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he prevalence of excess weight is increasing among young children in

developed and developing countries. In Canada, 15.2% of 2—5 year olds are

overweight and 6.3% are obese, according to International Obesity Task Force
criteria for overweight and obesity among children. If current trends continue, 46% of
school-aged children in the Americas will be overweight or obese by 2010, as the
current generation of preschoolers enters school.

Although childhood obesity puts children at significant risk for many health problems,
scientists suggest that the greatest health problems will be seen as the present
generation of overweight and obese children becomes the next generation of adults.
Insofar as childhood obesity persists (or “tracks”) into adulthood, higher rates of
obesity-related disease are predicted to emerge in younger adults, who may require
access to specialized healthcare throughout their remaining lifetimes.

Canadian survey data for children aged 0—6 years are lacking, and therefore it is not
possible to fully characterize the dietary and physical activity patterns of young
children, or to assess how changes in these patterns may have contributed to the
current epidemic of obesity.

Although interventions that target the eating, activity and sleep patterns of young
children are limited, results suggest that these types of interventions may be
efficacious. Additional research is needed in this area, and future studies should focus
on parents and caregivers as agents of change.

Obesity prevention is a community responsibility that is best addressed using multi-
level, multi-sectoral public health strategies. Given that obesity may be programmed in
utero and during early infancy, preventive measures should be initiated in utero and
continue throughout early childhood.

'This Watching Brief is based on a more extensive report, which is available to CCEFN members.
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Background and Context of Obesity in Young Children

Defining overweight and obesity in young children
The body mass index (BMI) is the most common means of defining what constitutes a
healthy body weight for adults and children (Katzmarzyk et al., 2007). BMI and its
associated health risks change substantially with age, however, and a high BMI during
childhood is not associated with a high incidence of morbidity or mortality as it is in adults
(Fox, 2004a). As a result, it is difficult to quantify levels of excessive fatness in children,
and separate BMI classification systems have been developed for children and for adults
(Fox, 2004a).

Two major approaches have been developed to identify children with excessive body
weights based on BMI (Katzmarzyk et al., 2007). In Canada, the 85™ and 95" percentiles
of BMI on the US Centers for Disease Control (CDC) growth charts are used to classify
children aged 2 years or older as “overweight” or

“obese”, respectively (Katzmarzyk et al., 2007). For the purposes of this review:
Weight-for-height growth charts are used to e “infant” = 0 to 12 months of age
monitor the growth of children under the age of * “toddlers” = 12 to 36 months of age
2, as BMI charts do not exist for infants. The e “preschoolers” = 3 to 6 years of age

second approach, endorsed by the International
Obesity Task Force (IOTF), links childhood BMI cut-off points with adult overweight
(BMI=25 kg/mz) and obesity (BMI=30 kg/mz) thresholds (Cole et al., 2000), and is
primarily used for obesity surveillance in research settings (Katzmarzyk et al., 2007).

The problem of overweight and obesity among young children
Canadian rates of overweight and obesity among young children
Whereas obesity was rarely observed among children and adolescents 30 years ago, it is
now evident among Canadian children of all ages (Shields, 2004). Between 1978-79 and
2004, the overall prevalence of overweight among 2—17 year olds increased from 12% to
18%, while the prevalence of obesity jumped from 3% to 8% (Shields, 2004). The rate of
overweight among the subgroup of children aged 25 years was slightly lower at 15.2%,
while 6.3% were obese (Shields, 2004). This combined rate of 21.5% remains unchanged
since 1978-79 (Shields, 2004).

Adverse health effects of overweight and obesity among children

Obesity in infancy persists through the preschool years (Mei et al., 2003), and to later
childhood (Quattrin et al., 2005). Childhood obesity is also an independent risk factor for
adult overweight or obesity (Felton et al., 1998; Whitaker et al., 1998b), with obese
children having at least a 25% to 50% increased risk of being obese as adults (Guo et al.,
2000). Early childhood BMI is moderately correlated with adult adiposity (Freedman et al.,
2005), and overweight 2- to 5-year-old children are more than four times as likely to
become overweight as adults (Freedman et al., 2005).

Long-term prospective studies have demonstrated eight diseases to be definitively
associated with obesity: coronary artery disease, stroke, hypertension, colon cancer,
postmenopausal breast cancer, type 2 diabetes, gall bladder disease, and osteoarthritis



(Katzmarzyk and Janssen, 2004). Although clinical evidence of disease is often absent in
children, traditional and non-traditional risk factors emerge early in the course of obesity
and establish a pervasive environment for the development of premature health problems
including pulmonary, orthopaedic, gastroenterologic, neurologic, cardiovascular, and
endocrine conditions (Lobstein et al., 2004; Dietz, 1998; Visser et al., 2001; Kelly et al.,
2004; Balagopal et al., 2005; Monzavi et al., 2006). Overweight children are more likely
than non-overweight children to exhibit risk factors for chronic disease such as
hyperlipidemia, low HDL cholesterol, hypertension, and hyperinsulinemia (Morrison et al.,
1999a, 1999b; Freedman et al., 1999; Chu et al., 1998; Csabi et al., 2000), and these risk
factors may track from childhood into adulthood (Lobstein et al., 2004).

Risk factors are distinct from clinical disease, and until recently overt disease was rare
among children (Lobstein et al., 2004). The physical consequences of childhood obesity
are, however, increasingly leading to overt disease in childhood (Lobstein et al., 2004).
Previously seen only in adults, type 2 diabetes and the metabolic syndrome have emerged
among children as a direct consequence of rising obesity rates (Lobstein et al., 2004; Csabi
et al., 2000; Weiss et al., 2004). The development of chronic disease may therefore be a
long process that originates in childhood (Csabi et al., 2000).

Beyond its adverse effects on the physical health of children, the most immediate
consequences of childhood obesity may be in terms of adverse social and psychological
health (Lobstein et al., 2004). Balagopal (2006) has suggested that the adverse
psychological consequences of obesity may exacerbate its negative physical consequences,
accelerating the progression to diabetes and/or cardiovascular disease in obese children.
The psychosocial complications of overweight and obesity among young children have not
been studied.

Change in landscape

The increased prevalence of obesity is widely regarded as an epidemic that threatens to
ruin the physical and economic health of North America. If current upward trends continue
linearly, the proportion of overweight and obese school-aged children in the Americas will
grow to more than 46% by 2010, as the current generation of preschoolers enters school
(Wang and Lobstein, 2006).

Although childhood obesity puts children at significant risk for many health problems,
scientists suggest that the greatest health problems will be seen as the present generation of
overweight and obese children becomes the next generation of adults (Lobstein et al.,
2004). Up to 33% of adult obesity may have its origins in childhood obesity (Power et al.,
1997a; Serdula et al., 1993). Insofar as childhood obesity tracks into adulthood, higher
rates of obesity-related disease are predicted to emerge in younger adults, who may require
access to specialized healthcare throughout their remaining lifetimes (Lobstein et al.,
2004). The consequences will be evident in rapid escalation of healthcare spending,
significant losses to society, and a greater health burden for individuals (Lobstein et al.,
2004). Investments in childhood obesity prevention programs are likely to be quantitatively
small compared to the accumulated costs associated with treating obese individuals.



Lifestyle-associated behaviours of young children

Optimal diets for young children

A healthy food intake pattern throughout life is important for obesity prevention. Healthy
diets for young children begin with exclusive breastfeeding for the 6 months of life. Health
Canada (2005) recommends breastfeeding for up to 2 years and beyond, with the
introduction of nutrient-rich complementary solid foods at 6 months. Beginning at age 2,
children should follow the recommended eating pattern outlined in “Eating Well with
Canada’s Food Guide” (Health Canada, 2007). Children who follow the recommended
eating pattern are more likely to meet their nutrient requirements, achieve overall health
and vitality, and lower their risk of chronic disease (Health Canada, 2007).

Dietary patterns of young children

The Canadian Community Health Survey (CCHS) is the first large-scale Canadian
nutrition survey to characterize the diets of children under the age of 5. For this reason, it is
not possible to ascertain how changes in the consumption patterns of young Canadian
children may have contributed to the current obesity crisis. However, the food consumption
patterns of 4-8 year olds outlined in the CCHS" do suggest that dietary patterns linked to
an increased risk for obesity are prevalent among young children. Notably, 71% of 4- to 8-
year-old children did not meet the recommended daily minimum number of servings of
vegetables and fruit, 37% did not consume 2 servings of milk products daily, and 27% did
not consume sufficient grain products in a day (Garriguet, 2004). Children who consumed
fewer than 5 vegetables and fruit daily were significantly more likely to be overweight or
obese (Shields, 2004). Just over one quarter (26.8%) of the total daily calories of 48 year
olds were ingested between regular meals, of which the majority was supplied by nutrient-
poor, high fat, high sugar foods (Garriguet, 2004). These snacks supplied more calories
than were consumed at breakfast (18%) and lunch (25.6%) (Garriguet, 2004). Furthermore,
nearly one fifth of 4-8 year olds had eaten in a fast food outlet on the day before the survey
(Garriguet, 2004).

Similarly disturbing trends emerged from dietary survey data collected for the Feeding
Infants and Toddlers Study (FITS) in the US. According to these data, 18%—33% of infants
and toddlers consumed no distinct fruit and vegetables during a day, and by 15 months,
french fries were the most common vegetable in children’s diets (Fox et al., 2004).
Desserts, sweets and sweetened beverages were also commonly consumed (Fox et al.,
2004). Nearly half of toddlers consumed at least one meal or snack away from home (any
location excluding daycare) on any given day (Ziegler et al., 2006), which is a concern
because 35% of away-from-home lunches included french fries, and 30% included sugar-
sweetened beverages (Ziegler et al., 2006). Indeed, intake of sugar-sweetened beverages
nearly doubles from 2 to 6 years of age (Skinner and Carruth, 2001), and may displace
more healthful foods and beverages such as milk (Marshall et al., 2005) and increase the
risk of overweight (Troiano et al., 2000; Dubois et al., 2007). These data demonstrate that
infants and toddlers are being fed the same foods as the rest of the family (Fox et al.,
2004), despite their substantial need for nutrient-dense foods to support rapid growth and
development. Dietary patterns commonly exhibited in older children and adult populations

" CCHS data for the 1- to 3-year-old age grouping have not been released.



were evident as early as 9—11 months of age (Fox et al., 2004). Because diet quality
typically declines from early childhood through to adolescence (Lytle et al., 2000;
Mannino et al., 2004), these patterns may persist and worsen over time.

Little is known regarding the dietary patterns of Canadian children in childcare. No
national nutrition guidelines exist for Canadian childcare facilities, whereas in the US,
meals and snacks must meet federal guidelines (ADA, 2005; Fox et al., 1997). In spite of
the US dietary guidelines, more than 25% of federally funded daycares in the US do not
provide the recommended minimum number of daily servings of fruits and vegetables (Fox
et al., 2006a, 2006b). French fries and baked potatoes are the most common vegetables
provided in US daycares, while sweetened beverages represent the major source of fruit
(Ziegler et al., 2006). Overall, US children in childcare consistently fail to meet food
pyramid recommendations for grains and vegetables (Bruening et al., 1999; Padget and
Briley, 2005; Oakley et al., 1995), indicating a need to revise and/or enforce national
nutrition guidelines.

Optimal physical activity for young children

Physical activity during childhood can be depicted as a continuum. Young children begin
by learning basic movement patterns that are progressively integrated into more specialized
and complex movement skills as neuromuscular control develops (Strong et al., 2005).
Young children should not be viewed as miniature adults, however, and the intensity,
duration, frequency, and mode of physical activity recommended for adults is not
appropriate for young children (NASPE, 2002). Whereas physical activity guidelines for
adults are based on preventing chronic disease and unhealthy weight gain, the outcomes of
physical activity for young children centre on enjoyment of movement, developing motor
skill confidence and competence, and establishing the foundation for a future active
lifestyle (NASPE, 2002).

