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Abstract

Behaviors observable during the eating in the absence of hunger (EAH) protocol may be useful
early indicators of an emerging avid eating phenotype, but have not been examined in infancy.
This study videotaped infants being offered desserts (e.g., cakes, donuts) after a meal, measured
intake, and coded observed behaviors (variety, eating duration, rate, latency, and engagement,
bite size, positive affect before and after tasting, latency to negative affect, and negative affect
and resistance when dessert was taken away), which were scored to generate a 12-point eating
avidity index (EAI). Sociodemographics, eating behaviors (Children’s Eating Behavior
Questionnaire-Toddler (CEBQ-T) subscales and food-related tantrums), and dietary sweets
intake were reported and anthropometrics measured. Multiple linear regression was used to
predict intake and EAI from covariates. Infants (n=118) ate M=86.6kcals in M=5.55min after a
latency of M=0.63min; 28% displayed positive affect before tasting and 73% after, and 13%
displayed negative affect when dessert was taken away. Intake was positively associated with
variety, eating duration, rate, and engagement, and bite size. Intake and avidity for eating dessert
were predicted by CEBQ-T enjoyment of food and dietary sweets intake, but not by
sociodemographics or adiposity. Intake was predicted by food-related tantrums. During the EAH
protocol, many infants demonstrated multiple behaviors reflecting an eating style high in food
approach, and many of these behaviors, with the exception of affect, correlated with intake and
one another and may reflect an emerging avid eating phenotype. Identifying the etiology and
moderators of this avid eating phenotype would inform prevention efforts.
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Figure 1. Participant flow diagram

336 Infants assessed for eligibility

52 Infants did not meet eligibility criteria (may be > 1 reason)
10 Infant gestational age <37.0 wk
22 Infant birthweight not appropriate for gestational age
10 Infant with substantial medical problems
5 Infant did not take or mother did not intend to offer 2 oz from
a bottle before enrollment window
1 Mother not fluent in English
3 Mother aged <18y
21 Did not participate in first visit

284 Infants enrolled in overall cohort

63 Infants did not participate in any study activities at 12 months

221  Infants participated in any study activities at 12 months

97 Infants who participated in any study activities at 12 months did not
schedule eating in the absence of hunger protocol
2 Not eligible due to food allergies
49 Did not respond to contact attempts to describe the protocol
within eligible age window
46 Learned about protocol and declined

124  Scheduled eating in the absence of hunger protocol

4 Infant too distressed or sleepy to participate

120  Infants participated in eating in the absence of hunger protocol

2 Meal mother offered not sufficient to achieve satiety
4 Error measuring dessert 2 Video
weights malfunction
114  Infants analyzed for intake outcome 116  Infants analyzed for Eating Avidity

Index outcome
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Table 1. Desserts Offered

Hostess™ Chocolate Cupcake
Hostess™ Orange Cupcake®
Entenmann’s™ Party Cakes Little Bites
Little Debbie™ Powdered Donut

Little Debbie™ Red Velvet Cake®

Little Debbie™ Zebra Cake?

*Based on data on packaging

® Not offered to three participants due to supplier shortage

Weight
(grams)

45.0
48.0
11.75
13.25
36.5

37.0

Kilocalories?®

160

180

47.5

57.5

165

160

¢ Offered to first 56 participants until supplier stopped production.
4 Offered to latter 60 participants after supplier stopped production of Red Velvet Cake.

Kilocalories
per gram

3.56

3.75

4.04

4.34

4.52

4.32

Percent of cohort
taking at least one bite

Yes
No
Yes
No
Yes

Yes

98 (84%)
18 (16%)
77 (68%)
36 (32%)
88 (76%)
28 (24%)
89 (77%)
27 (23%)
35 (60%)
23 (40%)
31 (53%)
27 (47%)

*
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Table 2. Sample Characteristics

Characteristic No. (%)
No. of infants 118
Infant sex

Male 64 (54)

Female 54 (46)
Infant age, mean (SD), months 12.4 (0.5)
Infant race/ethnicity

White, non-Hispanic 80 (68)

Black, non-Hispanic 11 (9)

Hispanic, any race 7 (6)

Other, non-Hispanic 19 (16)

Missing 1(<1)
Infant gestational age, mean (SD), weeks 39.5(1.1)
Infant birthweight, mean (SD), kilograms 3.4 (0.4)
Infant weight-for-age z-score, mean (SD) 0.1(1.0)
Infant length-for-age z-score, mean (SD) -0.4 (1.1)
Infant weight-for-length z-score, mean (SD) 0.4 (0.9)
Maternal age, mean (SD), years 32.2 (4.8)
Maternal education

<4 years of college 30 (25%)

4 years of college 40 (34)

> 4 years of college 48 (41)
Maternal body mass index, mean (SD), kg/m? 28.0 (8.1)
Confusion, Hubbub And Order Scale total score, mean (SD) 3.0(3.2)
Infant Children’s Eating Behavior Questionnaire-Toddler, mean (SD)

Satiety responsiveness 2.7 (0.6)

Enjoyment of food 4.2 (0.6)

Food responsiveness 2.5 (0.8)

Food fussiness 2.1 (0.6)

Emotional overeating 1.8 (0.7)
Infant food-related tantrums in last month

Rarely asks for food 18 (17)

Asks for food and is rarely denied 50 (49)

Asks for food, rarely tantrums when denied 11 (11)

Asks for food and often tantrums when denied 24 (23)
Infant fed any sweet foods in last 7 days

Yes 68 (63)

No

40 (37)




Table 3. Bivariate Associations” Among 12 Contributors to Eating Avidity Index

léeg‘;l ?145%‘“ 1 2 3 4 5 6 7 |8 9 |10 1
Intake (kcal) 1 (2212) (46.56,8i3is.4) -
Variety (# desserts) 2 (?:2) (3? 5) A8HEE |-
Duration (min) | (? : 23) “. 667"167' 67y | A8*r | saeer |
Faing | Rt (kealimin) 4 (ﬁf‘) (9,13'12.6) g7ee | asex |04 |-
Latency (min) > ((1)82) (0. 1%"33'50) S28%F | L 48FEkE | FSHEER DD -
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Bite size (kcal/min) 7 (ﬁ:i) (15‘26?'388‘4) 67%% | 27%% | 05 g9 | 3% | 09 |-
:
Positive ggggb EI‘ZS 8 gg gg;ﬁ _11 06 _18 _11 05 11 =09 |-
affect gg;?;gb EZS 9 gi ggzﬁg ~10 13 -.05 _13 -.05 13|03 | 34w |
(eréfll;cyto negative affect | é:ég) (2.167',373.83) 17 09 200 |07 |-07 08 | 15 | .07 15 | -
Reaction Negative Yes 13 (11%)
to dessert | €00 11 00 | -005 |-19% | .05 00 02 [-03 ] .02 |-03 |-28% |-
being No 103 (89%)
31323 g;s;:;ance(# 12 (8:2) 00,1) | 26%% | 23 | 21+ |15 |-01 284 | 14 | 00 |-07 | .18* | o1

