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Abstract 
Decreased bone mineral density (BMD) and osteoporotic fractures are areas of increasing concern 
among HIV-infected persons. Particular concern is the rapid decline in BMD after initiation of 
antiretroviral treatment (ART). This report describes DEXA-assessed changes in BMD and body fat 
in a study of fifteen antiretroviral-naïve adults initiating abacavir/lamivudine and raltegravir for 
96 weeks. Median percent changes from baseline at weeks 48 and 96 in BMD were 0.29% and 
−0.11% (spine); −1.25% and −1.75% (left hip). Median percent changes from baseline in fat from 
baseline were −0.82% and −3.04% (trunk); 2.12% and 2.01% (limb). In this pilot study, ABC/3TC 
+ RAL treatment had limited impact on BMD and body fat. 
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1. Introduction 
There is a growing concern about the risks of decreased bone mineral density [1] and osteoporotic fractures [2] 
[3] among HIV-infected persons. Among multiple risk factors, some antiretroviral medications have been im-
plicated in reduction in bone mineral density (BMD) [4] [5] or bone fracture [6] [7]. Of note, a rapid decline in 
BMD has been observed after the initiation of antiretroviral treatments [8]. 

2. Review 
Previously in this journal, we reported the 48- and 96-week results of an open-label, prospective, pilot trial of 
abacavir/lamivudine (ABC/3TC) and the integrase strand transfer inhibitor (INSTI) raltegravir (RAL) in HIV-1- 
infected, antiretroviral (ART)-naïve adults (COL111429, the SHIELD Study) [9] [10]. In the SHIELD study, 
ABC/3TC + RAL demonstrated durable virologic suppression through week 96 in those patients who remained 
on treatment and was generally well tolerated with little toxicity reported. RAL is a preferred antiretroviral agent 
in current US Department of Health and Human Services guidelines for the initial treatment of HIV-1 infected 
adults and ABC + 3TC + RAL has been added to the list of alternate regimens [4]. While a growing body of lit- 
erature has reported on the impact of nucleoside reverse transcriptase inhibitors, including impact of ABC/3TC 
and TDF/FTC on BMD, there is a paucity of data on the effects of raltegravir on BMD and none with the ABC/ 
3TC + RAL combination. This publication reports the changes in bone mineral density in a subset of SHIELD 
subjects. 

SHIELD included HIV-1-infected individuals who were ≥18 years of age, ART-naïve, HLA-B * 5701-nega- 
tive, and had screening HIV-1 RNA > 1000 copies/mL within 21 days prior to study enrollment. Inclusion and 
exclusion criteria are detailed in the 48-week report [9] and all patients provided written informed consent. En- 
rolled patients were given coformulated ABC/3TC 600 mg/300 mg (Epzicom®, GlaxoSmithKline, Research 
Triangle Park, NC) dosed 1 tablet once daily and RAL 400 mg (Isentress®, Merck & Co., Inc., Whitehouse Sta- 
tion, NJ) dosed 1 tablet twice daily. Subjects from a single site underwent BMD and body composition meas- 
urement by DEXA (GE Lunar Podigy 1RDF + 15700) at baseline and weeks 48 and 96. All laboratory tests 
were performed at a central laboratory by Quest Diagnostics (Van Nuys, California, USA). 

The majority of the 15 patients enrolled in this sub-study were white (87%) and male (93%). Their mean age 
(SD) was 39.5 (9.8) years and mean weight was 85.5 (14.9) kg. Mean height was 180.5 (8.9) cm and mean BMI 
was 26.4 (5.6). The baseline demographics and patient characteristics of this group are shown in Table 1 and is 
similar to the entire SHIELD cohort, as previously reported [9]. 

Fourteen of 15 subjects completed week 96 of the study. At week 96, HIV-1 RNA was <50 copies/mL in 93% 
(14/15) of patients using an MD = F analysis. One patient experienced confirmed virologic failure and discon- 
tinued from the study at week 48. This individual was later found to have been infected with virus resistant to 
four drug classes and has been reported in detail elsewhere [11]. As was seen in the entire SHIELD cohort, im- 
munologic results were robust, with a median change from baseline in CD4 cell count of +207 cells/mm3 at 
week 48 (n = 15) and +291 cells/mm3 at week 96 (n = 14).  

