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Abstract. - OBJECTIVE: To evaluate the
changes in Bone Mineral Density (BMD) and
bone remodelling markers in a group of HIV pa-
tients treated with HAART and controlled in a
long follow up and to identify possible risk fac-
tors for accelerated bone mass loss.

PATIENTS AND METHODS: In a series of 172
HIV patients treated with HAART a total of 67
patients (44 males and 33 females) underwent
repeated bone mineral density measurement by
DEXA in lumbar spine and in femur; the patients
were classified according to T-score WHO crite-
ria. Serum bone alkaline phosphatase (BAP), by
IRMA, and urine pyridinoline/deoxypyridinoline
(PYD&DPD), by EIA, were also assayed in all
cases.

RESULTS: At baseline, 62/67 patients were on
HAART, while 5 were naive; 44.8% were previ-
ous intravenous drug users (IVDU), 46.3% het-
erosexual and 8.9% homosexual, mean age be-
ing 40.2 = 6.5 years, and 23.9% had previous
AIDS diagnosis. Fifteen/67 (22.4%) of treated pa-
tients had osteoporosis and 25/67 (37.3%) os-
teopenia in spine and/or femur including 3
naive, 27/67 (40.3%), including 2 naive, had nor-
mal BMD in both sites. Fifty-one/67 patients
were monitored during follow up (56.8 + 5.3
months); 27 (52.9%) of these (Group 1), received
protease inhibitors (Pl) and 24 (47.1%), including
naive, (Group 2) received not nucleoside reverse
transcriptase inhibitors (NNRTI) for > 50% of fol-
low up period. In Group 1 patients, BMD reduc-
tion was observed after follow up in respect of
basal condition in both spine and femur, but sig-
nificantly (p = 0.011) only for the latter. However,
mean BMD values remained stable in both sites
in Group 2 patients. Basal BAP and PYD&DPD
levels were higher in Group 1 than Group 2, but
not significantly. Moreover, only PYD&DPD
levels at the follow up evaluation were sig-
nificantly (p = 0.031) higher in Group 1 than
Group 2. Of the remaining 16/67 patients with

osteoporosis/osteopenia, 10 received Pl and 6
NNRTI and were treated with therapies that
could increase bone density, in particular, 9 with
Alendronate/Vitamin D/Calcium and 7 with only
vitamin D/calcium; these patients were excluded
from statistical analysis of 51 Group 1/Group 2
cases. In the 16 patients, after these specific
treatments, mean spine and femur BMD in-
creased over time, but significantly only in those
cases including alendronate in their protocol.

CONCLUSIONS: The study showed that in HIV
patients on HAART BMD decrease, even osteo-
porosis, can be present persisting over time,
particularly in Pl in respect of NNRTI treated pa-
tients. The pathogenesis is probably multifactor-
ial, the different antiviral drugs seeming to dif-
ferently affect bone metabolism. Alendronate/Vi-
tamin D/Calcium therapy can be useful to slow
down bone mass loss and also improve osteo-
porosis/osteopenia conditions, thus, reducing
fracture risk also continuing HAART.
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Introduction

Since the introduction of highly active anti-
retroviral therapy (HAART), a significant im-
provement of AIDS related morbidity and mor-
tality with prolonged survival has been ob-
served'. However, the risk of non-HIV-related
morbidity and mortality, including cardiovascu-
lar and bone disease, neurocognitive impairment
and malignancies, has markedly increased in re-
cent years*?*. In particular, HIV patients receiv-
ing HAART may develop metabolic and mor-
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phologic abnormalities including low bone min-
eral density and several studies have evaluated
the presence of risk factors for bone mineral loss
in HIV-infected patients. In particular, a meta-
analysis including 20 cross-sectional studies
have suggested a more increased risk of develop-
ing both osteopenia and osteoporosis in HIV-in-
fected patients in respect of HIV non-infected in-
dividuals and in HAART treated patients in re-
spect of naive cases®.

Moreover, HIV patients receiving protease in-
hibitors (PI) showed a more increased risk of de-
veloping osteopenia/osteoporosis when com-
pared with those receiving HAART not including
PI?3!, the former drugs also affecting adoles-
cents®?, and even more so when the patients are
affected by lipodystrophy in both adults®** and
children®*.

