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ABSTRACT: Optimal breastfeeding is critical for infant health. However, data on current breastfeeding status in
China and associations between breastfeeding practices and gastrointestinal outcomes remain limited. This
cross-sectional study enrolled 2,405 infants and children aged 0—23 months and their mothers from 10 provinces and
cities across five regions of China (Southwest, East, Northeast, Northwest, and Central). A standardized questionnaire
was used to collect data on breastfeeding practices, non-breast milk feeding status, complementary feeding practice, as
well as sociodemographic and perinatal characteristics. Gastrointestinal symptom profiles, including numbers and
severity, were assessed using the Infant Gastrointestinal Symptom Questionnaire. The WHO-recommended Infant and
Young Child Feeding indicators were used as core indexes to assess breastfeeding practices. Multivariate logistic
regression analysis was performed to assess the relationship between each breastfeeding indicator and gastrointestinal
symptoms. Among 2,405 infants and children, 29.6%, 32.5%, and 37.9% were aged (0—5) months, (6—11) months, and
(12-23) months, respectively. Ninety-five-point two percent (95.2%) had been breastfed, while 49.2% initiated
breastfeeding within 1 hour of delivery. 44.5% of children received their first intake of non-breast milk fluids within
the first 24 hours of life. For infants under six months, 53.9% were exclusively breastfed, 22.6% were fed mixed milk,
and 10.7% were provided additional water while breastfeeding. Breastfeeding continuation rates were 44.7% of
children at 1 year of age and 16.8% of those at 2 years of age. Multivariate logistic regression analysis revealed that
early initiation of breastfeeding (within 1 hour), exclusive breastfeeding, delayed introduction of non-breast milk
fluids (no less than 1 month), and continued breastfeeding (CBF) 6-11 months were significantly associated with
fewer gastrointestinal (GI) symptoms and lower GI symptom scores (P < 0.05), after adjusting for all covariates,
including complementary feeding indicators. No significant associations were observed between number of GI
symptoms and GI symptom scores and CBF 12-23 months, age 1 year, or age 2 years (P > 0.05). China's breastfeeding
status are improving, and the appropriate breastfeeding practices benefit infants’ gastrointestinal health. Efforts on
supporting and guiding mothers to achieve optimal breastfeeding and research on the benefit of CBF in complex
feeding conditions should be conducted in the future to better support child health.
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Breast milk is an unparalleled natural food for infants and young children, providing a wide range of
health benefits for both the mother and child. It contains essential nutrients that are uniquely suited to
support rapid infant growth !, Breast milk also comprises hundreds of bioactive components—including
immunoglobulins (e.g., IgA), antimicrobial proteins (such as lactoferrin and lysozyme), cytokines, cellular
components, and miRNAs—which contribute to immune protection, modulate inflammatory responses, and
promote the maturation of the infant's immune system'> 3!, Microbiota in human milk play a critical role in
the colonization and development of the infant gut microbiotal* 1. Beyond biochemical components, the act
of breastfeeding supports infant orofacial, respiratory, and neurological development, while infant-led
feeding helps prevent overweight and obesity by avoiding overfeeding!®. For mothers, breastfeeding aids in
postpartum weight loss and reduces the risk of several cancers, hypertension, and diabetes!”!. Population
studies indicate that non-breastfed infants have a 14-fold higher risk of death within the first year of life
compared to those exclusively breastfed®!, and suboptimal breastfeeding practices increased susceptibility
to— and mortality from— respiratory and gastrointestinal infection across all pediatric age groups !> 1%,
Scaling up breastfeeding to a nearly universal level could prevent 11.6% of infant death, 21.9 million
disability-adjusted life years, and $300 billion annual economic costs (1131,

The protective role of breastfeeding against infectious diseases is of particular interest. Evidence
suggests that it can prevent half of all diarrhoea episodes and a third of respiratory infections, as well as 72%
of hospitalizations for diarrhoea and 57% of those for respiratory infections.!'¥l. Throughout the first year
of life, infants are more likely to experience gastrointestinal (GI) discomfort ['5. A 2020 study
reported that gastrointestinal symptoms were present in 24.7% of infants in Europe aged (0-12)
months and 11.3% of children aged (1-4) years!!¢l. In China, 33.9% of infants aged (0—6) months

171 Since

had regurgitation, while 43.8% of infants had colic during the first two months of lifel
newborns are unable to communicate their feelings clearly, the GI symptoms may appear more as signs such
as crying, spitting milk, and irregular bowel movements. These conditions not only influence the growth
and development of children but also can lead to anxiety and socio-economic pressures in parents!'8].
Nevertheless, few studies have looked at breastfeeding's impact on these atypical signs of GI
discomfort.

Globally, the optimum breastfeeding practice has not yet been popularized. The 2016 reports
stated that just 37% of infants under 6 months old in low- and middle-income countries are
exclusively breastfed, and most high-income countries have lower breast feeding durations than
resource-poor onest'!l. Since the implementation of monitoring in 2017, the global exclusive
breastfeeding rate progressively increased, reaching 48% in 2024, close to the 2025 target of
50%!"1.Consistent with global trends, the breastfeeding rate in China is also increasing. According to
the 2013 National Nutrition Survey, only 18.6% of infants under six months old were exclusively

[20

breastfed!!”), and a 2018 nationwide survey reported a rate of 29.5%!?%. The exclusive breastfeeding
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rate reported in Shanghai, China, in 2022 was 43.3%!(?!l. But there is no report on the latest national
breastfeeding situation yet.

Beyond exclusive breastfeeding, comprehensive evaluation of breastfeeding practices
necessitates multidimensional indicators encompassing early initiation of breastfeeding (EIBF),
continued breastfeeding, and the introduction of fluids other than breast milk, etc. According to
research, promoting nipple sucking in newborns at an early age is essential to successful exclusive

breastfeeding by six months of agel®* 22,

and prelacteal feedings can interfere with the early
initiation of breastfeeding by delaying the crucial first contact between the mother and the infant,
disrupting the achievement of exclusive breastfeeding!*}!. These indicators are all closely related to
breastfeeding. Furthermore, there are slight differences in understandings of exclusive breastfeeding
among different researchers. Some studies define exclusive breastfeeding based on feeding history

(20.21] "\while others base this definition on that since birth™®*l. Comparisons

during the past 24 hours
across data sets may be impacted by this difference.

