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Abstract
Objective To investigate the relationship between infant feeding practices and autism spectrum disorder (ASD) 
among children aged 2–5 years in the United States (US).

Methods Data from the 2016–2020 National Survey of Children’s Health, a nationally representative cross-sectional 
survey, were utilized for this study. Questionnaires were administered to parents of children aged 2–5 years to gather 
information on ASD diagnosis, infant feeding practices, and demographic factors (e.g., child sex, ethnic group, and 
maternal age at birth). Logistic regression with sample weights was employed to assess the association between 
infant feeding practices and ASD, while controlling for demographic variables. Polynomial regression models were 
used to examine trends in exclusive breastfeeding and ever breastfeeding rates among children with and without 
ASD.

Results A total of 35,050 children aged 2–5 years were analyzed, including 616 diagnosed with ASD, after excluding 
participants with missing information on breastfeeding and ASD diagnosis. Of these children with ASD, 76.6% 
(n = 472) had a breastfeeding history, with 66.6% (n = 410) engaged in partial breastfeeding and 10.1% (n = 62) 
exclusively breastfed. Adjusted odds ratios for each additional month of breastfeeding compared to never being 
breastfed were 0.99 (95% CI, 0.97–1.01). The adjusted odds ratios for breastfeeding durations of > 0–6 months, > 6–12 
months, > 12–24 months, and > 24 months were 0.84 (95% CI, 0.51–1.36), 0.76 (95% CI, 0.42–1.35), 0.79 (95% CI, 0.43–
1.45), and 0.66 (95% CI, 0.32–1.35), respectively. Compared to children who were never breastfed, the adjusted odds 
ratio for children who were ever breastfed was 0.79 (95% CI, 0.50–1.25). Among children with ASD, the proportion of 
ever breastfeeding declined from 82.0% in 2017 to 64.3% in 2020, while exclusive breastfeeding decreased from 12.0% 
in 2016 to 5.9% in 2020.
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Introduction
Breastfeeding practices play an important role in the 
maturation of neural systems and the development of 
the offspring’s social behaviors [1]. However, consider-
able controversy exists over the infant feeding practices 
on the development of autism spectrum disorder (ASD) 
[2], a group of heterogeneous, early-onset developmen-
tal disorders characterized by core deficits in social com-
munication and the presence of restricted, stereotypical 
patterns of behaviors, interests, or activities [3]. Approxi-
mately 1 in 100 children globally are estimated to have 
ASD [4]. In addition, the disability-adjusted life years 
(DALYs) attributed to ASD have increased from 3.91 mil-
lion (2009) to 4.31 million (2019), accounting for substan-
tial health loss across the lifespan [5]. Early intervention 
is essential, but the strength of evidence for most inter-
ventions remains unclear [6]. Identifying modifiable fac-
tors like breastfeeding practices in early life is required to 
tailor prevention strategies and practice implications in 
order to reduce the incidence of ASD.

Breast milk contains bioactive factors, hormones, and 
growth factors that support the maturation of the infant’s 
brain [7]. These include gangliosides, phospholipids, and 
sialic acid, which have been suggested to have a potential 
link with the development of ASD [8–10]. However, cur-
rent epidemiological evidence regarding the association 
between infant feeding practices and ASD is inconsistent 
as highlighted in Supplemental Table S1. Among the 26 
previous studies investigating the relationship between 
breastfeeding and ASD, nine found no significant associ-
ation, while 15 reported a reduced risk of ASD associated 
with breastfeeding and two indicated the opposite effect. 
These inconsistent findings can be attributed to the lim-
ited availability of detailed information concerning infant 
feeding practices. As an illustration, the investigation 
of dose-response associations through the utilization 
of breastfeeding duration was undertaken in four stud-
ies [11–14], while exclusive breastfeeding and/or partial 
breastfeeding information was provided in only nine 
studies [12, 13, 15–21]. Furthermore, although breast-
feeding practices have been associated with long-term 
wellbeing in children [22], it is noteworthy that women 
who are autistic or exhibit autistic traits may possess a 
heightened risk factor for giving birth to children with 
ASD [23]. These women may also encounter additional 
obstacles when it comes to breastfeeding, as compared 
to neurotypical women [24]. Nevertheless, our analysis 

revealed that only three studies have reported breastfeed-
ing rates specifically among children with ASD [25–27].

Hence, the objective of this study was to thoroughly 
examine the relationship between breastfeeding and 
ASD by utilizing the National Survey of Children’s Health 
(NSCH), a national population-based study in the United 
States (US). For this study, we merged five cycles of data 
from NSCH spanning 2016 to 2020 in order to explore 
the association. Our hypothesis posited that infant feed-
ing practices might be linked to the likelihood of ASD 
among children aged 2 to 5 years. Furthermore, we 
anticipate observing disparities in breastfeeding practices 
between children with and without ASD.

Methods
Study population
Data for this study were obtained from the NSCH con-
ducted between 2016 and 2020. The NSCH is a cross-
sectional survey designed to capture information on the 
welfare of children aged 0–17 years in the US. The sur-
vey encompasses non-institutionalized children who 
live with their families or guardians and excludes those 
residing in institutional settings like orphanages or group 
homes. The funding and oversight for the NSCH are 
provided by the Health Resources and Services Admin-
istration Maternal and Child Health Bureau [28]. Ethical 
approval for all survey procedures is obtained from the 
National Center for Health Statistics Research Ethics 
Review Board. Written consent is obtained through elec-
tronic submission or paper mailing, and it is returned to 
the US Census Bureau [29]. This study of an anonymous 
public dataset with no identifiable information on the 
survey participants was determined exempt by the Insti-
tutional Review Board of the Sun Yat-sen University. The 
NSCH data collection encompasses all 50 states and the 
District of Columbia, providing a comprehensive repre-
sentative of the population in the US [30, 31].

To ensure accurate estimation of population parameters 
by accounting for clustering, the NSCH employs a com-
plex survey design. Clustering arises when individuals 
within a group share similar characteristics, and failure 
to address it can introduce bias in estimates. To address 
this, the NSCH adopts a multistage probability sample 
design. First, primary sampling units (PSUs), consist-
ing of counties or groups of counties are selected. Then, 
households within each PSU are chosen, and finally, one 
child is selected within each household. To encourage 

Conclusions and relevance Although no significant association was found between infant feeding practices 
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suboptimal among children with ASD. This highlights the need for specific policies and practices to promote and 
support breastfeeding among parents of children with ASD or those at high risk of having a child with ASD.
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participation, the NSCH provides a monetary incentive 
of $2 or $5 for randomly selected individuals who com-
plete the survey. Respondents are given the option to 
complete the survey either online or using paper forms. 
The NSCH emphasizes consistency in its data collection 
methodology and variable coding across different sur-
vey years, allowing for the merging of data from multiple 
years, such as the combination of five cycles from 2016 
to 2020. The NSCH survey methodology report [30, 32] 
and documents of data users frequently asked questions 
[33] offer a comprehensive description of the frame and 
sample selection procedures, data collection methodol-
ogy, and data collection results. A condensed summary of 
the aforementioned details is also available in the supple-
mental material.

The study’s inclusion and exclusion criteria were estab-
lished to select respondents who had children between 
the ages of 2 and 5 years. This age range was chosen due 

to its relevance to reliable early diagnosis of ASD [34], 
and respondents were required to have answered ques-
tions regarding both ASD diagnosis and infant feeding 
practices in the survey. Out of the initial sample of 36,534 
children aged 2–5 years from the survey, a total of 35,050 
children met the criteria for inclusion in this analysis. 
These children were selected based on the complete-
ness of data for ASD diagnosis, breastfeeding duration, 
and other relevant demographic variables, as depicted in 
Fig. 1 (flowchart).

Measurements of ASD and infant feeding practices
In the NSCH, the identification of ASD was based on par-
ents’ affirmative responses to the question, “Has a doc-
tor or other health care provider ever informed you that 
this child has autism or autism spectrum disorder (ASD)? 
Include diagnoses of Asperger’s Disorder or Pervasive 
Developmental Disorder (PDD)”. Additionally, a current 

Fig. 1 Flowchart with the final analysis of the unweighted survey sample sizes for children aged 2–5 years, National Survey of Children’s Health, 2016–2020
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diagnosis of ASD was determined by asking the caregiv-
ers, “Does this child currently have the condition?”. The 
measure of ever breastfeeding was obtained from the 
question, “Was this child ever breastfed or fed breast 
milk?”, with response options of yes or no. For caregiv-
ers who responded affirmatively, a follow-up question 
was included: “If yes, how old was this child when they 
completely stopped breastfeeding or being fed breast 
milk?”. By utilizing responses to these two items, we 
derived a continuous variable representing breastfeed-
ing duration. To facilitate analysis, we further categorized 
breastfeeding duration into five distinct categories: never, 
> 0–6 months, > 6–12 months, > 12–24 months, and > 24 
months. Based on responses to the questions “How old 
was this child when they were first fed formula?“ and 
“How old was this child when they were first fed anything 
other than breast milk or formula?”, the breastfeeding sta-
tus was determined and categorized into three distinct 
groups: [1] no breastfeeding, [2] partial breastfeeding 
(which includes the introduction of other liquids or sol-
ids alongside breast milk for infants below 6 months of 
age), and [3] exclusive breastfeeding (indicating that the 
infant received only breast milk and no other liquids or 
solids during the first 6 months of life) [35].