Howeyver, the role of both HIV infection and
HAART in the development and the progression
of bone mineral loss is still controversial and
some authors, unlike the results obtained in sev-
eral other studies, reported a not significant de-
crease in bone mineral density (BMD) values in
HIV patients treated with HAART?®® remaining
stable over time or, according to other studies,
BMD decrease has been described to be restrict-
ed to the first period after HAART initiation fol-
lowed by stabilization independent of different
antiretroviral drugs®’. According to other authors,
no accelerated bone loss in HIV patients treated
with HAART, including PI, has been found®® as
well as a beneficial effect on bone remodelling
from this treatment has even been suggested in
both adults® and children*’. On the other hand,
divergent metabolic effect on bone by the indi-
vidual PI drugs have been hypothesized based on
“in vitro” studies*'. Moreover, in the patients
with no evidence of accelerated bone loss over
many years a routine monitoring of BMD is not
considered necessary by some authors*? over the
short/medium term.

The aetiology of low bone density seems to be
multifactorial. Regarding to the role of HIV in-
fection itself, it is possible to be deduced from
the studies of some authors who observed low
mineral density, reduction of bone formation and
increase of bone resorption markers in naive pa-
tients?®¥*434 HAART could affect bone metabo-
lism trough both a direct and an indirect (i.e. im-
mune activation and cytokine pathways) effect®.
In particular, PI have been observed to inhibit “in
vitro” osteoblastogenesis and to increase osteo-
clast activity, while nucleoside reverse transcrip-

tase inhibitors (NRTI) proved to enhance bone
demineralisation and promote calcium hydroxya-
patite release from bone, as a consequence of
lactic acidosis®. An indirect action of HAART
on vitamin D metabolism has also been hypothe-
sized probably suppressing the activity of 25 and
la-hydroxylase which is critical in the synthesis
of 1,25(0OH),D?. Moreover, a role for the not nu-
cleoside reverse transcriptase inhibitors (NNRTT)
efavirenz in accelerating catabolism of vitamin D
trough the upregulation of 25-hydroxivitamin
D3-24-hydroxilase (CYP 24) gene expression
with hypovitaminosis D has also been suggest-
ed®4648 or in interfering with cytochromes in-
volved in the vitamin D metabolism™®.

Other authors in experimental models have
observed that PI and tenofovir adversely affects
bone metabolism through its action on renal
phosphate handling with the result of accelerated
bone turnover and osteomalacia®->2. Tenofovir
effect on bone could be worsened when an hy-
povitaminosis D exists*. In another study, a de-
crease of BMD and an increase of bone turnover
markers after abacavir/lamivudine (ABC/3TC) or
tenofovir/emtricitabine (TDF/FTC) with no ma-
jor difference in renal function were reported>*.

Furthermore, it should be considered that tra-
ditional risk factors for bone mineral mass loss,
such as low BMI, smoking, alcohol abuse and
malnutrition are frequent findings in HIV infect-
ed patients.

Finally, most studies investigating the impact
of HIV and HAART on bone metabolism are
cross-sectional in nature and, therefore, do not
allow to link cause and effect.

The aim of the present study, performed in a
cohort of HIV infected patients treated with
HAART for a long period of time without inter-
ruption, was to evaluate the change of BMD and
of bone remodelling markers during follow up in
respect of basal values and to also ascertain the
presence of possible risk factors responsible for
accelerated BMD loss as well as to identify pos-
sible therapies which can be effective in both
limiting BMD loss in progress and preventing fu-
ture losses in the course of HIV disease continu-
ing HAART.

Patients and Methods
We enrolled 172 HIV infected adult outpa-

tients consecutively attending our referral HIV
University Care Centre, 112 males and 60 fe-
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males, aged 20 to 61 years and, among these, we
could monitor 67 patients in a long follow up
continuing HAART, 16 of whom received drugs
which could increase bone mineral density.

Demographic (including age and risk factors
for HIV infection) clinical (CDC stage) and ther-
apeutic (current HAART regimen and therapeu-
tic history) data of the patients has been collected
from clinical records.

Fifty-one of 67 patients, 27 males and 24 fe-
males, with a mean age of 39.5 + 6.7 years, could
be rechecked after 48-60 months in a long longi-
tudinal study. At baseline, 25/51 (49.0%) cases
were heterosexuals, 21/51 (41.2%) previous in-
travenous drug users (IVDU) and 5/51 (9.8%)
homosexuals; moreover, 16/51 (31.4%) patients
had previous AIDS diagnosis. Furthermore,
46/51 (90.1%) patients were HAART experi-
enced, 29 (56.8%) were receiving protease in-
hibitors (PI) and 17 not nucleoside reverse tran-
scriptase inhibitors (NNRTI) plus nucleoside re-
verse transcriptase inhibitors (NRTI) and 5 were
naive. Mean CD4 cell count was 597 + 287
cells/uL. and mean HIV-RNA 4.88 + 5.48 log10
cp/ml. Baseline patient characteristics are sum-
marized in Table I.

