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Abstract

Background—HIV infection is associated with a higher prevalence of low bone mineral density 

(BMD) and fractures than the general population. There are limited data in HIV-positive adults, 

naïve to antiretroviral therapy (ART), to estimate the relative contribution of untreated HIV to 

bone loss.
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Methods—The START Bone Mineral Density substudy is a randomised comparison of the effect 

of immediate versus deferred initial ART on bone. We evaluated traditional, demographic, HIV-

related, and immunological factors for their associations with baseline hip and lumbar spine BMD, 

measured by dual-energy x-ray absorptiometry, using multiple regression.

Results—A total of 424 ART-naïve participants were enrolled at 33 sites in six continents; mean 

(SD) age was 34 (10.1) years, 79.0% were nonwhite, 26.0% were women, and 12.5% had a body 

mass index (BMI) <20 kg/m2. Mean (SD) Z-scores were -0.41 (0.94) at the spine and -0.36 (0.88) 

for total hip; 1.9% had osteoporosis and 35.1% had low BMD (hip or spine T-score <-1.0). Factors 

independently associated with lower BMD at the hip and spine were female sex, Latino/Hispanic 

ethnicity, lower BMI and higher estimated glomerular filtration rate. Longer time since HIV 

diagnosis was associated with lower hip BMD. Current or nadir CD4 cell counts, and HIV viral 

load were not associated with BMD.

Conclusions—In this geographically and racially diverse population of ART-naïve adults with 

normal CD4 cell counts, low BMD was common, but osteoporosis was rare. Lower BMD was 

significantly associated with traditional risk factors but not with CD4 cell count or viral load.
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Introduction

Cross-sectional studies have reported a higher prevalence of low bone mineral density 

(BMD), osteoporosis and fractures in HIV-positive adults compared with HIV-negative 

controls (1, 2). Risk factors reported for low BMD and fractures in the general population 

have also been associated with low BMD and fractures in HIV-positive adults. These 

include older age, female sex, low weight or body mass index (BMI), hypogonadism or 

menopause, smoking, higher alcohol intake, chronic hepatitis C infection and glucocorticoid 

use (3-7).

In addition, initiation of antiretroviral therapy (ART) is consistently associated with a 2-6% 

reduction in BMD, mainly over the first year of ART, with stabilisation thereafter in the 

majority of studies (1, 8, 9). Bone loss is greater with the use of particular antiretroviral 

drugs, e.g., tenofovir and ritonavir-boosted protease inhibitors (7, 8, 10). It has also been 

hypothesised that this loss is due to increased bone catabolism following suppression of HIV 

viral load and increase in CD4 cell count (11, 12).

Limited data raise the possibility that untreated HIV infection might directly lower BMD. 

Reports of direct HIV-1 infection of osteoblasts are inconsistent (13-15). A rat transgenic 

model of HIV infection results in low BMD, perhaps because of altered B-lymphocyte 

production of two proteins - a decrease in osteoprotegerin and increase in receptor activator 

of nuclear factor kappa-B ligand (RANKL) production - resulting in greater bone resorption. 

The rat model is also associated with wasting, which could contribute to bone loss (16). A 

study in ART-naïve men also reported that those with low BMD had a low osteoprotegerin/ 

RANKL ratio (15). The close association between bone metabolism and immune activation/
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chronic inflammation is seen in other diseases, such as rheumatoid arthritis and 

inflammatory bowel disease, that are also associated with low BMD and increased fracture 

risk (17, 18).

The contribution of untreated HIV infection to BMD loss in HIV-positive people with 

normal CD4 cell counts is unclear. A small age-, sex- and race-matched prospective cohort 

study that recruited ART-naïve adults with normal CD4 cell counts reported no difference in 

BMD at either the hip or the spine compared with HIV-negative individuals (19). Most 

patients now initiate ART well before HIV wasting develops and BMI falls. If HIV directly 

affects BMD, then HIV-related parameters, such as HIV duration, lower CD4 cell count and 

higher HIV viral load, might, in addition to traditional risk factors, be associated with lower 

BMD. No consistent relationship has been found, however, between HIV viral load, HIV-

induced immune deficiency or HIV-related immune activation and low BMD in cross-

sectional studies (20-23). Additionally, a small study of young adults with recent HIV 

infection found no difference in BMD relative to uninfected controls, suggesting that any 

effect of HIV on BMD is not acute (24). There are no data from a randomised trial 

comparing the effect of ART to no ART on the rate of bone loss in individuals with HIV.

