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Abstract 

Background: Increasing Overweight and Obesity (OwOb) prevalence in 

pediatric populations is becoming a public health concern in many countries. The 

purpose of this study was to determine if childhood stature components, 

particularly the Leg Length Index (LLI = [height - sitting height]! height), were 

useful in assessing risk of OwOb in adolescence. 

Methods: Data was from a longitudinal study conducted in south Ontario since 

2004. Approximately 2360 students had body composition measurements 

including sitting height and standing height at baseline. Among them, 1167 

children (573 girls, 594 boys) who had weight and height measured at the 5th 

year follow-up, were included in this analysis. OwOb was defined using age and 

sex specific BMI (kg!m2
) cut-off points corresponding to adults' BMI ~ 25. 

Results: Overall, 34% (n=298) of adolescents were considered as OwOb. The 

results from logistic regression analysis indicated that with 1 unit increase in LLI 

the odds of OwOb decreased 24% (Odds Ratio, [95% Confidence Interval], 0.76, 

[0.66-0.87]) after adjusted for age, sex and baseline waist circumference. Further 

adjusting for birth weight, birth order, breastfeeding, child 's physical activity, 

maternal smoking, education, mother's age at birth and mother's BMI, did not 

change the relationship. Our results also indicated that mother's smoking status 

is associated with LLI. 

Discussion: Although LLI measured at childhood in this study is related to 

OwOb risk in adolescents, the underlying mechanism is unclear and further study 

is needed. 
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Childhood Stature and Obesity 

CHAPTER 1: INTRODUCTION 

Overweight and obesity (OwOb) in childhood and adulthood has been identified 

as a major public health concern in developed nations. This is attributed to the 

many adverse conditions associated with the disease and its markedly increasing 

prevalence over the last quarter of the century. In Canada, adult OwOb 

prevalence rates have increased dramatically from 14% in 1979 to over 59% 

(overweight: 36%; obese: 23%) in 2006 (Statistics Canada, 2006). Within the 

same time frame, childhood overweight prevalence climbed significantly to 18% 

while obesity rates more than doubled to 8% (Statistics Canada, 2005). 

Increased body adiposity in pediatric populations is of particular concern 

because children suffering from OwOb are more likely to encounter issues with 

their cardiovascular health, endocrine system, mental health and sexual 

maturation than their normal weight counterparts (Mamun, Hayatbakhsh, 

O'Caliaghan, Williams, & Najman, 2009). Additionally, OwOb can cause and 

complicate many other health conditions ranging from pulmonary, orthopedic, 

gastrointestinal to hepatic problems (American Academy of Pediatrics, 2002; 

Rashid & Roberts, 2000). Furthermore, OwOb children tend to remain OwOb in 

adolescence and adulthood. In fact, the probability of childhood obesity persisting 

into adulthood increases from approximately 20% at four years of age to 80% by 

adolescence (Chumlea & Guo, 1999). Consequently, childhood comorbid 

conditions will also persist into adulthood. Notwithstanding the fact that increased 

adiposity in adulthood has been linked to its own exhaustive list of diseases 

including; cardiovascular disease (CVD), cancers, type 2 diabetes, hypertension, 
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liver disease, stroke, sleep apnea, osteoarthritis, gallbladder disease, depression 

and other chronic diseases (Must, Jacques, Dallal, Bajema & Dietz, 1992; 

Wisemandle, Maynard, Guo & Siervogel, 2000). 

It is certain that increased adiposity in childhood and adolescence is an 

important'predecessor to adverse health effects in later life. Focusing on its 

control is therefore of utmost importance in order to avoid compromised future 

health risk of both children and adults. The most efficient and ideal way to target 

this problem is to implement a preventative approach focused on risk 

assessment early in a child's life, prior to OwOb development. 

The current study examined childhood stature components (i.e. stan~ing 

height, sitting height, leg length, leg length index [LLI] [leg length/standing height 

*100]) in assessing future adiposity risk. As markers of childhood growth and 

development, stature components have shown significant OwOb and other 

chronic disease predictive potential in adult populations. In pediatrics however, 

the relationship is understudied and thus not as apparent. 

The purpose of this study, therefore, was to identify if stature, specifically 

in relation to the LLI, had pediatric OwOb predictive properties while controlling 

for important confounders that could modify the child's future disease risk. This 

was assessed through examining stature in childhood, after the child's critical 

growth period (pre-pubertal age 9-11 years), with development of OwOb in 

adolescence (pubertal age 13-14 years). Hypothetically, if significant associations 

were displayed, childhood stature could possess valuable potential as a pediatric 

OwOb identification tool. 

2 
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CHAPTER 2: LITERATURE REVIEW 

Adiposity and Cardiovascular Disease (Adults) 

The adverse effect of overweight and obesity on cardiovascular disease risk has 

been well documented over the past 30 years. It was first observed from 

analyses 'of the Framingham Heart Study, a 36 year longitudinal study of the 

precursors of cardiovascular disease in 5,209 adults between the ages of 28 and 

62 years from Framingham, Massachusetts. After 26 years of follow-up, Hubert 

et al (1983) concluded that obesity was a significant independent predictor of 

CVD, including coronary heart disease (CHD), coronary death and congestive 

heart failure in both men and women after adjustment for risk factors. Many 

analyses of population longitudinal data and animal data over the last quarter of 

the century have arrived at the same conclusions. It is evident that increased 

body adiposity has a major impact on the risk of cardiovascular diseases such as 

angina, myocardial infarction, CHD and stroke and is associated with reduced 

overall survival in both men and women (Poirier et aI., 2006). 

Adiposity and Cardiovascular Disease (Children) 

Recent studies have noticed CVD risk accruing quickly in children, well before 

adulthood; one of the largest culprits for this being increased body adiposity in 

childhood. OwOb has devastating effects on a child's health while concomitantly 

increasing their sensitivity to disease in adulthood. It has been shown to have 

significant short-term effects on the child's cardiovascular system, including 

impaired endothelial function, diminished arterial distensibility, adverse changes 

3 
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in intimamedia thickness and increased risk of atherosclerosis (Whincup & 

Deanfield, 2005). These factors all increase the child's risk of metabolic 

syndrome and consequent adulthood CVD. In fact a new study has found that 

obese children as young as 7 years of age may have an increased risk of future 

heart disease and stroke, even without the presence of other cardiovascular risk 

factors (The Endocrine Society, 2009). Furthermore, OwOb children are likely to 

become overweight or obese adults and thus are at risk for all the diseases 

associated with adulthood OwOb. 

Evidently there is a very strong and alarming association between body 

adiposity and CVD in both children and adults as documented by countless 

studies. OwOb is a modifiable culprit in CVD risk and needs to be targeted 

effectively by preventative measures. 

Stature-Disease Associations (Adult) 

Many studies have observed significant associations between stature 

components and future disease risk and mortality in adulthood. Stature has been 

inversely related to respiratory disease (Leon et aL, 1995) and metabolic disease 

(Asao et aL 2006), while associations with cancers have been inconsistent 

(Jousilahti et aL, 2000, Davey Smith et aL, 2000). Strong and consistent 

relationships are well documented with OwOb and CVD. 

Stature and Adiposity. Several studies have established associations 

between short stature in adulthood and risk of obesity. Asao et aL (2006) found 

4 
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that the body fat percentage was significantly higher in women with shorter 

height, shorter leg length, and lower leg length index even after controlling for 

factors known to influence body fat. A similar pattern was noted in men. Other 

studies also found inverse associations between the risk of OwOb and leg length 

index in middle-aged adults (Davey Smith et aI., 2001; Gunnell et aI., 2003). 

Studies generally agreed on stature's important disease predictive properties in 

assessing development of adult OwOb. 

Stature and Cardiovascular Disease. A number of epidemiological studies 

done on men and women have found striking inverse relations between adult 

height, cardiovascular disease incidence, and mortality. In general, these cohort 

studies have shown that greater stature is associated with longevity; specifically, 

cardiovascular mortality decreases with increasing stature and this association 

persists even after controlling for potential confounders (Hebert et aI., 1993; 

Kannam et aI., 1994; Parker et aI., 1998; Rich-Edwards et aI., 1995; Yarnell et aI., 

1992). However, these studies have been criticized of important limitations such 

as small sample sizes, and using cross-sectional data without adjusting for 

important risk factors (i.e., child's nutrition, body fat distribution, lung function). 

Nevertheless, the association between stature and CVD disease is an obvious 

and important one in which stature has shown significant associations with risk of 

adulthood CVD. 

5 
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Stature-Disease Associations (Children) 

Of significance is whether stature has similar attributes in the pediatric 

population. Considering stature's potential in adult risk assessment, it is plausible 

that it functions similarly in children. However, research investigating stature and 

disease associations among children is limited. One recent study specifically 

focuses on pediatric stature and OwOb development. Interestingly it 

authenticates promising results for stature's potential as a simple, albeit 

important, early childhood OwOb identification tool; however it calls for 

longitudinal data confirmation (Pliakas & McCarthy, 2009). 

The lack of longitudinal in-depth research can be attributed to the 

relatively low prevalence of childhood chronic disease in previous years. Lower 

OwOb prevalence hindered direct assessment of the childhood stature-childhood 

OwOb association. Furthermore, studying adult OwOb and CVD was of higher 

priority since it was significantly more prevalent and associated with disease 

mortalities and morbidities. At present however, higher prevalence of OwOb in 

child and adolescent populations has made studying and identifying preventative 

methods extremely important. Additionally the increased OwOb prevalence 

provides ample subjects for stature-OwOb research focus. Identified childhood 

OwOb can further be used as a proxy indicator of future cardiovascular risk (Le., 

hypertension, type 2 diabetes etc.) since those who are at risk of child and 

adolescent OwOb are likely to develop adulthood OwOb and subsequent health­

related consequences. Moreover studies have identified the child's pre-pubertal 

critical growth period (also known as the adiposity rebound [AR]; age 4-8 years), 

6 
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as an effective time in a child's development to initiate detection of and 

prevention for early onset of OwOb (Wisemandle et aI., 2000). As the early stage 

of childhood development where increased adiposity is generally initiated, the AR 

is a key timeframe in obesity prevention. Therefore assessing statures potential 

as a preventative screening method in this timeframe is ideal and should be very 

efficient. 

However it is important to note while there are many components to 

stature not all have the important predictive qualities. The component that 

contributes most to the observed associations is leg length. 

Stature: Leg Length 

Leg length is the component of stature responsible for rapid growth during 

childhood and adolescence (Krogman, 1972; Scammon, 2005; Tanner, 1978). As 

such, it can be used as an important indicator of pre-pubertal growth. This is 

evident in both longitudinal and cross-sectional anthropometric data (Gunnell et 

aI., 1998; Gunnell, Davey Smith, Holly & Frankel, 1998). Displayed in Figure 1 

are leg length and sitting height growth curves for both males and females 

between the ages of 2 and 20 years. Leg length and sitting hight are portrayed as 

indexes relative to overall height: Leg Length Index and Sitting Height Index 

(SHI) = (sitting height/standing height*100). Frisancho (1997) used these graphs 

to illustrate that leg length in childhood and adolescence grows very rapidly (top 

graph: steep incline from 2-12 years) and contributes more to the variability in 

stature than sitting height (most of them from the trunk length) which grows very 

7 
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slowly (bottom graph: steep decline from 2-12 years). 

2 0 

Figure 1: Relative growth of leg length and sitting height [Adapted from Frisancho, 2007]. 

Therefore leg growth, as opposed to trunk growth, is most sensitive to social and 

environmental factors during early childhood. The nature of these factors 

contributes to the child's risk of OwOb, CHD, mortality and insulin resistance 

(Gunnell, 1998a; Gunnell, 1998b; Smith et aI., 2001). Positive factors enhance 

growth and development thereby contributing to longer leg length and decreased 

risk of future disease. Negative influences have the opposite effect. 

Among both sexes, risk of adulthood CHD has been most strongly related 

to leg length than any other stature component (Davey Smith et aI., 2001; 

Gunnell et aI., 2003; Lawlor et aI., 2004). Smith et al. (2001), using age-adjusted 

analyses of middle-aged men in the Caerphilly study, found that leg length, but 

not height or trunk length, was associated with incident CHD events (Davey 

8 
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Smith et aI., 2001). Likewise, Ferrie et al. (2006) in an analysis of the Whitehall II 

Study of British Civil Servants found that leg length tended to be more strongly 

associated with CHD risk factors in both women and men. Also, trunk length 

appeared to be more closely associated with non-fatal coronary events than 

either leg 'length or overall height (Ferrie, Langenberg, Shipley & Marmot, 2006). 

Evidently most studies concur that the component of stature most closely 

associated with disease risk is leg length. Since the majority of pre-pubertal 

overall height increase is due to leg growth (whereas pubertal height growth is 

due to trunk growth) (Buckler, Kelnar, Stirling & Saenger, 1998), leg length is the 

component of stature most sensitive to environmental influences in the critical AR 

growth period (Gunnell, Davey Smith, Frankel, Kemp & Peters, 1998). As such, it 

can potentially serve as an indicator of social, environmental and nutritional 

status in pre-pubertal childhood (age 4-8 years) (Gunnell, 2001). 

In order to efficiently examine leg length's disease association, some 

studies have suggested use of the leg length index (LLI). The LLI is a ratio of leg 

growth relative to overall growth (leg length! standing height *100). Studies 

suggest it provides a more accurate depiction of leg growth since it is adjusted 

for any variability that can be caused by trunk growth. 

Stature: Leg Length Index 

A few studies that have looked at the utilization of LLI as a predictor of future 

OwOb and CVD have shown promising results. Asao et al (2006) investigated 

the use of LLI, sitting height, standing height and leg length in identifying risks of 

9 
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adiposity, insulin resistance, and type 2 diabetes in an adult cohort. The same 

study concluded that although lower overall height, leg length and LLI were all 

associated with higher prevalence of diabetes, only the LLI was also associated 

with greater levels of insulin resistance in subjects without diabetes. In fact, a 1-

standard deviation lower LLI was associated with a 19% greater risk of having 

type 2 diabetes, whereas leg length and overall height did not show similar 

strong associations. 

Pliakas & McCarthy (2009) reported similar results among a pediatric 

sample aged 5-15 years. These researchers analyzed the association between 

body ~diposity, leg length, trunk length and LLI cross-sectionally. Results showed 

that LLI had strongest associations with risk of OwOb, than any other stature 

component. OwOb children also had relatively shorter LLI than normal weight 

children across most ages. Pliakas & McCarthy suggest significant associations 

between LLI and body fat in children, however call for longitudinal data 

confirmation. 