Covariates
Demographic data encompassing child sex, child ethnic 
group, the highest educational level in the household, 
maternal age at birth, family income, low birth weight, 
preterm birth, and birth order were collected using a 
questionnaire. Child ethnic group was classified into dis-
tinct categories, including white alone, black or African 
American alone, American Indian or Alaska native alone, 
and others, which encompassed Asian alone, native 
Hawaiian and other Pacific islander alone, some other 
race alone, and two or more races. The highest educa-
tional level in the household was represented as a cat-
egorical variable with options including less than a high 
school education, high school education, some college or 
associate degree, and college degree or higher. Maternal 
age at birth was categorized into three groups: ≤25 years, 
> 25–35 years, and > 35 years. Family income, expressed 
as a percentage of the federal poverty level (FPL), was 
divided into four categories: <100%, 100–199%, 200–
399%, and ≥ 400%, based on the 2010 FPL. Other vari-
ables including low birth weight, preterm birth, and only 
child, were dichotomized as yes or no.

Statistical analysis
Differences in demographic characteristics and infant 
feeding practices between children with and without 
ASD using chi-square tests. Logistic regression models 
were employed to assess the association between infant 
feeding practices and ASD. Initially, crude models were 

fitted without any adjustment, followed by adjusted mod-
els that controlled for child age, child sex, year of birth, 
ethnic group, family income, and birth order. The selec-
tion of covariates was based on collinearity tests. Sub-
group analyses were conducted based on the child’s sex 
(male vs. female) to estimate the associations of infant 
feeding practices with ASD, considering that the sex of 
the child has been found to influence breastfeeding ini-
tiation and duration in certain countries [36]. The analy-
ses conducted in this study utilized the sampling weights 
provided in the public-use NSCH data set. These weights 
consist of a base sampling weight and adjustments for 
factors such as multiple telephone lines per household 
and non-response [37–39]. We also performed addi-
tional analyses without applying survey weights. Sensi-
tivity analysis was conducted to examine the association 
between children with a current diagnosis of ASD and 
infant feeding practices. To assess the trends in exclu-
sive breastfeeding and ever breastfeeding across different 
groups (children with and without ASD) using multiple 
years of NSCH data from 2016 to 2020, linear trend anal-
ysis was conducted using the “segmented” package (Vito 
M. R. Muggeo) [40] and the “survey” package (Thomas 
Lumley) [41].

In all analysis procedures, we employed survey weights, 
strata, and primary sampling units provided along with 
the NSCH data to ensure the representation of noninsti-
tutionalized children in the US. The use of survey weight-
ing in the NSCH guarantees a representative sample of 
the population of interest, and the inclusion of survey-
weighted analysis is crucial for accurate estimation and 
interpretation of the results.

All statistical analyses were performed using the R Core 
Team Statistical Software, version 4.1.0 (2021), and two-
sided P-values were calculated. Statistical significance 
was considered at a P-value less than 0.05.

Results
A total of 36,534 participants aged 2 to 5 years were 
enrolled between 2016 and 2020. Exclusions were made 
for participants with missing information on breast-
feeding (n = 1375) or autism spectrum disorder diagno-
sis (n = 109). Consequently, the final analysis included 
35,050 children aged 2 to 5 years (9758, 4314, 6162, 6017 
and 8799 in 2016–2020, respectively), comprising 34,434 
children without ASD and 616 children with a history 
of ASD diagnosis. The weighted prevalence of ASD in 
this study was determined to be 1.9% (unweighted 1.8%) 
among children aged 2 to 5 years in the US, which is 
higher than the worldwide prevalence of autism, which 
is approximately 1 in 100 individuals [4]. We compared 
the differences between the two groups (children with 
and without ASD) in demographic characteristics and 
breastfeeding practices and the results are presented in 
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Table  1. Among the 616 children with ASD, the aver-
age age was 3.69 ± 0.10 years, with a majority being male 
(75.4%) and 57.9% classified as white. Of these children, 
76.6% (472 ASD children) had a history of breastfeeding, 
with 66.6% engaging in partial breastfeeding and 10.1% 
being exclusively breastfed. In comparison to children 
without ASD, families of children with ASD exhibited 
lower socioeconomic status, as evidenced by their lower 
highest educational level in the household and family 
income (P < 0.001). Furthermore, children with ASD had 
higher rates of preterm birth and were more likely to be 
only children, when compared to children without ASD 
(P < 0.05).

As presented in Table 2, the previously observed nega-
tive association between infant feeding practices and 
ASD among children did not remain statistically sig-
nificant after adjusting for covariates. The adjusted odds 
ratio (OR) for each additional month of breastfeeding 
was 0.99 (95% CI, 0.97–1.01). When comparing children 
who never breastfed to those with varying durations of 
breastfeeding, the adjusted ORs for children breastfed for 
0–6 months, 6–12 months, 12–24 months, and longer 
than 24 months were 0.84 (95% CI, 0.51–1.36), 0.76 (95% 
CI, 0.42–1.35), 0.79 (95% CI, 0.43–1.45), and 0.66 (95% 
CI, 0.32–1.35), respectively. Furthermore, compared 
with children who were never breastfed, the adjusted 
OR for children who were ever breastfed was 0.79 (95% 
CI, 0.50–1.25). When examining exclusive breastfeeding 
and partial breastfeeding in relation to no breastfeeding, 
the adjusted ORs ranged from 1.12 (95% CI, 0.57–2.20) 
for exclusive breastfeeding to 0.74 (95% CI, 0.47–1.18) 
for partial breastfeeding. As Table  3 shows, each addi-
tional month of breastfeeding was associated with 
decreased risk of ASD (OR 0.98, 95% CI, 0.97–1.00) in 
the unweighted analyses. When comparing children who 
never breastfed, the adjusted ORs for children breastfed 
for 6–12 months, ever breastfed and partial breastfeeding 
were 0.63 (95% CI, 0.48–0.83), 0.81 (95% CI, 0.67–1.00) 
and 0.80 (95% CI, 0.65–0.98) in the unweighted analy-
ses, respectively. We found similarly null associations 
between current ASD and breastfeeding when consider-
ing the weighted analysis (Data shown in Table 4).

There was no statistical evidence to support the pres-
ence of associations between infant feeding practices and 
the risks of ASD stratified by sex (Data shown in Supple-
mental Table S2-S3).

Figure 2 illustrates the trends in the weighted propor-
tions of breastfeeding practices, including ever breast-
feeding and exclusive breastfeeding, among children 
with and without ASD. Among children with ASD, the 
weighted proportion of ever breastfeeding showed a 
decline from 82.0% in 2017 to 64.3% in 2020, while exclu-
sive breastfeeding decreased from 12.0% in 2016 to 5.9% 
in 2020 (Data shown in Supplemental Table S4-S6).

Discussion
In this nationwide cross-sectional study conducted in the 
US from 2016 to 2020, we found no significant associa-
tion between infant feeding practices and the likelihood 
of ASD among children. However, our study revealed 
that breastfeeding rates among US children were signifi-
cantly below the recommended levels. Specifically, we 
observed a decline in the weighted proportion of exclu-
sive breastfeeding and ever breastfeeding among children 
with ASD over the study period.

Association between infant feeding practices and the risk 
of ASD
The association between infant feeding practices and 
the risk of ASD has been widely investigated in previ-
ous studies. While many of these studies have reported 
a protective effect of breastfeeding in reducing the risk of 
ASD among children, our findings suggest null associa-
tions, as observed with both categorical and quantitative 
data on breastfeeding. We propose several interpreta-
tions for these inconsistent findings. Firstly, methodolog-
ical variations in the adjustment for confounding factors 
between studies may be a key reason for the discrepan-
cies in reported findings. Some studies conducted in 
India, Australia, Denmark, and the US have reported 
crude associations between breastfeeding and ASD risk 
without adequately accounting for potential confounders, 
which could introduce important biases [15, 18, 42–45]. 
In contrast, our findings are consistent with the majority 
of previous studies that have adjusted for potential con-
founding factors [12–14, 20, 21, 26, 46].

