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Abstract
Background—Osteopenia is common in the era of effective antiretroviral therapy (ART), yet
the etiology is unclear. We evaluated the association of host factors, disease severity and ART to
changes in total body bone mineral density (Total BMD) over time in HIV-infected men (n=283)
and women (n=96).
Methods—Total BMD was measured annually by whole body dual energy absorptiometry
(DXA) and medical, dietary and behavioral history was collected. The median time from first to
last DXA was 2.5 years (range 0.9 to 6.8). Using a repeated measures regression model, we
identified variables independently associated with percent change in Total BMD between
consecutive DXA exams (n=799 intervals), adjusted for age, race, sex, menopause and smoking.
We estimated percent change in Total BMD over an average interval (one year) standardized for
representative levels of each determinant in males, pre- and post-menopausal women.
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Results—Median baseline age, CD4 and viral load were 42 years, 364 cells/mm3 and 2.7 log10
copies/ml, respectively. The estimated change in Total BMD for those not on ART was −0.37%/yr
(95%CI −0.76, −0.02) for men, −0.08%/yr (95%CI −0.49, 0.33) for pre-menopausal women and
−1.07%/yr (95%CI −1.86, −0.28) for post-menopausal women. Greater loss of Total BMD was
associated with lower albumin, lower BMI, prednisone/hydrocortisone use, tenofovir use and
longer duration of ddI. Strength training and long duration of d4T and saquinavir prevented or
mitigated bone loss. For those on ART for 3 years (not including the above agents), the rate of loss
was −0.57%/yr (95%CI −1.00, −0.14) for men, −0.28% (95%CI −0.71, 0.15 ) for pre-menopausal
women and −1.27% (95%CI −2.07, −0.47) for post menopausal women. Post-menopausal women
had greater loss than pre-menopausal women and men.
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Conclusion—Low body weight, low albumin, catabolic steroid use and menopause may
accelerate bone loss, and strength training may be protective. Tenofovir and ddI may also have a
deleterious effect on BMD.

