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Abstract
Parental feeding practices have been associated with children’s weight status, but results have
been inconsistent across populations. Research is needed to elucidate the relationship between
parental feeding practices and adiposity in diverse populations. The present study tested if: (1)
parental feeding practices differed by race/ethnicity (2) parental pressure to eat and parental
restriction were associated with adiposity levels, and (3) to investigate the relationship between
parental feeding practices and/or child adiposity with socioeconomic status (SES). Structural
equations modeling was conducted to test the model in 267 children aged 7–12 years self-
identified as African American (AA), European American (EA), or Hispanic American (HA) from
economically diverse backgrounds. Dual energy X-ray absorptiometry and Computed
Tomography scanning were used to determine body composition and abdominal fat distribution,
respectively.

Parental restriction was a significant predictor of child adiposity while parental pressure to eat had
an inverse relationship with child adiposity. HA parents reported significantly higher levels of
restriction and pressure to eat, whereas EA parents reported the lowest. SES was positively
associated with child adiposity and inversely related to parental restriction and pressure to eat.

Thus, parental feeding practices differ across racial/ethnic groups and SES and may contribute to
population differences in child adiposity.
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Introduction
The prevalence of childhood obesity has been increasing over the last thirty years, with the
most recent reports indicating an increase in both the degree and severity (Ogden et al.,
2010). Research indicates that obese children are more likely to become obese adults
(Magarey et al., 2003), and this tracking of pediatric obesity into adulthood may have
detrimental implications for long term health (Field et al., 2001; Whitaker et al., 1997;
Magarey et al., 2003).

Parental beliefs and practices regarding child feeding play a significant role in shaping
eating behaviors. Parental feeding practices, particularly restriction of palatable foods and
pressure to eat, have been related to children’s body weight and energy intakes. Parental
restriction has been positively related with child body mass index (BMI), overeating, and
weight gain (Fisher & Birch, 2002; Francis et al., 2001; Joyce & Zimmer-Gembeck, 2009;
Birch & Fisher, 2000; Faith et al., 2004). It has been hypothesized that parental restriction
may limit a child’s ability to self regulate energy intake and focus children’s attention on
restricted foods, which may lead to overconsumption when the restricted foods become
freely available (Fisher JO & Birch L.L., 1999). In contrast, parental pressure to eat has been
associated with decreased preference and consumption of the pressured food, lower fruit and
vegetable intake, picky eating, and lower weight in children (Galloway AT et al., 2005;
Galloway et al., 2006). However, the relationships between parental feeding practices and
adiposity are not consistent across studies. Studies from Australia and the United Kingdom
have found no association between parental restriction and child weight (Webber et al.,
2010; Campbell et al., 2010; Carnell & Wardle, 2007) and longitudinal studies have shown
no association between pressure to eat and child adiposity measures (Webber et al., 2010;
Spruijt-Metz et al., 2006). Although it has been theorized that parental beliefs and practices
may be modifiable determinants to prevent pediatric obesity and excessive adiposity
(Savage J.S. et al., 2007), it is evident that the relationships between parental feeding
practices and risk for obesity in children are complex, and do not appear to carry the same
effect among all individuals.

The etiology of reported marked differences in obesity prevalence among members of
diverse racial/ethnic groups in the United States is not clearly understood (Flegal et al.,
2010). Research aimed at understanding the role of parental feeding practices in diverse
populations, including those with lower socio-economic status (SES), is limited and the
contribution of SES to child feeding practices remains inconclusive (Mulder et al., 2009;
Webber et al., 2010; Carnell & Wardle, 2007; Hennessy et al., 2010; Spruijt-Metz et al.,
2006; Spruijt-Metz et al., 2002). As minority and low-income populations continue to be
disproportionately affected by overweight and obesity (Shrewsbury & Wardle, 2008; Ogden
et al., 2010), clarifying the contribution of SES to parental feeding practices in minority and
low-income populations will be important in developing interventions and treatment for
pediatric obesity.

