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Abstract

The motivation to eat, as operationalized by measuring how hard someone will work for food, is 

cross-sectionally and prospectively related to obesity. Persons high in food reinforcement consume 

more calories, and energy intake mediates the relationship between food reinforcement and 

obesity. Research has shown avid sucking for milk in early infancy predicts later adiposity, and the 

relationship between food reinforcement and excess body weight has been observed in infants as 

young as 9 months of age. New methodological developments in studying food reinforcement in 

infants and young children provide the first opportunity to study the origin of food reinforcement. 

This review seeks to provide background on the measurement of food reinforcement, and to 

present, for the first time, prenatal and postnatal predictors of infant food reinforcement. Lastly, 

potential mechanisms for an increasing trajectory of food reinforcement throughout development 

are proposed.
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1. Introduction

One of the most important parts of infants’ behavioral repertoire is their ability to seek and 

consume food; one of the first infant-mother interactions is infant feeding, either through 

breast or formula feeding. When a mother feeds/nurses her infant, it creates a time to foster 

bonding. Infants move from bottle feeding to solid food consumption at about 4–6 months 

(American Academy of Pediatrics, 2009), when they experience new tastes, textures, and 

smells that can stimulate their appetite. During this transition from a milk-based diet to a 

wide variety of solid foods, infants develop their food preferences. After mastering the 

pincer grasp, infants begin to finger-feed, which provides one of the first ways to 

demonstrate control over their environment. This important developmental trajectory is 

possible because infants come into the world prepared to eat, and they seek food, will cry 

when they are hungry, and gain satisfaction and pleasure from food. This is, in part, due to 

the fact that food is a primary reinforcer (Francis et al., 1999), and infants do not need to 
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learn to want food. The symbiotic relationship between food as a primary reinforcer and the 

simultaneous infant development of sucking, chewing, gaining motor control to finger-feed 

themselves, and learning their autonomy in food preferences sets the stage for normal 

development of eating. The fact that food is a primary reinforcer (Kelley and Berridge, 

2002) may provide clues to how food can become too reinforcing, leading to obesity.

Heavier infants (Kong et al., 2015), children (Temple et al., 2008b), and adults (Epstein et 

al., 2014a; Giesen et al., 2010; Saelens and Epstein, 1996) find food more reinforcing than 

leaner peers. High levels of food reinforcement also predicts greater weight gain for children 

(Hill et al., 2009), adolescents (Epstein et al., 2014b), and adults (Carr et al., 2014). In 

addition, people who find food more reinforcing consume more food in the laboratory and 

natural environment than those who find food less reinforcing (Epstein et al., 2011). The 

relative reinforcing value of food is a predictor of short and long-term weight loss, as those 

who lack access to alternative reinforcers to food have less treatment success (Buscemi et 

al., 2014).

This review will focus on reviewing evidence of the role of food reinforcement in obesity 

development starting as young as infancy. There are two aims of this review. First, we seek 

to provide a brief description of the measurement of food reinforcement, developmental 

perspective on food reinforcement during infancy, and mechanisms and implications for an 

increasing trajectory of food reinforcement that may lead to obesity. Second, we use this 

review to present, for the first time, prenatal and postnatal predictors of infant food 

reinforcement by combining three sets of data from our laboratory.

2. Measurement of food reinforcement

The basic paradigm to assess food reinforcement is similar to the paradigm for assessing the 

reinforcing value of drugs of abuse (Epstein et al., 2007a). The paradigm has individuals 

work for food on progressive ratio schedules of reinforcement. Participants earn a 

standardized food portion after they meet schedule requirements, and the schedule 

progressively increases. The maximal amount of work they perform to obtain food 

determines the reinforcing value of that food. The reinforcing value task is computer based 

and uses mouse button presses as the instrumental response. In animal laboratories it is 

common to assess the effect of a schedule of reinforcement on responding for food across 

multiple sessions, with one schedule per session. It is also common to have animals work for 

food on the same schedule until their responses are stable before they move on to the next 

schedule (Richardson and Roberts, 1996). This methodology has also been used to assess 

reinforcing value of drugs in humans (Bickel et al., 1991; Shahan et al., 1999). However, this 

paradigm is not feasible for studying individual differences in reinforcing value of food. We 

have adapted this technology by having subjects advance through progressive schedules 

within the same session, making it possible to determine reinforcing value of the food(s) 

studied within one session. The amount of food provided needs to be enough to warrant 

responding to obtain it, but not so much that subjects will become satiated and not work any 

longer.
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The absolute reinforcing value of food is measured by having the subject only work for 

food, and the relative reinforcing value by providing access to food and other foods or 

alternatives to food on concurrent schedules of reinforcement. The relative reinforcing value 

has been studied in older children (Hill et al., 2009; Temple et al., 2008b) and adults 

(Epstein et al., 2014a; Giesen et al., 2010; Saelens and Epstein, 1996). In infants, the 

reinforcing value of food and alternatives to food were studied, but not in a concurrent 

schedules paradigm. In infant studies (Kong et al., 2016), the choices were presented 

sequentially in a counterbalanced fashion.

