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Abstract

Accumulating evidence suggests that rates of low bone mass are greater in HIV-infected males
than females. Of eleven biomarkers assessed by sex and HIV-status, HIV-infected males had
increased levels of soluble CD14 which inversely correlated with bone mineral content and bone
mineral density measures, suggesting macrophage activation as a possible mechanism of
differential bone loss.
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Background

In the era of effective antiretroviral therapy (ART), low bone mass among HIV-infected
individuals has emerged as a major co-morbidity of HIV infection and its treatment. In HIV-
infected adults, combined rates of osteopenia and osteoporosis are as high as 90% in men
and 60% in women [1], and osteoporosis-associated fractures are 60% higher than in the
general population [2]. A recent study in HIV-infected adults reported lower bone mineral
density (BMD) Z-scores, measured by dual-energy X-ray absorptiometry (DXA), in men vs.
women, even after adjusting for other contributing factors [3]. In perinatally-infected
children, low BMD was more pronounced in boys than girls and the effect was more
pronounced as Tanner Stage increased [4]. Low BMD has also been observed in
behaviorally-infected adolescent males [5]. Similarly, low BMD has been seen in boys
receiving multiple courses of steroids for asthma, but not girls [6]. Low BMD has been
linked to increased risk of fracture in HIV [7, 8].
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Bone loss in HIV infection is attributed to immune dysregulation, chronic inflammation, and
antiretroviral therapy, as well as increased bone turnover from HIV-infection itself [8, 9].
The pathogenic mechanisms that account for the difference in bone loss by sex remain
elusive, but are critical for intervention studies in youth, since this is the time that bone mass
peaks [10]. In this study, biomarkers associated with inflammation, bone loss and/or bone
formation in HIV-infected and uninfected adolescents were compared by sex and infection
status to assess differences that may explain the differential bone loss.

Methods

Demographic data and blood samples were obtained from the Adolescent Trials Network for
HIV/AIDS (ATN) studies 021A & B, which were cross sectional surveys of Tanner stage 5
behaviorally HIV-infected young women [11] and men [5], age 14-25, and seronegative
controls from the same clinic populations. Participants were recruited from 18 sites in the
US and Puerto Rico. Relevant demographic and laboratory data were collected at time of
enrollment. Body composition, bone mineral content (BMC), and BMD were assessed by
DXA scans of the whole body and spine and analyzed centrally. Total body BMC Z scores
(TotalZ) were calculated using Baylor norms which allowed calculation only for subjects
aged <23.0 years at time of scan [12]. The institutional review boards at each clinical site
approved the study, and appropriate written informed consent/assent was obtained.

Four-hundred sixty frozen plasma samples were obtained and 457 were analyzed for the
biomarkers listed in Table 1. Three samples were rejected; two were duplicates from
subjects already included in the investigation and one subject was misidentified as HIV-
negative. Seven HIV-positive and four HIV-negative males from the ATN 021B cohort [5]
did not have available plasma samples for inclusion in this study. Soluble CD14 (sCD14)
levels were measured with the Quantikine ELISA (R&D Systems, Minnesota). The
remaining 10 analytes were measured using MagPix Assays (Millipore, Germany).
Adiponectin and sSVCAM were run in a duplex assay, while the remaining 8 analytes were
run together. All samples were run in triplicate, and coefficients of variation (CVs) were
calculated; all analytes with a CV >10% were rerun with or without dilution as needed.

Statistical analyses were performed using JMP10 (SAS, North Carolina) and R version 3.1.2
(http://www.r-project.org/). Standard curves were generated for each analyte and compared
for variability. Analytes that were undetectable were assigned a value 0.01 less than the first
detectable value for that specific analyte. Significance was assessed using Wilcoxon rank
sum with multiple testing correction using the Benjamini-Hochberg FDR method. For
potential confounding effects, linear regression analyses were performed using BMC and
BMD z-scores and analyte values as the outcome variable and HIV status (Positive/
Negative), body mass index (BMI) (continuous), total lean body mass (continuous) and sex
(Male/Female) as covariates, based on demonstrated relationships with bone mass [3]. BMI
and total lean body mass were added as covariates because BMD as well as some of the
analytes (e.g. IL-6) have been shown to increase with obesity.
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The study population was stratified by sex and HIV status for analysis. Demographic,
laboratory and clinical characteristics are summarized (see Table, Supplementary Digital
Content 1): the median age was 21 and the majority of the participants were African
American, ranging from 57.4-76.5%, depending on the subgroup. Approximately 50% of
HIV-infected subjects were on antiretroviral therapy (48% of males and 52% of females).
More than half of the individuals in each group had a BMI <25 kg/m?, except HIV-positive
females where more than 50% had a BMI of 25 kg/m? or greater. HIV-positive males had a
significantly lower median BMI (22.7 kg/m?2) and total body fat (6.0 kg/m) than HIV-
negative males (24.2 kg/m2; p=0.02 and 7.9 kg/m; p=0.02) or HIV-positive females (26.3
kg/m?2; p<0.001 and 14.9 kg/m; p<0.001). Viral load and current and nadir CD4+ T-cell
counts did not differ between HIV-positive males and females. High-sensitivity C-reactive
protein (hsCRP) was elevated in the HIV-positive females (1.4 mg/L) compared to HIV-
negative females (0.7 mg/L; p=0.015) and HIV-positive males (0.8 mg/L; p<0.001). The
mean TotalZ was 0.333 vs. —0.557 for HIV-negative vs. HIV-positive males (p=0.002) and
-0.127 vs. —0.232 for HIV-negative vs. HIV-positive females (p=0.73). The spine L1-L4
BMD Z score (SpineZ) was —0.493 vs. —0.912 for HIV-negative vs. HIV-positive males
(p=0.02) and 0.092 vs. —0.268 for HIV-negative vs. HIV-positive females (p=0.18). The
SpineZ and TotalZ scores were significantly lower in HI\-positive males than HIV-positive
females (-0.912 vs. -0.268; p<0.001 and —0.557 vs. —0.232; p=0.005), despite a longer
mean time since diagnosis in HIV-positive females (2.6 vs. 2.0 years; p=0.05). In regression
analyses including BMI, total lean body mass, and sex as confounding variables, the
negative effect of HIV-infection on the TotalZ of the males remained significant (p=0.005),
whereas no difference by HIV status was observed in TotalZ for the female subjects
(p=0.488)

