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ABSTRACT 

Background: Overweight and obesity affect approximately one-third of Canadian children and 

these children are at an increased risk of developing life-long obesity-related health 

consequences. Treatment efforts in the pediatric setting focus on behavioural modification – 

including modification of dietary intake. Eating behaviours encompass a modifiable aspect of 

dietary intake and could be a useful approach for weight reduction in the context of pediatric 

weight management (PWM) programs. 

Objectives: 1) To describe changes in family, child and parent eating behaviours over a 12-

month period after enrolment in a PWM program. 2) To examine if changes in family eating 

behaviours over the first 6 months in a PWM program can predict child BMI z-score at 12 

months, even when controlling for other factors related to changes in BMI z-score.  

Methods:  Children ages 2-17 with a BMI >85th percentile were included in this analysis. Data 

was collected at baseline, 6 month and 12-month timepoints as part of the CANadian Pediatric 

Weight management Registry. BMI z-score was derived from height (cm) and weight (kg). 

Eating behaviours (eating related to hunger (ERH) and eating style (ES)) were measured in 

children, parents and families using the Family Eating and Activity Habits Questionnaire. Child 

and parental scores were summed to generate a family score. Decrease in scores over time 

indicated improvements in eating behaviours.  

Results: 807 children were included in the analysis (48.3% male, 51.7% female, mean age 

12.08, mean baseline BMI z-score 3.55). Family ERH scores decreased significantly from 

baseline to 6 months by 1.63% (-0.16 points, SD=0.09, p<0.05) but by 12 months scores were 

the same as at baseline. Child ERH scores decreased significantly by 2.06% at 6 months (-0.14 

points, SD=0.02, p<0.05), but at 12 months scores were the same as at baseline. Parent ERH 

scores did not change significantly. Family ES scores decreased from baseline to 6 months by 

1.88% (-1.99 points, SD=0.21, p<0.05) and stayed approximately the same at 12 months. Child 

ES scores were similar, decreasing 2.86% (-1.68 points, SD=0.03, p<0.05) from baseline to 12 

months. Parents ES score decreased significantly by 6 months, but after 12 months, scores were 

the same as at baseline. Change in either family eating behaviours from baseline to 6 months did 

not predict child BMI z-score at 12 months when adjusting for age, sex and BMI z-score at 

baseline. In subsequent exploratory analysis, increases in child eating behaviour scores at 6 
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months was a significant predictor of increases in child BMI z-score at 12 months (p=0.02) when 

adjusting for age, sex and BMI z-score at baseline.  

Conclusion: In the context of PWM programs, eating style and eating for hunger improved over 

the first 6 months after enrolment. Improvements in child eating behaviour after 6 months could 

predict improvements in child BMI z-score after 12 months.  
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1. INTRODUCTION AND LITERATURE REVIEW 

1.1. Summary of Project 

Overweight and obesity affect approximately one-third of Canadian children and these 

children are at an increased risk of developing life-long obesity-related health consequences such 

as type 2 diabetes, cardiovascular disease and mental health issues. Typically, treatment efforts 

in the pediatric setting focus on behavioural modification – including modification of dietary 

intake, physical activity, sleep and sedentary time. Eating behaviours (how, when, where and 

with whom one eats) encompass a modifiable aspect of dietary intake for both children, and their 

caregivers. Eating behaviour modification could be a useful approach for weight reduction in the 

context of pediatric weight management programs but remains understudied. In this thesis 

project, eating behaviours of a large group of children and youth with obesity, measured using a 

validated questionnaire, are described using data from the multi-site CANadian Pediatric Weight 

Management Registry (CANPWR). The changes in eating behaviours over a 12-month period 

after enrolment in a pediatric weight management program are described.  The influence of 

change in eating behaviours over the first 6 months of enrolment in a pediatric weight 

management program on body size at 12 months will be evaluated. These findings will inform 

clinicians if eating behaviours change during current weight management programs and the 

effectiveness of eating behaviour modification on weight-related outcomes when treating 

children with overweight or obesity.  

The introductory section will discuss obesity in children, the health consequences of this 

disease, and individual and family characteristics that predispose children to the development of 

obesity. The treatment of obesity in children will be briefly discussed and the factors known to 

influence health outcomes during treatment will be described. This will allow for in-context 

description of the role that eating behaviour modification could potentially play in weight 

management programs.  

 

1.2. Childhood obesity  

Obesity is a pathophysiological condition that can result from an imbalance between energy 

intake and energy expenditure1, and is characterized by excess body fat2. Obesity in children and 

adolescents is a serious public health concern as it leads to both short-term health issues and has 

long-term implications into adulthood3.  
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1.2.1. Worldwide prevalence 

Over the past 3 decades, child body mass index (BMI) trends for both males and females 

have increased steeply. More recently, in some developed countries, including Canada, BMI 

trends in children 5-19 years old have begun to plateau, although the prevalence of overweight 

and obesity remains greater than 30%4. The global age-adjusted prevalence of obesity has risen 

from 0.7% to 5.6% in girls and from 0.9% to 7.8% in boys from 1975 to 2016, respectively5. The 

rate of severe obesity in some countries such as the United States, where it is defined as a BMI 

greater than 20% of the 95th percentile on Center for Disease Control (CDC) growth charts, is 

still increasing. This is particularly seen in children of a lower socio-economic status (SES) and 

in minority groups6. In children with severe obesity, the risk of obesity-related health 

consequences is exacerbated, and obesity is more likely to persist into adulthood7.    

 

1.2.2. Canadian prevalence 

According to WHO cut-points, in 1979, 23.3% of Canadian children ages 2-17 were 

considered overweight or obese4. This estimate has now risen to over 30% as of 20168. Despite 

this rise, in recent years, the prevalence of overweight and obesity in Canadian children has 

begun to plateau9. As of 2015, the prevalence of obesity alone is 10.4% in girls and 15.5% in 

boys ages 19 years of age or younger10. The prevalence of childhood overweight and obesity also 

varies by province or region. For example, the Northwest Territories, northern Manitoba and 

parts of Labrador are estimated to have an obesity prevalence of between 45.4% and 

65.4%8(WHO). Thus, the prevalence of obesity in Canadian children remains high and varies by 

geographical region.  

 

1.3. Health-related consequences of obesity  

Obesity is a complex disease involving multiple organ systems, often resulting in multiple 

co-morbid conditions. These conditions, which include both physical and mental health issues, 

can exert both short-term and long-term effects on the individual.  

 

1.3.1. Physical health consequences 

There is a rich body of high-quality evidence describing the relationship of obesity in 

childhood with cardiovascular risk factors. The study of cardiovascular risk in children with 
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obesity is particularly relevant if this risk persists into adulthood. The prevalence of 

cardiovascular risk factors such as high cholesterol, triglycerides and blood pressure in these 

children is high. In one study, 58% of 5-10 year olds with obesity had at least 1 cardiovascular 

risk factor11. Clustering of risk factors has also been observed. For example, compared to 

children of normal weight, overweight children were 9.7 times more likely to have 2 

cardiovascular risk factors and 43.5 times more likely to have 3 risk factors11.  Chronic 

inflammation, non-alcoholic fatty liver disease, sleep apnea and other disorders are other health 

consequences associated with obesity in childhood3. Furthermore, persistence of obesity into 

adulthood is a likely outcome for children with obesity: 70% of children and 80% of adolescents 

with obesity will continue to have obesity as adults12. Persistence into adulthood is predicted by 

parental weight status, duration and severity of obesity, and presence of obesity at adolescence13. 

Longitudinal studies have demonstrated a link between obesity in childhood and cardiovascular 

disease risk in adulthood14, likely associated with thickening of the arteries and deposition of 

atherosclerotic plaques in early years15. In a study published in 1999, obesity in adolescence 

predicted a 1.5 times increased risk of premature mortality in adulthood16. Almost 20 years later, 

in 2016, these results were replicated in large cohort studies17.   

 

1.3.2. Psychosocial consequences 

The relationship between psychosocial difficulties and obesity might be considered bi-

directional. That is, obesity may result in poor mental well-being and poor mental well-being 

may increase the risk of obesity. High quality evidence suggests that pediatric obesity is related 

to an increased risk of mental health issues, especially in teenaged girls13. The prevalence of 

depression in a population of 244 youth ages 8-17 entering weight management treatment at a 

Canadian treatment centre was 36.4%18. In the same study, body fat percentage was deemed a 

significant predictor of depression and health-related quality of life18. Longitudinal evidence 

suggests that children with overweight or obesity report more psychosocial distress than children 

of a normal weight, an observation that was stable over a period of two years19.  Teasing and 

bullying are more commonly experienced by children with obesity3. The persistence of obesity 

into adulthood can predict social isolation and economic challenges such as lower socio-

economic status20. The psychosocial effects of childhood obesity are important to consider as 

they can be involved in both short-term and long-term outcomes.  
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1.4. Classification of obesity in children  

To fully understand the literature and compare studies, it is important to consider how 

obesity is classified. In particular, it is important to note that there is no universally accepted 

method for classifying childhood obesity, although all current methods rely on the use of body 

mass index (BMI), defined as weight in kilograms divided by height in meters, squared (kg/m2).  

As BMI changes with increasing age in children, the use of single BMI cut points for overweight 

and obesity cannot be utilized. Rather, reference to a population standard is generally utilized, 

typically considering the number of standard deviations above or below the mean (BMI z-score).  

 The difference in classification methods generally stems from use of a different standard 

comparator population. The World Health Organization (WHO) growth standard is considered 

by some to be the “gold standard” of normal growth. Given the rise in public health concern over 

childhood obesity, coupled with the release of WHO child growth standards for children under 5 

years of age in 2006, there was a need to develop a single growth reference for children and 

adolecents21. The growth standard for children 0-5 years was developed from a prospective study 

to reflect how children should grow under optimal conditions, from multiple countries 

(prescriptive approach)4. In contrast, the WHO compiled data from three sources to create a 

growth reference for older children: the National Health Examination Survey (NHES), Cycle II 

(1963-1965) and III (1966-1970) and the National Health and Nutrition Examination Surevy 

(NHANES), Cylce I (1971-1974). The NHES cycle II was a sample of 7,119 American children 

ages 6-11 years, and the NHES cycle III was a sample of 6,768 American children ages 12-17 

years. The NHANES was a sample of approximately 23,000 Americans ages 1-74 years21. The 

NHES sampled the population in an attempt to best-represent all children in the United States22. 

The NHANES over-sampled groups thought to be at high risk of malnutrition at preset rates23.  

Using the same statistical methods for constructing the new growth curves for children under 5, 

the new growth references for children 5-19 were contructed24. Based on these curves, children 

who have a BMI between one and two standard deviations above the mean for age and sex are 

considered overweight (BMI z-score between 1 and 2) whereas children with a BMI more than 

two standard deviations above the mean are considered obese (BMI z-score greater than or equal 

to 2)25.  

CDC growth curves are based on the US national survey data collected between 1963 and 

1994. According to the CDC, overweight is defined as a BMI equal to or greater than the 85th 
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percentile and below the 95th percentile. Obesity is defined as BMI equal to or greater than the 

95th percentile. The CDC method of classification is the most commonly used indicator in the 

United States26. According to the CDC, there are 3 classes of obesity. Class I obesity is defined 

by age and sex-specific BMI  the 95th percentile (class I) and severe obesity is defined as27; 

class II obesity (age/sex specific BMI 120% of the 95th percentile) and class III obesity (age/sex 

specific BMI 140% of the 95th percentile)28.  

