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Abstract

Introduction

Previous studies indicate that human immunodeficiency virus (HIV)-infection and combina-

tion antiretroviral therapy (cART) can affect bone turnover. Furthermore, HIV-infected

patients have lower bone mineral density (BMD) compared to a healthy reference

population.

Objective

To evaluate the longitudinal effect of HIV-infection and cART on bone turnover markers

(BTMs) and BMD in men with primary HIV-infection (PHI).

Design, methods

Thirty-five PHI-men were divided into two groups, those that received cART for the first time

(n = 26) versus no-cART (n = 9). Dual-energy X-ray absorptiometry (DXA) was performed

on femoral neck (FN), total hip (TH) and lumbar spine (LS) and BTMs (P1NP, alkaline phos-

phatase, osteocalcin, ICTP and CTX) were measured at baseline and follow-up.

Results

At baseline, the median CD4+ T-cell count was 455 cells/mm3 (IQR 320–620) and plasma

viral load 5.4 log10 copies/mL (IQR 4.7–6.0) in the cART treated group, compared to 630

(IQR 590–910) and 4.8 (IQR 4.2–5.1) in the untreated group. The median follow-up time

was 60.7 weeks (IQR 24.7–96.0). All BTMs, except ICTP, showed a significant increase

during cART versus no changes of BTMs in the untreated group. FN and TH BMD showed a

significant decrease in both groups. LS BMD did not change in both groups.

PLOS ONE | https://doi.org/10.1371/journal.pone.0193679 March 9, 2018 1 / 11

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Vlot MC, Grijsen ML, Prins JM, de Jongh

RT, de Jonge R, den Heijer M, et al. (2018) Effect

of antiretroviral therapy on bone turnover and bone

mineral density in men with primary HIV-1

infection. PLoS ONE 13(3): e0193679. https://doi.

org/10.1371/journal.pone.0193679

Editor: Giuseppe Vittorio De Socio, Azienda

Ospedaliera Universitaria di Perugia, ITALY

Received: October 30, 2017

Accepted: February 11, 2018

Published: March 9, 2018

Copyright: © 2018 Vlot et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: This work was supported by an

unrestricted grant from Abbott diagnostics

(Chicago, IL, United States of America) to MV and

AH. The funders had no role in study design, data

collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: This work was supported by

an unrestricted grant from Abbott diagnostics

https://doi.org/10.1371/journal.pone.0193679
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0193679&domain=pdf&date_stamp=2018-03-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0193679&domain=pdf&date_stamp=2018-03-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0193679&domain=pdf&date_stamp=2018-03-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0193679&domain=pdf&date_stamp=2018-03-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0193679&domain=pdf&date_stamp=2018-03-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0193679&domain=pdf&date_stamp=2018-03-09
https://doi.org/10.1371/journal.pone.0193679
https://doi.org/10.1371/journal.pone.0193679
http://creativecommons.org/licenses/by/4.0/


Conclusion

Bone turnover increased in PHI-men treated with cART which was accompanied by a decre-

ase in FN and TH BMD. No increase of bone turnover was seen in untreated PHI-men. Our

study suggests that cART results in increased bone turnover and decreased BMD of the hip

in PHI-men.

Introduction

Studies have shown that HIV-infected patients often have a decreased bone mineral density

(BMD) compared to NHANES reference groups, with an estimated prevalence of around 67%

[1–4]. The accompanying higher risk of osteopenia, osteoporosis and fractures implies that

monitoring their BMD is highly important [5–9]. Bone loss in HIV-infected patients seems to

result from a combination of several contributing factors such as a lower vitamin D status,

lower BMI and higher usage of alcohol and tobacco [7,10–12]. Also, combination antiretrovi-

ral therapy (cART) is associated with an even stronger decrease in BMD in HIV-infected

patients [3,4,10,13]. A decline of 2–4% of the total bone mass upon starting cART is known to

occur within the first 2 years of cART [14,15]. Furthermore, a recent review showed that

patients on cART were up to 2.5 times more prone to have T-scores <1 compared to untreated

HIV-patients [11].

BMD measurements are assessed by a dual energy X-ray absorptiometry (DXA) scan. How-

ever, this method allows to estimate changes in bone mineral content which occur over years.

In contrast, bone turnover markers (BTMs) reflect dynamic and short-term changes in bone

remodeling. Therefore, the actual bone turnover is best reflected by measurements of BTMs as

bone remodelling is a continuous and variable process. Bone resorption is displayed by resorp-

tion markers such as c-telopeptide crosslink of type 1 collagen (CTX) that is produced by oste-

oclasts and bone formation is reflected by formation markers such as procollagen type 1

N-terminal propeptide (P1NP) that is produced by osteoblasts. With regard to bone turnover,

inflammatory cytokines and possibly viral HIV-proteins are thought to increase the activity of

osteoclasts resulting in increased bone resorption [2,16,17]. Simultaneously, osteoblast activity

is negatively influenced by HIV-proteins [18] and treatment with cART may result in

increased bone turnover [4,9,14,19–21]. Altogether, these factors contribute to a lower BMD

in HIV-infected persons.

