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Abstract

:

This study investigated whether the introduction of allergenic foods in infancy is associated with atopic dermatitis (AD) in early childhood. Information regarding parental allergic histories, the introduction of six possible allergenic foods (fruits, egg white, egg yolk, fish, shellfish, and peanuts), and physician-diagnosed AD was obtained using age-specific questionnaires (0–2 years). Immunoglobulin E, specific to 20 food allergens, was also quantified at 12 months of age. Logistic regression analyses were used to determine the association between individual food introduction and the outcomes of food sensitization and AD. We found AD development by 2 years of age was significantly related to a parental history of allergy (adjusted odds ratio (aOR) = 1.29) and not being introduced to egg white and yolk during infancy (aORs = 2.27 and 1.97, respectively). Stratified analyses revealed that the introduction of both egg white and yolk was negatively associated with AD by 2 years of age, especially for those children where both parents had allergic diseases (aOR = 0.10). In summary, the introduction of egg white and yolk to an infant’s diet may be a modifiable factor in reducing the risk of physician-diagnosed AD by 2 years of age, which may be particularly important for infants where both parents have allergies.
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1. Introduction


Atopic dermatitis (AD) is often the first manifestation of atopy in early childhood and is highly associated with food sensitization and food allergies [1,2]. Young children with AD frequently show sensitization to eggs, milk, or peanuts [2]. Recently, there has been increasing evidence that exposure to food allergens in the environment causes sensitization and food allergies through the disruption of the skin barrier [3,4,5], causing T-cell deviation toward a Th2 response. Meanwhile, early oral exposure may cause T-cell deviation toward the tolerogenic Th1 and T regulatory subtypes through the process of oral tolerance [3]. Clinical studies have also reported that there is no relationship between the age at complementary food introduction and the risk of developing food allergy and AD [6,7], whereas delayed exposure to allergenic foods may increase the likelihood of developing allergies [8,9]. Currently, international guidelines recommend that complementary foods, including allergenic ones, should be introduced to infant diets at around 4–6 months, regardless of whether the infants are at risk of allergies [8,10,11,12]. Among allergenic foods, growing evidence indicates that the introduction of eggs and peanuts to infant diets tends to reduce the incidence of egg allergy and peanut allergy, respectively [7,8,13]. Nevertheless, studies have reported inconsistent results regarding the allergy preventive effects of egg or peanut consumption and AD development later in life [7,13].



Cultural traditions and environmental factors may influence the type of infant food or complementary feeding process [14,15]. Compared to many Western countries, food allergies are less prevalent in Asia [15]. Previous studies have also demonstrated that the types of food allergy and sensitization differ in order of relevance in Eastern populations, comparable to those reported in Western populations [15,16,17]. To date, limited studies have evaluated the relationship between the introduction of allergenic foods and the risk of developing food sensitization and AD in Asian children [7,13].



In this prospective cohort study, we aimed to compare the infant feeding practices between children with AD and healthy controls and assessed whether parental allergic histories influenced their dietary choice. We also examined whether the introduction of allergenic foods by the age of 1 year is associated with immunoglobulin E (IgE)-mediated food sensitization at 12 months of age and the occurrence of AD by the age of 2 years between children with and without parental allergic histories.




2. Materials and Methods


2.1. Study Participants


A total of 896 children who were delivered at Chang Gung Memorial Hospital, Keelung, Taiwan, between March 2012 and April 2017 were enrolled in the Prediction of Allergies in Taiwanese Children cohort study after obtaining written informed consent from their parents soon after birth [18,19]. To avoid potential confounding factors, 52 infants who dropped out during the 2-year follow-up period; 128 infants who did not regularly return for follow-up visits to the clinic or whose parents did not complete the detailed dietary questionnaires; and 73 infants who had a gestational age of <35 weeks, any perinatal insult, or a major congenital anomaly, were excluded. Furthermore, 57 AD children had relapsing skin rashes before the age of 6 months, and 85 children who never had AD but had allergic rhinitis or asthma diagnosed at the age of 2 years (allergic rhinitis, 73; asthma, 21) were excluded from the analysis. Finally, 501 infants were included. This study was approved by the Ethics Committee of Chang Gung Memory Hospital (202102580B0A3, 201901820A3, 103-6519A3, 100-0225B)




