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A B S T R A C T

Background: A higher risk of developing osteopenia/
osteoporosis has been seen in HIV-infected patients. 
We compared HIV-infected patients, all treated with 
combination antiretroviral therapy (cART), with a low 
bone mineral density (BMD) (T-score <  -1) to those with 
a normal BMD (T-score > -1), examining the relation with 
T-cell activation and bone turnover markers (c-terminal 
telopeptide (CTX) and procollagen type 1 amino-terminal 
propeptide (P1NP)).
Methods: In this single visit pilot study, bone turnover 
markers, T-cell activation (CD38  +  HLA  –  DR  +) and 
senescence (CD57+) of T cells were measured in patients 
who had previously undergone dual energy X-ray 
absorptiometry scanning.
Results: All study participants (n  =  16) were male, on 
cART, with a median age of 61 years (IQR 56-66). Nine 
patients had osteopenia/osteoporosis. When comparing 
the patients with osteopenia/osteoporosis with those 
with a normal BMD, no differences in activation and 
senescence were found. A relation was seen between 
higher bone formation (P1NP) and patients who were on 
cART for longer. The median length of cART use was 
5.5 years (IQR 4.5-7.8), with all patients on nucleoside 
reverse transcriptase inhibitors, 88% on tenofovir, 63% on 
non-nucleoside reverse transcriptase inhibitors (NNRTIs) 
and 38% on protease inhibitors. Osteopenia/osteoporosis 
was seen in 100% of the patients on protease inhibitors 
versus 30% of those on NNRTIs.
Conclusion: This study did not find an association between 
activated T cells and BMD, thus did not explain the higher 
prevalence of osteopenia/osteoporosis in HIV-infected 
patients. Interestingly, this small pilot showed that cART 

might influence BMD, with a possible negative effect for 
protease inhibitors and a possible protective effect for 
NNRTIs. These results warrant further investigation.
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I N T R O D U C T I O N

A higher risk of developing osteopenia (6.4 fold) and 
osteoporosis (3.6 fold) has been seen in HIV patients 
compared with uninfected controls,1 with a prevalence 
of 52% and 15% respectively.2 Not only the traditional 
risk factors that are more prevalent among HIV-infected 
patients, such as low body mass index, smoking, alcohol 
abuse and glucocorticoid therapy, but also HIV-related 
risk factors, such as HIV-viral load, nadir CD4+ T-cell 
count, combination antiretroviral therapy (cART) use and 
immune activation, contribute to this low bone mineral 
density (BMD).3-5 
However, recently published contradictory data showed that 
after correction for traditional risk factors, no association 
with BMD was found in HIV-infected patients, compared 
with uninfected controls.6

HIV-induced immune activation is thought to promote 
osteoporosis through activated T cells.7-9 In HIV-infected 
patients an increased T-cell activation (defined as CD38 
and HLA-DR positivity) is seen, even in those suppressed 
(HIV-RNA viral load <  50 copies/ml) by cART.10 Two 
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studies, however, found no significant relation between 
activated CD38+HLADR+ T cells or inflammatory markers 
and BMD in HIV-infected patients.11,12 In these studies not 
all patients were on cART, making interpretation for the 
majority of suppressed HIV patients difficult.
Bone remodelling is a continuous coordinated process 
of osteoclast resorption and osteoblast formation.13 The 
bone turnover marker c-terminal telopeptide (CTX) can 
be used to measure bone resorption and procollagen type 
1 amino-terminal propeptide (P1NP) for bone formation.14

Here we present a pilot study investigating the relation 
between BMD and either T-cell activation or bone turnover 
markers by comparing these in HIV-infected cART-treated 
male patients above 50 years of age with osteopenia/
osteoporosis (T-score below -1) to those with a normal BMD 
(T-score above -1).