A previous study in therapy-naïve primary HIV-infected (PHI) men, showed that bone

turnover did not differ between those with a normal or a reduced BMD [10]. However, most

other studies show higher BTMs in PHI-men [3,4,6,10,22–24]. These heterogeneous data

might be caused by the choice of BTM, pre-analytical differences (for instance time of the

blood withdrawal, fasting sample or not), the applicable reference interval of the BTM, or dif-

ferences in patient characteristics (for instance males versus females). To date, the course and

duration of the increase of BTMs during cART is not fully elucidated [20,25]. Therefore, the

aim of this study is to assess the course of bone turnover and BMD in treated and untreated

PHI-men.

Methods

Subjects and treatment protocol

Patients were selected from the PRIMO-SHM trial, a prospective multicenter cohort study in

PHI-men from the Amsterdam Medical Center (AMC) in Amsterdam, the Netherlands,
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between February 2008 and October 2009, trial number ISRCTN59497461 [10,26]. The main

inclusion criteria of this trial were age over 18 years and laboratory evidence of PHI, defined as

having detectable plasma HIV-1 RNA with a negative or indeterminate Western blot, or in

case of a positive Western blot, a documented negative HIV-RNA test within the previous180

days [10,26]. The study was approved by the Ethical Committee of the AMC. All patients pro-

vided written informed consent.

For the current study, patients were selected if they had (i) measurement of the BTMs

P1NP, alkaline phosphatase (ALP), osteocalcin (OC), and/or cross-linked carboxyterminal tel-

opeptide of type I collagen (ICTP), CTX, at baseline and/or follow-up, and (ii) DXA-scan per-

formed at baseline and/or follow-up. Patients were excluded in case they (A) suffered from

medical conditions that possibly affected bone metabolism such as hypercalcaemia or recent

corticosteroid therapy for at least three months, (B) reported earlier use of cART before enter-

ing the study or (C) if they needed to (re)start cART during the study because of decreasing

CD4+ T-cell counts. Of the total of 43 patients, 35 eligible patients were included in this study.

The patients were divided into two groups, those who had initiated cART during PHI

and those who remained untreated. Patients were treated with cART in case of confirmed

CD4+ T-cell count < 350 cells/mm3 or symptomatic HIV-disease. Twenty-six patients

received early cART and nine patients remained untreated. Patients whom received cART

were treated according to the PRIMO-SHM trial protocol [26]. Briefly, patients received a

combination of emtricitabine (FTC), a nucleoside-analogue reverse transcriptase inhibitor

(NRTI), tenofovirdisoproxil (TDF), a nucleotide-analogue transcriptase inhibitor, efavirenz

(EFV) a non-nucleoside reverse-transcriptase inhibitor, and a combination of lopinavir and

ritonavir, both protease inhibitors (PI). Lopinavir and ritonavir were discontinued when

plasma viral load reached <50 log10 copies/mL. In case of drug resistance or side effects an

adjusted cART combination was prescribed.

Measurements

General. Body weight and height were measured when performing the DXA-scan. Viral

load and CD4+ T-cell count were measured at baseline. Fractures, calcium or vitamin D sup-

plementation, smoking and alcohol use were also evaluated at baseline.

Bone turnover markers. The formation markers P1NP, ALP and OC and resorption

ICTP and CTX and were measured in serum after an overnight fast. P1NP and ICTP were

measured using a radioimmunoassay (RIA) (both from Orion Diagnostica, Espoo, Finland)

with an intra-assay coefficient of variation (CV) of 4–8% and 4–6%, respectively, and a lower

limit of quantitation (LOQ) of 5 μgram/L and 1 μgram/L, respectively. CTX was measured

using an electro-chemiluminescence immunoassay (ECLIA) (Roche diagnostics, Almere, the

Netherlands) with a CV of<8% and LOQ of 10 ng/L. OC was measured using an immuno-

metric assay (Biosource, Nivelles, Belgium) with an intra-assay CV of<5% and LOQ of 0.4

nmol/L. ALP was measured using a spectrophotometric assay (Roche Diagnostics, Almere, the

Netherlands) with an interassay CV of 3% and LOQ of 5 IU/L.

Bone densitometry (DXA-scan). A DXA-scan (Hologic QDR 4500W, Hologic Inc, Bed-

ford, MA, USA) was used to measure BMD of the lumbar spine (L1-L4) (LS), femoral neck

(FN) and total hip (TH) of the non-dominant hip. Follow-up data on DXA-scans were avail-

able until December 2011. To evaluate osteopenia or osteoporosis status, T-scores and Z-

scores were calculated based on the NHANES reference database. Based on WHO criteria a T-

score between minus 1 and 2.5 SD reflects osteopenia and minus 2.5 SD or less reflects osteo-

porosis. As this study comprehends generally younger patients who are supposed to have

reached BMD values around the peak bone mass the Z-score is also displayed. The Z-score
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reflects the BMD SD of the patient compared to healthy age-matched controls with a Z-score

of minus 2 SD or less reflecting osteoporosis.

Statistics. Stata/SE 14.0 software (StataCorp, LP) was used for statistical analysis. Normal-

ity was tested by normality plots. Wilcoxon, Mann-Whitney U, Kruskall-Wallis or T-tests

were used based on whether parametric or nonparametric tests were applicable. The median

and interquartile range (IQR) were described, unless otherwise specified. Correlations were

performed using a Spearman model. Furthermore, a regression model based on linear regres-

sion was used. Changes in absolute values between baseline and follow-up of BMD and BTM

values were calculated as deltas (Δ) with corresponding 95% confidence intervals (CI) and p-

values. A p-value of�0.05 was regarded as significant.

