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Abstract 

Background:  Patients with type 2 diabetes (T2D) face a high amputation rate. We investigated the relationship 
between the level of amputation and the presence of micro or macro-vascular disease and related circulating bio‑
markers, Tumor Necrosis Factor Receptor 1 (TNFR1) and Angiopoietin like-2 protein (ANGPTL2).

Methods:  We have analyzed data from 1468 T2D participants in a single center prospective cohort (the SURDIAGENE 
cohort). Our outcome was the occurrence of lower limb amputation categorized in minor (below-ankle) or major 
(above ankle) amputation. Microvascular disease was defined as a history of albuminuria [microalbuminuria: uACR 
(urinary albumine-to-creatinine ratio) 30–299 mg/g or macroalbuminuria: uACR ≥ 300 mg/g] and/or severe diabetic 
retinopathy or macular edema. Macrovascular disease at baseline was divided into peripheral arterial disease (PAD): 
peripheral artery revascularization and/or major amputation and in non-peripheral macrovascular disease: coronary 
artery revascularization, myocardial infarction, carotid artery revascularization, stroke. We used a proportional hazard 
model considering survival without minor or major amputation.

Results:  During a median follow-up period of 7 (0.5) years, 79 patients (5.5%) underwent amputation including 29 
minor and 50 major amputations. History of PAD (HR 4.37 95% CI [2.11–9.07]; p < 0.001), severe diabetic retinopa‑
thy (2.69 [1.31–5.57]; p = 0.0073), male gender (10.12 [2.41–42.56]; p = 0.0016) and serum ANGPTL2 concentrations 
(1.25 [1.08–1.45]; p = 0.0025) were associated with minor amputation outcome. History of PAD (6.91 [3.75–12.72]; 
p < 0.0001), systolic blood pressure (1.02 [1.00–1.03]; p = 0.004), male gender (3.81 [1.67–8.71]; p = 0.002), and serum 
TNFR1 concentrations (HR 13.68 [5.57–33.59]; p < 0.0001) were associated with major amputation outcome. Urinary 
albumin excretion was not significantly associated with the risk of minor and major amputation.

Conclusions:  This study suggests that the risk factors associated with the minor vs. major amputation including 
biomarkers such as TNFR1 should be considered differently in patients with T2D.
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Introduction
Cardiovascular disease constitutes the major determi-
nant of mortality and morbidity in patients with type 2 
diabetes (T2D) [1]. Peripheral arterial disease (PAD) is 
a common and severe clinical manifestation of athero-
sclerosis [2, 3] and is especially frequent in patients with 
T2D, with a threefold increased risk compared with a 
population without diabetes [4]. PAD is associated with 
poor outcomes, leading to a high rate of amputation and 
death [5], and with an increased risk of cardiovascular 
morbidity and mortality [6].

Diabetes complications associated with diabetes are 
classically divided into microvascular and macrovas-
cular disease. Amputation is one of the major vascular 
outcomes in the literature and its occurrence is a strong 
predictor of mortality in the patients with PAD [7]. 
Microvascular complications are the hallmark of diabetes 
[8] and are related to foot-ulcerations, a strong risk fac-
tor for amputation [9]. PAD diagnosed by measurement 
of ankle–brachial index (ABI) and absence of peripheral 
pulses predicts major vascular outcomes in patients with 
T2D [10, 11]. As PAD affects mainly the infra-popliteal 
arteries and may induce more damage in small than in 
large vessels in T2D patients [12], micro- or macro-vas-
cular disease could be differently associated with the level 
of lower limb amputation. This question remains largely 
unaddressed in the literature.

Recently, a population-based study highlighted insuf-
ficient screening to predict and prevent occurrence of 
amputation in patients with T2D [13]. In this context, 
the identification of relevant biomarkers could be of valu-
able help. Several biomarkers associated with atheroscle-
rosis and inflammation have recently been proposed to 
improve risk stratification in T2D patients [14]. Tumor 
Necrosis Factor Receptor 1 (TNFR1) is closely implicated 
in the pathogenesis of associated microvascular compli-
cations in diabetes, with special emphasis on renal dis-
ease [15, 16]. Angiopoietin-like 2 protein (ANGPTL2), a 
pro-inflammatory circulating protein related to chronic 
inflammatory disease including diabetes and athero-
sclerosis, was recently identified as another valuable 
predictor of cardiovascular events and death in diabetic 
patients [17].

The aim of the study was to examine the association of 
micro- and macrovascular disease and two serum-related 
biomarkers (TNFR1 and ANGPTL2) with incident 
amputation, separating minor from major amputations, 
in a prospective cohort of patients with T2D.

Materials and methods
Patients were prospectively included from 2002 to 2012 
in a French single-center cohort, the SURDIAGENE 
cohort. The initial aim of the cohort was the identification 

of genetic and environmental determinants of microvas-
cular and macrovascular complications in patients with 
T2D [18]. The study design was approved by the local 
ethics committee (CPP Ouest III), and written informed 
consent was obtained from all patients. Participants 
were followed from baseline until amputation, death or 
December 31, 2015, whichever came first.

Demographics and clinical variables
Clinical data were obtained at baseline from patient 
interview, medical records and clinical examination. 
Severe diabetic retinopathy (severe DR) was defined as 
proliferative and/or pre-proliferative retinopathy accord-
ing to a staging by a trained ophthalmologist using fun-
doscopy or retinal photograph. Microvascular disease 
was defined as elevated urinary albumin–creatinine ratio 
and/or severe DR and/or macular edema. History of 
ischemic heart disease (IHD) was defined as a baseline 
personal history of myocardial infarction, angina pecto-
ris and/or coronary artery revascularization. History of 
carotid artery disease was defined as a prior stroke, tran-
sient ischemic attack and/or carotid artery revasculariza-
tion. Non-peripheral macrovascular disease was defined 
as a history of IHD and/or a history of carotid artery dis-
ease. History of peripheral artery disease (PAD) at base-
line was defined as previous lower limb revascularization 
and/or lower limb amputation.

