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Abstract

Children’s food approach and food avoidance are appetitive traits with genetic or biological bases.
Nonetheless, parents play a critical role in children’s dietary intake through parenting and feeding
practices. The present study tested parents’ controlling feeding practices (i.e., restriction and
pressure to eat) as mediating mechanisms between child appetitive traits and child BMI in an
economically and ethnically diverse sample. Participants were 139 children aged 4 to 6 years
(51.8% males, M= 4.77 years, SD = 0.84) and their parents. Results showed that restriction and
pressure to eat mediated the relation between child food approach or food avoidance and child
BMI. Mediation effects did not differ across poverty status or ethnic groups. Also, the type of
controlling feeding that parents exert related to children’s weight status in diametrically different
or opposite ways. Thus, food-related parenting appears to be a promising point of entry for
childhood obesity prevention programs. Findings are consistent with a biopsychosocial model of
the development of eating and weight in childhood which takes into account both parent and child
behavior and characteristics and links child biology and behavior with psychosocial processes and
environment.
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Introduction

Pediatric obesity is a public health concern that poses serious threat and risk to children’s
health, life satisfaction, and life expectancy (Ogden, Carroll, Kit, & Flegal, 2014; Skinner,
Perrin, & Skelton, 2016). Previous research have identified multiple modifiable risk factors
associated with severe pediatric obesity (Porter et al., 2018), with parents’ feeding practices
and child eating behaviors as two such factors that directly contribute to childhood obesity
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or overweight (Farrow, Haycraft, & Blissett, 2015). Parents’ feeding practices can be
influential for young children’s development of eating habits, because young children rely
on their parents or caregivers for feeding and dietary intake (Bergmeier, Skouteris,
Horwood, Hooley, & Richardson, 2014; Farrow et al., 2015). However, children are not
passive participants in their environments. As early as in infancy, children’s early
expressions of appetitive traits are evident and exert influence on their eating behaviors,
which further impact their interactions with their parents or caregivers and their weight
trajectories (Carnell, Benson, Pryor, & Driggin, 2013). According to Russell and Russell’s
(2019) biopsychosocial model of the development of children’s eating and weight, child
biological foundations (e.g., appetitive traits) are assumed to influence parental cognitions,
expectations, and interpretations in addition to parents’ reactions or behaviors such as
parents’ feeding styles and practices. Guided by a biopsychosocial perspective on the
development of children’s eating and weight, we test parent controlling feeding practices as
mediating mechanisms by which child appetitive traits have influence on child weight status.

Family demographic or ethnocultural factors are also critical in understanding childhood
obesity because the prevalence and severity of obesity differ across socioeconomic status
(SES) and ethnic groups. Growing up in low-income communities or poverty are risk factors
for pediatric obesity (Shrewsbury & Wardle, 2008), and ethnic minority children are at
particularly high risk (Ogden et al., 2014; Skinner et al., 2016). Thus, in the present study
we test our research questions in an economically and ethnically diverse sample of 4- to 6-
year-old children.

Child Appetitive Traits: Food Approach and Avoidance

Children’s eating styles or appetitive traits can be broadly characterized as approach and
avoidant tendencies toward foods (Webber, Cooke, Hill, & Wardle, 2010). Food approach
refers to attentional, affective, and behavioral reactions toward palatable foods or drinks as
well as consuming foods or drinks to feel comfort or to reduce distress. Food avoidance
refers to attentional, affective, and behavioral reactions toward eating or drinking due to
hypersensitivity to satiety cues, fussiness, or distress (e.g., eat less or drink slowly). Studies
found that children’s genetic dispositions can explain about 17% to 43% of these appetitive
traits (Dubois et al., 2013; also see Wood, 2018). Appetitive traits at 3 months of age have
been linked to subsequent weight gain 6 months later. Further, associations between
appetitive traits and subsequent weight were stronger than between weight and subsequent
appetite, which suggests that appetitive traits are precurors to weight status (van Jaarsveld,
Llewellyn, Johnson, & Wardle, 2011).

Importantly, food approach and avoidance are two risk factors of pediatric obesity (Carnell
& Wardle, 2008). Food avoidance tendencies (such as food fussiness and slowness in eating)
have been linked to low child weight, while food approach tendencies (such as food
responsiveness, enjoyment of food, and emotional overeating) have been linked to child
weight gain, after controlling for age, sex, ethnicity and SES (Webber, Hill, Saxton, Van
Jaarsveld, & Wardle, 2009). A possible mechanism by which children’s appetitive traits may
impact their weight status is through their eating behaviors. For example, children’s
fussiness, food responsiveness, and enjoyment of food could predispose them to food
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preferences and eating habits that, over time, could have positive or negative impacts on
their health and weight (Russell & Worsley, 2016).

Controlling Parental Feeding Practices: Pressure to Eat and Restrictive Feeding

During early childhood, parents play a critical role in children’s dietary intake because
children are highly reliant on parents on the types and amounts of food they eat (Larsen et
al., 2015). In the literature, pressure to eat and restrictive feeding are two prominently
studied parents’ feeding or food parenting practices (Wehrly, Bonilla, Perez, & Liew, 2014).
Pressure to eatrefers to parents’ encouragement of eating, while restrictive feeding refers to
parents’ control over their children’s consumption of food, especially sugary or high-fat food
(Ventura & Birch, 2008). Restrictive feeding needs to be differentiated from positive
structure-oriented feeding. While parents exert some control over their children’s eating
behaviors in both restrictive and structure-oriented feeding, restrictive feeding is coercive
and intrusive while structure-oriented feeding allows children the autonomy or choice to
have a reasonable amount of palatable foods instead of restricting or banning it (Rollins,
Savage, Fisher, & Birch, 2016).

