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Abstract

Background: Infant obesogenic appetitive behaviors are associated with greater infant weight and child obesity,
yet little is known about maternal influences on infant appetitive behaviors. This study examines the relations
between maternal eating behaviors, feeding to soothe, and infant appetitive behaviors in a longitudinal sample of
United States mothers.

Methods: Pregnant women were recruited in the first trimester (< 12 weeks) and followed through 1 year
postpartum. Mothers reported their own eating behaviors (eating competence, restrained, emotional, and external
eating) in pregnancy; feeding to soothe their infant at 2, 6, and 12 months postpartum; and their infants’ appetitive
behaviors (enjoyment of food, food responsiveness, slowness in eating, and satiety responsiveness) at 6 months.
Three path models were estimated to examine the direct relations of maternal eating behaviors with infant
appetitive behaviors, the indirect relations of maternal eating behaviors with infant appetitive behaviors through
feeding to soothe, and the longitudinal relations between feeding to soothe and infant appetitive behaviors.

Results: Maternal eating behaviors and infant appetitive behaviors were directly and indirectly related in all three
models. Greater maternal eating competence was related to greater enjoyment of food but was not related to
feeding to soothe. Greater maternal restrained and external eating were not directly related to infant appetitive
behaviors but were indirectly related to greater infant responsiveness to food through more frequent feeding to
soothe. Additionally, several longitudinal relations between feeding to soothe behaviors and infant appetitive
behaviors were present. More frequent feeding to soothe at 2 months was related to greater responsiveness to
food at 6 months, which was then related to more frequent feeding to soothe at 6 months. Furthermore, greater
satiety responsiveness, faster eating speed, and greater responsiveness to food at 6 months were related to more
frequent feeding to soothe at 12 months.

Conclusions: Maternal eating behaviors were related to infant appetitive behaviors directly and indirectly through
feeding to soothe. Additionally, results suggest feeding to soothe and infant appetitive behaviors may be
bidirectionally linked. These results underscore the need to examine how parental feeding behaviors are influenced
both by parental eating behaviors and child appetitive behaviors throughout infancy.
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Background

Nearly one-fifth of children ages 6-19years in the
United States have obesity [1], suggesting the import-
ance of understanding early origins of obesity. Infant
obesogenic appetitive behaviors including greater enjoy-
ment of food, faster eating speed, greater food respon-
siveness, and lower satiety responsiveness are associated
with greater infant weight and child obesity [2, 3], faster
infant growth [4], and more interest in food stimuli than
non-food stimuli [5]. Although appetitive traits are 53—
84% heritable [6], a substantial proportion of variance in
appetite is attributed to environmental factors, including
parental influences. Yet little is known about parental in-
fluences on infant appetitive behaviors.

Feeding to soothe a child in distress has been related
to higher BMI in infants and toddlers [7, 8]; however,
the relationship of feeding to soothe with infant or child
appetitive behaviors is unknown. Related studies indicate
that maternal feeding to soothe is positively related to
emotional overeating in toddlers [9], and that parent
emotional feeding (feeding in response to the child’s
emotions) is associated with greater food responsiveness
in toddlers [10] and more emotional overeating in
school-aged children [11, 12]. Most research on associa-
tions of food-specific parenting with child eating behav-
iors hypothesizes that child eating behaviors are directly
or indirectly related to parenting, although scant experi-
mental or longitudinal data are available to inform the
direction of these relations [13]. Similarly, the relation
between feeding to soothe and child eating behaviors
may be bidirectional. Infants may learn to eat in re-
sponse to non-hunger cues, leading to obesogenic appe-
titive behaviors (e.g., greater food responsiveness).
Furthermore, children who already display obesogenic
appetitive behaviors (e.g., faster eating speed or greater
enjoyment of food) may reinforce feeding to soothe be-
cause of the children’s eagerness to eat. To date, how-
ever, no study has examined this potential
bidirectionality.

Parental obesogenic eating behaviors (e.g., emotional
eating, eating in response to external stimuli) and eating
competence (i.e., a person’s comfort and flexibility with
eating) [14] may also be related to child appetitive be-
haviors and parent feeding behaviors. Maternal emo-
tional eating was positively related to children’s desire to
eat [15] in early and middle childhood, but another
study found no relation with eating speed or food re-
sponsiveness in preschool-aged children [16]. Addition-
ally, maternal emotional eating and external eating were

related to more emotional feeding [17, 18], although null
findings have also been reported [19]. No studies to date
have examined relations between maternal eating com-
petence and infant appetitive behaviors. Further, rela-
tions between maternal eating behaviors and infant
appetitive behaviors may be mediated by feeding to
soothe. Mothers may choose to feed to soothe more fre-
quently if they frequently feed themselves in response to
stress and they expect their child will response similarly
to food when distressed. This frequent feeding to soothe
driven by maternal obesogenic eating may then accli-
mate infants to more obesogenic eating behaviors. In
preschool-aged children, greater maternal pressure to
eat mediated the relationship of maternal external eating
with picky eating [15], and feeding to soothe mediated
the relations between maternal responsive parenting and
emotional eating [9]. However, it is unknown whether
feeding to soothe mediates the relations between mater-
nal eating behaviors and infant obesogenic appetitive
behaviors.

