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Abstract
Background: Peripheral artery disease (PAD) represents one of the most relevant vascular complications of type 2
diabetes mellitus (T2DM). Moreover, T2DM patients suffering from PAD have an increased risk of major adverse cardiovascular events (MACE) and major adverse limb events (MALE). Sortilin, a protein involved in apolipoproteins trafficking, is associated with lower limb PAD in T2DM patients.
Objective: To evaluate the relationship between baseline serum levels of sortilin, MACE and MALE occurrence after
revascularization of T2DM patients with PAD and chronic limb-threatening ischemia (CLTI).
Research design and methods: We performed a prospective non-randomized study including 230 statin-free T2DM
patients with PAD and CLTI. Sortilin levels were measured before the endovascular intervention and incident outcomes were assessed during a 12 month follow-up.
Results: Sortilin levels were significantly increased in individuals with more aggressive PAD (2.25 ± 0.51 ng/mL vs
1.44 ± 0.47 ng/mL, p < 0.001). During follow-up, 83 MACE and 116 MALE occurred. In patients, who then developed
MACE and MALE, sortilin was higher. In particular, 2.46 ± 0.53 ng/mL vs 1.55 ± 0.42 ng/mL, p < 0.001 for MACE and
2.10 ± 0.54 ng/mL vs 1.65 ± 0.65 ng/mL, p < 0.001 for MALE. After adjusting for traditional atherosclerosis risk factors,
the association between sortilin and vascular outcomes remained significant in a multivariate analysis. In our receiver
operating characteristics (ROC) curve analysis using sortilin levels the prediction of MACE incidence improved (area
under the curve [AUC] = 0.94) and MALE (AUC = 0.72).
Conclusions: This study demonstrates that sortilin correlates with incidence of MACE and MALE after endovascular
revascularization in a diabetic population with PAD and CLTI.
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Background
Cardiovascular complications of type 2 diabetes mellitus (T2DM) represent a social and economic burden
quantifiable in almost 40 billion dollars considering
the United States only [1]. This is due to the fact that
diabetic patients may experience major adverse
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cardiovascular events (MACE) and major adverse limb
events (MALE), which worsen quality of life and work
capacity, leading often to death [2]. Among vascular
complications of diabetes, peripheral artery disease
(PAD) is one of the most significant and invalidating
[3]. In fact, patients with PAD have a substantial decline
in terms of life quality and expectancy [4]. Length and
quality of life in PAD patients are not only related to
lower limb events, but also to subsequent MACE, since
PAD is a risk factor for myocardial infarction, stroke
and cardiovascular death [2]. The most updated guidelines recommend a multidisciplinary approach, which
aims to reduce modifiable risk factors and to promptly
treat complications [1, 5]. Pharmacological therapy
includes hypoglycemic agents, hypertension drugs,
antiplatelet agents and lipid-lowering drugs [5]. Despite
the best therapeutic approach, many patients experience chronic limb threatening ischemia (CLTI) [6]. In
this circumstance, revascularization is indicated [6].
Whenever possible, endovascular lower limb revascularization (LER) ensures satisfactory results with a good
risk/benefit ratio [6]. However, during the period following LER, an important percentage of patients experience MACE and MALE [2, 7]. Despite the best risk
stratification at time of LER, it is impossible to predict
time and occurrence of vascular complications [6]. In
this scenario, biomarkers for risk stratification, offering
personalized follow-up strategies, are essential [8].
Among possible biomarkers, recently identified and
widely studied, is sortilin, a protein encoded by the
SORT1 gene, located on chromosome 1 [9]. This protein
was subsequently found in the hepatocytes, where it plays
a fundamental role in low-density lipoprotein cholesterol
(LDL-C) trafficking [10]. In fact, sortilin promotes the
LDL-C uptake into hepatocytes, through a mechanism
independent of the LDL receptor [11, 12]. Furthermore,
sortilin is involved in the entry pathway of LDL into macrophages, contributing to foam cell formation [13], platelet activation [14] insulin resistance and diabetes [15–17].
Starting from this evidence, several studies investigated
the relationship between sortilin and vascular complications of T2DM [14, 18, 19]. In particular, circulating levels of this protein are increased in diabetic patients with
coronary artery disease (CAD) [20]. More recently, we
observed that sortilin levels correlate with the presence
and severity of PAD in a cohort of diabetic patients [21].
Given the available reports, we postulate that sortilin
levels may impact the incidence of cardiovascular complications after LER.
The aim of this study is to evaluate the relationship
between baseline serum levels of sortilin and vascular
outcomes, in particular MACE and MALE, after LER
intervention in T2DM patients with PAD and CLTI.
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Research design and methods
Study design

We performed a prospective non-randomized study,
approved by the Ethics Committee of the Fondazione
Policlinico Universitario A. Gemelli IRCCS. The aim of
the study was to assess the relationship between sortilin levels at time of LER and the incidence of MACE
and MALE, in a cohort of T2DM patients with PAD
and CLTI. All included patients gave consent to participate in the study, which adhered to the principles of the
Declaration of Helsinki.
Study population and clinical assessment