®Correlation (Pearson, Spearman, or phi coefficient, as appropriate); *p<.05, **p<.01, ***p<.001

*Dummy coded (yes=1, no=0); descriptives shown as n (%)




Table 4. Characteristics Associated with Outcomes in Unadjusted and Adjusted Analyses

Intake (kcals) Eating Avidity Index
Unadjusted Fully Final Unadjusted  Fully Adjusted Final
Adjusted Adjusted Adjusted
P (SE) P (SE) P (SE) P (SE) B (SE) B (SE)
No. of infants 114 104 106 116 107 107
Infant sex (male vs. female) 0.66 (0.69) - - 0.13 (0.46) - -
Maternal age (years) 0.12 (0.07) - - 0.03 (0.05) - -
Maternal education (< vs. >4y college) 0.21 (0.80) - - -0.18 (0.53) - -
Confusion, Hubbub And Order Scale 0.20 (0.11) - - 0.12 (0.07) - -
total score
Infant birthweight (kg) 1.35(0.81) - - 1.02 (0.56) - -
Infant weight-for-age z-score 0.23 (0.36) - - -0.13(0.23) - -
Maternal body mass index (kg/m?) 0.07 (0.04) - - 0.01 (0.03) - -
Children’s Eating Behavior
Questionnaire-Toddler subscales
Satiety responsiveness -1.30 (0.61)* -0.34 (0.78) - -0.61(0.43) - -
Enjoyment of food 1.89 (0.58)**  1.21 (0.86) 1.30 (0.58)* 0.91(0.41)* 0.82 (0.41)* 0.82 (0.41)*
Food responsiveness 0.86 (0.41)* 0.08 (0.48) - 0.29 (0.28) - -
Food fussiness -1.24 (0.60)* -0.15 (0.64) - -0.53 (0.40) - -
Emotional overeating 0.49 (0.50) - - 0.15 (0.34) - -
Infant tantrums for food in last month 2.24 (0.80)**  1.61(0.81)* 1.63 (0.77)* 0.67 (0.56) - -
(yes vs. no)

Infant dietary sweets in last week (yesvs. 2.12 (0.71)**  1.78 (0.71)* 1.88 (0.68)**  1.11(0.48)*  1.08 (0.49)* 1.08 (0.49)*
no)

*p<.05, **p<.01; “-“ indicates variable not tested in fully adjusted model because not associated in unadjusted models or not included in final
adjusted model because not associated with outcome after removing one-by-one from fully adjusted model starting with the variable with the
highest p-value.
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Abstract

Behaviors observable during the eating in the absence of hunger (EAH) protocol may be useful
early indicators of an emerging avid eating phenotype, but have not been examined in infancy.
This study videotaped infants being offered desserts (e.g., cakes, donuts) after a meal, measured
intake, and coded observed behaviors (variety, eating duration, rate, latency, and engagement,
bite size, positive affect before and after tasting, latency to negative affect, and negative affect
and resistance when dessert was taken away), which were scored to generate a 12-point eating
avidity index (EAI). Sociodemographics, eating behaviors (Children’s Eating Behavior
Questionnaire-Toddler (CEBQ-T) subscales and food-related tantrums), and dietary sweets
intake were reported and anthropometrics measured. Multiple linear regression was used to
predict intake and EAI from covariates. Infants (n=118) ate M=86.6kcals in M=5.55min after a
latency of M=0.63min; 28% displayed positive affect before tasting and 73% after, and 13%
displayed negative affect when dessert was taken away. Intake was positively associated with
variety, eating duration, rate, and engagement, and bite size. Intake and avidity for eating dessert
were predicted by CEBQ-T enjoyment of food and dietary sweets intake, but not by
sociodemographics or adiposity. Intake was predicted by food-related tantrums. During the EAH
protocol, many infants demonstrated multiple behaviors reflecting an eating style high in food
approach, and many of these behaviors, with the exception of affect, correlated with intake and
one another and may reflect an emerging avid eating phenotype. Identifying the etiology and
moderators of this avid eating phenotype would inform prevention efforts.

Keywords: infant, eating behavior, feeding behavior
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1. Introduction

Eating past satiation when presented with palatable foods predicts excessive weight gain
in children (Lansigan, Emond, & Gilbert-Diamond, 2015; Savard, Bégin, & Gingras, 2022) and
has therefore been the focus of substantial study since experimental measurement of eating in the
absence of hunger (EAH) was first described more than 20 years ago (Fisher & Birch, 1999).
EAH seems to increase from about ages three to twelve years (Lansigan et al., 2015; Savard et
al., 2022) and is difficult to reverse once established (Savard et al., 2022), making prevention a
priority. Prevention requires understanding how EAH develops. While many studies have
described EAH at preschool-age (Lansigan et al., 2015; Savard et al., 2022), we identified only
three studies occurring after the dietary transition to solid foods but before age three years, and
none included infants younger than 18 months (Asta et al., 2016; Corsini, Kettler, Danthiir, &
Wilson, 2018; Schultink et al., 2021).
1.1 Behavioral Displays of Eating Avidity During Eating in the Absence of Hunger

Energy intake is the classic outcome of the EAH protocol (Lansigan et al., 2015; Savard
et al., 2022). Behavioral displays during the EAH protocol have received almost no research
attention but may be a rich source of data, particularly among pre-verbal children. Fine- and oral-
motor skills do not constrain many observable behaviors as they do intake (Remijn et al., 2019).
Eating behaviors reflecting a larger, more avid appetite and a greater interest in food are typically
defined as “high food approach” and are consistently positively associated with adiposity
(Kininmonth et al., 2021). Behavioral displays that are, in particular, reflective of an eating style
high in food approach (hereafter, “eating avidity”) may be a more sensitive risk indicator for
future overeating than intake. Intrameal behavioral displays of eating avidity may also provide an

opportunity for timely intervention that intake measurement at the meal’s conclusion does not.
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Despite their potential value, we identified only one report evaluating behavioral displays during
EAH, and it focused only on affect (Asta et al., 2016). Further, we could not identify any reports
describing how behaviors exhibited during EAH associate with intake or with one another.

