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Abstract

Background Breastfeeding is widely recognized for its potential to reduce childhood obesity. However, research
investigating these benefits in children breastfed for a short duration (up to 6 months) remains limited despite this
being a common practice globally.

Methods This study focused on a population breastfed for 6 months or less to determine the potential benefits

of short-term breastfeeding for preventing childhood obesity. Data were collected from five survey cycles of an
US-based population study (the National Health and Nutrition Examination Survey (NHANES)), spanning 2009-2020.
A sample of 3,211 children aged 2-6 years was selected, including 1,373 never breastfed and 1,838 ever breastfed.
Logistic regression analysis examined the direct association between short-term breastfeeding and childhood obesity.
Subsequent subgroup analyses were conducted. Additionally, stratified logistic regression explored the relationship
between childhood obesity and the introduction of other early nutrition in both ever-breastfed and never-breastfed
children.

Results Overall, breastfeeding for 6 months or less did not directly prevent childhood obesity. However, among
participants with older mothers (aged 35 or above), short-term breastfeeding was associated with a lower risk of
childhood obesity compared to never being breastfed (OR 0.31, 95% Cl: 0.17, 0.59). Similarly, children aged 3-4 years
who were breastfed for >3 ~6 months exhibited a lower obesity risk (OR 0.56, 95% Cl: 0.35, 0.89). In ever-breastfed
children, delayed infant formula introduction was linked to a lower risk of obesity (P-trend < 0.05: introduction at
age<1vs. >1~3vs. >3 months). Conversely, for non-breastfed children, introducing milk (other than breast milk

or formula) later (=12 versus < 12 months) and introducing alternatives to whole cow’s milk were associated with
lower obesity risks (OR 0.54, 95% Cl: 0.37,0.78; OR 0.21, 95% Cl: 0.08, 0.60, respectively). Notably, these trends were not
observed in ever-breastfed children.
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Conclusions Short-term breastfeeding may offer some benefits in preventing childhood obesity for specific
populations. Additionally, it could potentially mitigate risks associated with the introduction of formula and cow’s milk

at inappropriate times.

Keywords Short-term breastfeeding, Childhood obesity, NHANES

Background

Childhood obesity poses a significant public health
challenge worldwide. Its prevalence can reach as high
as 18.4% in certain countries. Furthermore, childhood
obesity often persists into adulthood and is widely rec-
ognized as a risk factor for cardiometabolic problems
such as hypertension and type 2 diabetes [1]. Therefore,
preventing childhood obesity is critical for promoting
lifelong health. Early-life nutrition, particularly breast-
feeding, has emerged as a key factor in childhood obesity
prevention. Numerous studies consistently report a mod-
est association between breastfeeding and a reduced risk
of obesity later in childhood and adulthood [2-4]. Cross-
national analyses further suggest that countries with
higher rates and longer durations of breastfeeding tend to
have lower obesity prevalence [5, 6]. The importance of
breastfeeding in early childhood is further emphasized by
the World Health Organization (WHOQO) Commission on
Ending Childhood Obesity [7].

While recent research [8—13] underscores the positive
influence of breastfeeding on childhood obesity, prior
studies have primarily focused on breastfeeding dura-
tions exceeding six months, sometimes even exceeding a
year. Additionally, past research often emphasized exclu-
sive breastfeeding for at least six months. However, it is
well-documented that over 30% of mothers discontinue
breastfeeding within the first six months due to vari-
ous factors [8, 10, 14—17]. Therefore, further investiga-
tion into the effects of breastfeeding for durations of six
months or less on childhood obesity is warranted.

This study aimed to examine the association between
breastfeeding duration of up to six months and child-
hood obesity in the United States. Data from the National
Health and Nutrition Examination Survey (NHANES)
was utilized to assess the potential benefits of short-term
breastfeeding for reducing childhood obesity. The find-
ings of this study will contribute to the existing body of
evidence regarding the importance of breastfeeding, even
for durations of six months or less.

