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ABSTRACT

Objective To determine whether weekly oral vitamin D
supplementation influences growth, body composition,
pubertal development or spirometric outcomes in South
African schoolchildren.

Design Phase 3 double-blind randomised placebo-
controlled trial.

Setting Socioeconomically disadvantaged peri-urban
district of Cape Town, South Africa.

Participants 1682 children of black African ancestry
attending government primary schools and aged 6-11
years at baseline.

Interventions Oral vitamin D3 (10000 IU/week) versus
placebo for 3 years.

Main outcome measures Height-for-age and body
mass index-for-age, measured in all participants; Tanner
scores for pubertal development, spirometric lung volumes
and body composition, measured in a subset of 450
children who additionally took part in a nested substudy.
Results Mean serum 25-hydroxyvitamin D,
concentration at 3-year follow-up was higher among
children randomised to receive vitamin D versus placebo
(104.3 vs 64.7 nmol/L, respectively; mean difference (MD)
39.7nmol/L, 95% Cl 37.6 to 41.9nmol/L). No statistically
significant differences in height-for-age z-score (adjusted
MD (aMD) —0.08, 95% Cl —0.19 to 0.03) or body mass
index-for-age z-score (aMD —0.04, 95% Cl —0.16 to 0.07)
were seen between vitamin D versus placebo groups

at follow-up. Among substudy participants, allocation

to vitamin D versus placebo did not influence pubertal
development scores, % predicted forced expiratory volume
in 1s (FEV1), % predicted forced vital capacity (FVC), %
predicted FEV1/FVC, fat mass or fat-free mass.
Conclusions Weekly oral administration of 10000 1U
vitamin D3 boosted vitamin D status but did not influence
growth, body composition, pubertal development or
spirometric outcomes in South African schoolchildren.
Trial registration numbers ClinicalTrials.gov
NCT02880982, South African National Clinical Trials
Register DOH-27-0916-5527.

7,14,15

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Observational studies have reported independent
associations between vitamin D deficiency in child-
hood and slower linear growth, reduced lean mass,
obesity and precocious puberty.

= Aphase 2 clinical trial conducted in Mongolia report-
ed that a 6-month course of vitamin D supplementa-
tion increased height gain in 113 vitamin D deficient
schoolchildren aged 12—15 years; however, these
results were not confirmed by a recent phase 3 trial
conducted in the same setting.

= Randomised controlled trials to determine the ef-
fects of vitamin D supplementation on growth and
development in schoolchildren have not been con-
ducted in other settings.

WHAT THIS STUDY ADDS

= This placebo-controlled phase 3 clinical trial, con-
ducted in 1682 black African schoolchildren in Cape
Town, South Africa, showed that a 3-year course
of weekly vitamin D supplementation was effec-
tive in elevating circulating 25-hydroxyvitamin D
concentrations.

= However, this was not associated with any effect on
linear growth, body composition, pubertal develop-
ment or spirometric lung volumes.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Ourfindings do not support the use of vitamin D sup-
plementation as an intervention to influence child
growth, body composition, pubertal development or

spirometric lung volumes.

INTRODUCTION

Middle childhood and early adolescence
represent key periods for growth and devel-
opment that have an important influence
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on stature and health outcomes in later adolescence
and adulthood." Stunting in childhood has long been
recognised to associate with multiple adverse long-term
health outcomes,” and is particularly common in lower-
income countries.” These settings have also witnessed an
emerging epidemic of childhood obesity,* which has in
turn been associated with accelerated pubertal develop-
ment.” Interventions to alleviate these public health chal-
lenges are urgently needed.

