnormal



European Journal of Molecular & Clinical Medicine 

 

ISSN 2515-8260      Volume 09, Issue 08,  2022 

 

1659 
 

 

FIGURE 3: Out of 73% patients who had abnormal Doppler findings, 34% of them 

showed Monophasic wave on Doppler. 

 

Table 2 shows the diagnostic accuracy of pulse oximetry with Doppler (gold standard). Out 

of 88 patients diagnosed as abnormal by Doppler, 56 were picked up by pulse oximetry 

with the sensitivity of 63.6% and the remaining 32 were false reported as normal. Out of 32 

normal patient, pulse oximetry identifies 31 as normal and this gave a specificity of 96.9%. 

Out 57 diagnosed as abnormal by pulse oximetry, 56 truly had a disease with the positive 

predictive value of 98.2. Of all the patients, 63 were said normal by pulse oximetry among 

them, 31 was truly normal with the negative predictive value of 49.2%. (As shown in Table 

3) 

 

 

Pulse oximetry 

Doppler 

Total 

Abnormal Normal 

Abnormal 56 1 57 

27% 

34% 

22% 

17% 

Doppler findings 

Normal Monophasic Biphasic Atheromatous plaques
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Normal 32 31 63 

Total 88 32 120 

TABLE 2: Comparing results of pulse oximetry to Doppler ultrasonography 

 

Parameter Point 

estimate 

95 % Confidence 

limit 

Sensitivity 63.6 52.7-73.6 

Specificity 96.9 83.8-99.9 

Positive predictive value 98.2 90.6-100.0 

Negative predictive value 49.2 36.4-62.1 

TABLE 3: Sensitivity, specificity, PPV, NPV of pulse oximetry as a bed side investigation 

to detect severity of diabetic foot. 

 

Table 4 shows the diagnostic accuracy of Ankle Brachial Pressure Index with Doppler 

(gold standard). Out of 88 patients diagnosed as abnormal by Doppler, 64 were picked up 

by Ankle Brachial Pressure Index with the sensitivity of 72.7% and the remaining 24 were 

false reported as normal. Out of 32 normal patients, Ankle Brachial Pressure Index 

identifies all the 32 as normal and this gave a specificity of 100%. Out 64 diagnosed as 

abnormal by Ankle Brachial Pressure Index, all 64 truly had a disease with the positive 

predictive value of 100%. Of all the patients, 56 were said normal by Ankle Brachial 

Pressure Index among them, 32 was truly normal with the negative predictive value of 

57.1%. (As shown in Table 5) 

 

 

ABPI 

Doppler 

Total 
Abnormal Normal 

Abnormal 64 0 64 

Normal 24 32 56 

Total 88 32 120 

TABLE 4: Comparing results of ABPI to Doppler ultrasonography 
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Parameter Point estimate 95 % Confidence 

limit 

Sensitivity 72.7 62.2-81.7 

Specificity 100.0 89.1-100.0 

Positive predictive value 100.0 94.4-100.0 

Negative predictive value 57.1 43.2-70.3 

TABLE 5: Sensitivity, specificity, PPV, NPV of ABPI as a bed side investigation to detect 

severity of diabetic foot. 

 

DISCUSSION 

It is proven in various studies among ethnic groups that diabetes has a higher incidence in 

Asian Indians. The transition from prediabetes to diabetes seems to happen more rapidly in 

this community. [8] 

By 2030, up to 79.4 million people in India could have diabetes mellitus. Similar increase 

is also expected in China (upto 42.3 million) and the USA (upto 30.3 million). [9] 

In diabetic individuals under the age of 50, the prevalence of PAD is 3.2%, but it rises to 

33% in those over the age of 80, according to the IWGDF Guidelines [10]. This rise has 

been correlated with age of patient and the duration of diabetes. In our study, 68.4% of 

participants were between the ages of 41 and 60, while just 23.3% were over the age of 60. 

This is presumably due to the fact that patients older than 60 with longer-term DM are more 

likely to have additional severe medical conditions (such as diabetic ketoacidosis, acute or 

chronic kidney disease, etc.) and are not usually admitted to our surgical unit. However, 

another study by Kumar et al. shows maximum peripheral artery disease in age group 

between 51-60 years, which is equivalent to our study. [11]  

According to Zhang et al., male diabetes patients had a higher prevalence of diabetic foot 

ulcers than female diabetic patients.  Even in our analysis, there were substantially more 

male patients (80%) than female patients (20%) with diabetic foot. [12] 

Additionally, we observed that only 22% of the study population had diabetes for more 

than 10 years, compared to a group of 55.8% diabetics with a duration of diabetes between 

6 to 10 years. As noted in the literature, the severity of diabetes grows with time, which can 

result in diabetic foot ulcers, gangrene, and ultimately amputation. This demonstrates that 

even today, a sizable portion of the population only visits the hospital once the diabetic foot 

has gotten severe, making screening and prevention even more important. 

