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Abstract: Sclerostin is now being recognized as performing a multitude of physiological functions and is associated 
with coronary artery calcification. Peripheral arterial disease (PAD) is a common manifestation of atherosclerosis in 
elderly persons. This study aimed to determine whether high serum sclerostin is associated with PAD in elderly per-
sons. Blood samples were obtained from 68 participants in the study older than 65 years. Ankle-brachial index (ABI) 
values were measured using the automated oscillometric method (VaSera VS-1000). PAD was considered present if 
the left or right ABI values were less than 0.9 and included in the low ABI group. Serum sclerostin levels were mea-
sured using a commercial enzyme-linked immunosorbent assay kit. Among elderly participants, 13 (19.1%) were 
in the low ABI group. Elderly participants had higher statin use (P = 0.015), serum intact parathyroid hormone (P < 
0.001), C-reactive protein (P = 0.027), and sclerostin (P < 0.001) levels in the low ABI group than in the normal ABI 
group. Serum sclerostin (odds ratio: 1.050, 95% confidence interval: 1.013-1.089, P = 0.008) was the independent 
predictor of PAD in elderly participants in multivariate logistic regression analysis. A high serum sclerostin level is a 
risk factor for PAD in the elderly. 
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Introduction

Peripheral arterial disease (PAD), an atheroscl- 
erotic-driven condition, influences more than 
202 million people worldwide [1]. As an age-
related disease, both the incidence and preva-
lence of PAD markedly increases among elderly 
persons, which is a threat to aging global soci-
eties [2]. The PAD overall prevalence ranges 
from 3% to 10%, which increases to 15%-20% 
in elderly persons beyond 70 years old [3]. In 
view of the upward trend in the prevalence of 
PAD, the socioeconomic burden would be con-
siderable in the future [1, 3]. Although PAD 
might be asymptomatic, it can progress to 
severe conditions, such as critical limb isch-
emia and the incidence of limb loss, which are 
associated with a reduction in the functional 
capacity and quality of life when symptomatic 
[4].

Sclerostin is a soluble glycoprotein secreted  
by osteocytes and has been identified as an 
important regulator of bone formation and an 

inhibitor of the Wnt/β-catenin signaling path-
way [5]. The Wnt/β-catenin signaling pathway 
plays an important role in the regulation of en- 
dothelial inflammation, vascular calcification, 
and mesenchymal stem cell differentiation and 
therefore contributes to atherosclerosis dis-
ease [6]. As a result, it is suspected that scl- 
erostin might play a role in patients with athero-
sclerosis [6-8]. 

There are few studies that focus on the patho-
physiologic effects between sclerostin and PAD 
in elderly persons. Therefore, the aim of our 
study was to investigate the relationship be- 
tween circulating serum sclerostin levels and 
PAD in elderly persons.

Materials and methods

Participants

The study was conducted in accordance with 
the Declaration of Helsinki and was approv- 
ed by the Protection of the Human Subjects 
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Institutional Review Board of Tzu-Chi University 
and Hospital. All participants provided inform- 
ed consent prior to participating in this study 
(IRB099-97). Participants who take medica-
tions related to warfarin or protease-activated 
receptor-1 antagonists were excluded. Par- 
ticipants were also excluded if they had acute 
infection e at the time of blood sampling, or if 
they refused to provide informed consent for 
the study. Finally, a total of 68 participants 
older than 65 years of age were enrolled in  
this cross-sectional study conducted between 
January and December 2012 in a medical cen-
ter in Hualien, Taiwan. People who used oral 
hypoglycemic medications or insulin or with 

fasting plasma glucose level were ≥ 126 mg/dl 
were diagnosed with diabetes mellitus [9]. 
People who received any anti-hypertensive 
medication in the past 2 weeks or with a sys-
tolic BP ≥ 140 mmHg, diastolic BP ≥ 90 mmHg 
were regarded as having hypertension. Par- 
ticipants were measured blood pressure (BP) 
after sitting for at least 10 minutes in the 
morning. 