This study examined three main questions in a longi-
tudinal study of mother-infant dyads: (a) how are feeding
to soothe and maternal obesogenic eating behaviors pro-
spectively related to infant obesogenic appetitive behav-
iors, (b) is there a reciprocal relationship between infant
appetitive behaviors and maternal feeding to soothe, and
(c) does feeding to soothe mediate relations of maternal
obesogenic eating behaviors with infant appetitive be-
haviors? We hypothesized that feeding to soothe would
be related to infant obesogenic appetitive behaviors (i.e.,
greater enjoyment of food, faster eating speed, greater
food responsiveness, and lower satiety responsiveness).
Additionally, we hypothesized that more maternal feed-
ing to soothe would predict stronger infant obesogenic
appetitive behaviors, and stronger infant obesogenic ap-
petitive behaviors would predict more feeding to soothe.
We also hypothesized that maternal obesogenic eating
behaviors (i.e., more emotional, external, and restrained
eating and less eating competence) would be positively
related to infant obesogenic appetitive behaviors indir-
ectly through increases in feeding to soothe.

Methods

Participants and procedures

Data for this secondary data analysis come from the
Pregnancy Eating Attributes Study (PEAS), a prospective
study of dietary intake and weight change in 458 preg-
nant women located in a single metropolitan area in
North Carolina, United States. Women were recruited in
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the first trimester of pregnancy (< 12 weeks gestation)
and followed through 1 year postpartum. Mothers were
considered for inclusion if they had a confirmed uncom-
plicated singleton pregnancy <12 weeks gestation at en-
rollment, planned to deliver at the University of North
Carolina Women’s Hospital and remain in the area for
1year following delivery, and were age > 18 and <45 at
screening with a BMI > 18.5 kg/m2. Mothers were ex-
cluded from participation if they had been diagnosed
with any medical condition or psychological disorder
that may contraindicate participation in the study. Full
details on the study methods are detailed in a previous
publication [20].

Participants provided written consent for study partici-
pation. Study visits were conducted prenatally at baseline
(< 12 weeks), 16-22 weeks, and 28-32 weeks gestation,
and postpartum at approximately 2 months (4-14
weeks), 6 months (23-31 weeks), and 12 months (50-58
weeks). Participants completed self-administered mea-
sures through a secure online data collection system
within a specified study visit windows. Data collection
was completed in June 2018. All study procedures were
approved by the University of North Carolina Institu-
tional Review Board.

Measures

Except where noted, all measures self-reported in preg-
nancy were collected once between baseline (< 15 weeks)
and 27 weeks gestation.

Maternal eating competence

During pregnancy, mothers completed the 16-item
ecSatter Inventory [14], which reflects four dimensions
of eating competence (i.e., comfort, flexibility, and atti-
tude around eating): “(a) attitudes about eating and
about food; (b) food acceptance skills; (c) internal regu-
lation skills; and (d) skills and resources for managing
the food context and orchestrating family meals” [21].
Response options ranged from 0 (never or rarely) to 3
(always). Items were summed to create a total eating
competence score (a =.88), with higher scores indicating
greater eating competence.

Maternal obesogenic eating behaviors

During pregnancy, mothers completed the 33-item
Dutch Eating Behavior Questionnaire [22], which mea-
sures restrained (10 items; a =.83; e.g., “how often do
you refuse food or drink offered because you are con-
cerned about your weight?”), emotional (13 items; a =
.93; e.g., “do you get the desire to eat when you are anx-
ious, worried, or tense?”), and external (10 items; a = .83;
e.g., “if you see others eating, do you also have the desire
to eat?”) eating behaviors. Response options ranged from
1 (never) to 5 (very often). The items in each subscale
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were averaged to create the three subscales, with higher
scores indicating greater endorsement of restrained,
emotional, and external eating behaviors.

Feeding to soothe

At each postpartum visit, mothers completed the 13-
item Food to Soothe Questionnaire [7]. This measure
asks mothers how often they used food to soothe their
infants in various situations. Response options ranged
from 1 (never) to 5 (often). Items were averaged to create
total feeding to soothe scores at 2 months (a=.93), 6
months (a =.85), and 12 months (a =.83), with higher
scores indicating more frequent feeding to soothe.

Infant appetitive behaviors

At 6 months postpartum, mothers completed the 17-
item Baby Eating Behavior Questionnaire [23]. This
questionnaire measures four appetitive constructs during
the period of exclusive milk-feeding: enjoyment of food
(4 items; a =.75; e.g., “my baby enjoyed feeding time”),
food responsiveness (6 items; a =.80; e.g., “if given the
chance, my baby would always be feeding”), slowness in
eating (4 items; a =.62; e.g., “my baby sucked more
slowly”), and satiety responsiveness (3 items; a =.39; e.g.,
“my baby got full up quickly”). Response options ranged
from 1 (never) to 5 (always). The items for each subscale
were averaged to create the subscales, with higher scores
indicating greater enjoyment of food, greater food re-
sponsiveness, slower eating speed, and greater satiety
responsiveness.

Demographic variables

At baseline, mothers reported sociodemographic charac-
teristics including race/ethnicity (dichotomized as 1=
white/non-Hispanic, 0 = other race/ethnicity) and educa-
tion status (dichotomized as 0 = no four-year postsecond-
ary degree, 1 = earned a four-year postsecondary degree).
Maternal age (in years) was obtained from patient med-
ical records, and early pregnancy maternal body mass
index (BMI, kg/m?) was calculated from height and
weight measured at the baseline visit (< 12 weeks gesta-
tion). Mothers also reported feeding modality (ie.,
breastfeeding, formula feeding, or both) at each postpar-
tum visit; responses were categorized to indicate exclu-
sive breastfeeding at any time (2, 6 or 12 months)
postpartum.

