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Objectives: To analyze clinical characteristics of the diabetic inpatients with foot
ulcers and explore the risk factors of lower extremity amputation (LEA) in West
China Hospital of Sichuan University.

Methods: A retrospective analysis was performed based on the clinical data of
the patients with diabetic foot ulcer (DFU) hospitalized in West China Hospital of
Sichuan University from January 1, 2012 to December 31, 2020. The DFU patients
were divided into three groups: non-amputation, minor amputation, and major
amputation groups. The ordinal logistic regression analysis was used to identify
the risk factors for LEA.

Results: 992 diabetic patients (622 males and 370 females) with DFU were
hospitalized in the Diabetic Foot Care Center of Sichuan University. Among
them, 72 (7.3%) (55 minor amputations and 17 major amputations) cases
experienced amputation, and 21(2.1%) refused amputation. Excluding the
patients who refused amputation, the mean age and duration of diabetes of and
HbAlc the 971 patients with DFU, were 65.1 + 12.3 years old, 11.1 + 7.6 years, and
8.6 + 2.3% respectively. The patients in the major amputation group were older
and had longer course of diabetes for a longer period of time than those in the
non-amputation and minor amputation groups. Compared with the non-
amputation patients (55.1%), more patients with amputation (minor amputation
(63.5%) and major amputation (88.2%)) suffered from peripheral arterial disease
(P=0.019). The amputated patients had statistically lower hemoglobin, serum
albumin and ankle brachial index (ABI), but higher white blood cell, platelet
counts, fibrinogen and C-reactive protein levels. The patients with amputation
had a higher incidence of osteomyelitis (P = 0.006), foot gangrene (P < 0.001), and
a history of prior amputations (P < 0.001) than those without amputation.
Furthermore, a history of prior amputation (odds ratio 10.194; 95% CI, 2.646-
39.279; P=0.001), foot gangrene (odds ratio 6.466; 95% CI, 1.576-26.539;
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P=0.010) and ABI (odds ratio 0.791; 95% CI, 0.639-0.980; P = 0.032) were
significantly associated with LEAs.

Conclusions: The DFU inpatients with amputation were older with long duration
of diabetes, poorly glycemic control, malnutrition, PAD, severe foot ulcers with
infection. A history of prior amputation, foot gangrene and a low ABI level were
the independent predictors of LEA. Multidisciplinary intervention for DFU is
essential to avoid amputation of the diabetic patients with foot ulcer.

KEYWORDS

diabetic foot ulcer, lower extremity amputation, foot gangrene, minor amputation, prior
amputation, risk factor

1 Introduction

Diabetic foot ulcer (DFU), a severe and devastating
complication of diabetes mellitus, typically presented as ulcers,
infection, or destruction of tissues of the foot (1). The global
diabetic foot ulcer prevalence of DFU was about 6.3% (2). DFU
has always been the leading cause of non-traumatic lower
extremity amputation (LEA) in the world. The rate of LEA in
the diabetes was were more than five times higher than those
without diabetes (3). The LEA rates were quite different in the
different countries. A study in China indicated that the overall
LEA rate among the DFU patients was about 19.03%, with major
and minor amputation rates of 2.14% and 16.88%, respectively (4).
Between 2001 and 2010, the LEA rate of the hospitalized patients
with DFU in the United States was approximately 16.5% (34.8%
for major and 61.2% for minor amputations) (5). In Africa, about
15% of the DFU patients underwent major amputation (6). In
France, a prospective study of 347 patients with the new-onset
DFU from 2001 to 2003 showed that the rates of major and minor
amputation at one year were 10% and 19%, respectively (7).
Furthermore, disability after LEA had a negative impact on the
quality of life of the DFU patients.

