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Success of Standard Dose Vitamin D
Supplementation in Treated Human
Immunodeficiency Virus Infection
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Background. Vitamin D insufficiency is prevalent in human immunodeficiency virus-positive (HIV+) persons.
Human immunodeficiency virus and antiretroviral therapy (ART) may create unique risk factors, and the optimal
vitamin D repletion and maintenance regimen in HIV+ persons remains unclear.

Methods. Human immunodeficiency virus-positive adults on suppressive ART underwent routine serum 25-
hydroxyvitamin D (250HD) screening. Persons with vitamin D insufficiency (250HD <30 ng/mL) received
open-label, oral vitamin D3 50 000 international units (IU) twice weekly for 5 weeks, then 2000 IU daily to complete
12 weeks. We predicted 70% (95% confidence interval, 60%-80%) repletion to 250HD >30 ng/mL compared with
85% among historical HIV-negative controls. Eighty participants provided 91% power to detect this difference.
Ability to maintain 250HD >30 ng/mL after 24 weeks was also assessed.

Results. Baseline characteristics were similar between the 82 vitamin D insufficient and 40 sufficient persons
enrolled: 95% male, 60% white, 88% nonsmokers, median age 49 years, body mass index 26 kg/m’, and CD4"
T lymphocyte count 520 cells/mm?>. After 12 weeks, 81% (66 of 82) of insufficient persons achieved 250HD >30
ng/mL (P = .32 vs historical controls), with only older age (odds ratio [OR] = 1.06; P = .06), higher baseline 250HD
(OR =1.14; P < .01), white race (OR =3.39; P =.04), and current smoking (OR = 0.25; P =.06) associated with suc-
cessful repletion. After 24 weeks, 73% (48 of 66) maintained 250HD >30 ng/mL, with tenofovir (OR =5.00; P =.01)
and abacavir use (OR =0.23; P =.02) associated with success and failure, respectively, to maintain 250HD levels.

Conclusions. The 250HD repletion rates were comparable between HIV+ adults on suppressive ART and his-
torical HIV-negative controls, indicating that successful oral repletion can be achieved in this population.
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Low serum 25-hydroxyvitamin D levels (250HD <30
ng/mL) are highly prevalent in both human immuno-
deficiency virus (HIV)-infected persons and the general
population [1-5], and these levels have been associated
with cardiovascular disease, insulin resistance, progres-
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sion to acquired immune deficiency syndrome, and in-
creased mortality [3, 6-11]. Human immunodeficiency
virus infection and antiretroviral therapy (ART) may
create unique risk factors for vitamin D insufficiency.
For example, increased tumor necrosis factor-alpha lev-
els have been associated with both HIV infection and
vitamin D insufficiency [12] and the protease inhibitor
(PI), and nonnucleoside reverse transcriptase inhibitor
(NNRTI) classes of antiretroviral agents may interrupt
normal 250HD synthesis and metabolism via modula-
tion of the cytochrome P450 system(s) that control hy-
droxylation of vitamin D and its metabolites [2,12-15].

In HIV-uninfected adults, the safety of vitamin D
supplementation has been demonstrated at a wide
range of doses [16, 17], and the efficacy of oral sup-
plementation in repleting 250HD levels is generally
high. In HIV-infected persons, the safety of vitamin D
supplementation at a wide range of doses has also been
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described, but repletion success rates have been less consistent,
even at doses of 2000-4000 international units (IU) daily [4, 18].
The Institute of Medicine recommends 600 IU of vitamin D
daily for most adults, with 4000 IU recommended as the upper
limit of supplementation [19]. The Endocrine Society also
recommends 600-800 IU for most adults, but it specifically re-
commends at least 2 to 3 times this amount for HIV-infected
persons on ART [20]. The US Preventive Services Task Force
released a statement in November 2014 against screening for
vitamin D insufficiency in nonpregnant, asymptomatic com-
munity-dwelling adults; however, this recommendation did
not apply to populations at increased risk for vitamin D insuf-
ficiency or for whom benefits of repletion therapy have been
established [21]. Given the complex inflammatory physiology
associated with HIV infection, the prevalence of metabolic
bone disease, and the potential for ART to alter the efficacy
of vitamin D replacement strategies, vitamin D supplementa-
tion at the higher end of recommended values is likely prudent
in HIV-infected persons. However, the optimal oral vitamin D
repletion and maintenance regimen for HIV-infected adults on
ART remains unknown. To help answer this question, we con-
ducted an open-label trial of standardized vitamin D supplemen-
tation in HIV-infected men and women on suppressive ART.

