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Development and validation of a prediction model for amputation risk in patients

with diabetic foot ulcers based on systematic review and meta-analysis
HAN Weidong, FAN Yiming, CHEN Pan, HU Nan, HU Shiqi, XIONG Te, YIN Rui Department of Dermatology,
First Affiliated Hospital, Army Medical University (Third Military Medical University), Chongqing, China

[Abstract] Objective To develop and validate a prediction model for risk of amputation in patients
with diabetic foot ulcers (DFU) based on systematic review and meta-analysis. Methods The studies on the
risk factors of amputation in DFU patients was retrieved by using subject words+free words. After screening,
37 cohort studies were finally included, and the Newcastle-Ottawa scale (NOS) was used for quality
evaluation. Meta-analysis was performed on the risk factors of amputation in DFU. Then a prediction model
for DFU amputation risk were constructed based on the statistically significant risk factors in the meta-

analysis. The corresponding B value was calculated based on the combined odds ratio (OR) value of each risk
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factor, and each risk factor was scored to establish a scoring system model. The clinical data of 453 DFU
patients hospitalized in our department from 2021 to 2023 were collected as a validation cohort. Receiver
operating characteristic (ROC) curve analysis was used to evaluate the model performance. The area under the
curve (AUC) was calculated, and the optimal cutoff score was determined by calculation of the maximum
Youden index through sensitivity and specificity. Results Our meta-analysis showed a cumulative
amputation rate of approximately 34. 65% in 11 779 DFU patients. The final risk prediction models include
gangrene [OR=11.92 (5. 86~24. 24)|, ulcer depth [OR=4. 93 (2. 52~9. 64)], osteomyelitis [OR=3. 19 (2. 36~
4.29)], previous amputation history [OR=3. 19 (2. 00~5. 09)] and lower extremity arterial disease [OR=3. 10
(2.31~4. 17)]. According to the weights of each risk factor, the total score of the model is 76, and the optimal
cut-off score is 36. 5. The prediction model performed well, with an AUC value of 0. 864 (0. 824, 0. 903), a
sensitivity of 0.743, a specificity of 0. 859, and an accuracy rate of 83.00%. Conclusion A prediction
model for DFU amputation risk is developed based on risk factor scoring, and has good discrimination and

calibration, providing effective scientific basis for clinical research and clinical decision-making related to
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DFU amputation.
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Table 1 Baseline characteristics of the literatures

X Year of Country/ Follow-up ) - Amputation S NOS Score/
Author Publication Region Time / years Sample Size Rate Outcomes Point
xu®’ 2024 Spain 5.00 650 0.44 major/minor amputation 8
JEYARAMAN{61 2019 Australia 12.40 513 0.51 major/minor amputation 7
AYDIN'! 2010 Turkey 6.00 74 0.22 major/minor amputation 6
JEON[S] 2017 South Korea 5.00 137 0. 49 major/minor amputation 7
JE()NG[91 2018 South Korea 3.70 192 0.59 major/minor amputation 7
PENG! ! 2021 China 5.00 125 0. 46 major/minor amputation 8
LEUNG 2001 China 5.00 340 0.30 major amputation 7
BLUMBERG'? 2014 America 1.00 234 0.42 major/minor amputation 7
MUSA'™ 2018 Saudi Arabia 2.00 82 0.40 major/minor amputation 7
cuoH® 2019 China 3.75 475 0.12 major/minor amputation 7
Lt 2011 China 9.70 450 0.22 major/minor amputation 6
ZUBAIR"'® 2012 India 2.25 162 0.28 major/minor amputation 6
YESIL! 2009 Turkey 9.40 574 0.37 major/minor amputation 8
uewu'® 2019 Nigeria 1.00 336 0.35 major/minor amputation 7
SALEEM"" 2017 Saudi Arabia 1.50 112 0.28 major/minor amputation 6
FERREIRA™" 2018 Portugal 1. 00 479 0.10 major/minor amputation 7
WANG™2! 2022 China 8. 00 856 0.57 major/minor amputation 7
PERNG'* 2021 China 5.25 646 0.25 major/minor amputation 8
SAYINER'®' 2019 Turkey 5.00 400 0.36 major/minor amputation 7
KURNIAWATI > 2019 Indonesia 1. 00 73 0.19 major amputation 6
LEE®" 2020 South Korea 9.00 351 0.48 major/minor amputation 7
BEKELE"™® 2020 Ethiopia 0.25 115 0. 30 major/minor amputation 6
MOON™" 2021 South Korea 16. 30 169 0.09 major amputation 5
ZHANG!? 2024 China 4.00 200 0.34 major/minor amputation 6
AKINCI'! 2011 Turkey 5.00 165 0.42 major/minor amputation 6
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Table 1(continued) Baseline characteristics of the literatures