A firm evidence base does not exist from which to develop physical activity guidelines for
children (Rennie et al., 2006). Although it is generally agreed that physical activity is
important for children, it is difficult to demonstrate a health benefit because most of the
negative health outcomes of inactivity are not commonly found in children (Hills et al.,
2007), and the amount of play needed for optimal motor skill development has not yet been
identified (Timmons et al., 2007). Canadian and American governments have consequently
not developed physical activity guidelines for young children. The National Association for
Sport and Physical Education (NASPE, 2002) is the only national body in North America
that has developed physical activity recommendations specific to infants, toddlers and
preschoolers. The five guidelines for infants emphasize allowing them to explore their
surroundings, develop movement skills, and use large muscle groups in a safe environment
(NASPE, 2002). Toddlers are advised to accumulate at least 30 minutes of structured
physical activity daily, and preschoolers 60 minutes per day (NASPE, 2002). Both groups
should ideally accumulate a minimum of 60 minutes of unstructured physical activity,
while avoiding periods of inactivity longer than 60 minutes (NASPE, 2002). Some
Canadian bodies, including Alberta Health and Wellness (Healthy U Alberta, 2006), have
adopted the NASPE recommendations.



In addition to promoting physical activity among children, it is equally important to limit
sedentary activities beginning in the preschool years (Strong et al., 2005). In this regard,
the American Academy of Pediatrics (1999, 2001) recommends that children 2 years or
older spend no more than 2 hours with entertainment media daily, and that children under
the age of 2 watch no television.

Physical activity patterns of young children

Children appear to engage in very brief bouts of movement of varying intensity, and do not
spend much time in vigorous activity (Danner et al., 1991; Pate et al., 2004; Benham-Deal,
2005). Limited data suggest that young children are more commonly involved in light to
moderate intensity activities, and place young children in the sedentary to low active
category (Butte et al., 2000; Molnar and Livingstone, 2000; Torun et al., 1996; Reilly et al.,
2004). There are, however, no nationally representative data describing the physical
activity levels of young children (Rennie et al., 2006), and therefore it is not clear whether
a reduction in physical activity has contributed to the current epidemic of obesity among
young children.

An increase in sedentary behaviours among young children may be contributing to the
increase in obesity. Sedentary behaviours such as television viewing can compete with
physical activity, thereby lowering energy expenditure (Taras et al., 1989; Buchowski and
Sun, 1996; DuRant et al. 1994). A link between time spent watching television and obesity
has been documented in preschool-aged children (Dennison et al., 2002); however, this
association is not conclusive (DuRant et al., 1994). Daily television viewing increases by
approximately 1 hour/year for the first 3 years of life, and then remains relatively constant
around a mean of 3—4 hours/day until the age of 7 (Certain and Kahn, 2002). The benefit
from reduced television viewing depends upon how children reallocate their time, as they
may choose to be more physically active, or to engage in other sedentary behaviours
(Epstein et al., 1991, 1995a, 1995b). Furthermore, the relationship between television
viewing and obesity may be mediated by factors other than energy expenditure such as
concurrent consumption of energy-dense snacks (Fox, 2004a), increased consumption of
advertised foods (Borzekowski and Robinson, 2001), or inattention to satiety cues (Epstein
etal., 1992, 1997; Temple et al., 2007).

Physical activity patterns are established during the early childhood years (Birch and
Fisher, 1998) and may track during early childhood (Pate et al., 1996), from late childhood
to adolescence (Janz et al., 2000), and from early childhood to adulthood (Dennison et al.,
1988; Powell and Dysinger, 1987; Sallis et al., 1992; NASPE, 2002), declining
progressively with age (Janz et al., 2005). Sedentary behaviours may also track to later
ages, as children who watched more television in early childhood also watched more
television at school age (Certain and Kahn, 2002).



Prevention of Obesity Among Young Children

Role of lifestyle factors in obesity prevention in young children

Diet

Despite the increased interest in the role that diet plays in the development of obesity,
information in young children is currently limited, perhaps due to the difficulty in
obtaining accurate dietary intake data in this age group. Observational studies have linked
higher fat diets (Klesges et al., 1995), reduced meal frequency (Toschke et al., 2005), and
larger portion sizes of dessert-type foods (Lioret et al., 2007) with greater weight gain
among young children. Dietary interventions have helped to elucidate strategies to mitigate
these and potentially other obesity-promoting factors. A long-term prospective randomized
trial known as the STRIP (Special Turku Coronary Risk Factor Intervention Project) baby
study of Finland evaluated the efficacy of counseling parents to provide a low saturated fat,
low cholesterol diet to their children aged 7 months to 3 years (Niinikoski et al., 1996).
Results from the STRIP baby study suggest that targeted nutrition interventions for
preschool-aged children and their parents can improve nutrition knowledge and dietary
behaviours of parents, and can improve dietary fat quality, lower lipid levels (mainly boys)
and reduce overweight (mainly girls) among young children (Niinikoski et al., 1996; Salo
et al., 1999; Rasanen et al., 2003; Hakanen et al., 2006). If sustained, these reductions in
lipid levels could have a marked effect on the incidence of coronary heart disease in
adulthood. The dietary intervention did not adversely affect infant growth.

Physical activity

Indirect evidence from countries where the use of active modes of transportation is
common suggests that children in nations with a culture of physical activity are less likely
to be obese (Fox, 2004a). However, there is very little research to support the assumption
that greater levels of physical activity among preschool children will prevent overweight or
significantly improve health outcomes (Timmons et al., 2007). Of 17 studies reviewed by
Hawkins and Law (2006), 7 reported an inverse relationship between physical activity and
body fatness, 8 reported that physical activity and body fatness were unrelated, and 1 found
evidence of a direct relationship. Although the environment and other factors may limit
opportunities for children to be physically active, Wilkin et al. (2006) argue that in young
children, activity is biologically regulated and the environment plays only a minor role in
between-subject variation.

Although television viewing is associated with obesity in older children (Robinson, 1999;
Gortmaker et al., 1999), it is not clear whether the same is true in preschool-aged children,
with some studies reporting no association (Burdette and Whitaker, 2005; DuRant et al.,
1994) while others report a positive association (Dennison et al., 2002; Lumeng et al.,
20006). If an association does exist, it is likely to be multifactorial, operating through a
combination of reduced physical activity, increased exposure to advertising for unhealthy
foods (Lewis and Hill,1998), and/or a tendency to snack during viewing times (Lumeng et
al., 2006). Mothers’ perceptions of neighborhood safety have also been linked to television
viewing, with lower perceived safety associated with increased television time (Burdette
and Whitaker, 2005). Interventions among preschool-aged children have demonstrated that
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reduced television viewing is a feasible behaviour change strategy; however, this does not
necessarily translate into increased physical activity or reduced adiposity.

Sleep duration

Early life shortness of sleep increases the risk of childhood obesity (Chen et al., 2008;
Kagamimori et al., 1999; Locard et al., 1992; von Kries et al., 2002; Reilly et al., 2005;
Agras et al., 2004). The size of the impact of sleep duration on obesity risk in young
children is considerable, and similar to other known risk factors for overweight (von Kries
et al., 2002). A significant linear dose—response relationship between short sleep duration
and obesity in children under 10 years of age is also evident (Chen et al., 2008; Reilly et
al., 2005; von Kries et al., 2002; Sekine et al., 2002; Chaput et al., 2006). A combination of
earlier bedtime and later wake time may therefore be a low-cost strategy to reduce obesity
risk among young children (Chen et al., 2008).

Combined lifestyle approaches
While single strategy interventions have generally not been successful, comprehensive
obesity prevention programs that target several behaviours have been shown to promote
positive dietary and physical activity behaviours in preschool-aged children over the short
and long term, thereby reducing body weight and body fatness (Eliakim et al., 2007;
Harvey-Berino and Rourke, 2003; McGarvey et al., 2004; Klohe-Lehman et al., 2007;
Livingstone et al., 2006, 2007; Ray et al., 1994). Parents, childcare providers, and
preschool teachers are important to the success of interventions instituted among young
children. Extensive reviews have been completed regarding the prevention of childhood
obesity (see the Appendix).

Critical periods for obesity prevention in young children
Critical periods refer to periods of development when negative factors (or “insults”) may
induce permanent changes in the structure and function of organs and tissues (Daniels et
al., 2005; Small et al., 2007). Intrauterine life, infancy and the preschool years may all
contain critical periods that program the long-term regulation of energy balance (Reilly et
al., 2005). Experiences during critical periods that increase the risk for obesity are those
that lead to a positive energy balance through excess caloric intake, insufficient physical
activity, or metabolic changes that affect energy balance (Agras et al., 2004). Intervention
to reduce or eliminate these risk factors may be an important means of reducing the risk for
subsequent obesity.

In utero programming

In utero programming refers to the capacity for fetal conditions to impact postnatal health
outcomes (Wells et al., 2007). Suboptimal maternal health creates an unfavorable
intrauterine environment that can program adipose tissue mass and distribution (Wells et
al., 2007), and may increase the risk of metabolic abnormalities such as obesity,
hypertension, and type 2 diabetes in the offspring (Power and Parsons, 2000). Children
born to mothers who are over- or undernourished prior to, or during, pregnancy are more
likely to be obese during early childhood (Whitaker and Dietz, 1998; Johnson et al., 2006;
Li et al., 2005 ; Whitaker, 2004; AAP, 2003; Bergmann et al., 2003). Similarly, the
intrauterine diabetic environment causes excessive transfer of glucose from mother to fetus



(Wells et al., 2007), and is associated with an elevated risk for high birth weight, obesity,
impaired glucose tolerance and type 2 diabetes in the offspring (Pettitt et al., 1983, 1988;
Dabelea et al., 1998, 2001; Silverman et al., 1995, 1998; Vohr et al., 1999; Rodrigues et
al.,1992; Whitaker et al., 1998a). Maternal smoking is also a known risk factor for
childhood obesity at any age (Bergmann et al., 2003; von Kries et al., 2002; Power and
Jefferis, 2002; Vik et al., 1996; Montgomery and Ekbom, 2002; Mizutani et al., 2007;
Oken et al., 2008).

Extremes of birth weight

The relationship between birth weight and obesity risk has been described as a J- or a U-
shaped curve, with a high prevalence of obesity among those born at both extremes (too
low or too high) of birth weight (Rogers and EURO-BLCS Study Group, 2003; McMillen
and Robinson, 2005; Fall et al., 1995; Curhan et al., 1996a, 1996b). Barker (1995) was the
first to put forth the hypothesis that fetal deprivation, as evidenced by low birth weight,
may program a propensity for insulin resistance, hypertension and obesity (Hales and
Barker, 1992; Prentice, 2005). Barker’s hypothesis has become known as developmental
programming, and is supported by a considerable body of evidence. Conversely, high birth
weights are also known to confer a greater risk for subsequent obesity (Armstrong et al.,
2002; von Kries et al., 2002; Oken and Gillman, 2003), with each kilogram increase in
birth weight leading to a 0.5-0.7 kg/m? increase in BMI (Parsons et al., 1999).

Whereas early research used BMI as a surrogate for body composition, more recent studies
have measured body composition directly. When body composition rather than the BMI is
the independent variable, a strong and consistent association between birth weight and lean
mass is evident across a range of populations, whereas the association with fat mass is
weaker and disparate (Wells et al., 2007). This new evidence, combined with the fact that
the population prevalence of extreme birth weights is low (Dietz and Gortmaker, 2001),
suggest that birth weight may not be an important target for obesity prevention.

Breastfeeding

Four systematic reviews concluded that breastfeeding is protective against later obesity in
childhood and adulthood, although the degree of protection may be small (Owen et al.,
2005a, 2005b; Arenz et al., 2004; Harder et al., 2005). Harder et al. (2005) found that the
risk of overweight was reduced by 4% for each month of breastfeeding, up to a maximum
risk reduction of more than 30% with 9 months of breastfeeding (Harder et al., 2005).
Exclusive breastfeeding for 9 months may therefore protect maximally against obesity
(Harder et al., 2005); however, concurrent bottle feeding appears to diminish the protective
effect of breastfeeding on obesity risk (Bogen et al., 2004).

