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Abstract We studied bone mineral content (BMC), bone
mineral density (BMD), and body composition in offspring
of women supplemented with vitamin D during preg-
nancy. Pregnant women were randomized to receive oral
cholecalciferol 60,000 units 4 weekly (group 1), 8 weekly
(group 2), or placebo (group 3). All received 1 g calcium
daily (groups 1 and 2 without, and group 3 with 400 units
vitamin D). Offspring at 12-16 months underwent dual-
energy X-ray absorptiometry. Maternal hypovitaminosis
D at recruitment was common (serum 250HD <50 nmol/L
in 88 %) and severe (250HD <25 nmol/L in 46 %).
Groups 1 and 2 (n = 23 and 13, median age 14 months)
had higher cord blood 250HD (47.8 £ 13.8 and
31.0 £ 14.0 nmol/L) versus group 3 (n = 16, median age
16 months, 17.8 £+ 13.5 nmol/L, p < 0.001). Babies in
group 3 had higher whole-body BMC (250.8 4+ 42.5 gm)
and BMD (0.335 + 0.033 gm/cm?) compared to group 1
(213.1 4 46.2 gm and 0.295 + 0.041 gm/cm?) and group 2
(202.9 + 29.9 gm and 0.287 =+ 0.023 gm/cm?) (p = 0.006
and 0.001, respectively). In multivariate analysis, age,

The study protocol can be found at http://www.icmr.nic.in/ and
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weight z score, and lean body mass remained significant
contributors to BMC. Parameters of body composition
were comparable among the groups. Vitamin D supple-
mentation to pregnant women with severe deficiency in
doses that improved cord blood 250HD did not result in
improved bone health or body composition in offspring at
12-16 months, compared to a dose too small to improve
250HD levels.

Keywords Maternal vitamin D supplementation -
Offspring - Bone health - Body composition - Infections

Introduction

Maternal vitamin D (250HD) status during pregnancy
may have immediate, as well as long-term implications
for both skeletal and extra-skeletal health of the offspring.
Poor musculoskeletal growth in fetal life may have an
adverse effect on adult bone mass and body composition
[1]. However, though initial studies suggested that low
maternal 250HD during pregnancy may affect offspring
bone mass adversely at birth [2], 9 years [3], and 20 years
of age [4], other studies showed a null association at birth
[5, 6], 14 months [7], and 9 years [8], or an inverse asso-
ciation [9]. There was no association between maternal
vitamin D status and offspring fracture, the final outcome
of a low bone mass [10]. In all three interventional studies
to date, maternal vitamin D supplementation did not result
in a better bone mass in the offspring. The first study was
not randomized and used a less accurate technique, single
photon absorptiometry, to assess the bone mineral content
(BMC) [11]. In the second study [12], the dose of vitamin
D supplemented (200 IU/d), was much below the recom-
mended dietary allowance [13], and the supplementation
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was limited to the last trimester, whereas vitamin D and
calcium transfer to the fetus is known to be active in the
middle trimester itself. In the third study, the MAVIDOS
trial, there was no beneficial effect of maternal vitamin D
supplementation (at a dose of 1000 IU/d) on neonatal BMC
[14]. However, the findings from this study could not be
generalized as the study population did not include non-
white populations or subjects with severe vitamin D defi-
ciency (serum 250HD <25 nmol/L).

Conflicting results have also been described regarding
association of maternal 250HD and offspring body com-
position [9, 15-17] or extra-skeletal diseases such as atopic
dermatitis, wheeze, and respiratory infections [17-21]. In
the lone interventional study evaluating the latter outcomes,
vitamin D supplementation in late pregnancy did not reduce
the incidence of wheeze, respiratory infections and eczema
in the offspring at the age of 3 years [22].

There are no controlled studies that evaluated child-
hood bone mass and body composition after supplementing
pregnant women of non-European ethnic groups, especially
with severe vitamin D deficiency. We report whole-body
BMC, bone mineral density (BMD), and body composi-
tion in 12-16-month-old offspring of Indian women sup-
plemented with vitamin D during their second and third
trimesters of pregnancy. Results in groups who received
doses that improved maternal term and cord blood 250HD
were compared with that in a group who received 400 TU
daily, a dose commonly used in India, which is smaller than
current international standard-of-care doses. We also stud-
ied the prevalence of atopic dermatitis, wheeze, and infec-
tions in these subjects.