The study population included 230 patients with T2DM
complicated by PAD and CLTI, which required revascularization at the Fondazione Policlinico Universitario A.
Gemelli IRCCS, Roma, Italy. The patients were consecutively enrolled during the period between 20/05/2018
and 30/03/2019. The inclusion criteria included: age of
at least 18 years, T2DM diagnosis present for at least
1 year, an Ankle/Brachial Index (ABI) of less than 80,
at least one lower limb stenosis greater than 50% documented by Ultrasound Color Doppler (US), stage 4 or
5 PAD diagnosis according to the Rutherford classification, presence of CLTI as previously described [7], and
indication for LER of the target arterial stenosis. The
exclusion criteria were: statin therapy within the previous 3 months, revascularization of the lower limb in
the previous 3 months, diabetic foot ulcers with signs
of active infection or osteomyelitis, diabetic peripheral neuropathy, homozygous familial hypercholesterolemia, absolute contraindication to antiplatelet
therapy, thrombophilia, active cancer, active autoimmune disease, liver disease at functional status B or C
according to Child–Pugh classification, life expectancy
lower than 12 months, pregnancy.
The wound, ischemia, foot infection (WIfI) classification system was used to classify and stratify patients with
diabetic foot ulcer. When necessary, radiological examination was performed to rule out osteomyelitis. Diabetic
peripheral neuropathy has been excluded as previously
described [7]. PAD was defined according to the criteria
of the Society for Vascular Surgery and the International
Society for Cardiovascular Surgery [22]. All patients
underwent lower limb US. For patients with ABI of 1.40
or higher, US has been also used to confirm significant
stenosis in cases of arterial calcification.
The following clinical and laboratory data were collected for all patients. Complete clinical history, in particular, history of CAD, history of cerebrovascular disease
(CVD), hypertension, smoking status, Body Mass Index
(BMI), blood tests as described below.
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At time of LER, all patients were on single antiplatelet
therapy and, after revascularization, took double antiplatelet therapy (DAPT) for 1 month.
After LER, patients started lipid-lowering therapy to
reach an LDL-C target lower than 70 mg/dl.
Endovascular revascularization procedure and follow‑up

LER was performed as previously described [7]. Twentytwo (8.73%) out of 252 patients experienced primary
treatment failure after revascularization and were
excluded from follow-up. Angioplasty and, if indicated,
arterial stenting were defined as successful if the residual arterial stenosis was less than 30% of the lumen [23].
No major peri-operative complications were registered,
according to the definitions of the Society of Interventional Radiology [23]. During the 12 month follow-up,
patients were evaluated at 1, 3, 6 and 12 months after LER
to assess the incidence of MACE and MALE outcomes.
MACE was defined as composite of myocardial infarction, stroke and cardiovascular death. MALE referred to
a composite outcome of acute limb ischemia, major vascular amputations, limb-threatening ischemia leading to
urgent revascularization [7].
Blood test and biochemical analysis

On the day of LER, a blood sample was taken from all
patients after a night of fasting. Glucose, creatinine, total
cholesterol, LDL-C, triglycerides and glycated hemoglobin were evaluated. Renal function was calculated by
modification of diet in renal disease (MDRD) formula to
determine estimated glomerular filtration rate (eGFR).
Serum was separated by centrifugation of blood samples
and was stored at − 80 °C before every evaluation. A commercially available ELISA kit (RAB1709 SIGMA, SigmaAldrich) determined sortilin levels according to the
manufacturer protocol. 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

Demographic and clinical data were summarized as
means (standard deviations) for continuous variables and
counts (percentages) for categorical variables. Chi square
and t-tests were used to compare groups, when appropriate. A log transformation was applied to the not normally
distributed variables prior to performing other analyses.
Sortilin levels were compared, when appropriate, with a
Mann–Whitney, Kruskal–Wallis and Dunn’s Multiple
Comparison. A multivariate stepwise logistic regression analysis, adjusted for traditional atherosclerotic risk
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factors and sortilin levels, was performed. The area under
the receiver operating characteristics (ROC) curve was
computed to test the predictive discrimination of MACE
or MALE. The freedom from MACE according to the
tertiles of sortilin levels was assessed using the Kaplan–
Meier method and compared using the Log-Rank test.
All analyses were performed using STATA version 14.0
for MacOS (Statistics/Data Analysis, Stata Corporation,
College Station, TX, USA) and SPSS version 25.0 for
MacOS (IBM Corporation, Armonk, NY, USA). Statistical significance was established at p < 0.05.

Results
Characteristics of the study population

We analyzed data of 230 patients in this study of which
142 (61.7%) were male. The mean age (SD) of the population was 71.1 (9.2) years with an average T2DM duration of 10.4 (2.5). We registered 77 active smokers
(33.5%), 90 ex-smokers (39.1%) and the remaining 63
individuals (27.4%) had never smoked. The mean levels
of glycated hemoglobin were 8.9% (2.0) and of LDL-C
were 113.2 mg/dL (27.3). Considering PAD severity,
106 (46.1%) patients had Rutherford 4 disease and 124
(53.9%) patients had Rutherford 5 disease. The complete
characteristics of the population are shown in Table 1.
Mean sortilin levels were 1.9 ng/mL (0.6) and patients
with severe PAD had higher levels than those with less
severe PAD (2.25 ± 0.52 ng/mL vs 1.44 ± 0.48 ng/mL,
p < 0.001) (Fig. 1a). Interestingly, we observed a significant inverse correlation between sortilin levels and the
population’s ABI values (Fig. 1b).
Serum levels of sortilin and incidence of MACE
at 12 months

All patients were followed up for a total of 12 months.
During the follow-up we observed 83 MACE.
Patients experiencing MACE were mostly male (64,
p < 0.001), suffering from hypertension (71, p < 0.001),
hypercholesterolemia (65, p = 0.001) and were active
(37, p = 0.007) or ex-smokers (44, p = 0.001). In addition,
they had lower ABI (p < 0.001), higher total cholesterol
(p < 0.001), LDL-C (p < 0.001) and sortilin levels (Fig. 2a)
(p < 0.001), compared to patients without MACE. The
characteristics of patients with or without MACE are
fully reported in Table 2 and in Additional file 1. Figure
S1.
Considering the three aspects of MACE composite
outcome, we noted a significant difference in terms of
sortilin levels in each single event analyzed (death, CAD
and CVD). In particular, the deceased patients had sortilin levels of 2.48 ± 0.56 ng/mL and the surviving patients
1.80 ± 0.61 ng/mL (p < 0.001) (Fig. 3a). Patients with CAD
had sortilin levels of 2.56 ± 0.53 ng/mL and those without
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Table 1 Demographic characteristics of the study cohort
at baseline
Number of patients

230

Age, years (SD)

71.1 (9.2)

Men, n (%)

142 (61.7)

