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Objectives: In addition to its known effects on bone metabolism, vitamin D may
regulate immune function. Design: We performed a randomized controlled trial
(RCT) to test whether cholecalciferol supplementation can improve vitamin D status
and affect the T-cell phenotype in HIV-infected youth with vitamin D insufficiency.
Methods: Fifty-two HIV-infected patients aged 8 to 26 years and with serum 25(OH)
D <30 ng/mL were randomized to receive orally vitamin D3 100,000 IU or placebo
every 3 months for 4 doses. Serum 25(0OH)D, 1,25(0OH),D, PTH, and CD4+ T cells
were assessed 3 months before baseline and at 0, 3, 6, 9, and 12 months, while
Th1-, Th2-, Th17-, and Treg-subsets and T-lymphocyte vitamin D receptor were
assessed at 0, 3, and 12 months. Results: Forty-eight subjects (25 receiving vitamin
D and 23 receiving placebo) completed the RCT. Cholecalciferol supplementation
produced an early (3 months) decrease in PTH, a concomitant increase in 25(0OH)D,
and a later (6 months) increase in 1,25(0H),D levels, all persisting at 12 months. The
frequency of vitamin D insufficiency at 12 months was 20% versus 60% in the inter-
vention versus placebo group (P = .007). Cholecalciferol supplementation had no
effect on CD4+ T-cell counts but was associated with a decreased Th17:Treg ratio
at 3 months. Conclusions: In our cohort of HIV-infected youth, a 12-month chole-
calciferol supplementation increased 25(0H)D and 1-25(0OH),D and decreased PTH
levels but had no effect on CD4+ T-cells. However, it was associated with changes
in CD4+ T-cell phenotype, warranting further investigation. Key words: adolescents,

children, HIV, immunity, vitamin D

minosis D is common in the general popu-

lation.!” Low dietary intake of vitamin D
and reduced exposure to sunlight are probably
the major risk factors. However many facets of
this condition are still unclear, and recommenda-
tions for correction of vitamin D deficiency vary
widely.*"?

A high prevalence of hypovitaminosis D has
been described in HIV-infected adults'*'* and
children.”'® HIV infection itself and antiretroviral
(ARV) treatment may be responsible for alteration
of vitamin D metabolism."”'® Studies have shown a
significant decrease in serum 25-hydroxyvitamin-
D [25(OH)D] concentration in adults receiving
non-nucleoside reverse transcriptase inhibitors

There is increasing evidence that hypovita-

(NNRTIs)*?; however, a sure interference of ARV
treatment on vitamin D metabolism has not been
confirmed in more recent studies.?** Because of
the importance of vitamin D in bone health and
the greater risk for bone disease in HIV-infected
subjects, randomized controlled trials (RCTs)
have been performed to test whether vitamin D
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supplementation can improve vitamin D status
and bone mineral metabolism in HIV-infected
children and adolescents.?*

Along with its effects on bone metabolism, vita-
min D is an important modulator of the immune
system. The vitamin D receptor (VDR) is found in
high concentrations in activated T lymphocytes
and in small amounts in monocyte/macrophage
cells; B lymphocytes do not contain detectable
amounts of VDR.?

Experimental studies have shown that the
active di-hydroxylated metabolite of vitamin D
[1,25(OH),D] is able to skew the T-cell compart-
ment into a more anti-inflammatory state, with
inhibition of Th1 and Th17 cells and promotion of
Th2 and T regulatory (Treg) subsets.”**

In the context of HIV infection, in which Th1 sub-
populations inhibit viral replication,® any altera-
tion of the Th1/Th2 balance would be of concern.
Although all the biological effects of vitamin D are
mediated by the 1,25(OH),D, the 25(OH)D needs to
be routinely quantified because of its longer half-
life.* However, HIV-infected subjects may have a
defective la-hydroxylation of 25(OH)D.* Thus, it
is important to evaluate the effects of vitamin D
supplementation in terms of both 25(OH)D and
1,25(OH),D responses.

Our study was aimed to test the hypothesis
that oral supplementation with cholecalciferol
(vitamin D3) is able to increase serum 25(OH)
D and 1,25(OH),D levels and to affect T-cell
phenotype.

METHODS
Subjects

Vertically HIV-infected children and young
adults with stable disease,* followed at the Depart-
ment of Paediatrics — Luigi Sacco Hospital (Milan,
Italy), were evaluated for inclusion into the study
as of April 2011.

