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Abstract

Background: To investigate the association between the
pretreatment systemic immune-inflammation index (SII)
and restenosis after interventions for lower extremity ar-
teriosclerosis obliterans (ASO). Methods: We retrospec-
tively evaluated 309 patients with ASO who underwent en-
dovascular interventions between January 2018 and De-
cember 2021. Pretreatment inflammatory markers, in-
cluding the SII, neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), systemic inflammation
response index (SIRI), aggregate index of systemic inflam-
mation (AISI), and C-reactive protein (CRP) were col-
lected. The logistic regression model was used to deter-
mine the associations between these inflammatory markers
and restenosis. Clinical manifestations, ankle-brachial in-
dex (ABI), and quality of life after intervention also were
compared. Results: The pretreatment SII (p< 0.001), NLR
(p < 0.001), PLR (p < 0.001), SIRI (p = 0.002), AISI (p
< 0.001), and CRP (p = 0.036) were significantly higher
in patients with restenosis than in those without restenosis.
Among the four markers, SII had the highest area under the
curve (AUC) in predicting restenosis (SII vs. NLR vs. PLR
vs. SIRI vs. AISI vs. CRP: 0.715 vs. 0.689 vs. 0.695
vs. 0.643 vs. 0.691 vs. 0.596). Multivariate analysis re-
vealed that the pretreatment SII was the only independent
factor for restenosis (hazard ratio [HR]: 4.102; 95% confi-
dence interval [CI]: 1.155–14.567; p = 0.029). Moreover, a
lower SII was associated with significantly better improve-
ments in clinical manifestations (Rutherford classification
1–2: 67.5% vs. 52.9%, p = 0.038) and ABI (median: 0.29
vs. 0.22; p = 0.029), together with better quality of life (p
< 0.05 for physical functioning, social functioning, pain,
and mental health). Conclusions: The pretreatment SII is
an independent predictor of restenosis after interventions in
patients with lower extremity ASO, providing more accu-
rate prognosis prediction than other inflammatory markers.
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Introduction

Peripheral artery disease (PAD) is a major cardiovas-
cular disease with an increasing prevalence worldwide that
affected over 236 million people in 2015 [1,2]. Lower ex-
tremity arteriosclerosis obliterans (ASO) is the most com-
mon type of PAD, which is caused by arteriosclerosis of the
arteries supplying the legs and is characterized by a number
of symptoms, including intermittent claudication, rest pain,
and tissue loss. In recent years, endovascular interventions
have emerged as the primary revascularization strategy for
ASO [3–5]. Despite the rapid development of intervention
techniques, a high incidence of restenosis remains a contin-
ual challenge [6–9]. Factors affecting the risk of restenosis
after endovascular intervention have widely been explored.

Systemic inflammation plays a pivotal role in the
pathological process of atherosclerosis [10]. Several
inflammatory markers based on circulating blood cell
counts, such as the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and systemic immune-
inflammation index (SII) have been related to the severity
and prognosis of coronary artery disease (CAD) [11–14].
Likewise, both NLR and PLR were positively associated
with the severity and prognosis of lower extremity ASO in a
retrospective study of 211 patients [15]. However, the prog-
nostic value of SII or its relative utility when compared with
other inflammatory markers remains unclear. As a compos-
ite score integrating neutrophil, lymphocyte, and platelet
counts, the SII was hypothesized to be more effective than
either NLR or PLR. Thus, we aimed to investigate the role
of SII in restenosis after endovascular interventions for pa-
tients with lower extremity ASO.

Materials and Methods

Study population: This study retrospectively reviewed
patients with lower extremity ASO who underwent en-
dovascular interventions at our institution between Jan-
uary 2018 and December 2021. Eligible patients were in-
cluded, if they met the diagnostic criteria of lower extrem-
ity ASO, according to the American College of Cardiol-
ogy/American Heart Association (ACC/AHA) Guidelines
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Fig. 1. Diagram of study population.

