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controlled trials to determine if this is the case.

of actual asthma in later childhood.

on the baseline level of vitamin D in different regions.

What is already known about this topic? Few observational studies suggest that vitamin deficiency is associated with
developing higher prevalence of allergic diseases in children; however, we need robust evidence from randomized

What does this article add to our knowledge? This systematic review indicates that prenatal intake of vitamin D may
protect against the development of recurrent childhood wheeze. Because early childhood wheeze is not necessarily the
same as asthma, longer-term follow-ups of these trials are required to establish the efficacy of vitamin D in the prevention

How does this study impact current management guidelines? Consumption of higher doses of vitamin D during
pregnancy needs to be considered in pregnancy management policies. However, the effective dose could vary depending

BACKGROUND: Allergic diseases have seen a rise worldwide,
with children suffering the highest burden. Thus, early
prevention of allergic diseases is a public health priority.
OBJECTIVE: To synthesize the evidence from randomized
controlled trials (RCTs) assessing the effect of vitamin
interventions during pregnancy on developing allergic diseases
in offspring.

METHODS: We searched CENTRAL, MEDLINE, SCOPUS,
‘World Health Organization’s International Clinical Trials
Registration, E-theses, and Web of Science. Study quality was
evaluated using Cochrane’s risk of bias tool. Included RCTs had
a minimum of 1-month follow-up postgestation.

RESULTS: A total of 5 RCTs met the inclusion criteria,
including 2456 children who used vitamins C + E (1 study),
vitamin C (1 study), and vitamin D (3 studies) compared with
placebo/control. Two studies were judged to have a high risk of
bias for performance bias or a high rate of loss to follow-up. All
were rated as low risk of bias for blinding of outcome
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assessment. We did not perform meta-analysis with vitamin C or
vitamin C + E studies due to high heterogeneity between the 2
included studies. However, we did conduct a meta-analysis with
trials on vitamin D (including 1493 children) and the results
showed an association between the prenatal intake of vitamin D
and the risk of developing recurrent wheeze in offspring (relative
risk (RR), 0.812; 95% CI, 0.67-0.98).

CONCLUSIONS: The current evidence suggests that prenatal
supplementation of vitamin D might have a beneficial effect on
recurrent wheezing in children. Longer-term follow-up of these
studies is needed to ascertain whether this observed effect is
sustained. There is lack of evidence on the effect of other vita-
mins for the prevention of respiratory and/or allergic out-
comes. © 2016 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2017;5:771-8)

Key words: Vitamins; Allergic outcomes; Asthma; Wheeze;
Wheezing; Respiratory outcomes; Eczema; Offspring; Clinical
trial; Intervention; Efficacy; Effectiveness; Systematic review;
Meta-analysis

In the last 2 decades, allergic diseases have seen a rise world-
wide, with children suffering the highest burden of the condi-
tion.! Food allergies, eczema, and asthma are the most common
allergic disorders in children."” Because of the increasing burden
of allergic diseases, they are a key focus for public health.

The Developmental Origins of Health and Disease theory
proposes that development is not dictated by a hard-wired
genetic program; instead, the organism responds to the sur-
rounding environment and the risk of many diseases is set during
this time.” Tt has become increasingly evident that there is an
important role for environmental factors in the onset of complex
conditions such as allergic diseases and that the role of fixed
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Abbreviations used
HR- Hazard ratio

RCT- Randomized controlled trial
RR- Relative risk

genetic variation is far less than previously believed.” Therefore,
new approaches toward disease prevention with an emphasis on
early interventions, that is, prepregnancy and/or during preg-
nancy, need to be widely investigated. Current evidence suggests
that the role of maternal diet during pregnancy in subsequent
disease development is a priority area for future studies,” because
many of the immune modulatory processes may start in utero.

The role of environmental and lifestyle factors in developing
allergies has been examined in a number of epidemiological
studies. A systematic review has investigated the association of
nutrient deficiencies with the risk of development of asthma and
allergic diseases in children.® This review included 62 observa-
tional studies and indicated that vitamins A, D, and E; zinc;
fruits and vegetables; and a Mediterranean diet during pregnancy
may prevent asthma and wheeze. However, this review was based
on observational studies, which carry a high risk of bias, and
there is a need for secondary research based on summary of more
robust interventional studies.

The purpose of this systematic review was to summarize the
existing evidence from randomized controlled trials (RCTs) for
the association between intake of vitamin supplements during
pregnancy and the risk of developing allergic disorders in the
offspring.

METHODS
Criteria for considering studies for this review

Types of studies. Only RCTs (including cluster RCTs and
quasi-RCTs) with a minimum follow-up of 1 month postnatally
were included. The review considered studies that documented
clinical outcome data and used any types of vitamins. No language
restriction was applied.

Types of participants. Pregnant women and their offspring,
regardless of their location, were considered as the target group for
this systematic review. High-risk populations were not excluded.

Types of interventions. Studies that used any vitamin sup-
plementation during pregnancy, irrespective of dose, formulation or
mode of delivery, and composition, for example, oil and tablet, were
included.