Behavioral displays during the EAH protocol may reflect an eating avidity phenotype.
Specifically, the microstructure of eating (e.g., bite size, eating rate) has been the subject of
decades of research (Davis, 1989; Guss & Kissileff, 2000), including among children (Pearce,
Cevallos, Romano, Daoud, & Keller, 2022), but has not been examined during EAH. Just as a
vigorous sucking style can be characterized by microstructural features of sucking (e.g., suck
amplitude, frequency, or duration) during infancy (Feldman et al., 2023), and has predictive
value for future eating behaviors reflective of high food approach (Feldman et al., 2023) and
adiposity (Agras, Hammer, McNicholas, & Kraemer, 2004; Feldman et al., 2023; Stunkard,
Berkowitz, Schoeller, Maislin, & Stallings, 2004), microstructural features of eating solids in
infancy may also reflect an eating avidity phenotype. Similarly, consistent affective facial
responses (e.g., smiling) to sweet taste across primates, including human infants within hours of
birth, have been recognized for more than 50 years ( Steiner, 1974; Steiner, Glaser, Hawilo, &
Berridge, 2001) and the predictive value of displays of negative affect when very young children
are denied desired food has been of interest to researchers studying excessive weight gain since
the early 2000’s (Agras et al., 2004).

Overall, following a proliferation of research since the 1990°s on how specific appetitive
traits are predictive of obesity risk in children, in the last several years, a number of researchers,
in order to reduce the risk of a type 1 error, have sought to determine how eating behaviors may
cluster. The several recent studies using latent profile analysis to develop holistic eating profiles

have typically identified styles ranging from high to low food approach (Fisher et al., 2022;
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Mattsson et al., 2021; Pickard et al., 2023). Determining whether eating behaviors observable
during the EAH protocol can be collapsed into an index reflective of high food approach would
have similar value with regard to reducing the risk of a type 1 error when testing correlates and
predictors of the hypothesized avid eating phenotype indicated by these behaviors.
1.1.1 Microstructural Features of Eating Suggestive of Eating Avidity

Several behaviors observable during the EAH protocol may be more salient indicators of
an avid eating phenotype than intake alone. For example, given that dietary variety positively
associates with intake (Embling et al., 2021), adiposity (Fernandez, Kasper, Miller, Lumeng, &
Peterson, 2016), and parent-reported enjoyment of food (Vilela, Hetherington, Oliveira, &
Lopes, 2018), the number of different EAH foods tasted may be relevant. Continuing to eat the
EAH food for a longer period of time may be important, given that eating duration positively
associates with adiposity (Klesges et al., 1983). To our knowledge, no prior study has evaluated
the rate at which the foods are consumed during the EAH protocol, which is surprising given that
eating rate positively associates with intake (Fogel et al., 2017) and adiposity (Fogel et al., 2017,
Garciduefias-Fimbres, Paz-Graniel, Nishi, Salas-Salvado, & Babio, 2021; Llewellyn, van
Jaarsveld, Boniface, Carnell, & Wardle, 2008; Ohkuma et al., 2015). One might hypothesize that
the speed with which a child begins eating the EAH foods would be important, given that more
rewarding stimuli are approached more quickly (Field & Cox, 2008) and latency to begin eating
negatively associates with intake (van den Akker, Bongers, Hanssen, & Jansen, 2017), desire to
eat (van den Akker et al., 2017), and familiarity with (Addessi, Galloway, Visalberghi, & Birch,
2005) and liking for (Fernandez et al., 2016) the food stimulus, and positively associates with

parent-reported food fussiness (Fernandez et al., 2016).
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The extent to which the child attends to and engages with the EAH foods while they are
available may vary significantly between individuals. Given that more rewarding stimuli draw
more attention (Gearhardt, 2018), and attention to food and proportion of time engaging with
food at mealtime positively associate with intake (Tan, Walczak, Roach, Lumeng, & Miller,
2018) and adiposity (Hendrikse et al., 2015), we would hypothesize that the proportion of time
that the infant spends engaging with the food when it is available may be relevant. Finally, more
voracious eating is often conceptualized as including a large bite size, given that bite size
positively associates with intake and adiposity (Fogel et al., 2017).

1.1.2 Affective Responses Suggestive of Eating Avidity

Few studies have examined affective response to food cues in childhood (Asta et al.,
2016; Laureati, Pagliarini, Toschi, & Monteleone, 2015; Miller, Rosenblum, Retzloff, &
Lumeng, 2016). One might hypothesize that an infant exhibiting positive affect or “delight” upon
being presented palatable foods may be an important behavioral marker for an avid eating
phenotype, given that more rewarding stimuli are anticipated with more positive affect
(Gearhardt, 2018), which for food positively associates with adiposity (Hendrikse et al., 2015).
Surprisingly, however, among school-age children, positive affective response to food has
limited correlation with intake (De Wijk, Kooijman, Verhoeven, Holthuysen, & De Graaf, 2012;
Zeinstra, Koelen, Colindres, Kok, & De Graaf, 2009). Positive affect after the infant has started
eating may be a salient marker of individual differences in the reward value of sweet food, given
that sweet taste elicits positive affect (Gearhardt, 2018; Steiner et al., 2001), which positively
associates with intake (Forestell & Mennella, 2007; Maneschy et al., 2024) and adiposity

(Kininmonth et al., 2021).
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Negative affect may also be an important behavioral response to capture as a correlate
(either positive or negative) with an avid eating phenotype. The onset of negative affect during
mealtime may be delayed when food is more rewarding (Gearhardt, 2018) and latency to onset
positively associates with adiposity (Hendrikse et al., 2015). Alternatively, taking away food
with high reward value elicits negative affect and resistance (Cramer & Antonides, 2011;
Gearhardt, 2018; Gelman, Manczak, & Noles, 2012), which positively associates with intake
(Temple, Legierski, Giacomelli, Salvy, & Epstein, 2008) and adiposity (Hill, Saxton, Webber,
Blundell, & Wardle, 2009; Temple et al., 2008). Indeed, in the single prior study examining
negative affect in toddlers when food was taken away, a positive association with adiposity was
detected (Asta et al., 2016). Finally we theorized that infants who actively resist relinquishing
EAH foods when they are being removed at the end of the protocol may be exhibiting a greater
“willingness to work” for food, and greater “willingness to work™ for food positively associates
with adiposity (Hill et al., 2009; Temple et al., 2008).
1.2 Correlates of and Risk Factors for Eating in the Absence of Hunger

Identifying EAH correlates and risk factors could also inform understanding of causal
mechanism and therefore prevention strategies. However, literature on associations of EAH with
sociodemographics, parent-reported eating behaviors, and dietary intake is remarkably sparse,
with almost no studies examining correlates or predictors of EAH in infancy.
1.2.1 Sociodemographics

Though some studies have found more EAH in boys than girls in childhood (Savard
2022), most prior studies have found no association of child sex and EAH (Corsini et al., 2018;
Savard et al., 2022; Schultink et al., 2021). The single prior study testing maternal age showed

no association with EAH (Savard et al., 2022). Maternal education was associated with EAH in



161  one prior study of toddlers (Asta et al., 2016) but was not found to be associated in three studies
162  with older children (Savard et al., 2022). The level of disorganization or environmental

163  confusion in the home, deemed household chaos, is distributed across socioeconomic status and
164  has been linked with adverse outcomes in children and families including greater adiposity in
165  children (Marsh, Dobson, & Maddison, 2020). However, the two prior studies assessing the

166  relationship of household chaos with EAH found no association (Asta et al., 2016; Savard et al.,
167  2022).

