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Abstract

Diabetes mellitus is a common metabolic disorder. Among various complications, dia-
betic neuropathy and peripheral vascular disorders are closely associated with diabetic
foot ulcers (DFUs). Lower extremity ulcers and amputations are ongoing problems
among individuals with diabetes. There are several classification systems for DFUs;
however, no prognostic system has to date been accepted as the gold standard or the
optimum prediction tool for amputations. A retrospective study was designed. Demo-
graphic data and baseline laboratory data were gathered and scored or evaluated using
five representative DFU classification systems. These included (i) the diabetic ulcer
severity score (DUSS); (ii) University of Texas (UT) diabetic wound classification; (iii)
Meggitt–Wagner classification; (iv) depth of the ulcer, extent of bacterial colonisation,
phase of ulcer and association aetiology (DEPA) scoring system; and (v) site, ischaemia,
neuropathy, bacterial infection and depth (SINBAD) score. Finally, a statistical analysis
was performed. A total of 137 patients were included in this study. During the follow-up,
DFU had healed in 51⋅1% of subjects and 48⋅9% of the individuals underwent lower
extremity amputations (LEAs). In a univariable logistic regression analysis, history of
previous DFU, hypertension, neuropathy, haemoglobin, C-reactive protein (CRP) and
ankle-brachial index (ABI) showed a statistically significant difference between the
healed group and the LEA group. Moreover, the stages, grades or overall prognostic
ability of all five classifications were highly associated with the overall occurrence of
LEA. On multivariable logistic regression analysis of the risk of LEA, all classifications
showed a significant positive trend with an increased number of amputations. All the
five classification systems exhibited high sensitivity, specificity, classification accuracy,
positive predictive, negative predictive and area under the curve (AUC) values. They
showed substantial accuracy and their main variables were associated with LEA occur-
rence. The Wagner and UT systems, although they are relatively simple to assess, were
better predictors of LEA.

Introduction

Diabetes mellitus is one of the most common metabolic dis-
orders, with a worldwide prevalence of 6⋅4% and involving
an increasing number of patients globally (1). Patients with
diabetes are at high risk of complications, the most important
of which are diabetic neuropathy and peripheral vascular
disorders, which lead to diabetic foot ulcers (DFUs) (2). DFUs
are one of the most serious, expensive and alarming complica-
tions and compromise the well-being and survival of diabetic
patients (3).

The decisive factors in the aetiology of DFUs are dia-
betic neuropathy, macroangiopathy and the combination of

Key Messages
• the aim of this study was to compare the accuracy of

five representative diabetic ulcer classification systems
for predicting LEA and to determine the risk factors
associated with the amputations
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• the five systems included (i) the diabetic ulcer sever-
ity score (DUSS); (ii) University of Texas (UT) diabetic
wound classification; (iii) Meggitt–Wagner classifica-
tion; (iv) depth of the ulcer, extent of bacterial coloni-
sation, phase of ulcer and association aetiology (DEPA)
scoring system; and (v) site, ischaemia, neuropathy, bac-
terial infection and depth (SINBAD) score

• all of the classification systems showed substantial accu-
racy and their main variables were associated with LEA
occurrence

• the Wagner and UT systems were simple but better pre-
dictors of LEA

neuropathy and macroangiopathy (4). Diabetic foot can present
as neuropathic alone, mixed neuropathic and ischaemic, or
ischaemic with infection (5). Lower extremity ulcers and ampu-
tations are an increasing problem among individuals with dia-
betes. In the USA, diabetic patients account for approximately
3% of the total population. About 1–4% of diabetic patients
develop DFUs annually, and 15–25% of them develop DFUs
during the course of their disease. More than 50% of diabetic
patients undergo lower extremity amputation (LEA) and 85%
of those who have undergone lower limb amputations develop
intractable DFUs (6,7).

DFU classification systems are essential tool for assessing
and selecting treatment and for improving communication
among health care professionals. They also facilitate stan-
dardisation of prognostic estimation and identify patients
who require specialised care (8). Thus, a single or sim-
plified classification system of DFUs, which includes the
most accurate predictive factors for LEA, would facilitate
decision-making. Nevertheless, no prognostic system has to
date been accepted as the gold standard (9). Therefore, to
predict LEA occurrence and to determine the factors asso-
ciated with and predictive of the risk of amputation in DFU
patients (10–14), we aimed to compare the accuracy of the
following five classification systems: (i) diabetic ulcer severity
score (DUSS); (ii) University of Texas (UT) diabetic wound
classification, (iii) Meggitt–Wagner classification, (iv) depth
of the ulcer, extent of bacterial colonisation, phase of ulcer
and association aetiology (DEPA) scoring system and (v) site,
ischaemia, neuropathy, bacterial infection and depth (SINBAD)
score.

Patients and methods

Type of study and selection of participants

A retrospective study was conducted via chart and photographic
review, consecutively including all subjects with diabetes and
active foot ulcer who visited the hospital from January 2010
to December 2014. Patients were defined as subjects who were
admitted to the hospital for DFU. A foot ulcer was defined as a
full-thickness skin break at least to Wagner stage 1, occurring
distal to the malleolus (15). A total of 158 patients were invited
to participate in the study.