INTRODUCTION
Low bone mineral density is frequently observed among HIV-infected adults and
children 1, 2 . The etiology is poorly understood and probably multifactorial. The long-term
clinical outcomes are not known. Most cases of bone loss in HIV-infected individuals result
in mild osteopenia; osteoporosis is less prevalent 3-6 . As HIV-infected patients live longer
due to more effective anti-retroviral therapy (ART), they are exposed to numerous factors
over time which may have an impact on bone mineral density (BMD), including traditional
risk factors (aging, genetic predisposition, menopause, low calcium and vitamin D intake
and low sun exposure, lack of weight-bearing exercise, smoking, catabolic steroid use,
weight change) and HIV-associated factors (chronic HIV infection, various and changing
treatment regimens).
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Cross-sectional studies in HIV-infected adults show conflicting results regarding the
association of low BMD with ART 3, 7-14 . Most of these studies selected specific patient
groups based on current treatment regimen, wasting or lipodystrophy status, making it
difficult to compare across studies or to generalize across HIV-infected subgroups. In
addition, the cross-sectional design of these studies makes it impossible to know for certain
if the risk factors preceded the bone loss.
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Our understanding of the independent effects of host factors, medications and HIV disease
factors is limited by the lack of prospective studies in men and women with careful control
for confounding by host factors. Few studies have a baseline measure of BMD before
treatment. In one clinical trial, ART naïve patients randomized to tenofovir-based highly
active antiretroviral therapy (HAART) had a greater decrease in lumbar spine BMD over
time compared to patients on d4T based HAART 13 . A few other studies examined change
in BMD or bone mineral content (BMC) over time. Mondy et al. followed patients for 72
weeks and found an overall increase in lumbar spine (2.6%) and hip (2.4%) BMD among
those with undetectable HIV viral load and with greater increases in CD4 count, but no
difference by protease inhibitor (PI) - compared to non-nucleoside reverse transcriptase
inhibitor (NNRTI)-based HAART 15 . Other studies have found decreasing BMD in patients
on dual nucleoside reverse transcriptase inhibitor (NRTI) 16 , stable BMD among patients
using nelfinavir-containing HAART 13 and slightly increasing BMD among patients using
indinavir-containing HAART 13 . Dolan et al. found lower baseline BMD in HIV–infected
compared to HIV-negative persons, but a similar rate of change over time between the
groups 17 . McDermott et al. found decreases in extremity BMC in PI-based HAART users
and increases in those on nelfinavir. Decreases in trunk BMC were observed among those on
zidovudine and increases in those on d4T 18 . Finally, tenofovir is associated with bone
loss 19, 202122 .
To better understand the evolution and predictors of change in BMD over time, we followed
a heterogeneous cohort of HIV-infected men and women in the Nutrition for Healthy Living
Study (NFHL) for a median of 2.5 years (range 0.9 to 6.8). We performed annual
assessments of Total Body BMD by dual energy x-ray densitometry (DXA) and semi-annual
measurements of demographics, disease severity, body mass index (BMI), physical activity,
steroid use, ART and dietary intake.
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METHODS
Study Participants
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NFHL is a longitudinal cohort of HIV-infected adults (18 years or older) living in
Massachusetts or Rhode Island, USA as previously reported23-2526, 27 . Those included in
this analysis were seen between August 1996 and September 2003. The Institutional Review
Boards at Tufts University School of Medicine and Miriam Hospital, Rhode Island approved
this study and written informed consent was obtained from each participant. Participants
were seen semi-annually for all data collection except DXA which was annual.
Interview Data
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Data on demographics, dietary intake, HIV-related clinical events, ART and steroid use
(prednisone/hydrocortisone, testosterone and growth hormone) were collected by trained
interviewers and nutritionists 28 . Doses were not collected on medications. Participants
were able to select more than one category to define their race. If at least one of the selected
categories was black, they were categorized as African American. If they only selected
white they were categorized as “white”. All other categories were combined as “other”.
Injection drug use (IDU) was dichotomized as ever vs. never and smoking was defined as
current vs. not current. We determined which participants were living below the U.S.
Federal poverty level (yes/no) based on household income 29 . Daily caloric intake, protein,
calcium and vitamin D consumption, including supplements, were determined from threeday food records using the Minnesota Nutrition Data System Version 4.06_34. If a three-day
food record was not kept, a 24-hour food recall was obtained by a trained nutritionist. We
assessed strength training over the past 7 days using the Physical Activity Recall
instrument 30 . “Strength training” was defined as any strength training in the last week.
Laboratory Data
HIV RNA (log10 copies/ml) was measured by the Roche Amplicor Monitor reverse
transcriptase PCR assay (Roche Molecular Systems, Somerville, NJ), with a lower detection
limit of 400 copies/ml.
Physical Examination
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Subjects were weighed (kg) fully dressed, but without shoes, heavy clothing or objects,
before eating or drinking (minimum 5 hour fast). Height (cm) was measured without shoes
by stadiometer. BMI was calculated as weight divided by height squared (kg/m2). Wasting
was defined as: BMI <20 kg/m2, weight loss > 10% body weight since enrollment or weight
loss > 5% body weight maintained at least 6 months. Ever wasting was any episode of
wasting since entering the study.
Dual X-ray absorptiometry (DXA)
Yearly DXA scans were performed on the Hologic QDR-2000 machine (Hologic, Waltham,
MA). Hologic 2000 software computed total body bone mineral density (Total BMD, gm/
cm2).
Analysis
Baseline analysis: Baseline characteristics are described using the median (25th, 75th) for
continuous variables and the number (%) for categorical variables by sex. Total BMD at
baseline was calculated at the median age for men, pre-menopausal women, and menopausal
women by race (Caucasian/Asian, African American).
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Interval analysis
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Unit of analysis - DXA interval: For each participant, consecutive DXA visits were paired
to form DXA intervals. For example, first to second DXA, second to third DXA, etc. The
length of time within each DXA interval was determined. For this analysis, all intervals
ranging from 9 to 24 months were included on all participants, and longer or shorter
intervals were excluded. Thus, each participant with >1 DXA interval (at least two DXA
visits) that conformed to the above criteria was included. Two intervals were excluded
because strength training was missing. We report participant characteristics at the beginning
of the first DXA interval (Baseline) in Tables 1a and 1b.
Dependent variable (outcome): The dependent variable was the percent change in total
BMD across a DXA interval. It was calculated as: (Total BMD at the end of the interval
minus Total BMD at the beginning of the interval)/Total BMD at the beginning of the
interval.
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Independent variables: We evaluated several variables for their relationship to the outcome
(percent change in Total BMD). These variables were measured at the beginning of a DXA
interval. The variables were menopause (pre and post menopausal), disease severity (HIV
viral load, CD4, albumin), dietary intake (calcium, vitamin D) with and without
supplements, body composition (BMI, weight loss), exercise (strength training), prednisone/
hydrocortisone, testosterone/growth hormone and use of HAART or any ART. Each woman
was asked “Have you been through menopause (the change of life).” If the answer was
“yes” she was categorized as post-menopausal, if the answer was “no” she was categorized
as pre-menopausal. She was also asked if she had had a hysterectomy (yes/no). We made
two dummy variables to compare males to pre-menopausal women and to compare postmenopausal women to pre-menopausal women. Thus, pre-menopausal women were the
reference group. Each ART agent was examined as months of continuous use up until the
beginning of the interval. The beginning of continuous use of an ART agent may have
begun before the baseline visit and thus continuous use is the total of use from baseline until
the beginning of the interval plus use before the study began if it was uninterrupted at
baseline. HAART was defined as use of at least three medications from two or more classes
(NRTI, NNRT, PI).
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Repeated Measures Analysis of Change in Total BMD: We evaluated the association
between each independent variable and the outcome using generalized estimating equations
(GEE) for repeated measures regression analysis because there are multiple records per
person. The Toeplitz 2 covariance structure was used because the outcome is change. The
basic models contained the determinant of interest and they were adjusted for the dummy
variables of male and post-menopausal women (pre-menopausal women was the reference
group) and time in interval (time between DXA visits). The robust variance was used to
calculate 95% confidence intervals (95% CI). Significant variables at P<0.20 in the basic
models were entered into multivariate models. The final multivariate model included
significant variables at P<0.05 plus time between DXA visits, age, race, the male and
menopause dummy variables, smoking and number of years on “other ART”. “Other ART”
indicates the maximum time of all the other ART agents that a participant was taking, not
including the ones in the multivariate model. This term was included because patients are
rarely on one agent alone. All analyses were performed in SAS 9.2 (SAS Institute, Carey
NC). The assumption of linearity between each continuous determinant (CD4, viral load,
albumin, BMI, duration of each ART) and the outcome (percent change in Total BMD) was
assessed using restricted cubic splines 31 . Since none of these variables had large deviations
from normality there were used as continuous variables. A missing indicator was used for
albumin and menopause, for which there were 35 and 18 intervals missing, respectively.
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Two additional variables were included, one for catabolic steroid use (hydrocortisone,
prednisone) and one for anabolic steroids (testosterone, growth hormone).
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Estimates of change in Total BMD: For the basic models, we estimated the percent change
in Total BMD over 12 months at selected levels of the determinant of interest. For example,
the estimate for strength training in males from the basic model is %change in Total BMD =
intercept + β1time in interval + β2 Male + β3strength training. For the multivariate model, we
estimated the percent change in Total BMD for selected levels of all variables of interest in
the model, adjusted for age, race and smoking, the male and post-menopausal women
dummy variables and time on other ART. All estimates assume three years of “other ART”
use and were calculated separately for males, pre-menopausal women, and post-menopausal
women. Age, BMI and albumin were mean-centered at 45 years, 25 kg/m2 and 4.0 g/dl,
respectively, so that the intercept for each model reflects the mean value, not zero, for each
of these variables. For example the estimate for a male on d4T would be %change in Total
BMD = intercept + β1(time in interval=1 year) + β2 age + β3African American + β4male +
β5smoker + β6albumin + β7strength training + β8BMI + β9 Time on d4T + β10 Time on
Other ART. For race, smoking status and strength training we used the values for Caucasian
(African American =0), smoker=0, strength training=0 for all estimates, except when we
made estimates for strength training we then used the value 1 for strength training. For
estimates of men, pre-menopausal females and post-menopausal females, age was specified
as 45, 40 and 51, respectively, based on the median age in each group over all of the
intervals. The p-values given in Tables 2 and 3 test the hypothesis that there is no
association between change in total BMD and the continuous or categorical row variable,
using the robust Wald test. For some ART agents, strength training and types of steroid use,
there were few or no pre-menopausal or post-menopausal women who used the agent or
practiced strength training. In those cases, no estimate was given in Tables 2 or 3 for the
variable.

