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ABSTRACT
Prevention of early childhood obesity requires a clear understanding of its determinants. This study examined perinatal, parental, and lifestyle determinants of childhood obesity and how these factors are associated with maternal
misperceptions of their children’s weight status. The current work presents a cross-sectional analysis of 2,374 children, age 1 to 5 years, living in Greece (April 2003 to July
2004). The 2000 Centers for Disease Control and Prevention
growth charts were used to classify children as overweight
(ⱖ85th and ⬍95th body mass index [BMI]–for-age percentile for children older than 24 months) and obese (ⱖ95th
weight-for-length percentile for children younger than 24
months and ⱖ95th BMI–for-age percentile for children
older than 24 months). Maternal perceptions about their
children’s weight status were assessed via interviews with
the mothers. Early infancy growth data were obtained from
pediatric medical records. The present study showed that
the prevalence of overweight and obesity was 16.2% and
17.5%, respectively. Each unit increase of maternal and
paternal BMI significantly increased the likelihood of childhood obesity by a factor of 1.03 (95% confidence interval
[CI]: 1.01 to 1.07) and 1.15 (95% CI: 1.10 to 1.20), respectively. Furthermore, children with a rapid weight gain in
infancy were 1.9 (95% CI: 1.3 to 2.7) times more likely to be
overweight and 1.5 (95% CI: 1.2 to 1.9) times more likely to
have their weight status underestimated by their mother.
In conclusion, rapid infancy weight gain and higher parental BMI were the main determinants of obesity in preschool
years. Maternal underestimation of children’s weight status
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was more likely for children with rapid weight gain in
infancy.
J Am Diet Assoc. 2010;110:1527-1531.