Data collection

The authors collected demographic data of patients – including
age, sex, history of DFU, duration of hypertension, duration of
diabetes, the presence of diabetic complications (retinopathy,
nephropathy, neuropathy) and body mass index (BMI) – using
medical records. Hypertension was diagnosed when the
recorded value of systolic blood pressure was ≥140 mm Hg
and that of diastolic blood pressure was ≥90 mm Hg (16).
Retinopathy was diagnosed when non-proliferative or prolif-
erative retinopathy was observed upon fundus examination
by an ophthalmologist. Nephropathy was defined as serum
creatinine >1⋅5 mg/dl or a need for dialysis. Peripheral neu-
ropathy was diagnosed when the patients had neuropathic
symptoms and signs or objectively abnormal results on the
Semmes–Weinstein 5⋅07/10 g monofilament test, without
any other significant disease (17). BMI is a measure of body
fat based on height and weight and is defined as the body
mass divided by the square of the height, and it is universally
expressed in kg/m2.

Baseline laboratory data – including glycosylated
haemoglobin A (HbA1c), haemoglobin, white blood cell
(WBC) count, total protein, serum creatinine, erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP), which
mainly reflect the level of blood glucose, infection, nutri-
tion and metabolism – were collected. The ankle-brachial
index (ABI) was also determined to confirm the presence of
peripheral artery disease (PAD). ABI was calculated using the
formula: ABI= (maximum systolic pressure in the dorsalis
pedis artery or tibialis posterior)/(maximum systolic pressure
in the brachial artery). PAD was defined as an ABI< 0⋅9 (18).

Complete healing was defined as ulcer closure with no fur-
ther need for any dressing (11). Amputation was defined as
the complete loss in the transverse anatomical plane of any
part of the lower limb. Minor amputations were defined as
removal of a part of the foot distal to the transverse tarsal joint,
with preservation of the talus and calcaneus. Major amputations
were defined as transtibial amputation (19). The foot area was
divided into four regions. Toe was defined as the region distal
to the metatarsophalangeal joint. The area from the midshaft of
the metatarsals distally was referred to as the forefoot. The mid-
foot was defined as the region between the proximal tarsal row
and the midshaft of the metatarsals. The hindfoot was defined
as the region from the malleolus to calcaneal area and the ankle
was confined to the malleolar area.

As mentioned earlier, five classification systems available for
LEA prediction in subjects with diabetes and active foot ulcer
were applied. These systems were: (i) the DUSS, (ii) UT dia-
betic wound classification, (iii) Meggitt–Wagner classification,
(iv) DEPA scoring system and (v) SINBAD score (10–14).
Characterisation variables of all subjects were retrieved from
photographic findings and confirmed with the patients’ medi-
cal records. A total of 158 ulcers were graded using the afore-
mentioned classification systems. DUSS was created using four
clinically defined parameters – palpable pedal pulses, prob-
ing to bone, ulcer location and presence of multiple ulcera-
tions. Palpable pedal pulses were categorised by the absence
(scored as 1) or presence (scored as 0) of pedal pulses, while
probing to bone was defined as yes (scored as 1) or no
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(scored as 0). The site of ulceration was defined as toe (scored
as 0) or foot (scored as 1) ulcer. Patients with multiple ulcera-
tions were graded as 1 compared with those with single ulcers
(scored as 0) (10). The UT system assesses ulcer depth, the
presence of wound infection and the presence of clinical signs
of lower extremity ischaemia. This system uses a matrix of
grade on the horizontal axis and stage on the vertical axis.
The grades of the UT system are as follows: grade 0 (pre- or
post-ulcerative site that has healed), grade 1 (superficial wound
not involving tendon, capsule or bone), grade 2 (wound pene-
trating to tendon or capsule) and grade 3 (wound penetrating
bone or joint). Within each wound grade, there are four stages:
clean wounds (stage A), non-ischaemic infected wounds (stage
B), ischaemic non-infected wounds (stage C) and ischaemic
infected wounds (stage D) (12). The Wagner system assesses
ulcer depth and the presence of osteomyelitis or gangrene using
the following grades: grade 0 (pre- or post-ulcerative lesion),
grade 1 (partial/full-thickness ulcer), grade 2 (probing to tendon
or capsule), grade 3 (deep with osteitis), grade 4 (partial foot
gangrene) and grade 5 (whole foot gangrene) (13). The DEPA
scoring system includes the depth of the ulcer (D), the extent
of bacterial colonisation (E), the phase of ulcer healing (P) and
the associated underlying aetiology (A). The depth of the ulcer
was given a score of 1 for superficial ulcers, 2 for ulcers extend-
ing down to the subcutaneous tissues and tendons and 3 for
ulcers reaching the bone. The extent of bacterial colonisation
was given 1 point for contamination, 2 points for active infec-
tion and 3 points for sepsis or necrotising infection. The phase
of healing was graded as 1 for the granulating phase, 2 for the
inflammatory phase and 3 for the non-healing phase. Finally,
the associated underlying cause was given 1 point for neuro-
pathic ulcers, 2 points for ulcers in association with structural
deformity and 3 points for ulcers in association with chronic
lower limb ischaemia. Overall, a patient with a score of 6 or less
was deemed to have a low-grade ulcer, a patient with a score of
7–9 a moderate-grade ulcer and a patient with a score of 10
or more a high-grade ulcer (14). In the SINBAD system, the six
elements were graded as follows: (i) ulcer site (forefoot: 0; mid-
foot/hindfoot: 1), (ii) ischaemia (blood flow relatively intact at
least one pulse palpable: 0; evidence of ischaemia: 1), (iii) neu-
ropathy (defined as being absent: 0; present: 1, on the basis of
routine examination), (iv) bacterial infection (graded as absent:
0; present: 1), (v) area (ulcer< 1 cm2: 0; ulcer≥ 1 cm2: 1) and
(vi) depth (confined to skin and subcutaneous tissue: 0; reaching
muscle, tendon or deeper: 1) (11).