MATERIALS AND METHODS

Study Design

At the time of routine 250HD level screening by their primary
care provider, patients were offered participation in a 24-week,
observational study of standardized vitamin D repletion. After
provision of informed consent, eligibility was determined. In-
clusion criteria required participants to be >18 years of age
and have HIV-1 RNA <200 copies/mL on ART. Potential partic-
ipants were excluded if they did not meet inclusion criteria, were
using vitamin D supplementation >400 IU daily (the amountina
standard multivitamin) at screening, and/or were not willing to
have their 250HD results monitored by the study team.

Medical record review was performed for collection of demo-
graphic and clinical information including age, race, sex, ART
regimen, past medical history, concomitant medications, CD4"
T lymphocyte counts (absolute and percentage), HIV-1 RNA,
250HD levels, substance use history (including tobacco), and
the presence of hepatitis B or C virus coinfection. Vitamin D
hormone, 1,25-dihydroxyvitamin D (1,25(OH), D), calcium,
and parathyroid hormone levels were not routinely available
for collection.

Participants with baseline 250HD >30 ng/mL (vitamin D
sufficient) completed study participation after the baseline as-
sessment. Participants with 250HD levels <30 ng/mL (vitamin
D insufficient) were offered vitamin D supplementation accord-
ing to the standardized protocol outlined below. For vitamin D
insufficient participants, supplements were provided at no cost

to ensure uniformity of supplement type and dosing schedule
across providers.

After 12 weeks, serum 250HD measurement was repeated,
as consistent with local standard of care. Participants who
achieved 250HD >30 ng/mL were encouraged to continue
maintenance therapy. For participants with persistent 250HD
levels <30 ng/mL, decisions regarding further vitamin D sup-
plementation were deferred to their primary care provider.
After 24 weeks, 250HD levels were again obtained via routine
care. Interim chart review was repeated at 12 and 24 weeks post-
initiation of vitamin D supplementation. All participants were
encouraged to continue vitamin D supplementation at mainte-
nance doses after study cessation (if approved by their primary
provider), but no additional supplements were provided to par-
ticipants after the 24-week study period.

Due to the observational nature of the study, adverse events
reported to the study team or primary provider were handled at
the discretion of the primary provider irrespective of relatedness
to study product.

Vitamin D Supplementation Regimen
Vitamin D insufficient participants initiated an open-label, oral
vitamin D3 supplementation regimen of 50 000 IU twice weekly
for 5 weeks, followed by 2000 IU daily to complete 12 weeks. In
HIV-uninfected persons with low bone mineral density, a sim-
ilar induction regimen of 50 000 IU twice weekly for 5 weeks
(500000 IU total) followed by maintenance therapy with
1400 IU daily achieved 250HD levels >30 ng/mL in 85% of sub-
jects after 12 weeks with an excellent safety profile [1, 22, 23].
Supplementation with Carlson’s Ddrops (2000 IU of emulsi-
fied vitamin Dj per drop) was chosen for quality and consisten-
cy in addition to lack of pill burden (J. R. Carlson Laboratories,
Inc., Arlington Heights, IL). Drops were kept in a humidity-
controlled, locked, storage cabinet before dispensation to partic-
ipants by study personnel. Participants were instructed to take
25 drops twice weekly for 5 weeks followed by 1 drop daily.
Medication accountability was assessed by patient report to
the primary physician and study coordinator, but droplet
counts could not be performed for feasibility reasons.

25-Hydroxyvitamin D Level Measurement

Serum 250HD was measured via DiaSorin Liaison direct com-
petitive chemiluminescence immunoassay at The University of
California, Los Angeles Clinical Laboratories. This assay has a
lower limit of detection of 4 ng/mL and within- and between-
assay coefficients of variation of <7.7% and <12.6%, respectively
(DiaSorin, Stillwater, MN).