RESULTS
Participant characteristics
A total of 799 intervals were available for 379 individuals. The median (25th, 75th) number
of intervals included per person was 2 (1,3), range 1-6. The date at the beginning of the first
interval ranged from August 1996 until August 2002. The median (25th, 75th) number of
months within the DXA intervals was 12.8 [12.0, 16.5]. The median total time of follow-up
from first DXA visit to last DXA visit was 2.5 years (IQR 1.2, 3.8; range 0.9, 6.8).
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There were 283 men, 76 pre-menopausal women and 20 post-menopausal women in the
study with a median age of 43, 38 and 49, respectively. Three of the 20 post-menopausal
women became post-menopausal during follow-up and 8 of 20 reported ever having a
hysterectomy. Nine pre-menopausal women reported ever having a hysterectomy. Compared
to women in this study, men were older, more likely to be white, less likely to be obese,
reported higher intakes of calories, calcium and vitamin D and had lower CD4 cell counts
(Table 1a). Intake was inadequate for vitamin D (< 10mcg) and calcium (< 1000 mg) for
43% and 46% of men, 63% and 71% of pre-menopausal women and 53% and 82% of postmenopausal women, respectively. At the end of follow-up (data not shown), the median age
of the post-menopausal women, premenopausal women and men in our cohort was 51, 41,
and 46 years, respectively. Use and duration of use until the beginning of the first DXA
interval is shown in Table 1b for different ART agents and HAART regimens, stratified by
sex,
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Total BMD at baseline by sex, race and menopausal status

