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Abstract

Background We aimed to compare differences in infant feeding patterns (breastfeeding and complementary food
supplementation) between children with the autism spectrum disorder (ASD) and typically developing (TD) children
through a multicentre study. The relationship between these patterns and later core symptoms and neurodevelop-
ment in children with ASD was also investigated.

Methods We analysed breastfeeding and complementary feeding patterns in 1389 children with ASD and 1190 TD
children. The Children Neuropsychological and Behavior Scale-Revision 2016 (CNBS-R2016) was used to assess neu-
rodevelopmental levels. The Autism Behavior Checklist (ABC), Social Responsiveness Scale (SRS), Childhood Autism
Rating Scale (CARS), and ASD Warning Behavior Subscale of the CNBS-R2016 were used to assess ASD symptoms.

Results Children with ASD had a shorter breastfeeding duration in infancy (8 (3—12) months vs. 10 (6—14) months,
P<0.001), later introduction of complementary foods (P<0.001), and poorer acceptance of complementary foods (P<0.001)
than TD children. Total ABC and CARS scores were lower in the group of children with ASD who had been breastfed for

12 months or more than in the group who had been breastfed for less than 6 months. Children with ASD who were given
complementary food after 6 months had lower general quotient (GQ), adaptive ability, fine motor and language scores than
those who were given complementary food within 4-6 months. Children with ASD with poor acceptance of complemen-
tary foods had higher ABC and SRS scores and lower gross motor scores than those who had good acceptance.

Conclusions Children with ASD have a shorter duration of breastfeeding, a later introduction of complementary
foods, and poorer acceptance of complementary foods than TD children. These feeding patterns may be related to
the symptoms and growth of children with ASD. The research suggests that continued breastfeeding for longer than
12 months may be beneficial in reducing ASD symptoms and that infants who have difficulty introducing comple-
mentary foods should be followed up for neurodevelopment.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmen-
tal condition marked by difficulty interacting with oth-
ers, stereotypical behaviour, and narrow interests [1].
According to the Centers for Disease Control and Pre-
vention (CDC), 1 in 44 children had autism in 2018, up
approximately 24% from 2016 [2]. In China, the preva-
lence has reached 0.7% [3]. The situation with autism is
dire, and the financial burden and psychological strain
experienced by families of children with the condition is
enormous. This makes it particularly important to look
for possible protective factors and early manifestations of
ASD.

ASD may be the result of genetic and environmental
interactions. Numerous studies have demonstrated that
early feeding patterns have a significant impact on the
occurrence of ASD and its future progression [4—6].
Breastfeeding facilitates mother-infant bonding and
neurodevelopment and cognitive development in chil-
dren [7]. However, past research on the link between
ASD and breastfeeding has not yielded the same results.
Most studies have shown that breastfeeding may be
protective against ASD [8-12] and is linked to reduced
levels of autistic traits [5]. Studies have also revealed
that prolonged breastfeeding may be associated with a
reduced risk of ASD [13]. In contrast, there may be no
link between breastfeeding and ASD, according to a US
study that included 391 children with ASD in the analy-
sis [13]. As growth and development mature, it becomes
difficult to meet the nutritional needs of infants with
breast milk or formula alone. Therefore, foods other
than breast milk and formula need to be added, which
are defined as complementary foods [14]. Many guide-
lines suggest adding after 6 months [14, 15]. However,
the characteristics of children with ASD make it more
difficult to introduce complementary foods compared
to typically developing children [16]. Brzéska et al. [4]
reported that compared to healthy children, children
with ASD had more difficulty with the introduction of
new foods and that solid and lumpy foods were intro-
duced to them later. Another study found that children
with ASD may develop food choice problems slowly
after solid foods are introduced [17].

The majority of current studies focus on breastfeed-
ing and the onset of ASD, and few studies have looked
at feeding patterns and the progression of symptoms in

later stages. To date, only a few studies on complemen-
tary feeding have been conducted in the West. Is there
an association between breast milk and complementary
feeding and ASD in Chinese children? Therefore, we con-
ducted the first large-sample, multicentre study in China
to investigate differences in several feeding patterns (e.g.,
breastfeeding duration, timing of complementary food
introduction, and acceptance of complementary food)
between children with ASD and typically developing
(TD) children. The relationship of these patterns with the
core symptoms and neurodevelopmental levels of chil-
dren with ASD was simultaneously explored. We hypoth-
esized that breastfeeding would be associated with fewer
autistic traits in later childhood, whereas problematic
eating behaviours in infants would be associated with
higher autistic trait scores.

Materials and methods

Participants

This research is from the China Multi-Center Chil-
dren Autism Project (CMCAP). The participants were
recruited from thirteen cities in China between May
2018 and December 2019, including the Northern
Region (Harbin, Qingdao, Changchun), the Southern
Region (Haikou, Shenzhen, Changsha), the Eastern
Region (Shanghai, Nanjing), the Western Region (Dey-
ang, Chonggqing, Xi'an) and the Central Region (Wuhan,
Zhengzhou). We recruited children with ASD from spe-
cial education institutions and outpatient clinics. Ulti-
mately, 2762 children under 7 years old participated in
this study, including 1457 children with ASD and 1305
TD children. In addition, 2579 children (1389 chil-
dren with ASD and 1190 TD children) were ultimately
included after 183 children who lacked all early feeding
data were excluded.

Selection criteria

The diagnosis of ASD was made by an experienced psy-
chiatrist, psychologist, or neurodevelopmental paedia-
trician in conjunction with the DSM-5 and CARS. The
exclusion criteria were as follows: (1) other neurode-
velopmental and psychiatric disorders affecting growth
or cognition, such as Rett’s syndrome, epilepsy, cer-
ebral palsy, and so on; (2) serious congenital disorders;
and (3) acute and chronic infectious diseases in the last
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three months. The TD children were recruited from
local schools and online volunteers. The exclusion crite-
ria were as follows: 1) any serious congenital disorders;
2) any developmental disorders; and 3) acute and chronic
infectious diseases in the last three months.

Scales and questionnaires

General questionnaire

Caregivers of the participants completed a basic ques-
tionnaire including age, gender, residence, parental edu-
cational attainment, average annual household income,
breastfeeding and complementary feeding during
infancy. Caregivers were asked for information on feed-
ing during infancy according to the World Health Organ-
ization (WHO) definition of breastfeeding. Content
included the age at the beginning and end of months of
exclusive breastfeeding (breast milk only or breast milk
with water only), no breastfeeding (fully formula-fed)
and partial breastfeeding (mixture of breast milk and for-
mula) [8]. We used the duration of exclusive breastfeed-
ing plus the duration of partial breastfeeding to calculate
the duration of breastfeeding for the participating chil-
dren, based on the completion of the questionnaire. The
situation of complementary food included when comple-
mentary food was added and how well it was accepted.
We asked parents to score their child’s acceptance of
complementary foods using a 3-point Likert scale. The
answers were scored as 1 (poor), 2 (fair) and 3 (good).