Trials were also included if the intervention(s) had been extended
after pregnancy either during breast-feeding or with the infants or

both.

Outcomes of interest. Trials were included if they had
reported clinical outcomes of allergy in the offspring, either as a
primary end point or as a secondary end point. Allergic outcomes
were defined as asthma, wheeze, rhinitis, eczema, food allergy, and
positive skin prick test result (to any allergen) and elevated specific
IgE level. Outcomes included were those that had used a validated
method as opposed to parental reports.

Search strategy for identification of studies. A
comprehensive search strategy, including all the relevant syno-
nyms for the main concepts, was developed covering the main
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bibliographic databases (see this article’s Online Repository at
www.jaci-inpractice.org). Trials were identified through system-
atic searches within 3 main electronic databases, as advised by the
Cochrane collaboration’:

a. Cochrane Library (current issue) including the following:
e Cochrane Database of Systematic Reviews (CDSR)
e CENTRAL (trials)
e Database of Reviews of Effectiveness

b. MEDLINE (EBSCOhost)

c. SCOPUS

When searching MEDLINE, the subject-specific terms were
combined with the Cochrane Highly Sensitive Search Strategy for
identifying randomized trials in MEDLINE: sensitivity-maximising
version.” We adapted the preliminary search strategy for MEDLINE
(EBSCOhost) for use in the other databases when relevant. The last
search for literature was conducted in January 2016.

The clinical trials registry and World Health Organization plat-
form were searched for ongoing and recently completed trials.
Conference proceedings were identified through the Institute for
Scientific Information Web of Science, and the British Library
E-Theses Online Service was searched for retrieving theses. No
language or publication status restrictions were imposed. References
of included studies were crosschecked for additional studies.

Data collection and analysis

Selection of studies. The main reviewer (M.V.) screened all
the search results against the eligibility criteria and all those that were
clearly irrelevant were excluded from further consideration. There-
after, a tailored eligibility form was used by M.V. to appraise the
retrieved studies, abstract, and full text for relevance against the full
inclusion criteria. Where there was uncertainty about the inclusion
of a particular study, other members of the review team (H.M. and
T.D.) were consulted and a consensus was reached about the study
eligibility. All the included studies were discussed and approved by
the review team.

Data extraction. M.V. extracted the data using a tailored
data extraction form (Table E1, available in this article’s Online
Repository at www.jaci-inpractice.org). Detailed information on
study characteristics was recorded. Throughout the data extrac-
tion process, any disagreements about the interventions and
outcomes were discussed and resolved within the review team.
There was no blinding to the name of authors, institutions,
journals, or the outcomes of the trials during the process. Ten
percent of all the extracted data was randomly selected and
double checked by a second reviewer (H.M.) for accuracy against
the trial reports.

Assessment of risk of bias in included studies. The
risk of bias tool described in the Cochrane Handbook for Systematic
Reviews for Interventions was used to appraise the studies.® The tool
includes 7 domains: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessments, incomplete outcome data, selective outcome
reporting, and other bias.

Measurement of treatment effect
Dichotomous data were analyzed as relative risk (RR) with 95%
CI and continuous data as mean difference or standardized mean

difference, with 95% CI.
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Records identified through database
searches (n=340)

Additional records identified through

other sources

Medline: n=12, SCOPUS: n=105, (n=1)
Cochrane (trials only): n=223
Abstracts screened Duplicates removed
(n=341) > (n=87)
A 4
Abstracts selected for further screening Abstracts excluded (n=228):
(n=254) »| not-relevant/reviews/different
intervention
A
Full-text luded
Full-text articles assessed for eligibility ($1=16e;x papets exciude
(n=26) » Non-randomised: 9
Different outcome: 1
Different participants: 1
Duplicates: 5

Citations included: 10

Companion papers: 4
Abstract presentation: 1

Primary articles included in quantitative
syntheses (meta-analyses): n=5

FIGURE 1. Study flow diagram, following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria.

Unit of analysis issues. In trials with more than 1 inter-
vention arm, multiple pairwise comparisons of intervention groups
versus comparator were avoided. Therefore, data from different
intervention arms were pooled for an overall comparison with the
control group or the placebo arm. The weight assigned to the control
group was considered as the total number of participants in the
comparator group versus the total number of participants in the
combined intervention arms.’

Handling missing data. All the relevant reported information
for the number of missing participants was extracted and if undoc-
umented, this was incorporated into the assessment of risk of bias.
No imputed techniques were used for retrieving missing data.

Assessment of heterogeneity. We used visual inspection of
Forest plots and also the chi-square test to measure statistical hetero-
geneity between effect sizes of included studies (P < .05).10 P
were used to quantify the amount of possible variability in effect es-
timates that is due to heterogeneity rather than chance ([2 > 30%,
moderate heterogeneity; P > 75%, considerable heterogeneity).

statistics

Assessment of reporting biases. Every effort was made to
identify unpublished studies through searching abstracts and ongoing
trials databases. Publication bias was assessed using funnel plots."’

The asymmetry was assessed visually in the plots and no formal sta-
tistical tests were conducted. The funnel plot was helpful to explore
possible small study biases for some of the primary outcomes (see this
article’s Online Repository at www.jaci-inpractice.org).