Sample Size and Power

The primary endpoint was mean change in 250HD level after
12 weeks of vitamin D supplementation for insufficient partic-
ipants, which was dichotomized to success or failure to achieve a
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week 12 250HD level >30 ng/mL. We predicted that HIV-infected
participants would have a 70% 12-week repletion success rate
(95% confidence interval [CI], 60%-80%) compared with 85%
among HIV-uninfected historical controls [1, 22, 23], and that a
variance of more than 10% from the control success rate was clin-
ically significant. Eighty participants provided 91% power to detect
a 12-week repletion rate statistically different than 85%.

Analytic Techniques

Chart review was performed for sociodemographic and medical
characteristics at baseline and after 12 and 24 weeks. Descriptive
statistics (mean, standard deviation, median, interquartile
range, and frequency distribution) were generated for baseline
demographic information and clinical characteristics, as well
as 12- and 24-week outcomes. All participants who initiated
vitamin D supplementation were included in the analysis, irre-
spective of adherence. Participants who stopped ART or expe-
rienced virologic failure were excluded from analysis given the
multiple metabolic and inflammatory changes associated with
those states. The exact binomial test was used to compare the ob-
served 12-week repletion success rate with the historical rate of
85%. For other endpoints, the Wilcoxon rank-sum and Fisher’s
exact tests were used to compare continuous and categorical var-
iables, respectively, among (1) participants who were vitamin D
sufficient and insufficient at baseline, (2) participants who did
and did not successfully replete to 250HD >30 ng/mL after sup-
plementation, and (3) participants who did and did not maintain
250HD >30 ng/mL after successful repletion. Factors associated
with successful repletion and maintenance were evaluated with
bivariate logistic regression. Significance was defined at a nominal
value of 0.05 for the primary outcome and 0.10 for secondary
endpoints. Because this was a pilot study, analyses were explor-
atory and did not adjust for multiple testing. In addition, we
did not adjust for season, because the primary endpoint was
after a 12-week follow-up period, which was within the same sea-
son for most participants.

Ethics Statement

This study was conducted in accordance with the Declaration of
Helsinki and national and institutional standards. The Univer-
sity of California, Los Angeles Institutional Review Board (IRB)
approved the study protocol and all study documents before
study commencement (IRB no. 10-000031). In addition, all
participants provided informed consent before initiation of
study procedures. This trial is registered at ClinicalTrials.gov
(NCT01250899).

RESULTS

Study Population
One hundred twenty-two participants were screened and en-
rolled between June 2010 and April 2011. Forty participants

122 screened and
enrolled

—
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Figure 1. The graphic illustrates disposition and enroliment. Abbrevia-
tion: 250HD, 25-hydroxyvitamin D.

had serum 250HD >30 ng/mL at baseline, and 82 participants
were vitamin D insufficient. All insufficient participants initiat-
ed repletion therapy. Four participants were lost to follow-up
(Figure 1).

Complete baseline demographic and clinical characteristics
stratified by 250HD status are presented in Table 1. Overall, me-
dian age was 49 years, 250HD 26 ng/mL, body mass index (BMI)
26 kg/m*, CD4" T lymphocyte count 520 cells/mm; 95% of par-
ticipants were male, 60% self-identified as white, and 12% were
current smokers. Baseline ART included 58% NNRTI, 34% PI,
17% raltegravir, 80% tenofovir, and 29% abacavir. The most com-
mon NNRTI was efavirenz (36%), and the most common PI was
atazanavir (16%). The insufficient and sufficient groups differed
at baseline only by median 250HD level (insufficient median 20
ng/mL; sufficient 36 ng/mL; P <.0001). In addition, baseline
250HD level was not associated with age, gender, race, current
smoking status, BMI, or current ART use.

Week 12 Repletion Rates

After 12 weeks, 81% of participants (n = 66) achieved 250HD
>30 ng/mL (95% CI, 70%-88%). Our observed repletion
success rate of 81% was not statistically different from the
HIV-uninfected historical control rate of 85% (P =.32). Ten
participants (8%) self-reported difficulty with adherence, but
7 (70%) of those participants still achieved week 12 250HD
>30 ng/mL. Thirteen participants reported adherence but failed
to successfully replete. Mean baseline and week 12 250HD val-
ues for participants with repletion success were 21 and 47 ng/
mL (Figure 2), respectively, compared with 16 and 24 ng/mL
for participants failing to replete. No adverse events or toxicities
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Table 1. Baseline Clinical and Demographic Characteristics®