Women, n (%)

88 (38.3)

Diabetes duration, years (SD)

10.4 (2.5)

BMI, kg/m2 (SD)

26.4 (1.8)

Oral antidiabetic agents, n (%)

130 (56.5)

Insulin, n (%)

171 (74.3)

High blood pressure, n (%)

165 (71.7)

Hypercholesterolemia, n (%)

149 (149)

Smoking status
Never smoked, n (%)

63 (27.4)

Past smoker, n (%)

90 (39.1)

Current smoker, n (%)
ABI (SD)

77 (33.5)
0.63 (0.2)

Rutherford staging
Stage 4, n (%)

106 (46.1)

Stage 5, n (%)

124 (53.9)

WIfI classification
WIfI 010, n (%)

45 (19.6)

WIfI 020, n (%)

53 (23.0)

WIfI 110, n (%)

64 (27.8)

WIfI 120, n (%)

68 (29.6)

Previous coronary artery disease, n (%)
Previous cerebrovascular disease, n (%)

105 (45.7)
124 (53.9)

Total cholesterol, mg/dL (SD)

191.8 (28.2)

LDL cholesterol, mg/dL (SD)

113.2 (20.6)

Triglycerides, mg/dL (SD)

181.1 (27.3)

Glucose, mg/dL (SD)

120.7 (12.9)

HbA1C, % (SD)
eGFR, mL/min/1.73 m2 (SD)
Sortilin, ng/mL (SD)

8.9 (2.0)
71.1 (12.8)
1.9 (0.6)

Data are reported as means (standard deviation) for continuous variables and
numbers (percentages) for categorical variables. BMI Body Mass Index, ABI Ankle
Brachial Index, WIfI Wound, ischemia, foot infection, LDL low-density lipoprotein,
eGFR estimated glomerular filtration rate

1.63 ± 0.48 ng / mL (p < 0.001) (Fig. 3b). Patients with
CVD had sortilin levels of 2.41 ± 0.56 ng/mL and patients
without CVD 1.72 ± 0.57 ng / mL (p < 0.001) (Fig. 3c).
The ROC curve, to predict the incidence of MACE
based on sortilin levels, was elaborated and the area
under the curve (AUC) was 0.94 (95% CI 0.91, 0.98,
p < 0.001) (Fig. 4a).
Sortilin levels were then divided into tertiles to compute the Kaplan–Meier curve shown in Fig. 5. We
observed a significant difference between sortilin tertiles in terms of survival from MACE, and patients with
the highest tertiles had a higher incidence of MACE

Fig. 1 a Sortilin levels according to PAD severity. On the box plots,
central lines represent the median, the length of the box represents
the interquartile range and the lines extend to minimum and
maximum values. ***P < 0.001. b Dispersion graph showing the
correlation between Ankle Brachial Index (ABI) and serum levels of
sortilin

compared to patients with lower tertiles (Log-Rank
p < 0.001).
Multivariate analyses, after adjustment for traditional
risk factors for cardiovascular events, showed that male
sex (p = 0.05, 95% CI 0, 0.181), LDL-C values (p < 0.001,
95% CI 0.005, 0.011) and the serum levels of sortilin (p < 0.001, 95% CI 0.271, 0.457) were independent
determinants of MACE in patients with CLTI subjected
to LER (Table 3).
Multivariate analysis with similar adjustments was
also performed to evaluate the incidence of distinct
determinants of MACE, death, CAD and CVD. Notably, sortilin levels were also found to be independent
determinants of death (p = 0.0.21, 95% CI 0.014, 0.169)
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Table 2 Demographic and clinical data of diabetic
subjects with and without MACE
NO MACE (n = 147) MACE (n = 83) p value

Fig. 2 a Sortilin levels according to MACE. On the box plots, central
lines represent the median, the length of the box represents the
interquartile range and the lines extend to minimum and maximum
values. ***P < 0.001. b Sortilin levels according to MALE. On the
box plots, central lines represent the median, the length of the box
represents the interquartile range and the lines extend to minimum
and maximum values. ***P < 0.001

(Additional file 1. Table S1), CAD (p < 0.001, 95% CI
0.236, 0.423) (Additional file 1. Table S2) and CVD
(p < 0.001, 95% CI 0.126, − 0.336) (Additional file 1.
Table S3).
Serum levels of sortilin and incidence of MALE
at 12 months

During the 12 months following the intervention of LER,
116 MALE occurred. Patients with MALE were more
affected by blood hypertension (91, p = 0.023) and hypercholesterolemia (85, p = 0.007), were more ex-smokers (64, p < 0.001) and had a significantly reduced ABI
compared to those without MALE (p < 0.001), who had
higher LDL-C levels (p = 0.001) and higher sortilin levels
(p < 0.001). The characteristics of patients with or without MALE are fully reported in Table 4 and in Additional
file 1. Figure S1.

Age, years

71.17

71.11

Men:women, n

78.69

64:19

0.961
0

Body Mass Index, kg/
m2

26.39

26.41

0.923

Diabetes duration,
years

10.49

10.17

0.363

Ankle Brachial Index

0.72

0.47

0

High blood pressure,
n (%)

94 (63.9)

71 (85.5)

0

Hypercholesterolemia,
n (%)

84 (57.1)

65 (78.3)

0.001

CAD, n (%)

70 (47.6)

35 (42.2)

0.425

CVD, n (%)

80 (54.4)

44 (53.0)

0.837

Current smokers, n (%)

40 (27.2)

37 (44.6)

0.007

Past smokers, n (%)

46 (31.3)

44 (53.0)

0.001

Never smoked, n (%)

61 (41.5)

2 (2.4)

0

Rutherford 4, n (%)

96 (65.3)

10 (12.0)

0

Rutherford 5, n (%)

51 (34.7)

73 (88.0)