Results

Study population

The baseline characteristics of the 35 included patients are displayed in Table 1 and S1 File.

The CD4+ T-cell count at baseline was lower in the treated versus the untreated group (95%

CI 38–433, p = 0.02). To adjust for the difference in CD4+ levels between the two groups

separate linear regression analyses were performed containing the outcome measures BMD,

T- and Z-scores and all bone turnover markers. These analyses however did not affect the

results (all p-values > 0.05, therefore data not shown). Only one patient in the treated group

used vitamin D supplementation. All treated patients received a regimen containing TDF;

76.9% (n = 20) received the triple-class drug regimen according to the study protocol. The

total median follow-up time of our study was 60.7 weeks (IQR 24.7 – 96.0), with a longer

follow-up time of the untreated group (median 96.6 weeks (IQR 37.7 – 97.4)) compared to

the treated group. No hip or vertebral fractures were reported in both groups and no bis-

phosphonates were used. In the treated group an increase in median BMI was seen from

22.4 (IQR 21.3 – 25.6) to 23.4 (IQR 21.9 – 26.5) (p = 0.02), during follow-up. The untreated

group showed a slight but not significant increase of BMI during follow-up.

Bone turnover markers

All BTMs except ICTP increased during cART. P1NP had a mean increase of 22 μg/L (95% CI

9.9–33.3, p = 0.0003), ALP of 13.7 U/L (95% CI 5.3–22.1, p = 0.0006), OC of 6.9 nmol/L (95%

CI 2.2–11.6, p = 0.0022), and lastly, CTX showed a mean increase of 225 ng/L (95% CI

113.6–337, p = 0.0012). Only the CTX concentration was significantly higher in the treated

group compared to the untreated group at follow-up (p = 0.02). In the untreated group no

changes in the BTMs were found. All changes between baseline and follow-up of BTMs are

displayed in Figs 1 and 2.

BMD measurements

53.9% of the patients in both treated and untreated group had either osteopenia or osteoporosis of

the hip or spine at baseline. Osteopenia was more prevalent than osteoporosis in both groups. At

baseline, no differences were observed between the different anatomical BMD sites in the treated

verses untreated group. During treatment FN and TH BMD decreased with − 0.044 g/cm2 (95%

CI − 0.067 to − 0.020, p = 0.002) and − 0.042 (95% CI − 0.067 to − 0.020, p = 0.0003). In the untr-

eated group a decrease of FN of − 0.019 (95% CI − 0.038 to 0.000, p = 0.05) and decrease of TH of

− 0.039 (95% CI − 0.063 to − 0.014, p = 0.03) was seen. LS BMD did not change in both groups.

In line with the BMD, also T- and Z-scores changed during follow-up. T-scores of FN and TH

decreased with − 0.32 (95% CI − 0.50 to − 0.15, p = 0.002) and − 0.28 (95% CI − 0.38 to − 0.18,
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p = 0.0002) in the treated group. The Z-score of FN decreased with − 0.28 (95% CI − 0.45 to −
0.10, p = 0.006) and the Z-score of TH decreased with − 0.25 (95% CI − 0.36 to − 0.14, p = 0.0003)

in the treated group. In the untreated group T-scores decreased as well in the FN with − 0.15

(95% CI − 0.31 to 0.01, p = 0.05) and in the TH with − 0.23 (CI 95% - 0.42 to 0.05, p = 0.04). Only

the Z-score of TH decreased with − 0.25 (95% CI − 0.41 to − 0.09, p = 0.03) Again, LS T- and Z-

scores did not change in both groups. No significant differences between treated and untreated

group were found at follow-up. All measurements at baseline and follow-up of BMD, T- and Z-

scores are displayed in Table 2. Only TH Z-score and OC at baseline displayed a negative associa-

tion (rho - 0.36, p = 0.04). No other significant correlations were found between any of the BTMs

and BMD measurements or T-scores in the treated and untreated PHI-men.

Table 1. Baseline results of PHI-men.

Total n = 35 cART treated, n = 26 Untreated, n = 9 p-value

General

Age (y) mean/SD 39.0 (9.9) 39.5 (9.1) 0.97

BMI 22.4 (21.3–25.6) 23.4 (21.2–24.0) 0.94

Ethnicity (%)

Caucasian

84.6 100 0.22

MSM (%) 88.5 100 0.29

Current smoking (%) 38.5 44.4 0.76

Excessive alcohol use� (%)� defined as using� 3 U/day 11.5 0 0.24

Vitamin D deficiency (�50 nmol/L)(%)

Vitamin D supplementation use (%)

30.8

3.9

44.4

0

0.46

0.56

HIV parameters

CD4+ T-cell count (cells/mm3) 455 (320–620) 630 (590–910) 0.02�

Plasma HIV-RNA (log10 copies/mL) 5.4 (4.7–6.0) 4.8 (4.2–5.1) 0.40

Duration of cART therapy (weeks) 60.3 (24.4–90.9) N.A. N.A.