250HD <30 250HD >30 P
Variable ng/mL (n =82) ng/mL (n =40) Value
250HD (ng/mL) 20 (15, 26) 36 (33, 42) <.0001
Sex
Female 5% 5% .99
Male 95% 95%
Race
White 55% 70% 11
Non-white 45% 30%
Current smoker 1% 15% .53
Age (years) 49 (41, 55) 49 (43, 56) .85
BMI (kg/m?) 27 (25, 30) 26 (24, 29) .38
CD4* T lymphocyte 485 (390, 681) 548 (403, 603) .90
count (cells/mm?)
Current ART
Entry inhibitor 4% 0% 155
Integrase inhibitor 13% 23% .20
NNRTI 59% 55% 71
Pl 35% 30% .56
Abacavir 28% 30% .82
Lamivudine 26% 30% .61
Emtricitabine 65% 70% .56
Tenofovir 77% 88% .16
Comorbidities®
Diabetes 5% 0% .30
Hypertension 44% 38% .50
Hyperlipidemia 33% 25% .50
Cardiovascular 2% 0% .99
disease
Hypogonadism 18% 20% .82
Hepatitis C 6% 0% A7
Hepatitis B 7% 5% .99
Bone disease 5% 5% .97

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; 260HD, 25-
hydroxyvitamin D; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI,
protease inhibitor.

@ Median and interquartile range or percentage.
b Determined by chart review.

were reported. No participant changed ART during the 12-week
repletion phase.

Factors associated with week 12 250HD level in bivariate
analysis (P <.10) were as follows: older age (odds ratio [OR;
per 10 years] = 1.78; 95% CI, .97-3.32; P = .06), higher baseline
250HD level (OR =1.14; 95% CI, 1.03-1.2; P = .009), white race
(OR =3.39; 95% CI, 1.05-10.87; P =.04), and current smoking
status (OR = 0.25; 95% CI, .06-1.05; P = .06) (Table 2). No indi-
vidual antiretroviral agents or classes were associated with suc-
cess or failure of repletion.

Week 24 Maintenance Rates
All 66 participants with 250HD >30 ng/mL at week 12 contin-
ued maintenance therapy with 2000 IU of vitamin Dj; daily. At

week 24, 48 participants (73%; 95% CI, 65%-87%) maintained
250HD >30 ng/mL. Fourteen participants (22%) had declines
in 250HD to <30 ng/mL. Seven participants reported difficulty
with regimen adherence between weeks 12 and 24, 6 of whom
still maintained 250HD >30 ng/mL. Four participants (6%)
were lost to follow-up. No adverse events were reported. No
participant changed ART during the maintenance phase.
Median 250HD levels for participants maintaining and failing
to maintain 250HD >30 ng/mL at week 24 were 42 and 26 ng/
mL, respectively. In bivariate analysis (Table 2), the only factor
associated with maintaining 250HD >30 ng/mL at week 24
was tenofovir use (OR =5.00; 95% CI, 1.37-18.23; P=.01). In
contrast, abacavir use (OR =0.23; 95% CI, .07-.82; P=.02) was
associated with failure to maintain 250HD levels at week 24.
No other significant associations between ART use and
250HD levels at week 24 were observed, including efavirenz use.

DISCUSSION

In this cohort of HIV-infected adults on suppressive ART, a
standardized regimen of 50 000 IU Dj twice weekly for 5
weeks followed by 2000 IU daily achieved statistically similar re-
pletion rates compared with HIV-uninfected adults receiving
similar vitamin D repletion for low bone mineral density [1].
Although the historical control groups were older and more like-
ly to be female [22,23], our data suggest that higher-dose repletion
regimens may not be necessary for most HIV-infected persons.
The efficacy of this regimen is further supported by our use of a
conservative threshold for vitamin D sufficiency (250HD >30 ng/
mL), which could bias findings toward a null result compared
with lower thresholds such as 20 ng/mL. Despite this conservative
threshold, excellent repletion efficacy was achieved.

