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Introduction

treatment of hiV infection in Western countries 
has improved significantly since the introduc-
tion of haart (highly active antiretroviral ther-
apy), with a major increase in patients’ survival. 
Longer survival and treatment has been flanked by 
an increase in dysmetabolic events [1-5]. among 
these, bone disorders like osteopenia/osteoporosis 
and osteonecrosis (on) are on the rise, as indi-
cated by several studies [6-7]. Low body mass index 
(BMi), length of haart and duration of hiV 
infection have frequently been implicated in deter-
mining osteopenia/osteoporosis [8-21]. Most data, 
however, have been collected from selected popu-
lations among hiV-infected patients, e.g. low or 
high weight perimenopausal women, drug addicts, 
and lean homosexuals [10,11,14,16]. other factors 
reported so far are persistent inflammatory states, 
drug addiction, vitamin d and other nutrition-
al deficiencies, hypogonadism, hyperthyroidism, 
hyperparathyroidism as well as renal dysfunction 

[8-17]. We designed a prospective study to evaluate 
bone mass density (BMd) and risk factors for BMd 
disorders in all consecutive hiV-infected patients 
attending our institution, including all males and 
asymptomatic attendees. 
Methods
all consecutive hiV-infected patients cared for 
at our institution and consenting to this study 
are being enrolled. BMi, presence or absence of 
any type of lipodystrophy, blood pressure, record 
of any existing co-morbidity in addition to hiV 
infection, smoking habit, alcohol and drug abuse, 
practice of regular exercise, working status, and 
family status are being evaluated at enrollment 
and will be reconsidered 24 months later. among 
laboratory parameters, activated protein C (aPC), 
erythrosedimentation rate (eSr), serum 25oh d3, 
adiponectine, total serum ige, ana, aCL, bone 
aLP, aSt, aLt, total bilirubin, albumin, serum 
electrolytes, calcemia, phosphatemia, phosphatu-
ria, aCth, tSh, FSh and Pth are being assayed. 
data of haart line and type, as well as nadir and 
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current Cd4 t-cell counts, current hiV viremia 
are being retrieved. BMd is measured by dual 
X-ray absodXa of femur and lumbar spine and 
by quantitative ultrasound (quS) of the heel [22]. 
Stata software package 9 has been used for all sta-
tistical analyses.

Results

one hundred and eight 
patients have been enrolled 
so far. data for preliminary 
analyses are currently avail-
able for a sample of forty 
patients. Sex (males 67.6% 
vs 70.0%, p=0.78), age (43.9 
y vs 44.1 y, p=0.79), risk 
factors (drug abuse 22.2% 
vs 17.5%, heterosexual con-
tact 50.0% vs 50.0%, homo-
sexual contact 24.1% vs 
30.0%, transfusions 3.7% 
vs 2.5%, p=0.83), aidS 
diagnosis (42.6% vs 32.5%, 
p=0.27), naive status (11.1% 
vs 15.0%, p=0.52) and nadir 
Cd4 t-cell counts (287.2 vs 
282.2, p=0.90) were evenly 
distributed between the 
whole sample and the eval-
uated patients (table 1). 
Patients in our final sam-
ple (40 observations) had 
a mean BMi of 23.7 ± 3.0 
(r. 17.8 – 32.7); 12 (30.0%) 
showed one or more signs 
of lipodystrophy at clinical 
evaluation. twenty (50.0%) 
were smokers, two (5%) 

alcohol abusers; 23 (57.5%) practised some type 
of sport on a regular basis; 16 (40.0%) were mar-
ried, 29 (72.5%) had gainful employment (table 2). 
thirty-four patients (85.0%) had been on haart 
for a mean 90.7 ± 48.5 months, 32 of them with 
undetectable viremia at the time of enrolment; 
a Pi-based regimen had been prescribed in 17 

Table 1. Total enrolled patients and parameters considered 

Total enrolled patients
(109 patients)

Sample considered 
(40 patients) p

Sex 67.7% 70.0% 0.78

Age 43.9% 44.1 0.79

Risk factor for HIV

Drug addiction

Heterosexual

Homosexual

Transfusion

22.2%

50.0%

24.1%

3.7%

17.5%

50.0%

30.0%

2.5%
0.83

AIDS diagnosis 42.6% 32.5% 0.27

Naïve status 11.1% 15.0% 0.52

Nadir CD4 T-cell counts (mean) 287.2 282.2 0.90

Table 2. Features of the final sample 

Patients (40)

BMI (mean) 23.7 ± 3.0
(r. 17.8 – 32.7)

Presence of any type of lipodystrophy 12
(30.0%)

Cigarette smoking 20
(50.0%)

Alcohol abuse 2
(5.0%)

Sport 23
(57.5%)

Married 16
(40.0%)

Gainful employment 29
(72.5%)

HAART 34
(85.0%)

