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Introduction

Many of  the foot complications in diabetes are preventable.[1] 
Poor foot care in diabetes can lead to ulcer, amputation, 
sepsis and even death. Management of  diabetic ulcer 
involves substantial cost.[2] Therefore, importance of  foot 
health must be communicated to the patient at an early 
stage in diabetes.

Peripheral neuropathy, peripheral arterial disease (PAD), 
previous history of  foot ulcer and foot deformity are risk 

factors. Foot care education, early detection, corrective 
prescriptive or accommodative footwear, active intervention 
and regular follow‑up can prevent foot ulcers.

This study aims to assess presence and category of  foot 
at risk in patients of  diabetes mellitus who have not yet 
developed foot ulcer and thereby assess the requirement of  
foot care to be made available to prevent ulcer development.

We also studied the demographic and clinical profile so 
as to assess what strategies can be adopted for enhancing 
foot care in diabetes.

Materials and Methods

A total of  100  patients with diabetes aged more than 
30 years attending outpatient department or admitted to 
hospital wards of  a tertiary care hospital from May 2013 to 
May 2014 were enrolled. This included both new and old 
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follow‑up patients. Patients who did not wish to complete 
the questionnaire and with cognitive/hearing impairment 
and previous history of  foot ulcer or amputation were 
excluded.

Study design: Cross sectional study
Sample size: This is a preliminary study in which we 
recruited all patients with diabetes who met the inclusion 
and exclusion criteria presenting to our hospital between 
May 2013 and May 2014. This came to a total of  100 patients.

Approval of  institute ethics committee was taken. Informed 
consent of  the patient was taken. Detail of  patient as per 
protocol designed based on Comprehensive Foot Examination 
and Risk Assessment[3] [Table 1] was done and noted.

Examination included dermatologic, musculoskeletal, 
neurological assessment with 10‑g monofilament (perception 
of  pressure and identification of  correct site) at first, third 
and fifth metatarsal heads and plantar surface of  distal hallux.

Neurological assessment to determine loss of  protective 
sensation  (LOPS) that is perception of  pressure and 
identification of  correct site by 10‑g monofilament at 
four different sites as suggested by Comprehensive Foot 
Examination and Risk Assessment Committee at first, 
third and fifth.

Metatarsal heads, and planter surface of  distal hallux 
was done along with the assessment of  other sensations. 
A volume of  10‑g monofilaments pressure was applied 
over above mentioned sites with patients eyes closed. 
Patient was asked to mention the perception of  pressure 
and recognition of  a particular site for detection of  
LOPS. Sites, where there was callus, were avoided. Loss 
of  protective sensation was defined when there was one 
or more abnormal test on neurological examination. This 
was based on American Diabetes Association (ADA) task 
force report for comprehensive foot examination.[3]

Vibration sensation was tested with128‑Hz tuning forks 
by applying it over the tip of  the great toe bilaterally. An 

abnormal response was considered when the patient lost 
vibratory sensation, and the examiner was able to perceive 
it while holding the fork on the tip of  his own great toe.

Pinprick sensation was regarded abnormal when subjects 
could not perceive the pressure just enough to deform the 
skin applied by a pin just proximal to the toenail on the 
dorsal surface of  the hallux.

Absence and presence of  ankle reflexes were noted 
bilaterally.

Blood pressure was measured in the supine position 
with a standard aneroid  (HEINE Gamma G5) 
Sphygmomanometer. Vascular assessment by manual 
assessment of  foot pulses in both lower limbs by palpating 
both posterior tibial and dorsalis pedis pulses were done. 
Manual measurement of  ankle brachial index  (ABI) as 
well Doppler based analysis of  ABI by hand held Doppler 
using 8 MHZ probe, (Life Dop; Summit Doppler, Diabetic 
Foot care India Madras Engineering services) was done by 
a single observer following standard procedure. Definition 
of  peripheral vascular insufficiency was made on the basis 
ABI, and it was regarded as abnormal when ABI was 
either <0.9 or >1.4.

Based on above evaluation for diabetic neuropathy, 
peripheral vascular disease (PVD), foot deformity, presence 
of  other micro vascular and macro vascular complications, 
analysis of  risk factors were done.

Foot was categorized into  (0–3) categories based on 
the comprehensive foot examination.[3] Category of  
foot was correlated with parameters like, previous foot 
care education, level of  education, socioeconomic level, 
level of  medical care, micro vascular and macro vascular 
complications.