We did not observe associations between specific antiretroviral
agents and baseline 250HD levels in this analysis. Likewise, we
did not observe associations between specific antiretroviral agents
and success or failure to achieve 250HD >30 ng/mL after 12
weeks, although our small sample size may have precluded our
ability to detect associations between specific ART combinations
and repletion rates. Efavirenz initiation has been associated with
increased prevalence of vitamin D insufficiency [24]; however,
switch from efavirenz to raltegravir was not associated with an im-
provement in 250HD levels in participants remaining on tenofo-
vir/emtricitabine [25]. Therefore, it is possible that traditional risk
factors for vitamin D insufficiency are stronger determinants of
baseline and postrepletion 250HD levels than ART regimen. In
addition, HIV-specific risk factors such as chronic inflammation
and/or ongoing HIV replication may contribute more to vitamin
D insufficiency than specific antiretrovirals [26], although assess-
ing those mechanisms was beyond the scope of this study.

In the maintenance phase, most participants were able to
maintain 250HD >30 ng/mL for up to 24 weeks on 2000 IU
daily, suggesting that this regimen may be sufficient for most
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Table 2. 0dds Ratios for Clinical and Demographic Factors Associated With Normalization of 250HD Levels at Weeks 12 and 24

Variable Week 12 OR (95% Cl) P Value Week 24 OR (95% Cl) P Value
Age (per 10 years) 1.78 (.97, 3.32) .06 0.73 (.36, 1.48) .38
Male sex® <0.01 (.00, ) .98 <0.01 (.00, ) .98
White race 3.39 (1.05, 10.87) .04 0.78 (.23, 2.67) .69
Current smoker 0.25 (.06, 1.05) .06 0.85 (.09, 8.25) .89
Baseline 250HD per (ng/mL) 1.14 (1.03, 1.25) .009 1.10 (.99, 1.23) .06
BMI (per 10 kg/m?) 1.19 (.45, 3.11) 72 0.80 (.37, 1.71) .56
CD4* T lymphocyte count (per 100 cells/mm?®) 0.98 (.77, 1.24) .85 1.05 (.81, 1.36) .70
Entry inhibitor <0.01 (.00, ) .98 0.57 (.05, 6.74) .65
Integrase inhibitor 1.11 (.21, 5.70) .90 2.60 (.30, 22.79) .39
NNRTI 0.81 (.27, 2.50) 72 0.66 (.19, 2.25) .50
Pl 1.26 (.39, 4.05) .70 0.99 (.29, 3.42) .98
Abacavir 1.21 (.35, 4.24) .76 0.23 (.07, .82) .02
Tenofovir 0.41 (.09, 2.00) 27 5.00 (1.37, 18.23) .01
Efavirenz 0.61 (.20, 1.83) .38 1.64 (.45, 5.98) 46

Abbreviations: 260HD, 25-hydroxyvitamin D; BMI, body mass index; Cl, confidence interval; NNRTI, nonnucleoside reverse transcriptase inhibitor; OR, odds ratio;

Pl, protease inhibitor.

@ An exact point estimate cannot be computed due to low sample size for female participants.

Results in bold are statistically significant (P <.01).

HIV-infected adults on suppressive ART, particularly after re-
ceiving aggressive vitamin D repletion. We observed associations
between both tenofovir use and successful 250HD level mainte-
nance and abacavir use and failure of 250HD level maintenance
in participants receiving 2000 IU D; daily. These specific associa-
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Figure 2. Shown are the serum 250HD levels before and after vitamin D
repletion. Abbreviation: 250HD, 25-hydroxyvitamin D.

tions have not previously been reported, and they may be con-
founded by other factors such as underreporting of adherence or
chronic inflammation. However, factors specifically associated with
maintenance of 250HD levels after successful repletion are not
well described, and these findings warrant further investigation.

Limitations

This trial was prospective but open label and not randomized.
However, given the high rates of vitamin D insufficiency in
HIV-infected persons [3, 5], the documented associations be-
tween vitamin D insufficiency and both comorbid disease and
mortality [3, 10, 11, 27], and the recommendation to screen for
and treat vitamin D insufficiency in high-risk populations [20],
randomization to placebo would not have been clinically appro-
priate. An additional limitation is that we did not require par-
ticipants to keep adherence logs and could not collect droplet
counts for feasibility reasons. However, participants were
asked about adherence, and most participants were believed
to be adherent, as evidenced by our repletion success rate.
Study participants were also largely male and self-identified as
white, and results may not be generalizable to women and those
of non-white race. Finally, although our repletion regimen was
identical to that of historical controls (50 000 IU twice weekly
for 5 weeks), our maintenance regimen was slightly higher
(2000 IU daily vs 1400 IU daily). The primary endpoint was to
compare the repletion phase with historical controls and experts in
the field suggested the maintenance doses were likely comparable
(Adams, personal communication); however, we cannot exclude
the possibility that differences in maintenance phase dosing
slightly biased our results towards similar repletion rates.
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CONCLUSIONS

