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Vitamin D supplementation in pregnant women or infants for
preventing allergic diseases: a systematic review and meta-analysis
of randomized controlled trials
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Abstract

Background: It is still unclear if and to what extent antenatal or infant or childhood vitamin D supplementation would affectm
development of allergy diseases later in life. This study aimed to review the efficacy of vitamin D supplementation in pregnant
women, infants, or children for the prevention of allergies.

Methods: MEDLINE (PubMed), EMBASE (OVID), and the Cochrane Central Register of Controlled Trials were searched up to
March 1, 2020. We included only randomized controlled trials (RCTs). We performed a systematic review and meta-analysis for
vitamin D supplementation in primary allergy prevention. These trials were assessed for risk of bias using the Cochrane
Collaboration domains and the consensus was reached via discussion with the full study group. We descriptively summarized and
quantitatively synthesized original data to evaluate vitamin D supplementation in primary allergy prevention by using Review
Manager software for meta-analysis.

Results: The search yielded 1251 studies. Seven RCTs were included in this analysis. A meta-analysis revealed that vitamin D
supplementation for pregnant women or infants may not decrease the risk of developing allergic diseases, such as asthma or
wheezing (supplementation for pregnant women, risk ratio [RR]: 1.01, 95% confidence interval [CI]: 0.81-1.26, P =0.90,
I? = 47%; supplementation for infants, RR: 1.00, 95% CI: 0.70-1.43, P = 0.99, I = 0%; supplementation for pregnant women and
infants, RR: 0.35, 95% CI: 0.10-1.25, P=0.11), eczema (supplementation for pregnant women, RR: 0.95, 95% CI: 0.80-1.13,
P=0.77, ?=0%; supplementation for infants, RR: 0.84, 95% CIL 0.64-1.11, P=0.19, I?=42%), allergic rhinitis
(supplementation for pregnant women, RR: 0.93, 95% CI: 0.78-1.11, P=0.15, I =47%), lower respiratory tract infection
(LRTI) (supplementation for pregnant women, RR: 0.97, 95% CL: 0.85-1.11, P=0.59, I? =0%), or food allergy.

Conclusions: Supplementation of vitamin D in pregnant women or infants does not have an effect on the primary prevention of
allergic diseases.

Systematic Review Registration: PROSPERO (CRD42020167747)
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Introduction diseases. Low vitamin D status during the first few years
of life has also been associated with increased risk of
asthma,>%! eczema,!®! food allergy,!”! wheezing,!®! allergic
rhinitis,'”! and respiratory infections.

Allergic diseases represent a spectrum of health conditions
with a large worldwide burden, which result from an
interaction between individual genetic susceptibility and
exposure to environmental factors. The prevalence of
allergic diseases is approximately 10% in infants whose
parents and siblings do not have allergic diseases and 20%
to 30% in those with an allergic first-degree relative.!"
However, it has become increasingly evident that there is
an important role for environmental factors in the onset of
allergic diseases.””! Most studies have shown correlations
between vitamin D and the development of allergic

Vitamin D is the generic term for two molecules:
ergocalciferol (vitamin D2) and cholecalciferol (vitamin
D3). The former can be obtained from plant sources. The
latter can be obtained from animal foods and sunlight
exposure. The action of sunlight on the skin converts 7-
dehydrocholesterol to pre-vitamin D, which is metabolized
to vitamin D."!"! Vitamin D status is easily modified by sun
exposure or diet and therefore makes it an attractive target
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biomarker for monitoring and prevention. It modulates the
immune system in a complex manner with facilitating
effects on the innate immune system and impeding effects
on the adaptive immune system.!"?! Vitamin D deficiency is
highly prevalent Worldw1de, especially pregnant women
are at high risk.!"!