Bone turnover markers

P1NP (μg/L) 37 (28–46) 41 (38–53) 0.27

ALP (U/L) 66 (60–72) 71 (59–88) 0.85

OC (nmol/L) 7.3 (4.3–10.3) 8.8 (2.7–11.2) 0.76

ICTP (μg/L) 3 (2.6–4.2) 3 (2.7–3.1) 0.52

CTX (ng/L) 304.5 (146–384) 191 (124–358) 0.57

Bone mineral density

BMD Femoral neck (g/cm2) 0.840 (0.771–0.941) 0.806 (0.736–0.879) 0.48

BMD Total hip (g/cm2) 0.968 (0.886–1.068) 1.00 (0.904–1.074) 0.61

BMD Lumbar spine (g/cm2) 0.962 (0.872–1.111) 0.995 (0.931–1.023) 0.73

T–score Femoral neck

Z-score Femoral neck

T–score Total hip

Z-score Total hip

T–score Lumbar spine

Z-score Lumbar spine

– 0.7 (– 1.2 to 0.1)

– 0.3 (– 0.9 to 0.3)

– 0.4 (– 1.0 to 0.2)

– 0.2 (– 0.8 to 0.3)

– 1.2 (– 2.0 to 0.2)

– 1.1 (– 1.9 to 0.3)

– 1.0 (– 1.5 to 0.4)

– 0.4 (– 1.0 to 0.1)

– 0.3 (– 0.9 to 0.3)

– 0.1 (– 0.5 to 0.5)

– 0.9 (– 1.5 to – 0.6)

– 0.8 (– 1.4 to – 0.6)

0.48

0.70

0.64

0.49

0.81

0.73

Osteopenia (%)��in either hip or spine 38.5 44.4 0.63

Osteoporosis (%)��in either hip or spine 15.4 11.1 0.76

Data are expressed as median/IQR, or percentages unless specified otherwise. Abbreviations: PHI = Primary HIV Infection, cART = combination anti-retroviral

therapy, N.A. = not applicable, BMI = body mass index, MSM = men who have sex with men, BMD = bone mineral density, P1NP = procollagen type I propeptide,

ALP = alkaline phosphatase, OC = osteocalcin, ICTP = cross-linked carboxyterminal telopeptide of type I collagen, CTX = C-terminal telopeptide of type 1 collagen.

� = p � 0.05

https://doi.org/10.1371/journal.pone.0193679.t001
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Discussion

Our study explored the effect of HIV-infection and the use of cART on bone turnover and

BMD in PHI-men. In men treated with cART, bone turnover increased accompanied by a

decrease in BMD of the FN and TH. In the untreated group a slight decrease in FN and TH

BMD was observed as well. Nevertheless, bone turnover did not change.

Bone turnover in PHI-men

P1NP, ALP, OC and CTX levels increased in the treatment group, only ICTP did not change.

ICTP is also secreted by other tissues than bone which have masked the effect of cART. Litera-

ture reports that the same [7,14,19,21,22,27] and also other BTMs such as bone specific alka-

line phosphatase (BALP), pyridoline and deoxypyridinoline crosslinks, may increase during

cART [9,24,28]. A decrease of CTX was also described in one study [28], although CTX mea-

surements were performed after several years of cART treatment in this study. Peak levels of

BTMs are generally seen with 12–48 weeks after initiation of cART therapy, followed by a pla-

teau phase, which persists for several years during ongoing cART therapy [4,19,20,24,25,27].

In our study, both bone resorption and formation markers increased within the median

Fig 1. Bone formation markers in PHI-men, � = significant difference p� 0.05 of follow-up versus baseline, ● = cART treated group, ◆ = untreated group,

B = baseline, median and IQR, FU = follow-up, median and IQR.

https://doi.org/10.1371/journal.pone.0193679.g001

Fig 2. Bone resorption markers in PHI-men, � = significant difference p� 0.05 of follow-up versus baseline, ● = cART treated group, ◆ = untreated group,

B = baseline, median and IQR, FU = follow-up, median and IQR.

https://doi.org/10.1371/journal.pone.0193679.g002
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treatment period of 60 months of cART. The increased bone turnover in the treated group

could result from TDF containing cART which is known to mediate mitochondrial dysfunc-

tion resulting in cytokine production that stimulate osteoclast maturation and therefore pro-

motes bone resorption [16,18,23]. TDF containing cART is associated with higher levels of

CTX, P1NP and OC and BALP compared to cART without TDF [18,20]. Furthermore, it is

known that the activity of osteoclasts can increase while osteoblastogenesisis decreases due to

PI containing cART, resulting in higher concentrations of pyridoline and deoxypyridinoline

crosslinks, which resembles a state of increased bone turnover [28]. On the other hand, PHI

itself is thought to limit the function of osteoblasts and stimulate the osteoclasts which may

have influenced the bone turnover and BMD as well [17,26]. However, our study questions

this direct effect of chronic inflammation due to HIV itself on bone turnover, since we found

no changes in BTMs during follow-up in the untreated PHI group.

Bone mineral density in PHI-men

At baseline, BMD and T-scores were lower in treated and untreated PHI-men compared to

the reference group of NHANES, which is in line with a previous study [11]. The lower BMD

can result from several risk factors that are known to attribute to lower BMD such as decreased

physical activity, drug use, smoking and alcohol consumption, which were described more

prevalent in men who have sex with men (MSM) than hetero-sexual men, and dispose high

prevalence in our study population as well [11,18,26,29]. Interestingly, Grijsen et al. described

a lower BMD in both HIV-positive, but also HIV-negative MSM, indicating that the lower

BMD could be pre-existent in MSM and therefore be unrelated to PHI itself [10,30].