Secondly, there is the regional variation in the asso-
ciation between breastfeeding and ASD, with studies 
conducted in Asia predominantly reporting a protec-
tive effect of breastfeeding (7 out of 8), while studies in 
Western countries generally indicate null associations. 
Cross-cultural studies have suggested that breastfeed-
ing practices can be influenced by cultural, ethnic, and 
socioeconomic factors [47, 48]. For example, in many 
Asian families, there is a tradition of postpartum confine-
ment, during which mothers focus on developing breast-
feeding skills [49]. This period involves rest and nursing, 
with mothers adhering to specific dietary restrictions 
and limited mobility [50]. In contrast, Western moth-
ers may not follow the practices due to cultural, climate, 
dietary, and other factors, potentially resulting in differ-
ent breastfeeding patterns. Thirdly, most previous stud-
ies examining the association between breastfeeding and 
ASD have used small sample size and limited measure-
ments of breastfeeding practices. In contrast, our study 
utilized a large-scale sample and comprehensive mea-
surements of breastfeeding practices. Our findings align 
with previous large-scale studies that also found no asso-
ciation between breastfeeding and the risk of ASD after 
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Without ASD
(N = 34434)

With ASD
(N = 616)

t 
value/F

df P value

Unweighted
sample size 
(unweighted%)

Weighted%
(95%CI)

Unweighted
sample size
(unweighted%)

Weighted%
(95%CI)

Child Age, y 3.46 ± 1.13 3.48 ± 0.01 3.76 ± 1.03 3.69 ± 0.10 1.94 34998 0.05
Child Sex 31.02 34999 < 0.001
Male 17674 (51.33%) 50.6% (49.4% − 52.0%) 484 (78.57%) 75.4% (66.3% − 83.0%)
Female 16760 (48.67%) 49.4% (48.2% − 51.0%) 132 (21.43%) 24.6% (17.4% − 34.0%)
Ethnic group 5.15 34997 < 0.01
White 26539 (77.07%) 67.7% (66.5% − 69.0%) 429 (69.64%) 57.9% (48.8% − 66.0%)
Black or American 2065 (6.00%) 12.6% (11.7% − 13.0%) 61 (9.90%) 20.5% (13.5% − 30.0%)
American Indian or Alaska 
native

263 (0.76%) 1.6% (1.2% − 2.0%) 5 (0.81%) 0.3% (0.1% − 1.0%)

Other 5567 (16.17%) 18.1% (17.1% − 19.0%) 121 (19.64%) 21.3% (14.8% − 30.0%)
Highest educational level in the householdb 7.47 34996 < 0.001
Less than high school 602 (1.75%) 6.4% (5.6% − 7.0%) 22 (3.57%) 10.5% (6.0% − 18.0%)
High school 3703 (10.75%) 18.2% (17.1% − 19.0%) 95 (15.42%) 25.8% (18.2% − 35.0%)
Some college or Associate 
Degree

7195 (20.90%) 21.2% (20.3% − 22.0%) 171 (27.76%) 30.5% (22.6% − 40.0%)

College degree or higher 22849 (66.36%) 53.9% (52.7% − 55.0%) 328 (53.25%) 33.2% (26.8% − 40.0%)
Maternal age when giving birthc 0.48 34997 0.70
≤ 25 years 6625 (19.24%) 23.2% (22.2% − 24.0%) 132 (21.43%) 24.7% (17.1% − 34.0%)
> 25–35 years 21600 (62.73%) 58.0% (56.8% − 59.0%) 359 (58.28%) 56.9% (48.0% − 65.0%)
> 35 years 5803 (16.85%) 17.2% (16.3% − 18.0%) 116 (18.83%) 15.2% (10.8% − 21.0%)
Family income, % FPL 6.07 34997 < 0.001
0–99 3275 (9.51%) 17.3% (16.2% − 18.0%) 109 (17.69%) 26.4% (19.5% − 35.0%)
100–199 5666 (16.45%) 22.4% (21.3% − 24.0%) 136 (22.08%) 33.9% (25.1% − 44.0%)
200–399 12170 (35.34%) 32.1% (31.0% − 33.0%) 210 (34.09%) 22.4% (17.3% − 28.0%)
≥ 400 13323 (38.69%) 28.2% (27.3% − 29.0%) 161 (26.14%) 17.3% (13.0% − 23.0%)
Low birth weightd 1.98 34998 0.14
Yes 2672 (7.76%) 8.7% (8.0% − 9.0%) 80 (12.99%) 14.6% (9.7% − 22.0%)
No 30849 (89.59%) 87.7% (86.8% − 88.0%) 520 (84.42%) 82.2% (75.0% − 88.0%)
Preterm birthe 3.83 34998 0.02
Yes 3481 (10.11%) 11.1% (10.3% − 12.0%) 110 (17.86%) 18.1% (13.3% − 24.0%)
No 30718 (89.21%) 88.1% (87.2% − 89.0%) 498 (80.84%) 79.9% (73.4% − 85.0%)
Only child 4.44 34999 0.04
Yes 22326 (64.84%) 21.8% (21.0% − 23.0%) 359 (58.28%) 30.7% (23.3% − 39.0%)
No 12108 (35.16%) 78.2% (77.3% − 79.0%) 257 (41.72%) 69.3% (60.7% − 77.0%)
Breastfeeding Duration in 
Categories

1.70 34996 0.15

Never 5665 (16.82%) 21.5% (20.4% − 23.0%) 144 (23.68%) 31.0% (22.7% − 41.0%)
> 0–6 months 11609 (34.46%) 34.7% (33.5% − 36.0%) 241 (39.64%) 35.7% (28.2% − 44.0%)
> 6–12 months 8473 (25.15%) 22.6% (21.6% − 24.0%) 102 (16.78%) 17.0% (11.7% − 24.0%)
> 12–24 months 6573 (19.51%) 17.7% (16.8% − 19.0%) 96 (15.79%) 13.7% (9.2% − 20.0%)
> 24 months 1370 (4.07%) 3.6% (3.2% − 4.0%) 25 (4.11%) 2.6% (1.4% − 5.0%)
Ever Breast-fed 3.81 34999 0.05
No 5665 (16.45%) 21.1% (20.0% − 22.0%) 144 (23.38%) 30.8% (22.5% − 41.0%)
Yes 28769 (83.55%) 78.9% (77.9% − 80.0%) 472 (76.62%) 69.2% (59.4% − 77.0%)
Breastfeeding Status 2.70 34998 0.07
No Breastfeeding 5665 (16.45%) 21.1% (20.0% − 22.0%) 144 (23.38%) 30.8% (22.5% − 41.0%)

Table 1 Descriptive statistics of participant characteristics a
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accounting for potential confounding factors. These stud-
ies include research by Husk et al. [20], using data from 
2007 to 2011 NSCH, Soke et al. [51], using data from 
the Study to Explore Early Development, a multi-site 

community-based case-control study (577 ASD and 794 
controls, 30–68 months) and Dodds et al. [52] using data 
from a longitudinal cohort study conducted in Canada. 
Our nationwide cross-sectional study provides evidence 

Table 2 Associations of infant feeding practices with ASD among US children aged 2–5 years (weighted data)
Crude Model Adjusted Model
t df ORs (95% CI) P t df aORs (95% CI) P

Breastfeeding Duration, Months -2.30 34246 0.97 (0.95, 1.00) 0.02 -0.90 34226 0.99 (0.97, 1.01) 0.37
Breastfeeding Duration in Categories
Never Reference Reference
> 0–6 months -1.41 34243 0.71 (0.45, 1.14) 0.16 -0.72 34223 0.84 (0.51, 1.36) 0.47
> 6–12 months -2.31 34243 0.52 (0.30, 0.91) 0.02 -0.94 34223 0.76 (0.42, 1.35) 0.35
> 12–24 months -2.16 34243 0.54 (0.30, 0.95) 0.03 -0.76 34223 0.79 (0.43, 1.45) 0.45
> 24 months -1.97 34243 0.49 (0.24, 1.00) 0.05 -1.14 34223 0.66 (0.32, 1.35) 0.26
Ever Breast-fed
No Reference Reference
Yes -2.33 34998 0.60 (0.39, 0.92) 0.02 -1.01 34978 0.79 (0.50, 1.25) 0.31
Breastfeeding Status
No Breastfeeding Reference Reference
Partial Breastfeeding -2.54 34997 0.57 (0.37, 0.88) 0.01 -1.26 34977 0.74 (0.47, 1.18) 0.21
Exclusive Breastfeeding -0.63 34997 0.82 (0.43, 1.54) 0.53 0.34 34977 1.12 (0.57, 2.20) 0.74
Adjusted models were adjusted for child age, child sex, year of birth, ethnic group, family income and birth order

