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Abstract
Background
Lower-extremity endovascular revascularization (LER) is often required for diabetic patients with chronic limb threatening ischemia (CLTI). During the post-revascularization period patients may unpredictably experience major adverse cardiac events (MACE) and major adverse limb events (MALE). Several families of cytokines are involved in the inflammatory process that underlies the progression of atherosclerosis. According to current evidence, we have identified a panel of possible biomarkers related with the risk of developing MACE and MALE after LER. The aim was to study the relationship between a panel of biomarkers - Interleukin-1 (IL-1) and 6 (IL-6), C-Reactive Protein (CRP), Tumor Necrosis Factor-α (TNF-α), High-Mobility Group Box-1 (HMGB-1), Osteoprotegerin (OPG), Sortilin and Omentin-1- at baseline, with cardiovascular outcomes (MACE and MALE) after LER in diabetic patients with CLTI.

Methods
In this prospective non-randomized study, 264 diabetic patients with CLTI undergoing endovascular revascularization were enrolled. Serum levels of each biomarker were collected before revascularization and outcomes’ incidence was evaluated after 1, 3, 6 and 12 months.

Results
During the follow-up period, 42 cases of MACE and 81 cases of MALE occurred. There was a linear association for each biomarker at baseline and incident MACE and MALE, except Omentin-1 levels that were inversely related to the presence of MACE or MALE. After adjusting for traditional cardiovascular risk factors, the association between each biomarker baseline level and outcomes remained significant in multivariable analysis. Receiver operating characteristics (ROC) models were constructed using traditional clinical and laboratory risk factors and the inclusion of biomarkers significantly improved the prediction of incident events.

Conclusions
Elevated IL-1, IL-6, CRP, TNF-α, HMGB-1, OPG and Sortilin levels and low Omentin-1 levels at baseline correlate with worse vascular outcomes in diabetic patients with CLTI undergoing LER. Assessment of the inflammatory state with this panel of biomarkers may support physicians to identify a subset of patients more susceptible to the procedure failure and to develop cardiovascular adverse events after LER.
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Background
Peripheral artery disease (PAD) is a frequent complication of type 2 diabetes mellitus (T2DM) [1]. One of its most dangerous manifestations is chronic limb threatening ischemia (CLTI), characterized by ischemic rest pain, tissue loss and/or gangrene [2]. Lower-extremity endovascular revascularization (LER) is often required to avoid limb loss and acute limb ischemia [3, 4]. However, neither LER nor open surgical revascularization guarantee short and/or long-term success in all patients [5]. Despite best clinical efforts to control risk factors, clinical outcomes after LER revascularization have a significant heterogeneity based on technique and anatomical disease location in patients with similar subset of medical comorbidities [6–8]. Furthermore, there is extensive clinical evidence of the unpredictably of major adverse cardiac events (MACE) and major adverse limb events (MALE) in diabetic and non-diabetic patients undergoing LER [6, 7, 9] suggesting the possibility of alternative mechanistic pathways as key determinants of clinical outcomes after LER beyond traditional atherosclerotic risk factors.
Scientific evidence has shown that an inflammatory process underlies the progression of atherosclerosis [10–12]. Several families of cytokines are involved in this inflammatory state [10–12]. We hypothesized that patients with an activation of the systemic inflammatory cascade and reduction of endogenous anti-inflammatory mechanisms have worse outcomes. According to current evidence, we have identified a panel of biomarkers that in a more sensitive and specific way could be correlated with the risk of developing MACE and MALE in diabetic patients with CLTI after LER. Interleukin (IL)-1 is a potent pro-inflammatory cytokine which is involved in the atherosclerotic process [13]. It has also been studied as a therapeutic target [14]. High levels of IL-6, C-Reactive Protein (CRP), Tumor Necrosis Factor (TNF)-α contribute with the plaque formation. In our previous studies, we found a relationship between them and PAD complications [7, 12, 15–20]. High-Mobility Group Box-1 (HMGB-1) plays a role in inflammation, angiogenesis and tissue regeneration [21, 22]. We recently demonstrated an association between baseline serum HMGB-1 levels with the outcomes in diabetic PAD patients with CLTI [23]. Osteoprotegerin (OPG) is involved in vascular calcification and plaque stability [18, 24, 25]. Sortilin is a protein that play a role in apolipoproteins trafficking and in the formation of foam cells [26–28]. Omentin-1 is an adipokine with anti-inflammatory properties [29]. We recently demonstrated that its levels are inversely related with the presence of PAD and worse outcomes in diabetic patients [30, 31].
The aim of this study is to assess the relationship between the baseline levels of these biomarkers and the outcomes after LER, in particular MACE and MALE, in diabetic patients with CLTI undergoing revascularization.