Analyses

Bivariate correlations between all variables of interest
and potential covariates (maternal BMI, age, education,
race/ethnicity, exclusive breastfeeding) were examined to
determine which covariates would be included in the
longitudinal models. Three longitudinal multivariate
path models were estimated. Model 1 examined the
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relations of maternal obesogenic eating behaviors (re-
strained, emotional, external) and eating competence
with feeding to soothe at 2 months postpartum, and the
relations of feeding to soothe with infant appetitive be-
haviors (enjoyment of food, food responsiveness, slow-
ness in eating, satiety responsiveness) at 6 months.
Model 1 simultaneously estimated the direct effects of
maternal obesogenic eating behaviors, eating compe-
tence, and feeding to soothe and the indirect effects of
maternal eating behaviors and eating competence
through feeding to soothe on each infant appetitive be-
havior. In Model 2, we added feeding to soothe at 6
months to the model. Model 2 examined all the same ef-
fects as Model 1 but added the direct effects of each in-
fant appetitive behavior at 6 months on feeding to
soothe at 6 months. Model 2 also estimated the indirect
effects of maternal eating behaviors and eating compe-
tence on feeding to soothe at 6 months through feeding
to soothe at 2 months and infant appetitive behaviors at
6 months. Finally, we estimated a model that replaced
feeding to soothe at 6 months with feeding to soothe at
12 months (Model 3).

We used a bootstrap approach [24] to simultaneously
estimate all direct and indirect effects in each of the
three models. Bootstrapping maximizes power by ran-
domly resampling the available data and repeatedly esti-
mating a model using the random resamples. It then
estimates a 95% confidence interval (CI) for the dis-
tribution of each indirect effect within the sample.
The analyses specified 1000 random sampling itera-
tions for each model. To account for any missing
data across the four time points, we estimated the
three models using Full Information Maximum Likeli-
hood [25] in Mplus 8.3 [26]. Model fit was examined
using the cutoff criteria (values close to or greater
than 0.95 for comparative fit index [CFI] and less
than 0.08 for standardized root mean square residual
[SRMR]) established by Hu and Bentler [27]. Stan-
dardized estimates and confidence intervals are pre-
sented for all model results.

Sensitivity analyses were then conducted to examine
whether the three models differed between infant feed-
ing modalities. Three multiple group analyses were con-
ducted to determine whether the relations examined in
the three models differed between mothers who exclsu-
ively breastfed their infants at any time postpartum and
mothers never exculsively breasfed. Multiple group ana-
lyses are used to examine whether a model differs be-
tween two groups by comparing the chi-square fit value
of a model contraining all relations to be equal between
the two groups with the chi-square of the same model
where all relations are allowed to vary between the two
groups. A significant chi-square difference test indicates
that the model does vary between the two groups; a
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non-significant chi-square difference test indicates that
the model does not vary between the two groups.

Results
Of the 458 women enrolled at baseline, 91 (19.9%) with-
drew prior to delivery, 46 (10.0%) withdrew during post-
partum, and 20 (4.4%) did not complete the measures
included in this study. The final sample for the current
study included 301 mother-infant dyads. Based on
ANOVA, the final sample did not differ from the en-
rolled sample on any of the covariates (maternal age,
BMI, race/ethnicity, education status), maternal eating
behaviors (restrained, external, and emotional eating),
maternal eating competence, feeding to soothe, or infant
appetitive behaviors (enjoyment of food, food respon-
siveness, slowness in eating, and satiety responsiveness).
Univariate statistics and bivariate associations among
all variables are presented in Table 1. Mean maternal
age at baseline (< 15 weeks) was 30.5 + 4.7 years; mater-
nal BMI was in the normal range. Two-thirds (66.7%) of
mothers were white non-Hispanic and 71.7% completed
a four-year college or university degree. While maternal
BMI was related to eating competence and external eat-
ing, and age was associated with restrained and emo-
tional eating, neither maternal BMI nor age was
associated with feeding to soothe or infant appetitive be-
haviors. Maternal education and race/ethnicity were re-
lated to infant appetitive behaviors: mothers who earned
a four-year degree had infants who ate slower, and
white, non-Hispanic mothers used fewer feeding to
soothe behaviors at 12 months and had infants who had
lower enjoyment of food. Based on these findings, only
maternal education status and race/ethnicity were in-
cluded as covariates in the initial models.

Model 1

Model fit

Results from Model 1, which examined the direct and
indirect relations of maternal obesogenic eating behav-
iors with infant appetitive behaviors through feeding to
soothe, are presented in Fig. 1. Initial model fit was poor
(chi-square fit index [)f] (5) =16.08, p=.01, CFI= .83,
Tucker-Lewis index [TLI] = -.37, root mean square error
of approximation [RMSEA]=.09, SRMR =.02), but im-
proved substantially when only maternal race/ethnicity
was included as a covariate (y° (4) = 10.08, p = .04, CFI =
91, TLI=.22, RMSEA =.07, SRMR =.02). Therefore,
only maternal race/ethnicity was included as a covariate
in all three longitudinal models.