While breast milk is clearly the best way to nourish newborn infants, some evidence
suggests that breastfeeding does not protect against obesity in young children (Burdette et
al., 2006; Hediger et al., 2001; Wadsworth, 1999; Agras et al., 1990; Dubois and Girard,
2006; Parsons et al., 2003) or adults (Michels et al., 2007). Given these conflicting data,
there is no consensus as to whether breastfeeding is a useful public health strategy for
obesity prevention. Even a small protective effect of breastfeeding on obesity risk may be
significant on a population level (Arenz and von Kries, 2005), however, and therefore



breastfeeding is still regarded as a low cost, readily available strategy that may help to
combat childhood obesity (Dietz, 2001).

Early feeding experiences

Children develop important feeding behaviours during infancy and the toddler years as
they learn to feed themselves, try new foods, and experience changes in their level of
appetite (Coleman et al., 2005). Indeed, meal and snack patterns are well established by the
end of the first year of life (Skinner et al., 2004), and have been shown to impact future
obesity risk (Snethen et al., 2007). Infants who are encouraged to empty their bottles, for
example, may not learn to control their food intake via internal physiologic cues, and may
be at increased risk for overfeeding compared to breastfed infants (Bergmann et al., 2003;
Stettler et al., 2005). When feeding is used as a mechanism to soothe frustrated, crying
infants, weight gain may result, leading to increased body weight in childhood (Wells et
al., 1997). Notably, the timing of the introduction of solid foods may also affect obesity
risk. Children fed solid foods before 15 weeks of age had a higher risk of obesity (Wilson
et al., 1998); however, the evidence is not consistent (Burdette et al., 2006; Forsyth et al.,
1993). Exposure to flavours in utero (Mennella et al., 2001, 2004) or during infancy
(Mennella and Beauchamp, 2005) can further shape future food preference.

Rapid growth

Singhal and Lucas’ (2004) growth acceleration theory suggests that it is not birth weight
per se, but accelerated weight change from birth (catch-up growth) that pre-programs a
higher risk of metabolic abnormalities later in life. This theory is a potentially unifying
hypothesis that might also account for why breastfed infants who typically grow slower
than formula-fed infants have long-term cardiovascular advantages, and why an earlier
adiposity rebound, indicative of a faster growth trajectory, may be associated with an
increased risk for later adiposity (Singhal, 2007).

Rapid weight gain in infancy is most commonly observed among low-birth-weight infants
undergoing catch-up growth to compensate for intrauterine growth restriction, and usually
occurs during the first year of life (Ekelund et al., 2006). Rapid growth, and especially
weight gain, during infancy predicts future obesity in children (Eid, 1970; Ong et al., 2000;
Stettler et al., 2002) and adults (Stettler et al., 2003; Monteiro and Victora, 2005; Ekelund
et al., 2006; Ong et al., 2006; Baird et al., 2005; Ong and Loos, 2006). In addition to a
greater risk for obesity, children who undergo early catch-up growth may also have a
heightened long-term risk for metabolic disease (Ong, 2007). Twenty-nine percent of
infants aged 0—4 months exhibited rapid growth in one study (Stettler et al., 2003),
suggesting that this may be a common phenomenon with important public health
implications (Flynn et al., 2006). The relative contribution of the growth rate at different
stages of childhood to the risk of later adiposity is not yet clear; however, some evidence
indicates that rapid weight gain during infancy may be more significant to future obesity
risk than weight gain during the toddler years (Ekelund et al., 2006).

The period of the adiposity rebound may be a time of increased risk for the development of

obesity during the toddler years (Dietz, 1994). Most children grow rapidly during the first
year of life. Thereafter, BMI declines and reaches a minimum at 3—7 years of age before it
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subsequently begins to rise again (Flynn et al., 2006). The age at adiposity rebound is the
point of minimal BMI beyond infancy (Cole, 2004). An early adiposity rebound is
associated with a higher BMI in adolescence (Rolland-Cachera et al., 1984; Prokopec and
Bellisle, 1993; Siervogel et al., 1991) and early adulthood (Rolland-Cachera et al., 1987).
The BMI centile is determined by plotting BMI against age and sex, providing a basis for
comparing the BMI of children relative to their peers. The BMI centile, and upward BMI
centile crossing (the result of weight gain without corresponding growth in height), each
predict the age at rebound, with a high centile and centile crossing leading to an earlier
rebound (Cole, 2004). An early rebound may therefore simply be a marker for upward
centile crossing (Cole, 2004). Because upward centile crossing predicts obesity at whatever
age it occurs, Cole (2004) contends that the period of the adiposity rebound does not meet
the definition of a critical period for obesity development.

Optimal age of intervention

Success in obesity prevention is most likely to be achieved when preventive measures are
initiated early and are sustained throughout childhood and adolescence (Livingstone et al.,
2006). Indeed, there may be a very narrow window of opportunity when prevention is
possible, given that obesity may be programmed in utero and during early infancy. Early
intervention is also warranted because excess weight tracks from childhood to adulthood,
and becomes more difficult to treat as one becomes older (Dietz, 1999). The available
evidence indicates that critical periods for obesity development occur in utero (the most
significant prenatal insults include smoking, malnutrition and maternal diabetes; Huang et
al., 2007) and in the early postnatal years (exclusive breastfeeding for a minimum of 6
months reduces obesity risk; Flynn et al., 2006), and do not justify waiting until the toddler
years to initiate preventive measures. Preventive efforts should be directed toward all
women of childbearing age and throughout pregnancy, including promotion of a healthy
body weight, smoking cessation, and exclusive breastfeeding for the first 6 months of life.

Parental and caregiver roles and responsibilities in obesity prevention in
young children

Weight loss

The influence of parental obesity on the weight status of children is substantial among
younger children, and is the best predictor of childhood obesity (Parsons et al., 1999;
Whitaker et al., 1997). Parental obesity is also influential in the development of adult
obesity in their offspring. Indeed, one of the most effective obesity prevention measures
may be for parents, guardians, and other caregivers to adopt healthy lifestyles and avoid
becoming obese themselves (Summerbell, 2007). Parental involvement is key to the
success of early obesity prevention programs (Lindsay et al., 2006). Studies that engage
parents as “agents of change” help to reduce childhood adiposity over the short and long
term (Golan et al., 1998a, 1998b; Golan and Crow, 2004a, 2004b; NHS Centre for Reviews
and Dissemination, 2002).

Dietary intake

The importance of parents in influencing the dietary behaviours of their children may be
the most pronounced at younger ages (Oliveria et al., 1992). Young children depend
entirely upon their parents for the provision of food (Roblin, 2007); parents determine the
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types and amount of food offered, and the emotional context of the eating environment
(Davis et al., 2007). Parent—child interactions and encouragement are also closely
associated with the eating behaviours and body weights of young children (Klesges et al.,
1983, 1986). Authoritative parenting styles characterized by a high degree of parental
acceptance and expectation may be superior in encouraging healthy lifestyle behaviours
among children (Niklas et al., 2001; Schmitz et al., 2002; Davis et al., 2001).

Four broad aspects of parental feeding style have been examined with respect to their
influence on children’s food intake (Wardle and Carnell, 2007). The first two practices
relate to the mealtime pressure exerted by parents on their children to eat more healthy
foods, more food overall, or to restrict foods that are perceived as unhealthy (Birch et al.,
2001). Excessive parental control such as over-restriction of “unhealthy” foods, overly
encouraging “healthy” foods, or requiring children to eat when they are not hungry may
have the opposite of the desired effect, fostering dislike rather than acceptance of “healthy”
foods (Birch and Davison, 2001; Birch et al., 1982, 1984), and interfering with biological
regulation of food intake (Birch and Fisher, 1998; Birch, 1998; Fisher and Birch, 2002;
Birch et al., 2003).

Young children’s food preferences and intake patterns appear to be largely shaped by the
foods parents choose to make available at an early age, and their persistence in offering
them (Birch and Davison, 2002). Foods that are initially rejected may be accepted through
repeated exposure (Birch and Davison, 2001). Parents should therefore observe a clearly
defined role, which is to offer a variety of nutritious food options in a supportive eating
context, while allowing their children to decide when and how much to eat (Robinson et
al., 2001). This feeding style is believed to promote optimal health by fostering the
development of healthy lifestyle habits, self-control, and sensitivity to internal hunger and
satiety cues (Robinson et al., 2001).

The last two aspects of parental feeding styles that have received attention in the literature
are the use of food as a reward, or to manage children’s negative moods (Wardle et al.,
2002). Children learn to prefer foods that are offered as rewards, and to dislike those that
must be eaten to obtain a reward (Harbaugh et al., 2007). Parents should therefore avoid
using food in these ways.

Because of their considerable influence over children’s intake, it is important that parents
and caregivers teach and model healthful eating behaviours during the formative years of
childhood. Studies that have sought to change parental, but not children’s, behaviour have
shown that changes in parental behaviours produce corresponding changes in children’s
behaviours (Kremers et al., 2003; Maccoby, 2000). Family meals provide an important
opportunity for parents to role model healthy eating for their children (Roblin, 2007).
Families who eat together tend to have healthier diets (Gillman et al. 2000; Taveras et al.,
2005), and the children in these families may have a lower risk of being overweight
(Veugelars and Fitzgerald, 2005).
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Physical activity

Few data exist with respect to the relationship between parental physical activity and that
of their offspring (Lindsay et al., 2006). In general, children with overweight parents are
less active, and are more likely to prefer sedentary activities (Wardle et al., 2001; Klesges
et al., 1990). It is not clear whether parents need to be active for their children to become
active; however, children’s perceptions of competence, self-efficacy, enjoyment, beliefs,
and attitudes strongly influence their activity levels (Brustad, 1993; Welk, 1999). Parental
encouragement can therefore significantly impact children’s activity levels (Gustafson and
Rhodes, 2006). Parents are also responsible for determining the activities that young
children engage in during their free time, and for creating an active lifestyle in their
household that minimizes sedentary behaviours (Harbaugh et al., 2007).

Childcare environments

Further studies are needed to clarify the relationship between attendance of childcare and
obesity risk among young children. It is plausible that adult modeling and encouragement
to eat healthier foods may be less effective in childcare settings where children necessarily
receive less individual attention (Lumeng et al., 2005). Adults tend to eat more food in
group situations (de Castro and Brewer, 1992), and this may also be true in young children
(Lumeng et al., 2005). Families who use childcare may also have greater time constraints,
relying on pre-prepared or fast food meals, with reduced time for active pursuits (Lumeng
et al., 2005). If true, these factors may predispose children in childcare to weight gain;
however, there is currently no evidence to support this hypothesis. Childcare providers
spend considerable time with many children, and therefore it is reasonable to assume that
children’s lifestyle patterns may be shaped not only by the food and activity patterns in the
childcare environment, but also by the attitudes and behaviours of caregivers.

Roles and responsibilities of health professionals in obesity prevention in

young children
Pediatricians and family physicians are ideally placed to identify children at risk for
overweight and obesity, as most young children visit their physicians regularly, and weight
and height monitoring is routine in pediatric care. Obesity identification is, however, the
lowest in children under 5 years (O’Brien et al., 2004), and only 49% of health
professionals intervene in cases of preschool obesity (Barlow et al., 2002). Furthermore,
despite the fact that they routinely measure height and weight, 6% or less of pediatricians
actually plot the BMI for children (Barlow et al., 2007a; Dorsey et al., 2005).

