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1 Introduction

Over the past three decades, the epidemiology of allergic diseases has been interpreted 

through shifting conceptual frameworks, moving from the classic hygiene hypothesis to 

more complex ecological and developmental models of immune programming (1). 

Within this evolving landscape, parental age, a demographic factor frequently examined 

in studies of early-life determinants of health (2–4), has intermittently emerged as a 

potential determinant of childhood allergy risk, yet findings have been inconsistent 

across populations and time periods. The recent large prospective cohort study by 

Yamamoto-Hanada et al. (5) reporting an inverse association between advanced 

maternal age and early childhood allergic outcomes reopens this discussion and invites 

a more nuanced interpretation of what parental age truly represents in 

contemporary societies.

2 Interpreting the association

At first glance, the finding that older maternal age is associated with lower risk of 

certain allergic outcomes may appear counterintuitive, particularly in light of earlier 

studies suggesting either no association or even increased risk with advanced parental 

age (6). Notably, Zhang et al. (6), in a large cross-sectional study of 15,976 children in 

Shanghai, reported that parental age ≥25 years was associated with an increased risk of 

most childhood allergic diseases, with a stronger effect observed for paternal age. These 

findings contrast with those of Yamamoto-Hanada et al., highlighting important 

heterogeneity across populations. Several factors may account for these discrepancies. 

First, differences in study design may play a role, as Zhang et al. conducted a cross- 

sectional analysis, whereas Yamamoto-Hanada et al. used a prospective birth cohort, 

which may better capture temporal relationships and reduce recall bias. Second, the 

definition of “advanced” parental age differs substantially (≥25 years vs. ≥35 years), 

potentially re5ecting distinct biological and social contexts. Third, environmental and 

cultural differences between Chinese and Japanese populations, including lifestyle, 

pollution exposure, healthcare practices, and infant feeding behaviors, may in5uence 

both parental age patterns and allergy risk. Finally, variation in adjustment for 

confounding factors, such as socioeconomic status, parity, and breastfeeding practices, 

may further contribute to the observed divergence.
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The developmental origins of health and disease (DOHaD) 

paradigm have emphasized the critical importance of prenatal 

and early postnatal environments in shaping immune 

trajectories (7). During this window, immune maturation is 

highly sensitive to nutritional exposures, microbial encounters, 

barrier integrity, and in5ammatory signals. Maternal age may 

in5uence these exposures indirectly through differences in 

socioeconomic status, health literacy, healthcare engagement, 

and parenting practices. In many high-income settings, delayed 

parenthood is associated with higher educational attainment, 

more stable income, planned pregnancies, and earlier access to 

prenatal care. These factors may, in turn, shape infant feeding 

patterns, eczema management, vaccination uptake, and 

adherence to preventive guidelines (8, 9).

The Japanese context in which the cohort by Yamamoto- 

Hanada et al. (2) was conducted is particularly informative. 

Japan has one of the highest mean maternal ages at childbirth 

globally, currently exceeding 32 years (10). This re5ects a 

broader demographic trend toward delayed parenthood. At the 

same time, reported prevalence rates of several childhood 

allergic conditions remain comparatively lower than in parts of 

Asia and in Central and South America, where mean maternal 

age remains below 27 years (6, 11–13). It is notable that in 

several Central and South American countries, younger maternal 

age distributions coexist with relatively high prevalence of 

allergic rhinitis and other atopic conditions, as documented in 

ISAAC phase three and subsequent regional surveys (13–15). 

These geographic contrasts are directionally consistent with the 

inverse association reported in the Japanese cohort, suggesting 

that maternal age may index broader sociodemographic 

transitions rather than exerting a direct biological effect. 

Ecological comparisons must be interpreted cautiously due to 

heterogeneity in methodology, case definitions, diagnostic 

awareness, and environmental exposures. Therefore, such 

observations cannot be used to infer individual-level 

relationships between maternal age and allergic outcomes, and 

should be viewed as hypothesis-generating rather than 

confirmatory.