NIH-PA Author Manuscript

At baseline, the estimated total BMD was 1.12 gm/cm2 for Non-African American men
(includes Caucasian, Hispanic and Asian) and 1.20 gm/cm2 for African American men (P <
0.0001) data not shown . For pre-menopausal women, total BMD was 1.09 gm/cm2 for NonAfrican American women and 1.13 gm/cm2 for African American women (P=0.04). Finally,
among post-menopausal women total BMD was 1.04 for Non-African American women and
1.08 gm/cm2 for African American women (P=0.41).
Estimates of percent change in Total BMD over DXA intervals by sex and menopausal
status
Basic estimates—Estimates of the percent change in Total BMD over one year are
shown in Table 2 for each selected level of the determinant in each basic model. They are
presented for men, pre-menopausal women and post-menopausal women separately.
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Multivariate Estimates—Estimates of the percent change in Total BMD over one year
for selected levels of each determinant in the multivariate model adjusted for time in
interval, age, race, smoking and the sex and menopausal dummy variables, are shown in
Table 3. Total BMD did not vary significantly by age, race, and time in the interval after
adjusting for other variables. Pre-menopausal women tended to have less bone loss than men
(P=0.065) while post-menopausal women lost almost three times the BMD than premenopausal women (P=0.012). For example, for participants on “other ART” for at least
three years, on average men lost −0.57% (95% CI −1.00, −0.14), pre-menopausal women
lost −0.28%/yr (95% CI −0.71, −0.15) and post-menopausal women lost −1.27%/yr (95% CI
−2.07, −0.47). P values for all other variables of interest are shown in Table 3. There were
no significant interactions between sex or menopausal status and other terms in the model.
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The adjusted estimates described in this paragraph are for men and the estimates for women
can be seen in Table 3. Higher albumin, higher BMI and strength training were associated
with less bone loss, after adjusting for other determinants of change in BMD. For example,
the estimated one year percent change in total BMD in a male with an albumin level of 3.5
mg/dL was −0.76%/yr (95% CI −1.23, −0.30) and −0.57%/yr (95% CI −1.00, −0.14) for a
albumin of 4.0 mg/dL. For men with BMI of 20, 25 and 30, the estimated percent change in
Total BMD was −0.78%/yr (95% CI −1.21, −0.36), −0.57%/yr (95% CI −1.00, −0.14) and
−0.36%/yr (95% CI −0.85, 0.13), respectively. On average, men who practiced strength
training had stable BMD (−0.15%/yr , 95%CI −0.52, 0.21) while those who did not practice
strength training had a decrease in Total BMD (−0.57%/yr, 95%CI −1.00%, −0.14%). Men
on no ART had a decline in BMD −0.37%/yr (95% CI −0.76%, −0.02%). Men on
prednisone/hydrocortisone lost two times the amount of BMD than non-users. Decreases in
Total BMD were greater with increasing time on ddI and with tenofovir use. Use vs. non-use
of tenofovir (P=0.003) was included in the model as it was more significant than duration of
use (P=0.10). The estimated percent change in Total BMD in men was −0.84%/yr (95% CI
−1.32, −0.35) for men on ddI for one year and −1.37%/yr (95% CI −2.10, −0.64) for men on
ddI for 3 years. The estimated change in Total BMD for men on tenofovir was −2.04% (95%
CI −3.00, −1.08). In contrast, long durations of d4T and saquinavir were associated with less
loss in Total BMD.
Most participants who were on these agents at the beginning of the interval, were on it
throughout the interval (Percent on throughout interval): d4T (65%), tenofovir (77.3%),
saquinavir (71.3%), ddI (69.4%). There was no significant difference in the percent change
in Total BMD by CD4 cell count, HIV viral load, years known HIV-infected, smoking,
testosterone/growth hormone, calcium or vitamin D intake, hormonal contraceptive use or
other individual ART.
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DISCUSSION
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In this study, we followed an ethnically diverse group of HIV-infected men and women to
study the effect of various treatment regimens on change in Total Body BMD over time with
detailed adjustment for known risk factors. There were three main findings. First, postmenopausal women had more bone loss than pre-menopausal women or men. Second,
higher albumin, higher BMI and strength training were all associated with less bone loss.
Third, use of tenofovir, ddI or catabolic steroids was associated with more loss and use of
d4T or saquinavir was associated with less loss, compared with non-users. Markers of HIV
disease severity (lower CD4 cell count, higher HIV viral load), history of wasting, dietary
intake of calcium, testosterone/growth hormone, smoking and race were not independently
associated with changes in bone mineral density.
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Many of the important risk factors for loss of BMD in our cohort are established risk factors
for bone loss in the general population. These include menopause, low BMI, lack of strength
training and prednisone/hydrocortisone use. In the general population, peak bone mass is
achieved between 20 and 25 years of age in both sexes 32 and decreases slowly after 35
years of age 33 with accelerated loss during the peri-menopausal years 33, 34 . Menopausal
women had greater loss than pre-menopausal women and men in our cohort. In contrast,
men tended to have more loss than women who had not reached menopause and less bone
loss than post-menopausal women. With larger numbers of pre-and post-menopausal women
we would have had more power to detect differences. The reasons for suggested differences
are not clear. The premenopausal women were on average five years younger than the men.
Many of these are probably not peri-menopausal. Age was not an independent risk factors
and the rate of change over time did not differ across race. For each sex, total BMD was
higher in African Americans compared to other races. This corresponds to population
surveys, in which blacks have higher BMD than other races. Blacks also have a lower rate of
hip fracture than whites, Hispanics and Asians 35 . We did not have data on fractures.
A recent meta-analysis in HIV, showed that much of the difference in BMD between HIVpositives and HIV-negatives disappeared after adjustment for weight36 . In the general
population, positive correlations of BMD with weight, frame size 37 or BMI 33, 38 are
thought to be largely due to the effect of mechanical force on bone formation. Within our
HIV-infected patients, BMI was an important factor for bone loss, but a past episode of
wasting did not predict future bone loss. While wasting still occurs in HAART users 39, 40 ,
episodes of wasting are less severe and may explain the lack of association in our study 41 .
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Exercise training of various types among persons with HIV, including aerobic exercise and
resistance exercise, has been shown to improve muscle mass 42, 43 , strength 44, 45 , physical
functioning 43, 46, 47 and a variety of cardiovascular and metabolic parameters 48 . This is the
first report that we are aware of that indicates that strength training may also reduce bone
loss in HIV-infected patients. Maintaining adequate weight and engaging in physical activity
may help to preserve and perhaps improve BMD in HIV-infected patients.
Participants who used catabolic steroids such as prednisone or hydrocortisone also had
greater bone loss than those who did not, while testosterone and growth hormone did not
explain gain in BMD. Vitamin D insufficiency is an important risk factor for
osteoporosis 49 . In our cohort, 43% of men, 63% of pre-menopausal women and 53% of
post-menopausal women had inadequate vitamin D intake. Low vitamin D intake was not a
significant predictor of bone loss in men (P=0.77) or women (p=0.11). Dietary and
supplement intake may not adequately reflect body levels, as HIV patients may have other
complications, such as malabsoprtion or chronic diarrhea, which may prevent absorption of
dietary nutrients, and renal disease may inhibit 1,25 vitamin D production. Moreover, there
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may not be enough variation in intake in either males or females in our cohort to detect an
effect on bone.
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Common markers of HIV disease severity, including CD4 and viral load, were not
predictive of bone loss in our cohort of HIV-infected adults. However, our patients with low
albumin were at increased risk of bone loss. This has been observed by others 50 . While the
mechanism is unclear, low albumin predicts decreasing CD4, development of AIDS and
death 51-56 and probably reflects a combination of factors including poor nutrition, liver
disease, concurrent infections and proinflammatory cytokines.
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There are few relevant animal studies or clinical trials showing the affect of specific
antiretroviral agents on bone mineralization. Our finding that participants on tenofovir had
greater decreases in Total BMD over time is supported by previous studies 19, 202122 . To
our knowledge there are no other reports of the potentially deleterious effects of ddI or the
potentially protective effects of saquinavir on BMD. There are a few studies on the
association between d4T and BMD. In a previous study in our cohort, McDermott et al.
observed increases in trunk BMC in those on d4T 18 . Gallant et al. reported decreases of
1.0% in the spine and 2.4% in the hip over three years21 in antiretroviral naïve patients who
began d4T based HAART. The authors did not comment on the statistical significance of
these estimates. We estimate a rate of approximately 0.3% increase over three years in total
body BMD in men using d4t for at least three years. In contrast, to the former study, our
participants were not anti-retroviral naïve. In addition, we could not determine why each
individual started, continued or discontinued a particular treatment. Finally, total body
BMD, which is primarily cortical bone, is less metabolically active and less sensitive to
acute changes in medication and health, compared to the spine BMD. Total BMD reflects
the longer term impact of risk factors and may change more slowly. Thus, factors associated
with hip and spine may differ from those that affect total BMD 57-59 . Future studies are
needed to understand how each bone site predicts fractures and health outcomes in this
population.
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Longitudinal studies offer a unique opportunity to examine changes in BMD over time.
Nevertheless, in contrast to a clinical trial, it is not always possible to disentangle the affects
of HIV disease and therapy in treatment-experienced patients. That is, patients may continue
an agent or switch to another agent based on CD4, viral load, viral resistance, agent-related
symptoms, metabolic disturbances or interaction with concomitant medications. Also, there
are counteracting effects. Sicker patients may be less physically active, have more weight
loss, increased cyotokine activity and hypogonadism, while healthier patients may
experience the metabolic side effect of specific ART, including mitochondrial toxicity. We
measured agent use prior to changes in BMD so we feel that temporal bias is unlikely to
explain our findings. In addition, in contrast to many studies in HIV we included variables
for disease activity, diet, exercise and steroid use. Some of the regimens in our analysis may
not be used to treat HIV disease today. Similar analyses in current cohorts will shed light on
the new ART agents. Finally, we lacked biochemical measures such as estrogen or
testosterone levels, markers of bone mineralization and chronic inflammation that may
further explain our findings.
Our findings suggest that in the context of HIV infection, maintaining adequate weight and
nutritional status and performing strength training exercises may help to combat HIVassociated bone loss. Overall, we observed small changes in total BMD and the risk of
fractures is not known. Further study is needed to assess the effects of individual antiretroviral medications on bone health, especially among post-menopausal women, and to
assess fracture rates. Patients on specific agents, such as tenofovir, ddI or catabolic steroids
may require close monitoring of BMD.
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Table 1a