Direct effects

Greater maternal restrained eating and external eating
were related to more frequent feeding to soothe at 2
months, and greater maternal eating competence was
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Table 1 Descriptive statistics and bivariate relations between all study variables
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 M SD n
1. Maternal BMI - - - - - - - - - - - - - - - 2719 694 458
2. Maternal Age -03 - - - - - - - - - - - - - - 305 47 458
3. Maternal Education ©  —35** 36** — - - - - - - - - - - - - 072 045 367
4. Maternal E‘[hrﬂcityb —20%%  20%% 3% — - - - - - - - - - - - 067 047 381
5. Exclusive =25% 07 26" 9% - - - - - - - - - - 040 049 31
Breastfeeding ©
Maternal Eating Behaviors
6. Total Eating =22%% =03 M 06 B - - - - - - - - - - 3311 750 301
Competence
7. Restrained Eating -00  22%% 29** 11 07 -08 - - - - - - - - - 246 068 312
8. Emotional Eating —-00 6* 25%% Q7% 03 —13% 25% - - - - - - - - 209 078 312
9. External Eating -16" 09 .18* 06 .08 —-00 5% 55% — - - - - - - 285 054 312
Maternal Feeding to Soothe
2-Month 01 04 01 .06 -07 .00 A5 07 a8 - - - - - - 253 093 234
10.
6-Month 01 -05 05 .07 -03 =01 .07 A7% 0 20%% 55% — - - - - 229 082 228
1.
12-Month 09 -09 -11 -17** -06 —-07 .06 5% 20%% 45%% 50%% — - - - 235 072 276
12.
Infant Appetitive Behaviors
Enjoyment of Food 10 =12 =11 =13* 09 21 =15 =13 -09 -02 -01 —-06 - - - 449 047 229
13.
Slowness in Eating -04 03 4% 08 -05 .07 06 06 02 07 03 -04 33 - - 240 062 229
14.
Satiety 04 02 =02 -05 =12 =09 .07 01 J0 .08 4% 227 —26%* 16 - 224 059 229
15. Responsiveness
Responsiveness to 1 -03 -00 -10 —=20** —15*% 07 11 J4% 7% 25%% 25% —04 16 04 223 065 229

16. Food

2 0 = no four-year degree, 1 =earned a four-year degree. ® 0 = ethnic minority, 1
exclusively breastfeed
*p<.05 ** p<.01

related to greater infant enjoyment of food at 6 months.
More frequent feeding to soothe at 2 months was related
to greater infant food responsiveness at 6 months.

Indirect effects
Indirect effects were observed of greater maternal re-
strained eating (8 =.022; 95% CI [.002, .068]) and exter-
nal eating (8=.037; 95% CI [.005, .092]) on greater
infant food responsiveness through more frequent feed-
ing to soothe.

Model 2

Model fit

The results from Model 2, which examined the recipro-
cal relations between infant appetitive behaviors at 6
months and feeding to soothe at 2 and 6 months, indi-
cated adequate fit ()(2 (9)=22.43, p=.01, CFI= 91, TLI =
.54, RMISEA = .07, SRMR = .03; Fig. 2).

= white non-Hispanic. € 0 = did not exclusively breastfeed, 1 = did

Direct effects

All direct effects observed in Model 1 were also signifi-
cant in Model 2. Additionally, more frequent feeding to
soothe at 2 months was related to more frequent feeding
to soothe at 6 months, and greater infant responsiveness
to food at 6 months was related to more frequent feed-
ing to soothe at 6 months.

Indirect effects

Greater maternal restrained eating (5=.023; 95% CI
[.003, .070]) and external eating (5 =.036; 95% CI [.006,
.091]) were indirectly related to greater infant respon-
siveness to food at 6 months through feeding to soothe
at 2 months, while greater maternal restrained eating
(8 =.004; 95% CI [.001, .013]) and external eating (5 =
.006; 95% CI [.001, .020]) were also related to more fre-
quent feeding to soothe at 6 months through more fre-
quent feeding to soothe at 2 months and then through
greater infant food responsiveness at 6 months. Add-
itionally, more frequent feeding to soothe at 2 months
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Maternal Restrained

Eating in Pregnancy \
.14*

[.008, .275]

Maternal Emotional
Eating in Pregnancy -3
[-.243, .054]

Maternal External _—[.089, .375]

Feeding to Soothe
2 Months Postpartum

230 _—— | R2=.07

Eating in Pregnancy

.00 .
[-.154. .158] 21

Maternal Eating
Competence in
Pregnancy

RMSEA = .07, SRMR = .02. *p < .05; **p < .01

[.046, .381]

Satiety Responsiveness
6 Months Postpartum
R?=.04

.06
[-.109, .205]
Slowness in Eating
6 Months Postpartum
.07 R =02
[-.066, .215] ’
.03
Enjoyment of Food
(=423 :150] 6 Months Postpartum
R?=.09

16*

[.024, 298]

N

Responsiveness to Food
6 Months Postpartum
R?=.07

Fig. 1 Model 1 examining the mediating effect of feeding to soothe on the relations between maternal eating behaviors, maternal eating
competence, and infant appetitive behaviors. Note: Standardized estimates and confidence intervals are reported. Maternal ethnicity is included as
a control (0 = ethnic minority, 1 = white non-Hispanic). Outcome residuals and covariances were significantly correlated, but are not shown. The
direct effects of all maternal eating competence and behaviors on infant appetitive behaviors were estimated but only the significant direct
effects are shown. Black arrows indicate significant relations; gray arrows indicate nonsignificant relations. XZ (4)=10.08, p=.04, CFl=91, TLI= 22

was related to more frequent feeding to soothe at 6
months through greater infant responsiveness to food at
6 months (8 =.026; 95% CI [.006, .065]).

Model 3
Model fit
Results from Model 3, which examined the reciprocal re-
lations between infant appetitive behaviors at 6 months
and feeding to soothe at 2 and 12 months, indicated

adequate fit (* (9) =21.83, p=.01, CFI=.90, TLI= 51,
RMSEA = .07, SRMR = .03; Fig. 3).

Direct effects

All direct effects found in Models 1 and 2 were also sig-
nificant in Model 3. Additionally, greater infant satiety
responsiveness and faster infant eating speed at 6
months were related to more frequent feeding to soothe

at 12 months.