Biological determinations
Baseline HbA1c and serum creatinine concentra-
tions were determined using chromatography method 
(ADAMS A1c HA-8160 analyser; Menarini, Florence, 
Italy) and a colorimetric method on an automated ana-
lyser (KONE Optima; Thermo Clinical Labsystems, Van-
taa, Finland), respectively. E-GFR was calculated using 
the Chronic Kidney Disease Epidemiology Collaboration 
formula [19]. Urinary albumin was measured by neph-
elometry on a Molecular System P (Roche Diagnostics). 
Serum concentrations of TNF receptor 1 (TNFR1), a 
marker of inflammation, were measured using a human 
soluble TNFR1 ELISA kit (EKF Diagnostics, Dublin, Ire-
land). All serum samples were tested in duplicate, and the 
mean of the two measurements was considered. Serum 
ANGPTL2 concentrations were measured using a human 
ANGPTL2 ELISA kit (Cloud-Clone Corp, Houston, 
TX, USA) according to the manufacturer’s instructions, 
diluted (1:2, or 1:4 if needed) using the kit standard dilu-
ent solution [17].

Study outcomes
The study outcome was the occurrence of minor amputa-
tion and/or the occurrence of major amputation during 
follow-up.
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Minor amputation was defined as an amputation 
below ankle, including toes or transmetatarsal amputa-
tion. Major amputation was defined as an amputation 
above ankle, including leg or thigh amputation. Patients 
with initial minor amputation, who underwent a major 
amputation secondarily, were primarily included in the 
major amputation group and in the minor amputation 
group (and only in the minor amputation for sensitiv-
ity analysis). None of the reported amputations were 
traumatic. Patients moving out of the hospital area (Poi-
tou–Charentes district) were censored at the time of 
their departure. An adjudication committee centrally 
reviewed each case, with adjudication primarily carried 
out by two independent physicians and, in case of disa-
greement between them at primary adjudication, by the 
entire committee. The hospitalization records or all other 
relevant supporting documents were used to adjudicate 
clinical outcomes.

Statistical analysis
Quantitative data were expressed as mean ± stand-
ard deviation (SD) if normally distributed variables or 
median (inter quartile range) if not. Qualitative vari-
ables are given as number (percentage). Because of non-
Gaussian distribution, concentrations of biomarkers were 
log-transformed.

We defined components of microvascular disease as 
severe DR, macular edema, or micro/macroalbuminuria 
and ACR as a continuous trait and components of mac-
rovascular disease as PAD, IHD and previous carotid 
artery disease. We considered the group of patients with 
no amputation during follow-up as the reference group 
and compared those with minor and those with major 
amputation to this group.

Spearman’s correlations were used to assess the rela-
tionship of biomarkers with each other and with biologi-
cal variables. Kaplan–Meier curves were generated to 
assess survival and compared with log-rank test.

Predicted risk for amputation was assessed from the 
latest version of the UK Prospective Diabetes Study 
(UKPDS) outcomes model [20]. Hazard ratio (HR) with 
its 95% confidence interval (CI) for the risk of amputa-
tion were computed using Cox proportional hazard mod-
els. Variables associated with minor or major amputation 
in univariate Cox model were entered in a multivariate 
model (maximal model). The final model was determined 
by a step-by-step backward selection procedure.

We conducted two sensitivity analyses. We first 
excluded patients with baseline end-stage renal dis-
ease (ESRD)—corresponding to chronic kidney disease 
(CKD) stages 4 and 5 and defined as eGFR < 30 ml min−1 
(1.73  m)−2 or history of renal replacement therapy—as 
the determinants of amputation might be different from 

what is found in those patients without ESRD [21]. We 
then included the eight patients with a major amputa-
tion following a minor amputation in the group of minor 
amputation.

All hypotheses were tested at the 5% level of signifi-
cance. Statistical analyses were carried out using the Stat-
view version 5.0 software package (SAS Inc, Cary, NC, 
USA).

Results
Between 2002 and 2012, 1468 participants were enrolled 
whose characteristics are detailed in Additional file  1: 
Table  S1. Most patients were of Caucasian ethnicity 
and 47 out of 1468 (3.2%) were not. Median duration of 
follow-up was 7 (0.5) years. A total of 79 patients out of 
1468 (5.4%) underwent amputation with 37 minor and 42 
major first amputations, corresponding to an incidence 
of 3.5 (CI 95 2.4–4.6) and 4.7 (CI 95 3.4–6.0) per 1000 
patient- years respectively. Eight patients with minor 
amputations underwent an ipsilateral secondary major 
amputation (see Fig. 1).

Compared to women, men had no significant differ-
ence of ANGPTL2 concentrations (15.5 [6.5–24.5] ng/
ml vs. 15.0 [5.0–25.0] ng/ml, respectively; p = 0.243), 
and no significant difference of TNFR1 concentrations 
(1866.00 [1126.75–2605.25] pg/ml vs. 1853.00 [970.5–
2735.50] pg/ml, respectively; p = 0.262). ANGPTL2 and 
sTNFR1 concentrations were significantly correlated 
(Rho = 0.59; p < 0.0001) in the cohort, among male gen-
der (Rho = 0.61, p < 0.0001) and among female gender 
(Rho = 0.56; p < 0.0001).

A significant negative correlation was observed 
between eGFR and ANGPTL2, on the one hand 
(Rho = − 0.577; p < 0.0001) and between eGFR and 
TNFR1 on the other hand (Rho = − 0.603; p < 0.0001).

Minor amputation
Baseline biological and clinical characteristics according 
to incident minor amputation are represented in Table 1. 
In univariate Cox model, male gender, systolic blood 
pressure, diastolic blood pressure, eGFR, each marker 
of microvascular disease, history of PAD, TNFR1 and 
ANGPLT2 concentrations were significantly associated 
with an increased risk of minor amputation. The effects 
of microvascular disease, non-peripheral macrovascular 
disease and history of PAD on minor amputation were 
presented using Kaplan–Meier survival curves (Fig. 2a–
c). In multivariate analysis, male gender, history of PAD, 
history of severe DR and ANGPTL2 concentrations 
remained significantly associated with the risk of minor 
amputation (Table 2).
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Major amputation
Baseline biological and clinical characteristics according 
to occurrence of a major amputation during follow-up 
are represented in Table  3. The effects of microvascular 
disease, non-peripheral macrovascular disease and his-
tory of PAD on major amputation occurrence are suc-
cessively depicted using Kaplan–Meier survival curves 
(Fig. 3a–c). Patients with history of PAD on the one hand 
and micro-vascular disease on the other hand had a sig-
nificantly increased risk of major amputation. History of 
non-peripheral artery disease (IHD and/or carotid artery 
disease) was not associated with the occurrence of major 
amputation.

