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ABSTRACT 

Eating problems are common among children with Autism Spectrum Disorder (ASD), but it is 

unknown to what extent infant eating behavior is associated with later autistic traits. As eating 

behavior is currently not included in ASD screening instruments, it is important to evaluate whether 

infant eating behavior predicts later autistic traits and might therefore be used to enhance the early 

detection of ASD. We investigated the association of breastfeeding and eating behavior during 

infancy with later autistic traits in the population-based Generation R cohort. We included 3546 

mother-child dyads with maternal reports on feeding and eating at age two months and autistic traits 

at six years. Eating behavior was assessed with seven items on specific eating habits and the Social 

Responsiveness Scale was used to evaluate autistic traits. Covariates included child sex, and maternal 

psychopathology and autistic traits. Linear regression analyses showed that being formula fed at two 

months was associated with a higher autistic trait score at six years (adjusted B=0.07; 95% CI: 0.00-

0.14). Children who were drinking only small quantities (adjusted B=0.17, 95%CI: 0.04-0.30) and were 

hungry/not satisfied (adjusted B=0.23, 95%CI: 0.08-0.39) at age two months also had a higher autistic 

traits score at age six years. We found no interactions with sex or breastfeeding. This study shows 

that eating behavior during infancy is related with autistic traits in childhood. Although the 

associations were fairly small, these findings suggest that early-life eating problems might be 

relevant for early detection of ASD and a potential addition to ASD-specific screening instruments. 

 

Keywords 

Breastfeeding, eating behavior, autism spectrum disorder, autistic traits, infancy, general population  
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INTRODUCTION 

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental disorder that is present from 

early life onwards. It is characterized by persistent deficiencies in communication and social 

interaction, and restricted, repetitive patterns of behaviors, interests and activities. Although several 

symptoms are already present in the early developmental period, some symptoms manifest itself 

only later in life.1 ASD can be reliably diagnosed as young as 24 months,2 but the current mean age at 

diagnosis ranges from 38 to 120 months.3 There is an urgency to identifying children with ASD, as 

particularly early interventions can improve language and cognitive abilities4 and result in better 

long-term outcomes across the school age years5 compared to interventions at a later stage. 

Detection of the earliest signs of ASD can enhance timely identification and diagnosis, which then 

permits early treatment to achieve the most optimal long-term outcomes for children with ASD. 

There are several widely used instruments available for ASD screening. The Modified Checklist for 

Autism in Toddlers (M-CHAT(R/F)6,7 is currently the most commonly used screening instrument.8 

Other instruments like the Social Communication Questionnaire (SCQ)9 and the Early Screening of 

Autistic Traits Questionnaire (ESAT/CoSoS in Dutch)10 are also frequently used. These screening 

instruments focus primarily on ASD deficiencies described in the DSM-5 criteria, but also include 

items specific to other ASD-related deficiencies like having an unusual response to sensory 

stimuli.6,9,10 Although eating problems are often seen among children with ASD, they are currently 

not included in ASD screening instruments. 

Eating problems –like severe or prolonged picky eating and food neophobia (fear of new/unknown 

foods)– are seen in 46-89% of children with ASD11 compared to 6-50% of children in the general 

population.12 Food neophobia is two to three times more common in children with ASD than in non-

ASD children.13 In previous studies in the general population, we also identified eating problems in 

early childhood as a possible early sign of ASD.14 While eating problems may already be expressed 

early in life, to our knowledge there are no studies on the association of eating behavior in infancy 

with ASD, except for research on breastfeeding.15 

Absence of breastfeeding has been examined as a risk factor for ASD numerous times. A recent 

meta-analysis indicated that breastfeeding may protect against developing ASD and suggests genetic 

factors, content of breastmilk, and skin-to-skin contact as potential causal pathways for this 

protective effect.15 However, eating problems can also complicate breastfeeding, with unsuccessful 

breastfeeding thus potentially being indicative of other eating problems seen in children with ASD. 

Current research calls for prospective studies to confirm the suspected protective effect of 

breastfeeding on the development of ASD.15 
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We investigated the association between eating behavior in infancy, differentiated into 

breastfeeding and feeding habits, with later autistic traits in a prospective, population-based cohort. 

Knowing whether infant eating behavior predicts later autistic traits could be useful to enhance 

screening for autism at an early stage. We hypothesize that breastfeeding is associated with fewer 

autistic traits in later childhood, while problematic eating behaviors in infants is prospectively 

associated with a higher autistic traits score. 

 

METHOD 

Data source 

This study uses data from the Generation R Study, a population-based, longitudinal cohort study 

from the fetal stage onwards; the cohort is based in Rotterdam, the Netherlands. In short, all 

pregnant women living in Rotterdam, with an expected delivery date between April 2002 and 

January 2006, were invited to participate in the study (participation rate: 61%). The Generation R 

study design and population has been described in detail.16 Written informed consent was obtained 

from all participants. The study was approved by the Medical Ethical Committee of the Erasmus 

Medical Center, Rotterdam. 

 

Participants 

Our study population includes all parents of 6625 children who gave consent for participation in the 

postnatal phase of the Generation R study (Figure 5.1). We excluded children with missing data on 

eating behavior (n = 1779) or breastfeeding (n = 69) at two months and those without information on 

autistic traits at 6 years (n = 1231). This resulted in a study sample of 3546 mother-child dyads. 

 

Measures 

Breastfeeding 

Information about feeding mode was obtained by a maternal postal questionnaire when children 

were two months old. We assessed if infants were breastfed (yes/no) and whether they received 

breastfeeding only, a combination of breast- and formula feeding, or formula feeding only at the 

time the questionnaire was filled out. 