Maternal Restrained

Satiety Responsiveness
6 Months Postpartum

Maternal External | _— [.086, .367]
Eating in Pregnancy

00
[-150..155] o1

Maternal Eating / [.046, .381]

Competence in
Pregnancy

Eating in Pregnanc
4 gnancy \ R 0f .
14% .06 .
[.021, .280] [-.097, .210] [-.058, .178]
Maternal Emotional Slowness in Eating o4
Eating in Pregnancy -07 07 6 Months Postpartum [ 17-3 095]
R?=.02 st
[-.223,.074] Feeding to Soothe [-.067, .213] S
2 Months Postpartum
230 _—7] R =08 03

A7

[.025, 287]

\ Responsiveness to Food /
6 Months Postpartum

R?=.07

[.046, .279]

Fig. 2 Model 2 examining the reciprocal associations of feeding to soothe at 2 and 6 months and infant appetitive behaviors. Note: Standardized

estimates and confidence intervals are reported. Maternal ethnicity is included as a control (0 = ethnic minority, 1 = white non-Hispanic). Outcome
residuals and covariances were significantly correlated, but are not shown. The direct effects of all maternal eating competence and behaviors on
infant appetitive behaviors were estimated but only the significant direct effects are shown. Black arrows indicate significant relations; gray arrows
indicate nonsignificant relations. x° (9) = 2243, p= .01, CF/= 91, TLI= 54, RMSEA = .07, SRMR = 03. *p < .05; **p < 01

[.370, .633] —»| 6 Months Postpartum

[-.124, .177] Enjoyment of Food .05
6 Months Postpartum [-.074,.172]
R?=.09
16*

Feeding to Soothe

R =34
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Maternal Restrained
Eating in Pregnancy

Satiety Responsiveness
6 Months Postpartum

Pregnancy

*p < .05, **p < .01

R2=.04 \
\'15* o4 4%
(021, .282] [-117,.193] [010. 2¢2]
. Slowness in Eating
o potont |, b | L e
y R2=.02 -.289, -.02
[-.232,.062] Feeding to Soothe [-:070, .209] 40%* Feeding to Soothe
2 Months Postpartum 5 = 12 Months Postpartum
.255,.514
24%% _—| R2=.07 .05 Food ! ] R?=26
Enjoyment of Foox -.01
Maternal External [.093, .384] [-.114,.191] 1Oy
Eating in Pregnancy — 6 Months Postpartum [-.138,.134]
00 R?=.09
[-.153..155] 1% 16* 21%%
- 2 2
o (047, 383] (025, 298] , 094, 326]
Maternal Eating / \ Responsiveness to Food /
Competence in

Fig. 3 Model 3 examining the reciprocal associations of feeding to soothe at 2 and 12 months and infant appetitive behaviors. Note:
Standardized estimates and confidence intervals are reported. Maternal ethnicity is included as a control (0 = ethnic minority, 1 = white non-
Hispanic). Outcome residuals and covariances were significantly correlated, but are not shown. The direct effects of all maternal eating
competence and behaviors on infant appetitive behaviors were estimated but only the significant direct effects are shown. Black arrows indicate

significant relations; gray arrows indicate nonsignificant relations. x° (9) = 21.83, p = 01, CFI= 90, TLI= 51, RMSEA = 07, SRMR = 03.

6 Months Postpartum
R2=.07

Indirect effects

Similar indirect effects present in Model 2 were signifi-
cant in Model 3. Greater maternal restrained eating (f =
.023; 95% CI [.003, .068]) and external eating (3 =.038;
95% CI [.006, .091]) were related to greater infant re-
sponsiveness to food at 6 months through more feeding
to soothe at 2 months. Greater maternal restrained eat-
ing (5=.005; 95% CI [.001, .016]) and external eating
(5 =.008; 95% CI [.002, .023]) were also related to more
frequent feeding to soothe at 12 months through more
frequent feeding to soothe at 2 months and then through
greater infant food responsiveness at 6 months. Add-
itionally, more frequent feeding to soothe at 2 months
was related to more frequent feeding to soothe at 12
months through greater infant responsiveness to food at
6 months (8 =.033; 95% CI [.009, .076]).

Sensitivity analyses

Results from the multiple group analyses indicated that
there were no differences between mothers who exclu-
sively breastfed their infants at any point postpartum
versus mothers who did not for the relations among ma-
ternal eating behaviors, feeding to soothe, and infant ap-
petitive behaviors (Model 1 [)(Zdl-ﬁr (29) =14.35, p=.99],
Model 2 [’u (34) = 21.88, p =.95], and Model 3 [’y
(34) =20.23, p = .97)).

Discussion

In this study examining the relations between maternal
eating behaviors, feeding to soothe, and infant appetitive
behaviors, greater maternal restrained and external eat-
ing were related to greater infant responsiveness to food
indirectly through more feeding to soothe; however,

maternal eating competence was directly related to more
infant enjoyment of food and unrelated to feeding to
soothe. These relations persisted in the models investi-
gating the reciprocal relations between feeding to soothe
and infant appetitive behaviors. More frequent feeding
to soothe at 2 months predicted greater responsiveness
to food at 6 months, and greater responsiveness to food
at 6 months was related to more frequent feeding to
soothe at 6 months. Further, faster eating speed, greater
satiety responsiveness, and greater responsiveness to
food were related to more frequent feeding to soothe at
12 months. Together, these results highlight the complex
relations between maternal eating behaviors, feeding to
soothe, and infant appetitive behaviors.