Median values for the analytes and their statistical comparisons are presented in Table 1.
Two analytes differed significantly between HIV-negative and HIV-positive females (IL-7
and TNFa were greater in the HIV-infected females), while four analytes differed between
HIV-negative and HIV-positive males: sCD14 and sVCAM were greater in HIV-infected
males, while IL-1b and IL-6 were significantly lower. There was a significant negative
correlation between sCD14 and bone mass: in males, the Pearson correlation for TotalZ vs.
sCD14 was —0.22 (p=0.006) and for SpineZ score vs. sSCD14 it was -0.14 (p=0.031). In
females, the correlation was only seen in the spine and not the total body, SpineZ score vs.
sCD14 was —0.14 (p=0.048) and TotalZ vs. sCD14 was r=—0.08 (p=0.273) (see Figure,
Supplementary Digital Content 2). There was no correlation between sVCAM and bone
mass. In regression analyses of males to look for potential confounding effects, sCD14 and
sVCAM remained positively associated with HIV-infection, but were not associated with
BMI. The negative effect of HIV-infection on IL-1b and I1L-6 values remained (r=-2.54 for
IL-1b, p=0.005; and r=-5.44 for IL-6, p=0.014).

Discussion

The association between lower bone mass and higher sCD14 levels in HIV-infected males
suggests that chronic macrophage activation may, in part, account for the differential bone
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loss. Significant differences in SCD14, sVCAM, IL-1b, and 11-6 were observed between
HIV-negative and HIV-positive males that were not seen between HIV-negative and HIV-
positive females, despite higher levels of general inflammation (hsCRP) in HIV-positive
females. This suggests that a physiologic difference in females, likely increased levels of
estrogen, may be protective against some of the inflammation of chronic HIV. Estrogen is
known to repress macrophage function and have a salutary effect on bone.

Soluble CD14, a biomarker of macrophage activation, is part of the TLR4 receptor complex
for LPS and is associated with microbial translocation [13]. In the bone, osteoclasts, the cells
responsible for the resorptive processes associated with continuous bone remodeling, are
derived from the macrophage-monocyte system and require the presence of the receptor
activator of nuclear factor KB ligand (RANKL) and macrophage colony-stimulating factor
(M-CSF) to form [9]. Therefore, the elevated macrophage activation seen in the HIV-positive
subjects may result in increased osteoclast activity, leading to increased bone resorption. The
inverse correlation between sCD14 and measures of bone mass (Total and spine Z scores)
supports this hypothesis, as does a recent publication that found that upregulation of B cell
expression of RANKL and decreased expression of osteoprotegrin correlated with total hip
and femoral neck BMD Z-scores, but not lumbar spine [14].

Soluble VCAM is a marker of endothelial dysfunction which has been associated with
cardiovascular disease [15] and elevated in HIV-infected adolescents [16]. However, there
was no correlation between sVCAM levels and BMD in this cohort.

Given that HIV-infection is associated with chronic immune activation, the finding of lower
levels of IL-1b and IL-6 in our HIV-infected males was unexpected. However, the IL-1b and
IL-6 values of the HIV-infected males are similar to healthy males in other studies [17, 18].
It appears that IL-6 may not be a very useful marker of inflammation for HIV-infected youth
who are at an early stage of infection. The reason for the relative elevation of IL-1b and IL-6
in the HIV-uninfected males in our study remains unknown.

Limitations of our study include differences between study groups in BMI and duration of
infection, which may have influenced the findings. The HIV-positive males had significantly
lower BMI than either the HIV-negative males or the HIV-positive females, which may have
attenuated or altered differences in the biomarkers between these groups. Additionally, as
bone mass increases with BMI, the average BMI of 26.3 kg/m? in the HIV-infected females
may have increased the BMD in this cohort. Z-scores, which adjust for differences in
weight, sex and race, were used to limit confounders in bone outcomes in HIV-infected
females. HIV-infected females had on average 6 months longer time since HIV diagnosis
than males, a difference that may have reduced the difference in some of the biomarkers
between the two groups. Furthermore, the study was performed relatively early in infection
(2.0 and 2.6 years for males and females, respectively) so that some important differences
may not yet be detectable. Despite these limitations, this hypothesis generating study
suggests that HIV-associated macrophage activation may be one mechanism responsible for
HIV-associated bone loss.
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In summary, the elevated levels of sCD14, indicating increased monocyte-macrophage
activation, specifically in HIV-infected males, may lead to increased bone resorption via
osteoclast activity. Interventions to decrease monocyte-macrophage activation early in HIV-
infection may be useful to decrease HIV-associated morbidity and mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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