The abovementioned studies evaluating BMD risk factors in ART-naïve, HIV-positive 

adults are limited by relatively small sample size, recruitment in a limited geographic region 

and evaluation of only some potential risk factors. In contrast, participants enrolling into the 

Bone Mineral Density Substudy of the Strategic Timing of AntiRetroviral Treatment 

(START) study constitute a larger, geographically diverse cohort in which all major risk 

factors for low BMD are recorded. Therefore, we assessed the prevalence of low BMD in 

participants entering this substudy and examined the association of traditional osteoporosis 

risk factors as well as HIV parameters with low BMD.

Methods

Study objectives

The START Bone Mineral Density Substudy will evaluate the relative contributions of HIV 

and initial ART by comparing an immediate to a deferred ART strategy with respect to rate 

of change in hip and spine BMD. We hypothesised that immediate ART will cause greater 

BMD loss than deferred ART. The coprimary outcomes are the change from baseline in total 

hip BMD and lumbar spine BMD as measured by dual-energy x-ray absorptiometry (DXA). 

Secondary outcomes include change in femoral neck BMD from baseline and the incidence 

of osteoporosis or low BMD.

The objectives of the present analysis are to assess the prevalence of low BMD in START 

Bone Mineral Density Substudy participants and to examine the association of traditional 

osteoporosis risk factors and HIV parameters with BMD at the hip and spine in ART-naïve 

adults with normal CD4 cell counts.

Study population

Bone Mineral Density Substudy participants were coenrolled in the START study at 33 

clinical sites in 11 countries (Australia, Belgium, Brazil, India, Ireland, Peru, South Africa, 
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Spain, Thailand, United Kingdom, United States) between June 2011 and June 2013. At 

these sites, all eligible potential participants were offered coenrolment. Eligibility criteria 

were broad, and excluded only individuals who were currently receiving drug treatment for 

low BMD (calcium, vitamin D and hormone replacement therapy were permitted) or for 

whom valid BMD data could not be obtained by DXA: weight greater than 136 kg; height 

greater than 198 cm; implants in one or more measurement areas (L1 to L4 vertebrae, both 

hips); prior hip or spine surgery, severe degenerative or arthritic disease of the spine or hip, 

or moderate to severe scoliosis. The study design, eligibility criteria, site selection and 

sample size for the START trial are described elsewhere (25).

All participants provided written, informed consent prior to enrolment.

BMD scans

BMD at the hip and lumbar spine (L1-L4) were assessed by DXA using a standardised 

protocol within 120 days prior to randomisation and will be assessed annually until the 

closing of the parent START study. Each of the 16 radiology centres used either a Hologic 

(Hologic Inc., Bedford, Massachusetts, United States; n=290 participants) or a GE Lunar 

(GE Healthcare, Madison, Wisconsin, United States; n=134) scanner to measure BMD. All 

DXA images are read centrally at the study's DXA quality assurance (QA) centre at the 

University of California, San Francisco, California, United States.

QA measures for BMD readings

Prior to study commencement, each radiology centre was certified by the DXA QA centre; 

this included certification of the scanning equipment and of at least two technicians for 

performing standardised DXAs. Certification of technicians included an online evaluation 

that tested knowledge of the study manual, successful scans of five volunteers not 

participating in the study, evaluated at the DXA QA centre, and proof of professional 

certification.

In order to ensure complete baseline BMD data, the quality of each scan submitted by each 

radiology centre was evaluated immediately at the QA reading centre. Unacceptable quality 

scans were to be repeated as soon as possible, and no later than four months 

postrandomisation.