Anthropometric analysis

Participant wearing light clothing and without 
shoes and participant’s height and weight was 
measured to the nearest 0.5 cm or 0.5 kg, 

Table 1. Clinical variable of the 68 elderly participants in the normal or low ankle brachial index group

Characteristic All participants  
(n = 68)

Normal ABI Group  
(n = 55)

Low ABI Group  
(n = 13) P value

Age (years) 72.69 ± 5.34 72.35 ± 4.94 74.15 ± 6.83 0.275
Height (cm) 159.41 ± 8.37 159.80 ± 7.67 157.77 ± 11.08 0.436
Body weight (kg) 65.19 ± 10.66 65.02 ± 10.73 65.92 ± 10.72 0.785
Body mass index (kg/m2) 25.67 ± 3.78 25.44 ± 3.64 26.61 ± 4.34 0.321
Left ankle-brachial index 1.05 ± 0.12 1.09 ± 0.08 0.88 ± 0.12 < 0.001*
Right ankle-brachial index 1.02 ± 0.13 1.07 ± 0.07 0.82 ± 0.10 < 0.001*
Systolic blood pressure (mmHg) 128.90 ± 15.59 128.00 ± 14.60 132.69 ± 19.46 0.333
Diastolic blood pressure (mmHg) 70.29 ± 8.74 70.56 ± 8.92 69.15 ± 8.19 0.605
Total cholesterol (mg/dL) 167.51 ± 36.41 169.18 ± 36.75 160.46 ± 35.47 0.442
Triglyceride (mg/dL) 115.50 (84.00-159.75) 113.00 (83.00-169.00) 121.00 (86.50-153.00) 0.925
HDL-C (mg/dL) 47.18 ± 13.11 47.22 ± 12.48 47.00 ± 16.11 0.957
LDL-C (mg/dL) 97.37 ± 30.24 98.55 ± 31.77 92.38 ± 23.04 0.513
Fasting glucose (mg/dL) 108.00 (95.25-137.75) 108.00 (95.00-153.00) 111.00 (92.50-132.50) 0.815
Blood urea nitrogen (mg/dL) 17.82 ± 5.99 17.56 ± 5.45 18.92 ± 8.07 0.466
Creatinine (mg/dL) 1.17 ± 0.34 1.14 ± 0.31 1.29 ± 0.44 0.138
Total calcium (mg/dL) 9.11 ± 0.34 9.12 ± 0.34 9.06 ± 0.32 0.541
Phosphorus (mg/dL) 3.43 ± 0.47 3.45 ± 0.50 3.35 ± 0.35 0.504
Intact parathyroid hormone (pg/mL) 55.78 ± 30.30 49.44 ± 23.26 82.61 ± 41.56 < 0.001*
CRP (mg/dL) 0.21 (0.16-0.27) 0.20 (0.15-0.24) 0.25 (0.19-0.59) 0.027*
Sclerostin (pmoL/L) 63.78 ± 31.32 56.46 ± 26.38 94.76 ± 32.56 < 0.001*
Female, n (%) 23 (33.8) 18 (32.7) 5 (38.5) 0.694
Diabetes, n (%) 33 (48.5) 28 (50.9) 5 (38.5) 0.419
Hypertension, n (%) 55 (80.9) 44 (80.0) 11 (84.6) 0.704
ACE inhibitor use, n (%) 18 (26.5) 16 (29.1) 2 (15.4) 0.314
ARB use, n (%) 27 (39.7) 20 (36.4) 7 (53.8) 0.247
β-blocker use, n (%) 35 (51.5) 28 (50.90) 7 (53.8) 0.849
CCB use, n (%) 26 (38.2) 22 (40.0) 4 (30.8) 0.538
Statin use, n (%) 37 (54.4) 26 (47.3) 11 (84.6) 0.015*
Fibrate use, n (%) 14 (20.6) 9 (16.4) 5 (38.5) 0.076
Aspirin, n (%) 40 (58.8) 32 (58.2 8 (61.5) 0.825
Clopidogrel, n (%) 17 (25.0) 15 (27.3) 2 (15.4) 0.373
Values for continuous variables are shown as mean ± standard deviation after analysis by Student’s t-test; variables not normally distributed 
are shown as median and interquartile range after analysis by the Mann-Whitney U test; values are presented as number (%) and analysis after 
analysis by the chi-square test. ABI, ankle brachial index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
CRP, C-reactive protein; ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; CCB, calcium-channel blocker. *Values of P < 
0.05 were considered statistically significant.
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respectively. Body mass index (BMI) was calcu-
lated by dividing weight in kilograms by body 
height in meters squared (kg/m2) [10-13]. 