 

Eating behavior 

Eating behavior at age two months was assessed in the same maternal questionnaire using seven 

single items related to eating and feeding difficulties. These assessed relatively common difficulties 

and behavior, and were partly based on previous studies that also used single items on infant 
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feeding.17,18 Parents (mostly mothers, 93.7%) responded; they were asked if their infant exhibited 

one or more of the following feeding habits: ‘Drinks slowly’, ’Drinks only small quantities’, ‘Drinks 

very greedily’, ’Is hungry or not satisfied’, ‘Spits up a lot,’ Regurgitates mouthfuls of food’ and 

’Refuses breastfeeding’. Response options were Yes or No. 

 

 

 

 

 

 

Figure 5.1 Flow diagram of the study population 

 

Autistic traits 

Autistic traits were assessed using maternal reports of the validated Social Responsiveness Scale 

(SRS)19 when children were six years old. The SRS is an autism screening questionnaire providing a 

quantitative measure of (sub)clinical autistic traits related to social cognition and communication. 

The psychometric properties are good, including a test-retest reliability of 0.88 and a two-year 

stability correlation of 0.83.20 The original questionnaire was reduced to an 18-item shortened SRS to 

minimize subject burden, with selected items encompassing all DSM-IV autism domains. The 

shortening was done in consultation with the SRS test developer, as described previously.21 Our SRS 

short form consists of the Social Cognition (5 items), Social Communication (8 items) and Mannerism 

(5 items) subscales. Items assessed traits in the past three months and were scored on a 4-point 

scale (not true, sometimes true, often true, almost always true). The 18-item shortened SRS shows 

high correlations of 0.93-0.99 with the full scale, as described in Blanken et al.22.  Diagnostic validity 

studies comparing the SRS with the Autism Diagnostic Interview- Revised (ADI-R) and Autism 

Diagnostic Observation Scale (ADOS) found acceptable sensitivity and specificity rates of 70-80%.23 

6625 children for postnatal 

studies 

1779 excluded due to missing data on 

eating behaviour at 2 months 

69 excluded due to missing data on 

feeding type at 2 months 

1231 excluded due to missing Social 

Responsiveness Scale data at 6 years 

3546 children for analysis 
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To identify children with an ASD diagnosis, we examined medical records using a multifaceted 

screening procedure.24 First, cut-off scores for the SRS were used to identify children with elevated 

ASD traits. Second, to rule out false-negatives, children scoring in the top 15% of the total score of 

the Child Behavior Checklist (CBCL/1½-5)25 at age six years were then screened using the 40-item 

Social Communication Questionnaire (SCQ), as reported by a parent.26 Additionally, psychiatric 

diagnoses and treatment were routinely assessed at all contact moments between ages 6–9 years 

(health center visits and questionnaires). If children scored positive in one or more of these three 

information sources, the medical records at their general practitioners were examined. If an ASD 

diagnosis was confirmed through the medical records, the child was considered to be a clinically 

confirmed case of ASD. 

 

Covariates 

We included several child and family covariates based on previous studies.14,22,27 Information about 

sex, birth weight and gestational age at birth was obtained from midwife- and hospital registries. 

Maternal age, educational level and ethnicity were obtained by postal questionnaire. We used the 

Brief Symptom Inventory (BSI) to assess maternal psychopathology during pregnancy. The BSI is a 

validated 53-item self-reported questionnaire assessing diverse psychiatric problems.28 We also used 

the Autism-Spectrum Quotient (AQ-short) to assess maternal autistic traits. Although this 

questionnaire was distributed when the children were 9 years old, we assumed that maternal autistic 

traits were fairly stable across adulthood. The AQ-short is a 28-item self-report assessing autistic 

traits on the scales ‘social behavioral difficulties’ and ‘fascination for numbers/patterns’, which sum 

into a total score (minimum=28, maximum= 112). A cut-off score of >65 is suggested for a quick 

screening of autistic traits in a clinical setting.29 

 

Statistical analyses 

First, separate linear regressions were conducted to evaluate the relationship between breastfeeding 

at two months and autistic traits at six years. Three models were evaluated: model 1 was an 

unadjusted model, model 2 included the covariates maternal age, education and psychopathology, 

and model 3 additionally included measures of maternal autistic traits. Only covariates that altered 

the unadjusted beta by more than 10% were included in model 2. Maternal autistic traits were 

included to demonstrate the possible influence of a familial predisposition for ASD. We also tested 

sex interactions and finally evaluated the association between breastfeeding at two months and 

clinically confirmed ASD diagnosis by logistic regression. 

In a second set of analyses, linear regressions were conducted to evaluate the relationship between 

eating behavior at two months and autistic traits at six years, with separate regressions for each type 
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of eating behavior. The same three adjusted and unadjusted models were evaluated for each eating 

behavior, using a similar method to that described above. We tested for possible interactions of sex 

with eating behavior, as well as for breastfeeding with eating behavior. 