2.1. Measurement of food reinforcement in infants

There is plenty of opportunity to observe how infants use crying as an instrumental response 

to obtain things they want (i.e. milk), or remove unpleasant things (i.e. wet diaper, needing 

attention from parents) at a very early age. The reinforcing value of various stimuli has been 

measured in infants, including the landmark studies in which babies’ level of physical 

activity was increased by making the motion of a mobile contingent upon movement of the 

baby’s leg kicks (Rovee and Rovee, 1969). There have been other demonstrations that 

infants learn an instrumental response to get access to social, auditory/visual, and food 

reinforcers (Chorna et al., 2014; Lowe et al., 1983; Standley, 2003; Wormith et al., 1975). 

For example, research has demonstrated that 9 and 10 month-old-infants would press a large 

bar in front of them to obtain music or food on variable interval schedules of reinforcement 

(Lowe et al., 1983).

Based on this research, we adapted the reinforcing value task for older infants (≥9 months of 

age) by using a larger, single button response as the instrumental response in a 

developmentally appropriate laboratory setting (Kong et al., 2015, 2016). Nine to eighteen 

month old infants can make purposeful movements to reach for and grab items, most have 

begun to finger-feed themselves, and they can sit upright. Schedule requirements begin with 

one response, and progress up to 15 responses to earn a small portion of their favorite food 

or time accessing an alternative reinforcer. Infants work for the reinforcer until they lose 

interest, begin to cry, or make it clear they are finished. Our results demonstrate that the 

reinforcing value of food versus non-food alternatives (food reinforcement ratio, or FRR) is 

related to infant weight status. We have completed 3 cohorts of infants using the paradigm 

we developed in our lab by assessing food reinforcement versus three different alternative 

reinforcers: Baby MacDonald™ video (DVD; n = 27); playing with bubbles (Bubbles; n = 

30); and music (Music; n = 49). The food versus non-food reinforcers were offered to the 

infants in a sequential fashion in each cohort. In each sample we observed a positive 

relationship between FRR and infant weight status across the three different types of 

alternatives (DVD, r = 0.60, p < 0.001; Bubbles, r = 0.49, p = 0.006; Music, r = 0.38, p = 

0.009) (as shown in Fig. 1). The overall correlation between FRR and weight for length z-

score was r = 0.49 (p < 0.0001).

There is no research on measurement of food reinforcement in infants younger than 9 

months of age. A developmentally appropriate instrumental response for younger infants is 

sucking. There have been several studies that have used sucking as an operant response to 

study infant learning. For example, Wormith et al. (1975) showed that infant sucking could 
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be increased by a contingent audio cue. Investigators have shown infant sucking can be used 

to study infants’ capability of discriminating among pure tones varying in frequency. 

Premature infants may have an underdeveloped sucking reflex, and making maternal voice 

(Chorna et al., 2014) or musical stimulation (Standley, 2003) contingent upon sucking can 

improve their nutritive sucking capability.

There are no studies in which food reinforcement has been assessed through sucking, though 

there have been several studies in which baby sucking has been measured in relationship to 

weight status, or growth. These studies suggest that the more intensely the infant sucks for 

milk or formula, the greater relative weight gain later in childhood (Agras et al., 1990; Agras 

et al., 1987; Stunkard et al., 2004). The intensity of sucking would suggest that those who 

suck more avidly for milk would meet higher response requirements to obtain milk. Food 

reinforcement could be studied in young infants by arranging the schedule such that the 

infant would need to make increasingly more sucks to obtain milk, or would have to increase 

the intensity of effort required to derive milk from the bottle. Either approach could be 

programmed on progressive schedules, so that the breakpoint could be determined. 

Development of a method to measure food reinforcement in young infants would be a major 

methodological advancement for studying how early food reinforcement develops, and 

studying the trajectory of how abnormal food reinforcement can develop.

