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Abstract

The Child Eating Behaviour Questionnaire (CEBQ) and the Adult Eating Behaviour Ques-
tionnaire (AEBQ) measure ‘food approach’ [Food responsiveness (FR); Emotional over-
eating (EOE); Enjoyment of food (EF); Desire to Drink] and food avoidant’ [Satiety
responsiveness (SR); Emotional undereating (EUE); Food fussiness (FF); Slowness in eat-
ing (SE)] appetitive traits (ATs) in children and adults, respectively. ‘Food approach’ traits
predispose to overweight while ‘food avoidance’ traits provide protection, but little is known
about the relationships between parents’ and their offspring’s ATs. The aim was to examine
the associations between maternal and child appetitive traits, using the AEBQ-Esp and
CEBQ-Mex adapted for use in Mexican populations. Sociodemographic data, weights and
heights of mothers and their children (aged 3—13 years), who were recruited from a teaching
hospital in Guadalajara, Mexico, were measured. Mothers completed both the AEBQ-Esp
and the CEBQ-Mex. The CEBQ-Mex was developed, and its reliability was tested using
Cronbach’s alpha and Omega, and Confirmatory Factor Analysis (CFA) was used to assess
its validity. Pearson’s correlation coefficients were used to assess associations between
mothers’ and children’s Ats. The sample included 842 mother-child dyads (mother's mean
age = 34.8+SD6.9 years, BMI 29.7+6.1 kg/m?; children’s mean age = 8.5 +SD2.5 years,
BMIz 1.5+1.6). Internal reliability was moderate to high [Cronbach alpha = .68-.86; Omega =
.71-.87] for the CEBQ-Mex and validity was confirmed for an 8-factor model through CFA
[RMSEA = 0.065; CFl = 0.840, NFI = 0.805; IFI = 0.842; and %*(df = 532) = 2939.51, p <
0.001]. All but one of the children’s appetitive traits showed small to moderate, significant
correlations with their mother’s counterpart [FR (r =.22; p<001); EOE (r=.30; p <.001); EF
(r=.15;<.001); SR (r=.16; p<.001); EUE (r=.34; p<.001) and FF (r=.14; p <.001).
Only SE was not significantly associated with maternal SE (r=.01; p>.05). ATs tend to run
in families, signalling the intergenerational transmission of eating behaviours. These may be
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useful targets for family-wide interventions to support the development and maintenance of
healthy eating behaviours in childhood.

Introduction

Appetitive traits characterise an individual’s ability to self-regulate their food intake across
multiple contexts and domains. They shape our drive to start or stop eating in response to
food cues, the tendency to eat more or less in response to negative emotion, and our overall
enjoyment of food.

Appetitive traits can be measured using a variety of methods. One approach is to assess eat-
ing behaviours in a laboratory setting, where a single meal time occasion (a ‘test meal’) is typi-
cally observed [1], but this is both expensive and time-intensive. Psychometric questionnaire
measures offer a cheaper, quicker and less onerous alternative that allows data collection in
larger samples. The Child Eating Behaviour Questionnaire (CEBQ) is a widely used psycho-
metric instrument; the most commonly applied tool to study appetitive traits in children and
one which was purposefully developed to measure these behaviours in relation to risk of devel-
oping overweight or obesity [2]. The CEBQ is parent-reported for children aged between 3
and 13 years. It consists of 35 items that measure four ‘food approach’ traits, which character-
ise a more avid appetite and a greater interest in food (Food Responsiveness, Emotional Over-
Eating, Enjoyment of Food and Desire to Drink), as well as four ‘food avoidance’ traits that
indicate a smaller appetite, better appetite regulation, and lower interest in food (Satiety
Responsiveness, Emotional Under-Eating, Food Fussiness and Slowness in Eating). The CEBQ
has subsequently been adapted for use in adult and adolescent populations. The same appeti-
tive traits, with the exclusion of the Desire to Drink subscale, are included in the Adult Eating
Behaviour Questionnaire (AEBQ), a self-report measure consisting of 30 items [3, 4].

A large evidence base using these questionnaires has established that variation in these traits
has been linked to differences in weight across the entire BMI spectrum [3, 5-10]. In particu-
lar, food approach traits have been consistently positively associated with weight and are estab-
lished risk factors for obesity, while food avoidance traits are consistently negatively associated
with weight and protect against obesity, in both adults and children [3, 5-10]. Understanding
how appetitive traits are shaped in early life is therefore a crucial part of obesity prevention.

In early life parents are the most dominant influences on their children’s eating behaviours
[11], and they may influence them in multiple ways, including via modelling of eating behav-
iours themselves. A burgeoning research base has highlighted the importance of intergenera-
tional transmission (i.e. concordance between parents’ and their children’s behaviour) of
broad aspects of self-regulation (i.e. the ability to regulate cognition, emotion and behaviour),
with parent-child associations observed across global measures. However, the relationship
between parent and child self-regulation of appetite specifically has received much less atten-
tion, albeit studies have reported significant parent-child associations for disordered eating
[12] and experimental measures of self-regulation of appetite [13]. Only one study to date has
examined the associations between parent and child appetitive traits measured by the AEBQ
and CEBQ, but the traits examined were limited. Miller and colleagues explored the relation-
ship between maternal and child Food Responsiveness and Emotional Over-Eating in a sample
of 478 Australian mother and child dyads. They found significant positive associations
between the mothers’ and their child’s appetitive traits (r = .29 and r = .21, p < .001, respec-
tively) [14]. However, only two of the seven appetitive traits were examined; we still know
nothing about the parent-child relationships for the majority of the food approach and food
avoidance traits measured by the AEBQ and the CEBQ.
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A better understanding of the relationships between parents’ and their children’s appetitive
traits could help provide information for clinicians to support parents to recognise certain
appetitive traits in both themselves and their children. This may also help inform the develop-
ment of behavioural components of clinical [15] and educational programmes aimed at the
development of healthy eating habits in early childhood [16].

There were two primary aims of this study. Firstly, we report the factor structure and reli-
ability of a Mexican-Spanish version of the CEBQ (CEBQ-Mex), developed for this study. Sec-
ondly, we use the AEBQ-Esp (Mexican-Spanish validated version [8]) and the CEBQ-Mex to
examine the relationships between the full range of maternal and child appetitive traits. We
hypothesised that the associations between mothers and their child’s corresponding appetitive
traits would be positive for both food approach and food avoidance appetitive traits. As a sec-
ondary aim, we examined cross-sectional associations between appetitive traits and BMI for
both mothers and children.

Materials and methods
Participants and procedures

Participants were recruited in the outpatient clinic of the Pediatric Department of the Hospital
Civil de Guadalajara “Dr. Juan I. Menchaca” from March 2018 to February 2019. Participants
were there for minor ailments or accompanying a minor relative/sibling. Those with over-
weight had not been previously assessed or given any treatment. Participants were recruited by
PCC, through a non-probabilistic sampling technique was used, applying the following inclu-
sion criteria: 1) mothers older than 18 years of age; 2) literate; 3) neither pregnant nor affected
by any systemic illnesses, and not taking any medications that would alter appetite; 4) had a
biological child aged between three and 13 years of age. Confirmation of biological kinship
and interest in taking part in the study was collected. After written informed consent was
obtained from the mothers—who also consented on behalf of their children after they assented
to participate in the study—mothers were asked to complete the AEBQ-Esp and the CEBQ-
Mex. Ethical approval was provided by the hospital’s ethics committee (No. 0222/18 HC-JIM/
2018).