Length of HAART (mean, in months) 90.7 ± 48.5

PI-based regimen 17/34
(50.0%)

CD4 T-cell counts at the enrolment (cell/mm3) 606.6 7 ± 260.4
(1 patient < 200)
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(50.0%) of them. Mean Cd4 t-cell counts were 
606.6 ± 260.4 /mm3 (only 1 patient < 200) at enrol-
ment (table 2). triglycerides, total cholesterol, 
hdL-c, glycaemia, hypertension, other comor-
bidities, other drugs taken in addition to haart, 
long-term use of steroids, total ige levels, pres-
ence of autoantibodies, anti-cardiolipin antibod-
ies, calcemia, phosphatemia, serum iron levels, 
aLt levels, aSt levels, aLP and its bone-derived 
isoenzyme, uremia, CrP, aCth, tSh, FSh, Pth, 
osteocalcin, vitamin d, calcitonin were evaluated in 

Table 3 DXA and QUS outcomes and relationships

T-Score lum-
bar spine

T-Score
femur

Z-Score lum-
bar spine

Z-Score
femur

QUS Stiffness
(26 patients)

BMI 0.01 <0.001 0.02 <0.001 0.007

Length of 
HAART 0.01 <0.001 0.05 0.002 0.03

Gainful 
employment

-1.77 vs -0.54
0.01

-1.24 vs -0.72
0.13

-1.44 vs -0.11
0.007

-0.96 vs -0.41
0.09

77.5 vs 98.0
0.02

Other drugs 
in addition to 
HAART

-0.89 vs -1.83
0.04

-0.57 vs -1.45
0.05

Presence of 
ACL -0.63 vs -1.70

0.057
-0.69 vs -1.27

0.12
-0.25 vs -1.38

0.04

Hypertension -0.26 vs -1.83
0.04

-0.55 vs -1.23
0.07

-0.12 vs -1.38
0.006

-0.21 vs -0.96
0.04

99.2 vs 80.2
0.07

Hypertension 
on treatment (4 
patients)

