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Validation of Risk Classification Systems for Diabetic Foot Ulcer Occurrence

Lee, Eun Joo - Kim, Myo Sung

Assistant Professor, Department of Nursing, College of Nursing and Healthcare Sciences, Dong-eui University, Busan, Korea

Purpose: The aim of this study was to validate the predictive accuracy of three international risk classification
systems for diabetic foot ulcer occurrence. Methods: A secondary data analysis was conducted. The data were
collected from a case-control study that recruited 367 patients with Type 2 diabetes (118 with existing foot ulcers
and 261 without foot ulcers). The risk of foot ulcer occurrence was classified in accordance with the American
Diabetes Association (ADA), the International Working Group on the Diabetic Foot (IWGDF), and the Scottish
Intercollegiate Guidelines Network (SIGN) risk classification systems. The predictive validity of the classification
systems was calculated to evaluate the systems’ performance. Results: The ADA, IWGDF, and SIGN systems
had area under the receiver operating curve (AUC) with values of .91, .90, and .80, respectively, and the predictive
accuracy of each classification system was 73.4~84.7% for ADA, 74.4~85.5% for IWGDF, and 49.6~73.9% for
SIGN, depending on the cut-off points. Conclusion: All of the three classification systems showed good predictive
accuracy. Further studies are needed to select one that is most accurate and cost-effective
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Table 1. Characteristics of Study Participants by Foot Ulcer Status (N=379)
. . Case (n=118) Control (n=261) 2
Characteristics Categories X ort p
n (%) orMESD  n (%) or ME£SD
General Gender (male) 86 (72.9) 106 (40.6) 33.85 <.001
characteristics Age (year) 64.07+10.94 64.75+9.08 0.60 552
<50 11 (9.3) 14 (5.4) 3.02 .389
50~59 29 (24.6) 55 (21.1)
60~69 43 (46.4) 106 (40.6)
>70 35 (29.7) 86 (32.9)
BMI* (kg/m’) 23.98+3.54 2451+3.44 1.37 171
Underweight (< 18.50) 6(5.1) 1(4.2) 3.33 505
Normal (18.50~22.99) 43 (36.4) 8(29.9)
Overweight (23.00~24.99) 29 (24.6) 0 (23.0)
Obesity ClassI (25.00~29.99) 33 (28.0) 97 (37.2)
Obesity ClassII-III (> 30.00) 7 (5.9) (5.7)
Current smoking 33 (28.0) 0 (11.5) 15.91 <.001
Current drinking (> 7 units/week=1) 18 (15.3) 21 (8.0) 4.57 .032
Diabetes-related Duration after DM diagnosis (year) 19.97+10.64 13.68+9.48 22.93 <.001
characteristics <10 22 (18.6) 96 (36.8)
10~19 31 (26.3) 86 (32.9)
>20 65 (55.1) 79 (30.3) -5.46 <.001'
Type of treatment
Oral hypoglycemic agents 59 (50.0) 176 (67.4) 23.69 <.001
Insulin 21 (17.8) 10 (3.9)
Both 38 (32.2) 75 (28.7)
HbA1c (n=242) 8.00+1.67 7.48+1.37 293 003"
<6.5 20 (17.7) 47 (19.0) 14.26 .001
6.5~7.9 41 (36.3) 135 (54.4)
>8.0 52 (46.0) 66 (26.6)
Exposure to foot care education by 46 (39.0) 47 (18.0) 19.31 <.001
a healthcare provider (yes)
Co-morbidity
Retinopathy 74 (62.7) 55 (21.1) 62.75 <.001
Chronic kidney disease 69 (58.5) 26 (10.0) 101.82 <.001
End-stage renal disease 34 (28.8) 3 (1.1) 70.59 <.001
Cerebrovascular disease 26 (22.0) 31 (11.9) 6.56 .010
Ischemic heart disease 40 (33.9) 45 (17.2) 12.96 <.001
Hypertension 101 (85.6) 158 (60.5) 23.58 <.001
Dyslipidemia 70 (59.3) 85 (70.9) 4.93 026
Foot-related Previous ulcer 74 (62.7) 21 (8.0) 129.29 <.001
characteristics Previous amputation 43 (36.4) 2(0.8) 98.84 <.001
Deformity 63 (53.4) 98 (37.5) 8.35 .004
Pre-ulcerative lesions ' 103 (87.3) 205 (78.5) 4.08 .043
Ingrown toenail 10 (8.5) 18 (6.9) 0.30 587
Calluses 60 (50.8) 90 (34.5) 9.10 .003
Fungal infection 51 (43.2) 136 (52.1) 257 .109
Others 27 (22.9) 45 (17.2) 1.68 195
Peripheral vascular disease " 86 (72.9) 29 (11.1) 146.70 <.001
Peripheral neuropathy§ 106 (89.8) 78 (29.9) 116.90 <.001