Inclusion criteria were age <30 years and serum
25(OH)D concentration <30 ng/mL.?” Exclusion
criteria were hyperparathyroidism, as detected
by an intact serum parathyroid hormone (PTH)
265 pg/mL; Black ethnic group; supplementation
with vitamin D in the previous 12 months; use of
any treatment known to alter vitamin D status in
the previous 6 months (excluding ARV); and any
concomitant severe illness.
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Persons of African descent were excluded to
avoid possible confounding due to racial differ-
ences in vitamin D metabolism status, for which
genetic explanations beyond possible skin color
gradations have been identified.*

Patients with 25(OH)D <30 ng/mL with con-
comitant PTH level above normal limits were not
considered eligible for the present study and were
referred to treatment.

Study Design

A repeated-measures parallel-group RCT was
performed. Eligible subjects were allocated to
receive oral cholecalciferol or placebo using a
4-block randomized design.®

Serum 25(OH)D, 1,25(0OH),D, PTH, calcium,
urinary calcium, and CD4+ T cells were assessed
3 months before enrollment (-3 months), at
baseline (0 months), and at each visit thereafter
(3, 6, 9, and 12 months). T-lymphocyte VDR
expression and Th1-, Th2-, Th17-, and Treg-lym-
phocytes were measured at 0, 3, and 12 months.
Adverse events were defined as those injuries
related to or caused by the treatments under
study. Patients and/or legal guardians were
specifically asked about adverse events at each
study visit.

The main outcome was the frequency of
hypovitaminosis D at the end of the trial, 3 months
after the last dose. Twenty-five subjects per group
gave a power of 83% to detect a reduction of 40% in
the frequency of hypovitaminosis D in the vitamin
D versus the placebo group at an alpha level of 0.05
(Fisher exact test).

The study was approved by the Luigi Sacco
Hospital Ethical Committee and registered as trial
number 2011-00059354 in the Eudract Registry.
Written informed consent was obtained from
the subjects or their legal guardians if they were
younger than 18 years.

Intervention

Patients were randomized to receive orally vita-
min D3 100,000 IU (Dibase, ABIOGEN PHARMA
SpA) or matching placebo oil suspended in 2 mL
of olive oil in sealed plastic syringes labeled with
the unique identification numbers. All the study
participants, outcome assessors (laboratory techni-
cians and immunologists), and personnel, except
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the pediatrician who administered the treatment,
were blinded to it.

Direct observed treatment (DOT) was adminis-
tered at the study site at baseline and at months 3,
6, and 9 for a cumulative dose of 400,000 IU.

Blood Collection

Blood was collected by venipuncture using
EDTA-containing Vacutainer tubes (Becton Dick-
inson, Italy), and peripheral blood mononuclear
cells (PBMC) were separated on lymphocyte
separation medium (Organon Teknica, USA).
Serum was obtained by centrifugation, and aliquot
samples were stored at -80°C pending further
analysis.

Vitamin D and Related Measures

Serum 25(OH)D was measured by immunoassay
(25-hydroxy-vitamin D EIA; Immunodiagnostic
Systems Ltd, Boldon, UK). The sensitivity of the
assay was 5 nmol/L, with intra-assay precision
ranging from 5.3% to 6.7% and inter-assay preci-
sion from 4.6% to 8.7%.

Serum 1,25(0OH),D was measured by radio-
immunoassay (1,25-dihydroxy vitamin D RIA;
Immunodiagnostic Systems Ltd). The sensitivity of
the assay was 5 pmol/L, with intra-assay precision
ranging from 11.9% to 20.0% and inter-assay preci-
sion from 8.6% to 16.6%. Serum PTH was measured
by immunoassay (Elecsys PTH Test System, Roche
Diagnostics GmbH, Mannheim, Germany). The
sensitivity of the assay was 1.2 pg/mL; intra-assay
precision ranged from 2.6% to 6.5% and inter-assay
precision from 1.1% to 4.1%. Serum and urinary
calcium (spot sampling) were measured using
standard laboratory techniques.

T-Cell Inmunophenotyping

PBMCs were incubated for 18 hours in the pres-
ence/absence of a pool of gag+env peptides (HIV).
During the last 6 hours, 10 ug/mL of brefeldin A
(Sigma-Aldrich, St. Louis, MO, USA) was added to
cell cultures for cytokine analyses.

