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ABSTRACT

Background: Skeletal abnormalities have been reported in HIV-
infected children and adolescents. Although the etiology is not well
understood, vitamin D deficiency may be involved.

Objective: The study objective was to evaluate the effect of vitamin
D and calcium supplementation on bone mass accrual in HIV-infected
youth.

Design: Perinatally HIV-infected children were randomly assigned
to receive vitamin D (100,000 IU cholecalciferol given every 2 mo)
and calcium (1 g/d) (supplemented group) or double placebo (pla-
cebo group) for 2 y. The total-body bone mineral content (TBBMC),
total-body bone mineral density (TBBMD), spine bone mineral
content (SBMC), and spine bone mineral density (SBMD) were
assessed by using dual-energy X-ray absorptiometry at baseline
and at 2 annual follow-up visits.

Results: Fifty-nine participants, aged 6-16 y, were randomly as-
signed to either the supplemented (n = 30) or the placebo (n = 29)
group. At enrollment, supplemented and placebo groups did not
differ with respect to age, sex, dietary intakes of vitamin D and
calcium, mean baseline serum 25-hydroxyvitamin D [25(OH)D]
concentration, TBBMC, TBBMD, SBMC, or SBMD. Significant
increases in serum 25(OH)D were observed in the supplemented
group but not in the placebo group. TBBMC, TBBMD, SBMC,
and SBMD increased significantly at 1 and 2 y in both groups.
No between-group differences were observed at any time before
or after adjustment for stage of sexual maturation by mixed linear
model analysis.

Conclusion: One gram of calcium per day and oral cholecalciferol
at a dosage of 100,000 IU every 2 mo administered to HIV-infected
children and adolescents did not affect bone mass accrual despite
significant increases in serum 25(OH)D concentrations. This trial
was registered at clinicaltrials.gov as NCT00724178. Am J
Clin Nutr 2012;95:678-85.

INTRODUCTION

Skeletal abnormalities, including decreased BMC* and BMD,
occur in children and adolescents with HIV infection (1-6). Al-
though adverse effects of antiretroviral medication (ART) on bone
metabolism, HIV-associated T cell activation, and elaboration of
proresorptive cytokines and osteoblast apoptosis have been im-
plicated, the cause or causes of altered bone mass acquisition and
bone loss are not completely understood, nor has effective man-
agement for children and adolescents been determined (7-9).
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During the time when bone mineral accrual is normally
maximal, HIV-infected adolescents have worsening deficits in
bone mass (3). Reduced bone accrual during late childhood and
adolescence may result in low peak bone mass and thereby in-
crease the risk of osteoporotic fractures later in life (10-13).
Lower areal BMC and BMD are also associated with increases in
childhood fractures (14-16).

Vitamin D, a calciotropic hormone that is critical for normal
bone mineralization, is suboptimal in many children and ado-
lescents with HIV, as well as in otherwise healthy, urban-
dwelling, racial- and ethnic-minority adolescents who live in the
US Northeast. This appears to be a result of limited sunlight
exposure and dietary intake, although the disruption of vitamin D
synthesis by certain antiretroviral medications may also play
a role (17-21). Supplementation with vitamin D is an effective
strategy for improving bone mass acquisition in a number of
childhood illnesses that adversely affect bone health, including
cerebral palsy and epilepsy, nephrotic syndrome, and juvenile
rheumatoid arthritis. However, to our knowledge, vitamin D
supplementation has not been evaluated in children or adoles-
cents with HIV (22-24).

The aim of this study was to determine whether supplemen-
tation with vitamin D and calcium for 2 y results in increased
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bone mass accrual. Our hypothesis was that bone accrual would
be enhanced by supplementation with vitamin D and calcium.

SUBJECTS AND METHODS

In a 24-mo randomized, placebo-controlled multicenter clin-
ical trial at 4 hospitals in New York City, eligible participants
were randomly assigned to receive 100,000 IU oral cholecal-
ciferol every 2 mo and 1 g Ca/d or double placebo. The dose
of vitamin D was approximately equivalent to 1600 IU/d and
was selected because it was used safely and successfully by
Guillemant et al (25) as a single dose for the prevention of
wintertime vitamin D deficiency in healthy adolescent males with
25(0OH)D concentrations comparable to those observed in our
pilot study of HIV-infected children and adolescents. Subjects
were recruited from patients enrolled in the following 4 pediatric
HIV-treatment programs: St Luke’s-Roosevelt Hospital Center,
Harlem Hospital Center, Bronx-Lebanon Hospital Center, and
Metropolitan Hospital Center. Individuals who had previous low-
trauma fractures; had known renal or liver disease, malabsorption
syndrome, or inflammatory bowel disease; used tenofovir, cor-
ticosteroids, or anticonvulsant drugs; or with daily cigarette
smoking or alcohol use were excluded from study participation.