In the final multivariate Cox model, male gender, sys-
tolic blood pressure, history of PAD and TNFR1 concen-
tration remained significantly associated with incident 
major amputations (Table 4).

Sensitivity analysis
We performed sensitivity analysis to check the influ-
ence of CKD by excluding patients with stage 4–5 CKD. 
Prevalence of ESRD among patients with minor or major 
amputation was 10% (3/29) and 24% (12/50), respectively. 
Sensitivity analysis was performed among 1365 patients.

Regarding minor amputation, clinical risk factors 
were roughly unchanged even though elevated systolic 
blood pressure and serum TNFR1 instead of ANGPTL2 

concentrations were associated with a risk of minor 
amputation (Additional file 2: Table S2). Regarding major 
amputation, clinical risk factors were largely unchanged 
(Additional file 3: Table S3). In a second sensitivity analy-
sis, we considered the level of the first-occurring ampu-
tation. Thus, 37 patients with minor amputation and 42 
patients with major amputation were taken into account. 
Regarding minor amputation, clinical and biomarkers 
were roughly unchanged even though severe DR was of 
borderline statistical significance in multivariate analysis 
(HR 1.97 [0.96–4.05]; p = 0.064). Regarding major ampu-
tation, clinical and biomarkers were largely unchanged.

Discussion
In this study, we investigated the influence of micro-/
macro-vascular disease and related biomarkers, for the 
occurrence of minor/major amputation in a hospital-
based sample of 1468 patients with T2D, during a median 
follow-up of 7  years. A baseline history of PAD was an 
independent predictor for both minor and major ampu-
tations. Proliferative DR (but not other components of 
microvascular disease such as diabetic kidney disease) 
and serum concentration of ANGPTL2 were independ-
ent predictors for minor amputation. Serum concen-
tration of TNFR1 and history of PAD (but not other 
components of macrovascular disease) were independent 
predictors for major amputation.

1,468 participants of the SURDIAGENE cohort 

1,365 patients 
 26 patients with only minor amputation 
     31 patients with major amputation 
 7 patients had subsequently minor and major amputation 

Among 1,468 eligible patients, during the follow-up : 
 29 patients with only minor amputation 
     42 patients with major amputation 
 8 patients had subsequently minor and major amputation 

103 patients with ESRD : 
  21 history of renal replacement therapy at baseline 
  82 baseline eGFR 30 ml min-1 (1.73m)-² 

Sensitivity analysis: 

Main analysis :  

Fig. 1  Flow chart of the patients from the SURDIAGENE cohort
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Predicted risk of level of amputation
We consider our study as rather original since it is one of 
the first to demonstrate that different risk factors are asso-
ciated with minor and major amputation in patients with 
T2D. Of note, very few reports other than ours have differ-
entiated minor from major amputations, even though long-
term prognosis [7], and quality of life [22, 23] are clearly 
not the same. A recent paper from Gurney et al. analyzed 
risk factors associated with minor and major amputation in 
a New Zealand national-based cohort of patients with dia-
betes [24]. In this report, the incidence of amputation was 

very low compared to what we observed in our hospital-
based cohort. However, we believe that our data should 
be relevant to analysis of risk factors in a high-risk popula-
tion, as the dilution effect is weaker with a hospital-based 
recruitment than in a population-based cohort. Their 
results regarding amputation history are highly concord-
ant with our findings on the deleterious role of PAD, for 
both minor and major amputations. The authors could 
not clearly discriminate risk factors for minor and major 
amputations, while we evidenced that retinopathy but not 
nephropathy was associated mainly with minor amputa-
tions. No clear data were available regarding microvascular 
disease (such as severe DR or albuminuria stage) [24].

Macrovascular disease and level of amputation
Our results regarding amputation are in accordance with 
many reports from the literature on diabetic patients. 
We have confirmed in our study most of the risk factors 
included in the equations evaluating the risk of amputa-
tion [20, 25], especially for PAD, diabetes duration, gender 
and renal function impairment. Other factors, including 
tobacco use, were not clearly identified in our report as in 
the UKPDS OM2 but not the Hippisley-Cox et  al. study 
[25]. Of note, while we could not extract the incidence of 
amputations from the ADVANCE study, the risk factors 
associated with amputation in our report were in agree-
ment with its results.

PAD was indeed a relevant risk factor for both minor and 
major amputation, a finding in accordance with previous 
reports focused on diabetic patients that did not separate 
minor and major amputations [20, 25–27]. In accordance 
with these previous reports, male sex was an important 
clinical predictor of minor and major amputation in our 
cohort. Some speculations can be made to explain this 
finding but they are well below the scope of the present 
paper. Of note, epidemiological studies showed that male 
sex is a risk factor of severe diabetic microvascular com-
plications (retinopathy, nephropathy and neuropathy) [28], 
while PAD due to large vessel involvement is clearly associ-
ated with male sex in the general population [29].

Microvascular disease and level of amputation
In accordance with our results, retinopathy was previ-
ously established as an important risk factor for ampu-
tation without a distinction being made between minor 
and major amputations [30]. We previously reported a 

Table 1  Clinical and  biological characteristics associated 
with incidence of minor amputation

Data presented here are univariate Cox proportional hazard model. Italic data 
indicate p values < 0.05

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, 
uACR​ urinary albumin-to-creatinine ratio
a  Missing data at baseline for 149 patients

Variable HR (95% CI) p value

Male gender 5.28 (2.05–13.57) 0.0005

Age (per year) 1.02 (0.98–1.05) 0.198

BMI, kg/m2 0.99 (0.94–1.04) 0.740

Active smoking 1.01 (0.36–2.85) 0.984

Heart rate (bpm) 1.01 (0.98–1.03) 0.417

SBP (mmHg) 1.03 (1.01–1.05) 0.0003

DBP (mmHg) 1.04 (1.00–1.06) 0.015

Diabetes duration (per year) 1.01 (0.98–1.05) 0.425

LDL-cholesterol (mmol/l) 2.77 (0.31–25.00) 0.364

HbA1c (%) 1.05 (0.85–1.29) 0.663

eGFR, ml min−1 (1.73 m)−2 0.98 (0.97–0.99) 0.008

Microangiopathy components

 uACR (reference < 3 mg/mmol)a 0.0007

 3–30 mg/mmol 2.15 (0.83–5.55)

