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A B S T R A CT  

Background: Prevalence of childhood overweight and obesity has risen dramatically 

over the last few decades, suggesting a causative role for environmental factors, 

including activity, diet and eating behaviours. 

Objectives: To determine the prevalence, change in prevalence and degree of tracking 

of overweight and obesity in a birth cohort of Dunedin children from age three to seven 

years and to simultaneously examine multiple putative risk factors and potential 

confounders for increased BMI in childhood, focusing on those potentially amenable to 

intervention. 

Methods: This thesis describes a prospective observational study, which recruited 241 

children at age three (baseline data) and followed them to age seven (longitudinal data). 

Body Mass Index (BMI), fat mass and fat free mass were measured six-monthly with 

bioelectrical impedance and at ages five and seven using dual energy x-ray 

absorptiometry. Risk factors assessed included physical activity and sleep duration 

measured annually with accelerometry; dietary intake, physical inactivity including 

screen time, and family factors (parental BMI, socio-demographic factors, birth weight 

(BW) and smoking during pregnancy) measured by questionnaire. Main outcome 

measures were prevalence of overweight and obesity (1) at each age and multivariate 

models developed to determine associations with BMI cross-sectionally at baseline and 

with BMI and body composition longitudinally to age seven. 

Results: At baseline, combined prevalence of overweight and obesity was 26.1%. In 

multivariate analyses Maori ethnicity, antenatal smoking, higher BW and higher 

paternal BMI were cross-sectionally associated with increased BMI. Higher maternal 

pressure to eat was associated with lower BMI in this analysis. An interaction effect 

existed between maternal smoking and BW. Whereas in the children of non-smokers 

BW was positively associated with subsequent BMI, this relationship was reversed for 

children of smokers.  

Longitudinal follow-up revealed combined prevalence decreased to 18.1% at seven 

although BMI tracked strongly. Overweight and obesity was more prevalent in girls 

from age five, and girls had lower fat free mass and higher fat mass at all ages. 

Multivariate analysis identified two potentially modifiable risk factors longitudinally 
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associated with BMI. Antenatal smoking remained significant with a difference in BMI 

of +0.96 kg/m2 (95% confidence interval: 0.33 to 1.58). Each additional hour of sleep at 

ages three to five was associated with a reduction in BMI of 0.48kg/m2 (0.01 to 0.95) 

and a reduced risk of overweight of 0.39 (0.24 to 0.63) at seven. This association 

persisted after adjustment for earlier BMI and was explained by greater differences in 

fat mass index (-0.43, -0.82 to -0.03) than in fat free mass index (-0.21, -0.41 to -0.00). 

Other independent predictors of increased BMI were female sex, Maori ethnicity, high 

maternal BMI and high BW but the negative cross-sectional association with maternal 

pressure to eat demonstrated at three did not persist in longitudinal analyses adjusting 

for earlier BMI.  

Conclusions: Young children exposed to tobacco in-utero and who sleep less are at 

increased risk of becoming overweight, even after adjustment for multiple confounding 

factors. Maternal pressure to eat may be the result of concerns regarding perceived poor 

growth, rather than a protective factor in the development of overweight.  
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P R E F A C E  

The Family Lifestyle, Activity, Movement and Eating (FLAME) Study commenced in 

2004 at the height of the international peak in overweight and obesity in children. At the 

time, there was a lack of evidence regarding the scope of the problem in young New 

Zealand children and the cause of the increased prevalence seen over the preceding 

three decades, particularly in very young children. However it was apparent, due to the 

rapidity of this increase, that environmental factors must be playing a significant role. 

This study was designed to identify risk factors for overweight and obesity in young 

New Zealand children, with particular emphasis on factors which are potentially 

modifiable and which could form the basis for future public health intervention 

programmes. 

This PhD thesis has evolved over a prolonged period of time. My initial intention when 

I first became involved in the study in 2004 was to use some of the baseline data in 

order to complete a Masters of Medical Science degree. This was changed to a PhD in 

2006 when it became clear that the longitudinal study would be continuing for a total of 

four years of follow-up.  In addition to the longitudinal nature of the study, a number of 

personal factors have contributed to this prolonged time frame. During this time I have 

completed my FRACP in paediatric endocrinology and have worked as a Clinical 

Research Fellow at Starship Hospital where my research was on diabetes rather than 

being able to continue with this study. I subsequently spent some time training overseas 

and more recently returned to Starship as a Consultant in the Paediatric Endocrine 

Department. I have also had two children and have lived in four different countries 

during the time over which this thesis has been undertaken.  

The literature base surrounding childhood obesity has increased enormously over the 

period during which this thesis has been undertaken. For this reason, the Literature 

Review chapter of this thesis will focus primarily on what was known in the literature at 

the time of study design and data collection. However more recent data will be included 

in the subsequent discussion chapters.  

The FLAME study was a longitudinal study which involved assessment of multiple 

putative risk factors using a variety of techniques and with a number of people involved. 

My own personal contribution to the study included involvement in study design, grant 

and ethics applications, recruitment and data collection and analysis of results. I wrote 
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all of the questionnaires used in the study, combining validated questionnaires, such as 

the Child Feeding Questionnaire where appropriate, and developing and pilot-testing 

new questionnaires where no suitable validated questionnaire existed, such as for child 

activity. I wrote the majority of the Ethics application and several applications for 

financial grants which contributed towards the longitudinal study continuing. I was also 

involved in the production of recruitment materials, consultation with local Maori 

health groups and tracing of potential subjects. I obtained all the initial consents and 

was heavily involved in data collection, seeing all the families at the initial visit and the 

majority of families at follow-up for the first eighteen months of the study. I completed 

all the data analysis with the exception of the final accelerometry data at age seven and 

the multivariate models. I have also been involved in writing of published papers arising 

from the study. Papers published thus far are: 

• Longitudinal analysis of sleep in relation to BMI and body fat in children: the 

FLAME study.  

Carter PJ, Taylor BJ, Williams SM, Taylor RW.   

BMJ 2011; 342: d2712. 

• Changes in fat mass and fat-free mass during the adiposity rebound: FLAME 

study. 

Taylor RW, Williams SM, Carter PJ, Goulding A, Gerrard DF, Taylor BJ. 

Int J Pediatr Obes. 2011 Jun; 6(2-2): e243-51 

• Longitudinal study of physical activity and inactivity in pre-schoolers: the 

FLAME study. 

Taylor RW, Murdoch L, Carter P, Gerrard DF, Williams SM, Taylor BJ 

Med Sci Sports Exerc. 2009 Jan; 41(1): 96-102. 

This thesis is structured in traditional style and consists of four main chapters. 

• Chapter 1 consists of the literature review. 

• Chapter 2 contains the baseline study performed when the subjects were aged 

three years. Within this chapter there are three main sections comprising 

methods, results and a discussion of these baseline results. 

• Chapter 3 details the longitudinal study following the children from age three to 

seven. Again within this chapter there are methods, results and a discussion 

section. Due to the very large number of variables included in the study it was 
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necessary to limit the longitudinal analysis for the purpose of this thesis. This 

chapter therefore focuses on the prevalence data, an in depth analysis of the 

activity data and the longitudinal models into the associations with BMI and 

body composition.  

• Chapter 4 contains a summary of the study as a whole; strengths, weaknesses 

and future directions. 
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C H A P T E R  O N E :  

L I T E R A T U R E  R E VI E W   
 

As discussed, this literature review focuses on the knowledge available at the time of 

study design and data collection to give understanding as to how and why the study was 

designed. More recent data will be reviewed in subsequent chapters. 
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1.1  CHILDHOOD OVERWEIGHT AND OBESITY: THE SCOPE 
AND SIGNIFICANCE OF THE PROBLEM 

Childhood overweight and obesity has increased dramatically throughout the world over 

the last thirty to forty years (2-6). This increase has affected both developed and 

developing countries albeit with differences in overall prevalence, rate of increase and 

risk factors associated with overweight (7).   

Amongst children aged less than five years, the global prevalence of overweight and 

obesity, defined as weight for height greater than two Standard Deviations (2SD) above 

the World Health Organisation (WHO) Child Growth Standard median (8), is estimated 

to have increased from 4.2% in 1990 to 6.7% in 2010, a relative increase of 60% (9). 

Prevalence rates are higher in developed countries than developing countries (11.7% 

compared to 6.1% in 2010), however the rate of increase over this period is greater in 

developing countries. These figures equate to 43 million preschool children worldwide 

who are overweight or obese. 

In developed countries, trend data is more readily available for school-aged children. 

Figure 1 demonstrates the increase in prevalence of combined overweight and obesity 

seen in a number of countries between 1970 and 2005. Significant variation exists 

between countries in both absolute prevalence rates and the rate of change, however the 

figure demonstrates increasing rates in both developed (New Zealand, USA, Canada, 

England, Australia) and developing (Brazil and China) countries.  

During this time New Zealand had no nationally representative trend data available for 

children, therefore the New Zealand data comes from a study undertaken in Hawkes 

Bay children aged eleven to twelve years. The prevalence of overweight in this cohort 

increased from 11.0% in 1989 to 20.9% in 2000, with corresponding figures of 2.4% to 

9.1% for obesity (6). This equates to an annualized change in prevalence of 

approximately 1.5% for overweight and obesity combined, higher than reported for 

Australia, Canada, England and the United States (7). Whilst the Hawkes Bay study 

reported response rates of 94 and 84% for the two surveys used, regionally 

representative data may differ from national data due to demographic differences, 

particularly related to ethnicity and socio-economic factors. Indeed, Turnball et al 

identified ethnic differences in the trends reported. Although, absolute prevalence rates 

were highest for Maori and Pacific children at both time points, the fastest rate of 

increase over this time period was observed in New Zealand European children (6).  
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Figure 1  International trends in the prevalence of overweight (including obesity) in 
school-aged children 1970 – 2005  
Overweight defined by IOTF criteria except USA (CDC criteria). Children’s ages (in 
years): Australia 2-18, Brazil 6-18, Canada 7-13, China 6-18, New Zealand 11-12, UK 7-
11, USA 2-19. Sources: (3-7, 10-12)  

 

Obesity in childhood is associated with morbidity in several areas, although the most 

immediate effects are psychological and social. Stigmatisation of obese children and 

adolescents in Western societies has been documented since the 1960s (13). More 

recent studies demonstrate that, despite the increasing prevalence of obesity in the 

community, primary school-aged children still rank a drawing of an obese child last in 

terms of “who they liked best”, behind a number of physical disabilities (14) and 

overweight is thought by children to be associated with poor social functioning, less 

academic success, low health, unhealthy eating and poor fitness (15).   

The effects of stigmatization on individual children are less clear. Studies examining 

self-esteem tend to find no relationship with body weight in preschool children (16), 

however with increasing age an inverse relationship between self-esteem and body 

weight begins to emerge (17), perhaps reflecting the increased importance of peer 

groups in older children and adolescents and greater awareness of variation in body size. 

Some authors consider the emergence of type 2 diabetes mellitus in youth to be one of 

the most alarming consequences of the increase in obesity rates in children (2). The 

annual incidence of new cases of type 2 diabetes mellitus in children aged less than 
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fifteen years increased fivefold in the Auckland region from 1995 [0.5/100,000; 95% 

confidence interval (CI) 0.0–2.2] to 2007 (2.5/100,000; 95% CI 1.0–5.5) (18) with a 

mean body mass index at diagnosis of 33.8kg/m2. In the United States, up to 45% of 

new cases of diabetes in youth are now type 2 diabetes (19). Scott et al found excess 

body weight to be present in 96% of newly diagnosed adolescents with type 2 diabetes 

compared to only 24% of those with type 1 diabetes (20).  

Cardiovascular risk factors are already present at higher rates in overweight and obese 

children than their leaner peers, including adverse lipid profiles (21, 22), and 

hypertension (22, 23). Overweight and obese children are at increased risk of sleep-

disordered breathing including sleep apnoea (24, 25) and of asthma in some (26, 27), 

but not all (28), studies in childhood. Non-alcoholic fatty liver disease (29), polycystic 

ovarian syndrome (30) and orthopaedic morbidities such as slipped upper femoral 

epiphysis (31) and increased risk of fracture (32) have also been associated with obesity 

in childhood and adolescence.  

In addition to morbidity during childhood, there is evidence that both the degree of 

adiposity and some of the adverse risk factors associated with obesity track through 

childhood into adolescence and on into adulthood. Childhood BMI is associated with 

adverse lipid profiles, insulin resistance, elevated blood pressure and proxy markers of 

atheroma such as intima media thickness in adulthood (33-35). However it is unclear to 

what extent this is mediated by the tracking of obesity into adulthood. Whereas the 

Bogalusa Heart study showed an association between childhood BMI and intima media 

thickness that was independent of adult BMI (34), other studies have suggested that 

adjustment for adult BMI renders the effect of childhood BMI no longer significant 

(35).  

Tracking of adiposity within childhood has been demonstrated in a number of studies. 

In a representative study of Australian primary school aged children, 70% of BMI Z-

scores changed by less than half of one standard deviation (0.5 Z-score) over the three 

year follow-up period (36) and approximately 85% of children remained within the 

same category of non-overweight, overweight or obese as defined by international cut-

off points (1). Locally, the Dunedin Multidisciplinary Health and Development Study 

found correlations between biannual measures of BMI from ages three to eleven years 

ranging from 0.37 (females three years to eleven years) to 0.91 (males nine years to 

eleven years) (37). 
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A number of large studies have examined the persistence of fatness from childhood and 

adolescence to adulthood. All have found a relationship between childhood and adult 

weight although they differ in terms of the magnitude of risk and the age from which 

the prediction is valid (35, 37-41). Factors resulting in higher reported risk include 

higher cut-offs used to define overweight / obesity in childhood (42); older age at initial 

assessment (39, 43) and the use of BMI rather than other measures of childhood 

adiposity such as waist circumference.  

However, despite the increased risk of adult obesity in those overweight in childhood 

and adolescence, the majority of obese adults were not fat at either stage. In the 1958 

British cohort study, Power et al found that only 8% of men and 9% of women obese at 

the age of 33 had been above the 98th percentile for BMI at age seven, and 13% and 

11% respectively had been above the 98th percentile at age sixteen (44). Relatively few 

of this cohort were overweight as children and the 98th percentile is a much higher cut-

off point to define childhood obesity than the adult definition of 30kg/m2, two factors 

which may contribute to the low childhood rates reported. More recent studies have 

tended to provide higher estimates. The Bogalusa Heart Study found that 43% of obese 

adults had been obese (defined here as Rohrer index greater than the 85th percentile) as 

children (45) and in Dunedin, 40% of those overweight at age twenty-one had been 

identified as having a BMI greater than the 75th percentile by age seven (37). However 

an Australian study examining a cohort aged between seven and thirteen at first 

assessment in 1985, found only 5.2% of obese men and 7.9% of obese women had been 

obese since childhood (40). Direct comparison of these studies is complicated by 

differences in defining overweight and obesity in childhood and in age of adult follow-

up. 

1.2  MEASURING AND DEFINING OVERWEIGHT AND OBESITY IN 
CHILDHOOD 

Obesity can be defined as excess body fat, however measuring body fat and defining 

appropriate thresholds for overweight and obesity in childhood has been problematic. 

Measures used include both anthropometric measures, in particular BMI, and direct 

measures of body composition. 

  



22 
 

1.2.1 BODY MASS INDEX (BMI) 

Body mass index is defined as weight (kg) / height squared (m2). It is a widely accepted 

measure of relative adiposity in adults with thresholds of >25kg/m2 classified as 

overweight and >30kg/m2 as obese, based on evidence of increased risk of morbidity 

and mortality (46, 47). 

BMI is also the most commonly used measure of childhood adiposity in clinical practice 

and has been recommended by the International Obesity Task Force as the main 

measure of overweight and obesity in childhood and adolescence for survey purposes 

(2). The measurements have high subject acceptance and, when weight and height are 

measured by trained personnel, there is low observer error, low measurement error and 

good reliability. 

BMI has been shown to correlate strongly with fat mass measured by dual x-ray 

absorptiometry (DXA), with a number of studies demonstrating correlation coefficients 

of 0.83 to 0.95 (48-51). There is some evidence that BMI correlates more strongly with 

total fat mass than with percentage body fat (49, 51) although not all studies have 

agreed (48). This may partially explain why some studies have shown higher levels of 

correlation for females than males (50), since males are also likely to have higher levels 

of fat free mass.  

It should be noted that correlation coefficients compare the degree of closeness of a 

linear relation between two variables. Therefore this does not necessarily reflect 

accuracy of measurement of either variable. For example if both measurement 

techniques consistently over- or under-estimate the result, the correlation coefficient 

will still be high but the result will be inaccurate. 

However, BMI has also shown high levels of sensitivity and specificity in identifying 

obesity in individual children and has been linked to health risk. Lazarus et al studied a 

group of 230 Australians aged four to twenty years. Using percentage body fat at or 

above the 85th percentile by DXA as their reference method, they found that a cut-off 

defining overweight as BMI greater than or equal to the 85th percentile had a true-

positive rate (sensitivity) of 0.71 and false-positive rate of 0.05 (specificity = 0.95). 

Screening performance was slightly better for girls than boys, but the differences were 

not significant (52). Mei et al reported on a pooled data set which included 196 children 

aged between three to five years. In this age group, they found the sensitivity of BMI-
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for-age to be 0.89 and specificity of 0.79 using the same reference. Results were higher 

amongst school age children included in the study (53). Sardinha et al used health-

related criterion to define obesity as percentage body fat greater than 25% in boys and 

30% in girls. They found true-positive rates between 0.67 and 0.83 in 10-15 year olds 

but higher false-positive rates of 0.03 to 0.13 (54). Therefore BMI used as a screening 

test may falsely classify some overweight children as normal weight but few normal 

weight children would be misclassified as obese. 

One potential weakness of BMI relates to the relative inability to differentiate body fat 

distribution. The health consequences of obesity are related primarily to intra-abdominal 

fat and in particular to visceral fat (55). Correlations between BMI and abdominal fat 

are weaker than with total fat mass (0.64 - 0.73 compared to 0.92 - 0.93) (48) and in 

turn are stronger with subcutaneous abdominal fat than with intra-abdominal fat as 

measured by CT scan (56). However a number of studies have found associations 

between BMI and adverse health risk factors such as insulin resistance (57), elevated 

blood pressure and lipid abnormalities in children (21) and in adults (58), supporting its 

usefulness as a measure of overweight. 

Questions have also been raised in the literature regarding the ability of BMI to reflect 

body fatness in people who are particularly short, tall or have highly developed muscle 

mass (2). BMI reflects relative leg length, body frame size and fat free mass in addition 

to fat mass. Individuals with the same BMI can have different amounts of body fat (59).  

It has been suggested that in countries with a significant prevalence of under-nutrition, 

among short children, stunting of height may be responsible for increased weight for 

height rather than a true increase in body fat (60). However, studies in Western 

countries have reported that taller children do indeed have higher percentage body fat, 

higher leptin levels and increased insulin resistance than their shorter peers (57). 

Some studies have also suggested racial differences in the relationship between true 

body fat and BMI in both adults and young people. At higher levels of BMI, Maori and 

Pacific adults have a lower percentage body fat than New Zealand Europeans with the 

same BMI (61). An Auckland study of children aged 5-14 years, found that for a given 

BMI, Maori and Pacific girls had a lower percentage body fat by an average of 3.7% 

compared to Europeans. No difference was found for boys however (62) and studies 

examining markers of disease have found that BMI is a valid indicator of increased 

disease risk in each of these ethnic groups (58). 
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Debate has also existed as to the appropriate BMI thresholds with which to define 

overweight and obesity. An ideal measure of overweight would predict early morbidity 

and mortality, however the obesity-related chronic diseases which result in this 

morbidity and mortality are uncommon in childhood. Furthermore, BMI changes with 

age and with gender. At birth, median BMI is approximately 13kg/m2, rising over the 

first few months to approximately 17kg/m2 at one year. After the first year, BMI falls 

again to a median of approximately 15.5kg/m2 at age six. A second rise in BMI begins 

at around age six, which is often referred to as the “adiposity rebound”. BMI then 

continues to rise throughout the remainder of childhood and adolescence (1). This 

pattern of change means that BMI in childhood must be evaluated against age- and 

gender-specific reference values and that a single threshold defining overweight and 

obesity is inappropriate. 

There are a number of reference data sets available for BMI in childhood, although none 

specific for New Zealand. Two of the most frequently quoted are the United States  

Centre for Disease Control and Prevention published in 2000 (63) and the 1990 British 

Growth Reference (64). The CDC Growth Charts are based on data from five national 

health surveys taken between 1963 and 1994. During this period, there was a marked 

increase in the prevalence of overweight and obesity in the American population with 

weight increasing more than height. Therefore to avoid an upward shift of the weight 

and BMI curves, data from the last survey was excluded for children aged more than six 

years. Similarly, the British reference set was based on nationally representative surveys 

involving 37,000 children. 

These reference data sets are intended for clinical use and enable a given BMI to be 

converted to an age- and gender-specific percentile or Z-score. BMI percentile ranking 

tends to track through childhood (65), therefore serial measurements can be used to 

identify a child who is persistently at an elevated percentile or one who is rapidly 

crossing up percentiles. However the use of these data sets to define overweight and 

obesity has a number of limitations. Firstly, one must assume that the individual child 

considered is similar to the reference population. Secondly, the percentiles represent a 

reference population, which is not necessarily “ideal”. Indeed, the population from 

which they have been derived may have a greater prevalence of obesity. Lastly, defining 

overweight and obesity on the basis of being above a percentile is arbitrary, correlates 

poorly with health risk (66) and furthermore there is currently no consensus on 

appropriate percentile cut-offs to use (31, 67-69). 
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In response to this, the International Obesity Task Force used data from six nationally 

representative reference populations (Great Britain, Brazil, the Netherlands, Hong 

Kong, Singapore and the United States) to derive percentile curves which pass through 

the points of 25kg/m2 and 30kg/m2 at age eighteen years (1). These provide gender 

specific BMI cut-offs to define overweight and obesity for every half year of age, which 

correspond to the adult cut-offs of 25kg/m2 and 30kg/m2 respectively. These cut-offs 

have been recommended for epidemiological research since they permit children and 

adolescents to be defined as non-overweight, overweight and obese using a single 

standard tool (2, 31). 

There are however limitations associated with these cut-offs. Although the cut-off 

points were derived using data sets from six nations, the authors acknowledge that the 

reference data may not adequately represent non-Western populations (1). Even within 

Western populations such as New Zealand, differences in body composition between 

ethnic groups may impact on the validity of these cut-offs. For example, Swinburn et al 

have suggested defining adult overweight and obesity as BMI greater than 26 and 32 

respectively may be more appropriate for Maori and Pacific people, given their greater 

lean tissue mass at a given BMI (61). If the adult cut-offs are considered inappropriate 

for a specific population group, the corresponding child cut-offs may also be 

inappropriate.  

Furthermore, the sensitivity of these cut-offs has been shown to vary with age and 

gender (70, 71) and a number of studies have shown them to be less sensitive than 

nationally-derived percentile based thresholds  (70-73) which may result in 

underestimation of  prevalence, particularly of obesity. However, these thresholds were 

not intended for clinical use on individual children and provide a consistent definition of 

overweight and obesity in childhood which is important for facilitating international 

research and comparisons.           

1.2.2  DIRECT MEASURES OF BODY COMPOSITION  

Direct measures of body composition provide an estimate of total body fat mass and 

various components of fat-free mass. The gold standard measure of body composition is 

the “Four Component (4C) Model” which divides body weight into fat, water, mineral 

and protein (Figure 2) and combines several measurement techniques to measure each 

component individually (74).  
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Figure 2  Schematic diagram of fat-free mass, total body water, intracellular water, 
extracellular water and body cell mass. (Adapted from (75)) 

 

Both the average body hydration and the chemical composition of fat free mass (FFM) 

changes throughout infancy, childhood and adolescence (75-77). Fat-free mass of 

children has lower density, lower mineralisation, higher water content and lower 

potassium content than in adults. There are no studies using the 4C model published in 

the preschool age group, due to the technical difficulties involved in the measurements 

used. In eight to ten year old children with a mean weight of 31.6kg and 36.4 kg for 

boys and girls respectively, Wells et al demonstrated mean total body water of 19.3L 

and 20.8L, protein of 5.1 and 5.3kg and total body mineral of 1.33 and 1.42kg for boys 

and girls respectively (74). 

The measurement techniques which make up the 4C model are underwater weighing 

(measuring body density), deuterium dilution (total body water), DXA (bone mineral 

content, fat mass and fat free mass) and bio-electrical impedance analysis (BIA, whole 

body impedance). With the exception of deuterium dilution, each of these techniques is 

also used individually to provide a two component model assessment of body 

composition, dividing the body into fat mass and fat-free mass. Other two component 

techniques used for body composition are magnetic resonance imaging (MRI), 

computerized tomography (CT) and air-displacement plethysmography.  
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Two component models rely on assumed constants for water content, bone mineral 

content and density of fat free mass, which change through childhood (75-77). 

Reference data are available for these constants in children from birth to ten years of 

age (76), however most of these values were predicted by extrapolating data between 

infants aged six months and the nine-year old reference child. Therefore these do not 

take into account inter-individual variability. Wells et al estimated that half of the 

variability in values measured for fat free mass was due to biological variability rather 

than measurement variability, with greater variability in the mineral and protein 

components than in total body water (74). The reference data also assume gender 

differences, which may not be correct for all factors (74).  

In addition to these theoretical limitations, several of these methods are technically 

unsuitable for very small children. Under-water weighing requires the subject to be able 

to hold their breath underwater; MRI and DXA require a co-operative subject lying still 

for up to twenty minutes, as does CT which has the added disadvantage of a sizeable 

radiation dose; and air-displacement plethysmography also requires a high degree of co-

operation (for measurements to be accurate the subject should breathe through a tube 

and wear a nose clip) (2). Therefore these techniques have been used predominantly in 

research in older children and adults. 

 

BIO-ELECTRICAL IMPEDANCE ANALYSIS (BIA) 

Although not strictly a direct measure of body composition, bioelectrical impedance 

analysis can be used to estimate fat-free mass and then by subtraction, fat mass. BIA is 

based on the ability of tissues, and therefore the whole body, to conduct an electrical 

current. The aqueous tissues, with their dissolved electrolytes, are the major conductors 

of an electrical current, whereas body fat and bone have relatively poor conductance 

properties (78). BIA measurements are performed using four electrodes with two 

attached at the wrist and two at the ankle. A weak alternating current of 50kHz is passed 

through the outer pair of electrodes, whilst the voltage drop across the body is measured 

using the inner electrodes, giving a measure of the body’s impedance.  

Body impedance (Z) is defined as the opposition of a conductor to the flow of an 

alternating current and is made up of two components: resistance (R) and reactance 

(Xc). Resistance is the major opposition of the conductor and at this low frequency, the 
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extra-cellular fluid component of fat free mass works as a resistor. Reactance is an 

additional opposition or storage of an electrical charge for a short period of time and is 

due predominantly to the cell membranes (79). At zero frequency, the current does not 

penetrate the cell membranes therefore current passes only through extracellular fluid, 

whereas at very high frequency current flows freely resulting in measured resistance (R) 

reflecting both intra- and extracellular fluid. At 50kHz the current passes through both 

intra- and extracellular fluid but the proportion of resistance reflecting the two fluid 

components varies between tissues with the majority reflecting extracellular fluid (75). 

The body’s impedance is used to give an estimate of the volume of Total Body Water 

(TBW), based on the assumption that the body is a uniform cylinder with constant 

conductivity. In such a cylinder, resistance (R) is proportional to the length of the 

cylinder and inversely proportional to the cross-sectional area. This leads to an 

empirical relationship existing between TBW and the impedance index (Height2/R), 

where height is used as a marker for conductive length, although in reality, this is the 

distance between wrist and ankle. Furthermore, the body is not a uniform cylinder. In 

adults, it has been estimated that using this assumption, the arms and legs respectively 

contribute to almost 47% and 50% of whole body resistance despite contributing to 4% 

and 17% of body weight (79). 

Other false assumptions associated with measuring total body water from measured 

impedance are that conductivity through body tissues is constant and that the reactance 

component of body tissues is zero. Equations for estimating TBW from measured 

impedance must therefore contain coefficients which attempt to correct for these false 

assumptions as closely as possible. 

Once an estimate of TBW is obtained, fat-free mass can be calculated. However due to 

the changes in the composition of fat free mass that occur during childhood, the use of 

age and sex-specific equations is recommended to allow for these changes and improve 

prediction accuracy (75, 77, 80). Some authors have also added weight, reactance and 

anthropometric measurements (75) to equations to improve prediction accuracy. 

Equations which predict TBW may be converted into FFM using an age specific value 

for the hydration coefficient of FFM (76). Fat mass is then calculated from FFM (body 

weight – FFM). 
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Despite the limitations described above, BIA has gained in popularity as a means of 

assessing body composition due to its ease of use, acceptability to subjects and evidence 

that it may involve less inter-observer variation than do traditional anthropometric 

techniques (81). A number of studies have validated the use of BIA for assessment of 

TBW and / or FFM in children (49, 62, 80-83). It should be noted that these have often 

used different equations and the populations on which these are based vary 

significantly, particularly in terms of age range and ethnicity.  

In selecting an appropriate equation, the following issues must be considered: the 

degree of similarity between the reference population and that being studied, 

particularly in terms of age; and the validity of the equation in comparison with a gold 

standard. In terms of validity, it should be noted that body composition methods tend to 

be highly correlated with each other but correlation is not evidence of accuracy. The 

degree of error in the estimate relative to the reference method is a more important 

consideration when assessing accuracy with errors of up to three to four body fat 

percentage units being inevitable and regarded as having relatively high accuracy (77) 

Few studies have assessed the validity of BIA against the 4C model. In their study of 

thirty children aged eight to ten years, Wells et al tested four different BIA equations 

against the 4C model. All demonstrated significant bias for both FFM and percentage 

body fat according to either body size or body fatness (74), with wide 95% limits of 

agreement, for example greater than 7% for percentage body fat. 

Amongst those studies examining younger children, the correlation between TBW or 

FFM estimated by BIA compared with that measured by deuterium dilution or DXA 

respectively, is generally very high, with r2 between 0.88 (83) to 0.997 (81). One study 

by Eisenmann however found that BIA tended to overestimate percentage body fat in 

lean subjects and underestimate in fatter subjects, a similar pattern to that described by 

Wells et al (74), resulting in a correlation of only r = 0.3 compared with percentage 

body fat measured by DXA(49). This difference may be due to the latter paper 

estimating percentage body fat in comparison with DXA whereas other studies have 

assessed the validity of BIA in measuring TBW against deuterium dilution. Inherent 

biases in DXA assessment of body fat have been identified in a number of studies as 

will be discussed below (84-86). Despite this, BIA remains the most practical method 

for direct estimates of body fat in large numbers of very young children with the proviso 

that the equation used may have a significant impact on the results. 
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The equations considered for use in this study are shown in Table 1, with their 

associated validity statistics in Table 2. The equation by Houtkooper (80) was 

discounted first due to the older age of the children in which it was developed. The only 

equation developed in New Zealand children (62) also used older children with a mean 

age of 9.4 years. Furthermore, although it correlated highly with fat free mass measured 

by deuterium dilution, the standard error of the estimate of 2.4 kg was felt to be 

unacceptably high in a sample of children whose mean total body weight was expected 

to be approximately fifteen kilograms. The Fjeld equation was developed in children 

slightly younger than our sample however there were concerns regarding the small 

number of children in which it had been tested (only 14 children were in the cross-

validation sample, with 30 used to develop the equation) and whether the reference 

population for this study was too dissimilar to our sample in terms of nutritional status 

given their mean weight-for-height of minus one standard deviation. 

Table 1  Bioelectrical Impedance analysis-based prediction equations for total 
body water (TBW) and fat-free mass (FFM).  
H = height (cm), W = weight (kg), R = resistance (ohms), Z = impedance [(R2 + reactance 2) ½] 

 

Reference Equation 

Eisenmann (49) 
FFM  =  0.59H2/R  + 0.065 W + 0.04 

[0.769 – (0.0025 x age) – (0.019 x gender, 0=females,1=males)] 

Fjeld (82)     TBW =  0.18 H2/Z + 0.39 W+ 0.76 

Goran (83) 
FFM  =  0.59H2/R + 0.065 W + 0.04 

[0.769 – (0.0025 x age) – (0.019 x gender, 0=females,1=males)] 

Horlick (81) FFM  =  3.474 + 0.459 H2/R + 0.064W 

      [0.769 – 0.009 x age – 0.016 x gender, 0=females,1=males] 

Horlick (81)     TBW =  0.725 + 0.475H2/R + 0.140W 

Houtkooper (80)                 FFM  =  0.61H2/R + 0.25 W + 1.31 

Rush (62) FFM  =  0.622 H2/R + 0.234 W + 1.166 
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The equation developed by Goran (83) has been widely used in the literature. It was 

evaluated by Horlick, as was the Fjeld equation, and was chosen as the “best” model for 

predicting fat free mass, leading it to be further adapted to create the final equation for 

predicting FFM (81). Horlick also developed an equation for predicting total body 

water. Both of these were developed on a very large sample of children including more 

than 300 in the four to eight years age group. Both equations were found to have very 

low mean errors compared to the reference methods; 0.355kg for fat free mass and 0.17 

Litres for total body water in the youngest subgroup. It was noted however that the 

degree of error was higher in the younger age group than the sample as a whole.  
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Table 2  Summary of validity study statistics for total body water (TBW) and fat free mass (FFM) predictive equations using BIA 
 

Reference Age Ethnicity Number In 
Validation 

Study 

Reference 
Method 

Output 
Compared 

Correlation With 
Reference 
Method 

Standard Error of the 
Estimate 

Eisenmann 
(49) 

3-8y US white, Hispanic 75 DXA Percentage 
body fat 

R = 0.3 Mean error = 2.4% 

No SEE quoted 

Overestimate %BF in 
lean and underestimates 
in fat subjects 

Fjeld (82) 3-30 
months 

Peruvian 
Mean weight for 
height -1 SD 

44 

 

Deuterium 
dilution 

TBW R = 0.99 SEE = 0.23 L 

Goran (83) 4-6y US White 61 Deuterium 
dilution 

TBW R2 = 0.88 SEE = 0.63 kg 

Horlick (81) Total 4-
18y 

US white, African-
American, 
Hispanic and Asian 

Total 1247 

 

DXA FFM Total R2 = 0.997 Total SEE = 5.8% 

Mean error  = 0.007kg 

 Subgroup 
4-8y 

 Subgroup 360    Subgroup SEE = 5.6% 

Mean error = 0.355kg, 
P<0.0001 
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Table 2 contd.  
 

Reference Age Ethnicity Number In 
Validation 

Study 

Reference 
Method 

Output 
Compared 

Correlation With 
Reference 
Method 

Standard 
Error of the 

Estimate 

Horlick (81) Total 4-
18y 

US white, African-
American, Hispanic 
and Asian 

Total 1170 Deuterium dilution TBW Total R2 = 0.955 Total SEE = 
8.3% 

Mean error = 
0.001 L 

 Subgroup 
4-8y 

 Subgroup 331    Subgroup SEE = 
8.3% 

Mean error = 
0.17 L, 
P=0.0148 

Houtkooper 
(80) 

10-19y US White 225 Deuterium dilution 
& underwater 

weighing 

FFM R2 = 0.95 SEE = 2.1kg 

Rush (62) 5-14y New Zealand 
European, Maori 
and Pacific 

172 Deuterium dilution FFM R2 = 0.96 SEE = 2.44kg 
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DUAL ENERGY X-RAY ABSORPTIOMETRY (DXA) 

DXA is based on the principle that x-rays transmitted at two energy levels are 

differentially attenuated by bone mineral tissue and soft tissue. The soft tissue 

component is subdivided into lean and fat tissue using experimentally derived 

calibration equations built into the scanner software. Therefore, as with other two 

component model techniques for assessing body composition, the accuracy of results is 

dependent on the underlying assumptions built into the software. The implication of this 

is two-fold. Firstly, it is important to understand potential bias when interpreting results 

and secondly, the absolute values produced for the components of body composition by 

different DXA systems may be different. 

Several large studies have evaluated the accuracy of DXA against the 4C model for 

determining body composition in children and adolescents. One caveat with each of 

these studies is that DXA itself is part of the 4C model, however studies adjusting for 

this by using a three component model (without DXA) have found similar results (86). 

As can be seen from Table 3, most but not all (74) studies have found significant bias 

with DXA tending to underestimate percentage body fat in leaner subjects and 

overestimate in those with higher BMI z-scores (85, 86). Although Wells et al did not 

find a significant bias for percentage body fat in their initial study (74), a subsequent 

larger study by the same group found significant bias in all groups except non-obese 

girls (86).  

In addition to percentage body fat, Williams et al also identified bias in DXA 

measurements of fat free mass and DXA estimated weight. The degree of bias in fat free 

mass was associated with younger age, female gender and lower BMI z-score. For non-

obese boys, this approximately mirrored that seen for fat mass but this was not true for 

other groups due to variable bias in DXA estimated weight. The authors note that bias in 

DXA assessment of weight may be important for longitudinal studies, since this may 

confound estimations of changes in body composition (86).  

Despite these potential limitations, DXA generally has good limits of agreement for 

assessment of fat free mass and fat mass in children, in the  order of ≤ 2kg or 

approximately 4% body fat depending on age and gender (86). Furthermore, it is readily 

available, safe due to the low radiation exposure involved and has high subject 

acceptability in children beyond the preschool years (74, 85, 86).  
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Table 3  Summary of studies that assessed dual energy x-ray absorptiometry 
against a 4C model in children 
 

Reference Date Number 
of 

subjects 

Age Percentage fat bias 

(%) 

Significance Percentage 
fat limits of 
agreement 

Wells (74) 1999 30 8-10 -0.2 No 6.5 

Roemmich (84) 1997 47 8-15 1.88 Yes 8.3 

Wong (87) 2002 141 9-17 -3.9 Yes 3.4 

Sopher (85) 2004 411 6-18 1.01 Yes 8.9 

Williams (86) 2006 127 5-18 -1.74 (non-obese boys) 

-0.03 (non-obese girls) 

1.41 (obese boys) 

1.03 (obese girls) 

Yes 

No 

Yes 

Yes 

3.5 

3.5 

2.6 

3.5 

       

 

 

1.3 THE AETIOLOGY OF OBESITY IN CHILDHOOD 

The aetiology of childhood obesity is likely to be explained by alterations in the 

regulation of energy balance between energy expenditure and energy intake. It is not 

known whether obesity is caused by an increase in energy intake relative to energy 

needs, a decrease in energy expenditure relative to energy needs or more likely both. 

For the majority of children, the risk of being overweight or obese is associated with a 

number of factors each of which is likely to have a small and varying contribution to the 

overall risk. Furthermore, some risk factors are more modifiable than others, which has 

implications in terms of prevention and treatment strategies for obesity. 

 

1.3.1  GENETICS: THE INHERITANCE OF PHENOTYPE 

There is strong evidence from a number of sources for a significant genetic component 

to overweight and obesity. However, there is little agreement about the proportion of 

heritability due to genes and that which is due to inherited lifestyle habits (88). 
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A small number of monogenic disorders leading to obesity have been identified. These 

involve defects of the leptin gene and its receptor; pro-opiomelanocortin (POMC); the 

melanocortin-4 (MC-4) receptor and the enzyme pro-hormone convertase-1 (89). All 

the proteins encoded for by these genes are involved in the same loop regulating food 

intake. Leptin is secreted by adipocytes in proportion to their fat content. It circulates 

and binds to the long form of the leptin receptor in the hypothalamus, informing the 

brain about the status of the body’s energy reserves and thus influencing the control of 

appetite. POMC gene expression is increased by the action of leptin. It causes the 

production of alpha melanocyte-stimulating hormone, which reduces food intake when 

it binds to the brain-specific MC-4 receptor. Mutations of the MC-4 receptor are the 

most common obesity gene found to date but are thought to account for only between 1-

4% of even the most severe cases of childhood obesity (89).  

The genes involved in more common forms of obesity have been more difficult to 

identify. Potential genes identified include beta-3-adrenergic receptors, mutations of 

which are associated with gains in fat mass in some populations (89) as well as 

polymorphisms of the genes involved in the monogenic obesity disorders, particularly 

leptin and POMC. It is likely that many genes are involved and that each individually 

has only a minor effect. 

Although the genes have not been fully identified, the evidence for a genetic component 

in the risk of overweight comes from both cross-sectional and longitudinal studies, 

including family, twin and adoption studies. In a study of 540 adult Danish adoptees, 

Stunkard et al found a strong relationship between the weight class of the adoptee and 

the BMI of their biological parents, especially mothers, but no relation with that of the 

adoptive parents (90). Bouchard et al reported on sibling relationships in body 

composition from the Quebec Family Study. Both adopted and biological siblings were 

included, with a mean age of fifteen years. Correlations for body composition between 

biological siblings ranged from 0.18 to 0.43, consistent with sharing approximately half 

a genome. Correlations were much lower in adopted and step-sibling relationships (91). 

A number of classic twin studies have found the concordance for BMI or degree of 

overweight in monozygotic twins is approximately double that of dizygotic twins (92, 

93). Indeed out of 658 monozygotic twin pairs from a Finnish twin registry screened in 

young adulthood, Pietilainen et al found only 14 pairs whose BMI differed by ≥4kg/m2 

(94).  
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The degree of heritability of BMI may vary with both age and gender which may reflect 

differences in gene expression. Most twin studies have involved adults however one 

large study in British four year old twins found heritability estimates for weight for 

height of 0.64 (0.51 to 0.80) for boys and 0.61 (0.48 to 0.76) for girls. The shared 

environment explained 24% and 25% of variability in boys and girls respectively (95). 

By contrast, adult twin studies have tended to find slightly higher heritability estimates 

(96), with one longitudinal twin study showing an increase in heritability from 0.77 at 

age twenty to 0.84 twenty-five years later (93). Similarly, adult studies tend to show 

more variation in BMI for women with higher heritability in men (96, 97), a pattern not 

seen in the few paediatric studies published (95, 98). 

The influence of parental fatness represents the combined result of genetics, lifestyle 

effects and behaviours which may also be both learned and inherited. A number of 

cross-sectional studies have shown an increased risk of obesity in childhood for children 

of obese parents, with a dose-response effect of the number of overweight parents (99, 

100). The Avon Longitudinal Study of Parents and Children found an increased risk of 

the child being obese at age seven (defined as BMI greater than or equal to the 95th 

percentile on 1990 UK reference data) if either parent was obese, with the greatest risk 

being for children of two obese parents. The adjusted odds ratios were 2.54 if only the 

father was obese, 4.25 if the mother was obese and 10.44 if both parents had BMI 

measurements greater than 30 (100). 

Longitudinal studies have tended to demonstrate stronger relationships with mothers’ 

BMI than fathers, with some studies suggesting the mother-offspring relationship 

strengthens with time (101) (102). By contrast, Whitaker found a decrease in mother-

child correlations, as the child got older (41). By their nature, these studies measure the 

parent and child at different ages which may be significant if genetic and environmental 

influences vary with age or if different environmental and / or genetic factors operate at 

different ages, for example genes may not be fully expressed until adulthood. 

Parental obesity may be a more important predictor of obesity early in childhood (less 

than six years of age) (41). Furthermore, it seems to influence the strength of tracking of 

the child’s obesity through to adulthood. The 1958 British birth cohort found that obese 

children of obese parents are more likely to be obese in adulthood than obese children 

of normal weight parents (102). The Dunedin Multidisciplinary study found the risk of 

being overweight or obese at age twenty-one was influenced by parental BMI (37). 
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Relative risks of the offspring having BMI >25 at age twenty-one were 1.3 for those 

with an obese father, 1.9 for maternal obesity and 2.0 for those with two obese parents. 

However, the child’s BMI from age seven onwards was a stronger predictor of later 

overweight than either parent’s BMI. 

One postulated mechanism through which genetics could influence the risk of obesity is 

by differences in metabolic rate. A review of studies using the doubly-labelled water 

method to assess metabolic rate and the effect of energy expenditure on risk of 

childhood obesity found conflicting results (103). However the majority of studies 

found no difference in total energy expenditure across the childhood weight range after 

adjusting for differences in lean body mass. Davies specifically examined the effect of 

parental BMI on energy expenditure in infants and found no significant relationship 

between total energy expenditure, sleeping metabolic rate, or energy expenditure related 

to physical activity with parental BMI (104). Although it is possible that subtle 

differences in energy expenditure too small to be accurately measured may 

cumulatively lead to excess weight gain, Swinburn et al have suggested that extra 

weight in childhood is due predominantly from increased intake rather than reduced 

energy expenditure (105). In this study which used doubly labelled water to assess 

energy expenditure in 963 children, energy flux (which equals energy expenditure when 

in steady state) was strongly positively associated with weight. If most of the variation 

in weight was due to differences in activity then the relationship should be negative 

(higher activity associated with lower weight).   

Genetics may also influence risk of overweight through differences in behaviour, which 

have a genetic rather than cultural or learned basis. Behavioural genetics is an emerging 

field that aims to understand both genetic and environmental contributions to individual 

variations in human behaviour. In terms of obesity, behaviours of significance could 

include food consumption patterns, sedentary behaviours and physical activity. One 

study of 782 Swedish male twin pairs measured three eating behaviour domains: 

cognitive restraint, the conscious control over food intake to influence body weight and 

shape; emotional eating, the propensity to overeat in response to negative mood states 

and uncontrolled eating, the tendency to lose control over eating when hungry or in 

response to external stimuli. Within pair correlations for the three eating behaviour 

scales were more than twice as high for monozygotic twins than for dizygotic twins, 

strongly indicating the presence of genetic effects on eating behaviour (106). Twin 

studies have also demonstrated a strong genetic relationship with the level of 
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participation in organized sports and leisure time physical activity, particularly in males 

(107). 

There are however two lines of evidence which suggest a substantial non-genetic 

component in the current obesity epidemic. Firstly the very rapid increase in prevalence 

of obesity seen in developed countries over the last three to four decades, along with 

studies documenting dramatic increases in prevalence of childhood obesity as 

developing countries adopt the diets and physical activity levels of Western countries 

(9). Secondly, migrant studies which show that immigrants from countries with low 

levels of obesity develop higher obesity rates when they emigrate and that their children 

who remain in the new country develop even higher rates of obesity than their parents 

(108). 

 

1.3.2 CRITICAL PERIODS IN THE DEVELOPMENT OF OBESITY 

Three specific periods in early life are hypothesized to be critical in the development of 

obesity – the intra-uterine environment, adiposity rebound and adolescence. 

THE INTRA-UTERINE ENVIRONMENT AND EARLY POST-NATAL GROWTH 

A number of studies show that birth weight, which is a marker for intra-uterine growth, 

is positively related to subsequent fatness. A review by Parsons found nine of eleven 

studies examining the association between birth weight and BMI later in childhood 

found a positive relationship. Five of eight longitudinal studies following growth 

through to adulthood also showed a positive relationship, with adult BMI increasing at 

higher birth weights (88). 

A number of potential confounders must be considered in the relationship between birth 

weight and BMI. Birth weight is strongly related to gestational age (109), however 

studies adjusting for gestational age have supported an independent effect of birth 

weight on subsequent BMI (110) (111). The relationship with birth weight also seems to 

be independent of socio-economic status. Lower socio-economic status is associated 

with lower birth weight (88) and with increased risk of obesity, as will be discussed. 

Therefore lower birth weight could be expected to be associated with increased fatness 

in later childhood or adulthood, however this was not found to be the case in those 

studies adjusting for socio-economic factors (112, 113). Another potential confounder is 
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parental, particularly maternal, fatness. Maternal BMI has been shown to influence both 

birth weight (114) and risk of future obesity (37, 100).  Studies adjusting for maternal 

BMI on childhood risk of overweight have tended to find an independent effect of birth 

weight (99, 100, 115, 116), however data from the 1958 British birth cohort suggested 

that the relationship between birth weight and adult body mass index was largely 

accounted for by mother’s weight (117). This suggests that the influence of birth weight 

is reduced with increasing age. 

Perhaps the best evidence for an independent effect of the intra-uterine environment 

comes from studies of twins discordant for later BMI. By necessity, twins are matched 

for gestational age, parental BMI and socio-economic factors, at least during childhood. 

In a study of 229 pairs of twins, Loos et al found that the twin with the higher birth 

weight had higher weight and height as an adult but less subcutaneous fat and increased 

lean tissue mass (118). Furthermore, in a study of monozygotic twin pairs discordant for 

BMI in young adulthood, birth weight of the heavier twin was higher by a mean of 

221g, with a 1 kg/m2 (0.0 to 2.5) difference in adult BMI. By comparison, monozygotic 

twins who were concordant in BMI in adulthood, were not significantly different at 

birth (94). Note however that this study also emphasizes the greater role of genetic 

factors in predicting risk of adult obesity. 

Despite the importance of genetics, other evidence supports the role of the intra-uterine 

environment. Offspring of mothers exposed to the Dutch famine early in pregnancy had 

an increased risk of obesity in adulthood compared to those whose mothers were 

exposed late in pregnancy, who had a reduced risk (119). It should be noted that famine 

was also associated with increased numbers of premature births, infants of very low 

birth weight, perinatal deaths and malformations of the nervous system, therefore the 

generalisability of these results to a healthy population could be questioned (88). At the 

other end of the spectrum, children born after maternal bariatric surgery and weight loss 

have been shown to have a three-fold lower prevalence of severe obesity than those 

children born  before surgery (11 compared to 35%, P =0.004) (120). 