Statistical analysis

Among the clinical and laboratory parameters, continuous vari-
ables were expressed as means with standard deviation (SD)
or medians with interquartile range (IQR). Differences in these
variables between groups were assessed using Student’s t-test
or the Wilcoxon rank-sum test as appropriate after testing the
normality assumption using the Shapiro–Wilk test and the
equal variance assumption using Levene’s test. Categorical
variables were expressed as frequencies with percentage (%)
and compared with the chi-squared test or Fisher’s exact test,
as appropriate. The Cochran–Armitage trend test was used to
test the significance of the classification of amputation versus

healed, according to whether the true status was presented in
multiple-ordered categories.

Univariable logistic regression analysis was performed to
examine the association between the candidate predictors and
the classification with amputation. For each of the candidate
predictors, the odds ratio (OR) for the likelihood of amputa-
tion was calculated. Variables significant in univariable logis-
tic regression were subjected to multivariable logistic regres-
sion for each classification. The variables considered clinically
meaningful were also included in the multivariable logistic
regression. The final model was determined by backward selec-
tion for initial multivariable logistic regression model.

After the final model was determined for each classification,
the predicted probability for each subject was used as input to
generate the receiver-operating characteristic (ROC) curve. The
area under the ROC curve (AUC) and the 95% confidence inter-
val (CI) of this area were computed to evaluate the diagnostic
ability. When the lower limit of the CI for AUC was >0⋅5, the
diagnostic test was considered to have discriminatory potential.
The AUC could distinguish between less predictive (0⋅5–0⋅7),
moderately predictive (0⋅7–0⋅9) and highly predictive (0⋅9–1).
The optimum cut-off values of the probability for each sub-
ject to undergo amputation were determined by Youden’s index.
The sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) of the best cut-off value were
calculated. The AUCs of classifications were compared using
the non-parametric method suggested by DeLong et al. (20). A
significance level of 0⋅05 was selected. All statistical analyses
were performed using SPSS 14.0 KO for Windows and R 3.1.3,
which is freely available online (http://cran.r-project.org/).

Results

Initially, a total of 158 patients were included in this study, of
which 21 patients who were discharged or lost to follow-up
were excluded, resulting in a final total of 137. Of them, 79
(57⋅7%) were males and 58 (42⋅3%) were females. The age of
patients ranged from 27 to 89 years, with the mean age being
61⋅1 years. With respect to the complications of diabetes, 51⋅8%
of patients had retinopathy, 55⋅5% of patients had nephropa-
thy and 65⋅7% of patients had neuropathy. The mean BMI
of the patients was 23⋅7 kg/m2. During the follow-up, DFU
had healed in 51⋅1% (n= 70, the healed group) of subjects
and 48⋅9% (n= 67, the amputation group) of the individuals
underwent a LEA. There was no statistically significant differ-
ence in the distribution of comorbidities and aforementioned
complications among these groups, with the exception of age
(P= 0⋅047), history of previous DFU (P= 0⋅011), hypertension
(P= 0⋅013), duration of hypertension (P= 0⋅02) and neuropa-
thy (P= 0⋅048) (Table 1). In the amputation group, the ratios of
previous DFU (88⋅06% versus 68⋅57%), hypertension (86⋅57%
versus 67⋅14%) and nephropathy (74⋅63% versus 57⋅14%) were
higher and the duration of hypertension was longer (10⋅2 ver-
sus 7⋅4 years) than those in the healed group. The mean age of
the patients who underwent amputation was also higher (63⋅4
versus 59⋅1 years).

In terms of baseline clinical and laboratory character-
istics, haemoglobin (P= 0⋅021), CRP (P= 0⋅012) and ABI
(P< 0⋅001) showed statistically significant differences between
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Table 1 Patients demographics per group

Variables Healed (n=70) Amputation (n=67) Total (n=137) Comparison (P-value)*

Age (years), mean (SD) 59⋅06 (14⋅42) 63⋅37 (10⋅51) 61⋅17 (12⋅8) 0⋅047

Sex, n (%)
Male 39 (55⋅71) 40 (59⋅7) 79 (57⋅66) 0⋅765
Female 31 (44⋅29) 27 (40⋅3) 58 (42⋅34)

Ulcer history, n (%) 48 (68⋅57) 59 (88⋅06) 107 (78⋅1) 0⋅011

Hypertension, n (%) 47 (67⋅14) 58 (86⋅57) 105 (76⋅64) 0⋅013

Duration of diabetes (years), mean (SD) 15⋅94 (8⋅96) 19⋅67(10⋅08) 17⋅77 (9⋅67) 0⋅072
Duration of hypertension (years), mean (SD) 7⋅36 (8⋅25) 10⋅22 (8⋅44) 8⋅76 (8⋅44) 0⋅02

Retinopathy, n (%) 33 (47⋅14) 38 (56⋅72) 71 (51⋅82) 0⋅342
Nephropathy, n (%) 36 (51⋅43) 40 (59⋅7) 76 (55⋅47) 0⋅423
Neuropathy, n (%) 40(57⋅14) 50 (74⋅63) 90 (65⋅69) 0⋅048

BMI, mean (SD) 24⋅41 (5⋅16) 23⋅05 (3⋅06) 23⋅74 (4⋅3) 0⋅172

BMI, body mass index.
*Statistically significant values are provided in bold.