U

nhealthy eating habits and lack of physical activity
are the key environmental contributors to the childhood obesity epidemic (1). However, the etiology of
childhood obesity is complex because several factors, including energy imbalance, have been attributed to this
public health epidemic. The escalation of childhood obesity during recent decades has led to the development of
theories that underscore the importance of certain early
childhood factors on the degree of adiposity during childhood through adulthood (2,3). Some of these factors include maternal smoking during pregnancy (4), gestational diabetes (5), size at birth (6), breastfeeding (7), and
postnatal growth rate (8). These factors are believed to
bear permanent physiological and metabolic adaptations
that may be detrimental over the course of the lifespan.
On the other hand, young children’s energy balance–
related behaviors are mostly influenced by family and
physical environmental cues without involving conscious
decision-making (9). In that context, parental perceptions
about children’s diet, physical activity levels, and weight
status are highlighted as the major determining factors of
children’s actual behaviors (10,11). Many recent studies
have examined the ability of parents to correctly perceive
their children’s weight status or body image (10-21). According to the findings of these studies, many parents
with overweight children underestimate the problem by
perceiving their children’s weight as normal.
Although the aforementioned studies have indicated a
clear association between parental misperceptions of their
children’s weight status and, hence, childhood obesity, no
study has yet examined the association between parental
perceptions and some of the most important determinants
of childhood obesity. Thus, the aims of the present study
were first to identify certain perinatal, parental, and lifestyle determinants of childhood overweight and obesity in
preschool children, and second to examine the associations
between these determinants and maternal misperceptions
of their children’s weight status.
METHODS
The “Growth, Exercise, and Nutrition Epidemiological
Study in preSchoolers” (GENESIS study) was conducted
from April 2003 to July 2004. A representative sample of
randomly selected public and private child day-care cen-
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ters within municipalities of urban, semiurban, and rural
locality in five Greek counties was invited to participate
in the study. An extended letter explaining the aims of
the current study and a consent form was given to parents of children at these day-care centers. Signed parental consent forms were collected for 2,518 children, age 1
to 5 years (75% response rate). Full data and measurements were obtained from 2,374 children. More information on the sampling procedures is presented elsewhere
(22). Approval to conduct the study was granted by the
Bioethics Committee of Harokopio University, Athens,
Greece.
For all participants, body weight, recumbent length,
and height were measured using standard procedures
(22). Body mass index (BMI) was calculated as kg/m2. The
Nutstat module of EpiInfo version 3.5.1 (2008, Centers
for Disease Control and Prevention, Atlanta, GA) (23)
was used to estimate children’s age- and sex-specific percentiles for weight, recumbent length, and BMI. The 2000
Centers for Disease Control and Prevention growth
charts for the United States and relative thresholds were
used for the definition of childhood overweight and obesity (24). The weight-for-length percentiles were used to
classify children up to age 24 months as obese (ⱖ95th
percentile), whereas the BMI–for-age percentiles were
used to classify children older than 24 months as overweight (ⱖ85th and ⬍95th percentile) or obese (ⱖ95th
percentile). Pediatric medical records were used to obtain
data about children’s birth weight, recumbent length,
and body weight at age 6 months. Birth weight was used
to identify children that were born small-for-gestational
age (⬍10th percentile), appropriate-for-gestational age
(10th to 89th percentile), and large-for-gestational age
(ⱖ90th percentile).
The differences in weight-for-length z scores from birth
to 6 months of age were used to categorize children’s
weight gain during infancy as: “poor” (⬍⫺1 z score difference), “average” (⫺1 to ⫹1 z score difference), and “rapid”
(⬎⫹1 z score difference). Finally, paternal and maternal
BMI were calculated from self-reported data (ie, weight
and height reported by parents).
Dietary intake data were obtained for 2 consecutive
weekdays and 1 weekend day, using a combination of
techniques that comprised weighed food records and 24hour recalls or food diaries as described in details elsewhere (22). Dietary intake data were analyzed using the
Nutritionist V diet analysis software (version 2.1, 1999,
First Databank, San Bruno, CA), which was extensively
amended to include traditional Greek foods and recipes
(25). Fifty-seven children whose dietary intake was found
to be underreported (26) by their parents were excluded
from further analysis. Daily energy intake was expressed
as percentage of Estimated Energy Requirements (27).
Children’s physical activity levels were assessed by asking parents to provide information about the type, duration, and intensity of all typical outdoor organized or
nonorganized physical activities engaged in by their children. A trained research team member (ie, a dietitian or
a physical education instructor) recorded this information using a valid, structured proxy questionnaire (28).
Emphasis was placed on light to vigorous physical activities with intensity higher than four metabolic equivalents. Typical light to vigorous physical activities for the
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younger age groups were playground recreational activities and taking walks with parents, whereas sports participation, such as soccer, swimming, ballet, and gymnastics were more commonly reported for the older age
group. More information about the type of activities comprising light to vigorous physical activities is presented
elsewhere (22).
Parents were also asked to provide information about:
(a) their educational level, (b) maternal medical history
during pregnancy, (c) maternal smoking during pregnancy, (d) maternal age when the child was born, (e)
parity, and (f) infant’s feeding practices from birth to 6
months of age (ie, exclusive breastfeeding, exclusive formula feeding, and mixed feeding [combination of formula
and breast milk]), based on categorization criteria provided by the World Health Organization (29). Furthermore, maternal perception of their children’s weight status was assessed by asking each mother to complete the
statement “I feel my child’s weight is . . .”, by choosing one
of the following five responses: “much higher than normal,”
“higher than normal,” “normal,” “lower than normal,” or
“much lower than normal.” Underestimation errors occurred when children who were actually overweight, obese,
or normal weight were perceived by their mothers as having
“normal,” “lower than normal,” or “much lower than normal” body weight, respectively.
Associations with overweight and obesity were assessed using univariate and multivariate logistic regression analyses via the estimation of crude and adjusted
odds ratios (OR), respectively, and 95% confidence intervals (CI). To evaluate any possible interaction effect between the factors under investigation, two-way interaction terms were tested using the likelihood ratio test.
However, no interaction term was found to be significant.
Finally, univariate logistic regression analyses were done
to examine the associations between maternal underestimation of children’s weight status (dependent variable)
and each factor that was significantly related to childhood
overweight and obesity (independent variables). All reported P values were based on 2-sided tests and compared
to a significance level of 5%. All statistical analyses were
conducted with the SPSS 13.0 (2004, SPSS Inc, Chicago,
IL).
RESULTS AND DISCUSSION
The prevalence of overweight and obesity observed in the
present study was 17.5% and 16.2%, respectively. These
rates reveal that preschool obesity in Greece is among
the highest in the world, comparable or even higher to the
United States, where the rates reported for preschool
population range from 11.6% at 6 to 23 months to 12.4%
at 2 to 5 years of age (30,31). However, none of the public
health initiatives attempted so far has prevented the
problem from expanding; in both countries childhood
overweight has doubled during the previous 2 decades
(32,33).
In sight of these unfavorable trends and bearing in
mind that environmental factors seem to increase the
risk of obesity in later life (34), the current study identified several perinatal, parental, and lifestyle determinants of childhood overweight and obesity. More specifically the univariate logistic regression analyses (ie, crude
OR in Table 1) showed that rapid infancy weight gain,
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Table 1. Likelihood for being overweighta and obeseb for preschool children in day-care centers in Greece (n⫽2,317)
Overweighta

