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Parental controlling feeding styles and practices have been associated with

greater food-approaching appetitive behaviors (i.e., food responsiveness)

linked to childhood obesity. Recent longitudinal research suggests that this

relationship may be reciprocal such that controlling feeding predicts child

appetite and vice versa. However, to date no studies have considered

these associations during infancy. The current study investigates prospective

bidirectional associations between controlling feeding (restriction, pressure,

and food to soothe) and infant food responsiveness. Mothers (N = 176)

reported their controlling feeding and their infant’s food responsiveness at

infant age 2, 6, and 14 months. A 3-wave cross-lagged panel model was

used to test the e�ect of controlling feeding at an earlier time point on

infant food responsiveness at a later time point, and vice versa. Maternal

controlling feeding and infant food responsiveness showed moderate stability

across infancy. Net of covariates, we observed parent-driven prospective

relations between pressuring feeding styles and food to soothewith infant food

responsiveness. Pressuring to finish was a significant predictor of increases in

food responsiveness from 2 to 6months (p= 0.004) and pressuring with cereal

was a significant predictor of increases in food responsiveness from 6 to 14

months (p = 0.02). Greater use of situational food to soothe was marginally

associated with higher food responsiveness from 2 to 6 months (p = 0.07) and

6 to 14months (p= 0.06). Prospective associations between restrictive feeding

styles and infant food responsiveness were not observed. Findings point to

pressuring feeding styles and food to soothe as potential early life intervention

targets to prevent increases in food responsiveness in infancy. Longitudinal

research with follow-up in the toddler and preschool years are needed to

understand how these associations unfold over time and whether child-driven

e�ects of food responsiveness become apparent as children get older.
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Introduction

Food responsiveness, or a child’s tendency to overeat,

is an important appetitive behavior indicative of food

approach that predicts increased childhood obesity risk.

Food responsiveness describes an infant’s level of feeding

demandingness, responsiveness to milk and feeding cues,

and propensity to eat more than provided (1). Individual

differences in food responsiveness are observable from early

infancy, and elevated food responsiveness has been associated

with higher infant weight and rapid infant weight gain (2–4).

Food responsiveness is in part genetically determined (5, 6).

Although prior studies have shown increases in average food

responsiveness scores from 3 months to 15 months (2) and 4

to 11 years (7), significant positive correlations between time

points suggest some stability in food responsiveness over time

(2, 7). Nevertheless, the expression of this behavioral phenotype

depends on interactions with environmental influences (8, 9).

Thus, there is great interest in identifying modifiable, early

life factors in children’s immediate environment that impact

food responsiveness.

Parental feeding is believed to be one of the earliest

modifiable determinants of children’s appetitive behaviors (10)

and may contribute to the intergenerational transmission

of obesity (11). Feeding practices and styles refer to the

attitudes and behaviors surrounding how parents approach

the management of what, when, and how much children eat

(12, 13). Specifically, controlling feeding such as restricting

intake, pressuring to eat, and non-nutritive feeding practices

(i.e., feeding to soothe, the use of food as a reward) disregard

children’s hunger and satiety cues, which over time, can

encourage children to eat for reasons besides hunger (e.g., to

regulate emotions, in response to visual feeding cues) (12, 14).

As such, controlling feeding has been implicated in child obesity

risk via its impact on increased food-approaching appetitive

behaviors such as food responsiveness.

A substantial body of literature has examined associations

between controlling feeding and child weight status. Positive

associations between parents’ use of food to soothe infant

distress, a commonly used controlling feeding practice in

infancy, and infant weight have been reported in both cross-

sectional and longitudinal studies (15–17). Although studies

among infants and young children have generally shown that

restrictive feeding is associated with higher child weight status

and pressure to eat is associated with lower child weight status,

many of these findings come from cross-sectional research and

the direction of effects remain unclear (18). For example, do

children gain weight because of parents’ restriction that may

unintentionally prompt children to eat more or do parents

restrict intake out of concern that their child is overweight?

Given children’s appetitive behaviors may mediate the link

between parental feeding and child weight (12), controlling

feeding is likely influenced by child weight status as well as their

appetitive tendencies (19).