[4] and received elective percutaneous transluminal angio-
plasty (PTA) with or without stent placement. The follow-
ing patients were excluded: (1) acute limb ischemia; (2)
previous endovascular interventions of the lower extrem-
ities; (3) contraindications for endovascular interventions;
(4) life expectancy of less than 12 months; (5) acute infec-
tions, autoimmune disease, or other inflammatory condi-
tions; and (6) loss to follow up. Finally, a total of 309 pa-
tients were included (Fig. 1). This study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013) and was approved by the institutional review board
of our institution. Informed consent was obtained from all
study patients.

Treatments: After sufficient assessments, all patients
received standard PTA. A 4-F or 6-F vascular sheath was
introduced into the artery. After systemic heparinization,
diagnostic angiography was performed. The affected artery
was first treated with balloon dilatation. If residual steno-
sis ≥50% or flow-limiting dissection was observed after
repeated balloon inflations, a self-expanding nitinol stent
was implanted. All procedures were performed by surgeons
with at least 150 cases of endovascular interventions.

Postintervention medical therapy included antiplatelet
therapy for at least 1 year. Other therapies consisted of
statin agents, cilostazol, blood pressure control, glycemic
control, smoking cessation, and exercise therapy. Patients
were followed by clinical manifestations, physical exam-
ination, and ABI at 1 month, 6 months, and 12 months.
Computed tomographic angiography (CTA) routinely was
performed to determine restenosis after 6 months of inter-
vention.

Study outcomes and definitions: The primary efficacy
outcome was the restenosis rate, defined as the proportion
of patients who experienced significant vascular stenosis
(≥50%) in the treated segment [16]. Other efficacy out-
comes included the clinical effective rate, ankle-brachial
index (ABI), and quality of life. Clinical effectiveness was
defined as the alleviation of clinical manifestations after 6
months of intervention. For patients with a pretreatment
Rutherford classification of 5–6 or 3–4, a postintervention
Rutherford classification of ≤4 or ≤2, respectively, was
considered clinically effective. The ABI was calculated as
the ratio of the highest systolic pressure of the anterior or
posterior tibial artery to the highest systolic pressure of the
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Fig. 2. Areas under the receiver operating characteristic curves for restenosis.

bilateral brachial arteries. Quality of life was assessed us-
ing the Short Form Six Dimensions (SF-6D) before and af-
ter intervention. The scale consisted of six items: physical
functioning, role limitations, social functioning, pain, men-
tal health, and vitality [17]. A lower score indicates a better
quality of life.

Routine blood tests were carried out one week be-
fore intervention, including neutrophil count, lymphocyte
count, platelet count, and C-reactive protein (CRP). As
previously reported, NLR was calculated by dividing neu-
trophil count by lymphocyte count, PLR was calculated by
dividing platelet count by lymphocyte count, and SII was
calculated as platelet count× neutrophil count/lymphocyte
count. Moreover, the systemic inflammation response in-
dex (SIRI) was calculated as monocyte count × neutrophil
count/lymphocyte count, and the aggregate index of sys-
temic inflammation (AISI) was calculated as platelet count
× monocyte count × neutrophil count/lymphocyte count
[18].

Statistical analysis: Statistical analyses were per-
formed using SPSS (version 21.0, IBM Corp., Armonk,
NY, USA). Categorical variables are presented as frequen-
cies (percentages), and continuous variables are presented
as the mean (standard deviation [SD]) or median (interquar-
tile range [IQR]). Differences between groups were as-

sessed using the χ2 test, t test, or Wilcoxon rank sum test,
as appropriate. Logistic regression was used for univari-
ate and multivariate analyses of clinical factors associated
with restenosis. Variables with a value of p < 0.1 in the
univariate analysis was included in the multivariate anal-
ysis. Receiver operating characteristic (ROC) curves were
generated to evaluate the predictive value by calculating the
area under the curve (AUC). All tests were two-sided with
a significance level of p < 0.05.