Frisancho (2007) investigated many stature components including trunk 

length, leg length, standing height, LLI and SHI and noted strongest associations 

between LLI and higher percent body fat. Frisancho provided an interesting 

explanation for his observations suggesting that a low LLI is a biological indicator 

of negative environmental factors during prenatal and early childhood 

development. The negative factors result in delayed growth which subsequently 

leads to an increased risk of CVD and obesity. On the other hand, a high LLI is 

an indicator of positive environmental factors during development resulting in 

10 
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advanced growth and decreased risk (Frisancho, 2007). Given that LLI is 

calculated from leg length, their associations with risk of OwOb are explained 

similarly. There are several proposed theories that attempt to further explain the 

observed phenomenon. 

Explanation for Stature-Disease Associations 

Many new and old hypotheses have attempted to explain the stature-disease 

association. The most important explanations include Barker's Fetal Origins 

Hypothesis (FOH) which focuses on prenatal metabolism programming, Lietch's 

early life exposures hypotheses and Karsenty's explanation of bones metabolic 

potential. 

Barker: Fetal Origin Hypothesis. An interesting explanation for the stature 

and CVD association was put forth by Barker (1998) who looked at maternal and 

fetal nutrition and its affect on disease risk in later life. Barker's FOH suggests 

that a fetus' metabolism may be permanently changed by levels of prenatal 

nutrition. He explains that poor inutero nutrition and hormones may affect the 

structure and function of ~-cells in the adult pancreas. This can lead to 

adaptations made by the fetus (Le. slowing of body growth and development) 

which permanently change the structure and function of the body. Barker 

identifies four body phenotypes: thin, short, short and fat, and large placenta, 

which can increase the fetus' later risk of insulin resistance, cardiovascular 

disease and non-insulin dependent diabetes (Barker, 1995). This hypothesis 

suggests that a child's disease risk can begin to accrue well before the child's 

11 
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birth, and hence the contribution of intrauterine growth is vital to later disease 

development. Although Barker's hypothesis provides a plausible explanation for 

observed stature-disease associations, it only takes into account prenatal 

exposures. Early life postnatal exposures are also vital to the study of stature and 

disease . . 

Uetch: Early Ufe Exposures. The effects of postnatal environmental 

influences was first observed by Lietch (1951) who explained that many 

nutritional, social, and other environmental factors in early life significantly affect 

a child's body development and growth. Furthermore, the child's height could be 

used as a marker of those early life .conditions. Leitch explains that the 

interruption of body growth at any stage results in a relatively long torso and short 

legs (Leitch, 1951; Mitchell, 1962) and if the rate of growth is sufficiently slowed 

down by negative growth conditions, the adult will have relatively short legs. 

Alternatively, a relatively long leg would imply rapid growth and the influence of 

positive environmental factors during childhood and adolescence. 

Lietch's observations led many studies to investigate the effect of 

postnatal early life experiences on CVD development later in life. As suspected, 

these studies found that early life factors including socioeconomic status, 

parental smoking, child's nutrition (Le. breastfeeding) and physical activity could 

also affect the child's risk of disease in adulthood. More importantly, the studies 

concluded that although stature is not directly related, it can be used as an 

indirect marker of this risk. This is a plausible explanation and was widely 

accepted until recent research identified an actual metabolic role of bone. 

12 
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Karsenty: Bone's Metabolic Role. The metabolic potential of bone was 

first observed by Ducy et al (2000) who hypothesized of adiposity's protective 

effect on mammalian osteoporosis. Ducy suggested the possibility of bone 

remodeling and energy metabolism to be regulated through feedback regulation 

by the same hormones that are involved in the protective effect. Dr. Gerard 

Karsenty and colleagues (2006) further investigated this hypothesis by 

researching the effects of leptin (an adipocyte-derived hormone known to 

regulate energy metabolism). Karsenty found that leptin was a major regulator of 

bone remodeling by acting on osteoblasts through two separate neural pathways 

(Karsenty, 2006). These results led Karsenty to s~spect that if bone cells could 

determine the level of activity of hormone-producing cells, then osteoblasts 

should affect energy metabolism. Accordingly, Karsenty et al. (2007) made the 

ground breaking discovery that bone (through osteoblast activity) plays a powerful 

role in the regulation of blood sugar and fat deposits. It was found that mice with 

an inactivated osteoblast gene called Esp, which encodes for a receptor-like 

protein tyrosine phosphatase called OST-PTP, were hypoglycemic and protected 

from obesity and type 2 diabetes by having increased beta-cell proliferation, and 

an increase in both insulin secretion and insulin sensitivity. The investigators 

identified osteocalcin (a protein secreted by osteoblasts) as the prinCipal 

hormone responsible for the metabolic effects seen in the Esp-deficient mice 

whereby inactivation of the Esp gene increased the metabolic bioactivity of 

osteocalcin. Researchers observed that deleting even a single allele of the gene 

encoding for osteocalcin reversed the beta-cell proliferation, insulin secretion and 

13 
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insulin sensitivity effects. Furthermore, deletion of both alleles resulted in mice 

that were both glucose intolerant and obese (Lee et aI., 2007). Karsenty 

concluded that mice with genetic inactivation of Esp have increased osteocalcin 

hormonal activity and thus have many metabolically desirable characteristics 

including 'increased proliferation of pancreatic beta cells, increased insulin 

secretion, lower blood sugar, increased insulin sensitivity, decreased visceral fat, 

and increased energy expenditure (Figure 2). 

Figure 2: Effects of Bone on Energy Metabolism. [Adapted from Semenkovich and 
Teitelbaum, 2007] 

This ground breaking discovery provides new evidence for why increased stature 

has a protective effect on CVD and obesity development. It suggests that bone 

actually plays a hormone regulatory role which can directly affect disease risk 

(i.e. increased stature implies longer bones and hence more osteoblast and 

osteocalcin activity). This further explains why any factor that results in 

decreased stature (i.e. decreased growth and development of bone) such as 

poor nutrition, low SES and parental smoking will significantly increase the risk of 

CVD and obesity. Specifically factors that affect important stature growth periods 

in childhood have greatest influence of growth and development. These factors 

must be accounted for in order to visualize an accurate association between 

stature and OwOb. 

14 
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Stature: Modifying factors 

Several variables can affect a child's growth and development and consequent 

risk of disease. These include, but are not limited to, prenatal factors (child's birth 

weight, birth order, mother's pregnancy smoking status, and mother's age at child 

birth), genetic factors (parental height and 8MI) and postnatal factors 

(breastfeeding, child's physical activity and SES ) (Gigante, Horta, Lima, Barros, 

& Victoria, 2006). In order to accurately assess the relationship between stature 

and disease risk, these variables must be adjusted as confounders since they 

may account for the observed association. 

Pre-Natal Factors 

Child's birth weight. A baby's birth weight has shown to be an indicator of future 

disease risk in many studies. In general, factors that result in the child having a 

reduced birth weight such as poor maternal nutrition and smoking, can lead to an 

insulin-resistant genotype that results in glucose intolerance, insulin resistance, 

diabetes, CVD, OwOb and hypertension (Ferrie et aI., 2006; Hattersley & Tooke, 

1999). Reversely, increased birth weight provides protective effects against these 

chronic conditions. It is therefore necessary to adjust for birth weight when 

assessing the association between stature and disease development as it could 

be a confounder. 

Maternal smoking. A mother's smoking during or post-pregnancy has a 

known effect on the child's birth weight. Newborns of smoking mothers tend to 
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have relatively lower birth weight and shorter legs in comparison to their non­

smoking counterparts (Gigante et aI., 2006; Lawlor et aI., 2004). As previously 

mentioned, a lower birth weight increases the child's risk of CVD and obesity in 

adulthood. Therefore, smoking must also be adjusted for as a confounder. 

Birth order. Many studies have concluded that a child's health outcome 

can be determined by where the child falls in the family birth order. The most 

common finding is that children with higher birth orders have less favorable 

outcomes (Hatton & Martin, 2008). More specifically, studies indicate that birth 

order and the number of children both have adverse effects on height (Gunnell et 

aI., 1998c; Li & Power, 2004). Children born later (e.g. higher birth order) have 

shorter stature and a higher risk of disease. As such, birth order needs to be 

adjusted for as a confounder. 

Maternal age at child birth. Several studies have shown that the risk of 

type 1 diabetes increases with a high maternal age at child birth (Bingley et aI., 

2000; Blom et aI., 1989; Metcalfe & Baum, 1992). This association may be 

mediated through the child's stature. Older mothers have a higher risk of having 

lower birth weight children who will have relatively shorter stature. Low birth 

weight is major risk factor for many childhood diseases including diabetes. 

Although the current study does not assess development of type 1 diabetes, as 

diabetes is related to obesity and other CVD, maternal age might actually playa 

confounding part in the association between LLI and obesity. Therefore, it is 

valuable to adjust for this variable. 
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Genetic factors ' As many studies have reported, the factors that regulate 

adult stature are multidimensional. Although environmental and metabolic factors 

are important in the regulation of growth and development in childhood, they 

contribute to less than 20% of the variability in adult stature (Palmert & 

Hirschhorn, 2003). Results from adult family and twin studies suggest that it is 

actually genetics that playa major role in determining stature. In fact, studies 

conclude that the fraction of variation in height explained by genetics ranges from 

76-90%, with most studies giving proportions above 80% (Jepson et aI., 1994; 

Palmert & Hirschhorn, 2003). Genome-wide association studies have identified 

more than 30 chromosomal sites and potential genes that appear to be partially 

involved in the regulation of adult stature in humans (Lettre et aI., 2008; Weedon 

et aI., 2008). However, the specific effects of these genes on stature still remain 

vaguely defined. Due to this ambiguity, many studies focus on the more 

measurable, modifiable factors that may explain the other 20% of variation in 

stature. Favorably our study encompasses valuable parental height and BMI data 

that will be used as a reference for the child's genetic predisposition. The 

contribution of genetics to the child's stature and risk of OwOb will be accounted 

for by using maternal height and maternal BMI respectively. 

Post-Natal Factors 

Breastfeeding. Receiving proper and adequate early life nutrition (indexed by 

breastfeeding) has a profound effect on the stature-disease association. Being 

breastfed and a higher energy intake at 4 years of age have been associated 
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with longer leg length in adulthood. Not surprisingly, being breastfed is always 

related to lower long-term risk of obesity and type 2 diabetes (Asao et aI., 2006). 

Thus breastfeeding also needs to be adjusted for in the analysis. 

Sdcioeconomic Status. Literature indicates that short stature in adults is 

associated with poorer educational status and lower socioeconomic level 

(Gigante et aI., 2006). These statuses are primarily from family background, but 

other environmental factors in childhood may also playa role (Silventoinen, 

2003). Some studies have suggested that the association between CVD risk and 

height may be confounded by childhood and adulthood socioeconomic conditions 

since favorable socioeconomic circumstances are related to greater stature. 

However, this is only partially the case since associations between stature and 

CVD risk persist after adjustment for both childhood and adulthood SES (Davey 

Smith, 2000; Davey Smith, Shipley & Rose 1990; Notkola, Punsar, Karvonem & 

Haapakoski, 1985; Peck & Vagero, 1989). Regardless, SES will be adjusted for 

in the proposed study to avoid potential confounding. 

Physical Activity. The association between physical activity (PA) and risk 

of obesity and CVD is well known. Many studies have concluded that lack of PA 

in childhood or adulthood can lead to an increased risk of obesity and its 

associated comorbid disorders (Malina, Bouchard & Bar-Or, 2004). Therefore, it 

is crucial to control for PA when testing for an association between stature, OwOb 

and CVD since it is an important modifiable confounder. 
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Literature Review: Summary 

Many adult studies have observed associations between human stature and an 

individual's OwOb, cardiovascular and other chronic disease risk. In general, 

both epidemiological and animal studies have shown that greater stature is 

associated with longevity. Particularly these studies relate cardiovascular 

mortality and incidence of OwOb and other cardiovascular comorbid disorders 

with decreased stature even after controlling for significant confounders such as 

ethnicity, socioeconomic status and physical activity (Hebert et aI., 1993; 

Kannam, Levy, Larson & Wilson, 1994; Parker, Lapane, Lasater & Carleton, 

1998; Rich-Edwards, et aI., 1995; Yarnell, Limb, Layzell & Baker, 1992). These 

consistently observed associations have prompted researchers to identify stature 

as an important marker of OwOb and CVD risk. Researchers explain that 

although stature may not directly affect disease likelihood, through being a 

sensitive indicator of growth, nutrition and social environment in early life (which 

have known effects on disease susceptibility), stature may reflect disease risk. In 

other words, compared to someone who experiences positive early life growth 

factors, an individual exposed to negative influences will experience poor 

development and growth, and an increased risk of disease. The individuals' 

compromised growth and development is evident in their shorter than normal 

adult stature. This implies that stature can be used as a marker of childhood 

influences that directly increase an individual's risk of adiposity, CVD and other 

related diseases (Asao, Baptiste, Erlinger & Brancati, 2006; Smith et aI., 2001). 

Leg length is consistently shown as the most important stature component, 
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contributing more to overall height than trunk length or any other stature 

component (Frisancho, 2007). The leg length index is suggested as a more 

efficient tool then leg length alone since it considers leg length's disease 

predicting effects but also adjusts for overall height and hence any increase in 

stature from trunk growth. Unfortunately, studies investigating LLI and OwOb in 

children are limited . 

Study Rationale 

OwOb and CVD are very pertinent health concerns for both children and adults. 

Disease prevention and screening are vital in targeting these problems. This is 

particularly important among children since their OwOb rates are climbing 

drastically and they are becoming predisposed very early to future comorbid 

conditions. The LLI's relation with OwOb may be very helpful in predicting from 

childhood, future OwOb risk. This will be evaluated through assessing childhood 

stature components (focusing on the LLI), at the end of the AR period with OwOb 

development in adolescence, while controlling for genetics, pre and postnatal 

confounders. It is important to evaluate the association at the end of the critical 

growth period since that is when postnatal environmental and social influences 

have most recently affected growth and development. If the LLI is associated 

with obesity in a clear and specific manner, then it may have potential as an 

efficient disease risk screening tool. 
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Study Aim 

The primary purpose of this study is therefore to: 

Look at the measured LLI at the end of the pre-pubertal growth period (age 9-

11 years), and see if it can predict the risk of obesity in adolescence (age 12-

14 years) while controlling for important confounders including birth weight, 

birth order, maternal age at birth, maternal height and 8MI, parental smoking, 

breastfeeding, physical activity and socioeconomic status. 
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CHAPTER 3: METHODS 

Study Data 

This study made use of data from both the Physical Health Activity Study Team 

(PHAST) and the Optimal Growth Study. 

Physical Health Activity Study Team. PHAST is a 6 year prospective cohort study 

of the health and physical fitness of approximately 2,360 students from 75 

elementary schools in the District School Board of Niagara. The primary goal of 

PHAST is to assess the influence of aerobic fitness, motor coordination, body 

composition and generalized self-efficacy on physical activity, with a focus on 

children who have Developmental Coordination Disorder (DCD). Study approval 

was received from both the Human Research Ethics Boards of Brock University 

and the District School Board of Niagara. The study commenced in September 

2004 when the students were in grade 4. Funding for the project was provided by 

the Canadian Institutes of Health Research (CIHR). Parents were notified via 

letter/telephone, and informed consent was obtained for all participants. The 

study protocol is comprised of a parental questionnaire completed in year one by 

the subject's parents, and annual assessments of the children at their schools. 