We measured VDR expression on CD4+ T cells as
previously described.**

Briefly, 0.5 x 10° PBMC were washed in phos-
phate-buffered saline (PBS) and stained for CD4
FITC monoclonal antibodies (Beckman-Coulter,
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Fullerton, CA, USA) for 15 minutes at room
temperature in the dark. Cells were fixed in 1%
paraformaldehyde (Sigma-Aldrich, St. Louis, MO,
USA) for 15 minutes at 4°C, washed, resuspended
in 0.5% saponin (Sigma-Aldrich), stained for VDR
antibodies (R&D Systems Inc., Minneapolis, MN,
USA), and coupled to phycoerythrin (PE) (Innova
Biosciences, Cambridge, UK). After a 45-minute
incubation at 4°C in the dark, cells were washed
and fixed in 1% paraformaldehyde. The follow-
ing antibody panels were used to define Th1, Th2,
Th17, and Treg cells: anti-CD4 PE-Cy?7, anti-IL2 PE,
anti-IFN-y FITC (Beckman-Coulter, Fullerton, CA,
USA), anti-Tbet PE-Cy5 (eBioscience, San Diego,
CA, USA), anti-CD4 PE-Cy7 (Beckman-Coulter),
anti-GATA3 eFluor660 (eBioscience), anti-IL-4 PE
(R&D Systems Inc), anti-CD4 PE-Cy5 (Beckman-
Coulter), anti-ROR-gamma PE, anti-IL17A FITC
(eBioscience), anti-CD4 PE-Cy7, anti-CD25 PE
(Beckman-Coulter), anti-Foxp3 PE-Cy5 (eBiosci-
ence), and anti-IL10 FITC (R&D Systems Inc.).

Stimulated PBMCs were washed in PBS
(Euroclone, Pero, Italy) and stained with surface
antibodies. PBMCs were then washed, fixed,
permeabilized (FoxP3 Staining Buffer Set; eBiosci-
ence), and stained with intracellular antibodies.
Cells were finally washed with permeabilization
buffer and acquired on an FC500 flow cytometer
(Beckman Coulter, Brea, CA, USA). Th1 cells were
identified as IFNy- or/and IL2-secreting Tbet+
CD4+ T cells, Th2 cells were identified as IL4- or/
and IL10-secreting GATA3+ CD4+ T cells, and
Th17 cells were identified as IL17-secreting RORyt+
CD4+ T cells.

Data were analyzed by first gating on the lym-
phocyte population as defined by forward and
side light scatters. From this population, a single
color CD4 or CD8 histogram was made, and T cells
were selected and inserted into a 2-dimensional
dot plot.

Statistical Analysis

Most variables were not normally distributed,
and baseline values are reported as 50th, 25th,
and 75th percentiles. Categorical variables are
reported as the number of subjects with the char-
acteristic of interest. Between-group comparisons
of categorical variables were performed using
Fisher exact test. The longitudinal changes of the
outcomes of interest were evaluated using mixed
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linear regression models employing (1) treatment
(categorical: 0 = placebo, 1 = vitamin D); (2) time
[categorical: -3, 0, 3, 6,9, and 12 months for 25(OH)
D, 1,25(0OH),D, PTH, serum calcium, urinary cal-
cium, and CD4+ T-cells and 0, 3 and 12 months for
square-root transformed VDR, Thl-lymphocytes,
Th2-lymphocytes, Th1:Th2 ratio, Th17-lympho-
cytes, Treg-lymphocytes, and Th17:Treg ratio],
(3) a Treatment x Time interaction (Categorical x
Categorical), and (4) the baseline value of the
outcome as covariates and the patient as random
effect.®® Standardized residuals and level-1 residu-
als were evaluated to check model fit.**Although
model fit improved substantially after square-root
transformation of VDR, Thl-lymphocytes, Th2-
lymphocytes, Th1:Th2 ratio, Th17-lymphocytes,
Treg-lymphocytes, and Th17:Treg ratio, we none-
theless used robust 95% confidence intervals
to relax the assumption of homoscedasticity of
level-1 residuals. Although not strictly needed
for the other outcomes, we calculated robust 95%
confidence intervals for all models for reasons of
uniformity. Using maximum likelihood estima-
tion, the mixed models allowed us to manage
missing data under the assumption of missing at
random (MAR).” The analysis was intention-to-
treat (ITT) for all outcomes. Statistical analysis was
performed using Stata 12.1 (Stata Corp, College
Station, TX, USA).

