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Objective: It is commonly recognized that genetic, environ-
mental, behavioral, and social factors are involved in the
development of obesity. The family environment may play
a key role in shaping children’s eating behaviors. The pur-
pose of this study was to estimate the degree of familial
resemblance in eating behavioral traits (cognitive dietary
restraint, disinhibition, and susceptibility to hunger).
Research Methods and Procedures: Eating behavioral
traits were assessed with the Three-Factor Eating Question-
naire in 282 men and 402 women (202 families) from the
Quebec Family Study. Familial resemblance for each trait
(adjusted for age, sex, and BMI) was investigated using a
familial correlation model.
Results: The pattern of familial correlation showed signif-
icant spouse correlation for the three eating behavior phe-
notypes, as well as significant parent-offspring and sibling
correlations for disinhibition and susceptibility to hunger.

According to the most parsimonious model, generalized
heritability estimates (including genetic and shared familial
environmental effects) reached 6%, 18%, and 28% for cog-
nitive dietary restraint, disinhibition, and susceptibility to
hunger, respectively.
Discussion: These results suggest that there is a significant
familial component to eating behavioral traits but that the
additive genetic component appears to be small, with gen-
eralized heritability estimates ranging from 6% to 28%.
Thus, non-familial environmental factors and gene-gene
and gene-environmental interactions seem to be the major
determinants of the eating/behavioral traits.

Keys words: heritability, behavioral genetics, Three-
Factor Eating Questionnaire

Introduction
Obesity is a major public health problem in developed

countries (1,2), and it is important to understand the factors
that contribute to its development in order to improve pre-
vention and treatment strategies. Behavioral factors influ-
ence food intake and energy balance regulation in children
and adults (3,4). Data suggest that genetic factors are in-
volved in the modulation of the response to a variety of
lifestyle and environmental exposures (5). Because parents
transmit genes and largely define the environmental condi-
tions to which their children are exposed, families may be
enhancing the children’s susceptibility to obesity. Previous
studies have suggested that parents’ eating behaviors are
related to food intake and to the development of obesity in
their children, and this link may be particularly true between
mothers and daughters (3,6–8). Despite the fact that there
are many familial and twin studies on the genetic and
environmental components of food intake phenotypes, few
reports have addressed the same question for eating behav-
ior traits, as assessed by the Three-Factor Eating Question-
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naire (TFEQ).1 In a family study conducted in an Old Order
Amish sample, Steinle et al. (9) observed significant heri-
tabilities for cognitive dietary restraint, disinhibition, and
susceptibility to hunger. In twin studies, significant herita-
bilities for these behavioral traits were also reported (10–
12). The main purpose of this study was to explore further
the familial correlations and to estimate generalized herita-
bility levels in eating behaviors (cognitive dietary restraint,
disinhibition, and susceptibility to hunger) in a sample of
men and women from the Quebec Family Study (QFS).

Research Methods and Procedures
Participants

The QFS was initiated in 1978 at Laval University to
investigate the role of genetic factors in the etiology and
health consequences of obesity (13). All adult participants
(�18 years old), from French-Canadian families, signed an
informed consent document (approved by the Medical Eth-
ics Committee of Laval University).

Measurements
Body weight and height were measured according to

standardized procedures (14), and BMI was calculated (ki-
lograms per meter squared).

A French version of the TFEQ, also known as the Eating
Inventory, was completed by 282 men and 402 women (202
nuclear families). The TFEQ is a 51-item validated ques-
tionnaire that assesses quantitatively three eating behavior
traits: cognitive dietary restraint (conscious control over
food intake with concerns about shape and weight), disin-
hibition (overconsumption of food in response to stimuli
associated with a loss of control), and susceptibility to
hunger (food intake in response to feelings and perceptions
of hunger) (15).

Statistical Analysis
Before computing familial correlations, eating behavior

traits were adjusted for potential confounders because age
and BMI were related to these phenotypes (age, �0.13 �
r � �0.17; BMI, 0.24 � r � 0.51; data not shown).
Adjustments were performed by step-wise multiple regres-
sion procedure separately on four age-by-sex generation
groups: men � 40 years old, men � 40 years old, women �
40 years old, and women � 40 years old.

A familial correlation model based on four groups of
individuals was implemented: fathers (f), mothers (m), sons
(s), and daughters (d). These family members gave rise to
eight correlations: one spouse correlation (fm), four parent-
offspring correlations (fs, fd, ms, and md), and three sibling
correlations (ss, dd, and sd). Detailed explanations have
been given by Pérusse et al. (16). Maximal heritabilities
were computed from the maximum likelihood estimates of
the familial correlations obtained under the most parsimo-
nious model (17):

h2 � (rsibling � rparent-offspring) � (1 � rspouse)/

(1 � rspouse � 2 rspouse rparent-offspring)

These heritability estimates, named generalized heritabil-
ity, include the contribution of both genetic and shared
familial environmental factors transmitted from parents to
offspring and are adjusted for spouse resemblance. Herita-
bility estimates from twin studies rather refer to genetic
sources of variance and must be compared with caution with
generalized heritability.