A sizable body of research shows that controlling parental feeding practices are linked to
child weight, but the relations between these feeding practices and child weight remain
complex and the research findings have been somewhat mixed (Shloim, Edelson, Martin, &
Hetherington, 2015; Ventura & Birch, 2008). The majority of studies found that pressure to
eat was related to lower child BMI while restrictive feeding was related to higher child BMI
(Hurley, Cross, & Hughes, 2011; P. W. Jansen et al., 2014; Keller, Pietrobelli, Johnson, &
Faith, 2006; Nowicka, Sorjonen, Pietrobelli, Flodmark, & Faith, 2014; Rodgers et al., 2013).
For example, in a longitudinal study Faith et al. (2004) found that restriction predicted
higher, while pressure to eat predicted lower, weight status, even when controlling for
children’s initial weight status.

A limited number of longitudinal studies has been conducted to examine the nature and
direction of influence between child appetitive traits and controlling parental feeding
practices. In a study on 2-year-old children, Rodgers et al. (2013) found that child food
approach predicted less maternal instrumental feeding one year later. Studies have also
shown that controlling parental feeding practices can predict child appetitive traits. Parental
restrictive feeding at two years is predictive of increased child satiety responsiveness more
than one year later (E. Jansen, Mallan, & Daniels, 2015), and parental emotional feeding at
two years is predictive of increased child overeating and food responsiveness (Rodgers et al.,
2013). In addition, several longitudinal studies have confirmed reciprocal relations between
child appetitive traits and controlling parental feeding practices in early childhood (Kidwell,
Kozikowski, Roth, Lundahl, & Nelson, 2018; P. W. Jansen et al., 2017; Steinsbekk, Barker,
Llewellyn, Fildes, & Wichstrgm, 2017).

The Present Study

While prior research has documented bidirectional relations between parental controlling
feeding practices and child appetitive traits, the processes or mechanisms by which child
appetitive traits and/or controlling parental feeding practices transmit influence on child
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weight remain unclear, particularly amongst economically and ethnically diverse families.
The present study addresses this research gap by testing controlling parental feeding
practices (pressure to eat and restrictive feeding) as mediating mechanisms by which child
appetitive traits (food approach and food avoidance) are linked to child weight in an
economically and ethnically diverse sample of 4- to 6-year-old children. Our hypothesized
mediation model is based on two scientific premises. First, child appetitive traits are
influenced by genetic dispositions and are evident as early as infancy (Dubois et al., 2013;
Wood, 2018). Second, we test controlling parental feeding practices as mediating
mechanisms between child appetitive traits and child weight, because parents’ feeding
practices are behaviors that are modifiable (Birch & Ventura, 2009). We also tested whether
the paths in our hypothesized mediation model would differ across income and ethnic
(Hispanic and Non-Hispanic) groups.

Study participants

Procedures

Participants were 139 children aged 4 to 6 years old (51.8% males, M= 4.77 years, SD =
0.84) and their parents (majority biological mothers). The majority of parents (n = 82,
58.7%) reported a monthly household income of $3,000 or below, and 9 parents (6.5%)
reported a monthly household income above $9,000. Using persons per household and
monthly household income data and the U.S. Department of Human Health and Human
Services guidelines, families were classified as living above or at/below the poverty line; 53
(38.1%) families were considered living at or below the poverty line. All the households
were classified as food secure families using the The US Department of Agriculture
Household Food Security questionnaire (Nord, Andrews, & Winicki, 2002), because no
families scored 3 or higher which is a cut-off score for food insecurity. Parents reported on
children’s ethnicity, with the sample consisting of Hispanic (n = 61, 43.9%), European
American (n = 46, 33.1%), African American (n = 29, 20.1%), and Asian American (n =4,
2.9%).

This study was part of a larger study on children’s emotion and self-regulation, eating
behaviors, and body composition. Recruitment and data collection protocols for this study
were approved by the university Institutional Review Board (IRB). Participants were
recruited with informational flyers about the study posted in the waiting rooms of
pediatricians’ offices, daycare centers and preschools, and local businesses that were
commonly frequented by families. A snowball sampling procedure was also employed
whereby parents who participated in the study referred friends and family who met the study
criteria to also participate. Eligibility for the study required that the participating children be
between the ages of 4 and 6 years old. Children and their parents were not eligible if (1) they
were unable to use English fluently, (2) had a history of traumatic brain injury, (3) had a
significant disability that would prevent them from completing the tasks in this study (e.g.,
blindness), or (4) had food allergies related to the food groups (chocolate or grapes) that
were provided in the larger study. Parents provided written informed consent before they and
their children participated in the study. For the larger study, children and their parents visited

J Genet Psychol. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

Measures

Page 5

the study laboratory for one session that lasted approximately 90 minutes that included a
series of observational tasks not included in the present study. Parents received $50 and each
child received a toy as an appreciation for their participation in the study.

Primary study measures included child appetitive traits, controlling parental feeding
practices, and child BMI. Parents provided family sociodemographic information and
information on child appetitive traits and controlling parental feeding practices. Child weight
was indexed by BMI-for-age (which is sex- and age-specific).

Child appetitive traits—The Children’s Eating Behavior Questionnaire (CEBQ; Wardle,
Guthrie, Sanderson, & Rapoport, 2001) is a parent-report measure on variations in appetitive
traits among children. Consistent with the structure of the measure (Vandeweghe, Vervoort,
Verbeken, Moens, & Braet, 2016), food approach tendencies were assessed using the food
responsiveness (e.g., “My child’s always asking for food.”), enjoyment of food (e.g., “My
child loves food.”), desire for drinks (e.g., “My child is always asking for a drink.”), and
emotional overeating (e.g., My child eats more when anxious.”) subscales, with ratings
averaged across the 16 items (a = .86) to compute a score for food approach. Food
avoidance tendencies were assessed using the satiety responsiveness (e.g., “My child gets
full up easily.”), slowness in eating (e.g., “My child eats slowly.”), fussiness (e.g., My child
refuses new foods at first.”), and emotional under-eating (e.g., My child eats less when s/he
is upset.”) subscales, with ratings being averaged across the 19 items (a =.71) to compute a
score for food avoidance. All the items were rated on a 5-point Likert scale, with higher
scores indicative of food approach or food avoidance.