During follow-up BMD and T-scores of the hip decreased significantly in both groups. This

raises concern as baseline BMD and T-scores were already low. The hip BMD decreased less in

the untreated group compared to the treated group. Several underlying mechanisms could

result in the further decrease of BMD such as persistent vitamin D deficiency, continued

immune activation and cytokine release induced by the HIV-infection itself, and cART effects

in the treated group [6,10,12,20,23,26, 28,31]. Currently, the European HIV guidelines indicate

to screen only persons who are at risk for vitamin D deficiency and not all PHI-patients [32].

Nevertheless, almost 40% of our total study population had a vitamin D deficiency at baseline.

Table 2. Bone mineral density in PHI-men, median and IQR.

cART treated group Untreated group

baseline follow-up baseline follow-up
Femoral neck

BMD (g/cm2) 0.840 (0.771–0.941) 0.781 (0.727–0.902)� 0.806 (0.736–0.879) 0.785 (0.688–0.892)�

Z-score − 0.3 (− 0.9–0.3) − 0.5 (− 1.0–0.3)� − 0.4 (− 1.0–0.1) − 0.4 (− 1.1–0.1)

T-score − 0.7 (− 1.2–0.1) − 1.1 (− 1.5 to–0.2)� − 1.0 (− 1.5 to–0.4) − 1.1 (− 1.8 to–0.3)�

Total hip

BMD (g/cm2) 0.968 (0.886–1.068) 0.936 (0.839–1.017)� 1.0 (0.904–1.074) 1.0 (0.884–1.042)�

Z-score − 0.2 (− 0.8–0.3) − 0.5 (− 1.2–0.1)� − 0.1 (0.5 to–0.5) − 0.1 (− 0.7–0.2)�

T-score − 0.4 (− 1.0–0.2) − 0.6 (− 1.3 to–0.1)� − 0.3 (− 0.9–0.3) − 0.3 (− 1.0–0.1)�

Lumbar spine

BMD (g/cm2) 0.962 (0.872–1.111) 0.959 (0.876–1.012) 0.995 (0.931–1.023) 0.970 (0.915–1.031)

Z-score − 1.1 (− 1.9–0.3) − 1.2 (− 2.0 to–0.2) − 0.8 (− 1.4 to–0.6) − 1.1 (− 1.3 to–0.5)

T-score − 1.2 (− 2.0–0.2) − 1.2 (− 2.0 to–0.6) − 0.9 (− 1.5 to–0.6) − 1.1 (− 1.6 to–0.5)

� = significant difference p � 0.05 of follow-up versus baseline.

https://doi.org/10.1371/journal.pone.0193679.t002
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With regard to the effect of HIV-infection itself on bone, high levels of viral load which are

often seen in PHI, are known to decrease osteoblast activity and increase osteoclast function,

both resulting in decrease of BMD [10,23,33,34]. This mechanism could explain the decreased

BMD in both the treated and untreated group of PHI-men. In contrast, other studies argue

that inflammation cannot be seen as a key mediator of decreasing BMD in a group of cART

receiving HIV-men [7]. Interestingly, the decrease of BMD in the treated group was more pro-

nounced in hip region compared to the LS, where only a slight but not significant decrease of

BMD was found. Several other studies reported a similar pattern of decrease in BMD, even

after several years of cART therapy [17,19,20,28]. Other studies, however, describe a decrease

of both FN and LS BMD [4,8,16,22,30] or did not report a reduction in BMD after start of

cART [23,28]. The timing of the DXA-scan might play a role in explaining these differences as

a decrease of BMD is seen especially after 24 weeks and up to 96 weeks after start of cART

[9,24,35]. The decrease of BMD is generally attenuated between week 48 and 96 [4,8,11,15].

This stabilization or even slight increase of BMD is thought to result mainly from a recovered

balance in bone turnover during continuous long-term cART use [27]. Therefore, in our study

the maximum effect of cART on the hormonal active trabecular bone of the LS might have not

been detected yet as the follow-up DXA-scan was repeated relatively early after start of cART

and furthermore the number of included patients might have been too small to be able to

detect changes.

Finally, with regard to the impact of cART on BMD, it is known that TDF is associated with

a up to 1–3% stronger decrease of BMD compared to other NRTI containing cART, both in

already treated and untreated PHI-men [8,11,35,36]. In our study, all patients in the treated

group received a TDF containing cART regime. TDF is thought to cause proximal tubulopathy

in the kidneys which results in renal phosphate wasting, osteomalacia and is therefore consid-

ered as mediator of the detrimental effect on BMD in HIV [13,15,28,36]. This is reinforced by

the fact that TDF is also thought to change vitamin D homeostasis by increasing vitamin D

binding protein and decreasing 1.25diOHD levels and osteoblast function [15,18,36], both

resulting in increased bone turnover and lower BMD as well. Recently, tenofovir alafenamide

(TAF) containing cART, which is the successor of TDF, was shown to display less bone toxicity

and result in a smaller decrease of BMD in HIV-patients resulting in better long-term bone

safety [37,38,39]. Based on these findings we suggest to be cautious starting TDF containing

cART in HIV-patients particularly in those patients who already have osteopenia, osteoporosis

or high fracture risk due to other causes.