An oral regimen of vitamin D3 50 000 IU twice weekly for 5 weeks
effectively repleted 250HD levels to >30 ng/mL in 81% of partic-
ipants in this cohort of HIV-infected subjects on suppressive
ART, and efficacy was similar to that observed among HIV-
uninfected historical controls. In addition, maintenance therapy
with 2000 IU D; daily maintained 250HD levels at >30 ng/mL
for the majority of participants, and no adverse events occurred.
Therefore, this regimen should be considered safe and effective for
the repletion and maintenance of 250HD levels in HIV-infected
adults on a variety of suppressive ART regimens.

Acknowledgments

We thank the study participants, as well as Maricela Gonzalez, Zane Ash-
man, and the staff and providers at the UCLA Center for Clinical AIDS Re-
search and Education for assistance with this project. In addition, we thank
Fan Wu for statistical assistance and Dr. Sophie Seang for assistance with
formatting. Information on this trial is available at ClinicalTrials.gov
(NCT01250899).

Author contributions. ]. E. L. was involved in protocol development,
funding acquisition, study conduct, data analysis, and is the primary man-
uscript author. R. M. H. was involved in protocol development, funding ac-
quisition, study conduct, data analysis, and contributed to manuscript
development. C.-H. T. was the primary statistician and contributed to man-
uscript development. H. M. W. provided statistical support and contributed
to manuscript development. J. S. A. was involved in protocol development
and contributed to manuscript development. J. S. C. was involved in proto-
col development, funding acquisition, study conduct, data analysis, and con-
tributed to manuscript development.

Financial support. This work was supported by the National Institutes of
Health (awards K24 AI56933 [to J. S. C.], K23AI110532 [to J. E. L.], P30
AG028748, T32 MH080634, UL1 TR000124, M01 RR00865, and 5P30
Al028697); the UCLA AIDS Institute (to J. E. L.); and the California
HIV/AIDS Research Program (to R. M. H.).

Potential conflicts of interest. ]. E. L. has served as a consultant to Gilead
Sciences and GlaxoSmithKline. J. S. C. received research support from
Merck and Co. and honoraria from Gilead Sciences.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Adams JS, Hewison M. Update in vitamin D. J Clin Endocrinol Metab
2010; 95:471-8.

2. Villamor E. A potential role for vitamin D on HIV infection? Nutr Rev
2006; 64(5 Pt 1):226-33.

3. Haug C, Muller F, Aukrust P, Froland SS. Subnormal serum concentra-
tion of 1,25-vitamin D in human immunodeficiency virus infection:
correlation with degree of immune deficiency and survival. J Infect
Dis 1994; 169:889-93.

4. Lake JE, Adams JS. Vitamin D in HIV-infected patients. Curr HIV/
AIDS Rep 2011; 8:133-41.

5. Stein EM, Yin MT, McMahon D], et al. Vitamin D deficiency in
HIV-infected postmenopausal Hispanic and African-American women.
Osteoporos Int 2010; 10:1-11.

6. Ginde AASR, Schwartz RS, Camargo CA Jr. Prospective study of serum
25-hydroxyvitamin D level, cardiovascular disease mortality, and all-
cause mortality in older U.S. adults. ] Am Geriatr Soc 2009; 57:1595-603.

7. Melamed MLME, Post W, Astor B. 25-hydroxyvitamin D levels and the risk
of mortality in the general population. Arch Intern Med 2008; 168:1629-37.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Forouhi NG, Luan ], Cooper A, et al. Baseline serum 25-hydroxy vita-

min D is predictive of future glycemic status and insulin resistance: the
Medical Research Council Ely Prospective Study 1990-2000. Diabetes
2008; 57:2619-25.

. Scragg R, Sowers M, Bell C; Third National H, Nutrition Examination

S. Serum 25-hydroxyvitamin D, diabetes, and ethnicity in the Third Na-
tional Health and Nutrition Examination Survey. Diabetes Care 2004;
27:2813-8.

de Luis DA, Bachiller P, Aller R, et al. [Relation among micronutrient
intakes with CD4 count in HIV infected patients]. Nutr Hosp 2002;
17:285-9.