Bidirectional associations between parental feeding and

child weight have been examined (20–25) and research has

increasingly focused on potential bidirectional associations

between feeding and appetitive behaviors. A recent systematic

review and meta-analysis that included 14 prospective

longitudinal studies examining relations between parental

controlling feeding and child appetitive behaviors revealed two

significant pooled effects (26): higher child food responsiveness

predicted increases in restrictive as well as instrumental feeding

(i.e., the use of food as a reward). In line with these results,

a recent study showed that higher child food responsiveness

at 4–5 years predicted an authoritarian feeding style marked

by high levels of parental control when children were aged

7–9 years (27). Although pooled analyses were not conducted

for longitudinal associations between pressure to eat and

food responsiveness or between emotional feeding and food

responsiveness in the aforementioned systematic review due

to a limited number of studies, 3 of the 14 prospective studies

reported significant longitudinal effects. One study found a

bidirectional relationship between pressure to eat and food

responsiveness such that higher pressure to eat at age 4

predicted lower food responsiveness at age 7 and vice versa (28).

In contrast, a study conducted with children 1.5–2.5 years old

showed that encouragement to eat (e.g., prompting, praise for

eating) was positively associated with children’s tendency to

overeat 1 year later (29). Two studies reported parent-driven

effects of emotional feeding (a measure that encompasses

feeding to soothe) on increased child food responsiveness

across two time points over a one-year period among children

aged 1.5–2.5 years at baseline (29) and across four time points

spanning a 3-year period (aged 2–4 years at baseline, 1, 2, and 3

years later) (30).

Taken together, these findings point to the complex and

likely bidirectional nature of parent-child feeding interactions,

yet longitudinal studies are currently needed, particularly those

that formally test bidirectional effects controlling for prior

levels of feeding and food responsiveness. Previous longitudinal

research examining controlling feeding and food responsiveness

has primarily been conducted among children 2 years of age and

older. To our knowledge, no studies to date have been conducted

among children across the 1st year of life. Given rapid infant

weight gain, especially during early infancy (0–6 months), is

associated with later obesity and related comorbidities (31, 32), it

essential to understand how obesogenic parent feeding and child

appetitive behaviors influence one another during this sensitive

period of development.

The purpose of the current study is to prospectively

examine bidirectional associations between parental controlling

feeding (restriction, pressure, and food to soothe) and infant

food responsiveness in a community sample of mother-infant
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dyads using a 3-wave cross-lagged panel model. Based on

previous research, we hypothesized that: (1) greater maternal

endorsement of a pressuring feeding style and greater use of

food to soothe predict increases in infant food responsiveness,

and (2) infant food responsiveness predicts increases inmaternal

restrictive feeding over time.

Methods

Participants

Pregnant women were recruited in Guilford County, North

Carolina to participate in the Infant Growth and Development

Study (iGrow), an ongoing longitudinal study examining

prenatal and early life predictors of childhood obesity risk.

Recruitment methods included childbirth education classes,

Special Supplemental Nutrition Program for Women, Infants

and Children (WIC) breastfeeding classes, flyers advertised in

OB/GYN clinics, and social media. Eligibility criteria consisted

of (1) maternal age ≥18 years, (2) expecting a singleton, (3)

written English comprehension, and (4) plans to remain in the

region for at least 3 years. Participants in the current study

included mother-infant dyads from iGrow cohort 1 (N = 176).

Procedures

During the 3rd trimester of pregnancy, mothers provided

written consent and completed online questionnaires using

Qualtrics, a popular survey platform. Approximately 1 week

after infants’ due dates, we obtained infant birth details via

phone interviews and confirmed mother’s eligibility. Mothers

completed online questionnaires again when infants were ∼2,

6, and 14 months old. Women were compensated $50 for the

prenatal visit, $70 for the 2-month visit, $80 for the 6-month

visit, and $90 for the 14-month visit. Data collection for cohort 1

took place between February 2019 and October 2020. This study

was approved by the university’s Institutional Review Board

(protocol #18-0198).