An investigation revealed that the patients who had
experienced diabetic foot-related complications were 79% more
likely to rank LEA as their greatest fear when compared with death
(8). Therefore, correctly identifying risk factors and strengthening
risk prevention and control, were very important for the diabetic
patients. Peripheral arterial disease (PAD), osteomyelitis,
gangrene, increased inflammatory biomarkers, and low
hemoglobin (Hb) levels were considered as the risk factors of
LEA (9, 10). However, the risk factors for LEA of the diabetic
patients in different studies were not completely consistent.
Therefore, we collected clinical information of the diabetic
patients with foot ulcers admitted in the Diabetic Foot Care
Center of West China Hospital during Jan 1,2012 and Dec
31,2020 to analyze the clinical characteristics of the DFU
inpatients with LEA (major and minor amputations) and
explore the potential risk factors of LEA.
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2 Patients and methods
2.1 Research objects

This is a retrospective study. The clinical data of all consecutive
patients who were admitted to the Diabetic Foot Care Center in
West China Hospital of Sichuan University between Jan 1, 2012 and
Dec 31, 2020, were collected. The study has been approved by the
Institutional Review Board Committee of West China Hospital of
Sichuan University Hospital (N0.2012-119). The diabetic patients
who had foot ulcers met the diagnostic criteria for diabetic foot
(Wagner grade 1 to 5) according to International Working Group
on Diabetic Foot (IWGDF) guidelines were included in the study
(11). The diabetic patients with lower limb ulcers above the ankle
joint, hand ulcers, gouty ulcers and cancerous ulcers were excluded.
In addition, the foot ulcers were caused by long-term use of
glucocorticoids and other non-diabetic related were also excluded.
Major and minor amputations referred to amputation above and
below the ankle, respectively (12).

2.2 Data collection and processing

Electronic medical records of all patients were reviewed. All
data were collected from hospital information system. The clinical
information of the patients with DFU consisted of age, sex, course
of diabetes, body mass index (BMI), diabetic medication history,
smoking and drinking history, previous foot ulcer and amputation
history, diabetic chronic complications, comorbidities and physical
examinations. The severity of the foot ulcers was classified on the
basis of the Wagner grading system.

Baseline laboratory data - including fasting blood glucose
(FBG), glycosylated hemoglobin (HbAlc), blood routine (Hb,
platelet (PLT), white blood cell (WBC) count, neutrophil
granulocyte percentage (NEUT)), coagulation routine, liver
function, serum lipid profiles, serum uric acid (UA), serum
creatinine, estimated glomerular filtration rate (eGFR) and serum
C-reactive protein (CRP) were collected. The ankle brachial index
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(ABI), the ratio of the systolic pressure measured at the ankle to that
measured at the upper arm, were recorded.

2.3 Definitions of diabetic chronic
complications and comorbidities

Diabetic retinopathy was diagnosed by the optometrist or
through ophthalmological reports. The diagnosis of PAD was
confirmed based on ABI < 0.9 and/or results of doppler
ultrasound of lower extremities. Diabetic peripheral neuropathy
(DPN) was diagnosed based on neuropathic symptoms (such as
numbness, tingling, or burning feeling, muscle weakness, etc.) and
physical examination (pinprick, temperature sensation, vibration
perception, proprioception, 10-g monofilament, and ankle reflexes)
(13, 14). Cardiovascular autonomic neuropathy (CAN) was
determined by resting tachycardia (>100 bpm), orthostatic
hypotension (a fall in systolic blood pressure >20 mmHg and/or
diastolic pressure >10mmHg within 3 minutes of standing) in the
absence of an appropriate heart rate response (15). Diagnosis of
gastrointestinal autonomic neuropathy should be reserved for
patients with gastrointestinal symptoms (e.g. gastroparesis,
constipation, diarrhea) and normal gastrointestinal examination
(16). The clinical diagnosis of bladder autonomic neuropathy was
based on the presence of lower urinary tract symptoms (e.g. dysuria,
frequency, urgency, nocturia, recurrent cystitis, as well as stress and
urgency urinary incontinence) with a bladder color doppler
ultrasound for residual urine, and urological conditions such as
benign prostatic hypertrophy in men or gynecological disorders in
women must be ruled out by appropriate testing (14). Chronic
kidney disease (CKD) was classified into five stages based on the
eGFR (G1: eGFR = 90 mL/min per 1.73 m?, G2: 60 to 89 mL/min
per 1.73 mz, G3: 30 to 59 mL/min, G4: 15 to 29 mL/min per 1.73 m2,
G5: < 15 mL/min per 1.73 m?) (17). Coronary heart disease was
defined as myocardial infarction, angina, percutaneous coronary
intervention or bypass surgery. Diagnosis of osteomyelitis was
usually based on imaging(foot X-ray and foot MRI) and probe-
to-bone test, and bone biopsy or microbial cultures can be used if
necessary (18).

