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László Entz • Péter Lakatos • Zoltán Szeberin

Received: 5 September 2012 / Accepted: 22 March 2013 / Published online: 6 April 2013

� Springer Science+Business Media New York 2013

Abstract Recent studies have highlighted a significant

association between the severity of atherosclerosis and

bone mineral density (BMD) among healthy subjects,

although its connection to angiographically determined

peripheral artery disease (PAD) has never been investi-

gated. We evaluated the connection between the angio-

graphic severity and site specificity of peripheral

atherosclerosis and osteoporosis among patients with

chronic lower limb ischemia. In our cross-sectional study

we investigated 172 patients with PAD. The anatomic sites

of the lesions were analyzed. The severity of atheroscle-

rosis was diagnosed using the Bollinger angiographic score

(BS). BMD was measured at the lumbar spine (l-BMD) and

at femoral (f-BMD) and radial (r-BMD) sites by dual-

energy X-ray absorptiometry. Dyslipidemia, the level of

vitamin D3, and different bone turnover markers were also

noted. Among PAD patients, regardless of the lesion site,

we did not find any association between BMD and BS.

Among patients with iliac disease, BS was associated with

l-BMD (p = 0.038, r = -0.467) and with f-BMD

(p = 0.002, r = -0.642). The level of r-BMD among

patients with iliac disease was not associated with BS

(p = 0.233, r = -0.306). We did not find any difference

between the group of patients with and that without

dyslipidemia and low or normal levels of vitamin D3. Our

results show a connection between the severity of athero-

sclerosis and osteoporosis among patients with PAD, spe-

cific to the site of the lesion. The findings regarding

dyslipidemia, bone markers, and site specificity support the

hypothesis that reduced blood flow is the key factor

responsible for the inverse association of BMD with

atherosclerosis.
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It is well known among vascular specialists that patients

with severe atherosclerosis often suffer from osteoporosis

as well. Some of the risk factors for these diseases are

common, but many others are not; hence, it is difficult to

demonstrate a connection which links them. Recent evi-

dence suggests a strong connection between atherosclerosis

and bone mineral density (BMD) [1], although the asso-

ciation is not fully understood.

Several studies have reported increased prevalence of

peripheral artery disease (PAD) among patients with

osteoporosis [2], while other reports [3] have shown a

weak, age-related association between the two diseases

among female patients. It is also specified that increased

cardiovascular morbidity is associated with the presence of

osteoporosis [4]. The exact mechanism behind this con-

nection has not been clarified yet.

Some studies [3] suggest that decreased BMD is due to

compromised blood flow. Laroche et al. [5] found that

lower femoral BMD was associated with the leg affected

more by atherosclerosis. These measurements were based

on ankle brachial Doppler index and clinical assessments

of the patient.
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Another hypothesis suggests that dyslipidemia can be

the link between atherosclerosis and osteoporosis [6–8].

Higher low-density lipoprotein (LDL) levels and lower

high-density lipoprotein (HDL) levels were found in

postmenopausal women with low BMD [9]. The same

oxidized lipids that induce atherosclerosis also induce

mineralization and differentiation of the osteoblastic cells

in the artery wall [10].

A third theory posits vitamin D3 as one of the possible

links between atherosclerosis and osteoporosis [11]. Sup-

plementation with vitamin D3 reduces the risk of fractures

and slightly improves BMD [12] as well as having an effect

on cardiovascular mortality [13].

The diagnosis of osteoporosis is based on BMD, but the

importance of bone turnover is highlighted as well [14].

Several markers of bone absorption and formation have

been identified. Their level is moderately associated with

BMD in postmenopausal women [14].

Fetuin-A is an inhibitor of extraosseal calcification; its

level is associated to lumbar spine BMD (l-BMD) in

elderly women [15] and to vascular calcification in healthy

[16] and PAD [17] patients. Regardless of these findings,

the level of fetuin-A among chronic kidney disease (CKD)

and hemodialyzed patients appears to be an independent

risk factor [18, 19] for vascular calcification, while its role

in patients without CKD has not been fully discovered [16].

