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Background & objective: It has been suggested that prenatal vitamin D plays a role in the development of
childhood asthma and wheeze. Several systematic reviews have been conducted, but the results are
inconsistent, and the methodological quality has not been studied. Therefore, the objective of this um-
brella review was to assess the internal validity of the evidence base and the evidence for an association
between prenatal vitamin D and asthma or wheezing in the offspring.
Methods: We searched the electronic databases Embase, PubMed, and Cochrane Library for studies on
prenatal vitamin D using search words such as vitamin D, 25-hydroxyvitamin D, calcidiol, fetal, and
neonatal. The search was conducted in June 2020, and the databases were searched from their date of
establishment. We included systematic reviews and/or meta-analyses of experimental and observational
studies assessing the association between prenatal vitamin D or asthma and wheeze. We excluded
narrative reviews, commentaries, and other umbrella reviews. The methodological quality of systematic
reviews was assessed using AMSTAR 2 tool. PROSPERO reg. no. CRD42020151329.
Results: We identified 22 eligible systematic reviews (17 on asthma and 20 on wheeze). Using the
AMSTAR 2 quality assessment tool, the methodological quality was rated as critically low in 21 out of 22
systematic reviews, suggesting that previous reviews and meta-analyses did not provide accurate and
comprehensive summaries of the included studies and that conclusions reached were potentially flawed.
The majority of the included reviews reported that prenatal vitamin D reduces the risk of wheeze in the
offspring.
Conclusion: Prior to informing public guidelines, high-quality systematic reviews of the current evidence
are greatly warranted.
© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Asthma is a chronic heterogeneous respiratory disease charac-
terized by airflow obstruction, bronchial hyperresponsiveness, and
airway inflammation. Its pathophysiology involves disruptions in
both the immune and the respiratory systems. Asthma often
indgang 11, 2000 Frederiks-
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develops in early childhood, as early as in the first few months of
life, and the estimated global prevalence of asthma among children
6e7 years old is 9.4% [1]. An early disease debut suggests that the
prenatal environment might play an important role in childhood
asthma development [2].Wheezing is one of themain symptoms of
asthma. However, many children have different phenotypes of
wheezing (e.g., transient early wheezing, persistent wheezing) but
never develop asthma [3,4].

The fetus is entirely dependent onmaternal vitamin D status [5].
Low Vitamin D status is common among otherwise healthy
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pregnant women [6] and is associated with the development of
several adverse health outcomes in both women and offspring,
including preeclampsia, gestational diabetes, and preterm birth
[7e10]. Importantly, low vitamin D status in pregnancy may in-
fluence the genesis of lung and immune functions of the offspring
via several mechanisms and contribute to childhood asthma
development [11,12]. The definition of sufficient vitamin D status
differs between nutrition guidelines and recommendations but is
often defined as serum 25(OH)D concentration �50 nmol/L [13],
however this recommendations are based on vitamin D for bone
health. Vitamin D beneficially modulates the production of proin-
flammatory cytokines and antigen-presenting cell function and has
been shown to reduce airway smooth muscle mass, which is the
major reason for luminal narrowing. Moreover, greater innate
cytokine responses and IL-17A production in response to innate,
mitogenic and/or T-cell stimulation and greater dexamethasone-
induced IL-10 production has been shown in cord blood mono-
nuclear cells from vitamin D sufficient women, which could lead to
better respiratory health of the child [14].

Research on the association between prenatal vitamin D status
and childhood asthma risk in the offspring is quite extensive.
However, results from several systematic reviews and meta-
analyses of observational studies and randomized controlled tri-
als (RCTs) have been inconsistent [11,15e18], and the methodo-
logical quality of the systematic reviews has not been assessed.
Therefore, with this state-of-the-art umbrella review of systematic
reviews andmeta-analyses, wewill summarize and critically assess
the available evidence from included published systematic reviews
to support evidence-informed policy-making in primary
prevention.

Thus, the objective was to conduct a systematic review of sys-
tematic reviews and meta-analyses, also called umbrella review, on
the association betweenmaternal vitamin D and risk of asthma and
wheeze in the offspring. The following research questions were
addressed: 1) What is the internal validity of the published sys-
tematic reviews and meta-analyses? 2) What is the evidence from
previously published systematic reviews and meta-analyses for an
association between prenatal vitamin D status and asthma or
wheezing in the offspring?

2. Methods

2.1. Protocol and registration

The protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) [19] (Registration No.
CRD42020151329). We followed the Preferred Reporting Items for
Systematic Review and Meta-analysis Protocols (PRISMA-P) [20]
when creating the protocol, and PRISMA [21] and search extension
PRISMA-S [22] when conducting and presenting this umbrella
review.