Vitamin D is a fatsoluble micronutrient with pleo-
tropic effects on human health.® Observational studies
have reported that vitamin D deficiency, as evidenced
by low circulating concentrations of its major metabolite
25-hydroxyvitamin D (25(OH)D), associates with slower
linear growth,” reduced lean mass,”® childhood obesity”!
and precocious puberty,'” ' potentially reflecting the
ability of vitamin D to stimulate production of insulin-
like growth factor 1'* and regulate adipogenesis.'” A
phase 2 randomised controlled trial (RCT) conducted
in Mongolia reported that a 6-month course of vitamin
D supplementation increased height gain in 113 vitamin
D deficient schoolchildren aged 12-15 years,'® but these
results were not confirmed by a recent phase 3 RCT
conducted in the same setting.'” RCTs to determine the
effects of vitamin D supplementation on growth and
development in schoolchildren have not been conducted
in other settings representing children at different risks
of malnutrition, stunting and obesity. An opportunity
to conduct such an investigation recently arose as part
of the ViDiKids trial, a multicentre phase 3 RCT that
investigated the effects of weekly oral administration of
100001U vitamin D, for 3 years on the primary outcome
of tuberculosis infection in a cohort of 1682 school-
children aged 6-11 years living in a socioeconomically
disadvantaged peri-urban district of Cape Town, South
Africa.'® Heightfor-age zscores and body mass index
(BMI)-for-age z-scores were assessed in all participants
(n=1682), and Tanner scores for pubertal development,
spirometric lung volumes and body composition were
assessed in a subset of 450 children who also took part in
a nested substudy.

METHODS

Trial design, setting and sponsorship

We conducted a multicentre phase 3 double-blind individ-
ually randomised placebo-controlled trial of weekly oral
vitamin D supplementation in 23 government schools
in Cape Town, South Africa, as previously described.'
The primary outcome was the acquisition of tuberculosis
infection, as evidenced by the conversion of a QuantiF-
ERON-TB Gold Plus (QFT-Plus) assay result from nega-
tive at baseline to positive at 3-year follow-up. The current
manuscript reports the effects of the intervention on
prespecified secondary outcomes relating to growth in all
study participants, and body composition, pubertal devel-
opment and spirometry in a subset of participants who

additionally took part in a nested substudy. The trial was
sponsored by Queen Mary University of London.

Participants

Inclusion criteria for the main trial were enrolment in
Grades 1-4 at a participating school; age 6-11 years at
screening; and written informed assent/consent to partic-
ipate in the main trial provided by children and their
parent/legal guardian, respectively. Exclusion criteria
for the main trial were a history of previous tubercu-
losis infection, active tuberculosis disease or any chronic
illness other than asthma (including known or suspected
HIV infection) prior to enrolment; use of any regular
medication other than asthma medication; use of vitamin
D supplements at a dose of more than 400IU/day in the
month before enrolment; plans to move away from study
area within 3 years of enrolment; inability to swallow a
placebo soft gel capsule with ease; and clinical evidence
of rickets or a positive QFT-Plus assay result at screening.
An additional inclusion criterion for the substudy was
enrolment in Grade 4 at a participating school (ie, only
children in Grade 4 were eligible for the substudy).

Enrolment

Full details of enrolment procedures are described in
Supplementary Methods (online supplemental mate-
rial). Eligible participants underwent measurement of
weight using a Digital Floor Scale (Charder Medical,
Taichung City, Taiwan), height using a portable stadiom-
eter (HM200P, Charder Medical) and waist circumfer-
ence using a measuring tape. Substudy participants also
underwent spirometry according to European Respira-
tory Society and American Thoracic Society standards®
using a portable spirometer (Carefusion, San Diego,
California, USA) and measurement of body composition
by dual-energy X-ray absorptiometry (DXA) as described
below.

Randomisation and blinding

Full details of randomisation and blinding procedures
have been described previously,' ' and are presented in
Supplementary Methods (online supplemental material).
Briefly, eligible and assenting children whose parents
consented to their participation in the trial were individ-
ually randomised to receive a weekly capsule containing
vitamin D, or placebo for 3 years, with a one-to-one allo-
cation ratio and randomisation stratified by the school
of attendance. Treatment allocation was concealed from
participants, care providers and all trial staff (including
senior investigators and those assessing outcomes) until
completion of the trial to maintain the double-blind.