The Canadian clinical practice guidelines (Lau et al., 2007) and the American Academy of
Pediatrics (AAP, 2006) recommend that healthcare professionals calculate and plot the
BMI annually for all children, and address excess weight gain in children of all ages.
However, even for children identified as obese, physician evaluation and treatment are
often not consistent with current recommendations (O’Brien et al., 2004; Dorsey et al.,
2005). While dietary changes were recommended for many children (71%), increased
physical activity (33%) and a reduction in television time (5%) were rarely advised
(O’Brien et al., 2004). Although the management of obese children did not meet current
guidelines, it was far better than that of children who were not identified as obese, as these
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children received little to no advice regarding diet, activity, and other obesity-associated
behaviours (O’Brien et al., 2004).

These data demonstrate that physicians are missing opportunities to intervene early in life,
and early in the course of overweight/obesity when lifestyle change may be most effective.
This failure results in missed opportunities for risk factor assessment, counseling about
lifestyle changes, and screening for comorbidities (Dorsey et al., 2005; Miller and
Silverstein, 2007). By calculating and plotting BMI for all children, and initiating obesity
prevention strategies in utero, physicians and other healthcare professionals can play a
significant role in helping to curb the rise in overweight and obesity among young children.

The role of population health strategies and public policy in obesity prevention
in young children

A population health perspective of obesity prevention

A population health perspective of obesity prevention considers how
individual/behavioural and environmental factors interact to affect health outcomes (Raine,
2004). While an excess of energy intake compared to expenditure is the primary
individual/behavioural factor responsible for obesity, it is the larger obesity-promoting
environment within which behaviours are situated that is the fundamental cause of the
epidemic of obesity (Raine, 2004).

An ecological approach to obesity prevention

Diet and physical activity alone are not sufficient to characterize the etiology of energy
imbalance in early childhood (Wen et al., 2007); rather, obesity arises from a complex
interplay of genetics with environmental factors from multiple interacting contexts. Given
this complexity, obesity prevention must be viewed as a community responsibility that is
best addressed using multi-level (including multiple interacting individual, environmental,
and population-level strategies), multi-sectoral public health strategies, rather than as the
sole prerogative of individuals (Dietz et al., 2002; Raine, 2004).

Under the traditional medical model of obesity, the individual is responsible for changing
his or her own personal and home environment to assist with weight maintenance and/or
loss. Individual-oriented approaches are, however, not likely to be successful without
supporting social and environmental changes (Lobstein et al., 2004). Successful
population-based approaches focus on changing the environment in which individual
behaviours occur, thereby enabling positive change without the involvement or awareness
of the individual (Gill, 1997; Wilson et al., 2003; Schwartz and Brownell, 2007). Under
this approach, preventive dollars are allocated outside of the traditional healthcare sector,
and are redirected toward places where young children spend time, such as kindergarten or
preschool programs, daycares, community sports programs, and community children’s
camps. A comprehensive, ecological approach to obesity prevention combines strategies
that support individuals in their efforts to lead healthy lifestyles, with efforts to influence
policies that encourage broader social and cultural change (McLeroy et al., 1988).

The increased prevalence of obesity among young children reflects the potency of
environmental influences on body weight, and suggests that public health actions are
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needed to address these influences (Lobstein et al., 2004). Environmental strategies to
prevent childhood obesity include institutional and community-based interventions that
focus on promoting healthy living, rather than on obesity per se (Raine, 2004).
Environmental policies likely to impact young children include legislation surrounding
food intake and time spent in physical activity at childcare facilities. Population-level
strategies include a comprehensive range of integrated actions at multiple levels (Stockley,
2001). Population-wide policy interventions likely to impact young children may include
regulating portion sizes, subsidies for low-energy nutritious foods, and restrictions on
advertising unhealthy foods to children. History provides several examples in which
environmental and population-level strategies have been used to successfully alter practices
in areas of public health significance, namely in the areas of tobacco use, seatbelts,
breastfeeding, and recycling (Raine, 2004). Social change at a similar level will be needed
to address the current obesity epidemic (Raine, 2004).

It is not possible to fully characterize the risk factors for obesity, nor to identify all children
who may be at risk. In reality, all children may be at risk of developing obesity and could
benefit from interventions that promote increased physical activity and a healthy diet (Ells
et al., 2005). A comprehensive public health approach circumvents these difficulties by
targeting all children (Power et al., 1997b), and may be the most efficacious means of
preventing obesity among young children. This should not, however, eliminate the use of
targeted interventions in subpopulations that are clearly at increased risk (Ells et al., 2005),
nor should broad-based strategies be implemented at the expense of local grassroots
movements. Engagement at the community level is key to the success of larger programs,
local champions are needed to shepherd initiatives and build enthusiasm, and community
sponsorship and partnerships are required to maintain ongoing support for programs
(Desjardins and Schwartz, 2007).

In summary, the Public Health Approaches to the Prevention of Obesity Working Group of
the IOTF (Kumanyika et al., 2002) recommends that a comprehensive approach to obesity
prevention should:

= Address both dietary intake and physical activity patterns;

=  Address population- and individual-level factors;

= Address immediate and distant causes;

= Have multiple focal points and levels of intervention;

= Include policies and programs; and

= Build links among sectors.

Government actions to address childhood obesity

The contribution of pediatric obesity to adult morbidity and mortality indicates that
childhood obesity prevention should be a high public health priority. Governments have an
important role to play in coordinating action among various sectors, and in developing,
implementing, and monitoring policies and strategies that support the maintenance of
healthy body weights (Raine and Wilson, 2007). Government involvement is most
commonly seen in the form of obesity prevention programs, consumer education, obesity
surveillance, and investment in research (Ells et al., 2005).
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Inadequate surveillance limits our understanding of the context of obesity among young
Canadian children and appropriate targeting of prevention efforts. A comprehensive,
coordinated and rigorous surveillance program that includes measured BMI, and detailed
food intake and physical activity data, is an essential component of an obesity prevention
plan (Raine and Wilson, 2007). Canada urgently needs such a formal, large-scale
surveillance program with strong links among program developers, advocates, policy
makers and other stakeholders (Raine and Wilson, 2007) to inform, monitor and evaluate
obesity prevention programs, to determine obesity prevalence and levels of
overweight/obesity that signal increased risk for health problems, to assess children’s
lifestyle habits, and to identify children who are at increased risk of becoming obese.

The Government of Canada is addressing childhood obesity in many areas as outlined in
the document entitled, Childhood Obesity and the Role of the Government of Canada
(Government of Canada, 2007a). In addition, the Standing Committee on Health of the
House of Commons recently released a report entitled, Healthy Weights for Healthy Kids
that includes 13 recommendations to address the problem of obesity among Canadian
children (Government of Canada, 2007b). The response document (Government of
Canada 2007c¢) outlines the full range of federal government programs designed to address
childhood obesity.

Non-government actions to address childhood obesity

Obesity is not only a problem of public health; there is a need for coordination among
many sectors to identify and implement potential solutions (Raine and Wilson, 2007).
Public health initiatives can improve the awareness of the contribution that many sectors of
society make to obesity-promoting environments, and can focus their attention on
minimizing this adverse role (Lobstein et al., 2004). Targets may include changes in the
nature of the food supply and in the mechanization of physical activity (Lobstein et al.,
2004). Thus, in addition to governments, health-related agencies, educators, healthcare
providers, health professional bodies, the research community, families, consumers, and
industry must work cooperatively to address the obesity problem (Raine and Wilson,
2007). Natural alliances include partnering obesity prevention with proponents of
sustainable transportation, safer neighbourhoods, or those seeking to build parks and
recreational facilities (Lobstein et al., 2004). This coordination avoids duplication of
efforts, and leverages resources efficaciously toward a common goal (Desjardins and
Schwartz, 2007).

Areas for future policy development
According to Raine and Wilson (2007), Canada should consider the following policy
options to combat obesity among children:

= Subsidies for the cost of low-energy nutritious foods;
= Taxation policies that promote physical activity;

= Taxation policies that discourage urban sprawl;

= Regulation of food advertising to children; and

= Policies to decrease social vulnerabilities (promote adequate income and higher
education).
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Additional policy suggestions relevant to obesity prevention among young children include:

= The elimination of barriers to breastfeeding; for example, policies are needed to
help mothers continue to breastfeed if they choose to return to work (Dietz, 2001).
Policies should ensure that families have a range of quality childcare choices
available to them, including staying home rather than returning to work (Lumeng et
al., 2005).

Public policy to address risk factors in utero: support healthy maternal lifestyles
(reduce maternal smoking, healthy diet and physical activity patterns), facilitate
breastfeeding, revise current screening practices for gestational diabetes, address
food insecurity (Dubois and Girard, 2006; Huang et al., 2007).

@ Recommendations and Implications

Obesity prevention should target all children beginning in utero and continue throughout
early childhood.

For consumers (parents, children)...
Parents should be actively involved in obesity prevention strategies for their young
children starting in utero. Parents and especially pregnant women should maintain a
healthy body weight and practice healthy lifestyle behaviours. Exclusive breastfeeding is
optimal for the first 6 months of life. Thereafter, positive dietary behaviours can be
encouraged through repeatedly offering children a variety of nutritious foods in a positive
and supporting atmosphere, while allowing them to decide what and how much to eat of
the foods that are offered. Parental encouragement and support for increased physical
activity and reduced sedentary behaviours is essential. It is important for parents to ensure
that children receive sufficient sleep, and that their BMI is plotted and monitored regularly
by a member of the healthcare team.

For Government...
The Canadian Government should formulate a National Obesity Action Plan for the
prevention of obesity that targets young children of all ages and women who are pregnant
or may become pregnant. The plan must include a formal, comprehensive, coordinated and
rigorous surveillance program that includes measured height, weight, BMI (>2 years of
age), and detailed food intake and physical activity (>1 year of age) data for young
children. Other key elements of such a plan include enacting supportive policies and
regulation, coordinated action among all stakeholders, and increased funding for obesity-
related research.

For industry...
Industry should consider a range of options such as reformulating food products to be more
healthful, offering some food products in smaller portion sizes, limiting or eliminating the
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advertising of unhealthy foods to children, offering healthy food options in places where
children commonly go, and providing supplementary, credible nutrition information on
websites, food packaging, and other resources to educate parents and care providers.
Industry can also provide support and funding for community-based obesity prevention
programs.

For childcare...
Childcare facilities should participate in obesity prevention initiatives in their community.
All children in childcare should be targeted for obesity prevention through the creation of
healthy environments that support the consumption of healthy foods and age-appropriate
physical activity. Television should be avoided in childcare facilities. Many of the
recommendations for parents are also relevant to caregivers.

For health professionals...
Obesity prevention should target all children starting in utero and continuing throughout
early childhood. Exclusive breastfeeding should be encouraged for the first 6 months of
life. All children should receive support in establishing or maintaining healthy lifestyle
behaviours, while those at higher risk should receive more active intervention (Barlow et
al., 2007b). Physicians should calculate and plot BMI using the CDC growth charts for all
children, and assess obesity risk based on BMI and other risk factors such as parental
obesity, family medical history, and current lifestyle patterns (Barlow et al., 2007b).
Healthcare professionals should not focus solely on diet and physical activity, but must
assist parents to manage the environmental context in which individual lifestyle behaviours
are situated.

For research...
There is a clear need to augment the body of evidence related to obesity prevention in
young children, particularly in the following areas:

The problem of overweight and obesity among young children
= Future studies should attempt to define child BMI cut-offs that relate to health risks
in childhood, and should evaluate the utility of waist circumference measurements
in assessing health risk among young children.
= Canadian-specific growth curves for BMI and waist circumference should be
developed for young children (Lau et al., 2007).
= (Canada must continue to collect nationally representative survey data to compare

future obesity, dietary, and activity trends to those recently summarized in the 2004
CCHS.

Lifestyle-associated behaviours of young children

= Data collected from national surveys of obesity, dietary, and physical activity
trends among children should be used to refine dietary recommendations, and to
formulate physical activity recommendations for young children.
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Role of lifestyle factors in obesity prevention in young children
= More detailed information regarding the lifestyle determinants of obesity in young
children is required. Interventions should be tested longitudinally to assess the
sustainability of benefits derived from lifestyle interventions over time.
= Studies are needed to determine the optimal sleep duration for obesity prevention in
young children. Randomized controlled trials should be conducted to test the
effectiveness of sleep extension for obesity prevention among young children.