2.2. Questionnaires


All the participants returned regularly for follow-up clinic visits and were checked by pediatricians for general health and atopic manifestations at 2, 4, 6, 12, 18, and 24 months of age [18,19]. Children were diagnosed with AD if they presented with relapsing itchy skin rashes on the face and/or extensors in infancy or on the flexors (e.g., elbows, wrists, and back of knees) and/or creases in the toddler years. After the evaluation, age-specific questionnaires were administered to the parents. Detailed information regarding demographic data; parental allergic history; environmental risk factors; relapsing skin rashes; physician-diagnosed atopic manifestations; current feeding regimens (e.g., human milk, infant formula, or mixed); timing of the introduction of solid foods; and potentially allergenic foods introduced into their diet, such as (1) cereals, (2) meat, (3) fruits, (4) egg white, (5) egg yolk, (6) fish, (7) shellfish, and (8) peanuts were collected prospectively.




2.3. Determination of Serum Allergen-Specific IgE


Blood samples (3–5 mL) were collected from each subject at 12 months of age. Allergen-specific IgE was determined in 310 participants using an automated microfluidic-based multiplexed immunoassay system (BioIC Allergen-specific IgE Detection Kit-AD40 Panel; Agnitio Science and Technology, Hsinchu, Taiwan) [18]. Twenty food allergens, including cow’s milk, goat’s milk, egg white, egg yolk, crab, shrimp, codfish, salmon, blue mussel, soybean, wheat, potato, peanut, almond, garlic, cheese, baker’s yeast, kiwi, tomato, and carrot, were screened. Those participants who were sensitized to one or more food allergens as determined by BioIC (class score 1–6) at the age of 1 year, were defined as having food sensitization.




2.4. Definitions Used in the Study


Children who developed atopic dermatitis by 2 years of age (AD children): Children who had relapsing skin rashes that had been confirmed as AD by a physician by the age of 2.



Non-allergic children: Children who had not been confirmed to have allergic diseases, such as AD, allergic rhinitis, or asthma, and no chronic medical illness at the age of two years.



Parental allergic history: Either one or both parents who self-reported having a physician-confirmed allergic disease, such as asthma, rhinoconjunctivitis, eczema, urticaria, or food allergies.




2.5. Statistical Analysis


The demographic data of the children were collected via questionnaires and analyzed. The numerical variables were presented as mean ± standard deviation or as frequencies and percentages. The associations between the categorical variables were assessed using the chi-square test. The continuous variables such as exclusive breastfeeding duration, age at solid food introduction, and allergic food diversity at 6 and 12 months of age, were analyzed using a one-way analysis of variance.



Univariate and multivariate logistic regression analyses were used to examine whether exposure to infant formula, egg white, egg yolk, and peanuts (or nuts) in the first year of life was associated with IgE sensitization to any food or specific food in the BioIC test at 12 months of age. The following factors were considered as potential confounding variables that may contribute to the development of an allergy or be associated with infant feeding practices: gestational age ≤ 36 weeks; maternal and paternal allergy histories; maternal education; number of siblings; duration of exclusive breastfeeding; age at solid food introduction; allergenic food introduction (fruits, egg white, egg yolk, fish, shellfish, and peanuts); and any antipyretics or probiotic exposure during the first year of life. Odds ratios (ORs) and adjusted ORs (aORs) with 95% confidence intervals (CIs) are reported. The statistical significance of the regression analysis was set at p < 0.05. For each significant result in the regression analysis, the Bonferroni method was applied to correct the significance level of multiple comparisons (infant formula, egg white, egg yolk, and peanuts). A corrected p-value < 0.0125 was considered significant.



Logistic regression analyses were also performed for the AD outcomes. A univariate analysis was used to determine the relationships between allergenic food introduction, clinical variables, and physician-diagnosed AD by 2 years of age. The variables associated with physician-diagnosed AD by 2 years of age (p < 0.05) were entered into the multivariate logistic regression model to investigate the independent variables related to physician-confirmed AD by 2 years of age. Next, a stratified analysis regarding the parental history of allergy was performed to examine whether the association between egg introduction and AD varied with different genetic risks for allergy. The Bonferroni correction was additionally performed because the comparisons were multiple (both, one, or none of the parents with allergic histories). A corrected p-value < 0.017 was considered significant. Statistical analyses were performed using the SPSS software (version 26.0; IBM Corp., Armonk, NY, USA). The statistical significance was set at p < 0.05.