Methods
Study design
This study was approved by the Ethics Committee of the Fondazione Policlinico Universitario A. Gemelli Istituto di Ricovero e Cura a Carattere Scientifico (IRCCS) and adhered to the principles of the Declaration of Helsinki. All the individuals agreed to participate in the study and gave informed consent. This clinical protocol was designed as a prospective non-randomized study to verify the relationship between the serum levels of a panel of biomarkers (IL-1, IL-6, CRP, TNF-α, HMGB-1, OPG, Sortilin and Omentin-1) and the incidence of MACE and MALE after LER performed in diabetic patients with CLTI.

Study population and clinical assessment
We evaluated consecutive patients with diabetes and CLTI admitted to the Department of Cardiovascular Internal Medicine at Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy, from December 1, 2019 to January 31, 2022. At the recruitment visit, clinical, laboratory, ultrasound and radiological data of the patients were collected. The diagnosis of CLTI of at least one limb, category 4, 5 or 6 of PAD in accordance with the Rutherford classification [32], and the indication to LER was confirmed according to the diagnostic criteria accepted by international guidelines [33]. Exclusion criteria were inability or refusal to sign informed consent for study inclusion, age under 18, LER or previous lower limb bypass surgery within the past 3 months, diabetic peripheral neuropathy, systemic steroid use or a prior history of use in the previous month, pregnancy, renal disease with estimated glomerular filtration rate (eGFR) < 30 ml/min, active cancer, life expectancy < 12 months, known liver disease with a functional status of B or above according to the Child–Pugh classification, congenital or acquire thrombophilia, active autoimmune disease, need for ongoing oral anticoagulant therapy, anemia severe requiring blood transfusion, inability or impossibility to undergo periodic follow-up and to adhere to therapy, active acute infectious disease or in the two weeks preceding LER, diabetic foot ulcers with sign of infection or osteomyelitis, failure of the procedure. Overall, 264 were enrolled and followed for the entire duration of the study. For all patients, additional clinical data was collected, including age, body mass index (BMI), history of cardiovascular diseases (CAD), cerebrovascular disease (CVD), hypertension, hypercholesterolemia, smoking status, renal failure. For all patients, the lipid profile was evaluated.
All patients were taking lipid-lowering therapy to achieve a low-density lipoprotein cholesterol (LDL-C) target of less than 55 mg/dL.
At the time of enrollment all patients were on a single antiplatelet drug, and after LER they took dual antiplatelet therapy (aspirin and clopidogrel) for 1 month.

Revascularization treatment and follow‑up
Balloon angioplasty and, if indicated, arterial stenting were performed according to standard techniques [34]. The procedure was considered successful if the residual arterial stenosis was less than 30% [35]. We excluded from follow-up 13 (4.69%) of 277 originally included patients due to primary treatment failure after revascularization. No major complications, defined according to the definitions of the Society of Interventional Radiology [35], were observed.
For the follow-up, patients were evaluated 1, 3, 6 and 12 months after the LER to assess incidence of MACE and MALE. MACE was defined as composite of myocardial infarction, stroke and cardiovascular death [36]. MALE was defined as composite of acute limb ischemia, major vascular amputations, limb-threatening ischemia leading to urgent revascularization [7, 36].

Blood sampling procedures and biochemical assays
Blood sampling of patients was performed at baseline, before LER, after an overnight fast. Fasting glucose (FBG), serum creatinine, total cholesterol, LDL-C, triglycerides, and glycated hemoglobin (HbA1c), were determined. Renal function was calculated using eGFR, according to the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula [37]. Serum was prepared by centrifugation of blood samples, which was stored at − 80 °C until assayed. Serum levels of IL-1, IL-6, TNF-α, CRP, HMGB-1, OPG, Sortilin and Omentin-1 levels were determined by commercially available ELISA kits (MBS012415 for IL-1, EH0201 for IL-6, EH0302 for TNF-α, EH0099 for CRP, EH0884 for HMGB-1, EH0247 for OPG, EH15347 for Sortilin, MBS167112 for Omentin-1; Aurogene) according to their protocols. The intra- and inter-assay coefficients of variation were 3.5 and 10.5%, respectively. The sensitivity, defined as the mean ± 3 SD of the 0 standard, was calculated to be 0.15 pmol/mL. For each patient, the serum levels were measured twice, and the results were averaged.