2.2. Search strategy

We searched the electronic databases Embase (via OVID),
PubMed and Cochrane Library (Systematic reviews and Trials) for
studies on vitamin D in fetal life (see search terms and search
strings in Supporting Information). Search terms were included as
both MeSH terms and free text. The filter “human” was applied as
we were only interested in studies on humans; no language limits
were imposed. The search was conducted in June 2020, and the
databases were searched from their date of establishment. For
additional studies, we manually screened the reference lists of all
included studies and consulted experts in the field. For more de-
tails, see Supporting Information. A librarian specialized in
1809
systematic literature searches was contacted and informed the
development of the search strategy. All study references obtained
using the search strategy were gathered in EndnoteX9 and then
imported to Covidence (https://www.covidence.org/home) for
managing references identified, screening, and assessment of
eligibility. Duplicates were removed in Endnote and those not
identified by Endnote were removed in Covidence, using their
respective duplicate identification algorithm.

2.3. Eligibility criteria for included systematic reviews

We included peer reviewed systematic reviews and meta-
analyses of experimental (i.e., RCTs, intervention studies) and
observational (i.e., retrospective/prospective cohort studies, nested
caseecontrol studies, and caseecontrol studies) studies. Post hoc,
we decided to apply two constraints for a review to be defined as
systematic. The search should be conducted in at least two data-
bases, and key search terms should be presented. Similar con-
straints have been suggested by others [23e25]. We excluded
narrative reviews, commentaries (e.g., expert opinion, consensus
statements), and publications without a full text available. We did
not include other umbrella reviews of systematic reviews but
screened them for references. We excluded all studies not written
in English due to language abilities of the review authors, with no
restriction on publication date. To facilitate the selection of eligible
studies for inclusion, we used the Population, Intervention, Com-
parison, and Outcome (PICO) framework see Table 1. Women were
considered healthy if they were not recruited based on disease
status. Vitamin D supplementation during pregnancy, periconcep-
tional maternal vitamin D concentration, and cord blood vitamin D
concentrationwere considered. Vitamin D concentration measured
in the offspring up to 7 days after birth were considered proxies for
prenatal vitamin D concentration, as the half-life of vitamin D is
2e3 weeks [26], and maternal vitamin D concentration highly
correlates with both cord-blood [27] and offspring vitamin D con-
centration at birth [28]. UV exposure as a vitamin D concentration
proxy was only considered if measured objectively on an individual
level.

2.4. Study selection and data extraction

Two out of four review authors (FT, KCW, SER, and MNH)
independently screened titles and abstracts of all references iden-
tified for potential eligibility. Subsequently, full texts of potentially
eligible studies were obtained if possible. Two out of four inde-
pendent review authors (FT, KCW, SER, and MNH) assessed the
eligibility of the studies based on full text screening. In case of
disagreement, a consensus was reached by the two independent
review authors together with a third review author.

Two review authors (FT and either KCWor MNH) independently
extracted relevant data from eligible systematic reviews using a
predefined data extraction template. If needed, the corresponding
author of the study was contacted by email to provide additional
information to resolve uncertainties. A maximum of three email
attempts were made.

2.5. Quality assessment

Eligible systematic reviews were appraised by two independent
review authors (FT and MNH) using A MeaSurement Tool to Assess
Systematic Reviews (AMSTAR) 2 [29]. AMSTAR 2 is a 16-item tool to
assess the methodological quality of systematic reviews that has
been internally and externally validated and has been found to have
good reliability. AMSTAR 2 is not intended to generate an overall
score but has an overall rating based on weaknesses in critical

https://www.covidence.org/home


Table 1
Population, Intervention, Comparison, and Outcome (PICO).

P Healthy pregnant women regardless of parity or whether carrying a
singleton or multiple pregnancy, and their unborn/newly born child.

I Prenatal vitamin D intervention or exposure (or a proxy for prenatal
vitamin D exposure):
1) maternal vitamin D supplementation during pregnancy
2) maternal blood/serum vitamin D concentrations during pregnancy
3) cord blood vitamin D concentrations
4) offspring vitamin D concentrations measured up to one week after

birth
5) vitamin D intake during pregnancy if quantified (e.g. collected using

a dietary assessment method and quantified using food composition
tables)

6) sunlight (UV) exposure during pregnancy if individually and
objectively determined

C Placebo, high versus low vitamin D exposure

O Primary outcome: asthma among children age 0e18 years.
There are no restrictions for how asthma is defined e.g. use of asthma
medication, doctor diagnosed via lung function test or clinical
assessment, doctor diagnosed self-reported/parent reported.
Secondary outcome: wheezing among children age 0e18 years.
There are no restrictions for how wheezing is defined e.g. clinical
examination, self-reported/parent-reported episodes of wheezing, or
what phenotype of wheezing e.g. early wheeze, persistent wheeze,
episodic wheeze.
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domains: High is none or one non-critical weakness, Moderate is
more than one non-critical weakness (if multiple non-critical
weaknesses, then it is considered Low), Low is one critical flaw
with or without non-critical weaknesses, and Critically low is more
than one critical flaw with or without non-critical weaknesses.
Discrepancies were resolved through discussion and consensus
between review authors.

