
Research paper

Baseline inflammatory status affects the prognostic impact of statins in
patients with peripheral arterial disease

Kentaro Jujo a,*, Daisuke Ueshima b, Takuro Abe a, Kensuke Shimazaki a, Yo Fujimoto c,
Tomofumi Tanaka d, Teppei Murata e, Toru Miyazaki f, Michiaki Matsumoto g,
Hideo Tokuyama h, Tsukasa Shimura i, Ryuichi Funada j, Naotaka Murata k,
Michiaki Higashitani l, on behalf of Toma-Code Registry Investigators
a Department of Cardiology, Nishiarai Heart Center Hospital, Tokyo, Japan
b Department of Cardiology, Kameda Medical Center, Chiba, Japan
c Department of Cardiology, Toranomon Hospital, Tokyo, Japan
d Department of Cardiology, Sakakibara Heart Institute, Tokyo, Japan
e Department of Cardiology, Tokyo Metropolitan Geriatric Medical Center, Tokyo, Japan
f Department of Cardiology, Ome Municipal General Hospital, Tokyo, Japan
g Department of Cardiology, Nihon University Hospital, Tokyo, Japan
h Department of Cardiology, Kawaguchi Cardiovascular and Respiratory Hospital, Saitama, Japan
i Department of Cardiology, Yokohama City Minato Red Cross Hospital, Kanagawa, Japan
j Department of Vascular Medicine, Cardiovascular Hospital of Central Japan, Gumma, Japan
k Department of Cardiology, Tokyo Medical University, Tokyo, Japan
l Department of Cardiology, Tokyo Teishin Hospital, Tokyo, Japan

A R T I C L E I N F O

Keywords:
Peripheral artery disease
Endovascular therapy
C-reactive proteins
Statins

A B S T R A C T

Background: Statins bring favourable effects on the clinical prognosis of patients with atherosclerotic disease
partly through their anti-inflammatory properties. However, this effect has not been fully verified in patients
with peripheral arterial disease (PAD). We aimed to test whether statins exert different prognostic effects
depending on the degrees of inflammation in patients with PAD.
Methods: This study was a sub-analysis of a multicenter prospective cohort of 2321 consecutive patients with PAD
who received endovascular therapy (EVT). After excluding patients without information on C-reactive protein
(CRP) levels at the time of index EVT, 1974 patients (1021 statin users and 953 non-users) were classified into
four groups depending on CRP levels: low CRP (<0.1 mg/dL), intermediate-low CRP (0.1–0.3 mg/dL),
intermediate-high CRP (0.3–1.0 mg/dL), and high CRP (>1.0 mg/dL). A composite of death, stroke, myocardial
infarction, and major amputation as the primary endpoint was compared between statin users and non-users in
each CRP category.
Results: During the median observation period of 316 days, the primary composite endpoint occurred in 112
(11.0 %) statin users and 178 (18.7 %) non-users (log-rank test, p < 0.001). However, statin therapy was
associated with significantly lower event rates only in the intermediate-high- and high-CRP categories (p = 0.02
and p = 0.008, respectively). Multivariable Cox regression analysis revealed that statin use was independently
associated with the primary endpoint only in the high-CRP category (adjusted hazard ratio: 0.64 [95 % confi-
dence interval: 0.41–0.98]).
Conclusion: Statins may exert favourable prognostic effects in patients with PAD and highly elevated CRP levels.

1. Introduction

Current treatment algorithms for the prevention of adverse

cardiovascular events recommend statin therapy for patients with car-
diovascular diseases and dyslipidemia [1,2]. Lipid-lowering therapy
with statins is associated with a greater reduction in the incidence of
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major adverse cardiovascular events in patients with coronary artery
disease (CAD) [3,4]. However, half of all cases of myocardial infarctions
and strokes occur among apparently healthy individuals with low-
density lipoprotein (LDL) cholesterol levels below the currently rec-
ommended thresholds for treatment [5]. The progression of athero-
sclerosis is influenced by poor lipid profiles and chronic persistent
inflammation [6]. This is attributed to the role of LDL-cholesterol as a
major risk factor for atherosclerosis development and is inhibited by
statins owing to their pleiotropic effects including lipid-lowering and
anti-inflammation [7]. Inflammatory biomarkers, including (high-
sensitivity) C-reactive protein (CRP) and serum interleukin (IL)-6, have
been reported to be associated with an increased risk of cardiovascular
events, independent of cholesterol levels [8–11]. The anti-inflammatory
effect of statins prevents the progression of atherosclerosis in patients
with CAD by reducing CRP levels [11]. However, to date, no prospective
outcome trial has directly addressed the question of whether patients
with LDL-cholesterol levels below the treatment target but with elevated
CRP levels might benefit from statin therapy [12,13].