Critical periods for obesity prevention in young children
= Studies are needed to ascertain the critical periods that program future obesity risk
among young children. Studies are needed to test the efficacy of obesity prevention
interventions initiated during critical periods, and to evaluate the optimal timing
and type of interventions.

Parental and caregiver roles and responsibilities in obesity prevention in young children

= Future studies should continue to study the efficacy of family-based obesity
prevention interventions where parents act as “agents of change”, and should test
this model in concert with a variety of lifestyle interventions.

= The impact of a comprehensive range of parenting styles on the dietary and
physical activity patterns of young children should be explored.

= Much more work is needed to evaluate the impact of diverse childcare
environments on obesity risk in young children.

Roles and responsibilities of health professionals in obesity prevention in young children
= Researchers should evaluate the efficacy of healthcare professional (e.g. physician)
screening and interventions for obesity prevention.
= Studies are needed to determine the barriers to healthcare professional screening
and intervention for obesity, and how to overcome them.

The role of population health strategies and public policy in obesity prevention in young
children

= Studies are needed to evaluate the impact and cost effectiveness of a range of
environmental and population-level obesity prevention strategies and policies
instituted around the world.

CCFN’s is a multi-sectoral trusted voice for science and evidence-based food and
nutrition policy and information in Canada.

CCFN Watching Briefs provide CCFN Members with the current state of the science
on key priority areas.

19



Agras WS, Hammer LD, McNicholas F, Kraemer HC. Risk factors for childhood overweight: A
prospective study from birth to 9.5 years. J Pediatr 2004;145:20-25.

Agras WS, Kramer HC, Berkowitz RI, Hammer LD. Influence of early feeding style on adiposity at 6 years
of age. J Pediatr 1990;116(5):805-809.

American Academy of Pediatrics, Committee on Public Education. Children, adolescents, and television.
Pediatr 1999;104:341-342.

American Academy of Pediatrics, Committee on Public Education. Children, adolescents, and television.
Pediatr 2001;107:423-426.

American Academy of Pediatrics, Committee on Nutrition. Prevention of pediatric overweight and obesity.
Pediatr 2003;112:424-430.

American Academy of Pediatrics. AAP publications retired or reaffirmed, October 2006. Pediatr
2006;119(2):405.

American Dietetic Association, ADA Reports. Position of the American Dietetic Association: Dietary
guidance for healthy children aged 2 to 11 years. ] Am Diet Assoc 1999;99:93-101.

American Dietetic Association. Position of the American Dietetic Association: Benchmarks for nutrition
programs in child care settings. J Am Diet Assoc 2005;105:979-986.

American Dietetic Association. Position of the American Dietetic Association: Individual-, family-, school-
and community-based interventions for pediatric overweight. ] Am Diet Assoc 2006;106(6):925-945.

Arenz S, von Kries R. Protective effect of breast-feeding against obesity in childhood. Adv Exp Med Biol
2005;569:40-48.

Armstrong J, Reilly JJ; Child Health Information Team. Breastfeeding and lowering the risk of childhood
obesity. Lancet 2002;359:2003-2004.

Astrup A. Have we been barking up the wrong tree: can a good night’s sleep make us slimmer? Int J Obes
(Lond) 2006;30(7):1025-1026.

Baird J, Fisher D, Lucas P et al. Being big or growing fast: systematic review of size and growth in infancy
and later obesity. BMJ 2005; 331(7522):929-935.

Balagopal P, George D, Patton N et al. Lifestyle-only intervention attenuates the inflammatory state
associated with obesity: a randomized controlled study in adolescents. J Pediatr 2005;146:342-348.

Balagopal P. Obesity-related cardiovascular risk in children and the role of lifestyle changes. J
Cardiometab Syndr 2006;1:269-274.

Barker DJP. Fetal origins of coronary heart disease. BMJ 1995;311:171-174.

Barlow SE, Bobra SR, Elliott MB et al. Recognition of childhood overweight during health supervision
visits: Does BMI help pediatricians? Obes 2007a;15:225-232.

Barlow SE; Expert Committee. Expert Committee recommendations regarding the prevention, assessment,
and treatment of child and adolescent overweight and obesity: Summary report. Pediatr 2007b;120(suppl
4):S164-S192.

Barlow SE, Trowbridge FL, Klish WJ, Dietz WH. Treatment of child and adolescent obesity: reports from
pediatricians, pediatric nurse practitioners, and registered dietitians. Pediatr 2002b;110(pt 2):229-235.

Benham-Deal T. Preschool children’s accumulated and sustained physical activity. Percept Mot Skills
2005;100:443-450.

Bergmann KE, Bergmann RL, von Kries R et al. Early determinants of childhood overweight and adiposity
in a birth cohort study: role of breast-feeding. Int J Obes Relat Metab Disord 2003;27:162-172.

Birch LL, Birch D, Marlin DW, Kramer L. Effects of instrumental eating on children’s food preferences.
Appetite 1982;3:125-134.

Birch LL, Davison KK. Family environmental factors influencing the developing behavioural controls of
food intake and childhood overweight. Child Adoles Obes 2001;48(4):893-907.

Birch LL, Fisher JO. Development of eating behaviours among children and adolescents. Pediatr
1998;101(3):539-549.

Birch LL, Fisher JO, Davison KK. Learning to overeat: maternal use of restrictive feeding practices
promotes girls’ eating in the absence of hunger. Am J Clin Nutr 2003;78:215-220.

20



Birch LL, Fisher JO, Grimm-Thomas K et al. Confirmatory factor analysis of the Child Feeding
Questionnaire: a measure of parental attitudes, beliefs and practices about child feeding and obesity
proneness. Appetite 2001;36:201-210.

Birch LL, Marlin D, Rotter J. Eating as the “means™ activity in a contingency: effects on young children’s
food preference. Child Dev 1984;55:532-539.

Bluford DA, Sherry B, Scanlon KS. Interventions to prevent or treat obesity in preschool children: a review
of evaluated programs. Obesity 2007;15(6):1356-1372.

Boehmer TK, Brownson RC, Haire-Joshu D, Dreisinger ML. Patterns of childhood obesity prevention
legislation in the United States. Prev Chronic Dis 2007;4(3):1-11.

Bogen DL, Hanusa BH, Whitaker RC. The effect of breast-feeding with and without formula use on the
risk of obesity at 4 years of age. Obes Res 2004;12:1527-1535.

Borzekowski DL, Robinson TN. The 30-second effect: an experiment revealing the impact of television
commercials on food preferences of preschoolers. J Am Diet Assoc 2001;101(1):42-46.

Bruening KS, Gilbride JA, Passannante MR, McClowry S. Dietary intake and health outcomes among
young children attending 2 urban day-care centers. J] Am Diet Assoc 1999;99:1529-1535.

Brustad RJ. Who will go out and play? Parental and psychological influences on children’s attraction to
physical activity. Pediatr Exerc Sci 1993;5:210-223.

Buchowski MS, Sun M. Energy expenditure, television viewing and obesity. Int J Obes Relat Metab Disord
1996;20(3):236-244.

Burdette HL, Whitaker RC. A national study of neighborhood safety, outdoor play, television viewing, and
obesity in preschool children. Pediatr 2005;116(3):657-662.

Burdette HL, Whitaker RC, Hall WC, Daniels SR. Breastfeeding, introduction of complementary foods,
and adiposity at 5 y of age. Am J Clin Nutr 2006;83:550-558.

Butte NF, Wong WW, Hopkinson JM et al. Energy requirements derived from total energy expenditure and
energy deposition during the first 2 y of life. Am J Clin Nutr 2000;72:1558-1569.

Campbell KJ, Hesketh KD. Strategies which aim to positively impact on weight, physical activity, diet and
sedentary behaviours in children from zero to five years. A systematic review of the literature. Obes Rev
2007;8(4):327-38.

Centers for Disease Control and Prevention, National Center for Health Statistics, 2000 CDC Growth
Charts: United States. Accessed at: www.cdc.gov/growthcharts, 2008.

Certain LK, Kahn RS. Prevalence, correlates, and trajectory of television viewing among infants and
toddlers. Pediatrics 2002;109(4):634-642.

Chaput J-P, Brunet M, Tremblay A. Relationship between short sleeping hours and childhood
overweight/obesity: results from the ‘Quebec en Forme’ Project. Int J Obes 2006;30:1080-1085.

Chen X, Beydoun MA, Wang Y. Is sleep duration associated with childhood obesity? A systematic review
and meta-analysis. Obesity 2008;16(2):265-274.

Chu NF, Rimm EB, Wang DJ et al. Clustering of cardiovascular disease risk factors among obese
schoolchildren: the Taipei Children Heart Study. Am J Clin Nutr 1998;67(6):1141-1146.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child overweight and
obesity worldwide: international survey. BMJ 2000;320:1240-1243.

Cole TJ. Children grow and horses race: is the adiposity rebound a critical period for later obesity? BMC
Pediatr 2004;4(6):1-7.

Coleman KJ, Tiller CL, Sanchez J et al. Prevention of the epidemic increase in child risk of overweight in
low-income schools: the El Paso coordinated approach to child health. Arch Pediatr Adolesc Med
2005;159(3):217-224.

Connelly JB, Duaso MJ, Butler G. A systematic review of controlled trials of interventions to prevent
childhood obesity and overweight: a realistic synthesis of the evidence. Public Health 2007;121(7):510-
517.

Csabi G, Torok K, Jeges S, Molnar D. Presence of metabolic cardiovascular syndrome in obese children.
Eur J Pediatr 2000;159:91-94.

Curhan GC, Chertow GM, Willett WC et al. Birth weight and adult hypertension and obesity in women.
Circulation 1996a;94:1310-1315.

21


http://www.cdc.gov/growth'charts�

Curhan GC, Willett WC, Rimm EB et al. Birth weight and adult hypertension, diabetes mellitus, and
obesity in US men. Circulation 1996b;94:3246-3250.

Dabelea D, Hanson RL, Bennett PH et al: Increasing prevalence of type I diabetes in American Indian
children. Diabetologia 1998;41:904-910.

Dabelea D, Pettitt DJ. Intrauterine diabetic environment confers risks for type 2 diabetes mellitus and
obesity in the offspring, in addition to genetic susceptibility. J Pediatr Endocrinol Metab 2001;14:1085—
1091.

Danner F, Noland M, McFadden M et al. Description of the physical activity of young children using
movement sensor and observation methods. Pediatr Exerc Sci 1991;3:11-20.

Daniels SR, Arnett DK, Eckel RH et al. Overweight in children and adolescents. Pathophysiology,
consequences, prevention, and treatment. Circulation 2005;111:1999-2012.

Davis CL, Delamater AM, Shaw KH et al. Parenting styles, regimen adherence, and glycemic control in 4-
to 10-year-old children with diabetes. J Pediatr Psychol 2001;26:123-129.

Davis MM, Gance-Cleveland B, Hassink S et al. Recommendations for prevention of childhood obesity.
Pediatr 2007;120(4S):S229-S253.

de Castro JD, Brewer EM. The amount eaten in meals by humans is a power function of the number of
people present. Physiol Behav 1992;51:121-125.

Dennison BA, Erb TA, Jenkins PL. Television viewing and television in bedroom associated with
overweight risk among low-income preschool children. Pediatr 2002;109(6):1028-1035.

Dennison BA, Straus JH, Mellits ED, Charney E. Childhood physical fitness tests: predictor of adult
physical activity levels? Pediatr 1988;82:324-330.

Desjardins E, Schwartz AL. Collaborating to combat childhood obesity. Health Affairs 2007;26(2):567-
571.

Dietz WH. Critical periods in childhood for the development of obesity. Am J Clin Nutr 1994;59:955-959.

