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Cardiovascular calcification and subcortical bone
demineralization in hypertension
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The present study investigated cardiovascular calcification, peripheral bone mineral density (BMD), and lab indices in

hypertensive patients aged 55–74 years without severe kidney dysfunction. Cardiovascular calcification was investigated by

ultrasound examinations at eight sites: aortic valve, left and right common carotid artery, left and right carotid artery bifurcation,

left and right internal carotid artery, and abdominal aorta. The presence/absence of calcification at each site was coded as 1/0,

respectively, for the calculation of a cumulative score. Peripheral bone mineral density was assessed by forearm quantitative

computed tomography (pQCT) and was defined as low if the T-score was o−1. Lab work-up included plasma creatinine,

calcium, phosphorus, parathyroid hormone and 25-(OH) vitamin D measurements. Ninety-one patients were studied. The range

was 2–8 for the calcification score and 229–492 mg cm−3 for bone mineral density. The prevalence of low bone densitometry

was 83.5%. The calcification score and bone densitometry were inversely correlated in a non-adjusted analysis (R=−0.297,

P=0.004) and in multivariable regression (beta=−0.335, P=0.003). The association was significant for subcortical bone

(beta=−0.302, P=0.007) but not for cortical bone or trabecular bone (P⩾0.194 in both cases). The calcification score was

associated with a low prevalence of bone densitometry in the non-adjusted analysis (odds ratio=2.53, 95% CI=1.41/4.54,

P=0.002) and in the multivariable logistic regression (odds ratio=2.46, 95% CI=1.25/4.81, P=0.009). Cardiovascular

calcification was independently associated with peripheral bone densitometry in hypertensive patients. The data support the

hypothesis that vascular calcification and low bone densitometry share some determinants in hypertensive patients.
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INTRODUCTION

Atherosclerosis, cardiac valve sclerosis and bone demineralization are
important risk factors for the development of cardiovascular disease
and fractures.1–3 Advanced atherosclerosis includes the presence of
vascular calcification,4 which was associated with spinal or femoral
(axial) bone demineralization in some studies.5–9 Low kidney function
is considered a key factor in the association between vascular
calcification and bone demineralization via the effects of kidney
dysfunction on mineral homeostasis and parathyroid gland
activity.10,11 In addition to kidney dysfunction, vascular calcification
and bone demineralization can also share other pathogenic factors.
Hypertension could be one of these factors because it is associated
with both vascular calcification12 and low bone mineralization in rat
experimental models and in women.13–15 To further our under-
standing of the association between vascular calcification and bone
mineralization in hypertension, the present study investigated several
vascular sites together with peripheral bone mineral density in
hypertensive patients without severe kidney dysfunction.

METHODS
This study adhered to the principles of the Declaration of Helsinki and

was approved by the local institutional ethics committee (Hospital Ethics

Committee, prot. n. 589). The study required the written informed consent of

the participants and was registered in the public registries of the Italian Drug

Agency (Agenzia Italiana del Farmaco, ID n. 654) and the Authority for

Privacy of the Italian Parliament (Garante della Privacy, n. 102400183803).

All procedures were in accordance with institutional guidelines.
Target patients were hypertensive patients who were aged 55–74 years and

who had been referred to the outpatient clinic of the AO dei Colli, Monaldi

HospitalNaples, Italy Patients were defined has having hypertension if their

systolic pressure was ⩾ 140 mm Hg and their diastolic pressure was

⩾ 90 mm Hg, or if they were taking regular drug treatment for hypertension.

The exclusion criteria were reports of diagnoses or treatments that could be

associated with altered bone densitometry, such as diseases of the bone, thyroid

gland or parathyroid glands, and treatment with sex hormones, steroids,

diphosphonates, teriparatide, calcium-mimetic drugs, calcium salts, vitamin D

or vitamin D analogs. Selected patients underwent an early morning withdrawal

of venous blood under fasting conditions for the assessment of plasma
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concentrations of creatinine, calcium, albumin, phosphorus, parathyroid
hormone and 25-(OH) vitamin D. Kidney function was assessed by the
estimated glomerular filtration rate (eGFR) and was defined as low if the eGFR
was o60 ml min− 1 × 1.73 m2 (chronic kidney disease G3–G5).16 Low kidney
function was used as an exclusion criterion to reduce the effects of altered
mineral homeostasis and parathyroid hyperactivity secondary to kidney
dysfunction.17 Patients were deemed to have hypercholesterolemia if their
plasma total cholesterol was ⩾ 240 mg per 100 ml or if they were taking regular
treatment for hypercholesterolemia; and to have diabetes if their plasma glucose
was ⩾ 126 mg per 100 ml or they were taking regular treatment for diabetes.
Ultrasound imaging was used for the assessment of vascular calcification

