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Abstract

Background: Prevalence of osteoporosis and fracture is increased among older people with HIV.
We compared the effects of Low (1000 IU) vs Moderate (3000 1U) Vitamin D3 (VItD)
supplementation on areal and volumetric bone mineral density (aBMD and vBMD) in African
American and Hispanic postmenopausal women with HIV on antiretroviral therapy.

Methods: We performed a 12-month prospective, randomized, double-blind, placebo-controlled
study with primary outcomes of change in aBMD by dual-energy X-ray absorptiometry (DXA)
and secondary outcomes of change in vBMD by quantitative computed tomography and bone
turnover markers. An intent to treat analysis was performed on 85 randomized subjects (43 Low
and 42 Moderate) for primary DXA outcomes, and complete case analysis performed for
secondary outcomes.

Results: Mean age was 565 years, median CD4 count 722 cells/mm?3 and 74% had HIV
RNA<50 copies/ml. Serum 25-OHD was higher in the Moderate than Low VitD group at 6 months
(33.1£10.3 vs 27.8+8.1 ng/ml, p=0.03) and 12 months, but PTH levels remained similar. Percent
change in aBMD, vBMD and bone turnover markers did not differ between Low and Moderate
VitD groups before or after adjustment for baseline aBMD.

Conclusion: VitD supplementation at 3000 U daily increased mean total 25-OHD levels in
postmenopausal women with HIV, but we did not find evidence of an effect on BMD beyond those
observed with 1000 1U daily. Future studies are necessary to determine whether VitD
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supplementation is beneficial in this patient population, and if so, what dose is optimal for skeletal

health.

Introduction

Methods

Prevalence of fracture is 2 to 3-fold higher in women with HIV over age 50 than in the
general population,t. We previously found lower areal bone mineral density (aBMD), higher
bone turnover markers (BTMs), and higher rates of bone loss in postmenopausal minority
women with HIV than uninfected controls with similar age and race/ethnicity.2 We also
found that vitamin D (VitD) deficiency and insufficiency were common among
postmenopausal minority women (76%), but their prevalence did not differ by HIV status;3
however, lower baseline serum 25-hydroxyvitamin D (25-OHD) was associated with
secondary hyperparathyroidism and a trend toward more bone loss, particularly at the
forearm.

VitD and calcium supplementation have been shown to mitigate bone loss associated with
antiretroviral therapy (ART) initiation,* but have not been studied in older individuals on
stable ART regimens, who are at higher risk of fracture. Provision of adequate calcium and
VitD is the cornerstone of effective prevention of osteoporosis and its consequences, as VitD
in particular has been shown to reduce bone loss and falls and lower the risk of hip fracture.
57, The purpose of this study was to compare the effects of two doses of vitamin D3
repletion (3000 IU Vs 1000 1U) on bone turnover and change in areal and volumetric bone
mass and microarchitecture in postmenopausal women with HIV.

Study population

Postmenopausal African American or Hispanic women with HIV between ages 40-70 were
recruited from 4 sites in New York City (Columbia University Medical Center, Mt Sinai St.
Luke’s and Mt. Sinai West, Bronx Lebanon Hospital Center, and Montefiore Medical
Center). All participants had serum 25-OHD =10 ng/mL and < 32 ng/mL and were on stable
ART for at least 2 years with 2 or more HIV RNA levels <400 copies/ml within the last year
prior to enrollment. Exclusion criteria included: metabolic bone diseases; renal insufficiency
(serum creatinine>1.5 mg/dl or eGFR<45 ml/min), current use of glucocorticoids or
hormone replacement therapy; current or past osteoporosis therapy; history of fragility
fracture or T score<—3.0; history of hypercalcemia or calcium-containing kidney stones; and
weight over 300 Ibs.