 

Table 5.1 General characteristics of parent-child dyads from Generation R cohort (n = 3546) 

 Percentage or mediana % missing 

Child characteristics   

Sex  0.0 

Girl, % 51.0  

Age at assessment (months)   

Feeding and eating behavior  2.8 (0.4 to 6.0) 7.4 

Social Responsiveness Scale  71.8 (58.7 to 106.8) 0.0 

Gestational age at birth  40.1 (27.1 to 43.4) 0.0 

Birth weight (grams) 3480 (780 to 5610) 0.0 

Breastfeeding at 2 months  0.0 

Yes, % 68.8 0.0 

Breastfeeding type at 2 months  0.0 

Breastfeeding only, % 41.2  

Breastfeeding & formula feeding, % 27.7  

Formula feeding only, % 31.2  

Eating behavior at 2 months   

Drinks slowly, % 13.9 0.0 

Drinks only small quantities, % 6.0 0.0 

Drinks very greedily, % 39.1 0.0 

Is hungry or not satisfied, % 3.9 0.0 

Spits up a lot, % 12.2 0.0 

Regurgitates mouthfuls of feed, % 32.0 0.0 

Refuses to breastfeed, % 1.7 0.0 

Autistic traits at 6 years 0.2 (0.0 to 2.5) 0.0 

Maternal characteristics   
Age at intake (years) 31.9 (15.3 to 45.4) 0.0 

Ethnicity  0.2 

Dutch, % 68.0  

Other, % 31.9  

Education  2.7 

Higher vocational education/university, % 59.5  

Lower vocational education, % 26.0  

Less than high school, % 11.8  

Psychopathology score 0.1 (0.0 to 2.7) 15.9 

Autism traits score 50.0 (28.0 to 84.0) 32.1 

a Values are percentages for categorical variables and medians (range) for continuous non-normally distributed variables. 

 

We estimated missing values on confounders (ranging from 0% missing for sex to 32.1 % for maternal 

autistic traits) using multiple imputation techniques. All variables included in the analyses were used 
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to estimate the missing values.30 Regressions were conducted on the imputed data and reported 

estimates are the pooled results of 30 imputed datasets. All statistical analyses were performed with 

SPSS 21. 

 

RESULTS 

Non-response analyses 

We compared the characteristics of participating mother-child dyads (n = 3546) with those excluded 

from the study due to missing data on determinants or outcome (n = 3079). Data were more often 

missing in mothers who were younger, had a lower education level, were of non-Dutch ethnicity, and 

who had higher psychopathology and autistic traits scores (all p-values <.01). Excluded children had a 

lower birth weight, were more often boys, and more often received no breastfeeding than included 

children (all p-values <.01). 

 

Sample characteristics 

Child and maternal characteristics of the study sample are presented in Table 5.1. In total, 51.0% of 

children were girls and 68.8% received breastfeeding at two months. More than two-thirds (68.0%) 

of the mothers had a Dutch background. The study sample included 50 children (1.4%) who had a GP-

confirmed diagnosis of ASD. Of the mothers, 5.9% showed elevated levels of autistic traits (AQ-short 

score >65). 

 

Prospective relationship between breastfeeding and autistic traits 

Table 5.2 shows that receiving formula feeding at two months was associated with a higher autistic 

traits score at six years (confounder adjusted B = 0.07; 95% CI: 0.00 to 0.14) than when receiving 

breastfeeding. 

Particularly receiving only formula feeding was associated with a higher autistic traits score at six 

years (confounder adjusted B = 0.08; 95% CI: 0.00 to 0.15), while receiving mixed formula and 

breastfeeding was not significantly associated with autistic traits score. Adjustment for maternal age, 

education and psychopathology led to a change in the association between breastfeeding and 

autistic traits of more than 10%, while the additional inclusion of maternal autistic traits in the model 

did not notably affect this association. We found no interactions of breastfeeding and sex on autistic 

traits.  

Sensitivity analyses showed that children who were breastfed at two months did not differ in their 

odds of a later ASD diagnosis, compared with children who were not breastfed (OR = 0.81; 95% CI: 

0.44 to 1.48, p = 0.50). 
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Table 5.2 Prospective association between breastfeeding and child autistic traits (n = 3546) 

 B for SRS total score at six years (95% CI) 

 Model 1 Model 2 Model 3 

Breastfeeding at 2 months (reference response=yes)  0.15 (0.02;0.22)** 0.07 (0.00;0.14)*  0.07 (0.00;0.14)* 

Type of feeding at 2 months    

Breastfeeding only Reference Reference Reference 

Breastfeeding & formula feeding 0.05 (-0.02;0.13) 0.03 (-0.05;0.10) 0.02 (-0.05;0.09) 

Formula feeding only 0.17 (0.10;0.24)** 0.08 (0.01;0.16)* 0.08 (0.00;0.15)* 

Model 1: unadjusted 

Model 2: adjusted for maternal age, education and psychopathology 

Model 3: adjusted for maternal age, education, psychopathology and autistic traits 

Note: We found no significant interaction with sex. 

**p<.01, *p<.05 

 

Prospective relationship between eating behavior and autistic traits 

Table 5.3 indicates that infants who drank only small quantities at two months had a higher autistic 

traits score at six years (confounder adjusted B = 0.17; 95% CI: 0.04 to 0.30) compared to infants who 

did not drink small quantities. Results further show that the infant eating behavior ‘being hungry or 

not being satisfied’ at two months was associated with later autistic traits (confounder adjusted B = 

0.23; 95% CI: 0.08 to 0.39). The inclusion of maternal autistic traits in the models did not notably 

affect the association between infant eating behavior and later autistic traits. The other eating 

behaviors were not associated with later autistic traits. No interaction of sex or breastfeeding with 

eating behavior was found. 