0

Total cholesterol, mg/
dL

182.92

207.52

0

LDL cholesterol, mg/dL 103.55

130.33

0

Triglycerides, mg/dL

181.48

180.51

0.797

Glucose, mg/dL

120.12

121.59

0.405

HbA1C, %

8.93

8.71

0.423

eGFR mL/min/1.73 m2

71.36

70.60

0.669

Sortilin ng/mL

1.55

2.45

0

BMI Body Mass Index, CAD Coronary Artery Disease, CVD Cerebrovascular
Disease, LDL low-density lipoprotein, eGFR estimated glomerular filtration rate.
Statistical test performed with Student’s t-test or with Chi square test, when
appropriate

The ROC curve was also elaborated to predict the incidence of MALE in relation to the basal of sortilin levels
resulting in an AUC of 0.72 (95% CI 0.66, 0.80, p < 0.001)
(Fig. 4b).
The multivariate analysis, after adjustment for the main
cardiovascular risk factors, is shown in Table 5. The independent determinants of MALE after LER performed
in T2DM patients with PAD and CLTI remained after
adjusting for smoking habits (p = 0.003, 95% CI 0.099,
0.469) and sortilin levels (p = 0.037, 95% CI 0.009, 0.274).

Discussion
The first result of our study is that sortilin levels correlate statistically significant with ABI and are higher in
patients with lower ABI. Unsurprisingly, patients with a
more severe PAD, at time of enrollment, had higher sortilin levels than those with less severe disease.
The management of cardiovascular complications of
T2DM is an unresolved problem. In particular, MACE
and MALE in T2DM patients with PAD and CLTI are
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Fig. 3 a Sortilin levels according to mortality. On the box plots, central lines represent the median, the length of the box represents the
interquartile range and the lines extend to minimum and maximum values. ***P < 0.001. b Sortilin levels according to coronary artery disease (CAD)
outcome. On the box plots, central lines represent the median, the length of the box represents the interquartile range and the lines extend to
minimum and maximum values. ***P < 0.001. c Sortilin levels according to cerebrovascular disease (CVD) outcome. On the box plots, central lines
represent the median, the length of the box represents the interquartile range and the lines extend to minimum and maximum values. ***P < 0.001

very frequent [2] and are caused by pathological mechanisms, which can be relevant from a diagnostic point of
view or considered an important therapeutic objective
[8]. For example, cholesterol, in particular LDL-C, constitutes both a risk factor for atherosclerotic pathologies
and a risk stratification biomarker, but it is also an important objective of medical therapy [24].
Among the molecules involved in LDL-C pathways,
sortilin is a promising biomarker. In fact, sortilin is
involved in LDL-C trafficking. On the one hand, a direct
relationship between intrahepatic sortilin concentration and plasma LDL-C levels exists, both through an
ApoB100-mediated mechanism [25] and increased
secretion of proprotein convertase subtilisin/kexin type
9 (PCSK9) [26]. On the other hand, serum levels of sortilin may have a direct role in the atherosclerotic plaque
formation, with an independent LDL-C mechanism [13].
In fact, the action of sortilin in immune cells, including
macrophages, can worsen the development of atherosclerosis, with mechanisms not yet fully described, and
in any case not exclusively dependent on the uptake of
LDL-C [13, 19].
The role of sortilin in LDL metabolism is still unclear.
Hepatic sortilin increases the clearance of LDL-C and
reduces the secretion of very-LDL (VLDL) [27]; in contrast, studies performed in transgenic mouse models
have shown the opposite effect [25, 28]. Therefore, specifically the role of circulating sortilin remains unclear or
more precisely, if sortilin has a direct role on lipid metabolism and on the formation of atherosclerotic plaque, or
if it represents an epiphenomenon useful as biomarker
of cardiovascular risks in selected patients. In fact, substantial difference between data obtained on diabetic and
non-diabetic populations exists. Notably, in a relatively
small cohort of patients, sortilin levels were reduced in

Fig. 4 a ROC curve analysis to predict absence of MACE related to
sortilin levels in T2DM showing an area under the ROC curve of 0.945
(P < 0.001). b ROC curve analysis to predict absence of MALE related
to sortilin levels in T2DM showing an area under the ROC curve of
0.725 (P < 0.001)
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Fig. 5 The freedom from MACE according to the tertiles of
serum sortilin was estimated using the Kaplan–Meier method
and compared using the Log-Rank test (P < 0.001). The tertiles of
sortilin are listed in color code lines. Blue represents the first tertile
(0.56–1.63 ng/mL; 2 events), red the second (1.64–2.00 ng/mL; 11
events), green the third (2.01–3.99 ng/mL; 70 events)

the diabetic compared to non-diabetic patients. Furthermore, the reduced levels were also associated with
a worse metabolic profile. However, it should be noted
that the potentially confounding and influencing effects
of some drugs, such as metformin, have not been studied
in this report [29].
Finally, a further element worthy of analysis is centered on the substantial difference existing between the

two pathological conditions, CAD and PAD. In fact, an
important distinction has been described in terms of
comorbidity between T2DM patients with CAD or CLTI
requiring revascularization [30]. This discrepancy could
contribute to data heterogeneity, even conflicting data,
available in literature and contributed to define the objective of our study.
Starting from these biological supports, a detrimental
role of sortilin for diabetic patient has been previously
confirmed [20, 31]. Furthermore, sortilin levels correlate
with the presence of PAD and PAD severity in a cohort of
diabetic patients [21]. Here we found that sortilin levels
at baseline are higher in patients with lower ABI. These
results are in line with previous data [21] and support
the conclusion that an association exists between serum
levels of sortilin serum levels and PAD severity in T2DM
patient. However, the most relevant result of our research
is that in the group of patients with higher sortilin levels
at baseline, MACE incidence was more frequent, during
the 12 months follow-up, compared with the lower sortilin level group.
The finding is strengthened and confirmed for several
reasons. First, the different components of the composite outcome, death, CAD and CVD, showed a similar
relationship with baseline serum protein levels. In addition, the ROC curve demonstrated sortilin’s predictive capability of MACE. Finally, multivariate analysis
adjusted for traditional cardiovascular risk factors confirmed sortilin’s independent relationship with MACE,

