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BACKGROUND: Higher maternal preconception body mass index (BMI) is associated with lower breastfeeding duration, which may
contribute to the development of poor child eating behaviours and dietary intake patterns (components of nutritional risk). A
higher maternal preconception BMI has been found to be associated with higher child nutritional risk. This study aimed to
determine whether breastfeeding duration mediated the association between maternal preconception BMI and child nutritional
risk.
METHODS: In this longitudinal cohort study, children ages 18 months to 5 years were recruited from The Applied Research Group
for Kids (TARGet Kids!) in Canada. The primary outcome was child nutritional risk, using The NutriSTEP®, a validated, parent-reported
questionnaire. Statistical mediation analysis was performed to assess whether total duration of any breastfeeding mediated the
association between maternal preconception BMI and child nutritional risk.
RESULTS: This study included 4733 children with 8611 NutriSTEP® observations. The mean (SD) maternal preconception BMI was
23.6 (4.4) and the mean (SD) breastfeeding duration was 12.4 (8.0) months. Each 1-unit higher maternal preconception BMI was
associated with a 0.081 unit higher nutritional risk (95% CI (0.051, 0.112); p < 0.001) (total effect), where 0.011(95% CI (0.006, 0.016);
p < 0.001) of that total effect or 13.18% (95% CI: 7.13, 21.25) was mediated through breastfeeding duration.
CONCLUSION: Total breastfeeding duration showed to mediate part of the association between maternal preconception BMI and
child nutritional risk. Interventions to support breastfeeding in those with higher maternal preconception BMI should be evaluated
for their potential effect in reducing nutritional risk in young children.
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INTRODUCTION
Maternal body mass index (BMI) in the preconception period has
been shown to be an important determinant of breastfeeding
success. Higher preconception BMI has been associated with
lower breastfeeding initiation rates and shorter duration of both
exclusive breastfeeding and any breastfeeding [1–4]. Mothers with
lower income, a key factor found to be associated with obesity [5],
are similarly less likely to breastfeed for longer durations [6, 7].
Children who are breastfed longer are more likely to develop

optimal healthy eating patterns and behaviours in early childhood
[8–11], with research suggesting the greatest benefit when a child
is breastfed up to 12 months or longer [12–15]. Poor nutrition in
early childhood is itself a risk factor for obesity in later childhood
and the development of non-communicable diseases such as type
2 diabetes [16, 17]. Healthy eating behaviours developed early in

life have been shown to persist into adulthood, highlighting the
importance of identifying nutritional risk and protective factors in
young children [16, 18].
Higher maternal BMI, independent of the preconception period,

has been found to be associated with eating behaviours and child
dietary intake patterns low in fruits and vegetables [19, 20], while
lower maternal BMI has shown to be associated with child dietary
patterns higher in fruits, vegetables and other healthy foods [21].
Research examining maternal BMI specifically during the pre-
conception period has similarly found higher BMI to be associated
with poor child dietary patterns high in sugary foods and
sweetened beverages [22].
Recent research from our group found that higher maternal

preconception BMI was associated with higher nutritional risk in
young children [23]. However, the mechanisms for this association
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are poorly understood, leaving gaps in knowledge on how to best
support women with higher preconception BMIs with optimising
their child’s nutritional health. Breastfeeding duration may be a
mediator on the causal pathway between maternal preconception
BMI and child nutritional risk, in which case supportive
breastfeeding programs designed specifically for women with
increased preconception BMI could be a promising strategy for
improving child nutritional outcomes.
The primary objective of this study was to determine if total

duration of any breastfeeding mediates the association between
maternal preconception BMI and nutritional risk in children
18 months to 5 years of age. Secondary objectives included
determining if total breastfeeding duration mediates the associa-
tion between preconception maternal BMI and child eating
behaviours and dietary intake patterns, and whether each of
these associations varies by household income. It was hypothe-
sised that total duration of any breastfeeding is a mediator of the
association between maternal preconception BMI and child
nutritional risk, eating behaviours and dietary intake, where
mothers with lower household income may experience different
mediating effects compared to higher income groups.