Intervention

Study medication comprised a 3-year course of weekly soft
gel capsules manufactured by the Tishcon Corporation
(Westbury, New York, USA), containing either 0.25mg
(10000 international units) cholecalciferol (vitamin
D,) in olive oil (intervention arm) or olive oil without
any vitamin D, content (placebo arm). A weekly dose of
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100001IU (equivalent to 14291U/day) was selected in
preference to a daily dose of 6001U (the Recommended
Daily Allowance for this age group) because we were
concerned that the latter dose would be inadequate to
maintain serum 25(OH)D concentrations >50 nmol/L,*!
and we felt that adherence to a directly-observed weekly
dose would be superior to daily self-administration.*®
Weekly supplementation has also been shown to be
effective in elevating 25(OH)D concentrations into the
physiological range in children by other investigators.*
Active and placebo capsules had identical appearance
and taste. Capsules were taken under direct observation
of study staff during school term time. Further details
of the administration of study medication are provided
in Supplementary Methods (online supplemental mate-
rial).

Follow-up assessments

At l-year, 2-year and 3-year follow-up, height, weight and
waist circumference were measured as at baseline. At
3-year follow-up, substudy participants were additionally
invited to undergo repeat spirometry and DXA scanning
and to complete a Tanner self-assessment questionnaire
for pubertal development.**

Outcomes

The primary outcome of the main trial, reported else-
where," was the QFT-Plus result at the end of the
study. The following secondary outcomes were assessed
for all participants: height-for-age, BMI-for-age, waist
circumference-for-age and waist-to-height ratio (all
participants). Additional outcomes assessed in substudy
participants only were: whole body fat mass, fat-free soft
tissue mass, % predicted forced vital capacity (FVC), %
predicted forced expiratory volume in 1 s (FEV1), %
predicted FEV1/FVC, mean Tanner scores for pubic hair
(men and women), the external genitalia (men only) or
breast development (women only), the proportion of
participants reaching menarche by the end of the trial
(women only) and mean age at menarche (women who
reached menarche by the end of the trial only).

DXA

Body composition (whole body fat mass and fatfree
soft tissue mass) was assessed using a Hologic Discov-
ery-W DXA scanner at the Sports Science Institute of
South Africa, University of Cape Town. All scans were
performed by a trained radiographer on one scanner
(Hologic, Bedford, Massachusetts, USA) using standard
procedures, and analysed using Apex software (V.13.4.1).
Quality assurance checks were carried out prior to scan-
ning and generated coefficients of variation <0.5%. DXA
outcomes relating to the effects of the trial intervention
on bone mineral content have been reported elsewhere.'”

Laboratory assessments

Serum concentrations of 25(OH)D, were measured
using liquid chromatography-tandem mass spectrometry
as previously described.”” Further details are presented

in Supplementary Methods (online supplemental mate-
rial).

Sample size

The sample size for the main trial was calculated as the
number needed to detect a 25% reduction in the propor-
tion of children with a positive QFI-Plus assay result at a
3-year follow-up (primary outcome) with 80% power and
5% type 1 error, assuming a 3.5% annual risk of QFT-
Plus conversion, 20% loss to follow-up and a 5% risk of
an indeterminate QFI-Plus assay result at the end of the
study.'® The sample size for the substudy was calculated
as the number needed to detect an inter-arm difference
of 0.35 SDs in mean bone mineral content at the whole
body less head and lumbar spine with 88% power and 5%
type 1 error, assuming 29% loss to follow-up at 3 years.19