These consist of fitness and body composition assessments, as well as 

questionnaires about physical activity (Participation Questionnaire), self-efficacy, 

predilection towards physical activity (CSAPPA scale), and motor coordination 

appraisals (Bruininks-Oseretsky Test of Motor Proficiency [BOTMP-SF]). Anyone 

with a physical disability that prevented them from completing any of the 
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assessments properly (Le. hip replacement surgery, Erb's Palsy, wheelchair) 

were excluded from the study. On testing day, subjects first completed the 

questionnaires and then were taken to the school gym for anthropometric 

measures and the V02 max shuttle run. Proper attire was required for physical 

assessments (Le., shorts, t-shirt, running shoes). For consistency, all 

anthropometrics were measured twice. 

Optimal Growth Study. The Optimal Growth Study (funded by the Social 

Sciences and Humanities Research Council of Canada [SSHRC]) was 

impleme~ted in September 2007 on the same cohort of PHAST subjects. This 

study looks at parental and child early life exposures to various factors that can 

affect the child's growth and development. Data was collected in the form of 

Early Life Experience (ELE) and Family Eating and Activity Habits (FEAQ) 

questionnaires, completed by the child's parent and later returned to home room 

teachers. The ELE consisted of information regarding the child's birth weight, 

birth order, prenatal and infancy exposures to cigarette smoke, mother's age, and 

breastfeeding, whereas the FEAQ focuses on a variety of questions pertaining to 

the child and parent's eating and physical activity habits. 

Study Sample. To answer the research question, this study required 

baseline stature data (wave 3) and follow-up BMI data (wave 8). Of the 2360 

students participating in PHAST, 2229 had completed wave 3 and 1707 

completed wave 8. Before merging the two waves by ID number, the data were 
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cleaned for missing ID's. 63 subjects were deleted from wave 3 and 4 subjects 

from wave 8 for missing ID number. Consequent merging of the two waves 

resulted in a sample of 1328 subjects who had completed wave 3 and 8 of 

PHAST. From here, 70 subjects were deleted for incomplete standing height and 

sitting hei'ght (wave 3) and another 91 for incomplete 8MI measures (wave 8). 

This yielded a primary study sample of 1167 subjects with complete PHAST 

anthropometric data (Figure 3). Early life experience variables were collected 

from the Optimal Growth Study (OGS). Of the 2303 subjects that the OGS was 

administered to, 1082 subjects had completed and returned the survey at time of 

analysis. 36 of those sl:lbjects were duplicates and 2 had missing ID numbers 

and were consequently excluded from analysis. The final early experience 

subsample consisted of 1044 subjects (Figure 4). To use this early life experience 

data, we needed to match it with its corresponding PHAST data (Figure 5). ID 

matching the 1167 PHAST and 1044 OGS subjects yielded a total of 574 

subjects with both complete anthropometric and early life data (Figure 5). To 

evaluate socioeconomic status and parental anthropometrics, data was used 

from the Parental Questionnaire administered in wave 1 (Figure 6, 7). Of the 

1167 children with complete PHAST data, 1161 had complete parental education 

information. After excluding those with incomplete or extreme parental height, 

weight and 8MI, 719 subjects remained. Following inclusion of only biological 

mothers, the final parental sample consisted of data from 593 biological mothers 

(Figure 6). 
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Physical Health Activity Study Team Data 

Complete PHAST Wave Data 

Deleted 70 observ ations vvith missing Wave 3 
Standing and Sitting Height 

Deleted 91 observations with missing Wave 8 Body 
Mass Index 

N=1167 

Figure 3: Final Physical Health Activity Study Team Study Sample Size 
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N=2303 

Available Early 
life Experience 

Data 

N=1082 

Final Early life 
Experience Sample 

N=1044 

Figure 4: Final Early Life Experience Study Sample Size 

N=1167 
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Deleted duplicate 
observations 

Deleted 
observations 
with missing 

OEN 

N=1044 

Figure 5: Combined PHAST and Optimal Growth Study Sub Sample Size 
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N=593 

Figure 6: Final Parental Study Sample Size 

Complete 
Parent 

Education 

N=1161 

Included 
only 

biological 
Mothers 

N=593 

Figure 7: Study Variables by PHAST Year and Wave 
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Variable Measurement 

Anthropometries. Initially, participants had their height (standing and sitting) and 

weight measured to the nearest 0.1 cm and 0.1 kg, respectively. Height was 

measured using a set positioned stadiometer and weight was assessed with an 

electronic load scale. Standing height was measured without shoes on as the 

maximum distance from the floor to the highest point on the head, when the 

subject is facing directly ahead. Sitting height was measured as the maximum 

distance from the floor to the highest point on the head when the subject is sitting 

on the floor facing forward. Standing height and weight were used to calculate 

BMI (kg/m2
). Weight groups were classified according to international cutoffs of 

overweight and obesity for boys and girls ages 2 to 18 of nationally 

representative data from Brazil, United Kingdom, Hong Kong, the Netherlands, 

Singapore, and the United States corresponding to BMI of 25.0 and 30.0 kg/m2 in 

adults (Cole, Freeman & Preece, 1998). They were classified as follows: >=9Sth 

percentile of all BMls classified as obese, 8Sth to 9Sth percentile as overweight 

and <8Sth percentile as normal weight. OwOb was classified as anyone >=8Sth 

percentile. Leg length (standing height - sitting height), Leg Length Index (leg 

length/standing height*100) and Sitting Height Index (sitting height/standing 

height *100) were also computed. LLI was grouped into tertiles (T) by sex using 

cutoff values at the 33.3 and 66.7 percentiles: Males: T1 (LLI<49.0), T2 (LLI 

49.0-S0.3) T3 (LLI>=50.3) Females: T1 (LLI<48.9), T2 (LLI 48.9-S0.1) T3 (LLI 

>=SO.1). Waist circumference (WC) was measured to the nearest 0.1 cm midway 

between lowest rib and superior border of iliac crest and hip circumference (HC) 
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was measured at the maximum extension of the buttocks. 

Early Life Factors. From the ELE questionnaire (Appendix III), birth weight 

was recorded in pounds and ounces. The parent's age at child birth was self­

reported to the nearest year. The mother's current and pre-pregnancy smoking 

status was recorded as either 'Yes' or 'No', and her pregnancy and post­

pregnancy smoking habits were recorded as 'None, Quit right away, smoked <1 

month, <2 months or >3 months. Overall smoking status (SS) was categorized as 

Never 'none', Sometimes 'smoked either before, during or after pregnancy' and 

Always 'smoked before, during and after pregnancy'. Pregnancy SS was 

grouped as Before 'smoked pre-pregnancy', During 'smoked <1 month, <2 

months or >3 months' and After 'smoked <1 month, <2months or >3 months'. 

Breastfeeding recorded as 'Never, 1-6 months, >=6 months' on the questionnaire 

corresponded to breastfeeding status of 'Never, Briefly and Always'. The child's 

birth order was recorded as '1 S
\ 2nd

, 3rd or more', and the child's age was 

recorded in years at time of assessment. 

Physical Activity. Physical activity was determined using the Participation 

Questionnaire (PQ) (Appendix I) developed by Hay (1992). The PQ is a 64-item 

questionnaire that contains multiple choice, Likert-scale type, and free response 

questions. These questions are used to estimate the amount and type of 

participation in physical activity under three categories: free time activity, 

organized activity time, and total time of activities. The number of PQ items is 
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used to measure frequency and nature of physical activity. The PO has excellent 

test and re-test correlations: 0.81 for elementary school and 0.89 for high school 

students (Hay, 1992). 

Parental Demographics. A 66-item parental questionnaire was used to 

collect parental demographic and anthropometric information (Appendix II). The 

highest level of parental education completed was recorded on the Parental 

Questionnaire. Parental education levels categorized as <=High School, College 

and >=University were used to assign 'low, middle and high' SES respectively. 

The parent's height and weight were self-reported to the nearest inch and Ib 

respectively. They were further converted to meters and kg for calculation of BMI. 

Statistical Analysis Methods 

All statistical analyses were performed using SAS Version 9.11 (SAS Institute 

Inc., Cary, NC). Basic descriptive statistics of anthropometric variables (i.e. 

standing height, sitting height, leg length, LLI, BMI and waist circumference) and 

age were calculated for the sample. They were stratified by gender and waves to 

view gender-specific trends at baseline and follow-up. A comparison of 

anthropometrics was also done for PHAST subjects who were included in overall 

study sample and those who were not included to visualize differences in study 

subjects. Similarly between subjects whose parents provided parental education 

information and those who didn't. The Student's T-test was used to identify 

significant differences in anthropometric measures between the various stratified 
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groups. Basic descriptive characteristics of early life and parental demographic 

variables were also tabulated. These included mother's age at child birth, 

mother's height and BMI, overall and pregnancy smoking status, parental 

education, child's birth weight, physical activity, birth order and breastfeeding. 

Spearman correlations were used to identify the strength of association 

between wave 8 BMI and wave 3 BMI, standing height, sitting height, leg length, 

LLI and waist circumference. These were tabulated for the whole sample and 

further stratified by gender to observe gender-specific trends. Age, sex and waist 

circumference adjusted partial spearman correlation coefficients were also 

tabulated. Spearman correlations were created to identify strength between LLI 

and wave 8 BMI with child's birth weight, mother's age at child birth, mother's 

height and BMI, and child's physical activity. 

General linear models were used to identify means of child's LLI and BMI 

by parental smoking status, education level, birth order and breastfeeding. They 

were also used to identify age and waist circumference adjusted mean BMls by 

LLI tertile. 

The Chi-Square Test of Independence was used to identify if obesity 

status and LLI tertiles were independent of one another. 

Logistic regression models were also created. OwOb was the dependent 

dichotomous variable and each of the stature components (Le. LLI, sitting height, 

standing height, leg length) were in separate models as independent variables. 

Multivariate logistic regression models were created adjusted for the various 

confounding variables (Le. age, sex, waist circumference, birth weight, birth 
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order, breastfeeding, mother's 8MI, mother's age at child birth, parent's smoking 

status, parent's education and child's physical activity). Individual variables were 

added in a step-wise manner to each subsequent logistic model in order to 

identify which factor can significantly modify the outcome variable. Odds Ratios 

from the logistic regression models were used to evaluate the strength of the risk 

for OwOb. The C-statistic was used to determine accuracy of the various 

prediction models. Significance level was set to 0.05 for all analyses. 
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CHAPTER 4: RESULTS 

Basic anthropometric characteristics of the study sample stratified by gender are 

displayed in Tables 1 and 2. At baseline (wave 3), the mean standing height, 

sitting height, leg length, BMI and waist circumference were similar between boys 

and girls. 'However, boys compared to girls were slightly older (10.36 vs. 10.32 

yrs respectively, p=0.0402) (Table 1). At wave 8, boys were slightly older than 

girls (13.37 yrs, 13.33 yrs respectively, p=0.0410) and also had higher standing 

height (161.9 cm, 159.5 cm, respectively, p<0.0001), longer leg length (82.4 cm, 

79.3 cm, respectively, p<0.0001) and higher LLI (50.9, 49.7, respectively, 

p<0.0001). Girls had significantly higher sitting height than boys (80.2, 79.5, 

respectively, p=0.0091) (Table 2). 
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Table 1: Characteristics of Anthropometric Measures at Baseline (Wave 3-2005) 

Wave 3 

Males (n=594) 

Variable 

Mean, SO Range 

Age {years) "'1:0.36,0.34 9.67-11.74 

Standing Height (ern) 141.8, 6.58 124.3-163.5 

Sitting Height (ern) 71.22,3.43 60.70-85.20 

Leg Length (ern) 10.53, 4.44 59.50-83.00 

LLI 49.14,1.56 44.84-55.75 

BMI (kgf~) 18.14,3.55 12 .. 96-39 .. 18 

Waist Circumference (ern) 66.63, 9.64 50.00-112.5 

Abbreviafions:BMI.,oody mass iooex,LU, l&g length index 
~indicates statistical significance between sexes (p·"O.05) 

Females (N=573} 

Mean,. SO Range 

10.32,0.31 9.55-11.78 

141.6,6.72123.3-163.5 

71.43, 3.71 56.00-83.40 

70.17, 4.28 59.00-86.50 

49.54,1.54 45.74-56.25 

18.53, 3.45 12.94-34.47 

66.21, 9.73 50.00-99.00 

Table 2: Characteristics of Anthropometric Measures at Follow-up (Wave 8-:2(08) 

Variable 

Age (years) 

Standing Height (em) 

Sitting Height (em) 

Leg Length (em) 

LLI 

BMI{kgf~) 

Wave 8 

Males (n=594) 

Mean, SO Range 

*13.37,. 0.34 12~68-14.75 

"'161.9,.8.69 133.6-186.3 

"'79~51, 4.92 64.40-'97.30 

"'82.40,5.33 56.40-100.5 

"'50.88,1.;69 39.80-60.22 

20.91, 4.0613.36-40.85 

Waist Circumference (ern) 14.14, 11.6 50.70-124.5 

Abbreviations: BMI, body mass index, LU, :le9:1en9111 index 
"tndica1as statis1icalsign:ificance between sexes (p<O.(5) 
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Females (N=573) 

Mean, SO Range 

13.33,0.31 12.57-14.80 

159.5, 6.47 138.0-176.4 

80.20, 3 .. 9468.70-92;90 

79.30,. 4.35 65.40-93.80 

49.70, 1.63 45.51-55.98 

21.30, 4.26 14.45-42.17 

74.13,11.2 53.50-122.5 
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Of the 2330 subjects in the PHAST study, the final study sample consisted 

of 1167 subjects (594 boys, 573 girls) who had complete anthropometric data for 

both wave 3 and wave 8. 1163 subjects were excluded from the analyses due 

incomplete data in either wave 3 (830 subjects [420 boys, 410 girls] or wave 8 

(333 subjects [170 boys, 163 girls]. A comparison of anthropometric measures 

between those who were included and excluded from both waves is displayed in 

Table 3. At baseline, mean age, standing height, sitting height, leg length and LLI 

were similar between those included and excluded. However, mean BMI (18.6 

vs. 19.5 kg/m2, respectively, p<0.0001) and waist circumference (66.4, 68.7cm, 

respectively, p<0.0001) were significantly higher in those excluded from the 

study. At follow up, all anthropometric measures were similar except waist 

circumference (74.1,74.7 cm, respectively, p<O.0001) which again was 

significantly higher in those excluded from the study (Table 3). 
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Table l: Comparison of Anthropometr~ Measures for PHAST subjects excluded and included in study 