SUBJECTS AND METHODS
Study design and participants
This study included children enroled in the TARGet Kids! practice-based
research network in Canada. TARGet Kids! recruits children up to 5
years of age and collects longitudinal data at primary care visits [24].
Children were excluded at enrolment who have health conditions
affecting growth, chronic condition(s) (excluding asthma), and severe
developmental delay. Questionnaires were offered to parents to collect
data on sociodemographics, health history, and child nutritional risk.
Child and parent anthropometrics were also obtained, including
weight, and length, or height, as appropriate by age, using standard
practices [25].
This study included children from the TARGet Kids! cohort that were

between the ages of 18 months to 5 years, who had completed at least
one NutriSTEP® questionnaire and whose mother had a measured or self-
reported preconception BMI. The Research Ethics Boards at the Hospital for
Sick Children and St. Michaels Hospital both approved this study. Parents
of the children eligible and participating in the study provided consent
prior to participating. This study can be found online at clinicaltrials.gov
registered under NCT01869530.

Exposure
The primary exposure was maternal preconception BMI, defined as any
BMI value (BMI=weight(kg)/height2(m2)) recorded within the 2 years prior
to becoming pregnant, either measured in clinic or self-reported.
Measured weight was obtained when the mother came to a clinic visit
with an older sibling already enroled in TARGet Kids!, prior to becoming
pregnant with the child in this study analysis (ensured to be measured at
37 weeks or more prior to the second child’s birth date). If a mother did not
have her weight measured during preconception, a retrospective self-
reported weight was obtained from the study questionnaire. A mother
could have had her height measured in clinic each time they accompanied
their child to a clinic visit; therefore, the median height of all measures was
used in the BMI calculation.

Outcomes
Study outcomes were derived from the NutriSTEP® questionnaire, a parent-
reported and validated tool used to measure nutritional risk in children
ages 18 months to 5 years, with age specific versions for toddlers (18 to
<36 months) and preschoolers (3–5 years) [26, 27]. The primary outcome
was nutritional risk, determined from the total NutriSTEP® score, composed
of 17 questions on the child’s usual dietary intake, screen time, physical
activity, specific eating behaviours, and parent perceptions of growth
[26, 27]. The total score ranges from 0 to 68, where a score < 21 is
considered low nutritional risk, 21–25 is moderate nutritional risk, and ≥25
is high nutritional risk [26]. For simplicity, study baseline characteristics
dichotomised the NutriSTEP® score, resulting in a low-risk (<21) and high-
risk score (≥21).

Two sub-scale scores from the questionnaires have been used to study
the nutritional risk domains of child eating behaviours and dietary intake
[13, 28]. The eating behaviour sub-scale score was comprised of five
questions for a score of 0–20 for preschoolers and seven questions for a
score of 0–28 for toddlers. The dietary intake sub-scale score was made up
of six questions for a score of 0–24 for both toddler and preschooler
versions. All analyses with the sub-scale scores were stratified by toddler
and preschooler age groups, to understand differences among these two
age ranges.

Mediator
The mediator was total breastfeeding duration, defined as total duration in
months of the provision of any breast milk, and was self-reported as a
categorical variable: 0 months, 0 to <6 months, 6 to <12 months, 12 to
<18 months, and ≥18 months. These categories were selected a priori, and
were consistent with previous work by our team and others [13]. A
categorical variable was used to account for right-censoring beyond
18 months, as a child could still be receiving breast milk when the
NutriSTEP® was measured. To our knowledge, methods for censored
continuous time-to-event variables as mediators do not currently exist;
however, it is possible to include these variables in a mediation model by
transforming the mediator into a categorical variable [29, 30]. Total
duration of any breastfeeding was chosen, rather than rates of
breastfeeding initiation, exclusivity or discontinuation in order to be
consistent with previous literature which has shown that total breastfeed-
ing duration is associated with multiple outcomes in child nutrition
[12, 13, 15], and studies that evaluated the effect of both exclusive and
total breastfeeding, found similar results for each [14].