Randomization was performed by the study statistician (DJM)
by using computer-generated random numbers (SAS version 8.2 for
Windows; SAS Institute) stratified by sex, age (ie, >12 or <12y),
and study site. Allocation was communicated to the research co-
ordinator who initiated and dispensed the masked study medi-
cations (active or placebo). Other study personnel and participants
were blinded to treatment allocation. During the first year of the
trial, as previously reported, safety monitoring included serum
albumin—corrected calcium, spot urinary calcium:creatinine ratio,
and serum 25(OH)D concentrations obtained monthly immediately
before administration of the cholecalciferol dose or placebo and
1 mo after dosing (19). In year 2, safety monitoring was conducted
every other month.

Oral cholecalciferol (100,000 IU; Tishcon Laboratories Inc) or
placebo was administered by study personnel every 2 mo during
study visits. The content of the active ingredient was analyzed in
Tishcon Laboratories by using HPLC and US Pharmacopeia
methods (26). Calcium as the carbonate salt in the form of chocolate-
flavored chewable supplements, each containing 500 mg Ca, or a
placebo (Lifesmart Nutrition Technologies) was dispensed monthly
by study personnel. Participants and caregivers were instructed to
take 2 chewable supplements daily and to return all uneaten
chewable supplements. Adherence to daily calcium or the calcium
placebo was estimated by reconciliation of dispensed and returned
chewable supplements.

Dietary intakes of vitamin D and calcium were assessed by
using a food-frequency questionnaire (Block Kids Questionnaire;
NutritionQuest, Block Dietary Data Systems), estimated weekly
sunlight exposure in hours was determined by self-report, and
pubertal status using the method of Tanner was determined at
entry and at 2 annual follow-up visits. Tanner stage was assigned
by breast stage for girls and by testicular volume for boys by
study investigators (MH and SMA) (27, 28). HIV disease was
classified by using CDC criteria (29).

Bone densitometry was performed at the St Luke’s Pediatric
Body Composition Unit by using dual X-ray absorptiometry with
a single Hologic Delphi A model bone densitometer (Hologic

Inc) with the manufacturer’s software for pediatrics (Hologic
version 12.3; Hologic). Scans were performed according to the
manufacturer’s protocol for whole-body and posterior-anterior
lumbar spine (L1-L4, fast array). Scanner calibration and long-
term stability were monitored weekly by using anthropomorphic
spine and whole-body phantoms (Hologic). Precision for BMD
and BMC was <1% for the spine phantom and <2.5% for the
whole-body phantom. Age-, race-, and sex-specific percentiles
were calculated for bone mass variables by using references
from healthy American children (30).

The flow of study participants is presented in Figure 1. Sixty-
four perinatally HIV-infected children and adolescents, aged
6-16 y, underwent screening. Five (12.8%) subjects were
ineligible because of an initial 25(OH)D concentration <12
ng/mL, which was an indication of moderately severe vitamin
D deficiency (31). All 5 subjects were referred to their usual
place of medical care for treatment. Fifty-nine children with
screening serum 25(OH)D concentrations >12 ng/mL were
randomly assigned to receive vitamin D and calcium supple-
mentation (n = 30) or double placebo (n = 29). Fifty-six par-
ticipants completed 1 y, and 53 participants completed 2 y.

Before hypothesis testing, the Kolomogrov-Smirnov normality
test was applied to continuous variables; no variables required
transformation to achieve normality. Treatment-group differences
in baseline characteristics were assessed by using Fisher’s ex-
act test for categorical variables and independent ¢ tests for con-
tinuous variables. The study was designed to address the primary
hypothesis that the group randomly assigned to receive vitamin D
plus calcium supplementation would preferentially increase
TBBMC at 1 and 2 y relative to the double-placebo group by
using an intention-to-treat, repeated-measures ANCOVA. One-
and 2-y treatment-related differences in TBBMD and SBMC
and SBMD were secondary outcomes.