Table 2 Baseline clinical and laboratory characteristics per group

Variables Healed (n= 70) Amputation (n=67) Total (n=137) Comparison (P-value)

HbA1c, median (IQR) 7⋅5 (7–8⋅3) 8 (7⋅1–9) 7⋅7 (7–8⋅75) 0⋅351
Haemoglobin, mean (SD) 10⋅48 (1⋅57) 9⋅77 (1⋅98) 10⋅14 (1⋅81) 0⋅021

WBC, median (IQR) 7575 (5545–10040) 7990 (6330–9975) 7900 (6070–10040) 0⋅481
Total protein, mean (SD) 6⋅49 (0⋅86) 6⋅48 (0⋅91) 6⋅49 (0⋅88) 0⋅966
Serum creatinine, median (IQR) 1⋅7 (1–5⋅53) 2⋅9 (1⋅25–7⋅65) 1⋅9 (1⋅2–6⋅9) 0⋅088
ESR, median (IQR) 59⋅5 (33⋅25–79⋅75) 69 (41⋅5–87⋅5) 65 (36–85) 0⋅199
CRP, median (IQR) 0⋅97 (0⋅21–2⋅57) 1⋅84 (0⋅48–6⋅57) 1⋅27 (0⋅37–5⋅3) 0⋅012

ABI, n (%)
≥0⋅9 (normal) 48 (68⋅57) 15 (22⋅39) 63 (45⋅99) <0⋅001

<0⋅9 (PAD) 12 (17⋅14) 34 (50⋅75) 46 (33⋅58)
Missing 10 (14⋅29) 18 (26⋅87) 28 (20⋅44)

Location, n (%)
Toe 23 (32⋅86) 54 (80⋅6) 77 (56⋅2) <0⋅001

Forefoot 18 (25⋅71) 6 (8⋅96) 24 (17⋅52)
Midfoot 8 (11⋅43) 7 (10⋅45) 15 (10⋅95)
Hindfoot 8 (11⋅43) 0 (0) 8 (5⋅84)
Ankle 13 (18⋅57) 0 (0) 13 (9⋅49)

ABI, ankle-brachial index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HbA1c, glycosylated haemoglobin A; IQR, interquartile range;
PAD, peripheral artery disease; WBC, white blood cell.

the groups. Distribution of location of DFU (P< 0⋅001) also
showed a statistically significant difference. In this variable,
the toe area was more strongly associated with amputation
(80⋅6%) than other locations (Table 2). Univariable logistic
regression analysis was performed to examine the association
between the candidate predictors. History of previous DFU,
hypertension, neuropathy, haemoglobin, CRP and ABI showed
statistically significant differences (Table 3). These significant
variables were selected for multivariable logistic regression for
each DFU classification.

The stages, grades and overall prognostic ability of all five
classifications were highly associated with overall LEA occur-
rence (all P< 0⋅001; Table 4). For the DUSS and Wagner sys-
tems, the authors corrected two score groups that showed low
frequency in the logistic regression analysis. A score of 4 on
DUSS, which showed no healed patients and 11 amputation
patients, was combined with a score of 3 on DUSS (3–4 score
group). Also, a score of 0 on Wagner, which showed one healed
patient and no amputation patients, was combined with a score

of 1 (0–1 score group). Because the UT system uses a matrix
of grade on the horizontal axis and stage on the vertical axis,
ranking the groups according to severity is problematic. Hence,
the criteria of the UT system were divided into two groups:
(i) infection and ischaemia and (ii) depth. Both groups showed
a significant positive trend with increasing number of ampu-
tations (P< 0⋅001). The DEPA and SINBAD systems were
more complex than the other three systems and showed mul-
tiple score groups, because each parameter was rated on a point
scale according to severity and complexity. Hence, these sys-
tems were divided into three groups (DEPA, low grade: 3–6,
moderate grade: 7–9 and high grade: 10–12; SINBAD, low
grade: 0–2, moderate grade: 3–4 and high grade: 5–6).