Given the presence of vitamin D receptors on immune cells
and the airways,'* and its multiple effects on the
developing lung and immune system, immunomodulation,
and regulation of inflammation,"*- 18] vitamin D has gamed
much attention in recent years as a key modifiable risk factor
of asthma and allergy in childhood. Previous related
systematic review and meta-analysis were mainly based
on observational studies and mainly focused on the
relationship between maternal 25-hydroxyvitamin D levels
and risk of allergy diseases, which indicated that maternal
vitamin D blood level was associated with risk of allergy
diseases in the offspring."*2'! One systematic review
investigated the effects of vitamin D supplementation in
pregnancy on the prevention of allergic outcomes in
offspring, but it did not include any randomized controlled
trials ( RCng in which vitamin D supplementation was given
to infants.®?! A recently published systematic review
covered vitamin D supplementation in both pregnancy
and early childhood, but it excluded studies that reported
vitamin D supplementatlon combined with other vitamins
or nutrients, and only one RCT was included.!**! It is still
unclear if and to what extent antenatal or infant or
childhood vitamin D supplementation would affect the
development of allergy diseases later in life. In this study,
the discussion of vitamin D will primarily aim to summarize
the existing evidence from RCTs for whether vitamin D
supplementation in pregnant women, infants, or children
has any efficacy for the prevention of allergic diseases.

Methods

Data sources and searches

This systematic review and meta-analysis was reported in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) State-
ment and was registered at the International Prospective
Register of Systematic Reviews (No. CRD42020167747).
This review of the literature was performed by searching
three computerized databases for peer-reviewed articles
published in English from inception to March 1, 2020. The
research articles were searched for and selected from
electronic databases, including MEDLINE (PubMed),
EMBASE (OVID), and the Cochrane Central Register of
Controlled Trials. The search process was conducted using
the following keywords (pregnancy OR lactation OR
pregnan* OR antenatal mother OR maternal OR child OR
adolescent OR infant OR baby OR newborn* OR toddler*
OR preschool* OR schoolchild*) AND (vitamin D OR
Cholecalciferol OR Hydroxycholecalciferols OR Calcife-
diol OR Dihydroxycholecalciferols OR Calcitriol OR
Ergocalciferols OR Dihydrotachysterol OR 25-Hydrox-
yvitamin D 2 OR “vitamin D deficiency”) AND (asthma
OR “asthma prevention” OR wheez* OR “respiratory
health” OR allergic rhinitis OR hay fever OR food allergy
OR atopic dermatitis). We checked reference lists of
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reviewed articles and contacted clinical experts in the
specialty for additional references.

Study selection and eligibility criteria

Two investigators independently reviewed titles, abstracts,
and full-text articles using prespecified inclusion criteria,
with disagreements about inclusion resolved by discussion.
If additional information or clarification was needed about
a study, we contacted the authors of the relevant article.
Full-length articles of studies evaluating the associations
between vitamin D supplementation in pregnancy or
infants or children and allergic diseases were examined and
subsequently selected if they fulfilled the following
inclusion criteria: (1) the design was an RCT; (2) healthy
pregnant or lactating females and/or healthy children from
birth to 5 years of age were included; (3) vitamin D
protocol was specified in the treatment group; (4)
outcomes were asthma/wheeze, eczema (atopic dermatitis),
allergic rhinitis, lower respiratory tract infection (LRTI), or
food allergy; and (5) the study contained relevant data to
calculate the effect size.

Articles were excluded if (1) conference abstract only;
(2) cohort study, case-control study, cross-sectional study,
review, case report, and other uninterested study design;
and (3) animal studies. The reference lists of all papers of
interest were scrutinized to obtain other relevant articles.
Disagreements over inclusion were resolved through
consensus, and where necessary, a third reviewer was
involved.

Data extraction and risk of bias assessment

For each included study, one independent evaluator read
all reports of eligible studies in detail and extracted the
following data from each selected study: the total number
of participants, population, geographical location, trial
duration, exposure measurement, the interval of follow-
up, and outcomes (asthma or wheeze, eczema, allergic
rhinitis, LRTI, and food allergy). A second investigator
reviewed for completeness and accuracy. We discussed
any disagreements and aimed to reach an agreement by
consensus with a third reviewer if necessary. These trials
were assessed for risk of bias according to the PRISMA
recommendations and consensus was reached via discus-
sion with the full study group.