When the study was designed, published data for adolescent
females during early to midpubertal development suggested
a 61-g/y difference in total body mineral content between groups

Screened
n =64

5 ineligible and
referred for treatment

Eligible and randomly assigned
n=59

I l

Vitamin D and calcium Placebo
n =30 n=29

3 withdrew

Completed 1 year Completed 1 year
n=27 n=29

2 withdrew 1 withdrew

Completed 2 years Completed 2 years
n=25 n=28

FIGURE 1. Flow of study participants.
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was possible with calcium supplementation alone with a stan-
dardized effect size of 0.74 (32). In addition, pilot data from our
center (The Pediatric Rosetta Project National Institute of Di-
abetes and Digestive and Kidney Diseases—037352) showed that
262 healthy African American and Hispanic children (aged 7—
14 y) gained 195 g TBBMC/y, whereas a study in 30 HIV-
infected children showed a TBBMC accrual of 120 = 84 gfy
(S Arpadi, H Horlick, unpublished data, 2004). We hypothesized
that vitamin D3 treatment would normalize mineral accrual. To
achieve normalization, a 0.89 standardized effect size was pro-
posed for sample-size determination. A 2-group comparison of
1-y difference in accrued TBBMC with 80% power and 5%
o and an effect size of 0.89 required 21 subjects per group. We
increased the sample size to 30 subjects per group for antici-
pated loss to follow-up. Differences in the rate of sexual mat-
uration among subjects were anticipated, and the Tanner stage
was proposed as the covariate to adjust for possible group im-
balances in maturation for the primary outcome analysis.

LMMs for repeated measures (SAS version 9.3 Proc MIXED;
SAS Institute) were used to assess primary and secondary out-
comes in separate models sharing the same structure of fixed
effects for treatment group (supplemented compared with pla-
cebo), time (baseline and 1 and 2 y), the group-by-time in-
teraction, the continuous time-independent covariate for the
baseline value of the outcome, and a random effect for the time-
dependent covariate of the number of Tanner stages advanced
since baseline. The repeated factor of time used a compound-
symmetry covariance structure empirically determined to best fit
the pattern of within-subject autocorrelation among times before
analysis. The random effect of Tanner-stage advancement used an
unstructured covariance structure blocked within treatment
group. Model estimated least-square means and SEs and P values
for differences between means calculated by using the method
of simultaneous Cls are reported. P values <0.05 was consid-
ered significant and were required for fixed effects before
within-treatment or within-time differences were examined. No
adjustment was made for multiple comparisons across the 4
models used for primary and secondary analyses.

To examine the influence of additional covariates on the ro-
bustness of the finding of the primary analysis, secondary
analyses with other baseline variables were performed by using
the same LMM method. In addition, primary outcomes were
evaluated in the subset of subjects who completed 2 y of
treatment. In addition to the intention-to-treat analysis, we
assessed for possible differences in the change in measures of
bone mass between subjects in whom more than one-half of the
25(OH)D-concentration results were >30 ng/mL and subjects in
whom more than one-half of 25(OH)D-concentration results
were <20 ng/mL with and without adjustment for confounding
by advancement of stage of sexual maturation (33).

This study was approved by the institutional review boards of
all participating institutions. Informed consent and assent were
obtained before enrollment of participants.

RESULTS

The characteristics of the study sample are presented in Table
1. Groups were similar with respect to age, sex, race, weight-for-
age, and level of sexual maturation. Dietary intakes of vitamin D
and calcium were well below RDAs in both groups. The pro-
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portion of participants with vitamin D deficiency [ie, the base-
line 25(OH)D concentration between >12 and <20 ng/mL] was
similar in the 2 groups (approximately one-third) at baseline as
was the reported use of a protease inhibitor—containing regimen.
Nelfinavir and lopinavir/ritonavir were the most commonly used
drugs of the protease inhibitor class in both groups; 17 (56.7%)
and 21 (72.4%) participants received either a nelfinavir- or
lopinavir/ritonavir-containing regimen in the supplemented and
placebo groups, respectively (data not shown). Many of the
participants were well controlled with respect to HIV disease;
a substantial proportion of subjects in both groups had viral load
concentrations below the amount of detection. In addition, 43%
and 56% of subjects had CD4 counts >500 cells/mL in the
supplemented and placebo groups, respectively, and the mean
CD4 count was normal (ie, >500 cells/mL) in both groups.
Most participants in both groups were classified with mild or
moderate HIV disease at enrollment.