Core symptoms and neurodevelopment scales

The Childhood Autism Rating Scale (CARS) is used by
developmental paediatricians to assess autism disease
severity and consists of 15 items. Each item is scored on
a continuum from normal to severely abnormal. A score
of 1 indicates a normal range for age, 2 indicates a mild
abnormality, 3 indicates a moderate abnormality, and
4 indicates a severe abnormality. The total score ranges
from 15 to 60, with scores of 30-36 indicating mild
autism and 36 or more indicating severe autism [18].

The Autism Behavior Checklist (ABC) describes a range
of typical autism-related behaviours. It is completed by the
primary caregiver. The scale consists of 5 areas, sensory,
relating, stereotypic behaviour, language, and social inde-
pendence, with a cut-off score of 53 for ASD [19].

The Social Responsiveness Scale (SRS) measures social
impairment in individuals with ASD [20]. The scale has
5 sections, including social awareness, cognition, com-
munication, motivation, and autistic behaviour. A typi-
cally developing child should have a score<65 [21, 22].
Higher scores indicate more severely impaired social
functioning.

Professional doctors utilize the Children Neuropsycho-
logical and Behavior Scale-Revision 2016 (CNBS-R2016),

Page 3 of 12

established by the Capital Institute of Pediatrics, China,
to evaluate children’s neurodevelopment. The scale con-
sists of six components (gross motor, fine motor, adaptive
behaviour, language, personal social and communication
warning behaviour). A total score or subscale develop-
mental quotient (DQ) of<70 indicates a developmental
delay. A Communication Warning Behavior (CWB) sub-
scale score of 12-30 indicates possible social impairment,
while for a score >30, ASD is highly suspected [23].

The above ABC, SRS, CARS, and CWB scales are all
used for children with ASD.

Statistical analysis

Statistical analysis was performed using SPSS 25.0 soft-
ware. The distribution of each dataset for normality was
verified using the Kolmogorov-Smirnov goodness-of-
fit test before analysis. We calculated the mean (SD) or
median (IQR) for continuous variables and percentages
for categorical variables. Mann—Whitney tests and chi-
square tests were used to analyse demographic factors.
According to the duration of breastfeeding, we classi-
fied the variable breastfeeding duration (months) for
both groups of children into: <6 months; 6—12 months;
and > 12 months. Depending on the timing of the intro-
duction of complementary foods, we divided the time
of introduction of complementary foods (months)
into three groups: <4 months of age; 4—6 months of
age; >6 months of age. When analysing the data among
all the children, we found that no more than 7.3% were
missing demographic data and no more than 8.3% were
missing infant feeding data (breastfeeding duration: 8.3%,
timing of complementary food introduction: 6.3% and
acceptance of complementary food: 8.1%). To address the
potential bias due to missing data, we performed mul-
tiple imputation by chained equations to generate five
multiple imputation datasets. Furthermore, we analysed
the link between feeding patterns during infancy and the
occurrence of ASD using logistic regression. Age, gender,
residence, annual family income and parental educational
attainment varied between the ASD and TD groups.
Therefore, we controlled for these variables as covari-
ates in logistic regression analyses using the imputation
data. Additionally, we performed a multiple linear regres-
sion corrected for the covariates described previously to
investigate the relationship among feeding patterns, ASD
symptoms, and developmental progress in childhood.
P<0.05 was considered statistically significant.

Results

Demographic characteristics

This study enrolled 2762 children under 7 years old based
on the inclusion and exclusion criteria. After exclud-
ing 183 children with missing data on all early feedings,
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2579 children were ultimately included (Fig. 1). The ASD
group included 1389 children, with 1138 males and 251
females and a median (IQR) age of 3.94 (3.11-4.90) years.
The TD group included 1190 children, with 784 males
and 406 females and a median (IQR) age of 4.40 (3.37-
5.36) years. The two groups were significantly different
in terms of age and gender (P<0.05). Residence, annual
family income, and parental education level between the
two groups were also significantly different (Table 1).
Therefore, we corrected for these demographic factors in
a multivariate logistic regression analysis.

Comparison of infant feeding patterns between the TD
and ASD groups
The infant feeding situations of the ASD and TD groups
are summarized in Table 2. The results revealed that the
children with ASD had a shorter breastfeeding dura-
tion in infancy than TD children (8 (3—12) months vs.
10 (6—14) months, P<0.001). Also, compared to the TD
group, the ASD group was introduced to complementary
foods later (P<0.001) and reported poorer acceptance of
complementary foods per parent report (P<0.001).

Table 3 compares the early feeding situation in the
ASD and TD groups using logistic regression. In the
crude model, there was no adjustment. Adjusted Model
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1 considered the covariates of the child’s age, gender,
residence, annual family income and parental educa-
tional attainment. To avoid interactions among the
three infant feeding situations, we additionally cor-
rected for the other two infant feeding situations. Mul-
tiple imputation was performed to address the presence
of missing demographic and feeding data. The data
after multiple imputation were used in adjusted Model
2 for the analysis, and the same covariates as those in
Model 1 were adjusted. The results showed that chil-
dren breastfed for 12 months or more had lower odds
of having ASD than children less than 6 months, after
adjusting for confounding factors (OR =0.607, 95% CI:
0.486, 0.757, P<0.001). Children with poor comple-
mentary food acceptance had higher odds of having
ASD than children with good acceptance (OR=2.672,
95% CI: 1.821, 3.921, P<0.001).

In addition, we compared the different feeding status in
the first 6 months of life between the ASD and TD groups
and found that children in the ASD group had lower rates
of exclusive breastfeeding in the first 6 months than chil-
dren in TD, and significantly higher rates of no breast-
feeding than children in TD (all P<0.001, Addition file 3).
Multivariable logistic regression analysis found that par-
tially and exclusively breastfed children were less likely to

[

China Multi-Center Children Autism Project Included children:
N=2762 (ASD: 1457; TD: 1305)
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Fig. 1 Flowchart of the study participants; ASD, autism spectrum disorder group; TD, typically developing group
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Table 1 Demographic characteristics of the participants in ASD and TD groups

Variable ASD(N =1389), Median (IQR)/N TD(N=1190), Median (IQR)/N Z/x2 P
(%) (%)
Age, years 3.94(3.11,4.90) 4.40(3.37,5.36) -6.101 <0.001
Gender
Male 1138(81.9) 784(65.9) 86.931 <0.001
Female 251(18.1) 406(34.1)
Residence
Urban 1036(74.6) 1058(88.9) 90.230 <0.001
Rural 334(24.0) 117(9.8)
Miss 19(1.4) 15(1.3)
Annual family income, RMB*®
<50,000 615(44.3) 307(25.8) 146.726 <0.001
50,000~ 100,000 403(29.0) 290(24.4)
>100,000 313(22.5) 506(42.5)
Miss 58(4.2) 87(7.3)
Paternal education level
Primary education 22(1.6) 7(0.6) 48743 <0.001
Secondary education 553(39.8) 333(28.0)
Secondary education above 798(57.5) 838(70.4)
Miss 16(1.1) 12(1.0)
Maternal education level
Paternal education level 33(2.4) 14(1.2) 110.647 <0.001
Primary education 623(44.9) 309(26.0)
Secondary education 727(52.3) 863(72.5)
Miss 6(0.4) 4(0.3)