Participants were randomized to 3000 vs 1000 1U cholecalciferol (vitamin D3) daily
(Tishcon Corporation, Westbury, NY) plus 500mg calcium carbonate twice daily and
counseled to take with food to facilitate absorption. Participants were randomized in a 1:1
ratio using permuted blocks stratified by screening serum 25-OHD (< 20 and >20 ng/mL).
Adherence to VitD and Calcium was monitored by counts of returned pills at each 3-month
study visit. The Institutional Review Boards of all participating sites approved the study.
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Primary outcomes were percentage change in lumbar spine, total hip and 1/3 distal radius
areal BMD (aBMD) by DXA from baseline to 12 months. Secondary outcomes included
percentage change in volumetric BMD (vBMD) of the lumbar spine and proximal femur by
central quantitative computed tomography (cQCT) and vBMD and microarchitecture at the
distal radius and tibia by high resolution peripheral QCT (HRpQCT), and bone turnover
markers at 12 months. Changes in plasma 25-OHD, parathyroid hormone (PTH), soluble
inflammatory biomarkers over 12 month were also examined in relation to the bone imaging
outcomes. Incidence of hypercalcemia and nephrolithiasis were monitored. All DXA, cQCT
and HRpQCT scans were performed at CUMC using a standardized protocol.

Bone Density Measurements

Areal BMD of the lumbar spine (LS; L1-4), femoral neck, total hip, non-dominant 1/3
radius, ultradistal radius, and body composition were measured by DXA on a QDR 4500
bone densitometer (Hologic, Inc., Bedford, MA) at CUMC. Short term /n vivo precision is
0.68% for the lumbar spine, 1.36% for the total hip, and 0.70% for the radius. T-scores,
which compare subjects to the peak bone mass of young individuals of the same sex and
race, were derived for the hip NHANES |11 and the manufacturer’s normative database.
Osteoporosis and osteopenia were defined by World Health Organization criteria for
postmenopausal Caucasian women: T-scores <—2.5 represent osteoporosis; T-scores between
-1.0 and —2.49 represent osteopenia.® Height and weight were measured by Harpenden
stadiometer and balance beam scale, respectively.

Central Skeleton: Cortical and Trabecular vBMD and Microarchitecture

Participants underwent helical (pitch = 1) cQCT scanning of the proximal femur and spine
(L1-L2) at 80 kVp, 2.5 mm slice thickness (GE CTi and GE Light Speed VVCT 64; General
Electric Medical Systems, Milwaukee WI) with a calibration phantom (3-Bar; Image
Analysis, Columbia, KY) used to calibrate cQCT images to an equivalent concentration of
calcium hydroxyapatite. Specialized image analysis software  was used to compute total,
cortical, and trabecular volumetric density of the proximal femur and femoral neck
bilaterally, and total (integral) and trabecular volumetric density of L1-L2. Cortical bone
regions were determined by applying a threshold of 0.35 g/cm?3 to voxels falling outside the
trabecular regions but within the integral regions. The spinal trabecular ROl was a
semicircular region within the anterior vertebral body, centered on the midvertebral level,
encompassing 70% of the volume between vertebral endplates. Trabecular regions at the
proximal femur and femoral neck were determined by eroding the integral bone regions to
produce regions of the same shape but fully contained within the medullary volumes.