Data synthesis

We extracted data from the included studies and prepared
the data in table format. The study outcomes were
described in the Results section. We calculated pooled
relative risk ratios (RRs) with a 95% confidence interval
(CI) for categorlcal outcomes. Heterogenelty was assessed
using the I* test and Chi-square statistics. For all of the
outcomes measured, a fixed-effects meta-analysis was used
when low heterogenelty was present (P>0.10 and
I’ <50%), and a random-effects meta-analysis was
performed to address the variation across the included
studies when high heterogeneity was detected (P < 0.10
and I*>50%). Subgroup analyses were conducted to
explore the source of heterogeneity. Publication bias
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assessment was conducted through funnel plots if more
than ten trials were included. Sensitivity analysis was used
to explore the stability of the results. The statistical analysis
was performed using the Review Manager (RevMan;
Version 5.3.4. Copenhagen, Denmark: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014).

Results

Search results

We have identified 294 potentially relevant publications
from PubMed, 748 from EMBASE, and 209 from The

WWW.Cmj.0rg

Cochrane Central Register of Controlled Trials. After
excluding duplicates and publications that did not meet
the inclusion criteria, seven RCTs?*3% were included
[Figure 1].

Study characteristics

Description of included studies

Five of the studies!?*?%?72%-3% administered vitamin D3

(cholecalciferol); one study!*®! administered both vitamin
D2 (ergocalciferol) and vitamin D3 (cholecalciferol); and
one study administered vitamin D.*®! The numbers of

Controlled Trials searching (7 = 209)

Records identified through PubMed searching (7 = 294)
Records identified through EMBASE searching (n = 748)
Records identified through The Cochrane Central Register of

v

(n=968)

Records after duplicates removed

928 records excluded based on

\ 4

review of title and abstract

(n=40)

Full-text articles assessed for eligibility

Full-text articles excluded, with reasons (n

Y

.
> =33)

(n=T)

Full-text articles assessed for eligibility

Systematic review used to identify
relevant studies (17=6)

Study protocol with no outcomes (n=3)

vV

Not study design interested (7=5)
Qutcome not relevant (7=18)
Duplicates (n=1)

(n=T)

Studies included in qualitative synthesis

l

Studies included in quantitative

synthesis
(Meta-analysis) (n=7)

[ Included ] [ Eligibili } [ Screening J [Identification]

Figure 1:

Flowchart for selection of studies of vitamin D supplementation in pregnant women or infants or children for preventing allergic diseases.
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Rueter 2018

Figure 2: Summary of risk of bias for studies on the effects of vitamin D supplementation
on the risk of allergic diseases.

studies according to the population exposed to vitamin D
were as follows: four RCTs in pregnant women,#%-28-3
one RCT in pregnant women and infants,”*! two RCTs in
infants,’***”! and no RCTs in children or breastfeeding
women. The follow-up time of the studies ranged from 6
months to 6 years. The supplementation dosage also varied
from study to study, ranging from 400 U/day to 200,000
Ul/day. All the seven RCTs reported information about the
primary prevention of allergic diseases, including asthma,
wheezing, allergic rhinitis, food allergy, airborne allergens,
and eczema. Table 1 outlines the characteristics of each
study. Except for one study®” that did not report the
specific subjects’ baseline vitamin D serum levels, the other
six studies all reported the mean concentration of serum
25-hydroxyvitamin D. All studies reported that enrolment
mean serum 25-hydroxyvitamin D levels showed no
clinically important differences between the vitamin D
group and control group [Table 1].

Risk of bias in included trials

Of the seven trials, four trials were deemed to have a low
risk of bias across all domains.!**% Only one trial was

WWW.Cmj.0rg

deemed to have a high risk of bias in blinding of
participants and personnel.”?”) And one trial was deemed
to have an unclear risk of bias in allocation concealment,
blinding of participants and personnel, blinding of
outcome assessment, and other bias.*°! One trial was
deemed to have an unclear risk of bias in random
sequence generation due to insufficient information!**!
[Supplementary Table 1, http:/links.Ilww.com/CM9/
A889]. The results of the risk of bias assessment are
shown in Figure 2.

Effects of vitamin D supplementation on allergic diseases

Asthma or wheeze

The association between vitamin D supplementation and
asthma or wheeze prevention was investigated by seven
trials.**?°! The results combined with fixed-effects model
showed that vitamin D supplementation in pregnant
women or infants was not associated with the risk of
asthma or wheeze (RR: 0.98, 95% CI: 0.82-1.18,
P=0.83, ’=30%).