BMD measures obtained on GE Lunar equipment were standardised to Hologic measures 

using validated linear transformation equations (26, 27). The DXA QA centre standardised 

all baseline scans for cross-sectional consistency, using two types of phantom scans: first, 

phantoms provided by the DXA equipment manufacturers were scanned prior to each 

participant scan, and at least three times a week; second, a set of three cross-calibration 

phantoms were circulated to each radiology centre.

BMD outcome measures

T-scores and Z-scores were calculated at the DXA QA centre from the cross-sectionally 

adjusted BMD readings. T-scores were calculated relative to peak bone mass in young white 

women; a T-score of -1 denotes a BMD that is 1 standard deviation below the mean BMD of 

Carr et al. Page 4

HIV Med. Author manuscript; available in PMC 2016 April 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



the reference population. Z-scores were calculated relative to reference populations matched 

by age, sex and race/ethnicity (white, black, Hispanic). T-scores and Z-scores for hip scans 

were calculated based on US National Health and Nutrition Evaluation Survey III data (28), 

while Hologic's reference data were used for spine BMD (29).

We considered two definitions of low BMD and osteoporosis: first, if the T-score at the 

femoral neck was at or below -1 SD or -2.5 SD, respectively; second, if the T-score at any of 

the three locations (femoral neck, total hip or lumbar spine) was at or below -1 SD or -2.5 

SD, respectively. The first definition was used because the WHO Fracture Risk Algorithm 

(FRAX®) equations relate femoral neck BMD T-scores to fracture risk for postmenopausal 

women and men above age 50 (www.shef.ac.uk/FRAX). The second definition is consistent 

with the classification by the National Osteoporosis Foundation (NOF) (30).

Statistical analyses

We calculated means and standard deviations (SDs) for the BMD values, T-scores, and Z-

scores obtained at the lumbar spine, total hip, and femoral neck, and estimated prevalence of 

low BMD and osteoporosis, overall and by geographic region. We compared mean BMD 

and prevalence of low BMD/osteoporosis between geographic regions using Analysis of 

Covariance (ANCOVA), adjusted for age (categories 18-29, 30-39, 40-49, ≥50 years), sex 

and menopausal status. In order to aid the interpretation of regional differences in mean 

BMD, we summarised demographics, season of recruitment, and HIV-related factors as well 

as other clinical and laboratory factors by region of enrolment.

We estimated associations of baseline factors with BMD in separate linear regression 

models that were adjusted for age, sex and menopause status, as well as in joint 

multivariable models. We chose to model BMD rather than T-scores or Z-scores, because T-

scores are linear transformations of the BMD values and as such would yield similar results, 

and because the Z-score calculations are less transparent compared with the original BMD 

measures as they use age, sex and race-matched reference populations.

The multivariable models were determined, separately for lumbar spine, total hip and 

femoral neck, by backwards variable selection with the Akaike Information Criterion (AIC) 

(31), starting with a model containing all covariates and stepwise eliminating factors that did 

not contribute to the model fit. The backwards selection procedure was used because many 

of the factors are correlated. Initially, we included the following factors: demography (age, 

sex, menopause status, race/ethnicity, geographic region of enrolment; these factors were 

retained for all models and not subject to elimination), scanner type (Hologic or GE Lunar); 

season of enrolment; current smoking, BMI, diabetes mellitus, liver disease, hepatitis B or 

C, alcohol or recreational drug use (moderate to excessive alcohol use defined as consuming 

two or more drinks on 4-7 days of the week (32)); drug therapy use (vitamin D3, calcium 

supplements, hormone replacement therapy, proton pump inhibitors, nonsteroidal anti-

inflammatory drugs [NSAIDs]); HIV disease characteristics (time since HIV diagnosis, CD4 

lymphocyte count, nadir CD4 lymphocyte count, CD8 lymphocyte count, log10 plasma HIV 

viral load); and baseline pathology (haemoglobin, alkaline phosphatase, total cholesterol, 

triglycerides, estimated glomerular filtration rate [eGFR] by the Modification of Diet in 

Renal Disease [MDRD] formula (33), and proteinuria by urine dipstick [trace or higher]). As 
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a final step, we eliminated factors with p-values >0.10. We presented graphically the 

regression coefficients with 95% confidence intervals for those factors that were 

independently associated with BMD in the final multivariable models for BMD at the spine, 

total hip or femoral neck.