Studies focusing on patients with PAD use indirect

methods to assess the severity of vascular calcification,

such as measurements of intima media thickness [20] or the

presence of calcification in the aorta [1]. A recent study

found a connection between the angiographic symptoms of

coronary sclerosis and BMD [21] in female patients, while

other authors were unable to establish the same connection

in male patients [22].

Although the mechanism of the development of osteo-

porosis and atherosclerosis is better understood, the exist-

ing connection among these diseases has not yet been fully

evaluated and explained. To the best of our knowledge,

angiographic symptoms and the severity of osteoporosis

have never been investigated among PAD patients.

The aim of this study was to evaluate the connection

between the angiographic severity and site specificity of

peripheral atherosclerosis and osteoporosis among patients

with PAD and to examine the potential effect of dyslipi-

demia and serum D3 levels on this association.

Materials and Methods

In this cross-sectional study 172 consecutive patients with

advanced chronic lower limb ischemia were recruited at the

Semmelweis University Department of Vascular Surgery,

Budapest, Hungary, between January and July 2009.

At the first visit to the outpatient clinic a medical history

was recorded and all patients underwent physical exami-

nation. A study questionnaire was used for recording the

relevant demographic and clinical data (age, weight,

height, abdominal girth, smoking habit, and concomitant

disease). Anticholesterol therapy, osteoporosis treatment,

and the use of other medications were also noted. Patients

were considered hypertensive or diabetic if they were

treated for these conditions at the time of their visit to the

center. Body mass index (BMI) was calculated as weight

(kilograms) divided by height squared (meters). Exclusion

criteria were emergency admission, clinical or laboratory

signs of acute infection, inflammation, malignant tumor,

hepatic disease, end-stage renal disease (dialysis), immune

suppression, and severe medical or surgical conditions

(myocardial infarction, stroke, trauma, surgical procedure)

in the 6 months prior to the visit to the outpatient clinic. All

of our patients had severe, clinically significant lower limb

atherosclerosis.

All of our patients underwent a surgical procedure,

endovascular repair, or diagnostic angiography. A radiologist,

who was excluded from other parts of the study performed

lower limb angiography. The puncture was performed

using local anesthesia with the Seldinger technique in all of

the cases via radial, brachial, or femoral access. Angio-

grams were performed using a 4-Fr diagnostic pigtail-

shaped flush catheter and a power injector. Digital sub-

traction angiography was performed using Axiom Artis

(Siemens Medical Solutions, Erlangen, Germany) standard

angiography suite. Vital signs and oxygen saturation were

monitored in all patients. For angiography, non-ionic

contrast material—iopromide Ultravist 370 (Bayer Scher-

ing Pharma, Berlin, Germany) or iodixanol (Visipaque; GE

Healthcare, Little Chalfont, UK)—was used, depending on

the renal function.

We chose an angiography-based scoring system created

by Bollinger et al. [23], called the Bollinger score (BS).

Two experienced radiologists, who were blinded from each

other’s results, analyzed the pictures. An additive score

was calculated in order to assess the extent of arterioscle-

rosis of the infrarenal aorta and the iliac, femoral, popliteal,

and crural arteries on each side. Stenotic lesions and

occlusions were noted in each arterial segment on both

sides. Four categories of occlusive lesions were defined in

descending order of severity: complete occlusion and ste-

nosis narrowing the lumen by more than 50, 25–50 %, and

less than 25 %. (Lower values were assigned to less severe

stenosis.) If the stenotic area exceeded more than half of

the length of the vessel, higher values were given and

occlusion received the highest scores, especially if it was

observed in the full length of the artery. This system is

particularly suitable to assess systemic atherosclerosis

because it is able to judge stenoses and occlusions in a long
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segment of the vascular system. The site of the athero-

sclerotic lesion was noted and compared to the BMD

measurements, which were also site-specific.