2.2. Early predictors of food reinforcement in infants

By using the combined data across three studies, we assessed prenatal (maternal pre-

pregnancy weight, gestational weight gain (GWG)) and postnatal (duration of breast 

feeding, introduction of solid foods) factors as predictors of infant food reinforcement. Zero-

order correlations indicated that greater maternal pre-pregnancy BMI (r = 0.28, p = 0.003) 

and greater GWG (r = 0.24, p = 0.01) were associated with higher FRR. For the postnatal 

factors, shorter breastfeeding duration (r = −0.21, p = 0.03), but not timing of introduction of 

solid foods (r = −0.007, p > 0.05), was associated with greater FRR. Type of alternative 

reinforcer did not moderate any of the relationships between prenatal and postnatal factors 

and food reinforcement or FRR.

We examined the strength of prenatal and postnatal factors on FRR using hierarchical 

regression analyses. The baseline model included infant age, sex, and birthweight, and 

maternal parity, age, and education as covariates. We added prenatal factors of pre-

pregnancy BMI and maternal GWG into the model as second step and postnatal factors of 

breastfeeding duration and timing of solid food introduction as third step. The order of 

variables entered into the model was based on the natural progression of infant growth. To 

ensure reliability across the three datasets, bootstrapping estimates from 500 samples of n = 

35 infants with replacement allowed estimating overall beta, at 99% confidence intervals 

(CI). Using bootstrapping, we demonstrated positive estimates of the associations of pre-

pregnancy BMI (β = 0.006, 99% CI [0.005–0.006]) and GWG (β = 0.064, 99% CI [0.058–

0.069]) with FRR, while shorter breastfeeding duration was associated with increased FRR 

(β = −0.006, 99% CI [−0.006 to −0.005]).

We did not observe an interaction between prenatal and postnatal factors and type of non-

food reinforcers for FRR. The baseline model of the hierarchal regression analysis to predict 
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FRR accounted for 9.8% of the variance, with no control variable independently predicting 

FRR. Adding prenatal factors increased the variance accounted for from 9.8% to 23.9% 

(FINC(2,98) = 8.26, p = 0.005). FRR was associated with pre-pregnancy BMI (p = 0.002) and 

GWG (p = 0.02). Adding postnatal factors slightly increased the variance accounted for to 

27.5% (FINC(2,98) = 3.70, p = 0.11). When we entered each prenatal and postnatal predictor 

last in the models, the regression analysis demonstrated that pre-pregnancy BMI (7.2%), 

maternal GWG (4.1%), and breastfeeding duration (3.7%) each accounted for unique 

variance in FRR.

2.2.1. Maternal weight at conception—Maternal weight at conception may predict 

infant FRR because mothers who are overweight/obese at conception may expose the 

developing fetus to excessive levels of nutrients, such as glucose and free fatty acids 

(Freinkel, 1980), that could influence brain reward pathways and contribute to future obesity 

status. Research also suggests that parent and child food reinforcement is similar (Epstein et 

al., 2008), and this may be influenced by shared genes and environment. There are a variety 

of genes that have been implicated in high food reinforcement, including dopamine genes 

and FTO (Epstein et al., 2007b; Scheid et al., 2014). Concordance on the number of Taq1 

A1 alleles for the dopamine D2 receptor is associated with strikingly similar changes in 

parent and child weight change in family-based treatment, which may be due to shared 

motivation to eat (Epstein et al., 2010). The home environment is important for the 

development of obesity as easy access to high energy dense foods and sedentary activities, 

and low access to healthy foods, can be a “toxic” environment (Hill et al., 2003). Infant 

home environment could influence growth as infants do not make their own choices 

regarding food or non-food alternative activities.

2.2.2. Gestational weight gain—Elevated GWG may influence child food 

reinforcement by providing excessive levels of nutrients throughout fetal development. 

Gestational weight gain is related to birthweight and child obesity, providing a potential 

pathway for risk factors for high child motivation to eat. Excessive GWG is the result of 

positive energy balance, which can influence maternal glucose and insulin regulation, which 

increases risk of large-for-gestational-age babies (Ferraro et al., 2013; Siega-Riz et al., 

2009). It may not only be the amount of food that is consumed, but also the types of food 

and the pattern of intake that is important. Cravings that lead to binges may result in 

intermittent peaks in glucose metabolism that are as important as the average level for 

understanding food reward. In drug addiction, research has shown that peaks in blood levels 

drive drug self-administration, not the average level of a drug (Kimmel et al., 2008; Volkow 

et al., 2007), and the same process may occur for the developing brain and glucose 

metabolism.

