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In this cross-sectional study, 84 children with autism spectrum disorder (ASD) and 77 healthy subjects showing typical development (TD) were reviewed. Parents reviewed the age of introduction of complementary foods (CFs), completed a demographic, diet behavior questionnaire and the Autism Behavior Checklist (ABC). The results showed that the age of introduction of CFs was later in children with ASD than their TD counterparts. The age of introduction of CFs in ASD group was positively correlated with feeding problem. While the correlation was not observed in TD group. Children in the ASD group had higher total scores of the diet behavior questionnaire and all four subdomains (poor eating ability, mealtime eating behavior, food selectivity, and parental feeding behavior). ASD symptoms were clearly associated with feeding problems. The sensory subdomain score in ABC was positively correlated with poor eating ability, mealtime behavior and total score of the diet behavior questionnaire. The social self-care subdomain score was positively correlated with food selectivity. The interaction subdomain score was negative correlated with parental feeding behavior and total score of the diet behavior questionnaire. Further studies are required to establish the utility of delayed CFs introduction and/or early feeding problems as potential indicators of ASD.
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Introduction

Autism spectrum disorder (ASD) is a heterogeneous neurological developmental disorder typically characterized by difficulties in communication and socialization, frequently presenting traits including fewer interests, abnormal sensory processing, and repetitive behaviors (1). The prevalence of ASD is 1 in 44 in 8-year-old children with an estimated male–female ratio of 4.2:1 (2). Feeding and eating problems are prevalent in children with ASD with a range from 40.3 to 96% (3–6). Food selectivity, food refusal and poor eating behaviors are prevalent in children with ASD (7–9).

Eating is a primary function in the human development. The period of early childhood is key in nutrition. Especially during the infancy phase, the children learn to ingest the fluid and solid food. It is not only crucial to the nutritional programming or metabolic programming, but also important to intellectual potential and physical fitness. The children should learn to ingest specific food and accept new tastes at specific age. Disruption of the process of learning to eat and accept new tastes during the critical “window” of opportunity can result in both oral-sensory and oral-motor dysfunction (10). The physical process of feeding can be disrupted through neurodevelopmental disabilities.

At present, the researches on feeding problem of ASD children mostly focus on children over 3 years old. Research on early feeding disorders in ASD has been limited. Brzóska et al. (11) highlighted that feeding problems might show up very early in the course of ASD, and dietary problems are more common during the 1st year of life from the time of introduction of complementary foods (CFs). Emond et al. (12) reported late introduction of solid foods in infants with ASD after 6 months, described as “slow feeders” at 6 months. Owing to the prevalence of feeding problems in ASD children and associated negative consequences, clinicians should be alert to the presence of these symptoms early in life. However, limited empirical information is available on the age of introduction of CFs in ASD infants. The current study was conducted to determine the potential interrelationships between age of introduction of CFs, feeding problems and ASD symptoms. A comparison group of children showing typical development (TD) was included to assess the differences in feeding problems and age of introduction of CFs relative to subjects with ASD. The main aims of the study were to: (1) compare the age of introduction of CFs between children with and without ASD, (2) compare feeding problems between children with and without ASD, and (3) examine the relationships between age of introduction of CFs, feeding problems and symptoms of ASD.



Methods


Participants

This was a cross-sectional study of children with ASD (N = 84) and healthy controls (N = 77). The data were collected from clinical notes of children between the ages of 2 and 5 who were diagnosed with ASD in the Department of Developmental and Behavioral Pediatrics (The First Hospital of Jilin University, Changchun, China) from October 2018 to April 2019. They were diagnosed by a multidisciplinary team following the American Psychiatric Association Diagnostic and Statistical Manual of Mental Disorders (DSM)-5 criteria. Regarding ASD severity level, 42 children (50%) had mild ASD, 33 children (39%) had moderate ASD, 9 children (11%) had severe ASD. Seventy-nine children (94%) had coexisting global developmental delay. The data of healthy controls that were collected from the clinical notes of the healthy children who were routine check-ups in the same hospital during the same time. Children with a history of other neurological and severe somatic disease, head trauma and uncontrolled seizures were excluded from study. The study protocol was approved by the ethics committee of the First Hospital of Jilin University and informed consent obtained from all parents.