2.4 Statistical analysis

Statistical analysis was performed using IBM SPSS 26.0 software
for Windows (IBM Corp., 2019). Continuous variables were
reported as mean * standard deviation or median (interquartile
range). Differences among three groups were assessed using one-
way ANOVA with Bonferroni post-test or Kruskal-Wallis test
when inhomogeneity of variance existed. Categorical variables
were expressed as frequencies with percentage (%) and compared
with the chi-squared test or Fisher’s exact test. Multivariate stepwise
ordinal logistic regression was used to identify potential predictors
for LEA. Validity of the ordinal logistic regression model was
assessed with the test of parallel lines, and significance was
confirmed by -2 log likelihood. For each of the candidate
predictors, the odds ratio (OR) for the likelihood of amputation
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was calculated. The ABI was adjusted by multiplying by 10 so as to
fit the clinical convention when the odds ratio was calculated and
interpreted. For all tests, statistical significance was set at P < 0.05.

3 Results
3.1 Baseline characteristics

992 diabetic patients (622 males and 370 females) with DFU
were admitted in the Diabetic Foot Care Center of West China
Hospital during 2012 and 2020. Among them, 72 cases were
amputated and 21 refused amputations. Excluding the DFU
patients who refused amputation, 971 patients with DFU were
analyzed in the study. Of the 72 patients with LEA, 55 cases (76.4%)
received minor amputation and 17(23.6%) experienced major
amputation, respectively. The mean age of the DFU patients was
65.1 + 12.3 years old and the mean course of diabetes was 11.1 + 7.6
years. The patients with major amputation were older and had a
longer duration of diabetes than those with non-amputation and
minor amputation. Only two of the patients with major
amputations were female, and nearly two-thirds of the amputees
were men. Approximately half of the non-amputated and minor-
amputated patients smoked previously or currently, while in the
major groups, the percentage rose to 76.5% (Table 1).

PAD was more frequent in the patients with minor (63.5%) and
major (88.2%) amputations than those without amputation (55.3%)
(P =0.014). More than 95% of the DFU patients suffered from DPN.
There was no statistically difference in the incidence of coronary
heart disease, hypertension, diabetic retinopathy, DPN, CKD,
hyperlipidemia and hyperuricemia among the three
groups (Table 2).

Nearly half of the foot ulcers belonged to the neuro-ischemic
foot ulcers. The first (23.5%) and fifth toes (13.3%) were the main
sites of the foot ulcers, followed by heel (12.3%) and dorsum
(11.6%) of feet. The foot ulcer size in the minor amputated
patients (10.0(3.0-32.4) cm?®) and the major amputated patients
(10.3(3.3-30.0) cm?) were significantly larger than that in the non-
amputated patients (4.0(1.3-12.0) cm? P=0.005). Approximately
two thirds of the amputees had foot or toe gangrene. 78(8.0%) of the
amputated patients had a history of previous amputations.
Osteomyelitis (P = 0.006), foot gangrene (P < 0.001) and a history
of previous amputations (P < 0.001) were more common in the
patients with amputation than those without amputation. The
proportion of patients with Wagner grade 4 and grade 5 foot
ulcers in the non-amputation, and minor amputation and major
amputation groups were 29.3%, 70.9% and 82.4%, respectively. No
DFU patient with Wagner grade 1 and grade 2 was amputated
during hospitalization (Table 3).

3.2 Laboratory tests
The mean HbA1c and FBG levels of the patients with DFU were

8.6 +2.3% and 9.0 + 4.0mmol/L, respectively. The mean Hb, serum
albumin and total cholesterol (TC) levels were 113 + 22.7g/L, 36.2 +
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6.2g/L, and 3.5 + 1.4 mmol/L, respectively. Compared with the non-
amputated patients, the Hb (P = 0.004), serum albumin (P < 0.001),
TC (P = 0.016) and UA(P=0.001) levels in the amputated patients
were statistically lower. Compared with the non-amputated
patients, the amputated patients had higher levels of PLT, FIB,
WBC counts, NEUT, eGFR and serum CRP, which were the highest
in the major-amputated patients. Compared with patients with the

10.3389/fendo.2023.1144806

non-amputation (0.97 + 0.28) and minor amputation (0.85 + 0.33),
the patients with major amputation had lower ABI levels (0.76 +
0.31). In additon, ABI values of 13 cases in the minor amputation
group were normal (0.9-1.3). All of the minor amputated patients
with normal ABI had osteomyelitis or gangrene, and the sizes of the
foot ulcers in more than half of them were larger than
6cm? (Table 1).

