
ORIGINAL RESEARCH

Inverse Correlation Between Vascular Calcification and Bone
Mineral Density in Human Immunodeficiency Virus-Infected
Patients

Antonio Bellasi • Stefano Zona • Gabriella Orlando • Federica Carli •

Guido Ligabue • Vincenzo Rochira • Antonella Santoro • Cristina Mussini •

Giovanni Guaraldi • Paolo Raggi

Received: 21 April 2013 / Accepted: 8 July 2013 / Published online: 23 August 2013

� Springer Science+Business Media New York 2013

Abstract HIV-infected individuals suffer from acceler-

ated aging, which manifests as premature cardiovascular and

bone disease. However, little is known of the association of

these two disorders in the HIV population. Our objective

was to investigate the association between a marker of ath-

erosclerosis (coronary artery calcium [CAC]) and low bone

mineral density (BMD) in a cross-sectional cohort of HIV-

infected patients. The study was conducted at the University

of Modena and Reggio Emilia, Italy. A total of 636 con-

secutive middle-aged, HIV-infected subjects were recruited

between January 2006 and December 2010. All patients

underwent CAC and BMD assessment. Patients were cate-

gorized according to a CAC score\100 or[100 units based

on previous literature that identified this cut-point as a

marker of increased risk. Low femoral and lumbar spine

BMD was defined as \25th percentile value for the study

cohort. Logistic regression and bootstrap analysis were used

to assess the independent association between CAC and

BMD. The main outcome measure was a CAC score[100.

Patients with CAC [ 100 were older and more likely to be

men, diabetic, and overweight. Patients with CAC \ 100

had better renal function and a lower cardiovascular risk

profile. After adjusting for age, sex, traditional and HIV-

specific risk factors, vitamin D level, and PTH level, there

was a significant association between CAC [ 100 and low

BMD for the femur (OR = 2.33, 95 % CI 1.09–4.99;

p = 0.02) but not for the spine. Bootstrap analyses con-

firmed these findings. In summary, CAC was independently

associated with low femoral BMD in HIV-infected patients.

Future studies should test whether therapies that attenuate

cardiovascular risk in HIV favorably impact bone health.
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Introduction

Patients with HIV infection suffer events related to accel-

erated aging such as premature coronary artery disease andThe authors have stated that they have no conflict of interest.
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osteoporotic fractures [1]. Traditional and HIV-specific

risk factors such as chronic inflammation, chronic immune

activation, immunosenescence, and antiretroviral therapy

toxicity may be responsible for the increased cardiovas-

cular (CV) and bone disease frequency among HIV-

infected individuals [1, 2].

Coronary artery calcium (CAC) is a marker of subclin-

ical atherosclerosis and has been clearly linked with an

unfavorable outcome in the general population [3]. Addi-

tionally, there appears to be an association between vas-

cular and bone disease in the general population [4].

Arterial wall smooth muscle cells can turn into osteoblast-

like cells under appropriate triggering [5]; and factors such

as fetuin-A, osteocalcin, pyrophosphate, and matrix Gla

protein may regulate both CAC accumulation and bone

mineralization [4]. To date, there have been no reports of

the association of bone and vascular disorders in HIV

patients, an association that has been reported both in the

general population and in chronic kidney disease patients.

In this study we assessed the existence of an association

between CAC as a marker of vascular disease and low bone

mineral density (BMD) in a cohort of HIV-infected

subjects.

Materials and Methods

Consecutive (n = 636) HIV-infected patients were recrui-

ted between January 2006 and December 2010 at the

University of Modena and Reggio Emilia, Italy. Patients

were adults with serologically documented HIV-1 infec-

tion. All patients signed an informed consent to participate

and were excluded from the study if they had a prior his-

tory of myocardial infarction, stroke, coronary artery

bypass surgery, angioplasty, and peripheral arterial disease.

Demographic and clinical data were extracted from chart

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

in kilograms divided by height in square meters. The glo-

merular filtration rate (eGFR) was estimated via the

Chronic Kidney Disease Epidemiology Collaboration

(CKD-EPI) formula (http://mdrd.com/). The 10-year CV

risk was estimated via the Framingham risk score for

women and for men. Study approval was obtained from our

institutional ethical review board, and we adhered to the

principles of the Declaration of Helsinki for medical

research involving human subjects.