BMI=body mass index; DM=diabetes mellitus; HbAlc=glycated hemoglobin; *by the Korean Society for the Study of Obesity (2018); "Multiple responses;
" Based on absent pedal pulses or clinical diagnosis; $Based on monofilament exam (negative >4) or clinical diagnosis; 'Mann Whitney U test.
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Table 2. Risk Classification and Actual Diabetic Foot Ulcers Occurrence by ADA, IWGDF, and SIGN Classification Systems

(N=379)

. e Present diabetic foot
Risk classification

Systems Categories Definition ulcers (n=118)
n (%) n (%)
ADA 0 No LOPS, no PAD, and no deformity 162 (42,7) 1(0.8)
1 LOPS+deformity 65 (17.2) 11 (9.3)
2 PAD+LOPS 57 (15.0) 32(27.1)
3 History of ulcer or amputation 95 (25.1) 74 (62.7)
IWGDF 0 No LOPS and No PAD 172 (45.4) 4 (3.4)
1 LOPS or PAD 65 (17.2) 7 (5.9)
2 LOPS + PAD, or LOPS + foot deformity or 47 (12.4) 28 (23.7)
PAD + foot deformity
3 LOPS or PAD, and one or more of the following: 95 (25.1) 79 (66.9)
- history of a foot ulcer
- LEA (minor or major)
- end-stage renal disease
SIGN Low No risk factor (PAD, PN, deformity, calluses) 72 (19.2) 1(0.8)
Medium 1 risk factor 104 (27.4) 6(5.1)
High Previous ulceration or amputation or >1 risk factor 203 (53.6) 111 (94.1)

ADA=American Diabetes Association; LOPS=loss of protective sensation; PAD=peripheral arterial disease; IWGDF=International Working
Group on the Diabetic Foot; LEA=lower extremity amputation; SIGN=Scottish Intercollegiate Guidelines Network; PN=peripheral neuropathy.
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Figure 1. Receiver operating characteristics (ROC) curves of the ADA, IWGDF, and SIGN risk classification systems for

predicting the occurrence of diabetic foot ulcers.

Table 3. Classification Accuracy Measures for Cut-off Points of the ADA, IWGDF, and SIGN Risk Classification Systems for

Predicting Diabetic Foot Ulcer Occurrence (N=379)
. Cumulative e -~ Correct

Systems Cut-off categories n (%) Sensitivity Specificity PPV NPV classification
ADA 3 95 (25.1) 62.7 92.0 779 84.5 82.8

2 152 (40.1) 89.8 824 69.7 94.7 84.7

1 217 (57.3) 99.2 61.7 53.9 99.4 734
IWGDF 3 95 (25.1) 66.9 93.9 83.2 86.3 85.5

2 160 (42.2) 90.7 79.7 66.9 95.0 83.1

1 207 (54.6) 96.6 64.4 55.1 97.7 744
SIGN High 203 (53.6) 9.1 64.8 54.7 96.0 739

Medium 307 (81.0) 99.2 27.2 38.1 98.6 49.6

PPV=positive predictive value; NPV=negative predictive value.
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