Wavel 

Included 

Variable 

Freq PTopt%) 

Sex: Male 594 50.90 

Female 513 49.10 

Age h~ars) 10.34, 0.32 

Standing Heigh! (em) 141.7, 6.65 

Sitting Height {em) 7132,3.57 

leg len~h (em) 70.35,4.36 

LU 49.64, 1.55 

BM! (fyhnz) *18.64, 3~O 

Wasl Circumference {em) '6U2, 9.68 

Ahbre~atloos: 8Mi, bodymassi!ldex, W,leg Ieng!b index 
tioolCates statistical &gnincanre be_ sexes (p<tl.!,}5) 
Nate: Rererla figu1il3fuf. sample 

Excluded 

420 50.60 

410 49.40 

10.38,0.39 

142.4,6.54 

71.86,3.91 

70.52,4.39 

49.52,1.81 

19.46,3.98 

68.67,10.9 
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WaveS 

Included 

594 50.90 

573 49.10 

13.35,0.32 

160.7,7.78 

79.85,4.47 

80.86,5.12 

5030, US 

21.13,4.16 

*74.14,11.4 

Excluded 

1'70 51.05 

163 48.% 

13.32,0.33 

161.1,7.59 

80.00,4.23 

8ta5,5.12 

50.31, 1.72 

2t21, 435 

74.11,12.3 
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Characteristics of the Early Life Experience sub-sample including physical 

activity information are displayed in Table 4. Approximately 281 boys and 293 

girls provided early life data. The mean child birth weight was 7.5 Ib with a range 

of 2.4-13.3 Ib and mean mother's age at child birth was 28.9 years with range 

16.0-40.0' years. The mean mother's height was 168.2 cm and mean 8MI was 

24.0 kg/m2 with range 14.0-54.3. The child's current physical activity level ranged 

from 1.0-36.0 with a mean of 14.0. 46.6% of the sub-sample were 1 sl born 

children, 36.9% were 2nd born and 16.4% were 3rd born or higher. 25.3% 

mother's smoked before pregnancy, 19.7% continued during pregnancy and 

18.3% continued until c:tfter pregnancy. Overall, 72.95% of the mother's never 

smoked, 14.6% sometimes smoked and 12.5% always smoked. 19.8% of the 

sub-sample were never breastfed, 42.7% were breastfed at some point and 

37.5% were always breastfed. 24.3% of the children's parents had less than high 

school education, 53.1 % had college and 22.6% had university or higher 

education (Table 4). 
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Table 4: Characteristics of Early Life Experienee factors and otherchlldhood ,confounders 

Variable 

C bifd'g Birth weight (Ib) 

Mother's Age at Birth (years) 

Mother's He:igbt (cm) 

Mother's BMI(~.g!m2) 

Physical Acwiity 

Sex: 

Birth Order: 

Overal.lSS: 

Pregnancy SS: 

Breastfeeding 

Male 

Female 

1 

2 

>=3 

Never 

Sometirnes 

IWJays 

Before 

During 

After 

Never 

Briefly 

Amays 

N 

543 

352 

35,8 

313 

492 

Education <=High School 

College 

>=lJniversity 

Abhre¥iatian: S5, smo king status 

Mean. SO 

7"53, 1.29 

28.81,4.47 

1682,17.8 

24.03,4.96 

14.03,5.86 

Freq 

281 

293 

264 
209 

93 

391 

18 

67 

142 

110 

99 

11'1 

239 

210 

104 

239 

84 

Range 

2.44 -13.30 

16.00 - 40.00 

B3.4 -251.5 

14.00 - 54.30 

1.00-36.00 

Prop (%) 

48.95 

51.05 

46.64 

36.93 

16.43 

12.'95 

14.55 

12.50 

25.31 

19.71 

18.27 

19.82 

42.68 

J):50 

2436 

55.97 

19.61 

variait>1es desdibed:G'ie,raH SS: Never 'nane" Sometimes 'smoked either befm~, during or alter ,prfgmJlej, AI\¥aYS 'smDked 
before, during and alter pregnanC/; Breastfeeding: Ne'fef 'oone', Briely' 1-6 fRooths',.AJvtays '>=6 mooths', 
Note: Pregnancy SS shoVlS the changes in !it:q;uenOj' ofsmo'ke:rs Irombefore toalterpregnaflOj', 
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A comparison of anthropometric measures between Early Life Experience 

sub sample subjects who provided parental education information and those who 

didn't are displayed in Table 5. Parental education information was available for 

427 subjects (208 boys, 219 girls) while 147 subjects (73 boys, 7 4 girls) did not 

have the data. At baseline, there was no significant difference in age, standing 

height, sitting height, leg length, LU, BMI or waist circumference between 

subjects who provided parental education information and those who did not. At 

wave 8 however, children whose parental education information was not 

available had higher waist circumference than those whose parental education 

information was available (74.8 vs. 72.7 cm, p<0.00q1); while all other variables 

were similar (Table 5). 

Mean BMI by baseline LU tertile stratified by gender are displayed in 

Figure 8. Both males and females followed a similar trend of significant decrease 

in BMI with LU tertile increase (Males: 21.5, 20.9, 20.5; Females: 21.8, 21.3, 

20.7; for T1, T2, T3, respectively, p for trend <0.0001) (Figure 8). 
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Table 5: Compamoifl ofAnthcopometric Measures roirsuD-sampJe study:subjects who did and did not 
JH'D'vide Parentaif BducatiOin information 

Wave 3 

Edulnfo 

Variable 

Sex: Maile 208 48.1'1 

Female 219 51.29 

Mean, SO 

Age ('lears) Hl31,.0 .. 31 

stand:ing Height (cm) 14"1.7,6.65 

Sitting Height ( cm) 71'.31 , 3.51 

Leg Length (cm) 70.36,4.52 

LU 49.65, 1.62 

BMI: (ikgimz ) 1'8.39, 3 .. 44 

Waist. Circumference (em) 65.77, '9.49 

Abbfe-,,~ru;;: SIMI. body msssindl<>.x. LLl.1eq, ~ l!!d\ex 

No Edulinfo 

73 

74 

49.66 

50.34 

10..28, 0.29 

141.2,.6.71 

71 .20,. 3 .. 38 

70,05,. 4 .. 32 

49.57, 1'.37 

18.75,.3 .. 39 

66.25,. 9 .. 59 

WaveS 

Edu hnfo 

208 

219 

48 .. 71 

51 .29 

13.32,. 0.:31 

100.7,7.49 

79_93, 4 .. 39 

80-82:, 51)1 

50.27. 1.7:8 

20.76,. 4.1:4 

"'7,2.74. 1 'f .• 2 

·mdicates sta1ismail s~anoe b;;twee;I> ~ information pro-lfDed and not pro-lfDed ~.OO} 

30 

25 

~ 

IN 
20 E --M 

..1!!; ........ 
~ 15 
ctI 
c 
"' 10 (V 

:a: 
s 

0 

1 2: 3 
III Tertlle 

74 

49.66 

50.34 

13.30,. 0..29 

1'00.6,.7.74 

79.96, 4.32 

00.69,5.05 

50.21 , 1.70 

21.35,4.15 

74.77.12.2 

• Male 
R2 ... 0.70 
p<O,(lOOl. 

-Female 
Rl" O.64 
p<().O(lOl 

FigureS: Mean (±SD) of Body Mass Index by Leg length llndexTertile adjusted for 
baseline age and waist circumference. 
Notes:p is forobservedtrencl 
LUlemle cutoffs: Males·:T1 (LU«49.O), 12 fLU 49.0-50.3)T3 {LLI>=50.3) 
Females:T1 {LU«48.9), 12 (lU 4B.9-c50.1)T3(lU >=50.1 ). 
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Figure 9 shows the prevalence of overweight and obesity in each LLI 

terti Ie. Prevalence of both overweight and obesity significantly decrease with 

every increase in LLI tertile (Ow: 20.9%,18.3%,15.6%; Ob: 12.2%,5.40%, 

4.40%; for T1, T2, T3, respectively, p for trend <0.0001) (Figure 9). 

100% 

90% 
80% 
70% 

60% 
50% 
40% 
SO% 
20% 

Figure9: PrevalenceofOwOb by Leg Length IndexTertile. 
Notes:p is fOTO[Hi·er,fedtrend 
LLHertile cu1offs:Males: T1(LU<49.0}. T2 fLU 49.Q-.50.3}T3 (LU>=50.3) 
Females: T1 (LU<48.9). T2 (LU 48:9-50.1) T3 fLU >=:50.1). 

Table 6 displays spearman correlation coefficients between wave 3 8MI, 

wave 3 waist circumference and wave 8 8MI. Wave 3 8MI has strong 

correlations with both wave 8 8MI (r=0.8616, p<0.0001) and wave 3 waist 

circumference (r=0.8583, p<0.0001). The strength and direction of the 

correlations are very similar for both genders (Table 6). 
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Table 6: Spearman Correlation Coefficients between baseline waistcircumference. BMI and Wave 8 
BMI 

Variable 

Warst circumference 

Wave8BMI 

Males 

r p-value 

0 .. 8530 <0.0001 

0.8748 <0.0001 

Abbrevlation:BMI, body mass index 

Wave3BMI 

FemaJes 

r p-value 

0.8598 <0.0001 

0.8576 <0.0001 

Combined 

r p-value 

0.8583 <0.0001 

0.8616 <0.0001 

The spearman correlation coefficients between baseline standing height, 

sitting height, leg length, LLI and wave 8 BMI are shown in Table 7. Standing 

height, sitting height and leg length had a significant positive correlation with BMI 

(r= 0.265, 0.353, 0.129, respectively, p<0.0001) while LLI had a significant 

negative correlation (r=-0.165, p<0.0001). After adjusting for baseline age and 

sex, the correlation coefficients between BMI and the various stature components 

stayed similar. Further adjusting for waist circumference produced negative 

correlations between standing height, leg length and LLI with BMI (r=-0.160, -

0.217, -0.219, respectively, p<0.0001). The correlation between BMI and sitting 

height became insignificant (r=0.011, p=0.7188) (Table 7). 
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Table 7: Spearman Correlation Coefficients between various Stature variables and Wave 8 8MI 

WaveSBMI 

Variable r p-value 

Standing Height 0 .. 2650 <0.0001 

Sitting Height 0.3529 <0.0001 

leg length 0.1290 <0.0001 

III -0.1645 <0.0001 

Abbreviations: LUI,Leg Length 'Index; BMI, body mass inciex 
a.adjustec!for baseline aQie 3ndsex 
tadjustec! for baseline age, waist circumference and sex 

WaveS BMI" WaveS BMI!> 

r p-value r p-valu.e 

0.2574 <0.0001 -0.1598 <.0.0001 

0.3454 <0.0001 0.0106 0.7188 

0.1192 <0.0001 -0 .. 2169 <0.0001 

-0.1685 <0.0001 -0.2189 <0.0001 

Stratifying by gender provided similar trends in strength and direction of 

the correlations for males. Among females however, the correlation coefficient 

between standing height and wave 8 BMI was negative (r=-O.068), but not 

significant after adjusting for age and waist circumference; while all other 

variables stayed the same (Table 8). 
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Table 8: Spearman Correlation Coefficients betvveen various Stature variables and Wave 8 BfJU 

stratified by sex 

Variable 

.Males 

Standing Height 

Srt!:ing Height 

Leg length 

ttl 

Females 

Standing Height 

Sittin g Heig ht 

Leg length 

Lli 

Wave 8 BMl 

r p-value 

0.2394 <0.0001 

0.3363 <0.0001 

0.1090 0.0018 

-{U656 <0.0001 

0.2922 <0.0001 

0.3671 <0.0001 

0.1556 0.0002 

cO.1535 D.0002 

Abbre\~arons: lU, leg length Index; 8MI, booy .mass index 
~adjltsted IDf .base.!ine aqe 
°adjusted IDr baseline age and v.G.iEt eirrum rerenre 

WaveHBMI~ 

r p-value r p-value 

0.2236 <0.0001 -0.2662 <0.0001 

0.3263 «tOO01' -0'.0751: 0.0679 

0.0884 0.0314 -0 . .2850 <0.0001 

·0.1798 <0.0001 -0.2168 <0.0001 

0.2913 <D.0001 -0.1)6·00 0.104.8 

0.3644 <(}.0001 0'{)792 OJl589 

0.1530 0.0002 -0 .. 1496 0.0003 

·0.1538 OJlO02 -0.2128 <0.0001 

The odds ratios of OwOb for standing height, sitting height, leg length and 

LLI are displayed in Table 9. The unadjusted odds ratios are shown in model 1. 

Confounder adjusted odds ratios are displayed in model 2 (adjusted for baseline 

age and sex) and model 3 (adjusted for baseline age, waist circumference and 

sex). Model 1 odds of OwOb [OR (95% CI)] for every one centimeter (cm) increase 

in standing height, sitting height and leg length were 1.10 (1.08-1.13), 1.29 (1.23-

1.35) and 1.07 (1.04-1.10), respectively. Every one unit increase in LLI, on the 

other hand, decreased odds of OwOb by 21.5% [0.79 (0.71-0.86)]. Model 2 

followed similar trends in odds ratios for all variables. Further adjusting for waist 

circumference however (model 3), changed the direction of the odds ratios for 
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standing height [0.93 (0.90-0.96)], sitting height [0.97 (0.91-1.03)] and leg length 

[0.88 (0.84-0.92)]. The direction of LLI remained consistent [0.76 (0.66-0.87)] 

(Table 9). 