Sociodemographic data

Sociodemographic characteristics were collected at baseline, which included: maternal age;
education (Basic education, High school/Technical diploma, University/Postgraduate degree);
occupation (housewife/unemployed, employed); marital status (married/cohabitation,
divorced/separated/single); family type (nuclear or other configurations such as mono-paren-
tal, extended and joint families); and family monthly income (<$4,500.00 MXN, >$4,500.00
MXN, >$9,000.00 MXN) registered in Mexican pesos (MXN). The child’s age at data collec-
tion was calculated from their date of birth. Mothers were asked if someone other than the
parents looked after the child, and this was recorded as caregiver different from parents.

Anthropometry

Weights and heights of the mothers and children were measured using standardized instru-
ments (Tanita scale and Dry stadiometer) [17]. Height was recorded in centimetres (cm) and
weight in kilograms (kg), to the nearest .1 kg, and subsequently used to calculate Body Mass
Index (BMI) (kg/m?). BMI was used to categorise the mothers’ weight statuses (Healthy weight
(<24.9), Overweight (25-29.9) and Obesity (<30)) and child BMI z-score (BMIz) was used to
classify children’s weight statuses in accordance with WHO standards (Underweight: >-1 SD;
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Healthy weight: 3 to 12 years: -1 to 1 SD; Overweight 3 to 5 years: >1 SD to 3 SD; Obesity 3 to
5 years: >3 SD; Overweight 6 to 12 years: >1 SD to 2 SD; Obesity 6 to 12 years: >2 SD) [18,
19]. A total of 10 participants (1.2% of the sample) were classified with underweight and were
included in the healthy weight sample due to the low number.

Appetitive traits

Mother s appetitive traits were measured using the AEBQ-Esp [8]. The AEBQ-Esp is a self-
report questionnaire of 30 items that captures seven appetitive trait subscales. It measures
three of the four CEBQ food approach subscales: Food Responsiveness (4 items; e.g. ‘T am
always thinking about food’), Emotional Over-eating (5 items; e.g. ‘I eat more when I'm
upset’) and Enjoyment of Food (3 items; e.g. ‘T love food’); however, the Desire to Drink scale
has been removed. It also measures the same four food avoidance’ subscales as are found in
the CEBQ: Satiety Responsiveness (4 items; e.g. ‘I get full up easily’), Emotional Under-eating
(5 items; e.g. ‘I eat less when I'm worried’), Food Fussiness (5 items; e.g. ‘I refuse new foods
at first’), and Slowness in Eating (4 items; i.e. ‘T eat slowly’). Items are answered on a 5-point
attitudinal Likert scale (1 = ‘strongly disagree’, 2 = ‘disagree’, 3 = ‘neither agree nor disagree’,
4 = ‘agree’, 5 = ‘strongly disagree’), which varies from the CEBQ 5-point frequency Likert scale
(1 ="never’, 2 = ‘rarely, 3 = ‘sometimes, 4 = ‘often, 5 = ‘always’).

To measure appetitive traits in children, the CEBQ-Mex was newly developed for this
study. This was a version of the CEBQ translated into Spanish and additionally cross-checked
against previous non-validated Spanish versions of the CEBQ previously used in Spanish-
speaking and Mexican populations [20, 21].

Prior to study commencement, to assess the validity of the CEBQ-Mex translation, struc-
tured cognitive interviews were used with a focus group of 10 mothers, using a qualitative
research technique known as the “Think Aloud” method [22], previously carried out for the
AEBQ-Esp validation (8). These interviews were conducted with an independent sample of
mothers of different ages (21-50 years old, mean 31.1 + 9.1 years) from the same university.
These mothers were asked to read the questions aloud and to comment on their understanding
of the question, as well as their mental reasoning process underlying each response. All the
interviews were recorded using a digital audio recorder and transcribed to analyse responses.

The CEBQ-Mex consists of 35 items, that were answered by the mother on a 5-point Likert
frequency scale (1 = ‘never’, 2 = ‘rarely, 3 = ‘sometimes, 4 = ‘often, 5 = ‘always’) (2). The CEBQ
measures four ‘food approach’ subscales: Food Responsiveness (5 items; e.g. ‘My child is
always asking for food’), Emotional Over-eating (4 items; e.g. ‘My child eats more when
annoyed’), Enjoyment of Food (4 items; e.g. ‘My child loves food’) and Desire to Drink (3
items; e.g. ‘My child is always asking for a drink’). It also measures four ‘food avoidance’ sub-
scales: Satiety Responsiveness (5 items; e.g. ‘My child gets full up easily’), Emotional Under-
eating (4 items; e.g. ‘My child eats less when angry’), Food Fussiness (6 items; e.g. ‘My child
refuses new foods at first’), and Slowness in Eating (4 items; e.g. ‘My child eats slowly’). For a
complete translation of the CEBQ-Mex see S1 Table.

The mean for each AEBQ-Esp and CEBQ-Mex subscales were obtained by calculating the
average score of the items corresponding to each subscale. The researcher (PCC) oversaw the
data collection process to ensure all the questionnaire items were completed, which ensured
no missing data, still allowing for participant privacy to answer the questionnaires.

Statistical analysis

Missing data and descriptive statistics. Data were checked for missing values and outli-
ers for height, weight or BMI, and each item’s skewness and kurtosis values were examined.
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The initial dataset included 855 complete mother-child dyads. A small number of dyads

(n =13; 1.5%) were removed due to incomplete maternal or child weight or height data or miss-
ing date of birth for the child. No sociodemographic differences (age, education, occupation,
marital status, family type, monthly family income) or BMI differences were found between
those with missing data and the final sample included in the analyses (p = .129 to p = .802).
Means for each of the appetitive traits were calculated for mothers and children and checked for
normality of distributions. Descriptive characteristics were derived from frequency tables and
cross-tabulation. All statistical analyses were carried out in SPSS version 24.0 [23].

Reliability of the CEBQ-Mex. Cronbach’s alpha was used to test internal consistency or
reliability for each appetitive trait for the CEBQ-Mex. Cronbach alpha values of > .70 were
deemed reliable, although have been considered realistic with values of .60 [24, 25]. Omega
coefficients were calculated to eliminate potential errors in the estimation of reliability [26]
using JASP version 12.2 [27]. Omega coefficients > .70 were also considered reliable [26]. We
also examined the reliability of the AEBQ-Esp.

Confirmatory factor analysis of the CEBQ-Mex. Confirmatory Factor Analysis (CFA)
was carried out to examine the construct validity of the CEBQ-Mex, using JASP version 0.12.2
[27]. Goodness of fit was assessed using: the comparative fit index (CFI), the normed fit index
(NFI), the Bollen’s Incremental Fit Index (IFI) and the root mean square error of approxima-
tion (RMSEA). CFI, NFI and IFI values close to .90 and RMSEA values greater than .1 are con-
sidered a poor fit [28, 29].

Intergenerational relationships between mothers’ and children’s appetitive traits.
Pearson’s correlations were used to examine within-person associations between the scales
(e.g. the associations among the children’s scales), and to assess the intergenerational relation-
ships between mothers’ and children’s appetitive traits, as these were single measurement occa-
sions for the AEBQ-Esp and CEBQ-Mex. This indicates the strength of the relationship for the
explanation of one measure from the value of the other [30]. The alpha level was set at .05.