Historically, advanced parental age was often discussed within 

the framework of the hygiene hypothesis, first articulated by 

Strachan in 1989 (16). The hypothesis proposed that reduced 

exposure to infectious agents and siblings in early life increased 

susceptibility to allergic disease. Older parents were presumed 

more likely to adopt protective, sanitation-oriented child-rearing 

practices, limit microbial exposures, delay daycare entry, and 

maintain highly controlled domestic environments. Under that 

paradigm, one might have anticipated increased allergic risk 

among children of older parents.

However, the hygiene hypothesis has evolved substantially. 

What initially emerged as a unidimensional explanation 

centered on reduced microbial exposure has progressively 

transitioned into a multidimensional framework that integrates 

environmental, immunologic, epigenetic, and microbial 

determinants of immune development (17). Contemporary 

models increasingly rely on multi-omic approaches, including 

genomics, epigenomics, transcriptomics, metabolomics, and 

microbiomics, to characterize how early-life exposures shape 

immune trajectories in a systems-level manner (17). Rather than 

attributing allergic disease to simple “excess hygiene,” current 

evidence suggests that immune maturation re5ects complex 

interactions between host genetics, microbial ecology, epithelial 

barrier integrity, metabolic signaling, and environmental 

biodiversity (18, 19). Simultaneously, the preventive approach to 

food allergy has undergone a profound transformation. 

Landmark randomized trials such as LEAP and EAT 

demonstrated that early introduction of peanut and other 

allergenic foods can significantly reduce the development of 

food allergy in high-risk infants (20, 21). These findings 

prompted updated guidelines recommending early and sustained 

allergen exposure rather than delayed introduction (22). In 

parallel, increasing attention has been devoted to the role of 

skin-barrier integrity in preventing epicutaneous sensitization 

(23). Early emollient therapy and proactive eczema management 

have been proposed as strategies to reduce atopic dermatitis and 

possibly food sensitization, although results across trials have 

been mixed (24, 25). What is clear, however, is that 

contemporary allergy prevention no longer centers on avoidance 

but on strategic exposure and barrier support.

3 Discussion

Within this modern preventive framework, maternal age may 

correlate with differential uptake of updated recommendations. 

Older parents, on average, may have greater interaction with 

healthcare systems, higher exposure to public health messaging, 

and more opportunities to implement early allergen 

introduction, appropriate eczema management, and evidence- 

based feeding practices. The translation of trial evidence into 

real-world practice has not been uniform across populations (26, 

27). Health literacy, cultural norms, access to pediatric care, and 

trust in medical institutions all shape adoption of preventive 

strategies. Thus, maternal age may re5ect disparities in 

implementation rather than intrinsic immunobiological 

differences.

Breastfeeding provides an additional example of the 

complexity of mediating pathways. The association between 

breastfeeding and allergic outcomes remains heterogeneous and 

context-dependent (28). Zhang et al. (6) suggested that 

breastfeeding may modify the association between parental age 

and childhood allergic disease, underscoring the interconnected 

nature of early-life exposures. Advanced maternal age is 

frequently associated with higher breastfeeding initiation rates 

and longer duration in many high-income settings, potentially 

in5uencing immune development through microbiota 

modulation and immune-active components in breast milk.

Structural determinants must also be considered. Delayed 

parenthood is often linked to urban residence, smaller family 

size, and more stable housing conditions (29). These 

characteristics may in5uence indoor allergen exposure, air 

pollution burden, pet ownership, and access to green space. The 

relationship between urbanization and allergic disease is itself 

complex, shaped by environmental biodiversity, lifestyle factors, 

and socioeconomic gradients (30). Parental age is embedded 

within these broader societal patterns. From a biological 

standpoint, the mechanisms linking advanced parental age to 

offspring allergic risk remain incompletely understood, but 

several plausible pathways merit consideration. First, age-related 
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epigenetic modifications in both oocytes and sperm, particularly at 

imprinted loci, have been associated with altered placental 

development and function, which could in turn in5uence early 

immune programming (31). Second, maternal age has been 

linked to differences in vaginal and gut microbiota composition, 

potentially affecting neonatal microbial colonization and the 

maturation of the infant immune system (32, 33). Third, 

increasing maternal age may re5ect cumulative immunological 

experience, including a broader T-cell repertoire and more 

diverse transplacental IgG transfer, which could shape early-life 

immune responses and tolerance development (34).