Measures

Maternal controlling feeding

The Infant Feeding Styles Questionnaire (IFSQ) was used

to measure mother’s controlling feeding styles (33). The IFSQ

was originally validated in a low-income sample of Black

mothers (33) but has been successfully used with mothers

representing a diverse range of sociodemographic characteristics

(34–36). To reduce the length of the entire questionnaire

battery and thus participant burden, several items were omitted

across multiple individual measures. For the IFSQ specifically,

mothers completed a subset of 79 of the 83 IFSQ items,

which yielded 13 subscales. Mothers rated their behaviors and

beliefs around feeding an infant on a 5-point scale. Response

options for behavior items ranged from never to always and

response options for belief items ranged from disagree to

agree. For the current study, we focused on four subscales that

are considered controlling: pressuring-finish, pressuring-cereal,

restrictive-amount, and restrictive-diet quality. The IFSQ has

20 behavioral items related to feeding solid foods for infants

≥6 months. Consequently, the pressuring-finish (“insist re-try

new food refused at same meal”; “praise after each bite to

encourage finishing”) and restrictive-diet quality (“I let child eat

fast food”; I let child eat junk food”) subscales have two more

items at 6 months and 14 months than at 2 months. One of

the removed items was from the pressuring-finish subscale (“I

try to get my baby to finish his/her breastmilk or formula) and

another was from the pressuring-cereal subscale (“I give/gave

my baby cereal in a bottle”). Items were averaged to create a

summary score for each subscale at each time point with higher

scores indicating greater endorsement of the given feeding

behavior/belief. The subscales used in the current study had

adequate internal consistency reliability: pressuring-finish (five

items at 2 months, α = 0.69; seven items at 6 months and

14 months α = 0.70–0.76), pressuring-cereal (four items at all

time points, α = 0.78–0.80), restriction-amount (5 items at all

time points, α = 0.71–0.78), and restriction diet quality (five

items at 2 months, α = 0.74; seven items at 6 months and

14 months, α = 0.74–0.84).

We used the Food to Soothe Scale (15) to measure

the controlling feeding practice feeding to soothe. Mothers

completed the 6-item situational subscale (e.g., use food to

soothe baby in the grocery store, while in the car) and the 3-item

state-based subscale (e.g., when you are stressed, tired, nothing

else works). Mothers rated their likelihood of using food to

soothe for each item on a 5-point scale (never to always) The

6 situational items were averaged to create a summary score at

each time point (α = 0.76–0.81) as were the 3 state-based items

(α = 0.76–0.80).

Infant food responsiveness

The 6-item food responsiveness subscale from the Baby

Eating Behavior Questionnaire (BEBQ) (1) was used to assess

infant food responsiveness at each postnatal wave. The BEBQ,

although originally validated as a retrospective measure of infant

appetite focused on the period of exclusive milk feeding (breast

or bottle) (1), is commonly used to evaluate infant appetite

across the 1st year (4, 37, 38). Mothers rated the extent to which

their infant exhibited behaviors that reflect increased feeding

demandingness and hunger (“My baby frequently wants more

milk than I have given him/her”; “If given the chance, my baby

would always be feeding”) on a 5-point scale (never to always),

with higher scores indicating higher infant food responsiveness.

Frontiers in PublicHealth 03 frontiersin.org

https://doi.org/10.3389/fpubh.2022.975067
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Eagleton et al. 10.3389/fpubh.2022.975067

A mean score was calculated at each time point (α = 0.80 at

all waves).

Demographic characteristics and covariates

Mothers reported their age, race/ethnicity, educational

attainment, individuals residing in the home, income, pre-

pregnancy weight and due date prenatally. We calculated

an income-to-needs ratio by dividing total annual household

income by its corresponding poverty threshold determined by

the year in which income is earned and the total number of

household members. We used the Poverty Thresholds for 2018

and 2019 published in U. S. Census Reports (39). At a prenatal

laboratory visit, trained research staff measured mother’s height

in duplicate and pre-pregnancy Body Mass Index (BMI;

kilograms/m2) was calculated using measured height and self-

reported pre-pregnancy weight. Approximately 1 week after

infant’s due date, mothers reported infant sex, birth weight, and

infant birth date, which was used to calculate gestational age. At

each wave, mothers provided detailed feeding information using

a modified version the Infant Feeding Practices Questionnaire

Study II (40). Mothers reported the number of feeds that were

breastmilk or formula over the past 7 days. At 2 and 6 months,

the percentage of feeds as breastmilk was used to categorize

infants as exclusively breastmilk fed, exclusive formula fed, or

mixed fed (combination of breastmilk and formula). In addition,

because all infants had been introduced to solid foods (e.g.,

complementary feeding) by 14 months, infants were categorized

as breastfed (1 = any breastmilk) or not breastfed (0 = no

breastmilk) at all three time points.

Statistical analysis

Preliminary analyses were conducted using SPSS Version

27 (IBM, Chicago, IL) and univariate statistics were used

to describe the sample. Cross-lagged path models were

conducted using AMOS Version 27 (IBM, Chicago, IL) to

examine associations between maternal controlling feeding and

infant food responsiveness at infant age 2, 6, and 14 months.