3. Results


3.1. Baseline Characteristics


A total of 501 children were included in the study. By the age of 2 years, 146 (29.1%) children had physician-diagnosed AD, and 309 (61.7%) children had a parental allergic history. The participants’ demographic characteristics are shown in Table 1. There were no significant differences in sex, delivery mode, maternal education, parental allergic history, and environmental risk factors between the children who developed AD and those who did not by 2 years of age.



Allergen-specific IgE tests were performed in 310 (61.8%) infants at 12 months of age. Sensitization to peanuts was observed in 13.5% of the infants, egg yolk in 12.3%, cow’s milk in 10.6%, egg white in 9.7%, cheese in 5.5%, salmon in 5.5%, garlic in 5.4%, shrimp in 3.4%, wheat in 3.4%, soybean in 3.4%, potato in 3.4%, goat’s milk in 3.1%, codfish in 3.1%, almond in 2.8%, crab in 2.1%, kiwi in 0.6%, baker’s yeast in 0.3%, and blue mussel, carrot, or tomato in 0% of the infants. The number of children who were IgE-sensitized to at least one food allergen was higher in the AD than in the non-allergic group (47.5% vs. 22.7%, p < 0.001) (Table 1).



The examination of infant feeding practices revealed a high variation in exclusive breastfeeding duration (mean: 4.00 ± 4.82 months). Although 86.7% of participants started eating solid foods between 4 and 5 months of age (mean: 4.46 ± 0.76 months), the timing of allergenic food introduction was variable. By the age of 1 year, the following had not been introduced to the infants: peanuts (n = 415, 82.8%), shellfish (n = 382, 76.2%), egg white (n = 165, 32.9%), egg yolk (n = 88, 17.6%), fish (n = 42, 8.4%), and fruits (n = 10, 2.0%).




3.2. Intergroup Comparison of Allergenic Foods Introduction


We observed a significant difference in the timing of egg white and egg yolk introduction between the children who developed AD and those who did not by 2 years of age (p = 0.001 and 0.006, respectively) (Table 1). In contrast, there was no significant difference in the exclusive breastfeeding duration, the timing of fruit, fish, shellfish, or peanut introduction, and the allergenic food diversity during the first year between AD and non-allergic children (Table 1).



Additionally, we found that the participants who had both parents with allergic histories had been introduced to fewer allergenic food items in their diets compared with those who had one or no parent with an allergic history (3.52 ± 1.27 items vs. 3.82 ± 1.23 items vs. 3.90 ± 1.21 items, p = 0.039). The examination of the timing of egg white and yolk introduction showed that allergic parents tended to delay the introduction of egg white into infant diets, whereas the timing of egg yolk introduction was similar between allergic and non-allergic parents (egg white introduction by the age of 12 months: 63.7% vs. 72.3%, p = 0.057; egg yolk introduction by the age of 12 months: 83.4% vs. 80.9%, p = 0.542). Furthermore, 95 of 310 (30.6%) participants with IgE-sensitization to at least one food allergen tended to have a longer exclusive breastfeeding duration (5.39 ± 5.16 months vs. 3.83 ± 4.70 months, p = 0.014), a later introduction of solid foods (4.62 ± 0.82 months vs. 4.42 ± 0.71 months, p = 0.032), and less allergenic food diversity by the age of 1 year (3.51 ± 1.22 items vs. 3.87 ± 1.18 months, p = 0.024).




3.3. Association between the Introduction of Allergenic Foods and Food Sensitization


The results of the unadjusted and adjusted analyses are shown in Table 2. Our data revealed that when compared to the reference group, infants below the age of 6 months who received any formula milk (mixed or exclusive) and were introduced to egg white, egg yolk, and peanuts from the age of 6–12 months had a decreased likelihood of developing any food (OR = 0.45–0.65) or specific food sensitization (OR = 0.19–0.65) (Table 2). Among these, the participants who were given egg whites during the first year of life were observed to have a significantly decreased risk of food sensitization (OR (95% CI) = 0.45 (0.26–0.76), p = 0.003; Bonferroni-corrected p < 0.0125), specifically egg white sensitization (0.19 (0.08–0.45), p < 0.001; Bonferroni-corrected p < 0.0125) at 12 months of age. In addition, the prevalence of cow’s milk sensitization was significantly decreased in infants who received any formula milk at <6 months of age (0.27 (0.11–0.69), p = 0.006; Bonferroni-corrected p < 0.0125).