Moreover, 8/51 (15.7%) patients had osteo-
porosis and 16/51 (31.4%) osteopenia in spine
and/or femur, while 27/51 (52.9%) had normal
BMD in both sites. Three of the 5 naive patients
had osteopenia while 2 had normal BMD.

Table I. Demographic, clinical and therapeutic characteris-
tics in 51 HIV infected patients at enrolment.

Parameter
Age (years) 39.5+6.7
Male gender 27 (52.9%)
IVDU 21 (41.2%)
Heterosexuals 25 (49.0%)
Homosexuals 5(9.8%)
CDC stage A 20 (39.2%)
CDC stage B 15 (29.4%)
CDC stage C 16 (31.4%)
CD4 cell count (cells/uL) 597 + 287
HIV RNA (log,, cp/ml) 4.88 +5.48
HCYV infection 24 (47.0%)
Current HAART 46 (90.1%)
Current PI 29 (56.8%)
Current NNRTI 17 (33.3%)
Naive to antiretrovirals 5(9.9%)

IVDU: intravenous drug users; CDC: Center for Disease
Control; HAART: highly active antiretroviral therapy; PI:
protease inhibitors; NNRTI: non-nucleoside reverse tran-
scriptase inhibitors.
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In the follow up, the patients were divided into
two groups: 27 patients who received PI plus NR-
TI (Group 1) and 24 patients who received NNR-
TI plus NRTI (Group 2), the latter including these
5 naive, both Groups for > 50% of follow up.

At baseline, the remaining group of 16/67 pa-
tients included 10 males and 6 females, with
mean age of 40.9 + 6.4 years; 2 were CDC stage
A, 7 in B and 7 in C. Furthermore, regarding to
risk factors, 9 patients were previous IVDU, 6
heterosexual and 1 homosexual; 9 had osteopenia
and 7 osteoporosis. Seven patients have previous
AIDS diagnosis. Ten of these 16 patients were
receiving PI and 6 NNRTI therapy. After the first
observation, the 16 patients also received specif-
ic treatment (alendronate 70 mg/week + vitamin
D 500 I/U daily + calcium 1000 mg daily in 9
and only vitamin D 500 I/U daily + calcium 1000
mg daily in 7) and had a follow-up evaluation of
BMD at 12 and at 24 months. No fracture was as-
certained in these patients before and at our first
observation as well as during the follow up.
These patients were excluded from statistical
analysis of the 51 Group 1/Group 2 cases.

Patients who underwent HIV disease progres-
sion or opportunist cancers or infections during
follow up or received other drugs affecting bone
metabolism were excluded.

The protocol of the present study was in ac-
cordance with the Helsinki Doctrine on Human
Experimentation and all patients gave written in-
formed consent.

In all cases both at baseline and during at fol-
low up we measured:

- CD4 cell count by flow cytometry (FAC-
Scalibur flurimeter, Bekton Dickinson, Erembod-
igem-Aalst, Belgium) and HIV plasma viral load
(HIV-RNA) by Nuclisens NASBA (Organon
Teknica, Boxtel, Netherlands). We also investi-
gated both hepatitis C virus (HCV) status, by
measuring antibody to HCV in serum by en-
zyme-linked immunoadsorbent assay (ELISA)
(Ortho HCV 3-0 ELISA test, Ortho Clinical Di-
agnostic, Amersham, Bucks, UK) and by im-
munoblot assay (SIA, Chiron RIBA, Chiron Cor-
poration, Emeryville, CA, USA) as confirmation
test, and hepatitis B virus (HBV) status, by mea-
suring HBsAg by enzyme-linked fluorescent as-
say (ELFA; Biomerieux, Lyon, France).

- BMD (g/cm?) by dual energy X-ray absorp-
tiometry (DEXA; QDR 4500 A, Hologic Bed-
ford, MA, USA) with a precision value “in vivo”
of < 1% in both lumbar spine and in femur; ac-
cording to T-score WHO criteria the patients
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were classified as normal (T-score > -1.0), with
osteopenia (T-score < -1.0 and = -2.5) and with
osteoporosis (T-score < -2.5).