Analyses were performed using SAS version 9.3 (SAS Institute, Cary, North Carolina, 

United States). All p-values are two-sided; p≤0.05 denotes significance.

Results

Baseline characteristics of the 424 participants overall and by region are shown in Table 1. 

Most participants were recruited in South America and Asia; about 30% were Asian, 26% 

were Latino/Hispanic, 18% were black. In terms of conventional risk factors for low BMD, 

mean age was 34 years (SD 10.1), 25.9% were women (12.7% of women were 

postmenopausal), 19.8% were current smokers, 4.2% consumed at least two alcoholic drinks 

on at least four days per week (moderate to excessive alcohol use), 3.3% reported a prior 

fracture occurring over the age of 18 years after no or minimal trauma, and 12.7% had a 

BMI less than 20 kg/m2. Nineteen participants (4.5%) were taking a calcium supplement, 23 

(5.4%) a vitamin D supplement, and 1 (0.2%) was treated with corticosteroids. Many 

baseline characteristics varied substantially between regions of enrolment; for example, the 

proportion of women varied from 12% in South America to 78% in South Africa; the 

proportion of smokers varied from 11% in South Africa to 44% in the United States, and 

vitamin D supplementation was substantially higher in the United States (44% versus ≤7% 

in all other regions).

Spine DXA scans were analysable for 423 (99.8%) participants; for three participants, scans 

were obtained after baseline (range 9-14 days), but only one had started ART by the time of 

the scan. Analyses for hip BMD include 421 (99.3%) participants; for two participants, 

scans were not analysable due to poor quality, and one participant was excluded because the 

scan was obtained after six months of ART use. Of those included, five hip scans were 

obtained after randomisation, but only two participants had started ART (5 and 16 days).

Mean baseline BMD, T-scores and Z-scores at the total hip, lumbar spine and femoral neck 

overall and by geographic region are shown in Table 2. Prevalence of osteoporosis was low, 

only 1.9% had a T-score ≤-2.5 at the hip or spine, 0.5% had a femoral neck T-score ≤ -2.5. 

Low BMD (femoral neck, total hip or lumbar spine T-score <-1.0) was found in 165 

(35.1%) participants.

Figure 1 and supplemental Table S1 display the estimated regression coefficients with 95% 

confidence intervals (standard errors in Table S1) for the factors that were independently 

associated with BMD, at the spine, total hip, or femoral neck. Female sex and lower BMI 

were independently associated with lower BMD at each skeletal site. Postmenopausal 

women had lower BMD than premenopausal women, but the difference was significant only 

at the spine. Older age was associated with lower BMD at the hip, but not at the spine. 

Latino/Hispanic ethnicity was associated with lower BMD at the spine (p<0.001 compared 

with white) and femoral neck (p=0.02). Higher eGFR levels were associated with lower 
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BMD (p<0.001 at the spine, p=0.02 at the femoral neck). Use of calcium supplements 

(p=0.03) and lower triglycerides were borderline associated with higher spine BMD 

(p<0.04), use of NSAIDs with higher hip BMD (p=0.03 and 0.004 at the total hip and 

femoral neck, respectively).

Among the HIV-related factors, there was no association of BMD with either CD4 cell 

count or nadir CD4 cell count. Longer duration of HIV infection (time since HIV diagnosis) 

was associated with lower hip BMD (estimated regression coefficient of -0.004 g/cm2 per 

year for total hip and femoral neck, each), but not with spine BMD.

Univariable associations, adjusted for age, sex and menopause status, are summarised in the 

supplemental Table S2.