In the multivariable analyses, a similar effect was observed in the egg white introduction group in that the sensitization to any food or specific food was decreased after adjusting for potential confounding factors (aOR (95% CI) = 0.45 (0.23–0.89), p = 0.022 and (0.18 (0.06–0.51), p = 0.001, respectively). Nonetheless, this effect was not seen in the infants given early formula feeding (aOR (95% CI) = 1.68 (0.40–7.02) and 1.58 (0.25–10.16), p > 0.05) (Table 2). After Bonferroni’s adjustment, compared with the infants not introduced to egg white, the infants with egg white introduction showed a lower risk of egg white sensitization (corrected p < 0.0125) but did not significantly differ in terms of any food sensitization (corrected p > 0.0125).




3.4. Identification of Independent Variables Related to Physician-Confirmed Atopic Dermatitis by 2 Years of Age


As shown in Table 3, a univariate analysis was first used to determine the relationships between the introduction of allergenic foods, clinical variables, and physician-diagnosed AD by 2-years-of-age. Our data revealed that a parental history of allergy and any antipyretics exposure during the first year after birth were positively associated (OR = 1.40 and 1.53, respectively), whereas egg white and yolk introduction (OR = 0.58 and 0.55, respectively) ≤12 months old were inversely associated with physician-diagnosed AD by the age of 2 years (p < 0.05). Although not significant, a trend suggested that exposure to a diversity of allergenic foods by the age of 12 months may reduce the risk of AD (OR = 0.87, p = 0.076). Next, the variables associated with physician-diagnosed AD by 2 years of age with values of p < 0.05 were entered into the multivariable logistic regression model to investigate the independent variables related to physician-confirmed AD by 2 years of age. In the results, egg white (aOR (95% CI) = 0.44 (0.24–0.82)) and egg yolk introduction (0.51 (0.27–0.97)) by the age of 12 months and a parental history of allergy (1.31 [1.01–1.70]) were significantly associated with AD by 2 years-of age (p < 0.05) (Table 3).




3.5. Association between Egg White and Yolk Introduction and Physician-Confirmed AD by 2 Years of Age with Regard to Parental History of Allergy


Next, a stratified analysis regarding the parental history of allergy was performed to examine whether the association between egg introduction and AD varied with different genetic risks for allergy. Our data (Table 4) revealed that when compared with infants not introduced to eggs, infants who had been introduced to an entire egg (egg white and yolk) showed a negative association with physician-diagnosed AD by the age of 2 years, regardless of the parents’ allergic disease status (ORs = 0.34–0.65). These results were similar when adjusting for the potential confounding variables (aOR= 0.10–0.42), and the correlation was statistically significant among those children who had a history of allergy in both parents (aOR (95% CI) = 0.10 (0.02–0.59), p = 0.011) (Table 4). The result remained significant via the Bonferroni correction (corrected p < 0.017).



For children who had both or either one of their parents with allergic histories, the introduction of either egg white or yolk may reduce the risk of physician-diagnosed AD by the age of 2 years. However, both the unadjusted and adjusted analyses showed there was no significant difference between the study groups of egg white or yolk introduction and egg avoidance (ORs = 0.78 and 0.69; adjusted ORs= 0.72 and 0.82, p > 0.05) (Table 4).





4. Discussion


The results from this prospective birth cohort study found that infants who had never been introduced to egg whites or yolks during the first year of life and whose parents had allergic diseases were more likely to develop physician-diagnosed AD by 2 years of age. Consequently, stratified analyses revealed that the introduction of both egg whites and yolks was negatively associated with AD by the age of 2 years when compared with the egg avoidance group, regardless of infant risk. The preventive effect of introduction to egg white and yolk was more apparent among those children where both parents had an allergic history. Taken together, our results suggest that egg white and yolk introduction may have immunomodulatory effects relevant to AD development in early childhood, which may be particularly important for infants where both parents have allergies.



Atopic dermatitis is a complex disease that may be triggered by environmental factors in genetically susceptible individuals [20]. Recently, accumulating evidence has suggested that the initiation of sensitization to allergens, including foods, occurs through a skin barrier impairment. An immune dysfunction is thought to exacerbate skin inflammation and form a vicious cycle [3,4,5]. Early nutrition influences immunological responses in the infant gut [21]. Our findings are consistent with the dual-allergen exposure hypothesis [3] that early exposure to food allergens may promote the maturation of the mucosal immune system, thereby inducing an immune tolerance network [21], which may reduce the inflammatory cascade of events that result in epicutaneous allergen sensitization and AD development in early childhood.