Peripheral Skeleton: Cortical and Trabecular vBMD and Microarchitecture

Volumetric BMD and microarchitecture were assessed /1 vivo at the hon-dominant distal
radius and tibia using HRpQCT (Scanco Medical AG, Briittisellen, Switzerland) with an
isotropic voxel size of 82 um using the standard manufacturer imaging protocol.19 In case of
a contraindication on the non-dominant limb, the dominant limb was scanned. The region of
interest (ROI) consisted of a 9.02 mm section (110 slices) beginning at 9.5 mm and 22.5 mm
proximal to the reference line at the radius and tibia respectively. The volume of interest was
separated into cortical and trabecular regions as previously described 11-14 and included
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mTheean cortical thickness (Ct.Th; um); total, cortical and trabecular bone density
(Tt.vBMD, Ct.vBMD and Th.vBMD; mg HA/cm3); trabecular number (Th.N; mm™1),
thickness (Th.Th; um) and separation (Th.Sp; um). Towards the end of the study, we
transitioned from the first generation (XCT1) to the second generation HRpQCT (XCT2)
scanner with a higher nominal isotropic resolution of 61 um. A similar scanning protocol
was followed,® generating an ROI of 10.24 mm(168 slices) starting at 9.0 mm and 22.0 mm
proximal to the reference line, thus centered on the XCT1 region. The XCT2 data was
calibrated to XCT1 based on a separate study in which we compared 51 adults and found
excellent agreement between both generations of scanner (R2 > 0.9) for most measurements.
16 Our study compared agreement for both cross-sectional (XCT1 vs. XCT2) as well as
longitudinal (XCT1 vs. XCT2D) cases. For longitudinal comparison we downscaled the
XCT2 scans to XCT1 resolution, slice-matched with the corresponding XCT1 scans and
then used regression for calibration.

Biomarker Assays

Serum samples were stored at —70°C until batched analysis at the Irving Institute
Biomarkers Core at Columbia University Medical Center. We measured 25-OHD, and D3 by
liquid chromatography tandem mass spectrometry; intact PTH by radioimmunoassay
(Scantibodies, Santee, CA); N-terminal propeptide of procollagen type 1 (P1NP; RIA; IDS,
Scottsdale, AZ); C-telopeptide (CTX; ELISA; IDS Scottsdale, AZ); IL-6 (ELISA; R&D
Systems, Minneapolis, MN); soluble receptors of TNFa (STNFr-1 and —II; ELISA; R&D
Systems, Minneapolis, MN), and soluble CD14 (sCD14, ELISA; R&D Systems,
Minneapolis, MN). Except for 25-OHD, biomarkers were measured in duplicate and values
averaged for analysis.

Statistical Analysis

To provide an intent to treat approach for the primary outcome, evaluations were performed
regardless of treatment change or discontinuation on randomized subjects (n=85; 43 Low
and 42 Moderate). A complete case approach was utilized for secondary outcomes in
participants with aBMD data at 12 months (n=69). Stratified Wilcoxon rank sum tests were
used to test for distribution shifts between the treatment groups. Fisher’s exact tests and
Wilcoxon rank sum tests were used to evaluate for differences between groups for
categorical and continuous secondary outcomes, respectively. Wilcoxon signed rank test was
used to evaluate within treatment group change. The 95% confidence intervals for median
changes within treatment group were estimated using distribution-free method via
percentiles. Analysis of the primary outcomes of change in lumbar spine, total hip, and 1/3
distal radius aBMD from baseline to 48 weeks utilized a predictive mean matching multiple
imputation approach to impute missing data.1” We did not utilize imputation for secondary
outcomes. Using 100 independent imputations, we tested between-group differences in 48-
week changes in each of the aBMD sites. All statistical tests were two-sided and interpreted
at the 5% level of significance without adjustment for multiple comparisons. Analyses were
performed using R 3.4.0.
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Between 2011 and 2016, we enrolled and randomized 85 participants who were included in
the intent to treat analysis. Among all participants, 82 received at least one dose of the
allocated intervention (41 in low VitD and 41 moderate VitD). Overall, 69 subjects (31 in the
low VitD and 38 in the moderate vitD groups) completed the 12 month study with
interpretable DXA data and were included in the complete-case analysis. Four participants
discontinued study drug due to incidental findings of asymptomatic kidney stones on cQCT
(n=2), epigastric pain (n=1) and cardiovascular event (n=1). Six participants withdrew from
the study because they did not want to continue with study visits or study medications, and 9
moved or changed contact information (Figure 1- consort diagram)

