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Abstract
Introduction: The risk of lower extremity amputations (LEAs) in diabetics is 20 times 

higher than in non-diabetics. Clinical practice guidelines recommend that all diabetics 
should receive an annual foot examination to identify high-risk foot conditions. Despite this 
recommendation, there is little evidence in the literature to show its effectiveness in preventing 
LEA. This study aims to evaluate the effectiveness of diabetes foot screening in primary 
care in preventing LEA and to identify LEA risk factors. Materials and Methods: This is a 
retrospective cohort study of diabetic patients who visited the National Healthcare Group 
Polyclinics for the first time from 1 January 2008 to 31 December 2012. The intervention 
of interest was foot screening performed at least once during 2 years of follow-up, and the 
outcome of interest was LEA (major and/or minor) performed during 2 years of follow-up. 
Patients who did foot screening (n = 8150) were compared to a propensity score matched 
control group (n = 8150) who did not do foot screening. Logistics regression was done to 
identify factors associated with LEA. Results: Among those who underwent foot screening, 
there were 2 (0.02%) major amputations and 15 (0.18%) minor amputations compared 
with 42 (0.52%) and 52 (0.64%) among those who did not (P <0.001). Conclusion: Lack of 
diabetes foot screening, lower socioeconomic status, hip fracture, Malay ethnicity, chronic 
kidney disease, poorer glycaemic control, longer diabetes duration and male gender have 
been found to be associated with a higher risk of LEA.
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Introduction
The prevalence of diabetes mellitus in Singapore has 

increased from 8.2% in 20041 to 11.3% in 20102 and is likely 
to increase to 15% in 2050.3 Globally, the burden of diabetes 
both in terms of prevalence and number of adults affected 
has increased.4 Diabetes mellitus is a disease known for 
its multifaceted complications, and foot ulceration, which 
often results in lower extremity amputations (LEAs)—one 
of the most common diabetes complications.5 As the risk 
of LEAs in diabetics can be 20 times higher than in non-
diabetics,6 it is not surprising that there is an increasing 
trend in diabetes-related LEA in Singapore.7 LEA can be 
further divided into major (ankle, through knee and up to 
hip amputations) and minor (foot and toes) amputations. 
LEA has high mortality (minor LEA: 1-year mortality 9.7% 
to 18.3%; major LEA: 1-year mortality 24.3% to 30.6%)7 

and substantial medical costs (minor LEA: S$5161; major 
LEA: S$9695),8 highlighting the importance of primary 
prevention and early detection to prevent LEA.

Clinical practice guidelines recommend that all 
individuals with diabetes mellitus should receive an annual 
foot examination to identify high-risk foot conditions.9,10 

Despite this recommendation, there is weak evidence in the 
literature11-13 to show that screening is effective in preventing 
diabetes-related LEA. 

Since there is an increasing trend of diabetes-related LEA 
in Singapore,7 our study aims to evaluate the effectiveness 
of diabetes foot screening in the primary care setting in 
preventing LEA and to identify risk factors for LEA. 

Materials and Methods
Data Sources

National Healthcare Group (NHG) provides public 
healthcare services through an integrated network of 9 
primary healthcare polyclinics, acute care and tertiary 
hospitals, national specialty centres and business divisions.14 
We obtained data from the NHG Diabetes Registry15 which 
was launched in 2007. Details of  how diabetic patients 
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were identfied have been described elsewhere.15 In brief, 
patients with encounters in NHG from 2005 were identified 
for inclusion into the Diabetes Registry from existing stand-
alone diabetes registries, ICD9CM diagnosis codes, anti-
hyperglycaemic medication and laboratory confirmation.15

This was a retrospective cohort study. All resident diabetic 
patients residing in the central region of Singapore were 
eligible for the study. The study entry point for each patient 
was their first visit to any of the 9 NHG Polyclinics from 
1 January 2008 to 31 December 2012. All patients were 
followed until their first LEA or 2 years from study entry, 
whichever is earlier. Patients with diabetes foot screening 
or LEA prior to study entry were excluded from the study. 
Patients with no LEA and who had died before the end of 
follow-up were also excluded.