The influence of birth weight on BMI may not be uniform across the range of birth 

weights, with some studies reporting a J or U-shaped relationship, evidenced by higher 

prevalence of obesity seen for those at the lowest and at the highest birth weights for 

gestational age (121, Parsons, 2001 #976). The effect of low birth weight on increasing 

prevalence of obesity was generally not as great as that of high birth weight, may 
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interact heavily with maternal BMI (121) and few studies have examined whether this 

effect is confounded by socio-economic factors (88). 

Considerable evidence now exists that obese children and adults who had low birth 

weights are more vulnerable to coronary heart disease and type 2 diabetes than people 

of similar BMI who had higher birth weights (121-123). The link between the intra-

uterine environment and later risk of coronary heart disease may be mediated by 

changes in body composition and fat distribution. Birth weight has been shown to be 

negatively associated with truncal fat in adolescents (112) and low birth weight has 

been associated with increased risk of hypertension (121, 123), and insulin resistance, 

even in prepubertal children (124). 

Other aspects of the intra-uterine environment have also been shown to influence risk of 

obesity in both childhood and adulthood. Maternal smoking has been linked to 

subsequent adiposity in children. One study of more than 6000 German five to six year 

olds found maternal smoking during pregnancy to be the third most influential factor 

affecting children’s BMI, behind having one or more obese parents and having a birth 

weight greater than the ninetieth percentile and ahead of sedentary behaviours and 

measures of infant feeding practices (99). After adjusting for the effects of confounders, 

maternal smoking during pregnancy was associated with an odds ratio of 1.43 for the 

risk of the child being overweight, and 2.06 for the risk of obesity. There was a dose-

dependent relationship between maternal smoking during pregnancy and the child’s risk 

of overweight. In this study, maternal smoking after pregnancy appeared unrelated to 

child obesity, suggesting that the effect on subsequent fatness was due to intra-uterine 

exposure to the products of smoking rather than family lifestyle factors. 

Maternal diabetes during pregnancy also results in offspring with a higher risk of 

obesity later in childhood, as well as a higher prevalence of glucose intolerance than in 

offspring of women who were not diabetic (125, 126). Children born after a woman 

develops diabetes have a higher risk of overweight than their siblings born before the 

diabetes develops, suggesting a direct effect of diabetes (127). It is unclear the extent to 

which this effect is mediated by both birth weight and maternal weight. One study in a 

small group of mothers with type 1 diabetes found an increase in offspring overweight 

which was independent of both factors (125), whereas another, larger study involving 

the offspring of mothers with gestational diabetes found the increased risk of 
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overweight was attenuated after adjustment for birth weight and especially maternal 

BMI (126). This may relate to differences in amniotic insulin levels (128).  

Maternal diabetes results in heavier birth weights in offspring. These heavier babies 

have been shown to tend to revert to normal weights over the first year of life, but then 

show increases in BMI after about four years of age compared with a reference 

population (128). These children therefore tend to have earlier adiposity rebound, the 

significance of which is discussed below. This pattern of normalisation then divergence 

from the norm suggests that these children’s obesity is metabolically programmed 

during their intra-uterine experience rather than reflecting a persistence of obesity 

acquired before birth (2).   A similar growth pattern of differences at birth, followed by 

normalisation over the first six months and later divergence from adolescence was also 

seen in the study of discordant monozygotic twins described earlier (94). 

Post-natal weight gain may also be important. Stettler et al reported that rapid weight 

gain in the first four months of life increased obesity risk at age seven, independently of 

birth weight and gestational age, weight at one year, and maternal BMI and education 

(113). Longitudinal data from the 1958 British birth cohort also suggests that the 

combination of fetal growth and subsequent growth is important, with light babies who 

show post-natal catch-up growth or rapid childhood growth being at risk of subsequent 

obesity (117). 

ADIPOSITY REBOUND 

Infants gain a high percentage of fat during the first months of life, but the rate of fat 

deposition slows from the age of weaning onwards. BMI falls during the second to fifth 

years and then gradually rises from approximately age six through adolescence and 

most of adulthood. The age at which this second rise in BMI begins is termed the 

adiposity rebound (129). 

A number of studies have shown that the earlier the rebound occurs, the greater the risk 

of subsequent obesity, both in adolescence and adulthood (129-131). The differences in 

adult weight related to rebound timing are large, those with an early rebound had BMI 

values in young adulthood that were 2-5 kg/m2 higher than those with late rebound 

(130, 132).  
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What determines the age at which adiposity rebound occurs is unclear. The Dunedin 

Multidisciplinary Health and Development Study found that height at age three years 

was negatively correlated with age of rebound in both boys and girls, after adjusting for 

other variables, that is taller children reached adiposity rebound at a younger age(133). 

An increase in height of one standard deviation at age 3 years was commensurate with a 

1.8 month advance in the timing of adiposity rebound in boys and a 1.7 month advance 

in girls. By contrast, BMI at age three was not related to age of rebound in boys, and in 

girls, the association was in the opposite direction from that expected, with girls who 

had higher body mass indices at age three having later adiposity rebound. This finding 

is consistent with a study by Eriksson et al which suggested that earlier adiposity 

rebound is induced by thinness at around age one to two years and that this is also 

linked to later risk of diabetes (134). Clearly the picture is complex, since rapid early 

weight gain has also been associated with high subsequent BMI as discussed above 

(113). 

Indeed rapid weight gain may be the critical factor. Further analysis of the Dunedin 

Multidisciplinary Study demonstrated that although children with an earlier rebound 

were taller and had lower BMIs at age three, they had greater weight velocity at age 

three than those with later rebound. There was no correlation between the timing of 

rebound and height velocity at three, indicating that the association was with rapid 

weight gain rather than slower linear growth (135). This weight gain has been shown to 

be due to more rapid fat deposition with no difference in the rate of lean tissue growth 

between girls with early and late rebound (136). 

Early adiposity rebound has also been associated with parental BMI, with offspring of 

parents with higher body mass indices having earlier rebound after adjustment for other 

variables (131, 133). A negative association with physical activity has been described 

(137) but no consistent effect of diet has been reported, although there has been a 

suggestion that early higher protein intakes may be related (138). 

Adiposity rebound has implications for research into the causes of obesity in early 

childhood and for the association between childhood BMI and risk of subsequent 

obesity. The assessment of adiposity rebound requires at least three serial measurements 

and can only be determined after it has occurred. Studies involving children in the four 

to seven age group will contain a mixture of those before and after the nadir in BMI 

with cross-sectional studies being unable to differentiate between the two groups.  
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It has also been suggested that adiposity rebound is a marker of growth and maturation 

rather than risk of later obesity. The timing of adiposity rebound is strongly correlated 

with age of menarche (133) and other markers of maturation such as skeletal maturity, 

Tanner staging and peak height velocity (88). However early maturation has also been 

consistently associated with subsequent risk of overweight as will be discussed below.  

ADOLESCENCE 

Adolescence is an important period in human development, characterised by significant 

somatic growth and maturation of secondary sexual characteristics. There is marked 

variability in the timing of puberty. Greater fatness early in life is negatively correlated 

with maturational age, that is fatter children mature earlier (88). This has been 

demonstrated in a number of studies including the 1958 British birth cohort (39) and the 

Dunedin Multidisciplinary Study (133). Studies which have not demonstrated this 

association have tended to show a non-significant trend in the same direction (139).  

In turn, there is a remarkably consistent relationship between early or rapid maturation 

and greater subsequent fatness. Parsons et al found a negative relationship between 

maturation age (most commonly measured as age at menarche) and adult BMI in ten out 

of fifteen studies identified (88). The earlier or more rapid the rate of maturation, the 

greater the BMI in adulthood. No studies reported a positive association. Studies 

disagree, however about the age at which BMI begins to diverge between early and late 

maturers. The 1958 British Birth Cohort found higher levels of BMI in early maturers 

from the age of seven (39) whereas the Fels longitudinal study reported that BMI did 

not differ until after menarche. A number of studies have identified increased BMI in 

those who mature early in adolescence (140, 141) and adulthood with increasing 

divergence with age (142). The relationship with BMI appears to be independent of 

socio-economic factors, including education level, family income, and ethnicity (140). 

Higher activity levels, energy intake and protein intake between ages thirteen and 

twenty-one have been shown in both boys and girls who were late maturers compared to 

the early maturers. However the study did not report whether the effect of the timing of 

maturation on later fatness was independent of these factors (141). 

Gender differences in body composition become more pronounced during adolescence. 

Girls tend to accumulate more fat than boys. Both genders gain fat early in adolescence, 

but whereas fat gain continues throughout adolescence in girls (143), it ceases and may 
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even reverse temporarily in boys (144), before increasing again in early adulthood 

(145).  The distribution of fat deposition also differs by gender (146). 

Adolescence is also important since it is a time when risk factors for cardiovascular 

disease, insulin resistance, hepatic steatosis, polycystic ovary syndrome and orthopaedic 

complications increase. Increased morbidity and mortality in adulthood have been 

attributed to the direct effects of obesity during adolescence, independent of adult BMI 

(147). Furthermore, the probability of becoming an obese adult increases in 

adolescence. The 1958 British Birth Cohort found the relative risk of becoming an 

obese adult increased from 4.2 for males and females above the 98th percentile at age 

seven to 7.0 for males and 5.5 for females above the 98th percentile at age sixteen (44). 

 

1.3.3  ETHNICITY 

Data from a number of countries confirms that there are differences in fatness in 

children and adolescents that reflect the ethnic origin of their parents. In the United 

States, African-American and Hispanic children are approximately twice as likely to be 

obese as white children (4). 

Here in New Zealand, a study of more than 2200 Auckland school children aged five to 

ten years found that compared to children of European origins, Pacific children were 3.0 

times more likely to be obese and for Maori children the odds ratio was 1.9 (148). The 

National Children’s Nutrition Survey confirmed that Maori and Pacific children had 

higher prevalence of both overweight and obesity compared to “New Zealand European 

and Other” ethnic groups (149). “Other” ethnic groups did not comprise sufficient 

numbers in this survey to be analysed separately however, it is likely that there are some 

important ethnic differences within this group also. The Auckland study found that 

children of Asian (predominantly Chinese) backgrounds had the lowest risk of being 

obese (odds ratio 0.7) (148) however an Australian study has shown that adolescents of 

Indian origin had an average of 4.9 percent more body fat than adolescents of Caucasian 

or other Asian origin (150). It seems likely that similar findings could apply to New 

Zealand adolescents of Indian origin. 
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1.3.4  SOCIAL FACTORS 

Generally speaking, studies from developed countries support an association between 

socio-economic deprivation in childhood and higher risk of overweight and obesity both 

within childhood and into adulthood. However, the association between social 

deprivation and increased overweight appears less consistent in children than in adults 

(88). A number of methodological issues exist which may contribute to apparent 

inconsistencies in the results of differing studies. Firstly these relate to the variety of 

measures of socio-economic status (SES) used, which can include income, parental 

education and / or occupation and household address-based measures of deprivation. 

Secondly the timing of when SES is measured relative to the onset of overweight and 

lastly, questions concerning the stability of such measures over time. 

In New Zealand, the National Children’s Nutrition Survey found a trend of increasing 

prevalence of overweight and obesity for both boys and girls at higher levels of social 

deprivation (149). Using NZDep01 based on the individual’s residential address as the 

measure of socio-economic status, this survey found the prevalence of overweight and 

obesity in males tended to increase from 14.2% and 5.1% respectively, for quintile I 

(the least deprived group) to 24.0% and 16.1% for quintile V (the most deprived group). 

For females, the corresponding figures were 22.9% and 4.3% for quintile I and 27.2% 

and 19.5% for quintile V. 

Large cross-sectional surveys in the United Kingdom and Germany have also 

demonstrated a higher risk of obesity in school-aged children from lower income 

households (116, 151) but American results have been less clear. In a study of almost 

5000 preschool children, socio-economic factors did not explain ethnic differences in 

obesity rates (152). Similarly, SES was negatively associated with obesity in white but 

not African-American girls after adjustment for multiple potential confounders (153). 

Longitudinal studies within childhood have also produced somewhat conflicting results 

(Table 4). Most studies have demonstrated a negative relationship, at least in girls, 

although the findings in boys are less consistent. Studies finding no association have 

tended to be smaller (154, 155), suggesting they may be underpowered, or have a 

shorter period of follow-up (156). Some (155) have had significant drop-out rates which 

may nullify any negative relationship if drop-out was higher in those of lower SES. Of 

note, the largest study, by Seidman et al, showed a negative relationship for girls despite 

using military enrolment data at final follow-up and having missing data for 61% of 
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girls (157). This study also reported that the proportion of overweight and severely 

overweight boys combined was less in those whose parents had lower levels of 

schooling, a positive relationship. However this is most likely due to the particular 

comparison made, since prevalence of overweight was also lower in the highest of three 

parental education groups, compared to the middle group, a pattern which may reflect 

urban / rural differences in addition to SES. 

Table 4  Summary of longitudinal studies into the role of SES within childhood 
 

Reference Number at 
final follow-up 

Age at baseline 
and follow-up 

Relationship 

   Boys Girls 

Agras (158) 54 Birth - 6y Negative Negative 

Berkowitz (154) 52 Birth - 6.5y None None 

Burke (159) 798 9y – 18y None Negative 

Kramer (155) 347 Birth - 2y None None 

Lindgren (160) 294 9 years to 17-18 Negative trend Negative 

Seidman (157) 33,413 Birth – 17y Inverse U shape Negative 

De Spiegelaere (156) 2607 12y – 15y None Negative 

Westrate (161) 171 1-5y 

6-10y 

Negative Negative 

Wilkinson (162) 8000 Birth – 10y Negative Negative 

 

The association between socio-economic status in childhood and risk of adult obesity is 

more consistent. Whereas cross-sectional studies in adults tend to show strong 

associations between SES and obesity for women more consistently than for men, 

longitudinal studies following from childhood into adulthood show a consistent 

relationship for both sexes (163). A review by Power et al found twelve studies 

examining the effect of childhood SES, measured by parents’ occupation and / or 

education or family income level, on fatness in adult life, with durations ranging from 

ten to fifty-five years. Four of five studies of women found a negative relationship, with 

the remaining study finding no relationship. Of the nine studies of men, eight found a 

negative relationship, with the remaining study finding no effect and of the four studies 

of both men and women, three found a negative relationship (163). The fact that no 
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positive relationships have been found supports this being a true observation. Social 

mobility appears to affect only women. Those who change social class show the 

prevalence of obesity of the class they join, a relationship not seen in men (88). 

Clearly, social class cannot itself cause obesity and a number of possible explanations 

for the relationship have been suggested. The first is the possibility of confounding by 

parental BMI since obesity is higher in adults of lower socio-economic groups and also 

in the offspring of obese parents. Only two of the longitudinal studies within childhood 

described above, adjusted for parental BMI. One found the effect of parental education 

persisted after adjustment for parental BMI (164), the other that SES was not a 

significant predictor of childhood obesity in a multivariate model (155). 

Other postulated mechanisms involve social class influencing energy balance via 

characteristics of socio-economic groups related to material circumstances, behaviour or 

knowledge (88). Dietary differences have commonly been shown between different 

socio-economic groups. Twenty percent of families interviewed for the New Zealand 

National Children’s Nutrition Survey reported that they could afford to eat properly 

only “sometimes”, with those in NZDep01 quintile V (most deprived) being less likely 

to report “always” being able to eat properly than those in quintiles I to IV. Families in 

quintile V were also more likely to “limit the variety of food they were able to eat 

because of lack of money” (149). United States data demonstrates that the cost of fruit 

and vegetables has risen significantly faster than the consumer price index since the 

mid-1980s whereas sugars, sweets and particularly soft drinks have risen at a much 

slower rate (165). Conditions such as a depressed environment with nowhere safe for 

children to play, lack of opportunities for away-from-home activities resulting in 

increased television viewing; and distance from shops where fruit, vegetables and low-

energy density foods are affordable and available may all contribute to obesity 

prevalence (2). 

Other social factors have been less well researched. Some studies have suggested that 

urban, as opposed to rural, children have a higher prevalence of obesity (166) however 

the results seem to have been inconsistent. The 1995 Australian National Nutrition 

Survey failed to demonstrate a rural-urban difference (167), however the Health of 

Young Victorians Study did show a greater prevalence of overweight and obesity in 

urban boys compared to rural boys, with no difference in prevalence for girls (168). 
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New Zealand data shows a trend towards increased prevalence of overweight in urban 

girls compared to rural girls but very similar prevalence rates for boys (149). 

 

1.3.5  PHYSICAL ACTIVITY 

Energy expenditure is an important factor in the development of, or protection against, 

obesity (2). Physical activity is any bodily movement produced by the contraction of 

skeletal muscle that increases energy expenditure above the basal level (169). It is one 

of the four components of energy expenditure in children, with the others being resting 

metabolic rate, which accounts for 60-70% of total energy expenditure; the energy 

required to metabolise and store food, accounting for 5-10% of total energy expenditure 

and energy required for growth, between 1-2% of total energy expenditure for most of 

childhood (170). Furthermore, physical activity is the only component of energy 

expenditure which can be altered by will. 

Physical activity can be divided into three subcomponents: the physical activity 

associated with activities of daily living, “lifestyle” or “incidental” activity; planned 

physical activity, which is specific activity undertaken for the purpose of recreation or 

health; and spontaneous physical activity, which includes wriggling and fidgeting (31).  

The character of physical activity in childhood differs from that of adults and also 

differs with the age of the child. Play varies greatly in terms of the energy expenditure 

involved, with vigorous play in the preschool years increasing with age, strength and 

skill development (171). For young children, active play tends to be stop-start in nature. 

In an observational study, assessing activity levels every three seconds for four hour 

time blocks, Bailey et al found the median duration of activity events of low and 

medium intensity was 6 seconds. Events of high intensity lasted only 3 seconds with 

95% of high intensity activity events lasting fewer than 15 seconds (172).  

A Scottish study of preschoolers found that children spent only twenty to twenty-five 

minutes per day in moderate to vigorous activity (173). At age three, a median of 18% 

of time was spent in light intensity activity with only 2% in moderate to vigorous 

activity. By age five, the median percent of time spent in light activity had increased 

slightly to 20% with a further 4% of time spent in moderate to vigorous activity. These 

figures are surprisingly low which may reflect the fact that the cut-off levels used to 
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define moderate and vigorous activity (174) were developed in older children. Also 

physical activity levels in young children are not normally distributed with the lower 

two tertiles being relatively closely distributed but a wide range of activity levels 

occurring in the uppermost tertile (175). Reilly et al present results for the median rather 

than the mean which may affect comparisons with other studies. Bailey et al studied 

children with a mean age of eight years and found means of 19.7 and 3.1% of time was 

spent in activities of moderate and high intensity respectively (172). Looking at 

overweight children with a mean age of ten years, Kalakanis et al found a mean of 12.2 

bouts of moderate to vigorous activity per day, with each bout averaging only 

approximately four minutes in duration (176). 

MEASURING ACTIVITY IN CHILDREN 

Comparisons of the literature investigating activity in childhood is made more complex 

due to the variety of methods used to measure activity, many of which have significant 

associated difficulties. The doubly-labelled water technique is considered the gold 

standard for measuring total daily energy expenditure. In conjunction with indirect 

calorimetry, it can be used to calculate the physical activity component of energy 

expenditure however it is expensive and not practical in a clinical setting. Furthermore, 

it provides no information on the frequency, intensity or duration of specific activities 

(177). 

Questionnaires have been the most commonly used method for assessing activity, 

however children less than ten years of age cannot be expected to reliably respond to 

questionnaires by themselves, with parental report being relied upon for younger 

children (31). Self-report has been shown to over-estimate activity in older children 

(178, 179) which may be due to both an exaggerated perception of the time and effort 

involved and to the sporadic nature of children’s activities. Children may report being 

active while playing a sport but may only have been moving for a portion of the time. 

However questionnaires are likely to underestimate spontaneous activity which is 

thought to make up a greater proportion of energy expenditure in very young children 

(88). 

Heart rate monitors have been shown to have a near linear relationship to oxygen 

consumption as a measure of physical activity (180). These allow assessment of 

physical activity but are not sensitive enough to discriminate between types of sedentary 
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behaviours or low-grade physical activity that might be relevant in determining energy 

balance over time. Furthermore, heart rate is influenced by other factors such as level of 

aerobic fitness and by some emotional states (177). 

Motion sensors are becoming more commonly used in research to measure physical 

activity. The most simple and least expensive are pedometers; however triaxial 

accelerometers, which measure movement in three dimensions, have been shown to 

have greater accuracy (177). Correlations between activity counts measured by 

accelerometers with indirect calorimetry (174) and direct observation of activity (181) 

in the range of 0.70 to 0.80 have been shown in children suggesting that accelerometry 

provides a valid tool for assessing activity in this age group. An advantage of 

accelerometry is its ability to measure lower levels of activity and therefore to include 

some measurement of spontaneous physical activity which would be missed by heart 

rate monitoring and is unlikely to be recalled for questionnaires.  

There are some limitations of accelerometry which should be noted. The absolute 

activity counts given by different models of accelerometer vary and are not able to be 

directly compared (174). Accelerometry is recognised to underestimate particular types 

of activity, especially those involving upper body activities such as throwing or lifting 

and those performed sitting down such as cycling (179) and there has been debate about 

the most reliable positioning of the instrument (182). In addition, due to the brief, 

sporadic nature of activity in children it is important to use short epoch lengths (179) 

and to ensure an adequate duration of measurement (183). Many of these considerations 

can be overcome with appropriate methodology. 

TRACKING OF PHYSICAL ACTIVITY LEVELS 

As discussed above there are well-recognised age trends in the nature and amount of 

physical activity undertaken. After increasing through the preschool years, the degree of 

physical activity seems consistently to decrease with age from middle childhood 

through adolescence and into adulthood (169). Estimates of a decline in physical 

activity of between 1.8 - 2.7% per year have been reported among boys between ages 

ten and seventeen. In girls, the reported decline is of 2.6 – 7.4% per year depending on 

the method used to assess activity (169) and may also begin at a younger age than in 

boys (184) The National Children’s Nutrition Survey also reported a trend for 

decreasing activity with increasing age. For males aged five to six years, 39.0% were in 
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the highest activity quartile compared to 22.8% of males aged eleven to fourteen. The 

corresponding figures for females were 22.3% compared to 9.2% at age eleven to 

fourteen (149). 

There is some evidence that activity levels track through childhood and into adulthood. 

Berkowitz measured activity in the neonatal period and again at age six years (154). 

There was a significant positive correlation between neonatal intensity of movements 

and the amount of high level activity measured at age six and a significant negative 

correlation between neonatal intensity of movements and low level activity at age six, 

suggesting some stability of measures of activity between these ages. 

Similar results were reported by Pate et al who followed a group of children for a three-

year period beginning at age three to four years (175). Using heart rate monitoring and 

recording physical activity as the percentage of observed minutes during which the heart 

rate was 50% or more above the individual’s resting heart rate, they found that 62% of 

the group remained in the same tertile for activity between year one and year three of 

the study. 

By contrast, Sallis et al found correlations of only 0.36 between directly observed 

physical activity measured at approximately four and a half years of age and repeated 

two years later (185). They noted however that the correlation more than doubled in 

strength when a mean of four days measurement was used compared to only a single 

day and it may be that this low correlation is due to inadequate observation time given 

the marked variability of activity levels within individuals. 

Trudeau et al compared physical activity measured at age ten to twelve years with that 

at age thirty-five and found significant but weak associations between childhood and 

adult activity (186). Correlations for total physical activity, intense physical activity, 

light organised activity and non-organised physical activity were r = 0.20, 0.18, 0.12 

and 0.19 respectively with those children who had participated in organised physical 

activity at school being more likely to have higher levels of activity in adulthood. 

TRENDS IN PHYSICAL ACTIVITY 

There is little direct evidence of decreasing activity in children, concurrent with the 

increase in prevalence of obesity (31). Proxy markers such as a reduction in walking or 

cycling to school (187) and an increase in sedentary pastimes suggest that overall 
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activity levels may have decreased (88). However, large national surveys in both 

Canada (188) and the United Kingdom (189) have suggested an increase in vigorous 

activity amongst adolescents over the last few decades. These studies have relied on 

self-report to very general questions and may miss a decrease in activity of daily living. 

Reports of more specific markers such as participation in organised sport and physical 

education classes at school vary between countries (190).  

In adults, there is evidence of fewer adults being employed in active occupations, and a 

higher prevalence of inactivity (88). Many studies examining activity fail to measure 

lifestyle activity. This is very important since large studies in adults suggest that the 

greatest changes have occurred in occupational and active transport expenditures (191). 

A review by Prentice and Jebb (192) found that de facto measures of inactivity in adults 

such as hours of television viewing and household car ownership, appeared to 

correspond to the increase in overweight and obesity. Since children are part of the 

same environment, it seems probable that their lifestyle activity has also fallen. 

PROSPECTIVE STUDIES ON PHYSICAL ACTIVITY AND FATNESS IN CHILDREN 

The evidence for an association between physical activity in childhood and subsequent 

fatness both within childhood and in adulthood is inconsistent but overall the literature 

suggests that childhood physical activity may have at least a protective effect against the 

development of accelerated weight gain.  

Comparisons of the literature are complicated by the many different measures used for 

both physical activity and outcome, for example skinfold thicknesses and change in 

BMI. Studies examining neonatal and infant activity levels have tended to find no 

relationship with measures of adiposity later in childhood (154, 193). However, a study 

by Wells found although there was no relationship between total energy expenditure 

measured by the doubly-labelled water technique at nine to twelve months and fatness 

at age two years, the percentage of quiet time reported by parents during infancy was 

positively correlated with skinfold measurements at age two and the percentage of 

active time in infancy was negatively correlated with skinfold thickness at age two 

(194). 

In later childhood, the evidence for a negative association between physical activity and 

adiposity is stronger although again some studies show no relationship (195), or that the 

relationship differs by gender (193). Very few studies use objective measures of 
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physical activity (88), which may be a major contributing factor to the apparent 

inconsistencies in results. Using accelerometry to measure activity, the Framingham 

Children’s Study found children who were in the highest activity tertile averaged over 

the eight years of follow-up had significantly lower mean BMI measurements at age 

eleven and significantly lower skinfold measurements. The mean BMI for the most 

active tertile was 18.6kg/m2 compared to 20.3kg/m2 for the least active tertile. The most 

active children were found to have the smallest gains in BMI at each age throughout the 

follow-up period. They also had significantly later adiposity rebound suggesting that the 

protective effect of childhood activity may be carried through into adulthood (170). 

The Amsterdam Growth and Health Study found lower total activity in childhood was 

associated with higher skinfold thicknesses at twenty-seven and twenty-nine years 

(196). Similarly, the Cardiovascular Risk in Young Finns Study found that those active 

at each of the three measurement points during the study had lower subscapular 

skinfolds than those who were persistently sedentary but there were no group 

differences in BMI found (197). It may be that with the more marked decline in activity 

in late adolescence, active and inactive subjects are more easily identified and 

relationships between activity and fatness become clearer. 

SEDENTARY BEHAVIOURS 

The role of sedentary behaviours, particularly television viewing, in the development of 

obesity has been the subject of considerable investigation. Amongst Australian children, 

time spent watching television has increased from 113 minutes a day in 1992 to 130 

minutes a day in 1997 (198) although other countries have not reported such increases 

(165). 

A seminal paper by Dietz and Gortmaker (199), using data from the NHANES II and III 

surveys, found a positive association between television viewing and obesity which 

persisted after adjustment for multiple variables including prior obesity, ethnicity and 

socio-economic status. For children aged six to eleven years the prevalence of obesity 

increased from 15% in those who watched ≤ one hour of television a day to closer to 

20% in those who watched more than two hours per day. The association was even 

stronger amongst adolescents. Between ages twelve and seventeen, the prevalence of 

obesity increased by 2% for each additional hour of television viewed. 
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Several prospective studies have also found a positive association between television 

viewing and subsequent weight gain (100, 200, 201). The Avon Longitudinal Study of 

Parents and Children (100) found that television viewing time was one of eight 

significant risk factors predicting child BMI in a multivariate analysis. Children who 

spent more than eight hours per week watching television at age three years had an odds 

ratio of 1.55 for obesity at age seven compared to those who watched less than four 

hours television per week. There was a significant linear trend of increasing odds ratios 

associated with longer average duration of viewing. 

In New Zealand, the Dunedin Multidisciplinary Study demonstrated a positive 

association between child and adolescent television viewing and adult health (202).  The 

average hours of television viewing during childhood and adolescence (ages five to 

fifteen) was significantly associated with increased BMI at age 26, increased serum 

cholesterol, decreased cardio-respiratory fitness and increased prevalence of smoking. 

These associations persisted after adjusting for potential confounding factors such as 

childhood socio-economic status, BMI at age five, parental body mass indices, parental 

smoking and physical activity at age fifteen. The effect on BMI persisted after adjusting 

for television viewing in early adulthood (at age twenty-one), indicating that television 

viewing in childhood and adolescence may have long-lasting detrimental effects. The 

authors calculated that 17% of overweight at age twenty-six could be attributed to 

watching television for more than two hours per weekday between ages five and fifteen. 

Other authors estimate the effect of television viewing to be much smaller. In a cross-

sectional study of 2862 Australian children aged between five to thirteen years, 

television viewing accounted for only 1% of total BMI variance and ceased to be 

independently significant after adjusting for parental BMI, parental education, number 

of siblings, food intake and activity variables. However an increasing risk of overweight 

and obesity persisted with increasing television viewing (203). 

This suggests that the mechanism by which television is associated with increasing 

adiposity is complex and is likely to involve effects on both activity and dietary 

variables. Television viewing may displace time that might otherwise be spent in more 

physically active pursuits. Using NHANES III data, Crespo et al found a small inverse 

relationship between television watching and physical activity for both sexes (204). 

Likewise, using direct observation in a group of three to four year old children, Du Rant 

et al found a weak negative association between television watching and physical 
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activity although in this cross-sectional study of young children television watching was 

not associated with body composition (205). It seems likely therefore that the 

association is not primarily due to changes in physical activity.  

Television may also affect energy intake. After adjusting for age, BMI, ethnicity, family 

income and weekly bouts of vigorous activity, Crespo et al found a positive correlation 

between increasing hours of television viewing and increasing energy intake, which was 

stronger for girls (r = 0.43) than boys (r = 0.26) (204). The mean adjusted energy intake 

for girls watching one hour per day or less was 7748kJ per day compared to 8468kJ per 

day for those watching five or more hours of television per day. This is supported by the 

study by Wake et al discussed above, which found that food intake contributed 

approximately 11% of the variability in BMI and adjusting for food intake (amongst 

other potential confounders) nullified the independent effect of television viewing 

(203).  

The effect on energy intake may be due to increased snacking and / or through 

influences on food preferences. In a study of sixty-six mothers of children aged three to 

eight, Taras (206) found that weekly viewing hours correlated with reported food 

requests by children (r = 0.31) and purchases by parents of advertised foods (r = 0.44). 

A local study has demonstrated that food advertisements aimed at children reflected a 

diet that was conducive to the development of overweight (207).  

Girls from overweight families who watch more television have been shown to eat more 

snacks while watching TV and reported snacking more frequently (200). Snacking 

frequency was associated with higher intakes of fat from energy dense foods, which in 

turn significantly predicted girls’ increase in BMI from age five to age nine. Therefore 

although in this study, television viewing was not directly related to girls’ increase in 

BMI in those from overweight families (as it was in those from normal weight families), 

each step in this sequence was significant, indicating that television viewing may 

provide a context for snacking patterns that increase the risk of overweight. 

1.3.6  SLEEP 

There is evidence that sleep duration has decreased amongst both children and adults 

(208) over the last three to four decades, coinciding with the rapid increase in 

overweight and obesity. Swiss data collected between 1974 and 1993 suggests that sleep 

duration has decreased in all ages of children through to adolescence by approximately 
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forty minutes, due primarily to later bed times with little change to morning rise time. 

Indeed the greatest decrease in sleep duration appears to have occurred in the youngest 

children (209). One study has suggested that three year old children may be going to 

bed up to two hours later than they did twenty years ago (210), whereas an Australian 

study in early adolescents demonstrated a reduction in sleep duration of approximately 

30 minutes from 1985 to 2004. This has led investigators to speculate that reduced sleep 

may be contributing to the increasing prevalence of overweight and obesity (211).  

Cross–sectional studies in adults into an association between sleep duration and BMI 

have produced inconsistent results. One of the few studies to use an unobtrusive, 

objective measure of sleep duration (accelerometry) over more than one night, the 

CARDIA study, found no association with BMI in adults (212). Other studies however 

have reported a U-shaped association with a nadir at 7-8 hours sleep per night (213), or 

a negative linear association (214-216). Longitudinal adult studies have also been 

inconsistent, with a suggestion that those involving younger adults may be more likely 

to demonstrate a negative association (214, 216). Data from NHANES 1 showed a 

negative linear association in adults aged between 32-49 at baseline but no association 

in those over 50 years of age (216). 

Studies in children are also limited by very few having objective measures of sleep 

(217). Using overnight accelerometry, Gupta et al found the odds of obesity increased 

by 80% for each hour of lost sleep in a group of American adolescents (218). Other 

studies using parental questionnaire to assess sleep duration in younger children have 

also found negative linear associations between sleep duration and BMI or risk of 

overweight (219-221), which are independent of multiple potential confounders. 

1.3.7  DIET AND EATING PATTERNS 

Energy intake forms the other side of the energy balance equation. Data from both the 

United States (2) and United Kingdom (88) suggest that energy intakes have decreased 

over the last few decades during which the prevalence of obesity has so rapidly 

increased. However, this data is susceptible to the accuracy of reporting and food 

disappearance data suggests that energy intakes have actually increased while reported 

food intakes have decreased (2). A number of aspects of diet and eating patterns have 

been investigated with regard to risk of obesity. These include infant feeding, dietary 

composition and energy density, eating patterns and portion sizes. 
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INFANT FEEDING 

Overall, available studies investigating the association of breastfeeding with subsequent 

fatness suggest that breastfeeding confers a small protective effect against future obesity 

(2, 31). A meta-analysis reported a small protective effect of breastfeeding relative to no 

breastfeeding with an adjusted odds ratio of 0.78 (95% CI: 0.71 to 0.85) for risk of 

obesity later in childhood (222). 

However a number of concerns regarding aspects of these studies have been raised 

including methodological issues, such as retrospective collection of breastfeeding data, 

differences in the definition of breastfeeding used, and the effect of potential 

confounders, such as socio-economic variables, maternal education and maternal 

adiposity (88). 

A study of almost 10,000 school entrants in Bavaria found a clear dose-response effect 

of the duration of exclusive breastfeeding on the prevalence of overweight or obesity at 

age five to six (223). Those who were never breastfed had a prevalence of overweight of 

12.6% and of obesity of 4.5% compared to 9.2% and 2.8% respectively for those ever 

breastfed. Those breastfed for longer than 12 months had the lowest prevalence of 

overweight and obesity (5.0% and 0.8% respectively). Adjusting for parental education, 

maternal smoking in pregnancy, prematurity and birth weight gave a reduction in risk of 

overweight for those breastfed for six months or more by more than 30% and of obesity 

by more than 40% with greater reductions in risk seen for those breastfed for more than 

twelve months. This study did not adjust for maternal weight which may be a potential 

confounder. 

Another larger study of 32,200 Scottish children aged approximately three and a half 

years old also found support for breastfeeding being protective against future obesity. 

After adjusting for socio-economic status, birth weight and gender, the odds ratio for 

obesity was similar to that reported by von Kries et al at 0.7 (95% CI: 0.61 to 0.80) 

(224). However a large American study of more than 12,000 children from low-income 

homes found that the duration of breastfeeding showed a dose-responsive, protective 

relationship with the risk of overweight at age four only in non-Hispanic whites. No 

significant association was found among non-Hispanic blacks or Hispanics (225). This 

could suggest ethnic differences in gene-environment interactions or simply that the 

protective effect of breastfeeding is smaller in magnitude that the increased risk of 

obesity associated with these ethnicities. 
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A number of potential confounders are well recognised as influencing both the 

prevalence of obesity and duration of breastfeeding. These include social class and 

maternal education, maternal fatness, maternal diabetic status, maternal reluctance to 

breast-feed or infant birth weight (2). Burke et al found that duration of breastfeeding 

was significantly longer in mothers with tertiary education whereas smoking during 

pregnancy, maternal overweight or obesity and having a first-born child were related to 

shorter duration of breastfeeding (226). Both this study and the Avon Longitudinal 

Study found a protective effect of breastfeeding in the initial univariate analysis at seven 

years which became non-significant after adjusting for potential confounders (100).   

The protective effect of breast feeding may be greatest in the very early years. An 

earlier analysis of the Avon Longitudinal Study showed slower weight and length gain 

in breast-fed than bottle-fed babies with the difference in weight persisting to thirty-one 

months of age (227). Similarly, Burke et al found that breast-fed infants were 

significantly leaner at one year but not at age eight (226). 

Overall however it seems likely that breastfeeding does confer a small protective effect 

against obesity in addition to its multiple other proven benefits but a number of 

confounders are involved in the association. 

The mechanism by which this occurs are unclear, however there are a number of 

hypotheses. Human breast milk composition is unique and presumably optimal for 

humans. Breastfed infants spend greater time feeding and appear to be more physically 

active during feeding than bottle-fed infants (228). Bottle-fed infants have been shown 

to have higher levels of insulin which could increase fat deposition and adipocytes, 

whereas breast milk contains bioactive factors which may modulate epidermal growth 

factor and tumour necrosis factor α, both of which are known to inhibit adipocyte 

differentiation in vitro (223). Breastfed infants are more receptive to the introduction of 

new foods and may be better able to self-regulate energy intake than non-breast-fed 

infants (229). Lastly breastfed babies consume less protein with early consumption of 

high protein levels having been linked to subsequent weight gain (2). 

Protein consumption has also been proposed as a mechanism for a possible relationship 

between the age at which solids are introduced and subsequent weight gain (2). It has 

been suggested that earlier introduction of solids leads to more rapid weight gain in 

infancy (230) and increased percentage body fat at age seven (231). However not all 
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studies agree (158) and a randomised controlled trial in bottle-fed infants showed no 

difference in growth or body composition at twelve months in those for whom solid 

foods were introduced at three to four months compared to those commencing solids at 

six months (232). 

DIETARY COMPOSITION AND ENERGY DENSITY 

The main dietary consideration with respect to weight maintenance or weight loss is 

balancing energy intake with energy expenditure whilst maintaining a diet that provides 

all the essential nutrients for proper growth and function (31). This means that both total 

energy intake and energy density may be risk factors for obesity. 

Energy density reflects the energy content of foods, usually expressed as kilojoules or 

calories per gram of weight. Energy density is primarily determined by the water 

content of a food, which lowers energy density by contributing weight but no calories. 

Fat is the most energy dense component of food at 9kcal/g, providing twice as many 

calories per gram as carbohydrates or protein (4 kcal/g). In general foods with a lower 

energy density for example fruits and vegetables tend to be foods with either a high 

water and / or fibre content, or little fat. By contrast many high fat foods are energy 

dense and may also be low in micronutrients such as vitamins and minerals (233). 

Children appear predisposed to learn a preference for energy-dense foods over energy-

dilute foods by learning to associate the flavours of these foods with positive 

physiologic effects that result from eating energy-dense foods (229). “Rich” foods are 

often reserved for special occasions and are therefore associated with a positive social 

context and many of the substances that impart flavour to food are fat-soluble so high 

fat foods are often the flavourful foods (234). Infants as young as six weeks and 

preschool children have been shown in a laboratory situation to be able to adjust a meal 

size based on the energy density of the food available in order to maintain a relatively 

constant total energy intake within a single meal (234). However the limited studies 

performed later in life suggest this ability is lost, with laboratory studies demonstrating 

that adults tend to eat a consistent volume of food therefore increased energy density 

results in higher energy intake (235, 236).  

The evidence for an association between total energy intake in childhood and later 

weight gain is surprisingly limited and inconsistent (Table 5), which is likely due to the 

extreme difficulties of measuring energy intake with accuracy and to the fact that even 
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very small differences in energy intake will result in weight gain over time (237).  Even 

different papers arising from the same study have reported different results based on the 

analysis methods used (238, 239). Of studies examining the association between energy 

intake at one to eight years of age and subsequent fatness within childhood and 

adolescence, two found no relationship with fatness at eight to twelve years (195, 240); 

one found no relationship between absolute energy intake, but a positive relationship 

between change in energy intake between four and six years, and fatness at eight years 

(241); one study found a negative relationship with fatness at nine years (242) and a 

fifth found a negative relationship between energy intake and fatness at fifteen years in 

girls but not boys (243). These last two studies along with the Amsterdam Growth and 

Health Study, which also reported some negative associations (238, 239), have used 

skinfold thicknesses as their outcome measure, rather than BMI. The largest study (244) 

found a positive relationship between energy intake and change in BMI in girls but in 

boys only year to year change in energy intake positively predicted change in BMI. 

Importantly, this study also adjusted for ethnicity, pubertal stage and activity, which 

many studies have not, but made no adjustment for parental BMI and contained only 

one year of follow-up.  
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Table 5  Summary of longitudinal studies examining the relationship between 
childhood dietary factors and subsequent fatness 
 

Reference No. of 
children 

Age at 
baseline and 

follow-up 

Results 

 Energy Intake % Energy 
from Fat 

%Energy 
from 

Protein 

Deheeger (241) 112 10m to 8y None / positive 
a 

  

Rolland-Cachera 
(245) 

112 10m to 8y  None Positive 

Griffiths (243) 25 3-4 to 15y None (boys) 

Positive (girls) 

  

Klesges (240) 146 4.4 to 6.4y None Positive  

Maffeis (195) 112 8.6y to 12.6y None None None 

Nicklas (246) 50 6m to 7y  None None 

Shapiro (242) 149 6m to 9y Negative   

Berkey (244) 10,769 9-14y at 
baseline, 

f/up 1 year 

Positive (girls) 

None / positive 
(boys)a 

None  

Magarey (247) 243 2y to 15y  None / 
positive a 

 

Twisk (238) 181 13y to 29y  Negative / 
nonea 

None 

Van Lenthe (239) 181 13 to 27y None (boys) 

Negative (girls) 

None None 

 
a Relationship differed at different time points/intervals and depending on predictor, absolute or change 
value 

 

There is also ongoing debate regarding the relative intake of dietary fat, protein and 

carbohydrates (Table 5). Klesges et al found that dietary intake and physical activity 

combined accounted for 13% of the variance in BMI at follow-up compared to only 9% 

of the variance being due to initial BMI, sex and parental obesity. However, the 

significant dietary differences were in the percentage of energy obtained from fat rather 

than total energy intake. Higher baseline levels of percentage of calories as fat were 

associated with greater increases in BMI (0.168 kg/m2 per 5%) as were recent increases 
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in the percentage of intake as fat (240). Other studies have disagreed. Berkey et al (244) 

studied over 10,000 children and adolescents aged between nine and fourteen and failed 

to demonstrate a predictive effect of fat intake on BMI change over a one year follow-

up period. Similarly, a large cohort study of South Australian children followed from 

the age of two to fifteen, found that energy-adjusted fat intake was positively associated 

with sub-scapular skinfold thickness but was unrelated to BMI or triceps skinfolds 

(247). 

New Zealand children obtain a mean of 33.1% of their total energy intake from fat 

(149). There was significant variation in percentage of energy from fat with the 10th 

percentile obtaining only 23.5% of energy from fat and the 90th percentile 42.9%. The 

mean contribution to daily energy intake from fat was higher for Pacific and Maori 

children than for New Zealand European and Other children. The most common source 

of fat came from potatoes, kumara and taro, which provided 9% of total fat intake. 

Almost half of this came from potato chips and wedges and just over one third from 

crisps.  

Differences in dietary composition could be one mechanism involved in the clustering 

of obesity within families. Another paper from the study by Klesges demonstrated 

differences in diet between those children with one or more overweight parents and 

those with two normal weight parents (248). Children of overweight parents gained a 

significantly higher percentage of energy from fat.  Furthermore, strong concordance 

(82-83%) of food preferences has been shown between toddlers and other family 

members, with no one family member being more influential than the others (249). 

Food preferences appear to be established early in life and although the evidence is 

limited, there does appear to be some maintenance of dietary intake as we age. An 

Australian study showed significant tracking of fat, energy and calcium intake from age 

four (250).  

A number of mechanisms by which dietary fat could influence adiposity have been 

proposed. High fat diets are often related to overconsumption because fat is very energy 

dense therefore high fat diets are higher in energy and lower in volume than 

carbohydrates, which is an important cue in satiety; fat is very palatable and since fat is 

less satiating than carbohydrates or protein people are less likely to adjust subsequent 

intake to compensate for the high energy intake obtained in a high fat meal (229). 

Dietary fat is also stored more efficiently than carbohydrate or protein. Unlike 
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carbohydrate and protein, the oxidation of dietary fat does not increase as fat intake 

increases. However these observations have been made in adults and there are no direct 

data confirming the same findings in children and adolescents (31). 

SUGAR-SWEETENED BEVERAGES 

The role of sugar-sweetened beverages and in particular carbonated soft drinks in the 

increased prevalence of obesity has been the subject of intense debate, in both the 

scientific and popular literature. Beverages make up 11% of total carbohydrate 

consumed by New Zealand children, second only to bread (149). The National 

Children’s Nutrition Survey did not specifically look at soft drinks however 

international studies have shown that soft drinks make a growing contribution to the diet 

of young people, even very young children and that the quantity of soft drinks 

consumed, especially carbonated drinks, increases with age and can account for the 

largest single source of non-milk-extrinsic sugar intakes in young people (2). 

Some evidence suggests that energy consumed as beverages has different effects on 

post-ingestion appetite than other foods. A study of children given a single meal 

accompanied by either a sugar-sweetened drink or an aspartame-sweetened drink, found 

there was no difference in energy consumed from other foods at the meal meaning that 

children consumed more energy in total when a sugar-sweetened drink was served 

(251). Similar poor compensation for energy consumed as a beverage has also been seen 

in adults (2). 

Overall, there is fairly convincing evidence of a positive association between increased 

sugar-sweetened beverage consumption and weight gain. One of the largest studies is 

the Growing Up Today study which enrolled more than 16,000 children. They reported 

a non-linear increase in BMI per additional serving of sugar-sweetened drinks after 

adjustment for other factors (252). Similarly, combined NHANES data showed that 

consumption of soft drinks contributed a higher proportion of total energy in overweight 

than in normal weight subjects in each age and sex group, including pre-schoolers 

(3.1% vs 2.4%) (253).  In this age however, this did not translate to a linear association 

with BMI (254) which may be due to the fact that pre-schoolers receive a lower 

proportion of their total energy intake from sugar-sweetened drinks (253) and that the 

effect is likely to be cumulative over time.  
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Prospective studies have also supported a positive association. Follow-up of the 

Growing Up Today cohort for three years showed a prospective association between 

intake and BMI for both girls and boys (252). A smaller study in eleven to twelve year 

olds over nineteen months of follow-up demonstrated a 60% increase in the odds of 

becoming obese for each additional sugar-sweetened drink the child consumed each day 

(255).  

PORTION SIZES 

One factor influencing energy intake may be portion sizes. A study by McConahy et al 

(256) found that average portion sizes in twelve to eighteen month old children were 

positively related to both energy intake and body weight.  In North America, portion 

sizes have increased across a range of foods eaten both at home and outside the home 

(2). These increases have occurred in parallel with the increases in overweight and 

obesity, with a sharp increase in size occurring in the 1980s.  

Young children have been shown to have innate control of appetite with eating 

occurring primarily in response to hunger and satiety cues, whereas adult eating is also 

influenced by environmental cues such as the presence of palatable food, time of day 

and social context. One study showed that changes in portion size had no effect on the 

amount consumed by three-year-old children but an increase in portion size resulted in a 

significant increase in the amount consumed by five-year-olds in the same setting (257). 

The study examined only one meal therefore was unable to assess any impact on 

subsequent food intake. It seems likely that a “supersize” snack or beverage can provide 

a large proportion of a child’s recommended daily energy intake from a single food 

item. 

EATING PATTERNS 

Patterns of eating, determinants of these behaviours and their influence on the risk of 

obesity are enormously complex and only just beginning to be investigated. Babies and 

young children tend to have frequent eating periods which are gradually replaced by the 

three meals a day characteristic of older children and adults. In developed countries 

there is an increasing tendency for more frequent and less-defined eating periods (2). In 

adults, Marmonier et al has shown that snacks delayed the request for a meal by less 

time than would be expected given the caloric load ingested in the snack and that snacks 

with the same caloric content but different macronutrient content produced differing 
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delays in request for the next meal. High protein snacks delayed meal request by an 

average of sixty minutes, high fat and high carbohydrate snacks by only twenty-five and 

thirty-four minutes respectively, whereas the caloric load ingested would have been 

expected to delay a meal request for an average of 200 minutes (258). These findings 

would suggest those who snack frequently are likely to have an increased total energy 

intake. However a longer study over seven days showed no difference in total energy 

intake between those who snacked and those who did not (259). Both these studies took 

place in controlled laboratory situations which may differ significantly from free living. 