Laboratory and Imaging Procedures

We measured biochemical and immunological biomarkers

(complete blood cell count, CD4? lymphocytes count,

serum creatinine, 25-hydroxyvitamin D [25(OH)D], intact

parathyroid hormone [PTH]) at enrollment in a fasting

state. 25(OH)D levels were measured by the DiaSorin

(Stillwater, MN) 25(OH)D chemiluminescence immuno-

assay. The reported reference range is 10–100 ng/mL.

Values \10 ng/mL, 10–30 ng/mL, and [100 ng/mL were

used to define 25(OH)D deficiency, sufficiency, and tox-

icity, respectively.

Intact PTH levels were measured with the Access Intact

PTH chemiluminescent immunoassay (Beckman Coulter,

Fullerton, CA, USA). The reported reference range is

15–90 pg/mL.

BMD of the lumbar spine and femoral neck was asses-

sed by dual-energy X-ray absorptiometry (DXA) with a

Hologic (Waltham, MA, USA) scan (Delphi-QDR4500

Discovery-Bone Densitometer) at study inception. Cali-

bration of the densitometer was performed every day via a

standard phantom.

CAC was assessed by cardiac computed tomography

using a volume CT 64-slice scanner (GE Medical Systems,

Milwaukee, WI, USA) during a single breath-hold (set-

tings: 320 mAs, 140 kV, prospective image acquisition at

80 % of the R-to-R interval, slice 2.5 mm, field of view

20 cm2, pixel size 0.39 mm2, and voxel size 0.4 mm3).

Images were transferred to an offline workstation for

scoring according to the Agatston method, as previously

described. The published median interscan CAC score

variability is 8–10 % for the Agatston score [6, 7]. Inde-

pendent skilled operators blinded to other patients’ clinical

characteristics measured BMD and CAC.

Statistical Analyses

We examined the cross-sectional association between CAC

and low BMD in the lumbar spine and the femoral neck.

Because the CAC scores were not normally distributed,

neither quadratic nor logarithmic transformation normalized

their distribution, and a CAC score[100 has been associated

with an increased risk of events in the general population [3],

subjects were divided in two groups according to a baseline

CAC score C100 or\100. Because we were interested in the

relationship between arterial and bone disease in our patient

group, we defined low BMD as \25th percentile for the

population under analysis (0.7 g/cm2 and 0.9 g/cm2 for

femoral neck and lumbar spine, respectively). Logistic

regression was used to assess the independent association

between CAC and BMD. Odds ratios (ORs) were initially

calculated after adjustment for age and sex (model 1); further

adjustments were made for diabetes mellitus, BMI, 10-year

Framingham risk and hypertension (model 2), CD4? nadir,

exposure to protease inhibitor and tenofovir in association

with boosted atazanavir (model 3); eGFR, 25-(OH)D defi-

ciency, and intact PTH levels (model 4). All variables entered

into the models were selected a priori because they are known

to be associated with either CAC or BMD based on the

414 A. Bellasi et al.: Vascular and Bone Disease in HIV

123

http://mdrd.com/


available medical literature. Because we implemented several

assumptions (CAC [ 100 AU and BMD \ 25th percentile

of the study population), the models’ predictive performance

was internally validated through a nonparametric bootstrap-

ping process [8]. Case deletion was used to handle the missing

values. p \ 0.05 was considered statistically significant. All

analyses were completed using R version 2.9.2 (R Foundation

for Statistical Computing, Vienna, Austria).

Results

The clinical characteristics of the 636 enrolled patients are

shown in Table 1; several CV risk factors were more pre-

valent in patients with CAC [ 100, while there was no

difference between groups as far as HIV-specific charac-

teristics. The prevalence of low BMD among patients with

CAC [ 100 was greater but not statistically significant in the

femur (23.5 vs. 13.9 %, p = 0.10) and in the lumbar spine

(16.2 vs. 14.4 %, p = 0.95). All multivariable models con-

firmed a statistically significant association between

CAC [ 100 and low BMD of the femur but not for the spine

(models 1–4 described above). Patients with a low femoral

BMD had a significantly increased risk of CAC score C100

(OR = 2.33, 95 % confidence interval [CI] 1.09–4.99;

p = 0.02). Bootstrap analyses confirmed the association of

low BMD with CAC score C100 at the femoral level only

(OR = 2.73, 95 % CI 1.77–5.23) (Table 2). 25-(OH)D

deficiency, antiretroviral agents, hypertension, and sex were

excluded in the majority of bootstrap models, suggesting that

these variables are not significantly associated with CAC.