168  1.2.2 Adiposity

169 Two studies have tested birthweight (Boone-Heinonen et al., 2019; Savard et al., 2022) as
170  apredictor of EAH at preschool age, finding no association. In systematic reviews, most studies
171  report a positive association between EAH and adiposity in children (Lansigan et al., 2015;

172  Savard et al., 2022), though the null association in two studies with toddlers (Corsini et al., 2018;
173 Schultink et al., 2021) raises the possibility that the association may only emerge at later ages.
174  Three studies have tested maternal body mass index (BMI) as a predictor of EAH in toddlers,
175  finding no association (Asta et al., 2016; Corsini et al., 2018; Schultink et al., 2021).

176  1.2.3 Eating Behaviors

177 Eating is driven by homeostatic need and reward (Carnell & Wardle, 2007; Gearhardt,
178  2018). Homeostatic-driven eating (i.e., satiety or satiation responsiveness) is a biological drive
179  to maintain energy balance that is triggered by physiological signals, such as low energy stores
180  (Camilleri, 2015), while reward-driven eating (i.e., enjoyment of food, food responsiveness) is
181  motivated by pleasure. The contributions of homeostatic- and reward-driven eating to EAH in
182  young children are not well-described. Homeostatic-driven eating can be challenging to measure

183 Dby parent report, particularly in infancy (McCaffery et al., 2023). However, systematic reviews
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including primarily preschool-aged children and older have reported generally null associations
between parent-reported satiety responsiveness and EAH (Savard et al., 2022; Schultink et al.,
2021; Tan et al., 2018). While associations of markers of reward-driven eating and EAH have
been null among older children (Lansigan et al., 2015; Savard et al., 2022), positive associations
have been reported in toddlers (Corsini et al., 2018; Schultink et al., 2021), suggesting the need
for further study early in development.

Eating is also intertwined with emotion regulation processes (i.e., emotional overeating,
food-related tantrums) (Russell & Russell, 2021). In systematic reviews, parent-reported child
emotional overeating did not associate with EAH (Savard et al., 2022; Schultink et al., 2021). In
contrast, food-related tantrums (Agras, Hammer, McNicholas, & Kraemer, 2004) and a
temperament characterized by negative reactivity (Anzman-Frasca, Stifter, & Birch, 2012) have
both been associated with greater adiposity. Nonetheless, the single other study testing the
association of food-related tantrums with EAH intake showed no association (Leung et al.,
2014).

1.2.4 Habitual Diet

Finally, habitual diet is of interest given its relevance as a potential target for prevention
strategies, but has been the subject of surprisingly few studies. Systematic reviews among older
children have reported positive associations of sugar-sweetened beverage intake and EAH
among adolescents but inverse associations of obesogenic food availability in the household and
EAH among school age children (Savard et al., 2022). Further, the two studies in toddlers have
reported null associations between dietary intake of sweets and EAH (Asta et al., 2016; Corsini
etal., 2018).

1.3 Objectives
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Therefore, to better understand the origins and characteristics associated with EAH in
infancy, this study had six objectives: (1) To examine how much 12-month-old infants eat in the
absence of hunger when offered desserts after a typical meal; (2) To determine if microstructural
features of eating behavior and affect observed during the EAH protocol correlate with one
another and with intake to suggest an eating style high in food approach; and to determine if (3)
sociodemographic characteristics, (4) maternal or infant adiposity, (5) parent-reported infant
eating behaviors, or (6) infants’ previous exposure to dietary sweets, are associated with EAH in
infancy.

Methods

2.1 Participants and Recruitment

Infants were recruited from the community to participate in a longitudinal cohort study
with data collection at up to six age-points across the first 12 months. The University of
Michigan Institutional Review Board approved the study and mothers provided informed
consent. Inclusion criteria were healthy, full-term infants in the physical and legal custody of the
biological mother with birthweight appropriate for gestational age and without medical problems
or food allergies. Mothers had to speak English, be older than 18 years, and be willing to offer a
bottle-feeding by two months. Of the 284 infants enrolled, 120 participated in the EAH protocol
at age 12 months (Figure 1). Specifically, of the 284 infants, 63 did not participate in any study
activities at age 12 months. Of the 221 infants who participated in any study activities at age 12
months, 97 did not participate in the EAH protocol. Of those, 46 mothers learned about the
details of the protocol from staff and declined to participate. Those 46 mother-infant dyads did
not significantly differ from the 120 who participated on any tested characteristics, including

infant sex (p=.86), maternal education (p=.72), maternal BMI (p=.61), CHAQOS Total score
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(p=.93), or infant’s habitual dictary exposure to sweets (p=.40). The analytic (n=118) and
excluded (n=166) samples did not differ on any tested characteristics except for greater maternal
age and education in the analytic sample (Supplemental Table 1).

2.2 EAH Protocol

The entire protocol was conducted in the home. Mothers were asked to fast infants for at
least one hour and to provide a typical meal in the usual seating arrangement, including a drink
and a slightly greater amount than typical of at least two foods. Two infants were excluded
because the meal provided was likely not adequate to ensure satiation. Detailed nutrition
information was recorded (n=100) and double-entered into the Automated Self-Administered 24-
Hour (ASA24®) Dietary Assessment Tool, from which nutritional composition variables were
calculated. The reason for meal termination was recorded and meal duration calculated. Staff
removed remaining food and drink and immediately presented a plate of cakes and donuts
(hereafter, “desserts”). Staff told the infant, “Here are some special treats you can eat,” ate one
bite off the plate, and said “I'm going to have one, too. Mmm . . . this is really good. You can eat
as much as you want." There was no further interaction from staff or mother. After seven
minutes, staff declared, “All done!” and collected remaining desserts. The entire protocol was
videotaped. Protocol characteristics are shown in Supplemental Table 2.