- Serum bone alkaline phosphatase (BAP,
ng/ml) as a marker of bone formation and urine
pyridinoline and deoxypyridinoline (PYD&DPD,
nM/mM creatinine) as markers of bone resorp-
tion were also measured.

BAP was assayed in serum (ng/ml) by an im-
munoradiometric assay (Tandem-R Ostase;
Beckman Coulter, Brea, CA, USA) with a lower
detection limit of 1.65 + 0.63 ng/ml; the interas-
say CV was 6.21% at 20.3 ng/ml and 5.9% at
84.1 ng/ml and the intraassay CV was 4.26% at
21.3 ng/ml. Normal values ranged from O to 20.1
ng/ml for males and from O to 21.3 ng/ml for fe-
males.

Pyridinoline & deoxypyridinoline (PYD&DPD)
was assayed in urine (nM/mM creatinine) by a
competitive enzyme immunoassay (Metra PYD
EIA kit; Quidel, San Diego, CA, USA), with the
results corrected for the urinary concentration of
creatinine (Creatinine; Metra Biosystems Inc., San-
ta Clara, CA, USA) and with a lower detection
limit of 4.4 + 1.3 nM/mM creatinine; the interassay
CV was 10.47% at 93.7 nM/mM creatinine and
7.711% at 459.7 nM/mM creatinine and the intraas-
say CV was 13.54% at 12.8 nM/mM creatinine
and 6.99 at 37 nM/mM creatinine. Normal
PYD&DPD values ranged from 12.8 to 25.6
nM/mM creatinine for males and from 16 to 37
nM/mM creatinine for females.

Statistical Analysis

The statistical analysis was performed using
StatSoft STATISTICA Software, release 6.0 and
SPSS 14.0 software Package (SPSS Inc., Chica-
go, IL, USA).

The difference in categorical variables among
groups was evaluated using chi-square or Fisher
exact test, when appropriate, whereas Student’s
t-test for independent variables was used to com-
pare continuous variables. Student’s test for de-
pendent variables was used when the parameters
obtained at the first observation were compared
to those evaluated at follow-up.

Multiple linear regression analysis was used to
evaluate predictors of percent change from base-
line in BMD in both spine and femur.

Statistical significance was considered as p < 0.05.

Results

At baseline, in the 51/67 patients no statistical
difference between the Group 1 and Group 2 was
observed in age, HAART duration, weight, CD4
cell count, HIV RNA, femur and spine BMD,
BAP and PYD&DPD (Table II).

The follow up of the 51 patients was in aver-
age 56.8 + 5.3 months; Group 1 patients received
lopinavir/r in 13 cases, atazanavir/r in 4, indi-
navir/r in 4, saquinavir/r in 3, fosamprenavir/r in
2 and nelfinavir in 1 whereas Group 2 patients
received nevirapine in 12 cases and efavirenz in
the remaining 12.

Table Il. Baseline characteristics in HIV patients receiving antiretroviral therapy including PI (Group 1) or NNRTI (Group 2).

Parameters Group 1 (n = 27) Group 2 (n = 24) P
Age (years) 389+64 40.2+6.9 0.471
Male gender 15 (55.5%) 12 (50%) 0.691
IVDU 14 (51.8%) 7 (29.2%) 0.100
Heterosexuals 12 (44.4%) 13 (54.2%) 0.488
Homosexuals 1 (3.7%) 4 (16.7%) 0.174
Previous AIDS diagnosis 9 (33.3%) 7 (29.2%) 0.749
CD4 cell count (cells/uL) 540 + 265 661 + 303 0.133
HIV RNA (log,, cp/ml) 5.12+5.61 4.14 +4.54 0.166
HCV infection 15 (55.5%) 9 (37.5%) 0.197
HAART duration (months) 39.6 + 14.6 351+11.8 0.270
PI duration (months) 38.5+15.0 34.9 +£10.6 0.495
Naive to antiretrovirals 2 (7.4%) 3 (12.5%) 0.661
Spine BMD (g/cm?) 0.95+0.10 0.99 +0.12 0.376
Femur BMD (g/cm?) 0.86 +0.10 0.87+0.12 0.181
BAP (ng/ml) 16.1 7.6 125+5.2 0.06
PYD & DPD (nM/mM creatinine) 299 +15.9 24.4 +9.26 0.14

IVDU: intravenous drug users; HCV: hepatitis C virus; PI: protease inhibitors; HAART: highly active antiretroviral therapy;
BMD: bone mineral density; BAP: Bone alkaline phosphatase; PYD & DPD: pyridinoline and deoxypyridinoline.
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Overall, in the comparison between baseline
and follow up values, a reduction in both spine
and femur BMD values were observed, but sig-
nificantly only in the latter (p = 0.019). Both
BAP and PYD&DPD levels increased, but non
significantly.