Similarly, bootstrap analyses confirmed the lack of an

association between lumbar spine BMD and CAC C 100.

Of note, the strength of these associations was not modified

by gender (i.e., p value for interaction test not significant).

Discussion

In a cohort of 636 HIV-infected patients we showed an

inverse correlation between CAC and low BMD of the

femur, while such an inverse correlation was absent for the

lumbar spine. HIV patients have an increased CV risk

compared to age- and sex-matched individuals and dem-

onstrate characteristics of accelerated aging [9, 10] such as

osteopenia and increased fracture rates [11].

The existence of a link between bone and CV health has

been reported in the general population as well as specific

populations such as diabetic patients, chronic kidney dis-

ease, or osteoporotic patients [4] but never in HIV patients.

A complicated interaction of traditional and HIV-specific

osteoporotic risk factors may contribute to the osteopenia of

Table 1 Patients’

characteristics according to

level of coronary artery calcium

(CAC)

eGFR estimated glomerular

filtration rate, estimated via

CKD-EPI formula, BMD bone

mineral density, PTH

parathyroid hormone, Vitamin D

25(OH) vitamin D, CV

cardiovascular

CAC \ 100

(n = 568)

CAC C 100

(n = 68)

p

Age (years) (SD) 46.6 (7.4) 54.6 (7.8) \0.001

Men (%) 69.6 88.0 0.001

eGFR (mL/min/1.73 m2) (SD) 100.7 (10.7) 97 (11) 0.003

Diabetes mellitus (%) 7.4 26.6 \0.001

Hypertension (%) 18.0 36.0 \0.001

Systolic blood pressure (mmHg) (SD) 118 (14) 126 (18) 0.001

Diastolic blood pressure (mmHg) (SD) 77 (12) 79 (10) 0.23

10-year CV Framingham risk score (interquartile range) 5 (1–9) 11 (8–16) \0.001

Smoking 0.81

Nonsmokers (%) 60.3 58.8

Smokes \10 cigarettes/day (%) 14.9 13.7

Smokes C10 cigarettes/day (%) 24.6 27.4

Body mass index (SD) 23.7 (3.7) 25.2 (4.3) 0.004

Current CD4? lymphocyte count (interquartile range) 157 (64–258) 176 (58–275) 0.21

Protease inhibitor exposure (months) (interquartile range) 38 (12–73) 48 (16–71) 0.36

Tenofovir exposure (months) (interquartile range) 17 (0–33) 22 (0–39) 0.21

Tenofovir associated with atazanavir exposure (months)

(interquartile range)

0 (0–13) 0 (0–22) 0.38

Intact PTH (pg/mL) (interquartile range) 57 (44–78) 60 (45–77) 0.47

Vitamin D deficiency (%) 24.0 29.0 0.34

Low femoral BMD (%) 14.6 22.6 0.10

Low lumbar spine BMD (%) 15.0 16.0 0.95
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these patients [11]. However, our results suggest that there

may be a link between bone demineralization and subclinical

atherosclerosis (i.e., CAC) independent of traditional and

HIV-specific risk factors; thus, these two disease states could

be aspects of the same syndrome. A few clinical studies have

shown that interventions that impact one system might exert

an effect on the other. A substudy of a randomized trial [12]

and a subsequent meta-analysis [13] suggested a lack of

efficacy of calcium supplements to reduce osteoporotic

fractures in postmenopausal women and a simultaneous

increased rate of hard CV events. Sympathetic tone dereg-

ulation appears to be associated with osteopenia and the use

of b-blockade as antihypertensive agents has been linked

with a significant 20–30 % reduction in the risk of fracture in

large study cohorts [14]. A few isolated studies suggested

that serotonin reuptake inhibitors might increase the risk of

osteoporotic fractures [15] as well as CV events [16]. Bi-

phosphonates, non-calcium-containing phosphate binders,

and calcimimetic agents have been associated with attenu-

ation of CAC progression in chronic hemodialysis patients

[17]. Although earlier studies suggested that bone loss might

be attributable to therapy with protease inhibitors, others

have failed to confirm such an association. The nucleoside

reverse-transcriptase inhibitor tenofovir has been also asso-

ciated with an acute decrease in BMD [18]. The mechanisms

involved in bone loss with various antiretroviral regimens

Table 2 Predictors of extensive coronary artery calcium (score[100 Agatston units) using a nested model and bootstrap analytical method: only