In the past decade, several studies have demonstrated the induction of oral tolerance to allergenic foods in high-risk children [13,22]. For example, Palmer et al. reported that regular oral egg exposure from 4 to 8 months of age in infants with eczema can achieve the induction of immune tolerance pathways and a reduction in egg allergy incidence [23]. According to the enquiring about tolerance (EAT) study, introducing six allergenic foods to the diets of infants after 6 months of age among those with a sensitization to eggs at enrolment would lessen the incidence of egg allergy [24]. Regarding the timing of egg exposure for infants at high risk of developing an allergy, our results showed that the introduction of egg whites and yolks between 4 and 12 months of age was linked to a lower risk of physician-diagnosed AD by the age of 2 years. As only a few infants had been introduced to egg white (4.6%) or egg yolk (27.1%) before 6 months of age, the optimal timing for egg exposure to prevent AD remains inconclusive in our study. Similar to our findings, some studies have reported that introducing eggs at the age of 4 months is associated with a lower risk of egg sensitization and egg allergy [13,22,23,25,26], or indicated that delaying the introduction of eggs does not seem to be beneficial for AD [27,28,29]. Nonetheless, other studies considered that there is insufficient evidence to determine the relationship between the timing of egg introduction and AD [7,13,30]. The controversial results may be explained by the differences in races, cultural practices of infant feeding, and heterogeneity between the studies, including the risk characteristics of the study population and varied diagnostic methods and follow-up periods for AD [6,7,13,30]. Furthermore, scientific evidence has shown that the changes in specific IgE to egg white protein, rather than egg yolk protein, can be useful biomarkers for predicting persistent and subsequent tolerant egg-allergic children [31,32], implying that egg white and yolk have different allergenic properties [16]. Clinical trials have often examined egg protein exposure in various ways (e.g., pasteurized (raw)) egg white/whole egg powder, or whole cooked egg) [7,22,23,26,33], making it difficult to determine their relative involvement and effects on atopic outcomes. Additional well-designed prospective and randomized interventional studies are needed to clarify this issue.



Consistent with international guidelines, the Taiwan Pediatric Association suggest that complementary foods should be introduced to infant diets at around 4–6 months. However, no clear recommendations are officially provided about the timing and method of the introduction of commonly allergenic foods into an infant’s diet. It is widely believed that prolonged breastfeeding and delaying the introduction of allergenic foods is beneficial regarding atopic diseases. In recent years, although a literature review has recommended exclusive breastfeeding for the first 3–4 months to decrease the incidence of eczema in the first 2 years of life, it remains unclear whether prolonged exclusive breastfeeding protects against allergic diseases [12,34]. There is evidence that food diversity in early life can reduce food sensitization and allergic asthma [3,35]. Our results, which recorded the allergen-specific IgE test results of 310 infants, failed to support the hypothesis that a longer duration of exclusive breastfeeding and the later introduction of specific foods conferred protection against the development of food sensitization at 12 months of age. These results imply that introducing various complementary foods earlier, including those regarded as allergenic, alongside breast milk feeding, rather than prolonged and exclusive breastfeeding with the later introduction of complementary foods, may be more important for reducing the prevalence of food sensitization in young children [34].



The strength of this study was its design. We explored the association between the introduction of egg white and egg yolk separately and in combination, and with the risk of food sensitization and AD in early childhood, which was different from other pediatric studies examining the whole-egg effect [6,7,13]. In addition, detailed information about feeding practices, allergenic food introduction, and the atopic manifestations of the participants were obtained on a regular basis, ensuring that recall bias was minimized. Furthermore, considering that parents’ perception and family history of allergy might affect the timing and types of allergenic food introduction, as well as the risk of developing AD in early childhood, we excluded those who had relapsing skin rashes or AD before introducing allergenic foods, performed a stratification analysis based on the parental history of allergy, and adjusted for potential confounding variables to reduce the effect of reverse causality. Given that such data are rarely reported in Asian children, the results of this study may provide a point of view to Asian parents who experience anxiety regarding their child’s dietary choices and subsequent allergic risk, particularly if both parents have a history of allergy.