because it is non-invasive, does not involve X-ray exposure and is highly
specific.18 Patients fulfilling the selection criteria and not falling under the
exclusion criteria underwent a set of ultrasound examinations that included the
following: standard 2D color Doppler echocardiography for the assessment of
aortic valve calcification, high-resolution B-mode ultrasonography of the left

and right carotid artery for the assessment of carotid calcification,
and ultrasonography of the abdominal aorta for the assessment of aortic
calcification. All the ultrasound examinations were performed by a single
certified examiner (CC). Standard Doppler echocardiography was performed
using Vivid 7 (GE Healthcare, Milwaukee, WI, USA) with the patient in the left
semi-recumbent position and in accordance with standardized protocols.19

Calcification of the aortic valve was evaluated along the long and short
parasternal axes.20 Ultrasound examination of the carotid arteries was
performed with the patient in the supine position combining B-mode and
the color Doppler/pulsed-wave mode using an ultrasound scanner equipped
with a linear array 8–12.5 MHz transducer (Aloka Prosound Alpha 10
Ultrasound System, Hitachi Aloka Medical America, Inc. Wallingford, CT,
USA). The presence of calcification in the common carotid artery, carotid
bifurcation, and internal carotid arteries was defined by the evidence of type IV
or type V plaques.21 Ultrasonography of the abdominal aorta and iliac
bifurcation was performed with the patient in the supine position using both
a cardiac 3 MHz transducer and a Convex Probe (Vivid 7, GE Healthcare,
Milwaukee, WI, USA), and the abdominal aorta was scanned from the origin of
the renal arteries down to the iliac carrefour.22 Patients were excluded from the
study if they had poor echographic windows at one or more of the sites listed
above. Two independent blind observers confirmed the readings (FN and CC).
Overall, the presence or absence of calcification was determined for the
following eight sites: aortic valve, left common carotid artery, left external
carotid artery, left internal carotid artery, right common carotid artery, right
external carotid artery, right internal carotid artery and abdominal aorta.
Patients with a complete set of ultrasound examinations were included in the

study cohort and underwent forearm peripheral quantitative computed
tomography (pQCT) for the assessment of peripheral BMD QCT was selected
for bone densitometry analysis because it is associated with the lowest X-ray
exposure in radiologic imaging for osteoporosis (o0.01 mSv) while allowing
for the detailed definition of bone architecture with separate analyses for
cortical, subcortical, and trabecular bone.23–25 The forearm site was preferred to
the leg site to exclude the confounding effects of leg BMD variability resulting
from interindividual differences in habitual walking/standing time.26–27 A single
trained examiner performed all the pQCT exams (GB). The examiner was blind
to the results of the ultrasound examinations. pQCT was performed in the
non-dominant forearm using an XCT 2000 (Stratec Medizintechnik,
Pforzheim, Germany) with software version 6.2 and default parameter
settings.27–30 Briefly, in accordance with standard procedures, scout views were
generated in the frontal plane to identify the radiocarpal clefts to position the
reference line. The radial length was measured from the distal end of the styloid
to the tip of the olecranon. Sectional images were then obtained at 4 and 66%
of the radial length (at the distal epiphysis and diaphysis, respectively). Total,
subcortical and trabecular BMD were measured at the 4% site, while cortical
BMD was measured at the 66% site.
Serum creatinine was measured by and IDMS-traceable colorimetric

kinetic assay and used for calculation of eGFR by the Chronic Kidney
Disease—Epidemiologic collaborative group.31,32 Plasma levels of creatinine,
calcium, albumin, phosphorus, parathyroid hormone and 25(OH) vitamin D
were measured by automated biochemistry with the use of commercially
available kits. To reduce the confounding of low plasma calcium due to low
plasma albumin, plasma calcium was expressed with normalization to 40 g l− 1

plasma albumin.