The objectives of this study were to test a model that focuses on the relationship between
parental feeding practices on child adiposity in a socioeconomically and ethnically diverse
population (Figure 1). This model is based on prior research in a homogenous sample
(Fisher J.O. & Birch L.L., 1999; Fisher & Birch L.L., 2002; Galloway et al., 2006) and was
inspired by the Social Determinants of Health and Environmental Health Promotion model
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(Schulz & Northridge, 2004). We hypothesized that (1) parental feeding practices would
differ by race/ethnicity, (2) parental pressure to eat would be inversely associated and
parental restriction would be positively associated with adiposity levels, and (3) SES would
be inversely associated with parental restriction, pressure to eat, and/or child adiposity in a
multi-ethnic sample of children from economically diverse backgrounds.

Methods
Subjects

This paper utilizes secondary data analysis from a cross-sectional study evaluating genetic
and environmental factors underlying pediatric racial/ethnic differences in body composition
and insulin-related outcomes. Participants were 267 children aged 7–12 years self-identified
as AA (n=91), EA (n=116), or HA (n=60) from the Birmingham, Alabama area. Children
were recruited at schools, churches, health fairs, and through newspapers, parent magazines,
radio, and participant referrals. The children were peripubertal (pubertal stage ≤3 as
assessed by a pediatrician according to the criteria of Marshall and Tanner) (Marshall WA &
Tanner JM, 1969; Marshall WA & Tanner JM, 1970), and had no medical diagnosis or
medications contraindicated for study participation (i.e. medication known to affect body
composition, metabolism, cardiac function). Prior to study participation, the children and
parents provided informed assent and consent, respectively, to the protocol, which was
approved by the Institutional Review Board for human subjects at the University of
Alabama at Birmingham. All measurements were performed at the General Clinical
Research Center (GCRC) and the Department of Nutrition Sciences at the University of
Alabama at Birmingham between 2005 and 2008.

Protocol
Subjects participated in two visits. On the first visit, pubertal status, anthropometric
assessment, questionnaire data, and body composition were measured. Within thirty days the
children and their parents returned for the second visit, where blood for genetic admixture
analysis was drawn.

Anthropometric measures
Anthropometric measurements for all participants were obtained by the same registered
dietitian. Participants were weighed (Scale-tronix 6702W; Scale-tronix, Carol Stream, IL) to
the nearest 0.1 kg (in minimal clothing without shoes). A single measure of height was
recorded to the nearest 0.1 cm without shoes using a digital stadiometer (Heightronic 235;
Measurement Concepts, Snoqualmie, WA). Children’s BMI-for-age percentiles were
calculated as indicated by the Center for Disease Control and Prevention guidelines
(Kuczmarski RJ et al., 2002).

Body Composition and Fat Distribution
Body composition was measured by dual-energy x-ray absorptiometry (DXA) using a GE
Lunar Prodigy densitometer (GE LUNAR Radiation Corp., Madison, WI). Participants were
scanned in light clothing, while lying flat on their backs with arms at their sides. DXA scans
were performed and analyzed with pediatric software encore 2002 version 6.10.029. DXA
has been found to be highly reliable for body composition assessment in children (Elberg et
al., 2004). For the purpose of this study, only trunk fat (kg) was used in the analysis. Total
abdominal adipose tissue (TAAT; cm2) was measured by computed tomography (CT)
scanning with a HiLight/Advantage Scanner (General Electric, Milwaukee) as previously
described (Kekes-Szabo T et al., 1994). A 5mm abdominal scan was taken at the level of the
umbilicus. Scans were analyzed for cross-sectional area (cm2) of adipose tissue using the
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density contour program with Hounsfield units for adipose tissue set at −190 to −30. CT has
been shown to provide accurate measurements of body fat distribution in children (Fox K et
al., 1993). The indicators of total abdominal adipose tissue, trunk fat mass, and BMI-for-age
percentile were chosen for the Child Adiposity latent construct because they have been
related to metabolic outcomes and obesity in children and adults (Bjorntorp P, 1988;
Rexrode K et al., 1998; Casazza K et al., 2009; Edyta Suliga, 2009; Magarey et al., 2003).