M A T E R I A L S  &  M E T H O D S

Patients
HIV-infected patients were recruited from the University 
Medical Centre Utrecht (UMCU) for participation in the 
OASIS-HIV study. All patients were previously enrolled 
in the ‘A Phase 4 Cross-Sectional Study of BMD in 
HIV-1 Infected Subjects’ study (ID:GS-US-104-0423; 
ClinicalTrials.gov:NCT01850212), where they underwent 
dual energy X-ray absorptiometry (DEXA) scanning 
to quantify bone loss and measure BMD. All patients 
provided written informed consent in accordance with 
the Declaration of Helsinki and the local Medical Ethics 
Committee approved the study.

Study design
The OASIS-HIV study was a cross-sectional single visit 
study where blood was drawn for further comprehensive 
in-depth immunological analysis. Data of the previous 
DEXA scan, performed approximately six months earlier, 
was used for classification of patients into two groups: 
osteopenia/osteoporosis (T-score below -1) and normal 
BMD (T-score above -1). The T-score was measured in the 
lumbar spine, hip and femoral neck using the DEXA scan. 
Osteoporosis and osteopenia was classified as a T-score 
below -2.5 and -1 respectively in one or more locations on 
the DEXA scan.

Laboratory measurements
Blood samples were obtained by venous puncture, with 
collection and isolation of plasma and peripheral blood 
mononuclear cells (PBMCs) performed within four hours 
at the immunology lab of the UMCU. Plasma was frozen 
and stored at -80 °C until all the samples were collected. 
They were then sent to the laboratory of Medicine and 
Bone Metabolism at the UMC Groningen for analysis of 

bone markers (CTX and P1NP), as described previously.15 
For these markers Z-scores were used, based on more 
than 350 gender- and age-matched uninfected controls.15 
These were volunteers working at the UMC Groningen, 
the Netherlands. To mathematically calculate net bone 
formation CTX was subtracted from P1NP. The HIV-RNA 
viral load was measured (COBAS® AmpliPrep/ COBAS® 
TaqMan®, Roche Diagnostics, Indianapolis, USA) with a 
lower limit of detection of 50 copies/ml.

PBMC processing, cell staining and flow cytometric 
analyses
PBMCs were isolated using Ficoll-Paque™ Plus (GE 
Healthcare) density gradient centrifugation and 
washed with RPMI 1640 culture media (Gibco®, life 
technologies™) containing 5% foetal calf serum (FCS) and 
penicillin-streptomycin before being cryopreserved with 
RPMI 20% FCS. Cryopreserved PBMCs were thawed with 
RPMI 20% FCS and subsequently used for flow cytometric 
analysis. Cells were washed using PBA (Sigma®, Life 
Science), stained with cocktails of monoclonal antibodies 
and left to incubate for 20 min at 4°C. Fluorescence 
minus one controls were used to define positive gates for 
the expression of different proteins. Lymphocytes and 
monocytes were gated based on forward and side scatter 
using a FACS LSR Fortessa (BD Biosciences, Franklin 
Lakes, USA) and FACS Diva software version 8.0 (BD 
Biosciences, Franklin Lakes, USA).

Data analyses
The primary outcome of this study was the relation 
between BMD (osteoporosis/osteopenia versus normal) 
and either T-cell activation or bone turnover markers. 
Secondary outcomes were the association of patient 
characteristics with BMD. A Mann-Whitney test was used 
to compare non-paired continuous variables. Data were 
presented as percentages for categorical variables and as 
median with interquartile ranges (IQR) for continuous 
variables. Differences were considered statistically 
significant when p  <  0.05. Linear regression modelling 
was used to evaluate the relation between BMD and T-cell 
activation or bone turnover markers and the association 
with patient characteristics. Analyses were performed 
using SPSS version 21 (SPSS, Chicago, Illinois, USA).

R E S U L T S

For this pilot study we enrolled 17 out of the 20 patients 
previously enrolled in GS-US-104-0423, as three 
patients objected to study participation. To increase the 
homogeneity of the group, one patient was excluded, as 
she was female, resulting in 16 patients, all male, with a 
median age of 61 years (IQR 56-66).
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Osteoporosis was diagnosed in 3 patients (19%), osteopenia 
in 6 patients (38%) and a normal BMD was found in the 
remaining 7 patients (44%) (table 1). When looking at the 
specific measuring sites the prevalence of osteoporosis 
was 12%, 0% and 6% for the lumbar spine, hip and 
femoral neck respectively. For osteopenia this was 25%, 
31% and 44% respectively. None of the patients were using 
osteoporosis medication at the time of the study.