Methods

Study design and population

This study utilized data from the NHANES, an ongo-
ing program established in the early 1960s to assess
the health and nutritional status of the U.S. population.
NHANES employs a unique, nationally representative
sampling design, ensuring its findings are generalizable
to the entire country. The program consists of sequential

cross-sectional surveys, and publicly available data
include demographics, dietary habits, physical examina-
tions, laboratory results, and health-related question-
naires. More details about the NHANES survey design
can be found at the official website [18]. Data from five
NHANES survey cycles spanning 2009-2020 (pre-pan-
demic) were included (2009-2010, 2011-2012, 2013—
2014, 2015-2016, and 2017-March 2020). The target
population for this study comprised children aged 2 to
less than 7 years. This age range was chosen due to the
low prevalence of breastfeeding beyond age 2 and the
lack of data on breastfeeding practices in children aged
7 or older. Since the questionnaires did not permit pre-
cise differentiation between breastfeeding durations of
less than 6 months and exactly 6 months, the final sam-
ple included children who breastfed for no more than 6
months. A total of 3,211 participants were included, rep-
resenting an estimated national sample size of 10,056,207
children across the combined survey cycles (Fig. 1).

Assessment of obesity and breastfeeding duration
Childhood obesity and normal weight (control group)
were determined using age- and sex-specific body mass
index (BMI) percentiles as established by the 2000 CDC
growth charts [19]. Details regarding the specific BMI
percentiles used for classification can be found at the
official website [20]. Information on breastfeeding dura-
tion was collected from child proxies via interviews or
questionnaires, specifically using the question item “Age
stopped breastfeeding (days)” This data was then catego-
rized into two groups: never breastfed and ever breastfed
for up to six months. The ever-breastfed group was fur-
ther subdivided into those breastfed for three months or
less (<3 months) and those breastfed for more than three
months but no more than six months (>3 ~ 6 months).

Covariates

This study incorporated covariates that prior research
has identified as potential confounders influencing the
association between breastfeeding and childhood obesity
[3, 8, 14, 16, 21-23]. Covariates were included if miss-
ing data was less than or equal to 20%. These covariates
included child’s gender, age at screening (categorical),
race/ethnicity, family income-to-poverty ratio (used to
estimate socioeconomic status; categorized as <1.85,
1.85~3.5, or >3.5) [24], mother’s smoking status dur-
ing pregnancy (ever/never), maternal age at child’s birth
(<20, 20~34, =35 years), and birth weight (<2.5 kg,
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Fig. 1 Sample selection process flow chart. From the original NHANES survey cycles (2009-2020) encompassing a total of 55,999 participants, this study

selected a final sample of 3,211 children based on specific criteria

2.5~<4 kg, 24 kg). While the gender of the household
reference person (male/female) was hypothesized to
potentially modify the breastfeeding-obesity association,
this information was missing in the 2017-March 2020
pre-pandemic cycle, resulting in significant data loss
across the pooled data. Therefore, this variable was only
considered in a single subgroup analysis with a detailed
explanation provided.

To investigate the influence of infant formula and
milk (other than breast milk or formula) introduction
on childhood obesity, this analysis incorporated three
additional covariates regarding early nutrition. The first
covariate, categorized as <1 month, >1~3 months, and
>3 months, captured the age at which the formula was
first introduced (formula-introducing age). The second
covariate, categorized as <12 months and >12 months,
examined the age of the first milk introduction (milk-
introducing age). Finally, the third covariate, categorized
as whole cow milk, reduced cow milk, and other milk
(e.g., soy milk), investigated the type of milk first intro-
duced (milk-introducing type).