Dietz WH. Health consequences of obesity in youth: childhood predictors of adult disease. Pediatr
1998;101:518-525.

Dietz W. How to tackle the problem early? The role of education in the prevention of obesity. Int J Obes
Relat Metab Disord 1999;23:S7-S9.

Dietz WH. Breastfeeding may help prevent childhood overweight. JAMA 2001;285(19):2506-2507.

Dietz WH, Bland MG, Gortmaker SL et al. Policy tools for the childhood obesity epidemic. J Law Med
Ethics 2002;30(3S):83-87.

Dietz WH, Gortmaker SL. Preventing obesity in children and adolescents. Annu Rev Public Health
2001;22:337-353.

Dorsey KB, Wells C, Krumholz HM, Concato JC. Diagnosis, evaluation, and treatment of childhood
obesity in pediatric practice. Arch Pediatr Adoles Med 2005;159:632-638.

Dubois L, Farmer A, Girard M, Peterson K. Regular sugar-sweetened beverage consumption between
meals increases risk of overweight among preschool-aged children. ] Am Diet Assoc 2007;107(6):924-934.

Dubois L, Girard M. Early determinants of overweight at 4.5 years in a population-based longitudinal
study. Int J Obes 2006;30:610-617.

DuRant RH, Baranowski T, Johnson M, Thompson WO. The relationship among television watching,
physical activity, and body composition of young children. Pediatr 1994;94:449-455.

Eid EE. Follow-up study of physical growth of children who had excessive weight gain in first six months
of life. BMJ 1970;2:74-76.

Ekelund U, Ong K, Linne Y et al. Upward weight percentile crossing in infancy and early childhood
independently predicts fat mass in young adults: the Stockholm Weight Development Study (SWEDES).
Am J Clin Nutr 2006;83:324-330.

Eliakim A, Nemet D, Balakirski Y, Epstein Y. The effects of nutritional-physical activity school-based
intervention on fatness and fitness in preschool children. J Pediatr Endocrinol Metab 2007;20(6):711-718.

Ells L], Campbell K, Lidstone J et al. Prevention of childhood obesity. Best Prac Res Clin Endocrinol
Metab 2005;19(3):441-454.

22



Epstein LH, Paluch R, Smith JD, Sayette M. Allocation of attentional resources during habituation to food
cues. Psychophysiology 1997;34(1):59-64.

Epstein LH, Rodefer JS, Wisniewski L, Caggiula AR. Habituation and dishabituation of human salivary
response. Physiol Behav 1992;51(5):945-950.

Epstein LH, Saelens BE, O’Brien JG. Effects of reinforcing increases in active behavior versus decreases in
sedentary behavior for obese children. Int J Behav Med 1995a;2(1):41-50.

Epstein LH, Smith JA, Vara LS, Rodefer JS. Behavioral economic analysis of activity choice in obese
children. Health Psychol 1991;10(5):311-316.

Epstein LH, Valoski A, Wing RR, McCurley J. Ten-year follow-up of behavioural family-based treatment
for obese children. JAMA 1990;264:2519-2523.

Epstein LH, Valoski AM, Vara LS et al. Effects of decreasing sedentary behavior and increasing activity on
weight change in obese children. Health Psychol 1995b;14(2):109-115.

Fall CH, Osmond C, Barker DJ et al. Fetal and infant growth and cardiovascular risk factors in women.
BMJ 1995;310:428-432.

Farrow CV, Blissett J. Controlling feeding practices: Cause or consequence of early child weight? Pediatr
2008;121(1):e164-e169.

Felton GM, Pate RR, Parsons MA. Health risk behaviours of rural sixth graders. Res Nurs Health
1998;21:475-485.

Fisher JO, Birch LL. Eating in the absence of hunger and overweight in girls from 5 to 7 years of age. Am J
Clin Nutr 2002;76:226-231.

Flynn MAT, McNeil DA, Maloff B et al. Reducing obesity and related chronic disease risk in children and
youth: a synthesis of evidence with ‘best practice’ recommendations. Obes Rev 2006;7(suppl 1):7-66.

Flodmark CE, Lissau I, Moreno LA et al. New insights into the field of children and adolescents’ obesity:
the European perspective. Int J Obes Relat Metab Disord 2004;28(10):1189-1196.

Forsyth JS, Ogston SA, Clark A et al. The relation between early introduction of solid food to infants and
their weight and illnesses during the first two years of life. BMJ 1993;306:1572-1576.

Fox MK. Childhood obesity and the role of physical activity. J R Soc Health 2004a;124(1):34-39.
Fox MK. What are infants and toddlers really eating? Pediatr Basics 2004b;108:2-11.

Fox MK, Glantz FB, Geitz L, Burstein N. Early Childhood and Child Care Study; Nutrition Assessment of
the CACFP; Vol 2: Final Report Washington US Department of Agriculture, Food and Consumer Service,
1997.

Fox MK, Pac S, Devaney B, Jankowski L. Feeding Infants and Toddlers Study: what foods are infants and
toddlers eating? J Am Diet Assoc 2004;104(1 Suppl 1):s22-S30.

Fox MK, Reidy K, Karwe V, Ziegler P. Average portions of foods commonly eaten by infants and toddlers
in the United States. J] Am Diet Assoc 2006a;106:S66-76.

Fox MK, Reidy K, Novak T, Ziegler P. Sources of energy and nutrients in the diets of infants and toddlers.
J Am Diet Assoc 2006b;106:S28-42.

Freedman DS, Dietz WH, Srinivasan SR, Berenson GS. The relation of overweight to cardiovascular risk
factors among children and adolescents: the Bogalusa Heart Study. Pediatr 1999;103(6 Pt 1):1175-1182.

Freedman DS, Kettel Khan L, Serdula MK, Dietz WH et al. The relation of childhood BMI to adult
adiposity: the Bogalusa Heart Study. Pediatr 2005;115:22-27.

Garriguet D. Overview of Canadians’ Eating Habits. Nutrition: Findings from the Canadian Community
Health Survey. Statistics Canada, 2004. Catalogue #82-620-MIE-No.2.
www.statcan.ca/english/research/82-620-MIE/82-620-MIE2006002.pdf

Gill TP. Key issues in the prevention of obesity. Br Med Bull 1997;53:359-388.

Gillman MW, Rifas-Shiman SL, Frazier AL et al. Family dinner and diet quality among older children and
adolescents. Arch Fam Med 2000;9:235-240.

Golan M, Crow S. Parents are key players in the prevention and treatment of weight-related problems. Nutr
Rev 2004a;62(1):39-50.

Golan M, Crow S. Targeting parents exclusively in the treatment of childhood obesity: long-term results.
Obes Rev 2004b;12:357-361.

23


http://www.statcan.ca/english/research/82-620-MIE/82-620-MIE2006002.pdf�

Golan M, Fainaru M, Weizman A. Role of behavior modification in the treatment of childhood obesity with
the parents as the exclusive agents of change. Int J Obes 1998a;22:1217-1224.

Golan M, Weizman A, Apter A, Fainaru M. Parents as the exclusive agents of change in the treatment of
childhood obesity. Am J Clin Nutr 1998b;67:1130-1135.

Gortmaker SL, Peterson K, Wiecha J et al. Reducing obesity via a school-based interdisciplinary
intervention among youth: Planet Health. Arch Pediatr Adolesc Med 1999;153:409-419.

Government of Canada. Childhood obesity and the role of the Government of Canada, 2007a. Accessed at:
www.phac-aspc.gc.ca/ch-se/obesity/obesity-eng.html, 2008.

Government of Canada. Healthy weights for healthy kids, 2007b. Accessed at:
http://cmte.parl.gc.ca/Content/HOC/committee/391/hesa/reports/rp2795145/hesarp07/hesarp07-e.pdf, 2008.

Government of Canada. Government response to the seventh report of the Standing Committee on Health,
2007c. Accessed at: http://cmte.parl.gc.ca/cmte/CommitteePublication.aspx?Sourceld=213785, 2008.

Guo SS, Huang C, Maynard LM et al. Body mass index during childhood, adolescence and young
adulthood in relation to adult overweight and adiposity: the Fels Longitudinal Study. Int J Obes Relat
Metab Disord 2000;24(12):1628-1635.

Gustafson SL, Rhodes RE. Parental correlates of physical activity in children and early adolescents. Sports
Med 2006;36:79-97.

Hakanen M, Lagstrom H, Kaitosaari T et al. Development of overweight in an atherosclerosis prevention
trial starting in early childhood. The STRIP study. Int J Obes (Lond) 2006;30(4):618-626.

Hales CN, Barker DJ. Type 2 (non-insulin-dependent) diabetes mellitus: the thrifty phenotype hypothesis.
Diabetologia 1992;35:595-601.

Harbaugh BL, Jordan-Welch M, Bounds W et al. Nurses and families rising to the children of overweight
children. Nurse Pract 2007;32(3):30-35.

Harder T, Bergmann R, Kallischnigg G, Plagemann A. Duration of breastfeeding and risk of overweight: a
meta-analysis. Am J Epidemiol 2005;162(5):397-403.

Harper LV, Sanders KM. The effect of adults’ eating on young children’s acceptance of unfamiliar foods. J
Exp Child Psychol 1975;20:206-214.

Harvey-Berino J, Rourke J. Obesity prevention in preschool native-american children: a pilot study using
home visiting. Obes Res 2003;11(5):606-611.

Hawkins SS, Law C. A review of risk factors for overweight in preschool children: a policy perspective. Int
J Pediatr Obes 2006;1(4):195-209.

Health Canada. Eating Well with Canada’s Food Guide. Health Canada, 2007.
Health Canada. Nutrition for Healthy Term Infants. Health Canada, 2005.
Healthy U Alberta. Healthy Eating and Active Living for your 1 to 5 year old, 2006.

Hediger ML, Overpeck MD, Kuczmarski RJ, Ruan WJ. Association between infant breastfeeding and
overweight in young children. JAMA 2001;285:2453-2460.

Hills AP, King NA, Armstrong TP. The contribution of physical activity and sedentary behaviours to the
growth and development of children and adolescents: implications for overweight and obesity. Sports Med
2007;37(6):533-545.

Hood MY, Moore LL, Sundarajan-Ramamurti A et al. Parental eating attitudes and the development of
obesity in children. The Framingham Children’s Study. Int J Obes Relat Metab Disord 2000;24(10):1319-
1325.

Huang JS, Lee TA, Lu MC. Prenatal programming of childhood overweight and obesity. Matern Child
Health J 2007;11:461-473.

Janz K, Dawson JD, Mahoney LT. Tracking physical fitness and physical activity from childhood to
adolescence: the Muscatine study. Med Sci Sports Exerc 2000;32(7);1250-1257.

Johnson DB, Gerstein DE, Evans AE, Woodward-Lopez G. Preventing obesity: a life cycle perspective. J
Am Diet Assoc 2006;106:97-102.

Kagamimori S, Yamagami T, Sokejima S et al. The relationship between lifestyle, social characteristics
and obesity in 3-year-old Japanese children. Child Care Health Dev 1999;25:235-247.

24


http://www.phac-aspc.gc.ca/ch-se/obesity/obesity-eng.html�
http://cmte.parl.gc.ca/Content/HOC/committee/391/hesa/reports/rp2795145/hesarp07/hesarp07-e.pdf�
http://cmte.parl.gc.ca/cmte/CommitteePublication.aspx?SourceId=213785�

Katzmarzyk PT, Janssen 1. The economic costs associated with physical inactivity and obesity in Canada:
an update. Can J Appl Physiol 2004;29(1):90-115.

Katzmarzyk PT, Janssen I, Morrison KM, Tremblay MS. Classification of overweight and obesity in
children and adolescents. CMAJ 2007;176(8S):27-32.

Kelly AS, Wetzsteon RJ, Kaiser DR et al. Inflammation, insulin, and endothelial function in overweight
children and adolescents: the role of exercise. J Pediatr 2004;145:731-736.