Associations between appetitive traits and BMI for mothers and children. As a second-
ary aim of the study, we also examined the cross-sectional associations of appetitive trait scores
with BMI, for both mothers and children. Linear regressions were conducted to examine the
independent associations of each appetitive trait with BMI in mothers, and each appetitive
trait with BMIz in children. Possible covariates were selected by using Pearson’s correlations,
t-Student test and ANOV As to identify sociodemographic variables that were significantly
associated with appetitive traits and BMI (Data available upon request). Maternal models were
adjusted for maternal age, education and family type. Child models were adjusted for age, sex,
maternal age and education, caregiver different from parents, family type and monthly family
income.

Results
Descriptives

Complete data were available from 842 mother-child dyads. Maternal average age was 34.8
+6.9 years old (range: 18-55 years) and the average BMI was 29.7+6.1 kg/m”. Nearly half of the
mothers (43.7% (n = 368) were classified as living with obesity. Maternal education level was
most frequently reported as ‘basic’ (61.2%, n = 515), and the majority of mothers reported
being housewives (69.7%, n = 587). On average, monthly family income was low at <$4,500
(48.5%, n = 408). Approximately half of the children were male (53%; n = 443). The average
child’s age was 8.5+2.5 years (range: 3-12.9 years), and the average BMIz was 1.5+1.6. 60.3%
(n = 508) of the children had a healthy weight. A quarter of the children (n = 222; 26.4%) were
taken care of by someone other than their parents (caregiver different from parents) (Table 1).
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Table 1. Characteristics of mother-child dyads (n = 842).

Characteristics Mean + SD n (%)
Mothers (n = 842)
Age (years) 34,76+ 6.9
BMI (kg/m?) 29.68+ 6.1
Healthy weight 187 (22.2)
Overweight 287 (34.1)
Obese 368 (43.7)
Education
Basic education 515 (61.2)
High school/Technical diploma 252 (29.9)
University/Postgraduate degree 75 (8.9)
Occupation
Housewife/Unemployed 587 (69.7)
Employed 255 (30.3)
Marital status
Married/cohabitation 640 (76.0)
Divorced/Separated/Single 202 (24.0)
Family type
Nuclear 551 (65.4)
Other' 291 (34.6)
Monthly family income?
<$4,500 408 (48.5)
>$4,500 and <$9,000 274 (32.5)
>$9,000 160 (19.0)
Children (n = 842)
Age (years) 8.51+2.2
Sex
Male 443 (52.6)
Female 399 (47.4)
Weight (kg) 35.78 + 14.5
Height (cm) 129.95 + 15.7
BMI-Z* 147+ 1.6
Healthy weight 508 (60.3)
Overweight 227 (27.0)
Obese 107 (12.7)
Caregiver different from parents*
No 620 (73.6)
Yes 222 (26.4)

"Monoparental, extended, joint.

*Mexican pesos. At the time of paper submission (August, 2021), $4,500 Mexican pesos equals $225 U.S. dollars and
$9,000 Mexican pesos equals $450 U.S. dollars per month.

*WHO. Healthy weight: 3 to 12 years: -1 to 1 SD; Overweight 3 to 5 years: >1 SD to 3 SD (risk of overweight and age
were included in this category for statistical analysis); Overweight 6 to 12 years: >1 SD a 2 SD; Obesity 3 to 5 years:
>3 SD; Obesity 6 to 12 years: >2 SD.

*Mothers were asked if someone other than the parents looked after the child.

https://doi.org/10.1371/journal.pone.0264493.t001
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Table 2. Descriptive statistics (mean + standard deviation) and internal consistency estimates (Cronbach’s a and Omega w) for the AEBQ-Esp (n = 842) and

CEBQ-Mex (n = 842).

Appetitive Traits

Food Approach subscales

Food responsiveness 2.57 .77
Emotional over-eating 243+ .95
Enjoyment of food 3.83+.76

Desire to drink -

Food Avoidance subscales

AEBQ-Esp CEBQ-Mex
Mean + SD | Cronbach’s a (and Omega w) | Omega w 95.0% | Mean+SD | Cronbach’s a (and Omega ) | Omega w 95.0%
Confidence Confidence
Interval Interval
Lower | Upper Lower | Upper
.66 (.69) 62 70 271+ 1.12 .86 (.87) 85 88
83 (.83) 81 85 2.17 + 0.94 78 (.79) 76 81
71(.73) 67 74 4.03 +0.84 .80 (.81) 78 82
- - - 345+ 1.16 .84 (.84) .82 .85
Satiety responsiveness 2.68 +.82 .64 (.65) .60 .68 2.53 +0.85 .74 (.75) 71 77
Emotional under-eating 2.77 £ .96 .80 (.80) .78 .82 2.62+0.93 .68 (.71) .64 71
Food fussiness 2.43 £.70 .60 (.62) .53 .62 2.83+£0.84 .77 (.78) .75 .80
Slowness in eating 2.87 +.88 .68 (.70) .64 71 2.56 + 0.94 .72 (.74) .69 .75

!1Cronbach’s o threshold for acceptable values: 0.7-0.90 (24,25).
2Omega w threshold for acceptable values: 0.65-0.90 (26).

https://doi.org/10.1371/journal.pone.0264493.t002

CEBQ translation and “Think Aloud”

An independent sample of mothers were invited to say ‘out loud” what they thought about
each CEBQ-Mex item. Ten mothers who provided informed consent, took part. These moth-
ers were aged 21 to 50 years (31.1 9.1 years old), six were housewives and the rest employed,
and all reported primary school education (>6 years). No items had to be changed in the ques-
tionnaires as mothers understood all questions as intended. The children’s ages ranged from
four to 11 years (6.9 + 2.8 years), and 50% (n = 5) were male.

Reliability of the CEBQ-Mex and AEBQ-Esp

Means and standard deviations for the CEBQ-Mex and the AEBQ-Esp appetitive trait subscale
scores are shown in Table 2. Most of the AEBQ-Esp scales showed good reliability [Cronbach’s
alphas (.60-0.83); Omega (.62-0.83)]; however, Food Fussiness and Satiety Responsiveness
had only moderate omega values of .62 and .65, respectively. The CEBQ-Mex also was found
to be a reliable instrument [Cronbach’s alphas (.68-.86); Omega (.71-.87)] (Table 2).

Table 3. Confirmatory factor analysis and fit indices of the CEBQ-Mex.

Model fit indices n=_842
X2 (degrees of freedom) 2939.51 (532)
X2 p value < .001
RMSEA .065

CFI .840
NFI .805

IFI 842

Comparative fit index (CFI); Bollen’s Incremental Fit Index (IFI); Normed fit index (NFI); Root mean square error of
approximation (RMSEA).

https://doi.org/10.1371/journal.pone.0264493.t003
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Table 4. Factor loadings for CEBQ-Mex items estimated from principal component analysis (n = 842).