Statistical analyses

Full details of statistical analyses are provided in Supple-
mentary Methods (online supplemental material).
Briefly, effects of treatment on age-adjusted and sex-
adjusted z-scores for anthropometric outcomes were esti-
mated by fitting allocation to vitamin D versus placebo as
the sole fixed effect in a mixed effects linear regression
model with a random effect for repeated assessments of
each individual participant and a random effect of the
school of attendance. Effects of treatment on DXA and
spirometric outcomes were analysed using multilevel
mixed models with adjustment for baseline values and a
random effect for school. Tanner metrics were analysed
in a similar fashion, but restricted to the applicable sex
and without baseline adjustment. Prespecified subgroup
analyses were conducted to determine whether the effect
of vitamin D supplementation was modified by sex (male
vs female), baseline deseasonalised 25(OH)D, concen-
tration (<75vs >75nmol/L)% and calcium intake (< vs >
median value of 466 mg/day)."? These were performed by
repeating efficacy analyses with the inclusion of an inter-
action term between allocation (to vitamin D vs placebo)
and each posited effect-modifier with the presentation of
the p value associated with this interaction term. An Inde-
pendent Data Monitoring Committee reviewed accumu-
lating serious adverse event data at 6-monthly intervals,
and recommended continuation of the trial at each
review. No interim efficacy analysis was performed.

Patient and public involvement

The Desmond Tutu HIV Centre’s Community Advisory
Group was consulted on the design and conduct of the
ViDiKids trial.

RESULTS

Participants

A total of 2852 children were screened for eligibility
from March 2017 to March 2019, of whom 2271 under-
went QFT testing: 1682 (74.1%) QFT-negative children
were randomly assigned to receive vitamin D, (829
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participants) or placebo (853 participants) as previously
described.'® 450/1682 (26.8%) participants in the main
trial also participated in the substudy, of whom 228 versus

Figure 1

222 participants were allocated to the vitamin D versus
placebo arms, respectively (figure 1). Table 1 presents
baseline characteristics of children in the main trial and

2852 children with parental consent

370 child assent not obtained, or parental consent withdrawn
211 found to be ineligible prior to QFT-Plus test

2271 children had QFT-Plus test

513 QFT-Plus positive
17 QFT-Plus indeterminate
47 found to be ineligible for another reason after QFT-Plus test

12 eligible not randomised before close of enrolment

1682 QFT-Plus negative children randomised

//\

829 assigned to Vitamin D arm and took 853 assigned to Placebo arm and took

21 dose of study medication, of whom =1 dose of study medication, of whom

n=228 participated in sub-study n=222 participated in sub-study

26 did not attend sub-study
follow-up at 3 years

33 did not attend sub-study
follow-up at 3 years

*| 76 did not have any 95 did not have any

measurement at annual measurement at annual

follow-up follow-up

k J L 2

202 attended sub-study follow-upat 3
years

753 had at least one measurement at
annual follow-up and contributed data
to anthropometric analyses

189 attended sub-study follow-up at 3
years

758 had at least one measurement at
annual follow-up and contributed data
to anthropometric analyses

Participant flow diagram. QFT, QuantiFERON-TB.

4

Middelkoop K, et al. BMJ Paediatrics Open 2024;8:6002495. doi:10.1136/bmjpo-2024-002495

1ybuAdoo
Aq pe1dsl0id "ellbuy 1se3 Jo Alsianiun e 20z ‘2T Iudy uo wod fwg usdospaediwa/:dny woiy papeojumod 202 IHdy 0T U0 S6¥200-7202-0dlwag/9eTT 0T Se paysignd 1suy :odlwg


http://bmjpaedsopen.bmj.com/

bmijpo: first published as 10.1136/bmjpo-2024-002495 on 10 April 2024.