It is important to acknowledge that the NHANES data
used in this study may have limitations regarding the
assessment of breastfeeding practices. Since 2009, the
NHANES survey instruments have de-emphasized the
concept of exclusive breastfeeding. Additionally, while
the questionnaires collect information on the age of the
first introduction of other foods alongside breastfeeding

duration data, they lack details on the specific propor-
tions of different food components consumed dur-
ing mixed feeding periods. Therefore, due to these
limitations, our study methodology and conclusions do
not incorporate terms such as “exclusive breastfeeding”
or “mixed feeding” While some information bias may be
unavoidable, we have strived to provide the most accu-
rate interpretation of the available data.

Statistical analysis

Statistical analyses were conducted using STATA soft-
ware (version 16; StataCorp LLC, College Station, TX,
USA). All analyses accounted for the complex, multistage
sampling design of the NHANES data and incorporated
sample weights to ensure generalizability. Missing data
for covariates were addressed using multiple imputations
with five imputations and a chained equation approach.
Weighted descriptive statistics were calculated and strati-
fied by somatotype (body type) for breastfeeding and all
covariates. Subsequently, univariate and multivariate
logistic regression analyses were performed, followed by
subgroup analyses, to examine the associations between
short-term breastfeeding and childhood obesity. To fur-
ther explore the potential benefits of short-term breast-
feeding, a stratified logistic regression analysis was
conducted, examining the associations between child-
hood obesity and the introduction of other early nutri-
tion in both ever-breastfed and never-breastfed children.



Zhou et al. International Breastfeeding Journal (2024) 19:56

Odds ratios (OR) and corresponding 95% confidence
intervals (CI) were used to estimate the strength and pre-
cision of these associations. Statistical significance was
set at a two-tailed P<0.05.

Results

Breastfeeding duration among the total population
Analyses of the 4,842 children with available breastfeed-
ing data revealed a trend towards lower breastfeeding
prevalence among children ever diagnosed with obesity.
Within the entire sample, 23.89% of children had never
been breastfed. Furthermore, a substantial proportion
(37.39%) of children discontinued breastfeeding within
the first 6 months, and a significant percentage (23.52%)
stopped breastfeeding even within the first 3 months
(Fig. 2).

Characteristics of children in the final sample

The final analysis included 3,211 participants, represent-
ing a weighted national sample of 10,056,207 children
aged 2-6 years across the United States. Significant dif-
ferences (P<0.05) in somatotype (body type) distribu-
tion were observed across participants with varying
characteristics, including age, race/ethnicity, household
socioeconomic status (measured by family income-to-
poverty ratio), and birth weight. However, no significant
differences (P>0.05) were found between the obesity and
normal weight groups for breastfeeding status, gender,
gender of household reference person, mother’s smok-
ing history during pregnancy, or maternal age at birth
(Table 1).

Any breastfeeding

Q
-
(=3
o

]

-+ Total

© ©
o o
1 1

--- Obese

~
o
1

60

Percent of population (%)
3
1

0 T 1 r r 1 1 11171711
0 2 4 6 8 10 12 14 16 18 20 22 24

Time (month)

— Normal Weight

Page 4 of 10

Associations between breastfeeding and childhood
obesity in the final population and sub-populations
Following data preparation, the initial analysis examined
the direct association between short-term breastfeeding
(6 months) and childhood obesity. However, no signifi-
cant effect of breastfeeding experience on childhood obe-
sity was detected, either in the unadjusted model or in
the multivariable model adjusted for potential confound-
ing variables, including gender, age, race/ethnicity, family
income-to-poverty ratio, mother’s smoking history dur-
ing pregnancy, maternal age at birth, and birth weight
(Table 2).