Table 3 Associations of infant feeding practices with ASD among US children aged 2–5 years (unweighted data)
Crude Model Adjusted Model
t df ORs (95% CI) P t df aORs (95% CI) P

Breastfeeding Duration, Months -4.36 34296 0.97 (0.96,0.98) < 0.01 -2.67 34275 0.98 (0.97, 1.00) 0.01
Breastfeeding Duration in Categories
Never Reference Reference
> 0–6 months -1.90 34293 0.82 (0.66, 1.01) 0.06 -0.59 34272 0.94 (0.75, 1.16) 0.56
> 6–12 months -5.73 34293 0.47 (0.37, 0.61) < 0.01 -3.30 34272 0.63 (0.48, 0.83) < 0.01
> 12–24 months -4.17 34293 0.57 (0.44, 0.75) < 0.01 -1.93 34272 0.76 (0.58, 1.00) 0.05
> 24 months -1.52 34293 0.72 (0.47, 1.10) 0.13 -0.94 34272 0.81 (0.52, 1.26) 0.35
Ever Breast-fed
No Reference Reference
Yes -4.55 35048 0.65 (0.53, 0.78) < 0.01 -2.00 35027 0.81 (0.67, 1.00) 0.05
Breastfeeding Status
No Breastfeeding Reference Reference
Partial Breastfeeding -4.64 35047 0.63 (0.52, 0.77) < 0.01 -2.13 35026 0.80 (0.65, 0.98) 0.03
Exclusive Breastfeeding -2.06 35047 0.73 (0.54, 0.99) 0.04 -0.50 35026 0.92 (0.68, 1.26) 0.62
Adjusted models were adjusted for child age, child sex, year of birth, ethnic group, family income and birth order

Without ASD
(N = 34434)

With ASD
(N = 616)

t 
value/F

df P value

Unweighted
sample size 
(unweighted%)

Weighted%
(95%CI)

Unweighted
sample size
(unweighted%)

Weighted%
(95%CI)

Partial Breastfeeding 25425 (73.84%) 69.0% (67.9% − 70.0%) 410 (66.56%) 57.3% (48.2% − 66.0%)
Exclusive Breastfeeding 3344 (9.71%) 9.9% (9.2% − 11.0%) 62 (10.06%) 11.8% (7.3% − 19.0%)
a Data are from the 2016–2020 National Survey of Children’s Health (N = 35,050)
b Data were missing for 85 children without ASD.
c Data were missing for 406 children without ASD and 9 children with ASD.
d low birth weight was defined as birth weight < 2500 g; Data were missing for 913 children without ASD and 16 children with ASD.
e Preterm birth was defined as born 3 weeks before due date; Data were missing for 235 children without ASD and 8 children with ASD.

Table 1 (continued) 
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of null associations between infant feeding practices and 
the risk of ASD among children. We have considered 
potential confounding factors and utilized a large sample 
size, making our findings robust. Furthermore, our study 
contributes to the existing literature by incorporating 
comprehensive measurements of breastfeeding practices.

Temporal trends in the rate of infant feeding practices 
among children
While our study did not reveal a significant association 
between infant feeding practices and ASD among chil-
dren, it is important to highlight the concerning rate of 
exclusive breastfeeding among all participants, which 
was observed to be only 9.7% in 2020. This finding indi-
cates a significant deviation from the recommended rate 
set by the World Health Organization (WHO). WHO 

has reported that globally, only approximately 40% of 
infants under six months of age were exclusively breast-
fed from 2015 to 2020 and aims to increase this rate to 
at least 50% by 2025 [53]. Of greater significance, our 
study uncovered a notable trend indicating a decline in 
breastfeeding practices, including exclusive breastfeeding 
and ever breastfeeding, among mothers of children with 
ASD over the years. Understanding the factors contrib-
uting to this decrease in breastfeeding rates among chil-
dren with ASD is crucial, and concerted efforts should 
be made to address this issue. Several factors may con-
tribute to the declining breastfeeding rates among moth-
ers of children with ASD. Although many children do 
not receive a definitive ASD diagnosis until later in life 
[54], the earliest signs of emerging ASD usually appear 
in the early years, such as atypical early vocal calls (i.e., 

Table 4 Associations of infant feeding practices with current ASD among US children aged 2–5 years (weighted data)
Crude Model Adjusted Model
t df ORs (95% CI) P t df aORs (95% CI) P

Breastfeeding Duration, Months -2.21 34,240 0.97 (0.95, 1.00) 0.03 -0.80 34220 0.99 (0.97, 1.01) 0.43
Breastfeeding Duration in Categories
Never Reference Reference
> 0–6 months -1.10 34237 0.77 (0.48, 1.23) 0.27 -0.39 34217 0.91 (0.55, 1.49) 0.70
> 6–12 months -1.99 34237 0.57 (0.33, 0.99) 0.05 -0.56 34217 0.84 (0.46, 1.53) 0.57
> 12–24 months -1.89 34237 0.58 (0.32, 1.02) 0.06 -0.48 34217 0.86 (0.45, 1.62) 0.63
> 24 months -1.98 34237 0.47 (0.22, 0.99) 0.05 -1.16 34217 0.63 (0.29, 1.37) 0.25
Ever Breast-fed
No Reference Reference
Yes -2.02 34991 0.64 (0.42, 0.99) 0.04 -0.64 34971 0.86 (0.54, 1.37) 0.52
Breastfeeding Status
No Breastfeeding Reference Reference
Partial Breastfeeding -2.28 34990 0.60 (0.39, 0.93) 0.02 -0.93 34970 0.80 (0.50, 1.28) 0.35
Exclusive Breastfeeding -0.27 34990 0.92 (0.49, 1.73) 0.79 0.68 34970 1.27 (0.64, 2.52) 0.50
Adjusted models were adjusted for child age, child sex, year of birth, ethnic group, family income and birth order

Fig. 2 The weighted proportion of exclusive breastfeeding and ever breastfeeding among the US children with and without ASD, 2016–2020
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infant cry) [55], diminished behavioral response to affec-
tive speech, and abnormal caregiver-child interactions 
[56]. These unusual signs may contribute to the declin-
ing rate of breastfeeding among mothers whose chil-
dren have been diagnosed with ASD [57]. Moreover, 
parents of children with ASD are more likely to possess 
autistic traits [58] and breastfeeding present additional 
challenges for mothers with autistic traits compared to 
mothers of typically developing children [24, 59]. Breast-
feeding, especially exclusive breastfeeding, remains 
one of the most effective strategies for preventing child 
infections, morbidity, and mortality during early life 
[60]. From a long-term perspective, breast milk contains 
numerous bioactive components, including immune fac-
tors, cytokines that safeguard against various infections 
such as ear, throat, and sinus infections [61], as well as 
hormones and neurotrophic factors that regulate energy 
intake, fostering healthy physical growth and brain devel-
opment [9]. Additionally, breast milk contributes to the 
establishment of the microbiome, and alterations in the 
microbiome could impact gene expression and have life-
long implications for health and well-being, such as obe-
sity prevention [7]. While breastfeeding is well-known for 
its protective effects on typical developing infants against 
the aforementioned short- and long-term illnesses and 
diseases [1], recent studies indicate an increasing preva-
lence of these co-occurring medical and psychiatric con-
ditions throughout the lifespan of individuals with ASD 
[62]. However, the rate of breastfeeding among children 
with ASD is declining, underscoring the necessity for 
policies and practices that promote and support breast-
feeding within this high-risk population.

Implications for future research, policy, and practice
The current international breastfeeding guidelines do 
not sufficiently address the specific needs of parents 
with ASD children or high-risk parents of ASD chil-
dren. Based on our findings, there are several important 
implications that should be carefully considered to opti-
mize breastfeeding practices. Firstly, there is a need to 
enhance prenatal and/or perinatal education for parents 
and family members, particularly targeting high-risk par-
ents of ASD children or parents who themselves are with 
autistic traits. It is crucial for these parents to receive 
comprehensive and tailored support to navigate the 
unique challenges they may face in breastfeeding. Addi-
tionally, parents, especially mothers, who are at a higher 
risk of having children with ASD, may benefit from spe-
cific education and guidance regarding recognizing and 
responding to abnormal behaviors or responses during 
skin-to-skin contact through breastfeeding. Enhancing 
their awareness and understanding of these interactions 
can contribute to improved mother-infant emotional 
bonding and attachment, which are vital aspects of 

breastfeeding [63]. By addressing these considerations 
and providing targeted support to parents of ASD chil-
dren and high-risk parents, we can strive towards opti-
mizing breastfeeding practices and ensuring that the 
specific needs of these individuals and families are met 
effectively.