TABLE 1 Baseline demographic and laboratory data among the non-amputation, minor amputation and major amputation groups.

Non-amputation

(N=899)

Minor Amputation P value

(N=55)

Major Amputation
(N=17)

Demographics

Age, yr 65.1 +12.3 62.9 + 12.4 69.4 +9.9 0.146

Sex 0.086
Male 563 33 15
Female 336 22 2

BMI, kg/m? 23.3 + 3.47(n=780) 23.2 + 3.37(n=45) 233 +34 0.118
Smoking (current or ever) 462 27 13 0.113
Drinking (current or ever) 346 18 10 0.155

Hospital stays (day) 30(1-244) 57(8-251) 47(18-114) <0.001

Diabetes-related characteristics
Duration of diabetes, yr 11.1+7.6 109 +7.3 85+47 0.416*
ABI 0.97 + 0.28"(n=539) 0.85 + 0.337(n=23) 0.76 + 0.317(n=9) 0.012
Ulcer area, cm® 4.0(1.3-12.0)"(n=710) 10.0(3.0-32.4)"(n=45) * 10.3(3.3-30.0)"(n=13) 0.005*

Laboratory results
FBG, mmol/L 9.0 + 4.1"(n=680) 9.2 + 3.8"(n=37) 9.9 + 4.17(n=13) 0.666
HbAlc, % 8.6 + 2.37(n=803) 8.8 + 2.4"(n=50) 8.7 + 1.97(n=16) 0.897
Hb, g/L 114 + 22%(n=854) 104 +25° 109 + 23 0.004
PLT, x10°/L 232 + 108" (n=851) 266 + 104 304 + 143 * 0.001
FIB, g/L 4.4 + 1.57(n=827) 4.9 + 1.7 (n=54) 50 + 1.8 (n=16) 0.019
WBC count, x10°/L 7.8 + 3.7'(n=853) 9.6 + 5.1" (n=54) 11.6 + 6.1 0.001%
NEUT, % 68.5 + 12.5"(n=806) 71.4 + 16.8 81.0 + 9.3"(n=15) * <0.001*
Albumin, g/L 36.4 + 6.17(n=892) 33.1+7.3° 328 +6.1° <0.001
TG, mmol/L 2.1 + 1.57(n=887) 22+ 1.6 1.6 + 1.0 0.315
TC, mmol/L 3.5 + 1.47(n=888) 30+14° 30+ 1.2 0.016
LDL-C, mmol/L 2.2 + 1.07(n=888) 1.9 + 0.97(n=54) 1.9 + 1.0 0.148
HDL-C, mmol/L 1.09(0.87-1.42)"(n=888) 1.03(0.67-1.48) 0.93(0.69-1.29) 0.308*
UA, umol/L 322 + 1107(n=888) 276 + 1237(n=54) * 255 + 133 % 0.001
Creatinine, pmol/L 81.0(63.5-108.0)"(1=892) 68.5(55.5-91.8)"(n=54) 70.6(53.5-103.5) 0.152
eGFR, mL/mL.1.73m” 76.4 + 31.4"(n=864) 86.3 + 32.7(n=53) 85.5 +36.2" 0.047
CRP, mg/L 10.0 (3.3-30.2)"(n=547) 24.3(4.9-105.9)"(n=28) 74.6(9.7-146.5)"(n=13) * 0.002*

Values are presented as number, median (IQR), or mean * standard deviation. BMI, body mass index. ABI, ankle-brachial index, FBG, fasting blood glucose. HbAlc, glycosylated hemoglobin.
Hb, hemoglobin. PLT, platelet. PT, prothrombin time. FIB, fibrinogen. WBC, white blood cell, NEUT, neutrophil granulocyte percentage. TG, triglyceride. TC, total cholesterol. LDL-C, low-
density lipoprotein cholesterol. HDL-C, high-density lipoprotein cholesterol. UA, uric acid. eGFR, estimated glomerular filtration rate. CRP, C-reactive protein. Some cases are lacking data and
the number of patients was shown in brackets. *, Kruskal-Wallis test. a, statistical significance compared with non-amputation group with Bonferroni post-test.
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TABLE 2 Comparison of diabetic complications and comorbidities among the non-amputation, minor amputation and major amputation groups.