Data synthesis. We used Eppi Reviewer version 4.4.3.0. for
conducting meta-analyses using random-effects model. Dichoto-
mous data were entered as events and the number of participants.
Data were pooled using the random-effects model where heteroge-
neity was reported as 75% or less.” We also reported RR as a sta-
tistical choice in conducting the meta-analyses because it is easy to
interpret. '

Subgroup analysis and investigation of hetero-
geneity. We performed subgroup analyses on the basis of type of
vitamin and type of control group (ie, placebo vs no treatment).

Sensitivity analysis. We did not conduct any sensitivity
analysis because of the small number of studies that contributed to
meta-analyses.

RESULTS
The results of the search strategy yielded 341 studies, of which
26 were selected for full-text assessment (Figure 1). We included
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TABLE I. Characteristics of included trials and study population for vitamins and prevention of respiratory and/or allergic outcomes in offspring

Sample:
Country, Age at high Intake of Duration of
Companion enrollment No. of last risk of intervention intervention Outcomes
Primary article articles™ period participants' F-U atopy from/until (mo) Vitamin product Placebo Total daily dose reported
Greenough Poston et al,'® UK 2404 mothers 2y No From the second 6-6.5 Vitamins C & E Microcrystalline 1000 mg vitamin - Wheeze
et al,” 2010 2006 2003-2005 trimester of cellulose with C & 400 - Eczema
pregnancy to addition of tartaric ~ IU RRR - Asthma
delivery & citric acid + a-tocopherol, - Cough
sunflower seed oil  daily - Breathing difficulty
Goldring et al,'*  Yu et al,"’ UK 180 mothers 3y No 27 wk to 3mo + 1 wk Vitamin D No treatment Single oral dose - Wheeze
2013 2009 2007-not delivery (cholecalciferol) of 200,000 IU - Eczema
mentioned or vitamin D (bolus) or - Food allergy
(ergocalciferol) 800 IU daily - Rhinitis
- Atopy
- URTI
- LRTI
- Inhaled
bronchodilator
or steroid
McEvoy et al,'”” McEvoy 2013 USA 179 mothers 1y No 22 wk to 4-4.5 Crushed vitamin C  Ground cornstarch 500 mg, daily - Wheeze
2014 (conference 2007-2011 delivery - Breathing difficulty
abstract)
Chawes et al,'®  Bisgaard et al,”” Denmark 623 3y No 24 wktolwk 354+ 1wk Vitamin D; Tablets containing 2400 IU, once a - Persistent wheeze
2016 2013 2008-2010 after delivery (cholecalciferol) no active day - Asthma
substance - URTI
- LRTI
- Episodes of
lung symptoms
- SPT
- Specific IgE
Litonjua et al,'’”  Litonjua et al,”’ USA 880 3y Yes Between 10 and 5-7.5 Vitamin D & Not mentioned 4000 IU, daily - Wheeze or asthma
2016 2014 2009-2011 18 wk to placebo - Eczema with rash
delivery - LRTI

Total IgE (mean)
Sensitization
(aeroallergens)
Specific IgE

LRTI, Lower respiratory tract infection; SPT, skin prick test; URTI, upper respiratory tract infection.
The outcomes of interest for this systematic review are in bold.
*Published data and conference abstracts. No unique data were extracted from conference abstracts and were not included in the reference list.
+tNumber at randomization, where recruitment occurred prenatally.
{Total duration in pregnancy, including after birth, if applicable.
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5 RCT's comparing at least 1 vitamin with a control that met the
inclusion criteria for this systematic review.

These included trials (including a total of 2456 children) were
represented by 5 original articles'”” and 4 grouped as their
companion articles.'* ' Table I presents the characteristics of the
included trials, their companion articles, and the study popula-
tion. The trials were conducted in the United Kingdom,
Denmark, and the United States. The types of vitamin supple-
mentations included were vitamins C + E,'° vitamin D,'*'®!7
and crushed vitamin C."” The duration of intervention and
follow-up in the included studies varied from 3.5-4 to 7.5
months and 12 to 36 months, respectively. In trials that used
vitamin C and vitamins C + E, a higher blood concentration of
vitamins was observed in those assigned antioxidants.'”'” In
trials that used vitamin D, level of maternal 25-hydroxyvitamin
D measured either at third trimester or after delivery was
signiﬁca/ntly higher in the treatment group versus the comparison
group.' """ The most frequently reported outcomes were
wheeze and eczema. As expected with systematic reviews, there
were differences between the included trials in terms of the type
of the population, the supplementation used, and the compara-
tors. We have therefore described the results of individual studies
narratively and conducted meta-analysis only when there was no
evidence of statistical heterogeneity. The definition and diagnosis
method of the outcomes in each study are presented in Table E2,
available in this article’s Online Repository at www.jaci-
inpractice.org.