As there was heterogeneity among the studies, subgroup
analysis was conducted according to different types of
populations (pregnant women/infants/pregnant women
and infants). The results of subgroup analyses showed that
vitamin D supplementation for pregnant women/infants/
pregnant women and infants may not decrease the risk of
developing asthma/wheezing (RR: 1.01, 95% CI: 0.81-
1.26, P=0.90, I* =47%; RR: 1.00, 95% CI: 0.70-1.43,
P=0.99, I’=0%; RR: 0.35, 95% CI: 0.10-1.25,
P=0.11, respectively) [Figure 3]. Sensitivity analysis
indicated that the result was robust.

Eczema

Five RCTs!?*?%272%! reported the effects of vitamin D
supplementation in pregnant women on preventing the
development of eczema. Pooling of these estimates found
non-significant effects of vitamin D supplementation in
pregnant women or infants on preventing the development
of eczema (RR: 0.92, 95% CIL: 0.79-1.06, P=0.26,
I*=0%). The results of subgroup analysis according to
different types of population (pregnant women/infants)
showed that there were no significant differences in the
outcome between supplementation of vitamin D to
pregnant women and infants for eczema prevention (test
for subgroup differences: P =0.46) [Figure 4]. Sensitivity
analysis indicated that the result was robust.

Allergic rhinitis

Three of the included RCTs reported the associations
between vitamin D supplementation in pregnant women
and allergic rhinitis. Pooling of the three estimates for
vitamin D supplementation vs. placebo showed that there
were non-significant effects of vitamin D supplementation
in pregnant women on preventing the development of
allergic rhinitis (RR: 0.93, 95% CI: 0.78-1.11, P=0.42,
I* =47%) [Figure S]. Sensitivity analysis indicated that the
result was robust.
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Experimental Control

Study or Subqroup  Events

1.1.1 pregnant woinen

Total Events Total Weiglt M-H. Fixed. 95% Cl

Brustad 2019 23 274 18 268 9.2%
Chawes 2016 32 278 47 2711 241%
Goldring 2013 17 108 7 50 4.8%
Litonjua 2020 74 361 59 346 30.5%
Subtotal (95% Cly 1021 935 68.7%
Total events 146 13

Heterogeneity: Chi*= 568, df=3({P=0.13);1*=47%

Test for overall effect Z=0.13 P = 0.90)

1.1.2 infants

Rosendahl 2019 37 383 39 380 19.8%
Rueter 2018 16 86 14 87 7.0%
Subtotal (95% CI) 469 467  26.9%
Total events 53 53

Heterogeneity: Chi*= 0.27, df=1 (P=0.61); 1= 0%

Test for averall effect. Z=0.01 P = 0.99

1.1.3 pregnant women and infants

Grant 2016 3 76 ] 80  4.4%
Subtotal (95% Cl) 76 80  4.4%
Total events 3 9

Heterogeneity: Not applicable

Test for overall effect Z=1.62 P =0.11)

Total (95% CI) 1566 1482 100.0%

Total events 202 193
Heterogeneity: Chi*= 8.59, df = 6 (P = 0.20); I*= 30%
Test for overall effect Z=0.21 P = 0.83)

Test for subaroun differences: Chi*=2.62. df=2(P=0.27). F= 23.6%
Figure 3: Forest plot showing the effects of vitamin D supplementation on the risk of asthma or wheeze. Cl: Confidence interval.