TableS: Od?s Ratios of OwOb for various Stature Components 

Model 1 Model~ 

Variable OR 95"/" CI OR 95%CI 

Standing Height *1.104 1.080- 1.129 "1.080 1.051- 1.104 

Sitting Height *1.287 1.230- 1.347 "1.217 1.166- 1.26'9 

Leg Length "1.070 1.036- 1.104 *1.048 1.016- 1.081 

LLI "0.785 0.714- 0.863 "0.810 0.739- 0.886 

Abbreviations: LU, Leg Lengtll Index; OR, Odds Ratio; CI, Confidence Interva.l 
aadjuste(Hor baseline age aml sex 
tadjustedfor baseline age, waist cfrcumference and sex 
'Indicates statistical significance {p<-G .00(1) 

OR 95%CI 

"0.930 0.898- 0.962 

0.968 0.909- 1.030 

"0.878 0.,835- 0.923 

"0.758 0.,664- 0.865 

Table 10 displays the spearman correlation coefficients between early life 

factors (birth weight, mother's age at birth, mother's height, mother's BMI) and 

physical activity with the child's baseline LLI and wave 8 BMI. LLI had a negative 

borderline significant correlation with mother's BMI (r= -0.0932, p=0.0701) while 

correlations for birth weight, physical activity, mother's age at birth and mother's 

height were all insignificant (Table 10). Similarly, the child's BMI had a 

positivecorrelation with mother's BMI (r=0.2580, p<0.0001) however insignificant 

correlations with other early life factors and physical activity (Table 10). 
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Table 10: Spe.arman Correlation Coefficients between LLI, Wave 8 BMI and Early Ufe Factors including 
chUd's Physical Activity 

Baseline LLI Wave8BMI 

Variable r p-value r p-value 

Birth weight (U}560 R1925 0_0613 0.1508 

Mother's Age at Birth IL0142 0_7374 -0_0515 02242 

Mothers Height OJ}718 0.1374 -0_0677 0_1613 

Mother's BMI ~0_0932 (L0701 ""0.2757 <0.0001 

Physical Activity 0 .. 0217 0.6307 -0.0501 02673 

Abbreviations: LU,. Leg Lengttllndex; BMI, body mass index; 

The mean levels of LLI and BMI by parental smoking status, child's birth 

order, child's breastfeeding status and parental education are displayed in figures 

10, 11, 12 and 13 respectively. For the parental smoking status - Never, 

Sometimes, Always Smoking, the mean LLI were 49.7, 49.5, 49.2, respectively (p 

for trend <0.0001) and mean BMI were 20.7,20.9,21.8 kg/m2 respectively (p for 

trend= 0.072) (Figure 10). The child's birth order- 1, 2, >=3, showed a borderline 

significant trend in mean LLilevels (49.8,49.4,49.6 respectively, p for trend= 

0.077) while the increasing trend observed for BMI was insignificant (20.8, 21.0, 

21.1 kg/m2 respectively, p for trend= 0.461) (Figure 11). Breastfeeding status-

Never, Sometimes, Always, showed an increasing trend in LLI (49.5, 49.6,49.8 

respectively) and decreasing trend in BMI (21.2, 20.9, 20.7 kg/m2 respectively), 

however neither of the trends were significant (Figure 12). The trends observed 

for parental education level- <=High School, College, >=University, were 49.7, 

49.6, 49.8 respectively for LLI and 20.6, 21.0, 20.2 kg/m2 respectively for BMI; 

however neither of these trends were significant (Figure 13). 
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1lI 
p. U.077 
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Figure 10: Mean (±SO) LLI and BMI by Parental Smoking Status 
Note: (l is forobserledlrend 

Figure 11: Mean (±SD) l U and 8MI by Child's Birth Order 
N()le: p is forobservedtrend 
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Figure 12: Mean (:!:SD) lLi and 8MI by Child's Breastfeeding Status 
Note: p is forooserved trelld 

Figure 13: Mean (:!:SD) lU and BMI by Parental Education level 
Nole:p is farobservedlreml 

Odds Ratios of OwOb in wave 8 predicted by LLI, standing height, sitting 

height and leg length in wave 3 are shown in tables 11-14. The tables refer to 

five models: Model 1 (adjusted for baseline age, sex and waist circumference), 

Model 2 (adjusted same as model 1 , further including birth weight, birth order and 

breastfeeding), Model 3 (adjusted same as model 2, further including mother's 

BMI and mother's age at child birth), Model 4 (adjusted same as model 3, further 
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including parental smoking and education level) and Model 5 (adjusted same as 

model 4, further including physical activity). 

Table 11 displays OwOb odds ratios for standing height. Model 1 indicates 

that a 1 cm increase in standing height significantly decreases odds of OwOb by 

7% [OR (95% CI]: [0.930 (0.898-0.962)]. After adjusting for confounders in 

models 2,3,4 and 5, the odds ratios become insignificant [0.968 (0.919-1.021 )], 

[0.969 (0.904-1.038)], [0.976 (0.909-1.048)], [0.969 (0.897-1.047)] respectively. 

An increase in mother's BMI, increased odds of OwOb in both models 3 [1.092 

(1.004-1.187)] and 4 [1.109 (1.015-1.212)]. Higher birth order increased OwOb 

odds by 95.9% [1 .959 (1.011-3.794)]. All other confounders did not significantly 

affect odds of OwOb (Table 11). 

Table 12 displays the OwOb odds ratios for sitting height. The odds ratios 

were insignificant in models 1, 2 and 3 ([0.968 (0.91-1.03)], [1 .054 (0.96-1.16)], 

[1.118 (0.98-1.27)] respectively). After adjusting for parent's smoking and 

education level in model 4 however, every 1 cm increase in sitting height 

increased odds of OwOb by 16.2% [1.162 (1.007-1.341)]. Further adjusting for 

physical activity in model 5 made the odds ratio insignificant [1.141 (0.975-

1.335)]. Higher mother's BMI increased odds of OwOb in both models 3 [1.093 

(1.004-1 .190)] and 4 [1.113 (1.016-1.220)]. Higher birth order increased the odds 

of OwOb by 1.94 times in model 4 [1.938 (1.029-3.650)] and 2.13 times in model 

5 [2.129 (1.089-4.162)]. Higher mother's age at child birth decreased OwOb odds 

in model 5 [0.884 (0.791-0.987)]. All other early life confounders and physical 

activity did not significantly affect OwOb in other models (Table 12). 
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Table 13 shows the OwOb odds ratios for the leg length component. A 1 

cm increase in leg length caused a significant decrease in odds of OwOb in all 

models: 12.2 % [0.878 (0.835-0.923)], 9.0% [0.910 (0.843-0.982)], 12.0% [0.88 

(0.801-0.976), 11.4% [0.886 (0.801-0.981),11.9% [0.881 (0.788-0.984)] for 

model 1, 2, 3, 4, 5 respectively. Higher mother's 8MI in model 4 increased odds 

of OwOb [1.098 (1.002-1.204)]. All other early life confounders were insignificant 

(Table 13). 

Table 14 displays the OwOb odds ratios for LU. In all models, every one 

unit increase in LU decreased odds of OwOb. The odds significantly decreased 

in every sub~equent adjusted model by; 24.2% [0.758 (0.664-0.865)], 27.5% 

[0.725 (0.589-0.892)],37.8% [0.622 (0.472-0.820)], 42.5% [0.575 (0.424-0.779)], 

43.6% [0.564 (0.400-0.796)] for models 1,2, 3, 4, 5 respectively. Higher mother's 

age at child birth decreased OwOb odds in both model 4 [0.899 (0.809-0.999)] 

and model 5 [0.880 (0.787-0.985)]. All other confounders did not show significant 

odds for OwOb (Table 14). 

The LU prediction models had consistently higher c-statistic values then 

other stature prediction models (c-stat: 0.925, 0.929, 0.937, 0.944 and 0.945 for 

models 1, 2, 3, 4 and 5 respectively). C-statistics for model 5 were highest for all 

stature components (standing height, sitting height, leg length and LU, c-stat: 

0.928,0.932,0.934,0.945 respectively) (Tables 11-14). 
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Table,!1: Odds Ratio:s of OwOb predicted by stand:ing, Heig,ht, Earny Life ~nce Factors and other childhood confounders. 

OwObPrediiction Models 

OR 95'%C1 

~fe M.odell'" 

9;amjing Height *{l.9lO Q . .193- 0.962 

BIrth Weight 

Birth 0 rei er 

Breastfeedi n 9 

Mothers !Bfi.I'l 

Mothers Age at Bj,rtIm· 

Parent'sSS 

Parent's Education 

Physical Activity 

C-stat Q.'921 

#lbbreviatioo: SS .. smok:ill.¥d! ~.; c-sGt, c-s.lat.iStic 

Mode'!?!' 

0.968 0.919- '1.021, 

t.0:21 0.;8';01- 1.301 

1.141 o.m'- 1.104 

0.9'1!9 0.61'4-1.314 

Q.924 

~Modek a'!s<o a.:l1Psted f« ba:;·eiirne age. wa!ist cM~ a;OO sex 
Note: Parenfs SS refers to the overafl smdGng ~ 

ModeJl31f1 

0.969 0,904- 1: .038 

0.999 0.111- 1.404-

1.315 0.11E- 2.439 

0.196 0.413- '1.338 

Mode14'" 

0.916 0.909- l' .046 

0 .994 0.694- 1:.422 

1.130 0 .. 933- 3209 

0.122 0.406- 1283 

*11.0'92 t.004-1 .. 187 *1 .. loo1.Q115-1.212 

0.914 0.890-1:.005 0.93'1 0.844-1:.027 

1.086 0.6:29- 1.882. 

1,.354 0.1:25- 2.531 

0 . .'924 0 . .'921 

50 

Mode15'" 

0.969 0.001- 10041 

1:.00:2 R1:21-1! .612 

*1359 1.012- 3.794 

0.110 0.4·U- 1.443 

U)OO 0,984- 1:.185 

0.005 O.;6't4- 1.001 

1! 240 0.600- 2.231 

1:.495 0.14&,2.993 

0.963 0.819.5- 1.031 

0..9:28 
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Table "\12: Odd's Ratios ofOWOb pred,fcted.by Sitting Heiglhit,Eany Ufe ExlperienceFaeton and ,otherchllkiihood confounders. 

OwOb Pred.ictionModeis 

OR 95%.Cl 

'klriablie Model1'1!! Mod\e12iD 

Sitting Height 0.9B8 0.009-1.030 1L054 0.955- 1.163 

,Birth Weight 0.98:4 0.11:5- 1.250 

Birth Order 1.180 0.191-1.149 

Breastfeeding 0.005 0.599- 1'.336 

Mother's BMI 

Mother's Age a;tBim 

Puent'sSS 

Puent's EdUcation 

Physical Actl{wty 

C-stat tUJ13 1.922 

libbr~: ss. s~~;o-:stat.o-~ 
~ModeG also ~ed fuJr~line Egr.=. waist circ1llln~ arulI sex 
iNote:: Pa;reni"s SS refers to the ~ smotil1iil ~ 

M()<d;el JIll ModeI41!! Model~ 

'Ltla 0.983- 1'.271 *1.162 '1 .• '001-1.341 1'.1,41 0.915-1,.3'35 

0.932 0.666-1.300 0.9t8: 0.&;U-1L31'5 0.98:6 0.662~ 1.461 

1'.440 0.009- 2.56'1 *1.:9381 . .0:29-3.650*2.1.291.089- 4.162 

0.774 0.400- 1.303 0.682 0.3S3-1.214 0.123 0.381-1L351 

"''I.09l1.fm4-1 .• 'Il90 '*1."I1JU)16-1226 

0.951 0.814- l' .041 0 .004 0.816- 1.00'1 

1.048: 0"000- '1.3:30 

1, .232 O.65a~ 2.306 

1 .. 921 1.832 

51 

1'.082 0.984-1.100 

~D.384 0 .• 19"1- 0.981 

1,. '1:8:4 0.000- 2.156 

1.394 0.6819- 2.82:1 

0.959 0.800-1.034-

1.932 
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Table '113: Odds RatiGs ofOwObpredjtc:tedby Leg LengthrEarEy Ufe Expai~nce Factors and other cbild:hood! oonfounders. 

OWOb PrecH'ctiofl Models 

OR 95%CI 

Variable 

Leg. Leng.th 

Birth Weight 

:Birth Oreller 

Brea.stfeedi n 9 

Mother's iBMI 

Model lill Modelz:' 

*£l.l18 0.835- 0.923 *£l~9'10 0.843- 0.982 

1.1051 10.326- 1:.339 

1.10.99 0.135- 1: .643 

0.944 0.03:-1:-1.412 

Moth ers Ag e 'at Birth 

Parent'sSS 

Parent's Education 

PhysijcaJ Activity 

C-smt 0;924 0.926 

Abbr~: SS .• slmok.~ s1alh;s; c-s!lill c-s~ 
~MOOeis ako a4usit:edfor~ age. waist ~ and sex 
Noise Pail'Sflfs· SS wefers to tllie O'VeiI"aIH sm~ s1aIh;s 

Model::r Mod el 4:! 

*£l.lM O.80lli- 0.9'16 *0 . .885 0 .• 391- 0.981 

1.075 0.159- 1.542 1u005 0.141:- 1:.533 

1298 0.122- 2.334 1:.554 0.a:83- 3.1:35 

0.:8'2:4 0.43"9- 1.383: 10.133 0.411- "1.3"10 

'1.019 0 .. 990- 1.1:77 ""1~og '1.0I>2-1,,21M 

0.914 0.8911-1' .. 000 

0.930 

52 

0.9'26 10.340- 1.025 

0.910 0.549- 1.113 

1: .414 10.151:- 2.500 

0.934 

Model~ 

*£l.88'1 0.1:88- 0.984 

1:.146 10.165- 1:.111 

1: .SS6 0.951- 3.144 

0.100 0.401-1L450 

1: . .013 0.9'75- 1::.1'00 

0.903 0.811'-11 . .000 

1.101. 0.502- 2AJt4 

1.495 0.139- 3.023 

0 .. 963 0.893-1: .. 031 

0.934 
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Tab'1e14: Oddis Ratios of OWOb pedlicted by LLl, iEuiy UfeExperien:ee Fact<ml! andotber ,c{t'liildihood co:nfoundefS; 

O,'IOcb Plrediction Models 

OR 9&¥a,CI 

~ Model1iO Modeil2!' Me,de! 31':> Mode! 4111 Mode!! ~ 

LU 

Birth Weight 

BIrth Order 

Breastfeedling 

Molther's BMI 

*6.151 0.&64- 0.855 *6.125 G.519- G.892 
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CHAPTER 5: DISCUSSION 

This analysis of longitudinal pediatric physical health data demonstrated that both 

childhood leg length and leg length index had predictive abilities for overweight 

and obesity risk in adolescence. The leg length index prediction models had the 

highest accuracy and showed consistent relationships after adjusting for all 

demographic and early life confounders. Thus this study suggested that of the 

four stature components under study, the leg length index may provide best 

prediction of OwOb from mid-childhood. To confirm this finding, further analyses 

were also conducted. After excluding all subjects who were OwOb at baseline, it 

was found that those with lower LLI at baseline had higher odds of becoming 

OwOb at wave 8 (adjusted for hip circumference, age and sex). It was very 

similar for other stature components (Appendix IV). 

