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To the Editor:

Observational studies have shown that low vitamin D levels are associated with decreased lung function,
worse asthma control, and lower quality of life in children with asthma [1-3]. Moreover, a small
randomised imbalanced placebo-controlled trial reported that vitamin D supplementation improved asthma
control, but not lung function measures, after 2 months of treatment. In that trial, children were not
selected based on low vitamin D levels, asthma management was not standardised across treatment arms,
and a low dose of vitamin D (800 IU per day) was used in the treatment arm [4].

We recently reported that vitamin D supplementation, compared to placebo, had no significant effects on
preventing severe asthma exacerbations in children with persistent asthma and low vitamin D levels who
participated in the Vitamin D Kids Asthma Study (VDKA), a randomised, double-blind, parallel,
placebo-controlled clinical trial (NCT02687815) [5]. Based on published literature, we hypothesised that
high-dose vitamin D supplementation would improve lung function, asthma control, and asthma-related
quality of life in children with asthma and vitamin D levels below 30 ng-mL~"'. We tested this hypothesis
in a secondary analysis of data from the VDKA.

Subject recruitment and the design of the VDKA were recently described in detail [5]. In brief, children
were recruited from seven US sites. The study protocol was approved by the institutional review board at
each participating institution, and an independent data and safety monitoring board appointed by the US
National Heart, Lung, and Blood Institute monitored the study. Written parental consent was obtained for
participating children, from whom written assent was also obtained.

Eligible participants were children with asthma, aged 6 to 16 years, with serum vitamin D levels
<30 ng'mL~" but >10 ng-mL ™" (until 21 July, 2017) or >14 ng-mL™" (after that date, following a protocol
amendment). Entry criteria included 1) physician-diagnosed asthma for >1 year; 2) >1 severe asthma
exacerbation in the previous year [6]; 3) use of asthma medications for at least 6 months in the previous
year; 4) forced expiratory volume in one second (FEV;) >70% of predicted; and 5) either bronchodilator
responsiveness or, in those without bronchodilator responsiveness, increased airway responsiveness to
methacholine. Exclusion criteria included chronic respiratory disorders other than asthma, chronic oral
corticosteroid therapy, severe asthma, and inability to perform adequate spirometry.

Each participant in the VDKA was randomly assigned to either daily placebo capsules or daily vitamin
D3, 4000 TU (Pharmavite LL.C), plus inhaled fluticasone propionate (88 ug twice per day in children aged
6-11 years and 110 pg twice per day in children >12 years). Eligible participants were screened between
February of 2016 and March of 2019 and enrolled if they met inclusion criteria. After a 4-week run-in
period, in which participants received placebo capsules plus inhaled fluticasone and as-needed inhaled
albuterol (prior medications were discontinued), those who met inclusion criteria at entry and during run-in
were randomised.

After screening, 219 participants entered a 4-week run-in phase, of whom 192 were randomised (96 each
to the vitamin D and placebo groups). The reasons for 27 participants dropping out after the run-in period
included nonadherence to study medications, failure to schedule a randomisation visit, an asthma
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exacerbation or medication changes during run-in, and withdrawal. Of the 192 participants, 181 (94.3%)
completed the trial (88 (49%) in the vitamin D group and 93 (51%) in the placebo group). As per
protocol, study medications were stopped in 10 subjects: four subjects in the placebo arm had a vitamin D
level <10 ng-mL™" at any visit (n=2) or between 10 and 13 ng-mL™" at two visits (n=2) and were thus
referred to a pediatric endocrinologist for evaluation and treatment, and six subjects (four in the vitamin D
arm and two in the placebo arm) had >3 severe asthma exacerbations [5]. All subjects were followed up
under intention to treat principles. Of the 181 subjects who completed the trial, 176 subjects (86 in the
vitamin D group and 90 in the placebo group) had adequate lung function measures and data on asthma
control scores at the randomisation and exit visits, and were thus included in the current analysis. Meantsp
duration of follow-up for these 176 study participants was 31542 days.