 

Table 5.3 Prospective association between infant eating behavior and child autistic traits (n = 3546) 

Eating behavior at age 2 months 

(reference response=no) 

B for SRS total score at six years (95% CI) 

Model 1 Model 2 Model 3 

Drinks slowly 0.12 (0.03;0.21)* 0.07 (-0.01;0.16) 0.06 (-0.02;0.15) 

Drinks only small quantities 0.28 (0.15-0.40)** 0.20 (0.07-0.33)** 0.17 (0.04;0.30)** 

Drinks very greedily 0.03 (-0.04;0.09) 0.00 (-0.06;0.07) 0.01 (-0.05;0.07) 

Is hungry or not satisfied 0.40 (0.23-0.56)** 0.24 (0.09;0.40)** 0.23 (0.08;0.39)** 

Spits up a lot 0.08 (-0.01;0.18) 0.06 (-0.03;0.16) 0.05 (-0.04;0.14) 

Regurgitates mouthfuls of feed -0.05 (-0.12;0.01) -0.04 (-0.10;0.03) -0.03 (-0.10;0.03) 

Refuses to breastfeed 0.05 (-0.20;0.29) 0.02 (-0.21;0.26) -0.00 (-0.23;0.23) 

Model 1: unadjusted 

Model 2: adjusted for maternal age, education and psychopathology 

Model 3: adjusted for maternal age, education, psychopathology and autistic traits 

Note: We found no significant interactions between sex or breastfeeding (yes/no) with eating behavior. 

**p<.01, *p<.05  
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DISCUSSION  

This study –in a general population sample– shows that infants who were formula fed, drank only 

small quantities, or who were often hungry or not satisfied at the age of two months had a higher 

autistic traits score in childhood at age 6 years. 

 

Breastfeeding  

Our results on breastfeeding are in line with previous studies suggesting a negative association 

between breastfeeding and later ASD.15 Our study contributes to the clinical findings that 

breastfeeding is associated with a lower degree of autistic traits at a subclinical level in a large 

general population sample. Although in our subgroup of children with an ASD diagnosis the 

association pointed in the same direction, caution is needed in drawing firm conclusions since this 

result was not significant, mostly likely due to the small number of children with a clinically 

confirmed ASD diagnosis (n=50).  

Although it is often suggested that breastfeeding and ASD are causally linked, these potential causal 

pathways are still quite hypothetical. Genetic factors may well be implicated since autism has a 

strong genetic basis, as illustrated by a high concordance rate (64-91%) seen in twin studies.31 

Moreover, literature indicates that other maternal factors may also play a role in the association 

between ASD and breastfeeding. Multiple studies indicated that general maternal psychopathology is 

associated with shorter breastfeeding duration.32,33 Also, the broader autism phenotype is related to 

elevated depressive symptomology34 and socio-affective impairment35 which can negatively affect 

breastfeeding duration.36,37 Nonetheless, our results show that psychopathology and particularly the 

level of autistic traits of mothers only explain a small part of the association between breastfeeding 

and later autistic traits in children. This is in line with a previous study indicating that the broader 

autism phenotype does not fully explain the association between breastfeeding and ASD.38 We 

should also consider the possibility of residual confounding. For example, maternal under- and over-

responsivity to sensory stimuli- which are common in people with ASD (Lai et al. 2011) and influence 

the duration that women give breastfeeding39,40 - were not evaluated in our study.  

Also, multiple child factors may contribute to the association between breastfeeding and ASD. 

Sensory problems that have been found in infants at high risk for ASD41–43 could affect the initiation 

and/or continuation of breastfeeding, suggesting a reverse causal pathway. This may be due to the 

fact that breastfeeding provides a richer variation in oral sensory stimulation (taste) compared to 

formula milk,44 because the taste of breastmilk (e.g. bitterness) is affected by the mother’s 

consumption.45 Also, compared to other feeding methods, breastfeeding provides more close skin-
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to-skin contact46 and frequent touch by the mother47 which are possibly less pleasant for children 

with sensory problems. Finally, a dysregulated breastfeeding pattern of endless sucking in children 

with ASD48 may lead to sore nipples and breastfeeding discontinuation.49,50 

 

Eating behavior 

The current study showed that specific infant eating problems –particularly drinking only small 

quantities and being hungry or not satisfied– were associated with a higher autistic traits score later 

in childhood. This is in line with our previous study across middle childhood: in that study we found 

that autistic traits at six years were prospectively associated with elevated levels of picky eating and 

food responsiveness at ten years in both boys and girls. Among girls only, autistic traits at six years 

were also associated with elevated levels of emotional over- and undereating at ten years.51 Our 

current results add to the literature that the association between eating behavior and autistic traits 

seems to be present even from very early infancy. It is, however, important to emphasize that, 

although both studies show a prospective association between eating behavior and autistic traits, 

based on these findings we cannot draw any conclusions on causality. 

There are several possible explanations for the reported association. Drinking only small quantities 

and being hungry or not satisfied are both linked with appetite self-regulation. Typically developing 

children show good self-regulation, also in feeding,52 but self-regulation difficulties have been 

reported among children with ASD.53,54 It is possible that infant eating problems are an early 

expression of the self-regulation difficulties typically seen in ASD. 