Results

There were 46 male and 54 female. The median duration of  
diabetes was 7 years with a range of  0.05–25 years. The mean 

Table 1: Risk classification based on the comprehensive foot examination[3]

Risk category Definition Treatment recommendation Suggested follow-up
0 No LOPS, no PAD, 

no deformity
Patient education including advice on appropriate footwear Annually (by generalist or specialist)

1 LOPS±deformity Consider prescriptive or accommodative footwear. 
Consider surgery if deformity not able to be 
accommodated in shoe. Continue patient education

Every 3-6 months (by generalist or specialist)

2 PAD±LOPS Consider prescriptive or accommodative footwear. 
Consider vascular consultation for combined follow-up

Every 2-3 months (by specialist)

3 History of ulcer 
or amputation

Same as category 1. Consider vascular consultation for 
combined follow-up if PAD present

Every 1-2 months (by specialist)

LOPS: Loss of protective sensation, PAD: Peripheral arterial disease
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age was 53 ± 9.7 years with a range of  32–75 years. The 
mean BMI was 25.5 ± 4.5. Table 2 shows the demographic 
profile of  patients.

On neurological examination, it was found that 
perception of  buckling of  10‑g monofilament was the 
most abnormal test, and loss of  protective sensation was 
found in 43%. This was followed by loss of  vibration 
sense in 28%, loss of  ankle reflex in 27% and loss of  
pin prick in 20%.

On detail vascular examination, it was found that the 
both posterior tibial and dorsalis pedis pulses were 
bilaterally absent in 4% and unilaterally absent in 22% 
subjects in the right foot and 19% in left foot. PAD 
was diagnosed in 19 in the right side and 18 on left side 
limbs by manual method of  ABI. Whereas by Doppler 
method, PAD was diagnosed in 11 right and 15 left lower 
limbs. By manual method, bilateral PAD was found in 
nine patients. By Doppler method, bilateral disease was 
found in seven patients. ABI could not be measured in 
four patients by manual method as peripheral pulses 

were not palpable. By Doppler method, ABI could not 
be measured in one patient on the right side and one 
patient on the left side.

After completion of  the examination, limbs were 
categorized based on task force of  foot care interest 
Group ADA (3). 48%, 33%, 19% limbs were in category 
0, 1, 2 respectively.

About 52% patients had foot at risk (category 1 and 2) among 
which 33 had LOPS with or without deformity (category 1). 
Nineteen patients had foot at risk category 2, which is 19 
had PAD. Among them, 10 also had LOPS. Nine patients 
had PAD without LOPS [Table 3].

Category of  foot at risk correlated with duration of  
diabetes, education level, level of  health care and monthly 
income [Table 4].

Multivariate analysis was done to find out independent 
risk factors for foot at risk. It was found that the duration 
of  diabetes mellitus, formal education level and level of  
health care were independently associated with foot at 
risk [Table 5].

Discussion

People with diabetes have up to 46‑fold greater risk of  
high‑level lower extremity amputation than those without 
diabetes.[4,5]

Effectiveness of  diabetic foot risk classification[3] is evident 
by the finding that patients in higher‑risk groups had longer 
duration of  diabetes, worse glycemic control, vascular and 
neuropathic variables, and more systemic complications 
of  diabetes.[6] During three years of  follow‑up, ulceration 
occurred in 5.1%, 14.3%, 18.8%, and 55.8% of  the patients 
in Groups 0, 1, 2, and 3, respectively.[6] All amputations 
were found in Groups 2 and 3. Thus foot risk classification 
of  the International Working Group on the Diabetic Foot 
predicts ulceration and amputation and can function as a 
tool to guide prevention of  lower extremity complications 
of  diabetes.

Identification of  foot at risk and adopting the further 
preventive measures is important. For screening and 
identification of  peripheral neuropathy among persons 
with diabetes, various studies have shown that the 10‑g 
Semmes–Weinstein monofilament is one of  the most 
effective instruments. This instrument is inexpensive, 
noninvasive, reusable, and the test is easy to perform. 