Statistical analysis
Based on the previous data, we assumed an effect size of 0.20. To have a power (1 – β) of 90% and considering an α error of 5% (0.05), a total of at least 255 patients were required. Data were summarized as means (standard deviations, SDs) for continuous variables and counts (percentages) for categorical variables. Demographic and clinical data of the population were compared using chi-square and t-test. We assessed the association between each biomarker and the risk of developing MALE and MACE by means of logistic regression models in which the outcome of interest was entered as the dependent variable and each biomarker was entered as a continuous independent variable. We assessed whether knowledge of the biomarker values would lead to improved prognostic prediction regarding the outcomes of interest by constructing receiver operating characteristic (ROC) curves for a model including only traditional risk factors (age, sex, BMI, high blood pressure, diabetes duration, smoking status, Rutherford staging, previous cardiovascular and cerebrovascular events, treatment, total cholesterol, LDL-C, triglycerides, FBG, HbA1c) and for a model including all the aforementioned risk factors plus all biomarkers as continuous variables. We then compared the areas under the ROC curves using the roccomp function in Stata software; this function tests the equality of two ROC areas obtained by applying two or more test modalities to the same sample or to independent samples. All statistical analyses were performed separately for each of the two outcomes of interest.
Statistical significance was established at p < 0.05. All analyses were performed with Stata software version 17.0 for MacOS (Statistics/Data Analysis, Stata Corporation, College Station, TX, USA) and SPSS version 25.0 for MacOS (IBM Corporation, Armonk, NY, USA).


Results
Demographic and clinical characteristics
A population of 264 diabetic patients with CLTI was enrolled and followed up for the entire duration of the study. The mean age of patients was 73.4 ± 8.8 years. Of these, 171 (64.8%) were males. The median duration of T2DM was 16.2 ± 13.7 years. The mean BMI was 26.4 ± 5.0 kg/m2. Comprehensively, we included 63 (23.8%) smokers and 120 (45.5%) former smokers. Among all patients, 204 (77.3%) had arterial hypertension, 243 (92.0%) had hypercholesterolemia, 117 (44.3%) had history of CAD and 99 (37.5%) patients had history of CVD. LDL-C (71.4 ± 28.5 mg/dL) and HbA1c (7.1 ± 1.2%) were only slightly above target according to guidelines in force at the time of recruitment [38]. Taking into account the characteristics of the PAD, the Rutherford staging included 54 (20.4%) category 3 patients, 108 (40.9%) category 5 patients and 42 (15.9%) category 6 patients. The mean baseline levels of IL-1 were 77.4 ± 18.8 pg/mL, of IL6 were 56.3 ± 25.7 pg/mL, of CRP were 21.3 ± 18.0 mg/L, of TNF-α were 45.3 ± 20.8 pg/mL, of OPG were 509.9 ± 182.1 pg/mL, of HMGB-1 were 591.2 ± 197.4 pg/mL, of Omentin-1 were 28.0 ± 11.3ng/mL and of Sortilin were 1.6 ± 0.5 ng/mL. Complete clinical characteristics are shown in Table 1.
Table 1Demographic characteristics of the study cohort at baseline


	Number of patients
	264

	Men/female, n
	171:93

	Age, years ± SD
	73.4 ± 8.8

	Diabetes duration, years ± SD
	16.2 ± 13.7

	BMI, Kg/m2 ± SD
	26.4 ± 5.0

	Smoking (current), n (%)
	63 (23.8)

	Smoking (former), n (%)
	120 (45.5)

	Hypertension, n (%)
	204 (77.3)

	Hypercholesterolemia, n (%)
	243 (92.0)

	CAD, n (%)
	117 (44.3)

	CVD, n (%)
	99 (37.5)

	Rutherford II-4, n (%)
	54 (20.4)

	Rutherford III-5, n (%)
	108 (40.9)

	Rutherford III-6, n (%)
	42 (15.9)