RESULTS

The selection of patients is depicted in Figure 1.
Out of 90 vertically HIV-infected patients aged
8 to 26 years who underwent vitamin D status
assessment 3 months before starting the trial
(April 2011), 79 (87.7%) had vitamin D insuf-
ficiency [25(OH)D < 30 ng/mL]. Eleven subjects
were excluded because of Black ethnicity; 11
patients with hypovitaminosis D and hyperpara-
thyroidism were not eligible for randomization
and were referred to treatment.

Of the remaining 57 patients, 52 agreed to par-
ticipate in the trial and were randomized into the
vitamin D (n = 26) or placebo group (n = 26). One
patient in the vitamin D group developed epilepsy
and 1 in the placebo group moved away from
Milan before starting the study, so 50 patients were
actually evaluated.

Baseline patients’ characteristics are given in
Tables 1 and 2. At enrollment, the 2 groups were
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comparable in both categorical (Table 1) and
continuous measurements (Table 2). Twenty-
one subjects (84%) in the vitamin D group and
22 patients (88%) receiving placebo had been under
stable ARV therapy for at least 6 months before
enrollment and all of them had undetectable HIV
RNA levels (Table 1). The majority (52%) of the
patients were receiving an NNRTI-based regimen;
17 (34%) subjects were receiving a protease inhibi-
tor-based regimen. Only a few patients were naive
to ARV (Table 1).

Vitamin D and related measures as well as
immunological features were also comparable in
the 2 groups (Table 2).

Forty-four patients performed all scheduled
visits. Given the DOT strategy, we reported no
missed doses of vitamin D. Four patients in the
vitamin D group missed 1 visit, while 2 in the
placebo group were lost at follow-up at 3 and 6
months. Only 65% of the planned urinary calcium
measurements were performed, whereas all other
measurements were obtained in virtually all cases
(from 98% to 100%). No patients were excluded
from analysis at any time point, and the analysis
was ITT.

Vitamin D and Related Outcomes

Changes in vitamin D and related outcomes dur-
ing the study are reported in Table 3.

There were no changes in 25(OH)D,
1,25(0OH),D, and PTH levels at 0 (baseline)
versus -3 months. At the first assessment after
baseline (3 months), 25(OH)D levels were
higher and PTH lower in the vitamin D group,
but no between-group difference in 1,25(OH),D
levels was detected. At the second assessment
(6 months), an increase in 1,25(0OH),D concen-
tration was evident in the vitamin D group
in addition to the increase in 25(OH)D and
decrease in PTH. At the third (9 months) and
fourth (12 months) assessments, these changes
were still evident and stable.

Serum calcium showed a tendency to increase
in the vitamin D group at 3 months, but the effect
size was very modest and not replicated at the
following time points. No changes in urinary
calcium levels were seen in the 2 groups at any
time. However, the changes in urinary calcium
concentration need to be interpreted with caution
because of the high number of missing data (35%).
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Figure 1. Selection of patients.

Figure 2 plots 25(OH)D values in the 2 groups
during the study period. (These values were pre-
dicted from the mixed regression model of Table 3
and take into account missing data.)

The frequency of vitamin D insufficiency
at 12 months (main outcome) was 60% in
the placebo group and 20% in the vitamin D
group (P = .007). Data were calculated on 48
patients, because 2 patients in the placebo
group were lost to follow-up during the study
(see above).

Immunological Outcomes

No changes were observed in CD4+ T-cell count
or percentage in the 2 groups (Table 3). A decrease
of the Th17:Treg ratio (square-root transformed)
was detected at 3 months in the vitamin D versus
the placebo group, but it became nonsignificant at
12 months (Table 4).

Safety

No adverse events were reported in either group.
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Note: 95% robust confidence intervals in brackets. Point estimates and confidence intervals were obtained from a mixed linear model.
“P < .001.

‘P<.05."P<.01.
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Figure 2. 25(0OH)D levels during the study: point estimates and confidence
intervals obtained from a missed linear model.

Table 4. Changes in immunological outcomes for vitamin D vs placebo group

57

Change vs 0 months for vitamin D vs placebo

VDR? Thia Thos Th1:Th2a  Thi7e Treg® Th17:Treg?