Covariates
The confounders were determined a priori based on previous literature to
align with the specific confounding assumptions for mediation analyses
[29]. Confounders included in the model were child age [18], self-reported
annual household income (CAD$) [5, 31], maternal age [32, 33], maternal
ethnicity [34, 35], and parity [36, 37]. Maternal age was recorded as the age
when the preconception BMI was measured, or self-reported. Child age
was recorded in months at the time when NutriSTEP® was completed.
Based on previous literature examining income, maternal BMI and
breastfeeding duration, we decided a prior to stratify the model by
household income <$80 000 and ≥$80 000, using the median total
household income for the Greater Toronto Area, in Canada [38].

Statistics
Descriptive statistics for the model exposure, outcomes, mediator, and
covariates, with additional sociodemographic variables of both the
mothers and children were completed. Means with standard deviations
or proportions with percentages of each variable were reported for the
whole sample and then stratified by maternal preconception BMI
< 25 kg/m2 and ≥25 kg/m2. Data cleaning involved removing any BMI
outliers according to a previously published protocol used for adult
anthropometrics [39]. Any NutriSTEP® questionnaires that were completed
when the child was outside of the age range for which the questionnaire
had been validated for were also removed from the sample [26, 27]. All
model covariates had <15% missingness. Multiple imputations were
completed with 15 imputed data sets using the mice package in R to
impute missing values of covariates assuming they were missing at
random (MAR), or missing completely at random (MCAR) [40]. Under the
MAR assumption, we assume a child with a higher or lower NutriSTEP score
was not more or less likely to have a NutriSTEP® completed, conditional on
the other covariates and variables in the imputation model.
To estimate the mediation effect of different breastfeeding duration

categories on the association between maternal preconception BMI and
child nutritional risk, the total effect, direct effect, indirect effect, and
proportion mediated were calculated with 95% confidence intervals
[29, 30], conceptual model shown in Fig. 1. The total effect represents the
complete effect that the exposure has on each of the outcomes [30]. The
direct effect, represents the effect on the outcome that is not due to the
mediator, and can often include intermediates that are not measured in
the analysis [30]. The indirect effect or otherwise known as the mediation
effect, is the effect on the outcome due to the exposure, via the mediator
[30]. Proportion mediated was calculated by dividing the indirect effect by
the total effect, where non parametric bootstrap methods were used to
bootstrap the model 100 times per imputed dataset, for a total of 1500
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bootstrap samples, to obtain the 95% confidence intervals for the
proportion mediated values [30]. Within each of the 100 bootstrap
samples, Rubin’s rules were used to pool the 15 proportion mediated
estimates [41].
This mediation analysis used methods described by Steen et al. through

the R package medflex [42]. To account for the chance that an exposure-
mediator interaction may be present, models were fit and compared, with
and without an interaction term between breastfeeding duration and
maternal preconception BMI, with results compared at each maternal
preconception BMI quantile of 25%, 50%, and 75%. The mediation analyses
were fit for each of the outcomes: total nutritional risk score, eating
behaviour sub-scale score and dietary intake sub-scale score, where the
two sub-scale scores were stratified by age according to each version of
the NutriSTEP® (toddlers 18 to <36 months and preschoolers 36 to
<72 months) to account for potentially differing associations in each
NutriSTEP® score. Lack of independence between NutriSTEP® observations
on the same child was accounted for using robust “sandwich” estimates of
the variances [43]. A separate multinomial model was also fit to examine
the association between maternal preconception BMI and each breast-
feeding duration category.
A secondary analysis was completed where all models were stratified

by household income <$80,000 and ≥$80,000, as decided a priori, to
account for potential effect modification. Residual plots were assessed to
ensure that all model assumptions for linearity, and normality of
residuals, and influential observations were met. All p-values that were
< 0.05, along with 95% confidence intervals were used to determine
statistically significant results. All statistical analyses were completed in R
for Mac, version 4.1.1 [44].