Controlling parental feeding practices—Controlling parental feeding practices were
assessed as pressure and restrictive feeding using the parents’ ratings on Pressure to Eat and
Restriction subscales (as = .76 and .81, respectively) on the Child Feeding Questionnaire
(CFQ; Birch et al., 2001). Pressure to Eat consisted of 4 items such as “My child should
always eat all of the food in his/her bowl.” Restriction consisted of 10 items such as “I have
to be sure that my child does not eat too much of his/her favorite foods.” All the items were
rated on a 5-point Likert scale with higher scores indicative of pressure to eat or restrictive
feeding.

Child BMI—Child weight and height were measured by an experimenter. With the data on
children’s weight and height, the U.S. Centers for Disease Control (CDC) sex- and age-
specific growth charts were used to calculate child BMI. The BMI-for-age scores (which are
sex- and age-specific) were used in analyses.

Statistical Methods

Descriptive statistics were first conducted, including an ANOVA test to examine whether
there were sociodemographic differences (i.e., child age, sex, poverty status, and ethnicity)
on major study variables. Then a structural equation modeling (SEM) technique was
conducted to examine the relations between the major study variables using Mp/us 7.2
(Muthén & Muthén, 1998-2014). The hypothesized model was tested (see Figure 1) to
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evaluate whether controlling parent feeding practices mediated the relations between child
appetitive traits and child BMI. A model-fit chi-square test (Xz) and related model fit
indices, including the root mean square error of approximation (RMSEA), the comparative
fit index (CFI), and the standardized root mean square residual (SRMR) were used to assess
the adequacy of the hypothesized model. For a model that fits the data, the XZ would not be
significant (p > .05). A value of the RMSEA between .05 and .08 is indicated fair fit
(Browne & Cudeck, 1993). A value of the CFI = .95 and value of the SRMR < .08 were
adopted as the criteria for a well-specified model (Hu & Bentler, 1999). In addition, the
bootstrap confidence interval method was employed to obtain mediation effects. Compared
to traditional methods (e.g., Sobel’s method), the bootstrap confidence interval method is
recommended when dealing with small sample sizes and small mediation effects
(MacKinnon, Lockwood, & Williams, 2004). We also applied CINTERVAL (bchootstrap),
since bias-corrected confidence intervals can correct bias and thus give more accurate
estimations (MacKinnon & Lockwood, 2001). The effect is considered statistically
significant if zero is not included in the 95% confidence interval. Moreover, multiple-group
path analysis was conducted to test if there were differences in the structural parameters
across ethnic or economic groups, because Perez et al. (2018) found that the factor structures
for Pressure to Eat and Restriction from the CFQ varied across ethnic groups and food
secure and insecure households (also see Anderson, Hughes, Fisher, & Nicklas, 2005; Cross,
Hallett, Ledoux, O’Connor, & Hughes, 2014). The full information maximum likelihood
(FIML, Arbuckle, 1996) estimation was used to handle missing data (Hancock & Mueller,
2010).

Descriptive Statistics

Descriptive statistics and correlational analyses were conducted using IBM SPSS Statistics
22, and results are displayed in Table 1. Data were first screened for normality and outliers.
Skewness (ranged from —.48 to .78) and kurtosis (ranged from —1.00 to 3.60) indicated no
serious bias to normal distribution of the data (Kline, 2010). No outliers in the data were
detected according to Mahalanobis distance statistics (Zijlstra, van der Ark, & Sijtsma,
2011). Overall, most correlations amongst variables were in the expected or hypothesized
directions.

Tests of Sex, Age, Poverty Status, and Ethnic Group Differences

A series of single-factor analysis of variance (ANOVA) were conducted to examine if there
were between-group variations for child age, sex, poverty status, and ethnicity among the
major study variables. No sex or age differences were found. However, differences were
found for poverty status, with parents living at or below the poverty line endorsing more
pressure to eat (M= 3.11, SE = .16) than those living above the poverty line (M= 2.51, SE
=.11), A1, 134) = 9.78, p=.002. In addition, ethnic differences were found for parental
pressure to eat, A3, 135)=4.33, p=.006, with European American parents reporting lower
levels of pressure to eat (M= 2.39, SE = .16) than African American parents (M= 3.33, SE
=.22), p=.006.
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Results from Path Analysis and Mediation Analyses

The overall model chi-square test and the model fit indices were: XZ (3, N=139)=5.26 (p
=.15), RMSEA = .07, CFl = .95, and SRMR = .04, respectively, indicating that the
hypothesized model fit the data adequately. As shown in Figure 2, child food avoidance
predicted high levels of parental pressure to eat (B = .24, p< .01); child food approach
predicted high levels of parental restrictive feeding and parental pressure to eat (B = .31, p
<.001 and B = .23, p< .01, respectively). Restrictive feeding predicted high levels of child
BMI (B = .17, p< .05) whereas pressure to eat predicted low levels of child BMI (p = -.28,
p<.001). The variance explained was 10.6% for restrictive feeding, 11.3% for pressure to
eat, and 9.8% for child BMI with statistical significance at p < .05 level. Analyses were also
conducted to test for the hypothesized mediation effects and results were summarized in
Table 2. Three mediation effects were found. The total indirect effect of child food
avoidance on child BMI was marginally significant, and mediated through parental pressure
to eat. The two specific indirect effects through restrictive feeding and pressure to eat were
significant, although the total indirect effect of child food approach on child BMI was not
significant.