Independent variables
Age (mo)
Maternal education (y)
Paternal education (y)
Maternal BMIf
Paternal BMI
Daily energy intake (% of EERg)
Maternal smoking during pregnancy
Not smoking
Passive smoking
Active smoking
Birth weight-for-gestational age
Appropriate (10th-89th percentile)
Small (⬍10th percentile)
Large (⬎90th percentile)
Weight gain in the first 6 months
Average (⫺1 to ⫹1 z-score
difference)
Poor (⬍⫺1 z-score difference)
Rapid (⬎⫹1 z-score difference)
Time spent in light to vigorous
physical activities
⬍3 h/wk
ⱖ3 h/wk

Obeseb

Crude ORc (95% CId)

Adjustede OR (95% CI)

Crude OR (95% CI)

Adjustede OR (95% CI)

1.00 (0.99-1.02)
0.99 (0.95-1.03)
0.99 (0.96-1.03)
1.02 (0.99-1.05)
1.05 (1.01-1.09)*
1.03 (1.01-1.05)*

0.99 (0.98-1.01)
0.99 (0.93-1.06)
0.99 (0.94-1.05)
1.03 (0.99-1.08)
1.05 (0.99-1.10)
1.00 (0.98-1.03)

1.02 (1.01-1.03)*
0.96 (0.92-0.99)*
0.97 (0.94-0.99)*
1.05 (1.02-1.08)*
1.12 (1.09-1.16)*
1.005 (1.001-1.009)*

1.03 (1.02-1.05)*
0.97 (0.91-1.04)
0.98 (0.92-1.04)
1.03 (1.01-1.07)*
1.15 (1.10-1.20)*
1.003 (0.995-1.010)

Referent
0.97 (0.72-1.31)
1.24 (0.91-1.68)

Referent
0.91 (0.62-1.32)
1.42 (0.96-2.10)

Referent
1.09 (0.81-1.46)
1.31 (1.11-1.76)*

Referent
0.88 (0.59-1.31)
1.44 (0.96-2.15)

Referent
0.70 (0.46-1.07)
0.86 (0.51-1.45)

Referent
0.57 (0.32-1.02)
0.91 (0.49-1.68)

Referent
0.45 (0.27-0.75)*
1.29 (0.83-1.99)

Referent
0.60 (0.33-1.10)
1.37 (0.77-2.43)

Referent
0.88 (0.58-1.34)
2.48 (1.84-3.34)*

Referent
0.88 (0.54-1.43)
2.55 (1.81-3.61)*

Referent
1.03 (0.70-1.52)
2.09 (1.56-2.79)*

Referent
0.87 (0.55-1.39)
1.88 (1.32-2.68)*

Referent
0.81 (0.57-1.15)