Calculations and statistics
The results of the ultrasound examination at each arterial site were coded as 1
(one) if calcification was detected or as 0 (zero) if calcification was not detected.
The number of sites with calcification was used as a quantitative score for the
assessment of the extent of vascular calcification. The score could range from 0
to 8, corresponding to a range from no calcification in any of the eight sites (0)
to evidence of calcification in all eight sites.8 Total BMD was expressed either as
absolute BMD (numerical variable, mg cm− 3) or as the presence or absence of
low BMD (categorical variable: presence= 1 and absence=0). BMD was defined
as low when the T-score was ⩽ 1 (total BMD o375 mg cm− 3 in men and
o325 mg cm− 3 in women regardless of the patient’s age). Cortical, subcortical
and trabecular BMD were expressed as absolute BMD only (mg cm− 3).

Table 1 Descriptive statistics: prevalence or mean± s.d.

Number of patients 91

Men, % (n) 69.2% (63)

Age, y (min–max) 63.5±4.9 (55–74)

Vascular calcification
Ascending aorta, % (n) 48.4% (44)

Left common carotid, % (n) 9.9% (9)

Left carotid bifurcation, % (n) 98.9.0% (90)

Left internal carotid, % (n) 58.4% (53)

Right common carotid, % 5.5% (5)

Right carotid bifurcation, % (n) 94.5% (86)

Right internal carotid, % (n) 46.1% (42)

Abdominal aorta, % (n) 18.7% (17)

Cumulative score (min–max) 3.94±1.58 (2–8)

Bone mineral density (BMD)
Total BMD, mg cm−3 (min–max) 320±49 (229–492)

Low BMD (T-scoreo−1), % (n) 83.5% (76)

Cortical BMD, mg cm−3 (min–max) 1081±45 (977–1200)

Subcortical BMD, mg cm−3 (min–max) 421±74 (285–728)

Trabecular BMD, mg cm−3 (min–max) 198±44 (85–328)

Lab assessments
eGFR, ml min−1 ×1.73 m2 (min–max) 82.7±11.9 (62–112)

Plasma calcium, mg dl−1 (min–max) 9.14±0.38 (8.5–10.3)

Plasma albumin, g l−1 (min–max) 39.9±3.8 (28–49)

Normalized plasma calcium, mg dl−1 (min–max) 9.19±0.71 (8.08–10.74)

Plasma phosphorus, mg dl−1 (min–max) 3.52±0.41 (2.50–4.14)

Plasma parathyroid hormone, pg ml−1 (min–max) 44.0±11.4 (13–66)

Plasma 25(OH) vitamin D, ng ml−1 (min–max) 36.3±7.3 (18–48)

Other cardiovascular risk factors
Hypercholesterolemia, % (n) 75.8% (69)

Current Smoker, % (n) 35.2% (32)

Diabetes mellitus, % (n) 39.6% (36)

Blood pressure status
Systolic pressure, mm Hg (min–max) 141±17 (122–196)

Diastolic pressure, mm Hg (min–max) 77±11 (62–108)

Pulse pressure, mm Hg (min–max) 64±17 (30–110)

Thiazide diuretics, % (n) 31.9% (29)

Betablockers, % (n) 82.4% (75)

Calcium channel blockers, % (n) 47.2% (43)

Angiotensin converting enzyme inhibitors or

angiotensin receptor blockers, % (n)
92.3% (84)
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Correlation, Χ2, ANOVA, linear regression and logistic regression were used for

statistical analyses. ANOVA with adjustments for covariates and multivariable

regression was used to verify whether the association between cardiovascular

calcification and BMD was statistically independent from the other variables in

the analyses. Po0.05 was considered statistically significant.