Results

Baseline characteristics: A total of 309 patients with
lower extremity ASO were included in the present study.
Of these, 228 patients (73.8%) were male, and the mean age
was 70.9 years (SD: 5.5). All patients had ABI <0.90 and
Rutherford classification 3–6 disease. After six months of
intervention, restenosis was identified in 15.5% of patients
(n = 48). Compared with patients without restenosis, pa-
tients with restenosis had significantly lower ABI (median:
0.51 vs. 0.55; p = 0.013), higher NLR (median: 3.2 vs. 2.5;
p < 0.001), higher PLR (median: 185 vs. 133; p < 0.001),
higher SII (median: 527 vs. 340; p < 0.001), higher SIRI
(median: 1.34 vs. 0.95; p = 0.002), higher AISI (median:
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Fig. 3. Short Form Six Dimensions scores, according to the pretreatment systemic immune-inflammation index (SII) at baseline
(A) and after 6 months of intervention (B).

240 vs. 120; p < 0.001), and higher CRP (median: 7.6 vs.
6.7 mg/L; p = 0.036) levels at baseline (Table 1).

Prognostic value of SII: Among the four inflammatory
markers, the AUC value was highest for SII (0.715; 95%
confidence interval [CI]: 0.633–0.797) and was higher than
that for NLR (0.688; 95% CI: 0.609–0.767), PLR (0.695;
95%CI: 0.609–0.781), SIRI (0.643; 95%CI: 0.557–0.728),
AISI (0.691; 95% CI: 0.608–0.773), or CRP (0.596; 95%
CI: 0.511–0.680) (Fig. 2). The cut-off values for SII, NLR,
PLR, SIRI, AISI, and CRP were set as their medians. In

the univariate analysis, pretreatment ABI, NLR, PLR, AISI,
and SII were significantly associated with postintervention
restenosis (all p < 0.05). Multivariate analysis revealed
that only pretreatment SII was an independent risk factor
for restenosis (hazard ratio [HR]: 4.102; 95% CI: 1.155–
14.567; p = 0.029) (Table 2).

Associations between baseline characteristics and SII:
The associations between clinical factors and SII were
shown in Table 3. Patients with a higher SII (≥ median
[357]) were more likely to be older (mean: 68.5 vs. 67.2
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Table 1. Baseline characteristics according to presence or absence of restenosis.
Characteristic Overall (n = 309) Restenosis (n = 48) Non-restenosis (n = 261) p value

Age, years 67.9 (5.5) 68.4 (5.6) 67.8 (5.5) 0.491
<70 180 (58.3%) 26 (54.2%) 154 (59.0%) 0.532
≥70 129 (41.7%) 22 (45.8%) 107 (41.0%)

Gender, male 228 (73.8%) 35 (72.9%) 193 (73.9%) 0.882
Body weight, kg 68.7 (7.7) 68.6 (6.8) 68.8 (7.9) 0.875
Body mass index, kg/m2 23.0 (2.0) 22.9 (1.8) 23.0 (2.0) 0.778
Cardiovascular risk factors and coexisting conditions

Hypertension 184 (59.5%) 30 (62.5%) 154 (59.0%) 0.650
Diabetes 115 (37.2%) 23 (47.9%) 92 (35.2%) 0.095
Hyperlipidemia 102 (33.0%) 18 (37.5%) 84 (32.2%) 0.472
Coronary heart disease 95 (30.7%) 16 (33.3%) 79 (30.3%) 0.672
Chronic kidney disease 49 (15.9%) 9 (18.8%) 40 (15.3%) 0.551
Smoking 158 (51.1%) 28 (58.3%) 130 (49.8%) 0.278
Alcohol drinking 145 (46.9%) 25 (52.1%) 123 (47.1%) 0.528

ASO characteristics
Rutherford classification 0.280

3–4 255 (82.5%) 37 (77.1%) 218 (83.5%)
5–6 54 (17.5%) 11 (22.9%) 43 (16.5%)