Variables extracted from the NHG Diabetes Registry 
for the study included demographic data (age, gender 
and ethnicity), duration of diabetes mellitus, glycated 
haemoglobin (HbA1c), body mass index (BMI) and 
comorbid conditions. We also used Medifund (a medical 
endowment fund set up by the Singapore Government) 
status as a surrogate for low socioeconomic status as only 
needy patients who face financial difficulties with their 
medical bills will qualify for it. 

Yearly diabetes foot screening in NHG Polyclinics 
comprised the following components: i) assessment of 
medical history and current symptoms (e.g. type of diabetes, 
date of diagnosis, latest HbA1c, history of ulceration or 
amputation, presence of paraesthesia or pins and needles, 
etc.); and ii) clinical examination (e.g. examination of 
the skin, vascular assessment, neurological assessment, 
presence of deformity).

Doppler reading of ankle-brachial index and toe-brachial 
index was done for all newly diagnosed diabetic patients at 
baseline and annually in patients with risk factors such as 
the following: i) age ≥50 years old; ii) history of smoking; 
iii) presence of ischaemic heart disease, transient ischaemic 
attack/cardiovascular accident, previous foot complications 
(ulcers, cellulitis); iv) presence of poor capillary refill 
(>3 seconds), absent pulses, intermittent claudication or 
rest pain; and v) presence of poorly controlled diabetes, 
hypertension or dyslipidaemia. 

Based on the findings from the diabetes foot screening, 
patients would be risk stratified using the King’s 
Classification16 with low-risk patients seen yearly and 
patients with risk factors seen earlier (depending on their 
risk factors). Depending on the findings, patients may 
also be referred to the podiatrist for management of skin 
conditions, foot deformity or non-infected ulcer. For patients 
with more severe findings, they would be referred to the 
doctor for further management. This may lead to referral 
to specialists in tertiary hospitals, if necessary. 

In this study, patients were assigned to the intervention 
group if they had at least one diabetes foot screening before 
any LEA during the 2 years follow-up period. Otherwise, 
they were assigned to the control group. As this was a 
retrospective study, we used propensity score matching17,18 
to balance the distribution of baseline characteristics 
between diabetic patients who went for foot screening and 
those who did not. We used baseline variables and logistic 
regression to obtain the probability of undergoing diabetes 
foot screening. From this, we predicted the probability for 
each diabetic patient to undergo foot screening (propensity 
score) and matched patients based on their propensity scores 
using a 1:1 matching and a caliper of width equal to 0.2 of 
the standard deviation of the estimated propensity scores.

 After propensity score matching, multiple logistic 
regression analysis was then used to identify risk factors 
for LEA. We further divided LEA into major (above ankle, 
through knee and up to hip amputations) and minor (foot 
and toes) amputations as costs incurred for major and minor 
amputations were very different. 

Statistical Analysis
Characteristics of the study population are described for 

categorical variables by n (%) and for continuous variable as 
the mean (standard deviation) if the distribution was normal 
and median (range) if the distribution was not normal.  All 
analyses were conducted using STATA (StataCorp, College 
Station, TX, USA) statistical software, version 12.0. 

Ethical Approval
The study was approved by the NHG’s Domain-specific 

Ethics Review Board which is an independent committee 
constituting medical, scientific and non-scientific members. 
As this was a retrospective study using de-identified data, 
waiver of consent was granted.

Results
Description

A total of  26,173 patients were included in the analysis. Of  
these, 16,382 (62.6%) had undergone at least one diabetes 
foot screening during the follow-up period of 2 years 
while 9791 did not undergo any foot screening. Patients 
who underwent foot screening were younger, less likely to 
use Medifund subsidies, had shorter duration of diabetes 
mellitus and higher HbA1c compared to patients who did 
not undergo diabetes foot screening. In terms of comorbid 
conditions, those who underwent diabetes foot screening 
had higher prevalence of dyslipidaemia and hypertension, 
but lower prevalence of chronic kidney disease, coronary 
heart disease, stroke, asthma, atrial fibrillation, heart failure,

 chronic obstructive pulmonary disease, osteoporosis, hip 
and spine fracture (Table 1).  



November 2017, Vol. 46 No. 11

419Preventing LEAs: Diabetes Foot Screening—Gary Y Ang et al  

After propensity score matching, there were statistical 
differences in ethnicity, median duration of diabetes, 
HbA1c categories, BMI categories, prevalence of 
dyslipidaemia, hypertension and chronic kidney disease 
(Table 2).   