Multiple-group path analysis was completed to test for ethnic or economic group differences
in structural parameters of the mediation model. Results indicated that the path coefficients
were equal across poverty status and across Hispanic and Non-Hispanic groups, A;(ZS =97
and 11.9, df = 6, ps = .14 and .06, respectively. For poverty status, all of the four indirect
effects of the model were invariant across groups, ;(2 =.20, df=1, p=.65 for the indirect
effect of Food Avoidance on Child BMI via Restrictive Feeding; ;(2 =277,df=1,p=.09
for the indirect effect of Food Avoidance on Child BMI via Pressure to Eat; y= = .73, df=1,
p = .39 for the indirect effect of Food Approach on Child BMI via Restrictive Feeding; XZ

= .68, df=1, p= .41 for the indirect effect of Food Approach on Child BMI via Pressure to
Eat, respectively. For ethnic groups, all of the four indirect effects of the model were
invariant across ethnic groups as well, y? =.92, df= 1, p= .34 for the indirect effect of Food
Avoidance on Child BMI via Restrictive Feeding; y= = .95, df= 1, p= .33 for the indirect
effect of Food Avoidance on Child BMI via Pressure to Eat; y? = .54, df =1, p= .46 for the
indirect effect of Food Approach on Child BMI via Restrictive Feeding; y==1.40, df=1, p
= .24 for the indirect effect of Food Approach on Child BMI via Pressure to Eat,
respectively.

Discussion

The primary purpose of the present study was to examine whether controlling parental
feeding practices served as modifiable food parenting behaviors that mediate the relations
between child appetitive traits and child BMI. Study results confirmed that child appetitive
traits are linked to child BMI through restrictive feeding or pressure to eat. Thus, the relation
between child eating styles and their BMI can be partly explained by parents’ use of
controlling feeding practices. Study findings are consistent with a biopsychosocial model of
the development of eating and weight in childhood (Russell & Russell, 2019) which takes
into account both parent and child behavior and characteristics and links child biology and
behavior with psychosocial processes and environment.
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Links between Child Appetitive Traits and Parental Feeding Practices

Food approach and food avoidance are two temperament-based appetitive traits that are
influenced by genetic dispositions (Dubois et al., 2013; Wood, 2018), and previous studies
have shown associations between child appetitive traits and controlling parental feeding
practices. Prior studies show that child food avoidance is positively related to controlling
parental feeding practices such as pressure to eat, while child food approach is positively
related to restrictive feeding and negatively related to pressure to eat (Gregory, Paxton, &
Brozovic, 2010; Webber et al., 2010). Our findings were similar, except that we found food
approach and pressure to eat were positively related to one another in our sample. This
pattern of a positive relation between food approach and pressure to eat may reflect parents’
attempts to manage or control children’s eating behaviors through getting their children to
eat healthy rather than unhealthy or junk foods.

Prior studies have shown that child food approach and parents’ restrictive feeding are linked,
possibly because children may desire high-sugar or high-fat foods and parents feel the need
to restrict over-consumption of such foods and/or parents who restrict certain foods make
those foods more desirable to their children (Rollins et al., 2016; Webber et al., 2010).
Unlike the Restrictive Feeding subscale, items in the Pressure to Eat subscale do not specify
the type of food. The association between child food approach and parental pressuring to eat
may suggest that parents pressure their children to eat more healthy foods, or pressure their
children to eat more during mealtime to limit their consumption of snacks or unhealthy
foods. Parents’ beliefs and motivation that underlie pressuring children to eat and the types
of foods that parents offer their children to eat warrant further attention in future studies.

Restrictive Feeding and Pressure to Eat as Mediating Mechanisms

One of the primary aims of this study was to examine whether controlling parental feeding
practices served as modifiable behaviors that mediated the relations between child appetitive
traits and child BMI. Results from path analyses showed that both parents’ restrictive
feeding and pressure to eat mediated the relations between child appetitive traits and child
BMI. Results also showed that mediation pathways did not differ across income and ethnic
groups, and suggest that study findings are generalizable to diverse income and ethnic
groups. Specifically, the linkage between child food approach and child BMI was through
either parents’ restrictive feeding or through parents’ pressure to eat. In addition, the linkage
between child avoidance and child BMI was through parents’ pressure to eat (but not
restrictive feeding). Importantly, the type of control that parents exert over their children’s
eating (i.e., restrictive feeding or pressure to eat) related to their children’s weight status in
diametrically different or opposite ways. Thus, while child appetitive traits are linked to
child weight, our findings of controlling feeding as mediating mechanisms show that
parental feeding practices matter because children with food approach tendencies are likely
to have different weight status when parents engage in restrictive feeding versus pressuring
their children to eat.

Our results are consistent with the view that parents’ controlling feeding practices often have
unintended or counterproductive influences on children’s weight status (Farrow & Blissett,
2008). Such parental control over children’s eating may include restricting or limiting
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children’s consumption of snacks and unhealthy foods, as well as encouraging or even
pressuring children to eat more healthy foods such as fruits and vegetables. Our findings are
generally consistent with findings from previous studies on controlling parental feeding
practices. The use of parental restrictive feeding may interfere with the development of
children’s self-regulation of eating and also reinforce children’s insensitivity to satiety cues
that could lead to elevated child BMI (Anzman & Birch, 2009; Bergmeier et al., 2014).
Regarding pressure to eat, parents might exert such pressure in response to either children’s
food avoidance or food approach that could shape children’s food preference and eating
behaviors that subsequently contribute to low child BMI (Bryant-Waugh, Markham, Kreipe,
& Walsh, 2010; Galloway, Fiorito, Francis, & Birch, 2006).

Poverty Status and Parents’ Pressure to Eat

Study results suggest that poverty status is a risk factor for controlling parental feeding.
Specifically, parents living in poverty endorsed higher levels of pressure to eat than those not
in poverty. Researchers have speculated that one reason that socioeconomic differences are
found in parents’ feeding practices is that parents or caregivers who live in poverty not only
lack resources but also access to knowledge of the role of nutrition and feeding practices in
child health and weight (Saxton, Carnell, van Jaarsveld, & Wardle, 2009).