Results
Baseline characteristics of the sample for each of the

sex-by-generation groups (fathers, mothers, sons, and
daughters) are presented in Table 1. Sex differences were
noted for cognitive dietary restraint and disinhibition.

Table 2 summarizes the model-fitting results for each
eating behavioral trait. All hypotheses tested could not be

1 Nonstandard abbreviations: TFEQ, Three-Factor Eating Questionnaire; QFS, Quebec
Family Study; f, father; m, mother; s, son; d, daughter.

Table 1. Descriptive statistics of the sample in each of the sex and generation groups

N Fathers N Mothers N Sons N Daughters

Age (years) 143 55.5 � 9.2a* 189 53.5 � 9.4a 139 31.8 � 9.4b 213 31.7 � 10.3b

BMI (kg/m2) 142 29.2 � 6.2ab 188 30.1 � 8.5a 139 28.0 � 7.5b 213 28.2 � 8.9b

Restraint 143 5.8 � 3.7a 189 8.7 � 4.7b 139 5.8 � 3.5a 213 7.8 � 4.8b

Disinhibition 143 4.4 � 3.1a 189 5.6 � 3.4b 139 4.7 � 2.9a 213 6.2 � 3.5b

Hunger 143 3.9 � 3.4a 189 3.7 � 3.1a 139 4.3 � 3.6a 213 4.2 � 3.3a

Values are means � SD.
* Variables with different superscript letters are significantly different (p � 0.05).
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rejected for cognitive dietary restraint and disinhibition.
Regarding susceptibility to hunger, the hypotheses of no
familial correlations and no parent-offspring correlations
were rejected, whereas the hypothesis of no spouse corre-
lation could not be rejected.

The familial correlations under the general model and
under the most parsimonious model are presented in Table
3 for each eating behavioral trait. For disinhibition and
susceptibility to hunger, familial correlations between
mothers and daughters were higher compared with the other
familial correlations in the general model. The spouse cor-
relation was significant for each phenotype, but this corre-
lation was higher for cognitive dietary restraint. The most
parsimonious model was the no sex nor generation differ-
ences model (Model 3) for cognitive dietary restraint and
the environmental model (Model 4) for both susceptibility
to hunger and disinhibition (Table 3). Under the most par-
simonious model, generalized heritability estimates were
5.5% for cognitive dietary restraint, 17.5% for disinhibition,
and 28.4% for susceptibility to hunger.

Discussion
Results from this study suggest that eating behavioral

traits are characterized by significant familial resemblance,
particularly for susceptibility to hunger. Significant familial
correlations were observed for susceptibility to hunger, with
a higher generalized heritability estimate of 28.4% com-
pared with cognitive dietary restraint (5.5%) and disinhibi-
tion (17.5%). Moreover, under the most parsimonious

model, the spouse correlation was the only significant fa-
milial correlation observed for cognitive dietary restraint.
Because the most parsimonious model was the environmen-
tal model for disinhibition and susceptibility to hunger,
environmental factors seem to be a major determinant of
these traits. Moreover, under the general model, correlations
between mothers and daughters were the highest observed
for disinhibition and susceptibility to hunger, suggesting
that the maternal contribution may be particularly important
in daughters, thus underscoring the possible importance of a
gender effect on these behaviors.

Although using a different methodology, our results are
supported by previous studies in which eating behaviors of
parents correlated with those of children (3,8,18,19). For
example, Birch et al. (18) reported that girls who had a
mother with restrictive feeding practices were more likely to
overeat as shown by a higher energy intake in the absence
of hunger (8).

Even if there is evidence of familial transmission for
cognitive dietary restraint, this resemblance is more pre-
dominant between spouses. Thus, an assortative mating
effect cannot be ruled out, as previously suggested for other
phenotypes related to obesity (20). Moreover, social and
external factors, such as the high prevalence of dieting
practices in women, may also be involved.

Familial environment seems to be important regarding
the disinhibition trait because the most parsimonious
model was the environmental model. However, the data
were adjusted for the confounding effect of BMI, and this

Table 2. Summary of results from fitting reduced models for cognitive dietary restraint, disinhibition, and
susceptibility to hunger

Models df

Cognitive dietary
restraint Disinhibition

Susceptibility to
hunger

p* AIC† p AIC p AIC

1. No sex differences, offspring 4 0.379 12.21 0.535 11.14 0.059 17.08
2. No sex differences, offspring or parents 5 0.256 12.55 0.544 10.03 0.095 15.38
3. No sex or generation differences 6 0.362 10.58‡ 0.506 9.30 0.145 13.55
4. Environmental model, equal 7 0.278 10.66 0.606 7.45 0.207 11.70
5. No sibling correlations 3 0.493 12.41 0.960 10.30 0.114 15.95
6. No parent-offspring correlations 4 0.432 11.81 0.108 15.59 0.001 25.84
7. No spouse correlation 1 0.051 17.80 0.800 14.06 0.147 16.11
8. No familial correlations 8 0.219 10.70 0.152 11.97 0.001 26.35

