Prenatal Diet, Plasma Micronutrients/Metabolome And Inflammatory Status Influence The Development Of Atopic Eczema In Early Childhood
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To the Editor,
Atopic eczema is one of the commonest chronic inflammatory skin disorders in childhood. There is accumulating evidence demonstrating the associations of early life factors, including prenatal diet and micronutrient status on the risk for allergic diseases in the offspring. However, the evidence from intervention studies such as vitamin D and polyunsaturated fatty acids (PUFAs) supplementation is conflicting.1 Little is known about the role of prenatal diet and micronutrient status in modulating maternal and fetal immunity, and childhood eczema risk. 
The aims of this study were to determine and deconvolute the contribution of prenatal diet and micronutrient status in modulating the maternal and fetal immune responses and infer their roles in influencing atopic eczema risk. We leveraged on a case-control sub-cohort of atopic eczema (n=76) and controls (n=72) selected from the large well-defined Growing Up in Singapore Towards healthy Outcomes (GUSTO) cohort consisting of maternal-child dyads in which clinical atopic eczema outcomes in offspring were evaluated longitudinally till 36 months of age. 
Methodology is provided in Appendix. A flowchart summarizing the subjects and their selection is shown in Figure S1. The target sample size of 120 subjects (60 in each group) for this study was calculated by considering type І error (α = 0.05), type ІІ error (β = 0.1), mean difference  standard deviation (1.94  3.21g per 1000kcal) of fiber intake between groups in a previous study gut microbiome.2 We inflated the sample size to 72 and 76 for controls and atopic eczema group respectively to account for multivariate comparisons. The subjects characteristics are summarized in Table S1. The atopic eczema group had significantly more atopic parents compared to controls, and a higher proportion of maternal (34%) than paternal history of any atopic disease (27%), albeit not statistically significant. The effects of maternal environmental exposure during pregnancy, and/or immune interactions between mothers and their offspring in utero are plausible explanations for this observation. The stronger maternal influence, however has not been borne out consistently in some large studies.3
A prenatal diet characterized by low dietary fiber and potassium combined with low plasma levels of micronutrients (specifically potassium, vitamin B3 1-methylhistidine (1-MNA), B6 pyridoxal 5′-phosphate (PLP) and D), and enrichment of plasma metabolites (cystathionine) at 26th week of pregnancy was associated with an increased risk of developing childhood eczema. This maternal signature was associated with raised maternal C-reactive Protein (CRP) level, as well as increased pro-inflammatory markers in the infant cord blood (CRP, IL-6, IL-7, MIP3𝛼, VEGF-A and TGF𝛽1) and trigonelline compared to non-eczema controls (Figure 1).
Using integrated pathway analysis (Figure 2), we identified three plausible biological pathways that might collectively predispose to eczema in the offspring: 
(1) Association between maternal dietary fiber, plasma vitamin B3 1-MNA, B6 PLP and cystathionine, maternal CRP and infant cord blood trigonelline. Current evidence indicate that dietary fiber affects the bioavailability of vitamin B, hence potentially facilitating gastrointestinal absorption of vitamin B.4 Vitamin B6 is an important co-enzyme required for the activity of key enzymes in tryptophan-kynurenine catabolic pathway resulting in the synthesis of vitamin B3 and trigonelline. When vitamin B6 is restricted, elevated cystathionine via homocysteine metabolism is observed. A low vitamin B6 intake is associated with impairment in differentiation and maturation of monocyte-derived macrophages and T lymphocytes and is linked to inflammation.5
(2) Association between maternal dietary potassium, plasma potassium and maternal CRP. There have been no prior reports of the negative association between low plasma potassium levels and high CRP levels in eczema. Potassium may have an anti-inflammatory role, as this negative association is seen in type 2 diabetes.6 Potassium also plays a significant role in keratinocyte differentiation and barrier homeostasis and reduced maternal potassium levels may adversely influence fetal epidermal barrier development.7 
(3) Association between maternal plasma vitamin D and infant cord blood TGF𝛽1: Our data corroborates reports that prenatal vitamin D insufficiency/deficiency influences infant immune regulatory cells and cytokines TGF𝛽1 and inversely related to atopic diseases in early childhood.8
In tandem, these associations correlated with increased maternal plasma and infant cord blood CRP, increased levels of IL-6, IL-7, MIP3𝛼, VEGF-A and TGF𝛽1 and decreased level of trigonelline in the infant cord blood of the eczema group. Emerging research suggests that systemic pro-inflammation during pregnancy skews the fetal immune maturation towards atopy and increases the propensity to develop allergic diseases in the offspring.9 
In conclusion, our findings provide preliminary yet novel evidence of a constellation of nutritional and molecular signatures identified during the prenatal period and at birth, and the plausible underlying biological mechanisms that predispose offspring to eczema in early life. A larger sample size might be required to validate the role of other nutrients beyond fiber and potassium which may also be associated with development of eczema. Nevertheless, these results may pave the way to design effective nutritional and dietary intervention enriched in fiber and potassium (plant-based food) during pregnancy to reduce the risk of eczema and its related disorders in the offspring.
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Figure 2: Final generalized structural equation model for associations between (A) maternal diet, (B) maternal plasma micronutrients/metabolites, (C) maternal immunity, (D) infant immunity and infant eczema outcome up to 36 months. Only significant paths and their estimates were shown in the model at P < 0.05. Green and red lines indicate the significant positive and negative associations respectively between variables. 
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