Currently almost all PHI-patients start cART therapy directly in accordance with recent

guidelines [32]. Therefore, this study offers an unique overview of the effect of HIV-infection

and cART on bone turnover and BMD as our study shows data of both treated but also non-

treated PHI-men. Other strengths of this study are the use of a wide panel of both bone resorp-

tion and formation markers, all measured in fasting samples with a standardized method, and

a homogenous study population of patients who were all included from a highly specialized

academic medical center. This study also has several limitations: data is lacking about the phys-

ical activity or possible sedentary lifestyle of our patients. In addition, follow-up data of vita-

min D supplementation use or smoking was not available. We describe a relatively small group

of almost all Caucasian men, which limits the extrapolation of findings to women or older

MSM, in which osteopenia, osteoporosis and increased fracture risk might be even more prev-

alent. Lastly, the study design did not allow testing for possible causality of HIV itself with

regard to bone turnover and BMD, as a control group of MSM with equal behavioral risk fac-

tors but who were HIV-negative was lacking.

In conclusion, bone turnover increases and FN and TH BMD decreases in PHI-men during

treatment with TDF containing cART. These findings reinforce the matter to strongly consider
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alternatives for TDF containing cART in men with PHI who already have osteopenia or osteo-

porosis at time of diagnosis of HIV. In addition, this research stresses the need of evaluation of

vitamin D levels and consideration of calcium and vitamin D supplementation to ensure the

best possible bone health during TDF containing cART in PHI-men. Finally, as the incidence

of HIV and need of cART are still increasing, this will result in more patients with osteopenia

and osteoporosis and therefore studies regarding the effect of HIV and its treatment on bone

turnover, BMD and fracture risk are warranted.

Supporting information

S1 File.

(XLS)

Author Contributions

Conceptualization: Mariska C. Vlot, Marlous L. Grijsen, Jan M. Prins, Annemieke C.

Heijboer.

Data curation: Mariska C. Vlot, Marlous L. Grijsen.

Formal analysis: Mariska C. Vlot, Annemieke C. Heijboer.

Investigation: Mariska C. Vlot, Marlous L. Grijsen.

Methodology: Mariska C. Vlot, Marlous L. Grijsen, Jan M. Prins, Annemieke C. Heijboer.

Project administration: Marlous L. Grijsen, Jan M. Prins.

Resources: Jan M. Prins, Annemieke C. Heijboer.

Software: Mariska C. Vlot.

Supervision: Marlous L. Grijsen, Jan M. Prins, Renate T. de Jongh, Robert de Jonge, Martin

den Heijer, Annemieke C. Heijboer.

Visualization: Mariska C. Vlot.

Writing – original draft: Mariska C. Vlot.

Writing – review & editing: Mariska C. Vlot, Marlous L. Grijsen, Jan M. Prins, Renate T. de

Jongh, Robert de Jonge, Martin den Heijer, Annemieke C. Heijboer.

References

1. Walker Harris V, Brown TT. Bone loss in the HIV-infected patient: Evidence, clinical implications, and

treatment strategies. J Infect Dis; 2012; 205(SUPPL. 3):S391–8.

2. Mondy K, Yarasheski K, Powderly WG, Whyte M, Claxton S, DeMarco D, et al. Longitudinal evolution of

bone mineral density and bone markers in human immunodeficiency virus-infected individuals. Clin

Infect Dis. 2003 Feb 15; 36(4):482–90. https://doi.org/10.1086/367569 PMID: 12567307

3. Cotter AG, Sabin CA, Simelane S, Macken A, Kavanagh E, Brady JJ, et al. Relative contribution of HIV

infection, demographics and body mass index to bone mineral density. AIDS. 2014; 28(14):2051–60.

https://doi.org/10.1097/QAD.0000000000000353 PMID: 25265073

4. Zhang L, Su Y, Hsieh E, Xia W, Xie J, Han Y, et al. Bone turnover and bone mineral density in HIV-1

infected Chinese taking highly active antiretroviral therapy–a prospective observational study. BMC

Musculoskelet Disord 2013 Jan; 14(1):224.

5. Brown TT, Qaqish RB. Antiretroviral therapy and the prevalence of osteopenia and osteoporosis: a

meta-analytic review. AIDS. 2006; 20(17):2165–74. https://doi.org/10.1097/QAD.0b013e32801022eb

PMID: 17086056

Effect of cART versus no treatment on bone metabolism in men with primary HIV-1 infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0193679 March 9, 2018 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193679.s001
https://doi.org/10.1086/367569
http://www.ncbi.nlm.nih.gov/pubmed/12567307
https://doi.org/10.1097/QAD.0000000000000353
http://www.ncbi.nlm.nih.gov/pubmed/25265073
https://doi.org/10.1097/QAD.0b013e32801022eb
http://www.ncbi.nlm.nih.gov/pubmed/17086056
https://doi.org/10.1371/journal.pone.0193679


6. Almansouri AY, Abdulfatah ME, Baaqil OH, Bakheet AA, Turki SA, Kotb MM, et al. Serum Sclerostin

Levels in Patients with Human Immunodeficiency Virus Infection and Their Association with Bone Turn-

over Markers and Bone Mineral Densitometry. J bone Metab. 2016; 23(1):16–22. https://doi.org/10.