Data were shown as Median (IQR) or number (percentage)

Differences in annual family income and parental education levels were found between the ASD and TD groups after the multiple comparison for each subgroup, and
passed the Bonferroni corrections

ASD autism spectrum disorder; TD typically developing, /QR inter-quartile range. Chi-square test and Mann-Whitney test were used in the analysis
21 RMB~0.155 US Dollars

Table 2 Comparison of infant feeding between the TD and the ASD group

Variable ASD, Median (IQR)/N (%)  TD, Median (IQR)/N (%) z P
Breastfeeding duration, months 8(3,12) 10(6,14) -4.905 <0.001
Breastfeeding duration, months
<6 months 411(32.2) 231(21.3) -4.901 <0.001
> 6 months and less than 12 months 402(31.5) 396(36.4)
> 12 months 465(36.4) 460(42.3)
Timing of complementary food
<4 months 168(12.9) 168(15.1) -4.697 <0.001
>4 months and <6 months 772(59.2) 745(66.9)
>6 months 363(27.9) 201(18.0)
Acceptance of complementary food
Good 721(56.8) 761(69.1) -6.777 <0.001
Fair 429(33.8) 301(27.3)
Poor 120(9.5) 39(3.5)

Mann-Whitney test was used in the analysis
ASD autism spectrum disorder, TD typically developing, QR interquartile range
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Table 3 Comparison of infant feeding between the TD and the ASD
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children in different models

Variable Crude Model ? Adjusted Model 1° Adjusted Model 2¢
OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P

Breastfeeding duration, N1=2365, N2=2365, N3=2579

<6 months 1[Reference] 1[Reference] 1[Reference]

> 6 months and less than 12 months 0.571(0.461,0.706) <0.001 0.609(0.473,0.784) <0.001 0.625(0.493,0.792) <0.001

>12 months 0.568(0.462,0.698) <0.001 0.599(0.469,0.764) <0.001 0.607(0.486,0.757) <0.001
Timing of complementary food, N1=2417,N2=2417, N3 =2579

>4 months and <6 months 1[Reference] 1[Reference] 1[Reference]

<4 months 0.965(0.762,1.222) 0.768 1.028(0.771,1.372) 0.850 1.054(0.815,1.364) 0.689

>6 months 1.743(1.428,2.128) <0.001 1.410(1.109,1.792) 0.005 1.451(1.167,1.805) 0.001
Acceptance of complementary food, N1=2371,N2=2371,N3=2579

Good 1[Reference] 1[Reference] 1[Reference]

Fair 1.504(1.258,1.799) <0.001 1.444(1.168,1.786) 0.001 1.403(1.157,1.701) <0.001

Poor 3.248(2.231,4.727) <0.001 3.140(2.005,4.917) <0.001 2.672(1.821,3.921) <0.001

ASD autism spectrum disorder, TD typically developing, OR (95% Cl) odds ratio (95% confidence interval), N7 the sample of Crude Model, N2 the sample of Adjusted

Model 1, N3 the sample of Adjusted Model 2
2 Crude model: without any adjustment

b Adjusted model 1: Multivariable logistic regression was used for adjusting for the child’s age, gender, residence, annual family income, paternal education level,
maternal education level, and additionally adjusting for other two infant feeding situations

¢ Adjusted model 2: On the basis of the original data, missing demographic data were imputed, as well as 214 data on breastfeeding, 162 data on time of introduction
of complementary foods, and 208 data on reception of complementary food (both ASD and TD group). Adjusted for the same covariates in Model 1 with multiple

imputed data

have ASD compared to children who were not breastfed
(Addition file 4).

Comparison of ABC, SRS, CARS, and CWB scores

among autistic children with different early feeding
patterns

On the basis of numerous imputed data, multivariate
linear regression analyses were performed to investigate
the effect of early feeding on core symptoms. Age, gen-
der, residence, annual family income, paternal education
level, maternal education level, and the two other feed-
ing situations were adjusted as covariates (Table 4). The
results revealed that the total ABC and CARS scores in
children with ASD were lower in the group who were
breastfed for 12 months or more than in the group who
was breastfed for less than 6 months (f =-4.923, 95% CI:
-8.214, -1.631, P<0.01; B=-1.355, 95% CI: -2.330, -0.379,
P<0.01).

Children with ASD with poor complementary food
acceptance had higher total ABC and SRS scores
than those with good acceptance (f=5.103, 95% CI:
0.288, 9.919, P<0.05; p=9.564, 95% CI: 4.934, 14.194,
P<0.001). In addition, the former scored higher on the
SRS awareness, cognition, communication, motivation
and autism behaviour mannerisms subscales (P<0.01).
Similarly, children with fair complementary food accept-
ance also had higher total ABC and SRS scores than

those with good acceptance (p=4.229, 95% CI: 1.221,
7.237, P<0.01; p=5.268, 95% CI: 2.287, 8.248, P<0.01).
The former had higher scores on the awareness, cogni-
tion, communication and autism behaviour mannerisms
subscales (P<0.05). The effect of infant feeding on ASD
symptoms was similar before and after the imputation
of missing data (Additional file 1). The scale scores that
were inconsistent before and after imputation all had p
values close to 0.05. However, we did not find an associa-
tion between breastfeeding and complementary feeding
and CWB scores.

Comparison of neurodevelopmental levels among autistic
children with different early feeding patterns

As shown in Table 5, after adjusting for covariates, chil-
dren with ASD who were given complementary food
after 6 months of age had lower general quotient scores
(GQ, p=-3.584, 95% CI: -6.370, -0.799, P=0.012) and
fine motor (B=-3.275, 95% CI: -6.324, -0.226, P=10.035),
adaptive ability (p=-4.023, 95% CI. -7.119, -0.927,
P=0.011) and language ability DQ scores (p=-4.684,
95% CI: -8.575, -0.794, P=0.018) than those who were
given complementary food within 4—-6 months. There
were no statistically significant differences in the DQ
of each subscale in children with ASD who had supple-
mental foods introduced within 4 months or 4—6 months
of age. Children with ASD who had poor acceptance of