Desserts, shown in Table 1, were selected based on easy self-feeding and low choking
and allergenicity risk. Only five infants had prior exposure to any of the desserts. Desserts were
pre- and post-weighed in duplicate (H-9885; ULINE, precision +0.01g). Because the supplier
stopped producing one of the desserts after the first 56 participants, the last 60 participants

received a replacement dessert that differed slightly from the original dessert.
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Data collection was completed over 4.5 years by 10 staff with bachelor’s degrees
working full time on the overall longitudinal cohort study of infant eating behavior. Given
evidence that familiarity with the food-eating model can influence eating behavior among young
children (Harper & Sanders, 1975), we tested whether either the number or percentage of prior
study home visits the research staff member had completed with the infant was associated with
either of our two main study outcomes and found no significant associations.

2.3 Eating Avidity Index

Following prior methods for generating risk indices (Miller et al., 2018), we calculated an
Eating Avidity Index (EAI) by assigning one point for each of twelve indicators of greater eating
avidity. The twelve contributors were selected based on prior literature. The criterion used to
result in a point being added to the EAI for each of the contributors is described below. The EAI
had a potential range of 0 to 12, with a higher score indicating greater eating avidity.

2.3.1 Intake

Intake in kilocalories was calculated by subtracting post-weights from pre-weights and
multiplying by the mean of the kilocalories per gram shown on the packaging label (Table 1) for
the foods eaten. The potential range of total intake was 0 to 610 kilocalories. The criterion for a
point being added to the EAI was total intake above the sample median (68.3 kcals).

2.3.2 Overall Approach to Behavioral Coding

We coded from videos behaviors observed during the EAH protocol. A detailed coding
scheme was developed for this study. Definitions of behaviors were based on definitions in
existing literature when available. Videos were coded using a detailed codebook in 10 second
intervals. Coding began 10 seconds before the plate of desserts was presented to the infant and

ended 30 seconds after the plate was removed. Two undergraduate student coders, a master’s
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student, and a full-time coding manager, who were separate from the data collection staff, were
trained and supervised by the coding manager who was experienced in coding children’s
behavior from video. Coders were trained to inter-rater reliability (defined as Cohen’s kappa
(K)>0.70). Inter-rater reliability was confirmed periodically by having the coding team code
approximately 10% of the corpus of videos to ensure that coders’ reliability did not drift over
time.
2.3.3 Definition of Eating

Although eating is often defined by number of bites, features of eating in this age range
made it not possible to use this typical definition. We defined eating as food contacting
any part of the mouth (Tan et al., 2018) during each 10-second interval (yes vs. no). This
definition included licking but not ongoing chewing. We then summed the number of intervals in
which eating occurred, resulting in a potential range of 0 to 42 intervals during which eating
could have occurred. We henceforth refer to the count of intervals as “bites”. Overall inter-rater
reliability across all foods for number of bites was K=0.86.
2.3.3.1 Variety

We counted the number of desserts of which the infant took at least one bite (using the
definition of bite given above, K ranged from 0.73 to 1.00 for the six foods) and included this as
an ordinal variable, with a potential range of 0 to 5. The percent of participants who took at least
one bite of each of the foods are shown in Table 1. Of the 114 infants, 32% took a bite of all five
foods, 31% four foods, 16% three foods, 11% two foods, 5% one food and 5% no foods. The
criterion for a point being added to the EAI was number of desserts tasted above the sample
median (4 desserts).

2.3.3.2 Eating Duration
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We defined eating duration as the number of intervals between the first interval during
which a bite occurred and the last interval during which a bite occurred. For ease of
interpretation, we converted this value to minutes by dividing by six (i.e., six 10 second intervals
per minute), resulting in a potential range of 0 to 7. The criterion for a point being added to the
EAI was eating duration above the sample median (6.17 min).
2.3.3.3 Eating Rate

We estimated eating rate as total intake (in kilocalories) divided by eating duration (i.e.,
the time in minutes between the first and last interval during which eating occurred, as defined
above). If eating never occurred, eating rate was considered to be zero. The criterion for a point
being added to the EAI was eating rate above the sample median (13.2 kcal/min).
2.3.3.4 Eating Latency

Eating latency was defined as the number of 10-second intervals between the interval
when the plate of desserts was presented and the interval when eating (as defined above) first
occurred (Fernandez et al., 2016). If the infant never took a bite, eating latency was considered to
be the maximum number of intervals from plate presentation to plate removal (i.e., 42 intervals).
For ease of interpretation, we converted intervals to minutes by dividing by six (i.e., six 10
second intervals per minute), resulting in a potential range of 0 to 7. The criterion for a point
being added to the EAI was eating latency below the sample median (0.33 min).
2.3.3.5 Eating Engagement

We theorized that the more time that the infant spent eating the food while the food was
present and available, the more of the infant’s attention the food elicited. We therefore calculated
eating engagement as a percentage defined as the number of eating intervals during which eating

occurred divided by the eating duration (defined, as described above, as the number of intervals
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between the first and last interval during which eating occurred), multiplied by 100 (Fogel et al.,
2017; Klesges et al., 1983; Tan et al., 2018). The potential range was 0 to 100%. The criterion
for a point being added to the EAI was eating engagement above the sample median (38.5%).
2.3.3.6 Bite Size

Bite size is commonly conceptualized as grams or kilocalories per bite (Fogel et al.,
2017). Because, as described above, we are unable to count discrete bites in infants, we
conceptualized bite size as intake (in kilocalories) divided by our proxy for bites (i.e., intervals
during which eating occurred). Therefore, we calculated bite size as intake (in kilocalories)
divided by the number of intervals during which eating was coded as occurring (converted to
time in minutes). Importantly, this variable differs from eating rate in that the denominator for
our eating rate variable is the entire duration of eating, whereas the denominator for bite size is
the number of intervals during which eating occurred. Specifically, two infants could eat the
same amount in the same eating duration (i.e., defined as interval from first to last bite), but bite
size could differ substantially if one infant was eating during nearly every interval, while another
infant was eating during very few intervals. The criterion for a point being added to the EAI was
bite size above the sample median (25.8 kcal/min).
2.3.4 Positive Affect

We coded the highest observed intensity of positive affect during each interval as
“none/neutral”=0, “mild/happy”=1 or “intense positive affect/exuberant/excited”=2 (K=0.74).
Intense positive affect was very uncommon, occurring ever among only 51% of infants and
overall in only 4% of intervals. Therefore, we collapsed positive affect as “any” vs. none” in
each 10 second interval.

2.3.4.1 Positive Affect Before Tasting
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An infant was categorized as showing positive affect before tasting the food if positive
affect was coded as present during the one interval before the plate was placed on the tray, the
interval during which the plate was placed on the tray, and/or the three intervals after the plate
was placed on the tray or up until the first interval during which eating occurred (whichever
occurred first), for a total of up to five intervals (50 seconds). The criterion for a point being
added to the EAI was any positive affect occurring before tasting the food (as defined above),
which occurred in 28% of the sample.
2.3.4.2 Positive Affect After Tasting

An infant was categorized as showing positive affect after tasting the food if positive
affect was coded as present during any interval after eating first occurred. The criterion for a
point being added to the EAI was any positive affect occurring after tasting the food (as defined
above), which occurred in 73% of the sample.