Patients with peripheral arterial disease (PAD) generally have an
advanced atherosclerotic status and present with comorbid CAD and
other systemic atherosclerotic diseases. Despite appropriate medical
therapy, supervised exercise therapy, and successful endovascular
therapy (EVT), many studies have reported high risks of mortality and
morbidity in patients with PAD with or without symptoms [14]. Statins
reduce both LDL-cholesterol and CRP levels; however, it is difficult to
determine the relative contribution of the reduction in each of these
biomarkers to the observed clinical benefits. We aimed to address this
knowledge gap by analyzing patients with PAD, divided into groups
according to their CRP levels, who were registered in a prospective
multicenter registry.

2. Methods

2.1. Study population and endpoints

This study is a post-hoc analysis of the Toma-Code Registry, which is
a Japanese prospective cohort of 2321 consecutive patients with PAD
who were treated with EVT in 34 hospitals between August 2014 and
August 2016. The study protocol was approved by the Ethics Committee
at Sakakibara Heart Institute (reference no. 14-023) and the committees
of each participating facility. This study was registered in the University

Hospital Medical Information Network Clinical Trials Registry (UMIN-
CTR No. UMIN000015100). The main findings of this registry have been
previously published [15]. After the exclusion of patients without in-
formation on CRP levels at the time of index EVT and those who were
lost to follow-up, 1974 patients, including 1021 statin users and 953
statin non-users, were ultimately analyzed in the current study. Refer-
ring to the prior report [16], the patients were divided into four cate-
gories depending on the CRP level at the time of EVT: low CRP (<0.1
mg/dL), intermediate-low CRP (0.1–0.3 mg/dL), intermediate-high CRP
(0.3–1.0 mg/dL), and high CRP (>1.0 mg/dL) (Fig. 1). A composite of
outcomes including death from any cause, myocardial infarction, stroke,
and major amputation as the primary endpoint of this study was
compared between statin users and non-users in each CRP category.
During the study period, incident reports from each registered medical
institution were regularly compiled by the research secretariat at
Sakakibara Heart Institute. This study was conducted according to the
principles of the Declaration of Helsinki, and written informed consent
was obtained from all patients before study entry.

2.2. Data collection and follow-up

Demographic, laboratory, angiographic, and procedural data were
collected from each patient's hospital chart or database by independent
researchers, according to predetermined definitions, and all data were
collectively managed by the study office. Follow-up data were obtained
from hospital charts or by contacting the patients or their family
members via telephone. Patients were followed-up at 1, 6, 12, 18, and
24 months after the index EVT. We evaluated patients' baseline char-
acteristics, including age; sex; body mass index (BMI); history of
smoking; history of revascularization therapy and lower limb amputa-
tion; having other comorbidities, including CAD, cerebrovascular dis-
ease (CVD), chronic kidney disease (CKD); complete blood count [white
blood cell (WBC) and platelets]; hemoglobin level; blood chemistry test
results [albumin, creatine phosphokinase, and CRP levels and lipid
profiles including total-, LDL-, and high-density lipoprotein (HDL)-
cholesterol levels]; and clinical presentations of PAD (Rutherford clas-
sification and ankle brachial pressure index of the target limb) at the
time of EVT. The prescription of medications including aspirin, P2Y12
inhibitors, cilostazol, oral anticoagulants, beta-blockers, angiotensin-
converting enzyme inhibitors or angiotensin II receptor blockers, cal-
cium channel blockers, and statins at discharge was recorded. CKD was

2,321 patients with PAD undergoing EVT
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Fig. 1. Study population.
CRP = C-reactive protein; PAD = peripheral arterial disease.
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defined as an estimated glomerular filtration rate (eGFR) <60 mL/min/
1.73 m2 and urine albumin level >30 mg/g. The location and distribu-
tion of the target lesions of EVT were also recorded: iliac, femo-
ropopliteal, below-the-knee (BTK), graft vessel, and unilateral/bilateral.