Risk Ratio
M-H. Fixed, 95% CI

Risk Ratio

1.25[0.69, 2.26] = faeee
0.66 [0.44, 1.01] ——
1.12[0.50, 2.54)
1.20[0.88, 1.64]
1.01[0.81, 1.26]

+

0.94 [0.61, 1.44) —
1.16 [0.60, 2.27) ——
1.00 [0.70, 1.43] R 4
0.35(0.10, 1.24] ——r
0.35 [0.10, 1.25] o
0.98 [0.82, 1.18] T
0.01 0.1 1 10 100

Favours [experimentall Favours [control]

Experimental Control

Study or Subqroup  Events

1.3.1 pregent woinen

Total Events Total Weight M-H.Fixed. 95% Cl

Risk Ratio
M-H. Fixed, 95% CI

Risk Ratio

Chawes 2016 68 295 75 286 26.4% 0.88[0.66,1.17]
Goldring 2013 30 102 30 98 10.6% 0.96 [0.63, 1.47]
Litonjua 2020 96 361 91 346 32.2% 1.01[0.79,1.29]
Subtotal {95% Cl 758 730 69.3% 0.95 [0.80, 1.13] 4
Total events 194 196
Heterogeneity: Chi*= 0.53,df=2 (P=0.77); = 0%
Test for overall effect: Z = 0.55 (P = 0.58)
1.3.2 infants
Rosendahl 2018 56 388 72 381 252% 0.76 [0.55, 1.09 -
Rueter 2018 19 86 16 87 5.5% 1.20 [0.686, 2.18] |
Subtotal (95% CIy 474 468 30.7% 0.84 [0.64, 1.11] Lo
Total events mn 88
Heterogeneity: Chi*= 1.73,df=1 (P=0.19); 1= 42%
Test for overall effect Z=1.20 P = 0.23)
Total (95% CI) 1232 1198  100.0% 0.92 [0.79, 1.06]
Total events 269 284
Heterogeneity: Chi*= 2.79, df = 4 (P = 0.59); 1= 0% b t : t |
0.0 0.1 1 10 100
Test for overall effect: Z=1.14 P = 0.26) .
Test for subaroun differences: Chi*= 0.54. df =1 (P = 0.46), F = 0% i i
Figure 4: Forest plot showing the effects of vitamin D supplementation on the risk of eczema. CI: Confidence interval.
Lower respiratory tract infection supplementation in pregnant women had non-

The association

etween vitamin D supplementation in

pregnant women and LRTI was investigated by three
RCTs. Pooling of the three estimates for vitamin D
supplementation wvs. placebo showed that vitamin D

significant effects on preventing the development of
LRTI (RR: 0.97, 95% CI: 0.85-1.11; P=0.67, I*=0)
[Figure 6]. Sensitivity analysis indicated that the result
was robust.
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Experimental Contiol Risk Ratio Risk Ratio
Study o1 Subgroup  Events  Total Events Total Weight M-H. Fixed, 95% CI MH. Fixed. 95% CI
Brustad 2019 22 227 16 268 84% 1.63(0.88, 3.03 5 O
Goldring 2013 " 1m 14 98 81% 0.76 [0.36, 1.60] —
Litonjua 2020 13 361 143 346 835% 0.88[0.73,1.08)
Total (95% CI) 689 713 100.0% 0.93[0.78, 1.11]
Total events 164 173
Heterogeneity: Chi*= 3.80, df = 2 (P = 0.15); I*= 47% : b : g ;
0.0 0.1 1 10 100
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Figure 5: Forest plot showing the effects of vitamin D supplementation on the risk of allergic rhinitis. Cl: Confidence interval.
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Figure 6: Forest plot showing the effects of vitamin D supplementation on the risk of LRTI. Cl: Confidence interval; LRTI: Lower respiratory tract infection.

Food allergy

Two RCTs investigated the association between vitamin D
supplementation in pregnant women or infants and food
allergy prevention. One of the RCTs was vitamin D
supplementation for pregnant women, and the other RCT
was vitamin D supplementation for infants. These two
studies showed a non-significant protective effect of
vitamin D supplementation for food allergy prevention.

Discussion

In the present systematic review, the available published
randomized evidence on vitamin D supplementation in
pregnant women or infants or children for preventing
allergic diseases across seven RCTs was systematically
assessed. Our systematic review showed non-significant
effects of vitamin D supplementation in pregnant women
or infants on the primary prevention of allergic diseases.