Downloaded from http://bmjpaedsopen.bmj.com/ on April 12, 2024 at University of East Anglia. Protected by

copyright.
7% penunuo)
(/2]
5 (c91) 228 (es1) 8'e8 (£S1) 2es = = = (@s) LA34 peroipaid 9,
m (as) 6y ‘ssew anssi Jos
< (98°1) S1'6 (c0°2) 626 (S6°1) 226 = = = @014-1e} Apoq Bjoym UEs|\
) (@s) 6
(ove 22€ (€12 99°¢ (922 1L¢ = = = ‘ssew ye} Apoq sjoym uesiy
(as) e100s-z
(88°0) ¥0'0— (S8°0) S0°0- (98°0) S0°0— (98°0) 000 (€8°0) S0°0 (S8°0) €00 olel ybley-0}-1Siem ues|y
(as) @100s-z abe-104
(86°0) 02°0- (86°0) 020~ (86°0) 02°0— (16°0) S0~ (06°0) L0~ (06°0) €10~ ~80UBIBJINOIIO ISIEM UBB
(69) €1 8Ny (8¢) L1 (°9) o (29) ¥ (Gg)e6 (%) u ‘(eseqo) 00'e<
(%) u ‘(aubremiano)
(sel) oe (¥'81) e (091) 22 (502 S21 (661) S9L (¢'02) ove 00°¢> pue 00" 1<
(%)
(€62 9L1 (1'82) 821 (2'82) vse (82l 129 (9'22) 209 (L2 eeel  u‘00'L> pue 00g-< KioBajeo
e @y (1) 2 €1k (81 stk (1) 9z (%) u “(uyy) 00'z—> 8100s-Z 9be-104-|Ng
(as)
(coh) Lz'0 (c60) 610 (26'0) 02°0 (€0 1) vE0 (€01 L0 (c0' 1) eg0 8100s-Z 8be-104-|Ng UBS|\
(1'v6) 602 (oe6) cle (9°¢6) Lev (8'68) 992 (1'88) 0€2 (6'88) 961} (%) U ‘00"2-< AioBeren
(679 ¢tk 029t (¥9) 62 (col) /8 (6°11) 66 ('L 981 (%) U “(peyunis) 00'z—> 8100s-Z 8be-10)-1ybleH
(as)
(S6°0) ¥¥°0- (86°0) e7°0- (96°0) €7°0— (SH'1) S0~ (92°1) 95°0- (02'1) ss'0- 8100s-Z 8be-104-1ybley ues|y
(a@s) 4vz 000} ‘@wodul
(98°1) €9°1 (692 25°1L (kg2 2871 (sz'2) s6'L (S 181 (0z'2) 88’1 ployasnoy Ajyjuow ues|y
(%) u aybiy
(y°96) 12 (0'e6) cle (2'v6) 92¥ (696) 928 (6°56) 262 (796) 8191 40 |ooyos Aepuodeg
(9¢) 8 (029l (e9) ve (1'e) 92 (1'v) ve (9€) 09 (%) u ‘looyos Arewiid - uoieonps |ejuaied
(609) €11 (69%) 201 (68¥) 022 (6°L¥) 607 (0°6%) 90% (5'8v) G518 (%)u ‘lewoyuy
(1'6%) 60 (1'eg) Lek (1'19) og2 (1°29) v7v (0'19) e2v (5°19) 298 (%) u “oug souspisal jo adA|
(ce) 2 ov) 6 (9¢) 9t G1er (L2 22 (12 se (%) U 984y10
(8'96) 0L (0'96) vie (v'96) vev (5'86) 228 (e726) 882 (6726) L9l (%) u ‘esoux _uiBuo oluyg
(ces) 8Ll (609) 9L (0°29) vee (6°19) ev¥ (829) Le¥ (#°2s) 088 (%) U xos slewsad
(90 00} (L'0)zol (2°0) 10k (e'1) 88 ¥'1)6'8 1) 68 (@s) steah ‘obe ues|y
(eee=u) (822=u) (ogp=u) (eg8=u) (628=U) (e891=u)
we ogaoeld we @ ulweya 1257 Yo} we ogaoeld wie @ ulweya [1=257Ye}
(1@sqns ogpy=u) (e¢891=u)
Apnisgns Apnis uiey