Baseline demographic, immunologic and other parameters are summarized in Table 1 for the
85 participants in the intent-to-treat analysis. Overall, the mean age was 56 years; 43% were
African American, 57% Hispanic; median CD4 count 738 cells/mm3 and 74% had HIV
RNA<50 copies/ml. Age, race/ethnicity, proportion with diabetes, and HIV-specific
parameters such as current/nadir CD4, history of AIDS defining illness, ART class and
proportion with HIV RNA levels<50 copies/ml were similar between groups. However at
baseline, the Moderate VitD group had lower BMI, total body fat and trunk fat (Table 1).
Notably, there were no significant differences between groups in ART regimens or
utilization of tenofovir disoproxil fumarate (TDF) at baseline; none of the partipants
received tenofovir alafenamide fumarate (TAF) containing regimens or switched ART
regimens during the study. Mean 25-OHD and PTH did not differ between treatment groups;
51.2% and 47.5% had vitamin D deficiency with 25-OHD<20 ng/ml in the Moderate VitD
and low VitD groups respectively (p=0.91). Serum levels of bone turnover markers (P1NP,
CTX) and inflammatory biomarkers (TNF-a, IL-6, SCD14) did not differ between treatment
groups.

Comparison of between group differences in participants who completed the study (N=69)
versus those with incomplete follow up (N=16) reveals no significant differences in baseline
age, race/ethcnity, BMI, smoking and diabetes status, CD4, history of AIDS, HIV VL or
ART regimen (data not shown).

Change in 25-OHD, PTH and bone turnover markers

Adherence to VitD supplementation by pill count did not differ between groups, with mean
utilization over 80% in the Low vs Moderate VitD groups from 0-6 months (81 + 21% vs 84
+ 15%, p=0.48) and from 6-12 months (84 + 21% vs 81 + 20%, p=0.60). Serum levels of
total 25-OHD were higher in the Moderate than Low VitD group at 6 months (33.1 £ 10.3 vs
27.8 £ 8.1 ng/ml, p=0.03) and 12 months (30.2 £ 9.6 vs 24.3 £ 7.6 ng/ml, p=0.007).
Similarly, percentage change from baseline in serum 25-OHD levels were greater in the
Moderate than Low VitD groups at 6 months (73.6 £ 74% vs 47.4 + 48%, p=0.08) and 12
months (64.1 + 69% vs 33.7 £ 42%, p=0.03). Overall, PTH levels decreased in both groups,
but the decrease did not differ between Moderate and Low VitD groups (Table 2)

In both groups, there were significant within-group decreases in CTX levels from baseline to
6 and 12 months, but change in CTX did not differ between groups (Table 2). Similarly,
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there were no significant between-group differences in change in PLNP levels from baseline
to either 6 or 12 months.

Change in aBMD by DXA at 12 months

At baseline, the mean aBMD T scores were similar between the two groups at the all bone
sites (Table 1). There were significant within-group decreases in aBMD at 1/3 distal radius
in both moderate and low VitD groups at 12 months, and significant within-group decreases
in the ultradistal radius in the low VitD group (Table 2). However, there were no significant
between-group differences in change in aBMD at any site from baseline to 12 months by
ITT with multiple imputation. Percent change in aBMD between Low vs Moderate VitD
groups did not differ at the lumbar spine (0.4 + 4.4% vs -0.8+ 4.6 %, p=0.57), total hip (-0.5
+ 3.1% vs -0.8 + 3.2%, p=0.99) or 1/3 distal radius (1.3 + 2.8% vs -1.6 + 3.5%, p=0.83)
before or after adjustment for baseline aBMD (Figure 2), or after adjustment for total body
fat (p=0.21 to 0.90) (Table 2).

Among participants with 25-OHD<20ng/ml at baseline, change in aBMD also did not differ
between Moderate and Low VitD groups at any site. However, in regression analyses, lower
baseline 25-OHD in the Moderate VitD group was associated with greater percent increase
in aBMD at the femoral neck (p=0.04) and ultradistal radius (p=0.045) at 12 months.