Parental Feeding Practices
The Child Feeding Questionnaire (CFQ) was developed by Birch et al. to measure parental
feeding practices in EA children (Birch et al., 2001) and has been used previously in
children of this age group (Spruijt-Metz et al., 2006; Campbell et al., 2010; Spruijt-Metz et
al., 2002). For this study, the modified CFQ was given, which used questions from the
original CFQ which were validated for use in HA and AA (Anderson et al., 2005).
Restriction and pressure to eat were measured by a five-point Likert scale and responses
ranged from agree (coded as a 5) to disagree (coded as a 1). The questions measuring
parental restriction (RES1a, RES1b, and RES4a) were “I have to make sure my child does
not eat too many sweets”, “I have to be sure that my child does not eat too many high fat
foods”, and “I have to be sure that my child does not eat too much of his/her favorite foods”,
respectively. The questions measuring “pressure to eat” (PE1, PE2, and PE3) were “My
child should always eat everything on his/her plate”, “I have to be especially careful to make
sure my child eats enough”, and “If I did not guide or regulate my child’s eating, he/she
would eat much less than he/she should”, respectively. Higher scores are indicative of higher
engagement in feeding practices while low scores reflect little participation in child feeding
practices. All parents participated in the questionnaire, and the Cronbach alpha for
restriction and pressure to eat were 0.83 and 0.69, respectively.

Socioeconomic Status
Socioeconomic status was measured with the Hollingshead 4-factor index of social class
(Hollingshead AB, 1975), which combines the educational attainment and occupational
prestige for working parents in the child’s family. Scores range from 8 to 66, with higher
scores indicating higher theoretical social status.

Pubertal Status
Tanner staging is an objective measure of pubertal development. Direct observation for the
assessment of pubertal stage by the same pediatrician, was used for differentiating among
the five stages of maturity (Marshall WA & Tanner JM, 1969; Marshall WA & Tanner JM,
1970). The staging based on the criteria of Marshall and Tanner is according to both breast
and pubic hair development in girls and genitalia and pubic hair development in boys. One
composite number is assigned for Tanner staging, representing the higher of the two values
defined by breast/genitalia and pubic hair development (Malina RM & Bouchard C, 1991).
Given that pubertal stage and biological sex plays a role in adiposity accrual and distribution
(Goulding et al., 1996; Demerath et al., 2006), both were included as covariates in the
analysis.

Genetic admixture
Genetic admixture more accurately reflects genetic components of race/ethnicity than self-
report (Fernandez & Shriver, 2004) and has been shown to influence body composition in
children (Cardel et al., 2011; Casazza K et al., 2010). We used estimates of ancestral genetic
admixture to adjust for the genetic contribution to body composition. Genetic admixture
estimates were obtained for each child’s blood sample from genotyping ~142 ancestry
informative markers (AIMs) across the human genome for European, African and
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Amerindian parental ancestry. Genotyping for the measures of genetic admixture was
performed at Prevention Genetics (www.preventiongenetics.org) using the McSNP method
and agarose gel electrophoresis, as previously described (Cardel et al., 2011). Individual
admixture estimates were derived using maximum likelihood (ML) method, which estimate
the proportion of genetic ancestry for each individual, using a range of proportions from 0 to
1 and identifies the most probable value of admixture based on the observed genotypes, as
previously described (Fernandez & Shriver, 2004; Shaffer JR et al., 2007).

Statistical Analysis
Correlations were conducted for all variables of interest and descriptive statistics were
analyzed among ethnic groups using analysis of variance (ANOVA) with Tukey’s post-hoc
analysis. The normality of the distribution of values was evaluated and non-normal variables
were log-transformed. Means for restriction and pressure to eat between ethnic groups were
analyzed with analysis of covariance (ANCOVA). The covariates are child sex, pubertal
status (as assessed by tanner), African admixture, and European admixture. All above
analyses were done using Statistical Analysis Software (SAS; version 9.1).