2.6. Data synthesis

For each of the included systematic reviews, we summarized
study design of included studies, number of participants, exposure,
exposure assessment, comparator, age at time of outcome assess-
ment, and results of meta-analysis if conducted for all included
systematic reviews on asthma and wheeze respectively. We also
summarized the aim or objectives, search strategy, funding, conflict
of interest, and conclusion for all the included systematic reviews.
We reported the results of the AMSTAR 2 quality assessment, both
for all 16 items and an overall rating of the quality of the systematic
reviews (High, Moderate, Low, Critically low). Finally, we presented
a matrix of the primary studies included in each of the systematic
reviews.

3. Results

3.1. Systematic reviews identified

We identified 20,436 references in the three databases searched.
When duplicates had been removed, we had 18,938 references to
screen and identified 2340 potentially eligible studies. In total, 2318
studies did not meet the inclusion criteria and were excluded (see
the PRISMA flow diagram [21] as Fig. 1). The majority of studies
were excluded because of wrong outcome, or studies that did not
assess prenatal vitamin D and asthma or wheeze (k ¼ 1836). We
also excluded primary studies (k ¼ 52), nonsystematic reviews or
reviews that did not provide a search strategy (k ¼ 128), reviews
that did not include a comprehensive literature search strategy
(k ¼ 13), and umbrella reviews or reviews that only included other
reviews (k ¼ 2). Finally, 22 systematic reviews were deemed
1810
eligible and included in this umbrella review. A list of the primary
studies, nonsystematic reviews, and umbrella reviews that were
excluded is provided in Supporting Information.
3.2. Characteristics of the included systematic reviews

Characteristics and findings from the included systematic re-
views are summarized in Tables 2e5 and Supporting Information.
The systematic reviews were all published between 2010 and 2021.
One of the included systematic reviewswas published online ahead
of print, therefore, with a publication date in 2021. Of the 22 sys-
tematic reviews 17 reported on asthma and 20 reported onwheeze.
The exposure was categorized as dietary vitamin D intake, vitamin
D (25(OH)D) concentration inmaternal or cord blood, andmaternal
vitamin D supplements. Most of the systematic reviews and meta-
analyses on asthma focused on 25(OH)D concentration, whereas
for wheeze it was more equally divided between the three expo-
sure categories.

The 22 systematic reviews included in total 39 primary studies,
some of them assessing more than one exposure measure and both
asthma and wheeze as outcomes. Naturally, there was considerable
overlap between primary studies included in the systematic re-
views (Figs. 2 and 3). The included primary studies were published
between 2007 and 2016. We reached out to three of the authors for
clarifications regarding inclusion of studies in meta-analysis
[27,28,42]. One of the authors replied and provided an updated
and corrected analysis presented here in the umbrella review [28].
3.3. Quality of the included systematic reviews

Using the AMSTAR 2 quality assessment tool, the results from
the 22 included systematic reviews showed that the methodolog-
ical quality ranged from low to critically low (Fig. 4). One systematic
review [30] had low quality and according to AMSTAR 2 this means
that “the review has a critical flaw and may not provide an accurate
and comprehensive summary of the available studies that address
the question of interest”, the remaining 21 systematic reviews
[11,15e18,31e46] had critically low quality meaning that “the re-
view has more than one critical flaw and should not be relied on to
provide an accurate and comprehensive summary of the available
studies” [29]. The included systematic reviewswere prone to one or
more critical flaws in the internal validity within the critical do-
mains (protocol registration, literature search strategy, excluded
studies, risk of bias (RoB) assessment and influence on results,
methods for meta-analysis, and assessment and influence of pub-
lication bias). About half of the studies used a comprehensive
literature search strategy (AMSTAR 2 item 4) and only 7 of the
included studies had a published protocol or other forms of state-
ments indicating that the reviewmethodswere established prior to
conducting the systematic review (item 2). Very few studies
accounted for RoB when discussing the results (item 13) or pro-
vided a list of excluded studies (item 7). All the studies including
RCTs used a satisfactory technique for assessing their RoB, however
this was not the case when assessing RoB for non-randomized
studies (item 9). Only one of the studies conducting a meta-
analysis reported appropriate method for statistical combination
(item 11). In general, the included systematic reviews conducting a
meta-analysis did not justify combining the data or, in the case of
non-randomized studies, did not report onwhether they combined
adjusted and unadjusted estimates. In many of the meta-analyses,
data from relatively large studies were pooled using the Mantel-
Haenszel method, even though according to the Cochrane Hand-
book [47], the Mantel-Haenszel method is preferred for studies
with small sample size or rare outcomes.
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analyses) flow diagram.
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3.4. Findings on asthma from the included systematic reviews