Ethnocultural Differences in Controlling Parental Feeding

Results showed ethnic differences in controlling parental feeding practices, with Non-
Hispanic African American parents endorsing higher levels of pressure to eat than Non-
Hispanic European American parents. Our findings are somewhat consistent with those from
prior studies that also show ethnic or cultural differences in parents’ feeding or food
parenting practices, with multiple studies suggesting that Non-Hispanic African-American
parents display more authoritarian or controlling food parenting practices and are more
likely to use food to calm or to reward their children than Hispanic parents (Evans et al.,
2011; Skala et al., 2012; Wehrly et al., 2014). These ethnic and sociocultural differences in
controlling parental feeding practices might be attributed to differences in the meaning and
the use of food within the family that have been observed across cultural or ethnic groups,
because culture can influence parents’ feeding practices through parents’ beliefs, values, and
behaviors related to foods and health (Caprio et al., 2008; Cheah & Van Hook, 2012; Wehrly
etal., 2014).

Implications

Our results indicated that parents’ feeding practices could be interpreted as parents’
responses to child appetitive traits, which can further impact child weight status. Thus, food-
related parenting appears to be a promising point of entry for prevention/intervention
programs for childhood obesity through healthy eating. Findings support the importance of
adopting a family-based approach and targeting food-related parenting practices in the
development of prevention/intervention programs for childhood obesity (see Golan & Crow,
2004). In addition, it is important for prevention/intervention programs to take children’s
appetitive traits into consideration, and tailor the program to meet families’ needs. For
example, when a child exhibits food avoidance, decreasing parental pressure to eat and
substituting that with parental encouragement of eating could be an effective approach.
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However, when a child appears to exhibit food approach, knowing that parents tend to
endorse both pressure to eat and restriction in this situation, an in-depth evaluation of
children’s current diet and food preferences, parents’ beliefs and expectations about diet and
eating, and how parents react to children’s eating behaviors could be an effective approach.

Limitations and Conclusion

While the mediation models that were tested were based on the theoretical framework and
empirical observations that food approach and food avoidance have genetic or biological
(temperament) bases (Dubois et al., 2013; Wood, 2018) and parents’ feeding practices are
partly in response to their children’s appetitive traits (Webber et al., 2010), additional studies
with longitudinal designs are needed to address the causal influences or directionality of
effects between appetitive traits, parents’ feeding, and BMI. In addition, child appetitive
traits and controlling parental feeding practices were both assessed using parent reports,
which may introduce biases depending on parental perceptions of child behavior. Future
studies that include observational data in naturalistic or laboratory settings are needed to
assess appetitive traits and/or feeding practices to overcome issues with same-reporter or
shared method variance.

In summary, our study contributes to the literature on the roles of child appetitive traits and
parental control in child feeding on child BMI. Consistent with a biopsychosocial model of
the development of eating and weight in childhood proposed by Russell and Russell (2019),
our findings highlight the contributions from both parent and child behavior and
characteristics to child weight status. Our results showed that controlling feeding practices
are mediating mechanisms by which child appetitive traits of food approach or food
avoidance are linked to child BMI. Of particular interest is that the two types of controlling
feeding (i.e., restrictive feeding or pressure to eat) related to child BMI in opposite ways,
highlighting that parents’ controlling feeding practices often have unintended or
counterproductive influences on children’s weight status. The findings of mediation effects
for controlling parental feeding practices are promising, because parents’ feeding behaviors
are modifiable and could be targets of parent- or caregiver-focused interventions and
education (Lindsay, Sussner, Kim, & Gortmaker, 2006; Steinsbekk, Belsky, & Wichstrgm,
2016). Further, our findings highlight that parents could be empowered as agents of change
in their children’s lives through promoting children’s healthy eating habits and healthy
weight.

Author Note and Acknowledgements

The project described was supported by Award Number RO3HD058734 from the Eunice Kennedy Shriver National
Institute of Child Health and Human Development. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the Eunice Kennedy Shriver National Institute of Child Health &
Human Development or the National Institutes of Health.

Author Bios

Zhiging Zhou is a doctoral student in the department of Educational Psychology at Texas
A&M University. She completed her Bachelor of Science degree in Psychology from Peking

J Genet Psychol. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

Page 11

University. Her research interests focus on individual differences and cultural factors related
to eating behaviors and eating disturbance.

Jeffrey Liew is a professor in the department of Educational Psychology at Texas A&M

University. His research expertise is on social-emotional development with an emphasis on
emotion, self-regulation, and executive functions. Majority of his research focuses on early
childhood, but the body of his research spans early childhood through emerging adulthood.

Yu-Chen Yeh is a post-doctoral research scientist at Texas A&M University. Her research
expertise is on measurement, structural equation modeling, and multilevel modeling.

Marisol Perez is an associate professor in the department of Psychology at Arizona State
University. Her research expertise is on eating psychopathology and obesity, prevention of
eating disorders and obesity, intergenerational transmission of eating, and improving the
assessment of eating behaviors across cultural and economic groups.