Klesges RC, Coates TJ, Brown G et al. Parental influences on children’s eating behavior and relative
weight. J Appl Behav Anal 1983;16:371-378.

Klesges RC, Eck LH, Hanson CL et al. Effects of obesity, social interactions, and physical environment on
physical activity in preschoolers. Health Psychol 1990;9:435-449.

Klesges RC, Klesges LM, Eck LH, Shelton ML. A longitudinal analysis of accelerated weight gain in
preschool children. Pediatr 1995;95(1):126-130.

Klesges RC, Malott JM, Boschee PF, Weber JM. The effects of parental influences on children’s food
intake, physical activity, and relative weight. Int J Eating Disord 1986;5:335-346.

Klohe-Lehman DM, Feeland-Graves J, Clarke KK et al. Low-income, overweight and obese mothers as
agents of change to improve food choices, fat habits, and physical activity in their 1-to-3-year-old children.
J Am Coll Nutr 2007;26(3):196-208.

Koplan JP, Dietz WH. Caloric imbalance and public health policy. JAMA 1999;282:1579-1581.

Kremers SPJ, Bruga J, Hein de Vriesa D, Rutger. CME. Parenting style and adolescent fruit consumption.
Appetite 2003;41:43-50.

Kumanyika S, Jeffery RW, Morabia A et al. Public Health Approaches to the Prevention of Obesity
(PHAPO) Working Group of the International Obesity Task Force (IOTF). Obesity prevention: the case for
action. Int J Obes Relat Metab Disord 2002;26(3):425-436.

Lau DCW, Douketis JD, Morrison KM et al. Executive Summary. 2006 Canadian clinical practice
guidelines on the management and prevention of obesity in adults and children. CMAJ 2007;176(8S):1-17.

Lewis MK, Hill AJ. Food advertising on British children’s television: a content analysis and experimental
study with nine-year olds. Int J] Obes Relat Metab Disord 1998;22:206-214.

Li C, Kaur H, Choi WS et al. Additive interactions of maternal prepregnancy BMI and breast-feeding on
childhood overweight. Obes Res 2005;13(2):362-71

Lindsay AC, Sussner KM, Kim J, Gortmaker S. The role of parents in preventing childhood obesity. Future
Child 2006;16(1):169-186.

Lioret S, Volatier JL, Lafay L et al. Is food portion size a risk factor of childhood overweight? Eur J Clin
Nutr 2007.

Livingstone MB, McCaffrey TA, Rennie KL. Childhood obesity prevention studies: lessons learned and to
be learned. Public Health Nutr 2006;9(8A):1121-1129.

Lobstein T, Baur L, Uauy R, and IOTF. Obesity in children and young people: a crisis in public health.
Obesity Reviews 2004;5(S1):4-85.

Locard E, Mamelle N, Billette A et al. Risk factors of obesity in a five year old population. Parental versus
environment factors. Int J Obes Relat Metab Disord 1992;16:721-729.

Lumeng JC, Gannon K, Appugliese D et al. Preschool child care and risk of overweight in 6- to 12-year-old
children. Int J Obes 2005:29:60-66.

Lumeng JC, Rahnama S, Appugliese D et al. Television exposure and overweight risk in preschoolers.
Arch Pediatr Adolesc Med 2006;160(4):417-422.

Lytle LA, Seifert S, Greenstein J, McGovern P. How do children’s eating patterns and food choices change
over time? Results from a cohort study. Am J Health Promot 2000;14(4):222-228.

Maccoby EE. Parenting and its effects on children: on reading and misreading behavior genetics. Ann Rev
Psychol 2000;51:1-27.

Maffeis C, Castellani M. Physical activity: an effective way to control weight in children? Nutr Metab
Cardiovasc Dis 2007;17(5):394-408.

Mannino ML, Lee Y, Mitchell DC et al. The quality of girls’ diets declines and tracks across middle
childhood. Int J Behav Nutr Phys Act 2004;1:5-16.

25



Marshall TA, Eichenberger Gilmore JM, Broffitt B et al. Diet quality in young children is influenced by
beverage consumption. ] Am Coll Nutr 2005;24(1):65-75.

McGarvey E, Keller A, Forrester M et al. Feasibility and benefits of a parent-focused preschool child
obesity intervention. Am J Public Health 2004;94(9):1490-1495.

McLeroy KR, Bibeau D, Stecker A, Glanz K. An ecological perspective on health promotion programs
Health Educ Q 1988;15:351-377.

McMillen C, Robinson JS. Developmental origins of the metabolic syndrome: prediction, plasticity, and
programming. Physiol Rev 2005;85:571-633.

Mei Z, Grummer-Strawn LM, Scanlon KS. Does overweight in infancy persist through the preschool
years? An analysis of CDC Pediatric Nutrition Surveillance System data. Soz Praventivmed
2003;48(3):161-167.

Mennella JA, Beauchamp GK. Understanding the origins of flavour. Chem Sense 2005;30:1242-1243.
Mennella JA, Griffin CE, Beauchamp GK. Flavor programming during infancy. Pediatr 2004;113:840-845.

Mennella JA, Jagnow CP, Beauchamp GK. Prenatal and postnatal flavour learning by human infants.
Pediatr 2001;107:ES8S.

Michels KB, Willett WC, Graubard BI et al. A longitudinal study of infant feeding and obesity throughout
life course. Int J Obes (Lond) 2007;31:1078-1085.

Miller JL, Silverstein JH. Management approaches for pediatric obesity. Nat Clin Pract Endocrinol Metab
2007;3(12):810-818.

Mizutani T, Suzuki K, Kondo N, Yamagata Z. Association of maternal lifestyles including smoking during
pregnancy with childhood obesity. Obes 2007;15(12):3133-31309.

Molnar D, Livingstone B. Physical activity in relation to overweight and obesity in children and
adolescents. Eur J Pediatr 2000;159(Suppl 1):S45-S55.

Monteiro POA, Victora CG. Rapid growth in infancy and childhood obesity in later life — a systematic
review. Obes Rev 2005;6:143-154.

Montgomery SM, Ekbom A. Smoking during pregnancy and diabetes mellitus in a British longitudinal
birth cohort. BMJ 2002;324:26-27.

Monzavi R, Dremaine D, Geffner ME et al. Improvement in risk factors for metabolic syndrome and
insulin resistance in overweight youth who are treated with lifestyle intervention. Pediatr 2006;117:e111-
elll8.

Morrison JA, Barton BA, Biro FM et al. Overweight, fat patterning, and cardiovascular disease risk factors
in black and white boys. J Pediatr 1999a;135(4):451-457.

Morrison JA, Sprecher DL, Barton BA et al. Overweight, fat patterning, and cardiovascular disease risk
factors in black and white girls: the National Heart, Lung, and Blood Institute Growth and Health Study. J
Pediatr 1999b;135(4):458-464.

National Association for Sport and Physical Education. Active Start. A statement of physical activity
guidelines for children birth to five years. NASPE Publications, Reston, VA, 2002.

NHS Centre for Reviews and Dissemination. The prevention and treatment of childhood obesity. Eff
Health Care 2002;7(6):1-12.

Nicklas TA, Webber LS, Berenson GS. Studies of consistency of dietary intake during the first four years
of life in a prospective analysis: Bogalusa Heart Study. J Am Coll Nutr 1991;10:234-241.

Niinikoski H, Viikari J, Ronnemaa T et al. Prospective randomized trial of low-saturated-fat, low-
cholesterol diet during the first 3 years of life. The STRIP baby project. Circulation 1996;94(6):1386-1393.

O’Brien SH, Holubkov R, Cohen Reis E. Identification, evaluation, and management of obesity in an
academic primary care center. Pediatr 2004;114(2):e154-e159.

Oakley CB, Bomba AK, Knight KB, Byrd SH. Evaluation of menus planned in Mississippi child-care
centers participating in the Child and Adult Care Food Program. J] Am Diet Assoc 1995;95:765-768.

Oken E, Gillman MW. Fetal origins of obesity. Obes Res 2003;11:496-505.

Oken E, Levitan EB, Gillman MW. Maternal smoking during pregnancy and child overweight: systematic
review and meta-analysis. Int J Obes 2008;32:201-210.

26



Oliveria SA, Ellison RC, Moore LL et al. Parent-child relationships in nutrient intake: the Framingham
Children’s Study. Am J Clin Nutr 1992;56:593-598.

Ong KK. Catch-up growth in small for gestational age babies: good or bad? Curr Opin Endocrinol Diab
Obes 2007;14:30-34.

Ong KK, Ahmed ML, Emmett PM et al. Association between postnatal catch-up growth and obesity in
childhood: prospective cohort study. BMJ 2000;320:967-971.

Ong KK, Loos RJF. Rapid infancy weight gain and subsequent obesity: systematic reviews and hopeful
suggestions. Acta Paediatrica 2006;95:904-908.

Owen GC, Martin PM, Whincup PH et al. Effect of infant feeding on the risk of obesity across the life
course: a quantitative review of published evidence. Pediatr 2005a;115(1):1367-1377.

Owen CG, Martin RM, Whincup PH et al. The effect of breastfeeding on mean body mass index
throughout life: a quantitative review of published and unpublished observational evidence. Am J Clin Nutr
2005b:82:1298-1307.

Padget A, Briley ME. Dietary intakes at child-care centers in central Texas fail to meet Food Guide
Pyramid recommendations. J] Am Diet Assoc 2005;105:790-793.

Parsons TJ, Power C, Logan S, Summerbell CD. Childhood predictors of adult obesity: a systematic
review. Int J Obes 1999;23(8 suppl):S1-S107.

Parsons TJ, Power C, Manor O. Infant feeding and obesity through the lifecourse. Arch Dis Child
2003;88:793-794.

Pate RR, Baranowski T, Dowda M, Trost SG. Tracking of physical activity in young children. Med Sci
Sports Exerc 1996;28:92-96.

Pate RR, Pfeiffer KA, Trost SG et al. Physical activity among children attending preschools. Pediatr
2004;114:1258-1263.

Pettitt DJ, Aleck KA, Baird HR et al. Congenital susceptibility to NIDDM: role of intrauterine
environment. Diabetes 1988;37:622—-628.

Pettitt DJ, Baird HR, Aleck KA et al. Excessive obesity in offspring of Pima Indian women with diabetes
during pregnancy. N Engl J Med 1983;308:242-245.

Powell KE, Dysinger W. Childhood participation in organized school sports and physical education as
precursors of adult physical activity. Am J Prev Med 1987;3:276-281.

Power C, Jefferis BJ. Fetal environment and subsequent obesity: a study of maternal smoking. Int J
Epidemiol 2002;31:413-419.

Power C, Lake JK, Cole TJ. Body mass index and height from childhood to adulthood in the 1958 British
birth cohort. Am J Clin Nutr 1997a;66:1094-1101.

Power C, Lake JK, Cole TJ. Measurement and long term health risks of child and adolescent fatness. Int J
Obes Relat Metab Disord 1997b;21:507-526.

Power C, Parsons T. Nutritional and other influences in childhood as predictors of adult obesity. Proc Nutr
Soc 2000;59(2):267-272.

Prentice AM. Early influences on human energy regulation: thrifty genotypes and thrifty phenotypes.
Physiol Behav 2005;86:640-645.

Quattrin T, Liu E, Shaw N et al. Obese children who are referred to the pediatric endocrinologist:
characteristics and outcome. Pediatr 2005;115(2):348-351.

Raine KD. Overweight and Obesity in Canada. A Population Health Perspective. Canadian Institute for
Health Information, 2004.

Raine K, Wilson E. Obesity prevention in the Canadian population: policy recommendations for
environmental change. CMAJ 2007;176(8S):106-110.

Résénen M, Niinikoski H, Keskinen S et al. Parental nutrition knowledge and nutrient intake in an
atherosclerosis prevention project: the impact of child-targeted nutrition counselling. Appetite.
2003;41(1):69-77.