Items Standardized factor loadings CFA- 8 factors Total sample (n = 842)
A (95% CI)
FR CEBQ19 1.13 (1.04, 1.21)
CEBQ23 .83 (.74, .93)
CEBQ25 1.07 (.98, 1.15)
CEBQ30 1.07 (.99, 1.15)
CEBQ31 1.13 (1.04, 1.21)
EOE CEBQ5 .67 (.60, .75)
CEBQ8 .77 (.70, .84)
CEBQ11 .97 (.88, 1.06)
CEBQ18 .96 (.89, 1.04)
EF CEBQ1 .67 (.62,.73)
CEBQ3 .68 (.63, .74)
CEBQ4 81 (.74, .89)
CEBQ16 84 (.77,.92)
DD CEBQI10 1.06 (.98, 1.14)
CEBQ24 1.16 (1.09, 1.24)
CEBQ34 .95 (.87, 1.04)
SR CEBQI12 .80 (.72, .88)
CEBQ26 .81 (.74, .89)
CEBQ33 .66 (.57, .74)
CEBQ35 .74 (.66, .82)
CEBQ14* .66 (.58, .75)
EUE CEBQ6 .58 (.48, .69)
CEBQ9 49 (41, .57)
CEBQ20 1.02 (.94, 1.10)
CEBQ22 1.02 (.93, 1.10)
FF CEBQ2 .63 (.55,.71)
CEBQ7 .83 (.75, .92)
CEBQ13* .72 (.63, .81)
CEBQ17 .86 (.78, .94)
CEBQ21* .78 (.71, .86)
CEBQ27* .60 (.52, .68)
SE CEBQ28 .93 (.84, 1.01)
CEBQ29 .86 (.78, .94)
CEBQ32 .86 (.77, .95)
CEBQ15* .56 (.47, .66)

FR = Food Responsiveness; EOE = Emotional Over-Eating; EF = Enjoyment of Food; DD = Desire to Drink;
SR = Satiety Responsiveness; EUE = Emotional Under-Eating; FF = Food Fussiness; SE = Slowness in Eating;
CEBQ-Mex = Child Eating Behaviour Questionnaire Mexican Spanish Version.

https://doi.org/10.1371/journal.pone.0264493.t1004

Confirmatory factor analysis of the CEBQ-Mex

CFA of the original factor structure of the CEBQ revealed a valid eight subscales instrument
with an acceptable model fit [RMSEA = .065; CFI = .840, NFI = .805; IFI = .842; and
x*(df = 532) = 2939.51, p < .001] [28, 29] (Table 3).

Factor loadings for all CEBQ-Mex factors are shown in Table 4.
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Table 5. Pearson’s correlations between the AEBQ-Esp subscales (n = 842 mothers) and the CEBQ-Mex subscales (n = 842 children).

CEBQ-Mex subscales

FR

Food Approach subscales
Food responsiveness 24!
Emotional over-eating 22!
Enjoyment of food .06

Food Avoidance subscales
Satiety responsiveness .10
Emotional under-eating 25
Food fussiness .09
Slowness in eating 072

AEBQ-Esp subscales

EOE EF SR EUE FF SE
17 .06 14 14! 04 .05
29! 0 19! 20! 13! .09?
.05 .16 02 01 -1t .05
.05 02 .16 .08” 03 -.02
27 072 191 34! .09 .04
.06 -.02 .07* a1t 14! 0
.03 -.03 .09? 13! 01 01

FR = Food Responsiveness; EOE = Emotional Over-Eating; EF = Enjoyment of Food; SR = Satiety Responsiveness; EUE = Emotional Under-Eating; FF = Food

Fussiness; SE = Slowness in Eating; AEBQ-Esp = Adult Eating Behaviour Questionnaire Spanish version; CEBQ-Mex = Child Eating Behaviour Questionnaire Mexican

Spanish version.

'Correlation is significant at the 0.01 level (2-tailed).

2Correlation is significant at the 0.05 level (2-tailed).

https://doi.org/10.1371/journal.pone.0264493.t005

Intergenerational relationships between mothers’ and children’s appetitive
traits

Associations between maternal and child scales. To show the relationships between
maternal and child appetitive traits, correlations between concordant subscales were exam-
ined. As hypothesised, maternal appetitive traits were significantly and positively correlated
with their child s equivalent appetitive traits, except for Slowness in Eating (r = .01; p = .820)
(Table 5). Correlations were of small to moderate magnitude [Food Responsiveness (r = .24; p
< .001), Emotional Over-Eating (r = .29; p < .001), Enjoyment of Food (r = .16; p = .009), Sati-
ety Responsiveness (r = .16; p < .001), Emotional Under-Eating (r = .34; p < .001) and Food
Fussiness (r =.14; p < .001)].

Associations among the maternal scales and among the children’s scales are shown in
S2 Table.

Associations between appetitive traits and BMI for mothers and children

In S3 Table we include the results for the non-adjusted and adjusted linear regression analyses
of maternal appetitive traits with BMI. In mothers, we found a significant positive association
of Emotional Over-Eating with BMI [B = .11 (.23, 1.09)] (p = .006). In contrast, Enjoyment of
Food was negatively associated with BMI [B = -.07 (-1.20, -.12 (p = .047). In children, Food
Responsiveness [ =.10 (.02, .31) (p < .029)], Emotional Over-Eating [B = .18 (.15, .42) (p <
.000)] and Food Fussiness [B = .08 (.00, .25) (p = .049)] were significantly positively associated
BMI-z scores. On the other hand, Satiety Responsiveness [B = -.15 (-.34, -.09) (p =.001)], Emo-
tional Under-Eating [B = -.10 (-.27, -.03) (p = .01)] and Slowness in Eating [} = -.11 (-.29, -.06)
(p =.003)] were significantly and negatively associated with BMI-z scores in children.

Discussion

The CEBQ-Mex is the first translation of the CEBQ into Mexican Spanish, which has been
found to be reliable and valid, and replicates the original 8-factor structure of the CEBQ. As
hypothesised, most maternal appetitive traits measured using the AEBQ-Esp were positively
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and significantly associated with their child’s counterpart, measured using the CEBQ-Mex,
which provide evidence for intergenerational transmission of appetite between mothers and
their children, observed in the significant correlations between six appetitive traits among
mother-child dyads. Slowness in Eating was the only trait that was not significantly correlated
between mothers and children.

The CEBQ-Mex was found to be reliable, with a robust factor structure comparable to the
original version (RMSEA .065) [31]. The CEBQ has previously been translated into Mexican
Spanish and administered to 640 adult caregivers of 6-12-year-old children. However, only six
subscales were identified through PCA, and confirmatory factor analysis was not carried out
[32]. It has also previously been used to report children’s appetitive traits in the same city
where we recruited our participants [20, 21]. Results were similar to the Chilean validation of
the CEBQ in 126 obese, 44 overweight and 124 normal-weight Chilean children between the
ages of 6 to 2 years-old where PCA was carried out in both sexes and the 8-factor structure was
confirmed [33].

Maternal food approach appetitive traits were positively associated with the corresponding
subscales of the child, except for Slowness in Eating. Miller and colleagues (2020) also reported
positive correlations between mothers and their children for Emotional-Over Eating and Food
Responsiveness (r = 0.29 and r = 0.21, respectively), which were of a similar magnitude to
those observed in this study [14]. The main aim of Miller and colleagues’ (2020) research was
to establish if parental feeding practices mediated the associations between maternal and child
Emotional Over-Eating and Food Responsiveness specifically, so only these two subscales were
examined between mothers and their children [14]. We have been able to show that all the
appetitive traits, except for Slowness in Eating, were consistently positively correlated between
mothers and their children. The null association shown between the Slowness in Eating scale
between mothers and children warrants further research.

Parent-child correlations for appetitive traits may reflect both genetic inheritance and
shared environmental influences (such as parental modelling of eating behaviours to children,
or parental feeding practices). Twin studies have established that most appetitive traits are
under moderate genetic influence [34, 35], and the Behavioural Susceptibility Theory (BST)
hypothesises that they characterise some of the neuro-behavioural mechanisms that underpin
and mediate genetic susceptibility to obesity (BST) [36]. BST proposes that individuals who
inherit tendencies towards food approach traits are predisposed towards overeating when
exposed to a food permissive environment. There are also important environmental shapers of
appetitive traits, and twin studies indicate that these are especially prominent for emotional
under- and overeating.