These hypotheses are supported by a growing body of 

literature indicating that epigenetic mechanisms play a central 

role in mediating early-life environmental in5uences on allergic 

disease risk. DNA methylation changes at immune-regulatory 

loci, including IFNG, IL4, FOXP3, and GATA3, can in5uence 

Th1/Th2 balance and regulatory T-cell differentiation, key 

processes underlying allergic sensitization (35). In addition, 

microRNAs such as miR-155 and miR-21 have been implicated 

in modulating in5ammatory pathways and IgE responses, 

further linking epigenetic regulation to allergy development. 

These epigenetic signatures are particularly sensitive to 

environmental exposures during prenatal and early postnatal 

life. Consistently, Acevedo et al. highlight that perinatal 

exposures, including maternal diet (e.g., folate, vitamin D, and 

polyunsaturated fatty acids), as well as microbiome-derived 

metabolites such as short-chain fatty acids (butyrate, acetate, 

propionate), can induce epigenetic modifications in immune 

cells during critical developmental windows (36). These signals 

in5uence histone acetylation and DNA methylation patterns that 

regulate neonatal T-cell polarization, promote regulatory T-cell 

(Treg) function, and enhance immune tolerance, thereby 

reducing the risk of allergic sensitization. Moreover, microbial 

colonization at birth, shaped in part by maternal microbiota, 

further reinforces these epigenetic and immunological 

pathways (36).

In parallel, age-related epigenetic alterations in gametes 

provide an additional layer of biological plausibility. Advanced 

parental age was demonstrated to be associated with altered 

DNA methylation at imprinted genes such as H19, IGF2, and 

KCNQ1OT1, which are critical for placental growth and nutrient 

transfer (31). Dysregulation at these loci may affect placental 

endocrine and barrier functions, thereby modifying the 

intrauterine environment and in5uencing fetal immune 

programming. Such changes could plausibly impact early 

immune trajectories, although direct links with reduced allergic 

risk remain to be established.

At present, however, direct evidence connecting these 

biological processes to a reduced risk of allergic outcomes is 

limited and not always consistent. Rather than supporting a 

single mechanistic explanation, the available data suggest that 

parental age may act as a proxy for a constellation of biological 

and environmental in5uences operating during critical windows 

of immune development. The prospective design and 

standardized outcome assessment in the Japanese cohort 

strengthen internal validity (5). Nevertheless, residual 

confounding by socioeconomic status, parental atopy, daycare 

attendance, sibling number, and environmental exposures 

cannot be fully excluded. Parental atopy in particular is a strong 

predictor of offspring allergic risk and may correlate with 

reproductive timing. Without detailed mediation analyses, 

distinguishing direct biological effects from correlated behavioral 

and environmental pathways remains challenging.

While this discussion has focused on maternal age, paternal 

age may also independently in5uence offspring allergy risk 

through sperm epigenetic changes and de novo mutations. In 

addition, paternal age may capture distinct socioeconomic and 

environmental factors (31, 35). Notably, in the Shanghai cohort, 

paternal age showed a stronger association with allergic 

outcomes than maternal age (6).

In addition to confounding, the possibility of reverse causation 

or selection bias should also be considered. Women with allergic 

disease may experience delayed childbearing due to disease 

burden, treatment, or related lifestyle factors, potentially linking 

maternal atopy to both age at delivery and offspring allergy risk. 

This could partially contribute to the observed associations and 

complicate causal interpretation.

From a public health perspective, parental age itself is not a 

modifiable intervention target for allergy prevention. Parental 

age at the time of a child’s birth is primarily a demographic 

characteristic re5ecting reproductive timing and broader social 

circumstances rather than a factor that can be directly modified 

through preventive health interventions. Framing advanced 

maternal age as protective risks misinterpretation and could 

inadvertently reinforce inequities affecting younger parents. 