On multivariable logistic regression analysis adjusted
for age, sex, ulcer history, hypertension, neuropathy and
log-transformed CRP for evaluation of the risk of LEA,
all classifications showed a significant positive trend with
increasing number of amputations (Table 5). For example,
using the DEPA scoring system, patients were fourfold more

540 © 2016 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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Table 3 Logistic regression analysis for amputation

Univariable

Variable OR 95% CI of OR P-value

Age (years) 1⋅03 1–1⋅06 0⋅051
Sex (ref : female); male 1⋅18 0⋅6–2⋅33 0⋅637
Ulcer history 3⋅38 1⋅43–8⋅72 0⋅008

Hypertension 3⋅15 1⋅37–7⋅8 0⋅009

Duration of diabetes (years) 1⋅04 1⋅01–1⋅08 0⋅026

Duration of hypertension
(years)

1⋅04 1–1⋅09 0⋅049

Retinopathy 1⋅47 0⋅75–2⋅9 0⋅263
Nephropathy 1⋅4 0⋅71–2⋅77 0⋅331
Neuropathy 2⋅21 1⋅08–4⋅63 0⋅033

BMI 0⋅92 0⋅84–1 0⋅075
HbA1c* 1⋅07 0⋅18–6⋅45 0⋅938
Haemoglobin 0⋅79 0⋅64–0⋅96 0⋅024

WBC* 1⋅23 0⋅58–2⋅64 0⋅592
Serum creatinine* 1⋅35 0⋅94–1⋅96 0⋅106
Total protein 0⋅99 0⋅67–1⋅46 0⋅966
ESR* 1⋅24 0⋅77–2⋅07 0⋅384
CRP* 1⋅33 1⋅08–1⋅66 0⋅009

Peripheral artery disease
[ref : ABI≥ 0⋅9 (Normal)]

9⋅07 3⋅88–22⋅6 0⋅001

ABI, ankle-brachial index; BMI, body mass index; CI, confidence interval;
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; OR, odds
ratio; WBC, white blood cell.
*Natural logarithmic transformations were performed before analysis.

likely to undergo an LEA if the ulcer grade was moderate
when compared with low grade (P= 0⋅036; OR= 4⋅05; 95%
CI: 1⋅09–15⋅02). Also, patients with high-grade ulcers were
160-fold more likely to undergo an LEA compared with those
with low-grade ulcers (P< 0⋅001; OR= 160⋅05; 95% CI:
22⋅66–1130⋅49).

To evaluate the accuracy of the classification systems, their
sensitivity, specificity, classification accuracy, PPV, NPV and
AUC were calculated (Table 6, Figure 1). The DUSS classifi-
cation showed a higher sensitivity (0⋅84) than the other clas-
sification systems and the results of the UT system on the
aspect of depth showed the highest specificity (0⋅96). AUC
values were higher than 0⋅80 for all classification systems.
The Wagner classification showed the highest accuracy (0⋅85)
and AUC (0⋅8921), while the DUSS classification showed the
lowest accuracy (0⋅76) and AUC (0⋅8012). On comparison of
pairs of AUCs, the UT system on depth (P= 0⋅009), Wagner
(P= 0⋅006) and DEPA (P= 0⋅006) systems showed statisti-
cally significant differences compared with the DUSS system.
The DEPA (P= 0⋅003) and Wagner (P= 0⋅016) systems also
showed statistically significant differences compared with the
results of the UT system on the aspect of infection.

Discussion

DFU is a major indication for lower extremity non-traumatic
amputation worldwide. The Global Lower Extremity Ampu-
tation Study Group estimated that 25% to 90% of all ampu-
tations were associated with diabetes (21). In this study, the
overall amputation rate among diabetic foot patients was 48⋅9%
(n= 67; major amputation: 3⋅6%, n= 5; minor amputation:

45⋅3%, n= 62). This indicated a high rate of LEA, as was
reported by Won et al., who showed that 47% of DFU patients
had undergone LEA (major amputation: 5%; minor amputa-
tion: 42%), although this study involved patients who under-
went critical limb ischaemia (22). This is likely because almost
all patients in this study presented to the department of plas-
tic surgery when infection or ischaemic change had already
occurred, and so the overall amputation rate was relatively high.
Also, the locations of DFU were concentrated in the toe area
(56⋅2%), which showed the highest amputation rate (70%).

Risk factors for LEA in terms of diabetic complications have
been investigated intensively and can be used to define the
risk assessment models. Risk factors for LEA among patients
with diabetes include age, sex (male) and stroke, comorbidi-
ties such as ischaemic heart disease and hypertension, chronic
complications such as PAD, nephropathy, duration of dia-
betes, sensory neuropathy and HbA1c (23,24). However, incon-
sistent results have been reported and the risk factors have
not yet been clarified. In this study, a history of previous
DFU (P= 0⋅008), hypertension (P= 0⋅009), duration of dia-
betes (P= 0⋅026), duration of hypertension (P= 0⋅049), sen-
sory neuropathy (P= 0⋅033), haemoglobin (P= 0⋅024), CRP
(P= 0⋅009) and PAD (P= 0⋅001) showed statistically signifi-
cant differences between the healed and the amputation groups
in univariable logistic regression analyses.

A history of previous DFU increased the risk of LEA in
univariable logistic regression analysis (P= 0⋅008; OR= 3⋅38).
Wu and Armstrong reported that patients with a history of
ulceration possess all the risk factors necessary for ulceration
(25). Helm et al. reported that between 20% and 58% of patients
develop another ulcer within a year of wound healing (26). In
this study, 88% of patients who had undergone amputation had
a history of previous DFU, which is comparable to a previous
study that reports 85% of diabetic patients who had undergone
lower limb amputations developed intractable DFU (6).