Separate models were conducted for each controlling feeding

subscale (i.e., pressure-finish, pressure-cereal, restrictive-

amount, restrictive-diet quality, situational food to soothe,

and state-based food to soothe). Time invariant covariates

collected prenatally (i.e., maternal age, race/ethnicity, measures

of socioeconomic status, pre-pregnancy BMI) and infant

weight-for-age z-score at birth were adjusted for at the first

time point. We also examined time invariant covariates in

relation to outcome variables at later time points. However,

given the small sample size, and for parsimony, if a time

invariant covariate was not significantly associated with the

outcome at that time point, the path was removed from the

model. Covariates that were time varying, which included

exact infant age and breastfeeding status at each time point,

were adjusted for at their respective time point (e.g., infant

age at 2 months was specified on infant food responsiveness

and controlling feeding at 2 months). Cross-lagged path

models were used to examine the bidirectional associations

between controlling feeding and infant food responsiveness

across infancy (Figure 1). The use of a cross-lagged analytic

model was an ideal design given this type of analysis allows

for the simultaneous evaluation of three types of associations:

stability coefficients between repeated measures over time (e.g.,

pressuring feeding at 2 months with pressuring feeding at 6

months), concurrent correlations between controlling feeding

and food responsiveness at each time point, and cross-lagged

associations that estimate the prospective effect of controlling

feeding at an earlier time point with food responsiveness at a

later time point, and vice versa. Full information maximum

likelihood was used to handle missing data (41). Because

small prospective effects between controlling feeding and child

appetitive behaviors have been previously reported (26), we

interpreted our findings considering both statistically significant

(p < 0.05) and marginally (p < 0.10) significant results.

Results

Sample characteristics

Table 1 displays the characteristics of the sample. The

mean (SD) age of mothers was 29.10 (5.92) years, 54%

of mothers identified as non-White, 22% of mothers

had a high school education or less, and 56% had

overweight or obesity pre-pregnancy. Approximately

half of infants were female. Most infants were full-

term and had a normal birth weight according to their

gestational age. At 2 months, 6 months, and 14 months,

73.5%, 55.9%, and 31.8% of infants were breastfeeding

(i.e., fed any breastmilk).

Concurrent and prospective associations
between maternal controlling feeding
and infant food responsiveness

Table 2 shows all path coefficients from the cross-lagged

analysis depicted in Figure 1. Maternal controlling feeding styles

and food to soothe were relatively stable across infancy. In

general, there was greater stability in maternal feeding from

6 months to 14 months (β = 0.52–0.67) than from 2 months

to 6 months (β = 0.44–0.60). Infant food responsiveness also

demonstrated significant stability across infancy (2 to 6 months:

β = 0.33; 6 to 14 months: β = 0.27).

In the separate cross-lagged models examining associations

between maternal controlling feeding and infant food
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FIGURE 1

Conceptual model for longitudinal associations between maternal controlling feeding and infant food responsiveness. T1 = infant age 2

months, T2 = infant age 6 months, T3 = infant age 14 months.

responsiveness, we observed several concurrent associations.

At 2 months, greater pressuring to finish and state-based food

to soothe (i.e., when mothers are stressed, tired, nothing else

works) were both significantly associated with higher infant

food responsiveness. Restrictive amount and situational food

to soothe (e.g., use food to soothe baby in the grocery store,

while in the car) were also marginally positively associated

with higher food responsiveness (p < 0.10). At 6 months,

greater pressuring with cereal and restrictive amount were both

significantly associated with higher infant food responsiveness.

At 14 months, pressuring to finish was marginally positively

associated with food responsiveness and restrictive diet quality

was marginally negatively associated with food responsiveness

(p < 0.10).

In the two models examining pressuring feeding styles,

results showed parent-driven cross-lagged associations with

infant food responsiveness. Greater pressuring to finish was a

significant predictor of increases in infant food responsiveness

from 2 months to 6 months (β = 0.23, p = 0.004, 95% CI

= 0.07-0.38) and was marginally associated with higher infant

food responsiveness from 6 to 14 months (β = 0.16, p = 0.06,

95% CI = −0.01–0.33). Greater pressuring with cereal was a

significant predictor of increases in infant food responsiveness

from 6 months to 14 months (β = 0.24, p = 0.01, 95%

CI = 0.05–0.30) and was marginally associated with higher

infant food responsiveness from 2 to 6 months (β = 0.14,

p = 0.08, 95% CI = −0.01–0.23). Additionally, we observed

parent-driven cross-lagged associations between situational food

to soothe and food responsiveness. Greater use of situational

food to soothe at 2 months was marginally associated with

higher food responsiveness at 6 months (β = 0.14, p = 0.07,

95% CI = −0.01–0.23), and greater use of situational food

to soothe at 6 months was marginally associated with higher

food responsiveness at 14 months (β = 0.16, p =0.06, 95% CI

=−0.01–0.22).