This study adopted WHO’s 2021 Indicators for Assessing Infant and Young Child Feeding
Practices (I'YCF) and expanded indicators according to the actual situation to understand the current
breastfeeding status in China systematically. Through multivariate analysis, the study further
explored the relationship between the paediatric gastrointestinal symptoms/dysregulation
manifestation and the multi-dimensioned breastfeeding parameters mentioned above to provide

evidence for promoting breastfeeding and optimizing infant feeding protocols.

2. Material and methods
2.1 Study design and participants

This study used multi-stage cluster sampling, which first selected provinces and cities from the five
major regions of China and then chose maternal and child care institutions in each of those locations.
Ultimately, the study included 21 maternity and child care institutions in 10 provinces and cities
spanned over five regions: Southwest China (Sichuan, Yunnan, and Chongqing), East China
(Shandong, Jiangsu, and Shanghai), Northeast China (Liaoning and Jilin), Northwest China
(Shaanxi), and Central China (Hunan). In each institution, a children’s health care doctor was
enlisted to assist in the study, and participants were enrolled in the clinic of that doctor. Inclusion
criteria for participants were: (1) healthy newborns; (2) between the ages of 0 and 23 months; and
(3) parents or other caregivers (18 years of age or older) who were willing to provide informed
consent and complete the entire questionnaire. Exclusion criteria included: (1) congenital diseases
and/or gastrointestinal disorders or malformations that could interfere with the study parameters; (2)
current use of medications for functional gastrointestinal disorders (FGID), such as reflux
medications, whether voluntarily or by prescription; (3) siblings of enrolled participants; and (4)
participation in other clinical trials. The study protocol was approved by the Ethics Committee of
Nanjing Medical University (2021-588).
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The sample size was calculated using the following formula:

1—
n=2z>2 )@ dTpp

where Z is the Z-score corresponding to the desired confidence level, a is the Type I error rate,
d is the margin error, and p is the expected breastfeeding rate. We used a Z-value of 1.96 for 95%
confidence, an a level of 0.05, and p of 0.1. According to the latest survey and pre-survey results,
the exclusive breastfeeding rate was estimated at 40%, while the continued breastfeeding rate was
20%. Accounting for a 10% no response rate, the minimum sample size was set to 640 infants aged
0-5 months and 1,690 infants aged 623 months to achieve sufficient statistical power. Finally, the
study enrolled 712 infants aged 0-5 months and 1693 infants aged 6-23 months between July 2021

and June 2022, meeting the target sample size.
2.2 Data collection and quality control

After extensive discussion among experts, a standardized questionnaire was created in
compliance with the WHO’s and Chinese Nutrition Society’s breastfeeding recommendations. The
following information was collected through the questionnaire: (1) demographic characteristics,
including maternal age, education level and employment status, and infants’ age in months, gender,
ethnicity, and place of residence; (2) pregnancy and delivery variables, including gestational week,
parity, and mode of delivery; (3) breastfeeding practices, including breastfeeding, liquid other than
breast milk feeding, and the use of supplements, in the last 24 hours and from birth to the present,
respectively; (4) Complementary feeding practices: frequency of consuming various solid,
semi-solid, or soft foods (per week or day) during the past week; (5) gastrointestinal symptoms in
infants and young children. At each survey location, a pre-survey was carried out to gather input and
improve the questionnaire. Each doctor thoroughly understood the purpose of the survey, the structure of
the questionnaire, and the survey methodology through centralized and uniform training. After the
investigator explained the purpose of the survey and the definition of the pertinent indicator, the respondents
completed the questionnaire with informed consent. Investigators read aloud the questions and filled out the
questionnaire on behalf of individuals who were unable to read or complete it. The questionnaire was

quickly encoded and verified for accuracy after the survey.
2.3 Breastfeeding indicators

The study used five indicators among infant and young child feeding (I'YCF) indicators
recommended by WHO and UNICEF to assess the breastfeeding situation.

(1) Ever breastfeeding (EvBF): percentage of children born in t-he last 24 months who were
ever breastfed.

(2) Early initiation of breastfeeding (EIBF): percentage of children born in the last 24 months

who were put to the breast with-in one hour of birth.
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(3) Exclusive breastfeeding (EBF) under six months: percentage of infants 0—5 months of age
who were fed exclusively with breast milk during the previous day. According to the WHO, EBF
means giving an infant exclusively breast milk throughout the first six months of life, along with no
other foods or liquids other than prescription drugs, vitamin and mineral supplements, and oral
rehydration salts[?3].

(4) Mixed milk feeding under six months (MixMF): percentage of infants (0—5) months of age
who were fed formula and/or animal milk in addition to breast milk during the previous day.

(5) Continued breastfeeding (CBF) beyond 6 months: percentage of children older than 6
months who received breastfeeding during the previous day. The WHO focuses on CBF among
children (12-23) months, commonly using CBF in children at 1 year (percentage among children
aged (12—15) months) and 2 years (percentage among children aged (20—23) months). In addition to
these three indicators (CBF > 6m, at ly, at 2y), this study also examined CBF in children aged
(6-11) months.

In addition to the ones mentioned above, we also employed two extended indicators to describe
breastfeeding status comprehensively:

(1) Absolute exclusive breastfeeding under six months: percentage of infants (0—5) months of
age who were fed exclusively with breast milk from birth to the present.

(2) Initiation time of liquid feeding other than breast milk: the child’s first-time consuming
liquids other than breast milk.

Finally, to illustrate the full spectrum of infant and toddler feeding status, including breast milk,
water, non-milk liquids, animal milk/formula, and complementary foods throughout the previous
day, an infant feeding area (AG) graph was created. Children who received formula were classified
as formula feeding (FF), while children who received complementary foods were classified as

complementary feeding (CF).
2.4 Gastrointestinal (GI) symptoms assessment

The Infant Gastrointestinal Symptom Questionnaire (IGSQ), designed to obtain parental
perceptions regarding the frequency and severity of gastrointestinal symptoms in infants and
children ?], has demonstrated validity in assessing their gastrointestinal discomfort across distinct
cultural groups. The data were collected via maternal self-report using a structured questionnaire.
The questionnaire, which was modified following the pre-test, consists of 10 items that represent the
four categories of GI symptoms: fecal consistency, vomiting, crying, and bloating, of which fecal
consistency includes both loose and hard feces. The frequency and severity of each symptom were
inquired. By assigning a number between 1 and 5 to each of the 10 questions, with except for the
crying dimension, which received a score from 1 to 8, a total score range of 10 to 53 was achieved.