There is developing literature on how maternal intake can influence infant food reward 

processes. Both animal and human research has shown that maternal intake can influence 

infant food preferences. Creative experimental research by Mennella (2014) has shown that 

this effect may be transmitted in part by infant exposure to flavors of food during gestation, 

and also during the postnatal period through breast milk. A consistent body of research has 

studied the effect of maternal food intake on dopaminergic pathways in infant rats and non-
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human primates, with the demonstration that high fat, high sugar, “junk food” diets reduce 

expression of dopaminergic activity in offspring (Bayol et al., 2007; Bellinger et al., 2004; 

Naef et al., 2011; Rivera et al., 2015; Teegarden et al., 2009; Vucetic et al., 2010). Research 

on dopamine and food reward has shown that food can increase dopaminergic activity 

(Berridge, 1996), and over time, there is down regulation of dopamine receptors that could 

lead to the need to increase intake of these foods to derive the same degree of pleasure (Stice 

et al., 2011). Demonstrating that these effects can be initiated by maternal intake, and can 

start early, may shape the development of infant food reinforcement.

2.2.3. Breastfeeding duration—We also showed that shorter duration of breastfeeding 

was associated with greater infant food reinforcement. Feeding delivery method can 

influence milk intake and appetite regulation. Compared to breastfeeding, bottle feeding 

allows greater milk consumption and difficulty in controlling appetite (Li et al., 2010, 2012). 

Bottle feeding enables caregivers to provide set volumes of milk, which could reduce 

mothers’ and babies’ sensitivity to fullness and satiety cues. It is possible that high food 

reinforcement, resulting in excessive eating, overshadows babies’ normal satiety response. 

We have also shown a positive relationship between food reinforcement and general appetite 

(Kong et al., 2016), suggesting a possible link to development of the satiety response. 

Another possible mechanism is the difference in nutrient composition and taste between 

breastmilk and formula (Beauchamp and Mennella, 2009), which can potentially influence 

the development of food reinforcement at a young age.

2.2.4. Early food exposure—Simple sugar, or glucose, is a major determinant of the 

reinforcing value of food as it stimulates the release of dopamine in the mesolimbic reward 

system (Naef et al., 2011; Teegarden et al., 2009; Vucetic et al., 2010). Many of the foods 

that infants begin to eat are high in carbohydrate and glycemic index (i.e. infant rice cereal, 

puffs, teething crackers, etc.). Early consumption (<4 months-of-age) of these foods may be 

associated with early exposure to foods that stimulate brain reward pathways (Ludwig and 

Currie, 2010). There is an innate preference for sweet foods in infancy (Mennella, 2014; 

Ventura and Mennella, 2011), and it is easy to understand how parents may learn to provide 

sweet foods so that their child is eating and growing. The innate preference for sweets is 

universal across cultures, and tends to decrease as the child gets older (Mennella, 2014), but 

there are likely to be wide individual differences in preference for sweets. In adults, 

investigators argue that sugar may be addictive (Avena et al., 2008), and sugar is a major 

determinant of the reinforcing value of food (Epstein et al., 2011).

An important aspect of drug reinforcement is the rate of uptake of the drug, and the rapid 

activation of brain reward centers (Kimmel et al., 2008; Volkow et al., 2007). For example, 

nicotine patches or nicotine gum provide a relatively slow release of nicotine in comparison 

to smoking, an ideal nicotine delivery system in which nicotine is quickly absorbed, causing 

a fast release of dopamine in the brain reward systems (Benowitz, 2008). As Schulte et al. 

(2015) have argued, the same logic may apply to foods high in glycemic index. High 

glycemic index foods such as fruit juice, candies, white bread, and highly processed grains 

are comprised of simple sugars, which are readily available to be absorbed, and can rapidly 
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raise blood glucose, which may be then be absorbed by the brain to provide a highly 

rewarding sensation that can strengthen future consumption.