ABI 0.54 (0.37–0.78) 0.51 (0.26–0.66) 0.55 (0.39–0.78) 0.013
Laboratory findings

NLR 2.6 (2.1–3.3) 3.2 (2.5–4.3) 2.5 (2.0–3.1) <0.001
PLR 137 (107–186) 185 (119–267) 133 (103–177) <0.001
SII 357 (228–638) 527 (339–1016) 340 (223–558) <0.001
SIRI 0.97 (0.68–1.51) 1.34 (0.81–2.40) 0.95 (0.64–1.38) 0.002
AISI 130 (83–264) 240 (121–480) 120 (76–232) <0.001
CRP, mg/L 7.0 (2.6–18.6) 7.6 (4.6–27.8) 6.7 (2.4–17.3) 0.036

Data are No. (%), mean (standard deviation [SD]), or median (inter quartile range [IQR]). ABI, ankle-brachial index; ASO,
arteriosclerosis obliterans; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-
inflammation index; SIRI, systemic inflammation response index; AISI, aggregate index of systemic inflammation; CRP,
C-reactive protein.

years; p = 0.038), male (78.7% vs. 68.8%; p = 0.048), have
Rutherford classification 5–6 disease (23.2% vs. 11.7%; p
= 0.008), have a lower ABI (median: 0.53 vs. 0.55; p =
0.023), have a higher NLR (median: 3.2 vs. 2.1; p< 0.001),
have a higher PLR (median: 185 vs. 107; p < 0.001), have
a higher SIRI (median: 1.37 vs. 0.75; p < 0.001), have a
higher AISI (median: 259 vs. 85; p < 0.001), and have a
higher CRP (median: 8.9 vs. 4.8 mg/L; p < 0.001) than
those with a lower SII (<357).

Associations between patient outcomes and SII: Ta-
ble 4 shows the patient outcomes after six months of in-
tervention, according to the pretreatment SII (Table 4). In
addition to a significantly lower restenosis rate (7.8% vs.
23.2%; p = 0.010), a lower SII also was associated with a
significant improvement in clinical manifestations (Ruther-
ford classification 1–2: 67.5% vs. 52.9, p = 0.038; clinical
effective rate: 73.3% vs. 62.6%, p = 0.042). Moreover, a
higher postintervention ABI (median: 0.80 vs. 0.74; p =
0.001) and greater improvement in ABI (median: 0.29 vs.
0.22; p = 0.029) were observed in patients with a lower SII
than in those with a higher SII.

Quality of life: All patients completed the SF-6D
questionnaire at baseline and after six months of interven-
tion. The baseline scores for each indicator were compa-
rable between patients with a higher SII and those with a
lower SII (all p> 0.05, Fig. 3A) (Fig. 3). After intervention,
a lower SII was significantly associated with better physi-
cal functioning (p = 0.001), social functioning (p = 0.004),
pain (p = 0.001), and mental health (p = 0.022) (Fig. 3B).

Discussion

In the present study, we demonstrated a significant as-
sociation between the pretreatment SII and restenosis after
endovascular interventions of lower extremity ASO with
patients with a higher SII more likely to experience resteno-
sis. Compared with the NLR, PLR, SIRI, AISI, and CRP,
the SII showed superiority for predicting restenosis. In ad-
dition, patients with a lower SII achieved significantly bet-
ter improvements in clinical manifestations and ABI, to-
gether with better quality of life.
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Table 2. Univariate and multivariate analyses for restenosis.