Table 3 Multivariable logistic regression for MACE
Coef
Age

− 20.002

St.Err
0.002

t value
− 0.73

p value

95% conf

0.468

− 0.006

Male sex

0.091

0.046

1.97

0.05

High blood pressure

0.036

0.05

0.72

0.474

Hypercholesterolemia

0.014

0.047

0.31

0.76

CAD

− 0.073

0.044

− 1.65

0.101

CVD

0.016

0.044

0.35

0.724

Current smokers

0.008

0.065

0.13

0.899

− 0.053

0.066

− 0.81

0.418

Past smokers
Never smoked

0

LDL-C

0.008

0.001

6.07

0

FPG

0.003

0.002

1.61

0.11

HbA1C

− 0.007

0.011

− 0.59

0.558

Sortilin

0.364

0.047

7.72

0

Constant

− 1.422

0.314

− 4.52

0

Mean dependent var

0.361

SD dependent var

R-squared

0.576

Number of obs

0

− 0.063

− 0.078

− 0.16

− 0.071

− 0.12

− 0.183

Interval
0.003
0.181
0.107
0.014
0.102
0.136
0.076

0.005

0.011
0.006

***

0.016

0.271

0.457

***

− 2.041

− 0.802

***

0.481

230.000

F-test

24.592

Prob > F

0.000

Akaike crit. (AIC)

143.845

Bayesian crit. (BIC)

188.540

***p < 0.01, **p <0 .05

**

0.135

− 0.001

− 0.029

Sig
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Table 4 Demographic and clinical data of diabetic
subjects with and without MALE
No MALE (n = 114) MALE (n = 116) p value
Age, years

71.20

71.09

0.93

Men:women, n

65:43

77:20

0.144

Body Mass Index, kg/
m2

26.42

26.39

0.9

Diabetes duration,
years

10.37

10.37

0.997

Ankle Brachial Index

0.68

0.59

0

High blood pressure,
n (%)

74 (64.9)

91 (78.4)

0.023

Hypercholesterolemia, 64 (56.1)
n (%)

85 (73.3)

0.007

CAD, n (%)

56 (49.1)

49 (42.2)

0.295

CVD, n (%)

66 (57.9)

58 (50.0)

0.230

Current smokers, n (%) 41 (36.0)

36 (31.0)

0.428

Past smokers, n (%)

64 (55.2)

0

26 (22.8)

Never smoked, n (%)

47 (41.2)

16 (13.8)

0

Rutherford 4, n (%)

78 (68.4)

28 (24.1)

0

Rutherford 5, n (%)

36 (31.6)

88 (75.9)

0

Total cholesterol,
mg/dL

189.38

194.17

0.198

LDL cholesterol, mg/
dL

108.37

117.99

0.001

Triglycerides, mg/dL

180.22

182.02

0.619

Glucose, mg/dL

120.31

120.99

0.689

HbA1C, %

8.72

8.98

0.324

eGFR mL/min/1.73 m2 71.69

70.49

0.479

Sortilin ng/mL

2.10

0

1.65

BMI Body Mass Index, CAD Coronary Artery Disease, CVD Cerebrovascular
Disease, LDL low-density lipoprotein, eGFR estimated glomerular filtration rate.
Statistical test performed with Student’s t-test or with Chi square test, when
appropriate

death, CAD and CVD. Several possible explanations
underlie our data. Sortilin can directly induce a robust
inflammatory response [19, 32], because the protein is
involved in the interferon-γ, interleukin-6 and toll-like
receptor pathways, leading to an important activation
of macrophages [19, 32, 33]. In addition to the proatherogenic effect, sortilin could induce atherosclerotic
plaque instability through inflammatory milieu spread.
Plaque formation and subsequent instability could
determine the incidence of MACE after LER. Indeed,
this suggestion is supported by previous data showing
an association between sortilin and CAD, both in diabetic and non-diabetic populations [11, 26].
Sortilin levels, to stratify the initial risk of MACE after
LER, are an important new biomarker for clinicians who
follow T2DM patients. In fact, up to now, it is impossible
to predict the likelihood that patients experience MACE

hampering personalized follow-up. Our findings give
hope that increasing surveillance after LER in patients
with high baseline sortilin levels becomes achievable.
Considering also the relationship between sortilin and
PCSK9, it is reasonable to use early PCSK9 inhibitors in
patients with high sortilin levels.
The secondary objective of this study was to explore
the association between the basal levels of sortilin and
the development of MALE after LER showing that the
group of patients with higher sortilin levels had a higher
incidence of MALE during the follow-up. Several T2DM
patients with PAD and CLTI developed arterial stenosis
recurrence after LER and required frequent endovascular treatments. Numerous studies have been carried
out which attempted to identify predictive indicators
for MALE after LER. Some encouraging data have been
drawn from the prospective assessment of selected
inflammatory cytokines [7]. However, definitive biomarkers are not established yet. Sortilin could be included
to the inflammatory panel used to stratify cardiovascular risk, since it is involved in the inflammatory processes correlated to atherosclerosis. Considering it as
a biomarker of cardiovascular events, the ROC analysis
has highlighted that sortilin has a remarkable predictive
capacity of MACE and MALE in our population. The
AUC resulting from our analysis, in particular for the
MACE outcome, is significant and is not prejudiced by
the cutoff values, which are usually chosen with conventional approaches of sensitivity and specificity.
Our study has several limitations. First, the patient
cohort is relatively small and the results need to be
confirmed on a larger number of patients. The small
sample size also depends on the restrictive inclusion
criteria, which, on the other hand, represent a strength
of the study. A further limitation is that few events have
occurred in patients with sortilin levels in the lower tertile; therefore, it is not possible to assert with certainty
that reduced sortilin levels are protective as higher
levels are predictive of cardiovascular events. Furthermore, we have included only statin-free patients,
to reduce bias on sortilin levels correlated to different
therapies. However, after LER, all patients started lipidlowering therapy to reach the LDL-C target suggested
by international guidelines, which might have influenced circulating sortilin levels during follow-up—a
factor not evaluate in our study. Furthermore, considering the extent of the follow-up, it is possible that different lipid-lowering therapies have led to different effects
on sortilin levels. However, it is unlikely that they
played a direct role on the incidence of MACE, considering that the study population had moderate baseline
LDL-C levels. Furthermore, sortilin has been shown to
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Table 5 Multivariable logistic regression for MALE
Coef