Delays in the development of early motor skills are also often reported in children with ASD55 and can 

be related to eating behavior problems in infancy. Specific impairment in oral motor function can 

affect eating behavior by limited bolus control, and/or manipulation and transit of liquids and 

solids.56 while impairments in oral and pharyngeal sensory-motor functioning may also inhibit 

feeding skills.57 Finally, sensory processing deficits are another common problem in children with 

ASD58 and these have been linked to eating problems in ASD.59 

In contrast to our previous study evaluating the association between eating behavior and autistic 

traits in middle childhood,51 we found no sex differences in the current study. This is most likely 

because sex differences were previously found solely in the association between emotional eating 

and autistic traits.51 Emotional eating, however, is mostly shaped by shared environmental factors 

rather than genetic risk60 and develops during childhood. So, potentially emotional eating problems 

are not yet present in infants, and even if they were present, such eating behavior would be very 

difficult to assess at a very young age. 
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Implications 

Information on eating problems in infancy can potentially be used by professionals as part of the 

screening for ASD in the general population. Although most early signs of ASD can only reliably be 

observed from age 1-2 years onwards, previous research has indicated several possible biological and 

behavioral markers of ASD in infancy. Research on biological markers found that early brain 

development61 may be indicative of ASD as early as six months of age. Furthermore, infant gaze 

patterns,62 reduced looking time,63 less alternating gaze during interaction with adults,64 and a 

decline in eye fixation65 have all been identified as early behavioral markers of ASD using eye-

tracking techniques. 

However, these early biological and behavioral markers require expensive and invasive brain 

imaging and eye-tracking techniques that cannot be easily used for widespread screening of ASD. 

Our current results suggest that the addition of certain eating behaviors to ASD-specific screening 

instruments like the M-CHAT, SCQ and the CoSoS might be helpful in providing a more complete 

ASD phenotype. Such addition might also enhance the validity, and with that the screening 

properties, of these instruments. In addition, we suggest the standardized monitoring of infant 

eating behavior in well-baby clinics to increase the identification of eating and feeding problems by 

using standardized questionnaires such as the BEBQ or by the inclusion of eating behavior items in 

developmental screening instruments. 

 

Strengths and limitations 

This study has several strengths. First, the large data set enabled us to assess the association 

between infant eating behavior and autistic traits prospectively and to control for possible 

confounding factors. We were also able to use validated instruments to assess child (SRS) and 

maternal (AQ-short) autistic traits in a general population setting, thereby optimizing validity and 

minimalizing measurement bias. However, as infant eating behavior questionnaires, like the Baby 

Eating Behavior Questionnaire (BEBQ),66 were not available when the children in this study were 2 

months old, we assessed a limited number of different eating behaviors using unvalidated, single 

items. Furthermore, we also did not assess the reasons why mothers stopped breastfeeding their 

child. More detailed information on eating and feeding behaviors could help us to better understand 

the underlying mechanisms.  

Another limitation of our study was that mothers with a higher psychopathology and autistic traits 

score were more likely to be lost for follow-up. Considering the genetic component in ASD, children 

with relatively high levels of autistic traits may also have dropped out selectively. Although no data 

on autistic traits were available for the excluded sample, we expect the effects of drop-out to be 

fairly small based on results from another large cohort study.67 A final limitation was that although 
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the prevalence of children in this study with an ASD diagnosis (1.4%) was comparable to the 

prevalence found in the United States (one in 59 children, 1.7%),68 the number of children with a 

confirmed ASD diagnosis in the sample was still small, meaning we had insufficient power to detect 

statistically significant differences. 

 

Conclusions  

Our study shows that infant eating problems and the absence of breastfeeding at two months of age 

are associated with a higher autistic traits score in later childhood. Although the associations were 

fairly small, these findings suggest that efforts to detect autism at an early stage might benefit from 

assessing early-life eating problems, alongside other factors like social interaction deficits. We 

recommend complementing ASD-specific screening instruments with an assessment of early-life 

eating habits.  

 

 

ACKNOWLEDGEMENTS 

The Generation R Study is run by Erasmus Medical Center in close collaboration with Erasmus University Rotterdam (School 

of Law and Faculty of Social Sciences), the Municipal Health Service Rotterdam area, the Rotterdam Homecare Foundation, 

and the Stichting Trombosedienst and Artsenlaboratorium Rijnmond, Rotterdam. We gratefully acknowledge the 

contribution of general practitioners, hospitals, midwives, and pharmacies in Rotterdam. We thank Jackie Senior for editing 

the manuscript. 

 

FUNDING 

The first phase of the Generation R Study is made possible by financial support from the Netherlands Organization for 

Health Research and Development (ZonMW, grant number 10.000.1003). 

 

ETHICAL STATEMENT 

Ethics approval and consent to participate Written informed consent was obtained from all participants. The study was 

approved by the Medical Ethical Committee of the Erasmus Medical Center, Rotterdam.  

 

DECLARATION OF COMPETING INTEREST  

PWJ received support from ZonMW (Mental Health Care Research Program, Fellowship 636320005). The authors declare 

that they have no further competing interest.  

 

AUTHOR’S CONTRIBUTIONS  

This study was conceived and designed by MH, WE, MHJH, HH and PJ. Analyses were performed and interpreted by MH, WE 

and PJ. MH, WE and PJ prepared the draft manuscript with input from IO, MHJH, HH. All authors read and approved the 

final manuscript.  