To evaluate the GI tolerance of infants and children, the number of GI symptoms and the GI

symptom scores were calculated. Three levels were established for the number of gastrointestinal
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symptoms: asymptomatic (0), experiencing one symptom (1), and experiencing more than two
symptoms ( > 2). The GI symptom scores were categorized as a binary variable. High scores ( > 9)
indicated the high GI symptoms burden, whereas low scores ( < 9) indicated a low gastrointestinal

symptoms burden.
2.5 Statistical analysis

General characteristic variables and breastfeeding indicators are represented as frequency and
percentages. A weighted rate was calculated by assigning equal weights to the rates for each monthly age
group, thereby balancing the influence of individual sample sizes across all groups on the final estimate.
The number of gastrointestinal symptoms and scores for gastrointestinal symptoms are expressed as
medians and quartiles (Q1-Q3). Univariate logistic regression was initially performed to assess the
relationship between each breastfeeding indicator and gastrointestinal outcomes. Subsequently,
multivariate logistic regression analysis was conducted to evaluate the independent associations
between them after adjusting for potential confounding variables. Adjusted odds ratios (AORs) and
95% confidence intervals (Cls) are reported for all variables. SPSS 25.0 software (IBM Corp.,
released 2020; IBM SPSS Statistics for Windows, version 25.0., Armonk, NY: IBMCorp.) was used
to analyze the data, and a two-sided P < 0.05 was considered statistically significant. The graphical
presentation was created using GraphPad Prism 8.0 (GraphPad Software, San Diego, CA, USA,
https://www.graphpad.com) and R Studio.

3. Result
3.1 Characteristics of the Study Population

2,405 infants and children between the ages of 0 and 23 months were enrolled in this study. Of
them, 29.6% were between the ages of 0 and 5 months, 32.5% were between the ages of 6 and 11
months, and 37.9% were between the ages of 12 and 23 months. 52.3% of the children were boys,
and 92.4% were Han Chinese. Over 90% of the children resided in urban areas, and 68.9% of them
were their parents’ firstborn children. Of the moms polled, 95.7% gave birth during normal
gestational weeks, 54.5% gave natural birth, and 61.4% of the mothers were unemployed at the time
of the study. According to the age distribution of the mothers who participated in the survey, the
largest group was of moms in their 30s (40.4%), followed by mothers in their 25s (35.5%).
Regarding educational attainment, mothers with a bachelor's degree made up the largest percentage
(39.4%), followed by those with a college or vocational university degree (27.3%). Additionally,
21.0% of the children reported taking probiotics the previous day. Table 1 displays the details of the
study participants.

Table 1 Characteristics of the participated infants and young children aged 0-23 months and their mothers (N=2405).

Characteristics N (%) Characteristics N (%)
Age (months) Maternal education level
0-5 713 (29.6) Junior high school or 230 (9.6)
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below
6—11 782 (32.5) Senior high school 419 (17.4)
12-23 910 (37.9) Vocational college 656 (27.3)
Gender Undergraduate college 947 (39.4)
Male 1257 (52.3) Master's degree or above 153 (6.4)
Female 1148 (47.7) Maternal parity
Ethnicity Primipara 1658 (68.9)
Han 2222 (92.4) Multipara 747(31.1)
Other 183 (7.6) Gestational age
Region <37 wk 104 (4.3)
District 2204 (91.6) >37 wk 2301 (95.7)
County 201 (8.4) Mode of delivery
Maternal age Vaginal birth 1311 (54.5)
<18 22(0.9) Cesarean section 1094 (45.5)
18-24 163 (6.8) Maternal employment
status

25-29 854 (35.5) Yes 928 (38.6)
30-34 972 (40.4) No 1477 (61.4)
3540 310 (12.9) Probiotic supplements use
>40 84 (3.5) Yes 505 (21.0)

No 1900 (79.0)

3.2 Breastfeeding situations

In total, 95.2% of 2,405 children aged 0 to 23 months had been breastfed since birth. 49.2% of
infants started breastfeeding within an hour of giving birth (Fig. 1C). The breastfeeding patterns of
infants under six months old are summarized in Fig. 1A. Exclusive breastfeeding was reported for
53.9% of infants, with 37.8% being absolute exclusive breastfeeding (exclusively breastfeeding
since birth). Meanwhile, 22.4% received mixed milk feeding. Importantly, 10.8% of infants were
provided additional water during breastfeeding, indicating a need for targeted education on
appropriate infant feeding practices and representing a key target population for improving exclusive
breastfeeding rates (Fig. 1A). Overall, 50.5% of children aged 6 to 23 months continued to
breastfeed, in specific, 72.3% for those aged 6 to 11 months and 31.9% for those aged 12 to 23
months (Fig. 1B). The CBF at 1 year of age was 44.7%, and at 2 years of age the CBF was 16.8%.

Tabel 2 shows above crude rates and corresponding month-age-weighted rates.

Table 2 Crude and weighted rates for breastfeeding indicators in 2405 Chinese infants and young children.

Indicators N Crude rate [n (%)] Weighted rate (%)
EvBF 2405 2289 (95.2) 95.2
EIBF 1998 983 (49.2) 50.6
EBF indicators

aEBF 625 236 (37.8) 39.9
EBF 625 337 (53.9) 54.4
MixMF 625 140 (22.4) 18.7
CBF indicators

CBF 6-23 months 1692 855 (50.5) 43.3
CBF 6-11 months 782 565 (72.3) 71.2
CBF 12-23 months 910 290 (31.9) 29.4
CBF at 1 year 378 169 (44.7) 44.0
CBF at 2 years 220 37 (16.8) 17.3

EvBF: ever breastfeeding, EIBF: early initiation of breastfeeding, EBF: exclusive breastfeeding under six months,
aEBF: absolute exclusive breastfeeding under six months, MixMF: mixed milk feeding under six months, CBF:
continued breastfeeding.
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3.3 The Initiation time of liquid feeding other than breast milk

Of the 1,543 children who responded to questions on the intake of fluids other than breast milk
since birth, 44.5% were introduced to non-breast milk liquids in the first 24 hours after birth,
followed by 19.7% between 24 hours and 1 month and 35.8% beyond 1 month (Fig. 1D). Regarding
the types of non-breast milk fluids they drank for the first time, 57.7% of respondents drank infant
formula, 40.4% drank water, 0.6% drank beverages (including sugar water and fruit juices), and

1.2% drank other liquids.