In this study, the smallest correlations were observed for Food Fussiness (r = .14), Enjoy-
ment of Food and (r = .16) and Satiety Responsiveness (r = .16), while the highest correlations
were those observed for Emotional Over-Eating (r = .29) and Emotional Under-Eating (r =
.34). The higher correlations for emotional eating might reflect the strong shared environmen-
tal influences on emotional eating reported in twin studies of British children [37]. These find-
ings highlight that emotional eating tends to run strongly in families, with twin siblings, and
parents and children strongly resembling one another for these eating behaviours. On the
other hand the low mother-child correlation for Food Fussiness was somewhat surprising
given its strong genetic influence reported in twin studies of children [38-41]. However,
shared environmental influences are low, and genetic influences on Food Fussiness may
decline as children mature into adulthood, as is observed for most behavioural traits, with the
non-shared environment becoming the more dominant source of variation at older ages [38].
This change in the relative influence of genetic and unique environmental factors would be
reflected in a lower mother-child correlation for this trait because the genetic factors at play
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for mothers and their children may be different in type or magnitude, and there is little if any
shared environmental influence on this trait. Food responsiveness (r = .24) and satiety respon-
siveness (r = .16) had small to moderate associations, which were somewhat surprising given
the high heritability estimates for these traits observed in a large sample of British twin chil-
dren (75% and 63% respectively) [42]. This may reflect different types or magnitudes of genetic
influences on these traits in children and adults. Importantly, estimates of genetic and environ-
mental influence can vary considerably with age and sample. Nevertheless, these results indi-
cate strong intergenerational transmission of a number of weight-related appetitive traits,
highlighting the importance of promoting healthy eating practices in for both parents and
their children, taking a family-wide intervention approach [43].

The secondary aim of this study was to examine associations of appetitive traits and BMI
among mothers and children. We found a significant positive association between Emotional
Over-Eating and BMI in mothers. These results are similar to other AEBQ validation studies
[8, 10]. However, Enjoyment of Food was negatively associated with BMI in mothers. This out-
come contrasts with previous AEBQ validation studies. This finding could suggest social desir-
ability bias insofar as women struggling with their weight may feel ashamed to admit that they
like food and enjoy eating. This may be even more pronounced in a country in which over-
weight and obesity rates in women are at 76.8%, and widely proclaimed to be a public health
crisis [44]. It may also be the case that women who are struggling with their weight no longer
enjoy food or eating, due to body image dissatisfaction and disordered eating cognitions.

Among children, Food Responsiveness and Emotional Over-Eating were significantly posi-
tively associated with BMI-z scores. Satiety Responsiveness, Emotional Under-Eating and
Slowness in Eating were also significantly negatively associated with BMI-z scores. These
results are comparable to those found in a recent systematic review and meta-analysis of 67
CEBQ studies [6]. In this sample of children, Food Fussiness was positively significantly associ-
ated with BMI-z scores, in line with data collected in children with overweight and obesity in
the same hospital that this sample were recruited from [21]. Although these results may seem
surprising, fussier children are often offered foods that are well liked by all children, which
tend to be foods higher in energy density [21].

This is the first study to provide evidence for intergenerational transmission of appetite
between mothers and their children, reflected in significant correlations between six appetitive
traits among mother-child dyads, which capture both genetic and shared environmental influ-
ences. The CEBQ-Mex offers a much-needed psychometric instrument for the comprehensive
measurement of appetitive traits among Mexican children. It was found to be reliable, with an
acceptable factor structure that compares with the original version. However, as a parent
report measure, reporting bias by the mother cannot be ruled out. For example, a mother’s
perceptions of her child’s weight may influence how she describes her child’s eating behav-
iours, and, in this sample, a large percentage of children had overweight or obesity (close to
40%). Also, approximately a quarter of the caregivers in the sample were not the mothers of
the children, which could potentially not accurately report on the child’s appetite traits, due to
insufficient interaction with the child. The AEBQ-Esp had lower than ideal reliability estimates
for Food Fussiness (w = .62) and Satiety Responsiveness (w = .69). However, even if Omega
values are slightly lower than .70, they are still considered acceptable [26]. Nevertheless, it is
important to consider that in general the mothers of the children who attended the hospital in
the present study had low educational attainment [45], which may have impacted their level of
understanding of the questionnaire. In this respect, the study had limited generalisability.
Future studies should replicate these findings in a more socioeconomically diverse sample.

Future longitudinal research should explore the bidirectional nature of the relationship
between maternal and child appetitive traits, especially in relation to the risk of overweight
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and obesity, as well as other contributing factors such as parental feeding practices, food pref-
erences and food choices. More research is also needed to develop interventions that help
parents recognise strongly expressed appetitive traits in themselves and their children, and to
understand how these affect their own food choices, modelling of eating behaviour, and feed-
ing practices [14].

Conclusions

Mothers and their children’s appetitive traits tend to be positively correlated, such that chil-
dren’s eating styles reflect, to some extent, those of their mothers. Future studies should seek
to understand better how parental appetitive traits are passed on from parent to child. This is
important, because for both mothers and their children, food approach and food avoidance
traits are associated with BMI, and this may provide healthcare professionals and public health
programs with an opportunity to optimise energy balance-related eating behaviours within a
family unit.

Supporting information

S1 Table. Full set of CEBQ and CEBQ-Mex items.
(DOCX)

S2 Table. Within-person Pearson’s correlations between the AEBQ-Esp (n = 842 mothers)
and CEBQ-Mex (n = 842 children) subscales.
(DOCX)

S3 Table. Linear regressions to examine the independent associations between each AEB-
Q-Esp appetitive trait and BMI (n = 842 mothers) and each CEBQ-Mex appetitive trait
and BMIz (n = 842 children).

(DOCX)

Acknowledgments

We would like to thank nutrition students from the “Instituto de Nutricion Humana del Cen-
tro Universitario de Ciencias de la Salud, Universidad de Guadalajara” who helped with the
data collection, as well all participants who completed the questionnaire and received no finan-
cial reward for their contributions.

Author Contributions

Conceptualization: Claudia Hunot-Alexander, Carmen Patricia Curiel-Curiel, Enrique
Romero-Velarde, Edgar Manuel Vasquez-Garibay, Alethia Mariscal-Rizo, Erika Casillas-
Toral, Andrea Dominica Smith, Clare Heidi Llewellyn.

Data curation: Claudia Hunot-Alexander, Carmen Patricia Curiel-Curiel, Erika Casillas-
Toral, Andrea Dominica Smith.

Formal analysis: Claudia Hunot-Alexander, Carmen Patricia Curiel-Curiel, Andrea Dominica
Smith.

Funding acquisition: Carmen Patricia Curiel-Curiel.

Investigation: Claudia Hunot-Alexander, Carmen Patricia Curiel-Curiel.

PLOS ONE | https://doi.org/10.1371/journal.pone.0264493 March 15, 2022 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0264493.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0264493.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0264493.s003
https://doi.org/10.1371/journal.pone.0264493

PLOS ONE

Intergenerational transmission of appetite

Methodology: Claudia Hunot-Alexander, Enrique Romero-Velarde, Edgar Manuel Vasquez-

Garibay, Alethia Mariscal-Rizo, Erika Casillas-Toral, Andrea Dominica Smith, Clare Heidi
Llewellyn.

Project administration: Claudia Hunot-Alexander.