Structural equations modeling (SEM) using Mplus software (Muthen and Muthen, Los
Angeles, CA) with ML estimation was used to model the relationships between parental
feeding practices, SES, and child adiposity. SEM allows for latent variables and for
simultaneous evaluation of multiple regression equations, providing estimates of the direct
and indirect effects, while adjusting for covariates and colinearity among all variables. In the
model (Figure 3), ovals are shown to represent latent variables. The black boxes represent
observed variables and the gray boxes represent the indicators used to measure the latent
variables. Direct paths between the variables are indicated by single-headed arrows
estimated by linear regression coefficients. Correlations between the variables are shown by
double-headed arrows. Significance for all relationships was set a level of p≤0.05. Standard
fit indices were used to test the fit of the model (Rex B.Kline, 2005): chi-square (χ2) test of
model fit, its p-value and degrees of freedom (df); CFI (comparative fit index; good fit is
>0.90); and RMSEA (root mean square error of approximation; good fit is <0.05).

Results
Parental and Child Characteristics

Descriptive statistics are reported in {Table 1}. Socioeconomic status differed by race/
ethnicity with EA having the highest level and HA having the lowest level. Indices of child
adiposity differed by groups with HA children having a higher BMI-forage percentile,
greater TAAT, trunk fat mass, total fat, and percent fat when compared to EA and AA
children. AA children had greater lean mass and were reproductively more mature relative
to EA and HA children. A correlation matrix of key variables is described in {Table 2}.

Parental feeding practice scores by race/ethnicity are described in {Figure 2}. HA parents
reported significantly higher levels of restriction and pressure to eat, whereas EA parents
reported the lowest levels of restriction and pressure to eat.

SEM Model
The generally accepted statistical fit cutoffs (Rex B.Kline, 2005), indicate that the model
was a good fitting model (χ2=79.80, df=62, p=0.06, CFI=0.98, RMSEA=0.03) {Figure 3}.
Pubertal status and AFADM were significant covariates in the model. Child sex and
EUADM were not significant predictors of Child Adiposity, when accounting for all other
pathways in the model.
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The standardized parameter estimates after adjustment for all other covariates in the model
are displayed in {Figure 3}. These standardized path coefficients can be interpreted the same
way one would interpret standardized β weights in regression analyses. Restriction was a
significant predictor of child adiposity (β=0.26, p<0.0001), meaning that a 1 standard
deviation (SD) shift in Restriction would result in a 0.26 SD increase in Child Adiposity,
after adjusting for the contributions of genetic admixture, SES, child sex, and pubertal
status. Pressure to Eat was inversely associated with Child Adiposity (β=−0.37, p=<.0001),
where a 1 SD increase in Pressure to Eat results in a 0.37 SD decrease in Child Adiposity,
after controlling for all other factors in the model. There was a significant correlation
between Pressure to Eat and Restriction (r=0.46; p<.0001). SES was inversely associated
with Child Adiposity (β=0–.28, p<.0001), where a 1 SD increase in SES resulted in a −0.28
SD shift in Child Adiposity, after adjusting for all other predictors. SES was inversely
associated with both Pressure to Eat (r=−0.40; p<.0001) and Restriction (r=−0.20; p<.0001).

Discussion and Conclusions
The overall purpose of this study was to investigate whether parental feeding practices
differed by race/ethnicity and evaluate the effects of parental feeding practices and SES on
child adiposity. Our findings indicate that parental feeding practices differ across racial/
ethnic groups, and parental pressure to eat and restriction were associated with adiposity
levels. Compared with children of higher SES, the use of controlling parental feeding
practices was more prevalent in lower SES homes.