Discussion

In this geographically and ethnically diverse population of ART-naïve, HIV-positive adults 

with normal CD4 cell counts, we found that low BMD was common (35.1%), but 

osteoporosis was rare (1.9%). Low BMD was significantly and independently associated 

with traditional risk factors (female sex, menopause, low BMI, older age), and region of 

recruitment. Low BMD was independently associated with time since diagnosis of HIV 

infection (0.004 g/cm2 lower per year at the total hip and femoral neck), but not with nadir 

or current CD4 cell count or HIV viral load.

The prevalence of low BMD in our study (35%) is similar to those reported in other cohorts 

of ART-naïve adults (20-23). The largest of these studies reported that women had 

significantly lower Z-scores than men at the lumbar spine and total hip (21); we also found 

an additional independent association of low BMD at the spine with menopause. Brown et al 

(21) reported a significant independent relationship between low BMD and both low total 

lean mass and total fat mass. We have not measured soft tissue in the Bone Mineral Density 

Substudy, but did find a relationship between low BMI and low BMD.

The START Bone Mineral Density Substudy is the first study to evaluate BMD in ART-

naïve adults across more than one region; we found significant geographic differences, with 

significantly greater proportion of participants with low BMD in Asia (Table 2). There was a 

higher prevalence of osteoporosis in Australia/Europe, and more previous fractures were 

reported from this region as well. This may be explained by the older age and greater 

proportion of white participants in this region. Others have also shown an increased 

prevalence of osteoporosis and fractures for older age and white race (34).

We did not find a significant association between CD4 cell count and BMD. The fact that 

our study population all had normal CD4 cell counts (>500 cells/μL), may have limited our 

capacity to show such an association. However, Brown et al (21), whose patients had a 

much lower mean CD4 cell count (349 cells/μL), also did not identify any independent 

association of BMD with CD4 cell counts or HIV viral load. The association of hip BMD 

with the time since HIV diagnosis, albeit significant, is weak (0.004 g/cm2 lower hip BMD 

per year since diagnosis, which is 3.1% of 1 SD of the baseline BMD).
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Lower eGFR was associated with higher BMD at the lumbar spine and femoral neck, 

although not at the total hip. This finding is counterintuitive with no clear explanation, as 

most studies report lower BMD with significant loss of renal function (35). The younger 

population recruited to the START Bone Mineral Density Substudy had normal renal 

function. It is possible that this finding is an artefact.

Our analysis has several limitations. Our sample size was not driven by any statistical power 

to identify risk factors. We analysed many covariates; some of the observed associations 

may be spurious. Furthermore, recruitment, although geographically widespread, was 

uneven across sites and countries; estimates of prevalence of low BMD in the United States 

in particular are uncertain (16 participants). Due to confounding, associations of race and 

geographical region with BMD may have been masked in the multivariable regression. 

Scans were obtained at 16 different radiology centres. BMD readings were calibrated for 

cross-sectional consistency by the DXA QA centre through use of regular local phantom 

scans as well as scans of cross-calibration phantoms; scan methodology and training of 

radiology technicians were standardised; and the regression models were adjusted for region 

of enrolment. Also, our analysis was cross-sectional; consequently, results provide no 

evidence for temporal relationships and may be influenced by selection bias resulting from 

eligibility criteria and screening processes.

In addition, the definition of osteoporosis by T-score <-2.5 is validated only for 

postmenopausal women and men over the age of 50 years, through large studies that 

correlate BMD to fracture risk. Our population is substantially younger; no data are 

available that tie T-scores or Z-scores to bone quality and fracture risk for this young 

population. The NOF suggests that BMD in younger adults should be interpreted using Z-

scores, which compare BMD to an age, gender and race-adjusted cohort rather than peak 

BMD for white women. In our study population, 11.4% of participants have Z-scores < -2, 

the cutoff recommended by NOF.