	HbA1c, % ± SD
	7.1 ± 1.2

	FBG, mg/dL ± SD
	132.8 ± 54.5

	Total cholesterol, mg/dL ± SD
	134.5 ± 34.8

	LDL cholesterol, mg/dL ± SD
	71.4 ± 28.5

	HDL cholesterol, mg/dL ± SD
	38.3 ± 11.9

	Triglycerides, mg/dL ± SD
	119.3 ± 63.5

	Creatinine, mg/dL ± SD
	1.8 ± 1.8

	IL1, pg/mL ± SD
	77.4 ± 18.8

	IL6, pg/mL ± SD
	56.3 ± 25.7

	CRP, mg/L ± SD
	21.3 ± 18.0

	TNFα, pg/mL ± SD
	45.3 ± 20.8

	OPG pg/mL ± SD
	509.9 ± 182.1

	HMGB1, pg/mL ± SD
	591.2 ± 197.4

	Omentin1, ng/mL ± SD
	28.0 ± 11.3

	Sortilin, ng/mL ± SD
	1.6 ± 0.5


Data are reported as means (standard deviation) for continuous variables and numbers (percentages) for categorical variables. BMI, body mass index; CAD, coronary artery disease; CVD, cerebrovascular disease; FBG, fasting blood glucose; eGFR, estimated glomerular filtration rate




Biomarkers values and risk of MACE at 12 months
During the 12-month follow-up period, 42 (15.9%) patients experienced MACE after LER. Patients with MACE had diabetes for longer duration (25.6 ± 14.2 years vs. 14.4 ± 12.9 years, p < 0.01), higher BMI (29.9 ± 6.4 Kg/m2vs. 25.8 ± 4.4 Kg/m2, p < 0.01), already history of CAD (85.7% vs. 36.5%, p < 0.01) and of hypercholesterolemia (204 vs. 39 patients, p = 0.04), higher creatinine serum levels (2.7 ± 2.2 mg/dL vs. 1.6 ± 1.7 mg/dL, p < 0.01), compared to patients without MACE. There were no differences between patients with MACE and without MACE in LDL-C and HbA1c levels. Complete clinical data from patients with MACE and without MACE are shown in Supplementary Table 1. Considering baseline biomarkers levels, patients with MACE had higher baseline serum levels, except Omentin-1 levels that were lower in patients with MACE compared with patients without MACE (Fig. 1).
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Fig. 1Cytokines levels in patients with and without MACE
Baseline biomarkers levels according to MACE. On the violin plots, central line represents the median, upper line represents the upper interquartile range (IQR) and the lower line represents the lower IQR. **** = p < 0.0001


The multivariate logistic regression analysis showed that, after adjustments for the cardiovascular risk factors age, male sex, BMI, having been a smoker, hypertension, CAD, CVD, LDL-C, FBG, HbA1c, IL-6, CRP and OPG levels were independent determinant for MACE after LER in diabetic patients with CLTI (p < 0.01) (Table 2).
Table 2Multivariable logistic regression for MACE