The groups did not differ with respect to the number of doses of
vitamin D or vitamin D placebo that were given; the average
adherence equaled 95% in both groups, and no treatment month
showed <84% adherence. With the exception of the last study
visit, at which the supplemented group reported an average
adherence of 69% with calcium chewable supplements, both
groups met or exceeded 80% compliance with calcium supple-
mentation at each scheduled study visit.

Mean 25(OH)D concentrations (Figure 2) differed signifi-
cantly between intervention and control groups at 1 y (34.9 =
8.9 compared with 22.4 £ 9.8 ng/mL, respectively; P < 0.001)
as previously reported (19). In addition, differences in mean
25(OH)D concentrations were also observed during the second
study year (38.6 £ 10.6 compared with 26.2 = 11.9 ng/mL,
respectively; P < 0.001). Fewer subjects in the supplemented
group had any 25(OH)D concentration <20 ng/mL during the
study than in the placebo group (30% compared with 75%, re-
spectively; P = 0.0004). In contrast, more subjects in the sup-
plemented group achieved 25(OH)D concentrations >30 ng/mL
at any time during the study than in the placebo group (69%
compared with 42%, respectively; P = 0.06).

The results of baseline bone mass measurements by dual X-ray
absorptiometry and results of the LMMs for repeated measures of
time-by-group interactions are presented in Table 2. At baseline,
mean TBBMC, TBBMD, SBMC, and SBMD were similar be-
tween the 2 study groups. TBBMC and TBBMD age-, race-, and
sex-adjusted percentiles were within the normal range for age in
both the intervention and control groups. All bone mass indexes
increased at 1 and 2 y in both groups. Although the mean
TBBMC and SBMC tended to be lower, the mean age-, race-,
and sex-adjusted TBBMC and SBMC percentiles tended to be
higher in the supplemented group than in the placebo group at 1
and 2 y. In addition, the mean SBMD tended to be lower, and
the mean race- and sex-adjusted SBMC percentiles tended to
be higher in the supplemented group than in the placebo
group at 1 and 2 y. However, none of these differences were
significant.

The repeated-measures analysis of change from baseline after
initial Tanner stage was controlled for showed no significant
treatment-group differences for TBBMC or TBBMD in the
intent-to-treat analysis (P < 0.13 and P < 0.59, respectively) or
for the per-protocol analysis (same P values). The addition to the
model of a covariate for the number of Tanner stages advanced
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TABLE 1

Characteristics of subjects who received cholecalciferol and calcium and subjects who received double placebo at the time

of enrollment’

Vitamin D and calcium (n = 30)

Placebo (n = 29) P’

Age (y)
Weight (kg)
Weight-for-age (percentile)
Height (cm)
Height-for-age (percentile)
BMI (kg/m?)
BMI (percentile)
Male sex [n (%)]
Black [n (%)]
Hispanic [n (%)]
Tanner stage [n (%)]
1-2
34
>5
Antiretroviral medications [n (%)]
None
RTIs only
NNRTT containing
PI containing
NNRTT + PI containing
CD4 (%)
CD4 count (cells/mm?)
CD4 >500 cells/mm? [1n (%)]
CDC class [n (%)]
A
B
C
Viral load log10 (RNA copies/mL)
Viral load > level of detection [n (%)]
Sunlight exposure (h/wk)
Dietary calcium (mg/d)
Dietary calcium (% of RDA)
Dietary vitamin D (IU/d)
Dietary vitamin D (% of RDA)
Serum 25(OH)D (ng/mL)
Serum 25(OH)D between 12 and 20 ng/mL [n (%)]

102 + 2.8’ 11.0 + 2.3 0.29
38.0 = 10.8 42,9 + 12.1 0.12
56.6 + 28.9 67.6 + 28.2 0.15
142 * 16 145 + 13 0.47
47.8 + 245 522 + 30.0 0.55
195 5.7 202 + 3.7 0.61
59.2 + 29.4 71.9 + 249 0.09
13 (43) 13 (45) 0.91
18 (60) 20 (69) 0.48
12 (40) 10 (34) 0.67
0.48
17 (56.7) 12 (41.4)
9 (30.0) 10 (34.5)
4 (13.3) 7 (24.1)
0.27
0 (0.0) 1(3.5)
8 (26.7) 3(10.3)
7 (23.3) 4 (13.8)
10 (33.3) 15 (51.7)
5 (16.7) 6 (20.7)
317 + 11.8 302 + 10.2 0.63
800 + 377 759 + 387 0.68
24 (80) 21 (72) 0.50
0.71
13 (43) 10 (34)
12 (40) 12 (42)
5(17) 7 (24)
27+ 1.0 29+ L1 0.48
16 (53) 19 (66) 0.35
104 * 122 79+ 72 0.49
657 =+ 290 654 + 302 0.98
—343 *29.1 —34.6 + 30.2 0.98
148 + 84 147 + 85 0.97
—63.0 * 21.0 —633 +21.2 0.97
241 + 9.1 23.6 = 102 0.87
11 (37) 10 (34) 0.70

! NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; RDA, Recommended Dietary Allow-
ance; RTI, reverse transcriptase inhibitor; 25(OH)D, 25-hydroxyvitamin D.

2 For Student’s ¢ test or Fisher’s exact test.
2 Mean * SD (all such values).

(ie, 0, 1, or 2 Tanner stages) over the 2-y study did not change the
pattern of significance across these comparisons. When the same
LMM was performed for Tanner-stage advancement during the
2-y study, which was coded as any (1) compared with none (0),
treatment-group differences approached significance for TBBMC
(P for time X any variable of Tanner-stage advancement = 0.06)
and SBMC (P for time X any variable of Tanner-stage advance-
ment = 0.07) in subjects with Tanner-stage advancement; this
result appeared to be primarily attributable to the supplemented
group outperforming the placebo group during the first year.

No differences in changes in TBBMC, TBBMD, SBMC, and
SBMD after adjustment for advancement of stage of sexual
maturation were detected between subjects with greater than one-
half of 25(OH)D concentrations >30 ng/mL and subjects with
greater than one-half of 25(OH)D concentrations <20 ng/mL;
this result was independent of the treatment arm to which sub-
jects were randomly allocated (P > 0.01 for adequacy variable).

DISCUSSION

The results of this study showed that a 2-y course of sup-
plementation with vitamin D (100,000 IU every 2 mo) and
calcium (1000 mg/d) of a group of HIV-infected children and
adolescents with baseline concentrations of serum 25(OH)D <30
ng/mL was associated with significant and sustained increases in
mean serum 25(OH)D. In the group assigned to vitamin D and
calcium supplementation, baseline mean serum 25(OH)D con-
centrations increased from ~24 to >35 ng/mL, whereas they
remained unchanged in the placebo group. Despite the increase
of serum 25(OH)D into a range considered optimal for bone
health at the time the study was designed (>30 ng/mL), we
did not detect a significant effect of treatment on bone mass
accrual either at the total body or spine. In the subset of subjects
who progressed through puberty during the study, as assessed
by advancing Tanner stage, there was a larger increase in
TBBMC and SBMC in subjects who were randomly assigned to
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FIGURE 2. Mean (£SE) concentrations of 25(OH)D in subjects who
received 100,000 IU cholecalciferol given bimonthly and 1 g Ca/d
(Vitamin D/Calcium) and in subjects who received double placebo
(Placebo) by month of study. Blood sampling was performed monthly
during year 1 and bimonthly during year 2. Blood was sampled
immediately before administration of cholecalciferol. Arrows indicate the
time of administration of cholecalciferol or placebo, and time —1 indicates
the baseline screening. 25(OH) Vitamin D, 25-hydroxyvitamin D.

25(0OH) Vitamin D (ng/mL)

receive vitamin D and calcium; however, the difference was not
significant.

To our knowledge, there are no previous studies of vitamin D
supplementation in HIV-infected children or adolescents with
which we could compare our results. Previous studies conducted

TABLE 2
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in HIV-infected adults with osteoporosis showed moderate but
not significant improvements in BMD with supplementation with
vitamin D and calcium (34, 35). The lack of effect of the study
intervention raises a number of issues with respect to the ther-
apeutic potential of vitamin D supplementation and bone health,
especially in minority children and adolescents with chronic
diseases such as HIV/AIDS.