Variables
Univariate analysis Multivariate analysis

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

Age (per 1 year) 1.020 (0.964–1.079) 0.490
Gender (female vs. male) 1.054 (0.527–2.110) 0.882
Body mass index (per 1 kg/m2) 0.978 (0.838–1.141) 0.777
Hypertension (yes vs. no) 1.158 (0.614–2.184) 0.650
Diabetes (yes vs. no) 1.690 (0.909–3.144) 0.097 1.895 (0.987–3.640) 0.055
Hyperlipidemia (yes vs. no) 1.264 (0.667–2.396) 0.472
Coronary heart disease (yes vs. no) 1.152 (0.598–2.219) 0.672
Chronic kidney disease (yes vs. no) 1.275 (0.573–2.835) 0.551
Smoking (yes vs. no) 1.411 (0.757–2.630) 0.279
Alcohol drinking (yes vs. no) 1.220 (0.659–2.258) 0.528
Rutherford classification (5–6 vs. 3–4) 1.412 (0.737–2.706) 0.298
ABI (per 0.1) 0.792 (0.662–0.948) 0.011 0.833 (0.693–1.001) 0.051
NLR (≥2.6 vs. <2.6) 3.163 (1.600–6.254) 0.001 1.716 (0.680–4.328) 0.253
PLR (≥137 vs. <137) 2.015 (1.063–3.819) 0.032 0.710 (0.268–1.885) 0.492
SII (≥357 vs. <357) 3.636 (1.810–7.302) <0.001 4.102 (1.155–14.567) 0.029
SIRI (≥0.97 vs. <0.97) 1.635 (0.873–3.062) 0.124
AISI (≥130 vs. <130) 2.507 (1.299–4.835) 0.006 0.757 (0.272–2.102) 0.593
CRP, mg/L (≥7.0 vs. <7.0) 1.209 (0.652–2.242) 0.546
The cut-off values of the 4 inflammatory markers were set as the medians. HR, hazard ratio; CI, confidence
interval; ABI, ankle-brachial index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
SII, systemic immune-inflammation index; SIRI, systemic inflammation response index; AISI, aggregate index
of systemic inflammation; CRP, C-reactive protein.

Table 3. Baseline characteristics according to the systemic immune-inflammation index (SII).
Characteristic High SII (n = 155) Low SII (n = 154) p value

Age, years 68.5 (5.4) 67.2 (5.5) 0.038
Gender, male 122 (78.7%) 106 (68.8%) 0.048
Body mass index, kg/m2 23.0 (2.0) 23.0 (2.0) 0.932
Hypertension 98 (63.2%) 86 (55.8%) 0.186
Diabetes 62 (40.0%) 53 (34.4%) 0.310
Hyperlipidemia 57 (36.8%) 45 (29.2%) 0.158
Coronary heart disease 52 (33.5%) 43 (27.9%) 0.284
Chronic kidney disease 31 (20.0%) 18 (11.7%) 0.046
Smoking 87 (56.1%) 71 (46.1%) 0.078
Alcohol drinking 78 (50.3%) 70 (45.5%) 0.392
Rutherford classification 0.008

3–4 119 (76.8%) 136 (88.3%)
5–6 36 (23.2%) 18 (11.7%)

ABI 0.53 (0.33–0.71) 0.55 (0.42–0.78) 0.023
NLR 3.2 (2.8–4.3) 2.1 (1.8–2.5) <0.001
PLR 185 (155–244) 107 (92–123) <0.001
SIRI 1.37 (0.93–2.37) 0.75 (0.54–1.01) <0.001
AISI 259 (169–423) 85 (57–107) <0.001
CRP, mg/L 8.9 (4.8–23.7) 4.8 (2.2–12.3) <0.001
Data are No. (%), mean (standard deviation [SD]), or median (inter quartile range [IQR]).
ABI, ankle-brachial index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; SIRI, systemic inflammation response index; AISI, aggregate index of systemic inflam-
mation; CRP, C-reactive protein.