Apnisgns pue Apnis urew :uoieoo|e AQ sons1sloeIeyD auljeseq syuedioled

I S|lqeL

Middelkoop K, et al. BMJ Paediatrics Open 2024;8:6002495. doi:10.1136/bmjpo-2024-002495


http://bmjpaedsopen.bmj.com/

(€0)

Open access

bmijpo: first published as 10.1136/bmjpo-2024-002495 on 10 April 2024. Downloaded from http://bmjpaedsopen.bmj.com/ on April 12, 2024 at University of East Anglia. Protected by

UIWEYA 99=U ‘UO[1BJIUSOU0D

€

copyright.

‘PUBJ UBOLLY YINOoS ‘YyZ ‘euoulioy plojAyrered ‘Hld ¢ @dAy usbejjoooid
wnies YN Ld £ uiwennixolpAy-sz nmﬁ_e._ovmm ‘opndadoud ‘N ‘epiidedo|al paxul-SSOID [BuUIWIB}-D X 1D Xapul ssew Apoq ‘|INg 1Usluod [eJauiw duoq ‘DINg ‘esereydsoyd suleye 4y °

‘sanjen pasijeuoseasaq$§
‘Rep/Bw 99f &xelul wniojed uelpa|nt
"jualed 8uo }Se9)| JB JO UOoIBONPS JO [9A3)] 1SayBIHL

‘Wwie ogeoe|d 6GL=U ‘W g UIWBNA GG L=U ‘UOIIBIUS2UO0D ‘q(HO)SZ WNJss Jo} ‘wie ogeoe|d
€£2=U ‘WJe g UIWeHA GZ=U ‘S¥)ejul wniojed Jo} ‘wie ogade|d 0=u ‘WJie g UIWBNA g=U ‘a109s-z abe-104-1ybiay ‘wie ogaoe|d 0=u ‘wJe g UIWeNA g=U ‘9100s-Z abe-10}-||\g ‘wie ogaoe|d | =u ‘wie
@ UIWEBYA §=U ‘Uoijeonpsa [euased ‘wie ogeoe|d ¢L=U ‘Wie g UIWeYA §L=U ‘ANoIuy1e :Apnis ainjoed} 1o} ‘wie ogeoe|d 9y=u ‘WJie q UIWeYA §F=U :dN Ld 10} ‘Wie ogaoe|d 9=U ‘Wie q UIWBHA
Ly=U :X 1D Jo} ‘w.ie ogeoe|d 9f=Uu ‘WJe q UIWeNA Zy=U :H1d J0} ‘Wie ogaoe|d Gy=u ‘Wie g UIWENA |H=U ‘UOI}BJIUSOUOD 4V [B10} PUB WNIO[ed paisnipe wnias Joy ‘wie ogaoe|d g9=u ‘wie

a(HO)SzZ wnuss Joy ‘wue ogade|d §=u ‘wJe q UILUBHA 9=U ‘9)ejul WNIojed Jo} ‘wie 0gade|d G=u ‘wJe q UlWelA G=u ‘Aloiuyle :Apnisgns auoq Jo}) eiep BuIssIN,

(ese) 29 (es€) 99 (ese) 82t (5°2€) 092 (L'9g) eve (8°9¢) 20S (%) U “/loWuUG/<
(%) u “1/j0WUG,>
(8:99) 001 019 vLL (0'69) t2 (9:99) e6¢ (8°89) v6€ (2°29) 182 pue 7/joWuU G
(%) u “1/10Wu0G>
(r'2) €1 (2€) L (G's) 02 (8'3) o (1'e) ve (r's) v.L PUB /IOWUSES £ 10Be1e0 ‘UoReIusU0o
(90 I (0o (€0 I (NOR? (00o (o) 1 (%) u “1/j10WUGE> fa(HO)Sz wnuss
§.(@s) 1/10wu ‘uonesusOUOD
(6'71) 9769 (121 v'oL (se1) 002 (0s1) 112 Sy e 8y et *a(HO)SZ wruss uesy
(1"1¥) 06 (7'ov) €0l (8'ev) €61 (2°2v) 96€ (r2Q) Ly (009) 218 (%) U ‘ueIpaWZ
(6'89) 621 (9¢€g)6lLL (¢'99) 8ve (e729) vev (9°2v) e8¢ (009) 218 +(%) U ‘uelpaw> _&ejul wniojen
(5'21) 506 (91 226 691 16 = = = (@s) OA4/EA34 paioipald o
(e'61) 0°G6 (e8l) 9v6 (2'8L) 8'v6 = = = (@s) ond peoipaid %
(¥@sqns ogp=u) (c891=u)
Apnisgns Apnis uiey