Change in vBMD and microarchitecture by cQCT and HRpQCT at 12 months

Safety

We next compared between-group changes in lumbar spine (L1 and L2 combined) and total
hip vBMD by cQCT and distal radius and tibia vBMD, and microarchitecture by HRpQCT.
Among participants with complete data on cQCT at baseline and 12 months, we observed no
significant between-group differences in total vBMD or trabecular vBMD at the lumbar
spine or in total, trabecular or cortical vBMD at the total hip (Table 3). Similarly, by
HRpQCT, we observed no significant between-group differences in total and trabecular
vBMD, cortical thickness, or trabecular thickness, number at separation at the tibia (Table 3)
and radius (data not shown).

Overall, 16 participants (19%) reported at least one adverse event during the study. Two
participants (one in each group) discontinued study drug based upon incidental findings of
kidney stones on the cQCT scan performed at baseline. In the Moderate VitD group, one
additional participant discontinued study drug because of epigastric pain at one month and
another because of a myocardial infarction at six months. There were four cases of
asymptomatic hypercalcemia above the upper limit of normal (10.5 mg/dl).

Discussion:

In this study, we found that VitD supplementation at 3000 IU daily increased mean total 25-
OHD levels to = 30 ng/ml in minority postmenopusal women with HIV. However, VitD
supplementation with 3000 U did not result in either greater increases in areal BMD by
DXA or volumetric BMD by cQCT or HRpQCT, or suppression of bone turnover markers,
when compared to VitD supplementation with 1000 1U daily.
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There has been considerable interest in testing whether and to what extent various VitD
supplementation regimens raise serum 25-OHD levels in people with HIV, since VitD
deficiency is commonly reported and because decreases in 25-OHD have been reported in
association with efavirenz use.18 Several recent studies have documented successful VitD
supplementation using various doses of VitD3 among a wide age range of people with HIV
and found no significant differences by ART regimen, including efavirenz-based regimens.
19-21 | erma-Chippiraz et al. reported that over 80% of patients with serum 25-OHD
concentrations below 20 ng/ml, who were supplemented with 16,000 IU weekly or every
two weeks, achieved levels above 20 ng/ml over a median follow up of two years.19 In adults
with serum 25-OHD concentrations below 20ng/ml, Noe et al. found that weekly
supplementation with 20,000 1U of VitDs resulted in a median serum 25-OHD concentration
of 28.5 ng/ml.20 In U.S. children and young adults with serum 25-OHD concentrations
below 30 ng/ml, Eckhard et al. found that monthly supplementation with 18,000 U of VitD
resulted in serum 25-OHD concentrations above 30 ng/ml in 82% of participants, with
similar increases observed amongst people with HIV and uninfected controls.?2

A major focus of VitD supplementation studies in persons with HIV has been to address
musculoskeletal complications, such as bone loss and fractures; however, the clinical impact
of vitamin D supplementation remains uncertain. Rovner et al. recently reported a
randomized trial of high dose VitD3 supplementation (7000 1U/day versus placebo) for 12
months in children and young adults between ages 5 and 25 years with perinatally- and
behaviorally-acquired HIV infection.2! Despite a significant 12 month increase in serum 25-
OHD to a mean of 26.7 ng/ml in the VitD supplemented group, there were no significant
between-group differences in bone density or body composition outcomes by DXA or
peripheral QCT. The authors did not address whether the modest increase in 25-OHD levels
to such a high dose of VitD supplementation was due to poor adherence, but theorized that
perhaps concentrations above 30 ng/ml were necessary to optimize bone health in at risk
populations. In another trial of VitD supplementation in young adults with HIV (aged 16-24
years), Havens et al randomized 214 adolescents and young adults on TDF-containing ART
to receive 50,000 IU VitD3 monthly by directly observed therapy or placebo; both groups
received a multivitamin with 400 U of VitD.23 At 48 weeks, serum 25-OHD levels were
higher in the VitD than placebo group (36.9 versus 20.6 ng/ml). There was a significant
within-group increase in lumbar spine BMD from baseline in the VitD but not placebo
group, but no significant between group difference (1.15% versus 0.09%, p=0.12). It is
interesting to contrast these results with VitD supplementation during ART initiation, which
is a more dynamic period of bone loss.24-27 Overton et al. randomized 168 adults with HIV
initiating efavirenz/TDF/emtricitabine to daily supplementation with 4000 IU VitD3 and
1000 mg calcium carbonate versus placebo, for both VitD and calcium.* At 48 weeeks, 25-
OHD levels were higher in the VitD group than placebo (56.5 versus 26.2 ng/ml), and there
was significantly,less bone loss at the total hip (=1.36% versus —3.22%, p=0.004) and
smaller increases in bone turnover markers in the VitD group than placebo.