There is growing evidence that inflammation and the
immune system play an important role in the initiation

and progression of atherosclerosis [19]. Over the past
decades, several ratios based on circulating neutrophil, lym-
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Table 4. Patient outcomes after 6 months of intervention according to the systemic immune-inflammation index (SII).
Characteristic High SII (n = 155) Low SII (n = 154) p value

Restenosis 36 (23.2%) 12 (7.8%) 0.010
Rutherford classification 0.038

0–2 82 (52.9%) 104 (67.5%)
3–4 58 (37.4%) 45 (29.2%)
5–6 15 (9.7%) 5 (3.2%)

Clinical effective 97 (62.6%) 113 (73.3%) 0.042
ABI 0.74 (0.54–0.93) 0.80 (0.63–1.02) 0.001
Improvement in ABI 0.22 (0.06–0.41) 0.29 (0.10–0.44) 0.029
Data are No. (%) or median (inter quartile range [IQR]). ABI, ankle-brachial index.

phocyte, and platelet counts (e.g., NLR, PLR, and SII) have
been developed to reflect systematic and local inflamma-
tory status. Neutrophils secrete inflammatory mediators
and activate other immune cells, which promotes endothe-
lial dysfunction and atheroma generation [20,21]. Platelets
promote atherosclerosis by secreting proinflammatory cy-
tokines, chemokines, and platelet-derived growth factors
[22]. Conversely, lymphocytes regulate the inflammatory
response and inhibit the development of atherosclerosis
[23,24]. A high SII may be associated with a high inflam-
matory status and thereby reflect atherosclerotic burden. A
recent study by Liu et al. [25] showed that the SII is an
independent risk factor for the occurrence and severity of
CAD. Our study also revealed that patients with a higher
SII had significantly poorer clinical manifestations and a
lower ABI.

Previous studies have demonstrated the associations
of both NLR and PLRwith the risk of cardiovascular events
[26–30]. In a retrospective study involving 148 PAD pa-
tients with advanced chronic kidney disease, Chen et al.
[31] revealed that the NLR was an important prognostic
predictor of mortality and major amputation after PTA. In
a recent study, Ye et al. [15] reported that higher NLR
and PLR were both associated with a significantly higher
1-year readmission rate. Likewise, our data also showed
that a higher SII was significantly associated with poorer
outcomes, including a higher rate of restenosis. Although
the mechanisms of restenosis have not been well stud-
ied, a growing body of evidence has suggested that the
intervention-induced inflammatory response plays an im-
portant role in promoting intimal hyperplasia [32]. Thus,
we speculate that patients with a high SII are more likely
to have an excessive immune response caused by endovas-
cular interventions and thereby experience a high risk of
postintervention restenosis. Some therapies targeting sys-
temic and local inflammation may provide more benefits in
these high-risk patients [33,34].

Our results also showed that SII had a higher predic-
tive value than NLR, PLR, SIRI, AISI, and CRP. In ad-
dition, SII was the only independent factor for restenosis
among the four inflammatory markers. A feasible expla-
nation is that the SII is a composite score and may not

be easily affected by outside interference in comparison
with CRP. Moreover, the SII developed by three blood cell
counts may provide a more comprehensive reflection of in-
flammatory status than NLR and PLR, which were both de-
veloped by two blood cell counts. The SII also exhibited
a higher predictive value than both SIRI and AISI, which
can be explained by the non-significant association between
themonocyte count (as continuous variables) and restenosis
(HR: 3.511; 95% CI: 0.688–17.924; p = 0.131).

This study had several limitations. First, as a retro-
spective study, selection bias was inevitable. Second, this
study is limited by a small sample size and a short follow-up
time. However, the sample size of 309 and 6-month follow-
up period are sufficient to achieve our study outcomes and
to inform future research. Third, the postintervention SII
was not investigated in the present study because these val-
ues were difficult to obtain from each patient. Further re-
search is still needed.

Conclusions

In conclusion, the SII, but not NLR, PLR, SIRI, AISI,
or CRP, was a strong predictor of restenosis in patients
with lower extremity ASO who underwent endovascular
interventions. Patients with a lower SII were more likely
to achieve better clinical outcomes. This low-cost, eas-
ily obtained marker may serve as a novel adjuvant tool in
decision-making processes.
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