Lai H, Fishman EK, Gerstenblith G, et al. Vitamin D deficiency is asso-
ciated with development of subclinical coronary artery disease in HIV-
infected African American cocaine users with low Framingham-defined
cardiovascular risk. Vasc Health Risk Manag 2013; 9:729-37.

Haug CJ, Aukrust P, Haug E, Morkrid L, et al. Severe deficiency of 1,25-
dihydroxyvitamin D3 in human immunodeficiency virus infection: as-
sociation with immunological hyperactivity and only minor changes in
calcium homeostasis. ] Clin Endocrinol Metab 1998; 83:3832-8.
Cozzolino M, Vidal M, Arcidiacono MV, et al. HIV-protease inhibitors
impair vitamin D bioactivation to 1,25-dihydroxyvitamin D. AIDS
2003; 17:513-20.

Gyllensten K, Josephson F, Lidman K, Saaf M. Severe vitamin D deficiency
diagnosed after introduction of antiretroviral therapy including efavirenz
in a patient living at latitude 59 degrees N. AIDS 2006; 20:1906-7.
Hariparsad N, Nallani SC, Sane RS, et al. Induction of CYP3A4 by efa-
virenz in primary human hepatocytes: comparison with rifampin and
phenobarbital. ] Clin Pharmacol 2004; 44:1273-81.

Bischoff-Ferrari HA, Giovannucci E, Willett WC, et al. Estimation of
optimal serum concentrations of 25-hydroxyvitamin D for multiple
health outcomes. Am ] Clin Nutr 2006; 84:18-28.

Hiremath GS, Cettomai D, Baynes M, et al. Vitamin D status and effect
of low-dose cholecalciferol and high-dose ergocalciferol supplementa-
tion in multiple sclerosis. Mult Scler 2009; 15:735-40.

Longenecker CT, Hileman CO, Carman TL, et al. Vitamin D supplementa-
tion and endothelial function in vitamin D deficient HIV-infected patients:
a randomized placebo-controlled trial. Antivir Ther 2012; 17:613-21.
Medicine I. Dietary Reference Intakes for Calcium and Vitamin D.
Washington, DC: The National Academies Press, 2011.

Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, treat-
ment, and prevention of vitamin D deficiency: an Endocrine Society
clinical practice guideline. J Clin Endocrinol Metab 2011; 96:1911-30.
LeFevre ML. Screening for vitamin D deficiency in adults: U.S. Preventive
Services Task Force Recommendation Statement. Ann Intern Med 2015;
162:133-40.

Kantorovich V, Gacad MA, Seeger LL, Adams JS. Bone mineral density
increases with vitamin D repletion in patients with coexistent vitamin D
insufficiency and primary hyperparathyroidism. J Clin Endocrinol
Metab 2000; 85:3541-3.

Adams JS, Kantorovich V, Wu C, et al. Resolution of vitamin D insuf-
ficiency in osteopenic patients results in rapid recovery of bone mineral
density. J Clin Endocrinol Metab 1999; 84:2729-30.

Brown TT, GA M. Association between initiation of antiretroviral ther-
apy with efavirenz and decreases in 25-hydroxyvitamin D. Antivir Ther
2010; 15:425-9.

Gupta SK, Mi D, Moe SM, et al. Effects of switching from efavirenz to
raltegravir on endothelial function, bone mineral metabolism, inflam-
mation, and renal function: a randomized, controlled trial. ] Acquir Im-
mune Defic Syndr 2013; 64:279-83.

Pinzone MR, Di Rosa M, Celesia BM, et al. LPS and HIV gp120 mod-
ulate monocyte/macrophage CYP27B1 and CYP24A1 expression lead-
ing to vitamin D consumption and hypovitaminosis D in HIV-infected
individuals. Eur Rev Med Pharmacol Sci 2013; 17:1938-50.

Lai S, Fishman EK, Gerstenblith G, et al. Vitamin D deficiency is asso-
ciated with coronary artery calcification in cardiovascularly asymptom-
atic African Americans with HIV infection. Vasc Health Risk Manag
2013; 9:493-500.

6 e OFID e Lake et al

G102 ‘2 AInc uo 159nB Aq /6.10°sfeulnolploxo p1joy/:dny woay papeojumoq


http://ofid.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