Page 7 of 12

(2023) 23:174

Xiang et al. BMC Psychiatry

1000>d .,
L00>d
S00>d,

(JeAIDIUI DDUBPYUOD 9%56) JUBIDLYR0D UOISSaIBaI (1D %66) g ‘1apIosip wniidads wsine gsy

ejep pandw 3|

NnWw Y3im suoizens

Buipaay Juejul OM] J1BY10 S04 Bunsn(pe Ajjeuonippe pue ‘|9A3] UOIIBINPS [euJd)eW ‘|9A3] Uol1edNpa [eusdled ‘DWodul Ajiwey [enuue ‘9duaplisal 4apuab ‘abe s,p|1yd ayi Joj Bunisnpe 1oy pash sem uoissa1bal Jeaul| a1elIeAl N

(dnoib sy Ajuo) pooy

Kreyusawia|dwod Jo a3ueIdadde Uo elep 6| | pue ‘spooy A1e3uswa|dwod JO UoIINPOIIUL JO W} UO Blep 98 ‘Buipaajiseald uo elep | | | se ||am se ‘pandwi a1om ejep diydeibowsp Buissiw ‘elep [eulblio ay) Jo siseq ayi uQ

(98£76159-)

(6¥6'7'991°¢-)

(CLr€50L'T)

(#85£'96,°07)

(81€'1'09%'S-)

(689°€'€6C°€-)

(z96 =N) Jo1reyaq

908’ | - 601°0- 9duUaisay 7S50 #6£°€ 2dUaleay 1/0C- 86170 EBIVEIEIEN] Bujurem uonedIUNWWOD)
(6v8'1'£680-)  (1660'SH0'L-) (900'L'¥86'0-) (SE¥'7'880°0-) (6££°0-'0€€°C) (801'1'956'0-)
9/¥0 [T00-  0UIRY L1100 [ ZANRERIEIEIEN LSSE'L- 900 ERNEIETEN] (6LLL=N) SYVD
(v6L'vL've6'y) (8%2'8'L8C°T) (£96'L'66C 1) QL¥v'155€-) (06€°L'€L1'G) (9v0€'s79¢)
.. 7956 ,.897°S  duIsRY 99|~ 0970  2dudi99Yy 1681~ 0670~ ERVEIETEN] 31035 [€10} SYS
(SST°€‘6¥8°0) (S66°L‘SLS0) (¢6%°0'160'L-) (651 162°0-) (£9€0'1€€ L) (188°0'5€6'L-)
.50 LSSTL 9dusIsyey 00€°0- €0 2dUalsay 87 0- /200- 290UBI9j9Y  SWSuaUURU JOIABYSQ WISINY
(Lst'2'€s€0)  (09C'L'LOL0Y) (0£90 '2vL0-) (16£°0'286'0-) (0570 ¥ 10'L-) (99401690~
LZOP'L 6/50 9d2U194Y 950°0- 9600~ 9dUDI4RY 78C0- £€00 OUIRY UOIIeAIIOW [B120S
(9%27°S 'v99°L)  (8L0°€ ‘€6L°0) (0260 '2LS' 1) (¢v0'T'060'L-) (€€0'L '05S'L-) (87S'L'£L017)
L SSYE L GE6'L  9dUIBRY 92€0- 9/%'0  9duaI4aY 65C0- 9¢70 UI4RY UOeDIUNWWIOD (8120
(rL¥'T'S85°0)  (6SS°L ‘SSE°0) (9050 '6£2°0-) (12801820 (€200'8LT1-) (6400 2E0'L-)
L6TS'L ,.LG6°0 U3y 9110 0700 9dua194ay 8790~ 9/£°0- 9UIRY uomubod (eI
(908°L ‘s6€°0)  (££8°0‘LS0°0) (L01'0'29L°0-) (¢/50'009°0-) (¢Z€0'91907) (SS£0065°07)
LLOL'L Jbov'0  oousissey 0€€0- 7100-  9doua194ay (Y10 LL10- 9UI4RY SSSUJeME [BIDOS
(8LZL=N) SYS
(616°6'88T°0)  (L£T°L'LTTL) (LE6'ELLLT) (LE9'L-"YLT'S")
JE0L'S 144 ZRERIEIEIEN €160 OUIRY LEC6'P-  (€58T'SI8EY) 18Y0- ERNEIETEN] (8ZEL=N) DAY
100d aleq poon syjuow 9 < syjuow 9-f syuow g < syuow zL-9 syyuow 9>
(1D%S6)d

‘pooy A1eyuswajdwod jo adueydarny

(1D%S6)d ‘pooy Areuswajdwod jo Huiwiy

(1ID%S6)g ‘uonenp Buipaspiseaig

a|qerien

ASY YHm ualpiyd up swoidwAs wsine pue Huipas) JuejUl U9SMIa] UOIIRIDOSSY { d]qeL



Page 8 of 12

(2023) 23:174

Xiang et al. BMC Psychiatry

(JeAI33Ul DDUBPLYUOD 9556) IUBIDLYS0D UOISSaIBaI (1D 956) ¢ “1oplosip winidads wsine gsy

elep paindwi sjdijnw yum suonenyis
Buipaay JuejuUl OM] JY10 S04 Bulsn(pe Ajjeuonippe pue ‘|9A3] UOIIEINPS [euldlew ‘|9A3] UoiledNpa [eusdled ‘DWwodul Ajiwey [enuue ‘9duaplsal 4apuab ‘abe s,p|1yd ayi Joj Burisnpe 1oy pasn sem uoIssa1b. Jeaul| a1elIeAll N

(dnoib sy Ajuo) pooy

K1eyusawa|dwod Jo a3ueIdadde Uo elep 6| | Pue ‘spooy A1e3uswa|dwod JO UODNPOIIUL JO W} UO Blep 98 ‘Buipaajiseald uo elep | | | se ||am se ‘pandwi a1om erep diydeibowsp Buissiw ‘elep [eulblio ay3 Jo siseq ayi uQ