Subgroup analyses using multivariate regressions were
conducted to further investigate the potential protective
effect of short-term breastfeeding against childhood obe-
sity. These analyses revealed that short-term breastfeed-
ing was associated with a lower risk of childhood obesity
in children born to mothers aged 35 years or older at
delivery (compared to never being breastfed). Specifi-
cally, the OR for childhood obesity was 0.44 (95% CI:
0.22, 0.91) for breastfeeding duration<3 months and 0.15
(95% CI: 0.07, 0.33) for breastfeeding durations>3~6
months (P-trend<0.001). Additionally, in the subgroup
with a female household reference person, breastfeed-
ing was associated with a protective effect against child-
hood obesity. Children breastfed for more than 3 months
(compared to never being breastfed) had an OR of 0.61
(95% CI: 0.40, 0.94) for childhood obesity (P-trend <0.05)
(Table 3).

Analyses revealed an interaction between breastfeed-
ing duration and age in their associations with child-
hood obesity (Figure S1). While the overall incidence of
obesity increased with age across the entire population
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Fig. 2 Proportion of children breastfed by age and weight status. a With increasing age (months), a lower proportion of children with obesity were ever
breastfed compared to children with normal weight. b A significant percentage of participants were never breastfed or breastfed for no more than 6
months (<3 months and >3 ~6 months). Children who were underweight (BMI < 5th percentile according to the 2000 CDC growth charts [19]) or over-
weight (BMI 85th to < 95th percentiles) were not shown in the figure, since the present study focused only on obesity (BMI>95th percentile), compared
with normal weight (BMI 5th to < 85th percentiles)
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Table 1 Characteristics of the obesity group and normal weight group in the final sample
Variables Normal weight Obesity P
N Weighted % N Weighted %

Breastfed 0416
Never 1099 31.7 274 7.3
Ever 1486 50.5 352 10.5

<3 months 910 314 219 6.9

>3~6 months 576 19.1 133 3.6
Gender 0449
Male 1323 42.5 311 8.8
Female 1262 39.7 315 9.0
Age (year) <0.001
2 704 183 114 24
3 455 155 102 3.0
4 480 16.5 148 4.5
5 465 15.5 128 42
6 481 164 134 37
Race <0.001
Mexican American 447 12.2 161 39
Other Hispanic 278 76 94 2.5
Non-Hispanic White 728 40.1 138 6.7
Non-Hispanic Black 791 14.5 172 3.1
Other 341 7.9 61 1.5
Gender of household reference person® 0.163
Male 830 383 192 7.2
Female 1223 44.5 306 10.0
Ratio of family income to poverty 0.014
<1.85 1731 459 448 1.3
1.85~3.50 480 18.5 123 4.1
>3.50 374 17.8 55 24
Mother smoked when pregnancy 0401
Ever 384 12.6 82 24
Never 2201 69.7 544 154
Maternal age when born (year) 0.708
<20 355 10.1 77 22
20~34 1935 618 473 132
>35 295 104 76 24
Birth weight (kilogram) <0.001
<25 354 9.8 46 12
25~<4 2088 67.0 507 143
>4 143 54 73 2.3

!Data were missing in the cycle of 2017-March 2020 Pre-Pandemic, so the descriptive statistics about this variable was only among the data from the other 4 cycles

The weights of categories were estimated due to the study design and the given weights of participants in the NHANES

(regardless of breastfeeding duration), this trend differed
significantly between subgroups defined by breastfeed-
ing duration (less than or exceeding 6 months). In this
respect, children who breastfed for longer durations
exhibited a slower rise in childhood obesity risk with
increasing age. To further investigate this interaction, age
was incorporated as a stratification variable in the final
analysis, focusing on the subpopulation with breastfeed-
ing durations of no more than 6 months. As shown in
Table 4, children aged 3—4 years who had ever breastfed
for >3 ~6 months (compared to those never breastfed)

demonstrated a protective effect against childhood obe-
sity (OR 0.56, 95% CI: 0.35, 0.89, P-trend <0.05).