Secondly, healthcare professionals and primary care 
providers should play a more active role in promoting 
breastfeeding, particularly when they identify parents 
with autistic traits during consultations and treatments. 
It is crucial for these professionals to prioritize breast-
feeding support and education in their interactions with 
these parents. Additionally, incorporating internet-based 
interventions or online consultations could be a valu-
able approach to provide continuous support for par-
ents with autistic traits, helping to address any negative 
experiences they may have encountered with traditional 
healthcare services, which can often contribute to early 
breastfeeding cessation [64]. Furthermore, despite a 
notable increase in exclusive breastfeeding rates among 
children without ASD, the overall rate remains signifi-
cantly below the global recommendation [53]. In the US, 
one of the most common reasons for breastfeeding dis-
continuation is the need for mothers to return to work 
or school, which often results in limited time and inad-
equate facilities for breastfeeding [57]. Therefore, imple-
menting measures to safeguard maternal legal rights, 
such as extending maternity leave and ensuring the avail-
ability of nursing and pumping facilities in public areas, 
becomes imperative. These actions can actively encour-
age and enable mothers to continue breastfeeding [65, 
66].

Strengths and limitations
There are limitations to consider in our study. Firstly, as 
the NSCH is a cross-sectional study, it does not provide 
evidence of a temporal relationship. However, by com-
bining data from multiple five-year cycles, we aimed to 
enhance the validity and reliability of our conclusions. 
Secondly, the survey only collected information on ASD 
diagnosis and infant feeding practices from respondents 
with children aged 0 to 5 years. We specifically focused 
on children between 2 and 5 years of age, as this critical 
period is known for reliable ASD diagnoses [34]. This age 
range aligns with the recommendations of the American 
Academy of Pediatrics for ASD screening [67]. It is worth 
noting that in children under 2 years old, differentiat-
ing ASD symptoms from other developmental disorders 
can be challenging. Thirdly, it is important to interpret 
the results with caution and acknowledge the limitations 
inherent in the data. While weighting helps in mitigat-
ing certain biases, it remains essential to carefully con-
sider the sample’s representativeness and potential biases 
introduced during the weighting process across different 
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years of the NSCH survey [68]. Additionally, the low 
prevalence of ASD cases included in the logistic regres-
sion analysis may result in wide confidence intervals. 
However, we conducted sensitivity analyses and found 
consistent results indicating no association, whether con-
sidering children with a previous ASD diagnosis or those 
currently diagnosed with ASD. Fourthly, our study may 
not have fully adjusted for potential covariates [69, 70].

We lacked data on factors such as the mode of child-
birth, timing of ASD diagnosis, maternal medication use, 
and maternal alcohol and tobacco consumption, which 
could have influenced the results. These limitations 
should be taken into account when interpreting our find-
ings. Further research addressing these limitations could 
provide a more comprehensive understanding of the rela-
tionship between infant feeding practices and ASD risk.

Conclusions
Our study found no significant association between 
infant feeding practices and ASD among children aged 
2–5 years in the US. However, it is important to note 
that all ORs were consistently in the same direction, indi-
cating a potential trend. The wide confidence intervals 
observed in our study reflect the limited precision of the 
estimates due to the relatively low numbers of children 
with ASD. Therefore, cautious interpretation of the find-
ings is warranted due to several limitations. First, our 
study design does not provide evidence of a temporal 
relationship, and the wide confidence intervals further 
warrant careful interpretation. Additionally, we may not 
have fully adjusted for potential confounding variables, 
which could influence the results. Despite the null asso-
ciation, we identified a concerning trend in breastfeed-
ing practices, particularly exclusive breastfeeding, among 
children with ASD. The rates were far below the optimal 
levels recommended by health organizations. This high-
lights the need for targeted policies and practices that 
address breastfeeding challenges among parents of chil-
dren with ASD or those at high risk of having a child with 
ASD. It is crucial for officials and healthcare profession-
als to prioritize the development of supportive measures, 
education, and interventions that specifically address 
the unique needs and circumstances of these parents. By 
promoting and facilitating breastfeeding in this high-risk 
population, we can strive to improve infant health out-
comes and overall well-being.

Abbreviations
ASD  Autism Spectrum Disorder
DALYs  Disability-adjusted Life Years
NSCH  National Survey of Children’s Health
HRSA  Health Resources and Services Administration
MCHB  Maternal and Child Health Bureau
CAHMI  Child and Adolescent Health Measurement Initiative
DRC  Data Resource Center
PDD  Pervasive Developmental Disorder

FPL  Federal Poverty Level
WHO  World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13006-023-00580-2.

Supplementary Material 1

Acknowledgements
The authors extend gratitude to the U.S. Department of Health and Human 
Services, Health Resources and Services Administration, Maternal and Child 
Health Bureau, and the Data Resource Center on Child and Adolescent Health 
for their work in collecting and providing the data. In addition, the authors 
greatly appreciate the parents who participated in the 2016–2020 National 
Survey of Children’s Health.

Authors’ contributions
LZL: Conceptualization, supervision, project administration and funding 
acquisition. NP and LZL: Methodology and formal analysis. XLZ, NP, and LZL: 
Software, validation and resources. LZL, XLZ and NP: Investigation. NP: Data 
curation. XLZ and LZL: Writing-original draft preparation. XLZ, NP, SK, LS, XW, 
ZYL, JJ, XHL, LC, and LZL: Writing - Review & Editing. The statistical analyses 
were conducted by NP, LZL, and XLZ from Sun Yat-sen University.

Funding
This work was supported by the National Natural Science Foundation of China 
(82103794), the Guangdong Basic and Applied Basic Research Foundation 
(2022B1515130007), the Key-Area Research and Development Program of 
Guangdong Province (2019B030335001), and the National Social Science 
Foundation of China (20&ZD296).

Data Availability
The datasets analyzed during the current study are available in the NSCH 
repository, https://www.childhealthdata.org/.

Declarations

Ethics approval and consent to participate
This study of an anonymous public dataset with no identifiable information 
on the survey participants was determined exempt by the Institutional 
Review Board of the Sun Yat-sen University. Ethical approval of the original 
NSCH survey for all procedures is obtained from the National Center for 
Health Statistics Research Ethics Review Board. The dataset from Child 
and Adolescent Health Measurement Initiative, Data Resource Center was 
requested for this study and with permission was granted in March 1, 2022 
(reference number: 11275).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Research Center of Children and Adolescent Psychological and 
Behavioral Development, Department of Maternal and Child Health, 
School of Public Health, Sun Yat-sen University, 510080 Guangzhou, China
2Key Laboratory of Brain, Cognition and Education Sciences, Institute for 
Brain Research and Rehabilitation, Ministry of Education, South China 
Normal University, 510631 Guangzhou, China
3Faculty of Health and Behavioural Sciences, Pharmacy Australia Centre of 
Excellence, University of Queensland, Woolloongabba, QLD, Australia
4Institute of Tropical Health and Medicine (AITHM), James Cook University, 
Townsville, QLD, Australia
5JNU-HKUST Joint Laboratory for Neuroscience and Innovative Drug 
Research, College of Pharmacy, Jinan University, Guangzhou 510632, 
Guangdong, China

https://doi.org/10.1186/s13006-023-00580-2
https://doi.org/10.1186/s13006-023-00580-2
https://www.childhealthdata.org/


Page 11 of 12Zhan et al. International Breastfeeding Journal           (2023) 18:41 

6Department of Nutrition, School of Public Health, Sun Yat-sen University, 
510080 Guangzhou, China
7Guangdong Provincial Engineering Technology Research Center of 
Environmental Pollution and Health Risk Assessment, Department of 
Occupational and Environmental Health, School of Public Health, Sun 
Yat-sen University, 74 Zhongshan 2nd Road, Yuexiu District,  
510080 Guangzhou, China

Received: 5 October 2022 / Accepted: 29 July 2023

References
1. Victora CG, Bahl R, Barros AJD, França GVA, Horton S, Krasevec J, et al. 

Breastfeeding in the 21st century: epidemiology, mechanisms, and lifelong 
effect. The Lancet. 2016;387(10017):475–90. https://doi.org/10.1016/
s0140-6736(15)01024-7.

2. Ghozy S, Tran L, Naveed S, Quynh TTH, Helmy Zayan A, Waqas A, et al. 
Association of breastfeeding status with risk of autism spectrum disorder: a 
systematic review, dose-response analysis and meta-analysis. Asian J psychia-
try. 2020;48:101916. https://doi.org/10.1016/j.ajp.2019.101916.

3. Lord C, Elsabbagh M, Baird G, Veenstra-Vanderweele J. Autism spectrum 
disorder. The Lancet. 2018;392(10146):508–20. https://doi.org/10.1016/
s0140-6736(18)31129-2.