(PS€0'€998-) (9096778 (90€°1'5€9°/-) (S68°€'7881) (¥08°0- '€09°6-) (0580 '9€1°/-)
100 Sl 80¢0 LC8¢- 5910 7ol'e- GC80 6% 0- 0c0'0 Y0 G- €CcLo evle- 100d
(S6L°E'616C) (859 Vv ) (€SLV'6LT L) (Sigeces 1) (€81¥'879'L-) (£19°€'609 L-)
£E6°0 €CLo LSO L0171 85C0 JAYAS 8570 0L 76¢°0 [9C1 [4240 €01 e
ERSEIEIEW ERIEIETEN ERIIEIETEN EREIEIEN! ERIEIEIEW ERIEIETEN pooD
5.6 =N ‘pooy A1ejusawa|dwod jo aduerdaddy
(66°0'9€8°G-) (#6£0-'5/58) (£260-'611L) (920~ ¥2€9) (SE1'0'996'G-) (66£0-'0L£9)
LL0°0 89/'C- 8L0°0 891~ LL0°0 €0 S€0°0 SLTE- 1900 Sl6'C- zL0'0 ¥8G°¢- syuow 9 <
(898°C'C81°SY) (S0€T ¥ee L) (£65T'0W'S) (€051 'S9€9-) (871 L1¥9) (6091 'L¥S'G-)
€/50 /SlL- /0€0 60S°C- 88¥°0 Ly L- S¢Co LEVC- [a44] o' 18C0 996'L- Syuow ¢ >
EREIETEN! EREIEIEN! ERUEIEIEN! ERUEIEIEN! ERVEIETEN! EREIEIEN! SYIUOW 9—f
5.6 =N ‘pooj K1eyudwajdwod jo Buiwij
86V v'L1L17) (18£v'6Cl€r) (LSYELITE) (€€ST'0€6'L-) (6881'896'L-) (868°€'196'L-)
08¢0 l6g’L 7890 9¢80 V60 0cL0 8¢r0 Log'L LO'0 8St'L 9150 6960 syuow 71 <
(C0STESLY) (SE81YCL9) (£100'¢EV9) (SceTely ) (6SEVVET) (€£9'1'8L117)
£290 980~ L6C°0 Yy lC- LS00 80C°¢- 9150 160"~ 9650 L0071 LO¥'0 ¢SC L~ Ssyuow ¢ -9
ERIIEIETEN ERIEIEIEN] ERIEIEIEW EBIEIETEN ERIIEIETEN EREIEIEN] syuowl 9 >
G/6=N ‘uoneinp buipasjiseaig
d (1D%s6)d d (1D%s6)d d (ID%s6)d d (1D%S6)9 d (1D%s6)d d (1D%s6)d
|e1d0s-jeuos.iad abenbue loineyaq anndepy Jojow dul4 Jojow ssoJn o]} d|qerep

SV YHm USIp|IyD Ul 1usNoNb [eluawdojaAsp 9107 Y-SEND PUe BUIPas) 1UejU| USIMISG UONeOSSY & djqey



Xiang et al. BMC Psychiatry ~ (2023) 23:174

complementary foods had a lower gross motor DQ score
than those who had good acceptance of complementary
foods (fp=-5.204, 95% CI: -9.603, -0.804, P=0.020). The
effect of infant feeding on the CNBS-R 2016 develop-
mental quotient score was similar before and after the
imputation of missing data (Additional file 2). However,
we did not find an association between breastfeeding or
non-breastfeeding in the first 6 months of life and autism
symptoms (Additional file 5).

Discussion

Early feeding is crucial to a child’s growth [24, 25] and has
attracted much attention in ASD. Previous studies have
shown that early feeding affects children’s neurodevelop-
ment and later-life healthy eating habits [26, 27]. There-
fore, it is critical to identify these factors early. However,
few studies have investigated whether early feeding
patterns and later symptoms in children with ASD are
related [5, 28]. Therefore, we conducted this first large-
scale national study including 13 collaborating centres to
further explore whether this linkage exists.

This study analysed early-life breastfeeding duration,
the timing of the introduction of complementary foods,
and the acceptance of complementary foods to investi-
gate their relationship with neurodevelopmental levels
and core symptoms of autism. The results showed that
the breastfeeding duration was shorter in the ASD group
than in the control group. This association remained
significant after adjusting for sociodemographic fac-
tors. This is in line with other research that suggested
that prolonged nursing periods could lower the chance
of children developing ASD [12, 28-32]. After compar-
ing 673 children with ASD and 876 control children, Soke
et al. [29] proposed that mothers of children with ASD
reported a shorter duration of breastfeeding.

It is difficult to distinguish between ASD outcomes due
to insufficient breastfeeding and breastfeeding difficul-
ties due to ASD symptoms. The former may be a result
of infants with ASD receiving insufficient breast milk
early on, which prevents them from receiving the full
benefits of breastfeeding. These benefits include benign
neurological stimulation, more consistent parent—child
interaction, and more nutrition [9, 33, 34]. The latter may
be associated with sensory disturbances in children with
ASD. Breastfeeding provides richer sensory and tactile
stimuli, thereby affecting the breastfeeding process of
infants with ASD and sensory processing disorders [5].

In addition, most children in both groups had sup-
plemental foods introduced within 4—-6 months of age,
but the ASD group had later introductions and poorer
acceptance than the TD group. Similar to our find-
ings, Brzoska et al. [4] found that when comparing nor-
mal children and children with autism, the latter were
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introduced to solid foods later and bottle-fed for longer
periods. The results suggest that there may be a link
between the delayed introduction of complementary
foods and autism.

Most guidelines advocate for the introduction of sup-
plemental foods after 6 months [14, 15], due to the
declining nutritional value of breast milk to fulfil growing
infants’ needs [35]. But children with ASD have sensory
abnormalities, have difficulty accepting change and are
fussy about food, which may contribute to the delayed
introduction and poor acceptance of complementary
foods [16]. Therefore, infants who have particular diffi-
culty in adding complementary foods should be followed
up over time to exclude development delays. However,
the evidence for this explanation is still unclear, and fur-
ther study is needed to confirm whether difficulties with
supplemental feeding in young children may be used as
an early predictor of ASD.

We also linked breastfeeding and complementary feed-
ing to ASD core symptoms. The ABC, CARS and SRS
were used in the study; the former two were used to
assess autism symptoms [18, 19], and the latter was used
to rate social dysfunction [21]. The total ABC and CARS
scores were lower in the group of children with ASD who
had been breastfed for 12 months or more than in the
group who had been breastfed for less than 6 months.
This further illustrates the relevance of breastfeeding to
children’s neurodevelopment. A previous study showed
that prolonged breastfeeding may help children’s cogni-
tive development [36]. A multicentre prospective birth
cohort of Spanish children also demonstrated this ben-
efit in children with ASD. This study found that a longer
breastfeeding duration improved cognitive function and
reduced autistic traits and that these benefits persisted
beyond 12 months of breastfeeding [28]. Another study
used the SRS to rate the autistic trait scores of breastfed
and formula-fed children with autism at 2 months and
found that the latter had higher scores [5]. This is also
consistent with our findings that breastfeeding may be
beneficial in reducing ASD symptoms. A recent clini-
cal trial found that repetitive behaviours in ASD may be
improved by oxytocin [37]. The breastfeeding process is
an important driver of oxytocin secretion, which may
be a reason why it reduces ASD symptoms. Some have
also found that parent—child interactions can influence
the severity of ASD [38] and that a mother’s warm emo-
tions may be beneficial for symptoms [39]. In our study,
we also considered the possibility that increased mother-
infant interaction during breastfeeding might be associ-
ated with less severe ASD symptoms later in life.

As mentioned above, many studies have shown that
breastfeeding has positive effects on children’s neu-
ropsychological development that may extend into
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adulthood [40, 41]. However, other studies have failed
to conclude that breastfeeding is beneficial to children’s
intellectual development after controlling for various
confounding factors [42]. Our study found that breast-
feeding duration was not significantly associated with
neurodevelopment in children with autism. This may
be related to the older age of the children when we
observed their developmental levels.