Baseline characteristics of 379 HIV-infected men and women

NIH-PA Author Manuscript

Men (n=283)
Median

(25th, 75th)

42.7

(37.9, 47.6)

Women (n=96)
%

Median

(25th, 75th)

39.4

(35.3, 44.1)

%

Demographics
Age (years)
Race
White

59.4

34.4

African American

25.4

51.0

Other

15.2

14.6

Current smoker (%yes)

43.3

66.7

Ever injected drugs (%yes)

32.2

44.8

Years known HIV-positive

7.7

(4.4, 10.6)

7.7

(3.7, 10.1)

Clinical

NIH-PA Author Manuscript

Menopause

17.7

Hysterectomy

12.5

On Depo Provera or Norplant

2.1

On oral contraceptives

6.2

Prednisone/hydrocorticone use

3.2

Testosterone *

1.0

17.1

2.7

Strength training last week (%yes)

30.0

11.6

< 20

5.0

7.3

20-24.9

49.1

35.4

25-29.9

36.4

28.1

≥30

9.5

29.2

Body composition
BMI kg/m2

Dietary intake

NIH-PA Author Manuscript

Calories (kcal/kg/day)

36.2

(26.9, 44.3)

28.6

(23.8, 39.7)

Calcium (mg/day) †

1064

(682, 1534)

778

(501, 1019)

Vitamin D (mcg/day)†

11.8

(5.5, 17.5)

6.9

(4.0, 13.0)

CD4 count (cells/mm3)

334

(207, 551)

439

(271, 662)

HIV viral load (log10 copies/ml)

2.8

(2.3, 4.0)

2.3

(2.3, 3.8)

HIV disease severity

*

There were 61 males and 22 females who were missing data on testosterone. Two males were on testosterone and hydrocortisone.