Factor Non-amputation (N=899) = Minor Amputation (N=55)  Major Amputation (N=17) P value

Retinopathy 0.970
Yes 351 20 6
No 474 28 9

Diabetic peripheral neuropathy 0.372
Yes 848 54 17
No 44 1 0

PAD 0.014
Yes 473 33 15
No 383 19 2

Cardiac autonomic neuropathy 0.243
Yes 607 37 15
No 248 12 2

Gastrointestinal autonomic neuropathy 0.706
Yes 230 13 3
No 642 39 14

Bladder autonomic neuropathy 0.192
Yes 431 27 12
No 460 28 5

Albuminuria 0.147
Yes 485 38 9
No 320 14 8

CKD 0.730
Yes 591 39 11
No 308 16 6

Hypertension 0.238
Yes 633 33 11
No 266 22 6

Coronary heart diseases 0.528
Yes 215 10 3
No 684 45 14

Hyperuricemia 0.263
Yes 116 6 0
No 783 49 17

Hyperlipidemia 0.511
Yes 231 17 3
No 668 38 13

Values are presented as number. PAD, peripheral arterial disease. CKD, chronic kidney disease.
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TABLE 3 Comparison of foot-related characteristics among the non-amputation, minor amputation and major amputation groups.

Factor Non-amputation (N=899) Minor amputation (N=55) Major amputation (N=17) P value
Prior ulcer 0.372
Yes 263 21 5
No 636 34 12
Prior amputation <0.001
Yes 61 12 5
No 838 43 12
Deformities 0.544
Yes 133 7 1
No 766 48 16
Callus 0.087
Yes 310 11 6
No 589 44 11
Osteomyelitis 0.006
Yes 422 38 7
No 429 15 9
Foot gangrene <0.001
Yes 263 39 14
No 636 16 3
Wagner grade <0.001
1 72 0 0
2 170 0 0
3 393 16 3
4 250 33 9
5 14 6 5

Values are presented as number.

3.3 Risk factors associated with LEAs

Results of the ordinal logistic regression models are shown in
Table 4. After adjustment of the baseline predictors, a history of
prior amputations (OR, 5.380; 95% CI, 1.847-15.668, P = 0.002),
foot gangrene (OR, 6.854; 95% CI, 2.246-20.915, P = 0.001) and
ABI (OR, 0.853; 95% CI, 0.733-0.992, P = 0.038) significantly
associated with LEAs. In addition to eGFR and CRP, a history of
prior amputations (OR, 10.709; 95% CI, 2.871-39.938, P = 0.001),
foot gangrene (OR, 5.625; 95% CI, 1.448-7.510, P = 0.013) and ABI
(OR, 0.794; 95% CI, 0.649-0.971, P = 0.029) significantly
associated with LEAs in the Model 2. Finally, in the full Model
3, a history of prior amputations (OR, 10.194; 95% CI, 2.646-
39.279; P=0.001), foot gangrene (OR, 6.466; 95% CI, 1.576-26.539;
P=0.010) and ABI (OR, 0.791; 95% CI, 0.639-0.980; P = 0.032)
were the independent risk factors of LEAs. The ordinal logistic
regression model was assessed validity with the test of parallel

Frontiers in Endocrinology

lines (P > 0.05), and significance was confirmed by -2 log
likelihood (P < 0.001).

3.4 Prognosis during hospitalization

The mean hospital stay was 31 (18-56) days, and which of
minor (47 (37-63) days) and major amputation groups (57 (38-95)
days) were longer than those of non-amputation group (30 (15-55)
days, P< 0.001). On discharge, foot ulcers in 240(26.7%) and 94
(9.5%) patients with non-amputation were completely healed and
poorly healed, respectively. Foot ulcers of 11(20.0%) and 4(23.5%)
patients healed in minor and major amputation group, respectively.
10 (1.0%) patients died during the hospitalization. The main of
death causes were myocardial infarction (3 cases), heart failure (3
cases) and respiratory failure (3 cases). One of these died of septic
shock after major amputation.
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TABLE 4 The ordinal logistic regression analysis of major and minor amputation risks in patients with diabetic foot ulcers.