Body Mass Index is calculated by dividing the patient's weight in kilogrammes by the 

square of their height in metres. It determines a patient's typical fat content and reveals the 

likelihood of health problems. According to Tandon et al., in India, there were 38 adults 

with diabetes for every 100 overweight patients 20 years and above, in contrast to the 

global average of 19 patients [3]. However, the bulk of our study's participants—56.7%—
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had normal BMIs, while 43.3% were overweight. This discrepancy may be caused by the 

immuncompromised and incapacitated state of the patients admitted to the wards. 

The severity of DM is a significant indicator of both the incidence and the morbidity 

associated with PAD. According to the United Kingdom Prospective Diabetes Study, it was 

found that for every 1% rise in glycosylated haemoglobin, there was a 28% rise in the 

incidence of PAD, and also increased mortality, microvascular complications, and risk of 

amputation [13]. In our study, patients with greater HbA1c definitely had a higher risk of 

PAD. 

Comorbidities in diabetes patients should be evaluated since they increase the risk of 

diabetic microvascular and macrovascular complications. Hypertension, another non-

diabetic cause of peripheral arterial disease, was present in majority of our patients. The 

pathophysiology of plaque deposition within the artery walls is consistent in dyslipiedmia, 

IHD, and stroke. Patients were not examined for microvascular conditions like retinopathy 

or nephropathy. Only known cases of diabetic nephropathy and retinopathy were recorded. 

Smoking is a significant contributor to peripheral artery disease and affected over 70% of 

our patients. Longer-term diabetes, poor glycemic regulation, a history of smoking, and 

additional hypertension has clearly demonstrated to be indications of the occurrence of 

peripheral artery disease in diabetics. 

It is crucial to refer patients with diabetes and foot ulcers that have signs of PAD as soon as 

possible because the two illnesses together are linked to worsen outcomes. But how much 

can the doctor trust on the clinical exam to rule out PAD in this situation? A research by 

Forsythe et al. found that palpation of peripheral pulses performed dismally poorly in 

diagnosing PAD. [6] 

We've noticed that there are a number of bedside tests that may be used to gauge the 

severity of diabetic foot. As demonstrated in our study, pulse oximetry is just as efficient as 

the ankle brachial pressure index, and a combination of the two will provide greater 

accuracy.   The sensitivity and specificity of pulse oximetry and the ABPI, was similarly 

compared in a study by Kumar M.S. et al., and the results indicated that pulse oximetry was 

effective in detecting asymptomatic PAD in diabetics. [11] 

In another study done by Deep et al., he found that pulse oximetry had a sensitivity of 

98.31% and a specificity of 41.46%, whereas ABPI had a sensitivity of 77.97% and a 

specificity of 97.56%. He had come to the conclusion that ABPI is less reliable than pulse 

oximetry for the diagnosis of asymptomatic PAD in diabetics, but that ABPI is better than 

pulse oximetry for screening for asymptomatic PAD among diabetics [14]. This is really 

comparable to our findings where pulse oximetry and ABPI were evaluated against the 

diagnostic gold standard doppler scan. 

Pulse oximetry is an affordable, non-invasive, quick, and simple bedside examination for 

the initial assessment of PAD in diabetic foot. As mentioned, the pulse oximetry's positive 

predictive value is 98.2%, which is unquestionably noteworthy. Patients who receive a 
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positive result can now move forward with additional testing (such as Doppler) to confirm 

the diagnosis of PAD. The next stage is to determine the degree of the perfusion deficit, the 

risk of amputation, and the best course of action for revascularization. 

Better results and better cardiovascular risk factor management are also possible with early 

PAD identification. The American Heart Association and the American Diabetes 

Association advise patients with type 2 diabetes and those older than 40 years to undergo 

annual screenings for PAD because it affects patients with DM more frequently than the 

general population. This screening ought to be done in primary care facilities for optimum 

performance. [15] 

The study's limitations include the inability to assess inter-observer variability because all 

tests were performed by a single examiner. Secondly, the research was carried out in a 

single institution. Thirdly, our sample size was very limited. Hence, we identify the need 

for further research on this topic.  

 

CONCLUSION 

It is preferable to identify peripheral arterial disease at an early stage, before the symptoms 

appear in diabetes mellitus patients. This can help reduce the risk factors for arterial disease 

more effectively. Peripheral pulse palpation is not sensitive and displays inter-observer 

variability on its own. Pulse oximetry may prove to be a desirable substitute. It aids in the 

early detection of PAD. 

Pulse oximetry is simple, inexpensive, easily accessible, has little inter-observer variability, 

needs limited training, can be used easily in an OPD. It is simple enough to be used by 

paramedical staff too. In individuals with diabetic foot, pulse oximetry of the toes appears 

to be as accurate as ABPI for screening for PAD. When the two tests are combined, the 

sensitivity is increased. A handheld doppler probe might not always be available at primary 

care centers, and ABPI is a laborious procedure. Doppler that uses waveform analysis and 

duplex colour mapping are accurate but pricey and hence not feasible for screening.  

Pulse oximetry could be used as a preliminary screening tool to alert medical professionals 

to further evaluate for peripheral artery disease.  

We recognise that the results of this study should be viewed as a pilot study, a prospective 

evaluation, and that additional research with a larger trial is necessary to draw more 

robust conclusions in the future.   
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