Table 2: Demographic parameters of study population
Variables Number (n=100)
Duration of DM (in years)

<5 32
5-10 39
>10 29

Level of education
Uneducated 26
Primary( till 5th class) 25
Secondary (till 10th class) 21
Graduate and above 28

History of previous foot care 
advice by health care professional

Present 5
Absent 95

Monthly income
Dependent 27
Up to 10,000/month 19
10,001-20,000/month 18
20,001-30,000/month 11
>30,001/month 25

Level of care
Primary 52
Secondary 13
Tertiary 35

DM: Diabetes mellitus

Table 3: Category of foot of study population
Category of foot Description Number (n=100)
0 No LOPS, no PAD, 

no deformity
48 (48)

1 LOPS±deformity 33 (33)
2 PAD±LOPS 19 (19) (9 without LOPS)

LOPS: Loss of protective sensation, PAD: Peripheral arterial disease
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Different studies have used different number of  sites for 
detection of  loss of  protective sensation with the 10‑g 
monofilament. Efficacy of  use of  10‑g monofilament for 
screening for LOPS is widespread and has been confirmed 
in a number of  studies[7,9,10] including the Seattle Diabetic 
Foot Study.[11] The high predictive values of  loss of  pressure 
sensation  (LOPS) for subsequent ulceration have been 
assessed using 10‑g monofilament in multiple prospective 
studies.[7,8]

Different number of  sites had been used for detection of  
LOPS. Totally, 10 sites for detection of  LOPS had also 
been used in different studies. There is no difference in 
sensitivity and specificity of  Monofilament test done at 
three and four points when compared to test done at 8 
and 10 sites.[12]

Different risk factors play a cumulative role for 
development of  ulceration in diabetes. Patients with 

neuropathy alone are at approximately 1.7 times greater 
risk for development of  ulceration than patients without. 
This risk increases to 12.1 times when patients present 
with neuropathy and deformity. Patients with neuropathy, 
deformity and a history of  ulcer or amputation are at 
approximately 36 times greater risk of  developing another 
ulcer.[13]

Another important risk factor, which often results in 
amputation, is tissue ischemia due to atherosclerosis. 
Atherosclerosis manifests as PVD, which leads to chronic 
limb ischemia and poor wound healing.[14]

While ABI may not be sensitive enough to detect subtle 
signs of  ischemia, it is useful as an initial measure prior to 
embarking on further investigations if  there is a clinical 
index of  suspicion.

Table 4: Association of demographic variables with foot 
at risk (category of foot-0, 1, 2)
Variables Category of foot P

Category 0, 
n=48, F (%)

Category 1 
n=33, F (%)

Category 2 
n=19, F (%)

Age
Mean±SD (years) 52±10.9 54±7.7 52±9.9 0.69

Sex
Male 24 (50) 15 (45.4) 7 (36.9) 0.62
Female 24 (50) 18 (54.6) 12 (63.1)

Duration of DM (in years)
Median 
(minimum-maximum)

4 (0.05-25) 10 (1-25) 7 (0.05-20) 0.001

Duration of DM (category)
<5 26 (54.1) 5 (15.1) 1 (5.2) 0.001
5-10 15 (31.3) 16 (48.5) 8 (42.1)
>10 7 (14.6) 12 (36.4) 10 (52.7)

Education level
Uneducated 5 (10.4) 13 (39.4) 8 (42.1) 0.003
Primary 12 (25.0) 6 (18.1) 7 (36.8)
Secondary 10 (20.8) 8 (24.4) 3 (15.8)
Graduate and above 21 (43.8) 6 (18.1) 1 (5.3)

History of previous foot 
care advice by health 
care professional

Yes 4 (8.4) 0 (0.0) 1 (5.2) 0.23
No 44 (91.6) 33 (100) 18 (94.8)

Level of care
Primary 17 (35.5) 21 (63.6) 14 (73.7) 0.02
Secondary 8 (16.6) 4 (12.2) 1 (5.3)
Tertiary 23 (47.9) 8 (24.2) 4 (21.0)

Monthly income
Dependent 8 (16.7) 12 (36.4) 7 (36.8) 0.02
Up to 10,000 9 (18.8) 9 (27.2) 1 (5.2)
10,000-20,000 7 (14.5) 5 (15.1) 6 (31.6)
20,001-30,000 8 (16.7) 0 (0.0) 3 (15.8)
>30,001 16 (33.3) 7 (21.3) 2 (10.6)

BMI in (kg/ m2)
Mean±SD 26.0±4.6 25±4.7 24±3.9 0.6

BMI: Body mass index, SD: Standard deviation, DM: Diabetes mellitus

Table 5: Association of demographic and clinical 
parameters with multivariate unadjusted OR and 
adjusted OR with foot at risk
Variables Unadjusted 

OR (95% CI)
P Adjusted OR 

(95% CI)
P

Duration (years)
Foot at risk 
category 0 versus 1

<5 1
5-10 5.5 (1.6, 18.20) 0.005 5.2 (1.0, 24.9) 0.038
>10 8.9 (2.3, 33.9) 0.001 8.6 (1.3, 56.4) 0.024