There are few studies in children looking at eating frequency and risk of obesity 

however one study of three year old Japanese children found irregular snacking was 

associated with increased risk of obesity (260). One problem with research into eating 

frequency is the likelihood of under-reporting, particularly for snack foods. 

Food preferences seem to be the most important determinant of intake pattern. The 

preference for sweet and salty foods seems to be innate and unlearned, as is the rejection 

of bitter tastes. Over and above this, multiple factors influence learned food preferences. 

Repeated opportunities to sample new foods have been shown to increase acceptance 

and liking in babies and young children (261). Physiological responses to foods also 

play a role. For example, illness following a particular food may lead to a conditioned 

aversion to that food whereas feelings of satiety are likely to induce a learned preference 

for the food. The social context of foods can also be important. Children learn to dislike 

foods eaten to obtain rewards, such as “Eat your vegetables and you can watch 

television” and prefer foods eaten in a positive social context (261). Role modelling by 

parents, particularly mothers, of eating a particular food has been shown to increase 

acceptance of that food (249) whereas parental restriction of a particular food may 

increase the child’s preference for that food in an unrestricted situation (262). 

Parental control of child feeding may have an important influence on the child’s later 

eating habits with much of the work in this area being done by Leann Birch. A number 

of studies by her research team have looked at parental level of control over child 

feeding, its influence over whether children develop eating habits which respond 

predominantly to internal cues such as hunger or satiety or to external cues such as the 

presence of palatable food and the effect of these behaviours on child weight and body 

composition. Cross-sectional studies have shown that children have a varying ability to 

adjust their energy intake in response to calories consumed previously, for example in a 
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drink. One study of two to four year olds showed that girls’ ability to compensate in this 

way was negatively correlated to weight and skinfold thickness, that is the fatter girls 

compensated less for an earlier caloric load. Higher parental control of feeding was 

strongly correlated with a lower ability in the child to adjust their energy intake 

appropriately (263). In older children, this team demonstrated that eating in the absence 

of hunger remained stable over time in girls followed between ages five and seven. 

Parental restriction of foods at age five was associated with increased eating in the 

absence of hunger at age seven and girls eating more in the absence of hunger at ages 

five and seven were 4.6 times as likely to be overweight at both measurement points as 

girls who ate little in the absence of hunger (262). Parental restriction has also been 

shown to be positively correlated with fat mass measured by DXA in seven to ten year 

olds (264). 

Birch hypothesises that parental control of child feeding may be influenced by a number 

of factors including their level of concern about their own weight and their perception of 

their child’s weight, indicating that a parent may have different parenting styles for two 

different offspring. However a study by Saelens examined families with one obese child 

and one non-obese child and found that parental style was more similar within families 

despite differences in weight between the siblings. This was despite these mothers 

recognising the differences in weight between their two children (265). 

One prospective study has shown an influence of parental eating behaviours on child 

weight gain. The Framingham Children’s Study followed approximately 100 children 

over a six year period (266). Parents were asked about their own eating habits with 

respect to cognitive restraint, which involves the conscious control of eating; 

disinhibition, reflecting the degree of lability in eating behaviours and weight; and 

perceived hunger and behavioural consequences of hunger. Children whose parents 

reported higher levels of dietary restraint or disinhibition had greater increases in BMI, 

triceps and sum of skinfold thicknesses than those whose parents had the lowest levels 

of restraint or disinhibition. However, restraint only led to excess gain in body fat in the 

presence of high levels of disinhibition. 

The social context of eating, for example whether families eat together giving an 

opportunity for role-modelling by parents and other aspects of the eating environment 

and their effect on risk of overweight have not been well examined. 
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1.4 RATIONALE FOR UNDERTAKING THE STUDY 

Childhood obesity is a significant and increasing health issue facing countries 

throughout the world, including New Zealand. The results of the National Children’s 

Nutrition Survey demonstrated the high prevalence of overweight and obesity amongst 

this country’s young people. The ramifications of this epidemic are huge; both in terms 

of personal morbidity and mortality for those affected, and in terms of public health 

issues related to the resources the associated morbidity will require. Despite this, the 

reasons for the increase in obesity in childhood are poorly understood.  

To date, there are few longitudinal studies worldwide prospectively investigating the 

many factors likely to be involved in the development of overweight and obesity in 

early childhood. Obesity develops slowly, with current weight status reflecting the 

balance or imbalance in the energy equation over preceding years, thereby necessitating 

detailed longitudinal study in order to determine causality.  

The preschool years constitute a time when habits related to eating and activity are 

being established, with evidence that these habits may persist, at least to some extent, 

throughout life. This period also leads up to the time of adiposity rebound, which is 

thought to be one of three critical periods in the development of obesity. It is therefore 

probable that behaviours and attributes established during the preschool years have a 

long lasting influence on future risk of obesity. 

Many of the risk factors associated with obesity are poorly modifiable. However others, 

such as diet, aspects of the eating environment, activity and sedentary behaviours are 

potentially open to intervention. The role of these factors may also vary between 

different countries and cultures, highlighting the importance of determining their role in 

the New Zealand context. 

This thesis describes a longitudinal study into the factors involved in the development 

of overweight and obesity in children from preschool to middle childhood, with 

particular focus on factors which may be amenable to intervention. Ultimately, it is 

hoped that these results will contribute towards the development of strategies for the 

prevention of overweight and obesity in children, which can be tested and applied in a 

public health setting. 
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1.4.1 OBJECTIVES 

The over-arching objective of this study was to identify risk factors for the development 

of overweight and obesity in early and middle childhood in New Zealand which could 

be potentially modified through primary prevention and intervention-based public 

health programmes. Specifically the objectives of this study were: 

1. To determine the prevalence of overweight and obesity in a whole-population 

sample of Dunedin children born over a six month period in 2001/2002 as they 

reached their third birthday.   

2. To simultaneously examine multiple putative risk factors and potential 

confounders which may be involved in the development of obesity at age three, 

with particular focus on those risk factors that may be amenable to intervention, 

such as physical activity and inactivity, dietary intake and the eating 

environment. 

3. To investigate aspects within the child’s wider environment which may 

contribute towards these risk factors, in order to inform change at a societal 

level. 

4. To determine prospectively whether the prevalence of overweight and obesity 

changes in the sample from age three through to age seven and the degree of 

tracking of BMI during this period. 

5. To prospectively investigate which factors contribute to the risk of overweight 

and obesity at seven years of age, whether these factors are the same as those 

identified at age three and the relative importance of each factor at these two 

ages. 

6. To investigate tracking of activity levels (including sedentary activities) in the 

preschool years and the environmental factors that may influence activity at this 

age. 

7. To examine the relation between serial measures of activity (including sleep and 

physical inactivity) and dietary variables in the preschool years on subsequent 

body composition at age seven. 
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1.4.2 HYPOTHESES 

Based on these objectives, the hypotheses of the study can be divided into two areas, 

those related to the tracking of obesity from early to mid-childhood and those related to 

causation. The hypotheses of this study were therefore: 

1. That obesity tracks from early childhood meaning that the majority of children 

identified as obese by age three will continue to have a BMI above the healthy 

range in subsequent years. 

2. That potentially modifiable factors related to activity, diet and eating habits 

contribute towards increased risk of obesity by age three. Specifically we 

hypothesised that the following would be associated with an increased risk of 

overweight and obesity: 

a. Low physical activity and increased sedentary activity, particularly 

screen time 

b. Short sleep duration 

c. Shorter duration of breast feeding 

d. Increased intake of high-fat foods and lower intake of fruits and 

vegetables 

e. A “non-traditional” eating environment, including children eating 

separately from parents and the presence of television during meals 

f. A restrictive parenting style relating to food choice and intake of less 

healthy foods  

3. That the relative contribution of each of these factors to the overall risk of 

overweight and obesity will vary over subsequent follow-up into middle 

childhood. 
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C H A P T E R  T W O :   

M O V E M E N T ,  F A M I L Y  E A T I N G  
P A T T E R N S  A N D  A C T I VI T Y  H A B I T S  

A N D  T H E  R E L A T I O N S H I P  O F  T H E S E  
F A CT O R S  T O  A N T H R O PO M E T R I C 
M E A S U R E M E N T S  A T  A G E  T H R E E :  

A  C R O S S - S E CT I O N A L  S T U D Y  
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CHAPTER 2.1  METHODS 

 

2.1.1 OVERVIEW OF THE STUDY DESIGN 

This study describes a four year longitudinal study examining the environmental factors 

which may be involved in the development of overweight and obesity in young 

children. Recruitment and baseline data collection, which took place at age three years, 

are described in this chapter. This chapter therefore aims to address objectives 1-3 (page 

69), to investigate the prevalence of overweight and obesity in Dunedin children at age 

three years and to simultaneously investigate multiple putative risk factors and potential 

confounders which may be involved in the development of obesity at this age and 

environmental influences on these potential risk factors. 

The children were subsequently followed six-monthly until the age of seven years with 

ongoing measurements of their growth, activity and eating behaviours as detailed in 

Figure 3. These follow-up studies, which address objectives 4-6, are described in 

Chapter 3 of this thesis. 

 

Figure 3  Protocol for four year longitudinal study 
 

2.1.2 ETHICAL APPROVAL 

Ethical approval for the entire longitudinal study was sought, and obtained, from the 

Otago Ethics Committee. 
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2.1.3  THE STUDY SAMPLE 

IDENTIFICATION OF THE STUDY POPULATION 

Eligible children were identified from birth records at Dunedin Hospital. Queen Mary 

Maternity Ward at Dunedin Hospital is the only delivery option available for Dunedin 

mothers with the exception of home births which account for less than 3% of all births 

in the region. 

Hospital Information Services staff  provided details of all children born at Dunedin 

Hospital between July 2001 and January 2002 inclusive, based on ICD codes Z370, 

Single Live Birth; Z372, Twins, Both Liveborn; and Z373, Twins, One Liveborn and 

One Stillborn. For each child National Health Index (NHI) number, sex, date of birth, 

birth weight and gestation in completed weeks was available. This data is routinely 

recorded at the time of delivery by the lead maternity caregiver, usually a midwife. The 

child’s name was also provided for the majority of children although a small number of 

children were still recorded as “Baby of (mother’s name)”. Each child’s data was also 

linked with that of his / her mother, namely maternal name, NHI number, date of birth, 

ethnicity, and last recorded address and phone number. 

In addition to birth details, a list of all subsequent admissions to Dunedin Hospital from 

birth to three years of age was provided for the children, including the primary 

diagnosis and duration of admission. The cohort was double-checked by hospital 

information services staff to ensure that none of the children had died in the intervening 

three years. 

INCLUSION AND EXCLUSION CRITERIA 

Eligible children were therefore all 3 year old children born in Dunedin Hospital during 

the relevant period, with exclusion criteria as follows: 

• Multiple births 

• Prematurity: defined as less than 37 completed weeks gestation 

• Major congenital abnormality 

• Neonatal Intensive Care Unit admission for greater than five days 

• Significant chronic illness in the first two and a half years 

• Family unlikely to be resident in Dunedin for two years 
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Twins were excluded predominantly to facilitate statistical analysis, since twins would 

provide two sets of data yet would represent a shared environment and especially in the 

case of monozygotic twins, shared genetic influences. 

Premature infants, those with a major congenital abnormality and children with 

significant chronic illness in the first years of life were excluded since these conditions 

were likely to influence future growth patterns. Term infants requiring prolonged 

admission to Neonatal Intensive Care were also likely to have had significant illness 

which may have influenced subsequent growth; therefore these children were also 

excluded. 

Lastly, mothers whose addresses at delivery were outside Dunedin city and those 

children whose families were unlikely to be resident in Dunedin for two years were 

excluded as they would not be available for long-term follow-up. 

RECRUITMENT OF THE STUDY SAMPLE 

Recruitment took place over a six month period, from July 2004 to January 2005, with 

each child’s mother being contacted approximately two weeks prior to the child’s third 

birthday. Based on previous studies within our group, it was estimated that up to 20% of 

families would have changed address since the child’s birth. Attempts to find and 

confirm the current address were therefore made using a structured strategy. Initially, 

the online White Pages were searched using the mother’s name. If this search did not 

result in a match with the address currently held on hospital records and the child’s 

surname was known to differ from that of the mother, a second search of the White 

Pages was performed using the child’s surname. If this was also unsuccessful, the 

Electoral Roll was searched for the mother’s name.  

If the mother could not be located using either the White Pages or the Electoral Roll, 

Oracare was used to identify alternative contacts. Oracare is Dunedin Hospital’s Patient 

Management System and as well as containing patients’ address and phone number 

details, also contains the name of their General Practitioner and one or more alternative 

contact persons nominated by the patient. Initially, the General Practitioner’s clinic was 

contacted to ascertain whether they had a current address and phone number for the 

mother. If this was unsuccessful, the nominated contact person was contacted. For both 

general practitioners and contact persons, it was explained that the purpose of obtaining 

the mother’s contact details was to invite her to participate in a study with her child. 
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Only if all these methods failed to produce a current address was the child considered 

untraceable. Children who were confirmed to no longer be resident in Dunedin were 

excluded from the study. 

Each mother was sent a letter, inviting her and her family to participate in the study, 

along with an information brochure. The letter contained an “opt-off” phone number 

which families could phone if they did not wish to be contacted. Remaining families 

were telephoned by the research nurse within two weeks of receiving the letter to further 

explain the study and determine their willingness to participate. At this point it was 

reiterated that the study would involve follow-up initially over two years and may be 

extended to four years. Families who stated that they were likely to be leaving Dunedin 

within this initial period were excluded. For those families who agreed to take part, an 

appointment time was arranged for the first visit. 

This method of directly approaching families was considered vital for preserving the 

representativeness of the sample. It was felt that an alternative recruitment procedure, 

such as advertising for volunteers, would result in the selection of a more highly 

motivated subgroup of the population who may be different in terms of both their risk of 

overweight and the activity and eating behaviours being investigated, thus 

compromising the generalisability of the results. By including the “opt-off” phone 

number in the letter inviting families to participate, we attempted to minimise any 

intrusion into personal privacy and protect autonomy for families without compromising 

the quality of the study. 

2.1.4 INFORMED CONSENT 

Where possible, the appointment was scheduled at a time that was convenient for both 

parents to attend. The primary reason for this was to ensure both parents were able to 

give informed consent for their own and their child’s participation. 

At the first visit, the study was again described to the parents. The accelerometers and 

bio-impedance analyser were demonstrated and parents were given the opportunity to 

ask any further questions relating to the study. Once they were satisfied they wished to 

continue, parents were asked to sign forms consenting for both themselves and their 

child to participate.  One parent gave consent on behalf of the child and each signed on 

their own behalf. When one parent was seen separately, the parent accompanying the 

child, in almost all cases the mother, gave consent for the child and herself. The 
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explanations were then repeated for the father when he was seen and he was asked to 

sign consent on his own behalf. In a small number of cases, fathers were happy to 

complete questionnaires but were unable to attend a visit. In these cases, the consent 

form was signed at home and returned to the researchers by courier. 

Although the children were too young to give formal consent, their assent was sought 

and co-operation required for all measurements. 

2.1.5  DATA COLLECTION PROCEDURES 

Visits for data collection took place at the Children’s Outpatients Department, Dunedin 

Hospital. As discussed above, whenever possible a time was made when both parents 

could accompany the child. After discussing the study and obtaining consent, the 

anthropometric measurements were performed for the child and both parents. In most 

cases, one or both parents were measured first in order to demonstrate the procedure to 

the child and reassure him or her. Bio-impedance analysis was then performed on the 

child. The accelerometer was programmed with the child’s weight and height and its use 

was explained to parents along with the accompanying Activity Monitoring Log. 

Parents were given the questionnaire to be completed at home and returned along with 

the accelerometer at the end of the five day monitoring period. It was estimated that the 

questionnaire would take approximately one hour to complete. An addressed prepaid 

courier bag was supplied in which to return the questionnaire and accelerometer. This 

avoided the need for a second visit to return equipment. 

At the end of the visit, each family was given a $10 petrol voucher to reimburse their 

expenses and each child received a “Thank You” certificate for which they chose a 

decorative sticker. 

2.1.6  ANTHROPOMETRIC AND BODY COMPOSITION MEASUREMENTS 

Anthropometric measurements were performed on both the child and parents according 

to standard techniques, wearing light clothing and no shoes. All measurements were 

taken by one of two researchers, including the candidate. Measurements were 

performed in duplicate, with a third measurement being performed if the first two 

differed by more than a pre-agreed amount. The mean of the two closest measurements 

was used for analysis. 
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Weight was measured to the nearest 0.1kg using electronic scales (Toledo, USA). 

Height was measured using an electronic wall-mounted stadiometer (Heightronic, 

QuickMedical, WA, USA), to the nearest 0.1cm. Third measurements were performed if 

the first two differed by more than 0.5kg for weight or 1.0cm for height. 

Body Mass Index (BMI) was calculated from weight and height measurements using the 

formula: 

BMI = weight (kg) / height (m) 2. 

Waist circumference was measured immediately above the iliac crest, directly against 

the skin, with the subject breathing quietly. Of the four possible sites for measuring 

waist circumference, this was chosen to facilitate comparison with the third United 

States National Health and Nutrition Examination Survey (NHANES III) (267) and the 

New Zealand National Children’s Nutrition Survey (149), both of which measured waist 

circumference in this position. This measurement site has been shown to have excellent 

reproducibility and to correlate highly with both percentage body fat and body fat mass 

as measured by DXA (268). Waist circumference was measured in duplicate using a 

non-elastic metal tape measure (Rabone, United Kingdom) to the nearest 0.5cm. A third 

measurement was taken if the first two differed by more than 1.0cm. 

Every attempt was made to measure both biological parents ourselves; however, for a 

small number of parents (n = 44, 9.1% of parents) this was not possible. Twenty-one 

fathers consented to complete the questionnaires but were not able to attend the 

Outpatient Department for measurements. In these cases, we asked the mother to 

measure the father’s weight and waist circumference at home and the father to estimate 

his height. Twenty biological parents could not be contacted, for example, because they 

were no longer resident in the family home. In these cases, the custodial parent (the 

mother in all except one case) was asked to estimate their former partner’s weight and 

height after their own measurements had been taken. All measurements taken in these 

ways were noted to be “estimated”. Waist circumferences were not estimated as it was 

felt these were likely to be too inaccurate. No estimates were available for three fathers. 

Three mothers who were more than twelve weeks pregnant at the time of initial 

measurement were also asked to estimate a pre-pregnancy weight. All available parents 

were re-measured when the child was aged five and this measurement was used in the 

final analysis for these three mothers. 
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DEFINITIONS OF OVERWEIGHT AND OBESE 

Overweight and obesity in children were defined according to the criteria published by 

Cole et al (1) and recommended by the International Obesity Task Force (2). At age 

three, girls with a BMI between 17.56 and 19.35 (inclusive) were considered 

overweight and those with a BMI greater than or equal to 19.36 were considered obese. 

Boys with a BMI between 17.89 and 19.56 (inclusive) were considered overweight and 

those with a BMI greater than or equal to 19.57 were considered obese. 

Adult overweight and obesity were defined according to WHO recommendations (47). 

Overweight was defined as a BMI from 25 to 29.9 kg/m2 and obese as a BMI ≥ 30 

kg/m2.  

BODY COMPOSITION 

Bioelectrical Impedance Analysis (BIA) was chosen as the most appropriate method for 

assessing body composition in this large sample of young children because of its high 

subject acceptance, safety and reliability. The protocol for the longitudinal study 

includes measurement of body composition by DXA at ages five and seven years (see 

Chapter 3.1.2, page 188) however it was felt that many of the children would be unable 

to lie completely still for the required twenty minutes at age three. 

BIA was performed using an RJL Quantum II Bioelectrical Impedance Analyser, (RJL 

Systems, Michigan, USA). BIA measurements are recommended to be taken under a 

number of conditions that were not appropriate in this age group. These include having 

the subject fasted for at least four hours prior to measurement, voiding the bladder 

immediately prior to measurement (not all our subjects were toilet-trained) and lying 

supine for ten minutes prior to measurement (269). Pilot testing quickly demonstrated 

that several of the children were frightened of the procedure if asked to lie down but 

tolerated it well if able to sit up and observe. Studies in adults have previously shown 

less than 2% difference in resistance and reactance measured using BIA with postures 

other than the standard supine position (270). Therefore all measurements were taken 

with the child sitting on the floor with legs extended and abducted at approximately 

thirty degrees and arms abducted so that the hands were flat on the floor and away from 

the torso. Adhesive electrodes were attached to the right arm, the detecting electrode on 

an imaginary line bisecting the ulnar head and the signal electrode on the first joint of 

the middle finger, and right leg, the detecting electrode on an imaginary line bisecting 
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the malleoli and the signal electrode at the base of the second toe, according to the 

manufacturer’s instructions. Duplicate measurements of resistance and reactance were 

recorded with a third measurement being taken if the resistance measurements differed 

by more than ten or reactance by more than five ohms. 

As previously discussed (chapter 1.2.2, page 26), body hydration and the chemical 

composition of fat free mass differ in children compared to adults (44, 75), making the 

inbuilt software supplied with the Quantum II analyser inappropriate for use in our 

study. It was therefore necessary to choose an appropriate equation for estimating fat 

mass from measured resistance and reactance in our subjects. Of the equations 

considered (Tables 1 and 2, pages 30 and 32), it was felt that the two equations 

published by Horlick (81) were likely to be the most appropriate for our sample. 

However, both the Goran (83) and Fjeld (82) equations were also tested. 

Fat free mass was calculated from measured resistance, weight and height for each child 

using both the Horlick FFM and Goran equations. The Horlick TBW and Fjeld 

equations were used to calculate total body water for each child, which was then 

converted to fat free mass using an age- and gender-specific coefficient for the 

percentage hydration of fat free mass (76). These coefficients were 0.775 for boys and 

0.779 for girls. Fat mass in kilograms was then calculated by subtracting estimated fat 

free mass from total body weight. Percentage body fat was also calculated from 

estimated fat mass and total body weight. 

All four equations tested were found to be significantly correlated with BMI at the P < 

0.01 level using Pearson correlation testing. This was despite both the Horlick FFM and 

Goran equations returning estimates of fat mass for some children which were less than 

zero and therefore clearly invalid. The estimated values for fat mass derived from the 

Horlick TBW and Fjeld equations differed vastly even for the same child, with the Fjeld 

equation having both a higher minimum fat mass and a lower maximum fat mass than 

the Horlick equation. Overestimation of fat mass in lean subjects and underestimation in 

fatter subjects has been described in relation to other equations (49) and the values 

estimated by the Horlick TBW equation were felt to be more in line with values 

obtained by DXA in another study of Dunedin three to eight year old children (271). 

Therefore all BIA derived measures presented were calculated using the equation 

Total Body Water (Litres) = 0.725 + 0.475Height2/Resistance + 0.140Weight 
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as published by Horlick et al (81). 

2.1.7 ASSESSMENT OF PUTATIVE RISK FACTORS FOR OBESITY 

This study hypothesised that a number of potentially modifiable factors, in addition to 

other non-modifiable factors, would be associated with risk of overweight and obesity at 

age three years (section 1.4.2, page 71). These were chosen based on the literature 

review presented in Chapter 1. Table 6 summarises the methods used to assess these 

putative risk factors. 

THE STUDY QUESTIONNAIRE 

The questionnaire used in this study (Appendix A) was developed specifically for this 

work since there were no published validated questionnaires that included the range of 

variables of interest identified by the literature review and, in particular, none that were 

specific to this age group. 

Three versions of the questionnaire were developed and piloted on a convenience 

sample of twenty sets of parents whose children were in the appropriate age group. 

These parents were requested to provide feedback on such matters as the length of the 

questionnaire and time taken to complete each section, ease of understanding and 

response to the questions, questionnaire layout and design and specifically to identify 

any questions that were ambiguous or offensive. Serial modifications to the 

questionnaire were made based on this feedback. A further three families, recruited 

using the same manner as the study sample, were asked to complete the third version of 

the questionnaire and to provide similar feedback. The final version of the questionnaire 

was then developed from this feedback.  

Whereas anthropometric measurements included in this report are from the biological 

parents only, much of the data collected by questionnaire involves the environment in 

which the child is living. Therefore it was felt important to consider not just the 

responses of biological parents but those of the child’s primary caregivers. For this 

reason, the female and male primary caregivers in the household were asked to 

complete the questionnaire. Although in most cases these were the biological parents, 

some children were found to be living with other adults such as step-parents or grand-

parents and the responses of these adults have been included in the results. In the case of  
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Table 6  Potential risk factors, method of data collection and factor level of analysis 

Variables Method of Data Collection Factor level of analysis  Source / Reference 

Socio-demographic Factors    

Ethnicity Questionnaire Prioritised ethnicity: 

Maori, Pacific peoples, Other, European 

 NZ Census 2001 (272) 

Parental Education Questionnaire Highest level of qualification achieved for each 
parent: None (lowest), school-based, vocational 
or tertiary level (highest)  

 NZ Census 2001 (272) 

Household Income Questionnaire Combined gross annual income ($ thousands): 

< 20, 20-30, 30-40, 40-50, 50-60, >70 

 NZ Census 2001 (272) 

Family Characteristics    

Parental ages (when child 
aged 3) 

Questionnaire Continuous for each parent (years)   

Household composition Questionnaire    

    Resident parents  Both biological parents, single parent or other   

    Total persons resident  Continuous   

    Number of siblings of 
child  (at age 3) 

 Continuous   

Parental body mass indices Measured weights and heights Continuous for each parent (kg/m2)   
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Table 6 contd. 

Variables Method of Data Collection Factor level of analysis  Source / Reference 

Intra-uterine and Perinatal Factors    

Birth weight Medical records at delivery Continuous (grams)   

Sex Medical records at delivery Male or female   

Gestational age Medical records at delivery Completed weeks: 37 – 42    

Maternal smoking during 
pregnancy 

Questionnaire Yes, no 

Continuous (mean number of cigarettes / 
day) 

  

Childhood Activity Factors    

Measured activity level Accelerometry Continuous (Activity counts per minute)  Validity against VO2,    
r = 0.89 (273) 

Sleep duration Accelerometry in conjunction 
with parental report 

Continuous (hours)   

Early childhood education Questionnaire Continuous (hours / week of attendance)   

Qualitative physical and 
sedentary activity data 

Questionnaire Continuous (hours spent in selected 
activities / week)  

  

Gross motor skills Questionnaire Gross motor quotient derived from 10 
questions: possible range of scores: 0 (severe 
gross motor delay) – 20 (high functioning) 

 Ages and Stages 
Questionnaire (274) 
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Table 6 contd. 

Variables Method of Data Collection Factor level of analysis  Source / Reference 

Infant Feeding     

Breast feeding Questionnaire Continuous (months of full breast feeding)    

Age at introduction of 
solid foods 

Questionnaire Continuous (months)   

Diet and the Eating Environment Factors    

Dietary intake Three-Day Short Food 
Questionnaire 

Frequency and serving numbers of food 
categories (see text for details)  

 Short Food 
Questionnaire (275) 

Family Eating 
Environment 

Questionnaire    

Parental Child Feeding 
Style 

Questionnaire Score ranging from 0 (low) to 5 (high) for 
each of: restriction, pressure to eat and 
dietary monitoring  

 Child Feeding 
Questionnaire (276) 

Parental weight concerns Questionnaire Mean score derived from five questions, 
each normalised from 0 (low) to 100 (high) 

 Weight Concerns Scale 
(277) 

 

All questionnaires for this analysis performed when child aged three years. 

If no reference is given, questions were developed specifically for this study as described in text. 
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blended or split families, the main custodial parent, usually the mother, nominated the 

other relevant caregiver for the child. 

Parental education and household income was assessed using questions taken directly 

from the 2001 New Zealand Census to facilitate comparison with regional and national 

data (272). Ethnicity of both the child and parents was also assessed using the 2001 

Census question which allows for multiple responses. However, since most health 

statistics in New Zealand use a prioritised system of ethnicity, the results presented in 

this report use single prioritised ethnicity, with the prioritisation being performed as per 

Statistics New Zealand (272). This means that ethnic groups have been prioritised to 

level one in the following order: Maori, Pacific Peoples, Asian, Other, European and 

Not Elsewhere Included. For example if a person is both Maori and Pacific Peoples, 

they are categorised in the Maori category only.  

MEASURES OF ACTIVITY, INACTIVITY AND SLEEP: 

ACCELEROMETRY 

Accelerometry was chosen as the most appropriate method of measuring physical 

activity in the sample. Accelerometers provide objective, quantitative measures of 

physical activity and inactivity which are less susceptible to manipulation by the subject 

and do not rely on the subject’s willingness to answer questions accurately or their 

ability to accurately estimate time spent being physically active, issues which are of 

greater relevance when relying on parental report of a child’s activity. The monitors can 

measure the intensity, frequency and duration of movement for extended periods of time 

in free-living subjects. Accelerometers have also been shown to provide an accurate 

independent measure of sedentary time in three and four year old children (278) and 

have been recommended by the American Academy of Sleep Medicine as a valid and 

reliable method of assessing sleep in normal, healthy subjects (279). 

The accelerometer used for this study was the Actical accelerometer (Mini-Mitter, 

Bend, OR, USA),  a triaxial accelerometer, which measures movement in three planes: 

lateral, vertical and horizontal (280). Triaxial acclerometers have been shown to have 

greater accuracy in predicting energy expenditure than uniaxial accelerometers, 

pedometers or heart rate monitoring (177) and have been validated in children against 

continuous measurements of energy expenditure during both sedentary and exercise 

activity, using indirect calorimetry (273, 280). The Actical is sensitive to movement in 
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the 0.5 to 3.0 Hertz range which allows for detection of sedentary movements as well as 

high energy movements, whilst minimising the effect of undesirable noise impulses 

(280). 

Activity is measured in “activity counts” which indicate the intensity of movement for 

the period measured. These are an arbitrary unit, which are specific for the type of 

accelerometer used, meaning that direct comparisons between counts measured using 

different models of accelerometer are invalid. The Actical records 32 measures per 

second and measures the total accumulated activity for a given epoch rather than the 

peak activity recorded by some other accelerometers (280). The epoch length chosen for 

this study was 15 seconds in order to capture both low intensity movements and periods 

of very brief vigorous activity, thought likely to constitute a significant contribution to 

total movement in this age group (281). 

The software accompanying the monitor provides data as total activity counts and as an 

average count per minute. The software is also capable of differentiating different 

activity levels into categories of sedentary, light, moderate and vigorous activity. 

However the thresholds of activity count on which these categories are based have been 

derived from adults. Since the energy expenditure associated with a particular activity is 

strongly influenced by the weight of the subject, these were not felt to be appropriate for 

our sample. Only one paper has been published defining activity count thresholds for 

moderate and vigorous activity in preschool children (273), with two further papers 

suggesting thresholds in older children (280, 282). However these thresholds have not 

yet been well established, with cut points defining different activity levels varying 

substantially (for example moderate activity is defined as greater than 715 counts/15 

seconds by Pfeiffer et al compared to 1500 counts/minute by Puyau et al). This has 

resulted in some authors recommending the use of raw activity count data (283), as will 

be presented in this report.  

The monitors are small, measuring 28 x 27 x 10 mm and weigh only seventeen grams. 

They are worn on a flexible neoprene belt around the waist with the monitor sitting 

above the right iliac crest, as recommended by the manufacturer. The belt can be worn 

either directly against the skin or over light clothing, depending on which the subject 

finds most comfortable. The correct orientation of the monitor is indicated by an arrow 

that points towards the subject’s head. Monitors were loaded with subject data including 

study identification number, age, gender, weight and height at the child’s data collection 
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visit. The monitors, once loaded, give no visual display and are not able to be interfered 

with by the child. Movement is recorded continuously until data is downloaded at the 

end of the measurement period. 

Each child wore the monitor for five consecutive days. Previous studies have shown 

that in children aged five to eleven, four to five days monitoring gives a reliability of 

0.8 with the duration required for this level of reliability increasing with age (183). It 

was therefore assumed that, in our younger sample, five days of monitoring would give 

a reliability of at least 0.8 and likely higher. Since studies in older children have 

demonstrated differences between week days and weekend days (183), study children 

wore the monitor for three week days and two weekend days.   The monitor was worn 

continuously during this period. It is waterproof, therefore can be left on during bathing 

and swimming, and a second belt was provided to ensure there was always a dry belt 

available. Parents completed an Activity Monitoring Log during the monitoring period 

detailing when the child got up and went to bed, including nap-times, if the 

accelerometers were ever removed during this time and for what purpose. 

 

 

Figure 4  Actogram showing a child’s measured activity for one 24-hour period. 
The time of day is shown across the top axis with the height of the spike corresponding to 
the intensity of movement at that time. 
 

The software accompanying the monitors provides a graphical representation of each 

day’s activity, called an actogram. An example of one child’s actogram for one of the 
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monitoring days is shown in Figure 4. Actograms for each child were individually 

examined to ensure only periods when the monitor was worn were included in the 

analysis. Each child’s actograms were then re-examined, in conjunction with the 

activity logs recorded by parents, to differentiate awake time from sleep. The potential 

sleep time included the period from thirty minutes either side of the recorded bedtime to 

thirty minutes either side of the reported rise time. Sleep onset time was defined as the 

first of three consecutive minutes in which there was no activity count greater than 50 

for an individual minute within this period. Sleep end time was defined as the last of 

five consecutive minutes in which there was no activity count greater than 50 within 

this period. Sleep duration was the time from sleep onset to sleep end time. These 

definitions were based on recommendations of the Standards of Practice Committee of 

the American Academy of Sleep Medicine for the use of actigraphy in measuring sleep 

in normal, healthy individuals (279). Periods defined as sleep were excluded from the 

awake analysis. Custom intervals corresponding to awake times during which the 

monitor was clearly worn were defined for each child individually and were used in the 

awake activity analyses. 

Parental activity was assessed later in the longitudinal study and results will be reported 

in chapter 3. 

QUALITATIVE MEASURES OF ACTIVE AND SEDENTARY BEHAVIOURS 

We were interested in qualitative data relating to the types of physically active and 

sedentary behaviours performed by children in this age group, the frequency of 

undertaking these activities and the average duration of activity. Cross-sectional studies 

of older children have found that obese children are less likely to be involved in 

community organisations that promote physical activity (284). It is not known whether 

this contributes to the development of obesity or arises due to pre-existing obesity 

therefore we were interested in the involvement of children at this young age in 

organised activity such as “Music and Movement” and “Jumping Beans”, which are 

programmes designed to encourage children to be active and enhance gross motor skills. 

In addition, we were also interested in lifestyle activity, such as walking to preschool, 

since indirect measures in older children and adults suggest this type of physical activity 

has decreased concurrent with the increase in the prevalence of obesity (88, 190).   

Much of the literature investigating the role of sedentary behaviours in the development 

of overweight and obesity examines older children and focuses on the effects of 
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television viewing alone. However, television viewing does not represent total 

sedentary time in children and may contribute less than 50% of time spent inactive 

(285). Parents were asked about the frequency and duration of their child undertaking a 

variety of sedentary behaviours such as watching television, videos and DVDs, 

computer time, being read to, listening quietly to music, and arts and crafts such as 

painting. They were also asked to report other quiet activities regularly undertaken by 

their child. 

In order to assess parental perception of “normal” activity levels for children we asked 

parents to compare their child’s level of physical activity, relative to others of the same 

age and sex, using a visual analogue scale (Appendix A, section 1, question 22). This 

question was derived from a study performed in adults, which aimed to identify the 

correlates of vigorous activity in a community sample (286). Sallis et al found that 

answers to this question by adults correlated strongly with other questions on reported 

activity duration, indicating that adults were able to accurately rate their own level of 

activity relative to others in the community. To our knowledge, little research has been 

done on whether parents can accurately assess their child’s level of physical activity 

relative to others. 

Objective 3 (page 69) of this study was to determine environmental factors which 

influence the putative risk factors for overweight and obesity. Gross motor skills have 

been shown to influence vigorous activity play in children (171). In the current study, 

gross motor skills were assessed using the Ages and Stages Questionnaire (274). This is 

a validated parent-completed questionnaire designed for use as a screening tool to 

identify developmental delay. The system includes eleven questionnaires which each 

include thirty simply worded questions focusing on a child’s developmental skills. The 

thirty items are equally divided into five domains: communication, gross motor, fine 

motor, problem-solving and personal-social. The eleven questionnaires are designed for 

specific ages from four to forty-eight months (four years). Since we were interested in 

the full range of gross motor developmental abilities rather than purely identifying 

delay, the questions relating to gross motor skills for ages three, three and a half and 

four years were included in the questionnaire (Appendix A, section 1, questions 11 – 

20). Permission to use the system in the study was sought and gained from the 

publishers. Each question was scored as per the authors’ recommendations, with the 

sum of the scores reflecting the child’s overall gross motor score. Higher scores indicate 

more advanced gross motor development. 
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Attendance at preschool has also been shown to influence activity in this age group 

(287). Parents were therefore asked whether their child attended an early childhood 

centre and if so, for how many hours per week. We did not attempt to characterize 

particular early childhood centres. 

Factors which might potentially influence the child’s sedentary behaviours were also 

investigated. Parental attitudes regarding television watching by children were assessed 

using questions previously reported by Anderson et al (288). Accessibility of equipment 

for sedentary behaviours in the home environment such as the number of television sets 

in the house and whether televisions were present in bedrooms was also assessed. 

 MEASURES OF DIET AND THE EATING ENVIRONMENT 

As discussed, a number of dietary variables appear to play a role in the development of 

obesity in childhood. Infant feeding practices were assessed retrospectively as part of 

the questionnaire. Breast-feeding practices were assessed using similar questions to 

those used by Von Kries et al (223), to facilitate comparison, since one of the 

limitations in the literature relating to breastfeeding is the variety of definitions used 

(88). In addition to full breastfeeding, which was defined as no food other than breast 

milk, this study also asked about the duration of partial breastfeeding and the age at 

which solid foods were introduced.  

DIETARY INTAKE 

Dietary intake was assessed over three days using a validated short food questionnaire 

(275) (Appendix B). This questionnaire elicited the frequency and portion size 

(compared to provided standard portion sizes) of 33 specific foods, food groups and 

beverages. Parents were asked to recall the child’s food and beverage intake for the 

previous day by oral interview at the initial clinic visit. Two further days, to make up a 

total of two week days and one weekend day, were randomly selected by the researchers 

during the following week and parents completed the written questionnaire for these 

days at home. 

FAMILY EATING ENVIRONMENT 

Few studies have examined the role of the family eating environment in the 

development of obesity. Some authors have suggested that the intergenerational 

clustering of obesity between parents and children may be due in part to modelling of 
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behaviours by parents which predispose towards obesity (229). However, little data has 

been published on the structure of mealtimes within families, for example where food is 

eaten, with whom and what additional stimulation such as television is permitted. 

Parents were asked about their child’s and their own eating habits with respect to the 

frequency of eating main meals, and thus how often they miss meals, where meals are 

eaten, the duration of meal-times and with whom the child eats the evening meal plus 

the main reason contributing to this choice. Watching television whilst eating both main 

meals and snacks was also assessed. 

Another postulated mechanism for the familial link in obesity involves the level of 

control exerted by parents over their child’s feeding and the influence this may have on 

the child’s subsequent eating habits (229). Parents’ feeding attitudes shape what foods 

the child is offered, exert control over the timing, size and social context of meals and 

snacks and set the emotional tone of eating occasions. The Child Feeding Questionnaire 

developed by Birch (276) has been used in other longitudinal studies investigating the 

development of overweight in children (266) and was incorporated into the current 

study questionnaire (Appendix A, sections 2 [maternal answers] and 3 [paternal 

answers], questions 14 – 35). This questionnaire has been validated for use in parents of 

children ranging in age from approximately two to eleven years (276). The 

questionnaire consists of twenty-eight questions that contribute to seven factors. The 

first four factors tap parental perceptions and concerns that may prompt the use of 

controlling child-feeding practices. These factors are parent’s perception of their own 

weight, perception of their child’s weight, parental concern about their child’s weight 

and perceived parental responsibility for feeding the child. The other three factors assess 

parental control, attitudes and practices in child feeding, including the use of restricting 

certain foods, pressuring children to eat more and monitoring of food intake. Permission 

to use the Child Feeding Questionnaire was granted by the authors. Both parents were 

asked to complete the questionnaire separately. 

One of the factors proposed as influential on parents’ child-feeding style is their own 

level of concern regarding weight issues. This was assessed for both parents by 

inclusion into our questionnaire of the Weight Concerns Scale developed by Killen et al 

and validated in a large sample of American teenage girls (277). The instrument was 

designed to ascertain the subject’s fear of weight gain, worry over weight and body 

shape, the importance of weight, any history of dieting for weight control and their own 

perceived fatness (Appendix A, sections 2 and 3, questions 8-13). Although developed 
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to identify those at risk of eating disorders, the scale has been shown to influence 

mothers’ level of control in feeding practices for their daughters (289) and thus 

potentially to influence the child’s risk of overweight. Permission to use the scale was 

granted by the authors. The response to each question was normalised to a score out of 

100 as recommended by the authors and the mean score from the five questions was 

used in the analysis. 

2.1.8 STATISTICAL ANALYSIS 

Statistical analyses were performed using SPSS (IBM Corporation, Armonk, USA) and 

STATA (Statacorp, Texas, USA) statistical packages. The sample size was chosen 

based on power calculations for the longitudinal study using BMI as the outcome 

variable in the regression analysis. In the longitudinal study, the effect of the dependent 

variable was estimated singly and adjusted for the variables of interest.  It was initially 

thought that it would be necessary to analyse males and females separately.  Therefore a 

sample of 200 was chosen to allow for the inclusion of ten variables (ten cases / 

variable) in the regression analysis.  Samples of 100 have 80% power to detect 

correlations of 0.3 at the 5% level of significance.  We determined that we would need 

to recruit 240 at the beginning in order to have at least 200 complete the study (allowing 

for approximately 5% annual drop-out). 

At each study visit, anthropometric and body composition data were recorded on data 

collection forms developed specifically for the study. After collection, all data were 

entered into a secure electronic database, specifically designed for the study, by 

professional data enterers using double entry techniques. Any discrepancies between the 

two data sets were checked against the original data collection forms or relevant 

questionnaires. In addition, prior to analysis, each variable was checked for outliers and 

skewness using inspection of frequency distribution curves and minimum and 

maximum values. Where appropriate, internal validity between variables was checked 

for each child. For example, in the questions related to breast feeding history, individual 

responses were checked to ensure that the duration of full breastfeeding was not later 

than the introduction of solid foods. 

The first objective of this cross-sectional component of the study was to determine the 

prevalence of overweight and obesity in a whole-population sample of Dunedin children 

as they reached their third birthday. Anthropometric and body composition variables are 
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presented as means ± one standard deviation. Z-scores for anthropometric variables 

were calculated from the Centers for Disease Control and Prevention (CDC) 2000 

Growth Charts using the LMS method (63). Comparisons between groups for these 

measures and other continuous variables throughout the study were performed using 

two-tailed t tests. Frequency distribution curves were first determined to ensure the data 

was normally distributed. Unpaired t tests were used for unrelated groups, such as 

comparison of BMI between boys and girls, and paired t tests were used for related 

groups, such as within-couple comparisons for parental variables. Prevalence rates for 

overweight and obesity were determined using the thresholds defined by Cole et al at 

three years of age (1). The chi-squared test (χ2) was used to compare prevalence rates 

between boys and girls and for comparison of categorical data between independent 

groups throughout the study. The exception to this was for variables for which the data 

was very unequally distributed between cells on the contingency table, such as parental 

perception of weight status, where Fisher’s exact test was used.  

There were no children with missing data for body mass index at this age. Measures of 

bioelectrical impedance analysis, accelerometry and questionnaire data were missing for 

five (2%), eleven (4.5%) and seven (2.9%) children respectively. Since these numbers 

were too small to be analysed separately, these were treated as missing at random in 

further statistical analysis. 

This cross-sectional study investigated a number of putative risk factors and potential 

confounders which may be involved in the development of overweight and obesity at 

age three. Descriptive statistics (mean, standard deviation) related to each of these 

potential risk factors are presented. For variables such as duration of breast feeding 

which include zero as a possible response, the median (25th and 75th percentiles) is 

presented. 

This study also wished to investigate aspects within the child’s wider environment 

which may influence these risk factors (objective 3, page 69). Correlations of 

continuous parametrically distributed variables were performed using Pearson 

correlation coefficients (r). For non-parametric data such as birth order, Spearman’s 

rank correlation coefficients were performed (rho ρ). One way-analysis of variance 

(ANOVA) was used to investigate associations with categorical variables and tests for 

linearity performed in those categorical variables, such as income, which were ordinal 

in nature.  
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Finally, multiple regression analysis was used to develop models simultaneously 

examining the association between these potential risk factors and confounders and 

body mass index at age three (objective 2, page 69). Independent variables were added 

to the models in a step-wise fashion. In general, since the study was primarily interested 

in potentially modifiable factors, non-modifiable factors such as child sex and socio-

demographic factors were added initially with modifiable variables of interest added 

subsequently in a sequential manner. Variables which did not increase the proportion of 

variability explained by the model (R2) were discarded. Models were also developed 

using this method to investigate factors associated with activity count measured by 

accelerometry and the duration of breast feeding.  

Body mass index was chosen as the primary outcome for the multivariate models since 

continuous variables such as this provide stronger, more accurate results. However 

clinically, any potential interventions are likely to be targeted towards children defined 

as either overweight or obese. We therefore used ordered logistic regression to obtain 

odds ratios determining the relative contribution of various putative factors to risk of 

overweight and obesity in the multivariate models. Odds ratios were also used to 

determine the role of environmental factors on other categorical outcomes such as 

television viewing with meals.  

For all analysis, statistical significance was set at the 0.05 level. 
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CHAPTER 2.2  RESULTS 

 

2.2.1 STUDY SAMPLE CHARACTERISTICS 

The initial recruitment and enrolment outcomes are summarised in Figure 5. 

 

Figure 5  CONSORT diagram summarising recruitment and enrolment outcomes at 
age three years. 

 

TOTAL BIRTHS 

During the six month period between 19 July 2001 and 19 January 2002, there were 872 

babies born in Dunedin Hospital. Of these, 283 infants were born to mothers who were 

not resident in Dunedin City at the time of giving birth and there were eleven sets of 

twins. Forty-five babies were born prematurely at less than thirty-seven completed 
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weeks gestation and a further four babies required admission to Neonatal Intensive Care 

for longer than five days. Four children were excluded from the study due to significant 

chronic illness during the first two years of life (transposition of the great arteries, 

VATER syndrome with multiple congenital anomalies, tuberous sclerosis and severe 

autism). Therefore after initial exclusions, there were 514 children who were eligible to 

participate. 

RESPONSE RATES 

Of these 514 children, a further seventy-six were later excluded due to non-residence. 

Sixty-five of these were found to have moved away from Dunedin and a further eleven 

families stated that they were planning to leave Dunedin within the next two years, 

meaning that they would not be available for long-term follow-up. Twenty-five children 

were unable to be located. Of the 413 remaining children, 241 families (58.4%) agreed 

to participate in the study and 172 (41.6%) declined. 

REASONS FOR REFUSAL 

Twenty-seven families used the opt-off phone number to decline. For the majority of 

these, no reason was given for declining. One hundred and twenty-four families (72% of 

those declining) were happy to give a reason for declining (Table 7). 

Half of all families declining did so because they felt they were too busy to give the 

time required. Twenty families agreed to take part but then failed to attend three 

mutually agreed appointment times, so were classified as declining. Of the children not 

in their mothers’ care, one was in Child, Youth and Family Custody and the remaining 

three were in the custody of their fathers, two of whom were too busy to take part and 

the third was considering leaving Dunedin. Other reasons given for declining consisted 

of one family where the mother was interested in participating but the father was not; 

one mother who was partially sighted and felt she would have difficulties with transport 

and with completing questionnaires; one family who did not want their child to have the 

“tests” involved in the study and two who already attended Paediatric Outpatients for 

medical reasons and did not want to have further appointments. There was also one 

mother who refused because she felt self-conscious about her own weight. 
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Table 7 Reasons given for declining to participate in the study 
 

Reason for Declining to Participate 

 

Number of Families 

(N = 124) 

Percentage 

Too busy to give the time required 62 50.0 

Failed to attend 3 agreed appointment 
times 

20 16.1 

“Not interested in taking part” 14 11.3 

No transport available 8 6.5 

New baby in the family 6 4.8 

Child not in the mother’s care 4 3.2 

Child afraid of doctors 2 1.6 

Recent family bereavement 2 1.6 

Other 6 4.8 

 

COMPARISON OF THE SEEN AND UNSEEN SAMPLE 

Baseline characteristics of the children taking part in the study compared with those not 

participating are presented in Table 8. There were no differences in child’s gender, 

gestation or birth weight between those seen and those not seen. Mothers taking part in 

the study tended to be approximately eighteen months older at the time of recruitment 

than those who declined and were more than four years older than those unable to be 

located.  