The International Obesity Task Force (IOTF) guidelines have taken a slightly different 

approach. The IOTF developed sex-specific BMI curves using observations from an international 

sample of children and plotted the BMI centile curves that passed through the adult cut points of 

25 and 30 for overweight and obesity respectively. The respective age and sex specific BMI was 

then used to classify overweight or obesity29.  In Canada, use of the WHO growth standard for 

defining obesity is recommended and will be utilized in this thesis.  

 

1.5. Etiology of childhood obesity  

Obesity is a disorder with complex, multifactorial causality. The heritability of obesity- 

related phenotypes is cited between 6% and 85% in varying populations30. Still, in population-

based studies, it is evident that there are a series of non-modifiable and modifiable factors that 

can contribute to the development and perpetuation of overweight and obesity in children.  

 

1.5.1. Population-level contributory factors 

1.5.1.1. Non-modifiable risk factors 

Age, sex, socio-economic status, and race and ethnicity are non-modifiable risk factors 

that can influence weight status in children.  In Canada, for both boys and girls, the prevalence of 

obesity increases with increased age (10.8% of 3-6 year olds, 11.8% of 7-12 year olds and 15% 

of 13-19 year olds)10. Additionally, there are well-defined gender differences in the presentation 

of childhood obesity31. The prevalence of obesity in Canadian children is higher in males across 

all age groups: on average, the prevalence is 5.1% higher in males than females (males=15.5%, 

females=10.4%)10. The prevalence of obesity in males tends to increase as they get older, while 

in females, adolescents have the highest prevalence, pre-adolescents have the lowest, and girls 

ages 3-6 fall in the middle10.  
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Race and ethnicity are also significant contributors to the development of overweight and 

obesity. In the US, the prevalence of obesity in Hispanic children ages 2-19 is 21.9%. The 

prevalence in non-Hispanic black children is 19.5%, while obesity in Non-Hispanic white 

children is significantly lower at 14.7%32. The prevalence of class I and II obesity follow a 

similar trend based on race. Class III obesity remains lower in White children compared to other 

ethnicities, although the differences are not as drastic as for the other weight classes6. 

Finally, there is a known relationship between socio-economic status and the prevalence 

of childhood obesity. Typically, obesity prevalence is highest in the lowest socio-economic 

groups of high-income countries2. Canadian children of families with income less than the 

poverty level are more likely to be obese compared to those of higher socioeconomic status 

(19.4% versus 15.2%, respectively)33. The number of dependents in a home is also important. 

Canadian families with the lowest level of income adequacy (income per number of dependents) 

had a 23.9% prevalence of overweight and 16.9% prevalence of obesity (for both sexes of 

children) compared to a 16.8% prevalence of overweight and a 9.3% prevalence of obesity8 in 

families with the highest levels of income adequacy. Parental education level is closely 

associated with socioeconomic status, thus it is unsurprising that there are associations between 

parental education level and childhood obesity as well. The CDC analyzed data from the 

National Health and Examination Survey from 2011-2014. They confirmed that education level 

was negatively associated with the risk of obesity. That is, children with a head of household 

with a high school education or less had a 21.6% chance of having obesity compared to 18.3% 

for children living in families where the head of household had some college education and 9.6% 

for a complete college education. The gap was even greater in families that identified as Black 

non-Hispanic and Hispanic families34.  

In summary, children that are older, male, of a racial or ethnic minority and of a lower 

socio-economic background in higher-income countries are predisposed to a higher risk of 

developing obesity in the child and adolescent years.  

 

1.5.1.2. Modifiable behaviours 

A number of modifiable behaviours are also related to the development of childhood 

obesity. In population studies that include both lean and overweight/obese children, diet-related 
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variables, screen time, physical activity and sleep, parental weight status, and child mental health 

status are all related to obesity prevalence.  

 

 

1.5.1.2.1 Diet-related factors 

Diet-related variables such as sugar-sweetened beverage (SSB) consumption, fruit and 

vegetable intake and frequency of breakfast consumption are related to obesity and overweight in 

children.  

SSB consumption is associated with increased cardiometabolic risk in adolescents, 

especially in girls, regardless of their weight status. One study examined children at age 14 and 

again at age 17. Girls who increased SSB consumption over the three-year period to >1.3 

servings per day had 3.2 times increased overall cardiometabolic risk and a 4.8 times greater 

likelihood of overweight and obesity35. Reviews of the literature confirm this link between SSB 

intake and risk of obesity36,37,38. In a review of 17 longitudinal studies including over 56,000 

children (mean age 9 years), 94% of the studies reported a positive relationship between SSB 

intake and measures of body mass such as BMI36. A 2015 evaluation of systematic literature 

reviews had similar findings37. This review assessed 13 reviews, which included a total of 30 

longitudinal studies, 34 cross-sectional studies and 12 intervention studies. In 70% of the studies 

cited, a direct association between SSB consumption and obesity and overweight (cross-

sectional) and weight gain (longitudinal and interventional) in children and adolescents was 

suggested. A recent review (2020) including 20 cross-sectional and longitudinal studies 

determined that consuming more than 4 SSBs per week lead to a 24% greater risk of childhood 

obesity. Based on evidence from these studies, there is an association between SSB consumption 

and measures of body mass, weight gain, and cardio-metabolic risk factors related to obesity.   

 In the US, children and adolescents do not meet current recommended intakes of fruit and 

vegetables39. Because they are made up of mostly water and fiber, increased fruit and vegetable 

consumption are thought to play an important role in the consumption of a nutrient-dense, well-

balanced diet. However, evidence for the association between increased intake of fruit and 

vegetables and the risk of obesity is largely inconclusive. A 2020 review of the literature 

concluded that in 14 cross-sectional and longitudinal studies, increased fruit and vegetable intake 

could not reduce the risk of obesity in children38. Other reviews have highlighted that increasing 
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fruit and vegetable consumption in the experimental setting can lead to decreased measures of 

adiposity in adults but not children40. 

Children that consume breakfast everyday are more likely to consume healthier foods 

throughout the day, achieve a greater quality of life, and have increased cognitive performance41. 

Historically, the prevalence of breakfast consumption amongst children has declined over time. 

In 1965, 85-90% of American children consumed breakfast. 25 years later, the proportion of 

children that consumed breakfast decreased by 15-20%42. According to a systematic review of 

the literature including 26 studies (cross-sectional and longitudinal), daily breakfast consumption 

could reduce the risk of obesity by 34%38. In longitudinal studies, increased frequency of 

breakfast consumption was related to the greatest improvements in BMI and waist circumference 

over time43 and breakfast skippers are at an increased risk of developing central adiposity 

(approximately 2.2 times greater odds)44. Additionally, in a 2 year longitudinal study including 

271 children ages 6-9, breakfast consumption was significantly, negatively related to changes in 

BMI z-score45. Daily breakfast consumption is an important predictor of weight status in children 

and has a protective effect against obesity and overweight.  

Despite strong evidence in some cases, studies evaluating the relationship between 

certain dietary variables and measures of body mass in children have limitations. Mainly, these 

studies collect data using differing methods of self-reporting, typically in the form of food 

frequency questionnaires, dietary recall or food diaries. Because of this, it is difficult to 

generalize these results to the population.  

 

1.5.1.2.2  Eating behaviours  

Dietary intake is influenced and largely determined by the eating behaviours that accompany 

the consumption of food46.  Eating behaviours are a complex, intersection of biological, social 

and environmental factors that influence how, when and what an individual may eat47. Eating 

behaviours, at least in part, can be considered modifiable, and may be a potential target in weight 

management strategies48. 

According to Davison and Birch and their application of Ecological Systems Theory to 

childhood overweight49, dietary intake is considered a risk factor for increased child weight 

status. Eating behaviours can be described as specific behaviours that accompany the 

consumption of food such as: how and when one might eat (e.g. eating speed, eating 
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environment/location), how one may respond to cues to eat or to not eat (hunger and satiety) or 

other stimuli in their environment (e.g. smell of cooking food, seeing others eating, seeing 

food)47.  

Eating-related behaviours for children occur within the context of family and community 

niches49. This can be further influenced by socio-economic status, ethnicity, parental work hours, 

and accessibility of fast food within the neighbourhood. It is uncertain which parental or family 

factors most influence child and parental eating patterns, though environmental factors are likely 

to play a role. For example, child feeding practices, types of food available at home, nutritional 

knowledge, parental dietary intake, and parental food preferences are all family-level moderating 

variables related to eating behaviours and child weight status49.  

Although certain eating behaviours may evolve as a result of underlying biological 

mechanisms, for the purpose of this thesis, eating behaviours will be considered modifiable since 

the relative impact of biology versus environment is not well understood, especially in children 

with obesity. The role and the effectiveness of eating behaviour modification in the context of 

pediatric weight management programs has been previously studied; however, the majority of 

these studies take place in a cross-sectional setting and therefore the ability to draw causal 

associations is limited.    

 

1.5.1.2.3 Eating behaviours and obesity in children  

It is known that children with obesity differ in their appetitive traits when compared to 

their normal-weight counterparts. Mainly, children with obesity have a lower responsiveness to 

internal cues of fullness50,51, eat at a faster rate52,47, and are more likely to eat in response to 

external stimuli rather than internal cues of hunger53. Eating behaviours are known to track 

throughout the childhood years. Higher measures of body fat in the pre-school years predict 

more “food-approaching” behaviours at age 10, suggesting that higher fat mass at a younger age 

may upregulate certain drivers of appetite54. There are many structural components and factors 

associated with eating behaviours in children that are described in detail elsewhere52. This thesis 

project highlighted two components of eating behaviours: eating in response to hunger and 

eating style, described below.  

Eating in response to hunger reflects the functioning of underlying mechanisms such as 

food cue responsiveness (response to cues of hunger) and satiety responsiveness (response to 
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cues of fullness). Abnormalities in these mechanisms can cause an individual to eat when they 

may not be hungry, therefore, unnecessarily consuming excess energy55. For example, 

heightened food cue responsiveness may lead to eating in response to external stimuli rather than 

in response to internal hunger sensations and satiety responsiveness, and, when considered 

alongside eating speed, can predict BMI Z-score and waist circumference z-score56. Why 

children eat in the absence of hunger is not well-understood although it appears to be influenced 

by dysfunction of the satiety response, disinhibited eating and/or emotional stressors56. 

Individuals that are responsive to satiety cues will adjust their energy intake of any additional 

food following the consumption of a prior meal based on the pre-loading paradigm. For example, 

children with obesity between the ages of 8-12 years old showed no downregulation of energy 

intake of a “test meal” directly following a “pre-load meal” compared with a non-pre-load meal 

control condition. Children with a normal BMI, on the other hand, downregulate subsequent 

energy intake53. Studies have shown that eating in the absence of hunger is a behaviour that 

tracks throughout the childhood years, in children with and without obesity, if not addressed55. 

This fact, coupled with other susceptibilities to obesity, could result in excess weight acquisition 

in children. Interventions that are focused on decreasing the response to external cues to eat, 

especially when not hungry, may be successful at reducing energy intake overall and addressing 

risk of weight gain55. 

Eating style is a component of dietary intake which describes the environment and habits 

related to food consumption46. An “obesogenic environment” pertains to a setting that promotes 

unhealthy food consumption habits. Family-related characteristics of eating style such as family 

meals, parental control, influences and attitudes57 are significant determinants of overweight and 

obesity in children. Frequent fast food intake, sedentary lifestyles that intersect the consumption 

of energy-dense, nutrient-poor foods, especially high levels of electronic device usage during 

meal time, and children that eat meals without a parent are all characteristics of an obesogenic 

eating environment that may relate to poor eating styles46.  