Instead, the actionable message lies in identifying and 

disseminating the protective behaviors and healthcare 

interactions that maternal age may proxy. Ensuring equitable 

access to early allergen introduction guidance, culturally 

appropriate feeding counseling, proactive eczema care, 

breastfeeding support, and pediatric follow-up is essential. The 

first 1,000 days of life remain a critical window for immune 

education and long-term allergic trajectories (37). During this 

period, coordinated policies supporting parental leave, 

healthcare accessibility, health education, and socioeconomic 

stability may exert far greater in5uence on allergic outcomes 

than parental age per se. If older parents are currently more 

likely to implement contemporary prevention strategies, closing 

that gap across age groups should be a priority. The conceptual 

framework summarizing the proposed pathways linking parental 

age to childhood allergic outcomes is illustrated in Figure 1.

Parental age is represented as a central factor in5uencing 

childhood allergic outcomes through three interconnected 

pathways: (1) behavioural factors, including early allergen 

introduction, breastfeeding, and preventive care; (2) 

socioeconomic and environmental conditions, such as 

education, housing stability, and exposure patterns; and (3) 

biological mechanisms, including epigenetic modifications, 

microbiota development, and transplacental immune transfer. 

These pathways converge on early-life immune development, 

shaping susceptibility to allergic diseases.

In summary, the inverse association between advanced 

maternal age and early childhood allergic outcomes reported by 

Yamamoto-Hanada et al. (5) contributes valuable evidence to an 

evolving field. Rather than viewing maternal age as a direct 

biological determinant, it may be more appropriate to interpret 

it as an integrative marker of socioeconomic position, healthcare 

engagement, and adherence to modern preventive practices. 
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Geographic contrasts, historical shifts in allergy paradigms, and 

mediation through early-life behaviors all support this 

interpretation. Future research should prioritize mechanistic 

mediation analyses and cross-cultural comparisons to 

disentangle biological from contextual pathways. Ultimately, 

advancing allergy prevention will depend not on demographic 

characteristics but on equitable implementation of evidence- 

based strategies that support optimal immune development for 

all children.

Author contributions

CI: Conceptualization, Writing – original draft. AK: 

Conceptualization, Writing – original draft. CG: Writing – 

review & editing. GD: Writing – review & editing. SC: 

Writing – review & editing, Data curation. MMdG: Supervision, 

Writing – review & editing.

Funding

The author(s) declared that financial support was not received 

for this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential con5ict of interest.

The author MMdG declared that they were an editorial board 

member of Frontiers, at the time of submission. This had no 

impact on the peer review process and the final decision.

Generative AI statement

The author(s) declared that generative AI was not used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or 

claim that may be made by its manufacturer, is not guaranteed 

or endorsed by the publisher.

References

1. Lambrecht B, Hammad H. The immunology of the allergy epidemic and the 
hygiene hypothesis. Nat Immunol. (2017) 18:1076–83. doi: 10.1038/ni.3829

2. Jadva V, Lysons J, Imrie S, Golombok S. An exploration of parental age in relation 
to parents’ psychological health, child adjustment and experiences of being an older 
parent in families formed through egg donation. Reprod Biomed Online. (2022) 
45(2):401–9. doi: 10.1016/j.rbmo.2022.03.029

3. Boivin J, Rice F, Hay D, Harold G, Lewis A, van den Bree MM. Associations 
between maternal older age, family environment and parent and child wellbeing in 
families using assisted reproductive techniques to conceive. Soc Sci Med. (2009) 68 
(11):1948–55. doi: 10.1016/j.socscimed.2009.02.036

4. Goisis A. Maternal age at first birth and parental support: evidence from the UK 
millennium cohort study. Popul Res Policy Rev. (2023) 42:75. doi: 10.1007/s11113- 
023-09818-7

5. Yamamoto-Hanada K, Harama D, Sato M, Miyaji Y, Sakamoto K, Nishizato M. 
Parental age and childhood allergy risk. JAMA Netw Open. (2026) 9(1):e2554694. 
doi: 10.1001/jamanetworkopen.2025.54694

6. Zhang Y, Lu R, Chen Y, Lyu J, Li R, Kang W, et al. The association of parental age 
at delivery with childhood allergic disease and the modified effect of breastfeeding. 
Pediatr Allergy Immunol. (2025) 36(1):e70025. doi: 10.1111/pai.70025