St.Err

t value

p value

95% conf

− 0.002

0.003

0.18

0.854

− 0.009

0.005

0.065

− 0.60

0.547

0.012

High blood pressure

0.08

0.071

1.12

0.265

0.22

Hypercholesterolemia

0.104

0.067

1.55

0.124

− 0.061

CAD

− 0.062

0.063

− 0.98

0.328

− 0.185

0.062

− 0.106

0.258

0.099

0.469

− 0.003

0.004

− 0.007

0.056

0.009

0.274

− 1.083

0.682

Age
Male sex

CVD

− 0.083

0.062

− 1.33

0.186

0.076

0.093

0.82

0.412

Past smokers

0.284

0.094

3.03

0.003

Never smoked

0

LDL-C
FPG

0.001

0.002

0.36

0.717

0.001

0.002

0.33

0.745

HbA1C

0.025

0.016

1.54

0.125

Sortilin

0.141

0.067

2.10

0.037

Constant

− 0.2

0.448

− 0.45

0.655

Current smokers

Mean dependent var
R-squared

0.504

0.206

SD dependent var

Number of obs

Interval

− 0.117

0.141

− 0.029

0.236

− 0.206

0.04

− 0.004

Sig

***

0.006
**

0.501
230.000

F-test

4.690

Prob > F

0.000

Akaike crit. (AIC)

306.806

Bayesian crit. (BIC)

351.501

***p <0 .01, **p <0 .05

affect the PCSK9 pathway with a mechanism independent of statin therapy. Importantly, our primary objective was to study the relationship between baseline
values and MACE development after LER, to identify a
possible risk stratification biomarker. In this sense, our
results are statistically relevant. A further limitation of
our study is that we have not studied the relationship
between the initial arterial lesion and the occurrence
of subsequent MALE. Therefore, we excluded patients
with primary LER failure from the study to decrease
bias. Moreover, we did not stratify patients based on
MALE type, also given the small number of patients.
It is not clear where sortilin can originate in our
patient population. Sortilin derives from pro-sortilin,
which is converted into the Golgi apparatus of many
cell types. This protein has been found abundantly
in the central nervous system, but also in the spinal
cord, skeletal muscle, testes, heart, placenta, pancreas,
prostate, and small intestine [9]. Previous data suggest
that hepatic sortilin is associated with a less dangerous lipid profile [34, 35]; however, investigations on
animal models have shown that plasma sortilin could
play a harmful role on atherosclerosis development, by
non-LDL-C-dependent mechanisms [25]. Nevertheless,
there are no convincing data on the source of sortilin in
serum. Some reports have shown that increased sortilin
levels are associated with depression, increased alcohol

intake and BMI [36]. In this scenario, it could be speculated that sortilin may worsen cardiovascular outcomes
also by acting on other risk factors. However, we have
not studied depression in our patient population, we
cannot confirm this hypothesis and further studies are
necessary and warranted.

Conclusion
There are currently no effective biomarkers available
to predict the incidence of vascular complications after
revascularization of the lower limbs in diabetic patients
with CLTI. We still do not know why patients with similar clinical characteristics and those who undergo the
same endovascular treatment face completely different
complications. In this scenario, biomarkers able to stratify risk and predict the incidence of cardiovascular events
are required. In this study, we demonstrated that basal
sortilin levels can predict the incidence of MACE and
MALE in diabetic patients. The predictive significance
of the protein is independent of the classic cardiovascular risk factors. The ability to more effectively predict
the onset of complications allows designing a closer and
more effective personalized follow-up to avoid potentially fatal vascular events. Although further studies are
needed to confirm this data, our findings shed new light
on the follow-up management for diabetic patients after
LER.

Biscetti et al. Cardiovasc Diabetol

(2020) 19:147

Supplementary information
Supplementary information accompanies this paper at https://doi.
org/10.1186/s12933-020-01123-3.
Additional file 1: Figure S1. Graphical representation of the main clinical
characteristics of the study populations. Table S1. Multivariable logistic
regression for Death. Table S2. Multivariable logistic regression for CAD.
Table S3. Multivariable logistic regression for CVD.
Abbreviations
ABI: Ankle/brachial index; AUC: Area under the curve; BMI: Body mass index;
CAD: Coronary artery disease; CLTI: Chronic limb-threatening ischemia; CVD:
Cerebrovascular disease; DAPT: Double antiplatelet therapy; eGFR: Estimated
glomerular filtration rate; LDL: C low-density lipoprotein cholesterol; LER:
Lower limb revascularization; MACE: Major adverse cardiovascular events;
MALE: Major adverse limb events; PAD: Peripheral artery disease; ROC: Receiver
operating characteristics; T2DM: Type 2 diabetes mellitus; US: Ultrasound; WIfI:
Wound, ischemia, foot infection.
Acknowledgements
The authors are grateful to Franziska Lohmeyer for her English language
assistance.
Authors’ contributions
FB and AF participated in the design of the study, performed data analysis and
reviewed the manuscript. FA, ALC and EN carried out the immunoassays. MMR,
DP and AS participated in the design of the study and performed statistical
analyses. CDS and AC performed the endovascular procedures. RL and AF
conceived the study, participated in its design and coordination and helped
draft the manuscript. All authors read and approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
The datasets generated during the current study are available from the corresponding author on reasonable request.
Ethics approval and consent to participate
The study was approved by the Ethics Committee of the Fondazione Policlinico Universitario A. Gemelli IRCCS and adhered to the principles of the
Declaration of Helsinki. All the individuals agreed to participate in the study
and gave informed consent.
Consent for publication
All authors have read the paper and agree that it can be published.
Guarantor’s statement
Dr. Andrea Flex is the guarantor of this work and, as such, had full access to all
the data in the study and takes responsibility for the integrity of the data and
the accuracy of the data analysis.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Internal Medicine, Fondazione Policlinico Universitario A.
Gemelli IRCCS, Largo Agostino Gemelli 8, Roma 00168, Italia. 2 Internal Medicine and Vascular Diseases Unit, Roma, Italia. 3 Laboratory of Vascular Biology
and Genetics, Department of Translational Medicine and Surgery, Roma,
Italia. 4 Emergency Medicine, Roma, Italia. 5 Cardiac Surgery Unit, Roma, Italia.
6
Department of Radiology, Roma, Italia. 7 Università Cattolica del Sacro Cuore,
Roma, Italia. 8 Angiology Unit, Roma, Italia. 9 Diabetology Unit, Roma, Italia.
Received: 26 May 2020 Accepted: 12 September 2020