Eating styles that include frequent electronic device usage and television viewing during 

mealtime are associated with poor diet quality in children58,59 and an increased odds of being 

overweight60. Further, the protective effects of eating family meals seem to be negated when 

families consume meals together in front of the TV59. 
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Previous studies have evaluated components of family eating behaviours and how they 

are related to obesity and overweight in children61. Family eating styles that involve negative 

feeding strategies such as rigid meal settings, using food as a reward for eating or good 

behaviour, as well as parental persuasion for eating, were all positively associated with child 

BMI. That is, these factors were more prevalent in families with a child with obesity or 

overweight. Likely, this is because children are eating in response to external stimuli (parental 

influence) rather than internal cues of hunger. Authoritative parenting styles are characterized by 

higher levels of control, yet high levels of warmth. Authoritative parents offer a moderate degree 

of control that might facilitate the development of children’s ability to self-regulate appetite62.  

The absence of family meals is a strong predictor of childhood overweight and obesity. Children 

that eat neither breakfast nor dinner with their families are at approximately a 4-fold risk of being 

overweight or obese. Eating at least dinner as a family decreases this risk to 1.2-fold63. Eating 

family meals is not only related to child weight status but also to the development of his or her 

eating patterns, nutrient intake and prevention of the development of disturbed eating 

practices63,46. 

Eating related to hunger and eating style are two components of eating behaviours that 

have been associated with weight status in children. Eating related to hunger gives insight to the 

health of underlying mechanisms like the satiety response. This behaviour has a biological basis 

but can be modified with certain behavioural interventions, described in section 1.7. Eating style 

describes the environment and context related to food consumption. Obesogenic components of 

eating style such as device usage during mealtime and absence of family meals are also related to 

development of obesity in population studies.  

 

1.5.1.2.4 Measuring eating behaviours  

Measurement tools have been developed in an attempt to quantify eating behaviours in 

children64,65. Measurement tools typically take the form of a self-reported or parent-reported 

questionnaire and are based on specific behaviours such as satiety responsiveness, food-cue 

responsiveness, eating speed and eating environment.  In 1998, Moria Golan and colleagues 

developed the Family Eating and Activity Habits Questionnaire (FEAHQ)66. This questionnaire 

was designed for use in pediatric weight management in order to evaluate changes in the 

obesogenic nature of the home environment over time. This questionnaire measures eating 
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behaviours on 4 sub-scales including eating related to hunger and eating style. Eating related to 

hunger is intended to capture how well the child is able to eat in response to their own internal 

cues of hunger, irrespective of environmental stimuli. Eating style is related to the feeding 

environment, pace of food consumption, presence of a parent during mealtime, tendency to eat 

under emotional distress, and the location where meals are taken. The FEAHQ has been 

previously validated in children with obesity66. More detail on the validation process is included 

in the methods section. A copy of the FEAHQ used in this study can be found in Appendix I.  

Eating behaviours such as eating related to hunger and characteristics of eating style are 

frequently related to measures of body mass in population studies that involve both children of a 

normal weight and children with obesity or overweight. There is some evidence that these 

behaviours can be changed, and their modification may lead to improvements in weight status – 

the focus of this study. 

 

1.5.1.2.5 Other modifiable behaviours 

As noted above, there are multiple other factors associated with obesity development in 

childhood and these will be briefly described here.  

Screen time has been identified as one of the most important factors associated with 

obesity and overweight. In a study of 930 children, age 7 – 11 years, for every additional three 

hours of computer or television viewing, the odds of obesity increased by 50%67. This 

relationship was not observed in adolescents ages 12-17. Further, TV viewing time is positively 

associated with adiposity in females and increased total cholesterol in males ages 7-11, in a large 

cohort study68. While this may in part be related to reduced energy expenditure, in a Canadian 

study of children age 8-10 years, screen time was also associated with less favourable, more 

obesogenic dietary choices. More than two hours of screen time per day (the current 

recommended maximum) was related to higher energy intake, and consumption of less fibre and 

fewer fruits and vegetables69. Estimates were even higher in those with overweight or obesity.  In 

the adolescent population, screen time is positively associated with increased metabolic risk in 

young adulthood, including increased BMI and adiposity, and unfavourable levels of 

triglycerides in a longitudinal study70.  

Increased levels of habitual physical activity, in studies in which activity was measured 

with devices (objective measures), are associated with a lower prevalence of obesity71. A 2016 
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review evaluating 162 studies (longitudinal and interventional) of 5-17-year-old children cited 

physical, cognitive and social benefits of objectively measured physical activity. Low intensity 

physical activity was associated with decreased cardio-metabolic risk72. Still, the associations are 

not completely understood, especially in populations of solely children with obesity, in the 

context of weight management interventions.  

Sleep is an essential aspect to growth and development in the pediatric population and 

disturbances in sleep can lead to detriments in the physical and mental health of children and 

adolescents73. When compared with data from 20 years ago, children and adolescents are 

spending significantly less time engaging in high quality sleep74. There is clear evidence to 

suggest an inverse relationship between sleep, more specifically sleep duration, and overweight 

or obesity in the pediatric population. Insufficient sleep is associated with poorer diet quality and 

increased child BMI z-score, especially in mid-childhood (7-11 years old)75. Sleep duration of 

less than 9 hours for children 10 or older, 10 hours for children 5 – 10 years old and 11 hours for 

children less than 5 years old, is coupled with a 58% increased risk of being overweight or obese. 

This same study determined that for every hour of additional sleep, the risk decreases by 

approximately 9% 76.  

Overall, a number of modifiable behaviours are proposed to play a causal role in the 

development of overweight and obesity in children. In addition to dietary intake and eating 

behaviours, other factors also influence the development of obesity including screen time, 

physical activity and sleep.   

 

1.6 Treatment of childhood obesity  

1.6.1 Treatment overview  

It is clear that overweight and obesity pose a significant health threat to Canadian 

children, and therefore, identifying effective treatment options is critical. Obesity treatment in 

the pediatric population generally has focussed on behavioural change and lifestyle 

modifications77. According to Canadian guidelines, children should engage in 60 minutes a day 

of moderate to vigorous physical activity, sleep 8-11 hours (depending on their specific age) and 

not exceed 2 hours of daily recreational screen time78. Thus, treatment is focused around diet 

modification, increasing physical activity, decreasing sedentary behaviour, improving sleep 

hygiene and addressing mental health barriers. However, for those with severe obesity, bariatric 
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surgery is more effective than lifestyle modification79 and can lead to weight reductions of up to 

27%80. Bariatric surgery can also address other obesity-related comorbidities such as type 2 

diabetes, hypertension and dyslipidemia80, but is only recommended in post-pubescent 

adolescents with severe obesity or related co-morbidities who have not had success with life-

style modifications alone81. Nonetheless, the recommendation stands that children and 

adolescents with overweight or obesity of any degree, should be involved in multidisciplinary 

treatment programs81.  

Currently, 89% of Canadian pediatric weight management programs offer some type of 

behavioural/lifestyle counselling as part of their treatment program82. A 2015 systematic review 

and meta-analysis, including 31 randomized trials (behavioural and pharmacological 

interventions over 6 months), provided low to moderate-quality evidence that behavioural 

intervention-type treatments are associated with moderate declines in BMI and BMI z-score83. 

Low to moderate-quality evidence suggested that combined behavioural-pharmacological 

interventions only demonstrated a small effect on declines in BMI and BMI z-score83. As most 

programs in Canada are only 6 months-2 years in duration, and attrition rates can be high, it is 

difficult to study the long-term outcomes of weight management intervention in childhood and 

adolescence. It has been reported however, that in randomized trials of at least 6 months in 

length, overall there were significant benefits in favour of treatment (versus non-treatment 

controls) for reductions in BMI or BMI z-score, blood pressure and quality of life83. Clinical 

practice guidelines recommend that a comprehensive weight management intervention should 

include structured behavioural modifications that are family-centered, age-appropriate and 

culturally sensitive81. Multi-disciplinary weight management programs (endocrinology, 

psychology, nutrition, exercise counselling, etc.) can be tailored to fit the individual needs of the 

families involved and hopefully, address any barriers to treatment84. Behavioural interventions 

may include routine evaluations of diet and physical activity levels from a multidisciplinary team 

of practitioners like dieticians, exercise physiologists, social workers, physicians, nurse 

practitioners and nurses. Clinical practice guidelines also recommend that care-providers support 

healthy eating habits, including the promotion of structured mealtimes and the elimination of 

anything that could cause interference of cues of hunger or satiety (i.e. boredom, stress, excess 

screen time)81. 
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1.6.2 Factors that influence treatment outcomes  

There are some aspects of weight management interventions that are known to predict a 

greater degree of improvement in weight-related outcomes. Children that begin treatment with a 

lesser degree of obesity have a greater chance of weight reduction during treatment85. Individuals 

that already have previous experience being physically active and are currently partaking in an 

exercise program upon entry into a weight management program are also likely to have more 

successful treatment (i.e. weight reduction or weight stabilization)86. Typically, children that are 

less than 8 years old when treatment is first initiated are more likely to have greater decreases in 

BMI. In one study, this was still observed 5 years after treatment ended86. For children greater 

than 13 years of age however, the opposite was true86. Parental changes and motivation87, family 

readiness to change88, and program attendance89 are other factors that may influence changes. 

For example, 84 children (mean age 11 years) with obesity and their parents received a 

combination of group and individual weight management interventions over a time period of 18 

weeks. Parents that were more confident about program success and were more motivated to 

make healthy changes at baseline predicted  better program adherence and earlier evidence of 

program success in their children90.  Despite this evidence, much is still unknown about 

treatment success and favourable outcomes in pediatric weight management programs. The 

specific determinants of change in body mass and other obesity-related health implications still 

needs further research91.   

 

1.7 Eating behaviour modification in the context of pediatric weight management  

As described previously, in the context of pediatric weight management, behavioural change 

represents the foundation for weight stabilization or weight reductions. One aspect of 

behavioural change involves dietary intake, which in part, is influenced by eating behaviours.    

There is evidence for a genetic component in the development of appetitive traits. In twin 

studies, it was found that the heritability of satiety and hunger traits could be up to 75%92. 

Despite this evidence, eating behaviours can still be modified though behavioural intervention. 

 Eating in response to hunger is a behaviour that can be modified by deconstructing the 

psychological associations between food exposures and feelings of hunger, although this may be 

difficult given its strong biological basis. Children’s Appetite Awareness Training (CAAT), and 

Food Cue Exposure Training (FCET) are two methods that have previously been explored in 
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children (8-12-year olds)48. CAAT involves increasing the child’s sensitivity and awareness to 

internal cues of hunger and fullness. FCET involves experiential exercises where children are 

exposed to foods that would normally cause cravings and learn methods to cope when not 

physically hungry. When used in 8-week randomized interventions, FCET was most successful 

in reducing eating in the absence of hunger, even 6 months post-treatment period48. Eating in 

response to hunger can also be improved by promoting child self-regulation for feelings of 

fullness through moderate, controlled portion sizes and organization of the feeding environment 

(shopping for, choosing and cooking various foods)46. Additionally, in 60 children and their 

families (ages 6-11) in a 12 month weight management program, improvements in eating related 

to hunger were moderately correlated with reductions in weight in children (r=0.59, p<0.05)66.  

Eating style may be modified by making specific changes to the eating environment at home. 

Sharing family meals, turning off electronics during meal time, ensuring no meals are skipped, 

reducing snacking, and socialization with family during eating times are all examples46. These 

changes can be best executed through parental role modeling, stimulus control (setting children 

up for success by removing unhealthy food from sight and reach) and limit-setting (limiting 

behaviours such as the consumption of unhealthy foods to establish healthy eating patterns)93. It 

is suggested that clinical cohorts of children with obesity have more obesogenic eating 

behaviours, compared to their peers in the community, especially their ability to respond to cues 

of fullness94. Previous studies have evaluated how eating behaviour modification may be related 

to weight status through pediatric weight management programs, although evidence is limited. 