Hypertension and longer duration of hypertension increased
the risk of LEA in univariable logistic regression analyses
(P= 0⋅009, OR= 3⋅15; P= 0⋅049, OR= 1⋅04). This result is
similar to that reported by Magalhaes et al., that is, amputees
had a higher systolic blood pressure (BP) than non-amputees
(P< 0⋅05) and demonstrated increased arterial stiffness in sub-
jects with LEA. These results supported a stronger correla-
tion between arterial stiffness and systolic BP (27). A chronic
increase in blood pressure may accelerate central arterial stiff-
ening, thereby contributing to rapid structural and functional
alterations in the walls of these arteries (28). Arterial stiffness
is also associated with occurrence of PAD, which involves grad-
ual reduction in blood flow to one or more limbs secondary
to atherosclerosis. Although there are inconsistencies among
studies regarding the risk factors, PAD is a major risk factor
for LEA, in agreement with our results (P= 0⋅001, OR= 9⋅07).
PAD is commonly seen in individuals with type 2 diabetes,
in whom it occurs almost threefold more frequently compared
with age- and sex-matched non-diabetic individuals (29).

An increased duration of diabetes appears to provide impor-
tant information on LEA risk among DFU patients. The authors
estimated that as the duration of diabetes increased, the occur-
rence of risk factors for LEA – such as infection, neuropathy,
peripheral vascular disease and repeated DFU – may increase.

© 2016 Medicalhelplines.com Inc and John Wiley & Sons Ltd 541
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Table 4 Classification score per group

Variables Healed (n= 70) Amputation (n=67) Total (n=137) Trend (P-value)*

DUSS 0 10 (14⋅29) 4 (5⋅97) 14 (10⋅22) <0⋅001
1 38 (54⋅29) 7 (10⋅45) 45 (32⋅85)
2 21 (30) 33 (49⋅25) 54 (39⋅42)

3–4 1 (1⋅43) 23 (34⋅33) 24 (17⋅52)
UT A 22 (31⋅43) 2 (2⋅99) 24 (17⋅52) <0⋅001

B 23 (32⋅86) 9 (13⋅43) 32 (23⋅36)
C 13 (18⋅57) 10 (14⋅93) 23 (16⋅79)
D 12 (17⋅14) 46 (68⋅66) 58 (42⋅34)
1 29 (41⋅43) 2 (2⋅99) 31 (22⋅63) <0⋅001
2 38 (54⋅29) 16 (23⋅88) 54 (39⋅42)
3 3 (4⋅29) 49 (73⋅13) 52 (37⋅96)

A1 13 (18⋅57) 1 (1⋅49) 14 (10⋅22) <0⋅001
A2 9 (12⋅86) 1 (1⋅49) 10 (7⋅3)
B1 9 (12⋅86) 0 (0) 9 (6⋅57)
B2 13 (18⋅57) 5 (7⋅46) 18 (13⋅14)
B3 1 (1⋅43) 4 (5⋅97) 5 (3⋅65)
C1 6 (8⋅57) 0 (0) 6 (4⋅38)
C2 5 (7⋅14) 2 (2⋅99) 7 (5⋅11)
C3 2 (2⋅86) 8 (11⋅94) 10 (7⋅3)
D1 1 (1⋅43) 1 (1⋅49) 2 (1⋅46)
D2 11 (15⋅71) 8 (11⋅94) 19 (13⋅87)
D3 0 (0) 37 (55⋅22) 37 (27⋅01)

Wagner 0–1 30 (42⋅86) 2 (2⋅99) 32 (23⋅36) <0⋅001
2 36 (51⋅43) 15 (22⋅39) 51 (37⋅23)
3 3 (4⋅29) 21 (31⋅34) 24 (17⋅52)
4 1 (1⋅43) 29 (43⋅28) 30 (21⋅9)

DEPA 3–6 33 (47⋅14) 4 (5⋅97) 37 (27⋅01) <0⋅001
7–9 35 (50) 20 (29⋅85) 55 (40⋅15)

10–12 2 (2⋅86) 43 (64⋅18) 45 (32⋅85)
SINBAD 0–2 19 (27⋅14) 2 (2⋅99) 21 (15⋅33) <0⋅001

3–4 45 (64⋅29) 23 (34⋅33) 68 (49⋅64)
5–6 6 (8⋅57) 42 (62⋅69) 48 (35⋅04)

DEPA, depth of the ulcer, extent of bacterial colonisation, phase of ulcer and association aetiology; DUSS, diabetic ulcer severity score; SINBAD, site,
ischaemia, neuropathy, bacterial infection, and depth; UT, University of Texas.
*P-values were derived from Cochran–Armitage trend test.

In this study, the difference in duration (healed: 15⋅94 years
versus amputation: 19⋅67 years) was significantly associated
with a higher risk of amputation in a univariable logistic
regression analysis (P= 0⋅026, OR= 1⋅04), as was reported by
Resnick et al. (30)

Sensory neuropathy, as measured by the 5.07
Semmes–Weinstein monofilament test, was significantly
associated with a higher risk of amputation in a univariable
logistic regression analysis (P= 0⋅033, OR= 2⋅21). In this
study, the prevalence of sensory neuropathy was 65⋅6%, which
is comparable with a previous report (69%) (24). Other studies
also showed a significant association of sensory neuropathy
with amputation (23,24). Feng et al. reported that diabetic
patients with sensory neuropathy have a 1⋅5–15-fold higher
risk of major amputation (31). Diabetic neuropathy is a conse-
quence of chronically elevated blood sugar levels, which cause
vascular and metabolic abnormalities. Elevated intraneural
concentrations of sorbitol, a glucose byproduct, are thought
to be one of the principle mechanisms of nerve damage. As a
result, neuropathic changes, such as foot deformity, decreased
protective sensation and skin fissures, caused by diminished
sweating lead to formation of DFUs (32).