In our study, median 25-OHD levels were =30 ng/ml at both the 6 and 12 month timepoints
in the Moderate VitD treatment arm, with over 56% and 53% of women achieving levels
>30ng/ml at 6 and 12 months, respectively. From a previous observational study of
postmenopausal minority women with HIV at our institution with a similar mean age of 56,
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we found an annualized rate of bone loss of —1.2 + 0.3% at the lumbar spine, —=1.6 + 0.4% at
the total hip, —1.2 + 0.4% at the femoral neck, and —1.1 + 0.2% at the 1/3 distal radius 28. In

the current study, we observed a maximum of - 0.8% loss at the lumbar spine and total hip at
12 months, and a maximum loss of —1.6% at the ultradistal radius site, suggesting that VitD

supplementation at either 1000 or 3000 1U mitigates bone loss at some but not all bone sites.
However, we found no evidence of a difference between the Low and Moderate VitD groups
in rates of change in bone mass or structure by DXA or QCT.

There are several potential explanations for our results. First, we were underpowered to
detect between-group differences. Although we had originally planned for a larger sample
size (N=100, 50 per treatment arm), it was not possible to recruit the required number of
participants over an extended period despite the addition of several clinical sites. The
majority of our potential participants screened out because baseline 25-OHD levels were
outside of our prespecified eligibility range (Figure 1). Also, we had a higher rate of study
discontinuation than anticipated; both may have contributed to the negative results. Our post-
hoc power analysis indicated that we had only 20% power to detect a significant difference
in 0-12 month percent change in lumbar spine BMD between the two groups. Second, the
25-OHD levels at baseline may not have been sufficiently low to cause bone loss or to be
able to detect an significant improvement with supplementation. Third, was the lack of a true
placebo or a sufficiently large difference between the low and moderate VitD doses. At the
time the study was conceived, a large amount of observational data suggested that VitD
supplementation was beneficial in multiple domains, and there were ethical concerns about
randomizing severely VitD deficient postmenopausal women to placebo for 12 months.
Therefore, we chose to compare a lower (1000 IU/day) dose with a higher (3000 1U/day)
dose that was below the 4000 IU set by the Institute of Medicine guidelines as the upper
limit of daily VitD supplementation.2? Fourth, in postmenopausal women, VitD and calcium
supplementation alone may be insufficient to reverse the bone loss that occurs during the
course of HIV infection, particularly if the pathogenetic mechanisms of the bone loss are not
solely related to VitD deficiency, and are due to other causes, such as menopause, HIV, or
ART per se. Lastly, unlike in the aforementioned studies by Havens et al and Overton et al,
our participants were on a variety of established ART regimens, many of which did not
contain either TDF or efavirenz, which are known to be associated with bone loss and/or
effects on VitD metabolism.30:31

In conclusion, our study found that moderate dose VitD (3000 1U) supplementation in
minority postmenopausal women with HIV on established ART did not appear to have a
greater impact on BMD or bone turnover than low dose VitD supplementation (1000 1U).
We cannot determine whether the lack of between-group difference was due to an
insufficient sample size, participants with baseline 25-OHD at levels too high to benefit or
truly a lack of effect for vitD supplementation beyond 1000 IU in postmenopausal women
with HIV. Future studies are necessary to determine whether VitD supplementation is
beneficial in this patient population, and if so, what dose provides the maximum benefit in
terms of musculoskelal health in persons aging with HIV.
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Figure 1.
CONSORT Flow Diagram

Complete case analysis (n= 38)
» Excluded from analysis (n=4)
* Did not complete study: 3
* 12 month DXA uninterpretable: 1
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Figure 2:
Percent change in lumbar spine (LS) and total hip (TH) aBMD after 12 months in Low

versus Moderate Vitamin D groups. P-values were calculated based on intent to treat
analysis, after adjusting for the baseline aBMD.
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Table 1.