One study, using 30 parents as the “exclusive agents of change” for their child with obesity were 

counselled on eating behaviour modification strategies such as food stimulus control. Over the 

course of 1 year, children with parents in this experimental group experienced greater reductions 

in weight as opposed to children of families in the “control condition” where children were at the 

center of the intervention, and parents were not involved87. This approach represented a family-

oriented treatment strategy, addressing many aspects of a healthy lifestyle. In 60 children and 

their families (ages 6-11) in a 12 month weight management program, improvements in eating 

style were highly correlated with weight reductions in children (r=0.73, p<0.01)66. 

Eating behaviour modification, in the context of family-centered, pediatric weight 

management is a potential avenue for assisting families with treatment success but has been 

relatively understudied to date.  
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1.8 Summary 

Obesity and overweight in children are common and are associated with multiple adverse 

health consequences.  Given this, development of effective treatment interventions is critical. 

Yet, efforts to date have shown moderate effects at best, and typically only over the short term. 

Treatment efforts include a multidisciplinary approach with a focus on behavioural modification. 

Eating behaviours are a driver of dietary intake and are associated with weight related outcomes 

in cross-sectional and longitudinal studies – though the evidence is limited to date. The role of 

eating behaviour modification in the context of a pediatric weight management programs is not 

well characterized but may present a possible intervention strategy or avenue for weight 

management in children.  

 

2. PROJECT RATIONALE, OBJECTIVES AND HYPOTHESES 

2.1. Rationale 

Eating behaviours in children and families have been previously studied but are not well 

defined in the context of pediatric weight management (PWM), particularly in a longitudinal 

setting. Based on previous research, eating behaviour modification may be an important strategy 

for weight management in children, but the influence of current weight management programs is 

unknown. Thus, it is important to demonstrate how eating behaviours change over time in the 

context of weight management efforts and whether these changes in eating behaviours are 

associated with changes in weight-related outcomes.  

  

2.2. Project Objectives 

2.2.1. Objective 1  

The first objective of this project was to study if changes in the eating behaviours, eating 

related to hunger and characteristics of eating style occur in the family unit during the first 12 

months of PWM treatment. Changes in the parent and child scores were secondary components 

of this objective. The following research questions were assessed:  
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1.     a) Do eating related to hunger and/or eating style in families change from time of 

enrolment in a pediatric weight management program (baseline) to 6 months, baseline 

to 12 months and from 6 months to 12 months?  

1.     b) Do eating related to hunger and/or eating style change in children alone, and in 

parents alone, as described in Objective 1a? 

  

2.2.2. Objective 2 

The second objective was to determine if changes in family eating related to hunger 

and/or eating style over the first 6 months in a PWM program predict child BMI-related 

measures at 12 months, independent of baseline BMI and other factors known to influence BMI. 

The following research questions were assessed:  

2.     a) Do changes in family eating related to hunger and/or eating style 6 months after 

entry to a pediatric weight management program predict child BMI z-score at 12 

months (primary outcome), independent of baseline BMI z-score and other factors 

known to influence changes in BMI z-score such as age and sex?  

2.   b) Do changes in family eating related to hunger and/or eating style 6 months after 

entry to a pediatric weight management program predict child BMI at 12 months 

(secondary outcome), independent of baseline BMI and other factors known to 

influence changes in BMI such as age and sex? 

 

2.3   Hypotheses 

It was hypothesized that families (1A) (children and parents together) and children and 

parents alone (1B) would demonstrate significant improvements in eating related to hunger 

and/or eating style 6 and 12 months after enrolling in a pediatric weight management program. It 

was further hypothesized that changes in family eating related to hunger and/or eating style after 

the first 6 months would predict changes in child BMI z-score (2A) and child BMI (2B) even 

when controlling for other factors related to changes in body mass. 

  

3. METHODOLOGY  

3.1 Participants and Study Design 
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Participants for this project were enrolled in the CANadian Pediatric Weight 

Management Registry (CANPWR) study. The CANPWR study is an ongoing national, multi-

centre observational study. CANPWR included children and adolescents aged 2-17 years old that 

had a BMI greater than the 85th percentile and were enrolled in 1 of 10 weight management 

programs across Canada. All weight management programs involved operated in affiliation with 

a pediatric hospital. Participants in the CANPWR study were assessed at baseline, 6 months, 1-

year, 2-year and 3-year timepoints. Research personnel collected data on health outcomes and 

biological, sociodemographic and behavioural characteristics by means of standardized 

measurements and questionnaires. Information was collected and stored in a database, housed at 

the Population Health Research Institute using a research focussed software (iDataFax). The 

main objectives and other details about the CANPWR study are described elsewhere91. This 

thesis project analyzed CANPWR Study data from the baseline, 6 month and 12-month time 

points.  

 

3.2 Outcome Measures 

3.2.1 Outcomes for objective 1 

a) The primary outcome for objective 1 was the change in the Family Eating and 

Activity Habits Questionnaire sub-scale scores (eating related to hunger and 

eating style) for the family from baseline to 6 months, 6 months to 12 months and 

baseline to 12 months.  

b) The secondary outcome for objective 1 was similar to the primary outcome but 

instead, considered changes in the scores for the child alone and parents alone 

across timepoints. 

 

3.2.2 Outcomes for objective 2 

a) The primary outcome for objective 2 was the child BMI z-score at 12 months, 

independent of the baseline BMI z-score.  

b) The secondary outcome for objective 2 was the BMI at 12 months, independent of 

the baseline BMI.  
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3.3 Description of exposures and outcome measures 

3.3.1 Changes in eating behaviours using the FEAHQ 

The FEAHQ was developed in 1994 by Golan et al66 to identify factors associated with 

obesity and monitor changes in the family eating environment that might be related to 

improvements in child weight status66. The FEAHQ evaluates the eating and activity habits of 

each parent and the child; together these comprise the family score95. A higher score on the 

questionnaire, is indicative of a more obesogenic home environment. The FEAHQ is comprised 

of four sub-scales: 1. Activity and leisure time; 2. Food stimulus control; 3. Eating related to 

hunger; and 4. Eating style. The subscales have been evaluated independently for their 

relationship to health outcomes in the context of pediatric weight management66. Of these four 

subscales, two were collected in CANPWR: eating related to hunger and eating style. The food 

stimulus control sub-scale was not approved by study psychologists for use in the CANPWR 

study. The activity and leisure subscale was also not collected as other, validated measures of 

activity were collected by the CANPWR study and, as this subscale score was not related to 

outcomes in pediatric weight management in previous studies66.  

Two studies have examined the reliability and validity of the subscales of FEAHQ, 

considering each sub-scale individually. Information on the reliability and validity of the two 

sub-scales used in this study (eating related to hunger and eating style) can be found in Table 1. 

First, the questionnaire was administered to 40 mothers (20 had a child with obesity, 20 had a 

child of a normal weight). From this, the questionnaire was found to be internally consistent, that 

is, individual responses to each item were consistent with other like-items and questions actually 

measured what they were intended to measure. Cronbach’s alpha, a measure of internal 

consistency and scale reliability, was computed for each individual sub-scale; the mean r was 

0.83 overall, and 0.86 and 0.88 for eating related to hunger and eating style sub-scales, 

respectively. Test-retest reliability was measured when the group of 40 mothers were asked to re-

take the questionnaire two weeks later. Pearson correlation coefficients revealed a strong, 

positive correlation between testing scores (r=0.85, p<0.01), indicating a high test-retest 

reliability. Lastly, an independent t-test between scores of children with obesity and scores of 

normal weight children was used to determine concurrent validity. The scores were significantly 

different for all sub-scales, and the total family scores were higher for families with a child with 

obesity, indicating a more obesogenic home environment.  
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The second study ensured that the questionnaire could be completed by either parent (to 

minimize bias across participant scores) and predict outcomes of weight management treatment. 

Parents of 60 children with obesity (mean age=9.2 years, SD=1.0) completed the questionnaire 

in the context of a 12-month randomized trial. Thirty participants were randomized to the 

experimental (family centered- parents as the exclusive agents of change) intervention and 30 

were randomized to the conventional (child-centered- child as the exclusive agents of change) 

intervention (control). Parents in the experimental intervention received 14 sessions on 

behavioural modification, including information to build relevant parenting skills in relation to 

eating behaviours. Children in the conventional intervention received 30 group sessions to learn 

skills on diet monitoring, calorie intake and increasing exercise. Both parents completed the 

questionnaire before and after the intervention and the results were compared. After 12 months, 

there were significant improvements in eating behaviours (i.e. eating while standing or occupied 

by other activities, eating following stress and eating between meals) in the experimental group. 

The average reduction in weight was greater in the experimental group compared to the 

conventional group (14.6% reduction versus 8.4%)96. Pearson correlation coefficient indicated 

that reports of the mothers and fathers were significantly correlated for all subscales (Table 1). 

Children in the experimental intervention lost more weight and FEAHQ questionnaire scores 

were lower over the course of the intervention, compared to the child-focused intervention. 

Weight loss in the child was correlated with changes in the family score for each of the two 

subscales Eating related to hunger and Eating Style (see Table 1). Behavioural changes (i.e. 

improvements in eating behaviours) explained 27% of the variance observed in weight 

reduction66. The results from these studies confirmed that information on eating behaviours, as 

measured by this questionnaire, may predict weight-related changes in children enrolled in 

family-centered weight management interventions. 

The scoring system used in the FEAHQ is simple yet is specific enough to accurately 

capture the behaviours of parents and child as well as the home environment as a whole66. 

Likert-type questions are answered by one parent on behalf of the other spouse and the child and 

then are totaled at the end to generate a family score. Some questions pertain to only the child, 

some to only the mother and father, and some to the mother, father and child. To derive the 

family score, parental and child scores are summed. Child and parent scores may also be 

considered individually as demonstrated in prior studies97. The total score is considered as an 
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index: the higher the total score, the less appropriate the eating patterns and the more obesogenic 

the home environment might be.   Theoretical possible scores for eating related to hunger varied 

from 1 – 7 for children, 0 – 3 for parents and 1-10 for families. Theoretical possible scores for 

eating style varied from 1 – 59 for children, 1 – 47 for parents and 2-106 for families. The 

questions in each subscale can be viewed in Appendix I. 

  For the purposes of this project, data collected at baseline, 6 month and 1-year 

timepoints was used. This questionnaire was completed by the parents, in a room separate from 

their child. The changes in eating related to hunger and eating style were the outcomes for 

objective 1 and the exposures of interest for objective 2.  

Table 1: Summary of methodology used to validate the FEAHQ 
Measure Method of testing Intent of testing Results 

Content validity  Expert panel Do the questions ask what is 

intended to be captured? Are the 

questions phrased and presented 

clearly? 

Experts determined the 

content was valid 

Internal consistency Cronbach’s alpha  Are responses to individual items 

consistent with other items that 

measure the same thing?  

Mean r=0.83 (total) 

r=0.86 and 0.88 for eating 

related to hunger and 

eating style sub-scales, 

respectively (P<0.05) 

Test-retest reliability  Pearson correlation 

coefficients 

Can the results be replicated at a 

later occasion?  

r=0.85 (P<0.01)  

Concurrent validity Independent t-test Can the questionnaire discriminate 

between obese and normal weight 

children? 

Mean difference= 2 

(p<0.05), 9 (p<0.01) for 

eating related to hunger, 

and eating style, 

respectively.  

