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Abstract
Atherosclerosis and osteoporosis are interrelated entities and share similar pathogenic mechanisms. Recent studies 
showed that key proteins of bone metabolism, such as osteoprotegerin (OPG) and osteopontin (OPN), are also 
involved in vascular atherosclerosis and calcifications. The carotid intima-media thickness (CA-IMT) is an early 
quantitative marker of generalized atherosclerosis. Aim of study was to investigate whether 12-months treatment 
with zoledronate (ZLN) or teriparatide (TPT) affects CA-IMT and circulating OPG and OPN levels. In this study, 11 
postmenopausal osteoporotic women (aged 73, 70.5–74.5 years; median, range interquartile) treated with 5 mg/year iv 
ZLN; 9 postmenopausal osteoporotic women (aged 70, 62.5–73.5 years) treated with 20 µg/day sc TPT; and 10 aged-, 
body mass index (BMI)-, glycemic, and lipid profiles-matched, free from anti-osteoporotic and hypocholesterolemic 
drugs, controls were prospectively investigated at baseline and after 12 months. At baseline, median CA-IMT was 
similar in the three groups and increased after 12 months. CA-IMT increased significantly in TPT-treated patients (1.0, 
0.8–1.2 vs 1.1, 0.9–15 mm, P = 0.04), though the change was minimal. After 12 months of treatment, CA-IMT positively 
correlated with alkaline phosphatase (ALP) levels (r = 0.767, P = 0.008) and negatively with high-density lipoprotein 
(HDL) cholesterol levels (r = −0.65, P = 0.03), suggesting interplay between active bone remodeling and lipid profile. At 
baseline and after 12 months, median serum OPG and OPN levels did not differ among the groups and did not correlate 
with changes in CA-IMT. In conclusion, ZLN and TPT treatments are safe on carotid walls in osteoporotic women with 
subclinical atherosclerosis; circulating OPG and OPN are not affected by long-term anti-osteoporotic treatments and 
do not correlate with CA-IMT.
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Introduction

Atherosclerosis and osteoporosis globally account 
for high morbidity and mortality. In the general 
population, atherosclerosis and cardiovascular cal-
cifications are associated with low bone mineral 
density (BMD).1 Moreover, key molecules of bone 
metabolism, such as osteoprotegerin (OPG) and 
osteopontin (OPN), are also involved in vascular 
atherosclerosis and calcifications.2

Although the interaction between osteoporosis 
and cardiovascular disorders is emerging, the clinical 
effects of osteoporosis treatment on atherosclerosis 
are poorly investigated. Bisphosphonates, a major 
class of antiresorptive drugs, inhibit atherosclerosis 
in animal models and in small-scale clinical trials,3 
though the underlying mechanism has not yet been 
clarified. The parathyroid hormone (PTH) amino-
terminal fragment (1–34), teriparatide (TPT), is an 
osteoanabolic agent, which may play a role in the 
atherosclerosis development. PTH targets the 
endothelial and smooth muscle cells of the vascular 
wall causing endothelial dysfunction. Clinical evi-
dence support the effect of PTH on vascular athero-
sclerosis: in postmenopausal normocalcemic women, 
circulating PTH levels positively correlated with 
carotid intima-media thickness (CA-IMT),4 and 
patients with primary hyperparathyroidism, a meta-
bolic disorder with concomitant hypercalcemia and 
elevated serum PTH levels, had increased CA-IMT.5 
Besides, in low-density lipoprotein (LDL) receptor–
deficient diabetic mice, daily subcutaneous adminis-
tration of TPT greatly reduced the extent of both 
aortic and cardiac valve calcifications.6

This study aimed to investigate whether 
12-months treatment with intravenous zoledronate 
(ZLN) or subcutaneous TPT affects the CA-IMT, a 
widely used surrogate marker for carotid athero-
sclerosis, and the circulating levels of the biochem-
ical markers of bone metabolism and vascular 
calcifications, OPG, and OPN.

Patients and methods

Study population

This prospective observational pilot study investi-
gated 11 postmenopausal osteoporotic females 
(aged 73, 70.5–74.5 years, median, interquartile (IQ) 
range) treated with 5 mg/year iv ZLN and 9 post-
menopausal osteoporotic females (aged 70, 62.5–
73.5 years) treated with 20 mg/day sc TPT. All 
patients were well compliant to the TPT treatment. 