A B
Potential to EBF 10.7%

Continued breastfeeding
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EBF 53-9% Observed
— o Fitted
=
)
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aEBF ©
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Age (month)
Initiation time of non-breast milk liquid feeding
C D
50.8% 49,2% 44.5% 19.7% 35.8%
EIBF: No EIBF: Yes Within 24h 24h-1mo over 1mo

Fig. 1. Breastfeeding rates and the initiation time of non-breast milk liquids feeding.

(A) Absolute exclusive breastfeeding (aEBF) rate, exclusive breastfeeding (EBF) rate, and proportion of the population with
the potential to practice EBF for infants aged 0-5 month. (B) Continued breastfeeding (CBF) rates for infants and young
child aged 6-23 months. (C) Early initiation of breastfeeding (EIBF) rate for infants and young child aged 0-23 months.

(D) Distribution of the initiation time of non-breast milk liquid feeding.

100%
90% Don't know
80% Not Breastfed
70%
BM and CF
= 60%
g 50% BM and FM
o
40% BM and water
30%
Breastfed
20%
10%
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Age group in month

Fig. 2. Area graph patterns of infant and young child feeding practices by age. BM: breast milk, CF:
complementary foods, FM: formula milk.
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3.4 Map of Feeding Area Size

Additionally, of the 2,256 respondents who answered whether their children had formula-fed in
the past 24 hours, parents of 27.3% infants within 6-month-age and 67.8% children aged 6 to 23
months stated they did so. And of the 1,562 respondents who answered whether their child had
consumed complementary foods the day before, parents of 84.8% of children aged 6 to 23 months
stated they did. Fig. 2 shows the detailed feeding practices of 2405 infants and young children aged
(0-23) months.

3.5 Association of Covariates with Breastfeeding Practices and Gastrointestinal Symptoms

To better understand the link between breastfeeding and infant gastrointestinal health, this
study incorporated complementary feeding status as covariates. Among 2,405 children aged (0-23)
months, 1,923 provided data on complementary food consumption within the preceding 24 hours,
with a 70.4% introduction rate of complementary foods among infants aged (6-8) months. The
Minimum Milk Feeding Frequency (MMFF) for non-breastfed children aged (6-23) months, defined
as the percentage of non-breastfed children (6—23) months of age who consumed at least two milk
feeds (including any formula or any animal milk and its products other than human breast milk)
during the previous day, was 38.5%. Both the complementary feeding (CF) rate and MMFF were
adjusted as covariates in subsequent analyses.

In addition to complementary feeding indicators, the covariates incorporated in this study included
infant age (months), gender, ethnicity, region, maternal age, maternal education level, maternal parity,
gestational age, mode of delivery, and maternal employment status. The association between maternal-infant
demographic characteristics and breastfeeding practices/gastrointestinal symptoms is detailed in
Supplementary Table 1 - 5. As shown in Supplementary Table 1, higher odds of EIBF were observed among
older infants (AOR = 1.02; P < 0.001), multiparous mothers (Adjusted OR =2.19; P < 0.001), or those with
gestational ages > 37 wk (AOR = 2.92; P < 0.001), whereas ethnic minorities (AOR = 0.49; P < 0.001),
maternal age at 35-40y (AOR = 0.24; P = 0.004; rather than < 18y), or cesarean delivery (AOR = 0.59; P <
0.001) were associated with significantly lower EIBF rates. Unemployed mothers had higher odds of EBF
(AOR = 2.61; P < 0.001) (Supplementary Table 2) and CBF (AOR = 1.43; P = 0.038) (Supplementary
Table 3) compared to employed mothers. Older infants had lower odds of CBF (AOR = 0.86; P < 0.001)
(Table S3). Infants in the county exhibited a higher number of GI symptoms and GI symptom scores than
those in the district (number AOR = 1.83; scores AOR = 2.22; both P < 0.001) (Supplementary Table 4 - 5).
Conversely, infant age (number AOR = 0.94; P < 0.001; scores AOR = 0.94; both P < 0.001) and
multiparity (number AOR = 0.77; P = 0.005) were associated with reduced GI Symptoms (Supplementary
Table 4 - 5).

3.6 Association of breastfeeding with the number of GI symptoms

Of the 2259 respondents, 37.9%, 34.4%, and 27.7% of respondents, respectively, reported having a

total of 0, 1, and no less than 2 GI symptoms. Table 3 presents the results of the univariate analysis of the
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relationship between breastfeeding indicators and gastrointestinal symptoms. After adjusting for covariates
including maternal-infant demographic characteristics, complementary feeding indicators, and probiotic
supplementation, infants with EIBF (AOR = 0.48; P < 0.001) and those introduced to non-breast milk liquid
feeding after 1 month of age (AOR = 0.58; P < 0.001) were associated with a reduced number of GI
symptoms (Fig. 3).

For infants under 6 months, multivariable regression analysis adjusted for all covariates, including
complementary feeding indicators, demonstrated that infants with aEBF (AOR = 0.68; P = 0.02), and EBF
(AOR = 0.62; P = 0.003) were associated with fewer GI symptoms (Fig. 3). Notably, after excluding infants
who had initiated complementary feeding, EBF infants were associated with a lower risk of GI symptoms
compared to mixed-fed infants receiving breast milk and formula (BF + FF) (AOR = 0.54; P =0.003) (Table
4).

For infants over 6 months, multivariable regression analysis adjusted for all covariates, including
complementary feeding indicators, and CBF at 6—11 months was associated with fewer GI symptoms (AOR
= 0.54; P = 0.018). No significant associations were observed between GI symptoms and CBF at 12-23
months, age 1 year, or age 2 years (P > 0.05) (Fig. 3). Subgroup analysis based on feeding practices revealed
that unadjusted analysis results indicated that infants fed breast milk plus complementary foods plus formula
feeding (BF + CF + FF) may have higher number of gastrointestinal symptoms than infants fed only
complementary foods plus formula feeding (CF + FF) (Unadjusted OR = 1.72; P = 0.006). After adjustment
for all covariates including complementary feeding variables, this association lost statistical significance
(Table 4).