Materials and methods
Study design and subjects

A double-blind, randomized, placebo-controlled, multi-arm
parallel study of vitamin D supplementation in pregnancy
was conducted at King George’s Medical University, Luc-
know, India (clinical trial registry CTRI/2012/02/002395).
We had the opportunity to study prospectively the children
born to the participants of the above supplementation study.
The evaluation of offspring, conduct of laboratory assays
and DXA scans were done at Sanjay Gandhi Postgradu-
ate Institute of Medical Sciences, Lucknow. These are two
government run tertiary care centers which provide ser-
vices to people of all socioeconomic strata.

Pregnant women were eligible for the study if they were
more than 18 years of age, had a singleton pregnancy, ges-
tational age less than 20 weeks, and gave consent to par-
ticipate in the study. Those with known metabolic bone

disease, complicated pregnancy such as renal disease, liver
disease, and those using medication for medical conditions
such as tuberculosis or epilepsy were excluded from the
study, as were those had received vitamin D supplementa-
tion in the previous 3 months. Among the 300 women who
met inclusion and exclusion criteria, 160 delivered at our
institution. These 160 mothers were invited to participate
in the current offspring study, 1 year after delivery. Of the
160, only 150 were contactable. Fifty-two of the 150 gave
consent and participated in the current study (Fig. 1). The
study was approved by the institutional ethics commit-
tee and written informed consent was obtained from all
participants.

Randomization and intervention

Pregnant women (n = 300) in their early second trimes-
ter (14-20 weeks) were randomized into three groups in
1:1:1 ratio to receive, under observation, oral cholecalcif-
erol 60,000 units (in sachets) every 4 weeks (group 1) or
8 weeks (group 2) or placebo sachets (group 3) until deliv-
ery. All had been provided 1 g elemental calcium daily
(groups 1 and 2 without added vitamin D and group 3 with
400 units vitamin D). Calcium tablets were provided for a
month at a time. The participants were asked to bring back
the empty blisters to check the compliance. Randomization
was done by a computer-generated sequence in randomly
permuted blocks of hundred (by VD, AA). All the medica-
tions were dispensed in sequentially numbered, identical,
opaque, sealed packs (carrying the name of the participant)
by a research assistant, who was blinded to intervention.
The allocation sequence was also concealed from all par-
ticipants; the researcher enrolling and assessing mothers
(KKK), the researcher assessing offspring and DXA scan
images (SKS), and performing data analysis (VB). All the
women received standard antenatal care.

Maternal evaluation

Maternal history of smoking and alcohol intake during
pregnancy was obtained. Parent’s socioeconomic status
was assessed using modified Kuppuswamy’s Socioeco-
nomic Status Scale [23, 24]. Maternal height and weight
at recruitment, along with child’s birth-weight and birth-
length were noted from the records. Maternal serum at
recruitment and at term and cord blood were collected for
assay of 250HD, which was measured by radio-immuno-
assay (Diasorin, Stillwater, USA). This assay measured all
forms of vitamin D2 and D3. The analytical sensitivity of
the assay was 3.75 nmol/L. The intra-assay and inter-assay
coefficient of variation was 8.6—12.5 % and 8.2-11 % at
different concentrations of 250HD.
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n=358

Assessed for eligibility

19 did not meet eligibility
39 declined to participate

300 pregnant women
randomly assigned

Group 1(n=100) Group 2(n=100) Group 3(n=100)
Cholecaliciferol, 60 000 IU 4 weekly Cholecalciferol, 60 000 IU 8 weekly Placebo
46 did not deliver 48 did not deliver 46 did not deliver
] in our institute ] in our institute 1 in our institute
Births in our institution Births in our institution Births in our institution
n=54 n=52 n=54
2 unable to contact 5 unable to contact 3 unable to contact
] 29 refused for scan — 34 refused for scan ] 35 refused for scan
Offspring DXA at 12-16 months Offspring DXA at 12-16 months Offspring DXA at 12-16 months
n=23 n=13 n=16

Fig. 1 Flow-chart of participation in the study

Offspring evaluation

Offspring between the ages of 12 and 16 months under-
went dual-energy X-ray absorptiometry (DXA) scan using
the infant whole-body software (Hologic Inc., Bedford,
MA, USA). The infants were dressed with light hospital
clothing to enhance scan quality. To minimize movement
of the child during DXA scan, oral sedation using triclo-
fos sodium was used and scans were performed only when
the child was asleep. All DXA images were examined for
movement artifacts and no image had a movement artifact.
The mean coefficient of variation of the instrument was
0.296 %.