First, we analysed the association of T-cell activation, 
defined by CD38+HLA-DR+ positivity, with bone 
pathology. The overall CD38+HLADR+ expression was 
1.4% (IQR 0.9-2.2) for CD4+ and 3.8% (IQR 2.4-5.2) 
for CD8+ on T cells. No differences were seen between 
patients with osteoporosis/osteopenia (T-score below -1) 
and normal BMD (T-score above -1) for either CD4+ (1.4% 
versus 1.6%, p  =  0.95) or CD8+ T cells (4.4% versus 

Figure 1. The association between T-cell activation, bone turnover markers and BMD

Differences in expression of CD38+HLADR+ on A. CD4+ and B. CD8+ T cells between osteopenia/osteoporosis and normal BMD. T-cell activation was 
only measured in 15 out of the 16 patients due to a technical malfunction of the flow cytometric machine. Linear regression modelling analysing the 
relation between; C. CTX and the lowest BMD T-score (β -0,004, 95% CI -0,007;0,00, p = 0,03). D. P1NP and lowest BMD (β -0,02, 95% CI -0,06;0,02, 
p = 0,37). E. Length of cART use and P1NP (β 0,26, 95% CI 0,0;0,46, p = 0,01).

A
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3.5%, p  =  0.69) (figure 1A+B). Similarly, no differences 
in senescence were seen between the groups (table 2). 
Furthermore, no relation for T-cell activation with BMD 
was found using linear regression (CD4+: β 0.03, 95% CI 
-0.84;0.90, p = 0.95 and CD8+: β -0.01, 95% CI -0.16;0,14, 
p = 0.87).
Next, we analysed T-cell activation in relation to the bone 
turnover marker CTX and bone resorption marker P1NP. 
No relation between T-cell activation and bone markers was 
found to depict the net bone formation (data not shown), 
even when subtracting CTX from the P1NP. However, CTX 
itself was inversely correlated with BMD (β -0,004, 95%CI 
-0.007;0.00, p  =  0.03) (figure 1C). Furthermore, higher 
levels of P1NP (figure 1D), though not significant (β -0.02, 
95% CI -0.06;0.02, p  =  0.37), were found in patients 
with a lower BMD. No difference between patients with 
osteoporosis/osteopenia and those with a normal BMD was 
seen for CTX (0.65 versus 0.37, p = 0.30) and P1NP (0.97 
versus -0.35, p = 0.61).
When analysing the effects of cART on bone formation 
and resorption, a relation was seen between higher bone 
formation (P1NP) and patients on cART for longer (β 0.26, 
95% CI 0.0;0.46, p = 0.01) (figure 1E). The median length 
of cART use was 5.7 years (IQR 5.1-8.2), with all patients on 
nucleoside reverse transcriptase inhibitors (NRTIs), 88% 
on tenofovir, 63% on non-nucleoside reverse transcriptase 
inhibitors (NNRTIs) and 38% on protease inhibitors. On 
a similar note, osteopenia/osteoporosis was seen in 100% 

Table 1. Baseline characteristics

All patients (n = 16)

General

Age (years) 61 (56- 66)

Male sex 100%

Body mass index (kg/m2) 27 (24-28)

Smoking (yes) 37.5%

Alcohol  
(more than 3 units/day) 

12.5%

Use of glucocorticoids 0%

HIV 

Length of known HIV (years) 8.2 (6.4-9.8)

Nadir CD4 239 (101-364)

Length of untreated HIV 
(years)

1.0 (0.1-3.2)

Length of cART use (years) 5.7 (5.1-8.2)

Current cART use (yes) 100%

Suppressed viral load  
(< 50 copies/ml)

100%

Variables presented as median (IQR) or percentages;  
cART = combination antiretroviral therapy.