RESULTS

Descriptive statistics
Table 1 reports the descriptive data for the study cohort. All patients
were Caucasian, and as per the inclusion criteria, they were all
hypertensive with an eGFR ⩾ 60 ml min− 1 × 1.73 m2. With regard to
vascular calcification, the carotid bifurcation was the most prevalent

site of calcification, whereas the common carotid artery was the least
prevalent. The cumulative score of vascular calcification ranged from
2 to 8, indicating that all patients had at least two arterial sites
with evidence of calcification and that some patients had evidence
of calcification at all eight arterial sites. With regard to bone
densitometry, most of the patients had a low value of total BMD,
and the mean BMD was progressively lower from the cortical to the
subcortical bone as well as to the trabecular bone. In terms
of antihypertensive drug treatment, inhibitors/blockers of the
renin–angiotensin system were the most used drugs, whereas thiazide
diuretics were the least used drugs.

Vascular calcification and absolute BMD
The score for vascular calcification was inversely correlated with
absolute values of total BMD; in other words, a greater number of sites
with vascular calcification was associated with a lower total BMD
(Figure 1). The correlation coefficient was significant or borderline
significant in stratified analyses for men (n= 63, R=− 0.382,
P= 0.002) and for women (n= 28, R=− 0.414, P= 0.028). Separate
analyses for cortical, subcortical, and trabecular bone indicated that an
association was present only for subcortical BMD (Figure 2).
The correlation coefficient between the score of vascular calcification
and subcortical BMD was significant in stratified analyses for men
(n= 63, R=− 0.359, P= 0.004) and for women (n= 28, R=− 0.383,
P= 0.044). In the multivariable linear regression analysis controlling
for sex, age and other variables, the standardized regression coefficient
between the score for vascular calcification and total BMD was stable
and significant for total BMD and for subcortical BMD (Table 2). For
the other variables, male gender was independently associated with
higher BMD, whereas plasma phosphorus concentrations were directly
associated with only cortical and subcortical BMD (Table 3).

Vascular calcification and low BMD
A higher calcification score was significantly associated with the
progressively higher prevalence of low BMD (Figure 3). The odds

Figure 1 Individual values of total bone mineral density stratified by the
multisite ultrasound-based score for cardiovascular calcification. R, simple
correlation coefficient.

Figure 2 Individual values of bone mineral density for cortical bone, subcortical bone and trabecular bone stratified by the multisite ultrasound-based score
for cardiovascular calcification. R, simple correlation coefficient.
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ratio of low BMD was 2.53 for a calcification score one point higher in
the non-adjusted logistic regression (95% CI= 1.41/4.54, P= 0.002)
and was similarly increased when other variables were controlled for.
None of the other variables was independently associated with the
prevalence of low total BMD. In the analyses of single cardiovascular
sites, the odds ratio of low total BMD was significant for calcification
at the internal carotid arteries and abdominal aorta (odds ratio ⩾ 4.07,
P⩽ 0.047) but was weak and non-significant for calcification at other
sites (odds ratio ⩽ 1.37, P⩾ 0.702).
Hypertensive patients with low total BMD had higher calcification

scores compared with hypertensive patients without low BMD by
non-adjusted ANOVA (with low BMD and without low BMD: n= 76
and 15, mean score= 4.20 and 2.67, respectively; Po0.001). With
regard to the other variables, differences between hypertensive patients
with or without low BMD were significant for plasma parathyroid
hormone concentrations (45.2 and 38.1 pg ml− 1, respectively;
P= 0.027) but were not significant for sex distribution, prevalence

of hypercholesterolemia, smoking, history of cardiovascular disease,
diabetes and eGFR as well as normalized plasma levels of total calcium,
plasma phosphorus and plasma 25-(OH) vitamin D (P⩾ 0.160).
Hypertensive patients with low BMD had higher calcification scores
compared with hypertensive patients without low BMD when the
ANOVA adjusted for sex, age and other variables (mean score= 4.11
and 3.09, P= 0.018).