Another finding was that children with ASD who had
complementary foods introduced after 6 months of age
had more severe developmental delays in adaptive, fine
motor, language, and general developmental levels than
those who had complementary foods introduced within
4-6 months of age. This may be because the severity of
the neurodevelopmental delay affects the timing of the
introduction of complementary foods in infants. There-
fore, children with severe developmental delays have
a later introduction of complementary foods. Stud-
ies have found that infants who had complementary
foods introduced before 26 weeks of age have better
exercise capacity than infants who had complementary
foods introduced after 26 weeks of age [43]. However,
the relationship between supplemental food introduc-
tion and neurodevelopment may be influenced by body
weight and oral development, so further cohort stud-
ies controlling for relevant confounders are needed to
clarify the relationship.

Children with ASD often exhibit behaviours such as
food refusal, a narrow food spectrum, and stereotypical
eating [6]. Difficulty with the introduction of comple-
mentary foods may be an early sign of feeding difficul-
ties in children with ASD. To date, no clear conclusions
have been drawn about the relationship between feed-
ing difficulties and ASD symptoms and developmental
levels. Some studies have shown that feeding difficul-
ties are positively related to ASD severity. Patton et al.
[44] reported that children with higher levels of ASD
severity had more difficulty accepting unfamiliar foods.
According to additional studies, feeding difficulties in
children with ASD are linked to core symptoms. Picky
eaters have more severe restrictive repetitive behav-
iours [6]. Findings from Zachor and Benltzchak et al.
[45] showed that children who are picky eaters are less
adaptable and have more impairments in daily living,
social skills and motor development. Our study found
that children with poor acceptance of complementary
foods had higher total ABC and SRS scores and lower
gross motor scores than children with ASD who had
good acceptance. This indicated that children with ASD
who had poor acceptance of complementary foods had
more severe symptoms and poorer developmental lev-
els, confirming previous research.
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The main strength of this study is that it investigated
breastfeeding and complementary feeding patterns in
Chinese children with ASD at a multicentre level. This
study provides a preliminary view that breastfeeding
continued for 12 months and beyond may be beneficial
for children with ASD. Previous research has revealed
that feeding difficulties may be one of the earliest signs
of ASD. Therefore, children who are at risk for difficulty
with food introduction and receiving complementary
foods should be screened and treated early.

Our study also has some limitations. First, this was a
cross-sectional investigation and any causal relationship
between early feeding and the occurrence of ASD can-
not be explained. Second, this was a retrospective study
where breastfeeding and complementary feeding were
conducted by asking primary caregivers, and recall bias
exists. Moreover, the ASD group was not drawn at ran-
dom but rather through special education settings and
outpatient clinics, which reduced the representativeness
of the sample. Third, because the mothers’ reasons for
discontinuing breastfeeding and the specifics of intro-
ducing complementary foods were not examined, we
cannot rule out the possibility that they had an impact on
the outcome. Therefore, further studies are needed.

Conclusion

In summary, our study shows that children with ASD
were breastfed for a shorter period of time, had comple-
mentary foods introduced later, and had poor accept-
ance of complementary foods compared to TD children.
Breastfeeding and the introduction of complementary
foods may be associated with core symptoms and neu-
rodevelopment in children with ASD in later life. This
study also suggests that breastfeeding for 12 months
and beyond may be beneficial to the neurodevelop-
ment of children with ASD. Children who are breast-
fed for shorter periods and have difficulty introducing
complementary foods should be carefully assessed for
neurodevelopmental disorders. And we need to further
investigate the interrelationship between early feeding
and ASD.

Abbreviations

ABC Autism Behavior Checklist

ASD Autism Spectrum Disorder

CARS Childhood Autism Rating Scale

cbC Centers for Disease Control and Prevention

CMCAP China Multi-Center Children Autism Project

CNBS-R2016 Children Neuropsychological and Behavior Scale-Revision
2016

cwB Communication Warning Behavior

DQ Developmental quotient

DSM-5 Diagnostic and Statistical Manual of Mental Disorders, fifth
edition



Xiang et al. BMC Psychiatry ~ (2023) 23:174

GQ General quotient

IQR Inter-quartile range

OR(95% Cl)  Odds ratio (95% confidence interval)
SD Standard Deviation

SRS Social Responsiveness Scale

D Typically-developing

WHO World Health Organization

B Regression coefficient

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512888-023-04667-2.

Additional file 1.
Additional file 2.
Additional file 3.
Additional file 4.
Additional file 5.

Acknowledgements

We sincerely thank all of the families and children who participated in the
survey. For data collection, we would like to acknowledge the managers and
members of each center for their assistance.

Authors’ contributions

XX performed statistical processing and analyses, and drafted the initial
manuscript. TY, JieC and TL were involved in the conception, design and data
revision of the study. TY, JieC, LC, YD, FJ, LW, YH, LL, JZ, XK, MY, QH, JinC, SF,
YW, QW, and CJ engaged in data collection and supervision. XX, JieC and TL
reviewed and revised the manuscript. Each author contributed to the article
and approved the final manuscript before it was published.

Funding
The National Natural Science Foundation of China (Nos. 81771223 and
81770526) from TL and JieC funding for this study.

Availability of data and materials

The datasets generated during the current study are not publicly available
due to ethical restrictions but are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the ethics committee of the Children’s Hospital
of Chongging Medical University, Approval Number: (2018) IRB (STUDY)

NO. 121, and registered in the Chinese Clinical Trial Registry (Registration
number: ChiCTR2000031194, registered on 23/03/2020). All methods were
carried out in accordance with the relevant guidelines and regulations. The
participants’legal guardian or next of kin provided written informed consent
for this study.

Consent for publication
Not applicable.

Competing interests

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
conflict of interest.

Author details

Chongging Key Laboratory of Childhood Nutrition and Health, Ministry

of Education Key Laboratory of Child Development and Disorders, Children’s
Nutrition Research Center, National Clinical Research Center for Child Health
and Disorders, Children’s Hospital of Chongging Medical University, Chong-
qing, China. 2Xian Children’s Hospital, Xian, China. *Department of Children

Page 11 of 12

Rehabilitation, Hainan Women and Children’s Medical Center, Haikou, China.
“Department of Developmental and Behavioral Pediatric, The First Hospital

of Jilin University, Changchun, China. °Department of Children’s and Adoles-
cent Health, Public Health College of Harbin Medical University, Harbin, China.
Department of Pediatrics, Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, China. ’Child Mental Health
Research Center of Nanjing Brain Hospital, Nanjing, China. 8Department

of Child Health Care, The Affiliated Hospital of Qingdao University, Qingdao,
China. °Maternal and Child Health Hospital of Baoan, Shenzhen, China.
°Department of Child Healthcare, Shanghai Children’s Hospital, Shanghai Jiao
Tong University, Shanghai, China. ''Children’s Hospital Affiliated to Zheng-
zhou University, Zhengzhou, China. '?’NHC Key Laboratory of Birth Defect

for Research and Prevention, Hunan Provincial Maternal and Child Health Care
Hospital, Changsha, China. >Deyang Maternity & Child Healthcare Hospital,
Deyang, China. "*Department of Children Health Care, Capital Institute of Pedi-
atrics, Beijing, China.