Control group consisted in 10 age-, body mass index 
(BMI)-, glycemic and lipid profiles-matched, non-
fractured, free from anti-osteoporotic drugs and free 
from statins postmenopausal women.

Exclusion criteria were as follows: active smoke, 
overt carotid disease, statin treatment, poorly con-
trolled hypertension, obesity (BMI >30 kg/cm2), 
liver and heart failures (NYHA class II, III, or IV), 
chronic kidney diseases, diabetes mellitus, corticos-
teroid therapy and endogenous hypercortisolism, 
malignances, hypercalcemia and primary hyperpar-
athyroidism, connective autoimmune diseases, and 
anti-estrogenic drugs. Causes of secondary osteopo-
rosis were excluded through extensive diagnostic 
workout, including serum protein electrophoresis 
and urine Bence Jones protein determination.

Osteoporotic patients with vitamin D insuffi-
ciency were corrected individually according to the 
serum 25-OH vitamin D levels during the diagnos-
tic workout. Both patients and controls at time of 
enrollment started monthly supplementation with 
100,000 U of oral colecalciferol. Hypercalciuria 
was detected in two osteoporotic patients and cor-
rected with thiazide diuretics.

All procedures performed were in accordance 
with The Code of Ethics of the World Medical 
Association (Declaration of Helsinki). Informed 
consent was obtained from all individual partici-
pants included in the study.

Clinical and metabolic assessment

All metabolic and diagnostic evaluations were per-
formed baseline and after 12 months. Medical his-
tory was collected from all participants. 
Anthropometric measurements, including height, 
weight, waist, and hip circumferences, were 
obtained. Weight was measured on a standard bal-
ance beam scale; height was measured using a cali-
brated, wall-mounted Harpenden Stadiometer. 
BMI was calculated.

BMD and T score were determined by dual-energy 
X-ray absorptiometry (DXA; Hologic Discovery 
scanner, Zaventhen, Belgium) at lumbar spine and 
femoral levels in all osteoporotic women; thoracic 
and lumbar spine X-ray images for the diagnosis of 
morphometric fractures according to Genant’s semi-
quantitative criteria were also obtained.

Bone metabolism was investigated in osteoporo-
tic patients and controls as follows: overnight fasting 
venous blood samples were collected for determina-
tion of serum calcium, phosphate, creatinine, and 
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alkaline phosphatase (ALP) according to routine 
laboratory assays. Albumin-corrected calcium levels 
were calculated as follows: albumin-corrected  
calcium = (0.8*normal albumin − patient’s albu-
min) + serum calcium levels. The normal albumin 
level was defaulted to 4.0 g/dL. Serum PTH levels 
were determined by ElectroChemiLuminescence on 
an Elecsys 2010 (Roche Diagnostics, Mannheim, 
Germany). Serum 25-OH vitamin D (25-OHD) was 
measured by a chemiluminescent assay (LIAISON® 
test; DiaSorin Inc., Stillwater, MN, USA). Circulating 
OPG and OPN were measured by enzyme-linked 
immunosorbent assay (ELISA) kits (BioVendor—
Laboratorní Medicína a.s., Brno, CZ, EU, and IBL 
Co. Ltd, Fujioka, Japan, respectively). The lower 
limit of detection was 0.03 pmol/L for OPG and 
3.33 ng/mL for OPN. The intra-assay and inter-assay 
variation were 2.5%–4.9% and 1.7%–9.0% for OPG 
and 8.0%–11.0% and 4.4%–10.1% for OPN, 
respectively.

Metabolic profile was investigated in osteoporo-
tic patients and controls as follows: overnight fast-
ing serum total cholesterol, high-density lipoprotein 
(HDL) cholesterol, triglycerides, glucose, and insu-
lin were measured by routinely used laboratory kits. 
LDL cholesterol was calculated with the Friedewald 
formula. The insulin resistance index homeostasis 
model assessment (HOMA) was calculated.