2.3. Statistical analysis

Values are expressed as the mean ± standard deviation, median and
interquartile range, and percentiles, as appropriate. The independent
Student's t-test and non-parametric equivalent Mann–Whitney U test
were used to compare statin users and non-users with respect to
continuous variables. The Fisher's exact test was used to evaluate cate-
gorical variables. The chi-square test was used to compare the Ruth-
erford classification between statin users and non-users. A composite of
outcomes including death from any cause, stroke, myocardial infarction,
and major amputation was evaluated using Kaplan–Meier curves, dif-
ferences among the four subgroups were assessed using the log-rank
trend test, and differences between statin users and non-users were
assessed using the log-rank test. Univariate Cox hazard regression
analysis was performed to evaluate the association between statin use
and prognosis after EVT. Variables reaching a level of significance of p<
0.1 in the univariate analysis and considered clinically significant were
included in the multivariable model. Multivariable Cox hazard regres-
sion analysis was performed to exclude confounding factors and identify
independent risk factors for the primary composite endpoint. To eval-
uate the hazard ratio (HR) of the primary endpoint based on statin use in
the intermediate-high-CRP category, variables such as age, sex, BMI,
smoking history, dyslipidemia, CKD, aortic stenosis, serum albumin
level, P2Y12 inhibitor use, iliac lesion, BTK lesion, and stent implanta-
tion were used to adjust the multivariable model. For the high-CRP
category, age; sex; BMI; hypertension; CKD; heart failure; CAD; CVD;
hemoglobin, albumin, and LDL-cholesterol levels; bilateral target; BTK
lesion; stent implantation; and procedural complications were used.
When calculating adjusted HR, missing values were excluded using
listwise deletion, and the analysis was performed only on complete data.
Among the adjusted factors, albumin level had the highest missing value
rate at 3.4 %, which is well below the 10 % threshold considered
acceptable for listwise deletion. Two-tailed P-values <0.05 were
considered statistically significant. Statistical analyses were performed
using R software, version 3.3.0 (R Foundation for Statistical Computing,
Vienna, Austria).

3. Results

Of the 2321 consecutive patients with PAD who underwent EVT, 282
patients lacking CRP data and 65 patients lost to follow-up were
excluded (Fig. 1). Among the enrolled 1974 patients, 517 (26.2 %) were
assigned to the low-CRP category, 494 (25.0 %) to the intermediate-low-
CRP category, 462 (23.4 %) to the intermediate-high-CRP category, and
501 (25.4 %) to the high-CRP category. In addition, at the time of EVT,
1021 (51.7 %) patients received statins, whereas 953 (48.3 %) patients
did not. A total of 326 (63.1 %) patients in the low-CRP category, 268
(54.3 %) in the intermediate-low-CRP category, 236 (51.1 %) in the
intermediate-high-CRP category, and 191 (38.1 %) in the high-CRP
category received statins.

3.1. Patient profiles

Baseline patient profiles are presented in Table 1, and procedural
details in Table S1. In the whole cohort, the average age was 73 years,
72 % of the patients were males, and statin users were significantly older
and more obese. Diverse comorbidities, such as hypertension, CKD,
hemodialysis, and CAD, were significantly more prevalent among statin
users. The statin user group included fewer patients with atrial fibril-
lation or the on-ambulant status but frequently received prior EVT. In
terms of laboratory data, statin users had higher hemoglobin levels and

lower WBC, platelet, and CRP levels. Overall, statin users received more
intensive medical treatment, except with cilostazol and oral anticoag-
ulants. Angiography revealed that statin users were likely to have fewer
BTK lesions, be in lower Rutherford classes, and receive more stent
implantations.

In each CRP category, statin users were significantly younger in the
higher CRP categories, and the results were consistent with those of the
entire cohort. The statin user group included more patients undergoing
regular hemodialysis only in the lower CRP categories. Patients in the
higher CRP categories had higher Rutherford classes, and the statin user
group included more non-ambulatory patients only in the high-CRP
category. Baseline CRP levels were significantly lower in statin users
than that in non-users, only in the high-CRP category.

3.2. Clinical outcomes

Overall, during the observation period [median 316 (interquartile
range: 177–411) days], the primary composite endpoint occurred in 112
statin users (11.0 %) and 178 non-users (18.7 %). The incidence rates of
the primary endpoint and its individual components, stratified by CRP
categories, are presented in Table S2. Statin users had a significantly
lower event rate of the primary endpoint than non-users (log-rank: p <
0.001) (Fig. 2A). While patients in the lower CRP categories showed a
lower event rate (log-rank test for trend: p < 0.001) (Fig. 2B).

Fig. 3 shows the Kaplan–Meier curves between statin users and non-
users in the four different CRP categories when comparing the primary
endpoint. In the intermediate-high-CRP and high-CRP categories, statin
users had significantly lower rates of the primary endpoint (log-rank, p
= 0.02, p = 0.008, respectively). However, in the other lower CRP cat-
egories, there were no statistically significant differences between statin
users and non-users. Univariate Cox regression analysis in the high-CRP
category showed that BMI, CKD, CVD, albumin, alanine aminotrans-
ferase, and statin use were associated with the incidence of the primary
endpoint (Table S3). The multivariable model for patients in the high-
CRP category revealed that statin use was still independently corre-
lated with the primary endpoint, even after the adjustment of covariates
[HR: 0.64, 95 % confidence interval (CI): 0.41–0.98; Table 2]. For the
intermediate-high-CRP category, statin use was not associated with the
primary endpoint (HR: 0.65, 95 % CI: 0.35–1.21).