Table 2. T-cell activation and bone markers expression: T-cell activation and bone marker expression in the overall 
group and specified per BMD, those with osteoporosis/osteopenia or with a normal BMD

All patients Osteopenia/osteoporosis Normal BMD

T-cell activation (n = 16) (n = 9) (n = 7)

T cells CD4+38+DR+(%) 1.4 (0.9-2.2) 1.4 (1.0-1.8) 1.6 (0.8-2.5)

T cells CD8+38+DR+(%) 3.8 (2.4-5.2) 4.4 (2.3-5.0) 3.5 (2.6-10.5)

T cells CD4+57+(%) 12.5 (6.0-19.5) 12.5 (7.1-20.6) 9.6 (3.5-18.6)

T cells CD8+57+(%) 46.8 (34.3-52.0) 46.8 (29.6-55.3) 44.4 (32.9-55.0)

T cells CD4+95+(%) 36.8 (28.0-46.4) 36.8 (27.6-41.9) 34.4 (29.2-50.7)

T cells CD8+95+(%) 19.4 (17.6-26.0) 19.3 (17.2-25.7) 20.0 (17.7-26.1)

Bone markers

P1NP 35.80 (29.3-53.4) 48.8 (29.0-55.4) 33.6 (29.8-51.6)

Z-score P1NP -0.1 (-0.8-1.4) 1.0 (-0.8-1.5) -0.4 (-0.7-0.8)

CTX 223.0 (167.5-374.4) 241.6 (168.1-518.5) 219.2 (135.5-267.7)

Z-score CTX 0.4 (-0.4. 2.0) 0.7 (-0.3-4.1) 0.4 (-0.7-1.0)

Variables presented as median (IQR) or percentages; P1NP = procollagen type 1 amino-terminal propeptide; CTX = C-terminal telopeptide of type 1 
collagen.
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of the patients on protease inhibitors versus 30% of those 
on NNRTIs. A positive relation for current NNRTI use 
with BMD was seen (β 1.26, 95% CI 0.24;2.28, p = 0.02), 
whereas current use of protease inhibitors was related to 
a lower BMD (β -1.26, 95% CI -2.28;-0.24, p = 0.02). A 
relation between BMD and tenofovir could not be analysed, 
as only two patients were not on tenofovir.

Table 3 not only shows the linear regression results for 
the lowest T-score, it also shows the association of the 
above-mentioned variables per DEXA measured region, 
femoral, lumbar spine and hip respectively. No differences 
were seen per region or as a whole (table 3).

D I S C U S S I O N

The postulated mechanism of how HIV-induced immune 
activation promotes osteoporosis is via the replication 
of the viral protein gp120, which is present on the HIV 
envelope or possibly through the increased production 
of receptor activator of nuclear factor kappa-B ligand 
(RANKL) by activated T cells.7-9 Although suggested in 
previous publications, our pilot study could not confirm 
a possible role for activated T cells in the pathogenesis of 
osteoporosis, as no association was found.16,17 This could 
possibly be explained by the relatively low level of T-cell 
activation, 1.4% and 3.8% respectively for CD4+ and CD8+ 
T cells as found in our study of cART-treated patients with 
a supressed viral load. Previously published studies showed 
a more than 2.5 fold higher prevalence for activated CD4+ 

and CD8+ T cells in similarly cART treated HIV-infected 
patients with a supressed viral load.10,18,19 Our prevalence 
is similar to that of HIV-negative patients, which is 1-2.2% 
and 1-5.1% for CD4+ and CD8+ T cells respectively.10,18