Breastfed experience on the associations between
childhood obesity and the introduction of other early
nutrition including formula and milk

Formula and milk (other than breast milk or formula,
e.g., cow’s milk) are commonly introduced as substi-
tutes or complements to breastmilk during early child-
hood. These early nutrition sources can play a significant
role in children’s growth and development. In this study,
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Table 2 Associations between breastfeeding with duration <6
months and childhood obesity among US children in NHANES
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Table 4 Associations between breastfeeding with duration<6
months and childhood obesity in sub-population stratified by

2009-2020 age
Breastfed Model 1 Model 2 Breastfed 2 yearsold 3-4 years old 5-6 years old
Crude Adjusted  Crude Adjusted Never Reference Reference Reference
Never Reference Reference  Reference Reference Ever 1.06(0.59,1.88) 0.72(049,1.05) 1.09(0.76, 1.56)
Ever 0.90 (0.71, 0.93 (0.71, <3 months 0.98(0.51,1.87) 0.81(0.54,1.21)  1.12(0.74,1.69)
1.16) 1.21) >3~6months 1.24(067,229) 0.56(035,089) 1.06(0.68,1.67)
<3 months 096 (073, 095 P-trend 0.550 0.020 0.710
1.25) 073, There were two regression models in the table; the variable of breastfeeding
1.25) was classified into “Never” and “Ever”, which means never breastfed and ever
>3~6 months 0.82 (061, 0.85 breastfed, with the former as reference in one model; and in the other model,
1.09) 063 the variable of breastfeeding was classified into never breastfed, breastfed for
' 1 iS ' <3 months and breastfed for >3 ~6 months, with the category of being never
15) breastfed as a reference
P-trend 0.209 0.324

Crude model: no cofounder

Adjusted model: adjusted for gender, age, race, the ratio of family income to
poverty, mother’s smoking history when pregnancy, maternal age when born,
and birth weight

Model 1: the variable of breastfeeding was classified into never breastfed and
ever breastfed, with the former as a reference

Model 2: the variable of breastfeeding was classified into never breastfed,
breastfed for <3 months and breastfed for >3 ~6 months, with the category of
being never breastfed as a reference

Data are presented as odds ratios and 95% confidence intervals

Table 3 Associations between breastfeeding with duration <6
months and childhood obesity in sub-populations stratified by
maternal age when born and gender of household reference

person

Breastfed Maternal age when born HRP gender"
<35yearsold =35years Male Female

old

Never Reference Reference Reference Reference

Ever 1.09 (0.83, 0.31(0.17, 1.08 (0.70, 0.72 (0.50,
1.44) 0.59) 1.68) 1.05)

<3months 1.10(0.82, 044 (0.22, 0.91 (0.56, 0.79(0.53,
1.49) 0.91) 1.50) 1.18)

>3~6 1.08(0.78, 0.15(0.07, 1.38 (0.86, 061 (0.40,

months 1.52) 0.33) 2.22) 0.94)

P-trend 0.564 <0.001 0.264 0.034

"HRP gender, gender of household reference person; This table presents the
results of subgroup analyses using multivariate logistic regression models to
examine the association between short-term breastfeeding and childhood
obesity. Data from the NHANES 2009-2016 cycles were used for analyses
stratified by household reference person (HRP) gender due to missing data in
the 2017-March 2020 pre-pandemic cycle

Two breastfeeding classification schemes were employed in the regression
models. The first model categorized breastfeeding as “Never” (reference
group) and “Ever” (any duration of breastfeeding). The second model further
categorized breastfeeding as “Never” (reference group), “Breastfed <3 months”,
and “Breastfed>3 ~ 6 months”

Data are presented as odds ratios and 95% confidence intervals

breastfeeding experience (ever vs. never breastfed) was
used as a stratification variable to examine the association
between childhood obesity and the timing of formula and
milk introduction. The analysis of formula introduction
age excluded the never-breastfed group, as these children
typically received formula from birth. Within the ever-
breastfed group, later introduction of formula (i.e., at an

The regression model was adjusted for gender, race, ratio of family income to
poverty, mother’s smoking history when pregnant, maternal age when born,
and birth weight

Data are presented as odds ratios and 95% confidence intervals

older age) was associated with a lower risk of childhood
obesity. Specifically, compared to children introduced to
the formula at <1 month of age, those introduced at >3
months had an OR of 0.64 (95% CI: 0.45, 0.91) for obe-
sity, with a statistically significant trend (P-trend <0.05)
observed in the adjusted model.