In sum, we observed (1) prospective associations between

pressuring feeding styles (pressuring to finish and pressuring

with cereal) and infant food responsiveness that were exclusively

parent-driven and (2) and some evidence that situational food

to soothe infant distress (e.g., while in the grocery store, in

the car) is associated with increases in food responsiveness

across infancy.

Discussion

This is the first study to prospectively examine associations

between controlling parental feeding and child food

responsiveness among children aged 2 years or less. Findings

from this prospective, observational study suggest that a

pressuring feeding style and the use of food to soothe infant

distress may be one avenue by which children become more

food responsive across infancy. The current study expands the

field’s understanding of reciprocal relations between controlling

feeding and infant food responsiveness during a sensitive period

for establishing children’s appetitive behaviors.

As hypothesized, we observed unidirectional cross-lagged

associations from pressuring feeding styles to infant food

responsiveness. Greater pressuring to finish and pressuring with

cereal predicted later increases in food responsiveness, however

the effect of pressuring to finish was only statistically significant

from 2 to 6 months whereas the effect of pressuring with

cereal was only statistically significant from 6 to 14 months.

The observed patterns of associations are in accord with the

introduction to complementary foods that typically takes place

between 4 and 6 months, thus providing an explanation for the
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TABLE 1 Sample characteristics and descriptive statistics for primary variables (at baseline unless otherwise noted), N = 176.

Characteristic N % or Mean (SD)

Maternal age, years 174 29.10 (5.92)

Income to needs ratio 167 3.10 (2.98)

Pre-pregnancy BMI, kg/m2 163 28.41 (7.50)

Pre-pregnancy weight status

Underweight 5 3.1%

Normal weight 66 40.5%

Overweight 37 22.7%

Obese 55 33.7%

Maternal race/ethnicity

Non-Hispanic White 81 46.0%

Non-Hispanic Black 57 32.4%

Hispanic/Other/Multiracial 38 21.6%

Maternal education

≤High school diploma/GED 37 21.5%

Some college 40 23.3%

2-year college degree 17 9.9%

4-year college degree 35 20.3%

Post graduate work/degree 43 25.0%

Infant sex

Male 84 50.3%

Female 85 49.7%

Infant gestational age, weeks 169 39.24 (1.44)

Infant weight-for-age z-score at birth 169 −0.03 (1.15)

Exclusive breastmilk, 2 months 151 68 (45.0%)

Exclusive breastmilk, 6 months 145 50 (34.5%)

2 months (T1) 6 months (T2) 14 months (T3)

Infant age, months 2.24 (0.56) 7.12 (1.39) 15.02 (1.00)

Any breastfeeding 111 (73.5%) 81 (55.9%) 41 (31.8%)

Maternal controlling feeding

Pressuring: finish 2.12 (0.77) 2.28 (0.67) 2.32 (0.74)

Pressuring: cereal 1.77 (0.84) 1.98 (0.99) 1.83 (0.92)

Restrictive: amount 2.91 (1.00) 2.87 (1.04) 2.77 (1.10)

Restrictive: diet quality 3.39 (0.84) 3.84 (0.65) 3.62 (0.84)

Food to soothe: situational 2.54 (0.92) 2.54 (0.97) 2.49 (0.92)

Food to soothe: state-based 2.67 (1.12) 2.77 (1.14) 2.56 (1.10)

Infant food responsiveness 2.72 (0.78) 2.34 (0.72) 2.73 (0.67)

emergence of pressuring with cereal as a more salient predictor

of food responsiveness from 6 to 14 months in our sample. This

is further evidenced by the observed increase in the pressuring

with cereal mean score between 2 months (M = 1.77, SD =

0.84) and 6 months (M = 1.98, SD= 0.99). Our results build on

previous mixed findings from longitudinal studies and converge

with a prior study showing a prospective positive association

between parental encouragement to eat and child tendency to

overeat among children aged 1.5 to 2.5 years (29).