Model 2
OR (95%Cl)

Model 3
OR (95%C/)

Model 1

OR (95%Cl)

Prior amputation 5.380(1.847-15.668) * 10.709 (2.871-39.938) * 10.194(2.646-39.279) *

Osteomyelitis 1.254(0.434-3.629) 1.744(0.405-7.510) 1.926(0.443-8.364)

Foot gangrene 6.854(2.246-20.915) * 5.625 (1.448-7.510) * 6.466 (1.576-26.539) *

Ulcer area 1.007(0.996-1.018) 1.011(0.996-1.027) 1.012(0.998-1.027)
Hb 1.010(0.990-1.031) 1.014(0.988-1.041) 1.000(0.994-1.006)
PLT 0.998(0.993-1.003) 0.998(0.993-1.004) 0.998(0.993-1.004)
FIB / / 0.642(0.387-1.064)
NEUT 1.015(0.971-1.061) 1.029(0.968-1.094) 1.044(0.975-1.118)
Albumin 0.952(0.873-1.037) 0.950(0.836-1.079) 0.927(0.814-1.002)
TC 0.843(0.595-1.195) 0.778(0.476-1.274) 0.773(0.474-1.260)
UA 0.996(0.991-1.001) 0.993(0.986-1.001) 0.993(0.985-1.002)
eGFR / 1.025(1.000-1.051) 1.022(0.994-1.011)
CRP / 0.995(0.984-1.007) 0.999(0.987-1.011)

ABI (per 0.1) 0.853(0.733-0.992) * 0.794(0.649-0.971) * 0.791(0.639-0.980) *

OR, odds ratio; CI, confidence interval; ABI, ankle brachial pressure index. Amputation was defined as an ordinal variable with major amputation, minor amputation and non- amputation. The
stepwise ordinal logistic regression was used to identify potential predictors for major and minor amputation and to calculate OR, using the “non-amputation” subgroup as a baseline. Model 1
was adjusted for Hb, PLT, NEUT, albumin, TC, UA, ABI, ulcer area, and the presence of prior amputation, osteomyelitis, foot gangrene. Model 2 was adjusted for eGFR, CRP on the basis of

Model 1. *P < 0.05. Model 3 was adjusted for FIB on the basis of Model 2.

4 Discussion

This study showed a comparatively low rate of LEA among the
hospitalized patients with DFU in the Diabetic Foot Care Center of
a tertiary hospital (7.3%) in China. The previous amputation, foot
gangrene and decreased ABI value were independent predictors of
LEA. Therefore, it is a great challenge for the practitioners to avoid
amputation and re-amputation in the diabetic patients, especially in
the elderly and poorly glycemic controlled patients with a previous
history of foot ulcer or amputation.

A history of prior foot ulceration was considered as a significant
risk factor for amputation (19-21). Furthermore, a prior history of
amputation was linked to an increased risk of major adverse limb
events (22). One meta-analysis about risk of major amputation in
the DFU patients showed that hypertension, ischemic heart disease,
cerebrovascular disease and peripheral vascular disease were
identified as the predisposing factors for major amputation
(10).The FIELD study indicated that previous cardiovascular
disease, microvascular disease, previous non-traumatic
amputation or skin ulcer, smoking, and longer duration of
diabetes were more frequent in the amputated patients than in
the non-amputated patients (23). Therefore, the diabetic
patients experienced non-traumatic lower-limb amputations
were multifactorial.