Biochemical investigations

Serum levels of glucose, blood urea nitrogen, 
creatinine, total cholesterol (TCH), triglycerides 
(TG), high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol (LDL-C), total 
calcium, phosphorus, and C-reactive protein 
(CRP) were measured using an autoanalyzer 
(COBAS Integra 800; Roche Diagnostics, Ba- 
sel, Switzerland) with fasting blood samples 
with participants that did not eat food for over  
8 hours [10-13]. Serum sclerostin levels (Bio- 
medica immunoassays, Vienna, Austria) and 
intact parathyroid hormone (iPTH; Diagnostic 
Systems Laboratories, Texas, USA) concentra-
tions were quantified using commercially avail-
able enzyme-linked immunosorbent assays 
[13]. 

Ankle-brachial index measurements

Ankle-brachial index (ABI) values were using an 
oscillometric method to measure BP in both 
arms and ankles (VaSera VS-1000; Fukuda 
Denshi Co, Ltd, Tokyo, Japan) [14, 15]. Under 
supine position, the occlusion and monitoring 
cuffs were appropriately applied to all four 
limbs of the participants, and the real-time 
electrocardiography was recorded for at fifteen 
minutes at least. ABI value was calculated as 
the ratio of the ankle SBP divided by the arm 
SBP. As previous study, PAD was diagnosed 
based on an ABI < 0.9 [16]. The low ABI group 
was defined if right or left ABI values < 0.9 as 
our previous study [15].

Statistical analysis

Data were analyzed using SPSS for Windows 
(version 19.0; SPSS Inc., Chicago, IL, USA). 

cose, TG, and CRP) between participants. 
Normally distributed data were expressed as 
mean ± standard deviation, and comparisons 
were performed using the Student’s indepen-
dent t-test (two-tailed) between participants. 
Variables that were significantly associated 
with PAD in elderly participants were tested for 
independence using multivariate logistic re- 
gression analysis (adopted factors: statin used, 
iPTH, CRP and sclerostin). Left or right ABI val-
ues that correlated with serum sclerostin levels 
in subjects were evaluated using univariate lin-
ear regression analysis. A P value < 0.05 was 
considered statistically significant.

Results

Demographic, clinical, and biochemical charac-
teristics of the 68 elderly participants are  
presented in Table 1. In total, 33 (48.5%) elder-
ly participants had diabetes mellitus and 55 
(80.9%) had hypertension. In this study, thir-
teen (19.1%) elderly participants were defin- 
ed in the low ABI group. Compared with elderly 
participants in the normal ABI group, those in 
the low ABI group had higher serum CRP (P = 
0.027), iPTH (P < 0.001), and sclerostin (P < 
0.001) levels. The use of drugs in these elder- 
ly participants included angiotensin receptor 
blockers (ARB; n = 27; 39.7%), angiotensin-con-
verting enzyme inhibitors (ACEi; n = 18; 26.5%), 
β-blockers (n = 35; 51.5%), calcium channel 
blockers (CCB; n = 26; 38.2%), fibrate (n = 141; 
20.6%), statins (n = 37; 54.4%), clopidogrel (n = 
17; 25.0%), and aspirin (n = 40; 58.8%). In 
elderly participants, statin use (P = 0.015) was 
higher in the low ABI group than in the normal 
ABI group. However, compared with elderly par-
ticipants in the normal ABI group, those in the 
low ABI group were not statistically significantly 
different based on gender, co-existing diabe-
tes, hypertension, or the use of ARB, ACEi, 
β-blockers, CCB, fibrate, aspirin, or clopidogrel. 

Table 2. Multivariate logistic regression analysis of the factors corre-
lated to peripheral artery disease among the 68 elderly participants

Variables Odds ratio 95% confidence 
interval P value

Sclerostin (pmoL/L) 1.050 1.013-1.089 0.008*
Statin used 5.593 0.815-38.396 0.080
Intact parathyroid hormone (pg/mL) 1.022 0.997-1.047 0.082
C-reactive protein (0.1 mg/dL) 1.063 0.890-1.269 0.502
*P < 0.05 was considered statistically significant in the multivariate logistic regression 
analysis (adopted factors: statin used, intact parathyroid hormone, C-reactive protein 
and sclerostin).

Data expressed as the 
number of patients were 
analyzed using the Chi-
square test. Data were test-
ed for normal distribution 
using the Kolmogorov-Sm- 
irnov test. Non-normally di- 
stributed data were exp- 
ressed as medians and 
interquartile ranges, and 
comparisons were perfor- 
med using the Mann-Wh- 
itney U test (fasting glu-
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Multivariate logistic regression analysis of  
the factors significantly associated with PAD 
(statin use, iPTH, CRP, and sclerostin) revealing 
that sclerostin (odds ratio: 1.050, 95% confi-
dence interval: 1.013-1.089, P = 0.008) was a 
significant independent predictor of PAD in 
elderly participants (Table 2). Two-dimensional 
scattered plots of left ABI values (r = -0.265, P 
= 0.029) or right ABI values (r = -0.420, P < 
0.001) were negatively associated with serum 
sclerostin levels among the 68 elderly subjects 
as shown in Figure 1A and 1B.