Vitamin C studies

Greenough et al’s (2010) study. The study was con-
ducted in the United Kingdom between August 2003 and June
2007."7 The studied sample was pregnant women at risk of
developing preeclampsia. Women were supplemented with daily
vitamin C (1000 mg) tablets and vitamin E (400 IU) gelatin
capsules, from 16 to 22 gestation weeks until delivery. Women
in the control group received identical tablets of microcrystalline
cellulose with addition of tartaric acid and citric acid along with
gelatin capsules of sunflower seed oil. Compliance with the
intervention was measured by counts of returned pills. Primarily,
this study was designed to prevent the risk of fetal growth
restriction and premature delivery in the women'® and the
extended follow-up at 2 years has assessed the effect of the
vitamin intervention on respiratory outcomes in children.

The list of the reported outcomes in the study is presented in
Table I. The outcomes of “asthma” and “eczema” are reported at
age 1 year and “recurrent wheeze” at age 2 years. No statistically
significant association was observed between the intervention and
control groups for prevention of recurrent wheeze (10 of 386 vs
11 of 366; odds ratio [OR], 0.83; 95% CI, 0.26-2.59; P = .66)
and asthma (23 of 386 vs 23 of 366; OR, 0.94; 95% CI, 0.42-
2.11; P = .85). In addition, the results did not show a significant
association between prenatal intake of vitamins C + E and
prevention of eczema (98 of 386 vs 86 of 366; OR, 1.10; 95%
CI, 0.70-1.74; P = .58).

McEvoy et al’s (2014) study. The study was conducted
in the United States between March 2007 and January 2011."
The studied sample was smoking pregnant women. Women were
supplemented with daily crushed vitamin C (500 mg) gel cap-
sules, from 22nd gestation week until delivery. Women in the
control group received ground cornstarch in gel capsules.
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Adherence was measured by dividing the number of capsules
taken by the total number prescribed in a given period.

The study reported the efficiency of consumption of vitamin
C during pregnancy on pulmonary function tests and wheezing
in children at age 1 year. The list of the reported outcomes in the
study is presented in Table I. The results of the unadjusted
analysis showed no significant statistical association between the
intervention and control groups for outcome measure defined as
“recurrent wheeze” (9 of 76 vs 17 of 83; RR, 0.56; 95% CI,
0.27-1.18; P = .13). A significant difference was observed for the
outcome of “at least 1 episode of wheezing” between the inter-
vention and control groups (15 of 76 vs 31 of 83; RR, 0.56; 95%
CI, 0.33-0.95; P = .03).

Given the fact that there is high heterogeneity between the
studies that supplemented pregnant women prenatally with
vitamin C, we did not perform meta-analysis for these trials.

Vitamin D studies

Goldring et al’s (2013) study. The study was conducted
in the United Kingdom between April and November 2007."
This study recruited pregnant women with multiple ethnicities.
The study introduced 2 intervention arms, as women were
randomized either to receive a daily dose of ergocalciferol (800
IU) or a single oral dose of cholecalciferol (200,000 IU, bolus),
from 27 gestation weeks until delivery. The comparator in this
study was defined as “no treatment.” Adherence was measured by
telephone calls during pregnancy.

This study followed-up children to age 3 years and this sys-
tematic review only reports the results for the intervention arm of
daily vitamin D. The results of unadjusted analysis for “recurrent
wheezing” showed no statistically significant association between
prenatal intake of daily vitamin D and the control group (8 of 56
vs 7 of 50; RR, 1.02; 95% CI, 0.40-2.61; P = .97). Further-
more, no significant association was observed for the outcome
measure of “wheeze with positive asthma predictive index” (6 of
56 vs 7 of 50; RR, 0.77; 95% CI, 0.28-2.13; P = 0.61) between
the study arms. The outcomes of “eczema in the last year” (11 of
55 vs 7 of 49; RR, 1.40; 95% ClI, 0.59-3.33; P = .44) and “food
allergy diagnosis” (8 of 55 vs 3 of 49; RR, 2.38; 95% CI, 0.67-
8.46; P = .16) did not show a significant statistical association
for the prenatal consumption of daily vitamin D in comparison
to control.

Chawes et al’s (2016) study. The study was conducted
in Denmark between 2008 and 2010."° The studied sample was
unselected pregnant women. Women were supplemented with
daily vitamin D3 (2400 IU) tablets, from 24 gestation weeks to 1
week after delivery. Women in the control arm received tablets
containing no active substance. In addition, women assigned to
both intervention and control arms received an extra 400-I1U
dose of vitamin D3 as part of their routine care. Compliance
to the intervention was measured by counts of returned pills.
The study reported the cumulative incidence of allergic out-
comes by age 3 years. The results of unadjusted analysis indicated
that the risk of developing recurrent wheeze did not show a
significant difference between the intervention and control
groups (47 of 295 vs 57 of 286; hazard ratio [HR], 0.76; 95%
CI, 0.52-1.12; P = .16). Asthma was reported at age 3 years only
and no significant difference was observed between the inter-
vention and control groups (32 of 278 vs 47 of 271; OR, 0.82;
95% CI, 0.50-1.36; P = .45). Furthermore, there was no
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Heterogeneity: Q =0.163; df = 2; p = 0.922; I-squared = 0%, tau-squared = 0

Random effects model: 0.812 (0.673, 0.98)

0.799 (D563 | 1.135)

Chawes (2016) W28 6

Goldring (2013)

0.98 (0,353 | 2.509)
4

Litorjua (2016) 0.809 (0644 | 1.016)

W67 4

TOTAL: 0.813-5('%’673 I 1 1 1 1 THE 1
04 05 06 07 0309 1 2
Favours intervention Favours contral

Outcome Vitamin D | Placebo | Participants | Study sample

Wheeze-Daily n/N n/N

Vitamin D vs.