Foot at risk 
category 0 versus 2

<5 1
5-10 13.8 (1.5, 121.9) 0.018 21.1 (1.8, 240.9) 0.014
>10 37.1 (4.0, 341.5) 0.001 69.4 (4.7, 1019.1) 0.002

Educational level
Foot at risk 
category 0 versus 1

Uneducated 9.1 (2.3, 35.9) 19.3 (3.2, 116.0)
Primary 2.8 (0.7, 10.2) 0.002 3.9 (0.7, 21.03) 0.001
Secondary 1.7 (0.4, 6.6) 0.12 1.8 (0.3, 9.4) 0.108
Graduate and 
above

1 0.411 1 0.444

Foot at risk 
category 0 versus 2

Uneducated 33.5 (3.3, 333.8) 67.4 (4.8, 937.0)
Primary 12.2 (1.3, 111.8) 0.003 12.0 (0.8, 172.0) 0.002
Secondary 6.2 (0.5, 68.4) 0.026 10.7 (0.9, 118.7) 0.052
Graduate and 
above

1 0.13 1 0.066

Level of care
Foot at risk 
category 0 versus 1

Primary 3.5 (1.2, 9.9) 4.8 (1.07, 21.3)
Secondary 1.4 (0.3, 6.0) 0.016 3.9 (0.5, 26.6) 0.03
Tertiary 1 0.623 1 (reference) 0.16

Foot at risk 
category 0 versus 2

Primary 4.7 (1.3, 16.9) 10.6 (1.6.66.9)
Secondary 0.7 (0.06, 7.4) 0.017 2.26 (0.1, 38.1) 0.012
Tertiary 1 0.78 1 0.569

OR: Odds ratio, CI: Confidence interval
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Commonly PAD is only looked for once patient complaints 
of  intermittent claudications or develops ulcer.[15]

Presence of  PAD is defined by ABI value of  <0.9 as well 
as >1.4.[16]

There is a wide variation in reported prevalence for foot 
at risk in a population from 5% to 80%.[17,18] Variation in 
population age group, geographical distribution and criteria 
used for diagnosis might explain this wide variation. In our 
study, 52% patients had foot at risk. Out of  total 52 patients 
with foot at risk, 33 patients were in category 1 and 19 
were in category 2. The reported prevalence of  foot at risk 
from a centre in north India was 66.9%, and peripheral 
neuropathy was 34.9%.[19] In our study, prevalence rate of  
peripheral neuropathy was 43%.

In a multi‑centric study from India, 15% prevalence of  
neuropathy was reported.[20]

For better foot care management, report of  the task 
force of  the foot care interest group of  the ADA, with 
endorsement by the American association of  clinical 
endocrinologists recommends that based on category of  
foot at risk, follow‑up and treatment is planned. Category 
0 should get their foot examined annually, and they 
should receive foot care education as well as footwear 
advice [Table 1]. None of  the 48% patients in this category 
in our study gave history of  ever receiving any foot care 
advice.

Patients with category 1 foot at risk should have follow‑up 
every 3–6 monthly and should receive more attention on 
footwear and deformity. This group patient should be 
considered for prescriptive or accommodative footwear 
and surgery for deformity if  required.

In category 2 foot at risk, follow‑up by specialist should 
be more frequent that is every 2–3 monthly and vascular 
consultation should be sought. Footwear prescription 
should be similar to category 1 [Table 1].

Foot care education should be given to all categories of  
foot but in our study, a total of  only 5% gave a history of  
ever receiving any foot care education and none among 
the grade  0 group. None of  our patients had received 
prescriptive foot care or vascular consultation.

A relevant point noted in the demographic profile 
was that as 26% of  our patients were illiterate, use of  
audiovisual aid in hospital as well as by mass media to 
spread foot care awareness among diabetes should be 
considered.

Conclusion

Foot at risk was present in 52% patients of  diabetes 
attending our tertiary care center. Increasing duration of  
diabetes, lower educational, lower socioeconomic status 
and level of  health care have significant correlation with 
foot at risk. Only 5% patients had previously received foot 
care education. None had received prescriptive footwear 
or vascular consultation. There are lacunae in standard 
practice to prevent foot ulcer and dissemination of  diabetic 
foot care knowledge among patients. This needs to be 
addressed if  we want to prevent foot ulcer. With diabetes 
rising to epidemic proportions and constraints of  time 
and funds, cost effective steps to ensure foot care in 
diabetes needs to be taken if  ulcers are to be prevented. 
Since demographic profile shows that 26% patients were 
uneducated, audio‑visual aid to disseminate diabetic foot 
care education would be a cost effective option in our 
set‑up.
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