Spirometry was conducted with an EasyOne (NDD Medical Technologies, Andover, MA, USA)
spirometer, following American Thoracic Society/European Respiratory Society recommendations [7].
Percent predicted lung function measures (FEV,, forced vital capacity (FVC) and FEV,/FVC) were
calculated at the baseline and exit visits, based on the Global Lung Function Initiative data [8]. Asthma
control was assessed using the Asthma Control Test (ACT, score 5-25) for participants aged >12 years,
and the Childhood Asthma Control Test (C-ACT, score 0-27) for participants aged <12 years. A change of
2-3 points in the ACT or C-ACT has been suggested as clinically meaningful [9]. Because ACT and
C-ACT score have different ranges, a linear transformation was adopted for the ACT score (ACT’) before
combining it with the C-ACT score, as follows: ACT'=cx(ACT—a)/(b—a), where a denotes the ACT
minimum score; b denotes the ACT maximum score; and ¢ denotes the C-ACT maximum score.

The standardised version of the Paediatric Asthma Quality of Life Questionnaire (PAQLQ) was used to
measure health-related quality of life in 94 children aged >10 years (45 and 49 in the vitamin D and
placebo arms, respectively). This questionnaire contains 23 questions with three domains: symptoms, activity
limitation and emotional function (score 1-7, with a higher score indicating a better quality of life) [10].

Our outcomes of interest were change in percent predicted lung function measures, change in the ACT'/C-
ACT scores, and change in PAQLQ scores between the randomisation and exit visits. Linear regression
was used for the multivariable analysis of vitamin D supplementation and each outcome, which was
adjusted for study site, race (white or Caucasian, black or African American, and other), sex, and time in
the study.

At the randomisation visit, participants in the vitamin D supplementation arm were more likely to be
female (p=0.07). There were no differences in other demographic characteristics, lung function measures,
asthma control, or asthma-related quality of life between subjects in the two treatment arms at p <0.10
(data not shown).

Table 1 shows the results of the multivariable linear regression analysis of vitamin D supplementation and
the outcomes of interest. In this analysis, vitamin D supplementation was not significantly associated with
change in any outcome (lung function measures, asthma control or asthma-related quality of life) between
the randomisation and exit visits. In a sensitivity analysis, we excluded 12 participants in the vitamin D

TABLE 1 Multivariable analysis of vitamin D supplementation, compared with placebo, and change in (A) lung

function measures and asthma outcomes

Outcome of interest B (95% Cl)

Unadjusted Adjusted”

Lung function measures

A % predicted FEV, —0.63 (—4.72, 3.46) —0.51 (—4.69, 3.67)

A % predicted FVC —0.43 (—3.80, 2.93) —0.57 (—3.95, 2.82)

A % predicted FEV;/FVC 0.03 (—2.57, 2.62) 0.30 (—2.30, 2.89)

A FEV,/FVC (%) 0.05 (—2.23, 2.33) 0.25 (—2.03, 2.54)
Asthma-related outcomes

A Asthma control test —0.17 (-1.27, 0.93) —0.06 (—1.18, 1.06)

A Asthma-related quality of life" 0.19 (—0.20, 0.57) 0.12 (—0.27, 0.51)

#: all models adjusted for sex, race, study site, and days in the study (range 162 to 359 days); *: available in
children 10 years and older. FEV;: forced expiratory volume in 1 s; FVC: forced vital capacity.
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treatment arm who had a serum vitamin D level <30 ng-mL ™" at the exit visit, obtaining similar results
(data not shown).

Our results are not generalisable to children with asthma and very low vitamin D levels (e.g.
<10 ng'mL™"). We may have also lacked statistical power to detect small differences in the outcomes
between treatment arms, but it is unlikely that such differences would be clinically relevant. For example,
the 95% confidence interval for our effect estimate for change in the asthma control test (—0.06 points) did
not include a change of at least 2 points (ranging from —1.18 points to 1.06 points).