Our findings diverge from the bidirectional temporal

relationship between higher pressure to eat and lower food

responsiveness reported by Costa and colleagues, which was

conducted across two time points when children were aged 4

to 7 years (28). Pressuring to eat among infants and toddlers

may contribute to children’s food-approach tendencies and push

children to focus on external food cues rather than internal

satiety signals (29). However, as children’s food preferences

strengthen and picky eating increases for many children during
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the toddler and preschool years, lower food responsiveness

may prompt increases in encouragement to eat, which may

end up being counterproductive, contributing to reduced food

intake and lower interest in food (42, 43). Furthermore, the

current study provides a more nuanced understanding of how

different types of pressure may influence food responsiveness

during infancy.

Also consistent with our hypotheses, we observed

unidirectional cross-lagged associations between food to

soothe and infant food responsiveness. Specifically, greater

use of situational food to soothe was marginally associated

with increases in food responsiveness from 2 to 6 months and

6 to 14 months. These findings build on previous research

showing cross-sectional associations between the use of food to

soothe and infant food responsiveness in infancy (37, 44) and

one prospective study among preschool-age children showing

a parent-driven effect (30). Our results are suggestive of a

parent-driven effect of food to soothe on food responsiveness

during infancy, particularly when food to soothe is used in

situations (e.g., attending to another person, in the doctor’s

waiting room) in which parents may perceive that they do

not have the ability or time to engage in alternative soothing

strategies such as shushing or rocking their baby.

In line with prior cross-sectional research with children

preschool-aged and older, we observed some evidence for

concurrent correlations between a restrictive feeding style

and food responsiveness (45, 46). At 6 months, higher

food responsiveness was associated with greater restrictive

feeding regarding food amount. This positive association

between restricting food intake and food responsiveness

was also apparent at 2 months and we observed an inverse

correlation between restrictive feeding regarding diet quality

at 12 months, though neither of these correlations reached

statistical significance. Two prior studies have shown inverse

longitudinal associations between restriction and food-

approaching behaviors. Jansen and colleagues found that lower

covert restriction (e.g., restriction the child is unaware of)

predicted increases in food responsiveness from 2 to 3.7 years

(47). Another study showed that restriction of food amount at

21 months predicted lower eating in the absence of hunger, an

objective measure of a child’s propensity to eat in response to

external food cues, at 27 months (48). Our models, however,

did not reveal any significant cross-lagged paths between

restriction and food responsiveness, which could be explained

by the lack of follow-up past 14 months in the current study.

It is possible that restriction may only influence changes in

children’s food-approaching behaviors after the 1st year of

life once exposure to a wider variety of foods, including less

healthy energy-dense foods, becomes more common. Although

evidence points to the possibility that restriction across infancy

and toddlerhood may function as a protective factor, the role of

restriction on the development of food-approaching behaviors

remains unclear and additional research, particularly studies

that measure different types of restriction (e.g., amount versus

diet quality, covert vs. overt) across the first few years of life, is

certainly needed.

The relative absence of a child-driven cross-lagged effect of

food responsiveness on restrictive feeding in the current study

did not support our hypothesis. Although a recent systematic

review reported a pooled effect for a prospective positive

association between food responsiveness and restriction (26), the

findings from individual studies are mixed and primarily point

to null longitudinal effects. Costa and colleagues found that

parental perception of excess food intake (1-item adapted from

the CEBQ food responsiveness scale) at age 4 predicted greater

restriction 3 years later (28) whereas two other studies did not

find evidence that food responsiveness influences restriction

across 2-year (age 6 to 8 years) and four-year periods (age

2–4 to 5–7 years) (19, 30). In addition, child eating in the

absence of hunger did not predict restriction in terms of

amount or diet quality in a study conducted with toddlers (48).

Taken together, there is little evidence to suggest that children’s

food responsiveness strongly influences maternal beliefs and

behaviors surrounding how much and what types of food young

children eat, and it is likely that it is children’s weight, rather

than their eating behaviors, that causes parental concern and

subsequent restrictive feeding.