Reliability: similarities 

in mother’s vs. father’s 

report 

Pearson correlation 

coefficient, 

MANCOVA 

Are there differences in whether the 

mother or the father completes the 

questionnaire?  

r=0.94, 0.83 for eating 

related to hunger and 

eating style sub-scales, 

respectively (P<0.05) 

Predictive validity  Pearson correlation 

coefficient, 

ANCOVA 

Can the questionnaire predict 

responses to treatment?  

r=0.59, 0.73 (P<0.05, 

<0.01), for eating related to 

hunger and eating style 

sub-scales, respectively 

(P<0.05) 

 

3.3.2 Child BMI and BMI z-score  

Child height in centimeters (to the nearest 0.1cm) as well as body mass in kilograms (to 

the nearest 0.1kg) were measured at the baseline, 6 month and 12-month time points. From these 

two measures, child BMI (kg/m2) was calculated and a standardized BMI z-score was also 

determined utilizing the World Health Organization growth standard (WHO, 2007), consistent 

with the CANPWR protocol91. As BMI changes with age, a BMI z-score is utilized which relates 

the child’s BMI to a growth standard, that is specific for age and sex. BMI z-score is frequently 
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used in the pediatric population to allow for accurate comparison of males and females of 

different ages. 

The use of BMI z-score in children with obesity has limitations. Due to the nature of the 

curve, changes in BMI z-score are not as detectable in children with severe obesity98. Therefore, 

for a child with severe obesity, a given change in BMI would result in a smaller change in BMI 

z-score99.  A proposed alternative in this case may be to evaluate changes in absolute BMI over 

time100,101. Both these methods will be evaluated, with changes in absolute BMI as a secondary 

outcome for objective 2.  

 

3.4 Covariates 

To address Objective 2, it was important to consider potential covariates. Covariates were 

included in the analysis because of their known associations to the dependent variables in 

question, based on previous literature. These variables are controlled for in order to be able to 

clearly examine the independent relationship between eating behaviours and child BMI-related 

measures. 

Age: Age was collected by self-report and/or chart review conducted by research 

personnel. Age is known to be related to successful treatment outcomes in pediatric weight 

management. Typically, children that are less than 8 years old when treatment is first initiated 

are more likely to have greater decreases in BMI86. Child age (in years) was used as a continuous 

variable in regression analysis.  

 Sex: Sex was collected by self-report. There are differences in the presentation of 

pediatric obesity based on sex, mainly because of differences in hormones between males and 

females31. Because of these differences, it was important to control for sex in regression models. 

Sex was collected and analyzed as a dichotomous, categorical variable where 1=female and 

2=male.  

 Socio-economic status: Obesity prevalence is highest in the lowest socio-economic 

groups of high-income countries2. Canadian children of families with income less than the 

poverty level are more likely to be obese compared to those of higher socioeconomic status33. 

Children from low-socioeconomic status groups have increased difficultly attending weight 

management programs and often have poorer obesity treatment outcomes102.  Indicators of socio-

economic status (total annual household income and highest parental education levels) were 
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collected by parent self-report. Parental educations levels were categorized into no high school, 

some high school, high school diploma, university/college or post-graduate. Total annual 

household income was categorized into <$49,999, $50,000-$79,000, $80,000-$99,000, or 

>$100,000.  

 Maternal BMI: Obesity-related phenotypes are observed to have a heritability between 

6% and 85%30 and because of this, other studies have considered maternal BMI to be an 

important co-variate103,104,105. Maternal BMI (kg/m2) was used as a continuous variable in 

regression models. Maternal BMI was derived from self-reported height and weight.  

 Child BMI z-score at baseline: Utilizing child BMI z-score at baseline as a covariate 

allows for evaluation of change in BMI z-score at 12 months. Children that begin treatment with 

a lesser degree of obesity have a greater chance of weight reduction during treatment85. For this 

reason, in regression analysis, child BMI or BMI z-score at baseline was adjusted for. Child BMI 

(kg/m2) and BMI z-score was derived using standardized height and weight measurements by 

trained study personnel.  

 Lifestyle behaviours: There is evidence that  increased screen time, decreased physical 

activity and poor sleep duration are associated with obesity and overweight and children68,106,107. 

Changes in child lifestyle behaviours from baseline to 6 months were controlled for to remain 

synonymous with evaluating changes in eating behaviours in a 6-month timeframe: screen time 

(hours/day), sleep (hours/day), physical activity (organized hours/week, unorganized 

hours/week). These variables were all collected by self-report, consistent with the CANPWR 

protocol91. 

 

3.5 Statistical analysis 

            Statistical analysis was completed using SPSS Statistical Software (version 26.0). The 

statistical analysis plan is outlined in Table 2. Some of the variables used in the analyses were 

derived.  Derived variables included BMI, BMI z score and the eating behaviour sub-scale 

scores.  

Child BMI & BMI z-score: Child BMI was derived by dividing weight in kilograms by 

height in centimeters, squared. BMI z-score was derived by comparing BMI to age and sex-

specific curves (WHO, 2007). 
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Eating behaviour score: Answer selections were first converted to their numerical score 

equivalent according to Golan’s scoring criteria66. These scores were summed according to the 

question and which family member it corresponded with. The child score was calculated for both 

sub-scales; eating related to hunger and eating style. Parental scores were averaged to generate 1 

parental average score for each sub-scale. This method assumes that children have an equal 

contribution from each parent in the development of their eating behaviour characteristics, if the 

child comes from a 2-parent household. If answers were only recorded for 1 parent, the score for 

those answers was used. This was done in light of the fact that some families are single-parent 

families and the methodology for addressing single-parent families when using this questionnaire 

was unclear. This method assumed that children from single-parent households will be 

influenced solely by this parent’s behaviours. The family score was calculated by summing the 

parental average score (or single parent score) and the child score. 

Only participants with complete family eating behaviour scores at baseline and 6 months, 

as well as a child BMI z-score at baseline and 12 months were included in analysis. Further, 

participants must have had complete paired data between timepoints to be analysed in objective 

1. Participant demographics were completed for the entire sample at each time point (baseline, 6 

months and 12 months). To confirm that there were no significant differences between those 

with complete FEAHQ information and those with incomplete FEAHQ information, an 

independent sample t-test (for continuous variables) and a Pearson’s Chi-Square test (for 

categorical variables) was completed at baseline for the following variables: age, SES, BMI z-

score, maternal BMI, physical activity levels, screen time, and sleep.  
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Table 2: Statistical analysis plan 
Objective Outcome measure 

(C)= Continuous 

(D)=Discrete  

Hypothesis  Method of 

analysis  

1. (A) To determine if family eating 

behaviours change from time of 

enrolment into a PWM program to six 

months and 12 months, as well as 

from 6 months to 12 months. 

  

1. (B) To determine if child and parent 

eating behaviours change from time 

of enrolment into a PWM program to 

six months and 12 months, as well as 

from 6 months to 12 months.  

Primary: family scores for 

eating in response to hunger 

and eating style sub-scales 

(measured by FEAHQ  

 (C) 

 

Secondary:  Child and 

parents scores for eating in 

response to hunger and eating 

style sub-scales (measured by 

FEAHQ  

 (C) 

(1A) Family eating 

behaviours will 

decrease (i.e. improve) 

after enrollment in a 

PWM program 

 

(1B) Child and parent 

eating behaviours will 

decrease (i.e. improve) 

after enrollment in a 

PWM program 

 

Paired 

samples t-

test 

2. (A)Determine if changes in family 

eating behaviours over the first 6 

months in PWM program can predict 

child BMI z-score at 12 months, 

independent of baseline BMI and 

other factors known to influence 

BMI.   

 

2. (B) Determine if changes in child and 

parent eating behaviours over the first 

6 months in PWM program can 

predict child BMI z-score at 12 

months, independent of baseline BMI 

and other factors known to influence 

BMI.   

Primary: Child BMI z-score 

(WHO) (C) 

 

 

 

 

 

 

Secondary: Child BMI (C)  

(2A) Eating in response 

to hunger and eating 

style over 6 months will 

predict child BMI z-

score at 12 months 

 

 

 

(2B) Eating in response 

to hunger and eating 

style over 6 months will 

predict child BMI at 12 

months 

Hierarchical 

multiple 

regression 

models    

 

3.5.1 Objective 1 

The first objective was to evaluate if eating related to hunger and eating style scores 

changed significantly between baseline and 6 months, baseline and 12 months and 6 months and 

12 months, primarily for the families and secondarily for children and parents.  

Differences in scores were tested for normality (baseline to 6 months, 6 months to 12 

months and baseline to 12 months) using a protocol outlined by Hae-Young, 2013108. Decreases 

in score (or a negative mean difference) was indictive of improvements in that eating behaviour. 

As the differences were normally distributed, a parametric paired-sample t-test was used to 

compare mean differences for each individual (child, parent and family) for three time points 

(baseline to 6 months, 6 months to 12 months, and baseline to 12 months). A significance level 
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of 0.05 was used. Means and standard deviations were calculated for each sub-scale, for family, 

child and parent. Percent change in score was calculated by dividing mean scores by total 

possible theoretical scores, multiplying by 100, and subtracting baseline score from follow-up 

score. Levene’s test was used to test equality of variance across all variables (p>0.05).  

 

3.5.2 Objective 2  

The primary aim of objective 2 was to determine if change in each of the family eating 

behaviour scales was related to child BMI z-score at 12 months, independent of other factors 

known to influence changes in BMI. To first assess univariate relationships between BMI z-score 

at 12 months and other variables of interest, partial Pearson’s correlations were performed, 

accounting for child BMI z-score at baseline. A more conservative p-value (0.10) was used to 

determine which variables from the Pearson’s correlations were best suited to go into the 

heirarchial multivariate regression model. A heirarchial model was used in order to control for 

variables known to influence changes in BMI in pre-determined “steps”. Other variables like 

changes in eating behaviours were subsequently added to evaluate if these variables had th 

ability to add a significant level of prediction to child BMI z-score at 12 months. Age and sex 

were included in the final models regardless of their significance as they are strongly associated 

with changes in BMI z-score. Changes in family eating behaviours were also included in the 

final models regardless of significance in univariate models, since they are central to the research 

question.  

Tests for the following were performed to address the assumptions for multivariate 

regression: linearity, normality, homoscedasticity, equality of variance and identification of 

outliers. A hierarchal multiple regression model was constructed to assess objective 2. As we 

were interested in understanding the influence of change in eating behaviours on BMI z-score at 

12 months, independent of baseline BMI z-score, model 1 included BMI z-score at baseline as 

the predictor variable. This allows for the evaluation of change in BMI z-score over time. This 

protocol was repeated for the secondary objective of objective 2, instead with child BMI in place 

of child BMI z-score. 

 

4. RESULTS 

 

4.1 Participant characteristics  
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 Table 3 reports overall participant characteristics, including the total number of 

observations (N) available for that variable at baseline, 6 months, and 12 months. The average 

age of participants (n=1297) at baseline was 12.08 (SD=3.47) years and included approximately 

equal numbers of males and females. Of all the families enrolled in the study, 72% of parents 

had a college or university-level education. Approximately 31% of the sample came from a 

family that had an annual household income of more than $100,000 and approximately 27% 

came from a family that had an annual household income of $49,000 or less at baseline. The 

remainder of families were distributed between the two intermediate income categories. This 

distribution trend of household income was similar at 6 months and 12 months. 