RESULTS
This study included 4733 children, coming from 4440 families, with
1–3 kids per family, with 8611 NutriSTEP® observations. Overall, the
children had a mean (SD) age of 35.3 (14.5) months and 51.7%
were male sex. The mean (SD) maternal preconception BMI was
23.6 (4.4) and using the WHO BMI classifications indicated that
3.9% of the sample had an underweight BMI, 69.2% had normal
weight, 19.1% had overweight, and 7.8% had obesity [45]. The
mean (SD) NutriSTEP® total score at baseline, for both toddlers and
preschoolers combined was 13.8 (6.4) (n= 4733), with 12.5 (6.0)
(n= 2017) for toddlers, and 14.8 (6.6) (n= 2716) for preschoolers.
The mean (SD) duration of any breastfeeding was 12.4 (8.0)
months, where those with a preconception BMI < 25 kg/m2

(n= 3460) had a mean (SD) duration of 12.6 (7.7) months, and
those with a preconception BMI ≥ 25 kg/m2 (n= 1273) had a mean
(SD) duration of 12.0 (8.80) months (Table 1).
When testing for an exposure-mediator interaction between

maternal preconception BMI and breastfeeding duration, the total

natural direct and pure direct effects, and the total natural indirect
and pure indirect effects had similar values with very slight
deviations from each other (Supplementary Table 5). This
provided sufficient evidence to remove the interaction term in
all subsequent models [30].
The multinomial model examining the relationship between

maternal preconception BMI and breastfeeding duration category
is displayed in Fig. 2. From a multinomial model, there was strong
evidence that maternal preconception BMI was associated with
breastfeeding duration category (p < 0.001), after adjusting for
age, family income, number of siblings, maternal age, and
maternal ethnicity, where individual odds ratios and 95%
confidence intervals are included as a supplement (Supplemen-
tary Table 6). Overall, the probabilities for the longer breastfeeding
duration categories (>6 months) showed that higher preconcep-
tion BMI was associated with shorter total breastfeeding duration.
The primary mediation analysis showed that each 1-unit higher

maternal preconception BMI was associated with a 0.081 (95% CI
(0.051, 0.112); p < 0.001) unit (total effect) higher nutritional risk,
where 0.011 (95% CI (0.006, 0.016); p < 0.001) (mediation effect) of
that total effect was mediated through breastfeeding duration
(Table 2). This translates to the proportion mediated through
breastfeeding duration being ~13.18% (95% CI (7.13, 21.25)) in
both toddlers and preschoolers combined. When results were
stratified by age, for preschoolers, each 1-unit higher maternal
preconception BMI was associated with a 0.10 (95% CI (0.06, 0.14);
p < 0.001) unit higher nutritional risk, where 0.010 (95% CI (0.004,
0.016); p < 0.001) of that total effect was mediated through
breastfeeding duration, with a proportion mediated of 10.06%
(95% CI (5.72, 20.09)). For toddlers, while there was evidence of a
total effect (0.049; 95% CI (0.003, 0.095; p= 0.035)), there was
insufficient evidence for a natural direct effect (p= 0.081), or
indirect effect (p= 0.051), and therefore we are unable to
conclude if there is a mediation effect in this sub-group.
For the preschoolers, each 1-unit higher maternal preconcep-

tion BMI was associated with a 0.032 (95% CI (0.018, 0.045);
p < 0.001) unit higher in eating behaviour sub-scale score, where
0.004 (95% CI (0.002, 0.006); p < 0.001) of that total effect was
mediated through breastfeeding duration, with a proportion
mediated of 11.88% (95% CI (7.08, 24.06)). For the dietary intake
sub-scale score in preschoolers, each 1-unit higher maternal
preconception BMI was associated with a 0.050 (95% CI (0.029,
0.071); p < 0.001) unit higher dietary intake sub-scale score, where
0.005 (95% CI (0.002, 0.007); p < 0.001) was mediated through
breastfeeding duration, with a proportion mediated of 9.23% (95%