The effects observed in the current study were fairly small,

which is consistent with previous research in this area (19,

26). Small effects were expected given the prospective cross-

lagged models controlled for previous levels of controlling

feeding and food responsiveness, which were both relatively

stable (19), in addition to key covariates previously shown to

influence these constructs (i.e., maternal age, race/ethnicity, pre-

pregnancy BMI, socioeconomic status, infant birth weight, and

breastfeeding status). Regardless, it is important to recognize

the potential public health impact of controlling feeding on

appetitive behaviors across infancy and early childhood. The

relative stability of controlling feeding demonstrated in our

study is consistent with research in older children (28, 30,

47, 48) and suggests that maternal feeding styles and practices

are established by 1 year of age. This highlights the need for

future research to examine factors that contribute to controlling

feeding among infants, especially in the case of pressure given

our results support a unidirectional parent-driven effect. The

longitudinal stability of infant food responsiveness in the current

study was lower than previously reported in studies conducted

with children 2 years and older (27, 30, 47). Taken together,

interventions that target maternal feeding after the 1st year may

have limited success in modifying appetitive behaviors to reduce

later obesity risk (47). Further, untested moderators may explain

why several associations did not reach statistical significance

and the small effects more generally. Future studies can extend

this work by examining whether the tested associations depend

on other child characteristics (e.g., temperament), maternal

behaviors (e.g., feeding mode) or broader home environment
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TABLE 2 Standardized path coe�cients for model shown in Figure 1 (N = 176).

Path

Stability coefficients for

infant FR

Stability coefficients for

maternal feeding

Concurrent associations of

infant FR and maternal

feeding

Cross–lagged

associations

Maternal feeding

predicting future

infant FR

Cross–lagged

associations Infant

FR predicting

future maternal

feeding

Maternal

feeding variable

FR T1→ FR T2 FR T2→ FR T3 Maternal

feeding T1→

Maternal

feeding T2

Maternal

feeding T2→

Maternal

feeding T3

FR T1→

Maternal

feeding T1

FR T2→

Maternal feeding

T2

FR T3→

Maternal

feeding T3

Maternal

feeding T1→

FR T2

Maternal

feeding T2→

FR T3

FR T1→

Maternal

feeding T2

FR T2→

Maternal

feeding T3

Path label in

Figure 1

β1

(95% CI)

β2

(95% CI)

β3

(95% CI)

β4

(95% CI)

β5

(95% CI)

β6

(95% CI)

β7

(95% CI)

β8

(95% CI)

β9

(95% CI)

β10

(95% CI)

β11

(95% CI)

Pressuring–

finish

0.30***

(0.13–0.42)

0.27**

(0.09–0.40)

0.53***

(0.37–0.61)

0.65***

(0.56–0.86)

0.21*

(0.03–0.21)

0.08

(−0.03–0.08)

0.16+

(−0.01–0.11)

0.23**

(0.07–0.38)

0.16+

(−0.01–0.33)

0.08

(−1.07–1.20)

0.04

(−0.10–0.17)

Pressuring–

cereal

0.32***

(0.15–0.44)

0.28**

(0.11–0.42)

0.44***

(0.30–0.55)

0.52***

(0.40–0.69)

0.14

(−0.02–0.22)

0.17*

(0.00–0.16)

0.10

(−0.04–0.12)

0.14+

(−0.01–0.23)

0.24**

(0.05–0.30)

0.00

(−0.15–0.15)

−0.02

(−0.20–0.16)

Restrictive–

amount

0.32***

(0.15–0.44)

0.26**

(0.08–0.39)

0.60***

(0.47–0.73)

0.67***

(0.63–0.90)

0.14+

(−0.01–0.23)

0.19*

(0.01–0.17)

0.06

(−0.05–0.11)

0.12

(−0.03–0.20)

0.09

(−0.05–0.18)

−0.02

(−0.18–0.13)

−0.02

(−0.22–0.16)

Restrictive–diet

quality

0.34***

(0.17–0.46)

0.28***

(0.10–0.40)

0.54***

(0.32–0.54)

0.60***

(0.57–0.91)

0.01

(−0.10–0.11)

−0.00

(−0.06–0.06)

−0.16+

(−0.13–0.01)

0.02

(−0.12–0.15)

−0.11

(−0.27–0.05)

0.03

(−0.09–0.14)

0.02

(−0.14–0.17)

Food to soothe–

situational

0.32***

(0.15–0.44)

0.25**

(0.07–0.38)

0.47***

(0.36–0.64)

0.64***

(0.49–0.74)

0.16+

(−0.00–0.23)

0.04

(−0.07–0.10)

0.03

(−0.06–0.09)

0.14+

(−0.01–0.23)

0.16+

(−0.01–0.22)