Significant ethnic differences were apparent. Although in general the ethnic mix of 

those participating compared to those who declined was very similar, non-Europeans 

were over-represented in those unable to be located and in those either leaving or having 

left Dunedin. 
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Table 8 Baseline Characteristics of the Seen and Unseen Sample.  
 

Characteristics Families 
Participating 

Families not Participating P 

Declined to 
Participate 

Untraceable Left or 
Leaving 
Dunedin 

 (N=241) (N=172) (N=25) (N=76)  

Child Characteristics 

Gender 

Male 

Female 

 

137 (56.8) 

104 (43.2) 

 

95 (55.2) 

77 (44.8) 

 

13 (52) 

12 (48) 

 

43 (56.6) 

33 (43.4) 

 

0.96 

Gestation (weeks) 39.5 (1.2) 39.5 (1.2) 39.8 (1.1) 39.9 (1.0) 0.07 

Birth Weight (g) 3529 (461) 3500 (535) 3425 (465) 3555 (535) 0.67 

Maternal Characteristics 

Age (years) 33.7 (5.5) 32.1 (5.7) 29.3 (6.0) 31.8 (6.3) 0.0003 

Ethnicity 

NZ European / Other 
European 

NZ Maori 

Pacific People 

Other 

 

213 (88.4) 

 

9 (3.7) 

8 (3.3) 

11 (4.6) 

 

150 (87.2) 

 

7 (4.1) 

2 (1.2) 

13 (7.6) 

 

12 (48) 

 

7 (28) 

2 (8) 

4 (16) 

 

47 (61.8) 

 

6 (7.9) 

9 (11.8) 

14 (18.4) 

 

<0.0001 

NZ Deprivation Index     

1-3 

4-7 

8-10 

99 (41.1) 

98 (40.7) 

44 (18.2) 

50 (29.1) 

73 (42.4) 

49 (28.5) 

3 (12) 

7 (28) 

15 (60) 

21 (27.6) 

26 (34.2) 

29 (38.2) 

<0.0001 

Gender, ethnicity and NZ deprivation index given as number (percentage); gestation, 
birth weight and maternal age given as mean (standard deviation). 

P value is for chi squared test 

Mothers participating in the study were more likely to live in socially advantaged areas 

with 41.1% living in areas with NZDep01 scores of one to three, compared to 29.1% of 

those who declined, 27.6% of those who have moved away and only 12% of those we 

were unable to locate. Conversely a significantly greater proportion of families not seen 

came from the most deprived areas (NZDep01 scores eight to ten). This was particularly 

true for mothers who were untraceable at the time of recruitment and to a lesser extent 
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those who had moved, with 60% and 38.2% respectively coming from the most 

deprived areas. 

FAMILY CHARACTERISTICS AND DEMOGRAPHICS OF THE STUDY SAMPLE 

Parents of 234 children (97% of the cohort) completed the questionnaire. Results apply 

to these 234 children unless otherwise stated with baseline family characteristics shown 

in Table 9. 

Table 9 Family characteristics and demographics of the study sample.  
 

Family Characteristics  Total Study Sample 

Child Characteristics N (%) 

Child’s Ethnicity   

 NZ European / Other European 194 (83.0) 

 NZ Maori 25 (10.8) 

 Pacific Peoples 9 (3.7) 

 Asian 5 (2.1) 

 Other 1 (0.4) 

Birth Order  

 First born 97 (41.5) 

 Second child 87 (37.5) 

 Third child 34 (14.4) 

 Fourth child 13 (5.5) 

 Fifth child 2 (0.8) 

 Sixth child 1 (0.4) 

Preschool Attendance  

 Attends preschool 208 (88.9) 

 Does not attend preschool 26 (11.1) 

Hours per week at Preschool for those attending [mean 
(SD)] 

14.7 (11.2) 

 

Number (Percentages) shown unless otherwise stated as mean (standard deviation). 
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Table 9 contd. 

Household Characteristics Total Study Sample 

Number of parents resident  

 Two parent household 202 (86.3) 

 Single parent or other 32 (13.7) 

Total number resident in household [mean (SD)] 4.2 (1.1) 

Number of children (including subject) [mean (SD)] 2.1 (1.0) 

Parent Characteristics  

Age (years) Mothers [mean (SD)] 33.4 (5.6) 

 Fathers [mean (SD)] 35.7 (6.0) 

Number (%) of parents  born in New Zealand  

 Mothers 208 (89.0) 

 Fathers 204 (87.2) 

Socio-economic Characteristics  

Highest Parental Education Level  

Mothers No Qualification 10 (4.2) 

 School-based qualification 99 (42.4) 

 Post-school qualification 125 (53.4) 

Fathers No Qualification 28 (12.0) 

 School-based qualification 57 (24.4) 

 Post-school qualification 149 (63.6) 

Gross Annual Household Income (data available for 229 families) 

 Less than $20,000 10 (4.4) 

 $20,001 - $30,000 29 (12.0) 

 $30,001 - $40,000 35 (14.5) 

 $40,001 - $50,000 34 (14.1) 

 $50,001 - $70,000 55 (22.8) 

 More than $70,000 66 (27.4) 
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ETHNICITY OF THE PARTICIPATING CHILDREN 

Ethnicity of a child is determined by the ethnicity of both parents and therefore the 

ethnic distribution of the children in the study differs from that of the mothers alone. 

Table 10 shows the ethnic distribution of the study sample compared to children aged 

zero to four years from the Otago District Health Board region and from New Zealand 

as a whole. The data presented uses prioritised ethnicity (as described on page 84). 

Table 10  Ethnic distribution of the study sample compared to Otago and New 
Zealand preschoolers.  
 

Ethnic Group Study Sample 
(%)(N=241) 

Otago Region * 
0-4yr-olds (%) 

New Zealand * 
0-4yr-olds (%) 

NZ European / Other 
European 

83.0 81.2 55.7 

NZ Maori 10.8 11.7 24.9 

Pacific Peoples 3.7 2.5 9.0 

Asian 2.1 2.3 6.0 

Other 0.4 0.5 0.8 
* Reference (272) – includes “Not elsewhere specified or unstated” for which data is not 
shown. 

As can be seen from the table, Otago has fewer NZ Maori, Pacific and Asian children 

and a greater proportion of European children, compared to the country as a whole. The 

ethnic distribution of the children participating in the study closely resembles that of 

Otago preschoolers (Chi squared Goodness of fit P = 0.314) however this results in a 

sample which contains fewer non-European children than would be seen in a national 

sample (P < 0.001).  

FAMILY COMPOSITION 

The children taking part in the study predominantly came from two-parent families; 

86% of the children lived with both biological parents, with the majority of the 

remainder living with one biological parent with or without a step-parent and two 

children living with grandparents. 

Forty-one percent of children participating in the study were the first-born in the family 

with the birth order of the children ranging from one to six. The study households 

contain a median of four people (range 2 – 10). Seven study children (2.9%) lived in 
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homes with other children who are not their siblings. All except one of these additional 

children was a relative such as a cousin, step-sibling, uncle or aunt; the one exception 

was the child of the mother’s flatmate. Twenty-six children (10.8%) have additional 

adults, who are not their biological parents, living in the house. These adults are mostly 

step-parents or grandparents but also include unrelated adults such as boarders. 

PARENT CHARACTERISTICS 

The majority of parents were in their early thirties at the time of enrolment into the 

study and had been born in New Zealand. Of those parents born outside New Zealand, 

almost half had been born in the United Kingdom, with Australia the second most 

common birthplace. Other parents taking part came from a wide variety of countries in 

Europe, Asia and the Pacific, with one parent from each of the Middle East and South 

America.  

Anthropometric measurements were obtained for all mothers and 238 (98.8%) fathers. 

The mean BMI for birth mothers was 26.8 kg/m2 (SD 5.74 kg/m2, range 18.2 to 52.6 

kg/m2). For birth fathers, the mean BMI was 27.4 kg/m2 (SD 4.32 kg/m2, range 17.9 to 

46.9 kg/m2). Figure 6 shows the percentage of healthy weight, overweight and obese 

parents, using standard definitions of overweight (BMI ≥ 25 and < 30 kg/m2) and 

obesity (BMI ≥ 30 kg/m2) (47). Forty-seven (19.5%) mothers smoked during pregnancy. 

 

SOCIO-ECONOMIC STATUS 

Parents of children taking part in the study tended to have a higher than average level of 

education. Fifty-eight percent had completed a post-school qualification such as a 

tertiary degree or diploma or a vocational qualification, 33.5% had completed at least 

fifth form (Year 11) at school and 8% had not completed fifth form at school. More 

fathers than mothers had completed a tertiary qualification (64% compared to 54%, χ2 

test,  P <0.001). 

In keeping with this, participating families study tended to come from the higher 

income categories with more than 50% of families earning in excess of $50,000 per 

annum before tax. By comparison, the median household income for Otago region in 

2003 was approximately $41,750 (290).  
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Figure 6  Percentage of normal, overweight and obese parents according to Body 
Mass Index 

 

2.2.2 ANTHROPOMETRIC MEASUREMENTS OF THE CHILDREN 

Weight, height and therefore BMI measurements were obtained on all 241 children 

participating in the study (Table 11). There was no difference in mean BMI between 

boys and girls, reflecting the finding that girls were both shorter and lighter than boys, 

although the effect size for both weight and height was small (mean differences -0.5kg, 

[95% CIs: -1.0 to -0.05 kg] and -1.0 cm respectively [95% CIs: -1.89 to -0.01cm]). 

Table 11  Anthropometric measurements of the total sample and comparison by 
gender. 
 

Measurements Total Sample 
Comparison by Gender 

Females Males P 

     

Weight (kg) 15.7 (1.9) 15.4 (2.0) 15.9 (1.8) 0.04 

Height (cm) 95.6 (3.7) 95.0 (3.4) 96.0 (3.8) 0.05 

BMI (kg/m2) 17.1 (1.4) 17.0 (1.5) 17.2 (1.2) 0.20 

Waist Circumference (cm) 50.5 (3.2) 50.6 (3.5) 50.4 (3.0) 0.50 
Figures are mean (standard deviation). P value is for unpaired t-test. 

0 

10 

20 

30 

40 

50 

60 

Normal Overweight Obese 

Pe
rc

en
ta

ge
 (%

) 

BMI Category 

Mothers 

Fathers 



103 
 
There was a wide variation in weight between individual children and overall, weight 

was skewed towards the heavier measurements for both genders but more markedly so 

for girls (degree of skewness 0.99 compared to 0.40 for boys). In contrast, height 

measurements were more normally distributed for both genders. BMIs ranged from 14.2 

to 23.3 kg/m2 and there was positive skewing of the distribution curve, again 

particularly prominent in girls. (Appendix C, figure 1). 

Mean weight and BMI Z scores for age (63) were considerably greater than zero for 

both genders, with a smaller increase in mean height compared to the reference 

population (Table 12). However standard deviations for all three measurements 

approximated one suggesting a similar spread compared with the reference population, 

albeit at a higher mean. 

 

Table 12  Z scores in comparison with the CDC 2000 growth chart reference 
population for weight, height and body mass index, by gender. 
 

Measurement Total Sample 
Comparison by Gender 

Females Males P 

     

Weight 0.78 (0.94) 0.72 (0.94) 0.83 (0.94) 0.36 

Height 0.26 (0.94) 0.28 (0.87) 0.24 (0.99) 0.76 

BMI 0.85 (0.86) 0.79 (0.89) 0.88 (0.84) 0.42 
 

Reference population is CDC 2000 growth charts (63).  

Numbers are mean Z scores (standard deviation). P value is for unpaired t test. 
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2.2.3 BODY COMPOSITION  

Bioelectrical impedance analysis was performed on 236 children (97.9%), with the 

remaining five children refusing the procedure. Estimates of fat free mass, fat mass and 

percentage body fat were calculated using the equations of Horlick et al (81). Lower 

estimated fat free mass and higher fat mass and percentage body fat was observed in 

girls than boys (Table 13), but with considerable inter-individual variation present for 

both genders. Overall, a two-fold variation in fat free mass was apparent, with more 

marked variation observed for fat mass (11.5-fold) and thus percentage body fat (8.5-

fold variation, Appendix C, Figure 2).  

Table 13  Estimates of body composition using bioelectrical impedance. 
 

Body Composition  Total Sample 
Comparison by Gender 

Females Males P 

Fat free mass (kg) 12.9 (1.5) 12.4 (1.4) 13.2 (1.5) <0.001 

Fat mass (kg) 2.8 (0.9) 3.0 (1.0) 2.7 (0.8) 0.02 

Percentage body fat (%) 17.7 (4.8) 19.0 (4.9) 16.7 (4.5) <0.001 

Values are mean (standard deviation). P value is for unpaired t-test. 

 

Strong positive correlations were observed between BMI Z score and all three body 

composition indices (Appendix C, Figures 3-5, P < 0.001 for all correlations). Overall, 

these tended to be stronger in girls, although interestingly, for girls the strongest 

correlation was with fat mass (r = 0.68), whereas for boys it was with fat free mass (r = 

0.52). 
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2.2.4 PREVALENCE OF OVERWEIGHT AND OBESITY 

Figure 7 shows the prevalence of overweight and obesity (1) in the sample. Overall, 

forty-eight children (19.9%) were overweight and a further fifteen (6.2%) were obese. 

No gender differences in either overweight or obesity rates were observed. 

Figure 7  Prevalence of overweight and obesity 
 

2.2.5 PARENTAL PERCEPTIONS OF CHILDREN’S WEIGHT STATUS 

Parents were asked how they would describe their child’s current weight. Responses 

were received from 236 (97.9%) mothers and 217 (90.0%) fathers. Both mothers’ and 

fathers’ perceptions of their child’s weight correlated relatively weakly with the child’s 

BMI. The correlation was higher for mothers than fathers (r = 0.39 versus r = 0.26, both 

P < 0.001).  

Overall, parents tended to underestimate their child’s weight status. Using BMI less 

than the 10th and 5th  percentiles respectively to define underweight and markedly 

underweight (63), only one child was underweight, with a BMI between the 5th and 10th 

percentiles. Her father perceived her as underweight but she was considered by her 

mother to be normal weight. There were no children with BMIs in the markedly 

underweight category. 
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Of those children who were overweight or obese according to the Cole criteria (1), 

87.1% of mothers perceived their child’s weight as normal and only 12.9% recognised 

their child was overweight. Fathers were even less likely to recognise their child as 

being overweight (Fisher’s exact test P = 0.04). Of those children who were overweight 

and obese, one father (1.8%) perceived the child as being underweight, when this child 

was in fact obese; 92.9% thought their child’s weight was normal and only 5.4% of 

fathers recognised their child as being overweight. No parents perceived their child as 

being markedly overweight although fourteen of the children for whom we have at least 

one completed parent questionnaire have a BMI in the obese range. 

 

2.2.6 ACTIVITY  

ACCELEROMETRY  

Two hundred and thirty children (95.8%) wore the accelerometer for at least four days 

and have been included in the analysis. Of the children wearing the monitor for less 

than four days, one had worn it for sixteen hours, the remainder for six hours or less. 

Since this is insufficient duration to provide reliable data on routine levels of activity 

(183), these children were excluded. Ten children wore the accelerometer for more than 

four days but less than the full five days requested therefore mean activity counts per 

minute were used in the analysis, which corrects for differences in the time monitored.  

Accelerometry data was initially examined for a seasonal effect since data collection 

had been performed over a six-month period from July (mid-winter) until January (mid-

summer). Poisson regression showed that season accounted for less than 0.5% of the 

variance in activity levels between the children therefore no further adjustments for 

season were made. 

Mean activity counts per minute for the total monitoring period and for the time in 

which the children were awake (excluding sleep times) are shown in Table 14. As 

expected, the activity count whilst awake was higher than for the total monitoring 

period reflecting the fact that less movement occurs during sleep. Additionally, awake 

activity count was very highly correlated with activity count for the total period (r = 

0.98, P < 0.001). However there was no correlation between the mean time spent awake 

each day and measured activity level (r = 0.05, P = 0.049). 
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Table 14  Activity measures over 5 days of accelerometry monitoring at age three 
 

Activity Measures Total 
Sample 

Comparison by Gender 

Females Males P 

Average activity count / 
minute 467 (143) 453 (152) 480 (136) 0.190 

Awake time per day (hours) 12.9 (0.8) 12.8 (0.7) 12.9 (0.8) 0.403 

Average count whilst awake 856 (265) 835 (281) 873 (253) 0.328 
 

Values are mean (standard deviation). P value is for unpaired t test. 

 

Activity level did not vary between weekdays and weekend days, with mean awake 

activity counts of 854 and 852 respectively, P = 0.929. However, marked inter-

individual variation in activity levels was seen. Overall, there was a 5.6-fold difference 

in the average activity count whilst awake (range 389 – 2198), such that a small number 

of children were considerably more active than the majority (Appendix C, figure 6). 

 

SLEEP TIME 

Sleep time was able to be calculated from the accelerometer for the 230 children who 

wore the device for at least four days. The mean time spent sleeping per day was 

approximately eleven hours (Table 15). No gender differences were observed in sleep 

duration, although there was wide inter-individual variation (8.9 hours to 12.8 hours).  
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Table 15  Sleep duration at age three.  

 

Sleep Measures Total 
Sample 

Comparison by Gender 

Females Males P 

Sleep duration per 24 hours (hours) 11.0 (0.7) 11.1 (0.7) 11.0 
(0.7) 0.56 

Children having afternoon naps (%) 57 60.4 54.3 0.35 

Average nap duration (hours) 1.5 (0.5) 1.5 (0.5) 1.6 (0.6) 0.57 

Average sleep duration per 24 hours and nap duration shown as mean (standard 
deviation), percentage of children having naps during monitoring period (%). 

P values are for unpaired t tests (duration measures) and χ2 test for percentage having 
naps. 

 

More than half of children had at least one afternoon nap during the monitoring period, 

with a mean duration of one and a half hours. Six children had an afternoon sleep on all 

five days of monitoring but the majority only slept on one or two afternoons. The total 

sleep duration did not differ between those children who did or did not have afternoon 

naps, suggesting that children who slept during the day slept for a shorter period 

overnight (mean 11.1 vs. 11.0 hours per day respectively, P = 0.54). Similarly, there 

was no difference in activity counts for those who did or did not nap (mean awake 

activity counts 844 per minute vs. 873 per minute respectively, P = 0.42). However, 

further analysis examining the number of naps taken during the monitoring period 

showed that the small subgroup of children (n = 32) who had naps on either four or all 

five of the monitoring days slept for a slightly longer total period (mean times of 11.6 

and 11.5 hours per day (P = 0.015). There were still no differences in activity counts 

between groups. 

PARENTAL PERCEPTIONS OF ACTIVITY  

Parents were asked to rate their child’s level of activity relative to other children of the 

same age and sex on a visual analogue scale from zero to 100. Eighty-two percent of 

parents rated their child’s level of activity as being above the 50th percentile with a 

mean score of 65.3 (standard deviation 15.72). Figure 8 demonstrates the lack of 

correlation between parental perception of the child’s activity level and actual activity 

as measured by accelerometry (r = 0.06, P = 0.34). 



109 
 
 

Figure 8  Relationship between parents’ perception of their child’s activity relative 
to other children and activity count measured by accelerometry. 
 
 

TYPES OF PHYSICAL ACTIVITIES UNDERTAKEN 

Questions relating to the types of physical activities undertaken by the children showed 

that dancing and riding a bicycle or tricycle were the two most frequently performed 

activities, with more than a third of children doing these five or more days per week 

(Table 16). Approximately 62% of children attended some form of organised physical 

activity such as “Music and Movement” or “Jumping Beans” at least once a week. 

Going to parks and walking for leisure were also popular activities however half of the 

children never walked as a means of transport. “Other regular physical activities” were 

nominated by forty-two percent of parents and these included a wide variety of outdoor 

play activities such as trampolining, running around with siblings and friends, playing 

in the garden, climbing and jumping. 
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Table 16  Frequency of undertaking selected physical activities at age three.  
 

Reported 
Activity 

Frequency of each Activity 

(Percentage of children) 

Never Less than 
monthly 

1-3 days 
per month 

1-2 days 
per week 

3-4 days 
per week 

≥ 5  days 
per week 

Organised 
physical 
activity  

29.6 3.0 5.6 27.5 25.3 9.0 

Swimming 17.5 48.7 20.1 12.8 0.9 0 

Going to parks 
or playgrounds 2.2 4.8 27.3 46.3 13.4 6.1 

Riding a bike or 
trike 7.7 4.7 8.1 17.1 25.6 36.8 

Dancing 3.4 2.6 5.1 25.1 26.4 37.4 

Walking for 
leisure 4.3 4.7 20.9 38.0 22.2 9.8 

Walking as 
transport 49.6 8.5 7.3 15.8 10.3 8.5 

Other regular 
activities 5.0 0 2.5 6.2 8.7 24.5 

Percentage of children for each frequency. Note that 53% of parents did not answer 
regarding “other physical activities”. 

An estimated duration per week for each type of activity was calculated (Table 17). 

Children spent the greatest amount of time riding a bicycle or tricycle, averaging over 

two hours per week at this pastime. Overall, parents reported a mean of almost ten hours 

per week of physical activity.  

Some gender differences were noted in the types of activities undertaken. Boys spent 

greater time riding a bike and girls were reported to spend more time dancing to music 

(both χ2 for difference between genders, P < 0.01). In keeping with the accelerometry 

findings, there was no difference in the total active time reported (9.3 hours for girls, 

10.3 hours per week for boys, P = 0.31), although as can be seen from the magnitude of 

the standard deviations, there was wide variation in reported active time.  
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Table 17  Reported time (hours per week) spent in selected activities at age three. 
 

Activity 

Time (hours) spent in each activity per week 

Total 
Sample 

Comparison by Gender 

Females Males P 

Organised physical activity 1.2 (1.5) 1.3 (1.7) 1.0 (1.3) 0.07 

Swimming 0.4 (0.9) 0.3 (0.4) 0.5 (1.2) 0.12 

Going to parks and 
playgrounds 1.2 (1.2) 1.3 (1.3) 1.2 (1.2) 0.34 

Riding a bicycle or tricycle 2.3 (3.7) 1.5 (1.7) 2.9 (4.7) 0.006 

Dancing to music 1.2 (1.5) 1.5 (1.9) 1.0 (1.1) 0.008 

Walking for leisure 1.1 (1.5) 1.2 (1.5) 1.0 (1.4) 0.28 

Walking as transport 0.4 (1.0) 0.4 (1.0) 0.5 (0.9) 0.51 

Other regular physical 
activities 2.1 (4.8) 1.8 (3.9) 2.4 (5.3) 0.32 

Total reported activity 9.9 (7.8) 9.3 (6.6) 10.3 (8.6) 0.31 
Values are mean (standard deviation) hours per week. P value is for unpaired t test. 

 

FACTORS ASSOCIATED WITH REPORTED PHYSICAL ACTIVITIES 

Objective 3 of this study was to investigate aspects within the child’s wider 

environment which may contribute towards risk factors for overweight, in order to 

inform change at a societal level. Factors which might influence the time spent in 

specific physical activities were examined (Table 18). The results are presented for 

organised activity, since this type of activity is often advocated in formal obesity 

treatment programmes in older children, and for riding a bike, since this was the most 

commonly performed activity in our sample. Gross motor skills were assessed by parent 

report, providing a maximum score of twenty. Scores less than seven would be 

considered indicative of gross motor delay and would warrant further clinical 

investigation. The mean score for our sample was 16.6 (standard deviation 2.7 and 

range 7 – 20). Descriptive statistics for the other factors investigated have been 

described elsewhere (Table 9, pages 98 - 99).  
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Table 18  Associations with potential influences on time spent in organised activity, bike riding and total physical activities at age three.  
 

 Amount of Time Spent in Selected Physical Activities  

Factor 
Organised Activity Riding a Bike or Tricycle Total Physical Activities 

Mean Correlation P Mean Correlation P Mean Correlation P 

Birth order  0.19 0.06  0.12 0.08  0.05 0.43 

Number of children in 
household 

 -0.01 0.96  0.14 0.03  0.02 0.74 

Hours spent in preschool  0.19* 0.04  0.08 0.21  0.03 0.71 

Sleep duration (hours / day)  -0.03 0.69  -0.11 0.10  -0.10 0.11 

Gross Motor Skills  0.26* <0.001  0.04 0.56  0.22* 0.001 

Parental BMI 
     Mother’s BMI 
     Father’s BMI 

 
  

-0.06 
0.03 

 
0.34 
0.66 

  
0.07 
-0.06 

 
0.31 
0.37 

  
-0.09 
-0.12 

 
0.19 
0.06 

Parental Education 
    Mother’s 
     Father’s 

  

0.10 
0.04 

 

0.10 
0.54 

  
-0.18* 
-0.15* 

 
<0.01 
0.03 

  
-0.08 
-0.02 

 
0.21 
0.76 

Household Income 
   ≤ $20,000 
   $20,001-30,000 
   $30,001-40,000 
   $40,001-50,000 
   $50,001-70,000 
   ≥ $70,001 

 
1.0 (1.3) 
1.1 (2.0) 
0.9 (1.1) 
1.1 (1.4) 
1.1 (1.2) 
1.3 (1.6) 

  
0.87 

 
2.4 (1.7) 
1.3 (1.3) 
2.8 (5.3) 
2.6 (4.2) 
2.0 (2.5) 
2.3 (3.5) 

  
0.65 

 
9.2 (5.4) 
8.9 (6.6) 

11.7(10.8) 
10.5(10.0) 
9.2 (5.6) 
9.5 (6.8) 

  
0.68 

Values are correlation coefficients for continuous variables (Pearson r for parametrically distributed variables, Spearman ρ for non-
parametrically distributed variables). For Income, values are mean time per week for each category and P value is for ANOVA test.
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In general, the relationships between the potential influences examined and reported 

activity were fairly weak and there was little consistency between the various factors or 

activities. More advanced gross motor skills were associated with greater time spent in 

organised physical activity and total activity but was unrelated to riding a bike, an 

activity which intuitively might be presumed to require a greater level of physical co-

ordination. By contrast, riding a bike was associated only with having more children in 

the household and with lower parental education level.  

SEDENTARY BEHAVIOURS 

The reported frequency of various sedentary activities is shown in Table 19. Reading or 

being read to was the most frequently reported sedentary activity, closely followed by 

television viewing, with 75% of children watching television five or more days per 

week. In terms of other “screen time”, approximately one-third of children watched 

videos or DVDs most days of the week but very few spent any time using a computer. 

Of the 59% of parents who nominated other regular quiet activities, almost all described 

indoor activities such as playing with puzzles, games, dolls, cars and other toys. More 

than 60% of the children for whom other quiet activities were reported played these 

games five or more days per week.  

As with the more active pursuits, an estimate of the mean time per week spent on each 

of the sedentary activities was calculated (Table 20). In total, the children were reported 

to spend an average of approximately twenty-one hours per week in sedentary activities. 

The dominant single activity was television watching with the group spending a mean 

of 6.3 hours per week watching television. Total screen time, consisting of television 

and video watching as well as the small contribution added by time spent using a 

computer, came to a mean of 10.2 hours, almost half of all time reportedly spent in 

sedentary activities. 
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Table 19  Frequency of undertaking selected sedentary activities at age three. 
 

Activity 
Type 

Frequency of each Activity  
(Percentage of Children) 

Never Less than 
monthly 

1-3 days 
per month 

1-2 days 
per week 

3-4 days 
per week 

≥ 5  days 
per week 

Watching 
television 1.7 0.9 3.0 8.1 11.1 75.3 

Watching 
videos or 
DVDS 

3.8 3.0 8.5 28.2 20.1 36.3 

Computer 
games and 
activities 

65.0 7.3 9.0 12.4 3.8 2.6 

Being read 
to or 
reading 

0 0 2.1 5.5 12.3 80.0 

Listening 
quietly to 
music 

31.7 11.3 9.6 18.7 13.5 15.2 

Arts and 
crafts 0 1.3 4.7 14.9 40.9 38.3 

Other quiet 
activities 4.7 0 1.7 1.2 15.8 35.7 

Percentage of children for each frequency. 

There were few differences in the sedentary activity habits of boys compared to girls, 

other than girls spending just over one extra hour per week in arts and craft activities. 

However, as with the physically active pursuits, there was a large degree of inter-

individual variation in the time spent in various activities. For example, the maximum 

reported time spent watching television was thirty-six hours per week or just over five 

hours per day, which is almost six times the sample mean of approximately six hours 

per week. 
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Table 20  Reported time (hours per week) spent in selected sedentary activities at 
age three. 
 

 Reported time (hours) spent in each activity per week 

Activity 
Total Sample 

Comparison by Gender 

Females Males P 

Watching television 6.3 (5.2) 6.6 (5.7) 6.0 (4.8) 0.42 

Watching videos or DVDS 3.6 (3.5) 3.4 (2.9) 3.8 (3.9) 0.36 

Computer games and activities 0.3 (1.2) 0.2 (0.8) 0.4 (1.4) 0.23 

Being read to or reading 3.1 (2.3) 3.2 (2.3) 3.1 (2.3) 0.58 

Listening quietly to music 1.1 (2.3) 1.4 (1.9) 0.9 (2.5) 0.12 

Arts and crafts 3.1 (2.3) 3.8 (2.7) 2.6 (2.7) 0.001 

Other quiet activities 3.5 (5.0) 4.0 (5.5) 3.1 (4.6) 0.20 

Total sedentary activities 21.0 (11.2) 22.6 (9.9) 19.8 (11.9) 0.06 

Values are mean (standard deviation) hours per week. P value is for unpaired t test. 

 

FACTORS ASSOCIATED WITH SEDENTARY ACTIVITIES 

Factors which might influence the amount of time spent in sedentary activities were 

examined. Descriptive statistics for the factors specific to television are shown in Table 

21.  

Table 21  Descriptive statistics for factors potentially influencing amount of time 
spent watching television.   
 
 Total 

Sample 
Comparison by Gender 

Females Males P 

Factor examined     

Parental attitudes to television a 8.7 (2.1) 8.7 (2.2) 8.7 (2.0) 0.81 

Percent of children with 
television in own bedroom 9.5 10.0 9.0 0.85 

Number of televisions in house 2.0 (0.9) 2.0 (0.8) 2.0 (0.9) 0.86 
a  Range of possible scores 0-15. 

Mean (standard deviation) for parental attitudes and number of televisions in house, P 
value is for unpaired t test; percentage (%) for children with television in own bedroom, 
P value for χ2 test.  
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Ninety-seven percent of parents completed the questions on attitudes towards children 

watching television. The scale had a maximum score of fifteen, reflecting a very 

positive attitude towards television with no restrictions on the child’s viewing time. The 

mean score for the sample was 8.7 (standard deviation 2.1). The average number of 

televisions per household was two. Only one household reported not having a television 

and one household reported the maximum of five. Approximately 10% of children in 

the cohort had a television set in their own bedroom. No gender differences were seen in 

any factor. 

The relationship between potential influences and time spent watching television, 

reading and in all sedentary activities is shown in Table 22. Several of the factors 

examined were related to the amount of time spent watching television. Children 

spending longer at preschool were reported to watch significantly less television (P < 

0.001) and to spend less time on all sedentary activities at home (P = 0.02).  

As could be expected, children of parents reporting a less restrictive attitude towards 

television viewing watched more television although the number of televisions in the 

house and the presence of a television in the child’s own room did not correlate with 

viewing time. Interestingly however, both these factors correlated negatively with the 

amount of time the child spent reading. Children in houses with fewer television sets 

and those who did not have a television in their own room were reported to spend more 

time reading or being read to. 

Conversely, children who lived with a greater number of other children and those who 

had older siblings spent less time reading and less time in all sedentary activities 

combined although no difference in television time was observed. 

There was a clear inverse relationship between household income and the amount of 

time spent watching television (Test for trend P < 0.0001). Children in the lowest 

income households watched significantly more television than those from higher 

income homes, with those in homes earning less than $20,000 per annum watching 

approximately nine hours per week, almost double the 4.7 hours per week watched by 

those whose families earned more than $70,000 per annum.  

 

 



117 
 
Table 22  Associations with potential influences on time spent watching television, reading and in all sedentary activities at age three.  
  

Factor 

Amount of Time Spent in Selected Sedentary Activities (hours per week) 

Television Watching Reading or Being Read To  Total Sedentary Activities 

Mean r / ρ P Mean r / ρ P Mean r / ρ P 

Hours spent in 
preschool  -0.25 < 0.001  -0.05 0.48  -0.16 0.02 

Parental attitudes to 
television  0.17 < 0.01  -0.11 0.10  0.01 0.94 

Number of televisions  
      0  (n = 1) 

      1  (n = 68) 

      2  (n = 112) 

      3  (n = 37) 

      4  (n = 14) 

      5  (n = 1) 

 

0.8 

5.4 (6.1) 

7.0 (4.9) 

5.7 (4.8) 

6.7 (4.5) 

1.8 

  

0.26 

 

9.0 

4.1 (1.8) 

2.9 (1.9) 

2.6 (1.6) 

2.4 (1.8) 

1.0 

  

<0.001 

 

13.6 

20.8 (11.0) 

22.2 (11.4) 

19.5 (11.0) 

18.9 (10.8) 

4.9 

  

0.43 

Television in bedroom 

      No 
      Yes 

 

6.3 (5.3) 

5.7 (4.7) 

  

0.60 

 

3.3 (2.3) 

2.0 (1.9) 

  

0.02 

 

21.5 (11.3) 

16.6 (10.1) 

  

0.05 

Birth order  0.05 0.45  -0.18  < 0.01  -0.17 0.01 
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Table 22  contd. 

 

Factor 

Amount of Time Spent in Selected Sedentary Activities  

Television Watching Reading or Being Read To Total Sedentary Activities 

Mean r / ρ P Mean r / ρ P Mean r / ρ P 

Number of children in 
household  0.12 0.08  -0.15 0.02  -0.14 0.03 

Parental BMI 

  Mother’s BMI 

  Father’s BMI 

  

0.05 

-0.01 

 

0.42 

0.84 

  

-0.12 

-0.15 

 

0.07 

0.02 

  

0.03 

-0.07 

 

0.63 

0.27 

Parental Education 

  Mother 

  Father 

  

-0.19 

-0.18 

 

0.003 

0.01 

 

 

 

0.20 

0.20 

 

0.002 

0.003 

  

-0.01 

-0.05 

 

0.91 

0.49 

Household Income 

≤ $20,000 

$20,001-30,000 

$30,001-40,000 

$40,001-50,000  

$50,001-70,000 

 ≥ $70,001 

 

8.9 (10.7) 

7.9 (5.9) 

7.2 (4.9) 

7.7 (5.7) 

5.4 (4.6) 

4.7 (4.7) 

  

0.004 

 

2.0 (1.0) 

4.0 (4.1) 

3.1 (2.1) 

2.9 (1.8) 

2.8 (2.0) 

3.4 (1.8) 

  

0.10 

 

15.9 (13.8) 

25.7 (16.4) 

22.2 (10.9) 

22.1 (9.9) 

19.3 (9.5) 

19.6 (9.1) 

  

0.07 

Values are correlation coefficients for continuous variables (Pearson r for parametrically distributed variables, Spearman ρ for non-para-
metrically distributed variables). For categorical variables, values are mean time per week for each category and P value is for ANOVA test.
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Parental education correlated negatively with amount of time spent watching television. 

Those children whose parents had only high school education spent more time watching 

television, with the effect of maternal education level being greater than that of paternal 

education. Parental education also correlated significantly with time spent reading or 

being read to, but in the opposite direction to that seen for television viewing time. 

Children of mothers and fathers with a school qualification spent less time reading or 

being read to than those of mothers and fathers with post-school qualifications. No 

influence of parental education was seen on the total time spent in sedentary activity. 

PREDICTORS OF CHILDREN’S ACTIVITY 

In keeping with the study objective to investigate environmental factors associated with 

risk factors for overweight and obesity, multivariate regression analysis was used to 

determine factors influencing the children’s activity level as measured objectively by 

accelerometry. Average awake activity count per minute was the dependent variable. 

Independent variables were added to the model in a sequential manner (Table 23).  

The final model explained only 7.2% of the variability in awake activity count amongst 

the study sample. Of the factors included in the model, only sex was a significant 

predictor of activity in the multivariate analysis with male sex associated with an 

increase in awake activity count of approximately forty-five counts. To put this in 

context, forty-five counts represents 5.3% of the mean awake activity count of 856 for 

the sample as a whole, indicating that the independent effect of gender on activity in our 

sample is relatively small. 

None of the family or demographic characteristics examined influenced the child’s 

activity count. Similarly, there was no effect seen due to any of the childhood lifestyle 

factors. 

Since sex was the one significant variable predicting average activity count, the model 

was recalculated for each gender separately. Using the same variables, the model 

explained a greater proportion of the variability in activity for girls than for boys, 12.1% 

compared to 6.9% respectively. As with the combined model, none of the other factors 

examined were independently predictive of activity count. 
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Table 23  Model predicting child activity count at age three years 

Risk Factor 
Model 1 (R2 = 0.01) Model 2 (R2 = 0.03) Model 3 (R2 = 0.07) 

β (95% Confidence Intervals) β (95% Confidence Intervals) β (95% Confidence Intervals) 

Child Characteristics    

Male Sex 26.6 (-11.9 to 65.2) 41.0 (2.2 to 79.8) * 44.9 (4.2 to 85.0) * 

Gross Motor Skills a   6.0 (-1.06 to 13.1) 

Family Characteristics and Demographics    

Mother’s BMI -1.0 (-4.4 to 2.5) -0.9 (-4.3 to 2.6) -1.7 (-5.2 to 1.9) 

Father’s BMI 1.8 (-2.8 to 6.4) 2.1 (-2.5 to 6.7) 1.6 (-3.1 to 6.3) 

Maternal Education Level b  -29.5 (-72.1 to 13.0) -22.9 (-67.4 to 21.5) 

Paternal Education Level b  4.28 (-40.8 to 49.4) 6.2 (-40.3 to 52.7) 

Two Parent Family c   28.9 (-52.5 to 110.4) 

Number of children in home   7.1 (-15.3 to 29.5) 

Childhood Lifestyle Factors    

Hours of sleep per day   -2.8 (-31.6 to 25.9) 

Hours per week at preschool   -0.3 (-2.1 to 1.4) 

Television viewing time (minutes / week)  0.1 (-0.01 to 0.1) 
* P <0.05 
a Increasing gross motor skills on scale of 0 - 20;  
b Increasing parental education level in 3 categories: no - , school based or post-school qualification 
c Child living with both biological parents versus other family make-ups 
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2.2.7 DIET AND THE EATING ENVIRONMENT 

INFANT FEEDING 

Eight-seven percent of children had been breastfed at least to some degree with only 

thirty children never having been breastfed. Data on the duration of breast feeding and 

the timing of introducing solid foods are presented in Table 24. 

Table 24  Infant feeding history of study sample and comparison by gender  
 

Infant Feeding Practice Total Sample 
Comparison by Gender 

Females Males P 

Full breastfeeding (months) 4.0 (3.0, 5.0) 4.0 (3.0, 5.3) 4.0 (3.0, 5.0)  

Full or partial breastfeeding 
(months)  9.0 (5.0,13.0) 10.0 (6.0, 13.0) 8.0 (5.0,13.0)  

Age at introduction of solid 
foods (months) 4.9 (1.28) 5.0 (1.21) 4.9 (1.34) 0.45 

Values are median (25th and 75th percentiles) for durations of breast-feeding, mean 
(standard deviation) for age of introduction of solids. 

The median duration of full breast-feeding was 4 months, with a maximum duration of 

ten months. The median total duration of breast-feeding (including full and partial 

breast-feeding) for the study sample was nine months. Again there was a wide range, 

with three children (1.5%) continuing to be breast-fed at the time of data collection 

(aged thirty-six months). There was no difference between genders in rate of ever 

having been breast-fed (Fishers exact test, P = 0.56) or in the mean duration of either 

full breast-feeding or total breast-feeding (χ2 test, P = 0.116 and 0.314 respectively). 

The mean age at which solid foods were introduced was slightly less than 5 months, 

again with a wide range; one child was reported to have commenced solid foods at one 

month of age and the latest at ten months.  

Multivariate models examining the potential influence of a number of maternal and 

child factors on three different aspects of infant feeding were developed (Table 25). Of 

the variables included, only maternal age was a significant influence in all three models. 

The association was positive for both the duration of full breast-feeding and the total 

duration of breast-feeding indicating that older mothers tended to breast-feed their 

infants for longer. Interestingly, the association was negative for the introduction of 



122 
 
solid foods. Together, these findings could suggest that older mothers were more likely 

to switch their child directly from breast milk to solids, with a shorter interval of 

artificial formula feeding in between. Maternal education influenced the duration of full 

breast-feeding; mothers with a tertiary qualification fully breast-fed their children for an 

additional 1.2 months. However there was no association between maternal education 

and either the total duration of breast-feeding or the age at which solids were 

introduced. Instead the introduction of solids was associated with birth order. For each 

additional older sibling, children tended to commence solid foods almost three months 

later. 

THREE-DAY SHORT FOOD QUESTIONNAIRE 

Parents of 240 children (99.6%) completed the three-day short food questionnaire 

(Appendix B). Since the questionnaire provides a relatively crude estimate of intake, it 

was decided to analyse related groups of foods, rather than all individual foods listed. 

Thus, servings of pizza, pies, sausage rolls and crisps were combined as “savoury 

snacks”; cakes or slices, sweet biscuits, muffins or scones, lollies or chocolate and 

muesli bars or fruit bars make up “sweet snacks”; fruit and vegetables were analysed 

together as were all fast-food and takeaway foods including hot chips. Beverages were 

analysed individually, with fruit juice / cordial and regular soft drinks subsequently 

combined to produce a total serving number of “sugary drinks”. Serving sizes for each 

food were defined in the questionnaire. 

Mean serving numbers of foods and beverages are presented in Appendix C, Table 1. 

The study was particularly interested in the consumption of sugary drinks, since these 

have been the subject of intense debate in the literature (see Section 1.3.7, page 64). 

Carbonated soft drinks were consumed by 48.2% of the children during the three days 

but in low quantities. The median number of servings for this group was one 250mL 

serving, interquartile range 0.5 to 1.75 servings over the three days.  More children 

drank regular soft drinks rather than diet varieties (41% of the total sample compared to 

12% respectively), although there were no children who drank either regular or diet 

varieties exclusively.  
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Table 25  Models for factors associated with infant feeding practices 
 

 Duration of Full Breast-Feeding  Total Duration of Breast-feeding  Introduction of Solids 

R2 for Model 0.17 0.08 0.22 

Factors 

Maternal age (years) 0.08 (0.03 to 0.13)** 0.30 (0.09 to 0.50)** -0.21 (-0.35 to -0.06)** 

Maternal education (high) 1.19 (0.63 to 1.75)*** 1.66 (-0.57 to 3.88) 1.23 (-0.37 to 2.85) 

Household income (6 categories) 0.08 (-0.10 to 0.26) -0.06 (-0.76 to 0.65) 0.18 (-0.35 to 0.70) 

Ethnic group 

     European  / Other 

     Maori 

     Pacific 

 

Referent category 

-0.41 (-1.26 to 0.44) 

0.64 (-0.81 to 2.08) 

 

Referent category 

-0.82 (-4.12 to 2.48) 

3.55 (-1.66 to 8.76) 

 

Referent category 

-1.42 (-3.86 to 1.01) 

-2.82 (-6.93 to 1.29) 

Birth order 0.08 (-0.21 to 0.37) 0.24 (-0.86 to 1.34) 2.92 (2.20 to 3.65)*** 
Values are β coefficients (95% confidence intervals) derived from multiple regression models. P value for each independent variable in model. 

* P < 0.05, ** P < 0.01, *** P < 0.001
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The beverage consumed most by the children was water, with a mean of 4.5 servings 

(250mL per serving) over the three days. Milk and fruit juice / cordial were consumed 

in approximately equal quantities with other beverages being consumed in much smaller 

amounts. 

The study was also interested in fruit and vegetable intake, as a possible protective 

factor against overweight, and in intake of high fat foods. The median (interquartile 

range) number of servings of fruits and vegetables was 7.0 (4.5 – 10.4).  Seven children 

(2.9%) were reported not to have eaten any fruits or vegetables over the three days. By 

contrast, one child was reported to have consumed a total of 24 servings of fruits and 

vegetables. Only forty-one children (14.6%) consumed twelve or more servings over the 

three days, which would be equivalent to the recommended two servings each of fruit 

and vegetables per day (291). More than half the children (56.7%) consumed at least 

one serving of fast food or hot chips during the three days. The maximum number of 

servings of these foods consumed was 10. No gender differences were seen for any of 

the foods or beverages examined. 

Consumption of “healthy” and “less healthy” foods appeared to cluster (Appendix C, 

table 2). For example, fruit and vegetable intake was positively associated with water 

consumption (ρ = 0.41, P <0.001) whereas consumption of savoury snacks was 

associated with soft drink intake (ρ = 0.34, P < 0.001) and fruit juice or cordial (ρ = 

0.21, P < 0.01) but not with water intake. 

Environmental factors potentially influencing the number of servings of beverages and 

food groups of interest were examined with a view to potential targets for community 

intervention programmes (objective 3, page 67). Associations are shown in Appendix C, 

Tables 3 and 4 respectively. Consumption of regular soft drinks was associated with 

having a greater number of older siblings (ρ = 0.14, P = 0.03), higher maternal BMI (ρ = 

0.13, P = 0.04) and lower maternal education level (ρ = -0.13, P = 0.04) but was not 

associated with household income or ethnicity. Having a greater number of older 

siblings was also associated positively with intake of savoury snacks, fast foods and hot 

chips, fruit juice / cordial and flavoured milk and was negatively associated with 

number of servings of water consumed.  

Children from low income homes consumed more servings of savoury snacks than those 

from wealthier homes (test for linearity P = 0.002). Although low maternal education 
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was also associated with increased intake of savoury snacks (ρ = -0.17, P = 0.01), the 

association with income persisted after adjusting for maternal education (partial 

correlation α = -0.16, P = 0.02). Pacific children also consumed more of these foods 

than Europeans (Bonferroni pair-wise comparison P = 0.01), although no other ethnic 

differences were noted.  

Increased fruit and vegetable intake was associated with higher education levels for both 

parents (ρ = 0.17, P = 0.01 for mothers, ρ = 0.15, P = 0.03 for fathers) but was not 

associated with household income, ethnicity or parental BMI. Overall, children of 

mothers with lower levels of education reportedly consumed more servings of soft 

drinks, savoury snacks such as pies and crisps and sweet snacks such as biscuits and 

cake, foods generally considered less healthy and fewer servings of water and fruits and 

vegetables. 

 

THE FAMILY EATING ENVIRONMENT 

The study hypothesised that “non-traditional” family eating habits would be associated 

with increased risk of overweight. Data on usual eating habits were available for 235 

children (97.5%), 236 mothers (97.9%) and 218 fathers (90.5%). 

CHARACTERISTICS OF MAIN MEALS 

Parents were asked how many days in a typical week they ate each of the main meals, 

breakfast, lunch and dinner. The majority of participants ate all three main meals every 

day (Appendix C, figure 7). Breakfast was the most commonly missed meal amongst 

parents, with 5.5% of mothers and 8.3% of fathers never eating breakfast. An additional 

25.5% of mothers and 28.9% of fathers missed breakfast at least once a week, meaning 

that only 69.5% of mothers and 62.8% of fathers ate breakfast every day. Children 

tended to eat breakfast on a more regular basis. Almost 90% of children ate breakfast 

seven days per week. 

Dinner was the most regularly eaten meal. A much larger proportion of parents ate 

dinner regularly compared to breakfast. Ninety-four percent of mothers and 95% of 

fathers ate dinner seven nights per week. Approximately 90% of children also ate dinner 

every night. 
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In order to investigate the influence of parental meal habits on children, we looked for 

correlations between family members in the frequency of eating particular meals. The 

frequency of eating each meal correlated within each individual group, that is, the 

frequency for children of eating breakfast correlated with the frequency of eating lunch 

and dinner (all P < 0.001) and similarly for mothers (all P < 0.01) and fathers (P < 0.05). 

This means that those who ate one meal, for example breakfast, more regularly were 

also more likely to eat other meals regularly and conversely those who missed a 

particular meal on a regular basis were also likely to miss other main meals. In terms of 

parental influence on children’s eating behaviour, there were associations between 

maternal lunch eating habits and both breakfast (ρ = 0.24, P <0.001) and lunch (ρ = 

0.30, P < 0.001) eating habits of the child and a weak correlation between mothers and 

their children eating breakfast (ρ = 0.16, P < 0.05). There were no correlations between 

paternal habits and those of the child. 

Most meals were eaten within approximately an hour of the same time each day 

(Appendix C, Table 5). Breakfast was the meal eaten at the most regular time, 

particularly for children, with more than one third of children eating breakfast at the 

same time every day. Children’s meal times tended to be more regular than those of 

their parents, particularly for breakfast and lunch, with approximately one quarter of 

parents reporting that they eat lunch “whenever it suits”. 

Children also tended to spend longer eating breakfast and lunch than their parents with 

the evening meal lasting the longest for all family members. There was significant 

variation in meal duration, particularly for dinner with some families reporting spending 

an average of an hour eating dinner. 

The location of meals was more structured for children than their parents. Children were 

more likely to eat all three main meals sitting at a table than were their parents. 