The components of the combined endpoints were examined indi-
vidually. Multivariable analysis showed that statin use was indepen-
dently associated with the incidence of death from any cause (HR: 0.57;
95 % CI: 0.40–0.82), only in the entire cohort. In any other category in
any component, statin users did not show prognostic superiority
compared to statin non-users (Table S4).

4. Discussion

The principal finding of this study was that statin treatment did not
affect the prognosis of patients with low to moderate CRP levels but was
associated with improved prognosis in patients with CRP levels >1.0
mg/dL at the time of EVT. We previously reported the prognostic benefit
of statin use only in patients with PAD and elevated baseline CRP levels
in a single-center database [17]. The present study validated this asso-
ciation using data from a large-scale multicenter prospective registry.

Prior placebo-controlled trials and meta-analyses evaluating the
relationship between statin use and prognosis have revealed its benefits
for all-cause and cardiovascular mortality [18–24]. These accumulated
research results have proven the concept of the lower the better of lipid
profiles. In contrast, no reduction in long-term cardiovascular mortality
was observed in a trial of moderate- vs. high-intensity statin therapy in
patients with prior myocardial infarction [25]. Most of the study pop-
ulation was in a stable condition; hence, the margin for the lipid-
lowering therapy to work was low. Additionally, the JUPITER trial
demonstrated the benefits of rosuvastatin treatment for cardiovascular
outcomes of patients with high plasma CRP levels (>2.0 mg/dL) but
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Table 1
Baseline patient profiles.

Variables Whole cohort CRP < 0.1 CRP 0.1–0.3 CRP 0.3–1.0 CRP > 1.0

All
patients

No statin Statin p value No statin Statin p value No statin Statin p value No statin Statin p value No statin Statin p value

n = 1974 n = 953 n = 1021 n = 191 n = 326 n = 226 n = 268 n = 226 n = 236 n = 310 n = 191

Age, years 73.1 ± 9.4 73.8 ±

9.9
72.5 ±

8.8
0.003 73 ± 10.0 73 ± 8.9 0.99 73.6 ±

9.0
73 ± 8.5 0.44 73.9 ± 10 71.9 ±

8.4
0.02 74.2 ±

10.5
71.8 ±

9.4
0.009

Male, % 1415
(71.7)

679
(71.2)

736
(72.1)

0.72 139
(72.8)

221
(67.8)

0.28 170
(75.2)

196
(73.1)

0.67 157
(69.5)

177 (75) 0.22 213
(68.7)

142
(74.3)

0.21

BMI, kg/m2 22.3 ± 3.6 21.8 ±

3.7
22.9 ±

3.4
<0.001 21.7 ±

3.4
22.5 ±

3.3
0.01 22.3 ±

3.1
23.5 ±

3.4
<0.001 22.4 ±

3.9
22.9 ±

3.4
0.09 21.1 ±

4.0
22.5 ±

3.4
<0.001

Diabetes, % 1129
(57.2)

526
(55.2)

603
(59.1)

0.09 95 (49.7) 182
(55.8)

0.21 111
(49.1)

157
(58.8)

0.04 134
(59.3)

136
(57.6)

0.79 186 (60) 128
(67.0)

0.14

Insulin use, % 383 (19.4) 166
(17.4)

217
(21.3)

0.04 25 (13.1) 62 (19.0) 0.11 32 (14.2) 55 (20.6) 0.08 42 (18.6) 48 (20.3) 0.72 67 (21.6) 52 (27.2) 0.19

Smoking history, % 1183 (60) 529
(55.5)

654
(64.1)

<0.001 109
(57.1)

209
(64.1)

0.14 142
(62.8)

178
(66.7)

0.43 118
(52.2)

161
(68.2)

0.001 160
(51.6)

106
(55.5)

0.45

Hypertension, % 1625
(82.4)

750
(78.8)

875
(85.8)

<0.001 157
(82.6)

287
(88.0)

0.12 186
(82.3)

237
(88.8)

0.06 185
(81.9)

201
(85.2)

0.40 222
(71.6)

150
(78.5)

0.11

Dyslipidemia, % 1134
(57.5)

301
(31.6)

833
(81.7)

<0.001 60 (31.4) 274
(84.0)

<0.001 77 (34.1) 223
(83.5)

<0.001 80 (35.4) 186
(78.8)

<0.001 84 (27.1) 150
(78.5)

<0.001

CKDa, % 897 (45.4) 479
(50.3)

418
(40.9)

<0.001 58 (30.4) 91 (27.9) 0.62 102
(45.1)