There is great controversy regarding the appropriate daily
intake of vitamin D intake and serum concentrations of 25(OH)D
that are optimal for the acquisition and maintenance of bone mass
throughout childhood and adolescence (36, 37). Some inves-
tigators consider that a minimum serum concentration of 30 ng/
mL is necessary, whereas other investigators suggest that the
calciotropic functions of vitamin D are enhanced with higher
concentrations of serum 25(OH)D within the current reference
range (38—40). Heaney et al (40) showed that intestinal absorption
of calcium correlated positively with serum 25(OH)D concen-
trations across the current reference range and that calcium
absorption was significantly reduced at a mean serum 25(OH)D
concentration of 20 ng/mL relative to that at a mean of 34 ng/mL,
which suggested that intestinal calcium absorption might be subop-
timal at lower levels within the current reference range. In NHANES
II, which is a population-derived sample of >13,000 participants,
BMD was strongly and positively associated with serum 25(OH)D
across the reference range (41). Moreover, it is widely consid-
ered that high intakes of vitamin D are required to maintain
serum concentrations >30 ng/mL and to combat the global
problem of vitamin D deficiency (42-45). In contradistinction to

Comparison of total-body bone mineral content, total-body bone mineral density, spine bone mineral content, and spine bone mineral density between
subjects who received cholecalciferol and calcium and subjects who received double placebo at entry and at 1 and 2 y’

Entry ly 2y P
Vitamin D and calcium (n) 30 27 25 —
Placebo (n) 29 29 28 —
Total-body bone mineral content (g)
Vitamin D and calcium 1330 £ 495 (1145, 1515) 1486 * 507 (1284, 1683) 1561 * 485 (1362, 1761) 0.54
Placebo 1433 = 428 (1270, 1596) 1581 = 450 (1410, 1753) 1743 + 485 (1553, 1928)
Total-body bone mineral content (percentile)
Vitamin D and calcium 50 £ 35 (37, 63) 55 £ 35 (42, 69) 55 % 35 (40, 70) 0.26
Placebo 47 = 38 (33, 62) 51 * 37 (37, 64) 51 * 35 (38, 65)
Total-body bone mineral density (g/cm?)
Vitamin D and calcium 0.814 = 0.123 (0.768, 0.860)  0.810 = 0.126 (0.760, 0.860)  0.835 = 0.123 (0.784, 0.885)  0.48
Placebo 0.826 = 0.100 (0.788, 0.864)  0.828 = 0.110 (0.786, 0.870)  0.863 = 0.123 (0.815, 0.910)
Total-body bone mineral density (percentile)
Vitamin D and calcium 26 * 29 (15, 36) 18 £ 24 (9, 27) 17 £ 22 (7, 26) 0.61
Placebo 24 = 28 (13, 34) 14 = 21 (6, 22) 17 = 27 (5, 26)
Spine bone mineral content (g)
Vitamin D and calcium 29.1 £ 13.3 (24.1, 34.0) 329 = 14.9 (27.0, 38.7) 347 £ 13.3(29.2, 40.2) 0.55
Placebo 30.9 = 10.9 (26.7, 35.0) 34.8 = 12.7 (30.0, 39.7) 39.1 = 13.6 (33.8, 44.3)
Spine bone mineral content (percentile)
Vitamin D and calcium 44 = 34 (31, 56) 45 = 33 (32, 58) 42 = 32 (29, 56) 0.51
Placebo 40 = 34 (27, 53) 37 = 33 (25, 50) 38 = 31 (26, 50)
Spine bone mineral density (g/cm?)
Vitamin D and calcium 0.683 = 0.176 (0.617, 0.749)  0.732 = 0.191 (0.656, 0.807)  0.765 = 0.171 (0.695, 0.836)  0.46
Placebo 0.706 = 0.167 (0.643, 0.770)  0.750 = 0.182 (0.681, 0.820)  0.812 = 0.196 (0.735, 0.887)
Spine bone mineral density (percentile)
Vitamin D and calcium 47 = 36 (33, 60) 50 £ 34 (36, 64) 51 % 34 (36, 66) 0.26

Placebo

44 = 33 (31, 57)

42 = 32 (30, 54)

44 = 31 (32, 56)

" All values are means = SEMs; 95% Cls in parentheses. There were no significant differences between groups at entry. P < 0.05 indicates the slope of
the change in outcome differed between treatment groups by using linear mixed models for repeated measures.
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these viewpoints, the US Institute of Medicine, which stated that
there is insufficient evidence that higher serum 25(OH)D con-
centrations benefit bone and mineral metabolism, has recently
recommended that a lower serum concentration of 25(OH)D (20
ng/mL) is consistent with vitamin D sufficiency and that vitamin
D intake does not need to exceed 600 IU/d (46). With the use of
the Institute of Medicine criteria, the mean baseline serum
concentration of 25(OH)D of our subjects was already in the
sufficient range. Moreover, only 37% of the supplemented
subjects and 34% of the placebo subjects had baseline concen-
trations between 12 and 20 ng/mL.