Page 10 of 11

References
1. American Diabetes Association. 10. Cardiovascular disease and risk management. Diabetes Care. 2020;43(Suppl 1):S111–S13434.
2. Anand SS, Caron F, Eikelboom JW, Bosch J, Dyal L, Aboyans V, Abola
MT, Branch KRH, Keltai K, Bhatt DL, et al. Major adverse limb events and
mortality in patients with peripheral artery disease: the COMPASS trial. J
Am Coll Cardiol. 2018;71(20):2306–15.
3. Cornejo Del Río V, Mostaza J, Lahoz C, Sánchez-Arroyo V, Sabín C, López S,
Patrón P, Fernández-García P, Fernández-Puntero B, Vicent D, et al. Prevalence of peripheral artery disease (PAD) and factors associated: An epidemiological analysis from the population-based Screening PRE-diabetes
and type 2 DIAbetes (SPREDIA-2) study. PLoS ONE. 2017;12(10):e0186220.
4. Mohammedi K, Woodward M, Hirakawa Y, Zoungas S, Colagiuri S, Hamet
P, Harrap S, Poulter N, Matthews DR, Marre M, et al. Presentations of major
peripheral arterial disease and risk of major outcomes in patients with
type 2 diabetes: results from the ADVANCE-ON study. Cardiovasc Diabetol. 2016;15(1):129.
5. Aboyans V, Ricco JB, Bartelink MLEL, Björck M, Brodmann M, Cohnert T,
Collet JP, Czerny M, De CM, Debus S, et al. 2017 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 extracranial carotid and vertebral,
mesenteric, renal. Eur Heart J. 2018;39(9):763–816.
6. Conte MS, Bradbury AW, Kolh P, White JV, Dick F, Fitridge R, Mills JL, Ricco
JB, Suresh KR, Murad MH, et al. Global vascular guidelines on the management of chronic limb-threatening ischemia. Eur J Vasc Endovasc Surg.
2019;58(1):S1–S109.e133.
7. Biscetti F, Ferraro PM, Hiatt WR, Angelini F, Nardella E, Cecchini AL,
Santoliquido A, Pitocco D, Landolfi R, Flex A. Inflammatory cytokines
associated with failure of lower-extremity endovascular revascularization
(LER): a prospective study of a population with diabetes. Diabetes Care.
2019;42(10):1939–45.
8. Biscetti F, Nardella E, Cecchini AL, Flex A, Landolfi R. Biomarkers of vascular
disease in diabetes: the adipose-immune system cross talk. Intern Emerg
Med. 2020;15(3):381–93.
9. Petersen CM, Nielsen MS, Nykjaer A, Jacobsen L, Tommerup N, Rasmussen HH, Roigaard H, Gliemann J, Madsen P, Moestrup SK. Molecular
identification of a novel candidate sorting receptor purified from human
brain by receptor-associated protein affinity chromatography. J Biol
Chem. 1997;272(6):3599–605.
10. Strong A, Rader DJ. Sortilin as a regulator of lipoprotein metabolism. Curr
Atheroscler Rep. 2012;14(3):211–8.
11. Linsel-Nitschke P, Heeren J, Aherrahrou Z, Bruse P, Gieger C, Illig T, Prokisch
H, Heim K, Doering A, Peters A, et al. Genetic variation at chromosome
1p13.3 affects sortilin mRNA expression, cellular LDL-uptake and serum
LDL levels which translates to the risk of coronary artery disease. Atherosclerosis. 2010;208(1):183–9.
12. Strong A, Ding Q, Edmondson AC, Millar JS, Sachs KV, Li X, Kumaravel A,
Wang MY, Ai D, Guo L, et al. Hepatic sortilin regulates both apolipoprotein
B secretion and LDL catabolism. J Clin Invest. 2012;122(8):2807–16.
13. Patel KM, Strong A, Tohyama J, Jin X, Morales CR, Billheimer J, Millar J,
Kruth H, Rader DJ. Macrophage sortilin promotes LDL uptake, foam cell
formation, and atherosclerosis. Circ Res. 2015;116(5):789–96.
14. Ogawa K, Ueno T, Iwasaki T, Kujiraoka T, Ishihara M, Kunimoto S, Takayama
T, Kanai T, Hirayama A, Hattori H. Soluble sortilin is released by activated
platelets and its circulating levels are associated with cardiovascular risk
factors. Atherosclerosis. 2016;249:110–5.
15. Pan X, Zaarur N, Singh M, Morin P, Kandror KV. Sortilin and retromer
mediate retrograde transport of Glut4 in 3T3-L1 adipocytes. Mol Biol Cell.
2017;28(12):1667–755.
16. Li J, Matye DJ, Li T. Insulin resistance induces posttranslational hepatic
sortilin 1 degradation in mice. J Biol Chem. 2015;290(18):11526–36.
17. Chamberlain JM, O’Dell C, Sparks CE, Sparks JD. Insulin suppression of
apolipoprotein B in McArdle RH7777 cells involves increased sortilin 1
interaction and lysosomal targeting. Biochem Biophys Res Commun.
2013;430(1):66–71.
18. Goettsch C, Hutcheson JD, Aikawa M, Iwata H, Pham T, Nykjaer A, Kjolby
M, Rogers M, Michel T, Shibasaki M, et al. Sortilin mediates vascular
calcification via its recruitment into extracellular vesicles. J Clin Investig.
2016;126(4):1323–36.