Measures

Parents completed a demographic questionnaire on general information (age, gender, date of birth, birth weight, BMI, early feeding pattern, parents' educational level, family income and age of introduction of CFs). Parents also completed a diet behavior questionnaire developed by Zhou et al. based on the Children's Eating Behavior Inventory (CEBI), Mealtime Behavior Questionnaire (MBQ), Children's Eating Behavior Questionnaire (CEBQ), Chinese version of the Identification and Management of Feeding Difficulties (IMFED), and adjusted according to Chinese dietary habits (13). Cronbach's alpha coefficient with the diet behavior questionnaire of Zhou and co-workers was 0.86, suggesting robust internal consistency (13). The questionnaire consists of 29 items and measures four main factors: poor eating ability, mealtime eating behavior, food selectivity, and parental feeding behavior. The poor eating ability scale mainly measures whether children have difficulties in eating, such as mastication or swallowing. Mealtime behavior mainly measures children's bad behavior when eating, such as leaving the table. Food selectivity measures whether children have food choices, such as eating the same food repeatedly or rejecting a certain food. Parental feeding behavior measures parents' feeding behavior, such as chasing their children to feed, or always worrying about their children eating less. A 5-point Likert scale was used. For each item, frequency was assessed based on response options of: never (0), rarely (1), sometimes (2), often (3), and always or almost always (4). The Autism Behavior Checklist (ABC) was applied to assess ASD symptoms. The ABC is a list of 57 “yes” or “no” questions, with each question corresponding to a specific symptomatic category whereby five categories are evaluated: sensory, social and self-help, interaction, stereotypes and object use, and language. The scores of single items are rated 1 to 4, with a total score of ≥53 used as a cutoff value for suspected autism (14).



Statistical analysis

SPSS23.0 software was used for statistical analysis of data. Continuous variables with normal distributions are represented as the means ± standard deviations (SDs) and the two independent samples t-test used for comparison between groups. Continuous variables with abnormal distributions are represented as the medians (P25–P75) and the Mann-Whitney U test used for comparison between groups. Categorical variables are represented as frequencies (percentages) and the χ2 test used for comparison between groups. Correlation tests were performed using Spearman's correlation analysis. Differences were considered statistically significant at P < 0.05.

To manage possible differences between the two groups, we used generalized linear model (GLM) for further group comparisons to minimize the impact of other factors. We used the age of introduction of CFs and the scores of the diet behavior questionnaire as dependent variables, respectively, included categorical (group, sex) on which the two groups differed significantly as factors and covariates, respectively and ran the regression models.




Results


Comparison of clinical baseline data between the ASD and TD groups

The study included 84 children with ASD and 77 TD children. No significant differences in chronological age, body mass index (BMI), birth weight, feeding patterns, family income, and degree of maternal and paternal education were observed between ASD and TD groups. The ASD group contained more boys than the TD group (83.3 and 59.7%, respectively, p = 0.001) (Table 1).


TABLE 1 Demographic data of TD and ASD subjects.
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The age of introduction of CFs in the ASD and TD groups

We performed GLM in order to account for the significant baseline differences in our groups as we examined the age of introduction of CFs. For these analyses we used the age of introduction of CFs as dependent variables. The sex which the groups significantly differed at baseline, was included as covariates when analyzing group difference. The sex has no significant effect on the age of introduction of CFs (P > 0.05). The age of introduction of CFs of the TD group were lower than those of the ASD group (B = −0.740, P < 0.05) (Table 2).


TABLE 2 Comparison of the age of introduction of CFs in the ASD and TD groups.
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Eating and feeding problems between ASD and TD groups

To address the issue of group differences in eating and feeding problems, we examined the scores obtained with the diet behavior questionnaire. We performed GLM in order to account for the significant baseline differences in our groups as we examined the scores obtained with the diet behavior questionnaire. For these analyses we used the scores obtained with the diet behavior questionnaire as dependent variables. The sex which the groups significantly differed at baseline, was included as covariates when analyzing group difference. After adjusting for the effect of baseline sex, total scores of the TD group were lower than those of the ASD group (B = −8.178, P < 0.05). Furthermore, subjects in the TD group had significantly lower scores for all four subdomains (poor eating ability, mealtime behavior, food selectivity, and parental feeding behavior) compared to those in the ASD group (P < 0.05; Table 3).