 > 30 mg/mmol 5.20 (2.15–12.55)

 Severe diabetic retinopathy 4.14 (2.10–8.15) < 0.0001

 Macular edema 3.49 (1.66–7.34) 0.001

Macroangiopathy components

 Ischemic heart disease 1.09 (0.53–2.26) 0.805

 Carotid artery disease 1.98 (0.91–4.36) 0.085

 Peripheral artery disease 6.86 (3.41–13.81) < 0.0001

Biological markers

 TNFR1α (per 10 log pg/ml) 1.29 (1.14–1.46) < 0.0001

 ANGPTL2 (per 10 log ng/ml) 1.29 (1.16–1.43) < 0.0001

Fig. 2  Cumulative percentage of minor amputation according to micro- or macrovascular disease. a History of microvascular disease; absence 
(dashed line), presence (black line). P Log-rank = 0.0004. Microvascular disease was defined as elevated increased urinary albumin–creatinine 
ratio and/or severe DR and/or macular edema. b History of non-peripheral macrovascular disease; Absence (dashed line), presence (black line). 
P Log-rank = 0.289. c History of PAD; absence (dashed line), presence (black line). P Log-rank < 0.0001. Non-PAD macroD non-PAD macrovascular 
disease, PAD peripheral artery disease. P Log-rank < 0.05 was considered significant

(See figure on next page.)
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number at risk 

no microangiopathy 632 598 530 404 308 228 
microangiopathy 836 738 631 455 320 228 

number at risk 

No PAD 1339 1219 1081 805 596 437 
PAD 129 107 80 54 32 19 
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number  at risk 

No non-PAD macroD 941 877  782 595  451  324
non PAD macroD 527  449  379 264  177  132
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positive association between macular edema and his-
tory of amputation, regardless of its being minor or 
major in a multicenter cross-sectional study [31]. Inter-
estingly, we as well found such an association, which 
did not resist multivariate adjustment for major ampu-
tations. Of note, results from the ADVANCE clinical 
trial confirmed the pivotal role of microvascular dis-
ease, especially diabetic retinopathy and albuminuria, 
as a predictor of severe PAD, including occurrence of 
lower limb amputation [26]. Moreover, we were able to 
show in our study that severe DR was associated with 
minor but not major amputations. The physiopathology 
of minor amputation is intuitively more related to dis-
tal arterial lesions of small vessels such as those found 
in the retina. We can also speculate that severe DR is 
associated with a greater risk of repetitive trauma of 
the foot, leading to local ulcer, that can ultimately lead 
to minor amputation. An adjustment on visual acuity, 
unfortunately unavailable in our data, could help to val-
idate this hypothesis. We were not able to find any rela-
tionship with renal disease, which is also a marker for 
micro-angiopathy, at variance with other studies. This 
was rather unexpected, as we had previously shown that 
renal function and/or urinary albumin excretion were 
associated with other macro-vascular disease-related 
outcomes such as myocardial infarction [18] or major 
adverse cardiovascular events [17]. In line with this 
comment, we found that PAD but not non-peripheral 
arterial disease (such as carotid and/or coronary artery 
diseases) was associated with amputations suggesting a 

specific role of the arterial territory leading to amputa-
tion rather than a generalized process, such as the one 
indicated by increased urinary albumin excretion.

Biomarkers and level of amputation
Another interest of our study consisted in the search for 
biomarkers associated with occurrence of minor and 
major amputation to help identify high-risk patients jus-
tifying special attention in view of avoiding amputation. 
We focused on two inflammatory biomarkers: ANGPTL2 
and TNFR1. ANGPTL2, previously associated with 
major adverse cardiovascular events, was considered as 
a marker of macrovascular disease, while TNFR1, which 
proved to be consistently associated with progression of 
diabetic kidney disease [32], was considered as a marker 
of microvascular disease.

Our findings on the deleterious role of TNFR1 for major 
amputations suggests its being pivotal in arterial disease. 
However, the mechanistic relationship between TNFR1 
and the occurrence of lower-limb amputation remains to 
be investigated. Relationship between the Tumor Necro-
sis Receptor superfamily and atherosclerosis was recently 
confirmed in a study using another member of this family, 
Osteoprotegerin [33]. Moreover, this biomarker indicated 
the level of vascular calcification and was independently 
associated with occurrence of PAD in T2D patients and 
with the clinical severity of the PAD. Our result regarding 
the association between minor amputation and elevated-
serum ANGPTL2 concentrations reinforce the hypoth-
esis that ANGPTL2, a pro-inflammatory and pro-oxidative 

Table 2  Cox multivariate analysis for the risk of minor amputation

Variables associated with minor amputation at p < 0.05 in the univariate Cox model were selected for the multivariate ‘maximal model’. The ‘final model’ was 
determined using multiple backward stepwise regression analysis applied to the ‘maximal model’. Italic data indicate p values below the statistical significance 
threshold

SBP systolic blood pressure, DBP diastolic blood pressure, PAD peripheral artery disease, uACR​ urine albumin-to-creatinine ratio
a   Missing data at baseline for 149 patients

Maximal model Final model

HR (95% CI) p value HR (95% CI) p value

Sex (ref. women) 8.29 (1.93–35.49) 0.004 10.12 (2.41–42.56) 0.0016

SBP (mmHg) 1.02 (0.99–1.04) 0.157

DBP (mmHg) 1.01 (0.97–1.05) 0.552

eGFR, ml min−1 (1.73 m)−2 1.01 (0.99–1.03) 0.331

uACR (reference < 3 mg/mmol)a 0.840

 3–30 1.36 (0.48–3.83)

 > 30 1.22 (0.38–3.92)

Severe diabetic retinopathy (vs. no) 3.50 (1.36–8.99) 0.009 2.69 (1.31–5.57) 0.0073