7. Lacagnina S. The developmental origins of health and disease (DOHaD). Am 
J Lifestyle Med. (2019) 14(1):47–50. doi: 10.1177/1559827619879694

8. Cooper S, Schmidt BM, Sambala EZ, Swartz A, Colvin CJ, Leon N, et al. Factors 
that in5uence parents’ and informal caregivers’ views and practices regarding 
routine childhood vaccination: a qualitative evidence synthesis. Cochrane 
Database Syst Rev. (2021) 10(10):CD013265. doi: 10.1002/14651858.CD013265. 
pub2

FIGURE 1 

Conceptual framework of parental age as a marker or mechanism in 

childhood allergy risk.

Indolfi et al.                                                                                                                                                             10.3389/falgy.2026.1825315

Frontiers in Allergy 04 frontiersin.org

https://doi.org/10.1038/ni.3829
https://doi.org/10.1016/j.rbmo.2022.03.029
https://doi.org/10.1016/j.socscimed.2009.02.036
https://doi.org/10.1007/s11113-023-09818-7
https://doi.org/10.1007/s11113-023-09818-7
https://doi.org/10.1001/jamanetworkopen.2025.54694
https://doi.org/10.1111/pai.70025
https://doi.org/10.1177/1559827619879694
https://doi.org/10.1002/14651858.CD013265.pub2
https://doi.org/10.1002/14651858.CD013265.pub2
https://doi.org/10.3389/falgy.2026.1825315
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/


9. He Y, Wu J, Huang X, Zhang Q, Yao X, Yu Y, et al. Associations between parental 
protective motivation, behaviors, and child outcomes in allergic diseases: a cross- 
sectional study based on protection motivation theory. BMC Public Health. (2025) 
25(1):3451. doi: 10.1186/s12889-025-24580-5

10. OECD. Society at a Glance 2024: OECD Social Indicators. Paris: OECD 
Publishing. (2024). doi: 10.1787/918d8db3-en

11. Arasi S, Morais-Almeida M, Martin BL, Wing-Kin Wong G, Ansotegui IJ, 
Ebisawa M, et al. Food allergy severity across the world: a world allergy 
organization international survey. World Allergy Organ J. (2025) 18(11):101123. 
doi: 10.1016/j.waojou.2025.101123

12. Galletta F, Klain A, Manti S, Mori F, Grella C, Tomei L, et al. Parental knowledge 
and preventive strategies in pediatric IgE-mediated food allergy-results from a cross- 
sectional survey. Nutrients. (2025) 17(15):2387. doi: 10.3390/nu17152387

13. Solé D, Mallol J, Camelo-Nunes IC, Wandalsen GF; Latin American ISAAC Study 
Group. Prevalence of rhinitis-related symptoms in Latin American children—ISAAC 
phase three. Pediatr Allergy Immunol. (2010) 21:e127–36. doi: 10.1111/j.1399-3038. 
2009.00947.x

14. Sole D, Ivancevich JC, Borges MS, Coelho MA, Rosario NA, Ardusso LR, et al. 
Anaphylaxis in Latin America: a report of the online Latin American survey on 
anaphylaxis (OLASA). Clinics (Sao Paulo). (2011) 66(6):943–7. doi: 10.1590/s1807- 
59322011000600004

15. Solé D, Ivancevich JC, Borges MS, Coelho MA, Rosário NA, Ardusso L, et al. 
Anaphylaxis in Latin American children and adolescents: the online Latin 
American survey on anaphylaxis (OLASA). Allergol Immunopathol (Madr). (2012) 
40(6):331–5. doi: 10.1016/j.aller.2011.09.008

16. Strachan DP. Hay fever, hygiene, and household size. Br Med J. (1989) 
299(6710):1259–60. doi: 10.1136/bmj.299.6710.1259

17. Bloomfield SF, Rook GA, Scott EA, Shanahan F, Stanwell-Smith R, Turner P. 
Time to abandon the hygiene hypothesis: new perspectives on allergic disease, 
the human microbiome, infectious disease prevention and the role of targeted 
hygiene. Perspect Public Health. (2016) 136(4):213–24. doi: 10.1177/ 
1757913916650225