5

CHAPTER 5 | EARLY-LIFE EATING HABITS AND LATER AUTISTIC TRAITS 

127 

REFERENCES 

1.  American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th 
Edition (DSM-5). Arlington, VA: American Psychiatric Association; 2013. 

doi:10.1176/appi.books.9780890425596 

2.  Johnson CP, Myers SM. Identification and evaluation of children with autism spectrum 

disorders. Pediatrics. 2007;120(5):1183-1215. doi:10.1542/peds.2007-2361 

3.  Daniels AM, Mandell DS. Explaining differences in age at autism spectrum disorder diagnosis: 

A critical review. Autism. 2014;18(5):583-597. doi:10.1177/1362361313480277 

4.  Dawson G, Burner K. Behavioral interventions in children and adolescents with autism 

spectrum disorder. Curr Opin Pediatr. 2011;23(6):616-620. 

doi:10.1097/MOP.0b013e32834cf082 

5.  Clark MLE, Vinen Z, Barbaro J, Dissanayake C. School age outcomes of children diagnosed 

early and later with autism spectrum disorder. J Autism Dev Disord. 2018;48(1):92-102. 

doi:10.1007/s10803-017-3279-x 

6.  Robins DL, Fein D, Barton ML, Green JA. The modified checklist for autism in toddlers: An 

initial study investigating the early detection of autism and pervasive developmental 

disorders. J Autism Dev Disord. 2001;31(2):131-144. doi:10.1023/A:1010738829569 

7.  Robins DL, Casagrande K, Barton M, Chen C-MA, Dumont-Mathieu T, Fein D. Validation of the 

modified checklist for autism in toddlers, revised with follow-up (M-CHAT-R/F). Pediatrics. 

2014;133(1):37-45. doi:10.1542/peds.2013-1813 

8.  Øien RA, Nordahl-Hansen A, Schjølberg S. Screening instruments for asd. In: Volkmar F. (Eds) 
Encyclopedia of Autism Spectrum Disorders. New York, NY: Springer; 2019:1-5. 

doi:10.1007/978-1-4614-6435-8_102295-1 

9.  Rutter M, Bailey A, Lord C. The Social Communication Questionnaire. Torrance, CA: Western 

Psychological Services; 2003. 

10.  Swinkels SHN, Dietz C, Daalen E Van, Kerkhof IHGM, Engeland H Van, Buitelaar JK. Screening 

for autistic spectrum in children aged 14 to 15 months. I : The development of the early 

screening of autistic traits questionnaire ( ESAT ). J Autism Dev Disord. 2006;36:723-732. 

doi:10.1007/s10803-006-0115-0 

11.  Ledford JR, Gast DL. Feeding problems in children with autism spectrum disorders : A review. 

Focus Autism Other Dev Disabl. 2006;21(3):153-166. doi:10.1177/10883576060210030401 

12.  Taylor CM, Wernimont SM, Northstone K, Emmett PM. Picky/fussy eating in children: Review 

of definitions, assessment, prevalence and dietary intakes. Appetite. 2015;95:349-359. 

doi:10.1016/j.appet.2015.07.026 

13.  Wallace GL, Llewellyn C, Fildes A, Ronald A. Autism spectrum disorder and food neophobia: 

Clinical and subclinical links. Am J Clin Nutr. 2018;108(4):701-707. doi:10.1093/ajcn/nqy163 

14.  Cardona Cano S, Hoek HW, van Hoeken D, et al. Behavioral outcomes of picky eating in 

childhood: A prospective study in the general population. J Child Psychol Psychiatry. 

2016;57(11):1239-1246. doi:10.1111/jcpp.12530 

15.  Tseng P-T, Chen Y-W, Stubbs B, et al. Maternal breastfeeding and autism spectrum disorder in 

children: A systematic review and meta-analysis. Nutr Neurosci. 2019;22(5):354-362. 

doi:10.1080/1028415X.2017.1388598 

16.  Jaddoe VW V, Van Duijn CM, Franco OH, et al. The generation r study: Design and cohort 

update 2012. Eur J Epidemiol. 2012;27(9):739-756. doi:10.1007/s10654-012-9735-1 

17.  Wolke D, Gray P, Meyer R. Excessive infant crying: A controlled study of mothers helping 

mothers. Pediatrics. 1994;94(3):322-332. 

18.  Micali N, Simonoff E, Treasure J. Infant feeding and weight in the first year of life in babies of 

women with eating disorders. J Pediatr. 2009;154(1):55-60. doi:10.1016/j.jpeds.2008.07.003 

19.  Constantino JN. Social Responsiveness Scale (SRS), Manual. Los Angeles: Western 

Psychological services; 2002. 



DETECTION OF AUTISM IN CHILDHOOD 

128 

20.  Constantino JN, Davis S a., Todd RD, et al. Validation of a brief quantitative measure of autistic 

traits: Comparision of the social responsiveness scale with the autisme siagnostic interview -

revised. J Autism Dev Disord. 2003;33(4):427-433. doi:10.1023/A:1025014929212 

21.  Román GC, Ghassabian A, Bongers-Schokking JJ, et al. Association of gestational maternal 

hypothyroxinemia and increased autism risk. Ann Neurol. 2013;74(5):733-742. 

doi:10.1002/ana.23976 

22.  Blanken LME, Mous SE, Ghassabian A, et al. Cortical morphology in 6- to 10-year old children 

with autistic traits: A population-based neuroimaging study. Am J Psychiatry. 

2015;172(5):479-486. doi:10.1176/appi.ajp.2014.14040482 

23.  Hampton J, Strand PS. A Review of level 2 parent-report instruments used to screen children 

aged 1.5-5 for autism: A meta-analytic update. J Autism Dev Disord. 2015;45(8):2519-2530. 

doi:10.1007/s10803-015-2419-4 

24.  White T, Muetzel RL, Marroun H El, et al. Paediatric population neuroimaging and the 

Generation R Study : the second wave. Eur J Epidemiol. 2018;33(1):105-131. 

doi:10.1007/s10654-017-0319-y 

25.  Achenbach T, Rescorla L. Manual for ASEBA School-Age Forms & Profiles. Burlington, VT: 

University of Vermont, Research Center for Children, Youth, & Families; 2001. 