Placebo or no

treatment

Goldring2013 | 7/50 8/56 Unselected

Chawes 2016 | 47/295 57/286 Unselected

Litonjua 2016 | 98/405 120/401 Atopic

Subtotal 750 743 1493

FIGURE 2. Forest plot for daily vitamin D intake vs placebo or no treatment as the control for prevention of recurrent wheeze in offspring.

significant statistical difference between the study arms for
eczema as an outcome (68 of 295 vs 72 of 286; HR, 0.90; 95%
CI, 0.65-1.26; P = .55). Children in the intervention arm
reported statistically significant “lower episodes of troublesome
lung symptoms” compared with the control group (5.9 vs 7.2;
incidence rate ratio (IRR), 0.83; 95% CI, 0.71-0.97; P = .02).
The cumulative results for skin prick test and specific IgE out-
comes were not statistically different between the intervention
and control groups (24 of 294 vs 19 of 283; OR, 1.24; 95% ClI,
0.66-2.31; P = .51 and 34 of 289 vs 22 of 278; OR, 1.55; 95%
CI, 0.89-2.73; P = .13, respectively).

Litonjua et al’s (2016) study. The study was conducted in
the United States between 2009 and 2011."” The study sample
was women with a history of atopy. Women were supplemented
with daily vitamin D3 (4000 IU) tablets, between 10 and 18
gestation weeks until delivery. The nature of the placebo capsules
was not reported. Women in both study arms also received a
multivitamin with 400 IU of vitamin D. Adherence to the
intervention was measured by electronic medication container
caps.

The study reported the cumulative incidence of allergic out-
comes by age 3 years. The outcomes of “asthma or recurrent
wheeze” were reported together and the results showed no sig-
nificant statistical difference between the intervention and con-
trol groups (98 of 405 vs 120 of 401; HR, 0.8; 95% CI, 0.6-1.0;
P = .051). There was also no significant statistical difference in
the risk of developing “eczema with rash” in the study arms (83
of 405 vs 89 of 401; HR, 0.9; 95% CI, 0.7-1.2; P = .56). The
result for positive specific IgE test results at 3 years showed a
significant statistical difference between the intervention and

control groups (43 of 405 vs 50 of 401; mean difference
(MD), —1.7; 95% CI, —3.4 to 0.0; P = .02).

Meta-analyses of vitamin D studies

We conducted a meta-analysis for the outcome measure of
“recurrent wheeze” for trials that used vitamin D prenatally in
pregnant women. Figure 2 shows the Forest plot for this
outcome. Three trials contributed to the meta-analysis including
a total of 1493 children. No statistical heterogeneity was
observed between the included trials (X2 =0.16;P=.92; P =
0%) (Figure 2). The results of the present meta-analysis showed
an association between the maternal intake of daily vitamin D
during pregnancy and a lower risk of developing recurrent
wheeze in offspring (RR, 0.812; 95% CI, 0.673-0.98). We also
conducted the meta-analysis including only the 2 recent vitamin
D trials'®!"” and it yielded similar results (Forest plot not shown).

Risk of bias in included trials

The risk of bias figures and authors’ judgments are presented
in Table E3, available in this article’s Online Repository at www.
jaci-inpractice.org. Only 1 trial was deemed to have a low risk of
bias across all domains.'” Of the 5 trials, most had adequate
random sequence generation (n = 3), allocation concealment
(n = 3), and performance bias (n = 3). All trials were rated as
having a low risk of bias for blinding of outcome assessment and
selective outcome reporting. Completeness of outcome data was
rated as having high risk of bias for 1 trial'’ because the study
had a high loss to follow-up and the authors acknowledged the
fact that the study was an unplanned extended follow-up of the
original trial for measuring allergic outcomes in children. The
original trial was primarily designed to assess the effect of
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vitamins C and E supplementation on developing preeclampsia
in women at increased risk.

DISCUSSION

This is the first systematic review of RCT's that investigated
the association of prenatal intake of vitamins with the risk of
developing allergic/respiratory diseases in the offspring. We
identified 5 RCTs with a total of 2456 children. The studies
were of unselected pregnant women,'® women with a history of
atopy,'” pregnant women at risk of developing preeclampsia,'”
different  ethnic/race groups,14 and smoking pregnant
women.'” Two studies were jud4ged to have a high risk of bias
due to their performance bias'”'* or a high rate of loss to follow-
up.'” All trials were rated as having a low risk of bias for blinding
of outcome assessment. It was not possible to conduct meta-
analyses for vitamin C studies due to observed differences be-
tween the included trials. Maternal vitamin D consumption
during pregnancy was associated with a lower risk of developing
recurrent wheeze in offspring, when compared with placebo/
control. However, we were not able to investigate the effect of
vitamin D on other allergic outcomes because outcomes were
reported differently in the included trials. In all trials, supple-
mentation with vitamins significantly increased the concentra-
tion of vitamins in the intervention group compared with the
control group by the end of the intervention.