The majority of children were not meeting the recommended 7 hours a week (60 minutes 

a day) of moderate to vigorous physical activity78. On average, participants were engaging in 

3.77 (SD 3.05) hours a week of a combination of organized and unorganized physical activity at 

baseline. However, children were meeting the recommendation for sleep across all timepoints of 

the study (mean=8.71 (SD 1.50) hours of sleep per night at baseline). Screen time hours per day 

at baseline were almost double the recommended threshold, mean = 3.95(SD 2.0). Averages for 

these lifestyle behaviours were similar at follow-up time points (6 months and 12 months).  

At baseline, 56.2% of mothers were considered to have obesity based on BMI. At 6 

months and 12 months there were considerable decreases in the number of observations, 

however the relative proportions of mothers in each weight category remained similar. Child 

BMI z-score at baseline was on average, 3.55(SD 1.29), which is considered severe obesity109.  
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Table 3: Participant characteristics at baseline, 6 months and 12 months 
 Baseline 6 months 12 months 

 N Mean SD N Mean SD N Mean SD 

Age (years) 1297 12.08 3.47 1291 12.61 3.47 1274 13.18 3.49 

 

 N %  N %  N %  

Sex 

Male 

Female 

1297 

627 

670 

 

48.3 

51.7 

 1077 

520 

557 

 

51.9 

48.1 

 944 

461 

483 

 

49.0 

51.0 

 

 

 N %  N %  N %  

Parental education* 

No high school  

Some high school  

High school  

College/University  

Post-graduate 

1153 

6 

25 

124 

830 

168 

 

0.5 

2.2 

10.8 

72.0 

14.6 

 807 

4 

15 

82 

582 

124 

 

0.5 

1.9 

10.2 

72.1 

15.4 

 744 

2 

14 

76 

546 

106 

 

0.3 

1.9 

10.2 

73.4 

14.2 

 

Total income** 

<$49999 

$50000-79999 

$80000-99999 

>$100000 

1207 

356 

255 

187 

409 

 

27.4 

19.7 

14.4 

31.5 

 847 

257 

191 

140 

259 

 

28.1 

20.9 

15.0 

28.3 

 780 

233 

166 

117 

264 

 

27.6 

19.7 

13.9 

31.3 

 

 

 N Mean SD N Mean SD N Mean SD 

Lifestyle behaviours*** 

PA- total (h/week) 

PA-org. (h/wk.) 

PA-unorg. (h/wk.) 

Sleep (h/day) 

Screen time (h/day) 

 

1199 

1202 

1204 

1285 

1250 

 

3.77 

1.41 

2.36 

8.71 

3.95 

 

3.05 

1.93 

2.12 

1.50 

2.00 

 

872 

882 

876 

890 

896 

 

4.00 

1.50 

2.50 

8.75 

3.98 

 

2.98 

1.96 

2.21 

2.83 

1.99 

 

823 

832 

829 

840 

840 

 

3.89 

1.34 

2.56 

8.62 

4.12 

 

3.12 

1.91 

2.24 

1.46 

2.03 

 

 N Mean SD N Mean SD N Mean SD 

Maternal BMI (kg/m2) 1097 32.6 8.6 653 32.1 8.42 613 32.3 8.3 

 N %  N %  N %  

Maternal BMI**** 

Underweight  

Normal weight 

Overweight 

Obese 

Obese: class I 

Obese: class II 

Obese: class III 

1069 

10 

195 

263 

601 

247 

139 

215 

 

0.9 

18.2 

24.6 

56.2 

23.1 

13.0 

20.1 

 634 

9 

117 

156 

352 

154 

93 

105 

 

1.4 

18.5 

24.6 

55.6 

24.3 

14.7 

16.6 

 596 

9 

111 

138 

338 

142 

85 

111 

 

1.5 

18.6 

23.2 

56.7 

23.8 

14.3 

18.6 

 

 N Mean SD N Mean SD N Mean SD 

Child BMI z-score 1288 3.55 1.29 1076 3.49 1.32 904 3.60 1.61 
*highest parental education level 

**total annual household income from all sources (CAD) 

***moderate-vigorous physical activity. Asked to participants as “activity that makes you out of breath, increases your heart rate or makes you sweaty.  

****BMI classified as: <18.5kg/m2=underweight, 18.5-24.9 kg/m2=normal weight, 25-29.9 kg/m2=overweight, 30-34.9 kg/m2=class I obesity, 35-39.9 kg/m2=class II obesity, >40 

kg/m2=class III obesity110 
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For inclusion into the analysis of this study, study participants had to have a family score 

for both eating behaviour scales at baseline and 6 months and a child BMI z-score at baseline 

and 12 months. In an effort to assess sampling bias, a comparison of those individuals included 

and not included in the analysis is shown in Table 4. Out of the total 1297 participants, 807 

participants were included based on complete data at baseline. The majority of participants that 

were excluded had missing family eating behaviour scores at 6 months. There were no identified 

differences in characteristics between the included participants versus the excluded participants 

at baseline except the maternal BMI. Mean maternal BMI was 1.09 kg/m2 (95%CI, 0.4 to 2.1; 

p=0.041) higher on average in those who met inclusion for this analysis compared to those who 

did not.  

Table 4: Participant characteristics at baseline between included and excluded groups  

 Included Excluded Independent samples t-test 

    95 % CI  

Variable N Mean N Mean Mean diff. Lower Upper Sig. 

Age (months) 807 143.83 490 146.84 -3.02 -7.70 1.66 0.21 

Lifestyle behaviours 

*PA-org. (h/week) 

*PA- unorg.(h/week) 

Screen time (h/day) 

Sleep (h/day) 

 

801 

803 

804 

804 

 

1.40 

2.40 

4.03 

8.73 

 

401 

401 

446 

481 

 

1.43 

2.29 

3.80 

8.68 

 

-0.03 

0.11 

0.23 

0.05 

 

-0.26 

-0.15 

0.00 

-0.12 

 

0.20 

0.36 

0.46 

0.22 

 

0.80 

0.40 

0.05 

0.57 

Maternal BMI 680 32.98 417 31.89 1.09 0.04 2.14 0.04 

BMI z-score 807 3.59 484 3.48 0.11 -0.04 0.25 0.15 

 Included Excluded Pearson Chi-Square 

 N % N % Value sig. 

Sex 

Males 

Females 

807 

430 

377 

 

53.3 

46.7 

490 

240 

250 

 

49.0 

51.0 

2.26 

 
0.13 

Parental Edu.** 

No high school  

Some high school  

High school  

College/University  

Post-graduate 

690 

4 

14 

81 

515 

76 

 

0.6 

2.0 

11.7 

74.6 

11.0 

422 

2 

11 

43 

315 

51 

 

0.5 

2.6 

10.20 

74.6 

12.1 

12.78 0.05 

Total income*** 

<$49999 

$50000-79999 

$80000-99999 

>$100000 

757 

211 

170 

119 

257 

 

27.9 

22.5 

15.7 

33.9 

450 

145 

85 

68 

152 

 

32.2 

18.9 

15.1 

33.8 

 

8.08 

 

0.15 

*moderate-vigorous physical activity, **highest parental education level, ***total annual household income from all sources (CAD) 
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4.2 Eating behaviours 

 4.2.1 Eating related to hunger  

Family: At baseline, the average family eating related to hunger score was 4.09 (SD 2.02) 

out of 10 (Table 5). By 6 months, family eating related to hunger scores decreased 1.63% to 3.93 

(SD 1.93) out of 10. Overall, scores decreased significantly from baseline to 6 months (p<0.01) 

and then did not change significantly from 6 months to 12 months. By 12 months, the average 

score was 3.95 (SD 2.09). Scores from baseline to 12 months did not change significantly. 

Percent changes in scores over time are visually represented in Figure 1.  

Child: Over the course of the first 6 months average child eating related to hunger scores, 

decreased, but by 12 months, scores were not statistically different from baseline. At baseline the 

average eating related to hunger score was 3.25 (SD 1.68) out of a possible 7 points. This score 

decreased by 2.1% (p<0.01) to 3.11 (SD 1.66) after 6 months. Because of a slight, non-

significant increase in score by 12 months, there was no statistically significant difference in 

score from baseline to 12 months. Child age at baseline was negatively associated with child 

eating related to hunger score at baseline, 6 months and 12 months (r=-0.09, p=0.003; r=-0.14, 

p<0.01; r=-0.13, p<0.01, respectively). That is, younger children had higher eating related to 

hunger scores than older children, on average. Child sex was not a significant predictor of eating 

related to hunger scores at any time point.   

Parent: Parental eating related to hunger scores were not significantly different between 

timepoints. At baseline, parents had an average score of 0.83 (0.78) out of a possible 3 points. 

This score decreased by 0.7% at 6 months to 0.81 (SD 0.75) (NSS). By 12 months, this score 

decreased an additional 0.6% (-1.0% from baseline) to 0.80 (SD 0.77) (NSS). 

 

4.2.2 Eating style 

Family: Families had an average eating style score of 41.29 (SD 11.40) out of a possible 

106 points at baseline. By 6 months this score decreased significantly by 1.9% to 39.40 (SD 

11.19) (p<0.01). From 6 months to 12 months no significant changes occurred. From baseline to 

12 months there was a significant decrease in score (2.1%, p<0.01) to 39.12 (SD 11.41).  

Child: Average child scores at baseline were 25.29 (SD 7.72) out of a possible 59 points. 

The average score decreased by 2.65% at 6 months (23.73 (SD 7.56)) (p<0.01). There was no 
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statistically significant change in scores from 6 months to 12 months. Child scores decreased 

significantly from baseline to 12 months by 2.86% to 23.61 (SD 7.75) (p<0.01). Age and child 

eating style scores were moderately and positively correlated at baseline, 6 months and 12 

months (r=0.39, p<0.01; r=0.40, p<0.01; r=0.44, p<0.01, respectively). Child sex was not a 

significant predictor of eating style at any timepoint. 

Parent: Parent eating style scores were on average, 16.02 (SD 5.51) out of a possible 47 

points at baseline. By 6 months, parent eating style scores significantly decreased by 0.9% to 

15.58 (SD 5.49). No significant changes occurred from 6 months to 12 months. From baseline to 

12 months, no significant changes in score were observed.  

 

Table 5: Mean eating behaviour scores at baseline, 6 months and 12 months and percent change in score 

between timepoints 

Eating related to hunger    

 Baseline 6 months 12 months Change (%) 

 N Mean SD N Mean SD N Mean SD BL-

6m 

BL-

12m 

6m-

12m 

Family 781 4.09 2.02 755 3.93 1.93 618 3.95 2.09 -1.63* -1.41 0.22 

Child 785 3.25 1.68 758 3.11 1.66 625 3.16 1.76 -2.06* -1.30 0.76 

Parent 801 0.83 0.78 804 0.82 0.74 638 0.80 0.77 -0.58 -1.00 -0.41 

          

Eating style    

 Baseline 6 months 12 months Change (%) 

 N Mean SD N Mean SD N Mean SD BL-

6m 

BL-

12m 

6m-

12m 

Family 719 41.39 11.40 711 39.40 11.19 561 39.12 11.41 -1.88* -2.14* -0.26 

Child 737 25.29 7.72 729 23.73 7.56 574 23.61 7.75 -2.65* -2.86* -0.21 

Parent 751 16.02 5.51 746 15.58 5.49 598 15.66 5.45 -0.94* -0.76 0.18 

*indicates p<0.05 
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Figure 1: Percent changes in family, child and parent eating related to hunger (ERH) and eating style (ES) scores from baseline, 6 

months and 12 months.* indicated a significant change (p<0.05) between timepoints. A. describes changes in family eating behaviours 

scores over time. B. describes changes in child eating behaviours scores over time. C. describes changes in parent eating behaviour 

scores over time. 
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4.3 Changes in eating behaviours as a predictor of child BMI z-score 

 

The primary objective was to determine if changes in family eating behaviours after 6 

months could predict changes in child BMI z-score at 12 months, independent of other factors 

known to be related to changes in child BMI z-score.  