References

Anderson CB, Hughes SO, Fisher JO, & Nicklas TA (2005). Cross-cultural equivalence of feeding
beliefs and practices: The psychometric properties of the child feeding questionnaire among Blacks
and Hispanics. Preventive Medicine: An International Journal Devoted to Practice and Theory, 41,
521-531. doi: 10.1016/j.ypmed.2005.01.003
Anzman SL, & Birch LL (2009). Low inhibitory control and restrictive feeding practices predict
weight outcomes. The Journal of Pediatrics, 155, 651-656. 10.1016/j.jpeds.2009.04.052 [PubMed:
19595373]
Arbuckle JL (1996). Full information estimation in the presence of incomplete data In Advanced
structural equation modeling: Issues and techniques (pp. 243-277). Mahwah, NJ: Lawrence
Erlbaum Associates.
Bergmeier H, Skouteris H, Horwood S, Hooley M, & Richardson B (2014). Associations between
child temperament, maternal feeding practices and child body mass index during the preschool
years: A systematic review of the literature. Obesity Reviews, 15, 9-18. 10.1111/0br.12066
[PubMed: 23957249]
Birch LL, Fisher JO, Grimm-Thomas K, Markey CN, Sawyer R, & Johnson SL (2001). Confirmatory
factor analysis of the Child Feeding Questionnaire: A measure of parental attitudes, beliefs and
practices about child feeding and obesity proneness. Appetite, 36, 201-210. 10.1006/appe.
2001.0398 [PubMed: 11358344]
Birch LL, & Ventura AK (2009). Preventing childhood obesity: What works? International Journal of
Obesity, 33, S74-S81. 10.1038/ij0.2009.22 [PubMed: 19363514]
Browne MW, & Cudeck R (1993). Alternative ways of assessing model fit In Testing structural
equation models (pp. 136-162). Newbury Park, CA: Sage.
Bryant-Waugh R, Markham L, Kreipe RE, & Walsh BT (2010). Feeding and eating disorders in
childhood. International Journal of Eating Disorders, 43, 98-111. 10.1002/eat.20795 [PubMed:
20063374]
Caprio S, Daniels SR, Drewnowski A, Kaufman FR, Palinkas LA, Rosenbloom AL, ... Kirkman MS
(2008). Influence of race, ethnicity, and culture on childhood obesity: Implications for prevention
and treatment. Obesity, 16, 2566-2577. 10.1038/0by.2008.398 [PubMed: 19279654]
Carnell S, Benson L, Pryor K, & Driggin E (2013). Appetitive traits from infancy to adolescence:
Using behavioral and neural measures to investigate obesity risk. Physiology & Behavior, 121, 79—
88. 10.1016/j.physbeh.2013.02.015 [PubMed: 23458627]

Carnell S, & Wardle J (2008). Appetitive traits and child obesity: Measurement, origins and
implications for intervention. Proceedings of the Nutrition Society, 67, 343-355. 10.1017/
S0029665108008641 [PubMed: 18715519]

J Genet Psychol. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

Page 12

Cheah CSL, & Van Hook J (2012). Chinese and Korean immigrants’ early life deprivation: An
important factor for child feeding practices and children’s body weight in the United States. Social
Science & Medicine, 74, 744-752. 10.1016/j.socscimed.2011.10.040 [PubMed: 22265872]

Cross MB, Hallett AM, Ledoux TA, O’Connor DP, Hughes SO (2014). Effects of children’s self-
regulation of eating on parental feeding practices and child weight. Appetite, 81, 76-83. doi:
10.1016/j.appet.2014.06.014 [PubMed: 24930598]

Dubois L, Diasparra M, Bedard B, Kaprio J, Fountaine-Bisson B, Tremblay R, ... Perusse D (2013).
Genetic and environmental influences on eating behaviors in 2.5- and 9-year-old children: A
longitudinal twin study. International Journal of Behavioral Nutrition and Physical Activity, 10,
134 10.1186/1479-5868-10-134 [PubMed: 24313977]

Evans A, Seth JG, Smith S, Harris KK, Loyo J, Spaulding C, ... Gottlieb N (2011). Parental feeding
practices and concerns related to child underweight, picky eating, and using food to calm differ
according to ethnicity/race, acculturation, and income. Maternal and Child Health Journal, 15,
899-909. 10.1007/s10995-009-0526-6 [PubMed: 19771501]

Faith MS, Berkowitz RI, Stallings VA, Kerns J, Storey M, & Stunkard AJ (2004). Parental feeding
attitudes and styles and child body mass index: Prospective analysis of a gene-environment
interaction. Pediatrics, 114, e429-e436. 10.1542/peds.2003-1075-L [PubMed: 15466068]

Farrow CV, & Blissett J (2008). Controlling feeding practices: Cause or consequence of early child
weight? Pediatrics, 121, e164—e169. [PubMed: 18166535]

Farrow CV, Haycraft E, & Blissett JM (2015). Teaching our children when to eat: how parental feeding
practices inform the development of emotional eating—a longitudinal experimental design. The
American Journal of Clinical Nutrition, 101, 908-913. 10.3945/ajcn.114.103713 [PubMed:
25787999]

Galloway AT, Fiorito LM, Francis LA, & Birch LL (2006). “Finish your soup”: Counterproductive
effects of pressuring children to eat on intake and affect. Appetite, 46, 318-323. 10.1016/j.appet.
2006.01.019 [PubMed: 16626838]

Golan M, & Crow S (2004). Targeting parents exclusively in the treatment of childhood obesity: Long-
term results. Obesity Research, 12, 357-361. 10.1038/oby.2004.45 [PubMed: 14981230]

Gregory JE, Paxton SJ, & Brozovic AM (2010). Pressure to eat and restriction are associated with
child eating behaviours and maternal concern about child weight, but not child body mass index, in
2- to 4-year-old children. Appetite, 54, 550-556. 10.1016/j.appet.2010.02.013 [PubMed:
20219609]

Hancock GR, & Mueller RO (2010). The reviewer’s guide to quantitative methods in the social
sciences. New York, NY: Routledge.