Discussion

In the present study, we found that elderly 
adults with PAD had higher serum iPTH, CRP, 
and sclerostin levels and a high prevalence of 
statin use. Serum sclerostin values were found 
to be associated with PAD in this elderly 
population.

The prevalence of PAD is sharply age-related, 
rising > 10% among those aged 60-70 years 

takes part via direct PTH receptor interaction 
on the vessel as well as indirectly via inflam- 
mation and vascular dysfunction [20]. Inflam- 
matory activation participates in the develop-
ment of atherosclerosis and may play a part in 
the generation of PAD [18]. CRP is an inflamma-
tory marker, which is related to atherosclerosis 
and cardiovascular disease, including PAD [21]. 
Previous studies have noted that higher CRP 
levels are positively correlated with PAD [22, 
23]. Our results showed that serum iPTH and 
CRP levels were higher in the low ABI group 
than in the normal ABI group among the elderly 
participants.

The Wnt/β-catenin signaling pathway has been 
introduced as one of the inducers in this vas-
cular osteochondrogenesis process and is  
also involved in the development of vascular 
calcification and atherosclerosis [5, 6]. Sclero- 
stin inhibits the Wnt/β-catenin signaling path-
way, which can enhance the intracellular de- 
gradation of β-catenin and inhibit osteoblast 
differentiation and proliferation [24]. The trans-

Figure 1. Two-dimensional scattered plots of serum sclerostin levels with (A) 
left ABI values (B) right ABI values among the 68 elderly subjects. Dashed 
lines represent 95% confidence interval. 

[2]. One study in Taiwan re- 
ported that the overall preva-
lence of asymptomatic PAD 
was 8.4% in the elderly [17]. 
In the present study, the pr- 
evalence of PAD in patients 
over the age of 65 years was 
19.1%. PAD is an expression 
of systemic atherosclerosis 
and well established as a risk 
factor for future cardiovascu-
lar events [18]. Statins effec-
tively reduce TCH and LDL-C 
levels and are the most effi-
cient drugs available today in 
the treatment of hyperchol- 
esterolemia, which takes a 
step in the growth of the ath-
erosclerotic plaque [19]. The- 
refore, there would be more 
statin use in patients with at- 
herosclerosis-related diseas-
es, including PAD. Our results 
note a higher percentage of 
statin use in PAD elderly 
participants. 

Vascular calcification and re- 
modeling are involved in the 
development and progression 
of atherosclerosis, and PTH 
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genic introduction of human sclerostin in apo- 
lipoprotein E-deficient (ApoE-/-) mice (SOSTTg.
ApoE-/-) and the administration of recombinant 
mouse sclerostin inhibited angiotensin II-in- 
duced aortic aneurysm and atherosclerosis 
[25]. Clinical studies have noted high serum 
sclerostin levels, which correlated positively 
with acute ischemic stroke, carotid intima-
media thickness in humans, atherosclerotic 
disease in patients undergoing hemodialysis or 
those with diabetes, and peripheral arterial 
stiffness in renal transplantation recipients 
[6-8, 13, 26, 27]. Our results also noted that 
serum sclerostin levels were higher in the low 
ABI group than in the normal ABI group in the 
elderly participants. After adjustment for a vari-
ety of confounders in multivariate logistic re- 
gression analysis, serum sclerostin levels 
remained independent predictors of PAD in 
elderly participants in our study.

There are several limitations of this study. First, 
this is an observational, single-center study 
with a limited number of elderly participants 
enrolled, and the possibility of bias cannot be 
excluded. Second, occlusive disease distal to 
the ankle is sensitive to the patient’s height 
and is not detected by the ABI test [2]. More- 
over, the PAD subjects were small and they had 
only slightly decreased ABI levels. Further stud-
ies performed on advanced clinical PAD stages 
could confirm its association with higher serum 
sclerostin levels in elderly people.

In conclusion, high serum sclerostin levels are 
a risk factor for PAD in elderly people. Further 
long-term prospective studies are needed to 
elucidate the causal relationship between 
serum sclerostin and PAD in elderly people.
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