4. Zeidan J, Fombonne E, Scorah J, Ibrahim A, Durkin MS, Saxena S, et al. Global 
prevalence of autism: a systematic review update. Autism research: official 
journal of the International Society for Autism Research. 2022;15(5):778–90. 
https://doi.org/10.1002/aur.2696.

5. Global regional, Global Burden of Disease Study 2019. National burden of 12 
mental disorders in 204 countries and territories, 1990–2019: a system-
atic analysis for the. The Lancet Psychiatry. 2022;9(2):137–50. https://doi.
org/10.1016/s2215-0366(21)00395-3.

6. Sharma SR, Gonda X, Tarazi FI. Autism spectrum disorder: classification, 
diagnosis and therapy. Pharmacol Ther. 2018;190:91–104. https://doi.
org/10.1016/j.pharmthera.2018.05.007.

7. Dror DK, Allen LH. Overview of nutrients in human milk. Adv Nutr. 
2018;9(suppl1):278S–94S. https://doi.org/10.1093/advances/nmy022.

8. Liu F, Simpson AB, D’Costa E, Bunn FS, van Leeuwen SS. Sialic acid, the secret 
gift for the brain. Crit Rev Food Sci Nutr. 2022:1–20. https://doi.org/10.1080/1
0408398.2022.2072270.

9. de Weerth C, Aatsinki AK, Azad MB, Bartol FF, Bode L, Collado MC, et al. 
Human milk: from complex tailored nutrition to bioactive impact on child 
cognition and behavior. Crit Rev Food Sci Nutr. 2022;1–38. https://doi.org/10.
1080/10408398.2022.2053058.

10. Mudd AT, Dilger RN. Early-Life Nutrition and Neurodevelopment: Use of 
the Piglet as a translational model. Adv Nutr. 2017;8(1):92–104. https://doi.
org/10.3945/an.116.013243.

11. Bittker SS, Bell KR. Acetaminophen, antibiotics, ear infection, breastfeeding, 
vitamin D drops, and autism: an epidemiological study. Neuropsychiatr Dis 
Treat. 2018;14:1399–414. https://doi.org/10.2147/ndt.S158811.

12. Boucher O, Julvez J, Guxens M, Arranz E, Ibarluzea J, Sánchez de Miguel 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):434–42. https://doi.org/10.1038/pr.2016.238.

13. Kara T, Alpgan Ö. Nursing personality and features in children with autism 
spectrum disorder aged 0–2: an exploratory case-control study. Nutr Neuro-
sci. 2020;1–9. https://doi.org/10.1080/1028415x.2020.1843891.

14. Say GN, Karabekiroglu K, Babadagi Z, Yuce M. Maternal stress and perinatal 
features in autism and attention deficit/hyperactivity disorder. Pediatr Int. 
2016;58(4):265–9. https://doi.org/10.1111/ped.12822.

15. 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 
neurosciences rural Pract. 2018;9(1):132–6. https://doi.org/10.4103/jnrp.
jnrp_331_17.

16. Al-Farsi YM, Al-Sharbati MM, Waly MI, Al-Farsi OA, Al-Shafaee MA, Al-Khaduri 
MM, et al. Effect of suboptimal breast-feeding on occurrence of autism: a 
case-control study. Nutrition (Burbank, Los Angeles County. Calif ). 2012;28(7–
8):e27–32. https://doi.org/10.1016/j.nut.2012.01.007.

17. Huang S, Wang X, Sun T, Yu H, Liao Y, Cao M, et al. Association of Breastfeed-
ing for the First Six months of Life and Autism Spectrum Disorders: a National 

Multi-Center Study in China. Nutrients. 2021;14(1). https://doi.org/10.3390/
nu14010045.

18. Ravi S, Chandrasekaran V, Kattimani S, Subramanian M. Maternal and birth 
risk factors for children screening positive for autism spectrum disorders 
on M-CHAT-R. Asian J psychiatry. 2016;22:17–21. https://doi.org/10.1016/j.
ajp.2016.04.001.

19. Berding K, Donovan SM. Diet can Impact Microbiota Composition in Children 
with Autism Spectrum Disorder. Front Neurosci. 2018;12:515. https://doi.
org/10.3389/fnins.2018.00515.

20. Husk JS, Keim SA. Breastfeeding and Autism Spectrum Disorder in the 
National Survey of Children’s Health. Epidemiol (Cambridge Mass). 
2015;26(4):451–7. https://doi.org/10.1097/EDE.0000000000000290.

21. Whitely A, Shandley K, Huynh M, Brown CM, Austin DW, Bhowmik J. Brief 
report: pregnancy, birth and infant feeding Practices: a Survey-Based inves-
tigation into risk factors for Autism Spectrum Disorder. J Autism Dev Disord. 
2021. https://doi.org/10.1007/s10803-021-05348-3.

22. Bar S, Milanaik R, Adesman A. Long-term neurodevelopmental benefits of 
breastfeeding. Curr Opin Pediatr. 2016;28(4):559–66. https://doi.org/10.1097/
MOP.0000000000000389.

23. Bai D, Marrus N, Yip BHK, Reichenberg A, Constantino JN, Sandin S. Inherited 
risk for Autism through maternal and paternal lineage. Biol Psychiatry. 
2020;88(6):480–7. https://doi.org/10.1016/j.biopsych.2020.03.013.

24. Grant A, Jones S, Williams K, Leigh J, Brown A. Autistic women’s views 
and experiences of infant feeding: A systematic review of qualitative 
evidence. Autism: the international journal of research and practice. 
2022;13623613221089374. https://doi.org/10.1177/13623613221089374.

25. 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. https://doi.org/10.1542/peds.2009-2391.

26. Burd L, Fisher W, Kerbeshian J, Vesely B, Durgin B, Reep P, editors. A compari-
son of breastfeeding rates among children with pervasive developmental 
disorder, and controls. Journal of developmental and behavioral pediatrics: 
JDBP. 1988/10/01 ed1988 247–51 Available from: https://journals.lww.com/
jrnldbp/Abstract/1988/10000/A_Comparison_of_Breastfeeding_Rates_
among_Children.1.aspx.

27. Shamberger RJ. Autism rates associated with nutrition and the WIC program. 
J Am Coll Nutr. 2011;30(5):348–53. https://doi.org/10.1080/07315724.2011.10
719978.

28. Health Resources and Services Administration (HRSA). Maternal and Child 
Health Bureau (MCHB) [Available from: https://mchb.hrsa.gov/.

29. National Survey of Children’s Health CATI Instrument. Available from: https://
ftp.cdc.gov/pub/health_statistics/nchs/slaits/nsch07/1a_Survey_Instru-
ment_English/NSCH_Questionnaire_052109.pdf.

30. Bureau TUSC, NSCH Methodology Report. 2020. 2021Available from: https://
www2.census.gov/programs-surveys/nsch/technical-documentation/
methodology/2020-NSCH-Methodology-Report.pdf.

31. Ghandour RM, Jones JR, Lebrun-Harris LA, Minnaert J, Blumberg SJ, Fields J, et 
al. The design and implementation of the 2016 National Survey of Children’s 
Health. Matern Child Health J. 2018;22(8):1093–102. https://doi.org/10.1007/
s10995-018-2526-x.

32. Bureau TUSC, Source NSCH, and Accuracy Statement. 2021Available from: 
https://www2.census.gov/programs-surveys/nsch/technical-documenta-
tion/source-and-accuracy/2020-NSCH-Source-and-Accuracy-Statement.pdf.

33. Bureau USC. 2020 National Survey of Children’s Health Data Users Frequently 
Asked Questions (FAQs). 2021. Available from: https://www2.census.gov/
programs-surveys/nsch/technical-documentation/methodology/2020-
NSCH-FAQs.pdf.

34. Disabilities, NCoBDaD. Prevention CfDCa. Screening and Diagnosis of Autism 
Spectrum Disorder 2022 [Available from: https://www.cdc.gov/ncbddd/
autism/screening.html#ref.

35. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al. Mater-
nal and child undernutrition: global and regional exposures and health 
consequences. The Lancet. 2008;371(9608):243–60. https://doi.org/10.1016/
s0140-6736(07)61690-0.

36. Shafer EF, Hawkins SS. The impact of sex of child on Breastfeeding in the 
United States. Matern Child Health J. 2017;21(11):2114–21. https://doi.
org/10.1007/s10995-017-2326-8.