Sub-dividing the patients on the basis of the
type of HAART, as Group 1 and Group 2, no sta-
tistically significant difference was observed in
the number of months of follow up (57.4 £ 4.8 vs
56.1 £ 5.8, p =0.396). When comparing baseline
and follow up values, a not significant reduction
in BMD was ascertained in lumbar spine in
Group 1, while a slight increase was observed in
Group 2 patients, but not significantly, as illus-
trated in Figure 1. Moreover, BMD values had a
significant (p = 0.011) reduction in femur in
Group 1 when compared with basal values, while
in Group 2 patients a not significant reduction
was ascertained (Figure 1).

Furthermore, BAP mean levels did not signifi-
cantly change in both Group 1 and Group 2 and
PYD&DPD levels further increased in Group 1
in respect of Group 2, but not significantly.

At the follow up evaluation, PI duration was
significantly longer in Group 1 (p < 0.001) in re-
spect of Group 2 and the months of exposure to
tenofovir and thymidine analogues were longer
in Group 1, but not significantly (Table III). No
statistical difference in CD4 cell count, HIV
RNA levels, spine and femur BMD and BAP
concentrations was observed. Only PYD&DPD
levels were significantly higher (p = 0.020) in
Group 1 in respect of Group 2 (Table III).

At multivariate linear regression analysis, only
PI receipt was negatively associated with the per-
cent changes from baseline in spine BMD (Beta -
0.78, p = 0.053) and in femur BMD (Beta = -
1.37; p = 0.0003) whereas age, years of HIV in-
fection duration, CD4 cell count, HIV RNA,
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Figure 1. Bone mineral density (BMD, g/cm?) values at baseline and follow up evaluation in Group 1 A, and B, and Group 2
C, and D, patients at spine and femur site. Values are expressed as Mean and Standard Deviation.
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Table Ill. Comparison of therapeutic, immuno-virological and bone parameters in 51 HIV patients receiving antiretroviral
therapy including PI (Group 1) versus NNRTI or triple NRTI (Group 2) at the follow up evaluation.
Parameters Group 1 (n = 27) Group 2 (n = 24) P

CD#4 cell count (cells/uL) 575 £ 195 685 + 295 0.119
HIV RNA log,, cp/ml) 4.28 +4.92 3.77 £4.45 0.455
PI duration 485+ 12.1 43+87 0.000
Thymidine analogues duration 44.5+16.8 36.1 +21.1 0.267
Tenofovir duration 7.9 +10.5 6.0+09.1 0.505
Spine BMD (g/cm?) 0.95+0.16 0.99 £0.13 0.339
Femur BMD (g/cm?) 0.83£0.16 0.86 £0.15 0.461
BAP (ng/ml) 17.7+17.3 144+7.9 0.403
PYD & DPD (nM/mM creatinine) 324+17.5 247 +7.71 0.031

PI: protease inhibitors; NNRTI: non nucleoside reverse transcriptase inhibitors; BMD: bone mineral density; BAP: bone alka-
line phosphatase; PYD & DPD: pyridinoline and deoxypyridinoline.

BMI, BAP, PYD&DPD, baseline spine BMD
and femur BMD did not show any significant as-
sociation.

Globally, in remaining 16/67 patients mean
BMD values significantly (p = 0.05) increased at
12 months in respect of basal values in both
spine (0.867 + 0.099 vs. 0.846 + 0,074 mg/cm?, p
= 0.05) and femur (0.756 + 0.077 vs. 0.698 =+
0.078 mg/cm?, p = 0.006), as well as BMD sig-
nificantly increased at 24 months in both spine
(0.878 + 0.098 vs. 0. 846 + 0.074 mg/cm?, p =
0.019) and femur (0.737 £ 0.097 vs. 0.698 +
0.078 mg/cm?, p = 0.029). Regarding to the pa-
tients with the protocol including alendronate,
spine BMD values increased, in respect of base-
line, at both 12 and 24 months, but significantly
in the latter control (0.907 + 0.102 vs. 0.874 %
0.072 mg/cm?, p = 0.025), while the increase of
femur BMD was significant both at 12 (0.721 +
0.117 vs. 0.695 + 0.093 mg/cm?, p = 0.0014) and
at 24 months (0.760 = 0.117 vs. 0.695 + 0.093
mg/cm?, p = 0.021). In the patients with protocol
including only vitamin D/calcium, both spine
and femur BMD values in the follow up showed
a not significant increase in respect of basal val-
ues at both 12 and 24 months.

