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INTRODUCTION

Since the introduction of combined antiretroviral 
(cART), life expectancy of HIV-1 infected patients 
increased up to be comparable to non-HIV-1 infected 
population. Several studies reported early occurrence 
of aging-related effects in HIV-1 infected patient such 

as reduced bone quality and osteoporosis1-5. This con-
dition is currently considered the result of the inter-
play among host, HIV-related chronic inflammation, 
and antiretroviral therapy, and may correspond to an 
increased risk from bone fracture5,6. Moreover, previ-
ous studies indicated that RANKL/OPG ratio result-
ed elevated during HIV infection for increased bone 
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Pubertal development was evaluated by Tanner’s 
criteria26. Bone age was assessed according to Tan-
ner-Whitehouse method (third version)27. The differ-
ence between bone and chronological age was ex-
pressed as SDS. For each subject, at least two esti-
mates were available. Intermediate “bone ages” were 
obtained by linear interpolation. 

Clinical and laboratory data
The following parameters were collected: CD4 
T-lymphocytes count and HIV-RNA. Virological 
failure was defined by inability to achieve viral sup-
pression (HIV-RNA <50 copies/mL) after 24 weeks 
from treatment start, or two consecutive measure-
ments of viral replication during cART.

At last observation, OPG and RANKL were mea-
sured by Human OPG Duo ELISA kit (R&D Sys-
tem, Minneapolis, MN, USA) and Ampli sRANKL kit 
(Biomedica, Wien, Austria). Informed consent was ob-
tained. The local Ethics Committee approved the study. 

Statistical Analysis

Statistical analysis was performed with STATA sta-
tistical software for Windows (release 7; 2001). The 
parameters of bone quality were initially compared 
using a paired Student’s t-test. Longitudinal profiles 
of QUS variables were obtained from each measure-
ment per patient by third degree polynomial regres-
sion. To test the association between QUS parameters 
with age, height, weight, virological load and lym-
phocyte count, the mixed model approach for repeat-
ed measurements over time was alternatively used for 
continuous and for categorical variables. p-values < 
0.05 were considered statistically significant. 

RESULTS

47 HIV-infected patients were studied (23 males, 
48.9%). Observations per patient ranged from 3 to 
10 with a median of 5 (123 observations for females 
and 122 for males). At baseline, mean age and SD 
were 10.9±4.6 years in females and 11.3±4.4 years in 
males; at last observation, they were 19.3±8.4 years and 
18.9±3.8 years. Median observation period duration was 
9.8 years (range 2.2-10.4 years). Their BMI and BMI-
SDS were comparable to the average reference values. 
33 patients completed growth at last observation (18 fe-
males, mean age 18.3±2.0 years; 14 males, mean age 
19.3±1.4 years). At baseline, mean and SD of bone age 
resulted -0.82±1.08 in males and 0.07±0.97 in females. 
Bone age was retarded by more than 1 SDS in 12/23 
males and 3/24 females. ADSoS Z-score mean values 
were significantly lower than 0 in the entire period of 
follow-up (-1.13±1.23 SD for males, -0.90±1.42 SD for 
females, p<0.0001) (Figure 1). The same was observed 
for BTT Z-score mean values (-0.75±1.25 SD for males, 
-0.68±1.26 SD for females, p<0.0001) (Figure 2). Signif-
icant correlations of AD-SoS Z-score were also found 
with height Z-score (p<0.01), BMI (p<0.05), bone age 

remodeling, particularly in cART-naïve patient7. HIV 
infection effects on bone are of particular concern in 
vertically infected youths as the achievement of a low 
peak bone mass at adolescence may result with pre-
cocious osteoporosis8.  