These relations in infancy are consistent with prior
studies that found more frequent feeding to soothe was
related to more obesogenic eating behaviors in toddlers
and older children [9, 10]. Findings underscore the im-
pact of emotionally driven feeding on appetitive behav-
iors in childhood and indicate that maternal feeding
practices may influence the development of obesogenic
eating as early as the first year of life. Our study also ex-
pands on previous work by providing preliminary sup-
port for potential bidirectional relations between feeding
to soothe and infant appetitive behaviors. More feeding
to soothe early in infancy (i.e, 2 months) is associated
with more obesogenic child appetitive behaviors, and
those appetitive behaviors then relate to more feeding to
soothe later in infancy (6 months and 12 months). Feed-
ing in response to infant emotional cues may acclimate
children to eating in response to those cues rather than
eating only in response to hunger. As infants acclimate
to eating in response to non-hunger cues, they may then
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develop obesogenic eating behaviors, such as a high re-
sponsiveness to food, which then encourages more feed-
ing to soothe behaviors from their mothers [13].

Findings from this study illustrate the complex rela-
tions between maternal eating behaviors, feeding to
soothe, and infant appetitive behaviors. Partially consist-
ent with prior work indicating that maternal emotional
and restrained eating were related to emotional and in-
strumental feeding styles in 3-5year-old children, re-
spectively [18], we found that more maternal restrained
and external eating were related to more frequent feed-
ing to soothe, but maternal emotional eating was not re-
lated to feeding to soothe. These differences could be
due to differing ages of the sample or the study design
(cross-sectional versus longitudinal). Additionally, the
modest effects sizes observed suggest the presence of
additional environmental and biological influences on
feeding to soothe and appetitive behaviors.

Our findings that both external and restrained eating
were indirectly related to infant responsiveness to food
through more frequent feeding to soothe extend prior
research [15, 16] by examining the mechanism through
which maternal eating behaviors are related to child eat-
ing behaviors. Findings suggest that mothers may trans-
mit their expectations and emotions around eating to
their child through their feeding behaviors; that is,
mothers with greater obesogenic eating behaviors accli-
mate their child to similarly unhealthy eating behaviors
[18] by feeding the child in response to distress or emo-
tions rather than in response to hunger [28]. Addition-
ally, although maternal eating competence was not
related to feeding to soothe, greater eating competence
was directly related to greater infant enjoyment of food.
Mothers with greater eating competence may perceive
that their infants enjoy food more than those with lower
eating competence.

This study underscores the need to account for the
complex relations between maternal eating behaviors
and feeding to soothe in the prevention of child obeso-
genic appetitive behaviors. Our findings support inter-
vention approaches that instruct parents in appropriate
feeding behaviors (e.g., feeding in response to hunger ra-
ther than in response to negative emotions) to promote
healthy eating in infants (e.g., [29]). Intervention effect-
iveness may additionally be enhanced by addressing par-
ent obesogenic and competent eating behaviors and
promoting recognition of how these may influence feed-
ing behaviors. Future studies may also wish to examine
whether there are bidirectional relations of feeding to
soothe and appetitive behaviors with infant weight.

Study findings should be interpreted in light of its
strengths and limitations. Although this study was obser-
vational, the longitudinal design strengthens internal val-
idity and enables an examination of temporal
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precedence. The use of bootstrapping to estimate the in-
direct effects provides higher power than other estimates
of indirect effects and does not require assumptions of
normality in the data [30], thus allowing detection of
modest effects. Although the Baby Eating Behaviors
Questionnaire has been validated across samples from
numerous populations, the low internal consistency of
the satiety responsiveness subscale could indicate that
this measure does not reflect a distinct construct in our
sample. Additionally, the single measurement of appeti-
tive behaviors at 6 months precludes the ability to fully
examine bidirectional relations between feeding to
soothe and appetitive behaviors, and all measures came
from maternal reports, which could artificially inflate the
relations. Also, although the sample consisted of nearly
30% minority race/ethnic mothers, the single geographic
region and relatively high education level of the sample
limit generalizability. Finally, this study did not account
for the feeding behaviors of other caregivers in the
household, which may modify the relationship of mater-
nal feeding to soothe with infant appetitive behaviors.

Conclusions

Findings from this longitudinal prospective cohort study
of 301 mother-infant dyads in North Carolina indicate
that maternal eating behaviors are directly and indirectly
related to infant appetitive behaviors. Additionally, these
results provide preliminary evidence that the relations
between feeding to soothe and infant appetitive behav-
iors may be bidirectional. These results underscore the
need to examine how parental feeding behaviors are in-
fluenced both by parental eating behaviors and child ap-
petitive behaviors throughout infancy and childhood.
Additionally, these findings suggest that maternal influ-
ences on appetitive behaviors are evident as early as the
first year of life.

Abbreviations

PEAS: Pregnancy Eating Attributes Study; CFl: Comparative fit index;

TLI: Tucker-Lewis index; RMSEA: Root mean square error of approximation;
SRMR: Standardized root mean square residual

Acknowledgements
Not applicable.

Authors’ contributions

All authors designed research; MF acquired data, CT analyzed data, all
authors wrote paper; CT, LL, and TN had primary responsibility for final
content. All authors read and approved the final manuscript.

Funding

This research was supported by the Eunice Kennedy Shriver National
Institute of Child Health and Human Development Intramural Research
Program (contract #HHSN275201300012C and #HHSN2752013000261/
HHSN27500002). The funding body had no role in the study design;
collection, analysis, and interpretation of data; or writing the manuscript.
Open Access funding provided by the National Institutes of Health (NIH).