2.3.5 Negative Affect

We coded the highest observed intensity of negative affect during each interval as
“none/neutral”=0, “mild negative affect/distress/frustration”=1, or “moderate/intense negative
affect/distress/frustration”=2 (K==0.86). Intense negative affect was very uncommon, occurring
ever among only 25% of infants and overall in only 6% of intervals. Therefore, we collapsed
negative affect as “any” vs. none” in each 10 second interval.
2.3.5.1 Latency to Negative Affect

We theorized that infants who showed negative affect sooner found food to be less
rewarding—i.e., they became “bored” sooner because food did not have a high reinforcing value.
We therefore calculated the number of intervals from plate presentation to the first interval in

which negative affect was demonstrated prior to the interval just prior to plate removal. If
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negative affect was never demonstrated prior to the interval just before plate removal, the infant
was assigned a value equal to the total number of intervals between plate presentation and
removal. For ease of interpretation, we converted this value to minutes by dividing by six (i.e.,
six 10 second intervals per minute), resulting in a potential range of 0 to 7. The criterion for a
point being added to the EAI was latency to negative affect above the sample median (6.33 min).
2.3.5.2 Negative Affect in Response to Dessert Being Taken Away

We theorized that infants who demonstrated negative affect at plate removal found food
rewarding and were distressed that the rewarding stimulus was being taken away. Negative affect
in response to dessert being taken away was defined as negative affect coded in the single
interval before plate removal and the interval during which plate removal occurred. The criterion
for a point being added to the EAI was any negative affect occurring at plate removal (as defined
above), which occurred in 11% of the sample.
2.3.6 Resistance to Relinquishment when Dessert was Taken Away

We captured resistance to relinquishment in several ways. Research staff recorded
whether the child attempted to take food as the plate was being taken away (30% of infants), and
coders coded in the 30 seconds after the plate was removed if the infant reached for the plate
(12% of infants, K=1.00), “protested or was upset” (6% of infants, K=1.00), or refused to give
the researcher the food in their hand or tried to eat it after the protocol had ended as the
researcher tried to take it away (13% of infants, K=1.00). Infants were assigned one point for
each of these 4 behaviors, such that the potential score for resistance was 0 to 4. Importantly,
these behaviors do not necessarily need to occur with negative affect. The criterion for a point
being added to the EAI was number of types of resistance above the sample median (0 types of

attempts to resist).
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2.4 Covariates

Mothers reported infant sex, birth date, race, ethnicity, gestational age, and birthweight;
and their own birth date and education level; and completed questionnaires. The Confusion,
Hubbub And Order Scale (CHAOS) consists of 15 true-false items about household organization
that are summed (potential range 0 to 15), with higher scores reflecting greater chaos (Matheny
Jr, Wachs, Ludwig, & Phillips, 1995). Mothers responded to the 29-item Children’s Eating
Behavior Questionnaire-Toddler (CEBQ-T) (Herle, Fildes, van Jaarsveld, Rijsdijk, & Llewellyn,
2016) on a scale of 1=never to 5=always and, after reverse scoring as appropriate, responses
were averaged to generate subscale scores. We used subscales Satiety Responsiveness (internal
reliability a=0.71) to reflect homeostatic-driven eating; Enjoyment of Food (a=0.85), Food
Responsiveness (a=0.83), and Food Fussiness (a=0.84) to reflect reward-driven eating
(Gearhardt, 2018); and Emotional Overeating (a=0.89) to reflect emotion-driven eating. Food-
related tantrums were assessed as an indicator of emotion-driven eating with four questions
asking how often in the last month the child asked for food, was denied, and tantrumed (Agras et
al., 2004). Responses were categorized as ‘asks for food at least once per day and tantrums when
denied’ versus not. Mothers reported sweet food (e.g., candy, cookies, cake) intake in the last
week (Grummer-Strawn, Scanlon, & Fein, 2008; "Infant Feeding Practices 1l Study,” 2013) and
responses categorized as yes or no. Trained staff measured infant and maternal weight, infant
length, and maternal height using standard protocols. Weight- and length-for-age and weight-for-
length were calculated and World Health Organization z-scores generated. Maternal body mass
index was calculated.

2.5 Statistical Analysis
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Intake was not normally distributed and was square root transformed. After correcting for
multiple comparisons, no tested protocol characteristics predicted either outcome (intake or EAI)
and were therefore not considered further in analyses (Supplemental Table 2). Bivariate
associations among contributors to the EAI were examined using Pearson, Spearman, or phi
coefficient correlations. Unadjusted and adjusted regression analyses were used to evaluate
associations with intake and EALI. Variables associated with outcomes in unadjusted analyses
were included in adjusted models. Variables not associated with each outcome in these adjusted
models were removed one-by-one starting with the variable with the highest p-value, resulting in
the final model. Statistical significance was considered at p<.05.

Results

Table 2 shows cohort characteristics. The sample was 54% male and 68% non-Hispanic
white. Mean infant birthweight was 3.4kg and mean infant weight-for-age z-score at 12 months
was 0.1. Mean maternal age was 32.2yrs, 41% of mothers had more than a 4-year college degree,
and mean maternal body mass index was 28.0. The infants’ homes were relatively low in chaos,
with a mean CHAOS Total score of 3.0. Mothers rated infants, on average, as exhibiting high
enjoyment of food and low emotional overeating, and 23% of infants were reported to tantrum
often for food when it was denied after they asked for it. Most (63%) of infants had been fed
sweet food in the last 7 days.

Intake and behaviors exhibited during EAH are shown in Table 3. On average, infants
first tasted a dessert M=0.63min after presentation and ate M=3.6 desserts totaling M=86.6kcals
over M=5.55min at a rate of M=15.6kcal/min and a bite size of M=28.8kcal/min. On average,
infants had food in their mouth M=38.3% of the time it was available to them. Positive affect

was displayed by 28% of infants in anticipation of dessert before tasting it and 73% after tasting.
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On average, infants first displayed negative affect after M=5.20min of the desserts being
available. When the dessert was taken away, 13% showed negative affect and on average, there
were M=0.5 attempts to resist relinquishment.