TABLE 3 Comparison of feeding problems between ASD and TD groups.
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Relationships between age of introduction of CFs and eating and feeding problems in subjects of TD and ASD group

No statistically significant correlation was observed between the age of introduction of CFs and eating and feeding problems in the TD group (P > 0.5). The age of introduction of CFs was positively correlated with the total diet behavior questionnaire score in the ASD group. Correlation analysis was further performed to determine the association between age of introduction of CFs and the four subdomains of the diet behavior questionnaire in the ASD group. Statistically significant correlation was observed only for mealtime behavior. Specifically, the age of introduction of CFs was positively correlated with the score for mealtime behavior (Table 4).


TABLE 4 Relationships between age of introduction of CFs and eating and feeding problems in subjects of TD and ASD group.
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Relationships between age of introduction of CFs and symptoms in subjects with ASD

Correlation analysis between the age of introduction of CFs and ABC scores used to assess ASD symptoms was performed in the ASD group. No significant associations were identified, either for total ABC scores or scores of the five subdomains (sensory, social and self-help, interaction, stereotypes and object use, and language; Table 5).


TABLE 5 Relationships between age of introduction of CFs and symptoms in subjects with ASD.
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Relationships between eating and feeding problems and symptoms in subjects with ASD

Correlation analysis was further performed for the associations between five subdomains of ABC and four subdomains of the diet behavior questionnaire in the ASD group. The sensory subdomain score was positively correlated with poor eating ability, mealtime behavior, and total score of the diet behavior questionnaire. No significant correlation was found for food selectivity and parental feeding behavior. The social and self-help subdomain score was positively correlated with food selectivity. No significant correlation was found for poor eating ability, mealtime behavior, parental feeding behavior and total score. The interaction subdomain score was negatively correlated with parental feeding behavior and total score of the diet behavior questionnaire. No significant correlation was found for poor eating behavior, mealtime behavior and food selectivity. Body and object use subdomain, language subdomain and total ABC scores were not significantly correlated with scores of the total diet behavior questionnaire and its subdomains (Table 6).


TABLE 6 Relationships between eating and feeding problems and symptoms in subjects with ASD.
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Discussion

In the present study, eating and feeding problems and age of introduction of CFs were compared between children with and without ASD. We additionally examined the potential associations between the age of CFs introduction, eating and feeding problems and ASD symptoms. The main findings were as follows: (1) compared to subjects with TD, most children with ASD were introduced to CFs at a later stage, (2) age of introduction of CFs was positively correlated with total score of the diet behavior questionnaire and mealtime behavior in the ASD group, and (3) children with ASD showed more feeding problems than the TD group, which were associated with symptoms of ASD.

Compared to children showing TD, those with ASD were introduced to CFs later, inconsistent with the report of Huxham et al. (15) showing that the mean age of introduction of CFs was earlier at 5 months in children with ASD. This difference may be due to the different definitions of CFs between the reports. Formula milk was not included as CFs in our study (16). Huxham et al. (15) examined infants who were exclusively breastfed and included formula in the definition of CFs. Their study showed that 38.8% subjects with ASD struggled to ingest spoon-fed pureed foods and 55.6% had difficulties with lumpy foods consistent with our findings. Zobel et al. (17) reported that ASD participants consumed pureed foods at 6.6 months relative to 5.89 months for TD participants, with no significant group mean differences. The group of Emond 2010 observed that children with ASD had difficulty in accepting solids after 6 months and proposed that this could be an early symptom of problems with accepting change by autistic subjects (12). Brzóska et al. (11) also found a delayed introduction of foods with solid and lumpy structure. These results also present delayed introduction of CFs consistent with our findings. The reason why children with ASD have delayed introduction of CFs we analyze may be the following aspects: (1) Introduction to CFs is one of the means by which infants interact with their parents. Responsive feeding is an important contributory factor to the success of introduction to CFs, emphasizing the interaction and emotional communication between parents and infants during feeding, which encourages infants to signal hunger and satiety and mothers to identify these cues and provide timely and appropriate responses (18). A core feature of ASD is social skill deficits. Poor emotional communication between parents and infants may make responsive feeding difficult, leading to delayed introduction of CFs. (2) In addition, children with ASD often show the typical sameness of routine, inflexibility, and fear of novelty, which may also be a potential reason for delayed introduction of CFs. The delay in acceptance of CFs in infants may be an early signal of ASD. (3) Moreover, the process of eating is associated with multiple sensations. Abnormalities in sensory processing processes to the environment are associated with ASD (19). Earlier reports suggest that infants diagnosed later with ASD are more perceptually sensitive to environmental stimuli (20–22). Infants with ASD may therefore be more sensitive to novel dietary experiences, leading to refusal to accept these foods and consequential delay in introduction of CFs in their diet.