Discussion

The prognosis of patients with HIV infection
has dramatically improved in the last decade fol-
lowing the introduction of HAART®'-*3. Howev-
er, notwithstanding its undoubted benefits, sever-
al long-term adverse events have emerged during
the years of exposure to HAART?37°. Among

these toxicities, bone metabolism alterations, in-
cluding both osteopenia and osteoporosis, have
been frequently described in naive, but especially
in HAART treated patients®. Recently, another
factor that could affect bone and that should be
carefully considered in upcoming years, is repre-
sented by the aging of HIV populations due to
both increased survival and older age at first HIV
diagnosis. If such trend continues, a prevalence
increase of metabolic alterations could occur, in-
cluding bone disease, in HIV patients, both treat-
ed with HAART and naive.

In the present long longitudinal study, we
evaluated the changes of BMD in both spine and
femur in 51 HIV infected patients with stable
clinical conditions and we also studied bone me-
tabolism trough bone remodelling markers.

At baseline, no statistical difference in BMD val-
ues in both spine and femur was observed between
patients who received for > 50% of follow up PI +
NRTI and those treated with NNRTI + NRTI in
their therapeutic protocol. However, when compar-
ing baseline and follow up results, Group 1 patients
showed a not significant reduction and Group 2
cases a slight, not significant increase of spine
BMD values. Conversely, femur BMD values had
a statistically significant reduction in Groupl pa-
tients and a slight decrease in Group 2 cases.

The pathogenesis of bone mineral density al-
terations in HIV infected patients is probably
multifactorial and among the responsible factors
the exposure to different antiviral drugs seems to
differently affect bone metabolism.

It has been hypothesized that PI could affect
bone metabolism trough both direct and indirect
mechanisms.
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A direct effect on bone cells with osteblasto-
genesis inhibition has been suggested for indi-
navir and an increased osteoclast activity has
been observed using ritonavir, saquinavir, nelfi-
navir and indinavir’'.

Some PI (indinavir, nelfinavir and ritonavir)
have been shown to affect vitamin D metabolism
causing a reduction of its active metabolite 1,25
dihydroxy vitamin D and consequent alteration
in phosphocalcic metabolism as well as an in-
crease of serum PTH levels was also ascertained
in an our previous study hypothesizing a com-
pensatory response to the reduced 1,25 (OH)2 D
levels due to drug inhibitory effect and conse-
quently low Ca levels, as in secondary hyper-
parathyroidism without renal failure®®. These last
data, more recently, were also confirmed by oth-
er authors either using the same drugs’ or NRTIs
and NNRTI".

In monocyte-macrophages cells-lines, where
1-a hydroxylase is identical to that of renal cells,
it was demonstrated a 79.4% reduction of
1,25(0OH)2 D formation by ritonavir, 63.4% by
indinavir and 31.7% by nelfinavir, whereas
efavirenz did not cause a reduction™.

In the present study, an increase of both bone
formation (BAP) and resorption (PYD&DPD)
markers was observed during follow up in both
Group 1 and 2 and, in particular, Group 1 pa-
tients had statistically significant higher levels of
PYD&DPD. These data suggest that an increased
bone remodelling is present in HIV infected pa-
tients, especially bone resorption that is signifi-
cantly higher in patients receiving PI, thus indi-
cating a persistent accelerated bone turnover.

On the other hand, bone remodelling can also
be perturbed by a variety of pathologic condi-
tions including postmenopausal osteoporosis and
rheumatoid arthritis in which there is a local and
systemic alteration in hormones and pro-inflam-
matory cytokines, respectively’.

Regarding to inflammatory factors probably
affecting bone metabolism, an “in vitro” study’®
showed a selective increase of the pro-inflamma-
tory cytokines monocyte chemoattractant protein
(MCP)-1 and interleukin-8 (IL-8) in primary hu-
man osteoblast cells following exposure to a
pharmacological concentration of ritonavir and
nelfinavir, thus suggesting the development of
bone loss in HIV patients treated with these pro-
tease inhibitors.