Referent
0.83 (0.54-1.30)

Referent
0.72 (0.50-0.93)*

Referent
0.50 (0.30-0.85)*

Overweight category includes children 2 to 5 years old with BMI-for-age ⱖ85th and ⬍95th percentile.
Obesity category includes children age 1 to 2 years and 2 to 5 years with weight-for-length and BMI-for-age ⱖ95th percentile, respectively (23,42).
c
OR⫽odds ratio.
d
CI⫽confidence interval.
e
Adjusted for all independent variables included in the table as well as for sex, region of residence, maternal age at birth, parity, postnatal feeding patterns (ie, breast vs formula vs
mixed feeding), and gestational diabetes.
f
BMI⫽body mass index.
g
EER⫽Estimated Energy Requirement.
*Statistically significant odds ratios (Pⱕ0.05).
a

b

higher paternal BMI, and higher dietary energy intake
were the main perinatal, parental, and lifestyle determinants, respectively, of childhood overweight. Regarding
determinants of childhood obesity, the univariate logistic
regression analyses revealed that maternal smoking during pregnancy, rapid weight gain in infancy, higher parental BMIs, and older age of children were significantly
associated with an increased likelihood of childhood obesity. On the contrary, small size at birth, higher parental
education, and higher physical activity levels of children
(3 or more hours per week) were found to be protective
against manifestation of obesity in preschool years.
Still, only certain of the aforementioned univariate associations with overweight and obesity remained statistically significant when multivariate regression analyses
were done. Specifically, the multivariate analyses showed
that rapid weight gain in the first 6 months of life was the
main perinatal determinant of both overweight and obesity (OR: 2.5; 95% CI: 1.8 to 3.6 and OR: 1.9; 95% CI: 1.3
to 2.7, respectively) in preschool years (Table 1). Although
significant associations between early weight gain and
weight among children from birth through 5 years of age

might be expected, a stratified analysis by age group
revealed that rapid infancy weight gain was significantly
associated with obesity in both the 12- to 36-month and
the 37- to 60-month age groups (OR: 1.6; 95% CI: 1.1 to
2.8 and OR: 1.9; 95% CI: 1.3 to 2.5, respectively). This
observation indicates that rapid weight gain in infancy is
a strong determinant of obesity not only in younger but
also in older children. Consistent with these findings, two
other studies reported similar significant associations between rapid infancy weight gain and obesity in 4- and
7-year-old children (OR: 1.4; 95% CI: 1.2 to 1.6 and OR:
1.4; 95% CI: 1.3 to 1.4, respectively) (35,36).
Furthermore, the multivariate logistic regression analysis in the present study revealed that each unit increase
of maternal and paternal BMI significantly increased the
likelihood for childhood obesity by a factor of 1.03 (95%
CI: 1.01 to 1.07) and 1.15 (95% CI: 1.10 to 1.20), respectively. Parental overweight could indicate a genetic predisposition toward childhood obesity (37,38). However, it
could also indicate that overweight parents are responsible for creating and sustaining an obesogenic home environment that can also negatively affect their young chil-
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Table 2. Associations between maternal perceptions of their children’s weighta and determinants of childhood obesity for preschool
children in day-care centers in Greece (n⫽2,317)b
Independent variables

Crude ORc (95% CId)

Age (mo)
Maternal education (y)
Maternal BMIe
Daily energy intake (% of EERf)
Maternal smoking during pregnancy
Not smoking
Passive smoking
Active smoking
Birth weight for gestational age
Appropriate (10th-89th percentile)
Small (⬍10th percentile)
Large (⬎90th percentile)
Weight gain in the first 6 months
Average (⫺1 to ⫹1 z-score difference)
Poor (⬍⫺1 z-score difference)
Rapid (⬎⫹1 z-score difference)
Time spent in light to vigorous physical
activity
⬍3 h/wk
ⱖ3 hr/wk