Whole-body BMC, BMD, and parameters of body com-
position (lean mass, fat mass, and percentage fat mass)
were assessed by DXA. Anthropometric parameters of the
child i.e., length, weight, mid upper-arm circumference,
and head circumference were measured using standard pro-
cedure. Triceps and subscapularis skin-fold thickness was
measured using a Holtain calliper (Crosswell, Crymych,
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UK). An average of three readings was taken at each site.
Z scores were derived for the anthropometric parameters
and skin-fold thickness using the WHO calculator (WHO
Anthro, version 3.2.2). Dentition was assessed for dental
age, enamel hypoplasia, and dental caries. Delayed tooth
eruption was defined if emergence of a tooth occurred more
than two SDs from the mean of established norms for erup-
tion times [25]. The child was examined for evidence of
visible atopic eczema. Parents were also asked whether the
child had dry or itchy skin since birth. Modified UK Work-
ing Party’s diagnostic criteria were used to make a diagno-
sis of atopic dermatitis [26]. Any history of wheeze, need
for nebulization and their frequency any time since birth
were noted. A history of diarrhoeal illness (lasting for more
than 2 days), respiratory infection (either upper or lower)
and their frequency since birth were noted from parents and
past medical records. A mean of three systolic and dias-
tolic blood pressures measured while the child was quiet,
was recorded. The child was examined for any evidence of
rachitic deformity and vitamin deficiency. Feeding methods
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since birth were obtained and daily dietary calcium and
vitamin D intake of the baby was calculated from 3-day
food record.

Statistical analysis

The primary outcome was the whole-body BMC while whole-
body BMD, body composition, and infection rates were the
secondary outcomes. Statistical analyses were performed
using SPSS software version 18.0. All data were expressed
as mean £ SD unless mentioned otherwise. To compare the
means between the groups, ANOVA and Kruskal-Wallis tests
were used for parametric and nonparametric data respectively.
Chi square test was used to assess differences in the propor-
tions. Spearman correlation was used to establish the correla-
tion between different parameters. To predict the contribution
of each covariate to BMC and BMD, a general linear model
(GLM) was used. Covariates that had a p value <0.1 in the
univariate model were considered for final analysis in GLM. A
p value <0.05 was considered as significant.

Results

Mothers of offspring who took part in the current study
(n = 52) had similar characteristics compared to those who
did not (n = 108), with respect to age, gravidity, gestational
age, weight, and height at recruitment, socioeconomic sta-
tus, average number of sachets consumed in each group
and mean serum 250HD level achieved at term in each
group (Supplementary Table 1).

The baseline characteristics of the current mother-
offspring cohort (n = 52 pairs) is shown in Table 1. The
maternal age, gravidity, weight, height, smoking habit, and
socioeconomic class were not different among the groups.
The median maternal serum 250HD, as well as prevalence
of vitamin D deficiency (serum 250HD <50 nmol/L) at
recruitment were comparable among the groups. At term,
there was a substantial improvement in serum 250HD lev-
els in group 1 and 2, but not in group 3. The birth-length
and birth-weight in the offspring were comparable among
the groups. The offspring in group 3 had higher median