However for those children who did not eat at a table, there was greater variety in 

location, particularly for the daytime meals. Breakfast was eaten sitting on the floor by 

8% of children and almost 5% ate lunch sitting on the floor. One child ate both 

breakfast and lunch in his bedroom. 

Fewer parents than children regularly ate at a table. Approximately one fifth of parents 

ate both breakfast and lunch “on the move” such as walking around the house or in the 

car, with similar numbers eating these meals in an easy chair. Approximately two thirds 
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of parents ate dinner at a table with virtually all the remainder eating dinner in an easy 

chair. It should be noted that the differences in the percentage not eating breakfast in the 

different questions are due to some parents who eat the meal only once or twice a week 

responding to other questions that they don’t eat that meal. 

Families were also asked with whom their child usually ate the evening meal and the 

reasons for this choice (Table 26). Differences between weeknights and weekend nights 

were reported, with fewer families eating together during the week (paired sample T-

test, P < 0.001). Parental and siblings’ work and leisure commitments seemed to 

account for most of the differences between weeknight and weekend eating habits 

(paired sample T-test, P < 0.001). Families who reported eating together during the 

week were more likely to cite family togetherness as the reason for this choice (77.4% 

compared to 8% of those where at least one parent ate separately (χ2, P < 0.001). 

However in families where the child ate separately from at least one parent, 70% 

reported that this was due to other work or leisure commitments and only 21% chose 

this eating arrangement for convenience (χ2, P < 0.001). Approximately 85% of 

children ate the evening meal with at least one parent, however 13.6% of children on 

weeknights and 15.8% on weekends ate without their parents. Single parent families 

where the parent ate with the child were classified as all eating together. 

Table 26  Characteristics of family eating habits for the evening meal and reasons 
given for these choices. 
 

Family Eating Habits Weeknights Weekend 
Nights 

Family eating habits (%)   

     Whole family eats together 62.8 74.4 

     One parent eats separately from children 23.5 9.8 

     Both parents eat separately from children 11.5 11.1 

     Staggered mealtimes for individuals 2.1 4.7 

Reasons for eating habits (%)   

     Family togetherness 51.7 71.9 

     Work or leisure commitments 36.8 14.0 

     Convenience 11.5 14.0 
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Meals prepared outside the home and in particular “fast foods” have been demonstrated 

to have high energy density, with increased intake of these foods suggested contributing 

to rising rates of overweight and obesity (292). The frequency of eating pre-prepared 

and take-away meals and eating out is shown in Figure 9. Pre-prepared meals were 

defined as meals, usually purchased from the supermarket, such as TV dinners and 

ready-made pizza which simply require heating at home, whereas takeaway meals are 

those purchased ready for immediate consumption. Approximately 8% of children ate 

pre-prepared meals at least once a week with similar results for parents (9.3% of 

mothers and 13.3% of fathers). Almost forty percent of children ate takeaway meals 

once or twice per week with an additional approximately forty percent eating these 

more than once a month. Only four percent of children never ate takeaway meals. The 

majority of families reported eating out at both cafés and fast-food restaurants less than 

once per month. Children ate at cafés and fast-food restaurants at approximately the 

same frequency (25.3% reported eating café meals at least once per month compared to 

26.2% for fast-food restaurants).   
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Figure 9  Frequency of eating meals prepared outside the home 
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CHARACTERISTICS OF CHILDREN’S SNACK MEALS 

Snacking between meals, particularly eating energy dense foods in the context of 

television viewing, has been postulated to increase the risk of overweight in both 

children and adults (see Section 1.3.5, page 56 and 1.3.7, pages 65-66). Parents were 

asked about whether their child ate regular snack meals: morning and afternoon tea and 

a bedtime snack (Table 27). More than 50% of the children never ate a bedtime snack 

therefore this has been excluded from the analysis. Sixty-eight percent of children ate 

both morning and afternoon tea at least once per week with only 7.2% eating neither 

snack meal on a regular basis. 

The ten foods most commonly consumed as snacks are shown in Table 28. The most 

common snack food was fruit, with 67% of children consuming fruit as a snack each 

day. Other popular snack foods however could be considered less healthy options. 

Biscuits, lollies, muesli bars and crisps were the next four most commonly consumed 

snack foods.  

The most commonly consumed beverages at snack-times were water, fruit juice / 

cordial and plain milk which were consumed by a mean of 60.1%, 43.8% and 41.3% 

respectively, of the children each day. Regular soft drinks were consumed as a snack 

beverage by a mean of 11.7% of the children each day. 

Table 27  Percentage of children eating regular snack meals and comparison by 
gender. 
 

Snack Meals Total 
Sample 

Comparison by Gender 

Females Males P 

Percentage Eating Regular Snack 
Meals 

    

   Neither morning nor afternoon 
tea eaten regularly 

7.2 4.0 9.6 0.073 

   Morning and afternoon tea eaten 
irregularly 

24.2 27.4 20.0 

   Both morning and afternoon teas 
eaten at least once  a week 

68.5 63.0 76.0 

Values are percentages (%), P value is for unpaired t test. 
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Table 28  The ten food groups most commonly consumed as snacks by children aged 
three. 
  

Food Type Mean Number (%) of Children Consuming 
this Food as a Snack per Day 

Fruit 160.7  (67.0) 

Biscuits 120.7  (50.3) 

Lollies and sweets 93.3  (38.9) 

Muesli bars and fruit bars 67.3  (28.0) 

Crisps 59.7  (24.9) 

White bread 42.7  (17.8) 

Yoghurt 39  (16.3) 

Cakes and slices 27.7  (11.5) 

Ice Cream 20.7  (8.5) 

Wholemeal bread 19.7  (8.2) 
 

 

TELEVISION VIEWING WITH MEALS AND SNACKS 

More than one third of children watched television whilst eating breakfast five or more 

days per week, with 66% of children eating breakfast in front of the television at least 

once per week (Appendix C, Figure 8). Only 22% of children never ate breakfast in 

front of the television. Parents were less likely to eat breakfast in front of the television, 

less than ten percent reported watching television with breakfast on most days. By 

contrast more than a third of parents watched television during dinner most nights of the 

week, with only 17.4% of children doing so. Less than twenty percent of parents 

reported never watching television during dinner. Lunch was the meal least likely to be 

eaten in front of the television for both children and parents.  

As expected, given the high proportion of families eating together, there were 

significant positive correlations between all family members for television viewing 

during a particular meal (all P < 0.01) and between television viewing with different 

meals for each individual (P < 0.001), suggesting that those who watch television with 
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some meals are likely to do so for others as well, and that this behaviour correlates 

within families. 

Children whose mothers had a post-school qualification were approximately twice as 

likely to watch television whilst eating dinner compared to those whose mothers had 

only a secondary education (Table 29). Anecdotally, several parents added comments to 

the questionnaire to the effect that they were watching the news during dinner and 

although the television was on, they did not believe their child was actively watching. 

Unfortunately the wording of the questionnaire did not differentiate these two 

possibilities and this may be a partial explanation for this somewhat unexpected result. 

However, there was no difference in proportion of families eating dinner together 

according to maternal education level (χ2 = 2.97, P = 0.82). Those with a greater number 

of older siblings were also more likely to watch television with dinner. Father’s level of 

education, household income, ethnicity and parental BMI did not influence television 

watching with meals. 

There were approximately equal numbers of children who regularly ate both morning 

and afternoon tea whilst watching television and those who never ate these snacks in 

front of the television (Table 30). A smaller number (23.1%) ate these snack meals in 

front of television infrequently. There were no gender differences in television viewing 

habits during morning and afternoon tea. 
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Table 29  Factors associated with children watching television whilst eating dinner 
 

 Odds Ratio (95% CI) P 

Parental education 

     Mother 
     Father 

 

2.03 (1.13 to 3.65) 

1.07 (0.58 to 1.98) 

 

0.02 

0.82 

Household income 1.11 (0.93 to 1.33) 0.25 

Ethnicity 

     European and Other 
     Maori 
     Pacific 

 

Referent category 

1.03 (0.45 to 2.33) 

2.07 (0.55 to 7.87) 

 

 

0.95 

0.28 

Parental BMI 

     Mother 
     Father 

 

1.00 (0.92 to 1.00) 

1.00 (0.92 to 1.03) 

 

0.08 

0.46 

Birth order 1.39 (1.07 to 1.81) 0.02 
P value is derived from ordered logistic regression model. 

 

Table 30  Percentage of children watching television whilst eating snack meals 
(morning and afternoon teas) 
 

Percentage Eating Snack Meals 
Watching Television 

Total 
Sample 

Comparison by Gender 

Females Males P 

Neither morning nor afternoon tea    
regularly eaten watching TV 38.0 35.0 40.3 0.444 

Morning and afternoon tea irregularly 
eaten watching TV 23.1 27.0 20.15 

Both morning and afternoon teas 
eaten at least once a week watching 
TV 

38.9 39.6 38 

 
 

The foods most commonly consumed whilst watching television (Table 31) reflect the 

finding that a relatively large number of children watched television whilst eating main 

meals, particularly breakfast. Although white bread and fruit, the two foods most 

commonly eaten in front of the television, were also popular snack foods, these food 

staples are likely to be included in main meals as well as snacks and weetbix, the third 
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most commonly consumed food, was almost exclusively eaten as part of breakfast (only 

a mean of five children ate weetbix as a snack). 

Table 31  The ten food groups most commonly consumed by children whilst 
watching television. 
 

Food Type Mean Number (%) Of Children Consuming  
Food Whilst Watching Television Per Day 

White bread 45  (18.8) 

Fruit 43.3 (18.0) 

Weetbix 40 (16.7) 

Vegetables 32.7 (13.6) 

Biscuits 25.7 (10.7) 

Pasta / Rice 19 (7.9) 

Crisps 17.7 (7.4) 

Yoghurt 15.3 (6.4) 

Ice Cream 14 (5.8) 

Lollies 14 (5.8) 

 

The pattern of beverage consumption in front of television also differed slightly from 

those beverages consumed as snacks, with plain milk being most commonly consumed 

whilst watching television (mean of 19.0% each day), followed by water and then fruit 

juice / cordial (16.0% and 14.2% respectively). 
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PARENTAL ATTITUDES AND BELIEFS REGARDING CHILD FEEDING 

The study hypothesised that a restrictive parenting style relating to food choice and 

intake of less healthy foods would increase the risk of subsequent overweight. Data 

about their attitudes and beliefs relating to food, weight and child feeding practices were 

available for 236 mothers (97.9%) and 216 fathers (89.9%). 

 

PARENTS’ CONCERNS ABOUT THEIR OWN WEIGHT 

Parents’ level of concern about their own weight was scored from 0 to 100. Mothers 

gave a mean score of 36.6 (SD 20.53), and fathers a mean of 23.2 (SD 17.28). Mothers 

and fathers differed significantly in their level of concern regarding their own weight (P 

< 0.001) (Appendix C, Figure 9).  

Given the high numbers of overweight and obese parents participating in the study, an 

estimate of an “appropriate” level of concern was desirable. This was arbitrarily set at 

the score equivalent to the ninetieth percentile for parents of normal BMI, that is, 

parents with BMI less than 25.0, which equated to scores of 51.7 for mothers and 36.7 

for fathers. Interestingly, more than three quarters of overweight mothers and more than 

80% of overweight fathers could be considered by these criteria to have an 

inappropriate lack of concern about their own weight.  Similarly, 57.6% of obese 

mothers and 61.4% of obese fathers could be considered to have an inappropriate lack 

of concern about their own weight. 
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CHILD FEEDING STYLES 

Each factor in the Child Feeding Questionnaire has a possible score of one to five. 

Mean scores for each component are presented in Table 32.  

Table 32  Factor scores for the Child Feeding Questionnaire for both parents and 
comparison of responses within parent pairs. 
 

Component  
Mean score for child feeding factors 

Mothers Fathers P 

Risk Factors and Concerns    

Perceived feeding responsibility 4.3 (0.61) 2.6 (0.75) <0.001 

Perceived parental overweight 3.2 (0.48) 3.0 (0.43) 0.21 

Perceived child overweight 3.0 (0.32) 3.0 (0.29) 0.57 

Concerns about child overweight 1.9 (0.90) 2.0 (0.98) 0.29 

Control in Child Feeding    

Restriction 3.6 (0.66) 3.7 (0.72) 0.93 

Pressure to eat 2.7 (0.93) 3.0(0.87) <0.001 

Monitoring 4.0 (0.77) 3.6 (1.02) <0.001 
Values are mean (standard deviation) for each component score. P values are for paired t 
test within parent couples. 

Mothers had a significantly higher level of perceived responsibility for feeding their 

child than did fathers. Mothers’ mean score of 4.3 indicates they felt responsible both 

for feeding their child and determining what and how much they ate most of the time, 

whereas fathers’ mean score of 2.6 indicates they felt responsible less than half the time. 

Perceptions about their child’s level of overweight and the degree of concern about their 

child’s risk of overweight were similar within parental pairs. Of those factors measuring 

control in child feeding, parents reported similar levels of restriction on their child’s 

food intake, however fathers reported more pressure on the child to eat and mothers 

reported a higher level of monitoring the food their child ate. 

The last three factors in the Child Feeding Questionnaire were designed to assess 

different dimensions of parental control in child feeding, whereas the first four factors 

reflect risk factors and concerns that may influence this control (276). Correlations 
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between the seven factors for our sample of parents are shown in Table 43, with 

correlations for mothers shown below the diagonal and for fathers above the diagonal. 

In our sample of mothers, there were few correlations between the four factors thought 

to influence parental feeding style and the dimensions of control in child feeding 

assessed. There was a weak negative correlation between mothers’ perception of their 

child’s level of overweight and pressure to eat. This association is in the expected 

direction, with mothers who perceive their child as overweight being less likely to 

pressure them to eat. Stronger correlations were seen between restriction of food and 

monitoring of food intake and between restriction of food and pressure to eat.  

For fathers, there were more correlations between the risk factors and concerns and the 

reported levels of control in child feeding. The perception of their child being more 

overweight was correlated with increased concern about their child’s weight, a finding 

not seen in mothers. Following on from this, fathers with higher levels of concern about 

their child’s weight were more likely to score highly for restriction of food intake. Also, 

fathers’ level of perceived responsibility for child feeding correlated positively with 

both level of monitoring of intake and less strongly with restriction of intake. Similarly 

to the pattern seen for mothers, there were positive correlations between the different 

aspects of parental control of child feeding, with restriction, monitoring and pressure to 

eat all being positively correlated with each other, a pattern which would be consistent 

with a more controlling overall parenting style. 

The relationship between parental child feeding style and both the child’s and parents’ 

measured BMI was examined, as was the relationship between feeding style and 

parents’ level of concerns about their own weight (Table 33). The child’s BMI was 

correlated with both parents’ perception of the child’s level of overweight, slightly more 

strongly for mothers’ responses than for fathers’. Child’s BMI was also weakly 

correlated with maternal perception of her own level of overweight, which may in part 

reflect a correlation between maternal and offspring BMI. There was a weak negative 

correlation between the child’s actual BMI and maternal pressure to eat, indicating that 

mothers of thinner children exerted more pressure on them to eat (r = -0.15, P < 0.05). 

Furthermore, maternal pressure to eat was higher for children in the healthy BMI 

category (mean = 2.8) compared to those in the overweight and obese categories (mean 

scores of 2.5 and 2.2 respectively, P value for difference between groups by ANOVA = 

0.02).  
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Table 33  Correlations between factors on the Child Feeding Questionnaire.  
 

 
Perceived 
Feeding 

Responsibility 

Perceived 
Parental 

Overweight 

Perceived 
Child 

Overweight 

Concerns about 
Child 

Overweight 
Restriction Pressure to Eat Monitoring 

Perceived 
Feeding 
Responsibility 

 0.117 0.075 0.064 0.171* 0.057 0.291*** 

Perceived 
Parental 
Overweight 

-0.079  -0.026 0.105 0.016 0.006 0.001 

Perceived 
Child 
Overweight 

0.022 0.035  0.236*** -0.002 -0.076 0.014 

Concerns about 
Child 
Overweight 

0.107 0.061 0.120  0.173* 0.033 0.101 

Restriction 0.043 0.003 -0.063 0.070  0.283*** 0.372*** 

Pressure to Eat 0.032 -0.097 -0.160* -0.050 0.264***  0.189** 

Monitoring 0.086 -0.040 -0.074 -0.004 0.298*** 0.014  

Correlations for maternal responses are shown below the diagonal, paternal responses shown above.  

* P < 0.05, ** P < 0.01, *** P < 0.001 for Spearman rank correlation coefficient. 
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Table 34  Correlations between parents’ responses to the Child Feeding Questionnaire and both measured BMI and level of weight 
concern.  

 
 Correlations with Measured BMI and Parental Level of Concern regarding their own Weight 

 Child’s BMI Mothers’ Responses Fathers’ Responses 

 Mothers’ 
Responses 

Fathers’ 
Responses 

Mothers’ 
Measured BMI 

Mothers’ Weight 
Concerns Score 

Fathers’ 
Measured BMI 

Fathers’ Weight 
Concerns Score 

Risk Factors and 
Concerns       

Perceived feeding 
responsibility 0.058 -0.094 -0.067 0.018 0.021 -0.045 

Perceived parental 
overweight 0.136* 0.094 0.643*** 0.497*** 0.482** 0.415*** 

Perceived child overweight 0.404*** 0.322*** -0.026 0.039 -0.060 -0.052 

Concerns about child 
overweight 0.132* 0.073 0.220** 0.171** 0.126 0.232** 

Control in Child Feeding       

Restriction -0.059 -0.082 -0.058 0.077 0.030 0.170* 

Pressure to eat -0.151* -0.095 -0.075 0.001 -0.004 -0.084 

Monitoring -0.122 -0.141* -0.067 -0.076 -0.027 -0.013 

* P < 0.05, ** P < 0.01, *** P < 0.001 for Spearman rank correlation coefficient.  
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Differences in control over child feeding based on the sex of the child have previously 

been reported (264). In this sample, mothers reported higher levels of restriction of 

sweet and fatty foods for their sons than for their daughters (Table 35). No other 

differences according to the child’s gender were seen. 

Table 35  Factor scores for the Child Feeding Questionnaire and comparison of 
responses according to child’s gender 
 

 Mean score for child feeding factors 

 Mothers Fathers 

 Daughters Sons P Daughters Sons P 

Risk Factors and Concerns 

Perceived 
responsibility 4.3 (0.6) 4.3 (0.6) 0.50 2.6 (0.7) 2.5 (0.8) 0.85 

Perceived parental 
overweight 3.2 (0.5) 3.2 (0.5) 0.65 3.1 (0.4) 3.0 (0.4) 0.67 

Perceived child 
overweight 3.0 (0.3) 2.9 (0.3) 0.08 3.0 (0.3) 3.0 (0.3) 0.41 

Concerns re child 
overweight 1.9 (0.9) 1.9 (0.9) 0.78 2.0 (1.0) 1.9 (1.0) 0.44 

Control in Child Feeding 

Restriction 3.5 (0.7) 3.7 (0.6) 0.01 3.7 (0.7) 3.6 (0.7) 0.56 

Pressure to eat 2.6 (0.9) 2.7 (1.0) 0.40 3.0 (0.8) 3.0 (0.9) 0.56 

Monitoring 4.1 (0.8) 4.1 (0.7) 0.69 3.5 (1.0) 3.6 (1.0) 0.51 
Values are mean (standard deviation). P values are for unpaired t tests. 
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Comparison of parents’ responses to the Child Feeding Questionnaire with their child’s 

actual reported food intake according to the food diary showed few significant 

correlations (Table 36). Interestingly, children whose mothers expressed higher levels of 

concern about the child becoming overweight in the future consumed more sweet 

snacks such as biscuits and cakes and those whose fathers expressed similar concern 

consumed greater amounts of sugary drinks and savoury snacks such as pies and 

sausage rolls. There was no correlation between the level of restriction reported by 

either parent and intake of any of the food groups assessed, indicating that although 

parents reported restricting food such as biscuits and sweets, the amounts of these foods 

consumed by their children was not different than those whose parents reported less 

restrictive child feeding habits. There was however, a negative correlation between 

maternal monitoring of “unhealthy” food intake and the child’s consumption of savoury 

snacks and between paternal monitoring of these foods and the child’s intake of sugary 

drinks and fast foods, meaning children whose parents reported lower levels of 

monitoring consumed more of these foods. 
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Table 36  Correlations between parental Child Feeding Questionnaire scores and child’s intake of selected food groups.   
 

 Correlations with Intake of Selected Food Groups 

 Sugary Drinks Fast Food Savoury Snacks Sweet Snacks Fruit and Vegetables 

Risk Factors and Concerns 

Perceived feeding responsibility 
     Mothers 
     Fathers 

 
0.00 
0.03 

 
-0.08 
-0.01 

 
0.00 
-0.01 

 
0.01 
-0.12 

 
0.04 
-0.08 

Perceived parental overweight 
     Mothers 
     Fathers 

 
-0.01 
-0.03 

 
-0.06 
0.08 

 
-0.02 
0.04 

 
-0.10 
-0.05 

 
0.00 
-0.06 

Perceived child overweight 
     Mothers 
     Fathers 

 
-0.07 
0.00 

 
0.00 
0.09 

 
0.03 
0.03 

 
0.09 
0.09 

 
-0.01 
-0.04 

Concerns about child overweight 
     Mothers 
     Fathers 

 
0.12 

0.15* 

 
0.04 
0.06 

 
0.12 
0.14* 

 
0.16* 
0.05 

 
-0.04 
-0.05 

Control in Child Feeding 

Restriction 
     Mothers 
     Fathers 

 
-0.03 
-0.06 

 
0.05 
-0.02 

 
-0.06 
-0.06 

 
0.07 
0.07 

 
0.03 
0.06 

Pressure to eat 
     Mothers 
     Fathers 

 
0.03 
0.12 

 
-0.05 
-0.04 

 
-0.02 
0.03 

 
-0.12 
-0.02 

 
-0.09 
-0.07 

Monitoring 
     Mothers 
     Fathers 

 
-0.12 

-0.18 ** 

 
-0.09 

-0.20** 

 
-0.22** 

-0.13 

 
-0.06 
-0.10 

 
0.13 
0.09 

Values are Spearman rank correlation coefficients. * P < 0.05, ** P < 0.01, *** P < 0.001 
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2.2.8 PREDICTORS OF CHILDREN’S BODY MASS INDEX AT AGE THREE 
YEARS 

The major objective of this cross-sectional component of the study was to 

simultaneously examine multiple putative risk factors and potential confounders which 

may be involved in the development of obesity at age three, with particular focus on 

those risk factors that may be amenable to intervention, such as physical activity and 

inactivity, dietary intake and the eating environment. Multivariate regression analysis 

was used to examine the factors predicting the children’s BMI in cross-sectional 

analysis. BMI, rather than risk of overweight or obesity, was the dependent variable due 

to the greater accuracy of models using continuous variables. Because of the large 

number of variables involved, a series of models was created; initially separately 

examining the influence on BMI at age three years of factors related to activity (Table 

37), those related to diet and the eating environment (Table 38), and perinatal and 

family factors (Table 39). 

 

ACTIVITY-RELATED VARIABLES 

Activity-related variables (Table 37) explained only 2.2% of the variability in BMI at 

age three with none of the variables included in the model being significantly associated 

with BMI. 
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Table 37  Model for the cross-sectional association of activity-related variables with 
body mass index at age three 
 

Risk Factor 
β Coefficient  

(95% confidence intervals) 
P value 

Awake Activity Count a <0.01 (-0.01 to 0.01) 0.77 

Television and DVD viewing 
(hours / week) b  <0.01 (-0.01 to 0.01) 0.09 

Sedentary time (hours / week) b <-0.01(-0.01 to 0.01) 0.20 

Sleep duration (hours / day) a <0.01 (-0.01 to 0.01) 0.95 

Preschool or child care (hours / 
week) b -0.01 (-0.02 to 0.01) 0.68 

Having a television in the child’s 
bedroom b 0.13 (-0.49 to 0.76) 0.68 

Gross motor skills quotient b -0.02 (-0.09 to 0.04) 0.44 

Constant 17.38 (14.37 to 20.39) <0.001 
a measured by accelerometry 
b measured by parental questionnaire 

Values are β coefficients (95% confidence intervals) and P values derived from 
multivariate regression analysis 
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DIET AND THE EATING ENVIRONMENT 

Similarly, diet and the eating environment explained relatively little of the variability in 

BMI (Table 38). Together, these eleven variables explained only 8.6% of the variability 

in BMI with only maternal pressure to eat and eating separately from parents being 

significantly associated with BMI in the model. Maternal pressure to eat was negatively 

associated with BMI, indicating that children of mothers who exerted more pressure to 

eat tended to have a lower BMI. Eating dinner separately from parents was associated 

with a difference in BMI of 0.52kg/m2. Weekend eating habits were included in the 

model rather than week nights as this was less likely to be influenced by other time 

constraints. 

Table 38  Model for the cross-sectional associations of diet and the eating 
environment on body mass index at age three 
 

Risk Factor β Coefficient  
(95% confidence intervals) 

P value 

Servings of Selected Foods 
   Sugary drinks 

   Fast foods 

   Savoury snacks 

   Sweet snacks 

   Fruit and vegetables 

 

0.04 (-0.01 to 0.10) 

0.01 (-0.23 to 0.26) 

0.04 (-0.14 to 0.22) 

0.01 (-0.05 to 0.07) 

0.01 (-0.03 to 0.06) 

 

0.10 

0.92 

0.69 

0.74 

0.57 

Maternal Child Feeding Practices 
   Restriction 

   Pressure to eat 

   Monitoring  

 

0.01 (-0.28 to 0.28) 

-0.25 (-0.44 to -0.05) 

-0.14 (-0.38 to 0.10) 

 

0.99 

0.01 

0.26 

Family Eating Practices 
Not eating dinner at a table  

Eating dinner separately from 
parents 

   Regular snacks in front of 
television 

 

0.34 (-0.21 to 0.88) 

0.52 (0.06 to 0.99) 

 

0.01 (-0.19 to 0.20) 

 

0.22 

0.03 

 

0.95 

Constant 16.95 (15.35 to 18.55) <0.001 
Values are β coefficients (95% confidence intervals) and P values derived from 
multivariate regression analysis 
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A further model including only the four most important variables (maternal pressure to 

eat, eating separately from parents, sugary drink intake and not eating dinner at a table) 

explained 7.7% of the variability in BMI, indicating that the contribution of the other 

diet and eating environment factors was negligible. In this model, sugary drink intake 

was also significantly associated with BMI at age three (β = 0.05, P = 0.04). 

PERINATAL FACTORS AND FAMILY CHARACTERISTICS 

Table 39 shows the results of the model including perinatal factors and family 

characteristics, which explained 20% of the variability in BMI, a much greater 

proportion than either activity or diet-related factors.  In this multivariate regression 

analysis, factors which were significantly associated with the child’s BMI at age three 

were birth weight, maternal smoking during pregnancy, father’s (but not mother’s) BMI 

and Maori ethnicity. 

INTRA-UTERINE AND PERINATAL FACTORS 

There was a positive association between birth weight and BMI at age three. For the 

model, birth weight was centred at 3500g, approximately the cohort mean, with the co-

efficient representing the change in BMI at age three per kilogram change in birth 

weight.  A one kilogram higher birth weight was associated with an increase in BMI at 

age three of 0.54kg/m2. 

Maternal smoking during pregnancy was also shown to be highly significant in 

predicting BMI at age three.  Having a mother who smoked during the pregnancy, 

compared to one who did not smoke, was associated with an increase in the child’s BMI 

of 0.69kg/m2 after adjusting for other factors included in the model. Furthermore, we 

found that the influence of birth weight on BMI at age three differed depending on 

maternal smoking habits, hence the addition to the model of an interaction term for 

(birth weight * maternal smoking during pregnancy) which was also highly significant 

(t = -2.51, P = 0.01). 
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Table 39  Model for the cross-sectional associations of perinatal factors and family 
characteristics on body mass index at age three years. 
 

Risk Factor 
β Coefficient  

(95% confidence intervals) 
P value 

Intrauterine and Perinatal Factors 

Sex  0.17 (-0.16 to 0.51) 0.31 

Birth weight  0.54 (0.13 to 0.95) 0.01 

Maternal smoking during 
pregnancy 0.69 (0.24 to 1.14) 0.003 

(Maternal smoking * birth 
weight) -1.19 (-2.12 to –0.26) 0.01 

Duration of full breast feeding -0.01 (-0.09 to 0.07) 0.75 

Family Characteristics and Demographics 

Ethnicity 

     European and Other 

     Maori 

     Pacific 

 

Referent category 

0.95 (0.41 to 1.50) 

-0.51 (-1.42 to 0.41) 

 

 

0.001 

0.28 

Parental BMI  

     Mother 

     Father 

 

0.02 (-0.01 to 0.05) 

0.04 (0 to 0.08) 

 

0.31 

0.03 

Income  -0.06 (-0.17 to 0.05) 0.31 

Constant 16.75 (15.94 to 17.56) <0.001 
Values are β coefficients (95% confidence intervals) and P values derived from 
multivariate regression analysis 

 

The interaction between birth weight and maternal smoking status is demonstrated 

further in Figure 10. For the offspring of non-smokers, the association between birth 

weight with BMI at age three was positive. Each kilogram increase in birth weight was 

associated with an increase in BMI at three of 0.54kg/m2. However for offspring of 

mothers who smoked during the pregnancy, the relationship was negative, indicating 

that babies with a lower birth weight were more likely to have a higher BMI at age 

three. In this group, each kilogram increase in birth weight was associated with a 
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decrease in BMI at three of 0.50 kg/m2. We were unable to examine for a dose response 

effect of the number of cigarettes smoked per day due to the relatively small number of 

smokers (n = 47). 

 

Figure 10  Scatter-plot demonstrating the different relationship between birth 
weight and BMI at age three depending on maternal smoking status during the 
pregnancy.  

Interaction effect P = 0.01. 

In this sample there was no significant association between either child’s sex or the 

duration of full breast feeding on BMI at age three. 

FAMILY CHARACTERISTICS AND DEMOGRAPHICS 

For the model, ethnicity was categorised as Maori, Pacific or NZ European and Other, 

as was used in the National Children’s Nutrition Survey (149). Maori ethnicity was 

significantly associated with BMI at age three. Despite small numbers, being of Maori 

ethnicity was associated with an increase in BMI of 0.95kg/m2 compared to NZ 

European and Other ethnicity. There was no association between Pacific ethnicity and 

BMI although, again, the number of Pacific children was small. 
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Paternal BMI was also associated with that of the child with the association being in the 

expected direction; children of heavier fathers were more likely to have a higher BMI. 

Interestingly, in this model, there was no association between the child’s BMI and that 

of the mother. 

Household income was not significantly associated with BMI at age three. The model 

was repeated substituting maternal education for income to determine if education was a 

more significant socio-economic factor. However this model explained less of the 

variability in BMI (R2 = 19.1%) and maternal education was not a significant factor (β 

= -0.14, P = 0.44). 

FINAL MODEL PREDICTING BMI AT AGE THREE 

We then selected the best predictors from the model examining the influence of  

perinatal and family characteristics (Table 40, model 1) and added those from the diet 

and eating environment model to create a final model predicting BMI at age three 

(Table 40, model 2). No activity variables were included since none had been 

independent predictors of BMI in our earlier model. 

This final model (model 2) explained 26.6% of the variability in child BMI. The 

significant independent predictors of BMI were birth weight, maternal smoking during 

pregnancy with a persistent interaction effect between birth weight and maternal 

smoking, Maori ethnicity, paternal BMI and maternal pressure to eat. The size of the 

estimate for the significant perinatal and family characteristics factors did not change 

substantially after adjusting for dietary and eating environment factors. There was a 

small decrease in the size of the estimate for the association with birth weight from 0.54 

(0.13 to 0.95) to 0.50 (0.10 to 0.90), with the others essentially unchanged. Adjusting 

for perinatal and family characteristics strengthened the association between maternal 

pressure to eat, increasing the size of the estimate from -0.25 (-0.44 to -0.05) to -0.29   

(-0.46 to -0.12). However adjusting for perinatal and family demographic factors 

resulted in children eating dinner separately from their parents was no longer 

independently associated with BMI.  
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Table 40  Final model predicting child BMI at age three years (n = 220) 
 

Risk Factor 
Model 1 
R2 = 0.20 

Model 2 
R2 = 0.27 

Intrauterine and Perinatal Factors 

Sex  0.17 (-0.16 to 0.51) 0.25 (-0.08 to 0.58) 

Birth weight 0.54 (0.13 to 0.95)* 0.50 (0.10 to 0.90) * 

Maternal smoking during 
pregnancy 0.69 (0.24 to 1.14) ** 0.68 (0.24 to 1.12) ** 

(Maternal smoking * birth 
weight) -1.19 (-2.13 to -0.26) * -1.13 (-2.0 to –0.22) * 

Duration of full breast feeding -0.01 (-0.09 to 0.07) -0.03 (-0.11 to 0.05) 

Family Characteristics and Demographics  

Ethnicity 

     European and Other 
     Maori 
     Pacific 

 

Referent category 

0.95 (0.41 to 1.50) ** 

-0.51 (-1.42 to 0.41) 

 

Referent category 

0.91 (0.37 to 1.44) ** 

-0.51 (-1.40 to 0.38) 

Parental BMI > 25 kg/m2 

     Mother 
     Father 

 

0.02 (-0.01 to 0.05) 

0.04 (0.01 to 0.08) * 

 

0.02 (-0.01 to 0.05) 

0.04 (0 to 0.08) * 

Household Income (6 
categories) -0.06 (-0.17 to 0.05) -0.07 (-0.18 to 0.04) 

Diet and Eating Environment  

Maternal pressure to eat  -0.29 (-0.46 to –0.12) ** 

Eating separately from parents  0.41 (-0.03 to 0.85) 

Sugary drink intake  0.01 (-0.04 to 0.06) 

Constant  17.01 (15.92 to 18.10) 
Values are for β coefficient (95% confidence intervals) and P values derived from 
multivariate regression analysis.   
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MODIFIABLE VERSUS NON-MODIFIABLE RISK FACTORS 

The model was recalculated to determine what proportion of the variability in children’s 

BMI was due to risk factors that were amenable to intervention. The non-modifiable 

risk factors were judged to be child’s sex, birth weight, ethnicity, household income, 

and parental BMI (both mother’s and father’s). These variables alone accounted for 

7.4% of the variability in child’s BMI. 

The modifiable variables accounted for slightly more of the variability. A model 

containing the risk factors of maternal smoking during pregnancy, duration of full breast 

feeding, maternal pressure to eat, eating separately from parents and intake of sugary 

drinks accounted for 14.7% of the variability in BMI. 
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CHAPTER 2.3  DISCUSSION 

The main objectives of this cross-sectional study were to: 

1. determine the prevalence of overweight and obesity in this sample of 

Dunedin children,  

2. simultaneously examine multiple putative risk factors and potential 

confounders which may be involved in the development of overweight and 

obesity at age three and 

3. explore environmental factors which might in turn influence these risk 

factors.  

In particular, the study focused on potentially modifiable risk factors related to physical 

activity and inactivity, diet and the eating environment which may be amenable to the 

development of intervention programmes. 

This study identified five potential risk factors as being independently associated with 

BMI in children at three years of age. Higher birth weight, maternal smoking during 

pregnancy, Maori ethnicity and higher paternal BMI were all associated with increased 

BMI at age three whereas greater maternal pressure to eat was associated with lower 

BMI at age three. We also identified an interaction effect between birth weight and 

maternal smoking during pregnancy such that for children of mothers who did not 

smoke, higher birth weight was associated with increased BMI at age three, whereas the 

opposite was found for the offspring of smokers, with higher birth weight associated 

with lower BMI at three years. Of these factors associated with higher child BMI, only 

maternal smoking and, to a much lesser extent, paternal BMI are potentially modifiable 

through public health programmes. 

The study hypothesised that several child lifestyle factors would be associated with 

increased risk of overweight (Section 1.4.2, page 70), however few of these were 

supported in this cross-sectional analysis. Maternal pressure to eat but not restriction of 

particular food types was associated with child BMI and the association was negative 

suggesting that, if maternal pressure to eat is involved causally in the development of 

overweight, the effect is protective. Eating separately from parents, one “non-

traditional” aspect of the eating environment investigated by the study, was associated 

with higher BMI in early models but not after adjustment for perinatal and family 
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demographic variables. Furthermore, the study was unable to demonstrate an 

independent effect of physical activity level, sedentary behaviours, sleep or breast 

feeding duration or any of the dietary composition variables assessed.  

 

2.3.1 THE PREVALENCE OF OVERWEIGHT AND OBESITY 

This study provides confirmation that the concerningly high prevalence of overweight 

and obesity in New Zealand children extends to the preschool age group. In this sample 

of Dunedin three-year-old children, 19.9% met international criteria (1) for overweight 

and an additional 6.2% were obese.  

The National Health Survey 2006/07, conducted two years after these measures, was the 

first national survey in New Zealand to include the preschool age group. In the two to 

four year age group, 21.7% of boys and 25.7% of girls were overweight and a further 

7.6% and 9.1% respectively were obese (293), as defined using international criteria (1). 

The current study demonstrated slightly lower rates of overweight and obesity than 

those found nationally, which may reflect the relatively low numbers of Maori and 

Pacific children in our cohort compared with the deliberate over-sampling of these 

groups in the national survey. 

Our figures are also consistent with prevalence rates found in studies from other 

developed countries. Table 41 shows the results of the current study in comparison with 

contemporaneously collected, nationally or regionally representative prevalence figures. 

(Note that more recent surveys have been reported in both the US and UK and these 

trends will be discussed further in chapters 3 and 4 of this thesis.) The combined 

prevalence of 26.1% for overweight and obesity in both genders found in our study 

places Dunedin three-year olds towards the upper end of reported prevalence ranges, 

similar to the United States (294) and Canada (295) (26.2 and 25.6% respectively) and 

with only Ireland (296) reporting slightly higher overall rates (27.4%).  

Slightly reassuring is that, in contrast with the United States (294) and to a lesser extent, 

England (297), the majority of those children above the healthy BMI range were 

overweight rather than obese. It should be noted, however, that both of these studies 

used different definitions and reference ranges to define overweight and obesity and this 

will impact on results (69). 
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Table 41  The prevalence of overweight and obesity in the current study compared with published regionally or nationally 
representative studies in pre-school children. 

Country Date of 
Survey 

Age in years/ 
sample size Definition 

Prevalence (%) 

Reference  Obesity Overweight             
(not including obesity) 

Dunedin, NZ 2004/5 3 / 241 Cole et al / 
IOTF 

Male 
Female 

5.1 
7.7 

19.7 
20.2 

 

New Zealand 2006/07 2-4 / 958 Cole et al / 
IOTF 

Male 
Female 

7.6 
9.1 

21.7 
25.7 

Ministry of Health (293) 

Australia 2004 4-5 / 4934 Cole et al / 
IOTF 

Male 
Female 

4.9 
5.6 

14.1 
16.6 

Wake (298) 

England 2006-7 4-5 / 435,927 UK National 
 BMI 

percentiles1 

Male 
Female 

10.7 
9.0 

13.6 
12.4 

Information Centre for 
Health and Social 

Care(297) 

Wales 1995 – 
2005 

3 / 21,301 Cole et al / 
IOTF 

Male 
Female 

4.9 
5.6 

14.3 
15.8 

Brunt (299) 

Ireland 2001/2 4 / 1456 Cole et al/ 
IOTF 

Male 
Female 

6.8 
6.4 

19.4 
22.1 

Whelton (296) 

United States 2003/4 2-5 / 818 2000 CDC BMI  
percentiles1 

Male 
Female 

15.1 
12.6 

12.2 
12.6 

Ogden (294) 

Canada 2000-2 3-5 / 4161 Cole et al / 
IOTF 

Male 
Female 

7.8 
8.2 

16.8 
18.5 

Canning (295) 

                                                             
1 UK National BMI percentiles are based on a 1990 reference population. For both UK National BMI percentiles and CDC percentiles overweight is defined as 
≥ 85th percentile and < 95th percentile; obesity is ≥ 95th percentile. 



155 
 
At age three, the BMI thresholds defining overweight and obesity according to the UK (64), 

CDC (63) and IOTF (1) criteria are similar but not identical. The difference in threshold for 

defining obesity is greater than that for overweight. For example, obesity thresholds are 

1.33 and 1.11 kg/m2 higher for boys and girls, respectively, in the IOTF thresholds than the 

CDC growth charts and this may contribute significantly to the apparently lower rate of 

obesity seen in the current study compared to US data.   A number of studies using different 

reference standards to examine the same data set have found significant differences in 

obesity prevalence according to the reference standard used (3, 70, 72, 73). Flegal et al 

examined data from NHANES III and found the pattern of differences in obesity 

prevalence varied by age. Using the IOTF reference standard resulted in up to 50% lower 

estimates of obesity prevalence in young children, which would fit with our findings, but 

higher estimates amongst older children, compared with the CDC 2000 reference (70). 

The country with which New Zealand most commonly compares itself, Australia, 

consistently reports lower prevalence rates amongst the pre-school age group. National data 

reported by Wake et al showed rates of overweight (1) that were 5.6 and 3.6 percentage 

points lower than the current sample for males and females respectively, in conjunction 

with slightly lower prevalence of obesity (298). Similarly, Nichols et al reviewed records 

on more than 12,000 children aged 3.5 years from the state of Victoria measured in 2004 

and found 16.3% were overweight (1) with an additional 3.2% obese (300), giving a 

combined prevalence equivalent to that seen for overweight alone in this sample. One 

possible explanation for this may be the differences in ethnic mix between the two 

countries. Children of Maori and Pacific ethnicity living in Australia have also been shown 

to have higher rates of overweight and obesity (1), as have children of Middle Eastern 

origin (301) and indigenous Aborigines and Torres Strait Islanders (302). However, these 

groups make up a smaller proportion of the population in Australia than in New Zealand 

(303). 

The results of the current study also suggest that Dunedin children are following 

international trends towards increasing body mass indices over the last three decades. The 

Dunedin Multidisciplinary Health and Development Study, which examined a cohort born 

in Dunedin in 1972-73, found a mean (standard deviation) BMI at age three years of 16.5 

(1.26) kg/m2 in males and 16.3 (1.31) kg/m2 in females (43). In the current sample mean 
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BMI was 17.2 (1.21) kg/m2 in males and 17.0 (1.52) kg/m2 in females, an increase of 

0.7kg/m2, more than half a standard deviation for both genders.  

Comparisons with international reference populations provide further support for body 

habitus increasing with time. Conversion of these results to CDC Z-scores gave a mean Z-

score for weight of 0.78 and for height of 0.26. This is in relation to a reference population 

derived from nationally derived US data dating from 1963-1994 (63) and represents an 

upwards shift in the mean for both weight and height. The upward shift in weight is greater 

than that for height as has been seen in studies of other populations (304), with the current 

study demonstrating an increase in mean weight of more than three quarters of one standard 

deviation. This greater increase in weight relative to height results in a marked increase in 

BMI. In our study the mean BMI Z-score was 0.85 (SD 0.86), indicating that the mean 

BMI had shifted up almost one standard deviation compared to the reference population. 

Such increases in BMI, which then result in an increase in the prevalence of overweight and 

obesity at the upper end of the population distribution, have also been described in older 

children. Hawkes Bay data found the relative risk of overweight in 2000 compared to 1989 

for eleven to twelve year olds was 2.2, with the risk of obesity being 3.8 times as high (6). 

Corresponding Australian figures for the period between 1985 and 1995 were 1.79 and 3.28 

respectively (3) and US data reported an increase of approximately seven percentage points 

in the prevalence of overweight between NHANES III and the preceeding survey (304). 

(The most recent NHANES data suggests a plateauing of this increase and this will be 

discussed in sections three and four of this thesis in conjunction with our own later, 

longitudinal results.) 

However, Flegal and Troiano reported that the majority of the increase in prevalence of 

overweight was due to increased positive skewing of the distribution curve, such that the 

heaviest children had the greatest increases in BMI over time (304). Between NHANES II 

and III, in six year old children, the youngest age group surveyed, the mean BMI increased 

by 0.7 kg/m2 in males and 0.6 kg/m2 in females, whereas at percentiles above the 90th 

percentile, there was an increase by more than 2kg/m2 for both girls and boys. This pattern, 

characterised by little or no difference at the lower end of BMI distribution, increasing 

skewness and large changes at the upper end of the distribution, was seen for all age groups 

throughout childhood and to a less marked extent in adolescence. In contrast, although our 
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results do show positive skewing of the BMI distribution curve for both sexes, particularly 

girls, the standard deviation of 1.21 and 1.52 kg/m2 and Z-score standard deviation of 0.86, 

indicate that the degree of spread of the population is broadly similar to both the historical 

Dunedin and US populations and that the increase in overweight and obesity seen in our 

population is likely to be predominantly due to an upwards shift of the entire population 

curve. 

2.3.2  RISK FACTORS PREDICTIVE OF OVERWEIGHT 

As outlined in Section 1.4.1, the over-arching objective of this study was to identify risk 

factors for the development of overweight and obesity in early and middle childhood in 

New Zealand which could be potentially modified through primary prevention and 

intervention-based public health programmes. In this cross-sectional component, five 

potential risk factors; birth weight, maternal smoking during pregnancy, Maori ethnicity, 

paternal BMI and maternal pressure to eat, were related to body mass index at age three 

years. In addition, eating separately from parents was significant in the initial model but 

marginally non-significant when perinatal and family characteristics were included. 

Many hypothesised risk factors for overweight were not independently associated with 

BMI in the current study, including all activity measures, sleep duration, gender, duration 

of breast feeding, maternal BMI, family income and maternal education and intake of 

specific foods. 

ETHNICITY 

In the final model, the strongest predictor of BMI was Maori ethnicity, corresponding to an 

increase of 0.91 (95% CI: 0.37 to 1.44) kg/m2 compared to the European and Other 

combined group. Mean (SD) BMI for the twenty-seven Maori children was 18.2 (1.7) 

kg/m2, 1.2 kg/m2 greater than the mean for European children (ANOVA, P < 0.0001).  

This finding is in keeping with New Zealand studies of selected populations (6, 305) which 

both found higher mean BMI in Maori compared to Europeans in older children. The 

National Children’s Nutrition Survey found Maori girls and boys were both taller and 

heavier than New Zealand European and Other (NZEO) children (149). However this did 

not translate to a significantly higher BMI in Maori and was not significant in the youngest 
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age group (five and six year olds). More recently, the 2006/7 National Health Survey found 

higher mean BMI for Maori children in all ages surveyed (293). 

The increase in mean BMI amongst Maori children in this study appears to be 

predominantly due to a disproportionate number of children at the upper extreme. Whereas 

rates of overweight were similar to Europeans (22.2% of Maori compared to 21.1% of 

Europeans), there was a much greater proportion of Maori in the obese category (22.2% 

compared to 4.5% respectively, χ2 test, P = 0.01). This pattern of markedly higher rates of 

obesity has been found in older children. National figures found rates of overweight and 

obesity of 19.6 and 15.7% respectively for Maori boys aged 5-14 and 30.6 and 16.7% for 

Maori girls. This compared to 18.4 and 4.7% respectively for European and Other (NZOE) 

boys and 18.8 and 6.0% for girls (149). Furthermore, Maori had much higher rates of 

extreme obesity, defined as ≥ 99th US CDC percentiles for age and sex, with 5.1% of Maori 

children in this category compared to 0.8% of NZOE children sampled (306).  

In the current study, Maori ethnicity was predictive of higher BMI independent of a large 

number of other factors, including socio-economic status, physical activity and many 

dietary variables. Socio-economic status and ethnicity are closely intertwined and Maori are 

disproportionately represented amongst lower income households in New Zealand (290). 

National surveys of children from New Zealand (293), Australia (307), the United States 

(308) and the United Kingdom (309) show that overall obesity prevalence increases with 

lower socio-economic status. However the relationship between BMI, ethnicity and socio-

economic status is inconsistent in the literature with surprisingly few studies attempting to 

tease out the complex interplay between these factors. Some studies have found either no 

relationship between these three factors (310, 311) or that the relationship between BMI 

and socio-economic status varies in different ethnic groups (308). For example in New 

Zealand adults, non-Maori of both genders showed an inverse relationship between income 

and BMI, whereas in Maori women there was no clear relationship with socio-economic 

markers and in men the relationship was positive i.e. higher socio-economic status was 

associated with larger BMI (312). Analysis of the National Children’s Nutrition Survey 

(NCNS) suggests that both ethnicity and socio-economic status, represented by NZDep 

scores, were significantly associated with increased risk of overweight (313). Similarly, 

large studies in both Melbourne and the United States have found an independent effect of 
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ethnicity above and beyond the effect of multiple different socio-economic indicators (152, 

314). The current results suggest that, in this sample, Maori ethnicity per se plays a greater 

role than socio-economic factors, however given the small numbers of Maori in our sample, 

we were unable to test this further.  

One possible mechanism for the ethnic differences seen could include increased genetic 

susceptibility in an obesogenic environment. Single nucleotide polymorphisms in a number 

of different genes have been shown to affect BMI in a cumulative manner, although each 

individually has only a very modest effect (315). Ethnic differences in the distribution of 

some of these have been demonstrated in Americans of African versus European descent 

(316) and it may be that increased numbers of “higher risk” genetic variants may increase 

susceptibility to small imbalances of energy metabolism over time. 