Observational studies typically report a beneficial effect of
higher intake of vitamin D as well as antioxidants during preg-
nancy on allergic outcomes.””*” The results from this systematic
review proposed a protective effect of prenatal intake of vitamin
D during pregnancy for prevention of recurrent wheeze in
offspring. However, we could not address the effect of prenatal
intake of vitamin C or D on other allergic outcomes owing to the
observed heterogeneity between the trials.

It is possible that the follow-up periods of the studies for this
review have been too short to detect other allergic outcomes, that
is, asthma. For example, wheezing is known as a primary
symptom of asthma in early childhood”* and about 40% of
childhood wheeze will persist later in life and will eventually
develop into asthma by age 6 years,zs’% indicating that majority
of cases of wheeze during infancy are in fact acute respiratory
infection. Therefore, extended follow-up of these trials could
help to provide a clearer answer as to whether the vitamin D
intervention is beneficial for asthma prevention.

There were also some limitations in the studies’ design. For
example, the trials were statistically underpowered to detect an
effect for their primary and/or secondary outcome measures.
Significant differences were observed for only some of the sec-
ondary outcomes as “at least 1 episode of Wheezing,”14 “episodes
of troublesome lung symptoms,”'® and “positive specific IgE”"”
and trials failed to show a beneficial effect for primary allergic
outcomes such as wheeze and asthma in children. Also, the trials
used different doses of vitamins during pregnancy. The dose of
vitamin D varied between 800 and 4000 IU and doses of vita-
mins C and/or E varied between 500 and 1000 mg. It is possible
to hypothesize that lower doses of vitamins may have failed to
reach the desirable level of 25-hydroxyvitamin D or antioxidants
in pregnant women to have an influential effect on the fetal
immune programming and lung function.”” >’ However, this is
refuted by studies that have reported similar effect size using
higher doses of vitamin D.'®'” A previous RCT by addressing
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the safety and efficacy of vitamin D supplementation during
pregnancy showed that a 4000-IU dose of vitamin D is a safe
approach and was necessary to optimize the circulating concen-
tration of 25-hydroxyvitamin D levels to 80 nmol/L or more.”
There is limited evidence on the safety of intake of vitamins C
and E at any stage of pregnancy; however, the Institute of
Medicine’s Food and Nutrition Board has set an upper limit of
2000 mg and 1000 mg per day for the ingestion of vitamins C
and E, respectively, during pregnancy in the United States.”’

Furthermore, in all trials, the intervention was started in the
second trimester in pregnancy. However, the development of the
lungs begins in the first trimester in pregnancy and vitamin D
plays an immunomodulatory role in the development of lung
and immune system.3 % Therefore, the interventions might have
commenced too late in pregnancy or some used too low doses of
vitamin D to have a beneficial impact on lung development.
Finally, the studies recruited different types of population, which
limits the generalizability of the studies. Baseline levels of vitamin
D vary in different geographical areas™ and this issue has not
been addressed in the conducted trials. Well-designed trials are
necessary to address all these possible confounders among
different populations.”® Further larger scale research should
administer vitamin D earlier in pregnancy or prepregnancy and
use appropriate doses of vitamin D to achieve a desirable level of
vitamin D in maternal and fetal blood. Furthermore, studies
assessing the efficiency of nutrients are required to consider the
defined guidelines in their clinical design, enabling to test the
associated hypothesis in a valid manner.”

To date, no other systematic review has evaluated the effect of
prenatal vitamins on the prevention of allergic and/or respiratory
outcomes in children. The result from the current evidence is
promising that prenatal intake of vitamin D could protect
childhood wheeze. The role of maternal consumption of vita-
mins during pregnancy in the risk of developing other allergic
outcomes and sensitization needs to be investigated in larger
well-designed trials. Furthermore, it will be important for future
research to examine the impact of the timing of the intervention
and the optimum dose of vitamins. We were unable to perform
any meta-analyses on the timing or dose of intervention and
study populations due to the small number of trials that could
contribute to meta-analyses.

The current evidence suggests that prenatal intake of daily
vitamin D might protect against recurrent childhood wheeze;
however, there is currently lack of evidence that prenatal intake
of vitamins can prevent any other allergic/respiratory outcomes.
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RESEARCH QUESTION USING PATIENT
INTERVENTION COMPARISON OUTCOME STUDY
STRUCTURE AND SEARCH STRATEGY

The following 4 important concepts were identified on the
basis of the research question:

e Population: Pregnancy

e Intervention: Vitamins and/or dietary supplements
o Outcome(s): Allergic outcomes

o Study: Randomized controlled trial

Various keywords and synonyms were identified using the
Patient Intervention Comparison Outcome Study approach. A
full list of the used keywords for each concept is presented below.