The findings regarding the timing and type of milk
introduction differed by breastfeeding status. Among
children who were never breastfed, the later introduction
of milk (=12 months old) was associated with a lower risk
of childhood obesity compared to earlier introduction
(<12 months old) (OR 0.54, 95% CI: 0.37, 0.78). How-
ever, this association was not statistically significant (con-
fidence interval crossed 1.0) among children with any
breastfeeding experience. A similar pattern emerged for
the type of milk first introduced. In the never-breastfed
group, children who received milk other than whole or
reduced-fat milk (e.g., soy milk) as their first milk had
a lower risk of obesity compared to those initially fed
whole milk (OR 0.21, 95% CI: 0.08, 0.60). Importantly,
this association was not observed among children with
any history of breastfeeding (Table 5).

Stratified analyses were also conducted within the sub-
group of children who were breastfed for no more than
3 months to examine the associations between age and
type of first milk introduction with childhood obesity.
Similar to the overall analysis of ever-breastfed chil-
dren, these analyses revealed no significant associations
between the timing or type of milk introduction and
childhood obesity risk within this subgroup (Table S1).

Discussion

This study investigated the potential protective effects
of short-term breastfeeding (lasting no more than 6
months) against childhood obesity. Our analyses revealed
that, within the overall population in the present study,
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Table 5 Associations between childhood obesity and the introduction of formula and milk stratified by breastfed experience

Normal weight Obesity

N Weighted % N Weighted % Crude Adjusted
Age when first fed formula (month)
Ever breastfed
<1 760 419 206 9.9 Reference Reference
>1~3 367 21.2 81 44 0.88 (0.64, 1.20) 0.96 (0.71, 1.33)
>3 359 19.7 65 29 0.63 (0:45,0.88) 0.64 (045,0.91)
P-trend <0.001 0.019
Age when first fed milk (month)
Never breastfed
<12 295 86 101 2.8 Reference Reference
>12 804 23.1 173 4.5 0.62(043,0.88) 0.54 (0.37,0.78)
Ever breastfed
<12 429 15.5 85 2.8 Reference Reference
>12 1057 35.1 267 76 1.18(0.81,1.72) 1.09 (0.74,1.62)
Type of milk first fed
Never breastfed
Whole milk 751 224 192 53 Reference Reference
reduced-fat milk 289 7.1 75 1.8 1.13(0.79, 1.60) 1.05(0.73,1.52)
other 59 22 7 02 0.25(0.09, 0.66) 0.21 (0.08, 0.60)
Ever breastfed
Whole milk 1091 387 250 73 Reference Reference
reduced-fat milk 327 9.9 88 26 1.39(1.01,1.92) 1.16 (0.83,1.62)
other 69 2.0 14 0.5 1.35(0.59, 3.06) 148 (0.65, 3.38)

The type of milk first fed in the questionnaire of NHANES consisted of whole milk (generally referring to regular cow’s milk), reduced-fat milk (including 2%, 1%, and

fat-free milk), and other milk (e.g., soy milk and some unusual milk)

The adjusted regression model performed among the population never breastfed consisted of independent variables of gender, age, race, the ratio of family income
to poverty, mother’s smoking history when pregnant, maternal age when born, birth weight, age when fist fed milk and type of milk first fed; and another variable
of age when the first fed formula was added in the model performed among population ever breastfed

Data are presented as odds ratios and 95% confidence intervals

short-term breastfeeding did not demonstrate a signifi-
cant direct association with a reduced risk of childhood
obesity. However, the study identified that short-term
breastfeeding exhibited some protective benefits in spe-
cific subpopulations, particularly among children born
to mothers 35 years or older at the time of delivery. Fur-
thermore, the study revealed that short-term breastfeed-
ing experience interacted with the timing of formula and
milk introduction, potentially modifying the associations
between these early nutrition practices and childhood
obesity risk.