Macular edema (vs. no) 0.92 (0.34–2.49) 0.879

History of PAD (vs. no) 5.38 (2.43–11.91) < 0.001 4.37 (2.11–9.07) < 0.001

TNFR1 (per 10 log pg/ml) 1.11 (0.88–1.41) 0.396

ANGPTL2 (per 10 log ng/ml) 1.17 (0.95–1.46) 0.135 1.25 (1.08–1.45) 0.0025
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factor, may indeed be pivotal to the development of PAD in 
patients with T2D. This could be explained by the capac-
ity of ANGPTL2 to induce vascular damage through mac-
rophage activation, as shown in adipose tissue [34]. It has 
been suggested that altered renal function associated with 
CKD could increase ANGPTL2 levels [35]. Indeed, serum 
concentration of ANGPTL2 was no longer an independent 
risk factor of minor amputation when excluding patients 
with severe CKD, even though no association between 
eGFR and minor amputation was established. However, as 
the mechanism of ANGPTL2 clearance is still unknown, 
this remains to be validated. In addition, several others 

biomarkers have been recently described as associated with 
PAD. For instance, serum level of Fibroblast Growth factor 
23, a biomarker of atherosclerosis, was positively correlated 
with the occurrence of PAD in chinese T2D patients [36]. 
One of the major concern about amputation in diabetic 
patients is the implication of infection in pathophysiol-
ogy. Relationship between amputation and infection might 
explain the interest for the procalcitonin values. Recent 
reports established that initial procalcitonin values were 
associated with a higher level of major amputation in T2D 
patients and could help physicians to distinguish diabetic 
foot ulcer with or without severe infection [37, 38].

The main strength of this work consists in its use of a 
rather large contemporary cohort of 1468 T2D patients 
with consolidated data on baseline history of microvascular 
and macrovascular disease. We also applied an adjudica-
tion committee strategy to produce a robust identification 
of new cases of amputation, achieving a clear distinction 
between minor and major amputation during follow-up.

This study nonetheless has some limitations, particularly 
as regards the hospital-based recruitment process, which 
may over-represent high-risk patients with T2D. However, 
the incidence (≈ 5.5%) of pooled amputations was very 
similar to what was reported previously [27]. Other limi-
tations include the lack of noninvasive (including duplex 
scan) and invasive peripheral artery exploration, as well 
as scarcity of data on ABI, transcutaneous oxygen pres-
sure and toe pressure, which have been shown to be cru-
cial to diagnosis and classification of PAD. This may have 
resulted in underestimation of the number of patients with 
history of PAD at baseline. However, we selected patients 
with objective evidence of severe PAD and we can argue 
that defining PAD by absence of peripheral pulses could 
expose study to PAD overestimation and add a recruitment 
bias secondary to inter-observer sensibility during clinical 
exams. Finally, our cohort was made up largely of Cauca-
sian patients and was not relevant for ethnicities other than 
Europeans, a limitation that could influence our estimation 
of amputation occurrence in T2D patients as diabetic Afro-
American patients had a two-fold higher risk of amputa-
tion compared to white diabetic patients [39].

Conclusion
Our results suggest that microvascular disease, especially 
severe proliferative retinopathy, specifically predicted 
minor amputation. PAD remains a robust independent 

Table 3  Clinical and  biological characteristics associated 
with incidence of major amputation

Data presented here are univariate Cox proportional hazard model. Italic data 
indicate p values below the statistical significance threshold

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, 
uACR​ urinary albumin-to-creatinine ratio
a  Missing data at baseline for 149 patients

Variables HR (95% CI) p value

Male gender 5.29 (2.38–11.75) < 0.0001

Age (years) 1.03 (1.00–1.06) 0.031

BMI (kg/m2) 0.97 (0.92–1.01) 0.185

Active smoking 1.82 (0.91–3.63) 0.089

Heart rate (bpm) 0.99 (0.97–1.01) 0.643

SBP (mmHg) 1.03 (1.01–1.04) 0.0001

DBP (mmHg) 1.00 (0.98–1.03) 0.596

Diabetes duration (per year) 1.03 (1.01–1.06) 0.014

LDL-cholesterol (mmol/l) 1.24 (0.60–2.57) 0.554

HbA1c (%) 0.88 (0.72–1.07) 0.217

eGFR, ml min−1 (1.73 m)−2 0.97 (0.96–0.98) < 0.0001

Microangiopathy components

 uACR (reference < 3 mg/mmol)a < 0.0001

 3–30 mg/mmol 2.12 (0.91–4.89)

 > 30 mg/mmol 6.64 (3.11–14.20)

Severe diabetic retinopathy 2.51 (1.35–4.64) 0.003

Macular edema 2.13 (1.07–4.25) 0.032

Macroangiopathy components

 Ischemic heart disease 1.14 (0.62–2.12) 0.667

 Carotid artery disease 1.15 (0.54–2.45) 0.715

 Peripheral artery disease 12.05 (6.87–21.12) < 0.0001

Biological markers

 TNFR1α (per 10 log pg/ml) 1.37 (1.26–1.48) <0.0001

 ANGPTL2 (per 10 log ng/ml) 1.33 (1.20–1.48) < 0.0001

(See figure on next page.)
Fig. 3  Cumulative percentage of major amputation according to micro- or macrovascular disease. a History of microvascular disease; absence 
(dashed line), presence (black line). P Log-rank = 0.0003. Microvascular disease was defined as elevated increased urinary albumin–creatinine 
ratio and/or severe DR and/or macular edema. b History of non-peripheral macrovascular disease; absence (dashed line), presence (black line). P 
Log-rank = 0.595. c History of PAD; absence (dashed line), presence (black line). P Log-rank < 0.0001. PAD peripheral artery disease. p Log-rank < 0.05 
was considered significant
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number at risk 
no non-PAD 
macroD 941 871 777 590 448 322 
non-PAD macroD 527 447 379 267 179 132 

number at risk 

No PAD 1339 1218 1080 806 597 437 
PAD 129 100 76 51 30 17 
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prognostic factor for amputation regardless of the level 
of amputation in T2D patients. The other localizations 
of macrovascular disease, namely coronary artery or 
carotid artery diseases, did not influence the occurrence 
of major or minor amputation. Regarding biological 
markers, we showed a robust independent association 
of serum TNFR1 concentrations with major amputation 
in patients with T2D with or without history of ESRD. 
Serum ANGPTL2 concentrations may predict minor 
amputation but renal status could interfere with this 
interpretation. Even if their clinical usefulness remains to 
be established, our results suggest that a different under-
lying pathology could exist in patients with T2D having 
undergone major or minor amputation.