†

Includes diet and supplement intake
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Table 1b

Frequency of anti-retroviral use at baseline in 379 HIV-infected men and women

NIH-PA Author Manuscript

Men (n=283)

Women (n=96)

ART
Users

Continuous months of use among users

Users

Continuous months of use among users

%

median

(25th, 75th)

%

median

(25th, 75th)

HAART

69.2

15

(8, 28)

60.6

12

(6, 24)

PI-based HAART

44.4

17

(8, 26)

37.2

12

(6, 24)

NNRTI-based HAART

13.3

12

(6, 24)

13.8

9

(7, 16)

MIXED HAART

8.6

6

(5, 16)

4.3

8

(6, 13)

NRTI-based HAART

2.9

2

(1, 19)

5.3

4

(2, 9)

abacavir

10.2

11

(8, 17)

7.3

6

(6, 8)

AZT

31.1

22

(11, 36)

31.2

17

(12, 28)

d4T

37.4

17

(8, 30)

30.2

16

(9, 24)

DDC

1.4

19

(10, 30)

5.2

12

(12, 48)

ddI

10.9

12

(6, 23)

13.5

12

(6, 24)

HAART REGIMENS

INDIVIDUAL MEDICATIONS
NRTI/NtRTI

NIH-PA Author Manuscript
NIH-PA Author Manuscript

Tenofovir

1.8

2

(1,2)

2.1

2

(1, 3)

3tC

59.7

20

(11, 36)

47.9

16

(9, 26)

Efavirenz

12.7

13

(6, 24)

10.4

7

(6, 18)

Nevirapine

10.9

10

(6, 16)

9.4

9

(8, 14)

Delavirdine

1.1

6

(6, 26)

1.0

15

-

Amprenavir

3.9

18

(16, 24)

3.1

6

(4, 6)

Indinavir

17.7

13

(7, 24)

19.8

12

(5, 24)

Kaletra

1.4

12

(10, 15)

2.1

5

(4,6)

Nelfinavir

20.1

12

(6, 24)

12.5

15

(7, 24)

Ritonavir

14.1

11

(5, 21)

4.2

13

(10, 14)

Saquinavir

12.4

12

(6, 23)

8.3

15

(13, 26)

NNRTI

PI
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Any prednisone/hydrocortisone

Any testosterone/growth hormone

Ever wasted since entry

Known years HIV + (yrs)

HIV (copies/ml)

CD4 count

(cells/mm3)

Albumin (gm/dL) ‡

Clinical

Current smoker

Race/ethnicity

No

Yes

No

Yes

No

Yes

10

5

≥ 400

< 400

500

200

4.0

3.5

No

Yes

Not Af. Amer.

0.01

0.50

0.12

0.16

0.55

0.28

0.003

0.38

0.03

−0.19

−0.99

−0.22

−0.08

−0.16

−0.54

−0.21

−0.10

−0.23

−0.14

−0.17

−0.25

−0.22

−0.47

−0.30

−0.17

−0.12

−0.42

−0.22

Af.Amer.

51

−0.14
−0.19

0.55

−0.19

Mean

−0.41, −0.02

−1.64, −0.35

−0.44, 0.006

−0.49, 0.33

−0.37, 0.06

−1.04, −0.04

−0.43, −0.003

−0.35, 0.15

−0.47, 0.005

−0.41, 0.13

−0.37, 0.04

−0.50, −0.0001

−0.43, −0.002

−0.76, −0.18

−0.60, 0.007

−0.39, 0.06

−0.34, 0.10

−0.71, −0.13

−0.44, −0.003

−0.41, 0.02

−0.44, 0.16

−0.41, 0.02

95% CI

Males
N=283, 603 intervals

45

35

0.08

0.02 **

P value ‡

Age‡ (yrs)

n/a

Level for estimation

Men vs. Pre-menop women

Post menop vs. Pre-menop women

Demographics

Determinant in Basic Model *†

0.0004

−0.38

−0.08

0.03

−0.85

0.004

−0.06

−0.14

0.007

−0.24

−0.16

−0.03

0.11

−0.19

−0.05

−0.03

0.12

Mean

−0.29, 0.29

−0.89, 0.13

−0.37, 0.20

−0.29, 0.34

−0.39, 0.22

−0.31, 0.32

−0.34, 0.23

−0.45, 0.18

−0.26, 0.28

−0.55, 0.06

−0.49, 0.18

−0.33, 0.28

−0.19, 0.41

−0.51, 0.14

−0.34, 0.23

−0.34, 0.28

−0.16, 0.41

95% CI

Pre-menopausal females
N=76, 156 intervals *

−0.94

−1.32

−1.04

−0.92

−0.97

−0.88

−0.97

−1.05

−0.91

−1.16

−1.12

−0.99

−0.80

−1.10

−1.00

−1.00

Mean

−1.60, −0.28

−2.17, −0.47

−1.70, −0.37

−1.59, −0.25

−1.73, −0.20

−1.57, −0.19

−1.65, −0.29

−1.77, −0.34

−1.60, −0.22

−1.86, −0.46

−1.85, −0.40

−1.66, −0.32

−1.51, −0.09

−1.80, −0.40

−1.67, −0.34

−1.67, −0.34

95% CI

Post-menopausal females
N=20, 40 intervals

Basic Models – Estimated Percent Change in Total BMD Over One-Year Intervals at Selected Levels of Each Determinant: by Sex and Menopausal
Status

NIH-PA Author Manuscript
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3TC

Tenofovir

DDI

d4T

AZT

Abacavir

NRTI/NtRTI

3

1

2

1

3

1

3

1

3

1

2

1

0.39

0.09

0.14

0.005

0.24

0.39

−0.15

−0.21

−1.54

−0.86

−0.51

−0.28

0.25

−0.15

−0.26

−0.20

−0.37

−0.27

−0.17

−0.33

3

0.15
−0.28

0

Maximum continuous ART
1

yrs

−0.15

−0.25

10

−0.08
0.48

−0.32

−0.22

0

0.06

−0.26

20 mcg

5 mcg

1000

0.38

0.008

500

−0.19

−0.39

−0.36

0.16

Mean

30

0.01

0.002

P value ‡

25

20

Continuous ART use (yrs)

Vit D supplement only (mcg/day)

Vit D (mcg/day)

Calcium (mg/day)