18. Pfefferle PI, Keber CU, Cohen RM, Garn H. The hygiene hypothesis—learning 
from but not living in the past. Front Immunol. (2021) 12:635935. doi: 10.3389/ 
fimmu.2021.635935

19. Indolfi C, D’Addio E, Bencivenga CL, Rivetti G, Bettini I, Licari A, et al. The 
primary prevention of atopy: does early exposure to cats and dogs prevent the 
development of allergy and asthma in children? A Comprehensive Analysis of the 
Literature. Life (Basel). (2023) 13(9):1859. doi: 10.3390/life13091859

20. Du Toit G, Roberts G, Sayre PH, Bahnson HT, Radulovic S, Santos AF, et al. 
Randomized trial of peanut consumption in infants at risk for peanut allergy. N 
Engl J Med. (2015) 372(9):803–13. doi: 10.1056/NEJMoa1414850

21. Perkin MR, Logan K, Tseng A, Raji B, Ayis S, Peacock J, et al. Randomized trial of 
Introduction of allergenic foods in breast-fed infants. N Engl J Med. (2016) 374 
(18):1733–43. doi: 10.1056/NEJMoa1514210

22. Togias A, Cooper SF, Acebal ML, Assa’ad A, Baker JR Jr, Beck LA, et al. 
Addendum guidelines for the prevention of peanut allergy in the United States: 
report of the national institute of allergy and infectious diseases-sponsored expert 
panel. J Allergy Clin Immunol. (2017) 139(1):29–44. doi: 10.1016/j.jaci.2016.10.010

23. Maiello N, Giannetti A, Ricci G, Cinicola B, Carello R, Indolfi C, et al. Atopic 
dermatitis and atopic march: which link? Acta Biomed. (2021) 92(S7):e2021525. 
doi: 10.23750/abm.v92iS7.12430

24. Brough HA, Lanser BJ, Sindher SB, Teng JMC, Leung DYM, Venter C, et al. Early 
intervention and prevention of allergic diseases. Allergy. (2022) 77(2):416–41. doi: 10. 
1111/all.15006

25. Simpson EL, Chalmers JR, Hanifin JM, Thomas KS, Cork MJ, McLean WH, et al. 
Emollient enhancement of the skin barrier from birth offers effective atopic 
dermatitis prevention. J Allergy Clin Immunol. (2014) 134(4):818–23. doi: 10.1016/ 
j.jaci.2014.08.005

26. Shen W, Welch P, Lee H, Parrott J. Navigating early allergenic food introduction: 
practices and barriers among parents and caregivers. Pediatr Allergy Immunol. (2025) 
36(11):e70250. doi: 10.1111/pai.70250

27. Manti S, Galletta F, Bencivenga CL, Bettini I, Klain A, D’Addio E, et al. Food 
allergy risk: a comprehensive review of maternal interventions for food allergy 
prevention. Nutrients. (2024) 16(7):1087. doi: 10.3390/nu16071087

28. Lodge CJ, Tan DJ, Lau MX, Dai X, Tham R, Lowe AJ, et al. Breastfeeding and 
asthma and allergies: a systematic review and meta-analysis. Acta Paediatr. (2015) 
104(467):38–53. doi: 10.1111/apa.13132

29. Safdari-Dehcheshmeh F, Noroozi M, Taleghani F, Memar S. Factors in5uencing 
the delay in childbearing: a narrative review. Iran J Nurs Midwifery Res. (2023) 
28(1):10–9. doi: 10.4103/ijnmr.ijnmr_65_22

30. Kanannejad Z, Taylor WR, Mohkam M, Ghatee MA. Urban lifestyle and climate- 
driven environmental exposures: immunological consequences for pediatric 
respiratory allergies. Immun In6amm Dis. (2025) 13(8):e70248. doi: 10.1002/iid3. 
70248

31. Denomme MM, Parks JC, McCallie BR, McCubbin NI, Schoolcraft WB, 
Katz-Jaffe MG. Advanced paternal age directly impacts mouse embryonic 
placental imprinting. PLoS One. (2020) 15(3):e0229904. doi: 10.1371/journal.pone. 
0229904