A lower haemoglobin level increased the risk of LEA in a
univariable logistic regression analysis (P= 0⋅024, OR= 0⋅79).
In terms of physiology, a higher blood haemoglobin level
indicates greater delivery of oxygen molecules to local tis-
sue, enhancing anabolism and catabolism occurred. Blood
haemoglobin is also a good indicator of nutritional status. These
two factors may explain why a lower blood haemoglobin level
increased the risk of LEA in DFU (33).

The serum CRP level increases in response to inflammation,
infection, trauma, tissue necrosis, malignancies and autoim-
mune disorders; hence, it is not specific. However, it can be
used as a guide for managing diabetic foot disease and mon-
itoring of disease progression as a rapid decrease in serum
CRP level indicates a good response to treatment (34). Baseline
levels of acute-phase reactants are associated with increased
amputation risk. Univariable analysis showed that baseline CRP
levels were independent predictors of overall and major ampu-
tations, with the exception of baseline ESR. Indeed, it has
been reported that CRP level decreased more rapidly than ESR
after appropriate treatment, reflecting the effectiveness of ther-
apy with a higher sensitivity than ESR (35). Similarly, Volaco
et al. reported that elevated CRP levels were strongly predictive

542 © 2016 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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Table 5 Logistic regression analysis for amputation

Univariable Multivariable*

Variable OR 95% CI of OR P-value OR 95% CI of OR P-value

DUSS (ref: 0) 1 0⋅46 0⋅11–2⋅04 0⋅282 0⋅31 0⋅06–1⋅57 0⋅156
2 3⋅93 1⋅15–15⋅85 0⋅036 2⋅77 0⋅56–13⋅69 0⋅212

3–4 57⋅5 8⋅03–1222⋅67 <0⋅001 68⋅24 5⋅1–912⋅23 0⋅001

UT (ref: A) B 4⋅3 0⋅97–30⋅36 0⋅081 4⋅24 0⋅71–25⋅24 0⋅113
C 8⋅46 1⋅87–60⋅94 0⋅012 7⋅9 1⋅32–47⋅26 0⋅024

D 42⋅17 10⋅53–287⋅7 <0⋅001 41⋅69 7⋅55–230⋅16 <0⋅001

UT (ref: 1) 2 6⋅11 1⋅57–40⋅58 0⋅022 3⋅96 0⋅75–20⋅94 0⋅106
3 236⋅83 46⋅43–2066⋅4 <0⋅001 372⋅6 43⋅19–3214⋅77 <0⋅001

Wagner (ref : 0–1) 2 6⋅25 1⋅59–41⋅68 0⋅021 4⋅53 0⋅87–23⋅6 0⋅073
3 105 19⋅85–933⋅58 <0⋅001 92⋅39 10⋅61–804⋅71 <0⋅001

4 435 55⋅6–10420⋅06 <0⋅001 622⋅56 44⋅1–8789⋅65 <0⋅001

DEPA (ref : 3–6) 7–9 4⋅71 1⋅58–17⋅51 0⋅01 4⋅05 1⋅09–15⋅02 0⋅036

10–12 177⋅37 37⋅57–1409⋅35 <0⋅001 160⋅05 22⋅66–1130⋅49 <0⋅001

SINBAD (ref : 0–2) 3–4 4⋅86 1⋅26–32⋅14 0⋅044 6⋅02 1⋅04–34⋅93 0⋅045

5–6 66⋅5 14⋅81–493⋅95 <0⋅001 78⋅5 11⋅08–556⋅36 <0⋅001

CI, confidence interval; DEPA, depth of the ulcer, extent of bacterial colonisation, phase of ulcer and association aetiology; DUSS, diabetic ulcer severity
score; OR, odds ratio; SINBAD, site, ischaemia, neuropathy, bacterial infection, and depth; UT, University of Texas.
*The multivariable model was adjusted for age, gender, neuropathy, hypertension, ulcer history and log-transformed C-reactive protein.