Patients were referred to an internist specialized in

osteoporosis, who was excluded from other parts of the

study. BMD measurements were carried out using dual-

energy X-ray absorptiometry (DXA) (Lunar Prodigy;

General Electric, Madison, WI) at three different sites: total

femoral neck, lumbar spine (L2–L4), and radius midshaft.

BMD was calculated by the ratio of bone mineral content

and the observed area (grams per square centimeter).

Fasting serum samples were collected and used to ana-

lyze laboratory parameters. Conventional standardized

methods were performed in the core laboratory of Sem-

melweis University (diagnostic instruments: D-Cell 5D

from Diagon, Budapest, Hungary; Cobas Integra 400 from

Roche, Indianapolis, IN: STA-Compact from Diagnostica

Stago, Parsippany, NJ). To evaluate dyslipidemia, total

cholesterol (TC), HDL and LDL cholesterol, and triglyc-

eride levels were measured. According to Natarajan et al.

[24], dyslipidemia was considered if the patient was pre-

viously diagnosed with it or the ratio of TC to HDL was

higher than 5. During the laboratory tests we also investi-

gated the level of C-reactive protein, HbA1c, liver and

kidney function, and electrolytes. Levels of vitamin D3,

beta crosslaps (bCTx), bone alkaline phosphatase (BAP),

osteocalcin (BGLAP), and parathyroid hormone (PTH)

were also noted and compared to BMD. We divided our

study cohort into high– and low–vitamin D subgroups.

According to Holick [25], low level of vitamin D was noted

if the patient had 20 ng/mL or lower serum concentration.

Statistical analysis was performed with Prism for Win-

dows 5.01 (GraphPad Software, San Diego, CA) and SPSS

for Windows 15.0.1 (SPSS, Inc., Chicago, IL). As many of

the variables had non-gaussian distributions, nonparametric

tests were applied. Spearman’s rho coefficient was calcu-

lated for correlations, and the Mann-Whitney U test and

Fisher’s exact test were performed to compare two inde-

pendent groups. For regression analysis, a linear regression

test was used. All statistical analyses were two-tailed, and

p \ 0.05 was considered significant. Values presented in

the text are medians [interquartile range (IQR)], unless

otherwise stated.

The study protocol was approved by the Semmelweis

University Regional and Institutional Committee of Sci-

ence and Research Ethics.

Results

The baseline clinical characteristics of our 172 PAD

patients and the presence of osteoporosis or osteopenia,

according to WHO guidelines, are displayed in Table 1.

The median age was 65.58 years (60.26–70.49) among

female patients and 63.18 years (57.64–69.73) among male

patients. The current smoking rate was 55 %, although

88 % of our patients had smoked for longer than a 10-year

period in their lives. After the BMD measurements, we

estimated the percentage of patients having osteoporosis or

osteopenia. In our study cohort 50 % of the patients had

osteopenia and 31 % suffered from osteoporosis at any of

the examined sites. The median BS was 63.50

(37.00–84.00); this corresponds with the severity of ath-

erosclerosis in our cohort. The inter-rater reliability for BS

examiners was found to be in good agreement

(kappa = 0.794, p \ 0.05). Only 9 % of our 172 patients

had been previously diagnosed with and treated for oste-

oporosis. The median BMD, T scores and Z scores and their

Spearman correlation to BS are shown in Table 2. Without

considering the site of the atherosclerotic lesion, in our

study cohort we found no correlation among BS and

l-BMD (p = 0.294, r = -0.147), BS and femoral site

BMD (f-BMD) (p = 0.169, r = –0.192), or BS and radial

site BMD (r-BMD) (p = 0.052, r = -0.285).