Received: 20 October 2022 Accepted: 8 March 2023
Published online: 16 March 2023

References

1. QiX YangT ChenJ DaiY,Chen L, Wu L, HaoY,LiL, Zhang J, Ke X, et al.
Vitamin D status is primarily associated with core symptoms in children
with autism spectrum disorder: a multicenter study in China. Psychiatry
Res. 2022,317:114807.

2. Maenner MJ, Shaw KA, Bakian AV, Bilder DA, Durkin MS, Esler A, Furnier
SM, Hallas L, Hall-Lande J, Hudson A, et al. Prevalence andcharacteristics
of autism spectrum disorder among children aged 8 years - autism and
developmental disabilities monitoring network, 11 Sites, United States,
2018. MMWR Surveill Summ. 2021;70(11):1-16.

3. ZhouH, Xu X, Yan W, Zou X, Wu L, Luo X, Li T, Huang Y, Guan H, Chen
X, et al. Prevalence of autism spectrum disorder in China: a nationwide
multi-center population-based study among children aged 6 to 12 years.
Neurosci Bull. 2020;36(9):961-71.

4. Brzoska A, Kazek B, Koziot K, Kapinos-Gorczyca A, Ferlewicz M, Babraj A,
Makosz-Raczek A, Likus W, Paprocka J, Matusik P, et al. Eating behaviors of
children with autism-pilot study. Nutrients. 2021;13(8):2687.

5. van 't Hof M, Ester WA, van Berckelaer-Onnes |, Hillegers MHJ, Hoek HW,
Jansen PW. Do early-life eating habits predict later autistic traits? results
from a population-based study. Appetite. 2021;156:104976. https://doi.
org/10.1016/j.appet.2020.104976.

6. Page SD, Souders MC, Kral TVE, Chao AM, Pinto-Martin J. Correlates of
feeding difficulties among children with autism spectrum disorder: a
systematic review. J Autism Dev Disord. 2022;52(1):255-74.

7. LeeH,Park H, Ha E, Hong YC, Ha M, Park H, Kim BN, Lee B, Lee SJ, Lee
KY, et al. Effect of breastfeeding duration on cognitive development in
infants: 3-year follow-up study. J Korean Med Sci. 2016;31(4):579-84.

8. Huang S,Wang X, SunT,YuH, Liao Y, Cao M, Cai L, Li X, Lin L, Su X, et al. Asso-
ciation of breastfeeding for the first six months of life and autism spectrum
disorders: a national multi-center study in China. Nutrients. 2021;14(1):45.

9. Tseng PT, Chen YW, Stubbs B, Carvalho AF, Whiteley P, Tang CH, Yang WC,
ChenTY, Li DJ, Chu CS, et al. Maternal breastfeeding and autism spectrum
disorder in children: a systematic review and meta-analysis. Nutr Neuro-
sci. 2019;22(5):354-62.

10. Manohar H, Pravallika M, Kandasamy P, Chandrasekaran V, Rajkumar RP.
Role of exclusive breastfeeding in conferring protection in children at-risk
for autism spectrum disorder: results from a sibling case-control study. J
Neurosci Rural Pract. 2018:9(1):132-6.

11. Kim JH, Lee SW, Lee JE, Ha EK, Han MY, Lee E. Breastmilk feeding during
the first 4 to 6 months of age and childhood disease burden until 10
years of age. Nutrients. 2021;13(8):2825.

12. Ghozy S, Tran L, Naveed S, Quynh TTH, Helmy Zayan A, Wagas A, Sayed
AKH, Karimzadeh S, Hirayama K, Huy NT. Association of breastfeeding
status with risk of autism spectrum disorder: a systematic review, dose-
response analysis and meta-analysis. Asian J Psychiatr. 2020,48:101916.

13. Husk JS, Keim SA. Breastfeeding and autism spectrum disorder in the
national survey of children’s health. Epidemiology. 2015,26(4):451-7.


https://doi.org/10.1186/s12888-023-04667-2
https://doi.org/10.1186/s12888-023-04667-2
https://doi.org/10.1016/j.appet.2020.104976
https://doi.org/10.1016/j.appet.2020.104976

Xiang et al. BMC Psychiatry

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34

(2023) 23:174

Barrera CM, Hamner HC, Perrine CG, Scanlon KS. Timing of introduction
of complementary foods to US infants, national health and nutrition
examination survey 2009-2014. J Acad Nutr Diet. 2018;118(3):464-70.
Margari L, Marzulli L, Gabellone A, de Giambattista C. Eating and
mealtime behaviors in patients with autism spectrum disorder: current
perspectives. Neuropsychiatr Dis Treat. 2020;16:2083-102.

Emond A, Emmett P, Steer C, Golding J. Feeding symptoms, dietary
patterns, and growth in young children with autism spectrum disorders.
Pediatrics. 2010;126(2):.e337-42.

Williams KE, Gibbons BG. Schreck KAJJoD, Disabilities P. comparing selec-
tive eaters with and without developmental disabilities. 2005;17(3):299-
309. https://doi.org/10.1007/510882-005-4387-7.

Schopler E, Reichler RJ, DeVellis RF, Daly K. Toward objective classification
of childhood autism: Childhood Autism Rating Scale (CARS). J Autism Dev
Disord. 1980;10(1):91-103.

Rellini E, Tortolani D, Trillo S, Carbone S, Montecchi F. Childhood Autism
Rating Scale (CARS) and Autism Behavior Checklist (ABC) correspondence
and conflicts with DSM-IV criteria in diagnosis of autism. J Autism Dev
Disord. 2004;34(6):703-8.

Hus V, Bishop S, Gotham K, Huerta M, Lord C. Factors influencing

scores on the social responsiveness scale. J Child Psychol Psychiatry.
2013;54(2):216-24.

Aldridge FJ, Gibbs VM, Schmidhofer K, Williams M. Investigating the clini-
cal usefulness of the Social Responsiveness Scale (SRS) in a tertiary level,
autism spectrum disorder specific assessment clinic. J Autism Dev Disord.
2012;42(2):294-300.

Cen CQ, Liang YY, Chen QR, Chen KY, Deng HZ, Chen BY, Zou XB. Inves-
tigating the validation of the Chinese Mandarin version of the social
responsiveness scale in a Mainland China child population. BMC Psychia-
try. 2017;17(1):51.