Writing - original draft: Claudia Hunot-Alexander, Carmen Patricia Curiel-Curiel, Andrea

Dominica Smith, Clare Heidi Llewellyn.

Writing - review & editing: Claudia Hunot-Alexander, Enrique Romero-Velarde, Edgar

Manuel Vasquez-Garibay, Alethia Mariscal-Rizo, Erika Casillas-Toral, Andrea Dominica
Smith, Clare Heidi Llewellyn.

References

1.

10.

11.

12

Carnell S, Wardle J. Measuring behavioural susceptibility to obesity: Validation of the Child Eating

Behaviour Questionnaire. Appetite [Internet]. 2007 Jan [cited 2012 Oct 8]; 48(1):104—13. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/16962207 https://doi.org/10.1016/j.appet.2006.07.075
PMID: 16962207

Wardle J, Guthrie C, Sanderson S, Rapoport L. Development of the Children ‘s Eating Behaviour Ques-
tionnaire. J Child Psychol Psychiatry [Internet]. 2001; 42(7):963-70. Available from: https://pubmed.
ncbi.nim.nih.gov/11693591/ https://doi.org/10.1111/1469-7610.00792 PMID: 11693591

Hunot C, Fildes A, Croker H, Llewellyn CH, Wardle J, Beeken RJ. Appetitive traits and relationships
with BMI in adults: Development of the Adult Eating Behaviour Questionnaire. Appetite [Internet]. 2016
Oct; 105:356—63. Available from: https://pubmed.ncbi.nim.nih.gov/27215837/ https://doi.org/10.1016/j.
appet.2016.05.024 PMID: 27215837

Hunot-Alexander C, Beeken RJ, Goodman W, Fildes A, Croker H, Llewellyn C, et al. Confirmation of
the Factor Structure and Reliability of the ‘Adult Eating Behavior Questionnaire’ in an Adolescent Sam-
ple. Front Psychol [Internet]. 2019; 10:1-10. Available from: https://www.frontiersin.org/article/10.3389/
fpsyg.2019.01991 PMID: 30713512

Zickgraf HF, Rigby A. The Adult Eating Behaviour Questionnaire in a bariatric surgery- seeking sample:
Factor structure, convergent validity, and associations with BMI. Eur Eat Disord Rev. 2019; 27(1):97-
104. https://doi.org/10.1002/erv.2628 PMID: 30039633

Kininmonth A, Fildes A, Smith A, Carnell S, Llewellyn C. The association between childhood adiposity
and appetite assessed using the Child Eating Behavior Questionnaire and Baby Eating Behavior Ques-
tionnaire: A systematic review and meta-analysis. Obes Rev [Internet]. 2021; 22(5):e13169. Available
from: https://pubmed.ncbi.nlm.nih.gov/33554425/ https://doi.org/10.1111/obr.13169 PMID: 33554425

Mallan KM, Fildes A, de la Piedad Garcia X, Drzezdzon J, Sampson M, Llewellyn C. Appetitive traits
associated with higher and lower body mass index: evaluating the validity of the adult eating behaviour
questionnaire in an Australian sample. Int J Behav Nutr Phys Act [Internet]. 2017; 14(1):130. Available
from: http://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0587-7 PMID: 28938904

Hunot-Alexander C, Arellano-Gémez L, Smith A, Kaufer-Horwitz M, Vasquez-Garibay EM, Romero-
Velarde E, et al. Examining the validity and consistency of the Adult Eating Behaviour Questionnaire—
Espafiol (AEBQ-Esp) and its relationship to BMI in a Mexican population. Eat Weight Disord—Stud
Anorexia, Bulim Obes [Internet]. 2021;1-13. Available from: https:/link.springer.com/article/10.1007/
s40519-021-01201-9

He J, Sun S, Zickgraf HF, Ellis JM, Fan X. Assessing appetitive traits among Chinese young adults
using the Adult Eating Behavior Questionnaire: Factor structure, gender invariance and latent mean dif-
ferences, and associations with BMI. Assessment. 2019;1-13.

Hristova V. Psychometric properties of the Bulgarian version of the Adult Eating Behaviour Question-
naire. Todorovi¢ J, Hedrih V, Dori¢ S, editors. Int Themat Proceedia [Internet]. 2019; 18(25):89—100.
Available from: http://psihologijanis.rs/dpp/arhiva/zbornik-14.pdf#page=89

Scaglioni S, De Cosmi V, Ciappolino V, Parazzini F, Brambilla P, Agostoni C. Factors influencing chil-
dren’s eating behaviours. Nutrients. 2018; 10(6):1—-17. https://doi.org/10.3390/nu10060706 PMID:
29857549

Arroyo A, Segrin C, Andersen KK. Intergenerational transmission of disordered eating: Direct and indi-
rect maternal communication among grandmothers, mothers, and daughters. Body Image [Internet].
2017; 20:107-15. Available from: http://dx.doi.org/10.1016/j.bodyim.2017.01.001

PLOS ONE | https://doi.org/10.1371/journal.pone.0264493 March 15, 2022 13/15


http://www.ncbi.nlm.nih.gov/pubmed/16962207
https://doi.org/10.1016/j.appet.2006.07.075
http://www.ncbi.nlm.nih.gov/pubmed/16962207
https://pubmed.ncbi.nlm.nih.gov/11693591/
https://pubmed.ncbi.nlm.nih.gov/11693591/
https://doi.org/10.1111/1469-7610.00792
http://www.ncbi.nlm.nih.gov/pubmed/11693591
https://pubmed.ncbi.nlm.nih.gov/27215837/
https://doi.org/10.1016/j.appet.2016.05.024
https://doi.org/10.1016/j.appet.2016.05.024
http://www.ncbi.nlm.nih.gov/pubmed/27215837
https://www.frontiersin.org/article/10.3389/fpsyg.2019.01991
https://www.frontiersin.org/article/10.3389/fpsyg.2019.01991
http://www.ncbi.nlm.nih.gov/pubmed/30713512
https://doi.org/10.1002/erv.2628
http://www.ncbi.nlm.nih.gov/pubmed/30039633
https://pubmed.ncbi.nlm.nih.gov/33554425/
https://doi.org/10.1111/obr.13169
http://www.ncbi.nlm.nih.gov/pubmed/33554425
http://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0587-7
http://www.ncbi.nlm.nih.gov/pubmed/28938904
https://link.springer.com/article/10.1007/s40519-021-01201-9
https://link.springer.com/article/10.1007/s40519-021-01201-9
http://psihologijanis.rs/dpp/arhiva/zbornik-14.pdf#page=89
https://doi.org/10.3390/nu10060706
http://www.ncbi.nlm.nih.gov/pubmed/29857549
http://dx.doi.org/10.1016/j.bodyim.2017.01.001
https://doi.org/10.1371/journal.pone.0264493

PLOS ONE

Intergenerational transmission of appetite

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.
24,

25.
26.

27.

28.

29.

30.

31.

32.