Carotid ecocolordoppler assessment

Carotid duplex ultrasound assessment was per-
formed with a linear-array, 3- to 11-MHz transducer 
(Esaote MyLab™ 25 Gold; Esaote S.p.A., Genoa, 
Italy). Each subject was evaluated at rest, in a com-
fortable supine position on a bed with the neck fully 
exposed. The subjects were asked to extend their 
head and turn it about 30° toward the contralateral 
side. The common carotid artery of the right side 
was examined within 1.5 cm proximal to the carotid 
bifurcation on a two-dimensional ultrasound image. 
A single sonographer, that was blind to the assigna-
tion group of each patient, manually measured the 
CA-IMT on the frozen frame of a suitable longitudi-
nal view. CA-IMT was evaluated in the posterior 
wall of the common carotid artery, as the distance 
from the leading edge of the first echogenic line 
(lumen-intima interface) to the leading edge of the 
second line (media-adventitia interface). CA-IMT 
was measured at its maximal site, as well as 10 mm 
distal and proximal of the maximal site, respec-
tively. The average of these three measurements was 
taken as the CA-IMT value.7

Statistical analysis

Data failed to pass the normality test; therefore, they 
were presented as median, and IQ range and com-
parison of continuous variables between patient and 
control groups were performed by Mann–Whitney 
U test. Categorical data were presented as percent-
ages and compared by Fischer’s exact test. 
Comparison was performed using Wilcoxon test 
matched-pairs for paired data. Bivariate associa-
tions between the biochemical parameters were 
tested by Spearman correlation. A P value lower 
than 0.05 was considered significant. Statistical 
analysis was performed using PRISM 6.1 (GraphPad 
Software, La Jolla, CA, USA).

Results

Effects of 12-months ZLN or TPT treatment on 
clinical and biochemical parameters

Baseline clinical characteristics of patients treated 
with 5 mg/year iv ZLN (ZLN group) and patients 
treated with 20 µg/day sc teriparatide (TPT group) 
and controls are reported in Table 1. At 12 months, 
anthropometric measurements, including weight, 
BMI, and waist/hip circumferences, did not vary in 
response to ZLN or TPT treatment.

ZLN administration was not associated with sig-
nificant changes in serum albumin–corrected cal-
cium, ALP activity, or PTH levels (Table 1); 
conversely, as expected, TPT treatment induced a 
mild decrease in median serum PTH levels (39.0 
(28.0–50.5) vs 21.0 (12.2–23.7) pg/mL, P < 0.01; 
baseline vs 12 months) and an increase in median 
ALP activity levels ((56.5 (55.2–76.2) vs 83.5 
(73.2–101.5) U/L, P < 0.01; baseline vs 12 months; 
Table 1).

Regarding the metabolic profile, serum glucose 
and insulin levels as well as HOMA-IR were unaf-
fected in both patient and control groups (Table 1). 
Similarly, lipid profile, namely, serum total choles-
terol, LDL cholesterol, HDL cholesterol, and tri-
glycerides, did not show significant variations in 
response to ZLN or TPT therapy, as well as in con-
trols (Table 1).

Effects of 12-months ZLN or TPT treatment on 
CA-IMT

At baseline, median CA-IMT values were similar in 
the ZLN and TPT groups as well as in controls. 
Subclinical atherosclerosis, defined as 
CA-IMT > 0.9 mm,7 was diagnosed in about 
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two-thirds of subjects (63% of TPT patients, 72% of 
ZLN patients, and 70% of controls), in agreement 
with data reported in age-matched Italian 
population.7

Median CA-IMT showed an increase in trend 
after 12 months in all groups, though the increase 
was statistically significant only in TPT-treated 
patients (1.0, 0.8–1.2 vs 1.1, 0.9–1.5 mm, P = 0.039); 
indeed, changes were limited to 0.1 mm (Figure 1).

Correlations between CA-IMT and biochemical 
parameters at baseline and after 12 months of 
treatment

Basal CA-IMT positively correlated with age 
(r = 0.40, P = 0.01) and triglyceride levels (r = 0.44, 
P = 0.007) in all groups. Any further correlation 
with metabolic parameters could be detected in the 
ZLN-treated group, while in the TPT group, 
CA-IMT at 12 months positively correlated with 
ALP activity levels (r = 0.767, P = 0.008) and nega-
tively with HDL cholesterol levels (r = −0.65, 
P = 0.03), suggesting a potential effect of TPT 

treatment in association with an adverse lipid pro-
file (Figure 2).