While the majority of studies have reported that HIV is a risk factor for low BMD, debate 

continues as to whether HIV is an independent risk factor or if its effect is mediated through 

other associations with HIV, namely lower BMI (36). There is increasing evidence that after 

adjustment for demographic and lifestyle factors and BMI, HIV is an independent risk factor 

for low BMD (35). The planned longitudinal follow-up of these geographically and racially 

diverse participants, randomised to immediate ART versus deferred ART in the START 

study, provides a unique opportunity to understand the natural history of untreated HIV 

versus that of treated HIV on bone mass and incident fractures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Associations of baseline factors with BMD measured at the lumbar spine (L1-L4), total hip 

and femoral neck. Estimated coefficients from multivariable linear regression models are 

presented with 95% confidence intervals; factors with p-values ≤ 0.05 are independently 

associated with BMD.

Abbreviations: BMD=bone mineral density; BMI=body mass index; CI=confidence interval; 

coef.=regression coefficient; eGFR=estimated glomerular filtration rate; 

NSAID=nonsteroidal anti-inflammatory drug.

Footnote:

Multivariable models were determined by backwards variable selection, and factors with p-

values >0.10 were excluded from the final models; the following factors were investigated 

but were not significant (excluded by the variable selection procedure or p>0.05): scanner 

type (Hologic or GE Lunar); season of enrolment; current smoking, liver disease, hepatitis B 

or C, alcohol or recreational drug use; use of vitamin D3, hormone replacement therapy, 

proton pump inhibitors; CD4 cell count, nadir CD4 cell count, CD8 cell count, log10 plasma 

HIV viral load; total cholesterol, haemoglobin, alkaline phosphatase, and proteinuria by 

urine dipstick. Age, sex, menopause status, race/ethnicity and geographical region were 

included a priori in all models. In addition to the displayed variables, the model for total hip 

BMD was adjusted for baseline CD4 and nadir CD4 cell counts (p=0.09 for each) and 

baseline eGFR (p=0.07).
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Table 2

Bone mineral density, T-scores and Z-scores by geographic location.

Characteristic Total South America Asia Australia and Europe South Africa United States p-value

n 423 163 128 70 46 16

Spine (L1 to L4)

    BMD (g/cm2) 1.02 (0.13) 1.04 1.00 1.04 1.01 1.06 0.09

    T-score −0.21 (1.20) −0.07 −0.44 −0.07 −0.35 0.14 0.09

    Z-score −0.54 (1.22) −0.48 −0.61 −0.31 −1.02 −0.31 0.002

Total hip

    BMD (g/cm2) 0.96 (0.13) 0.97 0.92 0.97 1.01 1.03 <0.001

    T-score 0.17 (1.06) 0.23 −0.16 0.23 0.57 0.73 <0.001

    Z-score −0.36 (0.88) −0.46 −0.47 −0.20 −0.10 0.04 0.14

Femoral neck

    BMD (g/cm2) 0.85 (0.13) 0.86 0.82 0.83 0.89 0.93 <0.001

    T-score 0.00 (1.16) 0.11 −0.23 −0.20 0.35 0.77 <0.001

    Z-score −0.41 (0.94) −0.54 −0.42 −0.32 −0.26 0.12 0.16

Low BMD
a
 (%)

18.8 17.9 28.9 14.5 6.5 0.0 <0.001

Low BMD
b
 (%)

35.1 32.7 45.3 27.1 30.4 25.0 0.04

Osteoporosis
c
 (%)

0.5 0.0 0.8 1.4 0.0 0.0 0.85

Osteoporosis
d
 (%)

1.9 1.9 1.6 2.9 2.2 0.0 0.93

Values are mean (SD) unless shown as percentages. P-values are adjusted for age category, sex and menopausal status. T-scores are relative to 
young adult white women. Z-scores are age, sex and race matched.

Abbreviations: BMD = Bone mineral density; SD = standard deviation.

a
% with femoral neck T-score < −1.0

b
% with femoral neck, total hip or lumbar spine (L1 to L4) T-score < −1.0

c
% with femoral neck T-score < −2.5

d
% with femoral neck, total hip or lumbar spine (L1 to L4) T-score < −2.5
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