Ray R, Lim LH, Ling SL. Obesity in preschool children: an intervention programme in primary health care
in Singapore. Ann Acad Med Singapore 1994;23(3):335-341.

Reilly JJ, Armstrong J, Dorosty AR et al. Early life risk factors for obesity in childhood: cohort study. BMJ
2005;330(7504):1357-1364.

27



Reilly JJ, Jackson DM, Montgomery C et al. Total energy expenditure and physical activity in young
Scottish children: mixed longitudinal study. Lancet 2004;363(9404):211-212.

Rennie KL, Wells JC, McCaffrey TA, Livingstone MB. The effect of physical activity on body fatness in
children and adolescents. Proc Nutr Soc 2006;65(4):393-402.

Robinson TN. Reducing children’s television viewing to prevent obesity: a randomized controlled trial.
JAMA 1999;282:1561-1567.

Robinson TN, Kiernan M, Matheson DM, Haydel KF. Is parental control over children’s eating associated
with childhood obesity? Results from a population based sample of third graders. Obes Res 2001;9:306 —
312.

Roblin L. Childhood obesity: food, nutrient, and eating-habit trends and influences. Appl Physiol Nutr
Metab 2007;32:635-645.

Rodrigues S, Ferris AM, Perez-Escamilla R, Backstrand JR. Obesity among offspring of women with type
1 diabetes. Clin Invest Med 1992;21:258-266.

Rogers I, EURO-BLCS Study Group. The influence of birth-weight and intrauterine environment on
adiposity and fat distribution in later life. Int J Obes 2003;27:755-777.

Rolland-Cachera MF, Deheeger M, Guilloud-Bataille M et al. Tracking the development of adiposity from
one month of age to adulthood. Ann Hum Biol 1987;14:219-229.

Sallis JF, Glanz K. The role of built environments in physical activity, eating, and obesity in childhood.
Future Child 2006;16(1):89-108.

Sallis JF, Simons-Morton BG, Stone EJ et al. Determinants of physical activity and interventions in youth.
Med Sci Sports Exerc 1992;24:5248-S257.

Salo P, Viikari J, Rask-Nissild L et al. Effect of low-saturated fat, low-cholesterol dietary intervention on
fatty acid compositions in serum lipid fractions in 5-year-old children. The STRIP project. Eur J Clin Nutr
1999;53(12):927-932.

Schmitz KH, Lytle LA, Phullips GA et al. Psychosocial correlates of physical activity and sedentary leisure
habits in young adolescents: the teens eating for energy and nutrition at school study. Prev Med.
2002;34:266 —-278.

Schwartz MB, Brownell KD. Actions necessary to prevent childhood obesity: creating the climate for
change. J Law Med Ethics 2007;35(1):78-89.

Sekine M, Yamagami T, Handa K et al. A dose-response relationship between short sleeping hours and
childhood obesity: results of the Toyama Birth Cohort Study. Child Care Health Dev 2002;28(2):163-170.

Serdula MK, Ivery D, Coates RJ et al. Do obese children become obese adults? A review of the literature.
Prev Med 1993;22:167-77.

Shields M. Measured Obesity. Overweight Canadian children and adolescents. Nutrition: Findings from the
Canadian Community Health Survey. Statistics Canada, 2004. Catalogue # 82-620-XIE.
www.statcan.ca/english/research/82-620-MIE/2005001/pdf/cobesity.pdf

Silverman BL, Metzger BE, Cho NH, Loeb CA. Impaired glucose tolerance in adolescent offspring of
diabetic mothers: relationship to fetal hyperinsulinism. Diab Care 1995;18:611-617.

Silverman BL, Rizzo TA, Cho NH, Metzger BE. Long-term effects of the intrauterine environment: the
Northwestern University Diabetes in Pregnancy Center. Diab Care 1998;21 (Suppl 2):B142-B149.

Singhal A. Does breastfeeding protect from growth acceleration and later obesity? Nestle Nutr Workshop
Ser Pediatr Program 2007;60:15-29.

Singhal A, Lucas A. Early origins of cardiovascular disease: is there a unifying hypothesis? Lancet
2004;363:1642-1645.

Skinner JD, Carruth BR. A longitudinal study of children’s juice intake and growth: the juice controversy
revisited. J Am Diet Assoc 2001;101:432-437.

Skinner JD, Carruth BR, Bounds W, Ziegler P. Children’s food preferences: a longitudinal analysis. ] Am
Diet Assoc 2002;102:1638-1647.

Skinner JD, Ziegler P, Pac S, Devaney B. Meal and snack patterns of infants and toddlers. ] Am Diet Assoc
2004;104(suppl1):S65-S70.

Small L, Anderson D, Melnyk BM. Prevention and early treatment of overweight and obesity in young
children: a critical review and appraisal of the evidence. Pediatr Nurs 2007;33(2):149-176.

28


http://www.statcan.ca/english/research/82-620-MIE/2005001/pdf/cobesity.pdf�

Snethen JA, Hewitt JB, Goretzke M. Childhood obesity: the infancy connection. J Obstet Gynecol Neonatal
Nurs 2007;36:501-510.

Stettler N, Kumanyika SK, Katz SH et al. Rapid weight gain during infancy and obesity in young
adulthood in a cohort of African Americans. Am J Clin Nutr 2003;77:1374-1378.

Stettler N, Zemel BS, Kumanyika S, Stallings VA. Infant weight gain and childhood overweight status in a
multicenter, cohort study. Pediatr 2002;109:194-199.

Stockley L. Toward public health nutrition strategies in the European Union to implement food based
dietary guidelines and to enhance healthier lifestyles. Public Health Nutr 2001;4(2A):307-324.

Strong WB, Malina RM, Blimkie CJ et al. Evidence based physical activity for school-age youth. J Pediatr
2005;146(6):732-737.

Summerbell CD. The identification of effective programs to prevent and treat overweight preschool
children. Obesity 2007;15(6):1341-1342.

Summerbell C, Waters E., Edmunds LD et al. Interventions for preventing obesity in children. In: The
Cochrane Collaboration: Cochrane Database of Systematic Reviews; 2005.

Taras HL, Sallis JF, Patterson PR et al. Television’s influence on children’s diet and physical activity. J
Dev Behav Pediatr 1989;10(4):176-180.

Taveras EM, Rifas-Shiman SL, Berkey CS et al. Family dinner and adolescent overweight. Obes Res
2005;13:900-906.

Temple JL, Giacomelli AM, Kent KM et al. Television watching increases motivated responding and
energy intake in children. Am J Clin Nutr 2007;85(2):355-361.

Timmons BW, Naylor PJ, Pfeiffer KA. Physical activity for preschool children—how much and how? Can
J Public Health 2007;98(Suppl 2):S122-S134.

Torun B, Davies PSW, Livingstone MBE et al. Energy requirements and dietary energy recommendations
for children and adolescents 1 to 18 years old. Eur J Clin Nutr 1996;50:S37-S81.

Toschke AM, Kuchenhoff H, Koletzko B, von Kries R. Meal frequency and childhood obesity. Obes Res
2005;13(11):1932-1938.

Toschke AM, Ruckinger S, Bohler E, von Kries R. Adjusted population attributable fractions and
preventable potential of risk factors for childhood obesity. Public Health Nutr 2007;10(9):902-906.

Troiano RP, Briefel RR, Carroll MD, Bialostosky K. Energy and fat intakes of children and adolescents in
the United States: data from the National Health and Nutrition Examination Surveys. Am J Clin Nutr
2000;72(suppl):1343S-1353S.

Trost SG, Sirard JR Dowda M et al. Physical activity in overweight and non-overweight preschool
children. Int J Obes 2003;27:834-839.

van Sluijs EM, McMinn AM, Griffin SJ. Effectiveness of interventions to promote physical activity in
children and adolescents: systematic review of controlled trials. BMJ 2007;335(7622):703.

Veugelars PJ, Fitzgerald AL. Prevalence of and risk factors for childhood overweight and obesity. CMAJ
2005;173:607-613.

Vik T, Jacobsen G, Vatten L, Bakketeig LS. Pre- and post-natal growth in children of women who smoked
in pregnancy. Early Hum Dev 1996;45:245-255.

Visser M, Bouter LM, McQuillan GM et al. Low-grade systemic inflammation in overweight children.
Pediatr 2001;107:E-13.

Vohr BR, McGarvey ST, Tucker R. Effects of maternal gestational diabetes on offspring adiposity at 4—7
years of age. Diab Care 1999;22:1284—-1291.

von Kries R, Toschke AM, Koletzko B, Slikker W Jr. Maternal smoking during pregnancy and childhood
obesity. Am J Epidemiol 2002;156:954-961.

von Kries R, Toschke AM, Wurmser H et al. Reduced risk for overweight and obesity in 5- and 6-y-old
children by duration of sleep — a cross-sectional study. Int J Obes 2002;26:710-716.

Wadsworth M, Marshall S, Hardy R, Paul A. Breast feeding and obesity. Relation may be accounted for by
social factors. BMJ 1999;319(7224):1576.

Wang Y, Lobstein T. Worldwide trends in childhood overweight and obesity. Int J Ped Obes 2006;1:11-25.
Wardle J, Carnell S. Parental feeding practices and children’s weight. Acta Paediatrica 2007;96:5-11.

29



Wardle J, Guthrie C, Sanderson S et al. Food and activity preferences in children of lean and obese parents.
Int J Obes 2001;25:971-977.

Wardle J, Sanderson S, Guthrie CA et al. Parental feeding style and the inter-generational transmission of
obesity risk. Obes Res 2002;10:453-462.

Weiss R, Dziura J, Burgert TS et al. Obesity and the metabolic syndrome in children and adolescents. N
Engl J Med 2004;350:2362-2374.

Welk GJ. The Youth Physical Activity Promotion Model: a conceptual bridge between theory and practice.
Quest 1999;51:5-23.

Wells JC, Chomtho S, Fewtrell MS. Programming of body composition by early growth and nutrition. Proc
Nutr Soc 2007;66:423-434.

Wells JC, Stanley M, Laidlaw AS et al. Investigation of the relationship between infant temperament and
later body composition. Int J Obes Relat Metab Disord 1997;21:400-406.

Wen LM, Baur LA, Rissel C et al. Early intervention of multiple home visits to prevent childhood obesity
in a disadvantaged population: a home-based randomized controlled trial (Healthy Beginnings Trial). BMC
Public Health 2007;7:76-84.

Whitaker RC. Predicting preschooler obesity at birth: the role of maternal obesity in early pregnancy.
Pediatr 2004;114(1):e29-¢36.

Whitaker RC, Dietz WH. Role of the prenatal environment in the development of obesity. J Pediatr
1998;132(5):18-23.

Whitaker RC, Pepe MS, Seidel KD et al. Gestational diabetes and the risk of offspring obesity. Pediatr
1998a;101:€9.

Whitaker RC, Pepe MS, Wright JA et al. Early adiposity rebound and the risk of adult obesity. Pediatr
1998b;101(3):e5-el 1.

Whitaker RC, Wright JA, Pepe MS et al. Predicting obesity in young adulthood from childhood and
parental obesity. N Engl J Med 1997;337:869-873.

Wilkin TJ, Mallam KM, Metcalf BS et al. Variation in physical activity lies with the child, not his
environment: evidence for an ‘activitystat’ in young children (EarlyBird 16). Int J Obes (Lond)
2006;30(7):1050-1055.

Wilson P, O’Meara S, Summerbell C, Kelly S. The prevention and treatment of childhood obesity. Qual
Saf Health Care 2003;12(1):65-74.

Ziegler P, Briefel R, Ponza M et al. Nutrient intakes and food patterns of toddlers’ lunches and snacks:
influence of location. ] Am Diet Assoc 2006;106:S124-S134.

30



Additional reviews of lifestyle interventions
Extensive reviews have been completed regarding the prevention of childhood obesity.
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