Temmen et al. International Journal of Behavioral Nutrition and Physical Activity

Availability of data and materials

The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request. Following publication
of study objectives, de-identified data will be shared in the NICHD Data and
Specimen Hub.

Declarations

Ethics approval and consent to participate

Study procedures were approved by the University of North Carolina
Institutional Review Board, IRB #: 13-3848. Written informed consent was
obtained from all mothers.

Consent for publication
Not applicable.

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

Author details

'Social and Behavioral Sciences Branch, Division of Intramural Population
Health Research, Eunice Kennedy Shriver National Institute of Child Health
and Human Development, 6710B Rockledge Dr., MSC 7004, Bethesda, MD
20892, USA. “Department of Counseling, School, and Educational Psychology,
Graduate School of Education, University at Buffalo — SUNY, 420 Bady Hall,
Buffalo, NY 14250-1000, USA.

Received: 24 November 2020 Accepted: 26 July 2021
Published online: 11 August 2021

References

1. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity among
adults and youth: United States, 2015-2016. NCHS data brief, no 288.
Hyattsville: National Center for Health Statistics; 2017.

2. Mallan KM, Daniels LA, Susan J. Confirmatory factor analysis of the baby
eating behaviour questionnaire and associations with infant weight, gender
and feeding mode in an Australian sample. Appetite. 2014,82:43-9. https://
doi.org/10.1016/j.appet.2014.06.026.

3. Rodenburg G, Kremers SP, Oenema A, van de Mheen D. Associations of
children’s appetitive traits with weight and dietary behaviours in the
context of general parenting. PloS One. 2012;7(12):e50642.

4. van Jaarsveld CH, Boniface D, Llewellyn CH, Wardle J. Appetite and growth:
a longitudinal sibling analysis. JAMA Pediatr. 2014;168(4):345-50. https://doi.
0rg/10.1001/jamapediatrics.2013.4951.

5. Buvinger E, Rosenblum K, Miller AL, Kaciroti NA, Lumeng JC. Observed
infant food cue responsivity: associations with maternal report of infant
eating behavior, breastfeeding, and infant weight gain. Appetite. 2017;112:
219-26. https://doi.org/10.1016/j.appet.2017.02.002.

6. Llewellyn CH, Van Jaarsveld CH, Johnson L, Carnell S, Wardle J. Nature and
nurture in infant appetite: analysis of the Gemini twin birth cohort. Am J
Clin Nutr. 2010,91(5):1172-9. https.//doi.org/10.3945/ajcn.2009.28868.

7. Stifter CA, Anzman-Frasca S, Birch LL, Voegtline K. Parent use of food to
soothe infant/toddler distress and child weight status. An exploratory study.
Appetite. 2011;57(3):693-9. https.//doi.org/10.1016/j.appet.2011.08.013.

8. Jansen PW, Derks IP, Batenburg A, Jaddoe VW, Franco OH, Verhulst FC, et al.
Using food to soothe in infancy is prospectively associated with childhood
BMI'in a population-based cohort. J Nutr. 2019;149(5):788-94. https://doi.
0rg/10.1093/jn/nxy277.

9. Harris HA, Anzman-Frasca S, Marini ME, Paul IM, Birch LL, Savage JS. Effect of
a responsive parenting intervention on child emotional overeating is
mediated by reduced maternal use of food to soothe: The INSIGHT RCT.
Pediatr Obes. 2020;15:12645.

10.  Rodgers RF, Paxton SJ, Massey R, Campbell KJ, Wertheim EH, Skouteris H,
et al. Maternal feeding practices predict weight gain and obesogenic eating
behaviors in young children: a prospective study. Int J Behav Nutr Phys Act.
2013;10(1):24. https//doi.org/10.1186/1479-5868-10-24.

11. Hardman CA, Christiansen P, Wilkinson LL. Using food to soothe: maternal
attachment anxiety is associated with child emotional eating. Appetite.
2016,99:91-6. https://doi.org/10.1016/j.appet.2016.01.017.

12. Steinsbekk S, Barker ED, Llewellyn C, Fildes A, Wichstrgm L. Emotional
feeding and emotional eating: reciprocal processes and the influence of

(2021) 18:105 Page 9 of 9

negative affectivity. Child Dev. 2018,89(4):1234-46. https://doi.org/10.1111/
cdev.12756.

13. Ventura AK, Birch LL. Does parenting affect children's eating and weight
status? Int J Behav Nutr Phys Act. 2008;5(1):15. https://doi.org/10.1186/1479-
5868-5-15.

14. Lohse B, Satter E, Horacek T, Gebreselassie T, Oakland MJ. Measuring eating
competence: psychometric properties and validity of the ecSatter inventory.
J Nutr Educ Behav. 2007,39(5):5154-66. https://doi.org/10.1016/jjneb.2007.
04.371.

15. Morrison H, Power TG, Nicklas T, Hughes SO. Exploring the effects of
maternal eating patterns on maternal feeding and child eating. Appetite.
2013;63:77-83. https/doi.org/10.1016/j.appet.2012.12.017.

16.  Jahnke DL, Warschburger PA. Familial transmission of eating behaviors in
preschool-aged children. Obesity. 2008;16(8):1821-5. https;//doi.org/10.1038/
oby.2008.255.

17. Coulthard H, Blissett J, Harris G. The relationship between parental eating
problems and children’s feeding behavior: a selective review of the
literature. Eat Behav. 2004;5(2):103-15. https://doi.org/10.1016/j.eatbeh.2003.
07.003.

18. Wardle J, Sanderson S, Guthrie CA, Rapoport L, Plomin R. Parental feeding
style and the inter-generational transmission of obesity risk. Obes Res. 2002;
10(6):453-62. https://doi.org/10.1038/0by.2002.63.