Biscetti et al. Cardiovasc Diabetol

(2020) 19:147

19. Mortensen MB, Kjolby M, Gunnersen S, Larsen JV, Palmfeldt J, Falk
E, Nykjaer A, Bentzon JF. Targeting sortilin in immune cells reduces
proinflammatory cytokines and atherosclerosis. J Clin Invest.
2014;124(12):5317–22.
20. Oh TJ, Ahn CH, Kim BR, Kim KM, Moon JH, Lim S, Park KS, Lim C, Jang
HC, Choi SH. Circulating sortilin level as a potential biomarker for
coronary atherosclerosis and diabetes mellitus. Cardiovasc Diabetol.
2017;16(1):1–7.
21. Biscetti F, Bonadia N, Santini F, Angelini F, Nardella E, Pitocco D, Santoliquido A, Filipponi M, Landolfi R, Flex A. Sortilin levels are associated
with peripheral arterial disease in type 2 diabetic subjects. Cardiovasc
Diabetol. 2019;18(1):5.
22. Suggested standards for reports dealing with lower extremity ischemia.
Prepared by the Ad Hoc Committee on Reporting Standards, Society
for Vascular Surgery/North American Chapter, International Society for
Cardiovascular Surgery. J Vasc Surg 1986, 4(1):80–94.
23. Sacks D, Marinelli DL, Martin LG, Spies JB. Committee SoIRTA: reporting
standards for clinical evaluation of new peripheral arterial revascularization devices. J Vasc Interv Radiol. 2003;14(9 Pt 2):S395–404.
24. Shapiro MD, Fazio S. PCSK9 and atherosclerosis - Lipids and beyond. J
Atheroscler Thromb. 2017;24(5):462–72.
25. Kjolby M, Andersen OM, Breiderhoff T, Fjorback AW, Pedersen KM, Madsen
P, Jansen P, Heeren J, Willnow TE, Nykjaer A. Sort1, encoded by the cardiovascular risk locus 1p13.3, is a regulator of hepatic lipoprotein export. Cell
Metab. 2010;12(3):213–23.
26. Hu D, Yang Y, Peng DQ. Increased sortilin and its independent effect on
circulating proprotein convertase subtilisin/kexin type 9 (PCSK9) in statinnaive patients with coronary artery disease. Int J Cardiol. 2017;227:61–5.
27. Musunuru K, Strong A, Frank-Kamenetsky M, Lee NE, Ahfeldt T, Sachs
KV, Li X, Li H, Kuperwasser N, Ruda VM, et al. From noncoding variant to phenotype via SORT1 at the 1p13 cholesterol locus. Nature.
2010;466(7307):714–9.
28. Conlon DM. Role of sortilin in lipid metabolism. Curr Opin Lipidol.
2019;30(3):198–204.

Page 11 of 11

29. Demir İ, Yildirim Akan O, Guler A, Bozkaya G, Aslanipour B, Calan M. Relation of decreased circulating sortilin levels with unfavorable metabolic
profiles in subjects with newly diagnosed type 2 diabetes mellitus. Am J
Med Sci. 2020;359(1):8–16.
30. Takahara M, Iida O, Kohsaka S, Soga Y, Fujihara M, Shinke T, Amano T, Ikari
Y, investigators J-EaJ-P. Diabetes mellitus and other cardiovascular risk factors in lower-extremity peripheral artery disease versus coronary artery
disease: an analysis of 1,121,359 cases from the nationwide databases.
Cardiovasc Diabetol. 2019;18(1):155.
31. Oh TJ, Ahn CH, Kim BR, Kim KM, Moon JH, Lim S, Park KS, Lim C, Jang H,
Choi SH. Circulating sortilin level as a potential biomarker for coronary
atherosclerosis and diabetes mellitus. Cardiovasc Diabetol. 2017;16(1):92.
32. Herda S, Raczkowski F, Mittrücker HW, Willimsky G, Gerlach K, Kühl AA,
Breiderhoff T, Willnow TE, Dörken B, Höpken UE, et al. The sorting receptor
Sortilin exhibits a dual function in exocytic trafficking of interferon-γ and
granzyme A in T cells. Immunity. 2012;37(5):854–66.
33. Yabe-Wada T, Matsuba S, Takeda K, Sato T, Suyama M, Ohkawa Y, Takai T,
Shi H, Philpott CC, Nakamura A. TLR signals posttranscriptionally regulate
the cytokine trafficking mediator sortilin. Sci Rep. 2016;6(1):26566–26566.
34. Strong A, Ding Q, Edmondson AC, Millar JS, Sachs KV, Li X, Kumaravel A,
Wang MY, Ai D, Guo L, et al. Hepatic sortilin regulates both apolipoprotein
B secretion and LDL catabolism. J Clin Invest. 2012;122(8):2807–16.
35. Bi L, Chiang JYL, Ding W-X, Dunn W, Roberts B, Li T. Saturated fatty acids
activate ERK signaling to downregulate hepatic sortilin 1 in obese and
diabetic mice. J Lipid Res. 2013;54(10):2754–62.
36. Buttenschøn HN, Demontis D, Kaas M, Elfving B, Mølgaard S, Gustafsen C,
Kaerlev L, Petersen CM, Børglum AD, Mors O, et al. Increased serum levels
of sortilin are associated with depression and correlated with BDNF and
VEGF. Transl Psychiatry. 2015;5:e677.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

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

• 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