3.7 Association of breastfeeding with children's GI symptom scores

The median gastrointestinal symptom score was 8 (7, 10). The prevalence of high gastrointestinal
symptom scores was 45.1% (1,018/2,259). Multivariable regression analysis, after adjusting for
maternal-infant demographic characteristics, complementary feeding indicators, and probiotic supplement
use, revealed that both EIBF (AOR = 0.47; P < 0.001) and delayed introduction of non-breast milk liquid
(after 1 month of age; AOR = 0.68; P < 0.001) were associated with a reduced likelihood of high GI
symptom scores (Fig. 4).

For infants under 6 months, multivariable regression analysis, after adjusting for all covariates
including complementary feeding indicators, revealed significantly reduced likelihoods of high GI
symptom scores among infants receiving aEBF (AOR = 0.58; P < 0.001) and EBF (AOR = 0.61; P
= 0.01) (Fig. 4). Furthermore, in a subgroup analysis excluding infants who had initiated
complementary feeding, exclusively breastfed infants (BF) demonstrated a significantly lower
likelihood of high GI symptom scores compared to those receiving breast milk and formula (BF +
FF; AOR =0.57; P=0.003) (Table 5).

For infants over 6 months of age, multivariable regression analysis adjusting for maternal/infant

characteristics and complementary feeding covariates revealed a significantly reduced likelihood of
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high GI symptom scores only among those aged 6—11 months receiving CBF (AOR = 0.53; P =
0.028). However, CBF among infants aged 12-23 months, or at 1 year or 2 years old, was not
significantly associated with GI symptom scores (P > 0.05). Furthermore, subgroup analyses based
on feeding status indicated that infants concurrently receiving breastfeeding, complementary foods,
and formula feeding (BF + CF + FF) had a higher likelihood of high GI symptom scores than those
receiving only complementary foods and formula feeding (CF + FF) in unadjusted analyses (UOR =
1.50; P < 0.05). However, this association became non-significant after adjustment for all covariates

including complementary feeding variables (Table 5).

4. Discussion

To our knowledge, this is the first study to describe the status of breastfeeding in China using
multi-dimensional indicators and its relationship with children’s GI symptoms. In this survey
conducted in 2021-2022, 95.2% of Chinese children aged (0-23) months had been breastfed, with an
EIBF rate of 49.2%:; the EBF rate for infants within 6 months of age was 53.9%, with an absolute
EBF rate of 36.2%; continued breastfeeding rates for children 1 year and 2 years were 44.8% and
16.7%, respectively. Meanwhile, EBF, EIBF, and late prelacteal feeding were found to be linked to
fewer gastrointestinal symptoms and less severe gastrointestinal symptoms. These findings display
the multifaceted situation of breastfeeding in China and provide new insights into the benefit of
breastfeeding for child GI health.

The most important indication of breastfeeding status is the rate of exclusive breastfeeding up
to six months of age. The EBF rate varies widely among countries worldwide, even under the same
geographical and economic conditions; for example, in Asia, it was 58.7% in India?”! while 11% in
Lebanon?®. The global EBF rate for children under 6 months exhibited a gradual increase trend
overall, rising from 37.6% in 2017 to 48% by 2022. The same pattern also exists in China. The
national EBF rate increased from about 20% in 20101"°! to 30% in 2018[2°. While in regional terms,
it was 28.7% in the central and western regions in 2010°], while 43.4% in Shanghai in 2022!. In
our study, the crude EBF rate for infants in China under 6 months of age is 53.9%, and the
age-weighted rate is 54.4%, both of which are higher than previous research results, showing the
upward trend. This is owed to the unremitting efforts made  the country to promote breastfeeding,
such as ongoing breastfeeding health education, the implementation of baby-friendly hospitals, and
the extension of maternity leave. The study sample was predominantly composed of urban residents,
who are more likely to benefit from supportive measures. Respondents who are willing to participate
in the study might be more concerned about and thus have a greater pre-existing awareness of child
feeding issues. These factors may have collectively led to an overestimation of the EBF rate in our
survey. Furthermore, the absolute exclusive breastfeeding rate in this study based on the feeding

status since birth was 36.2%, similar to Japan’s 37.4% in 2021241,
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In addition to exclusive breastfeeding, early initiation of breastfeeding is also regarded as a
crucial breastfeeding indicator. Breastfeeding within the first hour helps provide the baby with
colostrum that is high in immune-boosting substances. In earlier research, infants who started
breastfeeding between two and twenty-three hours after delivery were 33 percent more likely to die
than those who started within an hour. The death risk was more than doubled for babies who began
breastfeeding a day or more after delivery®® . There are also studies indicating that starting
breastfeeding during the first hour of birth can lower the risk of newborn death by up to 15%, even if
breastfeeding intensity is maintained®!l. Furthermore, EIBF by itself has been connected to nearly
two times the odds of EBF at six months/??l and had an impact on the continuation of EBF?4. The
WHO therefore recommends "early breastfeeding within the first hour of life." EIBF was associated

with multiple factors, such as maternal parity*?! (331 [34]

, ethnicity, gestational week'””!, mode of delivery
and maternal agel®>>!. The findings of this study align with existing literature.

Delays in breastfeeding initiation are still a global issue, though. Only two-fifths (44%) of
children are breastfed within one hour of delivery, according to a 2022 report by the International
Federation of Obstetricians and Gynecologists (FIGO). This is a concerning phenomenon that is
common in many countries. Our survey showed that about 50.0% (49.2%) of Chinese newborns
began breastfeeding within an hour of delivery, which is slightly higher than the global average and
the rates in Lebanon (28%)1?%], Nepal (16%)1¢], and India (43.8%) over the same period, but is lower
than the 59.4% reported in China's 2010 survey® and 70% of the global target. Efforts to promote
early initiation of breastfeeding should be stepped up given its positive impact on exclusive

breastfeeding and child health.

Table 3 Univariate analysis on the relationship between breastfeeding indicators and GI symptoms.