Year of Country/ Follow-up

NOS Score/

Amputation

Author Publication Region Time / years Sample Size Rate Outcomes Point
ZENGIN'® 2023 Turkey 15.00 507 0.21 major amputation 7
YuzucuLDU" 2023 Turkey 15.00 518 0. 64 major/minor amputation 8
CHEN"? 2024 China 6.00 634 0.11 major amputation 8
BEANEY' 2016 America 2.25 165 0.20 major/minor amputation 7
SOLIMAN'* 2020 Egypt 2.00 112 0.52 major/minor amputation 8
ABBAS"Y 2022 Tanzania 22.00 103 0.21 major/minor amputation 7
LEE"® 2022 South Korea 5.00 131 0.50 major/minor amputation 8
CHE"" 2024 China 3.50 526 0. 50 major/minor amputation 8
PICKWELL"® 2015 Europe 1. 00 575 0.28 major/minor amputation 7
UYSAL™Y 2017 Turkey 2.00 379 0.33 major/minor amputation 6
PEMAYUN'*’ 2015 Indonesia 3.00 94 0.15 major/minor amputation 7
KANGH! 2024 India 5.00 125 0.18 major amputation 7

#2 DFUEBBAEXKEZMNITEASHFTLER
Table 2 Subgroup analysis of potential risk factors for DFU amputation
Prospective Study Retrospective Study
Hsk Factors 121‘12:::5 RR(95%CI) P l\i‘l‘tr:i‘z:i OR(95%CI) P
Agelyears 6 1.39(0. 92~2. 10) 0.11 16 1.02(1. 00~1.03) 0. 06
Gender 6 1.21(0.72~2.02) 0.48 15 1.35(1.05~1. 63) 0.02
Smoking 3 1.09(0. 63~1.91) 0.75 10 1.31(1. 10~1. 55) <0.01
BMI/(kg/m”) 2 0.97(0. 88~1.06) 0.02 5 0. 98(0. 96~1.00) 0.07
Hypertension 4 1.26(0. 60~2. 68) 0.54 12 1.38(1.03~1. 85) 0.03
LEAD 4 3.95(2.57~6.07) <0.01 16 2.96(2. 13~4. 12) <0.01
DPN 5 1.56(0. 81~2.99) 0.18 9 1.62(1.16~2.25) <0.01
Osteomyelitis 4 4.26(3.03~6.00) <0.01 10 2.78(1.85~4. 18) <0.01
PHA 2 4.13(1.58~10.78) <0.01 8 3.12(1.84~5.29) <0.01
Ulcer depth 1 3.49(1.84~6.61) <0.01 5 5.38(2.37~12.23) <0.01
Ulcer infection 2 5.40(0. 57~50.70) 0. 14 3 4.67(2.16~10.11) <0.01
Gangrene 1 14.92(6. 06~36.78) <0.01 4 11.49(4.77~27.65) <0.01
Ulcer area/cm’ 3 1. 66(0. 89~3. 08) 0.11 4 1. 66(0. 96~2. 86) 0.07
WBC/(x10°/L) 3 2.88(1.97~4.21) <0.01 13 1.46(1.13~1.88) <0.01
Hemoglobin/(g/L) 1 1. 54(0. 87~3.07) 0.22 8 0.92(0.81~1.04) 0.18
Albumin/(mmol/L) 1 1.92(0. 84~4. 43) 0.12 9 0. 99(0. 65~1.50) 0.97
HbAlc/% 4 0.70(0. 35~1. 40) 0.31 15 1.12(1.03~1.23) 0.01

BMI: Body mass index; LEAD: Lower extremity arterial disease; DPN: Diabetic peripheral neuropathy; PHA: Previous history of

amputation; WBC: White blood cell count; HbAlc: Hemoglobin Alc

2.2 DFUBM & RIE R £

ATIFFERT 17 A TEAE XU, R 22 43 il 6 A 7 1t 3B
S ZH 4307 43 > i B PP 2 R [ P A 5T 2 20, IRIEL L T8
PRI B RE R R S T R h kg e AN A i
THECTE 2 [R]85 28 DFU B2 I 2, 22 R A 5
T E N (F2), Wit Meta 0816 3800 &, 45 KBS
IR Z A0V B OR K 95%CT 45 5 Wb 71k, 1 240 B 355 i
R B & R, 20T 4ME S OR=1. 15
(0.83~1.61) , /R TG it2#E X (FK3), KL, mi