Abbreviations
ABI: ankle brachial index; ANGPTL2: Angiopoietin-like 2 protein; CKD: chronic 
kidney disease; DR: diabetic retinopathy; ESRD: end-stage renal disease; IHD: 
ischemic heart disease; PAD: peripheral arterial disease; uACR​: urinary albumin-
to-creatinine ratio; T2D: type 2 diabetes; TNFR1: TNF receptor 1.

Additional files

Additional file 1: Table S1. Patient characteristics at baseline in SURDI‑
AGENE cohort according to minor amputation, major amputation.

Additional file 2: Table S2. Cox multivariate analysis for the risk of minor 
amputation after exclusion of patients with CKD defined by eGFR< 30 ml/
min/1.73 m2 or renal replacement therapy necessity (n= 91).

Additional file 3: Table S3. Cox multivariate analysis for the risk of major 
amputation after exclusion of patients with CKD defined by eGFR< 30 ml/
min/1.73 m2 or renal replacement therapy necessity (n= 70).

Authors’ contributions
FS and SH wrote the manuscript. EG, PJS and FS analyzed the data. SH 
designed and coordinated the study. ET and NT generated biological results. 
MD, NL, KM, SR, J-BR contributed to the discussion and validated the final 
version. SH is the guarantor of the manuscript. All authors read and approved 
the final manuscript.

Author details
1 Service de Chirurgie Vasculaire, CHU de Poitiers, Rue de la Milétrie, BP577, 
86021 Poitiers, France. 2 UFR de Médecine et Pharmacie, Université de 
Poitiers, Poitiers, France. 3 Centre d’Investigation Clinique CIC1402, INSERM, 
Université de Poitiers, CHU de Poitiers, Poitiers, France. 4 CHU de Poitiers, 
Pôle Dune, Poitiers, France. 5 Department of Surgery, Faculty of Medicine, 
Montreal Heart Institute, Université de Montréal, Montreal, QC, Canada. 
6 Service d’Endocrinologie, CHU de Bordeaux, Bordeaux, France. 7 Service 
d’Endocrinologie, CHU de Poitiers, Poitiers, France. 

Acknowledgements
All patients included and followed in the cohort study are warmly thanked for 
their kind participation in this research. Their GPs are acknowledged for their 
help in collecting clinical information. Jeffrey Arsham edited the English of the 
manuscript.

Competing interests
All authors declare that they have no duality of interest associated with their 
contribution to this manuscript. The analysis and interpretation of the data 
were carried out without the participation of any of the organizations and 
companies mentioned below. FS received speaker’s fees from Bard, Boston 
Scientific, Gore, Medtronic, Terumo, Maquet-Göetingue. SH has served as a 
consultant and/or on advisory panels for Astra Zeneca/Bristol Myers Squibb, 
has received honorarium or speaking fees from Astra Zeneca/Bristol Myers 
Squibb, Abbott, Boehringer Ingelheim, Eli-Lilly, Janssen, Merck Sharpe Dome, 
Novartis, Novo Nordisk, Sanofi, Servier, Takeda and Valbiotis, has received 
research grants from Abbott and Takeda, and has received travel grants from 
Janssen, Astra Zeneca/Bristol Myers Squibb, Merck Sharpe Dome, Sanofi.

Availability of data and materials
The datasets analyzed during the current study are not publicly available due 
to consideration of intellectual property and due to many ongoing analyses 

Table 4  Cox multivariate analysis for the risk of major amputation

Variables associated with major amputation at p < 0.05 in the univariate Cox model were selected for the multivariate ‘maximal model’. The ‘final model’ was 
determined using multiple backwards stepwise regression analysis applied to the ‘maximal model’. Italic data indicate p values below the statistical significance 
threshold

SBP systolic blood pressure, uACR​ urinary albumin-to-creatinine ratio
a  Missing data at baseline for 149 patients

Maximal model Final model

HR (95% CI) p value HR (95% CI) p value

Sex (ref. women) 3.81 (1.67–8.71) 0.001 3.65 (1.62–8.23) 0.002

Age (per year) 1.02 (0.98–1.06) 0.172

SBP (mmHg) 1.01 (1.00–1.03) 0.011 1.02 (1.00–1.03) 0.004

Diabetes duration (per year) 1.00 (0.97–1.03) 0.655

eGFR, ml min−1 (1.73 m)−2 1.00 (0.98–1.03) 0.406

uACR (reference < 3 mg/mmol)a 0.471

 3–30 1.09 (0.45–2.61)

 > 30 1.66 (0.66–4.17)

Severe diabetic retinopathy (vs. no) 1.03 (0.48–2.21) 0.943

Macular edema (vs. no) 0.78 (0.32–1.92) 0.600

History of PAD (vs. no) 6.91 (3.75–12.72) < 0.0001 6.93 (3.78–12.72) < 0.0001

TNFR1 (per 10 * log pg/ml) 1.28 (1.05–1.57) 0.014 1.29 (1.18–1.42) < 0.0001

ANGPTL2 (per 10 * log ng/ml) 1.09 (0.91–1.32) 0.333

https://doi.org/10.1186/s12933-018-0725-9
https://doi.org/10.1186/s12933-018-0725-9
https://doi.org/10.1186/s12933-018-0725-9


Page 11 of 12Schneider et al. Cardiovasc Diabetol  (2018) 17:81 

by the study investigators, but may be available from the principal investigator 
on reasonable request.

Consent for publication
We have obtained consent to publish from the participant to report individual 
patient data.

Ethics approval and consent to participate
The study design was approved by the local ethics committee (CPP Ouest III), 
and written informed consent was obtained from all patients.