26.  Berument SK, Rutter M, Lord C, Pickles A, Bailey A. Autism screening questionnaire: Diagnostic 

validity. Br J Psychiatry. 1999;175(5):444-451. doi:10.1192/bjp.175.5.444 

27.  Jansen PW, Roza SJ, Jaddoe VW, et al. Children’s eating behavior, feeding practices of parents 

and weight problems in early childhood: Results from the population-based Generation R 

Study. Int J Behav Nutr Phys Act. 2012;9(1):130. doi:10.1186/1479-5868-9-130 

28.  Derogatis LR, Melisaratos N. The brief symptom inventory: An introductory report. Psychol 
Med. 1983;13(3):595-605. doi:10.1017/S0033291700048017 

29.  Hoekstra RA, Vinkhuyzen AAE, Wheelwright S, et al. The construction and validation of an 

abridged version of the autism-spectrum quotient (AQ-short). J Autism Dev Disord. 

2011;41(5):589-596. doi:10.1007/s10803-010-1073-0 

30.  Graham JW. Missing data analysis: making it work in the real world. Annu Rev Psychol. 
2009;60:549-576. doi:10.1146/annurev.psych.58.110405.085530 

31.  Tick B, Bolton P, Happé F, Rutter M, Rijsdijk F. Heritability of autism spectrum disorders: A 

meta-analysis of twin studies. J Child Psychol Psychiatry Allied Discip. 2016;57(5):585-595. 

doi:10.1111/jcpp.12499 

32.  Boucher O, Julvez J, Guxens M, et al. Association between breastfeeding duration and 

cognitive development, autistic traits and ADHD symptoms: A multicenter study in Spain. 

Pediatr Res. 2017;81(3):434-442. doi:10.1038/pr.2016.238 

33.  Tavoulari E-F, Benetou V, Vlastarakos P V, et al. Factors affecting breastfeeding duration in 

Greece: What is important? World J Clin Pediatr. 2016;5(3):349. doi:10.5409/wjcp.v5.i3.349 

34.  Ingersoll B, Hambrick DZ. The relationship between the broader autism phenotype, child 

severity, and stress and depression in parents of children with autism spectrum disorders. Res 
Autism Spectr Disord. 2011;5(1):337-344. doi:10.1016/j.rasd.2010.04.017 

35.  Berthoz S, Lalanne C, Crane L, Hill EL. Investigating emotional impairments in adults with 

autism spectrum disorders and the broader autism phenotype. Psychiatry Res. 

2013;208(3):257-264. doi:10.1016/j.psychres.2013.05.014 

36.  Henderson JJ, Evans SF, Straton JAY, Priest SR, Hagan R. Impact of postnatal depression on 

breastfeeding duration. Birth. 2003;30(3):175-180. doi:10.1046/j.1523-536X.2003.00242.x 

37.  Falsett CF, Santos IMM dos, Vasconcellos AM. Interfering factors of the breastfeeding process 

in children bearing various health needs: Contributions to nursing / Fatores que interferem no 

processo de aleitamento materno de crianças com cecessidades de saúde variadas: 

Contribuições para a enfermagem. Rev Pesqui Cuid é Fundam Online. 2019;11(5):1278. 

doi:10.9789/2175-5361.2019.v11i5.1278-1285 

38.  Soke GN, Maenner M, Windham G, et al. Association between breastfeeding initiation and 

duration and autism spectrum disorder in preschool children enrolled in the study to explore 



5

CHAPTER 5 | EARLY-LIFE EATING HABITS AND LATER AUTISTIC TRAITS 

129 

early development. Autism Res. 2019;12(5):816-829. doi:10.1002/aur.2091 

39.  Britton JR, Britton HL, Gronwaldt V. Breastfeeding, sensitivity, and attachment. Pediatrics. 

2006;118(5):e1436-e1443. doi:10.1542/peds.2005-2916 

40.  Tharner A, Luijk MPCM, Raat H, et al. Breastfeeding and its relation to maternal sensitivity and 

infant attachment. J Dev Behav Pediatr. 2012;33(5):396-404. 

doi:10.1097/DBP.0b013e318257fac3 

41.  Bryson SE, Zwaigenbaum L, Brian J, et al. A prospective case series of high-risk infants who 

developed autism. J Autism Dev Disord. 2007;37(1):12-24. doi:10.1007/s10803-006-0328-2 

42.  Mulligan S, White BP. Sensory and motor behaviors of infant siblings of children with and 

without autism. Am J Occup Ther. 2012;66(5):556-566. doi:10.5014/ajot.2012.004077 

43.  Germani T, Zwaigenbaum L, Bryson S, et al. Brief report: Assessment of early sensory 

processing in infants at high-risk of autism spectrum disorder. J Autism Dev Disord. 

2014;44(12):3264-3270. doi:10.1007/s10803-014-2175-x 

44.  Beauchamp GK, Mennella JA. Flavor perception in human infants: Development and 

functional significance. Digestion. 2011;83(SUPPL.1):1-6. doi:10.1159/000323397 

45.  Mastorakou D, Ruark A, Weenen H, Stahl B, Stieger M. Sensory characteristics of human milk: 

Association between mothers’ diet and milk for bitter taste. J Dairy Sci. 2019;102(2):1116-

1130. doi:10.3168/jds.2018-15339 

46.  Liu J, Leung P, Yang A. Breastfeeding and active bonding protects against children’s 

internalizing behavior problems. Nutrients. 2013;6(1):76-89. doi:10.3390/nu6010076 

47.  Kuzela AL, Stifter CA, Worobey J. Breastfeeding and mother-infant interactions. J Reprod 
Infant Psychol. 1990;8(3):185-194. doi:10.1080/02646839008403623 