variables included in [50 % of the bootstrap models are shown

Models testing the independent association between CAC and femoral BMD

OR 95 % CI p

Model 1 1.73 0.88–3.38 0.10

Model 2 2.01 0.97–4.19 0.06

Model 3 2.33 1.11–4.86 0.02

Model 4 2.33 1.09–4.99 0.02

Bootstrap analyses

Variable OR 95 % CI Inclusion frequency

Age (1-year increase) 1.12 1.06–1.18 0.99

eGFR (1 mL/min/1.73 m2 increase) 1.05 1.02–1.09 0.86

Diabetes mellitus (yes vs. no) 2.77 1.77–5.18 0.78

Low femoral BMD (yes vs. no) 2.72 1.77–5.23 0.74

Models testing the independent association between CAC and lumbar spine BMD

OR 95 % CI p

Model 1 0.94 0.46–1.92 0.87

Model 2 1.16 0.55–2.42 0.68

Model 3 1.14 0.54–2.39 0.72

Model 4 1.17 0.55–2.48 0.67

Bootstrap analyses

Variable OR 95 % CI Inclusion frequency

Age (1-year increase) 1.12 1.05–1.19 0.99

Diabetes mellitus (yes vs. no) 2.70 1.77–4.91 0.78

eGFR (1 mL/min/1.73 m2 increase) 1.05 1.02–1.09 0.76

Low lumbar spine BMD (yes vs. no) 1.33 0.30–3.04 0.21a

Model 1: adjusted for age and sex

Model 2: adjusted for model 1 ? traditional cardiovascular risk factors (diabetes mellitus, body mass index, 10-year risk of hard cardiovascular

events according to the Framingham risk score, hypertension)

Model 3: adjusted for model 2 ? HIV-specific factors (CD4? lymphocyte count, current exposure to tenofovir, protease inhibitor and tenofovir

associated with atazanavir)

Model 4: adjusted for model 3 ? estimated glomerular filtration rate, 25(OH) vitamin D deficiency, and intact parathyroid hormone level

CAC coronary artery calcium, BMD body mass index, eGFR estimated glomerular filtration rate, estimated via CKD-EPI formula
a Low lumbar spine BMD is not significantly associated with extensive CAC and selected only in 20 % of the boostrap models as a significant

predictor of extensive CAC

416 A. Bellasi et al.: Vascular and Bone Disease in HIV

123



are not well understood. Tenofovir may have an indirect

effect on bone mineralization through proximal tubule tox-

icity, resulting in phosphate wasting and increased bone

turnover [19], whereas protease inhibitors may affect vita-

min D metabolism [2]. Of note, the current literature sug-

gests that vitamin D deficiency is linked with an increased

risk of arterial calcification; hence, long-term exposure to

antiretroviral therapy may contribute to the vascular aging

process of HIV-infected subjects via inhibition of vitamin D

metabolism [20].

The limitations of this study were its cross-sectional nat-

ure, which did not allow us to draw cause-and-effect con-

clusions or to understand whether low BMD is due to active

bone loss or failure to build adequate bone. Furthermore, the

relatively small number of patients with CAC C 100 did not

permit us to take into account several other factors that might

be associated with high CAC or low BMD in HIV-infected

patients (i.e., unmeasured confounders). The lack of an

association between CAC and low lumbar BMD is unex-

plainable with these data. However, as previously reported,

the presence of calcification of the abdominal aorta renders

DXA less reliable than CT-based BMD measurements [21].

Since we did not image the abdominal aorta, we cannot

exclude that patients with higher CAC scores also had a larger

amount of calcium in the aorta, which would have reduced the

accuracy of lumbar BMD measured by DXA. Finally, the

lack of information about menopausal status and testosterone

levels is, in the authors’ opinion, another limitation of the

present analyses. Consequently, we adopted a priori a highly

conservative statistical approach (multivariable adjustment

and bootstrap analyses) to compensate for some of the study

limitations (i.e., cross-sectional design, lack of standardiza-

tion of clinical end points).

In summary, we showed a link between arterial disease

and low femoral BMD in HIV patients. The association

was independent of traditional CV disease-and HIV-spe-

cific risk factors, suggesting an active crosstalk between the

two systems. The identification of potential mechanisms

subtending such a link is beyond the scope of the current

analyses, but future studies should further investigate the

clinical implications of the interaction of vascular and bone

disorders in HIV-infected patients.
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