In summary, vitamin D supplementation, compared with placebo, had no significant effect on percent
predicted lung function measures (FEV;, FVC or FEV{/FVC), asthma control, or asthma-related quality of
life in children with asthma and low vitamin D levels. Our results do not support recommending vitamin D
supplementation to improve lung function, asthma control, or asthma-related quality of life in this
population.

Yueh-Ying Han @, Erick Forno @, Leonard B. Bacharier?, Wanda Phipatanakul®,
Theresa W. Guilbert*, Michael D. Cabana®, Kristie Ross®, Joshua Blatter’, Franziska J. Rosser?,
Sandy Durrani*, James Luther®, Stephen R. Wisniewski® and Juan C. Celedén’

!Division of Pulmonary Medicine, Dept of Pediatrics, UPMC Children’s Hospital of Pittsburgh,
University of Pittsburgh, Pittsburgh, PA, USA. “Division of Allergy, Immunology, and Pulmonary
Medicine, Dept of Pediatrics, Monroe Carell Jr Children’s Hospital at Vanderbilt, Nashville, TN, USA.
3Division of Allergy and Immunology, Dept of Pediatrics, Boston Children’s Hospital, Harvard Medical
School, Boston, MA, USA. “Division of Pulmonary Medicine, Dept of Pediatrics, Cincinnati Children’s
Hospital, University of Cincinnati College of Medicine, Cincinnati, OH, USA. *Dept of Pediatrics, Albert
Einstein College of Medicine, Bronx, NY, USA. ®Division of Pediatric Pulmonology, UH Rainbow Babies
and Children’s Hospital, Case Western Reserve University, Cleveland, OH, USA. "Division of Allergy,
Immunology, and Pulmonary Medicine, Dept of Pediatrics, Saint Louis Children’s Hospital,
Washington University at Saint Louis, Saint Louis, MO, USA. ®Dept of Epidemiology, University of
Pittsburgh, Pittsburgh, PA, USA.

Corresponding author: Juan C. Celeddn (juan.celedon@chp.edu)

Acknowledgements: We would like to thank all study participants and their families, the research coordinators and
research teams at each of the study sites and the data coordinating centre; the Data and Safety Monitoring Board;
and the Clinical Trials Specialist (Julie Bamdad) and Program Officer (Patricia Noel) for the project at the federal
agency who funded the study (the National Heart, Lung, and Blood Institute), for monitoring the study progress.

Trial registration: Clinicaltrials.gov identifier NCT02687815. Requests for de-identified data from this clinical trial
should be made to the corresponding author. Following completion of a signed data access agreement for a
specified purpose (e.g. a meta-analysis), researchers whose proposed used of the data has been approved will
receive de-identified data for study participants and a data dictionary for this clinical trial, starting on 15
December, 2020.

Author contributions: Y-Y. Han, E. Forno and J.C. Celedén conceived and designed the study; Y-Y. Han and
J. Luther conducted the primary analysis; Y-Y. Han, E. Forno, F.J. Rosser and J.C. Celeddn interpreted the data;
E. Forno, L.B. Bacharier, W. Phipatanakul, T.W. Guilbert, M.D. Cabana, K. Ross, J. Blatter, F.J. Rosser, S. Durrani,
S.R. Wisniewski and J.C. Celeddn participated in data collection; Y-Y. Han prepared the first draft of manuscript. All
authors reviewed the draft for intellectual contents, and approved submission of the final version of the
manuscript.