Of the 17 systematic reviews on asthma 11 conducted meta-
analysis for one or more of the exposure categories (Table 2).
Most meta-analyses conducted were on vitamin D status from
maternal and cord blood 25(OH)D combined. Overall, the meta-
analyses showed no association between prenatal vitamin D
status and asthma. One meta-analysis combining data from 2
RCTs showed an inverse association between vitamin D supple-
mentation during pregnancy and asthma at age 3 years (RR 0.81,
95% CI 0.67e0.98) [32], and one meta-analysis combining data
from 6 cohort and caseecontrol studies showed an inverse as-
sociation between vitamin D intake during pregnancy and
asthma among children up to 10 years of age (OR 0.75, 95% CI
0.63e0.88) [45].

Overall, systematic reviews without meta-analysis looking at
prenatal vitamin D and asthma reported no association (Table 3).
3.5. Findings on wheeze from the included systematic reviews

Of the 20 systematic reviews on wheeze 13 conducted meta-
analyses (Table 4). Five systematic reviews that pooled data from
4 to 6 cohort studies showed an association between vitamin D
intake during pregnancy and wheeze among children up to age 10
years. Four out of five systematic reviews pooling data from the
RCTs showed an inverse association between vitamin D
1811
supplementation during pregnancy and wheeze at age 3 years. On
the contrary, all four systematic reviews pooling data from cohort
studies on maternal and cord blood 25(OH)D combined showed no
association with wheeze, whereas one study pooling data on cord
blood only showed an inverse association with wheeze among
children up to 7 years of age, both when looking at lowest vs.
highest concentrations and changes per 10 nmol/l [11]. One sys-
tematic review conducted two meta-analyses including only 1
study each on asthma/wheeze [46]. One showed an inverse asso-
ciation between vitamin D supplement intake during pregnancy
and asthma/wheeze at age 5 years in one cohort study (RR 0.65, 95%
CI 0.46e0.92), the other showed no association in one RCT (RR 1.12,
95% CI 0.50e2.54).

Systematic reviews without meta-analysis looking at wheeze
concluded an inverse association irrespective of type of exposure
(maternal dietary intake, 25(OH)D concentration from maternal or
cord-blood) (Table 5).
4. Discussion

Our systematic search revealed 150 reviews that had assessed
the associations between vitamin D during pregnancy and offspring
asthma and/or wheezing, 22 of which were considered systematic
and included in this umbrella review. Health policies and guide-
lines across medical disciplines heavily relies on systematic re-
views, especially systematic reviews of RCTs (level 1A) to make



Table 2
Summary characteristics and findings of systematic reviews with meta-analysis assessing the association between vitamin D status early in life and later development of
asthma.

First author (year) Exposure Exposure assessment Age k studies/n
participants

Study design Comparison Effect estimate

Nurmatov et al. (2011) [15] Dietary intake Maternal diet 5 years 2/2.881 Cohort NR OR 0.76, 95% CI 0.39e1.48
Beckhaus et al. (2015) [16] Dietary intake Maternal diet NR 1/NRy Cohort NR OR 0.59, 95% CI 0.27e1.29
Wei et al. (2016) [38] Dietary intake

& 25(OH)D
Maternal diet,
Maternal & cord-blood

�6 years 4/3.666 Cohort NR OR 0.98, 95% CI 0.94e1.02

Feng et al. (2017) [11] 25(OH)D Maternal & cord-blood �14 years 8/8.438
8/8.397

Cohort Highest vs. lowest
Per 10 nmol/l increase

OR 0.84, 95% CI 0.70e1.01
OR 0.99, 95% CI 0.97e1.02

25(OH)D Cord-blood �7 years 3/1.208 Cohort Highest vs. lowest OR 0.73, 95% CI 0.39e1.37
4/1.455 Cohort Per 10 nmol/l increase OR 1.04, 95% CI 0.98e1.10

Roth et al. (2017) [32] Supplement During pregnancy 3 years 2/1.387
5/1.833z

RCT NR RR 0.81, 95% CI 0.67e0.98x
RR 0.80, 95% CI 0.67e0.96x

Song et al. (2017) [17] 25(OH)D Maternal & cord-blood �14 years 12/11.636
7/4.676

Cohort &
nested
caseecontrol

Highest vs. lowest
Per 10 nmol/l increase

RR 0.87, 95% CI 0.75e1.02
RR 0.99, 95% CI 0.95e1.02

Bi et al. (2018) [41] Supplement During pregnancy 3 years 3/1.591 RCT 1000, 2000, 2800 or
4400 IU/day vs.
placebo or 400 IU/day