	 	Coef.
	St.Err.
	t-value
	p-value
	[95% Conf
	Interval]
	Sig

	Male sex
	-0.062
	0.042
	-1.46
	0.147
	-0.145
	0.022
	 
	Age
	0.002
	0.002
	0.89
	0.375
	-0.002
	0.006
	 
	Diabetes duration
	0.001
	0.002
	0.63
	0.532
	-0.002
	0.004
	 
	BMI
	0.009
	0.004
	2.31
	0.022
	0.001
	0.016
	*

	Smoking (current)
	0.007
	0.058
	0.12
	0.905
	-0.107
	0.121
	 
	Smoking (former)
	-0.142
	0.045
	-3.17
	0.002
	-0.229
	-0.054
	**

	Hypertension
	0.046
	0.047
	0.97
	0.332
	-0.047
	0.139
	 
	Hypercholesterolemia
	0.215
	0.070
	3.05
	0.003
	0.076
	0.354
	**

	CAD
	0.103
	0.038
	2.69
	0.008
	0.027
	0.178
	**

	CVD
	-0.031
	0.041
	-0.75
	0.455
	-0.111
	0.050
	 
	Rutherford II-4
	0.103
	0.053
	1.96
	0.052
	-0.001
	0.207
	 
	Rutherford III-5
	0.166
	0.048
	3.50
	0.001
	0.072
	0.260
	**

	Rutherford III-6
	0.190
	0.069
	2.76
	0.006
	0.054
	0.326
	**

	HbA1c
	-0.078
	0.023
	-3.46
	0.001
	-0.123
	-0.033
	**

	FBG
	0.000
	0.000
	1.18
	0.239
	0.000
	0.001
	 
	Total cholesterol
	0.000
	0.003
	0.06
	0.956
	-0.005
	0.005
	 
	LDL cholesterol
	0.002
	0.003
	0.67
	0.503
	-0.003
	0.007
	 
	HDL cholesterol
	-0.004
	0.003
	-1.30
	0.195
	-0.011
	0.002
	 
	Triglycerides
	-0.001
	0.001
	-2.08
	0.039
	-0.002
	0.000
	*

	Creatinine
	0.028
	0.009
	3.00
	0.003
	0.010
	0.046
	**

	IL1
	0.001
	0.001
	0.91
	0.362
	-0.001
	0.004
	 
	IL6
	0.005
	0.001
	3.38
	0.001
	0.002
	0.007
	**

	CRP
	-0.007
	0.002
	-3.88
	0.000
	-0.010
	-0.003
	**

	TNFα
	0.001
	0.001
	0.78
	0.434
	-0.002
	0.004
	 
	OPG
	0.001
	0.000
	5.89
	0.000
	0.001
	0.001
	**

	HMGB1
	0.000
	0.000
	1.48
	0.139
	0.000
	0.001
	 
	Omentin1
	0.001
	0.002
	0.41
	0.679
	-0.004
	0.006
	 
	Sortilin
	-0.050
	0.047
	-1.07
	0.286
	-0.143
	0.042
	 
	Constant
	-0.819
	0.326
	-2.51
	0.013
	-1.462
	-0.175
	*

	Mean dependent var
	0.149
	SD dependent var
	0.357
	 
	R-squared
	0.679
	Number of obs
	222.000
	 
	 F-test
	14.551
	Prob > F
	0.000
	 
	Akaike crit. (AIC)
	-22.848
	Bayesian crit. (BIC)
	75.829
	 

** p < 0.01, * p < 0.05




Biomarkers values and risk of MALE at 12 months
During the 12-month follow-up period, 81 (30.7%) patients experienced MALE after LER. Patients with MALE were younger (p < 0.01), had more history of hypercholesterolemia (p < 0.01), of CAD (p < 0.01) and of CVD (p = 0.02), and had lower HDL-C levels than patients who did not have MALE (p < 0.01). Furthermore, Rutherford category 4 was more represented in patients undergoing MALE (p = 0.01). There were no differences between patients with MALE and without MALE in terms of diabetes duration (p = 0.67), BMI (p = 0.14), history of high blood pressure (p = 0.41), glycated hemoglobin levels (p = 0.13), LDL-C levels (p = 0.20), Rutherford category 5 (p = 0.97) and category 6 (p = 0.44), and creatinine (p = 0.59). Complete clinical data from patients with MALE and without MALE are shown in Supplementary Table 2. Considering baseline biomarkers levels, patients with MALE had higher baseline serum levels, except Omentin-1 levels that were lower in patients with MALE compared with patients without MALE (Fig. 2).
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Fig. 2Cytokines levels in patients with and without MALE
Baseline biomarkers levels according to MALE. On the violin plots, central line represents the median, upper line represents the upper interquartile range (IQR) and the lower line represents the lower IQR. **** = p < 0.0001, * = p < 0.05


The multivariate logistic regression analysis showed that, after adjustments for the cardiovascular risk factors, age, Rutherford stages II-4 and III-6, HbA1c, total cholesterol, CRP, OPG, HMGB-1, and Omentin-1 were independent determinant for MALE after LER in diabetic patients with CLTI (p < 0.01) (Table 3).
Table 3Multivariable logistic regression for MALE