Conflict of interest: Y-Y. Han has nothing to disclose. E. Forno has nothing to disclose. L.B. Bacharier has nothing
to disclose. W. Phipatanakul reports personal fees for consultancy from GSK, Genentech, Novartis, Regeneron,
Sanofi and Teva, grants from Genentech, Novartis, Regeneron, Sanofi, Circassia, Monaghen, Thermo Fisher, Alk
Abello, Lincoln Diagnostics, GSK, Kaleo and Merck, institutional grants from Genentech, Regeneron, Novartis and
the US NIH, outside the submitted work. T.W. Guilbert reports personal fees for consultancy from American Board
of Pediatrics (Pediatric Pulmonary Sub-board), GSK, TEVA and Sanofi/Regeneron, grants from AstraZeneca, Novartis
and Sanofi/Regeneron, non-financial support from Up To Date, outside the submitted work. M.D. Cabana is a
member of the United States Preventive Services Task Force (USPSTF), outside the submitted work. K. Ross has

https://doi.org/10.1183/13993003.00989-2021 3


https://orcid.org/0000-0002-8409-3077
https://orcid.org/0000-0001-6497-9885
mailto:juan.celedon@chp.edu
https://clinicaltrials.gov/

EUROPEAN RESPIRATORY JOURNAL RESEARCH LETTER | Y-Y. HAN ET AL.

nothing to disclose. J. Blatter has nothing to disclose. F.J. Rosser has nothing to disclose. S. Durrani has nothing
to disclose. J. Luther has nothing to disclose. S.R. Wisniewski has nothing to disclose. J.C. Celed6n reports
non-financial support (study medication) from Pharmavite and GSK, during the conduct of the study; non-financial
support (study medication) from Merck, outside the submitted work.

Support statement: This study was funded by grant HL119952 from the US National Institutes of Health (NIH). The
project was also supported by the Pediatric Clinical and Translational Research Center (PCTRC) at the University of
Pittsburgh Medical Center Children’s Hospital of Pittsburgh through NIH grant UL1TR001857. F.J. Rosser’s
contribution was supported by grant KL2 TR001856 from the NIH. Pharmavite LLC provided the vitamin D and
placebo capsules for the study, and GlaxoSmithKline provided the Flovent given to study participants. Funding
information for this article has been deposited with the Crossref Funder Registry.

References

1 Han YY, Forno E, Celedon JC. Vitamin D insufficiency and asthma in a US nationwide study. J Allergy Clin
Immunol Pract 2017; 5: 790-796.e791.

2 Bai YJ, Dai RJ. Serum levels of vitamin A and 25-hydroxyvitamin D3 (250HD3) as reflectors of pulmonary
function and quality of life (QOL) in children with stable asthma: a case-control study. Medicine (Baltimore)
2018; 97: €9830.

3 Liu J, Dong YQ, Yin J, et al. Meta-analysis of vitamin D and lung function in patients with asthma. Respir Res
2019; 20: 161.

4 Tachimoto H, Mezawa H, Segawa T, et al. Improved control of childhood asthma with low-dose, short-term
vitamin D supplementation: a randomized, double-blind, placebo-controlled trial. Allergy 2016; 71: 1001-1009.

5 Forno E, Bacharier LB, Phipatanakul W, et al. Effect of vitamin D3 supplementation on severe asthma
exacerbations in children with asthma and low vitamin D levels: the VDKA randomized clinical trial. JAMA
2020; 324: 752-760.

6 Reddel HK, Taylor DR, Bateman ED, et al. An official American Thoracic Society/European Respiratory Society
statement: asthma control and exacerbations: standardizing endpoints for clinical asthma trials and clinical
practice. Am J Respir Crit Care Med 2009; 180: 59-99.

7 Miller MR, Hankinson J, Brusasco V, et al. Standardisation of spirometry. Eur Respir J 2005; 26: 319-338.

8 Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference values for spirometry for the 3-95-year age
range: the global lung function 2012 equations. Eur Respir J 2012; 40: 1324-1343.

9 Schatz M, Kosinski M, Yarlas AS, et al. The minimally important difference of the Asthma Control Test.
J Allergy Clin Immunol 2009; 124: 719-723.e711.

10  Juniper EF, Guyatt GH, Feeny DH, et al. Measuring quality of life in children with asthma. Qual Life Res 1996:
5: 35-46.

https://doi.org/10.1183/13993003.00989-2021 4


https://www.crossref.org/services/funder-registry/

	Vitamin D supplementation, lung function and asthma control in children with asthma and low vitamin D levels
	References