RR 0.63, 95% CI 0.36e1.11

Pacheco-Gonzalez
et al. (2018) [18]

25(OH)D Maternal & cord-blood �14 years 13/33.737¶ Cohort Highest vs. lowest OR 0.91, 95% CI 0.78e1.06

Shen et al. (2018)¤ [43] 25(OH)D Maternal & cord-blood �5 years
>5 years

6/27.776
6/27.776
7/27.586
4/22.489

Cohort Highest vs. lowest
�75 nmol/l vs. <50 nmol/l
Highest vs. lowest
�75 nmol/l vs. <50 nmol/l

OR 0.81, 95% CI 0.65e1.01
OR 0.93, 95% CI 0.85e1.03
OR 0.91, 95% CI 0.73e1.12
OR 1.02, 95% CI 0.84e1.24

Yepes-Nunez et al.
(2018) [46]

Supplement During pregnancy �5 years 1/2.478 Cohort 400 or 1000 IU/day vs. NR RR 0.65, 95% CI 0.46e0.92x
Supplement During pregnancy 36 months 1/158 RCT 800 IU/day or

200,000 UI vs. NR
RR 1.12, 95% CI 0.50e2.54x

Shi et al. (2021) [51] Dietary intake Maternal diet �10 years 6/13.204 Cohort &
Caseecontrol

NR OR 0.75, 95% CI 0.63e0.88

NR, not reported; 25(OH)D, 25(OH)D concentrations; OR, odds ratio; RR, risk ratio or relative risk; yunclear which study was included in the meta-analysis; zincluding studies
where the outcome did not meet minimum criteria for case definitions and methods of ascertainment; xasthma and wheeze combined; ¶one study was included twice in the
meta-analysis but only counted once in this table, ¤included meta-analysis on maternal diet but the results were unclear.
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Evidence-Based Decision Making. Thus, methodological studies
that comprehensively assess the quality of systematic reviews are
much needed to advance our empirical knowledge, also within
nutritional epidemiology. Using the AMSTAR 2 tool, we showed
that the methodological quality of the included systematic reviews
in our umbrella review was rated critically low (> one critical flaw)
in 21 out of 22 systematic reviews. Thus, these systematic reviews
“should not be relied on to provide an accurate and comprehensive
summary of the available studies” according to AMSTAR 2 [29]. The
Table 3
Summary characteristics and findings of systematic reviews without meta-analysis asses
asthma.

First author (year) Exposure Exposure
assessment

Age k s
pa

Bozzetto et al. (2012) [34] 25(OH)D Maternal blood 9 years 1/N
25(OH)D Cord-blood 5 years 1/N

Christesen et al. (2012) [35] Dietary intake Maternal diet 5 years 1/1
25(OH)D Maternal blood 9 years 1/1
25(OH)D Cord-blood 5 years 2/1

Harvey et al. (2014) [30] Dietary intake Maternal diet 5 years 1/1
25(OH)D Maternal blood �9 years 2/1
25(OH)D Cord-blood 5 years 2/1

Netting et al. (2014) [36] Dietary intake Maternal diet 5 years 1/1

Beckhaus et al. (2015)y [16] Dietary intake Maternal diet �5 years 2/2

Weiner and Silveiro (2015) [37] NR NR NR 2/N

Fried et al. (2016) [31] 25(OH)D Maternal blood �14 years 7/1
25(OH)D Cord-blood �7 years 5/1

NR, not reported; 25(OH)D, 25(OH)D concentrations, yreports meta-analysis including o

1812
methodological limitations of a large number of hitherto published
systematic reviews on the topic leads to a high risk of potentially
flawed and unwarranted conclusions in the research [48], and
unfortunately, the consequence may be a waste of valuable
resources.

Results from the meta-analyses conducted on wheeze in the
included systematic reviews, with few exceptions, showed the
same direction of association, indicating that prenatal low vitamin
D supplement, intake and status was associated with an increased
sing the association between vitamin D status early in life and later development of

tudies/n
rticipants

Study
design

Findings and/or conclusion

R Cohort Well-designed clinical trials are needed to test the
hypotheses that maternal vitamin D has a role in the
prevention of asthma.

R Cohort

.669 Cohort Unadjusted increased odds of parentally reported asthma at
age 9 years, but not for asthma medication. No association
between cord blood 25(OH)D and doctor-diagnosed asthma
at age 5 years.

78 Cohort
.017 Cohort

.669 Cohort It is difficult to conclude any definitive relationship between
maternal 25(OH)D status and offspring asthma and no
recommendation can be made.

.411 Cohort

.042 Cohort

.669 Cohort No consistent link between maternal diet during pregnancy
and atopic disease in the offspring.

.992 Cohort No association between maternal vitamin D intake and
asthma at age 5 years.