psnuijuod | 9|qeL

Middelkoop K, et al. BMJ Paediatrics Open 2024;8:6002495. doi:10.1136/bmjpo-2024-002495


http://bmjpaedsopen.bmj.com/

in the substudy, overall and by study arm. Mean age was
higher among participants in the substudy versus all
those in the main trial (10.1 vs 8.9 years, respectively),
reflecting the fact that participation in the substudy
was restricted to children enrolled in Grade 4. Preva-
lence of obesity and stunting were lower in the substudy
versus the main trial (3.8% vs 5.5%, and 6.4% vs 11.1%,
respectively). Baseline characteristics were otherwise well
balanced for all participants in the main trial vs those
who additionally participated in the substudy: 52.4% vs
52.0% were female and mean serum 25(OH)D3 concen-
trations were 71.2nmol/L vs 70.0nmol/L. Within the
main trial and the substudy, baseline characteristics of
those randomised to vitamin D versus placebo were also
well balanced. The median duration of follow-up was
3.16 years (IQR, 2.83-3.38 years) and was not different
between the two study arms. For the main trial, mean
serum 25(OH)D, concentrations at 3-year follow-up were
higher among children randomised to receive vitamin D
versus placebo (104.3 vs 64.7nmol/L, respectively; mean
difference 389.7nmol/L, 95% CI for difference 37.6 to
41.9nmol/L).

Growth outcomes

Among participants in the main trial, allocation to vitamin
D versus placebo did not significantly influence mean
heightfor-age z-scores at annual follow-up, either overall
or within subgroups defined by sex, calcium intake or
baseline 25(OH)D concentration (table 2: p values for
interaction >0.05). Similarly, no statistically significant
effect of the intervention was seen on mean BMI-for-age
z-scores (table 3), waist circumference-for-age z-scores
(online supplemental table S1) or waist-to-height ratio
z-scores (online supplemental table S2), either overall
or by subgroup (p values for interaction >0.05). Among
substudy participants, allocation to vitamin D versus
placebo did not significantly influence fat mass or fat-
free soft tissue mass (online supplemental table S3) or %
predicted FEV1 or FEV1/FVC (online supplemental table
S4), either overall or by subgroup. For the outcome of %
predicted FVC, allocation to vitamin D versus placebo did
not have a statistically significant effect overall, or within
subgroups defined by calcium intake or baseline 25(OH)
D concentration; however, the p value for interaction
associated with the subgroup analysis by sex (p=0.049)
raised the possibility that this factor might modify the
effect of vitamin D on % predicted FVC (online supple-
mental table S4).

Developmental outcomes

Among substudy participants, no statistically significant
inter-arm differences were seen in mean Tanner scores
for pubic hair (men and women), external genitalia
(men only), proportion menstruating (women only),
mean age at menarche (women only) or breast develop-
ment (women only), either overall or within subgroups
defined by calcium intake or baseline 25(OH)D concen-
tration (table 4).

Adverse events

Incidence of adverse events by the trial arm has been
reported elsewhere.” No serious events arising in the
trial were adjudged related to the administration of
vitamin D or placebo.