Fig. 1 Mediation analysis conceptual model.
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CI (4.66, 15.95)) (Table 3). There was insufficient evidence to
conclude if there was a mediation effect for the eating behaviour
sub-scale score in toddlers as seen with the p-values for the total
effect (p= 0.087) and direct effect (p= 0.224). There was

insufficient evidence to conclude a mediation effect for the
dietary intake sub-scale score in the toddler age group, where the
p-values were >0.05 for the indirect effect (p= 0.195), direct effect
(p= 0.152), and total effect (p= 0.098).

Table 1. Participant Characteristicsa.

Preconception BMI Weight Status Groupsb

Variable n All Weight Status (n= 4733) Underweight/Normal (n= 3460) Overweight/Obese (n= 1273)

Child and Mother Baseline Characteristics (means ± SD or N(%))

Male 4733 2448 (51.7) 1773 (51.2) 675 (53.0)

Child age at outcome, mo 4733 35.25 ± 14.52 35.63 ± 14.44 34.24 ± 14.70

Number of siblings, 4675

mean (SD) 0.81 ± 0.79 0.80 ± 0.77 0.83 ± 0.83

0 n (%) 1747 (37.4) 1280 (37.4) 467 (37.4)

1 2239 (47.9) 1647 (48.1) 592 (47.4)

2 558 (11.9) 415 (12.1) 143 (11.5)

3 107 (2.3) 72 (2.1) 35 (2.8)

4 14 (0.3) 8 (0.2) 6 (0.5)

5 6 (0.1) 2 (0.1) 4 (0.3)

6 4 (0.1) 3 (0.1) 1 (0.1)

Mother Age, yr 4592 33.52 ± 4.51 33.52 ± 4.39 33.53 ± 4.83

Maternal Ethnicity, n (%) 4411

European 2904 (65.8) 2182 (67.2) 722 (62.0)

East Asian 322 (7.3) 285 (8.8) 37 (3.2)

South/Southeast 489 (11.1) 339 (10.4) 150 (12.9)

Mixed Ethnicity 260 (5.9) 182 (5.6) 78 (6.7)

African 211 (4.8) 118 (3.6) 93 (8.0)

Other 225 (5.1) 141 (4.3) 84 (7.2)

Maternal Education 4684

College/University 4345 (92.8) 3239 (94.4) 1106 (88.2)

High school or less 339 (7.2) 191 (5.6) 148 (11.8)

Self-Reported Income 4051

$0 to $39,999 333 (8.2) 186 (6.3) 147 (13.1)

$40,000 to $79,999 574 (14.2) 360 (12.3) 214 (19.1)

$80,000 to $149,999 1270 (31.4) 907 (30.9) 363 (32.4)

$150,000+ 1874 (46.3) 1478 (50.4) 396 (35.4)

Mother Employed, yes 4675 3815 (81.6) 2828 (82.6) 987 (78.8)

Smoking during pregnancy, yes 4579 73 (1.6) 38 (1.1) 35 (2.8)

Gestational Diabetes, yes 4664 263 (5.6) 139 (4.1) 124 (10.0)

High blood pressure during pregnancy, yes 4650 265 (5.7) 142 (4.2) 123 (9.9)

Total Mean Breastfeeding duration, mo 4660 12.4 ± 8.0 12.6 ± 7.7 12.0 ± 8.8

Total BF Duration Categories, mo 4660

0 203 (4.4) 118 (3.5) 85 (6.8)

>0–<6 634 (13.6) 416 (12.2) 218 (17.5)