As described previously, we divided our patients in two

subgroups according to the site of the atherosclerotic

lesion. The patient characteristics of the different sub-

groups mentioned below are displayed in Table 3. We

compared the different patient groups to each other using

the Mann-Whitney U- and Fisher’s exact tests and did not

find any significant difference among them. We found

significant correlation among patients with iliac disease

between BS and l-BMD (p = 0.038, r = -0.467) and

Table 1 Patient characteristics (median values and IQR or

percentage)

Patients

Number (n) 172

Age (years) 64.19 (57.49–69.87)

Gender (male) 124 (72 %)

Smoking (n) 94 (55 %)

Diabetes (n) 60 (35 %)

Hypertension (n) 136 (79 %)

Iliac disease (n) 76 (44 %)

Infrainguinal disease (n) 96 (56 %)

Dyslipidemia (n) 112 (65 %)

Previously diagnosed osteoporosis (n) 16 (9 %)

BMI (kg/m2) 25.98 (23.87–29.36)

Vitamin D3 (ng/mL) 21.25 (16.70–27.70)

Triglyceride (mmol/L) 1.70 (1.30–2.50)

Cholesterol (mmol/L) 5.20 (4.40–6.30)

LDL (mmol/L) 3.16 (2.67–4.05)

HDL (mmol/L) 1.37 (1.18–1.59)

Creatinine (lmol/L) 91.0 (81.00–105.00)
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f-BMD (p = 0.002, r = -0.642), but we were unable to

establish a significant correlation between BS and r-BMD

(p = 0.233, r = -0.306). Linear regression analysis

showed that the connection between f-BMD and BS was

independent from sex, age, BMI, and smoking habits

within this patient group (p = 0.001, RR= -1.5, 95 % CI

of RR -2.35 to -0.684). Among patients with infrain-

guinal disease we did not find any association between BS

and l-BMD (p = 0.514, r = 0.118), BS and f-BMD

(p = 0.505, r = 0.120), or BS and r-BMD (p = 0.202,

r = -0.240).

We divided our patients into two subgroups according

to dyslipidemia. We did not find any significant correlation

between BS and BMD within these subgroups. Compari-

son of BS to l-BMD (p = 0.457, r = -0.121), BS to

f-BMD (p = 0.169, r = -0.192), and BS to r-BMD

(p = 0.052, r = -0.285) did not show an association

among patients with dyslipidemia. The association of

angiographic signs with BMD among patients without

dyslipidemia was as follows: BS to l-BMD (p = 0.457,

r = -0.121), BS to f-BMD (p = 0.018, r = -0.378), and

BS to r-BMD (p = 0.223, r = -0.208).

We divided our study cohort according to the levels

of vitamin D3 into two subgroups. In the low–vitamin

D3 subgroup we found the following nonsignificant differ-

ences: BS to l-BMD (p = 0.668, r = -0.108) BS to f-BMD

(p = 0.990, r = 0.003), and BS to r-BMD (p = 0.087,

r = -0.442). The BS among patients with normal vitamin

D3 did not correlate significantly with l-BMD (p =

0.465, r = -0.128) or with r-BMD (p = 0.355, r =

-0.172). At the femoral site BS was associated with f-BMD

(p = 0.046, r = -0.340). We also compared vitamin D3

levels according to the site of atherosclerosis, but no sig-

nificant difference was found (p = 0.771) between the

subgroups.

Table 2 Bone mineral density (BMD) measurements and their

association to Bollinger score (Spearman correlation analysis)

Median (IQR) p and r values to

Bollinger score

Bollinger

score

63.5 (37.00–84.00) p = 1

l-BMD 1.06 (0.96–1.19) p = 0.294 r = -0.147

l-T score -1.20 (-2.10 to 0.30) p = 0.302 r = -0.144

l-Z score -0.60 (-1.40 to 0.80) p = 0.118 r = -0.217

f-BMD 0.83 (0.72-0.92) p = 0.169 r = -0.192

f-T score -1.50 (-2.40 to -0.70) p = 0.197 r = -0.180

f-Z score -0.478 (-1.10 to 0.10) p = 0.067 r = -0.253

r-BMD 0.860 (0.76–0.96) p = 0.052 r = -0.285

r-T score -1.150 (-1.80 to -0.30) p = 0.214 r = -0.185

r-Z score -0.20 (-1.20 to 0.40) p = 0.038 r = -0.304
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We evaluated the connection among BMD values and

different bone turnover markers. These results are shown in

Table 4. We found an association between l-BMD, D3, and

fetuin-A as well as between f-BMD and BAP in the

infrainguinal patient group. We also divided our patients

into two groups according to gender but did not find any

association within these subgroups.