Li HH, Feng JY, Wang B, Zhang Y, Wang CX, Jia FY. Comparison of the
children neuropsychological and behavior scale and the griffiths mental
development scales when assessing the development of children with
autism. Psychol Res Behav Manag. 2019;12:973-81.

Benjasuwantep B, Chaithirayanon S, Eiamudomkan M. Feeding problems
in healthy young children: prevalence, related factors and feeding prac-
tices. Pediatr Rep. 2013;5(2):38-42.

Sdravou K, Fotoulaki M, Emmanouilidou-Fotoulaki E, Andreoulakis

E, Makris G, Sotiriadou F, Printza A. Feeding problems in typically
developing young children, a population-based study. Children (Basel).
2021;8(5):388.

Mudholkar A, Korostenski L, Blackwell D, Lane AE. Factors associated

with the early emergence of atypical feeding behaviours in infants and
young children: a scoping review. Child Care Health Dev. 2023;49(1):1-19.
https://doi.org/10.1111/cch.13005.

Nicklaus S. The role of food experiences during early childhood in food
pleasure learning. Appetite. 2016;104:3-9.

Boucher O, Julvez J, Guxens M, Arranz E, Ibarluzea J, Sénchez de Miguel
M, Ferndndez-Somoano A, Tardon A, Rebagliato M, Garcia-Esteban R.
Association between breastfeeding duration and cognitive development,
autistic traits and ADHD symptoms: a multicenter study in Spain. Pediatr
Res. 2017,81(3):434-42.

Soke GN, Maenner M, Windham G, Moody E, Kaczaniuk J, DiGuiseppi C,
Schieve LA. Association between breastfeeding initiation and duration
and autism spectrum disorder in preschool children enrolled in the study
to explore early development. Autism Res. 2019;12(5):816-29.

Lemcke S, Parner ET, Bjerrum M, Thomsen PH, Lauritsen MB. Early regula-
tion in children who are later diagnosed with autism spectrum disorder.
a longitudinal study within the danish national birth cohort. Infant Ment
Health J. 2018;39(2):170-82.

Bittker SS, Bell KR. Acetaminophen, antibiotics, ear infection, breastfeed-
ing, vitamin D drops, and autism: an epidemiological study. Neuropsychi-
atr Dis Treat. 2018;14:1399-414.

Al-Farsi YM, Al-Sharbati MM, Waly MI, Al-Farsi OA, Al-Shafaee MA,
Al-Khaduri MM, Trivedi MS, Deth RC. Effect of suboptimal breast-

feeding on occurrence of autism: a case-control study. Nutrition.
2012;28(7-8).e27-32.

Vivanti G, Nuske HJ. Autism, attachment, and social learning: three chal-
lenges and a way forward. Behav Brain Res. 2017;325(Pt B):251-9.

Vanya M, Szucs S, Vetro A, Bartfai G. The potential role of oxytocin and
perinatal factors in the pathogenesis of autism spectrum disorders

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 12 of 12

- review of the literature. Psychiatry Res. 2017;247:288-90. https://doi.org/
10.1016/jpsychres.2016.12.007.

Fewtrell M, Bronsky J, Campoy C, Domelléf M, Embleton N, Fidler Mis N,
Hojsak |, Hulst JM, Indrio F, Lapillonne A, et al. Complementary feeding: a
position paper by the European society for paediatric gastroenterology,
hepatology, and nutrition (ESPGHAN) committee on nutrition. J Pediatr
Gastroenterol Nutr. 2017;64(1):119-32.

Belfort MB, Rifas-Shiman SL, Kleinman KP, Guthrie LB, Bellinger DC, Taveras
EM, Gillman MW, Oken E. Infant feeding and childhood cognition at ages
3 and 7 years: Effects of breastfeeding duration and exclusivity. JAMA
Pediatr. 2013;167(9):836-44. https://doi.org/10.1001/jamapediatrics.2013.
455.

Yamasue H, Okada T, Munesue T, Kuroda M, Fujioka T, Uno Y, Matsumoto
K, Kuwabara H, Mori D, Okamoto Y, et al. Effect of intranasal oxytocin on
the core social symptoms of autism spectrum disorder: a randomized
clinical trial. Mol Psychiatry. 2020;25(8):1849-58.

Hobson JA, Tarver L, Beurkens N, Hobson RP. The relation between
severity of autism and caregiver-child interaction: a study in the context
of relationship development intervention. J Abnorm Child Psychol.
2016;44(4):745-55.

Hickey EJ, Bolt D, Rodriguez G, Hartley SL. Bidirectional relations between
parent warmth and criticism and the symptoms and behavior problems
of children with autism. J Abnorm Child Psychol. 2020;48(6):865-79.

Chiu WG, Liao HF, Chang PJ, Chen PC, Chen YC. Duration of breast feeding
and risk of developmental delay in Taiwanese children: a nationwide birth
cohort study. Paediatr Perinat Epidemiol. 2011;25(6):519-27.

Foroushani AR, Mohammad K, Mahmoodi M, Siassi F. Effect of breastfeed-
ing on cognitive performance in a British birth cohort. East Mediterr
Health J. 2010;16(2):202-8.

Holme A, MacArthur C, Lancashire R. The effects of breastfeeding on
cognitive and neurological development of children at 9 years. Child Care
Health Dev. 2010;36(4):583-90.

English LK, Obbagy JE, Wong YP, Butte NF, Dewey KG, Fox MK, Greer

FR, Krebs NF, Scanlon KS, Stoody EE. Complementary feeding and
developmental milestones: a systematic review. Am J Clin Nutr.
2019;109(Suppl_7):8795-89s.

Patton SR, Odar Stough C, PanTY, Holcomb LO, Dreyer Gillette ML.
Associations between autism symptom severity and mealtime behaviors
in young children presented with an unfamiliar food. Res Dev Disabil.
2020;103:103676.

Zachor DA, Ben-Itzchak E. Specific medical conditions are associated with
unique behavioral profiles in autism spectrum disorders. Front Neurosci.
2016;10:410.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s10882-005-4387-7
https://doi.org/10.1111/cch.13005
https://doi.org/10.1016/j.psychres.2016.12.007
https://doi.org/10.1016/j.psychres.2016.12.007
https://doi.org/10.1001/jamapediatrics.2013.455
https://doi.org/10.1001/jamapediatrics.2013.455

	Association of feeding patterns in infancy with later autism symptoms and neurodevelopment: a national multicentre survey
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Materials and methods
	Participants
	Selection criteria
	Scales and questionnaires
	General questionnaire
	Core symptoms and neurodevelopment scales

	Statistical analysis

	Results
	Demographic characteristics
	Comparison of infant feeding patterns between the TD and ASD groups
	Comparison of ABC, SRS, CARS, and CWB scores among autistic children with different early feeding patterns
	Comparison of neurodevelopmental levels among autistic children with different early feeding patterns

	Discussion
	Conclusion
	Anchor 23
	Acknowledgements
	References