BEALIR NN S A EA Goi T2 2 S AU PR 36 R0
TR BE B AR WA AR B s A0 BBl Ik
2.3 RETFRM AEA 6h T K

DFU A% JXURS: T 00455 0 40 A B4 JRURS: PR 28 XU 43
JZ \OR(95%CI) B A A R PFor i 4 R . A
WESE AL T > f B A I DRIP4 B A T 10l DFU
W BTN 5 AR R R, B33 L 0~
7653, S G378 e A PR RS B K



http://aammt. tmmu. edu. cn Bl 722 155 R =4, 2025,47(18) 2267
&®3 DFUHREEREE RN Meta 4R
Table 3 Meta-analysis results of potential risk factors for DFU amputation
Risk factors Number of Literatures Heterogenely T rcoseucn) p Feeer ORCIrimand Fil
1°/% P Test/P Method )

Agelyears 5~9,11~13,16~18,19,22,27,29~32,35,36,40,41 73.46  <0.01 1.02(1.00~1.04) 0.021 0.018 1.02(1.00~1.04)
Gender 5~9,12,13,16~19,21~23,26,30~32,35,36,41 60.07 <0.01 1.32(1.06~1.63) 0.013 0.933 -
Smoking 5,7,9,12,13,17,22,23,26,29,30,32,41 0. 00 0.96 1.29(1.09~1.52) 0.002 0.343 -
BMI/(kg/mz) 5,22,26,35~37,41 16.59 0.30 0.98(0.96~1.00) 0.052 0.203 -
Hypertension 5,7~9,12,13,16,17,19,22,23,26,30,31,36,41  49.99 0.02 1.38(1.05~1.79) 0.019 0.774 -
LEAD 5~10,12,16,18,20~23,26,30~33,35,40 70.76  <0.01 3.10(2.31~4.17) <0.001 0.875 -
DPN 6,8,16,18,19,23,24,26,30,32,35,36,40,41 33.35 0.08 1.59(1.20~2.11) 0.001 0.278 -
Osteomyelitis 5,6,7,12,16,17,18,21,22,25,29,39,40,41 72.16  <0.01 3.19(2.36~4.29) <0.001 0.056 -
PHA 5,6,9,12,20,23,25,34,35,41 62.08 <0.01 3.19(2.00~5.09) <0.001 0.711 -
Ulcer depth 9,11,17,27,38,40 79.54  <0.01 4.93(2.52~9.64) <0.001 0.550 -
Ulcer infection 9,18,20,34,40 78.07 <0.01 4.83(1.99~11.77) <0.001 0.280 -
Gangrene 12,17,29,30,40 81.25 <0.01 11.92(5.86~24.24) <0.001 0.269 -
Ulcer area/cm’ 12,16,17,21,26,29 56.70 <0.01 1.62(1.12~2.35) 0.010 0.459 -
WBC/(x10°/L) 5,8,9,10,12,15~18,24,28~31,36,41 98.14 <0.01 1.64(1.27~2.11) <0.001 0.001 1.15(0.83~1.61)
Hemoglobin/(g/L.)  8,16,17,28,32,36,37,40,41 98.63 <0.01 0.93(0.82~1.07) 0.317 0.123 -
Albumin/(mmol/L.) 5,10,11,17,29,31,32,37,40,41 99.48  <0.01 1.04(0.70~1.55) 0.829 0.837 -
HbAlc/% 5,8,10,12~14,16~19,22,24,30~32,36,37,40,41 69.78 <0.01 1.11(1.02~1.21) 0.015 0.055 -

BMI: Body mass index; LEAD: Lower extremity arterial disease; DPN

: Diabetic peripheral neuropathy; PHA: Previous history of

amputation; WBC: White blood cell count; HbAlc: Hemoglobin Ale

R4 WERRE S5 E B KU AR R & KU E RS
Table 4 Scores of risk factors in DFU amputation risk

prediction model

i Risk Scores

Risk Factors Stratificati OR(95%CI) B

Stratification No Yes
Gangrene Yes/No 11.92(5.86~24.24) 2.48 0 25
Ulcer depth Yes/No 4.93(2.52~9.64) 1.59 0 16
Osteomyelitis Yes/No 3.19(2.36~4.29) 1.16 0 12
PHA Yes/No 3.19(2.00~5.09) 1.16 0 12
LEAD Yes/No 3.10(2.31~4.17) 1.13 0 11

Ulcer depth only indicated whether bone level was involved.
PHA: Previous history of amputation; LEAD: ; Lower

extremity arterial disease
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Figure 2 Receiver operating characteristic (ROC) curve of
the risk prediction model
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Figure 3 Nomogram of the prediction model for diabetic foot ulcers amputation risk
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