Hu L, & Bentler PM (1999). Cutoff criteria for fit indexes in covariance structure analysis:
Conventional criteria versus new alternatives. Structural Equation Modeling: A Multidisciplinary
Journal, 6, 1-55. 10.1080/10705519909540118

Hurley KM, Cross MB, & Hughes SO (2011). A systematic review of responsive feeding and child
obesity in high-income countries. The Journal of nutrition, 141(3), 495-501. 10.3945/jn.
110.130047 [PubMed: 21270360]

Jansen E, Mallan KM, & Daniels LA (2015). Extending the validity of the Feeding Practices and
Structure Questionnaire. International Journal of Behavioral Nutrition and Physical Activity, 12,
90 10.1186/512966-015-0253-x [PubMed: 26123046]

Jansen PW, de Barse LM, Jaddoe VWYV, Verhulst FC, Franco OH, & Tiemeier H (2017). Bi-directional
associations between child fussy eating and parents’ pressure to eat: Who influences whom?
Physiology & Behavior, 176, 101-106. 10.1016/j.physbeh.2017.02.015 [PubMed: 28215424]

Jansen PW, Tharner A, van der Ende J, Wake M, Raat H, Hofman A, ... Tiemeier H (2014). Feeding
practices and child weight: Is the association bidirectional in preschool children? American
Journal of Clinical Nutrition, 100, 1329-1336. 10.3945/ajcn.114.088922 [PubMed: 25332330]

Keller KL, Pietrobelli A, Johnson SL, & Faith MS (2006). Maternal restriction of children’s eating and
encouragements to eat as the ‘non-shared environment’: A pilot study using the child feeding
questionnaire. International Journal of Obesity, 30, 1670-1675. 10.1038/sj.ij0.0803318 [PubMed:
16568136]

J Genet Psychol. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

Page 13

Kidwell KM, Kozikowski C, Roth T, Lundahl A, & Nelson TD (2018). Concurrent and longitudinal
associations among temperament, parental feeding styles, and selective eating in a preschool
sample. Journal of Pediatric Psychology, 43, 572-583. 10.1093/jpepsy/jsx148 [PubMed:
29309654]

Kline RB (2010). Principles and practice of structural equation modeling (3rd ed.). New York: The
Guilford Press.

Larsen JK, Hermans RCJ, Sleddens EFC, Engels RCME, Fisher JO, & Kremers SPJ (2015). How
parental dietary behavior and food parenting practices affect children’s dietary behavior.
Interacting sources of influence? Appetite, 89, 246-257. 10.1016/j.appet.2015.02.012 [PubMed:
25681294]

Lindsay AC, Sussner KM, Kim J, & Gortmaker S (2006). The role of parents in preventing childhood
obesity. The Future of Children, 16, 169-186. 10.1353/foc.2006.0006 [PubMed: 16532663]

MacKinnon DP, & Lockwood C (2001). Distribution of products tests for the mediated effect.
Unpublished manuscript.

MacKinnon DP, Lockwood CM, & Williams J (2004). Confidence limits for the indirect effect:
Distribution of the product and resampling methods. Multivariate Behavioral Research, 39, 99—
128. 10.1207/s15327906mbr3901_4 [PubMed: 20157642]

Muthén LK, & Muthén BO (1998-2014). Mplus User’s Guide (Seventh Edition). Los Angelas, CA:
Muthén & Muthén.

Nord M, Andrews M, & Winicki J (2002). Frequency and duration of food insecurity and hunger in US
households. Journal of Nutrition Education & Behavior, 34, 194-200. doi: 10.1016/
$1499-4046(06)60093-6 [PubMed: 12217262]

Nowicka P, Sorjonen K, Pietrobelli A, Flodmark C-E, & Faith MS (2014). Parental feeding practices
and associations with child weight status. Swedish validation of the Child Feeding Questionnaire
finds parents of 4-year-olds less restrictive. Appetite, 81, 232-241. 10.1016/j.appet.2014.06.027
[PubMed: 24972134]

Ogden CL, Carroll MD, Kit BK, & Flegal KM (2014). Prevalence of childhood and adult obesity in
the United States, 2011-2012. JAMA: The Journal of the American Medical Association, 311,
806-814. 10.1001/jama.2014.732 [PubMed: 24570244]

Perez M, Ohrt TK, Bruening AB, Taylor AB, Liew J, Kroon Van Diest AMW, & Ungredda T (2018).
Measurement equivalence of child feeding and eating measures across gender, ethnicity, and
household food security. BMC Obesity, 5, 17 10.1186/s40608-018-0192-6 [PubMed: 29992030]

Porter RM, Tindall A, Gaffka BJ, Kirk S, Santos M, Abraham-Pratt I, ... Sweeney B (2018). A review
of modifiable risk factors for severe obesity in children ages 5 and under. Childhood Obesity, 14,
468-476. 10.1089/chi.2017.0344 [PubMed: 30156438]

Rodgers RF, Paxton SJ, Massey R, Campbell KJ, Wertheim EH, Skouteris H, & Gibbons K (2013).
Maternal feeding practices predict weight gain and obesogenic eating behaviors in young children:
a prospective study. International Journal of Behavioral Nutrition and Physical Activity, 10, 24
10.1186/1479-5868-10-24 [PubMed: 23414332]

Rollins BY, Savage JS, Fisher JO, & Birch LL (2016). Alternatives to restrictive feeding practices to
promote self-regulation in childhood: A developmental perspective: Alternatives to restrictive
feeding. Pediatric Obesity, 11, 326-332. 10.1111/ijp0.12071 [PubMed: 26403816]

Russell CG, & Russell A (2019). A biopsychosocial approach to processes and pathways in the
development of overweight and obesity in childhood: Insights from developmental theory and
research. Pediatric Obesity, 20, 725-749.