Month 3 0.6 -0.3 0.1 -0.5 -0.2 0.1 -0.6
[-0.2,1.4] [-06,0.1] [-0.4,02] [-1.0,04] [-05,00] [-0.2,04] [-1.0,-0.1]

Month 12 0.5 0.1 0.3 -0.7 0.1 0.7 -0.4
[-0.2,1.3] [-0.7,0.5] [-0.1,0.6] [-2.2,0.8] [-0.2,05] [-0.2,1.5] [-0.8,0.1]

Note: 95% robust confidence intervals in brackets. Point estimates and confidence intervals were obtained from a mixed

linear model.
aAfter square-root transformation.

DISCUSSION

This is the first RCT aimed to evaluate changes
in 25(OH)D, 1,25(0OH),D, and PTH levels in
HIV-infected youth undergoing vitamin
D3 supplementation over a long period (12
months) and, concomitantly, to test whether
such supplementation may affect the T-cell
phenotype.

Given the risk of poor adherence to vitamin
supplementation among adolescents, we chose an
every-3-months schedule, which allowed us to per-
form the direct observed therapy concomitantly to
the scheduled follow-up visits in our clinic.

First, our study shows that cholecalciferol supple-
mentation increased 25(OH)D and 1,25(0OH),D and
decreased PTH levels in HIV-infected youth with
a relatively preserved immunological function.
25(OH)D increased and PTH decreased 3 months
after the first administration of cholecalciferol,
whereas the increase in 1,25(0OH),D took 6 months
to become apparent. Thus, PTH appeared to be an
early marker of vitamin D status. This is important
in view of the fact that current guidelines con-
sider the effect of cholecalciferol on PTH to be an
important criterion to determine whether vitamin
D supplementation is needed.”” At 12 months, the
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mean (95% CI) difference in vitamin D was 27 (10
to 44) ng/mL for the vitamin D group versus the
placebo group (P < .001). At the same time, the fre-
quency of vitamin D insufficiency [ie, 25(OH)D <
30 ng/mL] was 60% in the placebo group and 20%
in the vitamin D group (P = .007). It is important to
note the increase in 25(OH)D that occurred in both
study groups between months 6 and 12 (Figure 1).
A possible explanation for this finding is that the
last 3 months of our trial took place during summer.
It is well known that circulating levels of vitamin D
tend to increase during summer,” and this has been
reported also in HIV-infected children.® In addition
to the possible effect of sunlight exposure on vitamin
D status, our findings agree with those of Arpadi
and colleagues,” who showed that a bimonthly
supplementation with cholecalciferol (100,000 IU)
and calcium (1 g/day) was effective in improving
vitamin D status in HIV-infected children.

la-Hydroxylation of 25(OH)D to 1,25(0OH),D
may be impaired in HIV-infected subjects. In our
patients supplemented with vitamin D, both serum
25(OH)D and 1,25(0OH),D increased, although the
latter effect took more time to be evident. This
finding may be partly explained by the fact that
our patients had a relatively preserved immune
function.*

Second, although vitamin D had no effect on
CD4+ T cells, it is of some interest that in our cohort
cholecalciferol supplementation was associated with
a decrease in the Th17:Treg ratio, which appears to
be the principal novelty of the present investigation.

On the basis of observational data, it has been
hypothesized that serum 1,25 vitamin D concentra-
tion correlates with degree of immunodeficiency**
or CD4 recovery in HIV-infected adult males.®
Our finding of no association between vitamin D
supplementation and CD4+ T cells is in keeping
with the results of Kakalia et al,* who showed that
in HIV-infected adults with relatively preserved
immune function, vitamin D supplementation does
not lead to changes of CD4+ T cells. Data obtained
mostly from in vitro and animal studies*** show
that, with respect to the adaptive immune system,
1,25(0OH),D stimulates a Th2-cytokine profile and
the development of Treg lymphocytes with pos-
sible inhibition of Thl- and Th17-subsets. Our
study is the first to examine markers of adaptive
immunity in an RCT involving vitamin D supple-
mentation in HIV-infected children and young
adults. Although this was a secondary outcome
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for which no formal sample size calculation was
performed, it is interesting to see that the observed
changes point in the same direction as available
studies. We found in fact a decreased Th17:Treg
ratio at 3 months in the vitamin D group compared
to the placebo group. Although the changes of the
numerator and denominator of this ratio were not
significant, the ratio clearly changed because of a
decrease in Th17- and a concomitant increase in
Treg lymphocytes.