11005/jbm.2016.23.1.16 PMID: 26981516

7. Bedimo R, Cutrell J, Zhang S, Drechsler H, Gao A, Brown G, et al. Mechanisms of bone disease in HIV

and hepatitis C virus: impact of bone turnover, tenofovir exposure, sex steroids and severity of liver dis-

ease. AIDS. 2016; 30(4):601–8. https://doi.org/10.1097/QAD.0000000000000952 PMID: 26558726

8. Grant PM, Kitch D, McComsey GA, Collier AC, Koletar SL, Erlandson KM, et al. Long-term bone min-

eral density changes in antiretroviral-treated HIV-infected individuals. J Infect Dis. 2016; 214(4):607–

11. https://doi.org/10.1093/infdis/jiw204 PMID: 27330053

9. Piso RJ, Rothen M, Rothen JP, Stahl M. Markers of bone turnover are elevated in patients with antire-

troviral treatment independent of the substance used. J Acquir Immune Defic Syndr. Apr; 56(4):320–4.

10. Grijsen ML, Vrouenraets SME, Steingrover R, Lips P, Reiss P, Wit FWNM, et al. High prevalence of

reduced bone mineral density in primary HIV-1-infected men. AIDS. 2010 Sep 10; 24(14):2233–8.

https://doi.org/10.1097/QAD.0b013e32833c93fe PMID: 20616695

11. Bolland MJ, Grey A, Reid IR. Skeletal health in adults with HIV infection. Lancet Diabetes Endocrinol

2015; 3(1):63–74. https://doi.org/10.1016/S2213-8587(13)70181-5 PMID: 24731663

12. Cotter AG, Mallon PWG. The effects of untreated and treated HIV infection on bone disease. Curr Opin

HIV AIDS 2014; 9(1):17–26. https://doi.org/10.1097/COH.0000000000000028 PMID: 24263798

13. Grace A. McComsey Pablo Tebas ESMTYETOJSHGMASWCJLSTTB. Bone Disease in HIV Infection:

A Practical Review and Recommendations for HIV Care Providers. Clin Infect Dis. 2010; 51(8):937–46.

https://doi.org/10.1086/656412

14. Brown TT, Ross AC, Storer N, Labbato D, McComsey GA. Bone turnover, osteoprotegerin/RANKL and

inflammation with antiretroviral initiation: Tenofovir versus non-tenofovir regimens. Antivir Ther. 2011;

16(7):1063–72. https://doi.org/10.3851/IMP1874 PMID: 22024522

15. Overton ET, Chan ES, Brown TT, Tebas P, McComsey GA, Melbourne KM, et al. Vitamin D and Cal-

cium attenuate bone loss with antiretroviral therapy initiation: A Randomized Trial. Ann Intern Med,

2015 Jun 16; 162(12):815–24. https://doi.org/10.7326/M14-1409 PMID: 26075752

16. Gohda J, Ma Y, Huang Y, Zhang Y, Gu L, Han Y, et al. HIV-1 replicates in human osteoclasts and

enhances their differentiation in vitro. Retrovirology. 2015; 12(1):12.

17. Hileman CO, Labbato DE, Storer NJ, Tangpricha V, McComsey GA. Is bone loss linked to chronic

inflammation in antiretroviral-naive HIV-infected adults? A 48-week matched cohort study. AIDS. 2014;

28(12):1759–67. https://doi.org/10.1097/QAD.0000000000000320 PMID: 24871454

18. de Menezes EGM, Machado AA, Barbosa F, de Paula FJA, Navarro AM. Bone metabolism dysfunction

mediated by the increase of proinflammatory cytokines in chronic HIV infection. J Bone Miner Metab.

2017 Mar; 35(2):234–42. https://doi.org/10.1007/s00774-016-0749-8 PMID: 27026434

19. Haskelberg H, Hoy JF, Amin J, Ebeling PR, Emery S, Carr A, et al. Changes in bone turnover and bone

loss in HIV-infected patients changing treatment to tenofovir-emtricitabine or abacavir-lamivudine.

PLoS One; 2012; 7(6):e38377. https://doi.org/10.1371/journal.pone.0038377 PMID: 22719882

20. Stellbrink H-J, Orkin C, Arribas JR, Compston J, Gerstoft J, Van Wijngaerden E, et al. Comparison of

changes in bone density and turnover with abacavir-lamivudine versus tenofovir-emtricitabine in HIV-

infected adults: 48-week results from the ASSERT study. Clin Infect Dis. 2010; 51(8):963–72. https://

doi.org/10.1086/656417 PMID: 20828304

21. Ofotokun I, Titanji K, Vunnava A, Roser-Page S, Vikulina T, Villinger F, et al. Antiretroviral therapy

induces a rapid increase in bone resorption that is positively associated with the magnitude of immune

reconstitution in HIV infection. AIDS. 2016; 30(3):405–14. https://doi.org/10.1097/QAD.

0000000000000918 PMID: 26760232

22. Amiel C, Ostertag A, Slama L, Baudoin C, N’Guyen T, Lajeunie E, et al. BMD Is Reduced in HIV-

Infected Men Irrespective of Treatment. J Bone Miner Res. 2003 Mar; 19(3):402–9. https://doi.org/10.

1359/JBMR.0301246 PMID: 15040828

23. de Menezes Barbosa EGM, de Paula FJA, Machado AA, de Assis Pereira F, Barbosa F, Navarro AM.