48.  Lucas |, Cutler. Autism: Dysregulated breastfeeding behaviors? J Perinat Educ. 

2015;24(3):171-180. doi:10.1891/1058-1243.24.3.171 

49.  Li R, Fein SB, Chen J, Grummer-Strawn LM. Why mothers stop breastfeeding: Mothers’ self-

reported reasons for stopping during the first year. Pediatrics. 2008;122(Supplement 2):S69-

S76. doi:10.1542/peds.2008-1315i 

50.  Ahluwalia IB, Morrow B, Hsia J. Why do women stop breastfeeding? Findings from the 

pregnancy risk assessment and monitoring system. Pediatrics. 2005;116(6):1408-1412. 

doi:10.1542/peds.2005-0013 

51.  van ’t Hof M, Ester WA, Serdarevic F, et al. The sex-specific association between autistic 

features and eating behavior in a general population study. Appetite. 2020;147,10451. 

doi:10.1016/j.appet.2019.104519 

52.  Saltzman JA, Fiese BH, Bost KK, McBride BA. Development of appetite self-regulation: 

Integrating perspectives from attachment and family systems theory. Child Dev Perspect. 
2018;12(1):51-57. doi:10.1111/cdep.12254 

53.  Gomez CR, Baird S. Identifying early indicators for autism in self-regulation difficulties. Focus 
Autism Other Dev Disabl. 2005;20(2):106-116. doi:10.1177/10883576050200020101 

54.  Jahromi LB. Self-Regulation in Young Children With Autism Spectrum Disorder: An 
Interdisciplinary Perspective on Emotion Regulation, Executive Function, and Effortful Control. 
Vol 53. 1st ed. Elsevier Inc.; 2017. doi:10.1016/bs.irrdd.2017.07.007 

55.  Chinello A, Di V, Valenza E. Persistent primary reflexes affect motor acts: Potential 

implications for autism spectrum disorder. Res Dev Disabil. 2018;83:287-295. 

doi:10.1016/j.ridd.2016.07.010 

56.  Weir K, McMahon S, Barry L, Ware R, Masters IB, Chang AB. Oropharyngeal aspiration and 

pneumonia in children. Pediatr Pulmonol. 2007;42(11):1024-1031. doi:10.1002/ppul.20687 

57.  Goday PS, Huh SY, Silverman A, et al. Pediatric feeding disorder: Consensus definition and 

conceptual framework. J Pediatr Gastroenterol Nutr. 2019;68(1):124-129. 

doi:10.1097/MPG.0000000000002188 

58.  Leekam SR, Nieto C, Libby SJ, Wing L, Gould J. Describing the sensory abnormalities of children 

and adults with autism. J Autism Dev Disord. 2007;37(5):894-910. doi:10.1007/s10803-006-

0218-7 



DETECTION OF AUTISM IN CHILDHOOD 

130 

59.  Nadon G, Feldman DE, Dunn W, Gisel E. Association of sensory processing and eating 

problems in children with autism spectrum disorders. Autism Res Treat. 2011;2011,54192. 

doi:10.1155/2011/541926 

60.  Herle M, Fildes A, Llewellyn CH. Emotional eating is learned not inherited in children, 

regardless of obesity risk. Pediatr Obes. 2018. doi:10.1111/ijpo.12428 

61.  Hazlett HC, Gu H, Munsell, B. et al. Early brain development in infants at high risk for autism 

spectrum disorder Heather. Nature. 2017;542(7641):348-351. doi:10.1038/nature21369.Early 

62.  Shic F, Macari S, Chawarska K. Speech disturbs face scanning in 6-month-old infants who 

develop autism spectrum disorder. Biol Psychiatry. 2014;75(3):231-237. 

doi:10.1016/j.biopsych.2013.07.009 

63.  Falck-Ytter T, Bölte S, Gredebäck G. Eye tracking in early autism research. J Neurodev Disord. 

2013;5(1):28. doi:10.1186/1866-1955-5-28 

64.  Thorup E, Nyström P, Gredebäck G, Bölte S, Falck-Ytter T. Reduced alternating gaze during 

social interaction in infancy is associated with elevated symptoms of autism in toddlerhood. J 
Abnorm Child Psychol. 2018;46:1-15. doi:10.1007/s10802-017-0388-0 

65.  Jones W, Klin A. Attention to eyes is present but in decline in 2-6-month-old infants later 

diagnosed with autism. Nature. 2013;504:427-431. doi:10.1038/nature12715 

66.  Llewellyn CH, van Jaarsveld CHM, Johnson L, Carnell S, Wardle J. Development and factor 

structure of the baby eating behaviour questionnaire in the gemini birth cohort. Appetite. 

2011;57(2):388-396. doi:10.1016/j.appet.2011.05.324 

67.  Nilsen RM, Vollset SE, Gjessing HK, et al. Self-selection and bias in a large prospective 

pregnancy cohort in Norway. Paediatr Perinat Epidemiol. 2009;23(6):597-608. 

doi:10.1111/j.1365-3016.2009.01062.x 

68.  Baio J, Wiggins L, Christensen DL, et al. Prevalence of autism spectrum disorder among 

children aged 8 years - Autism and developmental disabilities monitoring network, 11 sites, 

United States, 2014. MMWR Surveill Summ. 2018;67(6):1-23. doi:10.15585/mmwr.ss6706a1 

 

  



5

CHAPTER 5 | EARLY-LIFE EATING HABITS AND LATER AUTISTIC TRAITS 

131 

 

  




	Chapter 5