Giuliani NR, Harrington EM, Trevino SD. Intergenerational transmission of appetite self-regulation. J
Appl Dev Psychol [Internet]. 2021; 76(November 2020):101330. Available from: https://doi.org/10.
1016/j.appdev.2021.101330

Miller N, Mallan KM, Byrne R, Jansen E, Daniels LA. Non-responsive feeding practices mediate the
relationship between maternal and child obesogenic eating behaviours. Appetite [Internet]. 2020; 151
(March):104648. Available from: https://doi.org/10.1016/j.appet.2020.104648 PMID: 32179015

Hunot-Alexander C, Fildes A, Croker H, Johnson F, Beeken RJ. Brief “Appetitive Trait Tailored Interven-
tion” (ATTI). Development in a sample of adults with overweight and obesity. Behav Chang [Internet].
2021;1-17. Available from: https://www.cambridge.org/core/journals/behaviour-change/article/abs/
brief-appetitive-trait-tailored-intervention-development-in-a-sample-of-adults-with-overweight-and-
obesity/EF041E317CA9A5780CC3F95D9436C44A

Wood AC, Blissett JM, Brunstrom JM, Carnell S, Faith MS, Fisher JO, et al. Caregiver Influences on
Eating Behaviors in Young Children. J Am Heart Assoc [Internet]. 2020 May 18; 9:e014520. Available
from: https://www.ahajournals.org/doi/10.1161/JAHA.119.014520 PMID: 32389066

Tanita [Internet]. Tanita. The standard. 2020 [cited 2020 Jan 20]. Available from: https://www.tanita.
com/en/

WHO. Growth reference 5-19 years [Internet]. 2007. Available from: http://www.who.int/growthref/
publications/en/

Purnell JQ. Definitions, Classification, and Epidemiology of Obesity [Internet]. Endotext [Internet]. 2018.
Available from: https://www.ncbi.nlm.nih.gov/books/NBK279167/

Mariscal Rizo AG, Vasquez Garibay EM, Santos Torres MI, Espinosa Gémez MDC, Troyo Sanroman
R, Chavez Palencia C. Diferencias entre conductas alimentarias de preescolares que recibieron lactan-
cia materna completa y preescolares que recibieron sucedaneos de la leche humana. Arch Latinoam
Nutr [Internet]. 2017; 67(2):130-7. Available from: https://www.alanrevista.org/ediciones/2017/2/art-8/
#:~:text=A diferencia de los preescolares,y una correlacion directa débil

de la Fuente Reynoso A, Romero-Velarde E, Hunot-Alexander C, Vasquez-Garibay EM, Mariscal-Rizo
AG. Rasgos del apetito en nifios con obesidad de 6 a 12 afios de edad en Guadalajara, México. Bol
Med Hosp Infant Mex. http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1665-
11462020000200083

Fox MC, Ericsson KA, Best R. Do procedures for verbal reporting of thinking have to be reactive? A
meta-analysis and recommendations for best reporting methods. Psychol Bull [Internet]. 2011 Mar
[cited 2013 Feb 9]; 137(2):316—44. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21090887
https://doi.org/10.1037/a0021663 PMID: 21090887

IBM. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY, USA: IBM Corp.; 2013.

Streiner DL, Norman GR. Health measurement scales: A practical guide to their development and use.
[Internet]. 5th ed. Oxford, UK: Oxford University Press; 2015. Available from: https://read.amazon.
com/

Field A. Discovering statistics using SPSS. 4th ed. London: SAGE Publications Ltd.; 2013. 1-916 p.

Trizano-Hermosilla |, Alvarado JM. Best Alternatives to Cronbach’s Alpha Reliability in Realistic Condi-
tions: Congeneric and Asymmetrical Measurements. Front Psychol [Internet]. 2016 May 26; 7(May):1—
8. Available from: http://journal.frontiersin.org/Article/10.3389/fpsyg.2016.00769/abstract PMID:
27303333

JASP Team [Internet]. JASP (Version 0.12.2 [Computer software]. 2020. Available from: https://jasp-
stats.org/

Marsh HW, Hau K-T, Wen Z. In Search of Golden Rules: Comment on Hypothesis-Testing Approaches
to Setting Cutoff Values for Fit Indexes and Dangers in Overgeneralizing Hu and Bentler’s (1999) Find-
ings. Struct Equ Model A Multidiscip J [Internet]. 2004 Jul; 11(3):320—41. Available from: http://www.
tandfonline.com/doi/abs/10.1207/s15328007sem1103_2

Marsh HW, Muthén B, Asparouhov T, Lidtke O, Robitzsch A, Morin AJS, et al. Exploratory structural
equation modeling, integrating CFA and EFA: Application to students’ evaluations of university teach-
ing. Vol. 16, Structural Equation Modeling. 2009. 439—476 p.

Bland JM, Altman DG. Statistics notes: Calculating correlation coefficients with repeated observations:
Part 2—correlation between subjects. BMJ [Internet]. 1995 Mar 11; 310(6980):633—633. Available
from: https://www.bmj.com/lookup/doi/10.1136/bm;.310.6980.633 PMID: 7703752

Dugard P, Todman J, Staines H, editors. Factor analysis. In: Approaching multivariate analysis. 2nd
ed. London and New York: Routledge; 2010. p. 177—205.

Vazquez-Pérez LA, Gonzalez-Herrera L, Hattori-Hara M, Zavala-Cervantes A. Traduccion y Validacion
del Children " s Eating Behavior Questionnaire. Cienc y Humanismo en la Salud [Internet]. 2020; 7

PLOS ONE | https://doi.org/10.1371/journal.pone.0264493 March 15, 2022 14/15


https://doi.org/10.1016/j.appdev.2021.101330
https://doi.org/10.1016/j.appdev.2021.101330
https://doi.org/10.1016/j.appet.2020.104648
http://www.ncbi.nlm.nih.gov/pubmed/32179015
https://www.cambridge.org/core/journals/behaviour-change/article/abs/brief-appetitive-trait-tailored-intervention-development-in-a-sample-of-adults-with-overweight-and-obesity/EF041E317CA9A5780CC3F95D9436C44A
https://www.cambridge.org/core/journals/behaviour-change/article/abs/brief-appetitive-trait-tailored-intervention-development-in-a-sample-of-adults-with-overweight-and-obesity/EF041E317CA9A5780CC3F95D9436C44A
https://www.cambridge.org/core/journals/behaviour-change/article/abs/brief-appetitive-trait-tailored-intervention-development-in-a-sample-of-adults-with-overweight-and-obesity/EF041E317CA9A5780CC3F95D9436C44A
https://www.ahajournals.org/doi/10.1161/JAHA.119.014520
http://www.ncbi.nlm.nih.gov/pubmed/32389066
https://www.tanita.com/en/
https://www.tanita.com/en/
http://www.who.int/growthref/publications/en/
http://www.who.int/growthref/publications/en/
https://www.ncbi.nlm.nih.gov/books/NBK279167/
https://www.alanrevista.org/ediciones/2017/2/art-8/#:~:text=A
https://www.alanrevista.org/ediciones/2017/2/art-8/#:~:text=A
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1665-11462020000200083
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1665-11462020000200083
http://www.ncbi.nlm.nih.gov/pubmed/21090887
https://doi.org/10.1037/a0021663
http://www.ncbi.nlm.nih.gov/pubmed/21090887
https://read.amazon.com/
https://read.amazon.com/
http://journal.frontiersin.org/Article/10.3389/fpsyg.2016.00769/abstract
http://www.ncbi.nlm.nih.gov/pubmed/27303333
https://jasp-stats.org/
https://jasp-stats.org/
http://www.tandfonline.com/doi/abs/10.1207/s15328007sem1103_2
http://www.tandfonline.com/doi/abs/10.1207/s15328007sem1103_2
https://www.bmj.com/lookup/doi/10.1136/bmj.310.6980.633
http://www.ncbi.nlm.nih.gov/pubmed/7703752
https://doi.org/10.1371/journal.pone.0264493

PLOS ONE

Intergenerational transmission of appetite

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

(1):1-9. Available from: http://revista.medicina.uady.mx/revista/index.php/cienciayhumanismo/article/
view/136