32. Suárez-Martínez C, Santaella-Pascual M, Yagüe-Guirao G, Martínez-Graciá C. 
Infant gut microbiota colonization: in5uence of prenatal and postnatal factors, 
focusing on diet. Front Microbiol. (2023) 14:1236254. doi: 10.3389/fmicb.2023. 
1236254

33. Al Jehani AN, Shuaib M, Alsharif A, Alsubaie KA, Khraisat A, Alsharif A, et al. 
Impact of maternal microbiota composition on neonatal immunity and early 
childhood allergies: a systematic review. Pediatr Rep. (2025) 17(3):67. doi: 10.3390/ 
pediatric17030067

34. Fouda GG, Martinez DR, Swamy GK, Permar SR. The impact of IgG 
transplacental transfer on early life immunity. Immunohorizons. (2018) 2(1):14–25. 
doi: 10.4049/immunohorizons.1700057

35. Tost J. A translational perspective on epigenetics in allergic diseases. J Allergy Clin 
Immunol. (2018) 142(3):715–26. doi: 10.1016/j.jaci.2018.07.009

36. Acevedo N, Alashkar Alhamwe B, Caraballo L, Ding M, Ferrante A, Garn H, et al. 
Perinatal and early-life nutrition, epigenetics, and allergy. Nutrients. (2021) 13(3):724. 
doi: 10.3390/nu13030724

37. Jain N. The early life education of the immune system: moms, microbes and 
(missed) opportunities. Gut Microbes. (2020) 12(1):1824564. doi: 10.1080/19490976. 
2020.1824564

Indolfi et al.                                                                                                                                                             10.3389/falgy.2026.1825315

Frontiers in Allergy 05 frontiersin.org

https://doi.org/10.1186/s12889-025-24580-5
https://doi.org/10.1787/918d8db3-en
https://doi.org/10.1016/j.waojou.2025.101123
https://doi.org/10.3390/nu17152387
https://doi.org/10.1111/j.1399-3038.2009.00947.x
https://doi.org/10.1111/j.1399-3038.2009.00947.x
https://doi.org/10.1590/s1807-59322011000600004
https://doi.org/10.1590/s1807-59322011000600004
https://doi.org/10.1016/j.aller.2011.09.008
https://doi.org/10.1136/bmj.299.6710.1259
https://doi.org/10.1177/1757913916650225
https://doi.org/10.1177/1757913916650225
https://doi.org/10.3389/fimmu.2021.635935
https://doi.org/10.3389/fimmu.2021.635935
https://doi.org/10.3390/life13091859
https://doi.org/10.1056/NEJMoa1414850
https://doi.org/10.1056/NEJMoa1514210
https://doi.org/10.1016/j.jaci.2016.10.010
https://doi.org/10.23750/abm.v92iS7.12430
https://doi.org/10.1111/all.15006
https://doi.org/10.1111/all.15006
https://doi.org/10.1016/j.jaci.2014.08.005
https://doi.org/10.1016/j.jaci.2014.08.005
https://doi.org/10.1111/pai.70250
https://doi.org/10.3390/nu16071087
https://doi.org/10.1111/apa.13132
https://doi.org/10.4103/ijnmr.ijnmr_65_22
https://doi.org/10.1002/iid3.70248
https://doi.org/10.1002/iid3.70248
https://doi.org/10.1371/journal.pone.0229904
https://doi.org/10.1371/journal.pone.0229904
https://doi.org/10.3389/fmicb.2023.1236254
https://doi.org/10.3389/fmicb.2023.1236254
https://doi.org/10.3390/pediatric17030067
https://doi.org/10.3390/pediatric17030067
https://doi.org/10.4049/immunohorizons.1700057
https://doi.org/10.1016/j.jaci.2018.07.009
https://doi.org/10.3390/nu13030724
https://doi.org/10.1080/19490976.2020.1824564
https://doi.org/10.1080/19490976.2020.1824564
https://doi.org/10.3389/falgy.2026.1825315
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/

	Advanced maternal age and childhood allergy: marker or mechanism?
	Introduction
	Interpreting the association
	Discussion
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