Treg lymphocytes play a pivotal role in immune
activation, and their function in HIV infection
is attracting much interest. These cells suppress
HIV-specific adaptive immune responses,* and
they may control excessive immune activation.* In
a recent study in HIV-infected adults, an increase
in 1,25(0OH),D was accompanied by an expansion
of Treg lymphocytes.*” Vitamin D up-regulates
Th2-dependent cytokine expression and lowers
Thl-dependent cytokine levels.* In the course of
HIV infection, a shift from Th1- to Th2-lymphocytes
is of concern, because it may be associated with
disease progression and greater immunosuppres-
sion.**In our trial, we found no evidence of poten-
tially relevant changes in the Th1:Th2 ratio.

Our study has some limitations. First, our
patients had a relatively preserved immune func-
tion, and our findings cannot be generalized to
subjects with more advanced HIV disease. Second,
we studied Caucasian youths living in the Milan
metropolitan area, and our findings are unlikely
to apply to subjects of different ethnicities or those
living at different latitudes. Third, we did not eval-
uate the changes of vitamin D intake with foods
during the study. Fourth, calcium:creatinine ratios
are not displayed because only 65% of the planned
urinary calcium measurements were obtained.
Last, we are aware of the fact that our study is
underpowered to determine whether the chosen
supplementation may affect CD4+ T-cell counts.

CONCLUSION

In our cohort of HIV-infected children and
young adults, a 12-month oral supplementation
with 100,000 IU of cholecalciferol given every
3 months produced an early decrease in PTH,
a concomitant increase in 25(OH)D, and a later
increase in 1,25(OH)2D levels. Such treatment had
no effect on CD4+ T cells but was associated with a
decreased Th17:Treg ratio at 3 months.
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Vitamin D might thus produce potentially
important changes in the T-cell phenotype
warranting further studies in larger cohorts.

ACKNOWLEDGMENTS

Financial support/disclosures: This study has
been supported in part by grant “Bando Ricerca
Nazionale AIDS 2009” number 40H1 (Italian
Ministry of Health). The authors have no financial
relationships relevant to this article to disclose.

REFERENCES

1. Zadshir A, Tareen N, Pan D, et al. The prevalence of hypo-
vitaminosis D among US adults: data from the NHANES II.
Ethn Dis. 2005;15(4 suppl 5):S5-97-101.

2. Bischoff-Ferrari HA. “Vitamin D — why does it matter?”
defining Vitamin D deficiency and its prevalence. Scand J
Clin Lab Invest. 2012;243(suppl):3-6.

3. Gordon CM, Williams AL, Feldman HA, et al. Treatment
of hypovitaminosis D in infants and toddlers. J Clin
Endocrinol Metab. 2008;93:2716-2721.

4. Adams JS, Kantorovich V, Wu C, et al. Resolution of
vitamin D insufficiency in osteopenic patients results in
rapid recovery of bone mineral density. J Clin Endocrinol
Metab. 1999;84:2729-2730.

5. Aloia JF, Patel M, Dimaano R, et al. Vitamin D intake to
attain a desired serum 25-hydroxyvitamin D concentration.
Am J Clin Nutr. 2008;87:1952-1958.

6. Cesur Y, Caksen H, Gundem A, et al. Comparison of
low and high dose of vitamin D treatment in nutritional
vitamin D deficiency rickets. J Pediatr Endocrinol. 2003;16:
1105-1109.

7. Chandra P, Binongo JN, Ziegler TR, et al. Cholecalciferol
(vitamin D,) therapy and vitamin D insufficiency in patients
with chronic kidney disease: a randomized controlled pilot
study. Endocr Pract. 2008;14:10-17.

8. Dawson-Hughes B, Harris SS. High-dose vitamin D
supplementation: too much of a good thing? JAMA.
2000;303:1861-1862.

9. llahi M, Armas LA, Heaney RP. Pharmacokinetics of a
single, large dose of cholecalciferol. Am J Clin Nutr.
2008;87:688-691.

10. Sanders KM, Stuart AL, Williamson EJ, et al. Annual
high-dose oral vitamin D and falls and fractures in
older women: a randomized controlled trial [erratum
2010;303:2357]. JAMA. 2010 303:1815-1822.

11. Shah BR, Finberg L. Single-day therapy for nutritional
vitamin D-deficiency rickets: a preferred method. J Pediatr.
1994;125:487-490.

12. KhazaiNB, Judd SE, Jeng L, et al. Treatment and prevention
of vitamin D insufficiency in cystic fibrosis patients:
comparative efficacy of ergocalciferol, cholecalciferol, and
UV light. J Clin Endocrinol Metab. 2009;94:2037-2043.