Number of GI symptoms GI symptom scores
Indicators N 0 (%) 1 (%) >2 (%) Unadjusted Low (%) | High (%) | Unadjusted
OR (95%CI) OR (95%CI)
EIBF
Yes 940 453 305 182 0.44 617(65.6 | 323 0.45(0.37-0.5
(48.2) 32.4) (19.4) (0.37-0.52)" ) (34.49) 4"
No 950 267 359 324 Ref. 439(46.2 | 511 Ref.
(28.1) (37.8) (34.1) ) (53.8)
aEBF
Yes 234 64 (27.4) | 91(38.9) | 79(33.8) | 0.53 108 126 0.50
(0.39-0.72)" (46.2) (53.8) (0.36-0.71)"
No 366 60 (16.4) | 128 178 Ref. 110 256 Ref.
(35.0) (48.6) (30.1) (69.9)
EBF
Yes 325 75(23.1) | 136 114 0.56 136 189 0.59
(41.8) (35.1) (0.41-0.76)" (41.8) (58.2) (0.42-0.83)"
No 275 49 (17.8) | 83 (30.2) | 143 Ref. 82 (29.8) | 193 Ref.
(52.0) (70.2)
CBF (6-11 months)
Yes 538 240 178 120 0.91 343 195 0.85
(44.6) (33.1) (22.3) (0.67-1.24) (63.8) (36.2) (0.60-1.18)
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No 194 82 (42.3) | 66 (34.0) | 46 (23.7) | Ref. 116 78 (40.2) | Ref.
(59.8)
CBF (12-23 months)
Yes 272 95(34.9) | 119 58 (21.3) | 1.46 156 116 1.32 (0.98
(43.8) (1.12-1.98)" (57.4) (42.6) -1.77)
No 573 279 174 119 Ref. 366 207 Ref.
(48.7) (30.5) (20.8) (63.9) (36.1)
CBF at 1
year
Yes 158 57 (36.1) | 71(44.9) | 30(19.0) | 1.33 92 (58.2) | 66 (41.8) | 1.28 (0.83
(0.90-1.98) -1.97)
No 189 90 (47.6) | 60 (31.7) | 39 (20.6) | Ref. 121 68 (36.0) | Ref.
(64.0)
CBF at 2
years
Yes 33 14 (42.4) | 13(394) | 6(18.2) 1.19 (0.6-2.33) | 20(60.6) | 13(39.4) | 1.29
(0.60-2.78)
No 173 87 (50.3) | 51(29.5) | 35(20.2) | Ref. 115 58 (33.5) | Ref.
(66.5)
Initiation time of non-breast milk
liquid
Within 24h 525 299 142 84 (16.0) | 0.40 371 154 0.49
(57.0) (27.0) (0.32-0.50)" (70.7) (29.3) (0.38-0.62)"
24h -1mo 289 103 99 (34.3) | 87(30.1) | 0.95 150 139 1.09
(35.6) (0.74-1.23) (51.9) (48.1) (0.82-1.42)
Over 1mo 649 217 237 195 Ref. 350 299 Ref.
(33.4) (36.5) (30.0) (53.9) (46.1)

*:P < 0.05; EIBF: early initiation of breastfeeding, aEBF: absolute exclusive breastfeeding under six months, EBF: exclusive
breastfeeding under six months, MixMF: mixed milk feeding under six months, CBF: continued breastfeeding.

Indicators N (%) AOR (95%C/)
EIBF 940 (49.7) 0.48 (0.39-0.60)"
aEBF 234 (39.0) 0.68 (0.49-0.94)
EBF 325 (54.2) 0.62 (0.44-0.85)"
CBF (6-11 months) 538 (73.5) 0.54 (0.32-0.90)"
CBF (12-23 months) 272 (32.2) | 1.04 (0.69-1.57)
CBF at 1 year 158 (45.5) | 0.84 (0.44-1.60)
CBF at 2 years 33 (16.0) | 0.87 (0.35-2.14)
24h-1mo? 2B (L2s] 1.19 (0.88-1.62)
=1mo?® 525 (35.9)

[
0

I
1

I I
2 3

4

0.58 (0.45-0.76)"

Fig. 3. Adjusted Odds Ratios (AORs) of breastfeeding indicators and number of GI symptoms.
Adjusted models controlled for infant age (months), gender, ethnicity, region, maternal age,
maternal education level, maternal parity, gestational age, mode of delivery, maternal employment
status, probiotic supplement use, and complementary feeding indicators (CF rate for children under
6 months old; CF rate and MMFF for children over 6 months old); “: P < 0.05; EIBF: early initiation
of breastfeeding, aEBF: absolute exclusive breastfeeding under six months, EBF: exclusive
breastfeeding under six month, CBF: continued breastfeeding; a: the time of intake of liquids other
than breast milk, compared to within 24h.
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Indicators N (%) AOR {95%C1)
EIBF 940 (49.7) 0.47 (0.37-0.61)"
aEBF 234 (39.0) 0.58 (0.40-0.84)"
EBF 325 (54.2) 0.61 (0.42-0.89)"
CBF (6-11 months) 538 (73.5) 0.53{0.30-0.93)"
CBF (12-23 months) 272 (32.2) 1.00(0.63-1.58)
CBF at 1 year 158 (45.5) | 0.85 (0.41-1.78)
CBF at 2 years 33 (16.0) | 0.81(0.29-2.28)
24h-1mo® 289 (19.8) | 1.29 (0.92-1.82)
=1mo?® 525 (35.9) 0.68 (0.50-0.91)"

| [ | | |
0 1 2 3 4

Fig. 4. Adjusted Odds Ratios (AORs) of breastfeeding indicators and GI symptom scores. Adjusted models
controlled for infant age (months), gender, ethnicity, region, maternal age, maternal education level, maternal
parity, gestational age, mode of delivery, maternal employment status, probiotic supplement use, and
complementary feeding indicators (CF rate for children under 6 months old; CF rate and MMFF for children over
6 months old); *: P < 0.05. EIBF: early initiation of breastfeeding, aEBF: absolute exclusive breastfeeding under
six months, EBF: exclusive breastfeeding under six months, CBF: continued breastfeeding; a: the time of intake
of liquids other than breast milk, compared to < 24h.

Table 4 Association between breastfeeding and number of GI symptoms by feeding type (breastfed or not).

Indicators N |0 1 (%) =2 (%) gﬁag‘gﬁ/tfgl) ngJ‘(l;t;% oD

BF (0—6months)

BF only 325 | 75(23.1) 136 (41.8) | 114 (35.1) | 0.36 0.54 (0.34-0.80)"
(0.24-0.54)"

BF+FF 137 121(5.3) 29 (21.2) 87 (63.5) Ref. Ref.