Breastfeeding is recognized as one of the most effective
strategies for ensuring child survival and overall health.
It has been hypothesized to protect against childhood
obesity through several potential mechanisms. Firstly,
breastfeeding may promote the development of a healthy
gut microbiota profile, which has been linked to a lower
risk of obesity [25]. Secondly, it is highly conceivable that
breastfeeding may mitigate the genetic influence on obe-
sity development, potentially through DNA methylation
mechanisms [11, 26]. Thirdly, breastfeeding is often asso-
ciated with the adoption of healthier dietary patterns in
children, which plays a crucial role in obesity prevention
[27, 28]. While some previous epidemiological studies

conducted in the past few decades raised concerns that
observed associations between breastfeeding and
reduced obesity risk might be due to residual confound-
ing factors rather than a direct causal effect [23, 29], a
growing body of recent research reaffirms the potential
benefits of breastfeeding against obesity. A recent meta-
analysis of 159 studies concluded that breastfeeding
indeed reduces the odds of childhood obesity and that
this effect is unlikely to be attributable to publication bias
or residual confounding [9].

Previous studies investigating the protective effects of
breastfeeding against childhood obesity often relied on
comparisons between individuals with no breastfeed-
ing experience or minimal breastfeeding duration (less
than 6 months) and those breastfed for longer periods
(e.g., exceeding 6 or even 12 months). Several studies
suggest that certain benefits may only become evident
when exclusive breastfeeding is sustained for more than
6 months [2, 8-10, 30-32]. However, despite WHO rec-
ommendations for exclusive breastfeeding for the first 6
months followed by continued breastfeeding for at least
the first 2 years of life [33], this study using NHANES
data found a substantial proportion (37.39%) of children
discontinued breastfeeding within the first 6 months.
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This early termination rate aligns with findings from
prior research [8, 10, 15-17]. Furthermore, an even
higher proportion of participants in our study did not
achieve exclusive breastfeeding for more than 6 months.
In this context, the analyses of both the childhood obe-
sity distribution and adjusted regression models did not
detect a direct protective effect of breastfeeding against
childhood obesity for these children.

While the present study did not observe a significant
direct association between short-term breastfeeding (less
than 6 months) and a reduced risk of childhood obesity
in the overall population, it is important to consider the
limitations of this categorical analysis approach. Several
studies suggest a dose-dependent protective effect of
breastfeeding duration, with some benefits potentially
arising even from limited breastfeeding periods. For
example, Li et al. [3] reported a decreasing trend in child-
hood obesity prevalence across groups transitioning from
exclusive formula feeding to mixed feeding and then to
exclusive breastfeeding, regardless of the specific propor-
tion of breast milk in mixed feeding. This suggests a pos-
sible continuous, dose-dependent effect of breastfeeding
on obesity risk. Similarly, Qiao et al. [2] employed a
dose-response meta-analysis model and found that each
additional month of breastfeeding was associated with
an average 4% reduction in childhood obesity risk. While
our subgroup analysis of the short-term breastfeeding
group did not confirm a statistically significant effect
using a categorical approach, these findings suggest that
the potential benefit of short-term breastfeeding might
be present but statistically masked or difficult to detect
in our study. This possibility is further supported by the
observation that the later introduction of the formula
was associated with a lower risk of childhood obesity
within the ever-breastfed subgroup, since later formula
introduction suggests longer exclusive breastfeeding
duration during early infancy. After all, breast milk and
formula are the primary sources of nutrition in early life
[34]. Our study also hints at potential effect modification
by maternal age and household reference person gender.
Furthermore, the observed trends in obesity incidence
across age groups suggest that breastfeeding may be asso-
ciated with a delayed onset of childhood obesity. Specifi-
cally, short-term breastfeeding duration was significantly
associated with a lower obesity incidence in the 3-4-year-
old age group, which aligns with findings from previous
research [3]. These observations warrant further investi-
gation using more comprehensive analytic approaches to
explore potential dose-dependent effect and modification
effects of short-term breastfeeding on childhood obesity
risk.

