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Abstract

Although Indonesia is located in an equatorial region with adequate year-round sun
exposure, the prevalence of 25-hydroxyvitamin D (25[OH]D) deficiency is as high as 90%. Mothers
are especially vulnerable to deficiencies due to changes in their gastrointestinal system. Previous
studies have reported a correlation between the 25[OH]D status of mothers with atopic dermatitis
(AD) and their offspring. However, studies investigating maternal cord blood 25[OH]D levels and
the incidence of AD have yielded controversial results due to its variability. As such, this systematic
review and meta-analysis aimed to evaluate the correlation between maternal cord blood 25[OH]D
levels and the risk for AD. In accordance with Preferred Reporting System for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines, the PubMed, Cochrane Library and ScienceDirect
databases were searched for relevant observational studies and a meta-analysis was performed
to obtain odds ratios (OR) and corresponding 95% confidence intervals (CI). Nine studies were
included in the qualitative synthesis, five of which were included in the quantitative synthesis.
Meta-analysis revealed that cord blood 25[OH]D levels < 50 nmol/L were associated with a 60%
higher risk for the development of AD (OR = 1.60; 95% CI: 1.15, 2.22; I* = 0%; P < 0.05). However,
qualitative synthesis revealed a variety of cord blood 25[OH]D measurements and different
methods of diagnosing AD in each study. Based on the current analysis, maternal cord blood
25[OH]D levels were significantly correlated with the risk for AD. Therefore, studies investigating
25[OH]D supplementation in pregnant women and its efficacy in decreasing the risk for AD are
needed, especially in tropical and equatorial countries. This study also serves as a proof of concept
that cord blood 25[OH]D levels can be used as a more affordable predictive parameter for AD.
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Introduction

Vitamin D (25-hydroxyvitamin D (25[OH]D)
plays a key role in innate and adaptive immunity
by stimulating various receptors, such as toll-
like receptors, increasing the production of
proinflammatory cytokines and increasing
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the response of type 2 T-helper cells. This
mechanism is the basis of many studies
investigating the correlation between 25[OH]D
levels and the incidence of allergy (1). Vitamin
D deficiency is defined as a serum level < 50
nmol/mL (2). The main source of 25[OH]D in
humans is the synthesis of 7-dehydrocholesterol
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in the skin upon exposure to ultraviolet-B light,
which is converted into a detectable and
measurable metabolite, 25[OHID (3, 4).
Circulating 25[OH]D level is a widely used
parameter for 25[{OH]D sufficiency (5).

Low 25[OH]D intake and lack of sunlight
exposure are the main causes of deficiency
(6). Several other factors, including body mass
index (BMI), skin pigmentation, geographical
characteristics, type of clothing, use of sunscreen,
intensity of outdoor activities, and genetic
and age, affect the synthesis and intake of
25[OH]D, especially among pregnant women
(7-9).

Throughout pregnancy, the foetus is able
to fulfill 25[OH]D needs from cord blood supply
and the ability of 25[OH]D to cross the placenta
(10, 11). Indonesia, a country located in the
equatorial region, has adequate year-round
sun exposure. This fact contradicts a recent
study that reported the prevalence of vitamin D
deficiency is as high as 90% (12, 13).

Currently, allergy has increasing prevalence
among infants and children (14-16). One of these
is atopic dermatitis (AD), which occurs more
often in infants, indicating a correlation with
early phases of life (17, 18). The International
Study of Asthma and Allergies in Childhood
(ISAAC) reported that the prevalence of AD is
15%—20% among infants and children, while
only 1%-3% in adults (19, 20). Although its
cause is multifactorial, various studies have
found that 25]OH]D deficiency during pregnancy
has a negative effect on the development of
the immune system in the offspring (21, 22).
Allergen sensitisation is the main risk factor
for atopic diseases. The incidence and severity
of atopic diseases have been confirmed to be
directly related to allergen sensitisation during
the early phase of life, which further supports
the hypothesis of a correlation between maternal
25[OH]D deficiency and the incidence of allergic
diseases in children (23—-25).

Several published studies have
demonstrated a correlation between maternal
25[OH]D status and the incidence of AD.
However, studies regarding maternal cord
blood vitamin D levels and the incidence of AD
have yielded controversial results due to its
high variability, indicating the need for pooled
results from all studies addressing this health this
matter. Currently, cord blood samples are mainly
collected for blood gas measurements and stem
cell banking (26—28). Therefore, this systematic
review and meta-analysis aimed to evaluate
the correlation between maternal cord blood
25[OH]D levels and risk for AD.