Values are adjusted for age, sex, and BMI.
* p values from the likelihood ratio �2 test; a significant value (p � 0.05) indicates rejection of the null hypothesis.
† AIC, Akaike’s Information Criterion; the most parsimonious model is one with the smallest AIC.
‡ Values of the model in bold represent the most parsimonious model for this eating behavior.
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adjustment may have had an impact on the results. When
analyses were performed without adjustment for BMI, the
most parsimonious model was the no sex differences in the
offspring model (Model 1) (data not shown). This suggests
that BMI and eating behavioral trait covary in humans. The
finding that disinhibition was positively correlated with
BMI is concordant with other studies (21–28). In this re-
gard, it is not possible to establish whether a high BMI
would lead to high disinhibition scores or whether a high
disinhibition score is a risk factor for obesity. One could
speculate that the familial correlations observed for the
disinhibition trait may be related to the familial aggregation
commonly observed for obesity (29–32). However, se-
quence variations in candidate genes for disinhibition, such
as GAD2 (33) and neuromedin � (34), have been recently
found, which suggest that genetic factors could be involved.

Significant familial correlations were observed for the
susceptibility to hunger trait, and the maximum likelihood
estimates of familial correlations suggest that familial en-
vironment may be the major determinant of this trait. Few
studies have examined the development of eating behavioral
traits in parents and adult offspring, which limits compari-
sons with the present study. Johnson and Birch (19) previ-

ously reported that, in order to sustain the ability for self-
regulation, parents should not exert too much control over a
child’s feeding. In addition, accessibility and availability of
food, which are part of both familial and social environ-
ment, could be factors that also contribute to the develop-
ment of susceptibility to hunger (35). Candidate genes have
also been found to be associated with the susceptibility to
hunger (33,34), which suggests that a genetic contribution
cannot be excluded.

As shown in the general model for disinhibition and
susceptibility to hunger, the highest familial correlations
were those between mother and daughter, which suggest
that the maternal contribution may be particularly impor-
tant for eating behavioral traits in daughters. In typical
families, mothers purchase foods and plan and prepare
meals. Previous studies have highlighted that maternal feed-
ing practices are more related to daughters’ than sons’
eating behaviors (8,19,36,37). The father’s contribution to
offspring eating behavioral traits has not been studied to any
extent.

Finally, few studies have examined adult eating behav-
iors in relation to their parents’ behaviors. One could hy-
pothesize that the importance of the immediate familial

Table 3. Maximum likelihood estimates of familial correlations (�SE) under the general and the most
parsimonious inheritance models for cognitive dietary restraint, disinhibition, and susceptibility to hunger

Parameter Cognitive dietary restraint Disinhibition Susceptibility to hunger

General model
fm 0.174 � 0.086 0.129 � 0.092 0.127 � 0.086
fs 0.055 � 0.106 0.067 � 0.103 0.171 � 0.117
ms 0.121 � 0.097 0.034 � 0.104 0.003 � 0.105
fd �0.145 � 0.104 0.103 � 0.097 0.094 � 0.093
md 0.030 � 0.090 0.235 � 0.072 0.307 � 0.067
sd �0.044 � 0.097 0.047 � 0.081 0.145 � 0.093
ss �0.019 � 0.121 0.128 � 0.121 0.238 � 0.155
dd 0.134 � 0.094 �0.057 � 0.087 0.084 � 0.080

Most parsimonious model
fm 0.168 � 0.086 0.089 � 0.038 0.148 � 0.040
fs 0.028 � 0.041 (0.089) (0.148)
ms (0.028)* (0.089) (0.148)
fd (0.028) (0.089) (0.148)
md (0.028) (0.089) (0.148)
sd (0.028) (0.089) (0.148)
ss (0.028) (0.089) (0.148)
dd (0.028) (0.089) (0.148)

Generalized heritability 5.5% 17.5% 28.4%

Values are adjusted for age, sex, and BMI.
* Values in parentheses are fixed or equal to preceding value.
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environment on eating behaviors is greater in younger than
in older offspring. In fact, as a child grows, other influences
such as peers and other meaningful persons can be expected
to exert a strong effect on behaviors, including those related
to eating. In the present study, we found significant familial
correlations even though the families included only adult
offspring. This suggests that the development of eating
behaviors during growth remains a critical determinant of
eating behavioral traits during adult life.

In conclusion, results from this study suggest that eating
behavioral traits aggregate in families. The familial envi-
ronment seems to be the major determinant of the familial
correlations observed, although a genetic contribution can-
not be excluded. In tailoring prevention and treatment pro-
grams for obese and overweight people, the influence of
family environment on eating behavioral traits should be
considered.
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1998, pp. 187–99.

3. Birch LL, Fisher JO. Development of eating behaviors
among children and adolescents. Pediatrics. 1998;101:539–
49.

4. Provencher V, Drapeau V, Tremblay A, Despres JP, Le-
mieux S. Eating behaviors and indexes of body composition
in men and women from the Québec Family Study. Obes Res.
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