R NR Uncertain association between maternal vitamin D and
asthma.

0.820 Cohort Most studies showed no association, one a positive and two
negative association between in utero vitamin D status and
childhood asthma. With moderate strength of evidence.

.823 Cohort

ne study but unclear which study.



Table 4
Summary characteristics and findings of systematic reviews with meta-analysis assessing the association between vitamin D status early in life and later development of
wheeze.

First author (year) Exposure Exposure assessment Age k studies/n
participants

Study
design

Comparison Effect estimate

Nurmatov et al.
(2011) [15]

Dietary intake Maternal diet <5 years 4/4.838 Cohort Higher vs. lower OR 0.56, 95% CI 0.42e0.73

Beckhaus et al.
(2015) [16]

Dietary intake Maternal diet <5 years 4/4.572 Cohort NR OR 0.58, 95% CI 0.38e0.88

Wei et al. (2016)
[38]

25(OH)D Maternal & cord-blood <5 years 4/2.225 Cohort NR OR 1.00, 95% CI 0.98e1.01

Christensen et al.
(2017) [39]

Supplement During pregnancy 3 years 3/1.545 RCT 200.000 IU or 800, 2400 þ 400,
or 4000 þ 400 IU/day vs.
placebo or þ400 IU/day

RR 0.81, 95% CI 0.68e0.97

Feng et al. (2017)
[11]

25(OH)D Maternal & cord-blood <14 years 8/8.694
9/8.784

Cohort Highest vs. lowest
Per 10 nmol/l

OR 0.77, 95% CI 0.58e1.03
OR 0.98, 95% CI 0.96e1.00

25(OH)D Cord-blood <7 years 3/1.240
5/1.618

Cohort Highest vs. lowest
Per 10 nmol/l

OR 0.43, 95% CI 0.29e0.62
OR 0.95, 95% CI 0.91e0.99

Roth et al. (2017)
[32]

Supplement During pregnancy 3 years 2/1.387
5/1.833y

RCT NR RR 0.81, 95% CI 0.67e0.98
RR 0.80, 95% CI 0.67e0.96

Vahdaninia et al.
(2017) [40]

Supplement During pregnancy 3 years 3/1.493 RCT 200.000 IU or 800, 2400, or
4000 IU/day vs. placebo

RR 0.81, 95% CI 0.67e0.98

Garcia-Larsen et al.
(2018) [42]

Supplement During pregnancy <3 years 4/1.781
2/394

RCT 200.000 IU or 800, 1000,
2400 þ 400, or 4000 þ 400 IU/
day vs. placebo or þ400 IU/day

RR 0.76, 95% CI 0.54e1.08z
RR 0.94, 95% CI 0.65e1.35x

Pacheco-Gonzalez
et al. (2018) [18]

25(OH)D Maternal & cord-blood <14 years 12/NR¶ Cohort Highest vs. lowest OR 0.89, 95% CI 0.76e1.04

Shen et al. (2018)
[43]

Dietary intake Maternal diet <5 years 6/5.238 Cohort Highest vs. lowest OR 0.66, 95% CI 0.53e0.82
25(OH)D Maternal & cord blood <14 years 8/8.123

3/2.324
Cohort Highest vs. lowest

�75 nmol/l vs. <50 nmol/l
OR 0.91, 95% CI 0.76e1.09
OR 0.91, 95% CI 0.70e1.19

Yepes-Nunez et al.
(2018) [46]

Supplement During pregnancy <5 years 1/2.478 Cohort 400 or 1000 IU/day vs. NR RR 0.65, 95% CI 0.46e0.92¤
Supplement During pregnancy 36 months 1/158 RCT 800 IU/day or 200,000 UI vs. NR RR 1.12, 95% CI 0.50e2.54¤

Li et al. (2019) [44] Dietary intake Maternal diet <5 years 4/4.523 Cohort Highest vs. lowest OR 0.58, 95% CI 0.38e0.88
Supplement During pregnancy 3 years 3/1.545 RCT 800, 2400 þ 400, or

4000 þ 400 IU/day vs. placebo
or þ400 IU/day

OR 0.75, 95% CI 0.59e0.95

Shi et al. (2021) [51] Dietary intake Maternal diet <10 years 6/7.437 Cohort NR OR 0.63, 95% CI 0.50e0.80

NR, not reported; 25(OH)D, 25(OH)D concentrations; OR, odds ratio; RR, risk ratio or relative risk; yincluding studies where the outcome did not meet minimum criteria for
case definitions and methods of ascertainment; zrecurrent wheeze; xwheeze; ¶one study was included twice in the meta-analysis but only counted once in this table and the
number of participants was unclear; ¤asthma and wheeze combined.
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risk of wheeze in childhood. Observational studies assessing the
effect of maternal dietary intake of vitamin D during pregnancy on
wheeze in the offspring showed in general a stronger effect than
the observational studies on 25(OH)D concentration. Age at diag-
nosis did not seem to influence the associations. The same trend
Table 5
Summary characteristics and findings of systematic reviews without meta-analysis asses
wheeze.