Methods

Search Strategy

This systematic review of clinical trials
was conducted in accordance with the Preferred
Reporting System for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. A literature
search of the PubMed, ScienceDirect, Cochrane
Controlled Register of Trials (Central) and Wiley
databases for relevant studies published up to 10
July 2022, was performed using the following
keywords or terms: ‘(25-hydroxyvitamin D
(25[OH]D) OR 25-hydroxy 25-hydroxyvitamin D
(25[0OH]D)) AND (Maternal Cord blood OR Cord
blood) AND Atopic Dermatitis.’

Inclusion and Exclusion Criteria

Studies investigating the correlation
between cord blood 25[OH]D levels and the
risk for AD using an observational design were
included. Studies with irretrievable full-text
articles and those published before 2000 were
excluded. Details of the study search strategy are
presented in Figure 1.
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Figure 1. Diagram flow of literature search strategy
for this systematic review and meta-
analysis (29)
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Data Extraction and Quality Assessment

Data from the selected articles were
extracted, including the following: author and
year of publication; sample characteristics
and size; assessment methods; and primary
outcome of the incidence of AD. The studies
were also assessed for quality according to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) criteria.
The checklist consists of 22 criteria, each
scored 1 point, with a total maximum score of
22 points. Quality assessment was performed
collaboratively by all the reviewers until
consensus was reached. Results of the risk of bias
analysis are presented in Appendix.

Statistical Analysis

The meta-analysis was performed using
Review Manager version 5.4 (Copenhagen,
Nordic Cochrane Center, Cochrane
Collaboration). Quantitative synthesis was
performed using inverse variance methods
with the DerSimonian Laird random-effects
model because moderate to high heterogeneity
was anticipated in the included studies (30).
Odds ratio (OR) and corresponding 95%
confidence interval (CI) was selected as the
common measure of the correlation between
maternal cord blood 25[OH]D levels and the
incidence of AD. Differences with P < 0.05
were considered to be statistically significant.
The Higgins I-squared (I?) statistic model was
used to measure heterogeneity of the pooled
results. Heterogeneity was classified as follows:
negligible (I* = 0%—24%); low (I* = 25%—49%);
moderate (I> = 50%-74%); and high (I* > 75%)
(31).

www.mjms.usm.my

Results

Study Selection

The initial search of all databases yielded
1,287 studies, of which 1,262 were excluded after
screening titles and abstracts. Additionally,
five were duplicates and, therefore, excluded.
Subsequently, 11 additional studies were
excluded because their outcomes were not
relevant to this review. Ultimately, nine clinical
trials were included for the qualitative analysis,
five for the quantitative analysis and all were
observational cohort studies.

Study Characteristics and Quality
Assessment

The main characteristics of the included
studies in this systematic review are summarised
in Table 1. A total of 3,952 mother-child pairs
were enrolled, comprising studies published
between 2012 and 2017. All of the studies were
cohort studies, most of which were conducted in
Australia and Europe.

In terms of risk assessment, of all included
studies, the lowest calculated STROBE score
was 17.50/22.00 (range 17.50—20.50), which are
graphically presented in Figure 2. This means
that in all studies, more than two-thirds of the
criteria were fulfilled (> 14.67/22.00), indicating
that all included studies had a lower risk of bias
and were of relatively good quality.
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Figure 2. Graphical presentation of risk assessment
result of the included studies using
STROBE’s criteria of cohort studies

Discussion

Correlation between Maternal Cord
Blood 25[OH]D Level and the Risk for AD

Five studies reported a correlation between
25[OH]D levels and the risk for AD (32—-36). All
studies demonstrated that maternal cord blood
25[OH]D levels < 50 nmol/L were associated
with a greater risk for developing AD, although
with variable results. The highest risk was
reported by Jones et al. (32) in 2012 with an