Table 3 shows bivariate associations among contributors to the EAL. Intake positively
associated with variety, eating duration, rate, and engagement, and bite size. Variety positively
associated with eating duration and engagement and negatively associated with eating latency.
Eating rate positively associated with eating engagement and bite size. Eating duration positively
associated with eating engagement and negatively associated with eating latency. Eating latency
negatively associated with eating engagement. Positive affect before and after tasting were
associated, as were latency to negative affect and negative affect when food was taken away, but
there were no other associations with affect. On average, EAl was M=5.0 (SD=2.6, range 0-11),
with an acceptable internal reliability (Cronbach’s alpha= 0.61).

As shown in Table 4, sociodemographic (infant sex, maternal age and education, household
chaos) and adiposity (infant birthweight and concurrent weight-for-age z-score and maternal
body mass index) variables did not predict intake or EALI in either unadjusted or adjusted
analyses. In final adjusted models, intake positively associated with enjoyment of food, food-
related tantrums, and habitual intake of dietary sweets while EAI positively associated with
enjoyment of food and habitual intake of dietary sweets.

4 Discussion

There were six main findings. First, 12-month-old infants showed substantial avidity for
eating desserts after a typical meal. Second, many infants demonstrated multiple behaviors
reflecting an eating style high in food approach, and many of these behaviors, with the notable

exception of affect, correlated with intake with and one another. Third, sociodemographic factors
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did not predict EAH. Fourth, neither maternal nor infant adiposity predicted EAH. Fifth, parent-
reported eating behaviors reflective of reward- and emotion-driven eating, more so than those
reflective of homeostatic-driven eating, predicted EAH. Sixth, exposure to sweets in the habitual
diet predicted EAH in infancy.
4.1 Eating in the Absence of Hunger at Age 12 Months

Infants are robustly capable of self-regulating intake of a primarily milk- or formula-
based diet in response to homeostatic need across the first year (Reynolds et al., 2023). The
current study shows the power of sweet, palatable foods to overwhelm homeostatic-driven
eating. After having just eaten a typical meal, 96% of 12-month-olds ate at least some dessert,
even when the desserts were unfamiliar, and on average consumed a quantity of dessert in seven
minutes equating to about 7-10% of their daily caloric needs. Most infants sampled multiple
desserts and displayed positive affect.
4.2 Relationships Among Microstructural Features of Eating Behavior and Affect
Observed During EAH with Intake

Infants displayed multiple behavioral indicators of avidity for eating dessert, and these
behaviors correlated with intake and with one another, consistent with prior reports in
preschoolers outside the EAH context (Fogel et al., 2017). Eating more dessert correlated with
eating more variety, longer, faster, with more of the exposure time spent continuously bringing
food to the mouth, and with larger bites. Starting to eat the desserts more quickly, though not
associated with intake, associated with eating more variety, longer, and with more of the
exposure time spent bringing food to the mouth. Future work should consider how the manner in

which these behaviors correlate with one another may reflect eating styles with predictive value.
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Displays of positive affect were common, occurring both before and even more
commonly after tasting the food, but neither predicted intake. Displays of negative affect were
less common, occurring in only 11% of infants, but also did not predict intake. Though different
types of displays of positive and negative affect showed internal correlation, positive and
negative affect did not correlate with each other. Our results align with reports of limited
correlation of positive affective response with intake among school-age children (De Wijk et al.,
2012; Zeinstra et al., 2009), but differ from findings in two prior studies with toddlers, in which
negative affect in response to withholding (Miller et al., 2016) or taking away (Asta et al., 2016)
dessert predicted greater adiposity. Further study of children’s affective response to food is an
important area for future research.

Overall, our findings suggest that a phenotype of “high food approach” might be
detectable through measurement of intake as well as microstructural features of eating and affect
during the eating in the absence of hunger protocol at age 12 months. The predictive value of
these behaviors for eating behavior and adiposity later in childhood is unknown, though prior
work demonstrating tracking from 18 to 24 months suggests this possibility (Schultink et al.,
2021). Important potential next steps in this line of research are to determine if a vigorous
sucking style in earlier infancy (Feldman et al., 2023) predicts a higher EAI at age 12 months,
and whether a higher EAI at age 12 months predicts an eating style reflective of high food
approach (Fisher et al., 2022; Mattsson et al., 2021; Pickard et al., 2023) at preschool or school
age.

4.3 Associations of Sociodemographic Characteristics with EAH
Sociodemographic characteristics do not appear to be risk factors for EAH. Our null

findings were consistent with multiple prior reports for infant sex (Corsini et al., 2018; Savard et



505 al., 2022; Schultink et al., 2021), with the single prior study testing maternal age (Savard et al.,
506  2022), with three (Savard et al., 2022) of the four (Asta et al., 2016; Savard et al., 2022) studies
507 testing maternal education, and with the two prior studies testing household chaos (Asta et al.,
508 2016; Savard et al., 2022). These null findings suggest that ongoing investigation of biological
509 etiologies, including genetics (Fisher et al., 2007; Wardle, Llewellyn, Sanderson, & Plomin,
510 2009; Yeum et al., 2024), will be important.

511 4.4 Associations of Maternal and Infant Adiposity with EAH

512 Neither intake nor eating avidity were predicted by birthweight, weight-for-age z-score,
513  or maternal body mass index. Our null findings are consistent with the two prior studies

514  examining birthweight (Boone-Heinonen et al., 2019; Savard et al., 2022) and the three prior
515  studies in toddlers testing maternal body mass index (Asta et al., 2016; Corsini et al., 2018;

516  Schultink et al., 2021). Our null finding for weight-for-age z-score was surprising, given that
517  most studies in preschool and school-age children show a positive association with adiposity
518 (Lansigan et al., 2015; Savard et al., 2022). However, our results were consistent with two

519  (Corsini et al., 2018; Schultink et al., 2021) of the three (Asta et al., 2016; Corsini et al., 2018;
520  Schultink et al., 2021) prior studies in toddlers. Further, our null results for eating avidity were
521  surprising given prior reports of positive associations between a vigorous eating style, marked by
522  faster eating rate and larger bites, and adiposity by preschool age (Fogel et al., 2017). Overall,
523  results suggest that associations with adiposity may not emerge until children are older, perhaps
524  because of cumulative effects over time.

525 4.5 Associations of Parent-Reported Infant Eating Behaviors with EAH

526 Intake and eating avidity were predicted by markers of reward- and emotion-driven

527  eating. Enjoyment of food, a measure of response to environmental food cues and interest in
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eating (Wardle, Guthrie, Sanderson, Birch, & Plomin, 2001) associated with both intake and the
eating avidity index, consistent with prior studies showing positive correlations with adiposity
(Carnell & Wardle, 2008). In addition, results were consistent with two (Corsini et al., 2018;
Schultink et al., 2021) of the three (Corsini et al., 2018; Schultink et al., 2021; Tan et al., 2018)
prior studies in toddlers showed a positive association of EAH intake with parent-reported
markers of reward-driven eating.