In addition to innate preference for sweets and the potential for sweet drinks and foods to 

activate reward centers in the brain, sweet foods also have a calming effect on infants (Blass 

et al., 1989; Smith and Blass, 1996). Research has shown that providing sweetened water 

can soothe a baby more than plain water (Barr et al., 1999; Skogsdal et al., 1997), suggesting 

that sweet foods may have a negatively reinforcing effect by reducing negative affect. Sweet 

foods may have a positively reinforcing effect, as well, as parents may quickly learn that 

when fussing, infants can be soothed by sweet liquids such as juices, even if they are not 

hungry. Fruit juices are not recommended by the American Academy of Pediatrics for 

children younger than 6 months of age (American Academy of Pediatrics, 2012). Both 

mother’s milk and formula have moderate glycemic indices, and they may not have the same 

impact as fruit juice to soothe a crying baby. The relative importance of sweet foods as 

positive versus negative reinforcers is to be determined. As Bouton (2000) has argued, the 

initial learning is powerful, and an infant’s developing brain may be particularly susceptible 

to early experiences, and thus subsequent learning about food does not remove initial 

learning. It is easy to hypothesize how early experience with food as a calming agent could 

lead to children and adults using food to regulate their emotion or moods.

3. Food reinforcement and obesity

In addition to the positive relationship between food reinforcement and obesity in infants, 

the reinforcing value of food is related to adiposity in 3–5 year-old children, in older 8–12 

year-old children, and in adults. Research on children, adolescents, and adults have shown 

that high food reinforcement predicts body fat, zBMI, and weight gain, respectively (Carr et 

al., 2014; Epstein et al., 2014a, 2014b; Hill et al., 2009). Research has not yet assessed the 

developmental aspects of food reinforcement. However, it is reasonable to assume that food 

reinforcement changes over time, based on individual experience and development. It is 

logical that food reinforcement increases throughout development for those children who 

become obese and seek food more avidly than leaner peers. Research with adults suggests 

that food reinforcement can sensitize, or grow, with repeated exposures (Clark et al., 2010; 

Temple et al., 2009, 2008a; Temple and Epstein, 2012). This effect is dose dependent, and is 

based on a paradigm in which food was consumed daily, and it is not known whether other 

patterns of food exposure lead to sensitization. If sensitization of food reinforcement is 

shown to be a risk factor for increased growth throughout development, then understanding 

the pattern, timing, and amount of food exposure may be important in modifying a positive 

trajectory of food reinforcement.

Food also may increase its value if it is used as a reward (Birch et al., 1980). This is a 

common practice by parents, caregivers, and teachers, and research suggests that using food 

as a reward can increase the reinforcing value of that food. Of course, the foods that 

caregivers normally use as an incentive to get children to engage in specific behaviors are 

generally very palatable and highly energy dense, such as chocolates and candies, which are 

already very reinforcing to many children. It remains unknown if parents can use healthy 

foods as reinforcers for child behavior to increase their value. It is important to recognize 
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that healthy food may increase its reinforcing value by being paired with parental attention 

and parental praise to change child behavior. Parents can differentially emphasize social 

versus food reinforcers in parenting to strengthen the reinforcing value of healthy foods. 

Parents can also use social reinforcers to strengthen the value of non-food reinforcers that 

may shift the choice of children from eating to non-eating behaviors.

It is also possible that regular bouts of food deprivation can act to increase food 

reinforcement in the short term, and perhaps repeating these bouts over time may sensitize 

food reinforcement even if food deprivation is not ongoing (Carr, 2002). There are segments 

of the population, particularly lower income families, who regularly experience some degree 

of food deprivation (Wilde and Ranney, 2000). While the impression is that infants and 

young children are often spared from deprivation when older family members do not have 

enough to eat, there may be widespread lack of food even for younger family members 

(Alaimo et al., 2001; Casey et al., 2001). One of the basic ways in which food reinforcement 

is increased is by food deprivation, which has been used for decades in basic animal 

behavior laboratories as a way to increase food reinforcement (Cuenya et al., 2015). It might 

be expected that children who live in poverty and experience food deprivation are at greater 

risk for developing a strong motivation to eat. We have previously theorized that this 

relationship may be a root cause of the health disparities of obesity in lower income persons 

(Lin et al., 2012).

There may be waves of food deprivation and food abundance in some families, and these 

shifts may characterize some families who use SNAP (Supplemental Nutrition Assistance 

Program) (Wilde and Ranney, 2000). These families get benefits monthly, and they may 

purchase large quantities of food after they receive their benefits due to recent deprivation. 

