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A B S T R A C T   

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 breast-
feeding 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 psycho-
pathology 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.   

1. 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 develop-
mental period, some symptoms manifest itself only later in life (Amer-
ican Psychiatric Association, 2013). ASD can be reliably diagnosed as 
young as 24 months (Johnsonn & Myers, 2007), but the current mean 

age at diagnosis ranges from 38 to 120 months (Daniels & Mandell, 
2014). There is an urgency to identifying children with ASD, as partic-
ularly early interventions can improve language and cognitive abilities 
(Dawson & Burner, 2011) and result in better long-term outcomes across 
the school age years (Clark et al., 2018) 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/ 

* Corresponding author. Department of Child and Adolescent Psychiatry/Psychology, Erasmus University Medical Center, Rotterdam, the Netherlands. 
E-mail address: p.w.jansen@erasmusmc.nl (P.W. Jansen).  

Contents lists available at ScienceDirect 

Appetite 

journal homepage: www.elsevier.com/locate/appet 

https://doi.org/10.1016/j.appet.2020.104976 
Received 25 February 2020; Received in revised form 17 September 2020; Accepted 17 September 2020   

mailto:p.w.jansen@erasmusmc.nl
www.sciencedirect.com/science/journal/01956663
https://www.elsevier.com/locate/appet
https://doi.org/10.1016/j.appet.2020.104976
https://doi.org/10.1016/j.appet.2020.104976
https://doi.org/10.1016/j.appet.2020.104976
http://crossmark.crossref.org/dialog/?doi=10.1016/j.appet.2020.104976&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Appetite 156 (2021) 104976

2

F); Robins et al., 2001; Diana L. Robins et al., 2014) is currently the most 
commonly used screening instrument (Øien et al., 2019) Other in-
struments like the Social Communication Questionnaire (SCQ; Rutter 
et al., 2003) and the Early Screening of Autistic Traits Questionnaire 
(ESAT/CoSoS in Dutch; Swinkels et al., 2006) 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 (Robins et al., 2001; Rutter et al., 2003; Swinkels et al., 2006). 
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 chil-
dren with ASD (Ledford & Gast, 2006) compared to 6–50% of children in 
the general population (Taylor et al., 2015). Food neophobia is two to 
three times more common in children with ASD than in non-ASD chil-
dren (Wallace et al., 2018). In previous studies in the general popula-
tion, we also identified eating problems in early childhood as a possible 
early sign of ASD (Cardona Cano et al., 2016). 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 (Tseng et al., 2019). 

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, con-
tent of breastmilk, and skin-to-skin contact as potential causal pathways 
for this protective effect (Tseng et al., 2019). 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 
(Tseng et al., 2019). 

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 in-
fant 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. 

2. Method 

2.1. 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 (Jaddoe et al., 2012). Written informed 
consent was obtained from all participants. The study was approved by 
the Medical Ethical Committee of the Erasmus Medical Center, 
Rotterdam. 

2.2. Participants 

Our study population includes all parents of 6625 children who gave 
consent for participation in the postnatal phase of the Generation R 
study (Fig. 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. 

2.3. Measures 

2.3.1. Breastfeeding 
Information about feeding mode was obtained by a maternal postal 

questionnaire when children were two months old. We assessed if in-
fants 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. 

2.3.2. 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 feeding (Micali et al., 2009; Wolke et al., 1994). 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. 

2.3.3. Autistic traits 
Autistic traits were assessed using maternal reports of the validated 

Social Responsiveness Scale (SRS) (Constantino, 2002) 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 

Fig. 1. Flow diagram of the study population.  
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good, including a test-retest reliability of 0.88 and a two-year stability 
correlation of 0.83 (Constantino et al., 2003). 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 (Román et al., 2013). 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. (2015). 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% (Hampton & Strand, 2015). 

To identify children with an ASD diagnosis, we examined medical 
records using a multifaceted screening procedure (White et al., 2018). 
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) (Achenbach & Rescorla, 2001) at age six years were then 
screened using the 40-item Social Communication Questionnaire (SCQ), 
as reported by a parent (Berument et al., 1999). Additionally, psychi-
atric diagnoses and treatment were routinely assessed at all contact 
moments between ages 6–9 years (health center visits and question-
naires). If children scored positive in one or more of these three infor-
mation sources, the medical records at their general practitioners were 
examined. If an ASD diagnosis was confirmed through the medical re-
cords, the child was considered to be a clinically confirmed case of ASD. 

2.3.4. Covariates 
We included several child and family covariates based on previous 

studies (Blanken et al., 2015; Cardona Cano et al., 2016; Jansen et al., 
2012). 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 psycho-
pathology during pregnancy. The BSI is a validated 53-item self-reported 
questionnaire assessing diverse psychiatric problems (Derogatis & 
Melisaratos, 1983). 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 (Hoekstra et al., 2011). 

2.4. 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 pre-
disposition 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 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. 

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 
to estimate the missing values (Graham, 2009). Regressions were con-
ducted on the imputed data and reported estimates are the pooled re-
sults of 30 imputed datasets. All statistical analyses were performed with 
SPSS 21. 

3. Results 

3.1. 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). 