This study has several limitations. The major limitation was that all the participants were enrolled from a single hospital, and 30.9% of the children who were either lost to follow-up or whose parents did not provide detailed dietary information during the first year were excluded from the study, resulting in the sample size for positive food sensitization, parental history of allergies, or AD being relatively small. Additionally, 38.1% of the enrolled patients did not complete the allergen-specific IgE test at the age of 1 year, indicating that selection bias cannot be ruled out. Another limitation is that we did not assess the frequency effects of egg yolk and white introduced to infant diets and the age when the children started consuming whole eggs, as well as the mixed effects of exposure to multiple allergenic foods. Although a multivariate logistic analysis and the Bonferroni test were performed to correct for confounding factors and adjust for multiple comparisons, it is difficult to clarify whether cross-interaction between different food components influences the risk of food sensitization and AD in observational studies. Thus, our data should be interpreted with caution. More studies comparing egg white, egg yolk, and whole egg introduction may yield further insights into the potential effects on childhood allergic diseases [16].




5. Conclusions


In this study, our data revealed that a parental history of allergy was positively associated with physician-diagnosed AD by the age of two years, while the introduction of egg whites and yolks to infant diets was negatively associated. In addition, compared with the children who had either one or no parents with allergies, we found that in the children where both parents had a history of allergy there was a more apparent effect of introducing both egg whites and yolks on reducing AD development.



Based on our results, we suggest that the introduction of egg white and yolk to infant diets may induce an oral tolerance effect and may be a modifiable factor for reducing the risk of physician-diagnosed AD by the age of 2 years. The preventive effect of egg consumption may be particularly important in infants with a parental history of allergy. Large-scale longitudinal studies are required to confirm the findings of this study.
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Table 1. Demographic data and infant feeding characteristics of the study participants.
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	Characteristics
	Children Who Developed Atopic Dermatitis by the Age of 2 Years (AD Children) (N = 146)
	Non-Allergic Children (N = 355)
	p-Value





	Neonatal and environmental factors
	
	
	



	Sex of infants, male (%)
	85 (58.2)
	185 (52.1)
	0.188



	Gestational age (week)
	38.1 ± 1.3
	38.5 ± 1.2
	0.158



	Cesarean section, n (%)
	50 (34.2)
	121 (34.1)
	0.999



	Birth body weight (kg)
	3.1 ± 0.4
	3.1 ± 0.4
	0.352



	Sibling

0

1

≥2
	

74 (50.7)

53 (36.3)

19 (13.0)
	

196 (55.2)

115 (32.4)

44 (12.3)
	0.639



	Environmental tobacco smoking, n (%)
	72 (49.3)
	170 (47.9)
	0.844



	Household pets during the first year, n (%)
	40 (27.4)
	107 (30.1)
	0.590



	Medical exposure histories during the first year, n (%)

Antipyretics

Probiotics
	



109 (74.7)

85 (58.2)
	



236 (66.5)

186 (52.2)
	



0.052

0.254



	Parental factors
	
	
	



	Maternal age (y)
	31.1 ± 4.5
	31.2 ± 4.7
	0.889



	Maternal education level

High school or below, n (%)

College or above, n (%)
	

32 (22.0)

114 (78.0)
	

84 (23.7)

271 (76.3)
	0.727



	Parental history of allergy

Only maternal allergy, n (%)

Only paternal allergy, n (%)

Both maternal and paternal allergy, n (%)
	

28(19.2)

29 (19.9)

39 (26.7)
	

72 (20.2)

77 (21.7)

64 (18.0)
	0.161



	Infant feeding practices
	
	
	



	Exclusive breastfeeding duration, months

<6 months old, n (%)

≥6–12 months old, n (%)

Never a, n (%)
	4.04 ± 4.75

29 (19.9)

42 (28.8)

75 (51.3)
	3.98 ± 4.86

61(17.2)

101(28.5)

193(54.4)
	0.892

0.744



	Age at which solid foods were introduced

≥4–5 months old, n (%)

≥6 months old, n (%)
	4.50 ± 0.75

125 (85.6)

21 (14.4)
	4.46 ± 0.76

309 (87.1)

46 (13.0)
	0.901

0.667



	Timing of egg white introduction

≥4–5 months, n (%)

≥6–12 months, n (%)

Never b, n (%)
	