In this study we did, however, find an inverse correlation 
for the bone turnover marker CTX, a bone resorption 
marker, and BMD. In untreated HIV-infected patients, 
higher levels of CTX correlated with advanced HIV 
disease, which returned to levels of uninfected controls 
upon initiation of cART.20-22 In addition, increased levels 
of bone turnover markers predicted BMD decreases in 
HIV.23 However, CTX has also been shown to increase 
upon initiation of cART, reaching a stable, but higher 
plateau compared with cART-naïve patients with high 
CD4 T cells.24 We also found a correlation for P1NP, a 
bone formation marker, and BMD. This observation is 
expected as the bone formation increases due to increased 
resorption and its subsequent production of growth 
factors.25 Despite its small sample size, several of our 
study outcomes strengthen our observation. First, the 
prevalence of both osteoporosis and osteopenia in our 
study patients was representative for other published HIV 
populations.2,26-29 Second, an even distribution of our data 
was seen upon linear regression, meaning the data were 
not skewed to an outlier (figure 1). Finally, we also increased 
our homogeneity by only including male patients over 50 
years of age. Therefore, we think that a larger sample size 
would not influence the conclusions of our study.
The question then remains how to explain the increased 
prevalence of osteoporosis in HIV, as activated T cells do 
not seem to influence its pathogenesis. It is well known 

Table 3. Coefficients (β) with 95% confidence intervals based on linear regression modelling estimating the relation 
for T-cell activation, bone turnover markers and HIV-specific variables with T-score of BMD

Lowest T-score T-score femoral neck T-score lumbar spine T-score hip

β (95% CI) p β (95% CI) p β (95% CI) p β (95% CI) p

CD4+38+HLA-DR+ 0.03(-0.84;0.90) 0.95 -0.11(-0.84;0.62) 0.75 -0.07(-1.52;1.38) 0.92 -0.03(-0.73;0.67) 0.94

CD8+38+HLA-DR+ -0.01(-0.16;0.14) 0.87 -0.02(-0.15;0.10) 0.71 -0.05(-0.29;0.20) 0.70 -0.02(-0.14;0.10) 0.73

CTX -0.004(-0.007;0.00) 0.03 -0.003(-0.01;-0.001) 0.02 -0.004(-0.01;0.002) 0.16 -0.004(-0.01;-0.001) 0.01

CTX (Z-score) -0.28(-0.54;-0.03) 0.03 -0.28(-0.5;-0.05) 0.02 -0.31(-0.76;0.14) 0.16 -0.29(-0.49;-0.10) 0.01

P1NP -0.02(-0.06;0.02) 0.37 -0.02(0.06;0.02) 0.33 -0.04(-0.10;0.03) 0.21 -0.01(-0.05;0.03) 0.57

P1NP (Z-score) -0.18(-0.64;0.28) 0.41 -0.18(-0.6;0.23) 0.36 -0.40(-1.11;0.32) 0.25 -0.10(-0.49;0.30) 0.62

Current PI use -1.26(-2.28;-0.24) 0.02 -1.16(-2.09;-0.23) 0.02 -1.24(-3.10;0.62) 0.17 -1.19(-2.01;-0.37) 0.01

Current NNRTI 
use

1.26(0.24;2.28) 0.02 1.16(0.23;2.09) 0.02 1.24(-0.62;3.10) 0.17 1.19(0.37;0.01) 0.01

A p-value < 0.05 was considered statistically significant. β = coefficient; CI = confidence interval; p = p-value < 0.05. CTX = c-terminal telopeptide;  
P1NP = procollagen type 1 amino-terminal propeptide; PI = protease inhibitors; NNRTI = non-nucleoside reverse transcriptase inhibitors.
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that HIV-infected patients have higher incidences of 
classic osteoporosis risk factors, such as alcohol abuse and 
smoking compared with the general population possibly 
contributing to this higher prevalence.3,5,30 Furthermore, 
the increase could be explained by the activation induced 
at the start of the HIV infection. In a study performed 
in primary HIV infection, an increased prevalence was 
already seen in their population with a mean age of 
38  years, compared with HIV-negative controls. Thus, 
possibly alluding to a role for viral load, as a high viral load 
has been known to correlate to lower BMD.31 Most likely 
it is a multifactorial problem not caused by just one but 
several HIV-related components.
Another known component is cART; upon starting 
cART the BMD is known to decrease.24 In this small 
pilot an effect of cART on BMD was also seen, with a 
possible negative effect for protease inhibitors and a 
possible protective effect for NNRTIs. Previous studies 
have reported on the possible negative effect of protease 
inhibitors, especially correlated to time on therapy 
containing protease inhibitors.28,29 For NNRTIs, negative 
effects have also been reported, especially in the lumbar 
spine in patients of an older age with a low body mass 
index,26,27 contrary to what we have found. Therefore, the 
effect of NNRTIs on BMD warrants further investigation.
In conclusion, this pilot study could not confirm a 
possible role for activated T cells in the pathogenesis of 
osteoporosis. However, cART seems to influence BMD, 
with a possible negative effect for protease inhibitors and a 
possible protective effect for NNRTIs.