13. Kuehn EW, Anders HJ, Bogner JR, et al. Hypocalcaemia in
HIV infection and AIDS. J Intern Med. 1999;245:69-73.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

YoutH ® GIACOMET ET AL 59

Rodriguez M, Daniels B, Gunawardene S, et al. High
frequency of vitamin D deficiency in ambulatory HIV-positive
patients. AIDS Res Hum Retroviruses. 2009;25:9-14.
Stephensen CB, Marquis GS, Kruzich LA, et al. Vitamin D
status in adolescents and young adults with HIV infection.
Am J Clin Nutr. 2006;83:1135-1141.

Rutstein R, Downes A, Zemel B, et al. Vitamin D status in
children and young adults with perinatally acquired HIV
infection. Clin Nutr. 2011;30(5):624-628.

Van Den Bout-Van Den Beukel CJ, Fievez L, Michels M,
et al. Vitamin D deficiency among HIV type 1-infected
individuals in the Netherlands: effects of antiretroviral
therapy. AIDS Res Hum Retroviruses. 2008;24:1375-1382.
Mueller NJ, Fux CA, Ledergerber B, et al. High prevalence
of severe vitamin D deficiency in combined antiretroviral
therapy-naive and successfully treated Swiss HIV patients.
AIDS. 2010;24:1127-1134.

Allavena C, Delpierre C, Cuzin L, et al. High frequency
of vitamin D deficiency in HIV-infected patients: effects
of HIV-related factors and antiretroviral drugs [published
online ahead of print May 15, 2012]. J Antimicrob
Chemother.

Conesa-Botella A, Florence E, Lynen L, et al. Decrease of
vitamin D concentration in patients with HIV infection on a
non nucleoside reverse transcriptase inhibitor-containing
regimen. AIDS Res Ther. 2010;7:40.

Foissac F, Tréluyer JM, Souberbielle JC, et al.
Vitamin D3 supplementation scheme in HIV-infected
patients based upon a pharmacokinetic modelling of
25-hydroxycholecalciferol [published online ahead of print
October 17, 2012]. Br J Clin Pharmacol.

Havens PL, Mulligan K, Hazra R, et al. Serum 25-
hydroxyvitamin D response to vitamin D, supplementation
50.000 IU monthly in youth with HIV-1 infection. J Clin
Endocrinol Metab. 2012;97:4004-4013.

Arpadi SM, McMahon D, Abrams EJ, et al. Effect of
bimonthly supplementation with oral cholecalciferol on
serum 25-hydroxyvitamin D concentrations in HIV-infected
children and adolescents. Pediatrics. 2009;123:e121-126
Arpadi SM, McMahon DJ, Abrams EJ, et al. Effect of
supplementation with cholecalciferol and calcium on
2-y bone mass accrual in HIV-infected children and
adolescents: a randomized clinical trial. Am J Clin Nutr.
2012;95:678-685.

Veldman CM, Cantorna MT, DeLuca HF. Expression of
1,25-dihydroxyvitamin D receptor in the immune system.
Arch Biochem Biophys. 2000;374(2):334-338.

Sloka S, Silva C, Wang J, et al. Predominance of Th2
polarization by vitamin D through a STAT6-dependent
mechanism. J Neuroinflammation. 2011;24(8):56.

Baeke F, Takiishi T, Korf H, et al. Vitamin D: modulator
of the immune system. Curr Opin Pharmacol. 2010;10:
482-496.

Klein SA, Dobmeyer JM, Dobmeyer TS, et al. Demonstration
of the Th1 to Th2 cytokine shift during the course of HIV-1
infection using cytoplasmic cytokine detection on single cell
level by flow cytometry. AIDS. 1997;15;11(9):1111-1118.
Holick MF, Binkley NC, Bischoff-Ferrari HA, et al; Endocrine
Society. Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice guideline.
J Clin Endocrinol Metab. 2011;96:1911-1930.



60

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

HIV CLinicAL TRIALS @

Haug CJ, Aukrust P, Haug E, et al. Severe deficiency of
1,25-dihydroxyvitamin D3 in human immunodeficiency virus
infection: association with immunological hyperactivity
and only minor changes in calcium homeostasis. J Clin
Endocrinol Metab. 1998;83:3832-3838.