Discussion

In this study we evaluated the connection between the

angiographic severity of lower limb atherosclerosis and

osteoporosis. Our study population’s median age and

smoking habits were typical for PAD patients. The preva-

lence of osteoporosis within this group of patients was

unexpectedly high; therefore, the treatment and screening

of osteoporosis in PAD patients may need reconsideration.

We did not find a significant connection between BS and

bone density regardless of the site of the atherosclerotic

lesion. Our findings were congruent with previous studies

[1], although within this group of patients according to our

knowledge angiographic measurements have never been

compared to osteoporosis.

As previously described, the connection between ath-

erosclerosis and osteoporosis could be due to the com-

promised blood flow. The reduction in oxygen saturation

can cause bone degradation, hence osteoporosis [26, 27].

As atherosclerosis is a systemic disease, its manifestation is

general and may occur in any part of the circulatory sys-

tem. It can affect all arteries, although the factors influ-

encing the development of clinically significant stenosis

are not yet fully understood. As our results show, in

patients having significant stenoses in the iliac arteries,

which supply blood to the femoral head and lumbar spine,

a significant association was found between BS and BMD

at these anatomic sites. At the femoral site a linear

regression test found that the connection was independent

of age, sex, BMI, and smoking habit. Among patients

suffering from infrainguinal lesions there was no signifi-

cant connection between BMD and BS. These findings

suggest that among lower limb atherosclerotic patients one

of the causes of the higher incidence of osteoporosis is the

reduced blood flow.

Dyslipidemia is one of the mechanisms suspected of

having an effect on osteoporosis and atherosclerosis. Earlier

studies showed a stronger connection between osteoporosis

and atherosclerosis among patients with dyslipidemia. As

our results show, in our lower limb ischemic study cohort, no

association was found between atherosclerosis and osteo-

porosis in the subgroups regarding to dyslipidemia. This can

be due to several factors. The prevalence of dyslipidemia in

our patients was higher than that in a healthy or osteoporotic

population, and most of them were already on anticholesterol

treatment. Among patients without dyslipidemia a weak

connection was found between BS and f-BMD, which was

not considered relevant. Our results show that dyslipidemia

does not have an effect on the previously found association

within this group of patients.

Vitamin D3 has an effect on the cardiovascular system

[13] and plays an important role in bone metabolism. A

reduced level of vitamin D3 causing secondary hyper-

parathyroidism has negative implications in both of these

diseases. A recent review highlighted vitamin D3 as a

possible link between atherosclerosis and osteoporosis

[11]. To establish the previously described associations, we

created two subgroups, patients with vitamin D3 insuffi-

ciency and patients with normal vitamin D3 levels [25]. We

did not find any correlation between BS and BMD within

the first subgroup. Among patients with normal vitamin D3

Table 4 Association of bone turnover markers with bone mineral density (BMD) (Spearman correlation analysis)

All patients Patients with iliac disease Patients with infrainguinal disease

l-BMD f-BMD r-BMD l-BMD f-BMD r-BMD l-BMD f-BMD r-BMD

bCTx p = 0.658 p = 0.397 p = 0.169 p = 0.857 p = 0.169 p = 0.113 p = 0.578 p = 0.089 p = 0.389

r = -0.056 r = -0.107 r = -0.183 r = -0.038 r = 0.284 r = -0.347 r = -0.091 r = -0.272 r = -0.148