This research found that higher childhood leg length index associated with 

decreased likelihood of adolescence OwOb. Specifically OwOb prevalence was 

highest among subjects who were in the first leg length index tertile (33.1 %), 

lower for second tertile (23.7%) and lowest for third tertile subjects (20.0%) (p for 

trend <0.0001). It is evident that higher relative leg growth in childhood is 

associated with a lower risk of adolescence OwOb development. The results 

from this study further revealed that the relationship between relative leg growth 

and adiposity was modified only by the child's parental smoking status; children 

from parents who smoked had lower LLI and an increased risk of adolescence 

OwOb. 
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Relation to Previous Research 

Findings from this study are consistent with results from other field-based adult 

and child studies which assessed relationships between stature and adiposity 

(Asao et aI., 2006; Davey Smith et aI., 2001; Gunnell et aI., 2003; Pliakas & 

McCarthy, 2009). A major limitation to these studies, however, was their cross­

sectional nature which did not allow for OwOb prediction modeling. The use of 

longitudinal data in this study overcame this limitation to a degree where we 

could accurately assess and comment on leg length index's potential as an 

OwOb prediction tool. After controlling for potential confounders, we found that 

parental smoking status could significantly lower the LLI . This was consistent with 

studies done on adults which had reported smoking's adverse effects on 

childhood stature. However, adult studies have also identified other early life 

factors such as the biological mother's age at birth, socioeconomic status, 

breastfeeding and birth weight as having profound effects on stature related 

components (Karaolis-Danckert et aI., 2008; Sharma et aI., 2008; Oken et aI., 

2008). The current study did not find significant associations between LLI and 

other early life factors or child's physical activity. The discrepancy merits for 

further investigation on important LLI modifying factors that can contribute to 

childhood and adolescence OwOb. 

The current study observed consistent relationships between LLI and 

OwOb even after adjusting for most prenatal, postnatal, and genetic confounders. 

This implies an underlying mechanism of association between LLI and adiposity. 

Thus this study provides supportive evidence for Karsenty's research (2006). 
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Karsenty suggested of bones metabolic potential in the body through a hormonal 

feedback regulation of blood sugar and fat deposits. It was implied that longer 

bones had more osteoblast activity which produced more osteocalcin and 

increased its hormonal activity (Karsenty, 2006). This led to many metabolically 

desirable 'effects including; increased proliferation of pancreatic beta cells, 

increased insulin secretion, lower blood sugar, increased insulin sensitivity, 

decreased visceral fat and increased energy expenditure. In other words, 

individuals with increased leg length (Le. longer bones) might have more 

osteocalcin activity and were thus metabolically protected from an increased risk 

of overweight and obesity. This explanation further sheds light on the positive 

relationship between maternal smoking and risk of childhood obesity which 

although has been well documented in the literature, however has not plausibly 

been explained. Since children of mothers who smoke experience decreased 

growth and development, they would have relatively short legs (lower bone 

mass) and lower osteocalcin activity; thus contributing to a higher risk of OwOb 

due to the metabolic effects of lower osteocalcin levels. Although this is a 

plausible explanation, future research is needed to identify the actual metabolic 

mechanism through which osteocalcin works to lower risk of adiposity. 

Implications of Findings 

Findings from this study suggest a different perspective in fighting the OwOb 

epidemic. Children who have shorter relative leg growth should be given 

particular attention in terms of OwOb prevention as they seem to acquire OwOb 
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much easier. Therefore in conjunction with assessing known OwOb risk factors in 

childhood, a child's LLI should be evaluated equivalently. One way of 

accomplishing this could be through monitoring the child's stature at the end of 

the childhood critical growth period. For example, through identifying and 

grouping 'measured LLI into low, medium and high groups, the child's relative risk 

of OwOb could be estimated, where those in the lower group would have the 

highest risk. A similar strategy was employed in this study where the gender­

specific LLI tertile cutoffs were used to create these groups and to visualize the 

prevalence of OwOb by the different levels of relative leg growth. The high, mid 

and low risk OwOb groups corresponded to the <33.3%, 33.3% - 66.7% and 

>=66.7% tertiles respectively. It was found that the prevalence of overweight and 

obesity was significantly different between the leg length index groups; those in 

the lower LLI terti Ie having highest OwOb prevalence. An OwOb identification 

tool can be developed through conducting a similar analysis with more universal 

and confounder-adjusted cutoffs for low, mid and high risk LLI. This tool may 

contribute significantly to public health OwOb prevention initiatives where high 

risk children could be identified early and subsequent prevention efforts could be 

implemented to lower their risk of future adiposity. 

Future Research Direction 

Future research should investigate utilization of LLI in predicting OwOb for 

children younger than 8 years. Analysis of longitudinal health data of children 0-8 

years would be ideal. Creating LLI risk groups for these children may provide 
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important adiposity risk insight. The LLI of children younger than 4 years is 

primarily reflective of influences that affected growth and development in the 

prenatal critical growth period. Since the majority of leg growth occurs in the 

childhood AR period, it is suspected that LLI measured prior to the AR would not 

have as profound OwOb risk predictive abilities as that measured after AR. 

Nevertheless, because the prenatal critical growth period has significant impacts 

on the child's stature, LLI measured between 0-4 years may have some potential 

in assessing OwOb risk far before it has become phenotypically evident. 

Accordingly, LLI cutoffs can be created for a wide age range of children and 

consequent OwOb prevention strategies can be implemented for a high risk child 

at any age. 

Future research should also focus on identifying other potential 

demographic, prenatal or postnatal confounders that may modify the association 

between LLI and OwOb. One way to achieve this may be through a comparative 

analysis of OwOb and normal weight children in the lower LLI terti Ie. Identifying 

factors that are similar and dissimilar between the two weight groups may 

provide interesting insight into factors that can contribute to OwOb. 

Another valuable avenue for future research might be to try to identify 

efficient ways to prevent OwOb among those who have shorter LLI or leg length. 

For instance, investigating whether increased physical activity in childhood can 

reduce the risk of future OwOb among those with lower LLI, or perhaps even 

investigating the different nutrients or caloric intakes that can be used to lower 

the risk of OwOb among those with lower LLI. Conducting similar studies 
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investigating a variety of different OwOb prevention methods would be valuable 

as well. For accurate results, known risk factors should be controlled for. 

Strengths and Limitations 

The availability of detailed prospective longitudinal data on a relatively large 

cohort is a major strength in this study; it allowed for optimal and efficient 

investigation of the association between overweight and obesity and childhood 

stature. Other studies that have investigated this relationship primarily used 

cross-sectional analyses. Cross-sectional analyses are satisfactory as a 

preliminary tool to formulate relevant hypotheses, however to accurately assess 

and develop prediction models, longitudinal data is essential. As such, this is a 

novel study conducted in the field of obesity and childhood anthropometry 

encompassing use of valuable longitudinal childhood data. The large sample 

sizes used for both the primary (n=1100) and secondary (n=544) analyses 

increased the power of this study implying that it is unlikely that the observed 

associations are spurious or due to chance alone. 

Another strength of this study is that anthropometric variables were 

measured by trained professionals thereby avoiding recall bias from self-reported 

measurements. Nonetheless, this study may be subject to minor measurement 

error due to inter and intra-examiner measurement variability. However because 

the PHAST study employs strict variable measurement protocols and multiple 

measurements are taken for consistency, it is unlikely that these errors 

significantly affect the results. 
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A child's genetics plays an important role in determining overall stature, 

accounting for approximately 80% of the variation in their total growth (Jepson et 

aI., 1994; Palmert & Hirschhorn, 2003). Therefore accurately accounting for the 

influence of genetics on the association between the leg length index and OwOb 

is imperative. This study accomplished this through controlling for maternal BM!. 

Many studies have utilized parental height and BMI to assess genetics, with the 

former used as an accurate indicator of a child's stature makeup and the latter as 

the child's genetic predisposition to OwOb. This has been shown as a fairly 

accurate method of accounting for genetics in epidemiological investigations, and 

is thus one of the major strengths in this study. Furthermore, this study used 

maternal measures which have been more strongly related to childhood growth 

than paternal measures (Wadsworth, 2002). 

Using both body mass index and waist circumference to measure OwOb 

in epidemiological investigations has been deemed more appropriate than using 

either method alone due to the unique strengths and limitations each method 

encompasses (McCarthy, 2006). This study classified OwOb using BMI and used 

waist circumference to adjust for baseline adiposity. OwOb classification was 

done based on BMI since it is highly sensitive and is the more widely used and 

accepted measurement. The use of both indices in this study suggests the 

assessment of OwOb cases should be fairly accurate and unbiased. It should be 

noted however that more direct and accurate gold standard methods for 

measuring body adiposity are available (Le. BodPod Analysis, Dual-Energy X-ray 

Absorptiometry) and should be employed for the most valid and reliable OwOb 
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assessment. 

These results provide strong evidence for the inverse association between 

LLI and childhood obesity, however a few limitations must be considered. One 

major limitation was that many secondary variables of interest (i.e. smoking 

status, birth weight, mother's age at birth, birth order) were self-reported, 

therefore the results could be subject to recall and information bias. The potential 

bias present here could partially account for the null relationships observed 

between early life experience factors and LLI in this study which were not 

consistent with previous studies. To overcome this impediment in future studies, 

more direct methods of obtaining this vital information should be employed, such 

as using birth certificates or records. 

The results from this study may not be generalizable to the whole 

population of Niagara Regional children and adolescents. This is due to the 

narrow age range of the study sample which limits the generalizability of these 

results to only children and adolescents older than 8 years. Due to the drastically 

increasing OwOb prevalence observed in preschoolers and very young children 

today, research should be focused on a younger population of children as well. 

The study results may also underestimate the true childhood OwOb 

burden in the Niagara Region. Almost half of the initial PHAST study sample was 

not included in the analysis due to incomplete anthropometric measurements. 

Although subjects who did and did not have complete information were similar in 

many aspects, it was observed that wave 3 subjects who did not provide 

complete information were notably fatter (higher waist circumference and BMI) 
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than those that did provide complete data. Similarly, wave 8 subjects that did not 

have complete data also had higher waist circumference. However, they did not 

have a higher BMI which could be due to the fact that children have entered their 

pubertal growth period at that age and may have varying heights depending on 

their growth stage. Nevertheless, the significantly higher waist circumference 

observed in both waves indicates that subjects that did not have complete 

information did, to say the least, have higher abdominal adiposity than those who 

did provide complete data. This suggests that the true prevalence of OwOb in 

Niagara Region may actually be higher than reported in this study since data 

from many f~tter children was missing, and thus not used in the analyses. 

Another limitation to this study was the use of an indirect measure of leg 

length. The leg length was derived by subtracting sitting height from overall 

height (leg length= standing height- sitting height). This method of calculating leg 

length is criticized when used in populations with high prevalence of overweight 

and obesity (Bogin & Varela-Silva, 2008). Variations in an individual's 

subcutaneous buttocks fat (gluteo-femoral) increases sitting height which can 

consequently contribute to an artificial decrease in both leg length and leg length 

index (Bogin and Varela-Silva, 2008). An efficient method of measuring buttocks 

fat is assessing hip circumference, and further controlling for it in analyses, could 

have helped overcome the limitation. Although this study did not control for hip 

circumference, the baseline waist circumference was adjusted for since it is 

significantly correlated to hip circumference (r=0.89 p<0.0001). Therefore the 

above mentioned limitation should not be a significant issue in this study. 
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Nevertheless, future studies should directly measure leg length to obtain the 

most accurate estimate of relative leg growth. 

Ethnicity was not investigated in this study. Variations in body composition 

including stature and adiposity do exist between children and adolescents of 

different ethnic backgrounds (Frisancho, 2007). Therefore future research should 

consider accounting for ethnicity in order to obtain an accurate depiction of the 

LLI-adiposity association as it exists among various ethnic groups. Investigating 

universal and consistent LLI cutoffs in child populations of varying demographics 

including different races, SES, age and gender would be worthwhile. If 

appropriate LLI cutoffs can ~e established in these diverse populations, an 

important early life OwOb screening tool may be developed for children. 

Sleep deprivation was also not controlled for this study. Results from many 

studies on both children and adults have supported the inverse relationship 

between sleep hours and risk of obesity. Essentially, when an individual sleeps 

less than the recommended 7 or 8 hours, they become at higher risk for 

developing obesity (Prinz, 2004). Since the human body grows and develops at 

rest, the lack of sleep most likely affects their stature as well. Thus sleep hours 

could be a significant factor in the leg length index and obesity relationship and 

should be controlled for as a confounder. 

Puberty is another important factor that affects both the child's body 

stature and adiposity. Many studies have noted early pubertal development in 

obese individuals, particularly in obese girls (Shalitin & Phillip, 2003). Because 

puberty wasn't controlled for in this study, it may be a limitation to the results. 
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Summary/Conclusion 

The increasing burden of overweight and obesity in otherwise genetically stable 

populations such ours imply that environmental and social factors playa key role 

in the emerging obesity epidemic. Specifically, factors that affect normal growth 

and development in the child's critical growth periods have been noted to 

influence the risk of OwOb in adolescence and adulthood. The affects of these 

factors is directly reflected in the child's stature growth, or more importantly, in 

the amount of relative leg growth. Adverse factors retard normal growth and 

development contributing to lower relative leg growth and hence an increased 

risk of adiposity. The current study demon~trated a strong significant inverse 

association between leg length index, despite adjusting for many potential 

confounders. As such, the results from this study provide strong evidence for the 

utilization of LLI as an OwOb disease prediction tool. The three critical growth 

time periods identified by Dietz (1994) are the prenatal period, the early 

childhood adiposity rebound period (age 4-8 years) and adolescence. These are 

the essential periods in a child's life when development of adiposity may be 

initiated by factors that are known to influence it. Thus, the implementation of 

preventative strategies in these periods should be a primary step in battling the 

OwOb epidemic. To implement effective prevention efforts however, it is first 

crucial to clearly identify the OwOb risk factors. The current study examined the 

effect of many prenatal and early childhood factors on adolescence 8MI and 

childhood leg length index. Interestingly, the results from this study suggested 

that maternal smoking could lower leg length index and increase risk of 
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subsequent OwOb. Thus paediatric OwOb prevention efforts should directly 

target parental smoking prenatally, at birth and after birth in order to successfully 

lower the risk of harmful adiposity. Future research should be directed at 

evaluating the effects of other important childhood obesity risk factors on leg 

growth and development in critical growth periods. 
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Appendix I 

PARTICIPATION QUESTIONNAIRE 

Name: ________________________ _ Age: _ _ ~ years 

Grade: ________ _ Do you take Physical Education classes? YES / NO 

INSTRUCTIONS: 
In this survey you will be asked about the activities that you do at school and in your spare time. 
There are no right or wrong answers because this is not a test! Just answer each question as best 
as you can remember. Please read each question carefully before you answer it. TO ANSWER A 
QUESTION, JUST CHECK (v") YOUR ANSWER OR PRINT YOUR ANSWER IN THE 
SPACE PROVIDED. Only select one answer for each question. 

The following is a sample question to practice. 

SAMPLE QUESTION 

1. How often do you eat an apple? 

Never 
o 

Once a month 
o 

SECTION 1: FREE TIME ACTIVITIES 

This section asks questions about what you do 
during your free time. Some of the questions will 
be about recess, some about what you like to 
do after school, and others will be about what 
you do on weekends and holidays. Active 
games mean things like tag or skipping or 
playing catch. 