Diet plus supplements

BMI (kg/m2) ‡

No

Yes

Strength training last week

NIH-PA Author Manuscript
Level for estimation

NIH-PA Author Manuscript

Determinant in Basic Model *†

−0.40, 0.09

−0.42, −0.0009

−3.12, 0.04

−1.68, −0.05

−0.99, −0.04

−0.53, −0.04

−0.07, 0.57

−0.35, 0.05

−0.49, −0.03

−0.41, 0.01

−0.77, 0.04

−0.51, −0.03

−0.37, 0.04

−0.54, −0.02

−0.65, −0.02

−0.37, 0.07

−0.52, 0.03

−0.29, 0.14

−0.59, −0.05

−0.44, −0.0005

−0.51, −0.002

−0.27, 0.28

−0.40, 0.02

−0.65, −0.14

−0.61, −0.11

−0.11, 0.43

95% CI

−0.004

−0.06

−1.40

−0.72

−0.39

−0.16

0.43

0.03

−0.12

−0.06

−0.22

−0.13

−0.008

−0.12

−0.17

−0.0006

−0.10

0.12

−0.13

−0.05

−0.09

0.08

−0.12

−0.32

−0.14

0.38

Mean

−0.32, 0.31

−0.35, 0.22

−2.93, 0.14

−1.51, 0.07

−0.93, 0.16

−0.48, 0.17

0.03, 0.83

−0.25, 0.31

−0.42, 0.17

−0.34, 0.22

−0.68, 0.24

−0.44, 0.19

−0.28, 0.27

0.44, 0.20

−0.53, 0.19

−0.27, 0.27

−0.46, 0.26

−0.17, 0.40

−0.45, 0.19

−0.33, 0.23

−0.39, 0.21

−0.25, 0.42

−0.40, 0.17

−0.64, 0.002

−0.44, 0.16

0.04, 0.72

95% CI

Pre-menopausal females
N=76, 156 intervals *

−0.96

−1.02

−0.47

−0.87

−1.07

−1.01

−1.18

−1.08

−0.94

−1.05

−1.11

−0.94

−1.04

−0.84

−1.08

−0.99

−1.03

−0.88

−1.09

−1.29

Mean

−1.63, −0.29

−1.68, −0.36

−1.20, 0.26

−1.53, −0.20

−1.74, −0.41

−1.67, −0.35

−1.91, −0.44

−1.75, −0.42

−1.61, −0.28

−1.73, −0.38

−1.81, −0.41

−1.62, −0.27

−1.71, −0.37

−1.51, −0.17

−1.76, −0.41

−1.65, −0.33

−1.70, −0.36

−1.52, −0.25

−1.74, −0.43

2.00, −0.57

95% CI

Post-menopausal females
N=20, 40 intervals

NIH-PA Author Manuscript
Males
N=283, 603 intervals
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Saquinavir

Ritonavir

Nelfinavir

Kaletra

Indinavir

Amprenavir

PI

Nevirapine

3

1

3
0.08

0.90

0.046

1

0.65

≥3

0.81

0.08

0.85

<3

2

1

3

1

2

1

2

0.94

0.52

≥1
1

0.02

0.1 to 0.99

P value ‡

−0.11

−0.11

−0.17

−0.19

−0.81

−0.11

0.05

−0.08

0.04

−0.14

−0.29

−0.24

−0.22

−0.21

−0.40

0.75

Mean

−0.27, 0.50

−0.33, 0.11

−0.66, 0.32

−0.43, 0.04

−1.43, −0.19

−0.49, 0.27

−1.99, 2.09

−1.10, 0.94

−0.30, 0.37

−0.36, 0.08

−1.28, 0.70

−0.76, 0.28

−0.71, 0.28

−0.50, 0.09

−0.82, 0.02

0.02, 1.49

95% CI

0.25

0.02

−0.03

−0.05

−0.66

0.04

0.18

0.003

−0.08

−0.07

−0.28

0.87

Mean

−0.22, 0.72

−0.29, 0.33

−0.59, 0.54

−0.37, 0.27

−1.29, −0.04

−0.40, 0.48

−0.21, 0.56

−0.29, 0.30

−0.64, 0.49

−0.44, 0.30

−0.77, 0.21

0.15, 1.60

95% CI

−0.69

−0.92

−0.98

−1.0

−0.78

−0.96

−1.17

−0.02

Mean

−1.43, 0.04

−1.59, −0.25

−1.76, −0.19

−1.67, −0.33

−1.46, −0.10

−1.61, −0.31

−1.9, −0.45

−1.0, 0.96

95% CI

Post-menopausal females
N=20, 40 intervals

For sex, the p value is for the difference between pre-menopausal and post-menopausal females (P = 0.02). The P value for difference between males and pre-menopausal females is P=0.08.

**

Robust Wald P value for the determinant in the model, adjusted for time in interval, sex and menopause.

‡

All models include days in interval and sex and menopausal status. † All variables are the value at the beginning of each interval except antiretroviral use which is continuous use up until the beginning of
the interval. For some ART agents, there were few or no pre-menopausal or post-menopausal women who used them. In that case, no estimate was given in the above table.