In this study, limited changes in the median bone mineral density at the spine (total) and left hip, and trunk 
and limb total body fat were observed (Figure 1, Table 2). Median percent change from baseline in spine BMD 
increased by 0.29% at week 48 and decreased by −0.11% at week 96. Median percent change from baseline in 
left hip BMD decreased by −1.25% at week 48 and decreased by −1.75% at week 96. Median changes from 
baseline in T-score at 48 and 96weeks were 0.0 and 0.0 for the spine and −0.10 and −0.15 for the left hip. Trunk 
fat median percent changes from baseline were −0.82% at week 48 and −3.04% at week 96. Limb total fat me- 
dian percent changes from baseline were 2.12% at week 48 and 2.01% at week 96. 

One fracture reported among the fifteen subjects. This subject had fractured ribs, associated with trauma un- 
related to study medications.  

A number of prospective clinical trials have evaluated changes in bone mineral density among individuals ini- 
tiating antiretroviral therapy. Greater decreases in spine and hip BMD through 96 weeks in participants random- 
ized to receive TDF-FTC compared to ABC-3TC in the A5224s study (substudy of ACTG A5202) [4] in which 
269 HIV-infected, treatment naïve participants were randomized to receive ABC/3TC or TDF-FTC with 
efavirenz (EFV) or atazanavir plus ritonavir (ATV/r). A greater bone loss predicted by lower bone formation 
and lower fat mass was reported in patients receiving TDF-FTC than those receiving ABC-3TC through 96 
weeks in the STEAL study [12]. In another study, switching from zidovudine/lamivudine (ZDV/3TC) to TDF/  
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Table 1. Baseline patient demographics, characteristics, and medical history.                                        

 N = 15 

Median age, years (range) 41.0 (25 - 55) 

Sex, n (%)  

Female 1 (7%) 

Male 14 (93%) 

Race, n (%)  

African American/African Heritage 2 (13%) 

White/Caucasian/European Heritage 13 (87%) 

Ethnicity, n (%)  

Hispanic or Latino 1 (7%) 

Not Hispanic or Latino 14 (93%) 

Median plasma HIV-1 RNA, log10 copies/mL (IQR) 4.857 (4.243 - 5.124) 

<100,000 copies/mL, n (%) 10 (67%) 

≥100,000 copies/mL, n (%) 5 (33%) 

Median CD4 cell count, cells/mm3 (IQR) 322 (264 - 413) 

<50 cells/mm3, n (%) 1 (7%) 

≥200 cells/mm3, n (%) 14 (93%) 

Adult CDC classifications for HIV infection, n (%)  

Category A 13 (87%) 

Category B 2 (13%) 

Median BMI* (range) 25.9 (19 - 36) 

Weight status based on BMI  

Normal, 18.5 ≤ BMI < 25, n (%) 7 (47%) 

Overweight, 25 ≤ BMI < 30, n (%) 4 (27%) 

Obese, ≥30, n (%) 4 (27%) 

Tobacco Use, n (%)**  

Current smoker 4 (27%) 

Current smoker 2 (13%) 

Never smoked 9 (60%) 

Diabetes Type II, n (%)  

Current condition 1 (7%) 

Past history 1 (7%) 

No history or condition 13 (87%) 

Family history of heart attack/stroke, n (%)  

No 11 (73%) 

Yes 4 (27%) 

Median Weight (kg) (range) 80.9 (59 - 111) 

Median Height (cm) (range) 178.0 (173 - 206) 

Exercise History  

Often or very often 8 (53%) 

Sometimes 5 (33%) 

Seldom or never 2 (13%) 

Spine Total BMD (g/cm2)  
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Continued 

Median (IQR) 1.29 (1.17 - 1.39) 

Spine Total T-score  

Median (IQR) 0.60 (−0.40 - 1.50) 

Spine Total Z-score  

Median (IQR) 0.30 (−0.50 - 1.00) 

Left Hip BMD (g/cm2)  

Median (IQR) 1.09 (0.99 - 1.16) 

Left Hip T-score  

Median (IQR) 0.30 (−0.70 - 0.40) 

Left Hip Z-score  

Median (IQR) −0.10 (−0.60 - 0.70) 

Right Hip BMD (g/cm2)  

Median (IQR) 1.11 (0.99 - 1.17) 

Right Hip T-score  

Median (IQR) 0.30 (−0.70 - 0.50) 

Right Hip Z-score  

Median (IQR) −0.10 (−0.70 - 0.50) 

Abbreviations: BMI, body mass index; IQR, interquartile range; SD, standard deviation; *BMI = weight (kg)/height (m)2; **Percentages do not add to 
100% due to rounding. 
 