	 	Coef.
	St.Err.
	t-value
	p-value
	[95% Conf
	Interval]
	Sig

	Male sex
	-0.034
	0.056
	-0.60
	0.551
	-0.145
	0.078
	 
	Age
	-0.011
	0.003
	-3.91
	0.000
	-0.017
	-0.006
	**

	Diabetes duration
	0.002
	0.002
	0.84
	0.402
	-0.002
	0.006
	 
	BMI
	0.005
	0.005
	0.94
	0.347
	-0.005
	0.014
	 
	Smoking (current)
	0.037
	0.077
	0.49
	0.626
	-0.114
	0.189
	 
	Smoking (former)
	-0.029
	0.059
	-0.48
	0.631
	-0.145
	0.088
	 
	Hypertension
	-0.041
	0.063
	-0.65
	0.517
	-0.164
	0.083
	 
	Hypercholesterolemia
	0.072
	0.094
	0.77
	0.444
	-0.113
	0.256
	 
	CAD
	0.105
	0.051
	2.07
	0.040
	0.005
	0.205
	*

	CVD
	0.028
	0.054
	0.52
	0.601
	-0.079
	0.135
	 
	Rutherford II-4
	-0.157
	0.070
	-2.25
	0.025
	-0.295
	-0.020
	*

	Rutherford III-5
	-0.021
	0.063
	-0.33
	0.740
	-0.146
	0.104
	 
	Rutherford III-6
	-0.422
	0.091
	-4.62
	0.000
	-0.602
	-0.242
	**

	HbA1c
	0.097
	0.030
	3.25
	0.001
	0.038
	0.157
	**

	FBG
	-0.001
	0.001
	-1.61
	0.108
	-0.002
	0.000
	 
	Total cholesterol
	-0.008
	0.004
	-2.35
	0.020
	-0.015
	-0.001
	*

	LDL cholesterol
	0.006
	0.003
	1.72
	0.088
	-0.001
	0.013
	 
	HDL cholesterol
	0.005
	0.004
	1.20
	0.232
	-0.003
	0.014
	 
	Triglycerides
	0.001
	0.001
	0.83
	0.408
	-0.001
	0.002
	 
	Creatinine
	-0.013
	0.012
	-1.01
	0.312
	-0.037
	0.012
	 
	IL1
	-0.002
	0.002
	-0.84
	0.401
	-0.005
	0.002
	 
	IL6
	0.001
	0.002
	0.59
	0.557
	-0.002
	0.005
	 
	CRP
	0.010
	0.002
	4.16
	0.000
	0.005
	0.014
	**

	TNFα
	0.001
	0.002
	0.34
	0.731
	-0.003
	0.004
	 
	OPG
	-0.001
	0.000
	-5.25
	0.000
	-0.002
	-0.001
	**

	HMGB1
	0.001
	0.000
	4.22
	0.000
	0.000
	0.001
	**

	Omentin1
	-0.011
	0.003
	-3.45
	0.001
	-0.017
	-0.005
	**

	Sortilin
	0.055
	0.062
	0.88
	0.381
	-0.068
	0.178
	 
	Constant
	1.042
	0.433
	2.41
	0.017
	0.188
	1.897
	*

	Mean dependent var
	0.270
	SD dependent var
	0.445
	 
	R-squared
	0.636
	Number of obs
	222.000
	 
	 F-test
	12.034
	Prob > F
	0.000
	 
	Akaike crit. (AIC)
	103.365
	Bayesian crit. (BIC)
	202.042
	 

** p < 0.01, * p < 0.05




Improvement in the Prediction of Cardiovascular Events After Adding the panel of biomarkers to Established Clinical and Laboratory Risk Factors
The baseline ROC model included age, sex, BMI, high blood pressure, diabetes duration, smoking status, Rutherford staging, previous cardiovascular and cerebrovascular events, treatment, total cholesterol, LDL-C, triglycerides, FBG, and HbA1c. The comparison of ROC curves between the baseline model with only clinical and laboratory risk factors and the model including our panel of biomarkers is reported in Fig. 3A for MACE and Fig. 3B for MALE. In both cases, including the biomarker panel significantly improved the prediction of incident events: for MACE, the area under the ROC curve was 0.73 [95% confidence interval (CI) 0.67, 0.79] for the baseline model and 0.98 (95% CI 0.95, 0.99, p < 0.01) for the model with cytokines. For MALE, the area under the ROC curve was 0.76 (95% CI 0.71, 0.81) for the baseline model and 0.94 (95% CI 0.91, 0.98, p < 0.01) for the model with cytokines.
[image: ]
Fig. 3 A. ROC for MACE B. ROC for MALE
Receiver operating characteristic (ROC) curves comparing the performance of a model without (Model 1) and with (Model 2) biomarkers in predicting MACE (A) and MALE (B). The true-positive rate (sensitivity) is plotted as a function of the false-positive rate (1 - Specificity). p < 0.01