In the current study, participants in the intervention arm ach-
ieved mean serum concentrations of >30 ng 25(OH)D /mL during
both years 1 and 2; however, 75% of participants in the active arm
had at least one monthly 25(OH)D concentration <30 ng/mL, and
30% of participants had at least one monthly 25(OH)D concen-
tration <20 ng/mL. Thus, one possible explanation for the lack of
effect of vitamin D and calcium to increase bone mass accrual is
a failure to sustain adequate concentrations of 25(OH)D. Recently
published studies of the kinetics of orally administered chole-
calciferol provide additional support for the inadequacy of bi-
monthly dosing (47-49). Sustained concentrations may be
necessary to improve bone mass accrual during childhood and
adolescence, particularly during phases of rapid skeletal growth.
This may be especially important in diseases with chronic in-
fection and ongoing immune activation such as in the HIV-
infected subjects in this study.

Calcium intake is also critical to bone accrual, and inadequate
intakes in our intervention group could also have contributed to
the lack of effectiveness of our study intervention. We sought to
ensure an adequate calcium intake by providing supplements
with 1000 mg elemental calcium, which was slightly higher than
the 800-mg RDA for children in the study who were <8 y old but
slightly lower than the 1300-mg RDA for children aged >9 y.
However, because the calcium supplements were administered
at home, the actual adherence was uncertain. It has been shown
in a number of clinical trials performed in a variety of pop-
ulations and geographic settings that calcium supplementation
increases bone accrual in healthy children and adolescents (32,
50-53).

The cause of alterations in bone metabolism in HIV is unclear.
Multiple factors appear to be involved, possibly related to HIV
infection of osteoblasts and osteocytes that leads to decreased
activity and apoptosis, adverse effects of chronic inflammation on
bone metabolism, and effects of ART (54-60). Studies of bone
loss in HIV-infected adults receiving ART have been in-
consistent. Although some investigators reported bone loss as-
sociated with combination ART, other investigators observed
increases in bone mass (54, 55). In vitro studies suggested that
effects may be drug-specific because even agents within the same
class appear to affect osteoclastogenesis and osteoblast activity
differently (56—60). Bone resorption predominates early, whereas
improved BMD is observed later in the course of ART (57, 59).
Relevant to the current study, Mora et al (1) and Zuccotti et al (9)
observed lower bone mass measurements in HIV-infected chil-
dren and adolescents receiving ART but not in ART-naive, HIV-
infected children. One possible explanation for our findings is
that the constellation of factors that underlie poor bone accrual
in HIV-infected youth on ART may not be responsive to
improvements in vitamin D and calcium status. When compared

with available data from healthy children, measures of bone mass
in the study subjects appeared, on average, to be within the
normal range (30). It was not possible to determine whether this
result was due to the use of new reference data, a reflection of
particular ART regimens in study participants, enrollment of
healthy study subjects, or other factors.

Our sample size was inadequate for discerning complex inter-
actions in age, sexual maturation, and bone mass accrual in children
and adolescents who were undergoing sexual maturation. When
subjects who failed to complete were accounted for, the study
retained >80% power to detect annual differences of 61 g in the
gain of TBBMC. We selected this difference in magnitude because
it approximated the annual gain in bone mass attributed to calcium
supplementation alone in adolescent females during early to
midpuberty (32). However, because a substantial proportion of the
participants did not change Tanner stage, either because of HIV-
associated delays in sexual maturation or because they had either
not yet entered, or had already completed, the most rapid phase of
pubertal growth, our subjects may not have accrued bone mass at
the expected rate (61). This effect may have reduced the statistical
power to detect between-group treatment differences.

In conclusion, in this randomized clinical trial of perinatally
HIV-infected youths, we detected no effect of vitamin D and
calcium supplementation on 2-y bone mass accrual. Future
studies should consider a greater frequency of vitamin D dosing
to achieve more sustained concentrations of 25(OH)D. Because
there was a suggestion of benefit in children whose Tanner stage
advanced during the course of the study, future studies should
also be of sufficient size to account for variability in bone ac-
quisition related to sexual maturation or should focus on the most
rapid phase of bone acquisition.
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