Baseline characteristics of subjects who received allocated intervention (N=85)

Low VitD Group A (N=43)

Moderate VitD Group B (N=42)

Mean + SD Mean + SD P value

Patient Characteristics
Age 56.2+4.9 56.5+5.6 0.85
Race/Ethnicity 0.59

African American 17 (40%) 20 (48%)

Hispanic 26 (60%) 22 (52%)
Height (cm) 1585+7.8 161.8+7.3 0.047
Weight (kg) 82.6+18.1 77.4+157 0.16
Body mass index (kg/cm?) 325+6.9 29.4+55 0.02
Current smoking 11 (30%) 16 (41%) 0.43
Diabetes 5 (14%) 3 (8%) 0.47
HIV Parameters
Current CD4 (cells/mm?) 673 271 781+ 412 0.16
Nadir CD4 (cells/mm3) 191+139 254 + 225 0.13
History of AIDS 23 (56%) 21 (51%) 0.82
Current HIV VL < 50 31 (76%) 29 (71%) 0.80
Current HIV VVL<400 copies/ul 41 (100%) 41 (100%) NA
ART Class 0.29
NNRTI-based 18 (45%) 20 (49%)
Pl-based 14 (35%) 18 (44%)
Integrase-based 5 (13%) 3 (7%)
Tenofovir-containing regimen 29 (67%) 30 (71%)
Baseline DXA and Body composition
Lumbar spine T score -0.92+1.11 -0.59+1.25 0.18
Femoral neck T score -0.90 £ 0.87 -0.67 £0.92 0.25
Total hip T score -0.40+0.83 -0.34+0.91 0.77
Distal 1/3 radius T score -0.32 £ 1.05 -0.03+1.37 0.28
Ultradistal radius T score -0.14+0.88 -0.41+1.04 0.21
Total Body Fat (kg) 35.0+126 20.6+10.3 0.03
Trunk Fat (kg) 17.3+6.5 143+5.2 0.02
Total Body Lean Mass (kg) 473+6.8 46.8+7.7 0.75
Trunk Lean Mass (kg) 23.1+3.6 23.0+4.0 0.92
Biochemical markers
Total 25-hydroxyvitamin D (ng/ml) 19.7+55 20.0+6.6 0.814
25-hydroxyvitamin D, (ng/ml) 3.0+4.4 26+3.2 0.618
25-hydroxyvitamin D3 (ng/ml) 16.7+5.2 174 +6.6 0.574
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Low VitD Group A (N=43)

Moderate VitD Group B (N=42)

Mean + SD Mean + SD P value
Parathyroid hormone (pg/ml) 61.1+51.0 58.9+37.4 0.83
CTX (ng/ml) 0.60 + 0.31 0.71+0.39 0.16
PINP (ng/ml) 63.9+30.0 65.8+28.6 0.7
TNFa (pg/ml) 98+58 8.6+4.0 0.29
IL6 (pg/ml) 36+23 3.7+32 081
Soluble CD14 (ng/ml) 368 £ 670 403 + 862 0.84

Page 14

Abbreviations: NNRTI, non-nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor; CTX, C-telopeptide; P1NP, pro-collagen type 1

amino-terminal propeptide,
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Table 2.