37. Bramlett MD, Blumberg SJ, Zablotsky B, George JM, Ormson AE, Frasier AM 
et al. Design and Operation of the National Survey of Children’s Health, 
2011–2012. Vital Health Stat 1. 2017/08/11 ed2017. 1-256 Available from: 
https://www.ncbi.nlm.nih.gov/pubmed/28796596.

https://doi.org/10.1016/s0140-6736(15)01024-7
https://doi.org/10.1016/s0140-6736(15)01024-7
https://doi.org/10.1016/j.ajp.2019.101916
https://doi.org/10.1016/s0140-6736(18)31129-2
https://doi.org/10.1016/s0140-6736(18)31129-2
https://doi.org/10.1002/aur.2696
https://doi.org/10.1016/s2215-0366(21)00395-3
https://doi.org/10.1016/s2215-0366(21)00395-3
https://doi.org/10.1016/j.pharmthera.2018.05.007
https://doi.org/10.1016/j.pharmthera.2018.05.007
https://doi.org/10.1093/advances/nmy022
https://doi.org/10.1080/10408398.2022.2072270
https://doi.org/10.1080/10408398.2022.2072270
https://doi.org/10.1080/10408398.2022.2053058
https://doi.org/10.1080/10408398.2022.2053058
https://doi.org/10.3945/an.116.013243
https://doi.org/10.3945/an.116.013243
https://doi.org/10.2147/ndt.S158811
https://doi.org/10.1038/pr.2016.238
https://doi.org/10.1080/1028415x.2020.1843891
https://doi.org/10.1111/ped.12822
https://doi.org/10.4103/jnrp.jnrp_331_17
https://doi.org/10.4103/jnrp.jnrp_331_17
https://doi.org/10.1016/j.nut.2012.01.007
https://doi.org/10.3390/nu14010045
https://doi.org/10.3390/nu14010045
https://doi.org/10.1016/j.ajp.2016.04.001
https://doi.org/10.1016/j.ajp.2016.04.001
https://doi.org/10.3389/fnins.2018.00515
https://doi.org/10.3389/fnins.2018.00515
https://doi.org/10.1097/EDE.0000000000000290
https://doi.org/10.1007/s10803-021-05348-3
https://doi.org/10.1097/MOP.0000000000000389
https://doi.org/10.1097/MOP.0000000000000389
https://doi.org/10.1016/j.biopsych.2020.03.013
https://doi.org/10.1177/13623613221089374
https://doi.org/10.1542/peds.2009-2391
https://journals.lww.com/jrnldbp/Abstract/1988/10000/A_Comparison_of_Breastfeeding_Rates_among_Children.1.aspx
https://journals.lww.com/jrnldbp/Abstract/1988/10000/A_Comparison_of_Breastfeeding_Rates_among_Children.1.aspx
https://journals.lww.com/jrnldbp/Abstract/1988/10000/A_Comparison_of_Breastfeeding_Rates_among_Children.1.aspx
https://doi.org/10.1080/07315724.2011.10719978
https://doi.org/10.1080/07315724.2011.10719978
https://mchb.hrsa.gov/
https://ftp.cdc.gov/pub/health_statistics/nchs/slaits/nsch07/1a_Survey_Instrument_English/NSCH_Questionnaire_052109.pdf
https://ftp.cdc.gov/pub/health_statistics/nchs/slaits/nsch07/1a_Survey_Instrument_English/NSCH_Questionnaire_052109.pdf
https://ftp.cdc.gov/pub/health_statistics/nchs/slaits/nsch07/1a_Survey_Instrument_English/NSCH_Questionnaire_052109.pdf
https://www2.census.gov/programs-surveys/nsch/technical-documentation/methodology/2020-NSCH-Methodology-Report.pdf
https://www2.census.gov/programs-surveys/nsch/technical-documentation/methodology/2020-NSCH-Methodology-Report.pdf
https://www2.census.gov/programs-surveys/nsch/technical-documentation/methodology/2020-NSCH-Methodology-Report.pdf
https://doi.org/10.1007/s10995-018-2526-x
https://doi.org/10.1007/s10995-018-2526-x
https://www2.census.gov/programs-surveys/nsch/technical-documentation/source-and-accuracy/2020-NSCH-Source-and-Accuracy-Statement.pdf
https://www2.census.gov/programs-surveys/nsch/technical-documentation/source-and-accuracy/2020-NSCH-Source-and-Accuracy-Statement.pdf
https://www2.census.gov/programs-surveys/nsch/technical-documentation/methodology/2020-NSCH-FAQs.pdf
https://www2.census.gov/programs-surveys/nsch/technical-documentation/methodology/2020-NSCH-FAQs.pdf
https://www2.census.gov/programs-surveys/nsch/technical-documentation/methodology/2020-NSCH-FAQs.pdf
https://www.cdc.gov/ncbddd/autism/screening.html#ref
https://www.cdc.gov/ncbddd/autism/screening.html#ref
https://doi.org/10.1016/s0140-6736(07)61690-0
https://doi.org/10.1016/s0140-6736(07)61690-0
https://doi.org/10.1007/s10995-017-2326-8
https://doi.org/10.1007/s10995-017-2326-8
https://www.ncbi.nlm.nih.gov/pubmed/28796596


Page 12 of 12Zhan et al. International Breastfeeding Journal           (2023) 18:41 

38. van Dyck P, Kogan MD, Heppel D, Blumberg SJ, Cynamon ML, Newacheck PW. 
The National Survey of Children’s Health: a new data resource. Matern Child 
Health J. 2004;8(3):183–8. https://doi.org/10.1023/b:maci.0000037693.09847.
f6.

39. Assari S. Family Income reduces risk of obesity for White but not black chil-
dren. Child (Basel). 2018;5(6). https://doi.org/10.3390/children5060073.

40. Muggeo VM. Estimating regression models with unknown break-points. Stat 
Med. 2003;22(19):3055–71. https://doi.org/10.1002/sim.1545.

41. Lumley T. survey: Analysis of Complex Survey Samples 2021 [Available from: 
https://cran.r-project.org/web/packages/survey/index.html.

42. George B, Padmam MS, Nair MK, Leena ML, Russell PS. CDC Kerala 14: early 
child care practices at home among children (2–6 y) with autism–a case con-
trol study. Indian J Pediatr. 2014;81(Suppl 2):138–41. https://doi.org/10.1007/
s12098-014-1602-5.

43. Brown CM, Austin DW, Busija L, editors. Observable essential fatty acid 
deficiency markers and autism spectrum disorder. Breastfeed Rev. 
2014/08/12 ed2014. p. 21 – 6 Available from: https://www.ncbi.nlm.nih.gov/
pubmed/25109097.

44. Lemcke S, Parner ET, Bjerrum M, Thomsen PH, Lauritsen MB. Early Regulation 
in Children who are later diagnosed with Autism Spectrum Disorder. A lon-
gitudinal study within the danish National Birth Cohort. Infant Ment Health J. 
2018;39(2):170–82. https://doi.org/10.1002/imhj.21701.

45. Shafai T, Mustafa M, Hild T, Mulari J, Curtis A. The association of early wean-
ing and formula feeding with autism spectrum disorders. Breastfeed Med. 
2014;9(5):275–6. https://doi.org/10.1089/bfm.2013.0104.

46. Field SS. Interaction of genes and nutritional factors in the etiology of autism 
and attention deficit/hyperactivity disorders: a case control study. Med 
Hypotheses. 2014;82(6):654–61. https://doi.org/10.1016/j.mehy.2014.02.021.

47. Jones KM, Power ML, Queenan JT, Schulkin J. Racial and ethnic disparities in 
breastfeeding. Breastfeed Med. 2015;10(4):186–96. https://doi.org/10.1089/
bfm.2014.0152.

48. Brown A. 9 Sociological and Cultural Influences upon Breastfeeding. Breast-
feeding and Breast Milk – from Biochemistry to Impact, (Ed, Family Larson- 
Rosenquist Foundation) Georg Thieme Verlag KG. 2018https://doi.org/10.214
28/3d48c34a.2a0f254a.

49. Naser E, Mackey S, Arthur D, Klainin-Yobas P, Chen H, Creedy DK. An 
exploratory study of traditional birthing practices of chinese, malay and 
indian women in Singapore. Midwifery. 2012;28(6):e865–e71. https://doi.
org/10.1016/j.midw.2011.10.003.

50. Chen L-W, Low YL, Fok D, Han WM, Chong YS, Gluckman P, et al. Dietary 
changes during pregnancy and the postpartum period in singaporean chi-
nese, malay and indian women: the GUSTO birth cohort study. Public Health 
Nutr. 2013;17(9):1930–8. https://doi.org/10.1017/s1368980013001730.

51. Soke GN, Maenner M, Windham G, Moody E, Kaczaniuk J, DiGuiseppi C, et al. 
Association between Breastfeeding initiation and duration and autism spec-
trum disorder in Preschool Children enrolled in the study to explore Early 
Development. Autism research: official journal of the International Society for 
Autism Research. 2019;12(5):816–29. https://doi.org/10.1002/aur.2091.