0.09

(−0.06–0.28)

0.08

(−0.07–0.28)

Food to soothe–

state–based

0.36***

(0.18–0.47)

0.28***

(0.11–0.41)

0.53***

(0.41–0.69)

0.64***

(0.50–0.74)

0.17*

(0.00–0.29)

0.06

(−0.07–0.14)

−0.11

(0.14–0.04)

−0.09

(−0.16–0.05)

0.05

(−0.07–0.13)

0.01

(−0.20–0.21)

0.11

(−0.03–0.36)

+p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001. FR= infant food responsiveness, T1= infant age 2 months, T2= infant age 6 months, T3= infant age 14 months. Adjusted for time invariant covariates at T1: maternal age, race/ethnicity, socioeconomic

status, pre-pregnancy BMI, and infant weight-for-age z-score at birth. Adjusted for time variant covariates at their respective time points: exact infant age at visit and breastfeeding status. Time invariant variables that were significantly associated with

the outcomes at later time points were also entered as covariates: pressuring-finish (pre-pregnancy BMI on pressure-finish at T2); pressuring-cereal (maternal age on pressure-cereal at T2 and maternal education on pressure-cereal at T3); restrictive-

amount (maternal race/ethnicity on restriction-amount at T2, maternal age on food responsiveness at T3, and income-to-needs ratio on restriction-amount at T3); restrictive-diet quality (maternal race/ethnicity on restrictive-diet quality at T2, infant

weight-for-age z score at birth on restrictive-diet quality at T3, and maternal age on infant food responsiveness at T3); food to soothe-situational (maternal education on food to soothe at T2 and maternal age on food responsiveness at T3); food to

soothe-state-based (maternal age on food to soothe at T2 and food responsiveness at T3, and maternal education on food to soothe at T3).
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factors (e.g., poverty status). Harris and colleagues, for example,

found that the association between food responsiveness and the

use of food to soothe depended on levels of negative affect and

regulation (37), two dimensions of infant temperament that have

been independently linked to food to soothe (15, 49).

Although the current study has several strengths, including

a prospective design and adjustment for multiple covariates,

our results must be considered in light of certain limitations.

Although our sample was relatively diverse in terms of

race/ethnicity and socioeconomic status, results may not

generalize beyond a mid-sized Southeastern US city.

Additionally, the sample size was somewhat small which

may have reduced our ability to detect statistically significant

effects. Given the small sample, we conducted separate

path analysis models for each controlling feeding subscale.

Further, satiety responsiveness (i.e., sensitivity to internal

satiety cues) is another appetitive behavior that has been

associated with infant weight in previous studies (2, 4).

While we considered examining satiety responsiveness in the

current study, this BEBQ subscale had low internal consistency

reliability in our sample at the first two time points (αs

= 0.39 and 0.47 at 2 months and 6 months respectively).

Thus, we focused on food responsiveness only. Given the

number of models tested in the current study, focusing on

one appetitive behavior reduced the potential for Type 1

error. Studies with larger sample sizes that have the ability

to test associations between food responsiveness (and other

potentially important appetitive behaviors) and multiple feeding

styles in one model are needed. Finally, measurement of

both parental feeding and infant food responsiveness relied

on parent reports, which are subject to social desirability

and shared variance bias. However, the subscales reported

were derived from widely used validated questionnaires and

the food responsiveness subscale from the BEBQ has been

validated against objective measures of appetitive behaviors

(50). The potential for inflated associations due to the

use of a single reporter might be reduced by the fact that

the cross-lagged effects controlled for prior levels of both

constructs, thus adjusting for bias in the cross-sectional paths

(19). However, future longitudinal research that employs

observational methods to assess parental controlling feeding

is warranted.

Results from the current study reveal that pressuring, but

not restrictive feeding styles, contribute to small increases

in infant food responsiveness. There were no child-driven

effects and our findings suggest that food responsiveness

during infancy does not elicit parent’s restrictive feeding. To

build on trials that have had success in reducing controlling

feeding, including pressuring feeding and food to soothe

(51–53), qualitative studies are needed to better understand

infant characteristics and contextual factors that contribute to

feeding styles in order to provide more tailored messaging

and support for parents in future interventions. Future work

should also consider initiating feeding interventions during

the prenatal period. Additional longitudinal studies that target

infancy through early childhood are needed to understand how

these associations unfold over time and whether child-driven

effects of food responsiveness become apparent as children

get older.
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