Santos JL, Ho-Urriola JA, Gonzélez A, Smalley S V, Dominguez-Vasquez P, Cataldo R, et al. Associa-
tion between eating behavior scores and obesity in Chilean children. Nutr J [Internet]. 2011 Dec 11; 10
(1):108. Available from: http://nutritionj.biomedcentral.com/articles/https://doi.org/10.1186/1475-2891-
10-108 PMID: 21985269

Carnell S, Benson L, Pryor K, Driggin E. Appetitive traits from infancy to adolescence: Using behavioral
and neural measures to investigate obesity risk. Physiol Behav [Internet]. 2013 Sep 10 [cited 2013 Nov
13]; 121:79-88. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23458627 https://doi.org/10.
1016/j.physbeh.2013.02.015 PMID: 23458627

Llewellyn CH, Fildes A. Behavioural Susceptibility Theory: Professor Jane Wardle and the Role of
Appetite in Genetic Risk of Obesity. Curr Obes Rep [Internet]. 2017; 6:38—45. Available from: http://link.
springer.com/10.1007/s13679-017-0247-x PMID: 28236287

Llewellyn C, Wardle J. Behavioral susceptibility to obesity: Gene—environment interplay in the develop-
ment of weight. Physiol Behav [Internet]. 2015 Dec; 152:494-501. Available from: https://linkinghub.
elsevier.com/retrieve/pii/S00319384 15300226 https://doi.org/10.1016/j.physbeh.2015.07.006 PMID:
26166156

Herle M, Fildes A, Steinsbekk S, Rijsdijk F, Llewellyn CH. Emotional over- and under-eating in early
childhood are learned not inherited. Sci Rep [Internet]. 2017; 7(1):9092. Available from: http://www.
ncbi.nim.nih.gov/pubmed/28831105%0Ahttp://www.nature.com/articles/s41598-017-09519-0

Cooke LJ, Haworth CM, Wardle J. Genetic and environmental influences on children’s food neophobia.
Am J Clin Nutr [Internet]. 2007 Aug 1; 86(2):428-33. Available from: https://academic.oup.com/ajcn/
article/86/2/428/4632971 https://doi.org/10.1093/ajcn/86.2.428 PMID: 17684215

Smith AD, Herle M, Fildes A, Cooke L, Steinsbekk S, Llewellyn CH. Food fussiness and food neophobia
share a common etiology in early childhood. J Child Psychol Psychiatry Allied Discip. 2017; 58(2):189—
96.

Faith MS, Heo M, Keller KL, Pietrobelli A. Child food neophobia is heritable, associated with less compli-
ant eating, and moderates familial resemblance for BMI. Obesity. 2013; 21(8):1650-5. https://doi.org/
10.1002/0by.20369 PMID: 23512929

Knaapila A, Silventoinen K, Broms U, Rose RJ, Perola M, Kaprio J, et al. Food neophobia in young
adults: Genetic architecture and relation to personality, pleasantness and use frequency of foods, and
body mass index-A twin study. Behav Genet. 2011; 41(4):512-21. https://doi.org/10.1007/s10519-010-
9403-8 PMID: 20953688

Carnell S, Haworth CMA, Plomin R, Wardle J. Genetic influence on appetite in children. Int J Obes
[Internet]. 2008 Oct [cited 2014 Feb 13]; 32(10):1468—73. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/186794183 https://doi.org/10.1038/ij0.2008.127 PMID: 18679413

Ash T, Agaronov A, Young TL, Aftosmes-Tobio A, Davison KK. Family-based childhood obesity preven-
tion interventions: A systematic review and quantitative content analysis. Int J Behav Nutr Phys Act.
2017; 14(1):1-12. https://doi.org/10.1186/s12966-016-0456-9 PMID: 28057008

Shamah-Levy T, Vielma-Orozco E, Heredia-Hernandez O, Romero-Martinez M, Mojica-Cuevas J, Cue-
vas-Nasu L, et al. Encuesta Nacional de Salud y Nutricion 2018—-19 Resultado nacionales [Internet].
ENSANUT. Cuernavaca, Mexico; 2020. Available from: https://www.smep.org.mx/wp-content/uploads/
2021/01/20201108_ensanut_nacionales_2018.pdf

Vasquez-Garibay EM, Gonzalez-Rico JL, Romero-Velarde E, Sanchez-Talamantes E, Navarro-Lozano
ME, Napoles-Rodriguez F. [Considerations on family dynamics and the malnutrition syndrome in Mexi-
can children]. Gac Med Mex. 2015; 151(6):788-97. PMID: 26581537

PLOS ONE | https://doi.org/10.1371/journal.pone.0264493 March 15, 2022 15/15


http://revista.medicina.uady.mx/revista/index.php/cienciayhumanismo/article/view/136
http://revista.medicina.uady.mx/revista/index.php/cienciayhumanismo/article/view/136
http://nutritionj.biomedcentral.com/articles/
https://doi.org/10.1186/1475-2891-10-108
https://doi.org/10.1186/1475-2891-10-108
http://www.ncbi.nlm.nih.gov/pubmed/21985269
http://www.ncbi.nlm.nih.gov/pubmed/23458627
https://doi.org/10.1016/j.physbeh.2013.02.015
https://doi.org/10.1016/j.physbeh.2013.02.015
http://www.ncbi.nlm.nih.gov/pubmed/23458627
http://link.springer.com/10.1007/s13679-017-0247-x
http://link.springer.com/10.1007/s13679-017-0247-x
http://www.ncbi.nlm.nih.gov/pubmed/28236287
https://linkinghub.elsevier.com/retrieve/pii/S0031938415300226
https://linkinghub.elsevier.com/retrieve/pii/S0031938415300226
https://doi.org/10.1016/j.physbeh.2015.07.006
http://www.ncbi.nlm.nih.gov/pubmed/26166156
http://www.ncbi.nlm.nih.gov/pubmed/28831105%0Ahttp://www.nature.com/articles/s41598-017-09519-0
http://www.ncbi.nlm.nih.gov/pubmed/28831105%0Ahttp://www.nature.com/articles/s41598-017-09519-0
https://academic.oup.com/ajcn/article/86/2/428/4632971
https://academic.oup.com/ajcn/article/86/2/428/4632971
https://doi.org/10.1093/ajcn/86.2.428
http://www.ncbi.nlm.nih.gov/pubmed/17684215
https://doi.org/10.1002/oby.20369
https://doi.org/10.1002/oby.20369
http://www.ncbi.nlm.nih.gov/pubmed/23512929
https://doi.org/10.1007/s10519-010-9403-8
https://doi.org/10.1007/s10519-010-9403-8
http://www.ncbi.nlm.nih.gov/pubmed/20953688
http://www.ncbi.nlm.nih.gov/pubmed/18679413
http://www.ncbi.nlm.nih.gov/pubmed/18679413
https://doi.org/10.1038/ijo.2008.127
http://www.ncbi.nlm.nih.gov/pubmed/18679413
https://doi.org/10.1186/s12966-016-0456-9
http://www.ncbi.nlm.nih.gov/pubmed/28057008
https://www.smep.org.mx/wp-content/uploads/2021/01/20201108_ensanut_nacionales_2018.pdf
https://www.smep.org.mx/wp-content/uploads/2021/01/20201108_ensanut_nacionales_2018.pdf
http://www.ncbi.nlm.nih.gov/pubmed/26581537
https://doi.org/10.1371/journal.pone.0264493