97 (36.2) 0.05 125
(55.3)

108
(45.8)

0.05 194
(62.6)

122
(63.9)

0.85

Hemodialysis, % 552 (28) 326
(34.2)

226
(22.2)

<0.001 37 (19.4) 37 (11.3) 0.02 66 (29.2) 41 (15.4) <0.001 84 (37.2) 69 (29.2) 0.09 139
(44.8)

79 (41.4) 0.50

COPD, % 81 (4.1) 38 (4.0) 43 (4.2) 0.89 9 (4.7) 8 (2.5) 0.26 9 (4.0) 8 (3.0) 0.73 4 (1.8) 16 (6.8) 0.02 16 (5.2) 11 (5.8) 0.93
Heart failure, % 243 (12.3) 110

(11.5)
133
(13.1)

0.34 11 (5.8) 31 (9.5) 0.18 18 (8.0) 18 (6.8) 0.74 30 (13.3) 40 (16.9) 0.33 51 (16.5) 44 (23.0) 0.09

CAD, % 920 (46.6) 357
(37.5)

563
(55.2)

<0.001 56 (29.3) 174
(53.4)

<0.001 85 (37.6) 139
(52.1)

0.002 85 (37.6) 130
(55.1)

<0.001 131
(42.3)

120
(62.8)

<0.001

CVD, % 292 (14.8) 140
(14.7)

152
(14.9)

0.94 23 (12.0) 35 (10.7) 0.76 25 (11.1) 43 (16.1) 0.14 40 (17.7) 42 (17.9) >0.99 52 (16.8) 32 (16.8) >0.99

Atrial fibrillation, % 211 (10.7) 131
(13.7)

80 (7.8) <0.001 16 (8.4) 21 (6.4) 0.52 29 (12.8) 14 (5.2) 0.01 31 (13.7) 26 (11) 0.46 55 (17.7) 19 (9.9) 0.02

Aortic stenosis, % 46 (2.3) 23 (2.4) 23 (2.3) 0.93 5 (2.6) 5 (1.5) 0.59 4 (1.8) 3 (1.1) 0.82 5 (2.2) 4 (1.7) 0.95 9 (2.9) 11 (5.8) 0.18
Non-ambulatory status,
%

196 (9.9) 126
(13.2)

70 (6.9) <0.001 7 (3.7) 10 (3.1) 0.91 15 (6.6) 10 (3.7) 0.21 20 (8.8) 15 (6.4) 0.40 84 (27.1) 35 (18.3) 0.03

Prior major amputation,
%

71 (3.6) 42 (4.4) 29 (2.8) 0.08 0 (0) 3 (0.9) 0.47 3 (1.3) 5 (1.9) 0.91 13 (5.8) 8 (3.4) 0.32 26 (8.4) 13 (6.8) 0.64

Prior lower extremity
bypass surgery, %

74 (3.8) 30 (3.1) 44 (4.3) 0.21 4 (2.1) 7 (2.1) >0.99 7 (3.1) 5 (1.9) 0.56 5 (2.2) 16 (6.8) 0.03 14 (4.5) 16 (8.4) 0.12

Prior EVT for lower
extremity, %

435 (22) 188
(19.7)

247
(24.2)

0.02 39 (20.4) 81 (24.8) 0.30 40 (17.7) 62 (23.2) 0.16 41 (18.1) 50 (21.2) 0.48 68 (21.9) 54 (28.3) 0.13

Lower extremity
symptom, %

<0.001 0.01 <0.001 0.003 0.001

Rutherford 1–3 995 (50.4) 372
(39.0)

623
(61.0)

117
(61.3)

242
(74.2)

125
(55.3)

198
(73.9)

87 (38.5) 131
(55.5)

43 (13.9) 52 (27.2)

Rutherford 4 354 (17.9) 184
(19.3)

170
(16.7)

44 (23.0) 56 (17.2) 42 (18.6) 33 (12.3) 50 (22.1) 46 (19.6) 48 (15.5) 35 (18.3)

Rutherford 5 501 (25.4) 307
(32.2)

194
(19.0)

26 (13.6) 28 (8.6) 55 (24.3) 36 (13.4) 74 (32.7) 50 (21.3) 152
(49.2)

80 (41.9)

Rutherford 6 122 (6.2) 89 (9.3) 33 (3.2) 4 (2.1) 0 (0) 4 (1.8) 1 (0.4) 15 (6.6) 8 (3.4) 66 (21.4) 24 (12.6)
Lab data
WBC, /uL 7236 ±

2954
7491 ±

3335
6999 ±

2527
<0.001 6298 ±

2154
6058 ±

1701
0.16 6452 ±

1621
6861 ±

2061
0.02 6834 ±

2104
7198 ±

2094
0.06 9459 ±

4515
8548 ±

3728
0.02

(continued on next page)
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Table 1 (continued )