The current sample was not large enough to examine ethnic differences in activity or 

dietary variables and the results of other studies into possible contributors to ethnic 

disparity have been mixed. Rush et al found no difference in resting metabolic rate and a 

higher level of total energy expenditure in a small sample of Maori children compared to 

NZ Europeans after adjusting for age and body weight (317), findings which could be 

expected to predict lower rates of overweight in Maori, rather than the higher rates seen. 

However studies analysing the National Children’s Nutrition Survey data have identified 

ethnic differences which could contribute to higher rates of overweight and obesity in older 

Maori and Pacific children, including being more likely to miss breakfast, more likely to 

source school food from outside the home and to consume greater quantities of some high 

fat and sugar foods (318). Maori school-aged children have also been shown to be more 

likely to spend two or more hours per day watching television than non-Maori children of 

the same age (293). 

Unexpectedly, being of Pacific ethnicity was not associated with increased BMI in our 

study and in fact, mean BMI (SD) for Pacific children of 16.9 (0.83) kg/m2 was no different 

from the mean of  17.0 (1.2) kg/m2 for European children. However, due to the ethnic 

distribution of Dunedin, our study included only nine Pacific children and these very small 

numbers seem likely to explain these results. Indeed, the small size of this group may make 

separate analysis invalid. 
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Debate exists over the appropriateness of using BMI to define obesity in children of Maori 

and Pacific ethnicity. Rush et al (62) found that for a fixed BMI Maori and Pacific Island 

girls had a lower percentage body fat by an average of 3.7%. Subsequent to this, Duncan et 

al have published revised ethnic-specific BMI cut-off points for overweight and obesity in 

girls aged five to sixteen which are between 0.5 – 1kg/m2 higher for Maori than the 

international standards used in the current study (319). However Rush et al were not able to 

demonstrate a similar effect in boys and other studies have found only very small 

differences which are unlikely to be clinically significant except in the extreme upper BMI 

range (148).  

Despite this ongoing controversy, one must remember that obesity is of concern 

predominantly because of its associated health consequences. Maori adults have high rates 

of both type 2 diabetes mellitus and cardiovascular disease (293). Furthermore, Taylor et al 

have demonstrated in New Zealand adults that BMI at the current WHO cut-offs correctly 

discriminates between those with and without insulin resistance and the metabolic 

syndrome in more 75% of subjects with little variation in predictive ability according to 

ethnicity (58) and these are the thresholds used to define overweight and obesity in the 

most recent national health survey (293).  

BIRTH WEIGHT 

In this sample, each additional kilogram in birth weight corresponded to an increase in BMI 

at age three of 0.50 (95% CI: 0.01 to 0.90) kg/m2. This positive association between birth 

weight and BMI later in childhood is consistent with a number of large international studies 

(100, 110, 320-322). Whitaker et al retrospectively examined data from more than 8000 

low income children and found that at age three the prevalence of obesity was 21.2% for 

those whose birth weights were ≥ 90th percentile compared to 12.6% for those with birth 

weights between the 10th and 89th percentiles and only 6.5% for those born weighing less 

than the 10th percentile. This translated to an odds ratio for obesity of 1.59 for those with 

the highest birth weights (322). A prospective study by Reilly et al also found an 

independent and linear increase in obesity at age seven with increasing birth weight (100).  

Studies within childhood which have not found an association with birth weight have 

tended to be those which include multiple measurement points within the model. For 
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example, Salsberry et al analysed data collected at three time points between the age of two 

and seven years (323). High birth weight was associated with overweight at ages four and 

seven in initial models adjusting for potential confounders but was no longer significant 

when the weight status at the previous time-point was included in the model. Similarly, 

Stettler et al found that birth weight was not a significant predictor of BMI at age seven 

once weight at age one was included in the model (113). This may reflect tracking of 

growth patterns such that the inclusion of several growth points which are themselves 

closely associated with birth weight may reduce the apparent significance of birth weight 

on the BMI at end-point. 

The relationship between high birth weight and increased BMI appears to persist through 

adolescence (112, 157) and into adulthood, although the strength of association with birth 

weight decreases with increasing age at follow-up (117). Sorensen et al found a steady 

linear association between increasing birth weight and BMI in young Danish men (111) 

however like many of the studies examining BMI in adulthood (123, 324), they did not 

adjust for parental BMI. By contrast, Parsons et al found that although the relationship with 

birth weight remained significant, much of the association with adult BMI was explained 

by maternal weight (117), suggesting that the effects of the intra-uterine environment 

diminish with age. Furthermore the nature of the relationship changed with age from linear 

in childhood to more J shaped in adults such that those with the lowest birth weights also 

had a higher risk of overweight as adults. 

Low birth weight has also been consistently associated with increased risk of 

cardiovascular disease and type 2 diabetes in adulthood (122, 123), particularly when 

followed by rapid weight gain in infancy and early childhood (122). This appears to be due 

to intra-uterine programming of body composition. Children participating in NHANES III 

who were born small for gestational age remained slightly smaller than their peers but their 

deficiency in size was found to be due to reduced lean tissue mass without a reduction in fat 

mass, resulting in an increased percentage body fat (325). In a study using DXA to examine 

70-75 year old men and women, Gale et al showed that low birth weight was specifically 

associated with reduced lean tissue mass even at this age (326). Furthermore, Barker et al 

demonstrated in adolescent girls that the increased body fat tended to be central in 

distribution (112), which is most strongly associated with cardiovascular disease risk.  
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Birth weight itself reflects a number of distinct but closely related factors. It comprises the 

sum of the length of gestation, the rate of fetal growth, the adequacy of the intra-uterine 

environment and uteroplacental function and the genetic potential of the individual. These 

factors are themselves influenced by such factors as maternal nutrition, endocrine factors, 

fetal sex, maternal parity and age (327). Therefore birth weight may be influenced by a 

number of potential confounders. Our analysis did not adjust for gestational age, however 

we excluded children born at less than thirty-seven completed week’s gestation and no 

children were born at more than forty-two weeks gestation. Birth weights in our study 

range from 2120g to a maximum of 4910g, with a mean of 3520g, which compare to New 

Zealand medians at forty weeks gestation of 3570g for boys and 3450g for girls (109). 

Other potential confounders of birth weight include maternal smoking which is known to 

influence uteroplacental function (328) and genetic potential as reflected in parental BMI. 

Both these factors independently influenced BMI in our study and will be discussed 

subsequently. 

Internationally, birth weights have been increasing steadily for the last thirty to forty years 

(329-333). Studies from Australia, the United States, Canada and Scandinavia have shown 

increases in mean birth weight, ranging from 1.9 g/year in Australia between 1988 – 2005 

(329) to 5g/year in Denmark between 1973 and 2003 (332). The most marked increases 

have been seen in term neonates, such as those included in this study (329, 331). Although 

this increase in the mean may appear trivial, it has been accompanied by a more marked 

shift at the upper end of the birth weight distribution curve. In the United States, the 

proportion of term babies born large for gestational age increased by 5% for whites and 9% 

for African Americans between 1985 – 1998, with an increase of 24% seen in Canada over 

the same time period (333). Possible causative factors for this increase include increasing 

maternal pre-pregnancy BMI and decreasing rates of maternal smoking (332). How much 

these trends are contributing to the increase in prevalence of childhood obesity is unknown. 

One study by Rugholm et al has shown that the relationship between high birth weight and 

high BMI in childhood remained stable over a period of more than fifty years for cohorts 

born between 1936 and 1988 (321). The results of the current study suggest that increasing 

birth weight in the population may contribute to increased prevalence of obesity later in 

childhood. 
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This study shows an increase in BMI of 0.50kg/m2 at age three for every kilogram heavier 

at birth, after adjusting for parental BMI and other potential confounders, supporting the 

importance of the intra-uterine environment in influencing subsequent growth. Although 

for the majority of healthy pregnancies, birth weight is not easily modifiable, our findings 

highlight the importance of optimising the intra-uterine environment through targeting 

healthy lifestyle advice to pregnant women. 

MATERNAL SMOKING DURING PREGNANCY  

Maternal smoking during pregnancy produced a greater effect on BMI at age three than 

birth weight and was associated with an increase in BMI of 0.68 (95% CI: 0.24 to 1.11) 

kg/m2 in the final model. This was despite children of mothers who smoked during the 

pregnancy having a lower birth weight than those whose mothers didn’t smoke by a mean 

difference of 238g (95% CI for difference: 97 to 379, unpaired t test P = 0.001) due to a 

strong interaction effect between maternal smoking and birth weight. Birth weight was 

positively associated with BMI at three in the offspring of non-smokers and negatively 

associated with BMI at three in those children whose mothers smoked. 

Higher BMI in the offspring of mothers who smoked during pregnancy has been 

consistently reported in the literature (328, 334, 335). In the largest study reported to date, 

which included more than 20,000 Americans born between 1959-74, Chen et al reported a 

mean difference in BMI at age four of 0.06 kg/m2 for sons of smokers and of 0.09kg/m2 for 

daughters. This was after adjusting for a number of potential confounders such as maternal 

pre-pregnancy BMI, race, socio-economic status and breast-feeding (336). In this historical 

cohort, more than half of mothers smoked throughout the pregnancy, compared to just 

fewer than 20% in our study. However another, more recent study by Leary et al found a 

similar effect size to that reported by Chen et al, despite similar levels of smoking to the 

current study. In the Avon Longitudinal Study of Parents and Children, smoking at any 

time during the pregnancy was associated with an increase in BMI at age 9 by 0.24 SD or 

approximately 0.28kg/m2 (337). The effect of antenatal smoking in the current study was 

much larger and this may be due to differences in cigarettes, with New Zealand cigarettes 

delivering a higher level of nicotine than in six of eight countries examined (338); to 

population differences, such as in susceptibility genes for nicotine metabolism which can 
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affect total nicotine exposure (339) or to a number of potential confounders as will be 

discussed below.  

Also consistent with our findings are a number of studies which have assessed the risk of 

overweight and / or obesity. A recent meta-analysis by Oken et al based on results of 

84,563 children reported in fourteen observational studies, found that children whose 

mothers smoked during pregnancy were at elevated risk for overweight (pooled adjusted 

odds ratio 1.50, 95% CI: 1.36, 1.65) compared with children whose mothers did not smoke 

during pregnancy (340). The odds ratios reported for individual studies ranged from 1.21 

(336) to 3.8 (335), with age at final follow-up ranging from three to thirty-three years (334). 

In this longest study, which reported findings of the 1958 British birth cohort, the increase 

in risk due to antenatal smoke exposure actually increased with increasing age (334). There 

were no studies which demonstrated no effect of maternal smoking or showed a decrease in 

risk of subsequent overweight. Using obesity cut-points, where available, produced a 

similar result with an adjusted odds ratio of 1.52 (95% CI: 1.36, 1.69) (340). 

Maternal smoking during pregnancy is known to adversely affect fetal growth, resulting in 

infants who are lighter, shorter and have smaller head circumferences at birth (227, 328). 

This symmetrical growth retardation becomes apparent some time after seventeen weeks 

gestation (328) but can be clearly demonstrated by thirty weeks gestation (227). The effect 

of smoking on birth weight shows a dose-response effect, on average reducing birth weight 

by 13g per cigarette smoked daily (114). Smoking mothers in the current study reported a 

mean (median, interquartile range) number of cigarettes smoked per day of approximately 8 

(6, 4 – 10). However, the mean difference in birth weight of their children compared to 

those of non-smokers was 238g, more than double the deficit expected by this estimate. 

This deficit could be due to multiple factors including under-reporting of cigarette numbers, 

differences in cigarette strength as described above and the influence of other confounding 

factors on birth weight such as socio-economic status, maternal age and parity.  

Postnatally, children of smokers have consistently been shown to exhibit more rapid catch-

up growth throughout the neonatal period and early childhood. Two studies have shown 

that by one year of age, infants of smokers had achieved complete catch-up growth with no 

residual deficit in either weight or height (227, 341). Vik et al demonstrated very rapid 

catch-up growth in both weight and length between birth and six months, which was then 
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followed by slower but continuing catch-up growth until five years (328). Similarly, 

Dubois et al found that, of children who were overweight at age 4.5 years, those whose 

mothers had smoked during pregnancy had demonstrated greater gain in weight in the first 

five months than the overweight children of non-smokers (320). Griffiths et al found an 

increased risk of rapid weight gain between ages three and five in the children whose 

mothers smoked in pregnancy (342). 

Debate exists over whether these children are of higher weight but normal height or 

whether they are both heavier and shorter. Some studies have reported higher weight but no 

difference in height in children exposed to prenatal smoking (343, 344). Others have found 

that the catch-up growth in height was incomplete and that prenatally exposed children 

were both heavier and shorter (328, 336).  

Few studies have examined body composition in the children of smokers. Using DXA at 

age nine, Leary et al reported that antenatal smoking was associated with an increase in 

both fat and lean tissue mass but that the increase in fat mass was approximately double 

that of lean tissue mass. This increase in fat mass was stronger for total fat mass than for 

truncal fat and was also stronger in girls than boys (337). 

The current study found a strong interaction effect between maternal smoking and birth 

weight such that for the children of smokers, birth weight was negatively associated with 

BMI at age three, the opposite of the association seen for children of non-smokers. To our 

knowledge, this has not been reported in the literature. One possible explanation for this 

pattern of associations would be a dose-response effect of smoking exposure. Our study did 

not include sufficient numbers of smokers to examine for the effect of different levels of 

maternal smoking however the literature is remarkably consistent in reporting a strong 

dose-response effect of in-utero smoke exposure to risk of child overweight (99, 100, 336, 

337, 341, 343). Heavier smoking results in both lower birth weight and increased risk of 

child overweight compared to light smokers and this would be consistent with the 

interaction effect seen in our study. 

It is likely that the association between antenatal smoking exposure and subsequent 

increase in body mass index is due to both a physiological fetal programming effect and 

unrecognised confounding, particularly by socio-economic factors. Smoking prevalence is 
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now strongly entwined with socio-economic factors. In New Zealand, women in the most 

deprived households are more than three times as likely to be current smokers as those in 

the least deprived neighbourhoods (age standardised prevalence rates of 35.6% compared to 

9.4%) and age standardised rate ratios for Maori women are more than double that of New 

Zealand Europeans (345). Although the current study found a persistent effect of antenatal 

smoking after adjusting for income (or alternatively maternal education), accurate 

measurement of socio-economic status is extremely difficult and both of these markers 

should be considered proxy indicators which cannot fully exclude potential confounding 

(346). Furthermore, mothers who smoke and their children have been found to differ in 

other factors which may confound the association between antenatal smoking and 

subsequent body mass index. Contemporary mothers who smoke during pregnancy have 

lower levels of education, lower rates of breast-feeding and higher rates of obesity 

themselves (99, 336, 341). Their children watch more television, are less likely to 

participate in organised sport and have a poorer quality diet (99). 

Historical cohorts, recruited at a time when smoking, particularly smoking during 

pregnancy, was less socially patterned, tend to show weaker associations and smaller effect 

sizes between antenatal smoking and subsequent offspring BMI. In the US Collaborative 

Perinatal Project recruited between 1959 - 74, mothers who had never smoked were of 

lower socio-economic status than current smokers (336). Similarly, differences in social 

class of mothers from the 1958 British Birth Cohort according to smoking status were very 

subtle, although still statistically significant (334), compared to the differences seen today. 

Both these studies reported smaller effect sizes of smoking in offspring BMI. As discussed, 

Chen at al reported a mean difference in BMI at age four of 0.06 - 0.09 kg/m2 (336), 

whereas Power et al found no increase in odds ratio for obesity in young children, with an 

increase becoming apparent only after age eleven (334).  

The role of confounders is further suggested by studies examining the effect of passive and 

paternal smoking on child weight status. Griffiths et al found that passive smoking (defined 

as smoking in the same room as the child) was just as important in multivariate analyses, 

with an odds ratio for overweight of 1.31 (95% CI: 1.16 – 1.49), compared to that for 

maternal smoking during pregnancy of 1.23 (95% CI: 1.09 – 1.38)(342). Similarly Leary et 

al reported that smoking by the mother’s partner was also independently associated with 
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increased BMI and fat mass in the child (337). However the effect size was smaller than 

that of maternal smoking and unlike maternal antenatal smoking, the association became 

weaker after adjusting for potential confounders, supporting the hypothesis that in-utero 

exposure has a physiological effect which is compounded by subsequent confounding 

factors. It is difficult to estimate the effect of passive smoking alone since maternal prenatal 

and post-natal smoking correlate highly. However in the study by Adams et al, there were 

no differences in child growth between children of non-smokers and those whose mothers 

started smoking only after the birth of the child (343), suggesting that the direct role of 

passive smoking in these findings is minimal. 

The physiological mechanisms by which maternal smoking during pregnancy programmes 

childhood growth patterns are still being elucidated. Likely candidates for these effects are 

nicotine, which is transported across the placenta, and carbon monoxide, which may 

influence placental vascular function and induce fetal hypoxia. Nicotine acts both centrally 

and peripherally to reduce appetite and weight and withdrawal is associated with increased 

appetite and weight gain. Wideroe et al suggested that the underlying mechanism for the 

association between maternal smoking and childhood overweight may be inappropriate 

changes in the hypothalamic regulation of energy intake resulting in increased appetite 

(335). Studies in rhesus monkeys have shown that chronic maternal nicotine exposure alters 

hypothalamic activity in the offspring, altering expression of both neuropeptide Y and pro-

opiomelanocortin (POMC) mRNA, which are important regulators of appetite and satiety 

(347). Leptin, which suppresses appetite, may also play a role. Some studies have found 

lower leptin levels in the cord blood of babies whose mothers smoked (348, 349), 

independent of obesity. Ong et al reported that low birth leptin levels were associated with 

greater catch-up growth in early infancy, independent of birth size (350). However not all 

studies have found differing leptin levels, with another study finding no difference in cord 

blood and higher levels in the babies of smokers at age thirteen weeks (351). 

The importance of the timing of exposure to antenatal smoking remains unclear. Most 

studies have found a higher risk for child overweight in those whose mothers smoked 

throughout pregnancy compared to those exposed to smoking only in early pregnancy (334, 

352). However in a second study examining a different Bavarian cohort born five years 

later, Toschke et al found that after adjusting for potential confounders there was no 



168 
 
difference in odds ratio of overweight between those exposed to smoking in the first 

trimester only and those exposed throughout pregnancy (353). They concluded that the 

effect of intra-uterine tobacco exposure on obesity may be largely due to smoking in the 

first trimester with an additional impact of smoking throughout the pregnancy due to 

confounding by other social factors. In contrast, one dissenting study reported the highest 

risk of overweight was associated with smoking later in pregnancy (336).   

A potential limitation of our study is that pregnancy smoking status was ascertained when 

the child was aged three, raising the possibility of recall bias. However self-report of 

smoking during pregnancy has reasonable validity (341) and under-reporting would be 

expected to reduce the effect size of smoking. 

There is already compelling evidence supporting public health recommendations not to 

smoke, with smoking estimated to cause between 4500 to 5000 deaths every year in New 

Zealand (345). Although nationally there has been a continuing downward trend in the rates 

of daily smokers since the 1970s, rates amongst women of child-bearing age remain high 

with women between twenty to twenty-four years of age having the highest rate of current 

smokers for females at 31.2%, decreasing to approximately 21% for women aged between 

twenty-five and thirty-nine (345). Although unrecognised confounding is likely to have 

contributed to the magnitude of the effect size seen in this study, given our results 

estimating an increase in childhood BMI associated with maternal smoking during 

pregnancy of 0.68kg/m2 or approximately half of one standard deviation and an estimated 

pooled odds ratio of a 50% increase in risk of overweight (340), these smoking rates are 

likely to be significant contributors to the prevalence of childhood obesity. Initiatives to 

reduce smoking generally and particularly in women of child-bearing age, if successful, 

will promote better health outcomes for children.  

PARENTAL BMI 

Our multivariate analysis demonstrated that each 1-unit increase in the father’s BMI was 

associated with an increase in BMI at age three of 0.04 kg/m2 in the child. Positive 

associations between children’s BMI and that of their parents have been consistently 

reported in the literature (37, 102, 354, 355). Results of the 1958 British Birth Cohort have 

shown that at each age of follow-up, the mean BMI of the children increased as parental 
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BMI increased, and that this relationship persists until the child is at least forty-five years of 

age (102, 355).  

This positive association in parent – child BMI translates into an increased risk of 

overweight and obesity for children whose parents are overweight, both in childhood (100, 

164, 323) and through into adulthood (41). Salsberry et al studied a cohort of children at 

three time points between the ages of two and seven years and found that maternal pre-

pregnancy overweight and obesity resulted in an  increased risk of child overweight at all 

three time points (323). The odds ratios for child overweight were higher at older ages and 

with higher maternal weight category. Similarly, Williams found that the correlations 

between parents’ BMI and that of the child strengthened with increasing child age (37). 

In keeping with this, the risk of obesity in early adulthood due to parental obesity is greater 

for those aged less than ten years. Whittaker et al reported that before the age of three, the 

primary predictor of adult obesity was parental obesity status, with no predictive effect 

from the child’s own weight status. From age three to nine, both child and parental obesity 

status were important and as the child aged, the child’s obesity status became the more 

important predictor (41). Furthermore, several studies have demonstrated that the tracking 

of obesity from childhood into adulthood is stronger in those whose parents are also obese 

(102, 356).  

Risk of overweight for the child appears to increase with the number of parents who are 

overweight or obese (41, 100, 102). Reilly et al demonstrated an adjusted odds ratio for 

child overweight at age seven of 10.4 for both parents obese compared with 4.3 for 

maternal obesity and 2.5 for paternal obesity (100). A similar pattern was found for risk of 

overweight in young adulthood (41) and Lake et al reported that the tracking of overweight 

from childhood into adulthood was also stronger for those with two overweight parents 

(102). Taken together, these findings suggest that the offspring of overweight parents, 

particularly when both parents are overweight, are more likely to become overweight at a 

younger age and to remain overweight into adulthood. 

The association between the child’s BMI and that of both parents may also partly reflect the 

phenomenon of positive assortative mating, whereby people tend to find partners who share 

similar characteristics with themselves (357).  In the current study the correlation between 
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BMI of mother and fathers was 0.14 (Pearson correlation coefficient, P = 0.03). In the 1958 

British Birth Cohort, the correlation between the first generation parents was 0.10 (355), 

whereas the Dunedin Multidisciplinary Study reported higher correlations of 0.17 between 

parents of girls and 0.25 between parents of boys (37). This phenomenon, in conjunction 

with the increased risk associated with having two overweight parents and the secular 

increases in adult obesity rates may be contributing to the recent increases in childhood 

obesity (357). 

In our study, only paternal BMI was associated with that of the child. Maternal BMI was 

not significant (β = 0.02 (-0.01 to 0.05), P = 0.32). Several studies in the literature do not 

include paternal data or combine the two parents in some way in their analyses (164, 195, 

323). Those examining the differential influence of maternal and paternal BMI on that of 

the child have produced inconsistent results. As detailed above, Reilly et al found a higher 

risk of obesity associated with having an obese mother than an obese father (100). 

Similarly, other studies have demonstrated higher correlations between the child’s BMI and 

that of the mother than with the father (37, 102). By contrast, two studies found no 

significant difference in the strength of the association for mothers compared to fathers, 

although one tended towards a stronger association for mothers (41), and the other tended 

towards fathers (342). Cooper et al found a similar strength of association for all parent-

child gender pairs except for the association between fathers and daughters which was 

weaker (r = 0.14 versus 0.21 – 0.23 for other pairings) (358).  

We considered whether the lack of an association with maternal BMI in our study might be 

due to a very strong correlation between maternal BMI and birth weight, which was a 

significant predictor of child BMI in our model. Maternal weight has a far greater influence 

on birth weight than does paternal weight (359) with Parsons going so far as to suggest that 

the relationship between birth weight and subsequent childhood obesity was predominantly 

explained by maternal weight (117). However, the correlation between maternal BMI and 

birth weight in our sample was weak (r = 0.11, P = 0.10), and in fact was no different from 

that between birth weight and paternal BMI (r = 0.11, (P = 0.09). 

One other study has reported a similar pattern, with child’s BMI being associated only with 

that of the father (360). In this small study of 105 Dutch children followed from birth to age 

twelve, a 1-unit increase in father’s BMI was associated with an increase in the child’s BMI 
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at twelve of 0.13kg/m2. Although maternal BMI was not significant, the child’s BMI was 

associated with a high dietary restraint score of the mother. Vogels et al postulated that 

when mothers who are genetically prone to overweight successfully restrain their diet to 

control their weight, they will have normal weight but will still pass on the genetic 

propensity to overweight, thereby hiding the relationship between the BMI of the mother 

and the weight status of the child (360). In the current study, maternal dietary restraint was 

not associated with child’s BMI but pressure to eat was a negative predictor of the child’s 

BMI. We therefore considered whether a relationship between mother – child weight status 

could be masked by previously overweight mothers placing less pressure on the child to eat 

due to concerns that the child may also become overweight. Our data demonstrated a 

correlation between the mother’s measured BMI and her level of concern about child 

overweight (r = 0.22, P < 0.01) however there was no correlation between either the 

mother’s BMI or concerns about her own weight and the degree of pressure to eat placed on 

the child. 

This study was not designed to determine the mechanisms by which adiposity is transmitted 

from parent to child however it seems clear from the literature that these are complex and 

include genetic predisposition, fetal programming and shared environmental factors. A 

direct genetic contribution to BMI is undisputed, although the strength of the gene effect is 

the subject of ongoing debate in the literature. Heritability estimates range from 25 – 85%   

(97, 357). Recent genome-wide association studies have identified more than 30 common 

BMI loci, however the authors of that study estimate that there are more than 250 common 

variant loci with effects on BMI which are as yet unidentified and that the combined effect 

of the thirty-two loci confirmed to date accounts for only 1.5% of inter-individual variance 

in BMI (361). It seems likely that these genes act primarily by influencing appetite 

regulation and spontaneous physical activity, rather than metabolic rate (362). 

These findings and the rapid increase in obesity prevalence rates over the last three decades 

highlight the importance of environmental factors in the development of obesity and the 

potential importance of both parental modelling of behaviours which influence adiposity 

and genetic differences in response to diet, physical activity and other lifestyle factors 

which may mediate the intergenerational associations in BMI seen. Numerous studies have 

demonstrated that parental activity and inactivity positively predict activity and inactivity in 
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their children (363, 364). Children of heavier parents demonstrate stronger preferences for 

high fat foods (365). Furthermore, maternal BMI has been shown to influence lifestyle 

factors in their offspring measured in early to mid adulthood (358). Cooper et al found that 

at the ages of thirty-three and forty-five, cohort members whose mothers had been obese 

were consuming more fried food, watching more television, participating in less physical 

activity and were more likely to smoke than those with mothers of normal weight, even 

after adjusting for socio-economic factors. This could suggest that parental, particularly 

maternal, modelling of behaviours which influence adiposity may mediate the association 

between BMI in successive generations. However adjusting for these shared high risk 

behaviours resulted in only a very slight weakening of the association between parent and 

offspring BMI, suggesting that the shared environment played a relatively minor role (358). 

Li et al attempted to distinguish between the role of genetics and / or fetal programming 

and that of the shared environment by examining the association between parent and child 

BMI at different life stages (366). They postulated that if the association of BMI in 

successive generations is predominantly due to shared lifestyle characteristics, it would be 

stronger at the time of the shared environment, that is when the parents are adults, than 

when the parents were themselves children. If the association is mainly due to genetics, 

they postulated that the association would be as strong for parents at earlier life stages as 

for their current BMI. Examining data from the original cohort members and their children, 

Li et al reported that parents’ BMI both in childhood and in adulthood independently 

influenced offspring BMI and there was little difference in the strength of the association, 

leading the authors to conclude that the relationship was due predominantly to genetic and / 

or “programming” effects, whereby conditions affecting the nutritional status of parents 

prior to child-bearing affect BMI and risk of obesity in their children (366). However, 

further evidence showing that the strength of the association between parents and children 

varies by social class of origin such that the increase in offspring BMI per 1 kg/m2 increase 

in parental BMI is greater for lower income families (355), suggests that social and 

environmental factors do play a role.  

As demonstrated by our results, parental obesity is associated with increased risk of 

becoming overweight early in life and the literature also suggests that once relatively fat, 

children whose parents are obese are more likely to remain so into adulthood. It seems 
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likely that genetics, shared environmental factors through parental modelling of behaviours 

and gene-environment interactions all contribute towards the clustering of BMI within 

families. 

PRESSURE TO EAT 

This analysis also demonstrated an independent negative association between mothers’ 

tendency to pressure the child to eat more food, particularly at meal-times, and the child’s 

BMI, suggesting that this style of parenting may be protective against overweight and 

obesity. In this scale a 1-unit difference corresponds to the level of maternal agreement 

with four statements supporting increased pressure to eat (276). In our model, a 1-unit 

increase in maternal pressure to eat, which corresponded with one standard deviation on 

this scale, was associated with a reduction in BMI in the child of 0.29 (-0.46 to -0.12) 

kg/m2. 

This negative association between pressure to eat and childhood BMI is consistent with 

several other studies examining the effect of parent feeding styles on childhood BMI (289, 

367-373) or total body fat (264).  

Most interest has been focussed on young children, the time when eating patterns are 

learned and when parents have greatest influence over their child’s food intake (229, 234, 

249) This relationship seems to be consistent from early infancy (370) through to the 

primary school years (369, 372) and has been observed in both girls and boys.  

Like the current study, most studies have focussed on maternal reports of child-feeding 

practices however interestingly, one study found a negative association between children’s 

BMI and reported pressure to eat by fathers only with no association for mothers (367). We 

found that fathers reported a greater tendency to pressure their child to eat than mothers 

with a mean score of 3.0 compared to 2.7 (Paired t-test, P < 0.0001) and it may be that we 

would have seen an even larger association had we included paternal scores in the final 

model. However only maternal scores were included so as to maintain the power of the 

model by controlling the number of variables included. As previously discussed, we chose 

maternal rather than paternal values since mothers reported significantly higher levels of 



174 
 
responsibility for feeding their children and to facilitate comparison with most other studies 

in the literature.  

This analysis represents cross-sectional data and therefore raises the question of the 

direction of causality. Does pressure to eat cause children to gain less weight, perhaps 

through increasing food refusal, or do parents of children who are lighter exert more 

pressure on their children to eat? Both the results of this study and others in the literature 

would suggest that the latter is more likely to be true. The vast majority of studies in the 

literature also report cross-sectional data (367, 368, 372, 373). Francis et al reported that 

mothers exerted greater pressure on their daughters to eat when the daughter was thinner 

and when the mother perceived the child as being underweight. After adjusting for the 

child’s actual weight status, maternal perception of underweight remained a significant 

predictor for increased pressure to eat (289).  We also observed a negative correlation 

between maternal perception of child overweight and pressure to eat (r = -0.16, P < 0.05), 

which was similar in direction and strength to the correlation seen between the child’s 

measured BMI and maternal pressure to eat (r = -0.15, P < 0.05). Furthermore maternal 

pressure to eat scores were higher for children in the healthy BMI category (mean score 

2.8) than for those in the overweight or obese categories (mean scores 2.5 and 2.2 

respectively). These findings could suggest that it is the child’s low weight and / or parental 

perception of such which causes increased pressure to eat rather than the reverse. In line 

with this, Carnell and Wardle reported that the negative association between pressure to eat 

and child’s BMI was predominantly due to increased pressure to eat in children of 

normal/low BMI (368). Parents of children in the normal/low BMI group (those with a 

BMI ≤ 50th percentile) reported a mean pressure to eat score (276) of 2.30, compared to 

1.88, 1.88 and 1.84 for those with children in the normal/mid, overweight and obese (1) 

BMI categories respectively. 

Pressure to eat is an example of a non-responsive feeding style. These feeding styles are 

characterised by a lack of reciprocity between the parent and child, so that the parent takes 

on excessive control of the child’s feeding, rather than responding to the child’s cues of 

hunger and satiety (374). Another example of non-responsive feeding is restriction, 

whereby the parent actively restricts the child’s access to foods considered “unhealthy” 

(276). The study had hypothesised that this style of parenting would increase the risk of 
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overweight, however in this sample, maternal restriction was not predictive of child BMI 

and was not included in the final model.  A review of the literature produces mixed results 

with the majority of studies finding a positive association between restriction and child 

BMI (289, 372, 373, 375, 376) and other studies finding no effect (368). This positive 

association is postulated to be due to restriction of certain foods actually enhancing the 

child’s preference for the food and excessive parental control over feeding impairing the 

child’s ability to self-regulate (229). 

However not all studies find the association to be positive. Using different methodology, a 

nationally representative American survey found that children of mothers who allowed the 

least food choice (in line with high levels of restriction) had the lowest BMI Z scores (377). 

These mothers also tended to be from ethnic minorities, which may affect the quality and 

nature of foods offered and may partially explain these findings. 

As with pressure to eat, much of the literature examining restriction of foods is cross-

sectional and therefore cannot be used to infer causality. In a prospective study of more 

than 900 parent-child dyads, Faith et al found that parental restriction was higher when the 

child was initially overweight, raising the possibility again of reverse causation (376). Two 

longitudinal studies have also looked at parental restriction of foods. Farrow and Blissett 

found that higher parental restriction at age one was negatively associated with BMI at age 

two, the opposite of most cross-sectional studies, and that this persisted after adjustment for 

previous weight (370). However in their cohort study, Faith et al found that for children 

with a high familial risk of overweight, higher levels of parental restriction at age five were 

positively associated with BMI at age seven, with the association persisting after 

adjustment for weight at age three (369). One possible explanation for this combination of 

findings is that parents of heavier infants use restriction of foods to control weight gain and 

in early infancy where the degree of parental control over their child’s eating is high, this 

technique is successful. However as the child ages, parenting practises remain stable (369) 

but the ability of the child to access other foods than those offered by parents increases, 

resulting in increased intake of foods which are not freely available at home. 

Our findings regarding the effect of parent feeding style on childhood BMI must be 

considered in the context of some limitations in addition to the cross-sectional nature of the 

study already discussed. The principal of these relate to the subjective nature of parental 
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child-feeding patterns and inherent difficulties in measuring these. For example Carnell et 

al used three different questionnaires designed to measure child-feeding patterns on the 

same cohort (368). Two of the questionnaires, including the Child Feeding Questionnaire 

(276) used in the current study, showed a negative association between pressure to eat and 

child BMI but the third (378) showed no association. This indicates that the specific 

wording of the questionnaires may affect parent responses, creating the potential for bias 

depending on the measurement tool used. Parental reports of child feeding may also be 

confounded by child BMI itself. Farrow et al used video to observe parent-child interaction 

during meals and found that mothers of overweight children reported significantly lower 

levels of pressure to eat on questionnaire compared to direct observation (379). It was 

unclear whether these mothers were genuinely unaware that they were pressuring their 

child to eat or were giving what they felt would be a more socially acceptable answer. 

2.3.3 FACTORS NOT ASSOCIATED WITH BMI 

A number of putative risk factors for overweight were not independently associated with 

the risk of obesity in this study, including all activity measures, gender, duration of breast 

feeding, maternal BMI, family income and intake of specific foods. 

FAMILY MEALS 

Our initial models found an association between eating dinner separately from parents and 

an increase in BMI of 0.52 (0.06 to 0.99) kg/m2 (P = 0.03), however this became 

marginally non-significant when all other variables were included (β = 0.41, P = 0.06). This 

could suggest that the influence of family meals on subsequent BMI is relatively minor and 

may be related to confounding by other factors. A recent meta-analysis of eight studies 

including more than 40,000 children, demonstrated a pooled odds ratio for risk of 

overweight of 0.88 (95% CI: 0.81 – 0.97) for children who ate dinner with their families 

three or more times per week (380) compared to those who ate with their parents less 

frequently or not at all. Two other studies examining young children have found a 

protective effect of family meals. Anderson and Whitaker reported an odds ratio for obesity 

of 0.77 for four-year-olds who ate dinner with their families at least five times per week, 

after adjusting for a number of potential confounders such as maternal BMI, ethnicity and 
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socio-economic status (381). In a longitudinal study over three years, Gable et al also 

demonstrated a protective effect although to a smaller degree (382). 

Shared family meals have been associated with a number of nutritional benefits for 

children. They provide an opportunity for parental modelling of healthy eating behaviours 

and have been shown to reduce neophobia (249), a child’s innate reluctance to accept 

unfamiliar foods. Parents also have an important influence on food preferences (249).  

Maternal intake of both core foods such as cereals, dairy and vegetables, and non-core 

foods such as fats, chips and biscuits correlates with that of their children (383). Indeed, 

Cooke et al demonstrated that parental consumption of fruit and vegetables was the 

strongest predictor of fruit and vegetable intake in preschoolers (384). As well as being 

associated with improved diet quality (384-386), eating with parents is associated with 

other healthy lifestyle factors such as increased sleep in children (386), which may indicate 

that eating together acts as a marker for more cohesive, positive family functioning, in 

addition to the direct effect of modelling of eating behaviours. 

The appeal of identifying family meal times as being protective against the development of 

childhood obesity is that, unlike many of the other putative risk factors for obesity, family 

meal times could provide a simple preventative message for use in public health campaigns. 

Our results however, would suggest that this is overly simplistic. Of those families who 

reported eating together during the week, almost 78% did so to encourage family 

togetherness. However in families where the child ate separately from at least one parent 

only 21% chose this eating arrangement for convenience, compared to 70% citing other 

work or leisure commitments.  

PHYSICAL ACTIVITY 

In our initial models we included a number of measures of physical activity and inactivity, 

including objectively measured activity counts, and screen time and total sedentary time 

assessed by questionnaire. In this cross-sectional analysis, none of the activity measures 

included were associated with BMI. Although physical activity, as the modifiable 

component of energy expenditure, intuitively must contribute towards degree of adiposity, 

our study is not unique in failing to demonstrate an association. A number of systematic 

reviews have found that the evidence for a link between low levels of habitual physical 
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activity and risk of overweight in childhood is surprisingly weak and inconsistent (387-

389) and this is likely to be largely due to methodological weaknesses. Activity, 

particularly in small children, is difficult to measure accurately. Studies using objective 

measures, such as the accelerometers used in the current study, tend to demonstrate a 

stronger negative association between activity and BMI than do older studies using data 

obtained by questionnaire (389). Most (390-393), but not all (182, 394) recent papers using 

objectively measured physical activity in the preschool age group, have found a negative 

association between activity and adiposity, whether measured as BMI, skinfold thicknesses 

or by DXA. The relationship appears to be stronger and more consistent with increasing 

age (388), perhaps because of greater inter-individual variability in activity levels in older 

children and adolescents (88), and some studies also suggest that the relationship may 

change with age. Jago et al found a positive association between activity and BMI at age 

four, which became negative at age five and more strongly negative at age six (390). 

Sample size also seems to play a role. In the recent review by Jimenez-Pavon et al, 5/6 

(83%) of the studies enrolling more than 1000 subjects found significant negative 

associations compared to 11/15 (73%) of studies with fewer than 100 participants (388). 

Cross-sectional studies are also more likely to show no association (182, 394) than those 

which include prospectively collected longitudinal data (390, 391, 393). Taken together, 

these findings suggest that low levels of physical activity are associated with increased 

BMI but that the effect may be due to small day to day differences in energy expenditure 

which are difficult to measure but which cumulatively produce a significant effect over 

time.   

BREASTFEEDING 

Similarly, breastfeeding was not associated with childhood BMI in our models. The 

literature regarding the possible protective effect of breastfeeding on subsequent 

overweight is fraught with methodological difficulties including differences in defining 

both breastfeeding (whether exclusive, full or partial) and overweight, potential bias due to 

retrospective data collection and publication bias and varying attempts to control for 

possible confounders (395, 396). Although several large observational studies have 

demonstrated a protective effect of breastfeeding on childhood overweight (397, 398), 

others have failed to find an association (100, 323, 399) or have found inconsistent 
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associations in different groups (225). Four meta-analyses examining this question have 

been published in recent years. Arenz et al included nine studies which each controlled for 

at least three confounding variables and reported a combined odds ratio of 0.78 (95% CI: 

0.71, 0.85) for risk of overweight between ages five and eighteen at follow-up (222). Owen 

et al included twenty-eight studies over a wider age range and reported a combined adjusted 

odds ratio of 0.87 (95% CI: 0.85, 0.89) (400). Harder et al, examining seventeen studies 

into the duration of breastfeeding, found the risk of overweight decreased continuously 

with an odds ratio of 0.96 per month of breastfeeding (401). However in a different meta-

analysis of thirty-six studies, using mean BMI as the dependent variable, Owen et al found 

no effect of breastfeeding on BMI after adjusting for confounders (402). In keeping with 

this, Beyerlein and von Kries reported a variable effect of breastfeeding across BMI 

percentiles, such that having been breastfed resulted in a lower mean BMI in children at the 

90th and 97th percentiles, no significant difference across the middle of the BMI range and a 

small but significant increase in BMI at percentiles less than the 30th (395). This would 

suggest that studies using the dichotomous variable of overweight / non-overweight, which 

examines those at the upper percentiles are more likely to demonstrate a protective 

association than studies such as our own which report the mean BMI across the whole 

population range. 

Due to obvious ethical considerations, there is only one randomised controlled trial 

investigating the effect of breast-feeding on overweight and obesity in healthy term infants 

(403). This study, performed in Belarus, reported on outcomes from a breast-feeding 

promotion programme which used cluster randomisation so that mothers attending some 

postnatal clinics received breastfeeding promotion education and other clinics did not. The 

programme produced rates of exclusive breastfeeding which were 13.6% higher at six 

months in the intervention group than in controls but failed to demonstrate any difference in 

mean BMI or in prevalence of overweight at six and a half years of age.  

Some studies have found a protective effect of breastfeeding which became statistically 

non-significant after adjusting for multiple other variables (100, 404). Our model attempted 

to control for a number of potential confounders which have been demonstrated to 

influence both rates of breastfeeding and childhood BMI. International studies suggest 

breastfeeding rates are strongly associated with socio-economic status, with more highly 
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educated mothers being more likely to breastfeed (398, 399). In New Zealand, those in the 

least deprived quintile (quintile 1) had higher rates of breastfeeding at three months but by 

six months, those in quintile 2 had lower rates than the most deprived in quintile 5 (293). 

Similarly breastfeeding rates differ by ethnicity. Two New Zealand national data sets have 

been reported from 2007 but these use different definitions of breastfeeding making direct 

comparison difficult. The National Breastfeeding Advisory Committee of New Zealand 

report, based predominantly on Plunket figures, found 26% of babies were exclusively or 

fully breastfed at six months with higher rates for those of European ethnicity than for 

Maori and Pacific (405). The New Zealand Health Study reported only 7.6% of babies were 

exclusively breastfed at six months and that although NZ European mothers had higher 

rates of exclusive breastfeeding initially, they stopped earlier resulting in lower rates by six 

months of age (293). Other confounders which have also been shown to influence 

breastfeeding rates include maternal smoking and both maternal BMI and the baby’s own 

birth weight. Mothers who smoke are less likely to breastfeed for as long (341). Hegider et 

al found that more than 50% of overweight and obese mothers had never breastfed 

compared to less than 40% of normal weight mothers (398), with Gillman et al also 

reporting an inverse relationship between maternal BMI and breastfeeding rates (397). 

Babies of low birth weight have been shown to be less likely to be breastfed (398). Many of 

these factors are not only related to breastfeeding and to childhood BMI but also to each 

other, making identification of the relative contribution of each individually to subsequent 

BMI extremely difficult.  

Our study is not alone in failing to demonstrate a protective effect of breastfeeding on 

childhood BMI. Reasons for this are likely to include sample size, the use of BMI rather 

than risk of overweight as the outcome variable and our models which controlled for a large 

number of potential confounders. Overall, it seems likely that breast feeding has at the most 

a minor protective effect on subsequent obesity. However despite the inconsistencies in the 

literature surrounding its effect on obesity, there are still many reasons to promote 

breastfeeding for the benefit of both mothers and their infants (405).  

DIETARY VARIABLES 

The contribution to childhood BMI made by specific dietary factors is also difficult to 

elucidate. In the initial model examining diet and eating behaviours, sugary drink intake 



181 
 
was positively associated with BMI with each additional sugary drink consumed being 

associated with an increase in BMI of 0.05 kg/m2. However this was no longer significant 

when all variables were added to the model (β = 0.01, P = 0.58).  

Many different dietary variables have been extensively examined in the literature. High 

energy dense foods may undermine normal appetite regulation. Since people tend to 

consume a similar bulk of food, diets which are more energy dense will result in higher 

energy intakes, a phenomenon known as “passive over-consumption” (192). “Fast foods” 

have been highlighted in both the literature and popular media as examples of foods with 

extremely high energy density. At some typical fast food outlets, the average energy 

density of the entire menu is approximately 1100 kJ / 100g, which is more than double the 

energy density of recommended healthy diets (approximately 525 kJ / 100g) and 145% 

higher than traditional African diets, to which human weight regulatory mechanisms 

probably evolved (292). A recent review identified six cohort studies examining fast food 

intake, all of which reported increased weight gain with increased fast food intake; four 

were statistically significant and another was significant in women only (406). Thompson 

et al followed 100 girls from a median age of nine years to fifteen years. The frequency of 

fast food consumption was positively associated with change in BMI z score, with those 

consuming fast foods ≥ twice per week increasing in BMI z-score by 0.82 compared to an 

increase of 0.28 for those who ate fast foods never or less than once per week (p = 0.002). 

Furthermore, there was a clear dose-response relationship with increasing frequency of fast 

food consumption and the relationship was strengthened after adjusting for baseline BMI z-

score (407). Burke et al followed 1500 Australian children from birth to age eight and 

found that takeaway meals were associated with increased intakes of fat and saturated fat. 

In this study eating takeaway meals was positively associated with BMI in the model 

adjusted only for sex but non-significant in multivariate analysis (115).  

A similar pattern emerges in the literature investigating sugar-sweetened beverages. Many 

suggest a positive association between increased intake and higher BMI or increased risk of 

overweight (408-411), although a number found no association (412-414). Many of the 

studies reporting positive associations are American where both sugar drink consumption 

and sugar content of the drinks may be higher than elsewhere (415). Ludwig et al reported 

an increase in BMI by 0.24kg / m2 (P = 0.023) per sugar drink per day over nineteen 
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months (409), however a much larger study of more than 10,000 children of similar age 

found only a very small gain in BMI over one year, of 0.03kg/m2 per daily serving in boys 

and a non-significant gain of 0.02 kg/m2 in girls (252). The Avon Longitudinal Study of 

Parents and Children used DXA to determine fat mass and found no association between 

sugar-sweetened beverages at ages five and seven and fat mass at age nine (412). 

One intervention trial involving cluster randomisation of schools to receive nutrition 

education focussing on decreasing soft drinks reported a 7.7% reduction in obesity 

prevalence in the intervention group but no difference in mean BMI after a one year 

programme (416). Another similar intervention trial showed a reduction in BMI for girls 

who were overweight at baseline, and a non-significant reduction for overweight boys and 

girls after adjustment for age but no difference in BMI for the total group (417).   

These examples highlight the methodological difficulties involved in examining the role of 

specific foods. Many studies use different definitions of sugar-sweetened beverages, for 

example some include fruit drinks (411), whilst most do not include natural juice since 

although it contains high levels of sugars, it also contains other beneficial nutrients (252, 

409, 410). As with physical activity, weight gain results from the cumulative effects of 

small imbalances in energy metabolism. Verwied-Jorky et al demonstrated that even with 

standardised training and weighing of all foods, there was up to 40% variation in dietary 

assessment (418). This study was not designed to precisely measure energy intake from 

particular food groups and it is likely that the relatively crude dietary measure used was 

insufficient to detect an effect on BMI after adjusting for the other variables involved. 

Furthermore, many of the studies identifying a positive association have involved older age 

groups. It will be interesting to determine whether longitudinal follow-up of this cohort is 

able to identify an emerging association in subsequent years. Overall however, our findings 

support the literature that increased consumption of sugar-sweetened beverages is likely to 

contribute towards increased weight gain, although the effect is likely to be small and may 

be greatest for those already at higher risk of overweight. 

HOUSEHOLD SOCIO-ECONOMIC STATUS 

Lastly, our model did not show an association with either household income or maternal 

education, two markers of socio-economic status commonly reported in the literature. The 
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literature is fairly consistent in showing an inverse association between socio-economic 

status and BMI or risk of overweight. However, there are a number of reasons which could 

contribute to this study’s null result. Firstly socio-economic status with regards to health is 

a broad concept that refers to the ability of a person, family or other social entity to access 

basic resources to achieve and maintain good health (346). A single variable, whether it be 

income, parental education or occupation class cannot accurately convey the complex  

constructs which make up socio-economic status as a concept and there are problems with 

accuracy for all of the measures used. For example, household income, the variable 

predominantly used in this study, tends to vary with age across the lifespan, does not reflect 

background wealth or lack thereof and tends to have a higher non-response rate than other 

measures. By comparison, composite scores such as deprivation indices, may reflect more 

aspects that make up socioeconomic status but are applicable to small groups of people 

rather than individuals (419). Therefore measures of socioeconomic status should be 

considered to be proxies at best (346). 