Percent change from baseline in aBMD, 25-hydroxyvitamin D, parathyroid hormone,and bone turnover
markers among participants with complete data (N=69) (Mean+SD)

6 Months 12 Months

Percent Change | P Value | P Adjusted for TBF | Percent Change | P Value | P Adjusted for TBF

DXA parameters
Lumbar spine aBMD
Low VitD 05+3.1 0.34 0.51 04+44 0.26 0.36
Moderate VitD -0.3£35 -0.8+4.6
Total hip aBMD
Low VitD 0429 0.47 0.21 -05+£31 0.74 0.51
Moderate VitD -0.1+28 -08+3.2
Femoral neck aBMD
Low VitD -0.7+3.9 0.79 0.90 -1.1+35 0.96 0.78
Moderate VitD -0.4+36 -1.1£51
Distal 1/3 radius aBMD
Low VitD 16%+27 0.10 0.17 13%+28 0.69 0.67
Moderate VitD -05+29 16%+35
Ultradistal radius aBMD
Low VitD 13%+31 0.73 053 16%+42 0.39 0.42
Moderate VitD -1.0+4.2 -0.7+47

Vitamin D and bone turnover markers

25-hydroxyvitamin D

Low VitD 45.1 *i 44.1 0.041 28.1 *i 41.9 0.031

Moderate VitD 66.77+78.0 51.2%+68.9

Parathyroid hormone

Low VitD 1777362 | 0721 159+ 714 0568
Moderate VitD -2257+31.8 2427+327
PINP
Low VitD 134%+384 | 0527 814373 0.726
Moderate VitD -6.8+35.9 -40+41.1
CTX
Low VitD -48+510 0315 -9.9+65.3 0.388
Moderate VitD -17.07+37.3 2137+ 42,0

Abbreviations: TBF: total body fat; CTX, C-telopeptide; PLNP, pro-collagen type 1 amino-terminal propeptide

*
p<0.05 for within-group change from baseline
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Table 3.

Baseline and change in Quantitative CT parameters at 12 months

% Change | P value

| N | Baseline | P value

Central QCT
Lumbar spine (L1L2) vBMD (mg/cm3) 49
Low VitD 230+ 30 0.30 00£7.7 0.87
Moderate VitD 240 £ 30 0453
Lumbar spine trabecular vBMD (mg/cm3) 49
Low VitD 140 + 40 0.29 -1.2+134 0.86
Moderate VitD 150 + 30 -1.8+11.8
Proximal Femur Total vBMD (mg/cm?®) 49
Low VitD 280 + 40 0.32 -0.9+9.3 0.14
Moderate VitD 290 + 40 29+75

Proximal Femur Trabecular vBMD (mg/cm?3) | 49

Low VitD 130 + 40 0.34 -5.0+18.7 0.11
Moderate VitD 140 + 40 3.3+14.9
Proximal Femur Cortical vBMD (mg/cm3) 49
Low VitD 500 £ 30 0.38 0.4+6.0 0.38
Moderate VitD 500 + 40 18+47

HRpQCT of Tibia

Total vBMD 62
Low VitD 272 £50 0.30 -0.3+£29 0.39
Moderate VitD 258 + 56 -09+25
Cortical vBMD (mg/cm?) 62
Low VitD 841 £ 57 0.42 -01+18 0.15
Moderate VitD 829 + 60 -0.7+15
Trabecular vBMD (mg/cm3) 62
Low VitD 140 + 38 0.92 05+35 0.11
Moderate VitD 141+ 36 -0.9+3.0
Cortical thickness (um) 62
Low VitD 1.1+0.2 0.34 -14+4.0 0.40
Moderate VitD 11+0.2 -0.6+3.7
Trabecular thickness (um) 62
Low VitD 0.1+0.01 0.41 -1.9+£115 0.79
Moderate VitD 0.1+0.01 -1.2+9.0
Trabecular number (1/mm) 62
Low VitD 1.7+04 0.34 3.1+14.0 0.56
Moderate VitD 1.8+0.3 1.2+92
Trabecular separation (mm) 62
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Baseline P value | % Change | P value
Low VitD 0.6+0.2 0.19 -20+11.9 0.55
Moderate VitD 05+0.1 -0.3+£9.2
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