Outcomes
During the follow-up period, there were a total of 111 

LEAs. Major LEA (n = 44) accounted for 39.6% of LEA. 
Those who underwent diabetes foot screening had lower 
percentage of major LEA (0.02% vs 0.52%) and minor LEA 

Table 1. Patient Demographics

Variable Foot Screening Done P Value

Yes (n = 16,382) No (n = 9791)

Age in years, mean (SD) 66.7 (12.0) 68.2 (14.5) <0.001

Gender, n (%) Male 8229 (50.7) 5092 (52.1) 0.035

Ethnicity, n (%) 0.045

   Chinese 12,659  (77.3) 7073 (72.2)

   Malay 1318 (8.1) 892 (9.1)

   Indian 1956 (13.2) 1494 (15.3)

   Others 781 (3.0) 332 (3.4)

Medifund user, n (%) 1360 (8.3) 1393 (14.2) <0.001

Duration of diabetes, median (range) 0.1 (0 to 45.4) 1.4 (0 to 43.5) <0.001

HbA1c categories, n (%) <0.001

   Below 7.0 3804 (23.2) 1263 (12.9)

   7.0 – 7.9 1903 (11.6) 505 (5.2) 

   8.0 – 8.9 898 (5.5) 266 (2.7)

   9.0 and above 1963 (12.0) 571 (5.8)

   Unknown 7814 (47.7) 7186 (73.4)

BMI categories in kg/m2, n (%) <0.001

   Risk of nutritional deficiency diseases and osteoporosis  (<18.5) 198 (1.2) 164 (1.7)

   Low-risk (18.5 – 22.9) 2040 (12.5) 1130 (11.5)

   Moderate-risk (23.0 – 27.4) 4883 (29.8) 2086 (21.3)

   High-risk (≥27.5) 4364 (26.6) 1693 (17.3)

   Unknown 4897 (29.9) 4718 (48.2)

Comorbid conditions, n (%)

   Dyslipidaemia 13,251 (80.9) 7261 (74.2) <0.001

   Hypertension 10,942 (66.8) 6408 (65.5) 0.026

   Chronic kidney disease 2030 (12.4) 2011 (20.5) <0.001

   Coronary heart disease 2005 (12.2) 1897 (19.4) <0.001

   Stroke 1413 (8.6) 1073 (11.0) <0.001

   Asthma 502 (3.1) 493 (5.0) <0.001

   Atrial fibrillation 287 (1.8) 330 (3.4) <0.001

   Heart failure 278 (1.7) 518 (5.3) <0.001

   Chronic obstructive pulmonary disease 172 (1.1) 210 (2.1) <0.001

   Osteoporosis 179 (1.1) 184 (1.9) <0.001

   Transient ischaemic attack 155 (1.0) 117 (1.2) 0.055

   Hip fracture 81 (0.5) 117 (1.2) <0.001

   Spine fracture 53 (0.3) 63 (0.6) <0.001

   Subarachnoid haemorrhage 9 (0.1) 6 (0.1) 0.836

BMI: Body mass index; HbA1c: Glycated haemoglobin 
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(0.18% vs 0.64%) compared to those who did not undergo 
foot screening (Table 3). 

Risk Factors for LEA
Multivariate logistic regression analysis showed that 

patients who did not undergo foot screening had a 6.3- 
fold increased risk of a LEA compared to patients who 
underwent foot screening after adjustment for other risk 
factors. The other risk factors were Medifund user, hip 
fracture, chronic kidney disease, Malay ethnicity, male 

Table 2. Patient Demographics after Propensity Score Matching

Variable Foot Screening Done P Value

Yes (n = 8150) No (n = 8150)

Age in years, mean (SD) 68.1 (12.4) 67.8 (14.4) 0.246

Gender, n (%) Male 4241 (52.0) 4226 (51.9) 0.814

Ethnicity, n (%) 0.045

   Chinese 5904 (72.4) 6063 (74.4)

   Malay 735 (9.0) 688 (8.4)

   Indian 1228 (15.1) 1142 (14.0)

   Others 283 (3.5) 257 (3.2)