Discussion
Diabetic patients with CLTI undergoing LER have a very high risk of MACE and MALE in the 12-month period following treatment [7]. Best medical therapies and risk factors control do not prevent the development of such complications [2]. In clinical practice, during the post-revascularization period patients with similar clinical features and endovascular approaches may unpredictably experience completely different procedural outcomes. Therefore, there is an urgent need to develop and validate non-invasive tools that include traditional and non-traditional risk factors for the prediction of the occurrence of complications after LER in this particular population.
It is well established that inflammation plays a key role in the complications of diabetes mellitus [39]. Several studies have shown that the pre-procedural inflammatory state is related to an increased risk for restenosis after coronary angioplasty [40]. We hypothesized that patients with an activation of the systemic inflammatory cascade and reduction of endogenous anti-inflammatory mechanisms have worse outcomes. The results of this study show that the baseline levels of IL-1, IL-6, TNF-α, CRP, HMGB-1, OPG and Sortilin were increased in patients who developed MALE and MACE during follow-up compared to those who did not present these outcomes. These findings are in agreement with previous studies that have individually analyzed each biomarker [7, 18, 23, 28]. Instead, Omentin-1 serum levels were reduced in patients who presented MALE and MACE, compared to patients who had no events. This inverse correlation has been previously found in populations affected by CAD [41], PAD [30, 31] and carotid artery stenosis [42] and confirms the anti-inflammatory role of this adipokine [43–46]. Remarkably, it is the first time this panel of cytokines has been studied simultaneously in the same population of patients.
In recent years, the CANTOS study raised the attention on the role of IL-1 in cardiovascular diseases. Researchers have shown that the intake of canakinumab, a monoclonal antibody directed against IL-1, that is used in clinical practice for treatment of some rheumatological diseases, significantly reduced the risk of recurrence of cardiovascular events in patients with history of myocardial infarction and persistently high CRP levels, confirming the close link between inflammation and atherosclerosis [14]. To our knowledge, this is the first prospective study that demonstrates the association of IL-1 and cardiovascular and limbs events in diabetic patients after endovascular revascularization for CLTI.
The multivariate analysis for MACE showed that, after adjusting for the factors of conventional cardiovascular risk and all biomarkers in analysis, IL-6, OPG e CRP levels are independently associated with the outcome. The ROC curve confirmed their high predictive power. These results confirm the association between IL-6, OPG, CRP and cardiovascular outcomes that already emerged in one of our previous study [7]. Multivariate analysis for MALE showed that after adjusting for factors of conventional cardiovascular risk and all cytokines in analysis, CRP, HMGB-1, OPG and Omentin-1 are independently associated with the outcome. The ROC curve confirmed their high predictive power. These results confirm the correlation between CRP, HMGB-1, OPG and Omentin-1 already highlighted in previous studies [7, 18, 23, 31].
In the past years, the little of awareness in PAD has led to scarce tools for the early diagnosis, progression and prognosis evaluation, resulting in inadequate therapeutic interventions. Non-invasive circulating serum biomarkers may be predictive effective tools in this setting. Several studies have evaluated the possible role of different molecules in the diagnosis and prognosis of PAD [47]. These studies have also offered insights into the complex pathophysiological mechanisms and numerous molecular pathways that are involved in PAD. Therefore, assessment of a single biomarker may not reflect those complex interactions [47]. Instead, the combination of a panel of biomarkers and conventional cardiovascular risk factors could be useful to obtain more accurate prediction algorithms.
There is a scarcity of scientific research on predictive models for MACE and MALE after LER in diabetic patients with CLTI. In a retrospective study, Stone et al. found that, after LER, elevated pre-procedural CRP levels were associated with MALE, and elevated levels of CRP and brain natriuretic peptide (BNP) were associated with late cardiovascular events [48]. Berger et al. identified 11 predictors, including patient age over 75 years, history of PAD, dementia, diabetes, hypertension, renal disease, cerebrovascular disease, chronic heart failure, smoking status, prior myocardial infarction, and chronic pulmonary disease, that are associated with the incidence of MACE/MALE in CAD and/or PAD patients [49]. Vieceli Dalla Sega et al. measured the circulating levels of a panel of 23 molecules related to inflammation, endothelial dysfunction, platelet activation, and thrombophilia in 92 patients with CLTI and diabetic foot ulcers requiring PTA and foot surgery. They found that PAI-1 and endothelin-1 are associated with the need for new revascularization and, the levels of thrombomodulin and sCD40L are associated with new lesions or recurrence [50]. Some traditional risk factors are negatively associated with MACE and MALE in our population. As far as Rutherford staging is concerned, the predictive efficacy of the Rutherford classification