Funding
The SURDIAGENE cohort was supported by grants from the French Ministry of 
Health (PHRC-Poitiers 2004; PHRC-IR 2008), Association Française des Diabé‑
tiques (Research Grant 2003), Groupement pour l’Etude des Maladies Métabo‑
liques et Systémiques (GEMMS Poitiers, France). ANGPTL2 measurements at 
the Montreal Heart Institute were supported by the Canadian Institutes of 
Health Research (MOP 133649 and 14496) and the Foundation of the Montreal 
Heart Institute. EKF supported the determination of sTNFR1, gently providing 
ELISA kits for determinations.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 17 March 2018   Accepted: 26 May 2018

References
	1.	 Seshasai SRK, Kaptoge S, Thompson A, Di Angelantonio E, Gao P, Sarwar 

N, et al. Diabetes mellitus, fasting glucose, and risk of cause-specific 
death. N Engl J Med. 2011;364(9):829–41.

	2.	 Fowkes FGR, Rudan D, Rudan I, Aboyans V, Denenberg JO, McDermott 
MM, et al. Comparison of global estimates of prevalence and risk factors 
for peripheral artery disease in 2000 and 2010: a systematic review and 
analysis. Lancet. 2013;382(9901):1329–40.

	3.	 Aboyans V, Ricco J-B, Bartelink M-LEL, Björck M, Brodmann M, Cohnert 
T, et al. ESC Guidelines on the Diagnosis and Treatment of Peripheral 
Arterial Diseases, in collaboration with the European Society for Vascular 
Surgery (ESVS) Document covering atherosclerotic disease of extracra‑
nial carotid and vertebral, mesenteric, renal, upper and lower extremity 
arteries Endorsed by: the European Stroke Organization (ESO) The Task 
Force for the Diagnosis and Treatment of Peripheral Arterial Diseases of 
the European Society of Cardiology (ESC) and of the European Society for 
Vascular Surgery (ESVS). Eur Heart J. 2017;2017(39):763–816.

	4.	 Selvin E, Erlinger TP. Prevalence of and risk factors for peripheral arterial 
disease in the United States: results from the National Health and Nutri‑
tion Examination Survey, 1999–2000. Circulation. 2004;110(6):738–43.

	5.	 Jude EB, Oyibo SO, Chalmers N, Boulton AJ. Peripheral arterial disease 
in diabetic and nondiabetic patients: a comparison of severity and out‑
come. Diabetes Care. 2001;24(8):1433–7.

	6.	 Norman PE, Davis WA, Bruce DG, Davis TME. Peripheral arterial disease 
and risk of cardiac death in type 2 diabetes: the Fremantle Diabetes 
Study. Diabetes Care. 2006;29(3):575–80.

	7.	 Jones WS, Patel MR, Dai D, Vemulapalli S, Subherwal S, Stafford J, et al. 
High mortality risks after major lower extremity amputation in medicare 
patients with peripheral artery disease. Am Heart J. 2013;165(5):809–+.

	8.	 American Diabetes Association. Diagnosis and classification of diabetes 
mellitus. Diabetes Care. 2011;34(Suppl 1):S62–9.

	9.	 Martins-Mendes D, Monteiro-Soares M, Boyko EJ, Ribeiro M, Barata P, 
Lima J, et al. The independent contribution of diabetic foot ulcer on 
lower extremity amputation and mortality risk. J Diabetes Complications. 
2014;28(5):632–8.

	10.	 Mohammedi K, Woodward M, Zoungas S, Li Q, Harrap S, Patel A, et al. 
Absence of peripheral pulses and risk of major vascular outcomes in 
patients with type 2 diabetes. Diabetes Care. 2016;39(12):2270–7.

	11.	 Abbott JD, Lombardero MS, Barsness GW, Pena-Sing I, Buitrón LV, Singh 
P, et al. Ankle–brachial index and cardiovascular outcomes in the bypass 

angioplasty revascularization investigation 2 diabetes trial. Am Heart J. 
2012;164(4):585–590.e4.

	12.	 van der Feen C, Neijens FS, Kanters SDJM, Mali WPTM, Stolk RP, Banga JD. 
Angiographic distribution of lower extremity atherosclerosis in patients 
with and without diabetes. Diabet Med. 2002;19(5):366–70.

	13.	 Gregg EW, Li Y, Wang J, Burrows NR, Ali MK, Rolka D, et al. Changes in 
diabetes-related complications in the United States, 1990–2010. N Engl J 
Med. 2014;370(16):1514–23.

	14.	 Schöttker B, Herder C, Rothenbacher D, Roden M, Kolb H, Müller H, et al. 
Proinflammatory cytokines, adiponectin, and increased risk of primary 
cardiovascular events in diabetic patients with or without renal dysfunc‑
tion: results from the ESTHER study. Diabetes Care. 2013;36(6):1703–11.

	15.	 Nguyen DV, Shaw LC, Grant MB. Inflammation in the pathogenesis of 
microvascular complications in diabetes. Front Endocrinol. 2012;3:170.

	16.	 Baker NL, Hunt KJ, Stevens DR, Jarai G, Rosen GD, Klein RL, et al. Associa‑
tion between inflammatory markers and progression to kidney dysfunc‑
tion: examining different assessment windows in patients with type 1 
diabetes. Diabetes Care. 2018;41(1):128–35.

	17.	 Gellen B, Thorin-Trescases N, Sosner P, Gand E, Saulnier P-J, Ragot S, et al. 
ANGPTL2 is associated with an increased risk of cardiovascular events 
and death in diabetic patients. Diabetologia. 2016;59(11):2321–30.

	18.	 Hadjadj S, Fumeron F, Roussel R, Saulnier P-J, Gallois Y, Ankotche A, et al. 
Prognostic value of the insertion/deletion polymorphism of the ACE 
gene in type 2 diabetic subjects: results from the Non-Insulin-Dependent 
Diabetes, Hypertension, Microalbuminuria or Proteinuria, Cardiovascular 
Events, and Ramipril (DIABHYCAR), Diabete de type 2, Nephropathie et 
Genetique (DIAB2NEPHROGENE), and Survie, Diabete de type 2 et Genet‑
ique (SURDIAGENE) studies. Diabetes Care. 2008;31(9):1847–52.

	19.	 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, Feldman HI, et al. 
A new equation to estimate glomerular filtration rate. Ann Intern Med. 
2009;150(9):604–12.