Impact of antiretroviral therapy on bone metabolism markers in HIV-seropositive patients. Bone. 2013

Nov; 57(1):62–7. https://doi.org/10.1016/j.bone.2013.07.019 PMID: 23891908

24. Tebas P, Kumar P, Hicks C, Granier C, Wynne B, Min S, et al. Greater change in bone turnover markers

for efavirenz/emtricitabine/tenofovir disoproxil fumarate versus dolutegravir + abacavir/lamivudine in

antiretroviral therapy-naive adults over 144 weeks. AIDS 2015 Nov 28; 29(April):1 https://doi.org/10.

1097/QAD.0000000000000515

Effect of cART versus no treatment on bone metabolism in men with primary HIV-1 infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0193679 March 9, 2018 10 / 11

https://doi.org/10.11005/jbm.2016.23.1.16
https://doi.org/10.11005/jbm.2016.23.1.16
http://www.ncbi.nlm.nih.gov/pubmed/26981516
https://doi.org/10.1097/QAD.0000000000000952
http://www.ncbi.nlm.nih.gov/pubmed/26558726
https://doi.org/10.1093/infdis/jiw204
http://www.ncbi.nlm.nih.gov/pubmed/27330053
https://doi.org/10.1097/QAD.0b013e32833c93fe
http://www.ncbi.nlm.nih.gov/pubmed/20616695
https://doi.org/10.1016/S2213-8587(13)70181-5
http://www.ncbi.nlm.nih.gov/pubmed/24731663
https://doi.org/10.1097/COH.0000000000000028
http://www.ncbi.nlm.nih.gov/pubmed/24263798
https://doi.org/10.1086/656412
https://doi.org/10.3851/IMP1874
http://www.ncbi.nlm.nih.gov/pubmed/22024522
https://doi.org/10.7326/M14-1409
http://www.ncbi.nlm.nih.gov/pubmed/26075752
https://doi.org/10.1097/QAD.0000000000000320
http://www.ncbi.nlm.nih.gov/pubmed/24871454
https://doi.org/10.1007/s00774-016-0749-8
http://www.ncbi.nlm.nih.gov/pubmed/27026434
https://doi.org/10.1371/journal.pone.0038377
http://www.ncbi.nlm.nih.gov/pubmed/22719882
https://doi.org/10.1086/656417
https://doi.org/10.1086/656417
http://www.ncbi.nlm.nih.gov/pubmed/20828304
https://doi.org/10.1097/QAD.0000000000000918
https://doi.org/10.1097/QAD.0000000000000918
http://www.ncbi.nlm.nih.gov/pubmed/26760232
https://doi.org/10.1359/JBMR.0301246
https://doi.org/10.1359/JBMR.0301246
http://www.ncbi.nlm.nih.gov/pubmed/15040828
https://doi.org/10.1016/j.bone.2013.07.019
http://www.ncbi.nlm.nih.gov/pubmed/23891908
https://doi.org/10.1097/QAD.0000000000000515
https://doi.org/10.1097/QAD.0000000000000515
https://doi.org/10.1371/journal.pone.0193679


25. FocàE, Motta D, Borderi M, Gotti D, Albini L, Calabresi A, et al. Prospective evaluation of bone markers,

parathormone and 1,25-(OH)2 vitamin D in HIV-positive patients after the initiation of tenofovir/emtricita-

bine with atazanavir/ritonavir or efavirenz. BMC Infect Dis. 2012; 12(1):38.

26. Grijsen ML, Steingrover R, Wit FWNM, Jurriaans S, Verbon A, Brinkman K, et al. No treatment versus

24 or 60 weeks of antiretroviral treatment during primary HIV infection: The randomized primo-SHM

trial. PLoS Med 2012; 9(3).

27. Rey D, Treger M, Sibilia J, Priester M, Bernard-Henry C, Cheneau C, et al. Bone mineral density

changes after 2 years of ARV treatment, compared to naive HIV-1-infected patients not on HAART.

Infect Dis 2015 Feb; 47(2):88–95.

28. Madeddu G, Spanu A, Solinas P, Babudieri S, Calia GM, Lovigu C, et al. Different impact of NNRTI and

PI-including HAART on bone mineral density loss in HIV-infected patients. Eur Rev Med Pharmacol

Sci. 2015; 19(23):4576–89. PMID: 26698255

29. Samarawickrama A, Jose S, Sabin C, Walker-Bone K, Fisher M, Gilleece Y. No association between

vitamin D deficiency and parathyroid hormone, bone density and bone turnover in a large cohort of HIV-

infected men on tenofovir. J Int AIDS Soc 2014; 17(4 Suppl 3):19568.

30. Bolland MJ, Grey AB, Horne AM, Briggs SE, Thomas MG, Ellis-Pegler RB, et al. Bone mineral density

remains stable in HAART-treated HIV-infected men over 2 years. Clin Endocrinol (Oxf). 2007; 67

(2):270–5.

31. Grijsen ML, Vrouenraets SME, Wit FWNM, Stolte IG, Prins M, Lips P, et al. Low bone mineral density,

regardless of HIV status, in men who have sex with men. J Infect Dis. 2013; 207:386–91. https://doi.org/

10.1093/infdis/jis687 PMID: 23148289
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