Cord blood Vitamin D and atopic dermatitis

OR of 2.66 (95% CI: 1.24, 5.71), which included
healthy pregnant women who underwent full-
term delivery without complications. This study
observed AD in infants 12 months of age, whose
parents had a history of allergic diseases. On the
other hand, the lowest risk was reported by Chiu
etal. (32) in 2015 (OR = 1.15; 95% CI: 0.45, 2.94),
which included a similar sample characteristic
as Jones et al. This contradictory result was
believed to be caused by the different inclusion
criteria, specifically in terms of the history of
allergic disease in the parents. In the study by
Jones et al. (37), one of the inclusion criteria
was a history of allergic disease in at least one
of the offspring’s parents, whereas in the study
by Chiu et al. (23), the aforementioned history
was an exclusion criterion. Weisse et al. (35)
used a history of allergic disease as an exclusion
criterion. They reported that a history of allergic
disease in parents was a confounding factor for
the risk of AD in the offspring. Our meta-analysis
(Figure 3) revealed that a cord 25[OH]D level <
50 nmol/L was associated with a 60% higher risk
for the development of AD (OR = 1.60; 95% CI:
1.15, 2.22]; I*= 0%; P < 0.05).

This result can be explained by several
biological pathways that include the involvement
of 25[OH]D in the pathogenesis of AD, which
directly correlates with immune dysregulation,
epidermal defense disturbances and inadequate
bacterial defense(s) (38). It has also been
reported that a higher 25[OH]D concentration
in cord blood exhibits a direct correlation with
a decreased risk for allergic disease mediated
by immunoglobulin (Ig) E, even though further
study is urgently required (39).

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Jones, 2012 09783 03894 183% 266([1.24,571] 2012 e —
Weisse, 2013 0.2311 0.2447 463% 1.26([0.78,2.04] 2013 —T
Chawes, 2014 0.58878 05957 7.8% 1.80([0.56 579] 2014
Chiu, 2015 01398 04787 121% 1.15[0.45 2.94] 20158 —
Elomberg, 2017 07747 04214 156% 2.17([0.95 4.96] 2017 L e —
Total (95% CI) 100.0% 1.60[1.15, 2.22] Eae
Heterogeneity: Chi*=3.69, df=4 (P=0.44); F=0% D'.1 sz EITS é é 1'IJ

Test for overall effect: £2=2.82 (P = 0.0048)

=50nmoliL <=50nmaoliL

Figure 3. Pooled result of the correlation between low cord blood 25[OH]D level with the risk of atopic dermatitis
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Our results were similar to those of a
previous study that reported a correlation
between lower maternal vitamin D status
during pregnancy and an increased risk for
childhood eczema (40). A systematic review and
meta-analysis revealed a modest association
between low maternal vitamin D levels and
an increased risk for childhood eczema in
offspring. Another study reported no significant
differences in the risk for AD between deficient
and sufficient mothers, indicating a high variety
or confidence interval in that particular method
of correlation assessment (41). Another recent
cohort study highlighted a possible mechanism
underlying the association between the level of
vitamin D during pregnancy and the risk for
atopic dermatitis through the downregulation of
FOXP3 gene expression in the cord blood and
decreased placental FOXP3 protein expression.
Low placental FOXP3 protein levels are related
to activation of the PI3K/AKT/mTOR signaling
pathway (42). This study found a positive
correlation between maternal 25(0OH)D3 levels
and FOXP3 expression in the cord blood.
Compared to women with vitamin D sufficiency,
placental FOXP3 protein expression was
decreased and PI3K/AKT/mTOR protein was
upregulated. Zeng et al. (43) found an association
between higher vitamin D levels in cord blood
and a reduced risk for eczema in cohort studies.
Therefore, this study proposes a better method
for assessing the correlation between vitamin
D levels and the risk for AD through cord blood
25[OH]D measurement.

The current investigation, however, had
several limitations. First, the included studies used
a variety of cord blood 25[OH]D measurement
methods, which potentially increased the risk
of bias. Therefore, we suggest that further
studies comparing these measurement methods
be conducted to improve the measurement
method across all studies investigating this
particular topic. Second, most of the included
studies used various diagnostic methods for
AD. Future studies should develop refined
and consolidated diagnostic criteria based on
our current understanding of the disease, as
suggested by the self-report questionnaire
that was used in most of our included studies

(44-46).
Conclusion

Based on the current analysis, maternal
cord blood 25[OH]D levels were significantly
correlated with the risk for AD. Therefore,
studies  investigating supplementation of

25[OH]D in pregnant women and its efficacy in
decreasing the risk for AD are needed, especially
in tropical and equatorial countries where sun
exposure is adequate and the prevalence of
vitamin D deficiency remains high (12). This
study also serves as a proof of concept that cord
blood 25[OH]D measurement can be used as a
more affordable predictive parameter for AD.
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