52. Dodds L, Fell DB, Shea S, Armson BA, Allen AC, Bryson S. The role of prenatal, 
obstetric and neonatal factors in the development of autism. J Autism Dev 
Disord. 2011;41(7):891–902. https://doi.org/10.1007/s10803-010-1114-8.

53. Organization WH. Global Nutrition Targets 2025:Breastfeeding Policy 
Brief. 2021Available from: https://www.who.int/publications/i/item/
WHO-NMH-NHD-14.7.

54. Hyman SL, Levy SE, Myers SM, Council On Children With Disabilities SOD, 
Behavioral P. Identification, evaluation, and management of children with 
Autism Spectrum Disorder. Pediatrics. 2020;145(1). https://doi.org/10.1542/
peds.2019-3447.

55. Esposito G, Hiroi N, Scattoni ML. Cry, baby, cry: expression of distress as a 
Biomarker and Modulator in Autism Spectrum Disorder. Int J Neuropsycho-
pharmacol. 2017. https://doi.org/10.1093/ijnp/pyx014.

56. Xiao Y, Wen TH, Kupis L, Eyler LT, Goel D, Vaux K, et al. Neural responses to 
affective speech, including motherese, map onto clinical and social eye track-
ing profiles in toddlers with ASD. Nat Hum Behav. 2022;6(3):443–54. https://
doi.org/10.1038/s41562-021-01237-y.

57. Ahluwalia IB, Morrow B, Hsia J. Why do women stop breastfeeding? Findings 
from the pregnancy risk Assessment and Monitoring System. Pediatrics. 
2005;116(6):1408–12. https://doi.org/10.1542/peds.2005-0013.

58. Lyall K, Constantino JN, Weisskopf MG, Roberts AL, Ascherio A, Santangelo 
SL. Parental social responsiveness and risk of autism spectrum disorder in 
offspring. JAMA Psychiatry. 2014;71(8):936–42. https://doi.org/10.1001/
jamapsychiatry.2014.476.

59. Pohl AL, Crockford SK, Blakemore M, Allison C, Baron-Cohen S. A comparative 
study of autistic and non-autistic women’s experience of motherhood. Mol 
Autism. 2020;11(1):3. https://doi.org/10.1186/s13229-019-0304-2.

60. Wallenborn JT, Levine GA, Carreira Dos Santos A, Grisi S, Brentani A, Fink G. 
Breastfeeding, Physical Growth, and Cognitive Development. Pediatrics. 
2021;147(5). https://doi.org/10.1542/peds.2020-008029.

61. Lisboa PC, Miranda RA, Souza LL, Moura EG. Can breastfeeding affect the rest 
of our life? Neuropharmacology. 2021;200:108821. https://doi.org/10.1016/j.
neuropharm.2021.108821.

62. Rydzewska E, Dunn K, Cooper SA. Umbrella systematic review of systematic 
reviews and meta-analyses on comorbid physical conditions in people with 
autism spectrum disorder. Br J psychiatry: J mental Sci. 2021;218(1):10–9. 
https://doi.org/10.1192/bjp.2020.167.

63. Olza-Fernandez I, Marin Gabriel MA, Gil-Sanchez A, Garcia-Segura LM, Arevalo 
MA. Neuroendocrinology of childbirth and mother-child attachment: the 
basis of an etiopathogenic model of perinatal neurobiological disorders. 
Front Neuroendocrinol. 2014;35(4):459–72. https://doi.org/10.1016/j.
yfrne.2014.03.007.

64. Westerberg B, Baarnhielm S, Giles C, Hylen U, Hollandare F, Bejerot S. An 
internet based intervention for adults with Autism Spectrum Disorder-A qual-
itative study of participants experiences. Front Psychiatry. 2021;12:789663. 
https://doi.org/10.3389/fpsyt.2021.789663.

65. McFadden A, Gavine A, Renfrew MJ, Wade A, Buchanan P, Taylor JL, et al. Sup-
port for healthy breastfeeding mothers with healthy term babies. Cochrane 
Database Syst Rev. 2017;2:CD001141. https://doi.org/10.1002/14651858.
CD001141.pub5.

66. Rollins NC, Bhandari N, Hajeebhoy N, Horton S, Lutter CK, Martines JC, et al. 
Why invest, and what it will take to improve breastfeeding practices? Lancet. 
2016;387(10017):491–504. https://doi.org/10.1016/S0140-6736(15)01044-2.

67. Pediatrics AAo. Autism Spectrum Disorder 2021 [Available from: https://www.
aap.org/en/patient-care/autism/.

68. Jordan S, Watkins A, Storey M, Allen SJ, Brooks CJ, Garaiova I, et al. Volunteer 
bias in recruitment, retention, and blood sample donation in a randomised 
controlled trial involving mothers and their children at six months and 
two years: a longitudinal analysis. PLoS ONE. 2013;8(7):e67912. https://doi.
org/10.1371/journal.pone.0067912.

69. Gibson L, Porter M. Alcohol and Tobacco use while breastfeeding and risk 
of Autism Spectrum disorder or attention Deficit/Hyperactivity disor-
der. J Autism Dev Disord. 2022;52(3):1223–34. https://doi.org/10.1007/
s10803-021-05027-3.

70. Qin X, Li P, Wu Y, Wang X, Yan S, Xu Y, et al. Impact of caesarean delivery on 
children’s autism-like behaviours: the mediation of exclusive breastfeeding. 
Int Breastfeed J. 2022;17(1):53. https://doi.org/10.1186/s13006-022-00493-6.

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

https://doi.org/10.1023/b:maci.0000037693.09847.f6
https://doi.org/10.1023/b:maci.0000037693.09847.f6
https://doi.org/10.3390/children5060073
https://doi.org/10.1002/sim.1545
https://cran.r-project.org/web/packages/survey/index.html
https://doi.org/10.1007/s12098-014-1602-5
https://doi.org/10.1007/s12098-014-1602-5
https://www.ncbi.nlm.nih.gov/pubmed/25109097
https://www.ncbi.nlm.nih.gov/pubmed/25109097
https://doi.org/10.1002/imhj.21701
https://doi.org/10.1089/bfm.2013.0104
https://doi.org/10.1016/j.mehy.2014.02.021
https://doi.org/10.1089/bfm.2014.0152
https://doi.org/10.1089/bfm.2014.0152
https://doi.org/10.21428/3d48c34a.2a0f254a
https://doi.org/10.21428/3d48c34a.2a0f254a
https://doi.org/10.1016/j.midw.2011.10.003
https://doi.org/10.1016/j.midw.2011.10.003
https://doi.org/10.1017/s1368980013001730
https://doi.org/10.1002/aur.2091
https://doi.org/10.1007/s10803-010-1114-8
https://www.who.int/publications/i/item/WHO-NMH-NHD-14.7
https://www.who.int/publications/i/item/WHO-NMH-NHD-14.7
https://doi.org/10.1542/peds.2019-3447
https://doi.org/10.1542/peds.2019-3447
https://doi.org/10.1093/ijnp/pyx014
https://doi.org/10.1038/s41562-021-01237-y
https://doi.org/10.1038/s41562-021-01237-y
https://doi.org/10.1542/peds.2005-0013
https://doi.org/10.1001/jamapsychiatry.2014.476
https://doi.org/10.1001/jamapsychiatry.2014.476
https://doi.org/10.1186/s13229-019-0304-2
https://doi.org/10.1542/peds.2020-008029
https://doi.org/10.1016/j.neuropharm.2021.108821
https://doi.org/10.1016/j.neuropharm.2021.108821
https://doi.org/10.1192/bjp.2020.167
https://doi.org/10.1016/j.yfrne.2014.03.007
https://doi.org/10.1016/j.yfrne.2014.03.007
https://doi.org/10.3389/fpsyt.2021.789663
https://doi.org/10.1002/14651858.CD001141.pub5
https://doi.org/10.1002/14651858.CD001141.pub5
https://doi.org/10.1016/S0140-6736(15)01044-2
https://www.aap.org/en/patient-care/autism/
https://www.aap.org/en/patient-care/autism/
https://doi.org/10.1371/journal.pone.0067912
https://doi.org/10.1371/journal.pone.0067912
https://doi.org/10.1007/s10803-021-05027-3
https://doi.org/10.1007/s10803-021-05027-3
https://doi.org/10.1186/s13006-022-00493-6

	Infant feeding practices and autism spectrum disorder in US children aged 2–5 years: the national survey of children’s health (NSCH) 2016–2020
	Abstract
	Introduction
	Methods
	Study population
	Measurements of ASD and infant feeding practices
	Covariates
	Statistical analysis

	Results
	Discussion
	Association between infant feeding practices and the risk of ASD
	Temporal trends in the rate of infant feeding practices among children
	Implications for future research, policy, and practice
	Strengths and limitations

	Conclusions
	References