3.2. Sample characteristics 

Child and maternal characteristics of the study sample are presented 
in Table 1. In total, 51.0% of children were girls and 68.8% received 

Table 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 (0.4–6.0) 7.4 
Social Responsiveness Scale 71.8 (58.7–106.8) 0.0 

Gestational age at birth 40.1 (27.1–43.4) 0.0 
Birth weight (grams) 3480 (780–5610) 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 (0.0–2.5) 0.0 
Maternal characteristics 

Age at intake (years) 31.9 (15.3–45.4) 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 (0.0–2.7) 15.9 
Autism traits score 50.0 (28.0–84.0) 32.1  

a Values are percentages for categorical variables and medians (range) for 
continuous non-normally distributed variables. 
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breastfeeding at two months. More than two-thirds (68.0%) of the 
mothers had a Dutch background. The study sample included 50 chil-
dren (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). 

3.3. Prospective relationship between breastfeeding and autistic traits 

Table 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 breast-
feeding 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 = .50). 

3.4. Prospective relationship between eating behavior and autistic traits 

Table 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. 

4. 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. 

4.1. Breastfeeding 

Our results on breastfeeding are in line with previous studies sug-
gesting a negative association between breastfeeding and later ASD 
(Tseng et al., 2019). 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 caus-
ally 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 (Tick et al., 2016). 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 psy-
chopathology is associated with shorter breastfeeding duration 
(Boucher et al., 2017; Tavoulari et al., 2016). Also, the broader autism 
phenotype is related to elevated depressive symptomology (Ingersoll & 
Hambrick, 2011) and socio-affective impairment (Berthoz et al., 2013) 
which can negatively affect breastfeeding duration (Falsett et al., 2019; 
Henderson et al., 2003). Nonetheless, our results show that psychopa-
thology 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 (Soke et al., 2019). 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 breastfeeding (Britton et al., 2006; Tharner et al., 2012) - 
were not evaluated in our study. 

Also, multiple child factors may contribute to the association be-
tween breastfeeding and ASD. Sensory problems that have been found in 
infants at high risk for ASD (Bryson et al., 2007; Germani et al., 2014; 
Mulligan & White, 2012) could affect the initiation and/or continuation 

Table 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. 

Table 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. 
**p < .01, *p < .05. 
Note: We found no significant interactions between sex or breastfeeding (yes/ 
no) with eating behavior. 
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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 (Beauchamp & Mennella, 
2011), because the taste of breastmilk (e.g. bitterness) is affected by the 
mother’s consumption (Mastorakou et al., 2019). Also, compared to 
other feeding methods, breastfeeding provides more close skin-to-skin 
contact (Liu et al., 2013) and frequent touch by the mother (Kuzela 
et al., 1990) which are possibly less pleasant for children with sensory 
problems. Finally, a dysregulated breastfeeding pattern of endless 
sucking in children with ASD (Lucas & Cutler, 2015) may lead to sore 
nipples and breastfeeding discontinuation (Ahluwalia et al., 2005; Li 
et al., 2008). 

4.2. Eating behavior 

The current study showed that specific infant eating problems 
–particularly drinking only small quantities and being hungry or not sat-
isfied– were associated with a higher autistic traits score later in child-
hood. 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 (van ’t Hof et al., 2019). 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 (Saltzman et al., 2018), but 
self-regulation difficulties have been reported among children with ASD 
(Gomez & Baird, 2005; Jahromi, 2017). It is possible that infant eating 
problems are an early expression of the self-regulation difficulties typi-
cally seen in ASD. 

Delays in the development of early motor skills are also often re-
ported in children with ASD (Chinello et al., 2018) 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 (Weir et al., 2007), while 
impairments in oral and pharyngeal sensory-motor functioning may also 
inhibit feeding skills (Goday et al., 2019). Finally, sensory processing 
deficits are another common problem in children with ASD (Leekam 
et al., 2007) and these have been linked to eating problems in ASD 
(Nadon et al., 2011). 

In contrast to our previous study evaluating the association between 
eating behavior and autistic traits in middle childhood (van ’t Hof et al., 
2019), we found no sex differences in the current study. This is most 
likely because sex differences were previously found solely in the asso-
ciation between emotional eating and autistic traits (van ’t Hof et al., 
2019). Emotional eating, however, is mostly shaped by shared envi-
ronmental factors rather than genetic risk (Herle et al., 2018) and de-
velops 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. 

4.3. 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 bio-
logical markers found that early brain development (Hazlett et al., 2017) 

may be indicative of ASD as early as six months of age. Furthermore, 
infant gaze patterns (Shic et al., 2014), reduced looking time (Falck--
Ytter et al., 2013), less alternating gaze during interaction with adults 
(Thorup et al., 2018), and a decline in eye fixation (Jones & Klin, 2013) 
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 standard-
ized 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. 

4.4. 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 opti-
mizing validity and minimalizing measurement bias. However, as infant 
eating behavior questionnaires, like the Baby Eating Behavior Ques-
tionnaire (BEBQ) (Llewellyn et al., 2011), 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. Further-
more, we also did not assess the reasons why mothers stopped breast-
feeding 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 (Nilsen et al., 2009). A 
final limitation was that although 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%) (Baio et al., 2018), 
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. 

5. 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 com-
plementing ASD-specific screening instruments with an assessment of 
early-life eating habits. 
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