1. During recess (or spares), do you spend most of your time: 

Talk with my friends 
o 

Do school work 
o 

Once a week 
o 

Play active games 
o 

2. After school and before you eat supper, most of the time do you: 

Watch 
television 

o 

Talk with 
my friends 

o 

Play Play Do other things 
active games video games (Specify below) 

o 0 __________ _ 
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3. After supper and before you go to bed, do you spend most of your time: 

Watch 
television 

o 

Talk with 
my friends 

o 

Read 
books 

o 

Play Do other things 
active games (Specify below) 

o 

4. On weekends, do you spend most of your time: 

Watch 
television , 

o 
Read 
o 

Play Play Talk with Do other things 
active games video games my friends (Specify below) 

o 0 0 

5. During your free time, what are the three (3) things you like to do the most? 

1. ________________ _ 2. ________________ _ 3. 

6. During the summer, how often do you ride a bike? (If you answer never, go to Question 
#8) 

Never 
o 

Once a month 
o 

Once a week Once a day 
o 0 

All the time 
o 

7. When you finish riding your bike, do you usually feel: 

Very tired 
o 

Tired 
o 

A little tired Not tired at all 
o 0 

8. During the winter, how often do you go ice skating for fun? (If you answer never, go to 
Question #10) 

Never 
o 

Once a month 
o 

Once a week Once a day 
o 0 

All the time 
o 

9. When you finish ice skating, do you usually feel: 

Very tired 
o 

Tired 
o 

A little tired 
o 

Not tired at all 
o 

10. How often do you go swimming for fun during the summer? (If you answer never, go to 
Question #12) 

Never 
o 

Once a month 
o 

Once a week 
o 

Once a day All the time 
o 0 

11. When you have finished swimming, do you usually feel: 

Very tired 
o 

Tired 
o 

A little tired Not tired at all 
o 0 

12. During the winter, how often do you go cross-country skiing? (If you answer never, go to 
Question #14) 
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Never 
o 

Once a month 
o 

Once a week Once a day 
o 

13. When you finish cross-country skiing, are you usually: 

All the time 
o 0 

Very tired 
o 

Tired 
o 

A little tired 
o 

Not tired at all 
o 

14. If there are other activities that you do once a week or more, please list them below: 

1. ________________ _ 2. ________________ _ 

15. How often do you watch television? 

Every day 
o 

Almost every day 
o 

Hardly ever 
o 

16. How many hours per day do you usually watch television? 

0-1 
o 

1-2 
o 

2-3 
o 

17. How often do you read a book in your free time? 

Every day 
o 

Almost every day 
o 

18. How many hours a day do you usually read books? 

0-1 
o 

1-2 
o 

2-3 
o 

3-4 
o 

3-4 
o 

4-5 
o 

Hardly ever 
o 

4-5 
o 

19. How often do you play video games in your spare time? 

Every day 
o 

Almost every day 
o 

Hardly ever 
o 

20. How often do you play active games with your friends after school? 

0-1 
o 

1-2 
o 

2-3 
o 

3-4 4-5 
o 0 

21. How often in a week do you play active games with your family? 

Every day 
o 

Almost every day 
o 

Hardly ever 
o 

3. 

Never 
o 

5 or more 
o 

Never 
o 

5 or more 
o 

Never 
o 

5 or more 
o 

Never 
o 

22. When you are playing active games with your friends or family, how often do you play 
hard enough to breathe heavily or make your heart beat quickly? 
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Very often 
o 

Often 
o 

Sometimes 
o 

Hardly ever 
o 

Never 
o 

23. If you have daily or weekly chores at home (cutting grass, shoveling snow, farm chores, 
paper 
route), please list them below. 

1. 2. __ _ 3. __ _ 

24. How do you usually get to school? 

Walk 
o 

Ride a bike 
o 

25. How long does it take you to get to school? 

Take the bus 
o 

0-15 minutes 
o 

15-45 minutes 
o 

26. How many older brothers do you have? 

27. How many older sisters do you have? 

28. How many younger brothers do you have? ______ _ 

29. How many younger sisters do you have? 

SECTION 2: INTRAMURAL or HOUSE 
LEAGUE GAMES 

. These are games like borden ball or volleyball that you 
play in teams at school. Only include active games. These 
do not include games you play in physical education 
classes, or recesses. If you haven't played any 
intramural games this year, check this box 0 and go 
directly to SECTION 3. 

Get a ride 
o 

more than 45 minutes 
o 

30. How many different intramural (house-league) activities have you played this school 
year? 

o 
o 

1 
o 

2 
o 

(If you answered 0, please go directly to SECTION 3) 

3 
o 

4 
o 

5 or more 
o 

31. During your intramural games, how often did you have to work hard (breathing 
heavily, sweating, heart beating quickly): 

Very often Often Sometimes Hardly ever Never 
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o o o 

32. After playing games in intramurals, are you usually: 

Very tired 
o 

Tired 
o 

A little tired 
o 

o 

Not tired at all 
o 

33. How many times a week, on average, do you play intramural games? 

o 
o 

1 
o 

2 
o 

3 
o 

4 
o 

o 

5 or more 
o 

34. How many hours each week do you think you spend playing intramural games at 
school? 

o 
o 

1 
o 

2 
o 

3 
o 

4 
o 

35. How many of your friends play intramural games? 

Most of them 
o 

A few of them 
o 

SECTION 3: SCHOOL SPORTS TEAMS 

These questions are about school teams that play sports 
against teams from other schools. If you don't play for 
any of your school's sports teams, check this box 0 and 
go directly to SECTION 4. 

None of them 
o 

5 or more 
o 

36. This school year, how many school sports teams have you belonged to? 

o 
o 

1 
o 

2 
o 

3 
o 

4 
o 

(If you answered 0, please go directly to SECTION 4) 

37. After a game or practice, are you usually: 

Very tired 
o 

Tired 
o 

A little tired 
o 

Not tired at all 
o 

38. During games or practices, did you have to work hard (breathing heavily, sweating, 
heart beating quickly): 

Very often 
o 

Often 
o 

Sometimes 
o 
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39. How many hours per week do you usually spend in practices or games for school sports 
teams? 

o 
o 

1 
o 

2 
o 

3 
o 

40. How many of your friends play on school sports teams? 

Most of them 
o 

A few of them 
o 

SECTION 4: SPORTS TEAMS OUTSIDE OF 
SCHOOL 

These are teams like hockey, ringette, soccer, and baseball 
in leagues that are not part of your school. If you haven't 
played on any sports teams in the last year, check this 
box 0 and go directly to SECTION 5. 

41. In the last year, how many sports teams have you played on? 

o 
o 

1 
o 

2 
o 

If you answered 0, go directly to SECTION 5) 

3 
o 

4 
o 

4 
o 

42. How many times a week, on average, do you go to a practice or game? 

o 
o 

1 
o 

2 
o 

3 
o 

4 
o 

5 or more 
o 

None of them 
o 

5 or more 
o 

5 or more 
o 

43. How many hours a week, on average, do you think you spend at practices and playing 
games for sports teams? 

o 
o 

1 
o 

2 
o 

3 
o 

4 
o 

5 or more 
o 

44. During games and practices, did you have to work hard (breathing heavily, sweating, heart 
beating quickly): 

Very often 
o 

Often 
o 

Sometimes 
o 

Hardly ever 
o 

Never 
o 

45. After a practice or game, did you usually feel: 

Very tired 
o 

Tired 
o 

A little tired 
o 

46. How many of your friends play on sports teams? 
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Most of them 
o 

A few of them 
o 

SECTION 5: SPORTS AND DANCE CLUBS 

These are clubs like gymnastics, martial arts (karate, judo, 
etc.), tennis, golf, swimming, horseback riding, and dance 
(jazz, ballet, and tap). It doesn't include groups like Cubs 
or Girl Guides or 4H. If you didn't belong to any sports 
or dance clubs in the last year, check this box 0 and go 
directly to SECTION 6 

47. In the last year, how many DANCE clubs have you belonged to? 

o 
o 

1 
o 

2 
o 

3 
o 

4 
o 

48. In the last year, how many SPORTS clubs did you belong to? 

o 
o 

1 
o 

2 
o 

3 
o 

4 
o 

None of them 
o 

5 or more 
o 

5 or more 
o 

49. How many times a week, on average, do you go to a sport or dance competition or 
practice? 

o 
o 

1 
o 

2 
o 

3 
o 

4 
o 

5 or more 
o 

50. How many hours a week, on average, do you think you spend at sport or dance 
activities? 

o 
o 

1 
o 

2 
o 

3 
o 

4 
o 

5 or more 
o 

51. During practices or competitions, how often did you have to work hard (breathing 
heavily, sweating, heart beating quickly): 

Very often 
o 

Often 
o 

Sometimes 
o 

Hardly ever 
o 

Never 
o 

52. How tired to you feel after a sport or dance competition or practice? 

Very tired 
o 

Tired 
o 

A little tired 
o 

53. How many of your friends belong to sports or dance clubs? 

Most of them A few of them 
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o o 

SECTION 6: SPORTS AND DANCE 
LESSONS 
This section asks questions about lessons that you took in the 
last year to learn things like swimming, tennis, golf, or 
dance. It also includes hockey schools. It doesn't include 
practices for teams or clubs. If you didn't take any sport 
or dance lesson in the last year, check this box 0 and go 
directly to SECTION 7. 

o 

54. In the last year, how many different kinds of sports or dance lessons did you take? 

o 1 2 3 4 5 or more 

(If you answered 0, go directly to SECTION 7) 

55. How many hours a week, on average, did you spend at sport or dance lessons? 

o 
o 

1 
o 

2 
o 

3 
o 

4 
o 

56. How many times a week did you go to a sport or dance lesson? 

o 
o 

1 
o 

2 
o 

3 
o 

57. How many of your friends take sport or dance lessons? 

Most of them 
o 

A few of them 
o 

4 
o 

5 or more 
o 

5 or more 
o 

None of them 
o 

58. During your sport or dance lessons, how often did you have to work hard (breathing 
heavily, sweating, and heart beating quickly): 

Very often 
o 

SECTION 
UNDERSTANDING 

Often 
o 

Sometimes 
o 

7: 
YOUR 
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BODY 
This section asks questions that will help 
us learn how much you understand about 
your body composition. 

59. I think I weigh pounds. 

60. I thinkl am ___ feet inches tall. 
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61. Check the answer that best describes how you feel about your body. 

Very 
underweight 

o 

Somewhat 
underweight 

o 

Just the 
right weight 

o 

Somewhat 
overweight 

o 

Very 
overweight 

o 

62. Check the answer that best describes how you would change your body. 

Lose a lot 
of weight 

o 

Lose a 
little weight 

o 

Stay 
the same 

o 

Gain a 
little weight 

o 

Gain a lot 
of weight 

o 

63. Check the answer that best describes how you like the way your body looks. 

Alot 
o 

A little 
o 

Not at all 
o 

Hate how I look 
o 

THANK YOU VERY MUCH FOR COMPLETING THE PARTICIPATION 
QUESTIONNAIRE! © 
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Appendix II 

PARENT'S QUESTIONNAIRE 
The following questions will give us an idea of how you spend your time with your children (starting 
with less active things), your thoughts about their activity levels, and the challenges you face 
regarding their physical activity. Some questions will let us compare your answers to similar parents 
- age, gender, type of residence, etc. We would like the parent or guardian most familiar with your 
child to answer all questions. 

Child's Name: _______________ _ 

1. Are you the child's: Mother IJ Father D 

2. How often do you read with your child? 
Never Once a month Once a week Once a day 

rJ D D 

3. How often do you talk to your child about what he/she is learning at school? 

Legal guardian 

Always 
D 

Never Once a month Once a week Once a day Always 
[J D D D 

4. How often do you work with your child on school subjects each week? 
Never Once a month Once a week Once a day 

D D 0 
Always 

o 

5. How often do you review and discuss the completed work that your child brings home? 
Never Once a month Once a week Once a day Always 

D [J 0 0 

6. How often do you help your child with math? 
Never Once a month Once a week Once a day Always 

IJ D 0 0 

7. How often do you do homework with your child? 
Never Once a month Once a week Once a day Always 

D D 0 0 

8. How often do you watch television with your child? 
Never Once a month Once a week Once a day Always 

0 D 0 0 

9. How often do you play outside the house with your child? 
Never Once a month Once a week Once a day Always 

0 0 0 0 

10. How often do you play inside the house with your child? 
Never Once a month Once a week Once a day Always 

0 D 0 0 

11. How often do you ask your child about his/her progress in school? 
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Never 
o 

Once a month Once a week 
o 0 

Once a day 

12. How active are you in enrolling your son/daughter in sports? 
Very often Often Sometimes Hardly ever 

D OD 

Always 
o 

Never 
o 

13. How often do you go to your son/daughters sporting events with him/her (e.g., watch your 
son/daughter perform in a dance recital or at swim meets)? 

Very o,ften Often Sometimes Hardly ever Never 
o 0 0 0 

14. How important is it to you to be actively involved in your son/daughter's sporting events? 
Very often Often Sometimes Hardly ever Never 

o 0 0 0 

15. How much do you enjoy participating in sport/physical activity? 
Very much Quite a bit Somewhat A little bit 
DOD 

Not at all 
o 

16. How many times a week are you physically active for twenty minutes or more to the point 
where you are sweating and breathing hard? __ / week 

17. How frequently (on average) do you participate in sport/physical activity each week? 
Very often Often Sometimes Hardly ever Never 

o 

o 

o 

o 

o 

IJ IJ 0 0 0 

18. How often does your family use sport/physical activity as a form of family recreation (e.g., 
going on a bike ride together, hiking, ice skating)? 

Very often Often Sometimes Hardly ever Never 
o 0 0 0 0 

19. How much do you use your own actions to encourage your son/daughter to be physically 
active? 

Very often Often Sometimes Hardly ever Never 
o 0 0 0 0 

20. How often do time pressures interfere with you being able to help your child participate in 
sports or active play opportunities? 

Very often Often Sometimes Hardly ever Never 
o 0 IJ 0 0 

21. How often do financial constraints prevent you from helping your child participate in sports or 
active play opportunities? 

Very often Often Sometimes Hardly ever Never 
o 0 0 0 0 

22. How often do concerns about safety interfere with you allowing your child to be involved with 
sport or active play opportunities near your home? 

Very often Often Sometimes Hardly ever Never 
o IJ 0 IJ 0 

23. How often to you wish there were more facilities for sport or active play closer to your home? 
Very often Often Sometimes Hardly ever Never 

o 0 0 0 0 
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24. How often do you find yourself just too tired to be involved in sports or active games with your 
child? 

Very often 
o 

Often 
o 

Sometimes Hardly ever 
o 

Never 
o 

25. How often do any physical health problems you face make it difficult to be involved in sports 
or active games with your child? 