CBF (12-23months) : Subgroup 1

BF + CF 66 24 (36.4) 37 (56.1) 5(7.6) 1.35(0.63-2.87) | 1.69 (0.58-4.93)

CF 40 20 (50.0) 14 (35.0) 6 (15.0) Ref. Ref.

CBF (12—23months) : Subgroup 2

BF + CF+ FF 133 | 49 (36.8) 49 (36.8) 35 (26.3) 1.72 0.89 (0.52-1.54)
(1.20-2.47)"

CF +FF 452 | 232(51.3) | 137(30.3) | 83 (18.4) Ref. Ref.

CBF (12—23months) : Subgroup 3

BF +FF 12 3 (25.0) 3 (25.0) 6 (50.0) 1.84 (0.50-6.82) | 4.06 (0.54-30.20)

FF 24 10 (41.7) 5(20.8) 9 (37.5) Ref. Ref.

“ Adjusted models controlled for infant age (months), gender, ethnicity, region, maternal age, maternal education
level, maternal parity, gestational age, mode of delivery, maternal employment status, probiotic supplement use
and complementary feeding indicators (CF rate for children under 6 months old; CF rate and MMFF for children
over 6 months old); ":P < 0.05. BF: breastfeeding, CF: complementary feeding, FF: formula feeding, Ref:
reference.

Feeding liquids other than breast milk, particularly prelacteal feeding, has an impact on the
effectiveness of exclusive breastfeeding. According to the reports, prelacteal feeding is substantially
connected with delayed breastfeeding beginning!*’!, and non-prelacteal feeding was linked to
1.6-3.5 higher odds of EBF*®l. Nevertheless, it is typical in many areas for infants to receive liquids
other than breast milk during their first few days of life. Prior to being breastfed, about one in three

[39

babies gets prelacteal meals, which are primarily water and animal milk*’!. It is often brought on by

mothers' worries about their infants going hungry for a limited supply of breast milk. However,
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baby-friendly hospitals advise against formula feeding until the infant has lost no more than 7% of
their body weight and instead urge the child to suckle the breast to increase milk supply after birth.
Our study investigated the initial time of extramammary fluid intake and showed that more than half
of parents (63.3%) gave their babies liquids other than breast milk within the first month of life, with
formula accounting for half of these cases. This demonstrates the prevalence of liquid feeding
outside of breast milk for infants within 6 months of age in China and the urgency for targeted
health education. Additionally, although some mothers provide water or glucose water within 24
hours after delivery to help eliminate excess bilirubin, under normal circumstances, breast milk
alone can satisfy all nutritional needs (including water) of infants under six months of age.
Consequently, the WHO definition of exclusive breastfeeding explicitly excludes the water.
However, this study still found a considerable proportion of mothers who supplemented with water
during breastfeeding. Correcting this misconception should be a priority for future breastfeeding
education, as doing so has the potential to increase the exclusive breastfeeding rate by up to 10.7

percentage points.

Table 5 Association between breastfeeding and GI symptom scores by feeding type (breastfed or not) .

Indicators N Low (%) High (%) F;;%/(jjgls)ted OR g?;)sé?)l OR
BF (0—6 months)

BF only 325 136 (41.8) 189 (58.2) 0.41 (0.26-0.64)" 0.57 (0.35-0.94)"
BF+FF 137 31 (22.6) 106 (77.4) Ref. Ref.

CBF (12-23months) : Subgroup 1

BF + CF 66 41 (62.1) 25(37.9) 1.61 (0.68-3.78) 3.21 (0.84-12.31)
CF 40 29 (72.5) 11 (27.5) Ref. Ref.

CBF (12—23months) : Subgroup 2

BF + CF+ FF 133 75 (56.4) 58 (43.6) 1.50 (1.01-2.22)" 0.79 (0.43-1.43)
CF + FF 452 298 (65.9) 154 (34.1) Ref. Ref.

CBF (12-23months) : Subgroup 3

BF + FF 12 5(41.7) 7 (58.3) 1.40 (0.35-5.67) 2.93 (0.27-31.57)
FF 24 12 (50.0) 12 (50.0) Ref. Ref.

% Adjusted models controlled for infant age (months), gender, ethnicity, region, maternal age, maternal education
level, maternal parity, gestational age, mode of delivery, maternal employment status, probiotic supplement use
and complementary feeding indicators (CF rate for children under 6 months old; CF rate and MMFF for children
over 6 months old); “: P < 0.05. BF: breast feeding, CF: complementary feeding, FF: formula feeding, Ref:
reference; -: The number of people here is too small to calculate the value.

Except for EBF for the first six months and EIBF within one hour of life, WHO also
recommends infants and young children to continue breastfeeding until 2 years of age**!. And the
Global Breastfeeding Collective sets goals to reach 80% and 60% at the ages of 1 and 2,
respectively. However, it has been reported that only 41% of Brazilian newborns*’!, and 55% of
Chinese infants!*®! continued breastfeeding at the age of one year; of China, only 9.4% and 12.4% of
Chinese children in the middle-west region!?” and Shanghai®'l respectively, continued
breastfeeding at the age of two. The results of our investigation showed that the CBF rate of children

at 1-year-old and 2-year-old of age were 44.7% and 16.8%, respectively, which are comparable to
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the previous results. Furthermore, the continuous breastfeeding rate in our study dropped by roughly
half every 6 months as infants aged, from 95% at 6 months to 11.3% at 23 months. We found in the
survey that many mothers plan to determine the weaning time due to the stress and inconvenience of
working, and others stopped breastfeeding since they didn’t have enough breast milk or thought that
breast milk wasn’t nutritious at the time. Therefore, it is essential to raise awareness of continuing
breastfeeding and take measures to promote breast milk secretion to narrow the significant gap to the
target in continuing breastfeeding.