Animal, laboratory, and gene expression studies have
suggested significant effects of vitamin D on lung structure
and function during the early lung development period.
Vitamin D has many immunomodulatory effects.*!-3!
Present systematic review found supplementation of
vitamin D in pregnant women or infants did not have
an effect on the primary prevention of allergic diseases.
There are several concerns that need to be addressed. First,
does prenatal vitamin D supplementation affect only a few
wheezing phenotypes in early childhood? Some schol-
ars®*¥ hold that prenatal vitamin D supplementation had
an early effect on only a minority of the wheezing
phenotypes in early childhood. These different phenotypes
of early wheezing probably have different causes, and
combinations of different types of interventions may be
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needed to more fully prevent the development of asthma by
school age and adolescence. Second, whether vitamin D
should be supplemented from the beginning of pregnancy
and continue throughout childhood? Some scholars
indicated that initiating vitamin D3 supplementation at
earlier pregnancy stages may be beneficial, as recent data in
humans suggest vitamin D affects fetal lun% development
as early as the start of the second trimester.””3! Among the
seven trials with outcomes of asthma and wheezing, only
one study began vitamin D supplementation in the second
trimester. Some scholars acknowledged lung development
continues throughout childhood,"*”! so vitamin D may
continue to exert its influence on the respiratory and
immune systems in the postnatal period. It was suggested
that vitamin D supplementation should be from pregnancy
to childhood. However, no RCTs began vitamin D
supplementation from pregnancy to childhood in our
review. Third, for pregnant women or infants or children
from birth to 5 years of age, what dose of vitamin D should
be added every day to achieve the desired level of 25-
hydroxyvitamin D in them to have an influential effect on
the fetal immune programming and lung function. In our
review of included literature, the dose of vitamin D3
supplementation ranges from 400 U/day to 200,000 U/day.
It is possible to hypothesize that a lower dose of vitamins may
have failed to reach the desirable level of 25-hydroxyvitamin
D. For example, in one trial, 200,000 U/day vitamin D3
supplementation can result in at least 50% higher cord blood
25-hydroxyvitamin D concentrations compared with no
treatment, but cord blood levels (the median cord-blood level
of 25-hydroxyvitamin D, 42 nmol/L, range [27-68 nmol/L])
were still lower in the intervention groups than in some
observational studies confirming the correlation between
vitamin D and allergic diseases (the median cord-blood level
of 25-hydroxyvitamin D, 44 nmol/L [interquartile range:
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29-78 nmol/L]).*®! For the dose of vitamin D supplemen-
tation, the Endocrine Society Clinical Practice Guide-
linel®”! suggests that infants and children aged O to 1 year
require an intake of vitamin D of at least 400 U/day, and
children aged 1 year and older, at least 600 U/day to
maximize bone health. However, this report is based
almost exclusively on skeletal considerations and has been
criticized by experts in the vitamin D field.*®3* It has been
argued that in populations with limited sun exposure, the
current vitamin D recommendations are inadequate for
non-skeletal effects, and intakes of 2000 U/day may
be re(iulred 1371 The American Academy of Pediatrics
(AAP)"™™ recommends, on an individual basis, pregnant
women should receive adequate amounts of vitamin D3 to
ensure that their 25-hydroxyvitamin D levels are suffi-
ciently high (>80 nmol/L).

This systematic review and meta-analysis was based on
RCTs to summarize whether vitamin D exposure in
pregnant women, infants, or children has any efficacy for
the prevention of allergic diseases. And it followed the
standard guidelines with a comprehensive search strategy
that included pertinent records. All steps were carried out
independently and in duplicate. Any disagreements were
discussed with a third author. And we included only RCTs,
which avoided the influence of confounding factors as
much as possible and were more likely to get real results.
There are some limitations of this systematic review and
meta-analysis. There are discrepancies in different inter-
vention doses and different windows of exposure assess-
ment. Moreover, three RCTs of the included studies were
conducted in populations at high risk due to family history
of allergic diseases; three RCTs were conducted in
populations at an average risk, and one study did not
mention it. These may have affected the results.

In conclusion, our meta-analysis shows that supplementa-
tion of vitamin D in pregnant women or children from
birth to 5 years of age does not have an effect on the
primary prevention of allergic diseases. Future clinical
trials should identify different phenotypes of asthma and
response to vitamin D supplementation, and consider the
window of vitamin D supplementation (during pregnancy,
infancy, or childhood). And long-term follow-up of such
studies to evaluate long-term effects is also needed.
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