Very often Often Sometimes Hardly ever Never 

o 

0000 0 

26. I encourage my child to do physical activity and sports. 
Never Rarely Occasionally Sometimes Often Every day 

0 0 0 0 0 

27. I participate in physical activity or sports with my child. 
Never Rarely Occasionally Sometimes Often Everyday 

0 0 0 0 0 

28. I provide transportation for my child to physical activity settings. 
Never Rarely Occasionally Sometimes Often Everyday 

0 0 0 0 0 

29. I watch my child being physically active or playing sports. 
Never Rarely Occasionally Sometimes Often Everyday 

0 0 0 0 0 

30. I tell my child when he/she is doing well in physical activities or sports. 
Never Rarely Occasionally Sometimes Often Every day 

o 0 IJ fJ 0 

31. I really want my child to do well at physical activities or sports. 
Very false Mostly false Somewhat false Neutral Somewhat true Mostly true 

o 0 DO D 

32. I think my child is really good at physical activities or sports. 
Very false Mostly false Somewhat false Neutral Somewhat true Mostly true 

o 0 DOD 

33. I think my child could do better at physical activities or sports. 
Very false Mostly false Somewhat false Neutral Somewhat true Mostly true 

o 0 DOD 

34. I wish my child wanted to do better at physical activities or sports. 
Very false Mostly false Somewhat false Neutral Somewhat true Mostly true 

o 0 DOD 

35. In general, would you say your child's health is: 
Excellent Very Good Good Fair 
DOD 

Poor 
o 

Very true 
o 

Very true 
o 

Very true 
o 

Very true 
o 

36. In your opinion, how physically active is your child compared to other children the same age 
and gender? 

Much more Moderately more Equally Moderately less Much less 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 0 0 0 0 

How often would you say that your child: 
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37. Can't sit still, is restless, or hyperactive? 
Never or not true Sometimes or somewhat true Often or very true 

D D 

38. Is distractible, has trouble sticking to any activity? 
Never or not true Sometimes or somewhat true 

D D 

39. Fidgets? 
Never or not true 

D 
Sometimes or somewhat true 

D 

40. Can't concentrate, can't pay attention for long? 
Never or not true Sometimes or somewhat true 

D D 

41. Is impulsive, acts without thinking? 
Never or not true Sometimes or somewhat true 

D D 

42. Has difficulty waiting turn in games or groups? 
Never or not true Sometimes or somewhat true 

D D 

43. Gives up easily? 
Never or not true 

D 
Sometimes or somewhat true 

D 

44. Cannot settle to anything for more than a few moments? 
Never or not true Sometimes or somewhat true 

D D 

45. Stares into space? 

46. 

Never Never or not true 
D 

Is nervous, high-strung or tense? 
Never or not true 

D 

47. Is inattentive? 
Never or not true 

D 

Sometimes or somewhat true 
D 

Sometimes or somewhat true 
D 

Sometimes or somewhat true 
D 

D 

Often or very true D 

Often or very true 
[J 

Often or very true D 

Often or very true 
D 

Often or very true 
D 

Often or very true D 

Often or very true 
D 

Often or very true 
D 

Often or very true [} 

Often or very true D 

48. What ages are the children who live in your home? (Please list all!) 

Boy years Girl 
years 
Boy years Girl 
years 
Boy years Girl 
years 
Boy years Girl 
years 
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Boy ________ years Girl _________________ ___ 

years 

49. What is the highest level of education that you have attained? _ (Specify) 

50. What is your age? ___ years 

51. What is your weight? ___ pounds 

52. What is your height? ___ feet ___ inches 

53. What do you think is your child's weight? _~ __ pounds 

54. What do you think is your child's height? __ feet inches 

55. Do you live in an urban or rural dwelling? 
Rural 

56. Do you own or rent your home? 
Rent 

57. Select the type of dwelling that best describes your home. 
o Single detached house 
o Semi-detached 
o Low-rise apartment (less than 5 stories) 
o High-rise apartment (5 or more stories) 
o Other: (Specify) 

Urban 0 
o 

Own IJ 
o 

58. What is your best estimate of your total family income before taxes and deductions from all 
sources during the past 12 months? 

$ / 

59. What is your marital status? 
IJ Now married 
o Common-law 
IJ Living with a partner 
o Single, never married 

o Widowed 
o Separated 
o Divorced 

60. Other than on special occasions (such as weddings, funerals or baptism), how often do you 
attend religious services or meetings? 

Once a week Once a month 3 or 4 times a year Once a year Not at all 
IJ 0 0 0 0 

61. In what country were you born? 
o Canada 

(Specify) 

62. In which language(s) can you have a conversation? 
IJ English 

(Specify) 

o Other _______ _ 

o Other _______ _ 

63. What do you consider to be your main activity during the past 12 months? (MARK ONLY 
ONE) 

o Caring for family 0 Working for payor profit 
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o Caring for family & working for payor profit 
o Recovering from illness / on disability 
o Other (Specify) 
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o Going to school 
o Looking for work 
IJ Retired 

Thank you for completing the Parent's Questionnaire. Please do not forget to return your entry draw form 
on the cover letter so that you are eligible for the raffle draw and your child's class can earn another pizza 
party courteous of Brock University. 
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Appendix III 

Optimal Growth Study - Early Life Experience Questionnaire 
INSTRUCTIONS: Please read questions carefully and try to answer as accurately as possible. 

This form ideally should be completed by the child's natural mother. If you are 
not the biological mother please check here 0 and state your relation to the 
child -------

The following questions ask birth or after birth related information of (child 
name): _____ _ 

1. Date of Birth: __ (month) __ (day) ____ (yr). 

2. Birth weight: 0 grams ____ , or 0 lbs _, OZ __ 

3. How old were you (biological mother) when the child was born? ___ (yrs). 

4. Was the child born: 

o Within a week of their due date 
D One week early 
o One week late 

o Two weeks early 0 Three or more weeks early 
D Two or more weeks late 

5. Was the child your first child? 

DYes o Second child o Third child 0 Fourth or more. 

6. How many kg/pounds did you gain during the pregnancy? . __ (kg) or (lbs) 

7. Please check if you (biological mother) were diagnosed or treated for any of the 
following during this 

pregnancy: 

o High blood pressure o Diabetes 

8. Was the child breast fed for: 

o No breast fed 0 Less than 1 month 

o Anaemia 

01 - 3 months 

o Depression/anxiety 

0 3 - 6 months 
more months. 

06 or 

9. Do you presently smoke regularly (one of more cigarettes a day)? DYes O No 

10. Did you smoke regularly (one or more cigarettes a day) in the year before the 
pregnancy? 

DYes 0 No (go to question 12) 
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11. Did you stop smoking when you learned you were pregnant? 

o No (go to end) 0 Yes, right away 0 Within 1 month 0 Within 2 months 
DAfter 3 or more months 

12. Did you smoke after giving birth of the child within the first year? 

o No 0 Yes, right away o Within 1 month o Within 2 months 
DAfter 3 or more months 

End of the questionnaire. 
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Appendix IV - Results from subjects with normal weight at baseline (N=902) 

Taib:le Ai: Odds Ratios Gf OWO!b predicted !by LU. Early Lffe ExpenenceFacto'fS and GtherchiklihoiOd confGu:ndefS. 

OwOb Predaclicofl iModels 

OR 95%,0 

Vairiaible Mo<lieJi Model2!' Model :t Mode14b 

LLI 0.008 0 .,700- 1.052 *0.752 0.5l3-0..987 ~0..624 0.432- 0;0010 '"0,.555 0.366- 0.840 

Birth W eight 0.9U;: 0 .684- 1.225 1.051 0.6GB- 1.654 

Bi:rthOrder "1.190 0.771- 1.822: 1.141 0.:873- 3.472 

Brea.stfeedi ng 0.881 0.520- 1.491 O.90·f 0.,44B- '1.811 

Moth er's BMI '1.030 0.914- '1.152 

Mother's Age at Birth 0.800 0.78:4- '1.008 

Parent's SS 

Parent',s Education 

Physical Acti\\~ivi 

C-smt 0.786 io..799 0,.8&6 

~: W I. L. L~ l i1"!de:x;; SS,. sm~stams; 0-5t3it. o-'""~ 
"iM~ alS()~sj:ed furi!:as@M~. hlip cireumterernce and ,sex: {ex~ 0w(Jt; sit basane). 
Nme: PMent's SS refa'S, to the overaifi sm~:st.ams 
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0.944 0.58& '1.,523 

"2.3791,.'102- 5.113'6 

O.M2: 0.3'95- 1.796 

1.071 0.95"1- 1.2:19 

"0.829 0,.7'13- 0'~963 

0.747 0.323-1.729 

l .31:0 0.,771- 4.2:15 

0,.887 
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Model5b 

*0535 0,.337- 0,.854 

0.,990 0.510- 1.717 

'''2.721'1,.11$8- 6,208 

0.,922 0,405- 2.005 

1.034 0.:903- 11.184 

*0;825 0.702- 0..970 

0 .809 0.321- 2 .005 

1.101 0 .41'5-2.,i919 

0 .950 0.,003- 1.045 

0,.909 
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Table A2: Odds Ratios of OwOb predicted by standiinrOi Height, Early Ufie ExpeJi.ence Facton and ot her childhood confoundeR. 

OwOb Prediction Models 

OR 95%CI 

'Variable ModellD Modet:t' ModelJ'l Model4D Modelf! 

:Stafldling Height '*0.912 0..86'9- 0..956 0..946 0..876- 1.022 0..921 0. .. 82:1- 1.025 .0.913 0. .. 819- 1.0'f1 "0.856 0.155- 0..97:2 

Birth WeIght .0.930 0..696- 1.242 

BJrthOrder 1.161 0..163- 1.185 

BreastCeedlng O.SIU 0.521- 1.48:8 

Moth er's BMI 

r",'oth er's Age rat :Birth 

Parent's S5 

Parent's Education 

Physicail Activity 

C-cstat 0. .• $5 0..190 

Abbrevmm: SS, sm~sta1us.; c-stat .. ~ 
l>'Models also Hjusted forbaseiilTle ap. hip cm::lUl1ilfereooe amd! sex 
Note: PaII'ernt"s SS refers to the over;ajj sm~ status 
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1.012 .0.654-1 .566 .0.949 0.600-1.'5.01 1.027 0 .. 596-1:.17.0 

1.860 .0.955- 3.623 *2.337 1.124- 4.862 il:2.750 1.240- 6.099 

0.899 .0 .. 454-1'.776 .0.904 .0.431 - 1.898 1 . .08'5 {t47'5- 2.481 

1.0.42 0..932-1 .165 1 . .015 0.951-1.208: 1.026 0.900-- l .170 

~(U;14 O.1~ O~9.94 '*0.834 0.12'0- 0..961 '*0.825 0..1m- 0313 

.0.916 .0.457- 2.0.83 0..981 0..41;0- 2 .373 

2.045 .0.899- 4.651 1:.180 0..462- 3.0.'16 

.0.964 0..811-1: . .059 

'1.;841 0.,,'841 0.883 
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Table M: Od. 'RaUos of OWOb prNiicted by Sitting: H~t, Early UfeE:x;perience Factors and otherchirkl'h,OlQd cOirifounders. 

OYlOb P'redfidi:clif'i Models 

OR WkO 

~le 

Sitting Hej'ght 

Birth Weight 

Birth Order 

Breastl'eeding 

Mother's eMI 

Mode!11'° 

*'0.896 0.:825- 0,.974 

Mother's Ag eatBirth 

Parent's 55 

Parent's Education 

PhYS'ical Activity 

C",stat 0.188 

Atib.reviiation: SS, smoldf1llll sta'ias; c-stit. ~ 

ModellS 

1:.{H8 0.,882-1'.175 

0.908 0.600- 1'.214 

121'8 0.800- 1.,854 

0.8'46 0.501- 1.430 

0...710 

"'''ode1s E¢ ~ed forlbaseline Siljie, hiip e'ircumferenoe sruI sex 
Note: Piifent"s, SS refers, to !he ollerati :smOking staitus 

Model:r' MOG'eI'4S 

1.074 0.899- 1:.2:8'3 1.091 0.800-1' .328 

0.990 0.642-1,.526 0.007 0.515- 1.430 

"'11.9641.0116- 3.198 *2.4681.1190- 5.'1109 

0.846 0.421-11.,678 0.843 0.403-1.165 

1.041 0.938'-1.170 1:.085 0.95a:~ 1.2'11 

*'0:8111 0.168:'- 0.988 *'0,.833 0.1:21- 0.964 

0.900 0 .451- 2.,1:03 

'1'.716 0.791- 3.985 

0.818 0,:835 

lUU 

ModelE! 

0.994 0.785- 1:.258 

0.962 0.569- 1: .624 

"2.133 1.213-5,JS111 

0.972 0..432- 2.18'6 

1.038 0..918:'- 1.174 

"0.824 0.11M- 0.961 

1'.052 0.450- 2.451 

1.2'17 0.494- l .999 

0.959 0.872-11.055 

0.854 
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Tmle A4: Odds RaUos of OwOb pred.iic:ted by Leg Length., Eairrly Ufe Experience factIOn and otherchlildhood COInfounders. 

'Variail::Ji:te 

Leg LengUl 

BIrth Weight 

Birth Order 

BreastlfeedJirtg 

MoUler's BMI 

Mode11.1D 

*O.~ OJM2- O .• S51 

MoUler's Age at Birth 

Parent'sSS 

Parent's EdlUCati.on 

Physical Activity 

C~tat o.soo 

Abbreviatioo.: SS. sm~~; c-sttt. C-Stat&1c 

OwOb Prediction Models 

OR '95%0 

Model2i1.l 

*OJl99 0.8110- O.~ 

0 .. 933 0 .. 698- '1:.249 

1.156 0.753- 1.713 

0.004 0,529- 1 .. 511 

o.soo 

Model: 3'" 

*OJl37 0.124- 0..967 

1: .06'1 0.614- 't..610 

1.732 0 .872- 3 .. 441 

0,.922 0 .463- 1.837 

1U)'35 0.1922- 1:.162 

0.8'a4 0.718- 1.005 

0.858 

'"Mo:f.els *0 adjusted f«baseiroe~. ~ ctroomfereoce SIMi SEX 
Noi.e: Pa;rE!f1ICs. SS refers to dte oversii! sm~ sta1ius 
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Model41D 

*0.821 0.7.- 0.!l5·1! 

0.983 0 .. 61'.3- l.5l1 

"'2.2971.076- 4~'902 

0.893 0.42'1- '1.893 

'1.073 0 .951- 1.212 

*O.J831 0 .• 7'1!5-O.~ 

0.1339 0.376- '1.H75 

2.052 0.885- 4.759 

0.870 

~Aodel fI' 

*0.718 0..655- 0.923 

1:.029 0.590- ''' .. 795 

"2.7501202- 6.292 

1.030 0.4511- 2 .. 450 

t.027 0.898:- 1L176 

*O .• a25 0..699- 0..974 

0.8:64 0.347- 2.'146 

1.1133 0 .428'- 2 .. 99B 

0.955 0.a69- 1: .050 

0~S01 