Table 6 Diagnostic performance of five categorised score

Variables Threshold* Sensitivity Specificity Accuracy PPV NPV AUC 95% CI of AUC
Comparison
(P-value †)

DUSS 1⋅5 56/67 (0⋅84) 48/70 (0⋅69) 104/137 (0⋅76) 56/78 (0⋅72) 48/59 (0⋅81) 0⋅8012 0⋅7305–0⋅8719 DUSS versus UT on
wound depth,
P =0⋅009

UT on infection 3⋅5 46/67 (0⋅69) 58/70 (0⋅83) 104/137 (0⋅76) 46/58 (0⋅79) 58/79 (0⋅73) 0⋅8065 0⋅7367–0⋅8763 DUSS versus
Wagner, P =0⋅006

UT on wound depth 2⋅5 49/67 (0⋅73) 67/70 (0⋅96) 116/137 (0⋅85) 49/52 (0⋅94) 67/85 (0⋅79) 0⋅8856 0⋅8343–0⋅9369 DUSS versus DEPA,
P =0⋅006

Wagner 3⋅5 50/67 (0⋅75) 66/70 (0⋅94) 116/137 (0⋅85) 50/54 (0⋅93) 66/83 (0⋅8) 0⋅8921 0⋅842–0⋅9422 UT on infection
versus DEPA,
P =0⋅003

DEPA 8⋅5 53/67 (0⋅79) 59/70 (0⋅84) 112/137 (0⋅82) 53/64 (0⋅83) 59/73 (0⋅81) 0⋅8908 0⋅8375–0⋅9442 UT on infection
versus Wagner,
P =0⋅016

SINBAD 4⋅5 42/67 (0⋅63) 64/70 (0⋅91) 106/137 (0⋅77) 42/48 (0⋅88) 64/89 (0⋅72) 0⋅8483 0⋅7857–0⋅9108

AUC, area under the curve; CI, confidence interval; DEPA, depth of the ulcer, extent of bacterial colonisation, phase of ulcer and association aetiology;
DUSS, diabetic ulcer severity score; NPV, negative predictive value; PPV, positive predictive value; SINBAD, site, ischaemia, neuropathy, bacterial
infection, and depth; UT, University of Texas.
*The thresholds were computed by Youden’s index.
†The P-values for the comparison of the pairs of AUCs were calculated by Delong’s method.

of major amputation in long-standing diabetic patients with
ischaemic foot lesions (36). Lipsky et al. found that elevated
baseline levels of acute-phase reactants (WBC, CRP and ESR)
were associated with clinical treatment failure in diabetic foot
infections treated with broad-spectrum antibiotics (34). More-
over, patients with PAD had increased levels of inflammatory
markers. Elevated levels of CRP have been associated with poor
long-term prognosis in patients with PAD (37).

Five classification systems showed a significant positive
trend with increasing number of LEA in a multivariable logis-
tic regression analysis (Table 5). This indicates that as the score
or grade of classification was high at baseline for DFUs, the
probability of predicting the risk of LEA was also increased.

To compare the accuracy of these five classification systems,
the authors evaluated the sensitivity, specificity, accuracy, PPV,
NPV and AUC (Figure 1). Among the aforementioned values,
the authors supposed that the available DFU classification sys-
tems have a high NPV, PPV and accuracy for the overall LEA
prediction. Because the PPV (or NPV) was defined as the prob-
ability that the disease is (or not) present when the test is posi-
tive (or negative), high results can be interpreted to indicate the
accuracy of such a statistic. The definitions of these values can
be used to predict LEA occurrence, which facilitated compari-
son of the accuracy of classification systems for predicting LEA
occurrence using baseline data. In this study, Wagner and UT on
depth classification systems showed the highest PPVs (0⋅94 and

© 2016 Medicalhelplines.com Inc and John Wiley & Sons Ltd 543
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Figure 1 ROC curves of the five classification systems. In all classifica-
tion systems, AUC values were higher than 0⋅80; the Wagner system
had the highest value (0⋅8921).

0⋅93), NPVs (0⋅79 and 0⋅80) and accuracies (both 0⋅85). ROC
curves and AUC were used to compare the prediction accuracy.
The AUC values of all systems were >0⋅80, and the Wagner
system showed a higher AUC (0⋅8921) than DUSS (0⋅8012) and
UT (0⋅8065) on infection. On comparison of pairs of AUCs, the
UT on depth, Wagner and DEPA systems showed a statistically
significant difference when compared with the DUSS system,
and the DEPA and Wagner systems also showed a difference
compared with UT on infection. Therefore, the Wagner system
was most predictive of LEA. Also, Wagner 3.5 had the high-
est Youden’s index and so may be considered as one of the
referral criteria for high-risk patients with DFUs. A study by
Wang et al. published in 2010 by Chinese Journal of Diabetes
also reported a poor prognosis of ulcer in patients with Wagner
grade 3. Because UT on depth showed a similar predictive value
to the Wagner system, the UT system, which combines grade
and stage, is also more descriptive and shows a stronger asso-
ciation with increased risk of amputation.

This study had several limitations. First, the patient data were
derived retrospectively from medical and laboratory records
and photographic analysis, and hence, some information might
have been lost. Second, as unified therapy was not administered
for all ulcers, difference in medical care levels among physi-
cians might have influenced the outcome, leading to bias. Third,
there is a possibility of excess OR in the multivariable analy-
sis because of assessment of a small number of patients with
DFU and their uneven distribution. Despite these limitations,
this study reported factors predictive of the risk of amputation in
DFU patients and compared the accuracy of five classification
systems for predicting LEA occurrence.

The authors conclude that all of the available systems have
substantial accuracy and their main variables are associated
with LEA occurrence. Above all, the Wagner and UT systems,
which are simple and easy to use, are better predictors of
LEA. Also, a history of previous DFU, hypertension, duration
of diabetes, sensory neuropathy, haemoglobin, CRP and PAD
were significant predictive variables for LEA.
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