19.  Stifter CA, Moding KJ. Understanding and measuring parent use of food to
soothe infant and toddler distress: a longitudinal study from 6 to 18
months of age. Appetite. 2015;95:188-96. https://doi.org/10.1016/j.appet.201
5.07.009.

20. Nansel TR, Lipsky LM, Siega-Riz AM, Burger K, Faith M, Liu A. Pregnancy
eating attributes study (PEAS): a cohort study examining behavioral and
environmental influences on diet and weight change in pregnancy and
postpartum. BMC Nutr. 2016;2(1):45. https://doi.org/10.1186/540795-016-
0083-5.

21, Satter E. Eating competence: definition and evidence for the Satter eating
competence model. J Nutr Educ Behav. 2007;39(5):5142-53. https://doi.
0rg/10.1016/jjneb.2007.01.006.

22, Van Strien T, Frijters JE, Bergers GP, Defares PB. The Dutch eating behavior
questionnaire (DEBQ) for assessment of restrained, emotional, and external
eating behavior. Int J Eat Disord. 1986;5(2):295-315. https://doi.org/10.1
002/1098-108X(198602)5:2<295::AID-EAT2260050209>3.0.CO;2-T.

23. Llewellyn CH, van Jaarsveld CH, Johnson L, Carnell S, Wardle J.
Development and factor structure of the baby eating behaviour
questionnaire in the Gemini birth cohort. Appetite. 2011;57(2):388-96.
https://doi.org/10.1016/j.appet.2011.05.324.

24, Shrout PE, Bolger N. Mediation in experimental and nonexperimental
studies: new procedures and recommendations. Psychol Methods. 2002;7(4):
422-45. https://doi.org/10.1037/1082-989X.7.4.422.

25.  Enders CK. Applied missing data analysis. New York: Guilford Press; 2010. p.
2010.

26.  Muthén LK, Muthén BO. Mplus User's Guide. 8th ed. Los Angeles: Muthén &
Muthén; 1998-2019.

27. Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure
analysis: conventional criteria versus new alternatives. Struct Equ Modeling.
1999;6(1):1-55. https://doi.org/10.1080/10705519909540118.

28, Birch LL, Fisher JO, Davison KK. Learning to overeat: maternal use of
restrictive feeding practices promotes girls' eating in the absence of hunger.
Am J Clin Nutr. 2003;78(2):215-20. https//doi.org/10.1093/ajcn/78.2.215.

29. Hohman EE, Paul IM, Birch LL, Savage JS. INSIGHT responsive parenting
intervention is associated with healthier patterns of dietary exposures in
infants. Obesity. 2017,25(1):185-91. https://doi.org/10.1002/0by.21705.

30. Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing
and comparing indirect effects in multiple mediator models. Behav Res
Methods. 2008;40(3):879-91. https://doi.org/10.3758/BRM.40.3.879.

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


https://doi.org/10.1016/j.appet.2014.06.026
https://doi.org/10.1016/j.appet.2014.06.026
https://doi.org/10.1001/jamapediatrics.2013.4951
https://doi.org/10.1001/jamapediatrics.2013.4951
https://doi.org/10.1016/j.appet.2017.02.002
https://doi.org/10.3945/ajcn.2009.28868
https://doi.org/10.1016/j.appet.2011.08.013
https://doi.org/10.1093/jn/nxy277
https://doi.org/10.1093/jn/nxy277
https://doi.org/10.1186/1479-5868-10-24
https://doi.org/10.1016/j.appet.2016.01.017
https://doi.org/10.1111/cdev.12756
https://doi.org/10.1111/cdev.12756
https://doi.org/10.1186/1479-5868-5-15
https://doi.org/10.1186/1479-5868-5-15
https://doi.org/10.1016/j.jneb.2007.04.371
https://doi.org/10.1016/j.jneb.2007.04.371
https://doi.org/10.1016/j.appet.2012.12.017
https://doi.org/10.1038/oby.2008.255
https://doi.org/10.1038/oby.2008.255
https://doi.org/10.1016/j.eatbeh.2003.07.003
https://doi.org/10.1016/j.eatbeh.2003.07.003
https://doi.org/10.1038/oby.2002.63
https://doi.org/10.1016/j.appet.2015.07.009
https://doi.org/10.1016/j.appet.2015.07.009
https://doi.org/10.1186/s40795-016-0083-5
https://doi.org/10.1186/s40795-016-0083-5
https://doi.org/10.1016/j.jneb.2007.01.006
https://doi.org/10.1016/j.jneb.2007.01.006
https://doi.org/10.1002/1098-108X(198602)5:2<295::AID-EAT2260050209>3.0.CO;2-T
https://doi.org/10.1002/1098-108X(198602)5:2<295::AID-EAT2260050209>3.0.CO;2-T
https://doi.org/10.1016/j.appet.2011.05.324
https://doi.org/10.1037/1082-989X.7.4.422
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1093/ajcn/78.2.215
https://doi.org/10.1002/oby.21705
https://doi.org/10.3758/BRM.40.3.879

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Participants and procedures
	Measures
	Maternal eating competence
	Maternal obesogenic eating behaviors
	Feeding to soothe
	Infant appetitive behaviors
	Demographic variables

	Analyses

	Results
	Model 1
	Model fit
	Direct effects
	Indirect effects

	Model 2
	Model fit
	Direct effects
	Indirect effects

	Model 3
	Model fit
	Direct effects
	Indirect effects

	Sensitivity analyses

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