Variables Whole cohort CRP < 0.1 CRP 0.1–0.3 CRP 0.3–1.0 CRP > 1.0

All
patients

No statin Statin p value No statin Statin p value No statin Statin p value No statin Statin p value No statin Statin p value

n = 1974 n = 953 n = 1021 n = 191 n = 326 n = 226 n = 268 n = 226 n = 236 n = 310 n = 191

Hemoglobin, g/dL 22.3 ± 3.6 21.8 ±

3.7
22.9 ±

3.4
0.001 21.7 ±

3.4
22.5 ±

3.3
0.22 22.3 ±

3.1
23.5 ±

3.4
0.04 22.4 ±

3.9
22.9 ±

3.4
0.43 21.1 ±

4.0
22.5 ±

3.4
0.39

Platelets, 104/uL 22.5 ±

11.5
23.3 ±

14.3
21.8 ±

8.0
0.003 20.6 ±

7.6
20.6 ±

7.2
>0.99 22.9 ±

19.1
21.3 ±

6.9
0.19 21.4 ±

9.8
22.4 ±

6.9
0.21 26.7 ±

15.5
23.7 ±

10.9
0.02

Albumin, g/dL 3.8 ± 0.6 3.7 ± 0.6 3.9 ± 0.6 <0.001 4.1 ± 0.6 4.1 ± 0.4 0.35 3.9 ± 0.5 4.0 ± 0.5 0.004 3.8 ± 0.6 3.9 ± 0.5 0.03 3.3 ± 0.6 3.5 ± 0.8 0.008
CPK, U/l, median
[IQR]

73 [47,
112]

67 [42,
108]

78 [54,
116]

<0.001 82 [56,
119]

85 [60,
125]

0.28 73 [49,
109]

78 [57,
112]

0.12 60 [38,
95]

77 [51,
105]

0.001 54 [34,
96]

65 [40,
120]

0.06

Total cholesterol,
mg/dL

171.7 ±

39.7
174.4 ±

39.7
169.3 ±

39.5
0.007 184.3 ±

33.9
173.2 ±

37.9
0.002 181.9 ±

42.6
172.7 ±

36.1
0.02 176.0 ±

40.7
171.5 ±

41.9
0.27 160.8 ±

36.6
153.9 ±

41.0
0.08

HDL-cholesterol, mg/
dL

50.4 ±

16.9
49.8 ±

17.4
50.9 ±

16.4
0.18 56.8 ±

18.9
56.4 ±

17.3
0.81 50.4 ±

15.3
50.1 ±

14.8
0.83 50.1 ±

19.9
49.3 ±

16.1
0.68 44.4 ±

13.6
43.9 ±

14.3
0.73

LDL-cholesterol, mg/
dL

95.3 ±

31.6
100.5 ±

31.0
90.7 ±

31.4
<0.001 103.2 ±

30.1
90.0 ±

30.5
<0.001 103.2 ±

32.1
92.4 ±

29.9
0.001 102.3 ±

33.2
93.1 ±

33.8
0.009 95.1 ±

28.5
86.5 ±

32.3
0.007

CRP, mg/dl, median
[IQR]

0.28 [0.09,
1.40]

0.38
[0.12,
1.70]

0.20
[0.07,
0.65]

<0.001 0.05
[0.03,
0.07]

0.04
[0.03,
0.07]

0.33 0.17
[0.12,
0.22]

0.16
[0.12,
0.22]

0.44 0.53
[0.38,
0.75]

0.49
[0.35,
0.67]

0.06 3.29
[1.86,
7.46]

2.67
[1.48,
5.67]

0.01

Medications at the time
of EVT
Aspirin, % 1353

(68.5)
592
(62.1)

761
(74.5)

<0.001 120
(62.8)

252
(77.3)

0.001 142
(62.8)

208
(77.6)

<0.001 145
(64.2)

165
(69.9)

0.22 185
(59.7)

136
(71.2)

0.01

P2Y12 inhibitor, % 1328
(67.3)

592
(62.1)

736
(72.1)

<0.001 125
(65.4)

237
(72.7)

0.10 142
(62.8)

198
(73.9)

0.01 139
(61.5)

171
(72.5)

0.02 186
(60.0)

130
(68.1)

0.09

Cilostazol, % 773 (39.2) 380
(39.9)

393
(38.5)

0.56 87 (45.5) 128
(39.3)

0.19 98 (43.4) 108
(40.3)

0.55 79 (35) 89 (37.7) 0.60 116
(37.4)

68 (35.6) 0.75

OAC, % 348 (17.6) 203
(21.3)

145
(14.2)