Table 1 Baseline characteristics of mothers and children in the study cohort

Group 1 (n =23) Group 2 (n = 13) Group 3 (n = 16) P
Maternal characteristics
Age (years) (median and IQR) 25 (22-28) 25 (23-28) 25 (23-30) 0.83
Height (cm) 152+ 6 152 +4 15245 0.96
Weight (kg) (median and IQR) 54 (48-66) 49 (47-56) 52 (48-55) 0.44
Number of cholecalciferol sachets consumed?® 47+1.5 2.6 £0.7 0+£0 <0.001
Smokers 0 0 0
Gravidity (median and IQR) 2 (1-2) 1(1-3) 2 (1-2) 0.80
Serum 250HD at recruitment (nmol/L) 30.3 (16.5-41.0) 24.3 (11.5-34.0) 28.5 (16.0-54.5) 0.35
Serum 250HD <50 nmol/L at recruitment (%) 91 92 77 0.22
Serum 250HD at term (nmol/L) 59.8 £22.9 473 £153 245+173 <0.001°
Serum 250HD <50 nmol/L at term (%) 38 38 92 0.006°
Characteristics of offspring
Age (months) (median and IQR) 14 (13-15) 14 (13-15) 16 (15-16) 0.001
Birth-weight (kg) 2.67 £ 0.45 2.78 £0.46 2.67£0.43 0.73
Birth-length (cm) 472 +£23 471+ 1.9 472 +£2.1 0.99
Cord blood 250HD (nmol/L) 478 +13.8 31.0 £ 14.0 17.8 £13.5 <0.001¢
Neonatal calcium (mmol/L) 22+03 2.5+£0.1 23+£03 0.038°
Dietary calcium intake/d (mg) 845 £ 555 790 £+ 501 803 £ 495 0.96

Data presented as mean & SD unless mentioned otherwise. /QR inter-quartile range

Groups | and 2 mothers were supplemented with 60,000 units of cholecalciferol 4 weekly and 8 weekly, respectively, while group 3 mothers

were supplemented with placebo sachets

1 sachet contained 60,000 units of cholecalciferol. Number of cholecalciferol sachets consumed during pregnancy varied among the same

group because of difference in time of delivery

® p <0.001 between groups 1 and 3, p = 0.02 between groups 2 and 3, and non-significant between groups 1 and 2 (p = 0.23)

¢ p=0.001 between groups 1 and 3, p = 0.002 between groups 2 and 3, and non-significant between 1 and 2 (p = 0.33)

4 p <0.001 between groups 1 and 3, p = 0.004 between groups 1 and 2, and non-significant between group 2 and 3 (p = 0.07)

¢ p =0.036 between groups 1 and 2, non-significant between group 1 and 3 (p = 1.00), group 2 and 3 (p = 0.22)
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Table 2 Anthropometric

. Anthropometric parameters
parameters of offspring aged

Groupl (n=23) Group2(n=13) Group3(n=16) p

12-16 months Length z score

Weight z score

Head circumference (z score)
MUAC (z score)

Triceps SFT (z score)
Subscapularis SFT (z score)

—0.54 £ 1.01 —-0.92 £ 1.04 —0.64 £1.23 0.62
—0.85+1.24 —1.06 £ 091 —0.78 £1.32 0.81
—0.99 £0.73 —-0.97 £1.27 —-1.16 £1.33 0.86

0.14 +1.20 —-0.21 £0.70 020+ 1.1 0.55
—-0.71 £ 1.31 —0.67 £0.71 —0.38 £0.99 0.63
—0.45+£1.52 —1.02 £ 1.24 —-035+£1.16 0.37

Data presented as mean £ SD. Z scores obtained using WHO anthropometric calculator (WHO Anthro,

version 3.2.2)

MUAC mid upper-arm circumference, SFT skin-fold thickness

Table 3 Parameters of bone

o DXA Parameters Group 1 (n =23) Group 2 (n =13) Group 3 (n = 16) )4
health and body composition as
measured by DXA in offspring BMC (gm) 213.1 + 46.2 202.9 +29.9 250.8 4+ 42.5 0.006°
aged 12-16 months BMD (gm/cm?) 0.295 + 0.041 0.287 £ 0.023 0.335 £ 0.033 0.001°
Lean mass (gm) 6807.9 + 744.1 6642.4 + 712.4 7079.0 =+ 969.0 0.34
Fat mass (gm) 2184.0 £+ 1036.5 1920.7 + 637.1 2194.3 4+ 829.7 0.65
% fat 22.99 + 8.00 21.69 + 6.46 22.59 + 6.4 0.87

Data presented as mean = SD

* p =0.02 between group 1 and group 3, p = 0.01 between group 2 and group 3

® p = 0.003 between group 1 and group 3, p = 0.002 between group 2 and group 3

Table 4 Multiple regression analysis by GLM for contribution of
various parameters to BMC and BMD

Variable BMC BMD
Fvalue p Fvalue p

Age 44 0.04 29 0.10
Vitamin D dose supplemented 0.6 0.46 1.7 0.21
Weight z score 9.9 0.003 24 0.13
Height z score 0.7 0.41 1.8 0.19
Lean body mass 5.8 0.02 1.6 0.21
Dietary calcium intake of baby 1.0 0.33 0.6 0.43