 
 

Figure 1. Box plots of DEXA measurements by body region and visit—median percent change from baseline.              
 
FTC regimen resulted in increased bone turnover markers and decreased BMD through 48 weeks compared to 
ABC-3TC switch [13]. In the ASSERT study, ART-naïve, immunodeficient, young (mean age 37 years old), 
ethnically diverse participants treated with TDF-FTC compared with ABC-3TC experienced greater increases in 
bone turnover and decreases in BMD at 48 weeks [14]. 

Other studies report changes in BMD of participants randomized to receive RALin antiretroviral combina- 
tions. In the PROGRESS study, ART-naive participants randomized to receive lopinavir/ritonavir (LPV/r) plus  
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Table 2. Changes in BMD and total body fat by body region over time.                                             

Median Percent Changes in BMD and Total Body Fat by Body Region Over Time1 

Weeks 
Percent Change in 
Spine Total BMD 
(%) Median (IQR) 

Percent Change in 
Left Hip BMD (%) 

Median (IQR) 

Percent Change in Trunk Body 
Fat (%) Median (IQR) 

Percent Change in Limb 
Total Body Fat (%)  

Median (IQR) 

0 - 48 0.29 (−1.8 - 2.1) −1.25 (−2.5- 0.2) −0.82 (−5.8 - 15.2) 2.12 (−4.8 - 15.8) 

0 - 96 −0.11 (−2.6 - 2.1) −1.75 (−2.5 - 0.2) −3.04 (−37.3 - 10.9) 2.01 (−13.9 - 21.1) 

Median Changes in BMD (grams/cm2) and Total Body Fat (grams) by Body Region Over Time1 

Time Spine Total BMD 
Median (IQR) 

Left Hip BMD  
Median (IQR) 

Trunk Body Fat Trunk  
Body Fat 

Limb Total Body Fat  
Median (IQR) 

Baseline/Day 1 1.29 (1.17 - 1.39) 1.09 (0.99 - 1.16) 15421.00 (10556.0 - 20180.0) 8413.00 (6643.0 - 12184.0) 

Week 48 1.31 (1.15-1.36) 1.10 (1.00 - 1.15) 17214.00 (8288.00 - 23285.0) 8591.00 (6241.0 - 13819.0) 

Week 96 1.31 (1.17-1.34) 1.09 (0.98 - 1.17) 12413.50 (6619.0 - 19996..0) 8477.00 (6154.0 - 9098.0) 
1At Baseline and Week 48, n = 15; at week 96, n = 14. 
 
TDF/FTC demonstrated at 96 weeks a −2.48% mean percent decrease in BMD from baseline (p < 0.001) com-
pared with a 0.68% decrease in BMD in ART-naive participants randomized to receive LPV/r plus RAL [15]. 
Increases in peripheral fat, but not trunk fat were observed in the LPV/r plus RAL patients. In the KITE study, 
virologically suppressed HIV-infected patients who were switched from standard highly active ART to a nu-
cleoside reverse transcriptase inhibitor (NRTI) sparing combination of LPV/r and RAL showed no differences 
between the regimens in BMD, total body fat composition, creatinine clearance or CD4 Tcell counts at week 48 
[16]. 

3. Conclusions 
The conclusions of this study are limited by the non-comparative nature and small sample size inherent to pilot 
studies. Subjects in this analysis were largely healthy men with normal baseline BMI, perhaps minimizing their 
non-HIV risk factors for loss of BMD notwithstanding these limitations. This study provides an exploratory look 
at changes in bone mineral density in antiretroviral-naïve HIV-1 infected patients taking ABC/3TC + RAL. 

In this pilot study of therapy naïve individuals, ABC/3TC + RAL treatment appears to have limited impact on 
BMD and body fat through 96 weeks. ABC/3TC + RAL demonstrated durable virologic suppression and was 
generally well tolerated in those patients who remained on treatment through week 96. The results of this study, 
though limited by a small sample size and single-arm design, suggest the effectiveness and safety of ABC/3TC 
with an INSTI. This combination should be tested in a larger, randomized trial. 
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