The introduction of cow’s milk (regular milk) before
1 year of age is generally discouraged by some scientific
society (e.g., American Academy of Pediatrics) due to its
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improper nutrient composition for infancy growth [35].
Soczynska et al. [36] reported no significant association
between the timing of cow’s milk introduction and adi-
posity in children aged 3-5 years, which aligns with the
preliminary findings of this study. However, our further
analyses were conducted within subgroups defined by
breastfeeding status (ever vs. never breastfed) among
participants who had ever breastfed for <6 months.
Interestingly, the earlier introduction of milk was associ-
ated with an adverse effect on children who were never
breastfed, as evidenced by an increased risk of childhood
obesity. This effect was not observed among children
with any history of breastfeeding. These findings sug-
gest that even a short duration of breastfeeding experi-
ence (£6 months) may potentially mitigate the negative
consequences of early milk introduction on childhood
obesity risk. One possible explanation for this interaction
is that the early introduction of cow’s milk might indeed
promote a tendency towards childhood obesity. However,
the experience of being breastfed, even for a short period,
could potentially counteract this negative influence
through various mechanisms, as discussed previously.
These mechanisms may involve modifications to the gut
microbiota profile, epigenetic regulation of gene expres-
sion, and the development of healthier eating behaviors.
This study underscores the potential protective role of
breastfeeding, even for relatively short durations, in
the context of early milk introduction and its potential
impact on childhood obesity risk.

This study offers several strengths and advantages.
To our knowledge, it provides hitherto undocumented
evidence of the potential benefits of short-term breast-
feeding (lasting no more than 6 months) in protecting
against childhood obesity within specific population
subgroup. The findings provide valuable insights into
the feeding patterns of children who breastfeed for <6
months. Additionally, the study leverages data from the
NHANES, which offers a nationally representative sam-
ple, thus enhancing the generalizability of the results
to the broader population. However, it is important to
acknowledge certain limitations inherent to the study
design. Firstly, the cross-sectional nature of NHANES
data restricts our ability to establish a causal relation-
ship between short-term breastfeeding (<6 months) and
a reduced risk of childhood obesity. Secondly, while the
analyses adjusted for potential confounding variables,
the possibility of residual confounding cannot be entirely
eliminated. For example, factors such as maternal body
mass index and gestational age at birth, which might
influence childhood obesity risk, were not available in
the dataset and could introduce unaccounted-for con-
founding effects. Lastly, the study is susceptible to recall
bias, as data on early childhood nutrition were collected
through questionnaires that rely on participants’ memory
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of events, potentially years in the past. To address these
limitations and provide more robust evidence, future
research efforts could benefit from large, prospective
studies employing a longitudinal design. This approach
would enable the collection of data over time and the
establishment of stronger causal inferences.

Conclusions

This study investigated the potential protective effects
of short-term breastfeeding (lasting no more than 6
months) against childhood obesity. Our analyses revealed
that, within the overall population, there was no evidence
of an association between short-term breastfeeding and
a reduced risk of childhood obesity. However, the study
also identified that short-term breastfeeding may offer
some protective benefits in specific subpopulations, such
as children born to mothers 35 years or older at the time
of delivery. Additionally, the study suggests that short-
term breastfeeding experience may interact with the tim-
ing of formula and cow’s milk introduction, potentially
mitigating the negative consequences of early introduc-
tion on childhood obesity risk.
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