DISCUSSION

The current study reported an independent cross-sectional association
between a quantitative index of the extent of cardiovascular
calcification and peripheral densitometry of the subcortical bone of
hypertensive patients. The novelty of the results is based on three

Table 2 Multivariable linear regression analysis of the association of vascular calcification score and other variables with total BMD (dependent

variable)

Dependent variable

Total BMD Cortical BMD Subcortical BMD Trabecular BMD

Score of vascular calcifications −0.354** −0.028ns −0.322* −0.150ns

Sex (men/women=1/0) 0.379*** 0.312* 0.233° 0.509***

Age, years −0.068ns −0.125ns −0.086ns 0.110ns

Hypercholesterolemia (yes/no) −0.019ns −0.073ns 0.063ns −0.144ns

Smoking (yes/no) −0.140ns 0.047ns −0.144ns −0.035ns

Diabetes mellitus (yes/no) −0.053ns 0.043ns −0.092ns 0.037ns

eGFR, ml min−1×1.73 m2 0.063ns 0.167ns 0.084ns 0.027ns

Normalized plasma total calcium, mg dl−1 0.113ns 0.068ns 0.033ns 0.181ns

Plasma phosphorus, mg dl−1 0.202ns 0.242° 0.261° 0.073ns

Plasma parathyroid hormone, pg ml−1 −0.107ns −0.042ns −0.117ns −0.078ns

Plasma 25(OH) vitamin D, ng ml−1 0.033ns 0.028ns −0.041ns 0.033ns

Treatment with thiazide diuretics (yes/no) 0.075ns −0.126ns 0.118ns −0.047ns

R2 0.276 0.183 0.277 0.295

*P=0.009, **P=0.002; ***P=0.001; °Po0.05.
Standardized regression coefficient, R2 and P-values, ns, not significant (P40.05).

Table 3 Multivariable logistic regression analyses of the association

of the score of vascular calcification and other variables with

prevalence of low BMD (dependent variable): odds ratio, 95%

confidence interval (95% CI) and P-value

Odds ratio 95% CI

Calcification score 2.34* 1.21/4.54

Sex (men/women=1/0) 1.23ns 0.27/5.70

Age, years 1.07ns 0.92/1.25

Hypercholesterolemia (yes/no) 2.63ns 0.61/11.41

Smoking (yes/no) 3.31ns 0.60/18.27

Diabetes mellitus (yes/no) 2.01ns 0.40/10.20

eGFR, ml min−1×1.73 m2 1.03ns 0.97/1.09

Normalized plasma total calcium, mg dl−1 1.01ns 0.44/2.27

Plasma phosphorus, mg dl−1 2.68ns 0.38/17.77

Plasma parathyroid hormone, pg ml−1 1.04ns 0.98/1.11

Plasma 25(OH) vitamin D, ng ml−1 1.02ns 0.89/1.12

Treatment with thiazide diuretics (yes/no) 1.37ns 0.30/6.32

Abbreviation: Low BMD, T-score of total BMDo−1.
*P=0.012, ns, not significant (P40.05).

Figure 3 Percent prevalence of low bone mineral density (T-score o−1)
stratified by the score of cardiovascular calcification. Number of patients per
score ranged from 22 to 2 (from score 2 to score 8).
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points: the target cohort of hypertensive patients without low kidney
function, the use of an ultrasound-based multisite score for the
assessment of the extent of cardiovascular calcification and the use of
forearm pQCT for BMD evaluation.
In general, the present results were consistent with all previous

studies reporting an association between cardiovascular calcification
and low BMD.5–7 However, a true comparison between the present
results and previous results was difficult because the present study was
the first to use multisite echography for the assessment of the extent of
cardiovascular calcification and of forearm BMD in high-risk hyper-
tensive patients without severe kidney dysfunction. A large set of the
recent data from the Framingham study indicated that calcification of
the abdominal aorta is more strongly associated with low BMD when
compared with other arteries and that this association does not involve
the cortical bone.7 The present results were consistent with that
observation and extended the evidence of the association between low
BMD and cardiovascular calcification to other large arteries and
peripheral bone.
Theoretically, several non-alternative mechanisms could explain

an independent cross-sectional association between cardiovascular
calcification and low BMD. First, the two disorders could have
common determinants. Hypertension and smoking are two reasonable
candidates in this regard because both induce atherosclerosis and
are associated with low BMD.12–15,33,34 Thus, the association of
cardiovascular calcification and low BMD would reflect the parallel
development of vascular damage and bone demineralization resulting
from the duration and/or severity of exposure to hypertension and
smoking. A similar mechanism could be hypothesized for high salt
intake because it favors not only hypertension, but also osteoporosis,
likely increasing urinary calcium loss.35–37 A second mechanism could
be a detrimental effect on bone metabolism and bone formation
because of inadequate circulation resulting from vascular diseases.11