D I S C L O S U R E S

Previously presented as a poster at the Netherlands 
conference on HIV pathogenesis, epidemiology, prevention 
and treatment (NCHIV) 2015.
Funding: This study was supported by an unrestricted 
grant from Will-Pharma (Zwanenburg, the Netherlands).
Conflicts of interest: None.

R E F E R E N C E S

1.	 Brown TT, Qaqish RB. Antiretroviral therapy and the prevalence of 
osteopenia andosteoporosis: a meta-analytic review. AIDS. 2006;20: 
2165-74.

2.	 Paccou J, Viget N, Legrout-Gérot I, Yazdanpanah Y, Cortet B. Bone loss in 
patients with HIV infection. Joint Bone Spine. 2009;76:637-41.

3.	 Ofotokun I, Weitzmann MN. HIV-1 infection and antiretroviral therapies: 
risk factors for osteoporosis and bone fracture. Curr Opin Endocrinol 
Diabetes. Obes. 2010;17:523-9.

4.	 McComsey GA, Tebas P, Shane E, et al. Bone disease in HIV infection: a 
practical review and recommendations for HIV care providers. Clin Infect 
Dis. 2010; 51:937-46.

5.	 Cazanave C, Dupon M, Lavignolle-Aurillac V, et al. Reduced bone mineral 
density in HIV-infected patients: prevalence and associated factors. AIDS. 
2008;22395-402.

6.	 Kooij KW, Wit FWNM, Bisschop PH, et al. Low bone mineral density 
in patients with well-suppressed HIV infection: association with 
body weight, smoking, and prior advanced HIV disease. J Infect Dis. 
2015;211:539-48.

7.	 Gibellini D, De Crignis E, Ponti C, et al. HIV-1 triggers apoptosis in 
primary osteoblasts and HOBIT cells through TNFalpha activation. J Med 
Virol. 2008;80:1507-14.

8.	 Gibellini D, Borderi M, De Crignus E, et al. RANKL/OPG/TRAIL plasma 
levels and bone mass loss evaluation in antiretroviral naive HIV-1-positive 
men. J Med Virol. 2007;79:1446-54.

9.	 Raisz LG. Pathogenesis of osteoporosis: concepts, conflicts, and 
prospects. J. Clin. Invest. 2005;115:3318-25.

10.	 Hunt PW, Brenchley J, Sinclair E, et al. Relationship between T cell 
activation and CD4+ T cell count in HIV-seropositive individuals with 
undetectable plasma HIV RNA levels in the absence of therapy. J Infect 
Dis. 2008;197:126-33.

11.	 Erlandson KM, O’Riordan M, Labbato D, McComsey GA. Relationships 
between inflammation, immune activation, and bone health among 
HIV-infected adults on stable antiretroviral therapy. J Acquir Immune 
Defic Syndr. 2014;65:290-8.

12.	 Gazzola L, Bellistri GM, Tincati C, et al. Association between peripheral 
T-Lymphocyte activation and impaired bone mineral density in 
HIV-infected patients. J Transl Med. 2013;11:51.

13.	 Teitelbaum SL. Bone resorption by osteoclasts. Science. 2000;289:1504-8.

14.	 Haskelberg H, Carr A, Emery S. Bone turnover markers in HIV disease. 
AIDS Rev. 2011;13:240-50.

15.	 Arends S, Spoorenberg A, Bruyn GAW, et al. The relation between 
bone mineral density, bone turnover markers, and vitamin D status in 
ankylosing spondylitis patients with active disease: a cross-sectional 
analysis. Osteoporos Int. 2011;22:1431-9.