≥6–<12 1297 (27.8) 981 (28.8) 316 (25.3)

≥12–<18 1371 (29.4) 1073 (31.5) 298 (23.9)

≥18 1155 (24.8) 823 (24.1) 332 (26.6)

Preconception maternal BMI 4733 23.6 ± 4.4 21.5 ± 1.9 29.0 ± 4.4

NutriSTEP® total score 4733 13.8 ± 6.4 13.4 ± 6.3 14.8 ± 6.7

Toddlers 2017 12.5 ± 6.0 12.1 ± 5.9 13.43 ± 6.3

Preschoolers 2716 14.8 ± 6.6 14.33 ± 6.4 16.09 ± 6.8

NutriSTEP® eating behaviour sub-scale
score3

4733

Toddlers 2017 5.0 ± 3.0 5.0 ± 3.0 6.0 ± 3.0

Preschoolers 2716 4.0 ± 2.0 4.0 ± 2.0 4.0 ± 2.0

NutriSTEP® dietary intake sub-scale score 4733

Toddlers 2017 6.0 ± 3.0 6.0 ± 3.0 6.0 ± 3.0

Preschoolers 2716 7.0 ± 3.0 7.0 ± 3.0 8.0 ± 4.0
a Data is shown as means ± standard deviation or as n counts (%).
bMaternal weight status was classified according to the World Health Organisation BMI categories, with underweight (below 18.5 kg/m2), normal weight
(greater than or equal to 18.5 kg/m2 to 24.9 kg/m2), overweight (greater than or equal to 25 kg/m2 to 29.9 kg/m2) and obese (greater than or equal to
30 kg/m2) [45].
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When the mediation results were stratified by household
income, 892 children fell into the lower income group
(<$80,000), while 3176 children fell into the higher income group
(≥$80,000). For the higher income group, each 1-unit higher
maternal preconception BMI was associated with a 0.124 (95% CI
(0.090, 0.159); p < 0.001) unit higher in NutriSTEP® total score,
where 0.012 (95% CI (0.060, 0.018); p < 0.001) was mediated
through breastfeeding duration, with a proportion mediated of
9.68% (Table 4). There was no evidence that these associations
were present in the lower income group, where the total effect
was estimated to be 0.032 (95% CI (−0.033, 0.096); p= 0.336) with

a mediation effect of 0.007 (95% CI (−0.004, 0.017); p= 0.217).
When these results were further stratified by toddler and
preschooler age groups, significant findings were found in the
higher income group only (Supplementary Table 7).

DISCUSSION
This is the first study to examine breastfeeding duration as a
mediator between preconception maternal BMI and early child
nutritional risk. We found total duration of any breastfeeding
mediated ~13.18% of the association between maternal
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Fig. 2 Probability plot of breastfeeding duration category against maternal preconception BMI.

Table 2. Primary mediation of breastfeeding duration analysis results on total NutriSTEP® score.

Total NutriSTEP® score all ages
n= 4733

Total NutriSTEP® score stratified
(Toddlers) n= 2017

Total NutriSTEP® score stratified
(Preschoolers) n= 2716

Pooled Mean (95% CI) P-value Pooled Mean (95% CI) P-value Pooled Mean (95% CI) P-value

Total Effect 0.081 (0.051 0.112) <0.001 0.049 (0.003, 0.095) 0.035 0.098 (0.059, 0.137) <0.001

Natural Direct 0.070 (0.040 0.100) <0.001 0.040 (−0.005, 0.085) 0.081 0.088 (0.049, 0.127) <0.001

Natural Indirect 0.011 (0.006 0.016) <0.001 0.009 (0.00, 0.019) 0.051 0.010 (0.004, 0.016) <0.001