Centers for Disease Control and Prevention. Revised
classification system for human immunodeficiency virus
infection in children less than 13 years of age. MMWR
Morb Mortal Wkly Rep. 1994;43(RR-12):1-10.

Signorello LB, Shi J, Cai Q, et al. Common variation
in vitamin D pathway genes predicts circulating 25-
hydroxyvitamin D levels among African Americans. PLoS
One. 2011;6(12):e28623.

Ryan P. Random allocation of treatments in blocks. Stata
J. 2008;8:594.

Caputo D, Leone MA, Zanzottera M, et al. Vitamin D
receptor (VDR) gene SNPs influence VDR expression
and modulate protection from multiple sclerosis in
HLA-DRB1*15-positive individuals. Brain Behav Immun.
2011;25(7):1460-1467.

Fitzmaurice GM, Laird NM, Ware JH. Applied Longitudinal
Analysis. Hoboken, NJ: Wiley; 2011.

Rabe-Hesketh S, Skrondal A. Multilevel and Longitudinal
Modeling Using Stata. Volume 1: Continuous Responses.
College Station, TX: Stata Press; 2012.

Carpenter JR, Kenward MG. Missing data in randomised
controlled trials: a practical guide [monograph]. London
School of Hygiene & Tropical Medicine; 2007. www.
missingdate.org.uk

Haug CJ, Aukrust CP, Haug E, Merkrid L, Mdller F,
Freland SS. Severe deficiency of 1,25-dihydroxyvitamin
D, in human immunodeficiency virus infection: association
with immunological hyperactivity and only minor changes
in calcium homeostasis. J Clin Endocrinol Metab.
1998;83(11):3832-3838.

Teichmann J, Stephan E, Lange U, et al. Osteopenia in
HIV-infected women prior to highly active antiretroviral
therapy. J Infect Dis. 2003;46:221-227.

14/2

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

e Mar-Arr 2013

Ross AC, Judd S, Kumari M, et al. Vitamin D is linked to
carotid intima-media thickness and immune reconstitu-
tion in HIV-positive individuals. Antivir Ther. 2011;16(4):
555-563.

Kakalia S, Sochett EB, Stephens D, et al. Vitamin D
supplementation and CD4 count in children infected with
human immunodeficiency virus. J Pediatr. 2011; 159:
951-957.

Boonstra A, Barrat FJ, Crain C, et al. 1alpha,25-
dihydroxyvitamin D3 has a direct effect on naive CD4(+) T
cells to enhance the development of Th2 cells. J Immunol.
2001;167(9):4974-4978.

De St Groth BF, Landay AL. Regulatory T cells in HIV
infection: pathogenic or protective participants in the
immune response? AIDS. 2008;22: 671-683.

Aandahl EM, Michaélsson J, Moretto WJ, et al. Human
CD4+CD25+regulatory T cells control T-cell responses
to human immunodeficiency virus and cytomegalovirus
antigens. J Virol. 2004;78:2454-2459.

Sousa AE, Carneiro J, Meier-Schellersheim M, et al. CD4 T
cell depletion is linked directly to immune activation in the
pathogenesis of HIV-1 and HIV-2 but only indirectly to the
viral load. J Immunol. 2002;169:3400-3406.

Bang U, Kolte L, Hitz M, et al. Correlation of increases in
1,25-dihydroxyvitamin D during vitamin D therapy with
activation of CD4+ T lymphocytes in HIV-1-infected males.
HIV Clin Trials. 2012;13(3):162-170.

D’Ambrosio D, Cippitelli M, Cocciolo MG, et al. Inhibition of
IL-12 production by 1,25-dihydroxyvitamin D3. Involvement
of NF-kappaB downregulation in transcriptional repression
of the p40 gene. J Clin Invest. 1998;101(1):252-262.
Shearer GM, Clerici M. Cytokine profiles in HIV type 1
disease and protection. AIDS Res Hum Retroviruses.
1998;14(suppl 2):S149-152.

Clerici M, Seminari E, Maggiolo F, et al. Early and late
effects of highly active antiretroviral therapy: a 2 year
follow-up of antiviral-treated and antiviral-naive chronically
HIV-infected patients. AIDS. 2002;16(13):1767-1773.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 595
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create press-ready Adobe PDF documents for Cengage Learning books using Distiller 8.0.x.  The resulting PDF will be compatible with Acrobat 8 \(PDF 1.7\) per CL File Preparation and Certification Task Force)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