16.	 Gibellini D, Borderi M, De Crignis E, et al. Analysis of the effects 
of specific protease inhibitors on OPG/RANKL regulation in an 
osteoblast-like cell line. New Microbiol. 2010;33:109-15.

17.	 Graham LS, Tintut Y, Parhami F. Bone density and hyperlipidemia: the 
T-lymphocyte connection. J Bone Miner Res. 2010;25:2460-9.

18.	 Hunt PW, Martin JN, Sinclair E, et al. T cell activation is associated with 
lower CD4+ T cell gains in human immunodeficiency virus-infected 
patients with sustained viral suppression during antiretroviral therapy. J 
Infect Dis. 2003;187:1534-43.

19.	 Gazzola L, Bellistri GM, Tincati C, et al. Association between peripheral 
T-Lymphocyte activation and impaired bone mineral density in 
HIV-infected patients. J Transl Med. 2013;11:51.

20.	 Hernández Quero J, Ortego Centeno N, Muñoz-Torres M, et al. 
Decreased bone formative and enhanced resorptive markers in human 
immunodeficiency virus infection: indication of normalization of the 
bone-remodeling process during highly active antiretroviral therapy. 
Infection. 1999;84:220-2.

21.	 Hernández Quero J, Ortego Centeno N, Muñoz-Torres M, Martinez 
Pérez MA, Higuera Torres-Puchol JM. Alterations in bone turnover in 
HIV-positive patients. Infection. 1993;21:220-2.

22.	 Serrano S, Mariñoso MLL, Soriano JCC, et al. Bone remodelling in human 
immunodeficiency virus-1-infected patients. A histomorphometric study. 
Bone. 1995;16:185-91.

23.	 Hoy J, Grund B, Roediger M, et al. Interruption or deferral of antiretroviral 
therapy reduces markers of bone turnover compared with continuous 
therapy: The SMART body composition substudy. J Bone Miner Res. 
2013;28:1264-74.

24.	 Rey D, Treger M, Sibilia J, et al. Bone mineral density changes after 2 
years of ARV treatment, compared to naive HIV-1-infected patients not 
on HAART. Infect Dis. (Auckl). 2015;47:88-95.

25.	 Sims NA, Martin TJ. Coupling the activities of bone formation and 
resorption: a multitude of signals within the basic multicellular unit. 
Bonekey Rep. 2014;3:481.

26.	 Chiţu-Tișu C-E, Barbu E-C, Lazăr M, Ion DA, Bădărău IA. Low bone 
mineral density and associated risk factors in HIV-infected patients. 
Germs. 2016;6:50-9.



144

M A Y  2 0 1 7 ,  V O L .  7 5 ,  N O .  4

The Netherlands Journal of Medicine

Krikke et al. Immune activation and bone loss in HIV.

27.	 Bongiovanni M, Fausto A, Cicconi P, et al. Non-nucleoside-reverse-
transcriptase-inhibitor-based HAART and osteoporosis in HIV-infected 
subjects. J Antimicrob Chemother. 2006;58:485-6.

28.	 Kinai E, Nishijima T, Mizushima D, et al. Long-term use of protease 
inhibitors is associated with bone mineral density loss. AIDS Res Hum 
Retroviruses. 2014;30:553-9.

29.	 Bonjoch A, Figueras M, Estany C, et al. High prevalence of and 
progression to low bone mineral density in HIV-infected patients: a 
longitudinal cohort study. AIDS. 2010;24:2827-33.

30.	 McComsey GA, Kitch D, Daar ES, et al. Bone mineral density and 
fractures in antiretroviral-naive persons randomized to receive abacavir-
lamivudine or tenofovir disoproxil fumarate-emtricitabine along with 
efavirenz or atazanavir-ritonavir: Aids Clinical Trials Group A5224s, a 
substudy of ACTG. J Infect Dis. 2011;203:1791-801.

31.	 Fausto A, Bongiovanni M, Cicconi P, et al. Potential predictive factors of 
osteoporosis in HIV-positive subjects. Bone. 2006;38:893-7.