7 (5.6)

73 (54.2)

66 (40.1)
	

16 (4.5)

240 (67.6)

99 (27.9)
	0.001 *



	Timing of egg yolk introduction

≥4–5 months, n (%)

≥6–12 months, n (%)

Never b, n (%)
	

27 (18.5)

83 (56.8)

36 (24.7)
	

51 (14.4)

252 (71.0)

52 (14.6)
	0.006 *



	Timing of fruit introduction

≥4–5 months, n (%)

≥6–12 months, n (%)

Never b, n (%)
	

105 (71.9)

38 (26.0)

3 (2.1)
	

255 (71.8)

93 (26.2)

7 (2.0)
	0.998



	Timing of fish introduction

≥4–5 months, n (%)

≥6–12 months, n (%)

Never b, n (%)
	

20 (13.7)

112 (76.7)

14 (9.6)
	

54 (15.2)

273 (76.9)

28 (7.9)
	0.772



	Timing of shellfish introduction

≥6–12 months, n (%)

Never b, n (%)
	

39 (26.7)

107 (73.3)
	

80 (22.5)

275 (77.5)
	0.355



	Timing of peanut introduction

≥6–12 months, n (%)

Never b, n (%)
	

26 (17.8)

120 (82.3)
	

60 (16.9)

295 (83.1)
	0.796



	Allergenic foods diversity c

At age 6 months, items

At age 12 months, items
	

1.12 ± 0.97

3.65 ± 1.34
	

1.09 ± 1.01

3.86 ± 1.17
	

0.702

0.075



	Allergen-specific IgE at age 1 year, n (%)
	99 (67.8)
	211 (59.4)
	0.086



	Any food allergen sensitization, n (%)
	47 (47.5)
	48 (22.7)
	<0.001 *







p value based on the chi-square test and one-way analysis of variance test. Statistically significant: * p < 0.05. (a) Infants who were exclusively fed with formula or who were partially breastfed. (b) A food item that was never introduced during the first year of life. (c) Allergenic foods’ diversity was calculated by means of six food items (fruits, egg white, egg yolk, fish, shellfish, and peanuts) in the study.
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Table 2. Allergenic food introduction during the first year and the prevalence of food sensitization at the age of 12 months.
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Any Food Sensitization (N = 95)

	
Specific Food Sensitization




	

	

	
OR (95% CI)

	
p Value

	
Adjusted OR (95% CI)

	
p Value

	
OR (95% CI)

	
p Value

	
Adjusted OR (95% CI)

	
p Value






	
Exposure to infant formula (Reference: no formula feeding)

	
IgE to cow’s milk (N = 33)




	
<6 months old

	
0.61 (0.30–1.23)

	
0.166

	
1.68 (0.40–7.02)

	
0.476

	
0.27 (0.11–0.69)

	
0.006*

	
1.58 (0.25–10.16)

	
0.627




	
≥6–12 months old

	
1.28 (0.54–3.03)

	
0.570

	
2.03 (0.72–5.76)

	
0.182

	
1.11 (0.40–3.08)

	
0.839

	
2.56 (0.70–9.36)

	
0.154




	
Egg white introduction (Reference: egg white avoidance)

	
IgE to egg white (N = 30)




	
≤12 months old

	
0.45 (0.26–0.76)

	
0.003 *

	
0.45 (0.23–0.89)

	
0.022 *

	
0.19 (0.08–0.45)

	
<0.001 *

	
0.18 (0.06–0.51)

	
0.001 *




	
Egg yolk introduction (Reference: egg yolk avoidance)

	
IgE to egg yolk (N = 38)




	
≤12 months old

	
0.65 (0.34–1.23)

	
0.188

	
0.82 (0.37–1.81)

	
0.621

	
0.65 (0.27–1.53)

	
0.322

	
0.63 (0.21–1.89)

	
0.407




	
Peanuts (or nuts) introduction (Reference: peanuts (or nuts) avoidance)

	
IgE to peanuts (N = 42)




	
≤12 months old

	
0.60 (0.27–1.33)

	
0.210

	
0.50 (0.19–1.33)

	
0.166

	
0.49 (0.14–1.66)

	
0.250

	
0.36 (0.07–1.77)