	20.	 Hayes AJ, Leal J, Gray AM, Holman RR, Clarke PM. UKPDS outcomes 
model 2: a new version of a model to simulate lifetime health outcomes 
of patients with type 2 diabetes mellitus using data from the 30 year 
United Kingdom Prospective Diabetes Study: UKPDS 82. Diabetologia. 
2013;56(9):1925–33.

	21.	 Kaminski MR, Raspovic A, McMahon LP, Lambert KA, Erbas B, Mount 
PF, et al. Factors associated with foot ulceration and amputation in 
adults on dialysis: a cross-sectional observational study. BMC Nephrol. 
2017;18(1):293.

	22.	 Vogel TR, Petroski GF, Kruse RL. Impact of amputation level and comor‑
bidities on functional status of nursing home residents after lower 
extremity amputation. J Vasc Surg. 2014;59(5):1323–1330.e1.

	23.	 Venkataraman K, Fong NP, Chan KM, Tan BY, Menon E, Ee CH, et al. 
Rehabilitation outcomes after inpatient rehabilitation for lower extrem‑
ity amputations in patients with diabetes. Arch Phys Med Rehabil. 
2016;97(9):1473–80.

	24.	 Gurney JK, Stanley J, York S, Rosenbaum D, Sarfati D. Risk of lower limb 
amputation in a national prevalent cohort of patients with diabetes. 
Diabetologia. 2017;61:626–35.

	25.	 Hippisley-Cox J, Coupland C. Development and validation of risk predic‑
tion equations to estimate future risk of blindness and lower limb ampu‑
tation in patients with diabetes: cohort study. BMJ. 2015;11(351):h5441.

	26.	 Mohammedi K, Woodward M, Hirakawa Y, Zoungas S, Williams B, Lisheng 
L, et al. Microvascular and macrovascular disease and risk for major 
peripheral arterial disease in patients with type 2 diabetes. Diabetes Care. 
2016;39(10):1796–803.

	27.	 Lehto S, Rönnemaa T, Pyörälä K, Laakso M. Risk factors predicting 
lower extremity amputations in patients with NIDDM. Diabetes Care. 
1996;19(6):607–12.

	28.	 Kostev K, Rathmann W. Diabetic retinopathy at diagnosis of type 2 diabe‑
tes in the UK: a database analysis. Diabetologia. 2013;56(1):109–11.

	29.	 Hak AE, Witteman JCM, de Jong FH, Geerlings MI, Hofman A, Pols HAP. 
Low levels of endogenous androgens increase the risk of atheroscle‑
rosis in elderly men: the Rotterdam study. J Clin Endocrinol Metab. 
2002;87(8):3632–9.

	30.	 Kramer CK, Rodrigues TC, Canani LH, Gross JL, Azevedo MJ. Diabetic retin‑
opathy predicts all-cause mortality and cardiovascular events in both 
type 1 and 2 diabetes: meta-analysis of observational studies. Diabetes 
Care. 2011;34(5):1238–44.



Page 12 of 12Schneider et al. Cardiovasc Diabetol  (2018) 17:81 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	31.	 Leveziel N, Ragot S, Gand E, Lichtwitz O, Halimi JM, Gozlan J, et al. 
Association between diabetic macular edema and cardiovascular events 
in type 2 diabetes patients: a multicenter observational study. Medicine 
(Baltimore). 2015;94(33):e1220.

	32.	 Saulnier P-J, Gand E, Ragot S, Ducrocq G, Halimi J-M, Hulin-Delmotte C, 
et al. Association of serum concentration of TNFR1 with all-cause mortal‑
ity in patients with type 2 diabetes and chronic kidney disease: follow-up 
of the SURDIAGENE Cohort. Diabetes Care. 2014;37(5):1425–31.

	33.	 Giovannini S, Tinelli G, Biscetti F, Straface G, Angelini F, Pitocco D, et al. 
Serum high mobility group box-1 and osteoprotegerin levels are associ‑
ated with peripheral arterial disease and critical limb ischemia in type 2 
diabetic subjects. Cardiovasc Diabetol. 2017;16(1):99.

	34.	 Tabata M, Kadomatsu T, Fukuhara S, Miyata K, Ito Y, Endo M, et al. 
Angiopoietin-like protein 2 promotes chronic adipose tissue inflam‑
mation and obesity-related systemic insulin resistance. Cell Metab. 
2009;10(3):178–88.

	35.	 Usui T, Ninomiya T, Nagata M, Takahashi O, Doi Y, Hata J, et al. Angiopoi‑
etin-like protein 2 is associated with chronic kidney disease in a general 
Japanese population: the Hisayama Study. Circ J. 2013;77(9):2311–7.

	36.	 He X, Hu X, Ma X, Su H, Ying L, Peng J, et al. Elevated serum fibroblast 
growth factor 23 levels as an indicator of lower extremity atherosclerotic 
disease in Chinese patients with type 2 diabetes mellitus. Cardiovasc 
Diabetol. 2017;16(1):77.

	37.	 Reiner MM, Khoury WE, Canales MB, Chmielewski RA, Patel K, Razzante 
MC, et al. Procalcitonin as a Biomarker for Predicting Amputation Level in 
Lower Extremity Infections. J Foot Ankle Surg Off Publ Am Coll Foot Ankle 
Surg. 2017;56(3):484–91.

	38.	 Velissaris D, Pantzaris N-D, Platanaki C, Antonopoulou N, Gogos C. Procal‑
citonin as a diagnostic and prognostic marker in diabetic foot infection. A 
current literature review. Romanian J Intern Med Rev Roum. Med Interne. 
2018;56(1):3–8.

	39.	 Goldberg JB, Goodney PP, Cronenwett JL, Baker F. The effect of risk and 
race on lower extremity amputations among Medicare diabetic patients. 
J Vasc Surg. 2012;56(6):1663–8.


	Influence of micro- and macro-vascular disease and Tumor Necrosis Factor Receptor 1 on the level of lower-extremity amputation in patients with type 2 diabetes
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Demographics and clinical variables
	Biological determinations
	Study outcomes
	Statistical analysis

	Results
	Minor amputation
	Major amputation
	Sensitivity analysis

	Discussion
	Predicted risk of level of amputation
	Macrovascular disease and level of amputation
	Microvascular disease and level of amputation
	Biomarkers and level of amputation

	Conclusion
	Authors’ contributions
	References