Secondly, it has been suggested that socio-economic status impacts on health through three 

pathways: through access to health care, differences in environmental exposures and 

clustering of health behaviours and lifestyle (346). It is likely that this last mechanism is 

most important with regards to BMI and risk of obesity. As has already been discussed, 

many of the putative risk factors assessed in this study cluster along a socio-economic 

gradient. Lower socio-economic status is associated with higher adult (parental) BMI (163, 

293), higher rates of smoking (345) and there are marked ethnic disparities in New Zealand 

with Maori disproportionately represented in lower socioeconomic groups. Each of these 

factors has been demonstrated to be independently associated with BMI in this study. Other 

risk factors such as longer duration of television viewing (202), lower rates of breast 

feeding (398, 399) and increased intake of high fat, energy dense foods (149) are also more 

prevalent amongst lower socio-economic groups. Whilst these factors were not 

independently associated with increased BMI in the current study, both our results and the 

literature would suggest that each of these factors does have a role in the development of 

obesity which varies in magnitude and is cumulative over time. Although large cross-

sectional surveys have demonstrated a clear negative association between socio-economic 

status and risk of obesity (151, 156, 308), others which have adjusted for a greater number 

of potential mechanisms have produced less clear results (152, 153). It may be that by 
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reducing confounding by simultaneously examining many of the potential mechanisms 

through which socio-economic status may influence body mass index, the effect of socio-

economic status seen in less detailed surveys is also reduced. 

Thirdly, socioeconomic disparities in obesity risk may increase with age (420). Howe et al 

demonstrated socioeconomic differences in BMI which began to emerge from age four, 

slighter older than the children investigated in this study. They concluded, however, that in 

order to prevent these disparities emerging, intervention would need to begin in the early 

preschool age group. 

Lastly, and probably least importantly, the lack of an association may be due to the 

relatively homogeneous population studied, which although representative of the Dunedin 

population was relatively affluent and well-educated compared to the nation as a whole.  

2.3.4 CONCLUSIONS 

This study demonstrated a high prevalence of overweight and obesity amongst a birth 

cohort of Dunedin three year old children, in keeping with both national and international 

survey results. Furthermore, we identified five risk factors which were independently 

associated with BMI in this cross-sectional analysis. At age three years, Maori ethnicity 

was associated with an increase in BMI of 0.91 (95% CIs: 0.37 to 1.44) kg/m2. Maternal 

smoking during pregnancy (β = 0.68, 95% CIs: 0.24 to 1.12) and birth weight (β = 0.50, 

95% CIs: 0.10 to 0.90) were also predictive of higher BMI and there was a significant 

interaction between birth weight and maternal smoking such that in those children whose 

mothers smoked low birth weight was associated with increased BMI, the opposite of the 

association seen in the children of non-smokers. Higher paternal BMI was also associated 

with increased BMI in the child (β = 0.04, 95% CIs: 0.01 to 0.08). 

The overarching objective of the study was to identify risk factors for obesity which could 

be potentially modifiable. Of those identified in this cross-sectional component of the 

study, maternal smoking during pregnancy and, to a lesser extent, paternal BMI are 

potential targets for intervention.  

This study also identified a negative association between maternal pressure to eat and child 

BMI, which could potentially indicate a protective role for this style of parenting. However 
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in the cross-sectional analysis, mothers reported higher pressure to eat scores for children in 

the healthy weight range than for those who were overweight and obese, raising the 

question of directionality and whether mothers are more likely to pressure children they 

perceive to be too thin. This will require further follow-up in the longitudinal component of 

this study. 

Initial models demonstrated associations between higher BMI and both children eating 

separately from their parents and intake of sugary drinks however these variables were no 

longer significant after adjustment for other variables in the model, suggesting the role of 

these factors in the development of overweight may be small or require more prolonged 

exposure to demonstrate an effect. This study also failed to demonstrate an association 

between BMI and a number of the putative risk factors assessed, including all measures of 

activity examined, breast feeding duration, intake of high fat foods and socio-economic 

status. 

The longitudinal follow-up of this cohort will be presented in the subsequent chapters. 
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CHAPTER 3.1  METHODS 

This chapter describes the longitudinal follow-up of the study cohort from age three to 

seven. Due to the large number of variables included, longitudinal analysis of all aspects 

examined in the cross-sectional study was beyond the scope of this thesis. For this reason, it 

was decided to focus this analysis on investigation of activity-related risk factors and on the 

development of models predictive of BMI at age seven. Specifically this longitudinal 

follow-up study focused on objectives 4 - 6:  

• To determine prospectively whether the prevalence of overweight and obesity 

changes in the sample from age three through to age seven and the degree of 

tracking of BMI during this period. 

• To prospectively investigate which factors contribute to the risk of overweight and 

obesity at seven years of age, whether these factors are the same as those identified 

at age three and the relative importance of each factor at these two ages. 

• To examine the relation between serial measures of activity (including sleep and 

physical inactivity) and dietary variables in the preschool years on subsequent body 

composition at age seven 

3.1.1  OVERVIEW OF THE LONGITUDINAL STUDY 

As previously detailed (section 2.1.1, page 72), data was collected six-monthly between the 

ages of three and seven years. At the time of enrollment, funding was available for two 

years therefore families initially gave consent for this period. Following this initial period, 

we were able to secure more funding and the study was extended until the children were 

seven years of age. All participants who remained in the study gave further written consent 

for the final two year period. Anthropometric (weight, height and waist circumference) and 

body composition measurements using BIA were undertaken at each of these visits using 

the techniques already described. Diet was assessed again at age four and five years using 

the three-day Short Food Questionnaire. Activity was assessed at the same time points by 

accelerometry and questionnaire, with additional accelerometry performed at 5 ½ and 6 ½ 

years. The questionnaire used at these subsequent visits was based on that used at age three, 

with some additional questions such as the amount of time spent playing outside each day. 
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Sleep duration at ages three, four and five was calculated by visual inspection of each 

individual actogram in conjunction with the parents’ recorded activity logs, using the 

methods described previously (Section 2.1.7, page 87).  

Since the baseline data was collected and analysed, new computer algorithms have been 

developed to analyse accelerometry data in young children. These now enable the reliable 

classification of activity counts into sedentary, light, moderate and vigorous activity 

categories based on published intensity cut-offs (282). These cut-offs have recently been 

further validated and found to be the most accurate of those published, in children and 

adolescents (421). All accelerometer data related to activity, for the longitudinal section of 

the study was analysed using the MeterPlus programme (Santech, San Diego, USA) to 

enable analysis of varying levels of intensity of activity. This included re-analysis of 

baseline data at age three. Moderate – vigorous activity was defined as greater than or equal 

to 508 counts per fifteen second epoch (282). 

3.1.2 ADDITIONAL MEASURES USED IN LONGITUDINAL DATA COLLECTION 

DUAL ENERGY X-RAY ABSORPTIOMETRY (DXA) 

In addition to the regular BIA measurements performed throughout the study, body 

composition was assessed by DXA (Lunar DPX-L scanner, software package 4.7, Lunar 

Corporation, Madison, WI) at five and seven years of age. From the scan total fat mass, 

bone-free lean tissue mass, bone mineral content (in grams) and areal bone mineral density 

(in g/cm2) are calculated using two low dose x-rays at different frequencies that read bone 

and soft tissue mass simultaneously. These sources are mounted beneath a table with a 

detector overhead. All DXA scans were performed on the same scanner with the same 

software by two operators who had been fully trained in the operation of the scanner, the 

positioning of the subjects and the analysis of results according to the manufacturers 

guidelines. Children lay supine on the scanner, without moving, for the approximately 

twenty minutes required for the procedure. 

 Percentage fat mass (% fat mass) determined by DXA is calculated as  

fat mass    x 100.  

          (fat mass + bone-free lean tissue mass + bone mineral content) 



189 
 
Fat mass index (FMI, fat mass in kilograms divided by height in metres squared) and fat-

free mass index (FFMI, fat-free mass in kilograms divided by height in metres squared) 

were derived from these measures. 

Previous estimates of precision obtained by repeated testing of  the same adults in this 

laboratory produced CVs of 2.6% for total fat mass (kg), 2.5% for % fat mass, and 1.1% for 

bone-free lean tissue mass (59). 

 

PARENTAL ACTIVITY - ACCELEROMETRY 

One of the few factors shown to influence physical activity in childhood is parental activity, 

with available evidence suggesting that active parents tend to raise active children (422, 

423). Therefore, parental activity was also assessed using the Actical accelerometer (Mini-

Mitter, Bend, OR). Fathers’ physical activity was assessed first, when the child was aged 

3½ years, and mothers’ when the child was aged 4½ years. This sequence was chosen to 

maximize paternal data collection since it was felt that if parents separated during the study 

period, the child was most likely to remain predominantly in the care of the mother. 

Parents were requested to wear the accelerometer for seven consecutive days, rather than 

the five days assessed for the children. Estimates of the number of monitoring days 

required to obtain a reliable measure of physical activity in adults vary from three (424) to 

seven days (281, 425), depending on the outcome measure used, for example total activity 

counts, time spent in moderate-vigorous activity or Metabolic Equivalent of Tasks (METs). 

The study by Matthews et al included ninety-two men and women of various ages who 

wore an accelerometer for twenty-one consecutive days. Although inter-individual variation 

(differences between subjects) was the greatest source of variance in activity count, intra-

individual variation (differences within subjects) accounted for 30-45% of the overall 

variance. They concluded that three to four days of monitoring was adequate to assess 

activity counts at 80% reliability but that reliable measures of physical inactivity required at 

least seven days of monitoring. Since overweight and obesity are intuitively related to 

physical inactivity, we chose this duration of monitoring for parents in our study. 
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As for the children, accelerometers were programmed with the parent’s height and weight 

and the positioning of the monitor above the right iliac crest was reviewed. Parents were 

requested to wear the monitor continuously throughout the monitoring period and were 

provided with two neoprene belts as the children had been. 

Activity counts were categorized as being of sedentary, light, moderate or vigorous 

intensity according to the software accompanying the accelerometers. Due to variations in 

the duration of activity measurement between parents, time spent in moderate – vigorous 

activity was standardised to the mean duration of measurement for fathers and mothers (a 

total of 8196 and 6809 minutes, respectively). 

3.1.3 STATISTICAL ANALYSIS 

In addition to the statistical methods described previously, in analysing the accelerometry 

data for the longitudinal study, we used intraclass-correlation coefficients (ICC) to 

determine the degree of association between different days of measurement. The intra-class 

correlation coefficient is the proportion of total variance within the data which is explained 

by the variance between participants. The ICC can have values between 0 and 1, values 

close to 1 indicating good reliability or repeatability. 

We used multivariate analysis to develop both cross-sectional and longitudinal models 

predicting BMI. We used a mixed model with random effects for participant and age to 

examine the cross-sectional association between BMI and putative risk factors at ages 

three, four and five simultaneously. Two variables were formed for the variables such as 

sleep and physical activity that were measured repeatedly over time; a “between person” 

effect or the average for each person, and a “within person” effect, using the difference 

between the observed values and the average value for each person. The average counts for 

physical activity were standardised to a mean of zero and standard deviation of 1.0 before 

being combined. 

We also used multiple regression models to examine the longitudinal association between 

BMI, fat mass index and fat free mass index at age 7 and the putative risk factors measured 

earlier. These models included “between person” variables for sleep and activity count to 

adjust for repeated measures but did not include “within person” variables. We used models 
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that excluded or included measures of BMI, fat mass index and fat free mass index at age 

three. This enabled the examination of the effect of each potential risk factor on BMI at age 

seven (when BMI at age three was excluded) and on change in BMI from age three to 

seven (when BMI at age three was included). 
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CHAPTER 3.2 RESULTS 

3.2.1 RETENTION RATES 

Retention rates were particularly high throughout the initial two years of the study, with 

96% of the original sample returning at four years and 92% of both sexes attending clinic 

visits at age five (Table 42). At four and five years, 97% and 99% of children attended 

clinic visits within four weeks of their birthday.  

At age five, the study was extended for a further two years. Two hundred and seven 

children (86%) and their families gave consent to continue. Reasons for children dropping 

out included: moving out of Dunedin, parental separation and no longer wishing to 

continue. The final visit at age seven was attended by 199 (82.5%) children, more than 97% 

of whom were seen within four weeks of their birthday.  

Table 42  Numbers and percentages of original study population seen at each age group 
 

Age at visit Females Males 

 N Percentage N Percentage 

3 Years 104 100 137 100 

3.5 Years 101 97.1 132 96.2 

4 Years 100 96.2 132 96.4 

4.5 Years 98 94.2 125 91.2 

5 Years 96 92.3 126 92.0 

5.5 Years 91 87.5 118 86.1 

6 Years 88 84.6 119 86.9 

6.5 Years 89 85.6 118 86.1 

7 Years 84 80.8 115 83.9 

 

Figure 11 summarizes retention and main outcome measurements for the duration of the 

study. Children who were present at the final follow-up (n = 199), and children who had 

dropped out (n = 42), did not differ in sex distribution (43% versus 48% girls, unpaired t 
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test P = 0.52) or in BMI Z-score at baseline (0.86 versus 0.89, unpaired t test P = 0.83). 

There were no ethnic differences between those seen at age seven and those who dropped 

out (10% versus 19% Maori, χ2 P = 0.16) however children who remained in the study 

tended to come from higher income families (29% of those present were in the highest 

income category versus 19% of those who dropped out, χ2 P = 0.05). There was no 

difference in maternal antenatal smoking history between the two groups (P = 0.13) or in 

parental BMI (maternal mean BMI 26.6 kg/m2 for those seen versus 27.0 kg/m2 for those 

not seen, unpaired t test P = 0.74, paternal BMI 27.5 kg/m2 versus 26.8 kg/m2 respectively, 

unpaired t test P = 0.37). 

 

 

Figure 11  CONSORT diagram summarising retention and main outcome measures 
throughout the study 
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3.2.2 ANTHROPOMETRIC MEASUREMENTS 

WEIGHT, HEIGHT AND BMI 

As previously discussed (section 2.2.2, page 102), girls were both shorter and lighter than 

boys at age three. Girls remained shorter at 3.5 years with a mean difference in height of     

-1.0cm (95% CIs: -2.0 to -0.02), however no significant gender differences were observed 

in weight, height or BMI at any other age (Appendix C, Table 6). 

The wide range of individual measurements for weight, height and BMI demonstrated at 

age three, persisted in subsequent years (Appendix C, Figures 10 and 11). For girls in 

particular, there was positive skewing of the distribution curve for weight towards heavier 

measures. By contrast, weight, height and BMI for boys were more normally distributed at 

all ages (data at ages four and six years not shown). 

Over the four years of the study, mean Z scores for age (63) for weight, height and BMI 

grew progressively closer to zero, whilst the standard deviations remained near one, 

indicating increasing similarity to the CDC 2000 reference population (Appendix C, Table 

7). Mean (SD) Z score for weight fell from 0.78 (0.94) at age three to 0.41 (0.87) at age 

seven, a significant decrease with each year until age six (paired t test for differences 

between ages three and four, t = 4.14, P = 0.01; between four and five, t = 7.11, and 

between five and six, t = 8.70, both P < 0.001), with no further difference between ages six 

and seven (t = 0.52, P = 0.60). Mean (SD) Z score for height decreased from 0.26 (0.94) at 

age three to 0.07 (0.95) at age seven. Similarly, mean (SD) Z score for BMI fell from 0.85 

(0.86) at age three to 0.56 (0.75) at age seven with significant annual decreases for each 

year after age four (paired t test for differences between ages four and five, t = 5.08; 

between five and six, t = 3.84, and between six and seven, t = 2.55, all P < 0.001). This 

pattern was unlikely to be due to higher drop-out rates amongst the overweight children. As 

previously stated, there was no difference in Z-BMI at baseline between those who 

remained in the study and those who dropped out. 
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3.2.3 MEASUREMENTS OF BODY COMPOSITION 

BIO-ELECTRICAL IMPEDANCE ANALYSIS 

At age 3 ½ years, the equation by Horlick et al (81) yielded a negative result for fat mass  

and percentage body fat for two children and again for one of these children at age four 

years (-1.87kg and -9.8% respectively) and these children were therefore excluded from 

these analyses. No negative results were obtained at later ages, including the children who 

had been excluded at the earlier ages. 

As seen in the baseline data, marked gender differences were present in both fat free mass 

(greater in boys than girls), and in fat mass and percentage body fat (greater in girls than 

boys) (Appendix C, Table 8). For all measures, there was a trend for increasing gender 

differences with increasing age. The mean difference (95% CIs) for fat free mass increased 

from 1.59kg (1.24 to 1.94) at age three to 1.84kg (1.11 to 2.56) at age seven. For fat mass, 

the corresponding increase was more marked, from 1.01kg (0.77 to 1.24) at age three to 

2.28kg (1.72 to 2.84) at age seven, resulting in mean difference in percentage fat mass 

increasing from 7.2% (6.2 to 8.3) at age three to 8.4% (6.9 to 10.0) at age seven. The 

pattern of marked individual variation amongst both genders seen at age three years also 

continued, with a more than two-fold variation in fat free mass existing at age seven.  

DUAL ENERGY X-RAY ABSORPTIOMETRY 

At age five years, 206 families agreed to have a DXA scan performed on their child. 

However due to difficulties with performing the scan in this age group, no data were 

available for thirteen children. One additional child had a DXA performed almost five 

months after her fifth birthday and her results have also been excluded due to the age 

difference. Body composition data obtained by DXA was therefore available for 192 

subjects (80 females and 112 males, 86.5% of those seen at this age). These scans were all 

performed within four weeks of the child’s fifth birthday. 

DXA scans were repeated at age seven on 170 children (85.4% of those seen at this age). 

Data is reported for 67 girls and 103 boys. All scans were performed within four weeks of 

the child’s seventh birthday. 
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Fat free mass, fat mass and percentage body fat [mean (standard deviation)] as measured by 

DXA are presented in Table 47. Similar patterns were found to those measured by BIA, in 

particular marked gender differences and wide inter-individual variation. DXA also 

confirmed the increasing sexual dimorphism demonstrated by BIA. Boys had a mean of 

0.80kg (95% CIs: 0.36 to 1.24) additional fat free mass than girls at age five, with the mean 

difference increasing to 1.11kg (95% CIs: 0.47 to 1.75) at seven. The mean difference in fat 

mass (girls higher than boys) measured by DXA doubled from 0.75kg (95% CIs: 0.34 to 

1.16) at age five to 1.53kg (95% CIs: 0.83 to 2.22) at seven.  

Table 43 Body composition indices measured by DXA at ages 5 and 7 years. 

DXA measure Total Sample Comparison by Gender 
Females Males P 

Fat free mass (kg) 
     5 Years 
     7 Years 

 
14.9 (1.6) 
18.8 (2.1) 

 
14.4 (1.4) 
18.1 (1.9) 

 
15.3 (1.6) 
19.2 (2.1) 

 
<0.001 
0.001 

Fat mass (kg) 
     5 Years 
     7 Years 

 
3.5 (1.5) 
4.2 (2.4) 

 
3.9 (1.8) 
5.1 (3.0) 

 
3.2 (1.1) 
3.6 (1.6) 

 
<0.001 
<0.001 

Percentage body fat (%) 
     5 Years 
     7 Years 

 
17.8 (5.1) 
16.8 (6.5) 

 
19.9 (5.8) 
20.1 (7.4) 

 
16.3 (3.9) 
14.7 (4.7) 

 
<0.001 
<0.001 

Values are mean (standard deviation). P values are for unpaired t test. 

This study was not designed to formally compare BIA against DXA as a method of 

assessing body composition however brief analysis demonstrated good correlations 

between the two methods, with r values (partial correlations adjusted for sex) of  0.86 for 

fat free mass, 0.81 for fat mass and 0.63 for percentage body fat at age five (all P = < 

0.001).  Slightly higher correlations were seen at age seven (r = 0.90 for fat free mass, 0.87 

for fat mass and 0.72 for percentage body fat, all P < 0.001).  

Figure 12 demonstrates the relationship between BIA and DXA indices of body 

composition according to the methods described by Bland and Altman (426). These plots 

show the difference in body composition index measurement on the Y-axis (BIA minus 

DXA) against the average of the BIA and DXA measurements on the X-axis. At age five 

years, for all three measures of body composition, the relationship between BIA and DXA 

altered with increasing magnitude of the measurement, as shown by the positive slopes of 

the regression lines. Assuming DXA is the gold standard, this indicates that at higher levels 

of overweight, the prediction equation used for BIA tends to underestimate the measure. 
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This effect was greatest for fat free mass (correlation between difference and average 

measurement r = 0.45, P < 0.001) and percentage body fat (r = 0.34, P < 0.001). The 

relationship for fat mass was weaker but still significant (r = 0.17, P < 0.001). At age 

seven, a similar relationship was seen for fat free mass (r = 0.44, P < 0.001, plot not shown) 

but there was no correlation between difference and average measurement for fat mass (r = 

-0.13, P = 0.09) or percentage body fat (r = 0.02, P = 0.77), suggesting that there was no 

systematic bias between the two measurement methods at this age. 

Interestingly, correlations between BIA and DXA indices of body composition were 

stronger than between either method and Z-BMI. The strongest correlations with Z-BMI 

were for fat mass measured by DXA (r = 0.76, P < 0.001 at both ages). Furthermore, in this 

sample, the relationship between fat mass and Z-BMI appeared curvilinear, such that fat 

mass remained fairly constant for Z-BMI scores less than zero, increased slightly between 

zero and 1.00 and increased more markedly at BMI Z-scores greater than 1.00 (Figure 13). 

A similar pattern was seen at age five (data not shown). 
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Figure 12 Bland Altman Plots showing relationship between BIA and DXA measures of 
body composition at age five years.   
(Broken lines represent 95% limits of agreement for the mean difference). 
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Figure 13  Relationship between fat mass (kg) measured by DXA and BMI Z-score at 
age seven. 
 

3.2.4  PREVALENCE OF OVERWEIGHT AND OBESITY 

The prevalence of combined overweight and obesity (1) was highest at age 3½ years at 

27.9%, falling to 18.1% at age seven (Table 44). Figure 14 shows the prevalence by gender 

across the different ages. There were no differences in prevalence rates between girls and 

boys at the initial three visits, however by age 4 ½ years, the higher rates of overweight and 

obesity seen in girls approached significance (χ2 = 5.9, P = 0.052). From age five, girls had 

significantly higher rates of overweight and obesity than did boys (χ2 = 8.2, P = 0.017 at 

age five years, χ2 = 5.6, P = 0.018 at six and χ2 = 4.7, P = 0.03 at seven). As can be seen 

from the figure, much of this later difference was due to higher rates of obesity amongst 

girls. 
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Table 44  Prevalence of overweight and obesity from age 3 to 7 years 

 

  BMI Category 

Age (Years) N Healthy Weight 
(%) 

Overweight (%) Obese (%) 

3 241 75.9 19.9 6.2 

3.5 233 72.1 22.7 5.2 

4 232 75.0 19.0 6.0 

4.5 223 74.9 18.8 6.3 

5 221 75.1 19.9 5.0 

5.5 206 80.6 16.0 3.4 

6 199 80.4 16.1 3.5 

6.5 207 81.2 16.9 1.9 

7 199 81.9 13.6 4.5 
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Figure 14  Prevalence of overweight and obesity by age and gender. 
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3.2.5 TRACKING OF BMI FROM AGE THREE TO SEVEN YEARS 

The study hypothesised that obesity would track from early childhood meaning that the 

majority of children identified as obese by age three would continue to have a BMI above the 

healthy range in subsequent years As expected, very strong correlations were seen between 

BMI measurements at different ages (Table 45). All the correlations were significant at the 

P < 0.001 level. The weakest correlations were those covering the greatest time difference, 

between ages three and seven, however these were still strong, r = 0.76 for boys and r = 

0.82 for girls. Correlations tended to be slightly stronger for girls than boys at all age 

pairings. 

Table 45  Associations between measures of body mass index from age 3 to 7 years.  
 

Age (years) 3 4 5 6 7 

3  0.88 0.85 0.83 0.76 

4 0.90  0.91 0.86 0.80 

5 0.89 0.92  0.89 0.85 

6 0.83 0.88 0.93  0.91 

7 0.82 0.87 0.90 0.95  
Values are Pearson correlation coefficients (r). Values for boys shown above the diagonal 
and for girls below the diagonal. 

Table 46 shows the change in BMI category between ages three to six and age seven. None 

of the children who were in the non-overweight/obese BMI category at the earlier ages 

were obese by age seven, although 7.0% of boys and 9.8% of girls who had a normal BMI 

at age three were overweight at seven. Conversely of the six boys who were obese at three 

years of age, two remained so at seven, three boys were overweight and only one boy, 

obese at age three, had returned to the healthy BMI category by age seven. Obesity 

appeared to persist more strongly in girls. Although the numbers are very small, between 

one half and two thirds of girls who were obese at earlier ages remained so at seven, with 

the others moving down into the overweight category. All five girls who were obese at age 

six, remained so one year later.  
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Table 46  The number of children in each body mass index category at ages 3 to 6, with the number of normal weight, 
overweight and obese at age 7 years. (Note missing data for 4 boys and 2 girls at age 4 and 4 girls at age 6.) 

 Males 
 At age 7 

 Females 
At age 7 

BMI 
Category 

N  Normal Overweight Obese  N  Normal Overweight Obese 

Age 3          

Normal 86  80  6  0   61 55 6 0 

Overweight 23 19 3 1  18 8 7 3 

Obese 6 1 3 2  5 0 2 3 

Age 4          

Normal 92 88 4 0   59 55 4 0 

Overweight 21 12 7 2  17 7 7 3 

Obese 2 0 1 1  6 0 3 3 

Age 5          

Normal 94 92 2 0  59 53 6 0 

Overweight 20 8 10 2  19 10 7 2 

Obese 1 0 0 1  6 0 2 4 

Age 6          

Normal 97 94 3 0  58 55 3 0 

Overweight 12 2 8 2  17 7 9 1 

Obese 2 0 1 1  5 0 0 5 

Total 115 100 12 3  84 63 15  6 
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Of the girls who were obese at age seven, half were already obese in the preschool years, 

67% at age five and 83% at age six. Only three boys were obese at age seven in our sample, 

however, two of these had been obese as three-year-olds, with one having a BMI in the 

obese category at all time points and the other fluctuating between obese and overweight. 

3.2.6  ACTIVITY 

One of the original objectives of the study was to investigate tracking of activity levels 

(including sedentary activities) in the preschool years and the environmental factors that 

may influence activity at this age. Valid accelerometry data was obtained from 95% of the 

original 241 children at ages three and four, 86% at five years and 76.8% at age seven. 

Although, accelerometry was repeated at 5.5 and 6.5 years, this data will not be presented 

as it showed similar results and was not included in the final models.  

Daily activity did vary among individual children. Within-child variation was large at each 

age (70 – 148 average counts) and similar to between-child variation (60 – 132 average 

counts). Intra-class correlation coefficients calculating the degree of association between 

average activity counts per minute on different days of measurement were r = 0.45, 0.42 

and 0.46 for ages three, four and five respectively, indicating that the day-to-day variation 

in accelerometry counts within individuals was similar in magnitude to the variation in the 

whole sample. However estimates showed that the reliability of the accelerometry data 

based on the mean of the observations for each child was acceptable, with estimates of 0.80 

at age three, 0.79 at age four and 0.84 at age five (for mean durations of monitoring of 4.9, 

5.1 and 6.1 days respectively) (427). 

As previously discussed, accelerometry data for this longitudinal activity analysis was 

obtained using an automated computer programme rather than by visual inspection of each 

individual actogram as was performed for section 2. One potential source of error in the 

automated programmes relates to the definition of non-wear time versus sleep. The 

programme excludes any twenty-minute period during which the total activity count is 

zero, as being time when the monitor was not worn. However, a proportion of this time 

may be due to sleep, when activity counts are very low. The mean “weartime” calculated 

by the programme at age three was 17.7 hours per day (SD 1.5 hours). At ages four, five 

and seven, mean (SD) weartime was 16.3 (1.1), 16.2 (1.2) and 15.4 (1.7) hours per day 
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respectively. Thus, the majority of sleep time has been excluded. However there are two 

important differences in using this method which explains why the data for age three 

presented in this section differs from that in section two. Firstly, both the counts measured 

during periods of active sleep and these time periods will be included in this data, whereas 

the visual inspection of each individual actogram in association with the sleep diary 

performed in the baseline analysis would have excluded such activity from the awake 

activity count measurement. Secondly, very short periods of sleep involving less than 

twenty minutes of deep sleep with no movement will also be included in this analysis. 

These methodological differences between the baseline and longitudinal data do not affect 

the validity of these results since all longitudinal analysis was performed using the same 

automated method for obtaining the average activity counts. 

Once again, season was not a significant predictor of activity counts at either age four (P = 

0.974) or five (P = 0.383) and no further adjustments for season were made.  

Children were more active on weekend days than weekdays only at age four (paired t test, P 

< 0.001, Table 47), with no differences between weekdays and weekends at any of the 

other ages (all P > 0.05). Boys were more approximately 10% more active than girls at age 

seven (mean difference 47 counts / minute [95% CIs: 1.3 to 94.2], unpaired t test P = 0.04 

for average activity count). This was due predominantly to higher average activity counts 

on weekend days (P = 0.05) at this age, although there was no difference in time spent in 

moderate to vigorous activity, either overall (P = 0.06) or on weekends (P = 0.08).  There 

was no significant difference in weekday activity counts (P = 0.09). No gender differences 

were seen at any of the younger ages. 

Fathers’ average activity count was approximately one third higher than that of mothers 

(Table 48). This was predominantly due to a lower percentage of time spent in sedentary 

activity, although fathers also spent significantly more time in moderate activity and had a 

higher mean activity count during periods of light activity (mean difference 39 counts per 

minute [95% CI: 30 to 49 counts].     
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Table 47  Children’s activity levels measured by accelerometry at ages 3, 4, 5 and 7. 
 

Activity Measure 
Age 

3 Years 4 Years 5 Years 7 Years 
Girls     
N 100 98 89 75 
Average activity count 609 (203) 405 (172) 398 (152) 405 (145)# 
Average activity count week days 606 (219) 310 (127) 393 (150) 404 (147) 
Average activity count weekend 
days 

611 (203) 430 (250)* 402 (180) 402 (187)# 

Time in moderate or vigorous 
activity (minutes per day) 

92 (45) 50 (31) 51 (29) 53 (28) 

Boys     
N 130 131 119 110 
Average activity count 632 (184) 426 (170) 416 (178) 453 (165) 
Average activity count week days 629 (207) 337 (132) 413 (178) 449 (156) 
Average activity count weekend 
days 

631 (215) 425 (177)* 423 (204) 456 (220) 

Time in moderate or vigorous 
activity (minutes per day)  

101 (41) 52 (30) 54 (35) 62 (31) 

 
Values are mean (standard deviation) activity counts / minute or time in minutes / day 
*P < 0.001 compared with week days analysed by paired t- test 
# P < 0.05 compared with boys of same age analysed by independent t-test 
 
 
 
Table 48 Parental activity measured by accelerometry 

Activity Measure Mothers Fathers P 
Mean Difference 
(95% Confidence 

Interval) 

Average Activity count 196 (109) 260 (135) <0.001 -65 (-89 to -40) 

Sedentary time (%) 62.2 (6.2) 57.6 (8.6) <0.001 4.5 (2.9 to 6.1) 

Light activity time (%) 34.7 (5.7) 35.3 (6.3) 0.31 -0.6 (-1.9 to 0.6) 

Moderate activity time 
(%) 3.0 (2.2) 6.8 (4.6) <0.001 -3.8 (-4.7 to -2.9) 

Vigorous activity time 
(%) 0.1 (0.3) 0.2 (0.4) 0.11 -0.1 (-0.1 to 0.2) 

Values are mean (standard deviation). P values are for paired t test. 
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Fathers’ activity was weakly associated with children’s activity, as measured by average 

activity count at ages three, four and seven (Spearman rank correlation ρ = 0.23, P =0.001; 

ρ = 0.21, P = 0.003 and ρ = 0.21, P = 0.006 respectively), but not at age five years (ρ = -

0.04, P = 0.62). Maternal activity was not associated with that of her child at any age (P = 

0.13 – 0.40). Neither the number of hours of childcare attendance (P = 0.07 – 0.81) nor the 

birth order (P = 0.16 – 0.70) influenced average activity count or parental estimates of time 

spent active at any age. Similarly, the number of siblings living in the same house was not 

correlated with average counts at any age (P = 0.13 – 0.25). Time spent playing outside was 

only measured at ages four and five. Although this tracked between the two ages (ρ = 0.46, 

P < 0.001), there was no association between time spent outside and activity count at either 

age four (ρ = 0.09, P = 0.18) or five years (ρ = 0.05, P = 0.52). 

Associations between parental rating of their child’s activity level compared to their peers 

and activity count was generally low. A significant correlation between parent-rated 

activity level and activity count measured by accelerometry was observed at age four (ρ = 

0.34, P < 0.001) but not at ages three or five (ρ = 0.03, P = 0.70 and ρ = 0.13, P = 0.06 

respectively). Similarly, significant correlations between parental ratings of their own and 

their child’s activity were observed only between mothers and children at four (ρ = 0.21, P 

= 0.003) and five (ρ = 0.17, P = 0.02) years, with fathers’ ratings not correlating 

significantly at any age. Both mothers and fathers were somewhat better at assessing their 

own activity level however, with weak correlations demonstrated between self-rated 

activity level and measured average activity count (ρ = 0.21, P = 004 for mothers and ρ = 

0.24, P = 0.001 for fathers). Taken together these findings suggest that parents have limited 

perception of normal activity levels in childhood and that for mothers, activity ratings of 

their child may reflect the mother’s frame of reference more than the child’s actual activity 

level. 

SEDENTARY ACTIVITIES AND SCREEN TIME 

Table 49 describes the time children spent in selected sedentary activities as well as the 

total time parents estimated children were active each day. Approximately 90 minutes each  
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Table 49 Time in selected sedentary activities and total time active (questionnaire results) at each age. 
 

   Minutes per day in each Activity 

 Age (yr) N Computer TV VHS/DVD Total Screen 
Time 

Total Sedentary 
Time 

Total Active 
Time 

Girls 3 102 2 (5) 54 (43) 29 (25) 86 (58) 192 (83)* 76 (50) 

 4 91 4 (9) 58 (43) 27 (25) 89 (53) 190 (85) 66 (48) 

 5 82  3 (6)* 57 (42) 23 (20) 85 (50) 171 (75) 59 (41) 

Boys 3 132 3 (7) 51 (39) 32 (31) 87 (62) 170 (97) 85 (58) 

 4 117 6 (10) 57 (46) 29 (26) 93 (61) 172 (95) 76 (57) 

 5 115 7 (9) 59 (44) 22 (18) 90 (54) 153 (74) 56 (36) 

Both 3 234 2 (6) 53 (41) 30 (29) 86 (60) 179 (92) 81 (54) 

 4 208 6 (10) 58 (45) 28 (25) 91 (54) 178 (91) 72 (53) 

 5 197 6 (8) 58 (43) 23 (19) 87 (53) 160 (74) 57 (39) 

* P < 0.05 compared with boys of similar age analysed by independent t-test. 
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day were spent on accumulated screen time, of which just less than an hour was spent 

watching television with most of the remaining time spent watching videos or DVDs. A 

further 70 – 90 minutes per day was spent in other sedentary activities such as reading, 

music and drawing. The sex differences were minimal. Although five year old girls used 

the computer less than similar aged boys (P < 0.001), total time spent by both sexes was 

less than ten minutes per day. However, three year old girls spent an extra 22 minutes per 

day in sedentary activities (P = 0.05), which was due to greater amounts of time spent on 

art and music, rather than screen time. 

Both parents’ screen time outside of work was associated with that of their child at all 

preschool ages, with the exception of fathers and children at age five (Table 50). The 

association was significantly stronger for mothers than for fathers at ages four and five 

years (ρ = -2.33, P < 0.01 and ρ = -1.95, P = 0.03 respectively) but there was no difference 

between mothers and daughters compared to mothers and sons at any age. Screen time also 

correlated within parent pairs although fathers spent an additional 31 minutes per day on 

accumulated screen time compared to mothers (171 vs 140 minutes, P = 0.002). 

 

Table 50  Associations between total screen time (minutes per day) at ages 3, 4 and 5 
years and parental screen time. 
 

 3 years 4 years 5 years Father 

3 Years     

4 years 0.50***    

5 Years 0.54*** 0.54***   

Father 0.19* 0.17* 0.15  

Mother 0.28** 0.43*** 0.37*** 0.25*** 

Partial correlations adjusted for child’s gender. 
* P < 0.05, ** P < 0.01, ***P < 0.001  
 

Screen time tracked strongly throughout the preschool years. Correlations between ages 

three and four years were stronger for boys than girls (ρ = 2.23, P = 0.03) but there was no 

difference in the strength of the correlation between age four and five.  
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We developed models to examine potential factors influencing screen time in the preschool 

years (Tables 51 and 52). These represent cross-sectional models with total screen time 

(minutes per day) averaged over ages three, four and five years as the dependent variable.  

 

Table 51  Factors influencing screen time (minutes per day) in preschool children 
(univariate analyses).  
 
 Univariate analyses 

 β (95% Confidence intervals) P 

Sex (male) 4.3 (-7.9, 16.5) 0.49 

Maternal Education (high) -3.4 (-6.6, -0.1) 0.045 

Mother’s Age (years) -1.1 (-2.2, -0.04) 0.04 

Father’s  Age (years) -1.3 (-2.3, -0.3) 0.01 

Maori a 9.8 (-14.3, 33.9) 0.42 

Pacific a 43.7 (6.1, 81.3) 0.02 

Maternal screen time (hours/day) 12.0 (7.7, 16.3) <0.001 

Paternal screen time (hours/day) 2.5 (-0.8, 5.9) 0.14 

Child’s mean BMI (3-5) 4.6 (-0.1, 9.2) 0.05 

Mean activity count 0.04 ( 0, 0.1) 0.09 

Mean moderate-vigorous activity 
(minutes/day) 

0.3 (0.04 – 0.5) 0.02 

Mean time outside (minutes/day) 0.02 (-0.1, 0.1) 0.66 

Breakfast television b 12.3 (9.6, 15.0) <0.001 

Dinner television b 10.5 (7.2, 13.8) <0.001 
a Reference category is New Zealand European and Others 
b Eating meals whilst watching television (mean number of days per week ages 3 and 4) 
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Table 52  Factors influencing screen time (minutes per day) in preschool children (multivariate analyses). 
 

 Model 1 (R2 = 0.09) Model 2 (R2 = 0.27) Model 3 (R2 =0.37) 

 β (95% Confidence Intervals) β (95% Confidence Intervals) β (95% Confidence Intervals) 

Male sex 3.7 (-8.6, 16.0) 2.8 (-10.7, 16.3) 3.0 (-9.7, 15.7) 

Maternal education (high) -2.0 (-5.3, 1.3) -1.7 (-5.6, 2.2) -1.2 (-5.1, 2.7) 

Mother’s age (years) 0.3 (-1.5, 2.1) 1.8 (-0.4, 4.0) 2.5 (0.3, 4.7)* 

Father’s age (years) -1.7 (-3.3, -0.1)* -2.3 (-4.3, -0.3)* -2.1 (-3.9, -0.3)* 

Mean BMI (age 3-5) 2.9 (-2.0, 7.8) 1.3 (-4.4, 7.0) 0.9 (-4.4, 6.2) 

Maori a 2.5 (-18.3, 23.3) 8.1 (-15.8, 32.0) 13.9 (-8.4, 36.2) 

Pacific a 48.6 (18.0, 79.2)** 41.1 (4.0, 78.8)* 59.0 (23.5, 94.5)** 

Moderate-vigorous activity 
(minutes/day)  0.2 (0, 0.4) 0.1 (-0.1, 0.3) 

Mother’s screen time (hours/day)  14.1 (8.8, 19.4)*** 10.7 (5.8, 15.6)*** 

Father’s screen time (hours/day)  2.2 (-1.5, 5.9) -0.4 (-3.9, 3.1) 

Breakfast television b   7.7 (4.1, 11.3)*** 

Dinner television b   6.0 (1.8, 10.2)** 

* P < 0.05, **P < 0.01, ***P < 0.001 
a Reference category is NZ European and others. b Watching television whilst eating meals (mean number of days per week aged 3 and 4). 
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The final model was moderately strong, explaining 37% of the variability in child screen 

time. Mothers’ own screen habits had the strongest association with their child’s screen 

time. Each additional hour of maternal screen time accounting for approximately eleven 

minutes more screen time per day for the child. The inclusion of this variable improved the 

R2 for the model from 0.09 to 0.27, indicating maternal screen time alone explained 18% of 

the total variability. By contrast, fathers’ screen time had no influence on that of their child.  

Meal-time television viewing was independently associated with total screen time, 

suggesting that this is in addition to, rather than replacing, other screen time. Eating 

breakfast whilst watching television added slightly more to the total screen time than did 

dinner-time viewing. The addition of meal-time television viewing to the model explained 

an additional 10% of the variability compared to model 2. Interestingly, adding meal-time 

viewing into the model decreased the magnitude of association with maternal screen time, 

although this remained highly significant. 

By contrast, adding meal-time viewing to the model increased the strength of association 

between screen time and Pacific ethnicity, suggesting that meal time viewing does not 

contribute to the additional hour per day of screen time associated with Pacific ethnicity. 

No association was seen with Maori ethnicity in any of the models. 

The age of both parents was associated with child screen time to a similar magnitude, 

although in opposite directions. Each additional year of Mum’s age was associated with an 

increase in child screen time of 2.5 minutes per day, whereas increasing paternal age was 

associated with a reduction in child screen time by 2.1 minutes. Maternal education level (P 

= 0.045) and the time spent in moderate-vigorous activity by the child (P = 0.02) were both 

positively associated with screen time in univariate analyses but no longer significant after 

adjusting for other factors. No association was seen with child’s sex, BMI, total activity 

count or time spent outside. 

MODERATE – VIGOROUS ACTIVITY 

Activity levels fell from age three to four years, irrespective of the measure used (Table 47, 

page 206). Mean total activity count decreased by 208 counts per minute and time spent in 

moderate-vigorous activity decreased by almost 46 minutes per day over this period (both P 



213 
 
< 0.001). Parental rating of their child’s activity level also fell at this age from a mean (SD) 

score of 65.3 out of 100 (± 15.8) to 60.6 (± 15.1) (P < 0.001 by paired T test). There was no 

further change in any of these measures from age four to five or five to seven years. 

Similarly, at age three years, 80.2% of children met the recommendations (291) of an 

average of at least 60 minutes of moderate-vigorous activity per day. This decreased to 

27.1% at age four (P < 0.001 for comparison by paired T-test), and remained stable to age 

seven years (24.5% at age five and 33.0% at seven, P both > 0.05 for paired comparisons). 

Despite the decrease in activity seen after age three, activity counts did track significantly 

throughout the years examined (Table 53), although at lower levels than was seen for 

screen time. Time spent in moderate – vigorous activity correlated very strongly with 

average activity count at all ages (r = 0.97, P < 0.001) and between age correlations were 

similar for both measures. 

Table 53 Tracking of physical activity from age three to seven years.  
 

 3 Years 4 Years 5 Years 7 Years 

3 Years  0.28*** 0.17* 0.16* 

4 Years 0.35***  0.16* 0.09 

5 Years 0.18* 0.19*  0.25** 

7 Years 0.19* 0.13 0.31***  

Correlations (r) for minutes spent in moderate-vigorous activity shown above the diagonal, 
average activity count below. 
Partial correlations adjusted for child’s gender. 
* P < 0.05, ** P < 0.01, ***P < 0.001  

 

In order to further assess tracking of activity levels, we divided our cohort into tertiles by 

average activity count at each age (Table 54). In accordance with results presented earlier, 

boys and girls were evenly distributed amongst the tertiles at the younger ages but at age 

seven, more boys than girls were in the most active tertile (42.2% of boys compared to 20% 

of girls, P = 0.007). Approximately 60% of children changed tertiles between ages three 

and seven with 27.9% crossing into a more active tertile and 31.8% moving to a less active 

group. Seventy-five percent of those who moved from the least active tertile to the most 

active group were boys. Of those girls in the lowest activity group at age three, 61.5% 
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remained in this group at age seven, approximately double the percentage of girls who 

remained in the highest activity group between these ages. For boys, a similar percentage 

remained in the same tertile group across time for both high and low activity levels. 

However, this degree of movement across tertiles was not due simply to emerging gender 

differences in activity levels. Using sex-specific tertiles, 52.1% of girls and 65.7% of boys 

changed activity tertiles from age three to seven. Of those girls in the most active tertile at 

age three, 52% remained in the most active group at age seven, 36% moved to the middle 

tertile and 12% fell to the least active tertile. Similarly for boys, of those in the most active 

tertile at age three, 36.1% remained in this group at seven, 36.1% moved to the middle 

tertile and 27.8% fell to the least active tertile by age seven. These results suggest that 

although there is some degree of tracking of activity levels in this age group, this is also a 

time when activity behaviours change significantly both at a population and individual 

level. 
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Table 54  The number (percentage) of those in each activity count tertile at ages 3 to 5, in comparison to age 7 years. 
 

Activity 
Tertile 

Males 

at age 7 

 Females 

at age 7 

N (%) Lowest Middle Highest  N (%) Lowest Middle Highest 

Age 3          

Lowest 32 (30.8) 14 (43.8) 9 (28.1) 9 (28.1)  26 (34.7) 16 (61.5) 7 (26.9) 3 (11.5) 

Middle 37 (35.6) 10 (27.0) 9 (24.3) 18 (48.6)  23 (30.7) 9 (39.1) 10 (43.5) 4 (17.4) 

Highest 35 (33.7) 7 (20.0) 13 (37.1) 15 (42.9)  26 (34.7) 5 (19.2) 13 (50.0) 8 (30.8) 

Age 4          

Lowest 39 (36.1) 20 (51.3) 9 (23.1) 10 (25.6)  28 (37.8) 15 (53.6) 8 (28.6) 5 (17.9) 

Middle 33 (30.6) 6 (18.2) 11 (33.3) 16 (48.5)  28 (37.8) 13 (46.4) 12 (42.9) 3 (10.7) 

Highest 36 (33.3) 6 (16.7) 11 (30.6) 19 (52.8)  18 (24.3) 2 (11.1) 10 (55.6) 6 (33.3) 

Age 5          

Lowest 33 (31.1) 16 (48.5) 13 (39.4) 4 (12.1)  24 (33.3) 13 (54.2) 9 (37.5) 2 (8.3) 

Middle 35 (33.0) 12 (34.3) 12 (34.3) 11(31.4)  26 (36.1) 8 (30.8) 12 (46.2) 6 (23.1) 

Highest 38 (35.8) 4 (10.5) 5 (13.2) 29 (76.3)  22 (30.6) 8 (36.4) 8 (36.4) 6 (27.3) 

Total 108 (100) 32 (29.6) 31 (28.7) 45 (41.7)  75 (100) 30 (40.0) 30 (40.0) 15 (20.0) 

Note: data missing for 4 boys at age 3 years, 1 girl at age 4 years and 2 girls and 2 boys at age 5 years 
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3.2.7 FACTORS INFLUENCING PHYSICAL ACTIVITY 

CROSS-SECTIONAL ANALYSES 

In keeping with objective 6 (Section 1.4.1, page 69), cross-sectional models for factors 

influencing physical activity between ages three and five were developed using logistic 

regression. In the univariate analyses (Table 55), high maternal education and mean sleep 

duration were negatively associated with the child’s average activity count from age three 

to five years. Pacific ethnicity and father’s activity level (both average count and time spent 

in moderate-vigorous activity) were positively associated with the child’s activity count. 

Multivariate analysis, however, showed that few of the factors examined were significantly 

associated with child activity and the models were poor predictors of average activity 

counts with the final model explaining only 11% of the variability in child activity (Table 

56). Model 1 consists predominantly of non-modifiable demographic factors. In this model, 

high maternal education levels remained negatively associated with activity count. In 

further interim models adding screen time (β = 18.3, P = 0.21), time spent outside (β = 

0.14, P = 0.35) and maternal activity count (β = 0.03, P = 0.79), the association with 

maternal education was essentially unchanged (β = -12.3, P = 0.04), suggesting that this 

effect is not due to confounding by these factors. Maternal education became marginally 

non-significant when sleep duration was added, perhaps suggesting an association between 

higher maternal education, longer sleep duration and reduced activity. 

Being of Pacific descent was associated with an increase in average activity count of 143.9 

(53.3 to 234.5) counts per minute in the initial model. This is comparable to one full 

standard deviation for mean activity count from age three to five of 136.5 counts. Adjusting 

for time spent outside, screen time and sleep duration, weakened the association somewhat 

(104.2, 6.0 to 202.4) but it remained significant. Further adjustment for parental activity 

however, resulted in Pacific ethnicity no longer being significantly associated with activity 

count, suggesting that parental activity, particularly father’s activity, may explain the 

association seen in earlier models. 