They repeat the cycle of relative deprivation as the month goes on, leading to periods of 

binges and deprivation. Basic research suggests that these alternating cycles of deprivation 

and abundance can sensitize the reinforcing value of sugar, and perhaps also the reinforcing 

value of fat (Corwin et al., 1998; Dimitriou et al., 2000; Wojnicki et al., 2007). Given that 

the types of foods that people may choose after a period of food deprivation may not be the 

healthiest options, it is possible that these cycles may lead to increases in the reinforcing 

value of unhealthy food, leading to excess obesity in these families.

4. Alternative reinforcers/non-food reinforcers and obesity

While the focus of this review is on food reinforcement, for most people eating is a choice, 

and responding in a choice situation depends in part on the alternatives that are available. 

This is the case whether more palatable versus less palatable foods are being studied, or food 

versus other choices. Older overweight children choose food more reliably than non-food 

alternatives, while leaner children choose alternatives over food (Temple et al., 2008b). In 

adults, having fewer alternatives to food is related to greater obesity, and lower weight loss 

in behavioral weight loss programs. This difference may begin early, as Strauss and Knight 

(1999) showed that children from birth to six years of age who live in environments that 

have increased access to cognitively stimulating activities are less obese after 6 years of 

follow-up than those children who have access to fewer alternatives. Our research showed 

that infant weight status is positively related to the relative reinforcing value of food, and 
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this relationship is primarily due to a stronger motivation to gain access to the alternatives to 

food instead of food. One implication of this finding is that strengthening alternative 

reinforcers may reduce the relative reinforcing value of food. To test this hypothesis we 

randomized 27 infants who were high in FRR to a music enhancement group, designed to 

provide a new alternative reinforcer to food, or a play date control group. We found a 

decrease in the relative reinforcing value of food for those in the music engagement group 

versus control (Kong et al., 2016). These data suggest that differences in access to 

alternatives that compete for a young child’s attention, and can provide a source of pleasure, 

may alter the trajectory of food reinforcement. It may not be the food, but the access to non-

food alternatives, or the balance of food to non-food alternatives, that is most important for 

the development of obesity.

5. Conclusions

In summary, the reinforcing value of food can be measured in infancy, and at 9 months of 

age the relative reinforcing value of food is related to infant weight status. The reinforcing 

value of food is related to weight across the lifespan from early childhood through 

adulthood. Both prenatal and postnatal factors independently predict infant food 

reinforcement, and these factors are modifiable and could change the trajectory of a child’s 

life. While sucking rate has been related to childhood obesity, methodological advancement 

in food reinforcement is needed in younger infants to track the early trajectory of food 

reinforcement. Research suggests that alternatives to food may be important factors in 

excess energy intake during infancy, as parents can provide access to stimulating non-food 

activities to foster alternatives to eating. There is a great potential for improving our ability 

to prevent childhood obesity by using food reinforcement as one important predictor. By 

developing methods to alter the trajectory of food reinforcement, we may be able to prevent 

childhood and adult obesity.
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Fig. 1. 
Infant obesity status in relation to food/non-food reinforcement. Infants aged 9–18 months 

old performed the developmentally appropriate food/non-food reinforcement task in three 

different studies using three different types of non-food reinforcers [Study 1: watching Baby 

Einstein-Baby MacDonald™ (DVD), lean n = 18, overweight and obese (Ov/Ob) n = 9; 

Study 2: playing with bubbles (Bubbles), lean n = 17, Ov/Ob n = 13; Study 3: music 

engagement (Music), lean n = 37, Ov/Ob n = 12]. In the integrated sample, there were 72 

lean and 34 Ov/Ob infants. Reinforcing values of food and non-food alternatives were 

determined using the maximum schedule achieved for food (Food Pmax) and non-food 

alternative reinforcer (ALT Pmax). Food reinforcing ratio (FRR) was determined by 

calculating proportion of food responses among all responses [Food Pmax/(Food Pmax + ALT 

Pmax)]. Linear regression model shows that Ov/Ob infants had significantly higher FRR-

DVD (Lean: 0.43 ± 0.04 [mean ± SEM], Ov/Ob: 0.61 ± 0.05; p = 0.009), FRR-Bubbles 

(Lean: 0.51 ± 0.03, Ov/Ob: 0.62 ± 0.03; p = 0.01) and FRR-Music (Lean: 0.51 ± 0.02, 

Ov/Ob: 0.63 ± 0.03; p = 0.002). Similarly, when all three studies were combined the pattern 

of responding between lean vs. Ov/Ob infants remained consistent (Lean: 0.50 ± 0.01, 

Ov/Ob: 0.62 ± 0.02; p < 0.0001).
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