	
0.207








OR: odds ratio; CI: confidence interval; OR adjusted for gestational ages ≤ 36 weeks, parental allergy (both, either one or none), maternal education, sibling numbers, exclusive breastfeeding duration, age at solid food introduction, allergenic food introduction (fruits, egg white, egg yolk, fish, shellfish, and peanuts), and any antipyretics or probiotics exposure by the age of 12 months. Statistically significant: * p < 0.05.
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Table 3. Association between physician-diagnosed atopic dermatitis by the age of 2 years, infant feeding practices, and the clinical variables for allergy.
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Univariate Analysis

	
Multivariable Analysis




	

	
OR (95% CI)

	
p Value

	
Adjusted OR (95% CI)

	
p Value






	
Infant feeding practices

	

	

	

	




	
Exclusive breastfeeding duration by the age of 12 months (months)

	
1.00 (0.96–1.04)

	
0.892

	

	




	
Age at which solid foods introduction (months)

	
1.02 (0.80–1.29)

	
0.901

	

	




	
Exposure to infant formula < the age of 6 months

	
1.08 (0.71–1.64)

	
0.715

	

	




	
Egg white introduction by the age of 12 months

	
0.58 (0.39–0.86)

	
0.006 *

	
0.44 (0.24–0.82)

	
0.009 *




	
Egg yolk introduction by the age of 12 months

	
0.55 (0.34–0.88)

	
0.013 *

	
0.51 (0.27–0.97)

	
0.040 *




	
Peanuts (or nuts) introduction by the age of 12 months

	
1.03 (0.63–1.71)

	
0.898

	

	




	
Allergenic foods diversity by the age of 12 months

	
0.87 (0.63–1.71)

	
0.076

	

	




	
Clinical variables

	

	

	

	




	
Gestational ages ≤ 36 weeks

	
1.34 (0.70–2.56)

	
0.381

	

	




	
Mode of delivery (cesarean section)

	
1.01 (0.69–1.49)

	
0.958

	

	




	
Parental history of allergy (both, either one, or none)

	
1.40 (1.09–1.79)

	
0.008 *

	
1.31 (1.01–1.70)

	
0.046 *




	
Household pets during the first year

	
0.89 (0.59–1.35)

	
0.579

	

	




	
Environmental tobacco smoking during the first year

	
1.05 (0.72–1.52)

	
0.818

	

	




	
Antipyretics exposure history during the first year

	
1.53 (1.01–2.31)

	
0.046 *

	
1.54 (0.99–2.39)

	
0.057








OR: odds ratio; CI: confidence interval. Statistically significant: * p < 0.05.
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Table 4. Egg white and yolk introduction during the first year and the prevalence of physician-diagnosed atopic dermatitis by the age of 2 years, stratified by parental history of allergy.
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Both Parents Had an Allergy

(N = 39)

	
Either Parent Had an Allergy (N = 57)

	
Neither Parent Had an Allergy (N = 50)




	
OR (95% CI)

	
Adjusted OR (95% CI)

	
OR (95% CI)

	
Adjusted OR (95% CI)

	
OR (95% CI)

	
Adjusted OR (95% CI)






	
Egg white and yolk introduction (Reference: egg avoidance)

	

	

	




	
≤12 months old

	
0.34 (0.12–1.01)

	
0.10 (0.02–0.59)

	
0.50 (0.21–1.17)

	
0.42 (0.14–1.24)

	
0.65 (0.24–1.77)

	
0.34 (0.10–1.18)




	
p value

	
0.052

	
0.011 *#

	
0.111

	
0.115

	
0.400

	
0.090




	
Either egg white or yolk introduction (Reference: egg avoidance)

	

	

	




	
≤12 months old

	
0.78 (0.24–2.50)

	
0.72 (0.11–4.82)

	
0.69 (0.26–1.83)

	
0.82 (0.24–2.83)

	
1.17 (0.38–3.58)

	
0.63 (0.13–3.03)




	
p value

	
0.675

	
0.734

	
0.455

	
0.149

	
0.788

	
0.560








OR: odds ratio; CI: confidence interval; OR adjusted for gestational ages ≤ 36 weeks, maternal education, sibling numbers, exclusive breastfeeding duration, age at solid food introduction, allergenic food introduction (fruits, egg white, egg yolk, fish, shellfish, and peanuts), and any antipyretics or probiotics exposure by the age of 12 months. Statistically significant in logistic regression analysis: * p < 0.05. Statistically significant via Bonferroni correction: # Corrected p < 0.017.
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