Proportion Mediated 13.18% (7.13, 21.25) 19.16% (2.24, 74.93) 10.06% (5.72, 20.09)
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preconception BMI with nutritional risk in toddler and
preschooler-aged children. When these results were stratified by
age group, the mediation effect showed statistical significance in
the preschooler age group only, with a proportion mediated of
10.06%. In the preschoolers, evidence of a mediation effect was
found where breastfeeding accounted for ~11.88% of the
association with eating behaviours and 9.23% of the association
with dietary intake. Previous findings from our research team
found that a higher maternal preconception BMI was associated
with a higher child nutritional risk [23], while one other study
found a higher preconception maternal BMI to be a predictor of
poor dietary intake patterns in toddlers [22]. These findings are
important clinically because providing breastfeeding support for
women with higher preconception BMIs is a potential preventive
opportunity to improve early child nutritional outcomes. Addi-
tionally, since total breastfeeding duration only partly mediated
the overall effect, it suggests that there may be other potentially
modifiable targets between preconception and early childhood
which may help optimise child nutritional health. These targets
may be similar to mechanisms seen in the association between
preconception BMI and child BMI such as metabolic programming
via epigenetic mechanisms. Further study is required to investi-
gate other potential mechanisms.
Maternal preconception obesity may be associated with

breastfeeding duration through barriers in infant latching [46],
disruption in lactogenesis II [47], and lower milk production in
mothers with obesity [48]. Maternal obesity is also associated with
increased risk for postpartum depression and lower levels of
breastfeeding self-efficacy, both known risk factors for decreased
breastfeeding duration [49, 50]. Unfortunately, those living with
overweight and obesity have been found to experience weight
stigma from lactation experts, which in turn decreases the
mothers’ desire to seek help in navigating these breastfeeding
barriers [51].
Breastfeeding is thought to help children develop eating

behaviours that are protective against obesity through the
development of satiety cue regulation [52]. Variations in the
hormones and human milk components found in breast milk can
also vary across mothers by BMI, specifically leptin and insulin,
which can influence child hunger, satiety and growth patterns
[53]. Rogers et al. found a longer breastfeeding duration was
associated with children eating slower, a behaviour thought to be
protective against obesity in later life [12]. Yelverton et al., found in
their cross-sectional cohort study that longer total breastfeeding
duration was associated with lower food responsiveness (general
appetite for food or desire to eat) at 5 years of age, another
obesogenic protective behaviour [54]. Longer breastfeeding
duration was also found to be associated with maternal feeding
behaviours where mothers were less likely to restrict children’s
food intake at 1 year of age, which can help promote better child
self-regulation around food [55].
Many studies have investigated breastfeeding duration, both

exclusive and total duration, and their associations with child dietary
intake. Perrine et al. found that longer exclusive and total
breastfeeding durations to be associated with overall higher odds
of consuming daily intakes of fruits, vegetables and lower odds of
sugar-sweetened beverages and juice at 6 years of age [14]. Burnier
et al., found that children who were exclusively breastfed for longer
than 3 months had higher odds of consuming more daily servings of
vegetables at 4 years of age [10]. Soldateli et al., found breastfeeding
duration in adolescent mothers for 12 months or longer, but not
exclusive breastfeeding, was associated with increased weekly
vegetable consumption in children at 4–7 year of age [15]. Our
research team found that breastfeeding durations of >6–12 months
was associated with a lower child nutritional risk and decreased
sugary and sweet snack consumption at 3–5 years of age [13].
We found insufficient evidence to conclude a mediating effect

of breastfeeding in those who reported earning an annualTa
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household income below $80,000. There is evidence that in high-
income countries, women living with lower income have
increased obesity rates [5], and shorter breastfeeding durations
[56]. While research has found that maternal preconception BMI is
associated with nutritional risk outcomes in early childhood [22], it
is unknown if this association is stronger in higher-income
families. There are conflicting results in toddlers with lower
household income, where toddlers with lower household income
was associated with poorer diet quality compared to those with
higher incomes [22]. Another study, found no evidence of an
association between household income and vegetable intake in
children at 4 years of age [10].
One possible reason for why we were unable to find evidence of