Pressure to eat has been reported to cause chaos and stress during mealtimes and to
negatively impact children’s associations with food (Galloway et al., 2006). Given that
negative associations with food may influence eating behavior and child weight,
investigating whether pressure to eat contributes to child adiposity is paramount. Children
that are pressured to eat at mealtimes tend to eat less and make more negative comments
about food than meals where pressure to eat does not occur (Galloway et al., 2006). Previous
research has shown that pressure to eat may not be limited to an acute response and has long
term effects that promote picky eating, food aversions, and lower fruit and vegetable
consumption during childhood and young adulthood (Batsell et al., 2002; Batsell & Brown,
1998; Galloway et al., 2005). Although studies have detailed the influence of pressure to eat
and how this impacts eating behavior, studies investigating the relationship of these factors
to BMI are inconsistent. Studies in children from European descent have reported that
pressure to eat was correlated with decreased child BMI-for-age percentiles in the United
States, (Faith et al., 2004; Matheson et al., 2006; Savage J.S. et al., 2007; Galloway et al.,
2006) whereas in children from the United Kingdom no associations with weight were
detected (Webber et al., 2010). These data suggest that the influence of pressure to eat on
BMI in children may be mediated by cultural and/or geographical factors. While studies
have found that pressure to eat is associated with decreased BMI (and, consequently, body
weight), a different relationship has been observed with other adiposity measures, such as fat
mass in EA children (Spruijt-Metz et al., 2006). To the extent that individual measurement
of fatness is better represented by a latent variable for child adiposity, our results show that
pressure to eat is related to decreased adiposity among multi-ethnic children.

Previous studies have used BMI-for-age percentiles as a surrogate for pediatric adiposity,
and our results support the positive association between parental restriction and BMI-for-age
percentiles reported (Fisher & Birch, 2002; Francis et al., 2001; Birch & Fisher, 2000; Faith
et al., 2004). It has been hypothesized that controlling a child’s food intake may limit a
child’s ability to self- regulate consumption by hindering hunger and satiety cues, potentially
leading to eating in the absence of hunger (EAH) (Huon GF, 1994; Fisher & Birch, 2002;
Fisher J.O. & Birch L.L., 1999). EAH has been associated with pediatric obesity (Moens et
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al., 2007), and longitudinal analysis in EA girls indicate higher parental restriction at age
five relates to EAH by age seven and greater fat mass accrual over time (Fisher & Birch,
2002). However, it is important to note other studies have not found an association between
parental restriction and child weight (Webber et al., 2010; Campbell et al., 2010; Carnell &
Wardle, 2007; Gregory et al., 2010). A possible explanation for these observations may be
that there is a bilateral relationship between child weight and parental restriction. In this
context, parents are hypothesized to increase food restriction in children perceived to be at
risk for overweight. Rifas-Shiman and colleagues have demonstrated that maternal
restriction of food in children at one year of age was positively associated with child BMI at
age three before, but not after, adjusting for weight for length at age one (Rifas-Shiman et
al., 2011). These data support the hypothesis which relates parental restriction of food intake
in infants who are already overweight. As researchers increase their understanding of factors
relating behavioral practices to obesity prevention, it will be critical to explore how the
complex relationships among parental feeding practices, adiposity, weight regulation and
health risk factors interact with diverse contexts of culture, geographical locations and social
class.

A most relevant aspect of this study is the inclusion of participants from various racial/
ethnic groups with a broad range of socio-economic factors. Our study benefits from a
multi-ethnic pediatric cohort and helps clarify the relationship between parental feeding
practices and adiposity across diverse populations (Hennessy et al., 2010; Spruijt-Metz et
al., 2006; Spruijt-Metz et al., 2002; Mulder et al., 2009). In our cohort, feeding practices
differed across racial/ethnic groups, with HA parents reporting higher levels of Pressure to
Eat and Restriction relative to AA and EA parents. Parental perceptions regarding
appropriate child feeding has been shown to vary across groups, with some parents reporting
concern about diet quality and others focusing on satiety (Sherry et al., 2004), and suggest
that the underlying feeding/food related dynamics are different among HA, AA and EA
parents. Furthermore, self-reported racial/ethnic classifications are complex and reflect
biological and nonbiological factors which may influence adiposity and health-related
outcomes that are both behaviorally and physiologically driven. Our study has addressed this
possible confounding by including estimates of genetic admixture which account for the
biological factors underlying such classification and bring validity to our findings by
reducing potential spurious associations driven by ancestral genes influencing body
composition, independent of parental practices.