It appears that PAD was more common in the minor (63.5%)
and major (88.2%) amputated patients than the non-amputated
patients (55.3%) (P=0.014) in this study. A study consisting of 3892
type 2 diabetes patients with a first-time diagnosis of diabetic foot
syndrome in German showed that the presence of PAD was the
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strongest independent predictor of LEA in the DFU patients (HR,
5.13; CI: 4.27-6.16) (24). Another prospective single-center study in
German showed that perfusion status of foot, and ulcer extent and
depth were the risk factors of LEA according to the PEDIS
classification (25). Lower extremity artery stenosis or occlusion
was considered as a risk factor for amputation in the DFU patients
(26,27). ABI was a simple and non-invasive method to screen PAD.
In this study, the mean values of ABI in the major and minor
amputation groups were 0.76 and 0.85, respectively. The decreased
ABI value was a strong predictor for LEA. Another prospective
single-center study in China also suggested that low ABI were
significantly associated with an increased risk of LEA (28). The
SEASON study in Japan suggested that ABI <0.4 was the strongest
risk factor for amputation of the diabetic patients with PAD (29). In
the FIELD study, ABI >0.52 increased a rate of limb preservation in
the patients with chronic limb-threatening ischemia (23). Thus,
IWGDF recommended that a screening ABI should be performed
in the diabetic patients who had symptoms or signs of PAD or who
were over than older than 50 years old (30). Actually, ABI was not
completed reliable on diagnosis of PAD in the diabetic patients. ABI
could falsely elevate due to calcification of arterial media (31).
Falsely high ABI was an independent predictor of major
amputation in the patients with chronic limb ischemia (32). In
addition, our study showed that LEA occurred even in the DFU
patients with normal ABI values, especially in the minor amputated
patients. A Korean study found that 28.7% of patients had normal
ABI ranging from 0.91 to 1.40 but were diagnosed with PAD using
color doppler ultrasonography (33). Our previous study showed
that 19.8% of limbs in the patients with diabetic foot disease had
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normal ABI values (0.91-1.3). However, digital subtraction
arteriography showed that 72.2% of the lower limbs with normal
ABI had occlusion of at least one artery below knees (34). This could
be explained by extensive distribution and multiple segments of
atherosclerotic lesions in below-the-knee arteries or formation of
collaterals. Therefore, ABI could underestimate PAD in the DFU
patients and color doppler ultrasound was usually necessary for
further diagnosis of PAD in the diabetic patients with foot ulcers.

We found that the hospitalized DFU patients with foot
gangrene had an approximately 6.5-fold higher risk of
amputation. Foot gangrene was caused by deficient blood supply
to tissues due to arterial stenosis or occlusion that further led to
localized necrosis and tissue death. Mortality rate was significantly
high after major amputation. A study in Tanzania revealed that the
overall mortality rates for amputees and non-amputees were similar
(29%), but patients with severe foot ulcers (Wagner grade > 4) who
did not undergo surgery had the highest mortality rate (54%)
during hospitalization (35). Another retrospective study in
Finland showed that after a major amputation, the one- and five-
year overall survival rates of the diabetic patients with foot infection
were 41.7% and 8.3%, respectively (36). Rapid revascularization,
either endovascular or open vascular surgery, could reduce the risk
of amputation in DFU patients with the PAD (37). The incidence of
gangrene decreased from 14.7% to 11.3% (P<0.001) with a
concomitant increase in vascular interventions (6.2% to 19.5%,
P<0.001). Therefore, it is critical to take effective measures to
improve blood supply of the gangrene foot early as much as
possible in order to effectively reduce the amputation plane of the
patients with severe foot ulcers, even avoid major amputation.

Prothrombotic state was more pronounced in the amputated
patients than those in the non-amputated patients, which implied
increased coagulation, impaired fibrinolysis, and endothelial
dysfunction (38). This was illustrated by higher fibrinogen levels
in the amputated patients compared with the non-amputated
patients from this study and other studies (39, 40). Wang et al.
suggested that fibrinogen was an independent risk factor of LEA in
the DFU patients (39). Plasma fibrinogen level >300.4 mg% (100%
sensitivity, 99.2% specificity) was correlated with a high risk of
amputation in DFU (41). Another study showed a fibrinogen cut-
off value of 5.13g/L indicated the possible amputation with a
sensitivity of 81.8% and a specificity of 78.9% (positive predictive
value 78.6%, negative predictive value 89.0%) (40). Therefore,
early anticoagulant treatment undoubtedly improve prognosis
of DFU.