*

NNRTI

Efavirenz

Level for estimation

NIH-PA Author Manuscript

Determinant in Basic Model *†

NIH-PA Author Manuscript
Pre-menopausal females
N=76, 156 intervals *

NIH-PA Author Manuscript

Males
N=283, 603 intervals
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ddI

d4T

3 yrs

1 yr

3 yrs

1 yr

3 yrs

Other ART only

Other ART plus …

0 yrs

No

Yes

No

0.004

0.001

0.051

0.014

0.009

−1.37

−0.84

0.16

−0.33

−0.57

−0.37

−0.57

−1.31

−0.57

−0.15

−0.36

Yes

30

−0.78

−0.57

−0.36

−0.57

−0.76

−0.57

−0.79

−0.57

0.009

0.16

0.031

0.11

25

20

No

Yes

4.0

3.5

Not Af.Amer.

Af.Amer.

No ART

Prednisone/hydrocortisone

Strength training

BMI

kg/m2

Current Smoker

Albumin mg/dL

Race/Ethnicity

−0.57

−0.57

0.98
−0.57

35

Age

0.065

Mean

51

n/a

Male vs. Pre-menop female **

0.012

P value

−2.10, −0.64

−1.32, −0.35

−0.21, 0.53

−0.68, 0.02

−1.00, −0.14

−0.76, −0.02

−1.00, −0.14

−2.02, −0.61

−1.00, −0.14

−0.52, 0.21

−0.85, 0.13

−1.00, −0.14

−1.21, −0.36

−1.00, −0.14

−0.72, −0.01

−1.00, −0.14

−1.23, −0.30

−1.00, −0.14

−1.27, −0.30

−1.02, −0.13

−1.00, −0.14

−1.03, −0.12

95%CI

Males
N=283, 603 intervals

45

n/a

Level

Post-menop vs. pre-menop female **

Determinants in Model

Percent Change in Total BMD Over One-Year Intervals

Estimated Percent Change in Total BMD for Predictors in Multivariate Model: By Sex and Menopausal Status

−1.08

−0.55

0.45

−0.04

−0.28

−0.08

−0.28

−0.14

−0.07

−0.28

−0.49

−0.28

−0.07

−0.28

−0.47

−0.28

−0.49

−0.28

−0.28

Mean

−1.81, −0.34

−1.03, −0.06

0.01, 0.89

−0.41, 0.34

−0.71, 0.15

−0.49, 0.33

−0.71, −0.15

−0.25, 0.52

−0.54, 0.41

−0.71, −0.15

−0.93, −0.06

−0.71, 0.15

−0.45, 0.31

−0.71, −0.15

−0.92 −0.02

−0.71, 0.15

−0.96, −0.03

−0.71, 0.15

−0.71, 0.15

95%CI

Pre-Menopausal
Females
N=76, 156 intervals

−0.54

−1.02

−1.27

−1.07

−1.06

−1.27

−1.48

−1.27

−1.06

−1.27

−1.46

−1.27

−1.48

−1.27

Mean

−1.35, 0.28

−1.80, −0.25

−2.07, −0.47

−1.86, −0.28

−1.85, −0.26

−2.07, −0.47

−2.32, −0.64

−2.07, −0.47

−1.80, −0.31

−2.07, −0.47

−2.27, −0.64

−2.07, −0.47

−2.31, −0.65

−2.07, −0.47

95%CI

Post-menopausal
Females
N=20, 40 intervals

NIH-PA Author Manuscript
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Saquinavir

Tenofovir

3 yrs

1 yr

No

Yes

0.009

0.003

P value

−0.07

−0.40

−0.57

−2.04

Mean

−0.52, 0.39

−0.81, - 0.002

−1.00, −0.14

−3.00, −1.08

95%CI

0.23

−0.11

−0.28

−1.74

Mean

−0.27, 0.72

−0.53, 0.30

−0.71, 0.15

−2.67, −0.81

95%CI

Pre-Menopausal
Females
N=76, 156 intervals

−0.76

−1.10

Mean

−1.57, 0.05

−1.88, −0.31

95%CI

Post-menopausal
Females
N=20, 40 intervals

The p value for the difference between men and post-menopausal women is 0.065.

Separate estimates were calculated for men, pre-menopausal women and post-menopausal women. The age for each of these groups was 45 years old for males, 40 years old for pre-menopausal women
and 51 years old for menopausal women. No estimates are shown for the dummy variables sex-menopause because they are shown below for selected levels of the other variables in the model.

**

“Other ART” includes any ART except d4T, ddI, tenofovir or saquinavir.. Other ART was assumed to be 3 years of use. NA- No estimates were made for tenofovir, ddI or strength training among the
post-menopausal women there were too few or no women who used those agents or practiced strength training.

‡

Estimates are calculated from the multivariate repeated measures model, which includes age, race, smoker, sex, menopausal status, strength training, albumin, BMI, prednisone/hydrocortisone and years of
continuous use of d4T, ddI, saquinavir, tenofovir yes/no and any other ART. All estimates were calculated for Caucasian, non-smoker, and 12.0 months between DXA visits. The estimates for albumin is
also calculated for BMI =25 and non-strength training. Similarly the estimate for BMI is calculated for albumin=4.0 mg/dL and non-strength training. Finally, the estimates for strength training are also for
albumin = 4.0 mg/dL and BMI=25. Demographic variables were retained in the model even if they were not significant to adjust for confounding. All other variables were included in the model if they were
significant at P ≤ 0.05. Maximum cumulative time on other ART was included to estimate percent change among those on ART but not on the ART variables that were significant and included in the
multivariate model.

†

The p value is the Robust Wald p value for the coefficient in the multivariate model.

*

NIH-PA Author Manuscript
Level

NIH-PA Author Manuscript

Determinants in Model

Males
N=283, 603 intervals

NIH-PA Author Manuscript

Percent Change in Total BMD Over One-Year Intervals
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