BAP p = 0.279 p = 0.475 p = 0.421 p = 0.378 p = 0.451 p = 0.277 p = 0.669 p = 0.019 p = 0.825

r = -0.136 r = 0.090 r = -0.108 r = -0.184 r = -0.158 r = -0.243 r = -0.070 r = -0.369 r = 0.038

D3 p = 0.262 p = 0.953 p = 0.724 p = 0.623 p = 0.533 p = 0.747 p = 0.042 p = 0.161 p = 0.316

r = 0.141 r = -0.007 r = 0.047 r = 0.103 r = 0.131 r = 0.073 r = 0.324 r = 0.226 r = 0.172

PTH p = 0.918 p = 0.068 p = 0.396 p = 0.178 p = 0.178 p = 0.154 p = 0.514 p = 0.349 p = 0.787

r = -0.013 r = -0.230 r = -0.115 r = -0.278 r = -0.278 r = -0.314 r = 0.108 r = -0.154 r = -0.047

BGLAP p = 0.688 p = 0.223 p = 0.133 p = 0.680 p = 0.522 p = 0.270 p = 0.900 p = 0.091 p = 0.441

r = -0.051 r = -0.153 r = -0.200 r = -0.087 r = 0.134 r = -0.246 r = -0.020 r = -0.271 r = -0.132

Fetuin-A p = -0.126 p = 0.278 p = 0.942 p = 0.157 p = 0.809 p = 0.164 p = 0.017 p = 0.151 p = 0.340

r = 0.317 r = -0.136 r = 0.010 r = -0.292 r = -0.051 r = 0.307 r = -0.375 r = -0.231 r = -0.164
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levels we found a weak connection between BS and

f-BMD. We did not find any association between l-BMD or

r-BMD and BS. We also compared vitamin D3 levels

among patients with iliac and infrainguinal diseases but

found only a weak connection with l-BMD. These data

suggest that in our study cohort vitamin D3 did not affect

the association of BS and BMD.

We estimated the connection between different bone

turnover markers and BMD, but we did not find any clin-

ically significant association within this group of patients.

Previous studies have described associations between these

measurements only in elderly women; however, in our

study cohort this connection cannot be affirmed.

There are many other factors that might explain the

negative connection between vascular calcification and

BMD. The levels of phosphate and of fetuin-A are inde-

pendent risk factors for vascular calcification in patients

with CKD [18, 19, 28], and the ratio of phosphate to

pyrophosphate also plays an important role in the regula-

tion of mineralization. The inhibition of bone resorption

can slow down the progress of vascular calcification [29].

One of the well-known inhibitors of systemic calcification

is fetuin-A. Its importance has been highlighted several

times in the development of vascular calcification,

although the exact role of this glycoprotein has not been

fully understood. It has been also suggested that fetuin-A

may be able to play a role in future therapies [29]. In our

study cohort we found the same previously described [15]

connection between fetuin-A and l-BMD but did not find

any association between fetuin-A and f-BMD or r-BMD.

Among the strengths of the present study is the detailed

angiographic method to determine the extent of site-specific

atherosclerosis and the sensitivity of the BS regarding side

branches and analysis of a large area of the arterial tree. We

integrated a wide variety of cofactors between atheroscle-

rosis and osteoporosis. Our study also has limitations. The

cross-sectional design did not allow evaluation of a longi-

tudinal association between the two diseases. Methods of

assessing atherosclerosis measure different entities, such as

calcification, occlusion, stenosis, and arterial flow, so it is not

clear which is the best method to evaluate the severity of it.

In conclusion we found a strong connection among

patients with clinically significant iliac stenosis between

BS and BMD scores measured at the bone region supplied

by the iliac artery. We did not find any association between

angiographic severity and BMD score regardless of the site

of the lesion. In our study cohort neither the presence of

dyslipidemia nor vitamin D levels influenced the connec-

tion between BS and BMD.
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