GLM general linear model, BMC bone mineral content, BMD bone
mineral density

age in comparison to other two groups. All the children
were immunized as per the national immunization pro-
gram. All the infants were on exclusive breast feeding for
the first 6 months of life. Breast feeding was continued in
all the infants until the time of the study. After 6 months,
all infants received animal (cow or buffalo) milk in addi-
tion. Further, a proportion of infants in groups 1 (n = 7),
2 (n=4), and 3 (n = 5) also received formula feed
(p = 0.97). Complementary semisolid feed was given to
all infants after 6 months of age. The mean dietary vita-
min D intake in group 1 (102 4+ 49 TU), 2 (117 £ 71 1U),
and 3 (82 £ 38 IU) was comparable (p = 0.60). Dietary
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calcium intake between the groups was comparable. None
of the children were on calcium or vitamin D supplements
since birth. There were no significant differences in vari-
ous anthropometric parameters among the groups at age of
12-16 months (Table 2). None of the mothers or children
had hypercalcemia or serum 250HD level >250 nmol/L.

The offspring in group 3 had significantly higher whole-
body BMC and BMD when compared to that of groups 1
or 2 (Table 3). Age, vitamin D supplemented during preg-
nancy, weight z score, height z score, lean body mass, and
daily dietary calcium intake of the baby were the con-
tributors to the BMC and BMD in the univariate model
(p < 0.1), while pre-pregnancy weight, gravidity, gesta-
tional age at delivery, birth-weight, maternal 250HD at
term, cord blood 250HD, neonatal calcium, socioeconomic
status, and sex were not. In the multivariate general linear
model, age, weight z score, and lean body mass remained
significant contributors to BMC (Table 4). For the primary
outcome (offspring BMC), the power of the study was
76 %, with an assumed common SD of 46 (which is the
BMC SD of group 1) with two-sided alpha of 0.05 and a
Cohen’s effect size of 0.99 (eta squared) [an assumed com-
mon BMC SD of 40 gave 87 % power, while a SD of 43
gave 82 % power]. Various parameters of body composi-
tion (lean body mass, fat mass, percentage fat mass, and
skin-fold thickness) were not different among the groups
(Table 3).
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BMC had a positive correlation with triceps (r = 0.453,
p = 0.01) and subscapularis skin-fold thickness z score
(r=10.299, p = 0.05), as well as lean body mass (r = 0.628,
p = 0.01) and fat mass (r = 0.598, p = 0.01). BMD corre-
lated positively with lean body mass (r = 0.342, p = 0.05)
and fat mass (r = 0.325, p = 0.05). Neither maternal term
250HD nor cord blood 250HD had any correlation with
BMC, BMD, and anthropometric parameters.

There was no difference in the frequency of respiratory
infections or diarrheal illness between different groups; the
frequency of respiratory infections being 3, 5, 4 episodes
in groups 1, 2, and 3, respectively (p = 0.384) and mean
frequency of diarrheal illness being 2 episodes in each
group. There was no association of respiratory or diar-
rhoeal infection with term 250HD (r = —0.153, p = 0.31
and r = —0.021, p = 0.89, respectively) and cord blood
250HD (r = —0.057, p = 0.71 and r = —0.104, p = 0.49,
respectively). Only one offspring in group 3 had atopic der-
matitis defined using modified UK Working Party’s crite-
ria. One child in each group required therapy for wheezes.
In the three groups, the mean systolic and diastolic blood
pressure were similar. Delayed tooth eruption was seen
in 4, 2, and 1 offspring in groups 1, 2, and 3 respectively.
None had enamel hypoplasia or dental caries. No child had
biochemical or radiological rickets nor signs of vitamin
deficiency.