Medifund user, n (%) 1016 (12.5) 950 (11.7) 0.112

Duration of diabetes, median (range) 0.2 (0 to 45.4) 1 (0 to 43.5) <0.001

HbA1c categories, n (%) 0.003

   Below 7.0 1128 (13.8) 1226 (15.0)

   7.0 – 7.9 437 (5.4) 493 (6.1)

   8.0 – 8.9 222 (2.7) 259 (3.2)

   9.0 and above 526 (6.5) 563 (6.9)

   Unknown 5837 (71.6) 5609 (68.8)

BMI categories in kg/m2, n (%) <0.001

   Risk of nutritional deficiency diseases and osteoporosis  (<18.5) 137 (1.7) 127 (1.6)

   Low-risk (18.5 – 22.9) 1053 (12.9) 985 (12.09)

   Moderate-risk (23.0 – 27.4) 1777 (21.8) 1957 (24.0)

   High-risk (≥27.5) 1397 (17.1) 1594 (19.6)

   Unknown 3786 (46.5) 3487 (42.8)

Comorbid conditions, n (%)

   Dyslipidaemia 5994 (73.6) 6185 (75.9) 0.001

   Hypertension 5250 (64.4) 5384 (66.1) 0.028

   Chronic kidney disease 1524 (18.7) 1400 (17.2) 0.011

   Coronary heart disease 1459 (17.9) 1379 (16.8) 0.066

   Stroke 893 (11.0) 847 (10.4) 0.243

   Asthma 363 (4.5) 350 (4.3) 0.619

   Atrial fibrillation 211 (2.6) 219 (2.7) 0.696

   Heart failure 259 (3.2) 279 (3.4) 0.381

   Chronic obstructive pulmonary disease 133 (1.6) 129 (1.6) 0.803

   Osteoporosis 140 (1.7) 130 (1.6) 0.539

   Transient ischaemic attack 98 (1.2) 97 (1.2) 0.943

   Hip fracture 71 (0.9) 71 (0.9) 1.00

   Spine fracture 46 (0.6) 43 (0.5) 0.750

   Subarachnoid haemorrhage 8 (0.1) 6 (0.1) 0.593

BMI: Body mass index; HbA1c: Glycated haemoglobin 



November 2017, Vol. 46 No. 11

421Preventing LEAs: Diabetes Foot Screening—Gary Y Ang et al  

gender, poor glycaemic control and increasing duration of 
diabetes (Table 4).

Discussion
Only 62.6% of diabetic patients had diabetes foot 

screening done at least once in 2 years. This figure is similar 
to another study done in Singapore that reported annual foot 
screening rates of 53% to 69.5%.19 Internationally, diabetes 
foot screening rates in primary care environments vary 
from 50% to 86.7%20-24 suggesting potential for increasing 
screening uptake. 

There were differences in the percentage of both major 
and minor LEA between diabetic patients who underwent 
foot screening and diabetic patients who did not. From 
Table 3, we estimated that approximately 106 (95% CI, 84 
to 145) patients need to be screened to prevent one LEA 

[(1/{1.15-0.21})*100]. Taking the unsubsidised cost of 
diabetes foot screening in Singapore to be S$50, the cost 
for screening 106 patients would be S$5300. The average 
cost for a minor LEA is S$5161 and the average cost for 
a major LEA is S$9695 in the local Singapore context. 
Thus, even if we screen 106 patients at a cost of S$5300 
and avert one minor LEA, it would cost the healthcare 
system about S$139. However, if we can avert a major 
LEA (Table 5), we can save about S$4395. Thus it may be 
cost-saving to screen for diabetic foot from the healthcare 
providers' perspective, and this is also in accordance with 
current clinical practice guidelines.9,10

 Medifund status was associated with higher risk for LEA 
which is consistent with findings that lower socioeconomic 
status is associated with diabetes-related foot diseases 
and LEA.25-28 Chronic kidney disease, poorer glycaemic 
control and longer duration of diabetes were associated 
with higher risk for LEA which is consistent with other 
studies.29-33 Efforts can be made to improve glycaemic 
control and diabetes foot education in these high-risk groups 
to prevent LEA.  

The strength of  this study is as follows: we have a relatively 
large population of diabetic patients in a multiethnic Asian 
population with a follow-up period of 2 years. Our study 
entry period spans across 5 years, from 2008 to 2012. 