Cross-sectional and longitudinal studies demon-
strated the value of phalangeal quantitative ultrasound 
(QUS) technology in identifying bone changes in chil-
dren with pathological conditions9-16. This method is 
based on the transmission of ultrasound (US) through 
the hand proximal phalangeal diaphysis. The trace ob-
tained reflects the characteristics of the signal generat-
ed by US after going through soft tissues, cortical bone 
and trabecular bone. QUS variables are used to obtain 
information on bone size, bone mass and architectural 
features and are age and growth-related17-19. The aim of 
this longitudinal observational study was to evaluate the 
disease effects on bone status using QUS in HIV verti-
cally infected patients, followed from childhood to early 
adult age. We also investigated the influences of growth 
on QUS and the role of RANKL/OPG ratio. 

METHODS 

We enrolled all patients with vertically transmitted 
HIV-1 infection who attended a regional reference hos-
pital in Liguria.  The analysis was performed during 
follow-up visits (February 2002 -June 2014). All pa-
tients received cART according to international guide-
lines (20,21). No patient had suffered of bone or joint 
disease during the observation period or had hand-
wrist deformities, diseases known to influence growth, 
soft tissue swelling, chronic use of medication includ-
ing steroids, growth hormone or anticonvulsants.

Bone quality assessment 

Two QUS variables were measured by the DBM Son-
ic BP IGEA (Italy): amplitude-dependent speed of 
sound (AD-SoS, m/s) and bone transmission time 
(BTT, m/s). AD-SoS measured the speed of sound 
emitted through cortical and trabecular bone giving 
information about bone mass and size22. BTT mea-
sures transmission time in bone excluding soft tis-
sues bias, showing a close relationship with cortical 
bone thickness17. BTT is also related to bone age, in-
dependently of chronological age23. Measurements 
were performed by trained observers (repeatabili-
ty: mean CV%: 0.96; reproducibility: mean CV%: 
0.96). The Italian Phalangeal Quantitative Ultrasound 
Group reference was used24. AD-SoS and BTT were 
standardized using the Least Mean Squares method.

Growth measurements

Height was determined with Harpenden stadiometer 
and weight with electronic scale. Height and BMI-
SDS were calculated using WHO growth charts25. 
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BTT, a marker of cortical bone tissue thickness, 
was more related to pubertal stage than AD-SoS, as 
cortical bone is more dependent to bone age; howev-
er, it was not related to BMI-SDS, as it is not influ-
enced by soft-tissue thickness. In fact, AD-SoS mea-
surements, less influenced by pubertal stage and bone 
age, represented a more specific marker of bone sta-
tus in this particular setting. It is worth of note that 
AD-SoS, but not BTT, was significantly reduced not 
only in patients with history of virological failure, but 
even in patients whose CD4 count resulted persistent-
ly below 500 cells/mmc. These data, in the light of 
data previously stated in the literature, confirm that 
the process of inflammation induced by HIV involves 
not only a reduced bone mass but, to a greater extent, 
to higher tendency to sarcopenia31. On this basis, it 
is reasonable to assume that AD-SoS may be more 
suitable than BTT to evaluate the viral/host/thera-
py interplay effects on bone tissue and soft tissue. 
The relationship between QUS and clinical features 
of HIV infection showed that HIV status had signif-
icant effects on bone.  In particular, patients whose 
HIV-RNA remained <50 copies/mL and those with 
higher CD4+ cell count have better bone status than 
those with poor HIV control. In this cohort RANKL/
OPG ratio was not a proper indicator of bone status. 
This may be linked to the characteristics of our pop-
ulation, composed by patients with a long history of 
cART. Since RANKL/OPG ratio seems to be influ-
enced by the state of HIV replication at the measure-
ment time, it is conceivable that patients with uncon-
trolled HIV-RNA may have reduced bone quality de-
spite having normal RANKL/OPG ratio, as long as 
their current virological status is controlled by ade-
quate cART. The strengths of this study are its lon-
gitudinal design and the large number of serial ob-
servations. Furthermore, few studies are available ex-
amining the effects of growth timing on bone status. 
The main limitations of the study are the irregular 
intervals between observations. 