First author (year) Exposure Exposure
assessment

Age

Berti et al. (2010) [33] Dietary intake Maternal diet <5 years

Bozzetto et al. (2012) [34] Dietary intake Maternal diet 5 years
25(OH)D Cord-blood 5 years

Christesen et al. (2012) [35] Dietary intake Maternal diet <5 years
25(OH)D Cord-blood 5 years

Harvey et al. (2014) [30] Dietary intake Maternal diet <5 years
25(OH)D Maternal blood <4 years
25(OH)D Cord-blood 5 years

Netting et al. (2014) [36] Dietary intake Maternal diet 5 years

Weiner and Silveiro (2015) [37] Dietary intake Maternal diet NR
25(OH)D Cord-blood NR

Fried et al. (2016) [31] 25(OH)D Maternal blood <14 years

25(OH)D Cord-blood <5 years

NR, not reported; 25(OH)D, 25(OH)D concentrations.
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was observed for asthma, but the results were not statistically
significant. However, taking into account the methodological lim-
itation of the studies, the results should not be relied upon.
Therefore, high-quality systematic reviews and meta-analyses that
follow recognized guidelines [19e22,47] are highly needed to
sing the association between vitamin D status early in life and later development of

k studies/n
participants

Study
design

Findings and/or conclusion

2/NR NR Low maternal vitamin D intake in third trimester may
be associated with risk of wheezing at age 3e5 years.

3/NR Cohort Possible inverse association between mother's vitamin
D intake during pregnancy and a significant association
between cord-blood 25(OH)D and wheeze at age 5
years.

1/NR Cohort

4/4.746 Cohort Inverse association between vitamin D intake and
serum 25(OH)D and odds of wheeze at age up to 5 years.1/823 Cohort

4/4.838 Cohort Lower risk of wheeze with higher vitamin D intake or
cord blood 25(OH)D concentration, but no association
with maternal 25(OH)D. Moderate to high risk of bias.

1/1.233 Cohort
1/823 Cohort
1/1.924 Cohort No consistent link between maternal diet during

pregnancy and atopic disease in the offspring.
1/NR NR Association between higher maternal vitamin D intake

during pregnancy and cord blood 25(OHD) and
childhood wheezing.

1/NR NR

5/9.620 Cohort Most studies showed no association, but four a negative
association between in utero vitamin D status and
childhoodwheeze.Withmoderate strength of evidence.

7/2.126 Cohort



Fig. 2. Primary studies included in the systematic reviews assessing the association between prenatal vitamin D and asthma.
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comprehensively synthesize the results of available primary
studies, as this is currently still lacking.

In our search, we identified two umbrella reviews that reviewed
the latest evidence of the effect of vitamin D on multiple health
Fig. 3. Primary studies included in the systematic reviews assess

1814
outcomes [49,50]. One from 2017 concluded that vitamin D sup-
plementation during pregnancy can reduce the risk of childhood
wheeze [49], and the other from 2014 concluded that there is no
evidence of decreased risk of asthma in the offspring of mothers
ing the association between prenatal vitamin D and wheeze.



Fig. 4. AMSTAR 2 quality scores for the included systematic reviews.

F. Thorsteinsdottir, K.C. Walker, S.E. Runstedt et al. Clinical Nutrition 41 (2022) 1808e1817
with high vitamin D concentrations [50], which is consistent with
our findings. However, each of the umbrella reviews included one
systematic review on prenatal vitamin D and offspring asthma or
wheeze, only [35,40], and given our critical quality appraisal, we
can conclude that these systematic reviews may not have provided
an accurate and comprehensive summary of the available studies.

4.1. Limitations of the included systematic reviews

All but one systematic review had more than one critical flaw.
The systematic review with only one critical flaw [30] did not
include a meta-analysis and therefore only had to live up to 5 of the
7 critical domains. One critical domain that many of the systematic
reviews failed to live up to was pre-registration of a protocol or
other forms of pre-publication of the methods for conducting the
review. All the systematic reviews that included RCTs used the
1815
Cochrane risk assessment tool to assess RoB of the included studies,
whereas many systematic reviews of non-randomized studies did
not assess RoB. Some of the systematic reviews [15,17,51] stated
that they conducted a RoB assessment without presenting the re-
sults, which was not considered satisfactory in the AMSTAR 2 tool.
Of all the systematic reviews that did assess the RoB, many failed to
account for RoB when interpreting and/or discussing the results of
the review (ASTAR 2 Item 13).