In addition to the breastfeeding profile, a positive association between breastfeeding and
gastrointestinal health was observed in this study: children who were exclusively breastfed, those
who started breastfeeding within 1h after birth, and those who added fluids other than breast milk
late (especially after one month) showed fewer gastrointestinal symptoms and lower scores for
gastrointestinal symptoms, even in exclusive breastfeeding populations with additional water (see
Supplementary Table 6 - 7). Although earlier studies have shown that children who are exclusively
breastfed have a lower incidence of diarrhea *!*43] the relationship between breastfeeding and slight
discomfort in the gastrointestinal tract has received less attention. Our findings provide new
evidence in this field. Breastfeeding supports infant gastrointestinal digestive and immune
homeostasis through both immediate and long-term mechanisms [#44¢. The nutrient components of
human milk are well-adapted to the infant’s digestive system. Bioactive factors, such as secretory
immunoglobulin A (sIgA) and lactoferrin, strengthen the intestinal mucosal barrier by preventing
pathogen adhesion or exerting antimicrobial effects!*’. Commensal and potential probiotic bacteria
in breast milk (e.g., Staphylococcus, Streptococcus, Lactobacillus, and Bifidobacterium) provide
persistent stimulation to the infant gut immune system*). Human milk oligosaccharides (HMOs)
serve as metabolic substrates for beneficial bacteria such as Bifidobacterium, promoting microbial

48]

colonization*®]. Breast milk even directly delivers miRNAs to infant intestinal cells via bacterial

extracellular vehicles (EVs), modulating gut inflammation, barrier function, and immune

[49]

development'™.. Early initiation of breastfeeding promotes the secretion and intake of colostrum,

which is especially rich in HMOs, immune-active components, growth factors, and leukocytes*’].
The combined effects of immune barrier enhancement, promotion of beneficial bacterial
colonization, and intestinal epithelial maturation likely explain the role of EIBF in infant
gastrointestinal health!>%,

As reported by Huang et al., the two most common functional gastrointestinal diseases (FGID)
in Chinese children were baby regurgitation (33.9%) and functional constipation (7.0%)!.
However, many children who have GI discomfort may exhibit atypical symptoms like vomiting and
hard stools or only express them through crying, causing failure to diagnose in time. Therefore, the

incidence of GI symptoms (62.1%) in our study was greater than the previously mentioned FGID

prevalence. This study found that infants in county areas may exhibit higher GI symptoms and
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scores compared to those in district-level urban settings. This disparity could be attributed to better
environmental sanitation in urban areas, which reduces pathogen exposure, and greater maternal

access to childcare education resources!®?.

However, the urban-dominated sample in this survey
may have led to an underestimation of the overall incidence of GI symptoms in Chinese infants.
Additionally, experience accumulated through pregnancy and childbirth may enhance maternal
feeding practices>*!, which could explain the negative association observed between higher maternal
parity and the likelihood of GI symptoms.

Continuing breastfeeding beyond 6 months of age is also considered beneficial for the GI
health of children. According to a 2011 study conducted in the United Kingdom, children who were
breastfed for six months or more had fewer gastrointestinal disorders in comparison to non-breastfed
infants. And the prevalence of gastrointestinal symptoms decreased in a graded manner between
birth and six months as breastfeeding duration increased [**!. In this study, older infants aged 6-11
months receiving CBF were associated with fewer GI symptoms and lower GI symptom scores.

33,331 Even after six months, mature human milk

These findings align with existing literature!
continues to provide balanced nutrients and bioactive components that support infant intestinal
health. Notably, increasing concentration of certain components (e.g., lysozyme) in human milk
compensate for the gradual declining milk volumel®®!, while the persistent microbial exposure and
dynamic compositional changes promote the continuous maturation of the infant gut microbiome

and immune system[®’].

Many factors other than breastfeeding also are associated with
gastrointestinal health, including the introduction of complementary foods and the use of probiotic
supplementation. In our study, breastfeeding demonstrated no significant positive association with
GI symptoms among infants aged (12-23) months. This may be because of the introduction of
complementary foods and the decline of breast milk intake. Further stratification by feeding
modalities revealed that in complex feeding scenarios (i.e., concurrent breastfeeding, formula
feeding, and complementary foods), the breastfeeding-exposed group exhibited a higher incidence of
GI symptoms and GI symptom scores. However, this association became statistically non-significant
after adjusting for maternal-infant characteristics and complementary feeding covariates. These
findings suggest that the impact of breastfeeding on the gastrointestinal tract in older infants/young
children or under complex feeding conditions warrants further investigation.

Taken together, using the data from 10 provinces and cities spread over five regions of China,
this study described the numerous aspects of breastfeeding in China and elucidated the connection
between breastfeeding and gastrointestinal symptoms through multi-indicator analysis. The findings
highlight the importance of breastfeeding for infant health and offer specific directions for
breastfeeding health education, such as the problems with prelacteal feeding and feeding additional
water while breastfeeding. Future initiatives should prioritize specific educational and policy support

measures on the promotion of EBF and EIBF, delaying the introduction of supplemental fluids, and
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extending the duration of continued breastfeeding. This includes encouraging breast milk production
before delivery, establishing baby-friendly hospitals, providing consultation and training on
breastfeeding practices, etc. Furthermore, given that maternal return to work postpartum is the most
significant barrier to sustained breastfeeding, which is also confirmed by our study, implementing
workplace lactation support programs is imperative to facilitate breastfeeding continuity
consequently.

This study also has some limitations. First, the cross-sectional design weakened causal
inference between breastfeeding indicators and gastrointestinal outcomes. Further evidence from
cohort studies is needed. Second, gastrointestinal symptoms relied on retrospective maternal reports
and inherent methodological constraints, including recall bias, reporting bias, and inter-mother
variation in symptom interpretation, potentially introducing measurement error. Third, although the
sample size was calculated during the design phase to address primary objectives, the results of
subgroup analysis may need to be interpreted with caution. Fourth, potential participation bias may
exist: participants mainly from urban areas may lead to an underestimation of GI symptom rates,
while volunteers willing to participate likely had greater awareness of infant feeding, potentially
leading to the EBF rate overestimates.

volunteers willing to participate likely had superior health literacy, greater health education
access, and heightened infant feeding awareness, potentially inflating breastfeeding rate estimates.
Nevertheless, this feature also reflects the importance of health education for breastfeeding from the

side.

5. Conclusion

In conclusion, this study displayed the current breastfeeding status in China and their beneficial
association with the gastrointestinal health of infants. A more proactive and all-encompassing
strategy for breastfeeding promotion should be implemented to achieve the global goal of
breastfeeding and support the health development of children.
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