<0.001 32 (16.8) 38 (11.7) 0.11 42 (18.6) 26 (9.7) 0.006 59 (26.1) 41 (17.4) 0.02 70 (22.6) 40 (20.9) 0.74

ACE inhibitor, % 139 (7) 55 (5.8) 84 (8.2) 0.04 12 (6.3) 31 (9.5) 0.26 12 (5.3) 20 (7.5) 0.44 12 (5.3) 18 (7.6) 0.41 19 (6.1) 15 (7.9) 0.57
ARB, % 924 (46.8) 377

(39.6)
547
(53.6)

<0.001 99 (51.8) 187
(57.4)

0.26 103
(45.6)

159
(59.3)

0.003 97 (42.9) 121
(51.3)

0.09 78 (25.2) 80 (41.9) <0.001

Beta blocker, % 604 (30.6) 238
(25.0)

366
(35.8)

<0.001 47 (24.6) 100
(30.7)

0.17 55 (24.3) 85 (31.7) 0.09 59 (26.1) 100
(42.4)

<0.001 77 (24.8) 81 (42.4) <0.001

ACE = angiotensin-converting enzyme; ARB = angiotensin II receptor blocker; BMI = body mass index; BTK = below the knee; CAD = coronary artery disease; CCB = calcium channel blocker; CKD = chronic kidney
disease; COPD= chronic obstructive pulmonary disease; CPK= creatine phosphokinase; CRP = C-reactive protein; CVD= cerebrovascular disease; DOAC= direct oral anticoagulant; EPA= eicosapentaenoic acid; EVT=

endovascular therapy; HDL = high-density lipoprotein; IQR = interquartile range; LDL = low-density lipoprotein; LVEF = left ventricular ejection fraction; WBC = white blood cell.
a eGFR<60 mL/min/1.73 m2.
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without high LDL-cholesterol levels [26]. Collectively, sufficient
experimental and clinical evidence has established statin pleiotropy in
patients with CAD.

As for patients with PAD, there is limited evidence from randomized
clinical trials on the benefits of statin treatment. In a large observational
study that included low-risk patients with PAD, statin therapy was
associated with a reduction in the incidence of major adverse cardiac
events and all-cause mortality [27]. Consistent with the findings of this
report, in the entire cohort of the current study, statin administration at
the time of EVT was associated with improved long-term prognosis, and
the baseline CRP levels well stratified the risk of adverse clinical out-
comes. From this point of view, only patients with PAD having CRP
levels >1.0 mg/dL as the population with higher event rates achieved a
statistical difference in the study endpoint by statin use. In this high-risk

CRP
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Fig. 2. Incidence of the primary endpoint regarding statin use and CRP levels.
Kaplan–Meier curves for freedom from a composite of outcomes including death, stroke, myocardial infarction, and major limb amputation in patients who were
treated with and without statins (A) and in those who were categorized into four different groups according to CRP levels (B).
CRP, C-reactive protein; EVT, endovascular therapy; pts., patients; inter-low, intermediate-low; inter-high, intermediate-high.
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Fig. 3. Comparison of the primary endpoint between statin users and non-users.
Incidence of composite of outcomes including death, stroke, myocardial infarction, and major limb amputation in statin users (red) and non-users (gray) in the low-
CRP (A), intermediate-low-CRP (B), intermediate-high-CRP (C), and high-CRP (D) categories.
CRP, C-reactive protein; EVT, endovascular therapy; pts., patient. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)

Table 2
Hazard ratio of primary endpoint by statin use.

CRP category Unadjusted Adjusted

HR 95 % CI p value HR 95 % CI p value

CRP <0.1 0.61 0.26–1.40 0.24
CRP 0.1–0.3 0.64 0.30–1.34 0.23
CRP 0.3–1.0a 0.54 0.32–0.91 0.02 0.65 0.35–1.21 0.18
CRP >1.0b 0.62 0.44–0.89 0.009 0.64 0.41–0.98 0.046

a Adjusted by age, sex, BMI, smoking history, dyslipidemia, CKD, AS, albumin,
P2Y12, iliac lesion, BTK lesion, stent implantation.
b adjusted by age, sex, BMI, hypertension, CKD, heart failure, CAD, CVD,

hemoglobin, albumin, AST, bilateral target, BTK lesion, stent implantation,
procedural complication.
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population, the distance between the Kaplan–Meier curves in the two
groups began to widen very early after the index EVT. PAD can be
regarded as a systemic, chronic inflammatory disorder with a direct
relationship between the level of inflammation and its severity [28].
Prior reports have indicated that statins exert rapid effects before any
lipid-lowering takes place and improve nitric oxide vascular bioavail-
ability by increasing tetrahydrobiopterin synthesis and lowering the
activity of NADPH oxidases in the vascular wall [12,13]. This also
supported that the favourable prognostic effect of statins was predom-
inantly through anti-inflammatory properties. Downstream inflamma-
tory signaling by CRP and upstream signaling by IL-1b and IL-6 are
involved in atherosclerosis-related systemic low-grade inflammation.
The signaling mediators involved in atherosclerotic plaques and
vascular wall inflammation have also been well characterized [29].