There was a considerable but not complete overlap of primary
studies included in the 22 systematic reviews identified; the oldest
systematic reviews included the early observational studies on
vitamin D intake during pregnancy and offspring asthma and/or
wheeze, subsequently, reviews also included observational studies
on maternal or cord blood vitamin D concentration, and more
recent reviews included RCTs. This reflects the evolution of the
researchmethodology in the field. However, there was some lack of
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overlap of primary studies that was not related to publication date.
For many of the systematic reviews, vitamin D during pregnancy
and asthma and/or wheeze was only a part of an overall aim, e.g.,
systematic reviews looked at prenatal exposure and respiratory
health or the effect of vitamin D during pregnancy on overall
offspring health later in life. Some systematic reviews included only
studies that examined certain types of vitamin D exposure (e.g.
dietary intake, vitamin D concentrations, vitamin D supplementa-
tion); others were confined by study design (e.g., retrospective,
prospective, RCTs) or the type of publication (e.g., excluding letters
to the editor, short communication or abstracts). Another reason for
lack of overlap of included primary studies may be the definition of
the outcome in the primary studies, and inconsistencies in the
definition of asthma and wheezing in epidemiological studies is a
well-known challenge [52]. For example, Erkkola et al. [53] re-
ported on maternal vitamin D intake during pregnancy and asthma
in the offspring, where wheezing symptoms were considered as
part of the definition of asthma. This study was therefore included
in three systematic reviews and one meta-analysis on wheezing.
Yet another reason for lack of overlap could be insufficient search
strategy, screening, and/or data extraction. This non-standardized
way of approaching the research question (e.g., exposure assess-
ment, study design, statistical models, outcome assessment) makes
it difficult to compare results across the systematic reviews and
may also be one reason for the large number of systematic reviews
on this topic.

A series of initiatives to reduce unplanned duplication and
improve the transparency and reporting of systematic reviews and
meta-analyses have been launched [19,54e57]. Therefore, a time
trend in both registration of protocols and better reporting (e.g.,
more accurate, comprehensive, and transparent), so that the most
recent systematic reviews would have overall higher methodo-
logical quality, was expected but was not found, which has also
been reported previously within the field of nutritional epidemi-
ology [25,58]. Hopefully, better adherence to recognized guidelines
in the development of systematic reviews will lead to fewer
methodological flaws and better reproducibility, accuracy, and
certainty of the results to provide a basis for future much needed
guidelines and recommendations in this field.

4.2. Strength and limitations of our umbrella review

We have made use of the latest high-quality methodological
standards and tools when conducting this umbrella review in order
to ensure high quality and transparency. The major strength of this
umbrella review is the thorough literature search conducted, con-
ditioning on exposure only, and then screening for relevant out-
comes and study design, minimizing the risk of excluding relevant
studies. However, we acknowledge that our search strategy was
costly and that we could have utilized validated approaches to limit
the search.

The generally low to critically low quality of the included sys-
tematic reviews is concerning, and questions if the tool used to
assess the quality was flawed. Indeed, several issues arose from
using the AMSTAR 2 tool. To evaluate some of the items further
definitions were needed to improve inter-rater variability
(Supporting Information). Item 8 “Did the review authors describe
the included studies in adequate detail?” was one domain that we
operationalized so that it was consistent and transparent what
information we considered important to adequately describe the
included primary studies of the systematic reviews. In relation to
item 11 “If meta-analysis was justified did the review authors use
appropriate methods for statistical combination of results?”, we had
to set a criterion to assess whether the review authors used
appropriate methods for statistical combination of results based on
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the recommendations from the Cochrane Handbook [47]. In many
of themeta-analyses, data from relatively large studies were pooled
using the Mantel-Haenszel method. Using the Mantel-Haenszel
method without justification was not considered appropriate, as
according to the Cochrane Handbook [47], the method is preferred
for studies with a small sample size or rare outcomes only, and
neither asthma nor wheeze can be considered rare outcomes. This
domain is considered a critical domain and is important for good
quality of a systematic review. Despite these issues with the
AMSTAR 2 tool, we believe that using another tool would most
likely have given the same results, as many of the signaling ques-
tions in AMSTAR 2 overlap with similar tools such as ROBIS [59] and
the original AMSTAR tool [54], which is embedded in AMSTAR 2
[29]. We selected AMSTAR 2 as it is a widely used instrument also
within nutritional epidemiology [60e62], with good inter-rater
agreement (>50%) [63].

5. Conclusions

The methodological quality of the systematic reviews and meta-
analyses included in this umbrella review were rated as critically
low or low.The results of the included reviews suggests that pre-
natal vitamin D reduces the risk of wheeze in the offspring. How-
ever, this conclusion is based on systematic reviews of critically low
quality and thus questionable results. Prior to formulating public
health recommendations and guidelines, high-quality systematic
reviews are greatly warranted.
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