DISCUSSION

We report findings from the first RCT to investigate the
effects of vitamin D supplementation on growth and
developmental indices in schoolchildren of black African
ancestry. Administration of oral vitamin D supplemen-
tation at a dose of 10000 IU per week for 3 years was
effective in boosting vitamin D status, but it did not have
statistically significant effects on linear growth, BMI, body
composition, spirometric lung volumes or self-assessed
pubertal development, either overall or in subgroups
defined by sex, calcium intake or baseline vitamin D
status.

Null findings from the current study contrast with
those from observational studies reporting independent
associations between vitamin D deficiency and reduced
lean mass,” slower linear growth,” childhood obesity”™!
and precocious puberty.'* However, they are consistent
with those of the only other phase 3 RCT to investigate
the effects of vitamin D on growth and development in
school-age children that we are aware of, which reported
no effect of weekly vitamin D supplementation on growth
or development among Mongolian schoolchildren aged
6-13 years at baseline.'” Contrasting findings from
observational studies vs clinical trials may reflect the fact
that the former are more susceptible to the effects of
confounding or reverse causality. Although we observed
limited evidence (P for interaction 0.049) to support the
hypothesis that the effects of vitamin D on FVC might be
modified by sex, this finding may have arisen because of
type 1 error, given the multiplicity of analyses conducted.

Our study has several strengths. The intervention was
sustained (3 years), allowing ample time for any effects
of vitamin D supplementation on outcomes of interest
to manifest. Moreover, the intervention was effective in
elevating serum 25(OH)D concentrations, reflecting
adequacy of the dosing regimen employed as well as
good adherence resulting from directly observed admin-
istration of weekly supplements in schools during term
time. Our large sample size and low rates of loss to
follow-up maximised the power to detect modest effects
of the intervention, particularly for outcomes that were
assessed in the main trial population. Furthermore, we
assessed a broad range of anthropometric and devel-
opmental outcomes, that included the use of DXA, the
gold standard investigation for the assessment of body
composition.

Our study also has some limitations. The baseline
prevalence of vitamin D deficiency was low, perhaps
reflecting plentiful exposure to sunshine in the study
setting.”” Dietary factors are less likely to contribute to
this phenomenon, as frequency of intake of oily fish and
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other foods containing vitamin D did not associate with
baseline vitamin D status in the study population.”> Our
results cannot therefore be generalised to settings where
vitamin D deficiency is common. However, we highlight
that results from our trial in Mongolia (where the base-
line prevalence of vitamin D deficiency was much higher
than we observed in the current study) were also null
for outcomes of linear growth and body mass index."”
Accordingly, null results from the current trial cannot be
explained simply by the relatively high baseline vitamin
D status of participants in Cape Town. A second poten-
tial limitation relates to the fact that pubertal status
was assessed by participants themselves, rather than by
health professionals, whose judgement may be more
objective. However, the double-blind placebo-controlled
trial design of our study will have distributed any resul-
tant imprecision equally between study arms, ensuring
that bias was not introduced. Moreover, pubertal self-
assessment has previously been done by adolescent
participants in another South African cohort study, and
shown to be reliable.?’

In conclusion, we report that oral vitamin D supple-
mentation at a dose of 10000IU/week for 3 years was
effective in elevating serum 25(OH)D concentrations in
schoolchildren of black African ancestry living in Cape
Town, South Africa. However, this was not associated with
any effects on linear growth, body habitus, spirometric
outcomes or pubertal development. Taken together with
null results from a trial of weekly vitamin D supplemen-
tation with similar outcomes conducted in Mongolia,'”
our findings do not support the use of vitamin D supple-
ments to influence child growth or development in
populations where rickets have been excluded. Further
research could be conducted to re-evaluate growth and
developmental outcomes in the future, to determine
whether any adverse effects might be associated with
withdrawing vitamin D supplementation from individuals
randomised to the intervention arm of this study, who
may have become habituated to it during their participa-
tion in the trial.
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