in determining post-revascularization outcomes has not been adequately examined. While it may be intuitive to assume that a higher Rutherford grade indicates a higher risk of failure, it is important to consider that the presence of infection at baseline might have a stronger influence on risk stratification, as previous research has suggested [51]. While no formal protocol was used to rule out infections, patients with active or recent infections were excluded in this study. Furthermore, it is conceivable that patients who had more advanced stages at baseline underwent more careful management of the lesions and therefore experienced fewer MALE. As regards previous smoking habit, the definition of no smokers in this study was attributed to those who had never smoked in the past, while the definition of the National Center for Health Statistics defines as a non-smoker “An adult who has never smoked, or who has smoked less than 100 cigarettes in his or her lifetime”. Additionally, we were unable to ascertain the pack-years of smoking for the population of current and former smokers. Thus, It is also conceivable that the population of former smokers had ceased smoking for an extended period, thereby decreasing the cardiovascular risk. This could justify, at least in part, the negative association with MACE and the search for more objective and measurable biomarkers.
To our knowledge, the present study is the first to demonstrate that a panel of circulating biomarkers easily measurable could predict the incidence of MACE and MALE over 90% in diabetic patients with CLTI after LER.
Study limitations
A limitation of this single-center study is the small number of patients included. However, this is a pilot study conducted on a carefully selected population with restrictive characteristics in order to select a population as homogeneous as possible. Based on the limited sample size analyzed, it was not possible to perform a comprehensive analysis of each individual biomarker in relation to individual conventional risk factors. A further limitation of the study is the lack of a formal protocol to rule out possible bone infections (for example using standard radiographic examinations or computed tomography or magnetic resonance imaging of bone), although patients with obvious signs of infections were excluded from recruitment. The aim of this research was to find easily accessible and reproducible biomarkers for the typical diabetic patient with CLTI. The study also did not clarify the effect that the revascularization procedure could have on the levels of analyzed biomarkers. Therefore, it might be helpful to monitor cytokine levels after the procedure and in the follow-up period in order to evaluate the effect of the variations of these on MACE and MALE occurrence. In addition, more conclusive evidence about the real causal relationship between the studied biomarkers and the outcomes after LER in diabetic patients will only be found after clinical multi-centric studies, on larger cohorts and longer follow-up periods. Finally, our data doesn’t offer results that can immediately change the clinical management of patients. However, this type of research is essential to fill the gap that the classic biomarkers (e.g., glycated hemoglobin, LDL-cholesterol) cannot resolve, regarding the chance of predicting the development of MACE and MALE. It is well-established that diabetic patients with PAD and similar risk factors can experience unpredictable vascular outcomes, indicating the presence of unknown or uncontrollable, at least at the moment, risk factors[52]. Currently, the residual cardiovascular risk in our patients cannot be precisely measured, but it is clear that it exceeds 50% despite the best therapies available for diabetes, hypercholesterolemia, and hypertension[53]. In this scenario, while CRP is a nonspecific biomarker, it holds potential in stratifying residual inflammatory risk and identifying a subgroup of patients who might benefit from additional anti-inflammatory treatments, like colchicine or canakinumab[54]. Additionally, considering the close association between Sortilin and PCSK9[55], the systematic evaluation of Sortilin as a biomarker could help identify patients who may benefit from early initiation of therapy with PCSK9 inhibitors. Other biomarkers under investigation may also contribute to both diagnosis and treatment. However, it is important to acknowledge that relying on a single biomarker alone may be insufficient. Utilizing a panel of biomarkers could offer a more comprehensive assessment, enabling a more tailored approach to individual patient profiles.


Conclusion
Our study showed that elevated levels of IL-1, IL-6, TNF-α, PCR, HMGB-1, OPG and Sortilin and reduced Omentin-1 levels correlate with worse vascular outcomes in CLTI diabetic patients after LER. Hence, they hold significant potential as biomarkers, given their ease of measurement and reproducibility. These parameters can reliably predict the likelihood of complications that a treated patient may encounter. A standardized score that combines conventional cardiovascular risk factors and these biomarkers could enable clinicians to assess patients’ risk profile, identify patients most susceptible to unfavorable outcomes and choose the most appropriate and personalized therapeutic and follow-up approach. While these findings require validation on a larger patient cohort, they indicate progress in the management of this complex and disabling condition.
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