1.01 (1.01-1.02)*
0.96 (0.93-0.99)*
1.04 (1.02-1.09)*
1.006 (1.002-1.011)*
Referent
0.98 (0.76-1.26)
1.07 (0.84-1.38)
Referent
0.59 (0.42-0.83)*
0.97 (0.67-1.40)
Referent
1.12 (0.83-1.51)
1.53 (1.21-1.93)*
Referent
0.72 (0.55-0.96)*

a

Dependent variable: Underestimation of children’s weight.
Adjustments were made for sex, region of residence, and paternal education.
c
OR⫽odds ratio.
d
CI⫽confidence interval.
e
BMI⫽body mass index.
f
EER⫽Estimated Energy Requirement.
*Statistically significant odds ratios (Pⱕ0.05).
b

dren (39,40). Furthermore, it has been reported that
preschool children of obese parents show an increased
preference for energy-dense foods (41). Even so, the
present study showed that physical activity level was a
stronger correlate of childhood obesity than was dietary
energy intake; the multivariate regression analysis highlighted time children were engaged in light to vigorous
physical activities as the only lifestyle/behavioral factor
that was significantly associated with childhood obesity.
According to the findings presented in Table 2, children
who were more likely to have their current weight status
underestimated by their mothers (35.9% of children) were
those with higher dietary energy intakes, those with a
rapid infancy weight gain, and those born to mothers
with higher BMIs and lower educational levels. However,
children born small-for-gestational age and those engaged in light to vigorous physical activities for more
than 3 hours per week were less likely to have their body
weight underestimated by their mothers. These findings
suggest that overweight and less-educated mothers may
be more reluctant to admit that their children are overweight or could be unable to understand the meaning of
overweight (42). Alternatively, overweight and less-educated mothers may also believe that young children may
outgrow their weight problem or that being overfat is
“healthy” (43). This could possibly provide an explanation
for the current study’s observation of a direct association
between rapid weight gain in infancy and the increased
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likelihood of maternal underestimation of their children’s
weight status. Data from previous studies suggested that
mothers who perceived their infants as small were more
likely to feed them with formula, nonmilk liquids, and
solid foods earlier and more frequently than usual (44).
The current work had certain limitations. First, a causeand-effect relationship could not be identified because of the
cross-sectional design of the study. Moreover, parental anthropometric data (ie, weight and height) were self-reported
and children’s perinatal data were collected retrospectively
by asking parents and by using pediatric medical records.
Finally, the estimation of dietary intake and physical activity levels can be a source of bias not only in the present
study but in all studies that attempt to collect data on
behavioral indexes. Nonetheless, the methodological aspects of the current work suggest enhanced reliability of the
diet and physical activity data (ie, combination of weighed
food records and 24-hour recall, and the use of a valid
physical activity questionnaire).
CONCLUSION
The current study showed that rapid weight gain during
infancy, children’s lower physical activity levels, and
higher parental BMIs were the most important factors
that significantly increased the likelihood for obesity in
preschool children. In addition, among all determinants
of early childhood overweight and obesity presented in
Table 1, specific maternal characteristics (ie, higher BMI,
lower educational level), children’s behaviors leading to a
positive energy balance (ie, higher energy intake and
lower levels of physical activity), and rapid weight gain in
infancy were found to be associated with an increased
likelihood of maternal underestimation of their children’s
weight status. These findings have important public
health implications, given that maternal perception
might be an indirect determinant of their children’s body
weight (45). Although perceptions are strongly influenced
by culture, the fact that we live in an era of globalization
makes the findings of the present study relevant to public
health experts who deal with childhood obesity in almost
all developed countries worldwide. The current findings
might be even more relevant to minority groups and
populations of lower socioeconomic level living in developed countries, for whom insufficient health knowledge
makes the risk of body weight underestimation even
greater.
Thus, before designing and implementing any obesity
prevention program, future research should also focus on
detecting mothers who are more likely to misperceive
their children’s weight status. Educating these mothers
to correctly classify their children’s weight status might
be a key factor for the implementation of successful childhood obesity prevention policy.
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