The balance in the number and in the activity
of osteoblasts and osteoclasts is regulated by the
receptor activator of nuclear factor-xB ligand

(RANKL)/RANK/osteoprotegerin (OPG) sys-
tem. RANKL is a type II homotrimeric trans-
membrane protein that is expressed as a mem-
brane bound and a secreted protein produced by
both osteoblasts and stromal cells that regulate
differentiation, function and survival of osteo-
clasts””7. RANK, a type I homotrimeric trans-
membrane protein which is expressed in osteo-
clasts, after binding RANKL, recruits an adaptor
protein called TRAF6 leading to NF-kB activa-
tion and translocation to the nucleus where it in-
creases the expression of c-Fos which interacts
with the nuclear factor of activated T cells
(NFATc1) to trigger the transcription of osteo-
clastogenetic genes. OPG is expressed in many
tissues and is produced by osteoblasts and binds
to RANKL, thus avoiding its binding to RANK
with inhibition of bone resorption. At a cellular
level, some PI are capable of inhibiting osteo-
genenesis and OPG increasing osteoclastogenesis
and bone resorption’®. In particular, nelfinavir,
indinavir, saquinavir and ritonavir have been
found to increase osteoclast activity, whereas
nelfinavir and lopinavir could decrease os-
teoblast alkaline phosphatase enzyme activity
and gene expression and diminish calcium depo-
sition and OPG expression’®.

However, it should be considered that in the
cases observed in the present study PI have been
used in combination with thymidine analogues
that have been also shown to alter directly or indi-
rectly bone metabolism. Mitochondrial toxicity
induced by thymidine analogues has been report-
ed to cause lactic acidosis that can result in bone
demineralization as a compensative mechanism*;
a direct effect on osteoblast mitochondria has
been also hypothesized by the same authors.

In a more recent experimental research, a di-
rect effect of AZT on bone both in vitro and in
vivo was reported, AZT has been found to en-
hance osteoclastogenenesis in the presence of
RANKL with a concentration dependent effect™.
The same group extended the study to ddI and
3TC that have been found to increase TRAP-pos-
itive osteoclasts, but only in the presence of
RANKL that seems to mediate their osteoclasto-
genetic effect. Furthermore, AZT effect on bone
seems not to be accelerated by HIV infection it-
self*’. However, no statistically significant differ-
ence in thymidine analogues therapy duration
was observed among different groups; thus, teno-
fovir has been associated with bone mineral loss
in randomized clinical trials. In the study 903E,
patients who received tenofovir in combination
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with lamivudine and efavirenz and completed
144 weeks in the 903 study where were followed
for 336 more weeks. In these patients a signifi-
cant reduction in BMD was evidenced in both
lumbar spine (-1.7%, p = 0.002) and hip (-3.3%,
p < 0.001) at week 288 despite calcium citrate
plus vitamin D supplementation®!#2.

Some authors® reported that the loss of BMD
was significantly greater in the patients treated
with zidovudine/lamivudine/lopinavir compared
to those treated with nevirapine/lopinavir sug-
gesting that zidovudine/lamivudine affect bone
metabolism with a yet unclear mechanism.

In a study of other authors®, a prompt BMD
reduction (48 weeks) in both spine and femur in-
dependent of HAART type was reported, while a
longer follow up (96 weeks) showed a signifi-
cantly more bone loss in spine and femur with
tenofovir-emtricitabine and in spine with
atazanavir plus ritonavir than did abacavir-
lamivudine or efavirenz.

Furthermore, kidney proximal tubular toxicity
with phosphorus loss has been described by
some authors in patients receiving tenofovir with
consequent hypophosphatemia and osteomala-
cia®#¢. However, given the short period of expo-
sure, with no statistical difference in the two
groups, tenofovir treatment had a limited contri-
bution to bone loss and no conclusion about the
effect of this drug on bone can be drawn from
their data.

Taken together, the results of our study seem to
suggest that HAART can be associated with bone
loss and increased bone resorption particularly in
the femur site of patients receiving PI in respect
of those receiving NNRTI. The entity of bone
mass loss was apparently independent of HAART
duration in our cases, but low BMD seemed to
persist over time during treatment, as shown
when the patients were rechecked during follow
up; moreover, the bone remodelling biochemical
markers BAP and PYD&DYP remained elevated,
especially the latter, thus indicating a persistent
accelerated bone turnover. Thus, PI could be an
aggravating factor on the bone mass loss due the
HIV infection itself. As reported in studies on
lipid metabolism®*, all different PI have not the
same toxicity profile. However, given the small
number of patients, it is not possible to analyse
the contribution of the single PI to bone loss. Fi-
nally, it should be considered that newer PI (such
as darunavir), not included in the present study,
may have a different impact on bone and their
role should be further investigated.