Within groups of terms, the terms were combined using OR
and the groups of terms themselves were then combined in the
following manner: #1 AND #2 AND #3 AND #4.

Search strategy

1. pregnan®* OR ((antenatal or ante-natal or ante natal)) OR
((prenatal or pre-natal or pre natal)) OR ((mother or
maternal))

2. (MH “Pregnancy+")

3. vitamin* OR (supplement* or dietary supplement*) OR
nutrient®* OR mineral* OR micronutrient®

4. vitamins (MeSH terms)

5. (allerg® or atopy or dermatitis or eczema) OR (asthma or
asthma prevention) OR (wheez*) OR (food hypersensitivity
or food allergy or food intolerance) OR (non IgE or non-IgE
or mediated allerg*) OR (hypersensitivity or sensitisation) OR
rhinitis

. (MH “Hypersensitivity+")

7. (randomised controlled trial or randomised control trial or
randomised controlled study or randomised clinical trial or
controlled clinical trial or controlled trial or random alloca-
tion) OR (single blind or single blind method or single blind

(=)

VAHDANINIA ET AL 778.e1

trial or double blind method OR double-blind method) OR
(clinical trial* or quasi-experimental study or placebo-
controlled trial or placebo control or intervention study or
follow-up stud*)

8. (MH “Clinical Trials as Topic+”) OR (MH “Controlled
Clinical Trials as Topic+”)

9. (#1 OR #2) AND (#3 OR # 4) AND (#5 OR #6) AND
(#7 OR #8)
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FIGURE E1. Funnel plot for vitamin D versus placebo or no
treatment for prevention of recurrent wheeze in offspring.
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TABLE E1. Data extraction tool
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TABLE E1. (Continued)

1. Exclude nonrandomized
2. Study protocol
3. Linked record-Do not obtain data
4. Study details
Country
Recruitment period
Setting
Informed consent
Ethical approval
Source of funding
5. Trial type
PC-RCT
Randomized controlled trial-placebo controlled
RCT
Randomized controlled trial
Quasi experimental
No. & name of study groups/arms
ITT
Intention-to-treat analysis

6. Study sample

Matched baseline characteristics

Women’s age
Exclusion criteria

FH of atopy

Unselected sample

Subjects are taken from an unselected population
No. of participants at randomization
No. at F-U
Missing participants
Reasons missing

Time points measured
Earlier F-U(s) reported time points

Infant’s age at last F-U
7. Intervention
Vitamin/supplement type
Vitamin C
Vitamins C & E
Vitamin D (cholecalciferol)
Vitamin D (ergocalciferol)
Combined vitamin D
Daily dosage
Comparisons
Placebo
No treatment
When Int. has been applied?
Pregnancy alone
Pregnancy & after delivery
Timing in pregnancy
Duration of Int. in pregnancy
Total duration of Int.
Side effects
Compliance

oo

. Outcomes
The defined and measured end point(s) in the study
Allergic disease(s)
Wheeze

Eczema

Asthma

SPT (any positive)
Specific IgE

Food Allergy

R

. Diagnosis method
Please tick all that apply
F-U questionnaires, eg, ISAAC
Clinician diagnosed
SPT
If the test is conducted vs any specific allergen, eg, egg-peanut-milk,
please record the details and mean diameter of the wheal, eg, >3 mm

Self-report
Physical examination
Specific IgE

(continued)

F-U, Follow-up; Int., intervention; ISAAC, International Study of Asthma and Al-
lergies; SPT, skin prick test.
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TABLE E2. Definition of outcomes and diagnostic criteria in individual studies

Outcomes

Diagnosis

Greenough et al’s'® study (2010)

Wheeze more than once/wk,
in second 12 m

Asthma: Chest symptoms in first 12 mo

Eczema, in first 12 mo
McEvoy et al’s'"” study (2014)
Medication for wheezing,
through age 1y
At least 1 episode of wheezing,
through age 1 y

Goldring et al’s'* study (2013)
Recurrent wheezing
Wheeze with a positive asthma
predictive index
Chawes et al’s'® study (2016)
Persistent wheeze (0-3 y)

Asthma, 3 y
Eczema, 0-3 y
Specific IgE, 0-3 y

Litonjua et al’s'’ study (2016)

Asthma or recurrent wheeze in the

first 3 y of life

Eczema with rash, 0-3 y

Positive specific IgE test results

Asking women whether (or not) their infant had coughed and/or wheezed and the
frequency of the cough and wheeze

Non-defined

Non-defined

By respiratory questionnaire (pediatric version) to the infant’s primary caretaker asking
medication for wheezing

By respiratory questionnaire (pediatric version) to the infant’s primary caretaker asking for
presence or absence of wheezing, maternal smoking, and exposure to second-hand smoke

Recurrent wheezing (>2 episodes of reported wheezing since birth), defined by ISAAC criteria
Using loose criteria

Persistent wheeze, as primary end point, was diagnosed according to a previously validated
quantitative algorithm, requiring all of the following: (1) recurrent wheeze (verified diary
recordings of >5 episodes of troublesome lung symptoms [cough, wheeze, and/or dyspnea]
lasting >3 d within 6 mo), (2) typical symptoms of asthma (eg, exercise-induced symptoms,
prolonged nocturnal cough, or persistent cough outside common cold), (3) need for
intermittent bronchodilator, and (4) response to a 3-mo trial of inhaled corticosteroids and
relapse upon cessation