This study has some limitations. This is a retrospective 
study and variables not captured at the start of the study 
such as smoking status, dietary habits and presence of foot 
ulcers would not be able to be used for analysis. Our diabetic 
patients might have gone for foot screening in private clinics 
and this would not be captured by our system. Similarly, 
they might have LEA performed in private hospitals and 
we would not have known about this. However, we expect 
these numbers to be small as we have restricted our study 
population to patients who were seen by our healthcare 
system and who were expected to utilise our healthcare 
system. We were unable to look at the link between diabetes 
foot screening and foot ulcers, as the presence and severity 
of foot ulcers were not captured in the database. Thus, we 
may have underestimated the cost savings for diabetes 
foot screening, if diabetes foot screening prevented foot 
ulcers as well. 

We looked at the effect of missing variables on our analysis 
using complete case analysis. After removing patients 
with missing HBA1c and/or BMI readings, we redid the 
analysis using 1533 diabetic patients with foot screening 
and 1533 diabetic patients without foot screening. We found 
that the percentage of LEA remained statistically different                
(P = 0.001) between those who had foot screening (0.26%) 
and those who did not have foot screening (1.4%).

Table 3. Lower Extremity Amputations by Screening Status

LEA Foot Screening during Study Period

Yes (n = 8150) No (n = 8150)

Major, n (%) 2 (0.02) 42 (0.52)

Minor, n (%) 15 (0.18) 52 (0.64)

Total, n (%) 17 (0.21) 94 (1.15)

LEA: Lower extremity amputation

Table 4. Risk Factors for Lower Extremity Amputation

Risk Factor Odds Ratio (95% CI)

No diabetes foot screening 6.3 (3.7 – 10.6)

HbA1c categories

   Below 7.0 Reference

   7.0 – 7.9 2.1 (0.7 – 6.1)

   8.0 – 8.9 3.9 (1.4 – 11.1)

   9.0 and above 5.6 (2.3 – 13.2)

   Unknown 2.0 (0.9 – 4.4)

Medifund user 4.0 (2.7 – 5.9)

Hip fracture 3.7 (1.1 – 12.5)

Ethnicity

   Chinese Reference

   Malay 2.2 (1.3 – 3.6)

   Indian 1.0 (0.6 – 1.8)

   Others 1.0 (0.3 – 3.2)

Chronic kidney disease 1.8 (1.2 – 2.8)

Duration of diabetes 1.1 (1.0 – 1.1)

Gender

   Male Reference

   Female 0.6 (0.4 – 0.9)

HbA1c: Glycated haemoglobin 
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Our propensity score matching narrowed the differences 
between the 2 groups but there were still differences between 
the 2 groups as shown in Table 2. We did a separate analysis 
using only patients who are well matched by using a caliper 
of width equal to 0.02 of the standard deviation of the 
estimated propensity score. A total of 0.34% of those who 
had foot screening had amputations, while 1.34% of those 
who did not have foot screening had amputations, and this 
was still statistically significant.  

We have looked at the effectiveness of diabetes foot 
screening in the primary care setting and found that it 
could potentially prevent LEA, resulting in cost savings 
from the healthcare providers’ perspective. We have also 
identified risk factors for LEA and more efforts can be made 
to improve glycaemic control in these high-risk groups and 
ensure they go for annual diabetes foot screening. 

Table 5. Cost Savings Due to Foot Screening

Number Needed to Screen Cost of Screening* Cost Saving if Minor LEA is Averted† Cost Saving if Major LEA is Averted†

106 $5300 -$138.51 $4395.20

Lower 95% CI : 84 $4200 $961.49 $5495.20

Upper 95% CI: 145 $7250 -$2088.51 $2445.20

LEA: Lower extremity amputation
*Unsubsidised cost of diabetic foot screening is $50 per patient. 
†Average cost for minor LEA is $5161.49 and for major LEA is $9695.20 (source: Tan JH, Hong CC, Shen L, Tay E, Lee J, Nather A. Costs of Patients Admitted for 
Diabetic Foot Problems. Ann Acad Med Singapore 2015;44:567). 
Note:  All costs are in Singapore Dollars. Cost savings are from the healthcare providers’ perspective.
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