Although limited in the number of patients,
our experience seems to confirm that the treat-
ment with alendronate, calcium and vitamin D is
able to reduce BMD loss in patients with os-
teopenia/osteoporosis receiving HAART with al-
so a significant BMD increase in the patients
who had alendronate in their protocol in both
spine and femur, as observed in our patients al-
ready at the first control at 12 months and con-
firmed at 24 months.

In some studies, a decrease of bone resorption
and a preservation of bone mineral density has
been reported with a combination of cholecalcif-
erol and calcium in HIV female patients® as well
as a significant decrease of bone formation and
bone resorption markers has been observed with
vitamin D treatment alone in both male and fe-
male HIV patients suggesting a protective effect
on bone structure with vitamin D supplementa-
tion”!. Moreover, it has also been postulated that
vitamin D supplementation by different mecha-
nisms may play a role in the reduction of im-
mune activation levels®.

However, HIV elderly male patients, despite
adequate HIV replication control by successful
HAART and despite vitamin D supplementation
can show trabecular and cortical bone mi-
crostructure alterations associated with higher
bone resorption®’. Therefore, calcium and vita-
min D treatment in HIV children and adolescent
have been reported not to affect bone mass de-
spite a significant increase of serum 25(OH)D
levels®, while in adolescent and young adult
HIV patients a long period of vitamin D supple-
mentation could promote an improved antibacte-
rial immunity®.

With regard to bisphosphonate therapy that
has been previously considered as therapy for
HIV-associated bone loss, Alendronate has been
the most studied and clinically used to increase
bone density in both lumbar spine and hip of
HIV-infected patients who meet WHO defined
criteria for osteopenia and osteoporosis in most
studies®192, Furthermore, annual zoledronate
has proved to reduce bone resorption and in-
creased bone density in the lumbar spine and
hip of HIV-infected men with osteopenia/osteo-
porosis!03104,

Thus, patients experiencing bone mineral loss
should be evaluated for 10-year fracture risk us-
ing available algorithms such as the WHO Frac-
ture Risk Assessment Tool (Frax®) for those >
40 years of age, and risk factors for bone loss
should be ascertained in those < 40 years to bet-
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ter identify the cases who need to be treated
with anti-resorption agents'®.

The cases treated with alendronate in the pre-
sent study were relatively young and no female
were in menopause, all with HIV stable disease
and without history of fractures, the latter being
absent also in the period before the first 12
months and between these and the 24 months;
moreover, no adverse effects by the therapy was
ascertained thus proving safe and well tolerated.
Moreover, the association of alendronate with vi-
tamin D and calcium proved the most effective
tool to limit bone loss, also considering that vita-
min D deficiency is very frequent in HIV pa-
tients treated with HAART, as reported by sever-
al authors!>% and also by us?. Obviously, to this
treatment an adequate nutritional intake and
physical activity must be followed, also avoiding
smoking and excessive alcohol intake. However,
the main limitation of these data is represented
by the low number of cases and the short dura-
tion of follow up as well as by the absence of pa-
tients with senile or post-menopause osteoporo-
sis/osteopenia.

Conclusions

The present longitudinal study suggests that
in HIV patients receiving HAART a decrease
of BMD, even osteoporosis, can occur. Bone
mass loss, continuing treatment, may persist
over time and further worsen with accelerated
turnover, in particular in patients receiving PI
in respect of NNRTI-based HAART. The
mechanism by which HAART acts on the bone
is not yet clear, but some hypotheses can be
made concerning its action directly on bone re-
modelling and/or indirectly on vitamin D me-
tabolism aggravating the bone mass loss due to
HIV infection itself. Baseline and follow up
evaluation of bone metabolism parameters is
suggested in patients on HAART to early iden-
tify those cases to be submitted to appropriate
preventive treatments to reduce their fracture
risk which represents an aggravating factor to
HIV infection. Moreover, in patients with as-
certained osteoporosis and osteopenia a se-
quential evaluation of the response to specific
treatment for blocking bone mass loss should
be considered. In particular, alendronate in as-
sociation with vitamin D/calcium appears to be
the therapy with the best results in HIV patients

on HAART with very low BMD, obviously al-
so preventing and limiting all the other general
risk factors affecting bone metabolism. Howev-
er, a larger number of cases is necessary to
confirm these suggestions.
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