(p<0.001), in both sexes. The BTT-Z-score was signifi-
cantly associated with height Z-score (p<0.0001). Both 
AD-SoS and BTT Z-scores were related to bone age 
and bone age Z-scores in both sexes (p<0.001). Cor-
relations were higher for BTT Z-score (r = 0.56) than 
for AD-SoS Z-score (r = 0.45). When QUS variables 
were examined as a function of pubertal stages for ag-
es >9 years in girls and >10 years in males, a tenden-
cy was found toward low-values of AD SoS and BTT 
Z-scores, which were found significantly lower than 
zero in each pubertal stage group (p<0.05) (Figures 3 
and 4). In young adult patients AD-SoS Z-score mean 
and SD were -1.26± 1.13 in females and -0.57±1.17 in 
males. BTT Z-score Mean and SD were -0.57±1.17 in 
females and 0.07±1.38 in males. AD-SoS and BTT 
Z-scores mean values resulted lower in patients with at 
least one virological failure during the period of obser-
vation than in subjects with a sustained viral load sup-
pression (p<0.001). AD-SoS, but not BTT mean values, 
were significantly lower in subjects with absolute CD4 
lymphocyte count persistently < 500 cells/ml than in 
subjects with CD4 T lymphocyte count > 500 cells/ml 
(p<0.001) (Table 1). RANKL/OPG ratio and concomi-
tant AD-SoS SDS and BTT SDS performed at last ob-
servation were not related.

DISCUSSION 

We confirmed that bone mass is reduced in HIV-in-
fected youths as reported in cross-sectional studies28,29. 
However, this may also result from the maturation de-
lay observed, especially in male patients, via evalua-
tion of bone age, as it has been stated in previous re-
ports30. This potential bias, however, cannot be inter-
preted as the sole reason of reduction of bone quality 
per age, since bone age and bone age-SDS were sig-
nificantly related to AD-SoS and BTT, compared ac-
cording to the growth chart, thus reducing the effects 
of maturation delay on bone measurements. 

Table 1. Results of mixed effect model approach for ADSoS and BTT Z-scores in patients with and without virological failure and in patients 
with CD4≥500 cell/ml and <500 cell/ml, respectively.

AD-SoS Z-score

Effect	 Effect estimate	 Prob level	 Effect	 Effect estimate	 Prob level

Intercept	 -0.7157±0.4640	 <0.0001	 Intercept	 -1.0098±0.4971	 0.0431
No virological failure	 0.0161±0.6618	 <0.0001	 CD4 ≥500 cell/ml	 0.5917±0.6656	 <0.0001
Time	 -0.0922±0.0528	 0.0809	 Time	 -0.0951±0.0642	 0.1389
Interaction no virological	 0.0178±0.0789	 <0.0001	 Interaction CD4≥500	 0.0040±0.0811	 <0.0001
  failure*time			    cell/ml*time

BTT Z-score

Effect 	 Effect estimate	 Prob level	 Effect	 Effect estimate	 Prob level

Intercept	 -0.2240±0.1742	 0.2611	 Intercept	 0.0004±0.4494	 0.9994
No virological failure	 -0.0833±0.0000	 1.0000	 CD4 ≥500 cell/ml	 -0.4564±0.6560	 <0.0001
Time	 0.0064±0.0430	 0.8819	 Time	 -0.0532±0.0529	 0.3148
Interaction no virological	 -0.0785±0.0528	 0.0528	 Interaction CD4≥500 
 failure*time			     cell/ml*time	 0.0469±0.0685	 <0.0001
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CONCLUSIONS

HIV vertical transmission has decreased in recent 
years. It is important to remain aware of bone chang-
es in HIV-1 infected youths and of the importance of 
a long-term follow-up. A non-invasive technique like 
QUS allows to follow bone status longitudinally and 
to evaluate conditions interfering with bone mass ac-
quisition during growth and the aging process. 
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