Russell CG, & Worsley T (2016). Associations between appetitive traits and food preferences in
preschool children. Food Quality and Preference, 52, 172-178. 10.1016/j.foodqual.2016.04.006

Saxton J, Carnell S, van Jaarsveld CHM, & Wardle J (2009). Maternal education is associated with
feeding style. Journal of the American Dietetic Association, 109, 894-898. 10.1016/j.jada.
2009.02.010 [PubMed: 19394477]

Shloim N, Edelson LR, Martin N, & Hetherington MM (2015). Parenting styles, feeding styles,
feeding practices, and weight status in 4-12 year-old children: A systematic review of the
literature. Frontiers in Psychology, 6, 1849 10.3389/fpsyg.2015.01849 [PubMed: 26696920]

J Genet Psychol. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

Page 14

Shrewsbury V, & Wardle J (2008). Socioeconomic status and adiposity in childhood: A systematic
review of cross-sectional studies 1990-2005. Obesity, 16, 275-284. 10.1038/oby.2007.35
[PubMed: 18239633]

Skala K, Chuang R-J, Evans A, Hedberg A-M, Dave J, & Sharma S (2012). Ethnic differences in the
home food environment and parental food practices among families of low-income Hispanic and
African-American preschoolers. Journal of Immigrant and Minority Health, 14, 1014-1022.
10.1007/s10903-012-9575-9 [PubMed: 22262411]

Skinner AC, Perrin EM, & Skelton JA (2016). Prevalence of obesity and severe obesity in US children,
1999-2014: Obesity in US Children, 1999-2014. Obesity, 24, 1116-1123. 10.1002/0oby.21497
[PubMed: 27112068]

Steinsbekk S, Barker ED, Llewellyn C, Fildes A, & Wichstrgm L (2017). Emotional feeding and
emotional eating: Reciprocal processes and the influence of negative affectivity. Child
Development, 89, 1234-1246. 10.1111/cdev.12756 [PubMed: 28439888]

Steinsbekk S, Belsky J, & Wichstrgm L (2016). Parental feeding and child eating: An investigation of
reciprocal effects. Child Development, 87, 1538-1549. [PubMed: 27154834]

van Jaarsveld CH, Llewellyn CH, Johnson L, & Wardle J (2011). Prospective associations between
appetitive traits and weight gain in infancy. The American Journal of Clinical Nutrition, 94, 1562—
1567. 10.3945/ajcn.111.015818 [PubMed: 22071702]

Vandeweghe L, Vervoort L, Verbeken S, Moens E, & Braet C (2016). Food Approach and Food
Avoidance in Young Children: Relation with Reward Sensitivity and Punishment Sensitivity.
Frontiers in Psychology, 7, 928 10.3389/fpsyg.2016.00928 [PubMed: 27445898]

Ventura AK, & Birch LL (2008). Does parenting affect children’s eating and weight status?
International Journal of Behavioral Nutrition and Physical Activity, 5, 15 10.1186/1479-5868-5-15
[PubMed: 18346282]

Wardle J, Guthrie CA, Sanderson S, & Rapoport L (2001). Development of the Children’s Eating
Behaviour Questionnaire. The Journal of Child Psychology and Psychiatry and Allied Disciplines,
42, 963-970. 10.1111/1469-7610.00792

Webber L, Cooke L, Hill C, & Wardle J (2010). Associations between children’s appetitive traits and
maternal feeding practices. Journal of the American Dietetic Association, 110, 1718-1722.
10.1016/j.jada.2010.08.007 [PubMed: 21034886]

Webber L, Hill C, Saxton J, Van Jaarsveld CHM, & Wardle J (2009). Eating behaviour and weight in
children. International Journal of Obesity, 33, 21-28. 10.1038/ij0.2008.219 [PubMed: 19002146]

Wehrly SE, Bonilla C, Perez M, & Liew J (2014). Controlling parental feeding practices and child
body composition in ethnically and economically diverse preschool children. Appetite, 73, 163—
171. 10.1016/j.appet.2013.11.009 [PubMed: 24269508]

Wood AC (2018). Appetitive traits: Genetic contributions to pediatric eating behaviors In: Lumeng JC
& Fisher JO (Eds.), Pediatric Food Preferences and Eating Behaviors (pp. 127-146). Elsevier,
127-146 London: Academic Press.

Zijlstra WP, van der Ark LA, & Sijtsma K (2011). Outliers in questionnaire data: Can they be detected
and should they be removed? Journal of Educational and Behavioral Statistics, 36(2), 186-212.
10.3102/1076998610366263

J Genet Psychol. Author manuscript; available in PMC 2021 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zhou et al.

/Cl

Food Avoidance

Restrictive Feeding

Page 15

Food Approach

Fig.1.
Hypothesized mediation model

J Genet Psychol. Author manuscript; available in PMC 2021 January 01.

Pressure to Eat

Child BMI

<« (3

b

G



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zhou et al.

S \

Restrictive Feeding

Food Avoidance k—--- 08
24
31E%
Food Approach e
Fig. 2.

Pressure to Eat

A7*

kol

Page 16

Child BMI

< 90% ¥

Path analysis testing restrictive feeding and pressure to eat as mediating mechanisms
between food avoidance or food approach and BMI
Note. All the coefficients were standardized. Dashed lines represent no significant
association. *p < .05, **p < .01, ***p < .001.
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Table 1.
Descriptive statistics of major variables
Mean SD Skewness Kurtosis 1 2 3 4 5
1 Food Avoidance 1.34 .62 .35 1.02 1
2 Food Approach 2.46 .58 41 .29 .02 1
3 Restrictive Feeding  3.44 96  -.48 -.55 .09 g 1
4 Pressure to Eat 275 112 12 -1.00 25" 23™ 1™ 1
5 BMI 16.47 2.06 .78 3.60 -15 11 12 _os* 1
Note.
*
p<0.05
Ak
p<0.01
HAA
p < 0.001.
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Table 2.

The unstandardized indirect effects for path analysis testing restrictive feeding or pressure to eat as mediating
mechanisms between food avoidance or food approach and BMI

Indirect effect Estimate SE 95% ClI
Food Avoidance — Restrictive Feeding .05 .05 [-.02,.19]
Food Avoidance — Pressure to Eat _23%* 10 [-.44,-.06]
Food Approach — Restrictive Feeding 9% .10 [.04, .43]
Food Approach — Pressure to Eat _20* 10 [-.47,-.06]
Note.
*
p<0.05
Ak
p<0.01.

95% CI: If the confidence interval did not include zero, the null hypothesis of no mediation was rejected.
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