a mediation effect in lower-income families may be a ceiling
effect. NutriSTEP® scores were on average higher in the low-
income group, with larger proportion in the moderate to high-risk
category (Supplementary Table 8). It is possible that the
NutriSTEP® is more sensitive to changes lower in its score range.
If that is the case, we would expect factors associated with the
total NutriSTEP® (such as breastfeeding and/or maternal precon-
ception BMI) to have stronger associations in the lower range of
the NutriSTEP®; therefore, populations that tend to have lower
NutriSTEP® scores, such as the higher income group in this study,
may see stronger associations with the NutriSTEP® score. This may
explain why the total effect in the higher income group was much
higher than in the lower income group, and the estimated
proportion mediated was higher in the lower income group. We
also found that compared to those with higher income, those with
lower income had less variation in breastfeeding duration by BMI,
suggesting that the relationship between BMI and breastfeeding
duration is not as strong in lower income population in our study
(Supplementary Fig. 3). It is also possible that our study may not
have been sufficiency powered to detect a mediation effect in this
lower income group (n= 892 lower income, n= 3176 higher
income). Future work should investigate these relationships in
lower income populations.
Strengths of this study include a large sample size of mothers and

children, with data on breastfeeding and child nutritional risk. The
study analysis also included adjustment for covariates shown in
previous literature to potentially confound these relationships. The
mediator, total breastfeeding duration, had very little missingness
(<1%). The study outcome, measured by NutriSTEP® provided an
overall assessment of potential nutritional factors that may contribute
to a child’s overall nutritional status, rather than a singular measure of
dietary intake often reported in other similar studies.
The study had a lower proportion earning below an annual

household income of $80,000, which may have limited power to
detect mediation differences in this group. Maternal diet,
gestational weight gain, and maternal health factors during
preconception could be a source of unmeasured confounding,
and prospective data collection for these factors are ongoing.
Education attainment is a factor associated with obesity and poor
breastfeeding outcomes [57, 58], where our sample had low
variation in maternal education, therefore we were unable to
adjust for this potential effect in the analysis. This study utilised

more self-reported preconception BMIs than measured values,
where it has been shown that self-reported preconception weight
is often subject to under report, it has also been shown that self-
reported BMI from pre-pregnancy are reportedly accurate, and
misclassification and magnitudes of error are often small [59]. We
did not obtain information on whether the lactating person
identified as female, and therefore acknowledge the term
breastfeeding may not be inclusive for all. Mean (SD) duration
of breastfeeding was not clinically different between those with
obesity and overweight (12.6 (7.7)) and those with underweight
and normal weight (12.0 (8.80)). Lastly, this study did not examine
breastfeeding exclusivity. However, research has indicated that
both exclusive and total duration breastfeeding measures are
highly correlated, where exclusive breastfeeding for 4–17 weeks
was found to be associated with total breastfeeding duration at 15
different timepoints in the first year of life [60].
This study found that total breastfeeding duration mediated ~13%

of the association between higher maternal preconception BMI with
a higher nutritional risk in children ages 18 months to 5 years. Dietary
intake preferences and eating behaviours are developed early and
track into adulthood. This study supports that higher maternal
preconception BMI may negatively impact total breastfeeding
duration, which may contribute to nutritional risk in childhood. This
study was unable to conclude a mediation effect in the lower income
group, and future studies are needed to determine which factors that
are unique to low-income families. Future research could include the
role of paternal BMI, along with other paternal health and lifestyle
factors during preconception and how it may relate to outcomes in
child nutritional health. These findings highlight that the preconcep-
tion period may be an important time in life to develop and test
preventative interventions to optimise maternal health for improving
breastfeeding duration and children’s nutritional health.

DATA AVAILABILITY
Data described in the manuscript, code book, and analytic code will be made
available upon request pending application and approval.
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