In table 6, the univariate analysis is presented of the relationship of potential covariates 

with BMI z-score, independent of baseline BMI z score. In this analysis, only age and sex were 

significantly related to BMI z-score at 12 months when controlling for BMI z-score at baseline 

(r=0.18, p<0.01). 

Table 7 includes the hierarchical multivariate analysis. There was no independent 

influence of either the change in the family eating for hunger or the family eating style scores 

from baseline to 6 months on BMI z-score at 12 months. Age and sex were independently related 

to BMI z-score at 12 months, independent of baseline BMI z-score. This suggests that older 

children and males had less change in BMI z-score from baseline to 12 months.  The addition of 

age and sex into the model explained an additional 2.7% of the variability in BMI z-score at 12 

months (adjusted R2=0.55). The full model of BMI z-score at baseline, age, sex, and the change 

in family eating behaviours (model 3) was statistically significant and explained 55.1% of the 

variability in BMI z score at 1 year (R2=0.56, F(5, 485)=121.35, p<0.005, adjusted R2=0.55). 

Table 6: Relationship between covariates of interest and child BMI z-score at 12 months, 

corrected for child BMI z-score at baseline 

Independent Variable Partial Pearson Correlation 

r p 

Age 0.18 <0.01* 

Sex 0.10 <0.01* 

SES (total annual income) -0.05 0.18 

Maternal BMI at baseline 0.05 0.19 

Change in screen time at 6m 0.06 0.13 

Change in sleep at 6m -0.01 0.74 

Change in organized PA at 6m -0.05 0.17 

Change in unorganized PA at 6m 0.03 0.41 

Change in family hunger at 6m  -0.02 0.58 

Change in family style at 6m  0.07 0.11 
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Table 7: Hierarchical regression model predicting child BMI z-score at 12 months from BMI z-

score at baseline, age, sex, and changes in family eating behaviours from baseline to 6 months 
 Model 1 

BMI z-score at BL 

Model 2 

BMI z-score at BL+ 

age+sex 

Model 3 

BMI z-score at BL+ 

age+sex+ 

family eating behaviours 

Variable B  p B  p B  p 

Constant 0.50  <0.01* -0.96  <0.01* -0.96  <0.01* 

BMI z-score at BL 0.86 0.73 <0.01* 0.92 0.78 <0.01* 0.93 0.79 <0.01* 

Age    0.01 0.16 <0.01* 0.01 0.16 <0.01* 

Sex    0.20 0.06 0.04* 0.20 0.06 0.04* 

family eating style       0.01 0.06 0.06 

family hunger       0.00 0.00 0.95 

 

R2 0.53   0.55   0.56   

Adj. R2 0.52   0.55   0.55   

F 541.06  <0.01* 200.50  <0.01* 121.35  <0.01* 

 adj. R2 0.52   0.03   0.00   

R2 0.53   0.03   0.00   

F 541.06  <0.01* 14.87  <0.01* 1.73  0.18 

*indicates p<0.05 

A similar analysis was conducted to examine predictors of change in BMI from baseline 

to 12 months. Univariate regression analyses (Table 8) were repeated with each predictor 

variable of interest and BMI at 12 months as the dependent variable while adjusting for BMI at 

baseline. From these univariate analyses, sex and change in screen time at 6 months (p=0.034 

and p=0.078, respectively), met the criteria for inclusion (p<0.10) in the multivariate model. 

The multivariate analysis is presented in Table 9. Only the baseline BMI was related to 

BMI at 12 months. None of the covariates were related to BMI at 12 months and change in 

family eating for hunger and eating style scores were also not related. The final model was 

statistically significant with BMI at baseline, age, sex, and change in screen time and family 

eating behaviours at 6 months included in the model (F(6, 480)=335.82, p<0.01, adjusted 

R2=0.81). 
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Table 8: Relationship between covariates of interest and child BMI at 12 months, corrected for 

child BMI at baseline 

Independent Variable Partial Pearson Correlation 

r p 

Age 0.04 0.28 

Sex 0.07 0.03* 

SES (total annual income) -0.03 0.33 

Maternal BMI at baseline 0.06 0.11 

Change in screen time at 6m 0.06 0.08* 

Change in sleep at 6m -0.01 0.84 

Change in organized PA at 6m -0.06 0.11 

Change in unorganized PA at 6m 0.05 0.22 

Change in family hunger at 6m  0.06 0.20 

Change in family style at 6m  -0.04 0.38 

*p<0.10 

Table 9: Hierarchal regression model predicting child BMI at 12 months from age, sex, BMI at 

baseline, change in screen time hours and family eating behaviours at 6 months 
 Model 1 

BMI z-score at BL 

Model 2 

BMI z-score at BL+ 

age+sex 

Model 3 

BMI z-score at BL+ 

age+sex+ 

family eating 

behaviours+ screen time 

 Model 1 Model 2 Model 3 

Variable B  p B  p B  p 

Constant 0.98  0.20 -0.10  0.92 -0.06  0.95 

BMI at baseline 1.01 0.90 <0.01* 0.98 0.88 <0.01* 0.99 0.88 <0.01* 

Age    0.01 0.04 0.13 0.01 0.03 0.19 

Sex    0.50 0.03 0.15 0.47 0.03 0.17 

family eating 

style 

      0.03 0.03 0.19 

family hunger       -0.03 -0.01 0.74 

screen time       0.17 0.04 0.08 

 

R2 0.80   0.81   0.81   

Adj. R2 0.80   .0.80   0.81   

F 1985.34  <0.01* 666.87  <0.01* 335.82  <0.01* 

adj R2 0.001   0.001   0.001   

R2 0.80   0.002   0.002   

F 1985.34  <0.01* 1.74  0.10 1.74  0.16 

*indicates p<0.05 
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Not surprisingly, given that child score contributed up to 70% (7/10) of family score 

proportionally, child score was the best predictor of family eating related to hunger score at 

baseline and 6 months. In multivariate regression models (Appendix II), child eating related to 

hunger scores at baseline explained 86% of the variance that was observed in family score (adj 

R2=0.86, p<0.01). The remaining 14% of the variance was predicted by parental score at baseline 

(adj R2=0.14, p<0.01). At 6 months, child eating related to hunger scores had a similar ability to 

predict family scores (adj R2=0.67, p<0.01). The remaining 33% could be predicted by family 

score at baseline (19%, adj R2=0.19, p<0.01) and parental score at 6 months (14%, adj R2=0.14, 

p<0.01). Likewise, Child eating style score contributed up to 56% (59/106) of the family score 

proportionally. Child score was the best predictor of family eating style score at baseline and 6 

months. In regression analysis (Appendix II), child eating style score at baseline could predict 

83% (adj. R2=0.83, p<0.01) of the variance in family eating style score at baseline. The 

additional 17% (adj. R2=0.17, p<0.01) of variance was predicted by parent eating style score at 

baseline. Family eating style at baseline was significantly associated with family eating style at 6 

months (adj. R2=0.55, p<0.01). Child eating style scores at 6 months could predict and additional 

28% (adj. R2=0.28, p<0.01) of the variance in family eating style scores at 6 months. The 

remaining 17% of variance was explained by parent eating style score at 6 months (adj. R2=0.17, 

p<0.01).  

Given that child score was a strong predictor of family score and that there was a 

significant changes in child eating for hunger and eating style scores and not in the respective 

parent scores from baseline to 6 months, it was considered whether or not a change in child score 

alone might be related to change in the child’s BMI z-score. Thus, an exploratory analysis was 

conducted post hoc in which we examined the change in child eating behaviour scores at 6 

months on BMI z-score at 12 months. The univariate and multivariate regression results are 

presented in Tables 10 and 11. In univariate analysis, change in child hunger score was unrelated 

to BMI z score at 12 months. Change in child eating style score from baseline to 6 months was 

related (p=0.03). In the multivariate model, change in child eating style was a significant 

predictor of BMI z-score at 12 months (p=0.02). For every 1-point increase in child eating style 

score, the BMI z-score increased by 0.21 units. Adding change in child eating behaviours at 6 
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months to the model explained an additional 0.4% (p<0.01) of the variance observed in BMI z-

score at 12 months than model 2 (age, sex, BMI z-score at baseline).  

Table 10: Relationship between covariates of interest and child BMI z-score at 12 months, 

corrected for child BMI at baseline with child eating behaviours as independent variables 

Independent Variable Partial Pearson Correlation 

r p 

Age 0.18 <0.01* 

Sex 0.10 <0.01* 

SES (total annual income) -0.05 0.18 

Maternal BMI at baseline 0.05 0.19 

Change in screen time at 6m 0.06 0.13 

Change in sleep at 6m -0.01 0.74 

Change in org. PA at 6m -0.05 0.17 

Change in unorg. PA at 6m 0.03 0.41 

Change in child hunger at 6m  0.01 0.93 

Change in child style at 6m  0.09 0.03* 

*p<0.10 

Table 11: Hierarchal regression model predicting child BMI z-score at 12 months from age, sex, 

BMI at baseline, and change in child eating behaviours at 6 months 
 Model 1 

BMI z-score at BL 

Model 2 

BMI z-score at BL+ 

age+sex 

Model 3 

BMI z-score at BL+ 

age+sex+ 

child eating behaviours 

  Model 1 Model 2 Model 3   

Variable B  p B  p B  p 

Constant 0.55 
 

0.00 -0.96 
 

0.00 -0.96 
 

0.00 

BMI z-score at baseline 0.84 0.73 <0.01* 0.91 0.79 <0.01* 0.91 0.79 <0.01* 

Age 
   

0.01 0.17 <0.01* 0.01 0.17 <0.01* 

Sex 
   

0.22 0.07 0.02 0.22 0.07 0.02* 

child eating style 
      

0.21 0.07 0.02* 

child hunger 
      

0.02 0.03 0.36 

  

R2 0.53 
  

0.56 
  

0.56 
  

Adj. R2 0.53 
  

0.56 
  

0.56 
  

F 592.2 
 

<0.01* 221.3 
 

<0.01* 135.19 
 

<0.01* 

adj. R2 0.53 
  

0.03 
  

0.00 
  

R2 0.53 
  

0.03 
  

0.01 
  

F 592.2 
 

<0.01* 17.4 
 

<0.01* 3.22 
 

0.04* 
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5. DISCUSSION  

This study has afforded an opportunity to examine two eating behaviours (eating for 

hunger and eating style) in a large cohort of children with obesity enrolled in pediatric weight 

management programs. Further, these eating behaviours were examined in the child, their 

parents and together in the family scores. Consistent with the primary hypothesis, we identified 

significant improvements in family eating behaviours over a 6-month period. Family eating 

related to hunger scores decreased significantly from baseline to 6 months, but these 

improvements were not sustained at 12 months. Family eating style scores decreased 

significantly from baseline to 6 months and still remained significantly lower than baseline at 12 

months. The decline in family scores was largely related to the decline in child scores as parental 

scores did not change over time. Contrary to our hypothesis however, neither changes in family 

eating style or changes in family hunger were related to changes in the child BMI z-score at 12 

months, independent of BMI z-score at baseline, age and sex. Based on a post-hoc analysis, 

carried out when we observed changes in the child score only, it was noted that changes in child 

eating style after 6 months was a significant predictor of child BMI z-score at 12 months, 

independent of BMI z-score at baseline, age, sex, and other lifestyle behaviours.   