Effects of 12-months ZLN or TPT treatment on 
serum OPG and OPN levels

At baseline, median serum OPG and OPN levels 
did not differ among ZLN and TPT groups and 
controls. At 12 months, any significant variation of 
OPG and OPN levels was detected in TPT and 
ZLN groups (Figure 3). In particular, serum OPG 
and OPN concentrations did not correlate with 
both basal and 12-months CA-IMT levels.

Discussion

The present pilot study showed in a small but well-
defined series of osteoporotic women with subclini-
cal atherosclerosis that 12-months ZLN or TPT 
treatments are safe from a vascular point of view. 

Figure 1.  Effect of 12-months treatments on CA-IMT in 
osteoporotic women compared with 12-months observation. 
Circles: healthy controls; squares: patients treated with 5 mg 
iv ZLN; diamonds: patients treated with 20 µg/day TPT sc. 
Dashed line indicates subclinical atherosclerosis, defined as CA-
IMT >0.9 mm.7 Data are presented as median and interquartile 
range; *P < 0.05 (Wilcoxon matched-pairs signed rank test). 
Ctrl, controls; ZLN, patients treated with zoledronate; TPT, 
patients treated with teriparatide; Bas, measurements at the 
enrollment; 12, measurements after 12 months of observation 
or treatment.

Figure 2.  Correlation between (a) serum ALP activity and 
CA-IMT after 12 months of TPT treatment and (b) serum HDL 
cholesterol at basal and CA-IMT after 12 months of treatment 
with TPT. Dashed lines indicate 95% confidence interval.
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ZLN did not affect CA-IMT, reinforcing the emerg-
ing outcomes that bisphosphonates do not have ben-
eficial or harmful effects on atherosclerotic 
cardiovascular events,8 at variance with a previous 
study reporting a small CA-IMT reduction after 
1-year ZLN therapy.9 CA-IMT showed a trend to 
increase over the 1-year period of follow-up in both 
treated groups and controls, achieving the signifi-
cance in TPT-treated patients; admittedly, due to the 
limited size of the samples, interpretation of such a 
statistical significant change needs caution. The 
effect of TPT on CA-IMT has been previously inves-
tigated in 28 Asian osteoporotic women, where a 
decrease in CA-IMT measurements after 12 months 
of TPT treatment was detected,10 at variance with 
what is reported in this study. Indeed, Yoda et al.10 

included patients treated with statins for their dys-
lipidemia, a therapy that may affect CA-IMT. Our 
finding of a negative correlation between CA-IMT 
and HDL cholesterol levels and of a positive correla-
tion with ALP activity after 12 months of treatment 
in TPT-treated women suggests a synergy between 
an adverse lipid profile and the bone remodeling 
modulation. However, we could not detect any sig-
nificant effects of TPT treatment on circulating lev-
els of OPG and OPN, two molecules involved in the 
interaction between bone metabolism and athero-
sclerosis. In particular, serum OPG levels were not 
affected by ZLN neither by TPT treatments, in agree-
ment with previous reports.11 As far as OPN is con-
cerned, this is the first human report about the effect 
of ZLN and TPT on circulating OPN levels: both 
medical interventions did not exert significant 
changes on serum OPN levels, at variance with the 
reduction observed in an animal model in response 
to TPT treatment.6

This study suffered from an important limita-
tion, above all, the small size of the enrolled series 
and, as a pilot study, extension is mandatory. 
Nonetheless, it provides some consistent items. 
First, this is the first study comparing the effects on 
CA-IMT of two commonly used anti-osteoporotic 
drugs, ZLN and TPT, with distinct effects on bone 
remodeling. Second, at variance with previous 
reports, we provided a control group matched for 
the most common pro-atherosclerotic risk factors; 
patients and controls were supplemented with vita-
min D, and they were non-active smokers and free 
from other diseases. Finally, a single-blind exam-
iner performed all CA-IMT measurements.
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squares indicate patients treated with TPT; dark gray diamonds, 
patients treated with ZLN; black circles, healthy controls. 
Values on Y-axis are expressed as Log2; data are presented as 
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