0.1 vs -1.62
0.02

0.65 vs -1.29
0.008

PI-based 
HAART

-2.02 vs -1.11
0.07

-1.67 vs -0.76
0.07

74.7 vs 91.7
0.09

Occurrence 
of any type of 
fracture

-1.97 vs -1.25
0.16

-1.58 vs -0.93
0.06

-1.78 vs -0.85
0.07

-1.35 vs 0.63
0.03

all patients in our sample.
Main outcomes of our observation were: dXa 
t-Scores for lumbar spine (-1.43 ± 1.4, r. -4 to 2.2) 
and femur (-1.09 ± 0.97, r. -3.1 to 1); dXa z-Scores 
for lumbar spine ( -1.08 ± 1.42, r. -3.9 to 3.1) and 
femur (-0.81 ± 0.94, r. -2,7 to 1.2); quS t-Scores 
(-1.21 ± 1.79, r. -3.85 to 5.15), quS z-Scores (-0.39 
± 1.79, r. -2.75 to 6.21) and quS-estimated bone 
stiffness (84.6 ± 23.1, r. 54 to 167) for heel (avail-
able for 26 patients only).            
dXa t-Scores for lumbar spine did not depend on 
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age (p=0.5), whereas they were clearly related to 
BMi, with higher BMds for higher BMis (p=0.01 at 
Spearman test), length of haart, with lower BMds 
for longer regimens (p=0.01), gainful employment 
(-1.77 ± 1.17 vs -0.54 ± 1.64, p=0.01 at the t-test of 
Student), taking other drugs in addition to haart 
(-0.89 ± 1.65 vs -1.83 ± 1.08, p=0.04), presence of 
anti-cardiolipin antibodies (-0.63 ± 1.29 vs -1.70 
± 1.40, p=0.057), and hypertension (-0.26 ± 1.79 
vs -1.72 ± 1.16, p=0.007) (table 3). interestingly, 
the four patients taking anti-hypertensive drugs 
appeared to be protected (0.1 ± 2.01 vs –1.62 ± 1.2, 
p=0.02) (table 3).  a trend towards significance 
was observed for patients suffering any type of 
bone fracture (-1.97 ± 1.44 vs -1.25 ± 1.34, p=0.16) 
and patients taking a Pi-based haart regimen 
(-2.02 ± 1.19 vs -1.11 ± 1.64, p=0.07) (table 3). 
all significant parameters were also tested for the 
other main outcomes. as to dXa t-Scores for 
femur, significance was held for BMi (p<0.001) and 
length of haart (p<0.001) (table 3). a trend for 
significance was held for gainful employment (-1.24 
± 0.93 vs -0.72 ± 0.99, p=0.13) and for the presence 
of anti-cardiolipin antibodies (-0.69 ± 0.69 vs -1.27 
± 0.99, p=0.12) and hypertension (-0.55 ± 0.81 vs 
-1.23 ± 0.96, p=0.07). Seemingly, a trend towards 
significance was once more shown by the occur-
rence of any type of bone fracture (-1.58 ± 0.81 vs 
-0.93 ± 0.97, p=0.06) (table 3). 
z-Scores for lumbar spine were in turn significant-
ly associated with: BMi (p=0.02), length of haart 
(p=0.05), gainful employment (-1.44 ± 1.15 vs -0.11 
± 1.67, p=0.007), taking other drugs in addition to 
haart (-0.57 ± 1.67 vs -1.45 ± 1.1, p=0.05), pres-
ence of anti-cardiolipin antibodies (-0.25 ± 1.44 vs 
-1.38 ± 1.35, p=0.04), hypertension (-0.12 ± 1.82 vs 
-1.38 ± 1.16, p=0.006) and taking anti-hypertensive 
drugs (0.65 ± 2.01 vs –1.29 ± 1.2, p=0.008). a trend 
towards significance was confirmed for patients 
suffering any type of bone fracture (-1.78 ± 1.43 
vs -0.85 ± 1.37, p=0.07) and for patients taking a 
Pi-based haart regimen (-1.67 ± 1.22 vs -0.76 ± 
1.64, p=0.07) (table 3). 
Furthermore, higher z-Scores for femur were 
closely associated with higher BMis (p<0.001) 
and inversely associated with a longer duration of 
haart (p=0.002). relationships of z-Scores of 
femur were similar to those of z-Scores of lumbar 
spine and other major outcomes also for the other 
mentioned factors: gainful employment (-0.96 ± 
0.89 vs -0.41 ± 0.49, p=0.09), hypertension (-0.21 
± 0.78 vs -0.96 ± 0.93, p=0.04), presence of any 
type of bone fracture (-1.35 ± 0.84 vs 0.63 ± 0.91, 
p=0.03) (table 3).
all major outcomes were unrelated to total cho-
lesterol, hdL-c, LdL-c, triglycerides, glycemia, 
calcemia, phosphatemia, serum iron load, aLt, 
aSt, aLP and its bone-derived isoenzyme, CrP, 
aCth, tSh, Pth and its activated moiety, FSh, 
osteocalcin, calcitonin, vitamin d, present counts 
of Cd4 t-cells, albuminemia and levels of total ige 
reactins. 
as to the investigation of other dichotomic vari-
ables, dXa t-Scores for lumbar spine were not 
related to: presence of any type of lipodystrophy 
(-1.64 ± 1.78 vs -1.34 ± 1.24, p=0.54), familiarity 
for cardiovascular disease (-1.41 ± 1.43 vs -1.21 ± 

1.21, p=0.74), aidS diagnosis (-1.37 ± 1.7 vs -1.46 
± 1.28, p=0.85), smoking (-1.43 ± 1.56 vs -1.49 ± 
1.30, p=0.9), sport (-1.67 ± 1.12 vs -1.1 ± 1.7, p=0.2), 
presence of any comorbidity (-1.32 ± 1.59 vs -1.64 
± 1.03, p=0.51). a similar behaviour was demon-
strated for the other major outcomes.
twenty-six patients underwent additional meas-
urements of bone density by quS. Bone stiffness by 
quS was once more tightly related to higher BMis 
(p=0.007) and inversely related to longer dura-
tion of haart (p=0.03). Seemingly, relationships 
between gainful employment (77.5 ± 14.2 vs 98.0 ± 
30.8, p=0.02), hypertension (99.2 ± 37.4 vs 80.2 ± 
15.7, p=0.07), taking a Pi-based haart regimen 
(74.7 ± 13.7 vs 91.7 ± 29.4, p=0.09) and bone stiff-
ness by quS revealed an interesting trend towards 
significance (table 3).  

Discussion

our observation seems to confirm at the outset 
that studying bone metabolism in an hiV-infected 
population may become a standard of care. our 
preliminary analysis seems to confirm that osteope-
nia is frequent in hiV-infected patients, even when 
an unselected population is considered, including a 
large proportion of heterosexual males. in addition, 
both of the most supported associations in the lit-
erature were patently confirmed in our sample, i.e. 
between lower BMis and lower BMds, and between 
a longer duration of haart and lower BMds 
[8-10,13-15].  among the other investigated pre-
dictors of osteopenia, an unexpected link between 
BMd reduction, particularly at the lumbar spine, 
and being involved in a gainful working activity may 
have emerged as one worth further investigation. it 
is difficult to engage in any etiological hypothesis at 
present, although a lower overall level of structural 
bone stability in hiV-infected patients might be 
involved, especially at that lumbar site, conferring 
reduced resistance to just ordinary motor and pos-
tural spine stresses. our final analysis on data from 
the whole sample will therefore provide a more 
significant contribution.  
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