With regard to emotion-driven eating, parent-reported infant emotional overeating did not
associate with intake or eating avidity, consistent with prior reports of null associations with
intake (Savard et al., 2022; Schultink et al., 2021). In contrast, food-related tantrums associated
with intake. Though the single other study testing the association of food-related tantrums with
EAH intake showed no association (Leung et al., 2014), food-related tantrums (Agras et al.,
2004) and a temperament characterized by negative reactivity (Anzman-Frasca et al., 2012) have
both been associated with greater adiposity. The difference in findings for the two markers of
emotion-driven eating may be due to emotional overeating being defined by the child’s distress
causing overeating—which parents uncommonly endorsed—whereas food-related tantrums are
defined by the child becoming distressed when they are not permitted to eat. This pattern of
distress resulting from denying the child food may be more reflective of reward-driven than
emotion-driven eating and deserves further study. Nonetheless, given prior work showing
positive associations of internalizing and externalizing behaviors with habitual dietary intake of
sweets in preschoolers (Vollrath, Stene-Larsen, Tonstad, Rothbart, & Hampson, 2012), negative
associations of capacity for recovery from distress in infancy and food reinforcement (Kong et
al., 2016), and positive associations of the use of food to soothe with risk of excessive weight

gain in very young children, particularly those with high temperamental negativity (Stifter,
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Anzman-Frasca, Birch, & Voegtline, 2011), careful consideration should be given to how links
between food reward and emotion-driven eating may develop very early in childhood, could be a
risk factor for future weight gain, and may be reflected in behaviors exhibited during the EAH
protocol in infancy.

Finally, the single measure purported to reflect homeostatic-driven eating, parent-
reported satiety responsiveness—which asks if the child is satiated after eating or leaves food on
their plate at the end of a meal—was not associated with intake or eating avidity, consistent with
prior reports of null associations (Savard et al., 2022; Schultink et al., 2021; Tan et al., 2018).
Although additional work is needed, overall, the pattern of results suggests a potentially stronger
role for reward and emotion as compared to homeostasis in driving infants’ behavioral response
to and intake of dessert.

4.6 Associations of Habitual Dietary Intake of Sweets with EAH

Finally, intake and eating avidity were predicted by habitual dietary intake of sweets.
This finding differs from prior work reporting null (Asta et al., 2016; Corsini et al., 2018) and
inverse (Savard et al., 2022) associations of dietary intake of sweets with intake during EAH, and
an inverse association with positive affect when dessert was presented in EAH (Asta et al.,
2016). The reason for these discrepant findings is unclear. Nonetheless, given that diets high in
added sugars established during complementary feeding track into childhood and contribute to
obesity, diabetes, and hypertension risk (Gracner, Boone, & Gertler, 2024; Thompson, 2020),
further consideration should be given to the potential role of early habitual dietary exposure to
sweets in promoting the reward value of dessert and therefore increasing intake.

5. Limitations
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The study had limitations. There was some missing data. The sample was of relatively
high socioeconomic status and findings may not be generalizable to dissimilar groups. Only a
subset of the full cohort participated. While cohort characteristics differed little by participation
and mother-infant dyads who learned about the protocol and declined participation did not differ
from those who participated on tested characteristics, including the infant’s habitual dietary
intake of sweets, mothers participating may have been more amenable to offering desserts.

Conducting the protocol at home may have introduced variability, but it provided
ecological validity. Familiarity with the research staff member interacting with the infant could
have influenced intake or EALI, though we found no association with either the number or
percentage of prior study visits conducted by the research staff member with the infant. Further,
the standardized enthusiastic invitation delivered by research staff to the infant to taste the
desserts could have increased the likelihood that infants ate. Fasting time and mealtime varied,
but neither associated with outcomes. Meal composition varied, but did not associate with
outcomes and providing a typical, familiar meal increased likelihood of satiation. Assessment of
infant satiation may have included error, but reason for terminating the meal did not associate
with outcomes. One dessert was replaced mid-study due to shortages, but results did not differ by
dessert. Meal nutritional composition estimates were imprecise, but did not associate with
outcomes, consistent with prior literature (Corsini et al., 2018; Schultink et al., 2021). Results
may have differed with salty snacks, but desserts were more ecologically valid after a meal and
infants responded more to sweet than salty snacks in our prior work (Asta et al., 2016). Intake
estimates included error due to inability to separately weigh desserts of differing energy density.

There are varied approaches to measuring EAH intake. Results did not differ when

analyses were repeated using food weight or kcals per kilogram infant body weight. Videotaping
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could have altered behavior. Alternative approaches to measuring eating behavior and coding
affect (Zeinstra et al., 2009) may have greater sensitivity and should be a focus of future work.
Weight-for-age is an indirect measure of adiposity. Results did not differ when analyses were
repeated with weight-for-length.
6. Future Directions

There are several potential directions for future research. Our findings suggest that
individual differences in eating avidity and food approach behaviors are detectable very early in
the lifespan. Understanding the biological and environmental contributors occurring prenatally
and in the first year after birth will be important to intervention and prevention efforts. Future
work should also consider the predictive value of these observable behaviors in early infancy for
lifespan trajectories of eating behavior and cardiometabolic health, as well as the modifiers of
these trajectories. Finally, studies are needed that examine whether eating behavior phenotypes
are present early in the lifespan, if those phenotypes are stable traits, and how eating behaviors
correlate with one another and cluster. For example, it would be useful to understand how
parent-reported infant eating behaviors relate to eating behaviors elicited through experimental
manipulation. In addition, it would be useful to identify how eating behaviors elicited through
experimental manipulation relate to one another. Specifically, determining how behaviors such
as sucking vigor, eating in the absence of hunger, the ability to delay gratification, relative
reinforcing value for food, and liking for sweet correlate with one another would help to inform
conceptualization of eating behaviors and their development early in the lifespan.
7. Conclusions

Many infants as young as 12 months readily eat substantially beyond homeostatic need

when offered desserts and some infants display behaviors during the EAH protocol that are
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suggestive of the early origins of an avid eating or high food approach profile. Variety eaten,
eating duration, rate, and continuous engagement, and bite size, predicted infants’ dessert intake,
suggesting that a vigorous eating style may confer risk for overeating and ultimately excess
weight gain. Given that neither positive nor negative affective response to food while eating
predicted intake, caregivers should use caution in making feeding decisions based on infant
affective response during feeding. Given that parent-reported enjoyment of food, having food-
related tantrums, and habitual dietary intake of sweets were the most robust predictors of infants’
intake of and avidity for dessert, interventions focused on limiting exposure to foods with high
reward value in early infancy may be effective in preventing excessive eating in the absence of

hunger when children are offered sweet foods.
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