Multiple mechanisms may contribute to improving the prognosis of
patients with atherosclerosis; however, the present study indicates the
potential of statins to work predominantly through the anti-
inflammatory axis in patients with PAD, including the population with
advanced atherosclerosis. Alternatively, the results may indicate that
the favourable prognostic effects of statins are observed only in patients
with “activated” vascular inflammation and “progressive” atheroscle-
rosis. The role of inflammation in atherosclerosis is now well estab-
lished, not only by studies measuring pro-inflammatory biomarkers in
human plasma [30], but also by Mendelian randomization studies
revealing a causal relationship between genetic variation in cytokine
signaling, such as the IL-6 receptor [31], and the risk of development of
atherosclerotic disease phenotypes. Statins have a variety of pleiotropic
properties, including the ability to induce dose-dependent decreases in
the levels of CRP and other inflammatory biomarkers [32]. There are
findings supporting the anti-inflammatory effects of statins, including
the reduction of CRP levels in patients taking statins regardless of the
level of decrease in LDL-cholesterol level. These anti-inflammatory ef-
fects are of particular importance in preventing the formation of
atherosclerotic plaques and in preserving the functions of endothelial
cells [33]. The present study showed that higher CRP levels were asso-
ciated with worse clinical prognoses. Interestingly, in the current study,
patients in the higher CRP categories received lower chances of statin
treatment.

The legacy effects of statin treatment have been reported in a prior
meta-analysis that the induction of statin itself was associated with
prolonged improved outcomes in the remote phase after induction [34].
In the current study, we observed the relationship between statin use at
the time of index EVT and subsequent clinical outcomes; however, we
did not consider new induction of statins during the observation period.
Given the proven legacy effect of statins, the findings of the current
study indicate that earlier statin use may improve long-term outcomes in
high-risk patients. On the contrary, in a certain proportion of the statin
users, there are non-adherence rates due to intolerability of statins due
to muscle pain of rhabdomyolysis, or acute kidney injury. There is no
evidence in this study that statins were newly prescribed during the
index hospitalization or were already prescribed before hospitalization.
In addition, the discontinuation or new induction of statins during the
observation period was not considered in this study. The presence of
potential cross-over cases in both groups may have contributed to the
lack of significant difference in event rates between the two groups,
particularly in the lower CRP categories. This phenomenon could
potentially mask the true effect of the intervention on outcomes in these
subgroups.

In the real clinical settings, there are few opportunities of interven-
tion to reduce inflammation in patients with advanced and progressive
atherosclerosis who have suspended inflammation. The results from the
present study may help doctors select the appropriate timing and pa-
tients with PAD to receive the most benefit from statin treatment.

5. Limitations

This study had some limitations. First, the study patients who un-
derwent EVT and CRP testing were selected; therefore, a selection bias
may have occurred. Information on the types and doses of statins
administered to patients was not collected; therefore, we could not
determine the kind or dose-dependent effect of statins on prognosis. No
therapeutic guidelines were pre-specified in the current study, and the
therapeutic regime was at the discretion of the attending doctors in each
hospital; therefore, some patients were indicated to receive lipid-
lowering therapy with strong statins but did not receive the appro-
priate guideline-directed therapy. Details regarding the etiology of
increased CRP levels were not examined. High-CRP levels may represent
active infections, malignancies, or chronic inflammatory diseases,
including collagen diseases, and the effects of statins on these conditions
are unknown. CRP, but not high-sensitivity CRP, was set as the
biomarker for inflammatory status in this study because high-sensitivity
CRP was not routinely examined in all patients with PAD who were
scheduled to receive EVT in each hospital. No changes in lipid profiles or
inflammatory status were observed after discharge. Therefore, it is
difficult to conclude which factor, between the anti-inflammatory and
lipid-lowering properties of statins, plays a more important role in
decreasing the rate of adverse clinical outcomes. Prospective statin entry
studies that include CRP-categorized patients are required to clarify the
prognostic impact of the anti-inflammatory effects of statins.

6. Conclusions

This study evaluated the prognostic effects of statin therapy with
respect to the degree of inflammation and found that statin therapy at
the time of EVT was associated with improved clinical outcomes in
patients with PAD and highly elevated CRP levels but not in those with
low to moderate CRP levels.
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