Foot ulcer infection was closely associated with the increased
amputation rate. In routine clinical practice, WBC, PLT, and CRP
levels were used to determine procession of DFU (42). A
prospective study in Turkey showed that 33.2% of 126 cases with
diabetic foot infection (DFI) underwent amputation (43).
Approximately 50% of DFU patients could develop DFI, which
was diagnosed on the basis of clinical characteristics (44).
Inflammatory biomarkers such as WBC, Neutrophils, CRP, IL-6,
PCT and ESR could be used to distinguish between non-infection
and mild infection, indicate severity of foot ulcer infection and
monitor response of anti-infective therapy. Therefore, the
inflammatory markers were reported to be a strong predictor of
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amputation (45, 46). In our study, compared with the non-
amputated patients, the DFU patients with minor and major
amputations had higher levels of WBC counts, NEUT, and serum
CRP, which were higher in the major amputees than the minor
amputees. Foot gangrene and osteomyelitis affected roughly one-
third and one-half of the amputees, respectively. One meta-analysis
showed that osteomyelitis (OR: 4.5), neuro-ischemic DFI (OR:
3.06), severe infection (OR: 3.12), leukocytosis (OR: 1.76), mean
ESR (SMD: 0.5), mean CRP (SMD: 0.8), tissue culture positivity
(OR: 1.61), and isolation of Gram-negative bacteria from tissue
culture (OR: 1.5) were predictors of amputation in DFI (19). PCT
was a diagnostic marker of bacterial infection. Another meta-
analysis revealed that PCT>0.5ng/ml was an independent
predictor of major amputation (OR 3.3) and mortality (OR 4.13)
in the DFI patients with CLI (47). WBC, ESR and CRP were non-
specific inflammatory biomarkers. Therefore, testing for the
inflammatory biomarkers in the DFU patients could help early
identify diagnosis of DFI and monitor therapeutic response after
anti-infective treatment.

The process of wound healing required adequate nutrient
supply to the tissue, which could be hampered by circulatory
compromise and rapid protein loss (48, 49). Malnutrition is
highly prevalent among the DFU patients (50). Serum albumin
and Hb were used to evaluate the nutritional status of human body.
Compared with the non-amputated patients, the amputated
patients had significantly lower Hb, serum albumin and TC
levels. A study enrolling 3654 patients with DFU revealed that Hb
and plasma albumin were the independent factors of major
amputation (21). There was no definitive evidence to confirm the
close relationship between malnutrition and amputation in
the DFU patients, but protein-energy wasting was common in the
DFU patients with severe infection. Thus, the clinicians should
focus on the nutritional status of the DFU patients and correct their
anemia and hypoalbuminemia as soon as possible in order to
improve general conditions of the patients and promote
wound healing.

A multicenter study revealed that the diabetic patient with even
moderate CKD(eGFR<60ml/min per 1.73m?) had an increased risk
for DFU and LEA (51). The eGFR<30ml/min per 1.73m* in DFU
patients with osteomyelitis was an independent predictor for
amputation and healing failure (52). However, in this study, we
found the mean eGFR value in the amputated patients was over 60
mL/min per 1.73 m? which was higher than that in the non-
amputees. Although we could not fully explain why the amputated
patients had higher eGFR compared with the non-amputated
patients, glomerular hyperfiltration due to hyperglycemia and
adequate rehydration for the amputated patients was the
possible reason.

Most of patients in our study had eventually good therapeutic
effects with low amputation and mortality rates, highlighting the
importance of the multidisciplinary intervention. However, the
study had several limitations. It was a retrospective study from
single medical center, which could lead to selection bias. Clinical
data of some patients were incomplete. The number of LEA
outcomes was low which was good for the patients, but reduced
our sample size. In addition, treatment strategies, e.g.,
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revascularization (surgical or endovascular), statin therapy, was not
considered, which may render some of risk estimates unstable.

5 Conclusion

The DFU inpatients with LEA were older with long duration
of diabetes, poorly glycemic control, malnutrition, high
prevalence of PAD, severe foot ulcers and infection, and longer
hospital stays. A history of prior amputation, foot gangrene and a
low ABI level were the independent predictors of LEA. However,
normal ABI could not exclude PAD and LEA was caused by
multiple factors which should be concerned. Therefore,
multidisciplinary diagnosis and treatment of DFU is essential to
avoid amputation of the DFU patients.
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