Asthma, as secondary end point, was diagnosed in children fulfilling the persistent wheeze
criteria at age 3 y

Eczema was diagnosed according to the criteria of Hanifin and Rajka including typical
morphology and localization of skin lesions

Allergic sensitization was diagnosed at 6 and 18 mo by specific IgE level of 0.35 kUA/L or
higher against raw milk, pasteurized eggs, dogs, or cats

Parental report of physician’s diagnosis of asthma was taken directly from the offspring
questionnaires administered every 3 mo. Recurrent wheeze was defined by the occurrence
of at least 1 of the following 5 conditions: (1) parental report of wheeze after child’s
second birthday preceded by at least 1 report of wheeze before second birthday; (2) report
of child’s use of asthma controller medication (defined as report of use of steroid inhalers
or nebulizers, leukotriene modifiers, or steroid pills or liquids) after the second birthday,
preceded by a report of wheeze before the second birthday; (3) 2 or more distinct parental
reports of wheeze after the second birthday; (4) at least 1 parental report of wheeze and use
of asthma controller medications at distinct visits, both subsequent to the second birthday;
or (5) 2 distinct reports of use of asthma controller medications after the second birthday.

Parental report of physician’s diagnosis of eczema with rash in typical distribution
Allergen sensitization (specific IgE to a panel of aeroallergens and food allergens)

ISAAC, International Study of Asthma and Allergies.



TABLE E3. Reviewers’ judgment for risk of bias assessment in the included trials

Study autho
(year)

r

Random sequence
generation

Allocation concealment

Double blinding

Blinding of outcome
assessment

Incomplete outcome
data

Selective outcome
reporting

Other sources of bias

Greenough et al'”

(2010)

Goldring et al'*

(2013)

McEvoy et al'’

(2014)

Chawes et al
(2016)

Litonjua et al'’

(2016)

llh

e Unclear

Randomization sequence
was blocked—ie,
balanced—but not
how randomization
sequence was
generated

o Low

A computer-generated
random number list in
blocks of 15, stratified
by 4 ethnic groups in
a 1:1:1 ratio

e Unclear

Randomization was
stratified according to
gestational age but
method of
randomization was
not reported

e Low

A computer-generated
list of random
numbers was used,
supplied by an
external investigator

o Low

Using a system that
automates the random
assignment of
treatment groups to
study ID no.

o Low

The trial staff members
were not aware of the
allocation until after
completion of the
study

o Low

The treatment was
allocated from the
hospital pharmacy

e Unclear

No information on how
allocation has
happened

e Unclear

No information how
allocation has
happened

e Low

Assignment of treatment
groups to study ID
nos. is automatically
done

e High

There is no information
whether trial staff and
mothers were still
blind to their
allocated treatment at
extended F-U

e High

Not possible to blind
participants or
investigators as they
would know if they
had no treatment,
daily tablets, or a
single bolus

o Low

Investigators, clinicians,
and patients were
unaware of treatment
allocation through
age ly

e Low

The intervention code
was unblinded when
the youngest child
reached age 3y or in
case of a medical
emergency

o Low

Clinical center
investigators and staff
were blinded to the
treatment code

e Low

The outcome assessors
were blind to the
maternal allocation of
treatment

o Low

Investigators kept blind
to original treatment
allocation at the
extended F-U

o Low

Clinical research
personnel were
unaware of treatment
assignment

e Low

The study pediatricians,
who acted as general
practitioners for the
cohort, were blinded
to the intervention

o Low

The study protocol says
clinical center
investigators and staff
were blind to the
treatment code

e High

A high rate of loss to
F-U was observed
because of no
response/mother
declined

e Low

Reasons for missing
data are reported
and well balanced
between the groups

e Low

Number of missing
are equal in both
study groups (for
preclinical and
clinical measurements
at birth and 1 y)

e Low

Between 6.3% and 7%
of women are lost
to F-U

o Low

Between 7% and 8% of
participants are
missing and reasons
are similar across the
study arms

o Low

The predefined outcomes
(as stated in the
Methods) section are
reported

o Low

The predefined outcomes
(as stated in the
Methods section) are
reported

e Low

The predefined outcomes
(as stated in the
Methods section) are
reported

e Low

The predefined outcomes
(as stated in the
Methods section) are
reported

o Low

The predefined outcomes
(as stated in the
Methods section) are
reported

e High

No information whether
women have
consumed vitamins C
& E after birth

o Low

This trial was conducted
before national
guidance on routinely
providing advice on
vitamin D intake
during pregnancy
was introduced in
March 2008

e Low

None identified

e Unclear

Women also received n-
3 LCPUFA
supplement and it is
not stated how this
could have had an
effect on vitamin Dj.
The statistical
analyses did not show
an interaction with
supplementation
effect

e Low

None identified

F-U, Follow-up; LCPUFA, long-chain polyunsaturated fatty acid.
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