 

5.1 Changes in eating behaviours throughout pediatric weight management  

As noted, improvements in child eating for hunger and child eating style were identified 

6 months after entering a weight management program. The change in eating style was 

maintained at 12 months. In contrast, the parental eating style score improved less than the child 

score and this change was not maintained at 12 months. There were no changes in the parents 

eating for hunger score.  

The majority of pediatric weight management programs in Canada emphasize family-

centered, behavioural change82. Our findings may suggest that families engaged in family-

centered weight management treatment may still have the child at the centre of efforts to 

implement behavioural change. Parents are known to be effective drivers of change in pediatric 

weight management interventions87, and therefore, ensuring that family-centered interventions 

stress the involvement of parents is crucial. Additionally, parents are models of their child’s 

dietary intake and eating behaviours57 and therefore, if the parent is not changing their eating 

behaviours, this may limit the potential of the child maintaining any improvements. 
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In this study it was observed that the majority of significant improvements in eating 

behaviours for children, parents and families occurred in the initial 6 months, and from 6 months 

to 12 months no significant changes occurred. Families may strongly adhere to behavioural 

change strategies involving eating behaviour modification for the initial 6 months of a weight 

management intervention, and then face declines over time. This could be related to program 

attrition. Consistent with previous literature, attrition is common in pediatric weight management 

programs111 and is related to stress and time commitments112 as well as lack of child weight-

loss89. The sustainability of behavioural changes that occur during weight management 

interventions may be related to a multitude of factors. Children may not have the psychological 

support from their parents, or parents may not possess the necessary parenting tools to be able to 

maintain these behaviours113. Coupled with attrition, motivations to engage in behavioural 

change are likely highest during the initial stages of treatment; a theory that is supported by these 

results.  

Improvements in scores were more drastic for the eating style sub-scale than the eating 

related to hunger sub-scale. Previous literature suggests that eating related to hunger may have a 

biological basis given its involvement with appetitive hormones and reward pathways in the 

brain114 and satiation and satiety can be measured by the presence of certain biomarkers115. 

Appetitive traits such as eating related to hunger may also be strongly heritable92. This could 

support the idea that eating related to hunger may not be as easily modified, especially in short-

term, in weight management interventions that are not necessarily targeting eating behaviour 

modification. Characteristics of eating style might be more easily modified in the short-term as 

they pertain to lifestyle behaviours that could be more easily addressed (e.g. who does the child 

eat with, what room do they eat in, under what circumstances do they eat, etc.). Not consuming 

family meals has previously been related to obesity and overweight in children63, the odds of 

being overweight is lower in children that do not eat in the presence of electronic devices60 and 

eating under emotional distress is common in children with overweight or obesity116.  

 

5.2 Changes in eating behaviours in relation to child BMI z-score 

Changes in the family eating behaviour scores after 6 months were not related to changes 

in BMI z-score at 12 months. In the post-hoc analysis, the change in the child eating style score 

had a modest influence on the BMI z-score. It also suggests that the child scores contributed 
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more to the changes in family score than the parent scores did. This is likely due to a 

combination of factors: 1) overall, child score contributed a greater proportion of possible points 

to the family score (7/10 and 59/106 for eating related to hunger and eating style, respectively) 

and 2) because children demonstrated a greater capacity to change their eating behaviours 

compared to their parents, especially during the first 6 months. Thus, by using changes in child 

eating behaviours in the model instead, a stronger association between eating behaviour and 

child BMI z-score was observed.  

In contrast to previous studies, changes in eating behaviours in our study were relatively 

minor contributors to the change in BMI z-score. The FEAHQ foundational study by Golan et 

al., was a 12-month intervention study conducted in a selective group of 60 children with obesity 

(ages 6-11) in a weight management program, with no history of psychiatric treatment, both 

parents living at home and parental agreement to not miss any follow-up visits. At baseline, 

children with obesity had an average eating related to hunger score of 6/7 and an eating style 

score of 32/59, compared to 3/7 and 25/59 observed in this study, respectively. Family and 

parent scores were not explicitly reported so a comparison could not be made. In the Golan 

study, changes in child eating behaviours explained 27% of the variance observed in weight 

reductions66. In this study, changes in child eating behaviours predicted 0.4% of the variance in 

BMI z-score. The results presented by Golan are likely different that the results presented in this 

thesis because in this multi-step analysis, other factors known to influence changes in BMI over 

time were controlled for, which allowed for the true associations of changes in eating behaviours 

to be effectively isolated. Secondly, the conditions of the Golan study and this thesis project 

greatly differ in that the CANPWR cohort is comprised of “real-world” participants who may 

come from one-parent households, have diagnosed mental illnesses or have imperfect follow-up; 

all factors that may impede an individual’s ability to undergo meaningful behavioural change. 

Family-centred behavioural modifications seen in pediatric weight management programs in 

Canada typically involve multi-disciplinary care, and therefore, eating behaviour modification 

may not necessarily be the focus of the interventions. This could explain why changes in eating 

behaviours may only predict a small (yet significant) percentage of changes in BMI z-score in 

this sample. Additionally, changes in eating behaviours likely need to be combined with 

improvements in dietary quality (a variable that was not considered in this analysis) to induce the 

highest degree of change in BMI z-score since dietary intake can be a predictor of BMI in 
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children35,37,36,38,45. Even so, previous literature suggests that improvements in BMI-related 

measures over a period of approximately 1 year are likely to be modest in most children 

attending weight management programs in Canada111. Synonymous with this evidence, it is to be 

expected that there will only be minimal changes in BMI z-score observed in this cohort.  

 

5.3 Strength and limitations  

 This study was successful in analysing results from a validated questionnaire that has not 

frequently been used previously, especially in the longitudinal setting. Research in this field is 

rich in cross-sectional evidence, or in samples that include both children with obesity and 

children of a normal weight97,47,55,117. The CANPWR cohort is a “real world” sample that 

includes children from different backgrounds and varying levels of affluence attending weight 

management treatment in Canada.  

 The results of this study, although informative, do not come without limitations. 

Response bias can occur in self-administered questionnaires118, however the FEAHQ was 

designed to be a “self-monitoring questionnaire” to minimize the degree to which someone 

responds based on how they believe the interviewer wants them to66.  The scoring system of the 

questionnaire comes with limitations as well. The eating related to hunger sub-scale is based on 

less total points, so the opportunity to detect significant behavioural change over time is 

minimized, especially for parents. Co-variates used in this analysis (SES, maternal BMI, PA, 

sleep and ST) were also collected by self-report which comes with limitations. Response bias 

could lead participants to answer questions in a way that they believe is the most socially 

acceptable118. Although previously validated, the FEAHQ could lead to some degree of 

measurement error and may not effectively capture information about the intended behaviours. 

Physical activity and measures of sedentary behaviours such as sleep and screen time are best 

captured by objective measures like accelerometry and self-report has shown only moderate 

reliability119 . As it was not feasible to collect device-measured physical activity, the relationship 

of changes in physical activity to BMI z-score may not be accurate. Lastly, there are limits 

inherent to using BMI z-score to evaluate weight change in growing children. Although it is a 

good metric because it is based on a numerical scale and easily derived, it is not the only method 

of detecting program success. It should also be noted that BMI is a measure that does not 

differentiate between lean mass and fat mass. Therefore, children may have increases in lean 
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mass and decreases in fat mass from weight management intervention that may not necessarily 

be reflected in changes in BMI.  

 

5.4 Future directions for research  

There are many possible avenues to consider when extending the outcomes of this 

research. Future research could focus on the development of other reliable and consistent 

measures of eating behaviours and the obesogenic nature of the home environment. 

Interventional studies specifically targeting eating behaviour modification might be necessary to 

better characterize the relationship with changes in BMI z-score. Lastly, more research is needed 

to learn more about other factors that may relate to the ability of families, children and parents to 

modify eating behaviours, and how this may predict outcomes of weight management 

interventions.  

 

6. CONCLUSION 

 Eating behaviours are shown to improve in families attending multi-disciplinary weight 

management programs in Canada, especially within the first 6 months of a program. Changes in 

eating style were sustainable, while those in eating for hunger were not. This may be related to 

an underlying biological basis of eating related to hunger and an underlying behavioural basis of 

characteristics of eating style. The improvement in family scores is largely driven by 

improvements in the children’s scores. Improvements in child eating style in the first 6 months of 

a weight management program predict changes in their BMI z-score after 12 months. Changes in 

family eating behaviours did not have this same predictive capability. Further research is needed 

to better understand how eating behaviour modification may predict outcomes of weight 

management.  
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7. APPENDICES  

Appendix I: The FEAHQ in the CANPWR Study. Questions 37-40: ERH sub-scale. Questions 41-45: ES sub-scale 

 

  



MSc. Thesis- J. Ivars; McMaster University- Medical Sciences 

 

 45 



MSc. Thesis- J. Ivars; McMaster University- Medical Sciences 

 

 46 

Appendix II: Child eating behaviour scores as predictors of family eating behaviour scores 

Supplementary table 1: Child and parental scores as predictors of family eating related to 

hunger scores at baseline 

 Model 1 Model 2 

Variable B  p B  p 

Constant 0.50  0.00 <<<  0.00 

Child hunger: BL 1.10 0.93 0.00 1.00 0.84 0.00 

Parent hunger: BL    1.00 0.38 0.00 

       

R2 0.86   1.00   

Adj. R2 0.86   1.00   

R2 0.86   0.14   

 adj. R2 0.86   0.14   

F 6938  0.00 -  - 

F 6938  0.00 -  - 

Supplementary table 2: Child and parental scores as predictors of family eating style scores at 

baseline 

 Model 1 Model 2 

Variable B  p B  p 

Constant 6.90  0.00 <<<  0.00 

Child eating style: BL 1.36 0.91 0.00 1.00 0.67 0.00 

Parent eating style BL    1.00 0.48 0.00 

       

R2 0.83   1.00   

Adj. R2 0.83   1.00   

R2 0.83   0.17   

 adj. R2 0.83   0.17   

F 5058  0.00 -  - 

F 5058  0.00 -  - 
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Supplementary table 3: Child and parental scores as predictors of family eating related to 

hunger scores at 6 months 

 Model 1 Model 2 Model 3 

Variable B  p B  p B  p 

Constant 2.24  0.00 0.44  0.00 <<<  0.00 

Family hunger: BL 0.41 0.44 0.00 0.05 0.06 0.00 <<< 0.00 0.00 

Child hunger: 6m    1.05 0.90 0.00 1.00 0.86 0.00 

Parent hunger: 6m       1.00 0.39 0.00 

          

R2 0.19   0.86   1.00   

Adj. R2 0.19   0.86   1.00   

R2 0.19   0.67   0.14   

 adj. R2 0.19   0.67   0.14   

F 170.0  0.00 2170.53  0.00 >>>  0.00 

F 170.0  0.00 3381.70  0.00 >>>  0.00 

 
Supplementary table 4: Child and parental scores as predictors of family eating style scores at 6 

months 

 Model 1 Model 2 Model 3 

Variable B  p B  p B  P 

Constant 9.09  0.00 4.70  0.00 <<<  1.00 

Family eating style: BL 0.74 0.74 0.00 0.19 0.19 0.00 <<< 0.00 1.00 

Child eating style: 6m    1.13 0.76 0.00 1.00 0.67 0.00 

Parent eating style 6m       1.00 0.49 0.00 

          

R2 0.55   0.83   1.00   

Adj. R2 0.55   0.83   1.00   

R2 0.55   0.28   0.17   

 adj. R2 0.55   0.28   0.17   

F 788.3

7 

 0.00 1573.9

8 

 0.00 >>>  0.00 

F 788.3

7 

 0.00 1065.0

5 

 0.00 >>>  0.00 
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