In this view, low BMD could be another complication that is
secondary to vascular disease. A third mechanism could involve the
renin–angiotensin system, which is expressed within the vascular wall
and in the local milieu of bone and, thus, could promote not only
vascular damage, but also low BMD.38 The last mechanism, or the last
set of mechanisms, could occur at the molecular level, given that the
downregulation of osteoprotegerin and/or other proteins can cause
both vascular calcification and low BMD.39–41 However, other
mechanisms cannot be excluded at this time.
The available data for the different cardiovascular sites and for

different bone sections indicated that there was a strong association
between the calcification of either the carotid arteries or the aorta and
the low BMD of the subcortical bone, whereas such an association was
weak or absent between the other cardiovascular sites and the cortical
or trabecular bone. Although the reasons underlying the patchy
distribution of the associations are unknown, the data from the
Framingham study and from the present study both indicated the
large arteries and subcortical bone to be sites of crosstalk between
vascular damage and bone demineralization.7 The selection of patients
without low kidney function proved that the association between
cardiovascular calcification and low BMD is independent of and can
occur largely before perturbations in mineral homeostasis and
parathyroid gland activity resulting from severely reduced kidney
function. The results of multivariable analyses indicated that the
association was independent of not only sex, age and kidney
dysfunction, but also other cardiovascular risk factors. Finally, the
mild increase in plasma parathyroid hormone levels observed in

hypertensive patients with low BMD suggested that parathyroid
overactivity has a role in the association between BMD and cardio-
vascular calcification, although this possibility was not supported by
the results of the multivariable regression analyses.
The main limitations of the present study were the number of

patients, the lack of data for other ethnic groups, the lack of accurate
imaging for the assessment of cardiovascular calcification and BMD,
and the lack of data for non-hypertensive persons. The limited
number of patients and the lack of data for various ethnic groups
indicate the need for further studies. The use of state-of-the-art
imaging methods for the assessment of cardiovascular calcification or
bone densitometry would have improved the quality of the study, but
it would have also raised ethical concerns and limited the practical
implications because accurate imaging techniques require higher
radiation exposure and higher costs. Finally, the lack of data for
non-hypertensive persons precluded the ability to prove that the
association between cardiovascular calcification and BMD depended
on the presence of hypertension.
The practical implications of the results are that, an assessment of

BMD may be advisable in hypertensive patients with or at risk of
cardiovascular calcification because low BMD was prevalent in these
patients and was associated with vascular calcification, particularly
with signs of more severe vascular damage. By contrast, the same
results suggested that vascular imaging is advisable in hypertensive
patients with low BMD because of the possible co-existence of
widespread vascular calcification. In this view, the use of pQCT and
multisite echo may be preferable because of the absence of significant
radiation exposure and because of the limited costs. Moreover, in
accordance with the Japanese Society of Hypertension Guidelines for
the Management of Hypertension42 and with the protective effects of
thiazide diuretics on fracture risk in older hypertensive patients,43 the
results of the present study support the idea that antihypertensive
drugs that antagonize bone demineralization may be preferable in
hypertensive patients with low BMD. Given the cross-sectional design
of the analysis, it was impossible to assess whether the lack of
association between treatment with thiazide diuretics and BMD
reflected the pretreatment of BMD rather than the effects of the
treatment on BMD. Finally, the association of low BMD with vascular
calcification and the possible association between vascular calcification
and arterial stiffness suggest that low BMD is also associated with
arterial stiffness and related disorders.44–47

In summary, the study showed that a greater number of sites with
cardiovascular calcification were independently associated with lower
forearm BMD in hypertensive patients without low kidney function.
The association was stronger between the calcification of the carotid
artery or of the abdominal aorta and subcortical bone. The results
support the hypothesis that vascular calcification and low BMD share
some determinants. Moreover, the results suggest the need not
only for BMD assessments in hypertensive patients with vascular
calcification, but also to evaluate hypertensive patients with low BMD
for vascular calcification.
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