When investigating the role of SES to pediatric adiposity, we found an inverse association
between SES and both parental Pressure to eat and Restriction. Nationally representative
data has demonstrated that children from low income homes are at higher risk for becoming
overweight compared to those of middle income families (Ogden et al., 2010) and studies
have reported SES to be inversely related to BMI-for-age percentile (Mikolajczyk &
Richter, 2008; Goodman, 1999). Our findings are consistent with Ogden et al. and indicate
that parental feeding practices are inversely related to adiposity in low income populations.
Further research is needed to investigate if parental feeding practices contribute to the
increased prevalence of pediatric obesity in low income populations.

The findings of this research are pertinent in several regards. First, we studied a multi-
ethnic and economically diverse group of children. Second, robust measures of body
composition were used to assess adiposity. We controlled for the role of genetic admixture
on adiposity, which is important given that genetic admixture has been shown to contribute
to body composition differences in children (Cardel et al., 2011; Casazza K et al., 2010).
Additionally, the use of structural equations modeling allowed the model to look at many
relationships at once, though; this study is limited because of the inability to stratify the
model by race/ethnicity due to sample size limitations. Though our study is cross-sectional,
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and causality cannot be implied, it is important to note the possibility of reverse associations
or bi-directionality in parental feeding practices, namely that child adiposity may elicit
parental (attempts at) restraint or pressure to eat (Campbell et al., 2010).

In conclusion, the results of this investigation provide support that specific parental feeding
practices, such as parental restriction or pressure to eat, are associated with child adiposity.
Our findings suggest that Hispanic parents differ from AA and EA parents in their feeding
practices and further research is needed to investigate if controlling feeding practices
differentially impact adiposity in diverse populations. SES was inversely related to child
adiposity and low income families report higher levels of parental feeding practices, a
possible contributor to child overweight. Thus, parental feeding practices appear to differ
across racial/ethnic groups and socioeconomic levels and may be associated with population
differences in child adiposity.
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Highlights

• Effects of race/ethnicity and socioeconomic status on parental feeding practices
and adiposity

• Parental restriction was positively associated with child adiposity

• Parental pressure to eat was inversely associated with child adiposity

• Hispanics report more controlling parental feeding practices than blacks or
whites

• Lower SES is associated with increased restriction, pressure to eat, and child
adiposity
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Figure 1.
Theoretical model depicting influences of parental feeding practices and socioeconomic
status with child adiposity.
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Figure 2.
Mean Parental Feeding Questionnaire Scores by race/ethnicity
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Figure 3.
Structural equations model investigating the effects of parental feeding practices and
socioeconomic status on child adiposity
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Table 1

Descriptive characteristics by racial/ethnic groups (mean, SD or n%)

AA (n=100) EA (n=119) HA (n=86)

Age (y) 9.7 (1.4) 9.7(1.6) 9.4 (1.5)

% Female 45.3 48.4 47.7

Tanner 3 (%) 23.6a 7.4b 9.3b

SES 38.2 (10.7)b 49.0 (9.8)a 26.0 (12.1)c

BMI % 63.0 (27.7)b 59.7 (27.1)b 77.2 (19.5)a

% fat 20.5 (9.6) b 22.3 (8.4) b 28.2 (8.4) a

TAAT (cm2) 10.6 (9.5)b 12.1 (9.4)b 16.5 (8.4)a

EUADM 0.15±0.01c 0.96±0.01a 0.35±0.02b

AFADM 0.82±0.01a 0.01±0.00c 0.09±0.01b

a, b, c
 superscripts indicate significant differences among self-identified racial/ethnic category

EA=European American; AA=African American; HA=Hispanic American; SES=Socioeconomic status; BMI%=BMI-for-age percentile,
TAAT=Total Abdominal Adipose Tissue; EURADM=European admixture; AFADM=African Admixture
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