We observed that the age of introduction of CFs was positively correlated with the total diet behavior questionnaire and eating behavior scores in the ASD group. While this correlation was not observed in TD group. Further investigation of the potential relationship between age of CFs introduction and symptoms of ASD (assessed via ABC scores) revealed no significant correlations. Delayed introduction of CFs may also be an early sign of eating and feeding problems in children with ASD.

In our study, children with ASD presented with more eating and feeding problems than their same-age non-ASD peers. Total scores along with scores for all four subdomains (poor eating ability, mealtime eating behavior, food selectivity, and parental feeding behavior) of children in the ASD group were consistently higher relative to the TD group, in keeping with empirical findings reported in the literature (17, 23–28). Further analysis of the correlation between feeding problems and autism symptoms showed that the sensory score was positively correlated with poor eating ability, mealtime behavior and total score of the diet behavior questionnaire. Our data on feeding problems support previous findings (8, 17, 19). Sensory impairments are frequent in children with ASD (29). Recent studies suggested that feeding problem in children with ASD may be related to sensory processing dysfunction (17, 19). Atypical sensory processing, such as sensitivity to color, taste, smell, and/or texture of food may lead children with ASD to refuse to food (30). Sensory impairments in children with ASD may be one factor that interferes with mealtime behavior (17). We did not detect a correlation between sensory score and food selectivity inconsistent with previous study, possibly since sensory behaviors were analyzed via subdomains of the ABC scale, which is not a professional sensory scale and incorporates a lower number of items for evaluation of food selectivity. However, we found the social self-care subdomain score was positively correlated with food selectivity. The reason may be children score higher in social self-care subdomain often cannot take food by themselves. Their parents may find more food selectivity problems when feeding them, compared with parents whose children can take food independently. However, some of our results were inconsistent with previous studies, which found no association between eating and feeding problems and interaction impairment severity (27). The interaction subdomain score was negatively correlated with parental feeding behavior and total score of the diet behavior questionnaire. One possibility to explain these associations is that children displaying better interactions respond to their parents more clearly that they do not want to eat the food their parents supply through expression, gesture or language, making it easier for parents to detect problems of their child. In this case, parents use more commands or distraction tactics by talking or coaxing the child to eat, which represent disruptive parental feeding behavior. Another reason maybe our sample size is small. This correlation may not exist in large sample studies because the correlation coefficient in our study is very small.

To our knowledge, this study is one of the first to report a significant association between age of introduction of CFs and feeding issues in children with ASD. The age of CFs introduction was positively associated with feeding problems in ASD group, not associated with feeding problems in TD group. The feeding problems were positively associated with symptoms of ASD. There may be some correlation between age of CFs introduction and symptoms of ASD. But our study did not find the correlation between age of CFs introduction and symptoms of ASD. It requires further investigation. Previous studies suggest that detection of early-life feeding problems is relevant for early diagnosis of ASD and could be potentially included as an ASD-specific screening tool (24). Our results may provide a preliminary point that the introduction of CFs can be included in detection of early-life feeding problems. Not just the time of introduction of CFs, but details of introduction of CFs. It requires further exploration. Feeding problems are additionally associated with symptoms of ASD. Accordingly, in clinical practice, the impact of ASD symptoms on feeding problems should be considered in comprehensive assessment and intervention approaches for children with ASD (6).

Our study has several limitations that should be taken into consideration. Firstly, the sample size was relatively small and differences in the male-female ratio were observed between the two sample groups. Since ASD is generally more prevalent in boys, our clinical sample was not equally distributed between the sexes. Although we made adjustments in statistics, future studies including the sex matched control group will be better. Secondly, we only analyzed the age of introduction of CFs and did not include more detailed information. Thirdly, our study was performed at a single center and involved a relatively small number of subjects. Further detailed multicenter, large-scale clinical studies on samples with well-matched sex ratios are warranted. In addition, we did not include parents' eating habits which also affect feeding. Further studies including factors of parents' eating habits are needed.



Conclusion

Our data reveal a delayed time of introduction of CFs in children with ASD. The age of CFs introduction is associated with later feeding problems. ASD subjects present more feeding problems than TD subjects, which are clearly associated with symptoms of ASD. Based on the collective findings, we propose that clinicians should pay attention to infants presenting with difficulties in adjusting to introduction of dietary CFs who may have more feeding problems later and give the parents some guidance.
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