Discussion

In this study of a non-white population, with severe vita-
min D deficiency, we documented the effects of maternal
vitamin D supplementation (in doses sufficient to improve
mean maternal and cord blood 250HD) on offspring bone
health and body composition. Three important results were
demonstrated. First, vitamin D supplementation in preg-
nancy in doses that achieved good maternal term and cord
blood 250HD did not result in better bone health in the off-
spring compared to that in a group receiving a lower dose
that is commonly used in India. In fact, BMC and BMD
were influenced only by age, and BMC was age-appro-
priate in all three groups [27]. The relatively higher BMC
and BMD in the un-supplemented group can be ascribed
to the higher age in that group and the fact that bone min-
eral accrual occurs at a rapid rate in infancy [27]. Secondly,
maternal vitamin D supplementation did not lead to better
body composition and anthropometric parameters in the
offspring. Finally, there was no impact on occurrence and
frequency of respiratory and diarrhoeal illness in children.
There are three interventional studies to date mention-
ing the effects of maternal vitamin D supplementation on
offspring bone health, all of them showing a null effect.
The first two studies suffered from the methodological

limitations mentioned above [11, 12]. In the third study,
the recently published MAVIDOS trial, the primary out-
come (BMC at birth) was quite similar to our results [14].
However, pregnant women who had severe vitamin D defi-
ciency (serum 250HD <25 nmol/L) were excluded from
this study, thus limiting the generalization of the study
result. In contrast to the MAVIDOS trial, our study popu-
lation included pregnant women who had severe vitamin
D deficiency at recruitment. In addition, we also supple-
mented one group (group 1) with a relatively higher dose
of vitamin D compared to that used in the MAVIDOS trial,
which also failed to obtain a better bone health in the off-
spring. Finally, the results of these studies, including ours,
corroborate the findings from an animal study, where fetal
skeleton mineralization was independent of vitamin D [28].

There are a few observational studies mentioning con-
flicting results on the association of maternal 250HD with
offspring BMC [2-9]. The design of these studies may help
reconcile the conflicting results. Firstly, they are observa-
tional studies; therefore, it is difficult to implicate a causal
association. Secondly, the time period for measurement of
250HD in mother and BMC in offspring varied from study
to study and extended right up to offspring age of 20 years.
Thus, confounding factors such as nutrition and lifestyle
measures may hamper interpretation of results and a com-
parison with each other. Except the study by Lawlor et al.
[8], all had the limitation of small sample size. In the larg-
est of these studies, which included ~4000 mother—child
pairs, Lawlor et al. did not find any association of maternal
vitamin D with offspring BMC at 9 years of age.

Our results did not show any beneficial effect of vitamin
D supplementation in pregnancy on offspring anthropom-
etry and body composition at the age of 12—-16 months,
which is similar to the findings from MAVIDOS, where
maternal vitamin D supplementation did not result in better
body composition [14].

We could not find any effect of maternal vitamin D sup-
plementation on occurrence and frequency of childhood
respiratory and diarrhoeal infections, and recurrent wheeze,
similar to the study findings of Goldring et al. [22]. There
are a few studies mentioning variable results on the asso-
ciation of maternal vitamin D status and offspring wheeze,
respiratory infections and/or diarrheal illness [17-21].
However, all except one are observational studies, so a
causal association cannot be established. Additionally, they
suffer from considerable heterogenicity in terms of study
design, timing of maternal 250HD measurement, outcome
definition, and interval between measurement of 250HD
and outcomes. The results need to be confirmed from on-
going, large-scale randomized studies.

The major limitation of our study is the high dropout
rate. However, the power of the study was calculated to be
in excess of 76 % for the primary outcome (offspring BMC).
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Second, the median age among the groups differed, with
group 3 having a higher median age, thereby making them
more likely to have a greater bone mass, pushing the outcome
of the study towards the null hypothesis. Third, mothers in
all three groups were provided 1 g calcium daily as a part of
their obstetrics care. The results of our study may not be gen-
eralized to situations of very low calcium intake. Finally, our
control group, which was given 400 IU vitamin D daily as
standard-of-care at the time, was merely documented to have
low maternal serum 250HD at all-time points during preg-
nancy (unpublished data). We have made the assumption that
a dose which did not improve maternal or cord blood 250HD
did not make a difference to the fetal outcomes. Therefore,
our findings should be regarded as preliminary. Neverthe-
less, being a randomized supplementation study using a lib-
eral dose of vitamin D, it contradicts the concept of vitamin
D supplementation in pregnancy resulting in better bone
health in the offspring, even in a population with extremely
low baseline 250HD. To conclude, maternal vitamin D sup-
plementation in doses that improved maternal and cord blood
250HD did not result in an improved bone health, body com-
position in the offspring at 12-16 months, neither did it pro-
tect from respiratory and diarrhoeal infections, compared to a
dose too small to improve 250OHD levels.
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