In the final model, only father’s activity count remained significant after adjustment for 

other variables. This suggests that whereas mothers’ viewing habits had the strongest 
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influence on their child’s screen time, fathers have a stronger influence on their child’s 

activity. However it should be noted that the effect is relatively small (β = 0.14), meaning 

that a one standard deviation difference in paternal activity count (177 counts) is associated 

an increase of only 24 counts per day in the child. 

Models using minutes of moderate to vigorous activity as the outcome variable showed 

essentially the same results as those described above, as would be expected given the very 

high correlation between total activity count and minutes of moderate to vigorous activity 

already discussed.  

Table 55 Univariate models for the factors influencing physical activity in preschool 
children aged 3-5 years. 
 

 Univariate analyses 

 β (95% Confidence intervals) P 

Sex (male) 18.8 (-16.1, 53.7) 0.29 

Maternal Education (high) -13.0 (-1.8, -3.6) 0.007 

Mother’s Age (years) 1.3 (-1.8, 4.4) 0.41 

Father’s  Age (years) 1.0 (-1.9, 3.9) 0.51 

Child’s mean BMI (3-5) 5.8 (-7.5, 19.1) 0.40 

Maori a 34.9 (-19.8, 89.6) 0.21 

Pacific a 152.6 (63.6, 241.6) 0.001 

Antenatal smoking (yes) 36.5 (-7.4, 80.4) 0.10 

Mean screen time (hours/day) 19 (-2.8, 40.8) 0.09 

Mean time outside (hours/day) 7.5 (-6.2, 21.2) 0.29 

Mean sleep duration (hours/day) -36.4 (-69.1, -3.7) 0.03 

Mother’s activity count 0.05 (-0.1, 0.2) 0.57 

Mother’s moderate-vigorous activity -0.02 (-0.2, 0.1) 0.76 

Father’s activity count 0.1 (0, 0.2) 0.047 

Father’s moderate-vigorous activity 0.1 (0, 0.1) 0.05 
Figures are estimates for change in average activity count with 1 unit change in independent 
variables 

.
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Table 56 Models for factors associated with mean activity count in preschool children aged 3 – 5 years. 
 

 Model 1 (R2 = 0.10) Model 2 (R2 = 0.09) Model 3 (R2 =0.11) 

 β (95% Confidence Intervals) β (95% Confidence Intervals) β (95% Confidence Intervals) 

Male sex 25.7 (-10.2, 61.6) 21.3 (-16.3, 58.9) 26.1 (-15.9, 68.0) 

Maternal education (high) -12.3 (-22.1, -2.5)* -9.1 (-19.5, 1.3) -10.9 (-22.7, 0.9) 

Mother’s age (years) 4.0 (-0.9, 8.9) 4.7 (-0.4, 9.8) 5.2 (-1.7, 12.1) 

Father’s age (years) -1.4 (-5.9, 3.1) -1.2 (-5.9, 3.5) -3.2 (-9.1, 2.7) 

Mean BMI (age 3-5) -1.6 (-16.3, 13.1) -0.3 (-16.0, 15.4) -2.3 (-19.7, 15.1) 

Maori a 41.3 (-19.7, 102.3) 19.3 (-43.8, 82.4) -4.4 (-79.1, 70.3) 

Pacific a 143.9 (53.3, 234.5)** 104.2 (6.0, 202.4)* -43.1 (-159.1, 72.9) 

Antenatal smoking (yes) 24.8 (-22.4, 72.0) 26.7 (-22.7, 76.1) 23.3 (-36.9, 83.5) 

Mean time outside (hrs/day aged 4-5)  0.08 (-0.17, 0.33) 0.17 (-0.12, 0.46) 

Mean screen time (hours/day aged 3-5)  10.2 (-13.3, 33.7) 9.0 (-20.8, 38.8) 

Mean sleep duration (hrs/day aged 3-5)  -14.0 (-52.4, 24.4) -13.7 (-57.8, 30.4) 

Mother’s screen time (hours/day)   -6.1 (-24.0, 11.7) 

Father’s screen time (hours/day)   4.2 (-7.4, 15.8) 

Mother’s activity count   0.07 (-0.15, 0.29) 

Father’s activity count   0.14 (0.02, 0.26)* 
Figures are estimates for change in average activity count with 1 unit change in independent variables adjusted for all other variables. 
* P < 0.05, **P < 0.01, ***P < 0.001 
a Reference category is NZ European and others.
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LONGITUDINAL ANALYSES 

Tables 57 and 58 present the models for the longitudinal associations with average activity 

count at age seven. The strongest relationship seen was a positive association with earlier 

activity levels, providing further evidence that physical activity levels track through 

childhood. A one standard deviation increase in activity count from age three to five was 

associated with an additional 75.6 (95% CIs: 41.8 to 109.4) counts per minute at age seven, 

approximately half a standard deviation at this age. Adjusting for demographic factors and 

screen time resulted in a small reduction in the estimate (67.1 counts, 95% CIs: 37.4 to 

96.8) with a further reduction seen after adjustment for parental activity. However in the 

final model, preschool activity remained the strongest predictor of activity count at age 

seven. 

Although marginally non-significant in univariate analyses, adjustment for other variables 

revealed a positive association between male sex and activity count (58.0 counts per 

minute, 95% CIs: 17.4 to 98.7). By contrast, higher maternal education and increased 

screen time in the preschool years were negatively associated with activity levels at age 

seven. Each additional hour per day of screen time during the preschool years was 

associated with a reduction in activity count at age seven of 36.0 counts per minute (95% 

CIs: -68.1 to -3.8), which was unchanged after adjusting for other variables in the models. 

Higher maternal education levels were associated with lower activity counts in univariate 

analyses but this became marginally non-significant after adding parental activity levels 

into the model, suggesting that lower activity levels amongst more educated mothers may 

partially explain the association seen with higher maternal education. 

Parental age, household income, ethnicity, time spent outside and the child’s BMI at age 

three were not associated with activity levels at age seven. Whereas paternal activity level 

was the only significant association with child’s activity count seen in our cross-sectional 

models, neither parents’ activity level was associated with the child’s activity count at age 

seven. Indeed, adding parental activity levels to the model decreased the overall fit of the 

model. This would suggest that the influence of parental activity levels occurs early in 

childhood, in the preschool years, and in our model is reflected in the earlier preschool 

activity count. Of note, parental accelerometry was performed when the children were aged 
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three and a half (for fathers) and four and a half (for mothers). Perhaps if parental 

accelerometry had been repeated when the child was seven, we may have seen an 

additional influence of current parental activity levels. 

Other important differences seen between our cross-sectional and longitudinal models were 

the emergence of male sex as a positive association with activity levels in the older child 

and of earlier screen time as a negative influence on activity. Overall, the longitudinal 

models explain considerably more of the variance in activity levels than did the cross-

sectional preschool models (R2 = 0.35 for longitudinal model 2 compared to 0.11 for cross-

sectional models). These findings suggest that preschool activity strongly influences later 

activity levels and that screen time and parental activity may have a role in these early years 

to establish activity habits which track through into middle childhood. 

 
Table 57  Model for the longitudinal associations with physical activity at age seven 
(average activity count). 
 

 Univariate analyses 

 β (95% Confidence intervals) P 

Sex (male) 46.7 (-2.2, 95.6) 0.06 

Maternal Education (high) -65.5 (-115.4, -15.6) 0.01 

Household Income (high)  -12.3 (-28.1, 3.5) 0.13 

Mother’s Age (years) -1.7 (-6.5, 3.0) 0.48 

Father’s  Age (years) -1.1 (-5.3, 3.0) 0.59 

Child’s BMI aged 3 15.1 (-3.9, 34.0) 0.12 

Maori a -47.2 (-130.8, 36.3) 0.27 

Pacific a -6.9 (-167.9, 154.1) 0.93 

Screen time aged 3-5 (hours/day) -36.0 (-68.1, -3.8) 0.03 

Mean time outside aged 3-5 (minutes/day) 0.1 (-0.2, 0.4) 0.46 

Preschool activity count (1SD counts/min) b 75.6 (41.8, 109.4) <0.001 

Mother’s activity count 0.1 (-0.1, 0.4) 0.31 

Father’s activity count 0.1 (-0.01, 0.2) 0.08 
a  Reference category is NZ European and Others 
b Mean activity count aged 3-5 years with count standardised to mean of 0 and SD of 1 prior to 
combination 
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Table 58  Models for longitudinal associations with physical activity at age seven (multivariate models).  
 

 Model 1 (R2 = 0.23) Model 2 (R2 = 0.35) Model 3 (R2 =0.30) 

 β (95% Confidence Intervals) β (95% Confidence Intervals) β (95% Confidence Intervals) 

Male sex 36.9 (24.5, 49.3)** 56.1 (15.3, 96.8)** 58.0 (17.4, 98.7)** 

Maternal education (high) -61.9 (-111.6, -12.2)* -58.3 (-104.6, -12.0)* -44.1 (-90.4, 2.1) 

Household income (high) -0.6 (-16.3, 15.1) -4.5 (-19.1, 10.2) 2.4 (-12.9, 17.8) 

Maori a -42.7 (-117.6, 32.1) -42.5 (-112.3, 27.2) -42.8 (-111.4, 25.9) 

Pacific a -3.4 (-147.7, 140.9) 8.7 (-125.2, 142.6) 18.8 (-109.8, 147.5) 

Screen time (hours/day aged 3-5)  -47.0 (-74.8, -19.2)** -35.7 (-63.3, -8.1)* 

Preschool activity count (1SD 

counts/min) b 
 67.1 (37.4, 96.8)*** 54.2 (24.7, 83.6)*** 

Mother’s activity count   0.03 (-0.18, 0.24) 

Father’s activity count   0.08 (-0.04, 0.19) 

Figures are estimates for change in average activity count at age seven associated with a 1 unit change in independent variables 
adjusted for all other variables and for total time wearing the accelerometer.. 
* P < 0.05, **P < 0.01, ***P < 0.001 
a Reference category is NZ European and others. 
b Mean activity count aged 3-5 years with count standardised to mean of 0 and SD of 1 prior to combination 
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3.2.8 SLEEP 

Mean sleep duration was approximately eleven hours per day at all ages (Table 59). As 

expected, the reported time in bed was greater than the duration of sleep measured 

objectively by accelerometry with a mean difference of 21 minutes (95% CI: 15 to 28) at 

age three, 19 (95% CI: 14 to 24) minutes at age four, and 19 (95% CI: 16 to 23) minutes at 

age five. At age five, girls slept longer than boys by an average of 13 minutes (95% CI: 2 to 

23 minutes, P = 0.02). There were no gender differences seen at ages three or four. Also at 

age five, sleep duration was shorter for those children measured in winter than in spring 

(10.6 hours per night compared to 11.4 hours, P < 0.001) and overall was ten minutes 

longer during the weekends than weekdays (95% CI: 2 to 17 minutes, P = 0.01). No 

seasonal or weekday versus weekend differences were seen at earlier ages.  

 
Table 59  Sleep duration in children aged three, four and five years.  
 

  Age  

 3 Years 4 Years 5 Years 

Girls    

     N 101 88 84 

    Time in bed (hours/day) a 11.4 (0.6) 11.4 (0.6) 11.5 (0.6) 

     Sleep (hours/day) b 11.1 (0.7) 11.0 (0.60 11.2 (0.6) *  

     Weekday sleep  b 11.1 (0.8) 11.1 (0.6) 11.1 (0.7) 

     Weekend sleep  b 11.0 (1.0) 11.1 (1.0) 11.3 (0.9) 

Boys    

     N 128 118 114 

    Time in bed (hours/day) a 11.4 (0.7) 11.2 (0.7) 11.3 (0.6) 

     Sleep  (hours/day) b 11.0 (0.7) 10.9 (0.5) 11.0 (0.6) 

     Weekday sleep  b 11.1 (0.9) 10.9 (0.6) 10.9 (0.7) 

     Weekend sleep  b 11.0 (1.0) 10.8 (0.9) 11.0 (0.8) 
Values are mean (standard deviation).  
a  Data obtained by questionnaire 
b  Data obtained by accelerometry 
*   P < 0.05 compared with boys of same age analysed by independent t-test 
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Table 60 Tracking of sleep duration between ages three and five years.  
 

 3 Years 4 Years 

3 Years   

4 Years .032***  

5 Years 0.30*** 0.46*** 

Figures are Spearman rank correlation coefficients 

 *** P < 0.001 

Sleep duration during the preschool years (Table 60) tracked more strongly than physical 

activity (Table 53) but less strongly than screen time during these ages (Table 50). The 

intra-class correlation co-efficient for repeated measures of sleep (by accelerometry) was 

0.36 (95% CI: 0.27 to 0.45), resulting in a reliability of 0.60 for the mean of the three sleep 

measures.  

At age three, 131 (57%) children had at least one daytime nap during the five days of 

monitoring, falling to 34 (16%) children at age four and none at age five. As previously 

discussed, the small subgroup of children (n = 32) who napped at least four of the five 

monitoring days at age three, slept for approximately half an hour longer than those who 

did not nap at all (11.5 hours per day compared to 11.0 hours, P = 0.015). Given the mean 

nap duration was approximately 90 minutes (± 30 minutes), this suggests that these children 

had shorter night-time sleeps. Overall, comparing those who napped at least once during 

the five days with those who didn’t nap, there was no difference in total sleep duration at 

either age three (P = 0.24) or four years (P = 0.68).  
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3.2.9  FACTORS INFLUENCING BMI IN THE EARLY YEARS 

CROSS-SECTIONAL ANALYSES IN THE PRE-SCHOOL YEARS 

The main objective of this longitudinal follow-up study was to prospectively investigate 

which factors contribute to the risk of increased BMI at seven years of age, whether these 

factors are the same as those identified at age three and the relative importance of each 

factor at these two ages. Tables 61 and 62, respectively, present the univariate and 

multivariate models for the association between BMI and other factors measured 

simultaneously at ages three, four and five years. The estimates for the “within person” 

component for sleep, activity and other repeated measures are not presented as they were 

small and not significant. 

The cross-sectional models examining the period from age three to five years yielded 

similar results to those seen at baseline (Chapter 2.2.8). In the univariate analyses, maternal 

BMI, ethnicity, smoking during pregnancy and the intake of non-core foods were all 

positively associated with BMI. In particular, being of Maori descent and maternal smoking 

during pregnancy were associated with large differences in BMI in the preschool years 

(1.22 [95% CI: 0.73 to 1.73] and 0.89 [95% CI: 0.51 to 1.28] kg/m2 respectively), and these 

associations remained essentially unchanged after adjustment for other factors. In addition, 

lower household income and increased screen time approached significance (both P = 0.05) 

in univariate analyses but were not significant after adjustment for other variables. 

By contrast, maternal pressure to eat was not associated with BMI in univariate analyses 

but after adjustment for other maternal and demographic factors was negatively associated 

with BMI, a similar pattern to that seen at age three. Further adjustment for dietary intake, 

screen time and physical activity did not change the estimate (β = -0.16, 95% CI: -0.3 to -

0.03). 

Each additional hour of sleep was associated with a 0.38 kg/m2 (95% CI: 0.07 to 0.70) 

reduction in BMI. Adjustment for age and sex (multivariate model 1) did not substantially 

change the estimate (β = -0.37, 95% CI: -0.69 to -0.06). Further adjustment for maternal 

and birth factors, dietary intake and physical activity and inactivity however, weakened the 

relationship between sleep and BMI (β = -0.27, 95% CI: -0.57 to 0.03). 
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Table 61 Univariate model for cross-sectional associations with body mass index at 
ages 3, 4 and 5 years.  
 
 Univariate analyses 

 β (95% Confidence intervals) P 

Sex (male) 0.24 (-0.08, 0.57) 0.14 

Age (years) -0.12 (-0.16, -0.08) <0.001 

Maternal Education (high) -0.18 (-0.51, 0.16) 0.30 

Household Income (6 categories)  -0.10 (-0.21, 0.00) 0.05 

Maternal BMI 0.03 (0.00, 0.06) 0.04 

Maori ethnicity a 1.22 (0.73, 1.73) <0.001 

Pacific ethnicity a 0.16 (-0.67, 0.99) 0.71 

Birth weight (kg) 0.12 (-0.23, 0.47) 0.49 

Smoking in pregnancy (yes) 0.89 (0.51, 1.28) <0.001 

Physical activity (1SD counts/min) b 0.06 (-0.16, 0.28) 0.61 

Screen time aged 3-5 (hours/day) 0.21 (-0.00, 0.42) 0.05 

Maternal pressure to eat -0.10 (-0.25, 0.45) 0.17 

Fruit-vegetable intake (servings/day) 0.05 (-0.08, 0.17) 0.48 

Non-core food intake (servings/day) 0.14 (0.00, 0.29) 0.05 

Sleep (hours/day) -0.38 (-0.70, -0.07) 0.02 

Figures are estimates for change in BMI associated with 1 unit change in independent 
variables. 
a Reference category is NZ European and others. 
b Mean activity count aged 3-5 years with count standardised to mean of 0 and SD of 1 prior to 
combination 
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Table 62 Multivariate models for cross-sectional associations with body mass index (BMI) at ages 3, 4 and 5.  
 

 Model 1 Model 2 Model 3 

 β (95% Confidence Intervals) β (95% Confidence Intervals) β (95% Confidence Intervals) 

Male sex 0.13 (-0.20, 0.46) 0.08 (-0.23, 0.38) 0.05 (-0.26, 0.36) 

Age (years) -0.32 (-0.38, -0.27)*** -0.32 (-0.38, -0.27)*** -0.33 (-0.39, -0.28)*** 

Maternal Education (high)  -0.75 (-0.41, 0.26) -0.10 (-0.43, 0.24) 

Household Income (6 categories)   -0.05 (-0.15, 0.06) -0.03 (-0.14, 0.07) 

Maternal BMI  0.03 (0.0, 0.06)* 0.03 (-0.0, 0.05) 

Maori ethnicity a  0.95 (0.47, 1.44)*** 0.93 (0.45, 1.42)*** 

Pacific ethnicity a  -0.55 (-1.39, 0.29) -0.51 (-1.36, 0.35) 

Birth weight (kg)  0.30 (-0.04, 0.64) 0.29 (-0.05, 0.64) 

Smoking in pregnancy (yes)  0.83 (0.44, 1.22)*** 0.81 (0.41, 1.21)*** 

Maternal pressure to eat  -0.17 (-0.31, -0.03)* -0.16 (-0.30, -0.03)* 

Fruit-vegetable intake (servings/day)   0.09 (-0.02, 0.21) 

Non-core food intake (servings/day)   0.03 (-0.11, 0.17) 

Physical activity (1SD counts/min) b   -0.01 (-0.22, 0.20) 

Screen time aged 3-5 (hours/day)   0.10 (-0.10, 0.31) 

Sleep (hours/day) -0.37 (-0.69, -0.06)* -0.26 (-0.56, 0.04) -0.27 (-0.57, 0.04) 

Figures are estimates for change in BMI associated with 1 unit change in independent variables, adjusted for other variables. 
* P < 0.05, ** P < 0.01, *** P < 0.001 
a Reference category is NZ European and others 
b Mean activity count aged 3-5 years with count standardised to mean of 0 and SD of 1 prior to combination 
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LONGITUDINAL ANALYSES OF FACTORS ASSOCIATED WITH BMI AT AGE SEVEN 

Longitudinal models examining factors associated with BMI at age seven years are 

presented in Tables 63 (univariate analyses) and 64 (multivariate analyses). In the 

multivariate analyses, data are presented with and without BMI at age three to examine the 

effect of activity, sleep, screen time and dietary factors from age three to five on BMI at 

age seven and on change in BMI from age three to seven. 

Associations were similar to those seen in the cross-sectional models. Maori ethnicity and 

maternal smoking during pregnancy remained strong positive predictors of BMI at age 

seven. Being of Maori descent was associated with an increase in BMI at age seven of 

1.51kg/m2 (95% CI: 0.71 to 2.31). Adjusting for birth and maternal factors reduced the 

magnitude of the estimate slightly (1.25, 95% CI: 0.48 to 2.01), with minimal further 

change after adjusting for preschool activity and dietary patterns (1.21, 95% CI: 0.44 to 

1.99). However adjusting for BMI at age three, caused a profound effect, resulting in a non-

significant effect of Maori ethnicity on change in BMI from age three to seven (P = 0.11).  

The association of BMI with maternal antenatal smoking showed a similar pattern of a 

small attenuation in the size of the estimate after adjustment for other maternal, birth and 

preschool factors from 1.12kg/m2 (0.51 to 1.72) in univariate analyses to 0.96kg/m2 (0.33 

to 1.58) in model 2. Adjustment for earlier BMI rendered antenatal smoking no longer 

significant (P = 0.42). 

This pattern suggests that the effect of both ethnicity and antenatal smoking is mediated 

very early in childhood and that these factors have little effect on further change in BMI 

from the preschool years through to age seven. Indeed, earlier BMI was the strongest 

predictor of BMI at age seven as evidenced by the large increase in R2 from 0.24 to 0.64 

with the addition of early BMI into the model. Each additional kg/m2 at age 3, was 

associated with an almost identical increase at age seven (0.99, 95% CI: 0.86 to 1.11, R2 = 

0.55 in univariate analysis), with very little change in the estimate after adjusting for other 

factors (β = 0.94, 95% CI: 0.80 to 1.07, P < 0.001). 

Maternal feeding style demonstrated a similar pattern of change to that of smoking and 

ethnicity. A one point increase in maternal pressure to eat (on a scale of one to five) was 
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associated with a reduction in BMI at age seven, after adjustment for other birth, maternal 

and lifestyle factors, of 0.24kg/m2 (95% CI: -0.47 to -0.01). However, this was no longer 

significant after adjusting for earlier BMI, indicating that maternal pressure to eat was not 

associated with change in BMI from age three to seven. Since maternal pressure to eat was 

measured for this analysis, only at age three, this could suggest that parenting styles are 

stable over this period and have greatest effect in the younger years or alternatively that 

increased pressure to eat is the result of lower BMI and adjusting for earlier BMI unmasks 

this confounding effect.  

By contrast, maternal BMI was positively associated with both BMI at age seven and 

change in BMI from age three to seven (β = 0.05, 95% CI: 0.01 to 0.10, P = 0.02). Male 

gender was associated with a reduction in BMI at seven of 0.49kg/m2 (95% CI: 0.02 to 

0.95, P = 0.04) after adjusting for other variables, but the estimate for the effect of male 

gender on change in BMI from age three to seven was much greater (0.75 kg/m2 reduction, 

0.42 to 1.07, P < 0.001), further supporting the evolving gender differences previously 

described. 

A difference of one hour’s sleep per night between ages three and five was associated with 

a 0.56 kg/m2 (95% CI: 0.07 to 1.06) reduction in BMI. The difference in the size of the 

estimate after adjustment for birth and maternal factors was negligible (β = -0.48,95% CI:   

-0.95 to -0.01). Further adjustment for diet and activity did not significantly change the 

estimate (β = -0.46) but produced wider confidence intervals (-0.94 to 0.02), resulting in a 

non-significant effect of sleep on BMI at age seven (P = 0.059). Table 64 further shows that 

for each additional hour of sleep, change in BMI from age three to seven is reduced by 0.39 

kg/m2 (95% CI: 0.06 to 0.72).  

We also examined the effect of sleep on risk of overweight. Each additional hour of sleep 

during age three to five equated to an odds ratio of 0.39 (0.24 to 0.63) for risk of 

overweight at seven, after adjusting for other variables described in the multivariate models 

above. Adjustment for the presence of overweight at age 3 made little difference to the 

reduction in risk (Odds Ratio 0.44, 0.29 to 0.67). 
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Table 63  Univariate models for the longitudinal association with body mass index at 
age 7 years.  
 

 Univariate analyses 

 β (95% Confidence intervals) P 

BMI at age 3 0.99 (0.86 to 1.12) <0.001 

Sex (male) -0.40 (-0.89 to 0.09) 0.11 

Maternal Education (high) -0.52 (-1.02 to -0.02) 0.04 

Household Income (6 categories)  -0.10 (-0.26 to 0.06) 0.24 

Maternal BMI 0.06 (0.02 to 0.11) 0.006 

Maori ethnicity a 1.51 (0.71 to 2.31) <0.001 

Pacific ethnicity a 0.43 (-0.91 to 1.78) 0.53 

Birth weight (kg) 0.39 (-0.15 to 0.93) 0.16 

Smoking in pregnancy (yes) 1.11 (0.51 to 1.72) <0.001 

Physical activity (1SD counts/min) b 0.21 (-0.12 to 0.55) 0.21 

Screen time aged 3-5 (hours/day) 0.29 (-0.03 to 0.61) 0.08 

Maternal pressure to eat -0.23(-0.50 to 0.04) 0.10 

Fruit-vegetable intake (servings/day) -0.04 (-0.23 to 0.14) 0.65 

Non-core food intake (servings/day) 0.19 (-0.03 to 0.41) 0.10 

Sleep (hours/day) -0.56 (-1.06 to -0.07) 0.03 

Figures are estimates for the change in BMI associated with a 1 unit change in independent 
variables. 
a Reference category is NZ European and others. 
b Mean activity count aged 3-5 years with count standardised to mean of 0 and SD of 1 prior to 
combination 
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Table 64 Models for longitudinal associations with body mass index at age 7 years.. 
 

 Model 1 (R2 = 0.24) Model 2 (R2 = 0.24) Model 3 (R2 = 0.64) 

 β (95% Confidence Intervals) β (95% Confidence Intervals) β (95% Confidence Intervals) 

BMI at age 3   0.94 (0.80 to 1.07)*** 

Male sex -0.47 (-0.93 to -0.16)* -0.49 (-0.95 to -0.02)* -0.75 (-1.07 to -0.42)*** 

Maternal Education (high) -0.36 ( -0.87 to 0.14) -0.36 (-0.89 to 0.17) -0.19 (-0.55 to 0.18) 

Household Income (6 categories)  -0.01 (-0.17 to 0.15) 0.01 (-0.15 to 0.17) 0.00 (-0.11 to 0.11) 

Maternal BMI 0.05 (0.01 to 0.10)* 0.05 (0.01 to 0.10)* 0.03 (0.00 to 0.06)* 

Maori ethnicity a 1.25 (0.48 to 2.02)** 1.21 (0.44 to 1.99)** 0.45 (-0.10 to 1.00) 

Pacific ethnicity a -0.94 (-2.27 to 0.39) -1.09 (-2.46 to 0.28) -0.36 (-1.30 to 0.60) 

Birth weight (kg) 0.64 (0.11 to 1.17)* 0.62 (0.08 to 1.16)* 0.32 (-0.06 to 0.69) 

Smoking in pregnancy (yes) 0.96 (0.33 to 1.58)** 0.92 (0.29 to 1.56)** 0.18 (-0.27 to 0.63) 

Maternal pressure to eat -0.23 (-0.46 to -0.01)* -0.24 (-0.47 to -0.01)* -0.03 (-0.19 to 0.13) 

Fruit-vegetable intake (servings/day)  0.06 (-0.12 to 0.24)  -0.03 (-0.15 to 0.09) 

Non-core food intake (servings/day)  0.06 (-0.16 to 028) -0.00 (-0.15 to 0.15) 

Physical activity (1SD counts/min) b  0.09 (-0.23 to 0.42) 0.13 (-0.10 to 0.35) 

Screen time aged 3-5 (hours/day)  0.14 (-0.17 to 0.46) 0.04 (-0.22 to 0.22) 

Sleep (hours/day) -0.48 (-0.96 to -0.12)* -0.46 (-0.94 to 0.02) -0.39 (-0.72 to -0.06)* 
Figures are estimates for change in BMI associated with a 1 unit change in independent variables adjusted for all other variables * 
P < 0.05, ** P < 0.01, *** P < 0.001 
a Reference category is NZ European and others 
b Mean activity count aged 3-5 years with count standardised to mean of 0 and SD of 1 prior to combination 
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ASSOCIATIONS WITH BODY COMPOSITION 

 

Tables 65 and 66 show the associations with fat mass index and fat free mass index, again 

with both indices at age three included and excluded from the models. Each additional hour 

of sleep reduced the adjusted fat mass index by 0.43 (95% CI: 0.03 to 0.82; model 1) at age 

seven and by 0.48 (95% CI: 0.10 to 0.86) for the change from age three to seven (model 2). 

Maternal education was negatively associated with higher fat mass index at age seven and 

remained significantly negatively associated with the change from age three to seven. Male 

sex was also negatively associated with fat mass index at age seven. Both birth weight (β = 

0.49, 95% CI: 0.03 to 0.95) and maternal smoking during pregnancy (β = 0.62, 95% CI: 

0.10 to 1.16) were positively associated with fat mass index at age seven. Adjusting for 

earlier fat mass index reduced the size of the estimate and resulted in wider confidence 

intervals such that neither of these variables was significant in predicting change in fat mass 

index.  

Male sex and Maori ethnicity were both positively associated with fat free mass index at 

age seven but neither remained significant for the change in fat free mass index from age 

three to seven. Whereas maternal BMI and fruit and vegetable intake were positively 

associated with both fat free mass index at seven and with change in the index from age 

three to seven. Longer sleep duration was associated with a considerably smaller reduction 

in fat free mass index than for fat mass index, however this relation was not apparent once 

we adjusted for fat free mass index at age three.  
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Table 65  Models for the longitudinal association between fat mass index (FMI) at 
age 7 and sleep and physical activity averaged over ages 3, 4 and 5.  
 

 Fat Mass Index (FMI) 

 Multivariate model 1 Multivariate model 2 

FMI at age 3  0.46 (0.24 to 0.68)* 

Male sex -0.92 (-1.32 to -0.51)* -0.36 (-0.83 to 0.12) 

Maternal Education (high) -0.63 (-1.06 to -0.18)* -0.61 (-1.03 to -0.18)* 

Household Income (6 
categories)  

0.09 (-0.05 to 0.23) 0.11 (-0.03 to 0.24) 

Maternal BMI 0.00 (-0.03 to 0.04) -0.00 (-0.04 to 0.03) 

Maori ethnicity a 0.51 (-0.14 to 1.16) 0.15 (-0.49 to 0.79) 

Pacific ethnicity a 0.06 (-1.07 to 1.20) 0.01 (-1.08 to 1.10) 

Birth weight (kg) 0.49 (0.03 to 0.95)* 0.41 (-0.03 to 0.85) 

Smoking in pregnancy (yes) 0.62 (0.10 to 1.16)* 0.48 (-0.04 to 0.99) 

Fruit-vegetable intake 
(servings/day) 

0.04 (-0.12 to 0.19) 0.01 (-0.14 to 0.16) 

Non-core food intake 
(servings/day) 

-0.11 (-0.29 to 0.07) -0.09 (-0.27 to 0.09) 

Physical activity (1SD 
counts/min) b  

-0.17 (-0.44 to 0.11) -0.12 (-0.39 to 0.15) 

Screen time aged 3-5 
(hours/day) 

0.18 (-0.09 to 0.45) 0.13 (-0.14 to 0.16) 

Sleep (hours/day) -0.43 (-0.82 to -0.03)* -0.48 (-0.86 to -0.10)* 

Figures are estimates for change in FMI associated with 1 unit change in independent 
variables adjusted for all other variables. 
* P < 0.05 
a Reference category is NZ European and others 
b Mean activity count aged 3-5 years with count standardised to mean of 0 and SD of 1 prior to 
combination 
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Table 66  Models for the longitudinal association between fat free mass index (FMI) 
at age 7 and sleep and physical activity averaged over ages 3,4 and 5.  
 

 Fat Free Mass Index (FFMI) 

 Multivariate model 1 Multivariate model 2 

FFMI at age 3  0.42 (0.31 to 0.52)* 

Male sex 0.33 (0.12 to 0.54)* -0.25 (-0.49 to -0.00) 

Maternal Education (high) 0.06 (-0.17 to 0.28) 0.07 (-0.13 to 0.27) 

Household Income (6 
categories)  

0.05 (-0.02 to 0.12)  0.06 (-0.01 to 0.12) 

Maternal BMI 0.02 (0.00 to 0.04)* 0.02 (0.00 to 0.03)* 

Maori ethnicity a 0.41 (0.08 to 0.75)* 0.25 (-0.05 to 0.56) 

Pacific ethnicity a 0.28 (-0.31 to 0.52) 0.50 (-0.02 to 1.01) 

Birth weight (kg) 0.13 (-0.10 to 0.37) 0.09 (-0.12 to 0.29) 

Smoking in pregnancy (yes) 0.24 (-0.03 to 0.52) 0.07 (-0.18 to 0.31) 

Fruit-vegetable intake 
(servings/day) 

0.09 (0.01 to 0.17)* 0.08 (0.00 to 0.14)* 

Non-core food intake 
(servings/day) 

0.02 (-0.07 to 0.12) -0.01 (-0.09 to 0.08) 

Physical activity (1SD 
counts/min)  

-0.02 (-0.16 to 0.12) -0.04 (-0.16 to 0.09) 

Screen time aged 3-5 
(hours/day) 

-0.02 (-0.16 to 0.12) -0.02 (-0.15 to 0.11) 

Sleep (hours/day) -0.21 (-0.41 to -0.00)* -0.11 (-0.29 to 0.07) 

Figures are estimates for change in FMI associated with 1 unit change in independent 
variables adjusted for all other variables. 
* P < 0.05 
a Reference category is NZ European and others 
b Mean activity count aged 3-5 years with count standardised to mean of 0 and SD of 1 prior to 
combination 

 

  



234 
 

CHAPTER 3.3 DISCUSSION 

This longitudinal follow-up study sought to: 

1. Determine prospectively whether the prevalence of overweight and obesity 

changed in the sample from age three through to age seven and the degree of 

tracking of BMI during this period. 

2. Prospectively investigate which factors contribute to the risk of overweight and 

obesity at seven years of age, whether these factors are the same as those 

identified at age three and the relative importance of each factor at these two 

ages. 

3. Investigate tracking of activity levels (including sedentary activities) in the 

preschool years and the environmental factors that may influence activity at this 

age. 

4. Examine the relation between serial measures of activity (including sleep and 

physical inactivity) and dietary variables in the preschool years on subsequent 

body composition at age seven. 

All five of the potential risk factors found to be associated with BMI at age three were 

again independently associated with BMI at age seven. Maori ethnicity, maternal 

smoking during pregnancy, birth weight and parental (in this case maternal rather than 

paternal) BMI were associated with increased BMI at age seven. The size of the 

estimate for each of these factors was greater at age seven than at three with no change 

in relative effect sizes between different independent variables. At both ages, Maori 

ethnicity was associated with the largest increase in BMI, followed by maternal 

smoking, then birth weight and parental BMI. Maternal pressure to eat remained 

negatively associated with BMI at age seven, with a similar effect size at both ages, 

meaning that higher maternal pressure to eat was associated with a similar level of 

reduction in BMI at age seven as it had been at age three. However adjusting for earlier 

BMI nullified this association, suggesting the role of maternal pressure to eat in child 

growth is complex. 
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This longitudinal follow-up study identified two factors that were associated with BMI 

at age seven, which had not been independently significant at age three. Female sex and, 

in keeping with one of the original hypotheses of the study, short sleep duration, were 

both found to be associated with increased BMI at age seven. These factors were also 

identified as being associated with differences in body composition at age seven. 

The strongest influence on BMI at age seven however, was earlier BMI. Adding BMI at 

age three to the model predicting BMI at age seven, increased the degree of variability 

explained by the model from 24% to 64%. Furthermore, of the factors identified as 

influencing BMI at age seven, only female sex, maternal BMI and sleep duration were 

predictive of change in BMI between ages three and seven. By contrast, the effect of 

Maori ethnicity, maternal smoking, birth weight and maternal pressure to eat appeared 

to be mediated very early in childhood, with little further effect from the preschool 

years through to age seven. 

At age seven, as at age three, many of the hypothesised risk factors for increased BMI 

were not found to be independently significant. This study did not demonstrate an 

independent effect for any of the dietary or eating environment variables examined at 

age seven, nor an effect of physical or sedentary activity levels. We did however, 

demonstrate that screen time, average activity level and time spent in moderate – 

vigorous activity each tracked strongly through the preschool years and that children 

who had higher levels of screen time as pre-schoolers became less physically active 

seven year olds. 

 

3.3.1  OBESITY AND OVERWEIGHT PREVALENCE FROM AGE THREE TO 
SEVEN YEARS 

Longitudinal follow-up of our cohort of Dunedin children revealed combined rates of 

overweight and obesity, defined by international criteria (1), ranging between 27.9% at 

age three and a half years to 18.1% at age seven years. These rates are lower than the 

national figures reported between 2006 and 2012 (Figure 15), particularly at later 

follow-up.  The New Zealand Health Surveys performed in 2006/07 and again in 

2011/12 found rates of 32.1% and 29.8% respectively for two to four year old children 

and of 27.7% and 29.6% for five to nine year olds (428). An interim national survey of 
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older children demonstrated similar rates of 27.9% in the five to nine year age group 

(429).  

 

 

Figure 15 International prevalence of overweight and obesity from 2000 to 2012 
References:(428-431) 

 

The lower prevalence seen in our cohort may partially reflect differences in 

demographics. As previously discussed, our cohort, although reflective of the Dunedin 

population, contained fewer Maori and Pacific children than the national average and 

was comparatively affluent. The most recent New Zealand Health Survey demonstrated 

adjusted rate ratios of overweight and obesity combined for Maori versus non-Maori of 

1.61 (1.42 – 1.83) in the two to fourteen year age group and of 1.90 (1.66 – 2.18) for 

Pacific versus non-Pacific. Rate ratios for obesity alone are higher still (2.1 for Maori 

and 3.1 for Pacific children). Higher levels of deprivation were associated with a similar 

increase in prevalence of overweight and obesity (rate ratio 1.88 for the most deprived 

NZDep2006 quintile compared to the least deprived) (428).  

Socio-economic inequalities in BMI have been demonstrated to be present from the 

preschool years and to widen with increasing age through childhood (420). Thus socio-

economic differences may also contribute to overweight prevalence in our cohort 
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appearing to differ further from national figures at later follow-up compared to initial 

recruitment. 

Throughout follow-up, mean weight, height and BMI z-scores all became closer to zero 

with successive years. In addition, there was a less marked reduction in standard 

deviation score for the three measures, indicating both that our whole cohort shifted 

towards the reference population and that the distribution spread narrowed over the 

course of follow-up.    

In keeping with this, the prevalence of both overweight and obesity decreased over the 

four years of follow-up in our cohort. By contrast, the New Zealand Health Survey 

found no change in obesity rates by age group amongst two to fourteen year olds 

nationally (428) and internationally, most studies suggest that overweight and obesity 

increase in prevalence with increasing age. Collective NHANES data from 1999 – 2010 

demonstrated that children aged two to five years had a lower odds of obesity (males: 

OR 0.56; 95% CI, 0.48 – 0.7; females: OR 0.62; 95% CI, 0.51 – 0.74) compared to 

adolescents aged twelve to nineteen years (430). Similarly, large English and German 

studies have found consistently higher rates of overweight and obesity towards the end 

of primary school than at school entry (431, 432).  

The reduction in overweight seen in our cohort may be partially due to the longitudinal 

nature of the study. Large national surveys tend to involve serial cross-sectional surveys 

of different individuals whereas our study involved longitudinal follow-up of a defined 

cohort who were aware they were participating in a study examining potential causes of 

childhood obesity. It is possible this may have contributed to behavioral changes in 

families which in turn affected weight gain during the period of follow-up, as a result of 

the Hawthorne effect. In addition, there has been widespread coverage of the issue of 

childhood obesity in the popular media with a search on the New Zealand Herald 

newspaper website for “child obesity” producing more than 350 articles in the last five 

years.  

This reduction may also partly be due to regression to the mean, whereby repeated 

measures tend to gravitate towards the centre of the distribution curve. This is relevant 

to growth since it is normal for both weight and height velocity to fluctuate. Large 

studies examining individual growth trajectories have demonstrated that it is not 
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unusual for children to grow at the 95th velocity centile one month and at the 20th the 

next whilst still continuing to track along a particular percentile overall (433). However, 

the magnitude of the reduction in overweight and obesity demonstrated would suggest 

that regression to the mean can only explain a portion of this change. 

It is possible that a small part of the reduction in overweight and obesity was due to 

differential drop-out of those more likely to gain excess weight. More than eighty 

percent of those initially recruited remained in the study to the final visit and there were 

no differences in baseline BMI between those followed or not followed through to age 

seven. There were also no differences in ethnic distribution, rates of maternal smoking 

or parental BMI, all factors found to be associated with BMI at age seven. However, a 

greater number of children who remained in the study came from families in the highest 

income category. Although household income was not a significant predictor of BMI in 

this study, socioeconomic status is a complex concept, which clusters with a number of 

risk factors and patterns of behaviour proposed to be involved in the development of 

overweight and obesity and it is possible that these demographic differences influenced 

rates of overweight and obesity in the latter part of the study.  

Despite the perception in the popular media, there is some evidence that the rapid 

increase in overweight and obesity prevalence seen in recent decades is beginning to 

plateau (434). In Australia, the prevalence of overweight, including obesity, increased 

over the period 1985 – 1996 in boys at the rate of +1.03% per annum and in girls at a 

rate of +1.16% per annum. However from 1996 to 2008, there was no significant 

increase in prevalence for either gender (435). Figure 30 demonstrates similar 

plateauing of prevalence in both England and the United States. Obesity prevalence 

amongst boys aged four to five has decreased in England between 2006 and 2012 by 

0.13% per year (P = 0.018) with no significant change for girls of the same age, 

although in older children over the same period, rates have increased for both genders 

by 0.32% per year (436). Similarly NHANES data shows progressive increases in 

prevalence amongst young people until 2003 with no significant increases for either 

gender since that time (430).  

Comparing our data with historical data from the Dunedin Multidisciplinary Study 

shows significant increases in the BMI of our cohort compared to children born in 

1972/73. Mean (SD) BMI at age five years in the earlier study was 16.0 (1.33) kg/m2 for 
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males and 15.8 (1.39) kg/m2 for females, compared with 16.6 (1.6) and 16.5 (1.2) kg/m2 

respectively in our cohort. At age seven, the differences were even greater. Mean BMI 

in our cohort was 16.6 (1.4) kg/m2 compared to 15.9 (1.33) kg/m2 for boys, and 17.0 

(2.1) kg/m2 compared to 15.8 (1.39) kg/m2 for girls (37).   

However New Zealand may also be following the trend of plateauing obesity rates. 

National surveys conducted in 2006/07 and 2011/12 showed no significant difference in 

the prevalence of overweight and obesity in preschool children. Similarly, between 

2002 and 2006/07 there was no change in the prevalence of obesity amongst five to 

fourteen year olds however between 2006/07 and 2011/12 the prevalence increased 

from 8% to 11% (428). The prevalence of overweight and obesity combined did not 

change significantly during this time, suggesting that a proportion of those already 

overweight moved into the obese category.  

3.3.2 RISK FACTORS PREDICTIVE OF OVERWEIGHT AND OBESITY 

Longitudinal follow-up demonstrated two new factors which emerged as significant 

associations with increased BMI at age seven years. Both female gender and shorter 

sleep duration were predictive of higher BMI at this age. In addition, Maori ethnicity, 

birth weight, maternal smoking during pregnancy and parental BMI, factors identified 

in the baseline analysis, remained significant predictors at age seven, and the apparent 

protective effect of maternal pressure to eat persisted. As these factors have been 

extensively discussed in chapter 2.3.2, only new findings will be discussed below. 

GENDER  

Unlike at age three, when there were no significant gender differences in BMI, by age 

seven, male gender was associated with a reduction in BMI of 0.49 (95% CI: 0.02 to 

0.95) kg/m2, after adjustment for other variables. The evolving nature of these gender 

differences was further confirmed in our final model where adjustment for BMI at age 

three increased the effect of male gender by approximately 50%. The change in BMI 

between ages three and seven was 0.75kg/m2 (95% CI: 0.42 to 1.07) less in males than 

females. 

BMI varies throughout childhood with age and gender, with a given percentile BMI 

being higher in males than females on standard reference charts up to the age of nine – 
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ten years (1), coinciding with the onset of female puberty. After this age, BMI tends to 

be higher in females through adolescence, which is reflected in higher thresholds for 

defining overweight and obesity in girls. In our study however, this gender divergence 

appears to be beginning at a much younger age. 

Other prospective multivariate studies examining the role of gender on BMI have 

produced inconsistent results. Reilly et al reported no effect of gender on BMI at age 

seven in the Avon Longitudinal Study of Parents and Children, which followed more 

than 8000 British children from birth (100). By contrast, the DAISY study of 

approximately 1100 American children, also followed from birth to age seven, reported 

a small (0.05kg/m2) but significant reduction in BMI in girls after adjustment for other 

variables (437) and a smaller Dutch cohort reported an association between female 

gender and increased BMI at age twelve (360).  

Similar inconsistencies have been reported in national surveys examining the prevalence 

of overweight and obesity in childhood. We demonstrated significantly higher rates of 

both overweight and obesity in girls than boys from five years of age. The 2011/12 New 

Zealand Health Survey found no difference in prevalence by gender for the 2-19 year 

age group although there was a trend towards higher rates of overweight and obesity 

combined in girls aged over five compared to boys (428). A recent national survey from 

Ireland also found higher rates of overweight and obesity in girls (296), whereas those 

from England and the USA have found higher rates of overweight (England only) and 

obesity (both nations) in boys (430, 431). Interestingly, the Millennium Study, which 

followed more than 18,000 English children from birth to age three, found that girls 

were 15% more likely to be overweight by this age after adjustment for other factors 

(438), the opposite result from the raw prevalence data reported at school entry two 

years later (431). 

There are likely many factors contributing to these inconsistent findings. For studies 

examining prevalence, one factor is likely to be differences in the thresholds used to 

define overweight and obesity using different reference populations (see Chapter 2.3.1, 

page 168). As previously discussed, significant differences in obesity prevalence can 

occur according to the reference standard used and this degree of difference may vary 

by age and gender (70). In addition, there are likely to be important cross-country 



241 
 

differences in cultural norms relating to many aspects of child-rearing, activity levels, 

diet and eating habits that may be affected by gender. 

More consistent are the findings that body composition differs between females and 

males from a young age. Our models demonstrated that male sex was associated with a 

reduction in fat mass index of 0.92 (95% CI: 0.51 to 1.32) kg/m2. Adjusting for FMI at 

age three dramatically reduced the size of the estimate, indicating that the gender 

differences are beginning to appear before this age. Male sex was also associated with 

an increase in fat free mass index of 0.33 (95% CI: 0.12 to 0.54).  

This is in keeping with other studies. Striking sexual dimorphism in adults is well 

known with men possessing approximately 1.5 times the lean body mass of women and 

women possessing approximately double the body fat of men (439). Most of this 

dimorphism arises at puberty due to the differential effects of oestrogen and testosterone 

but differences are present from early in childhood. Female infants have a greater 

percentage of body fat than males, although the difference is only 1-3% in the first year 

of life. Male infants have approximately 0.25kg more fat free mass at birth and 0.5kg 

more fat free mass by twelve months than female infants (76). This pattern continues 

through early childhood with boys having a lower percentage body fat, lower fat mass 

and higher bone-free lean tissue mass than girls matched for age, weight and height 

(271). It is therefore not surprising that the girls in the current study, who had a higher 

mean BMI from five years of age, also had greater fat mass and less fat free mass than 

boys of the same age. 

SLEEP DURATION 

Supporting one of the original hypotheses, this study shows that young children who 

sleep less have a higher BMI in middle childhood, even after adjusting for multiple risk 

factors implicated in the regulation of body weight. Each additional hour of sleep 

between ages three and five is associated with a reduction in BMI at age seven of 

0.48kg/m2 (95%CI: 0.12 to 0.96), equivalent to an decrease in weight of 0.7kg for a 

child of median height (440). Furthermore, each additional hour of sleep resulted in a 

61% reduction in the risk of overweight at seven and this was due to reduced fat mass 

with little difference in fat free mass seen in children with varying sleep duration. 
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This is consistent with other longitudinal studies in childhood which have almost 

universally demonstrated a negative linear association (100, 164, 441-447). Direct 

comparisons of the magnitude of difference found in children of varying sleep patterns 

in different studies is complicated due to the mix of ages studied and differences in 

outcomes and analysis techniques. Estimates range from a reduction in BMI Z score of 

0.16 at age three for those who slept less than 12 hours per day in infancy (446) to 

0.75kg/m2 for each additional hour of sleep in children aged three to twelve at baseline 

followed over five years (444).  

Several longitudinal studies have also reported a reduced risk of overweight or obesity 

in children with greater sleep duration, citing relative risks between 0.6 (442) and 0.79 

(164) per additional hour of sleep. Conversely, others have reported greater odds of 

overweight with reduced sleep. Two large studies examining similar age ranges and 

adjusting for multiple potential confounders, reported odds ratios for overweight of 1.45 

(95% CI: 1.10-1.89) (100) and 4.2 (95% CI: 1.6 – 11.1) (447) in children who slept the 

least. 

This study hypothesized that the relative contribution of risk factors to the overall risk 

of overweight and obesity would vary over subsequent follow-up into middle 

childhood. The results support this in the case of sleep. Not only did sleep duration 

emerge as a new independent predictor at age seven but it remained significant after 

adjusting for earlier BMI, indicating that sleep duration was associated with the change 

in BMI between ages three and seven.  

In the literature, the role played by age in the association between sleep duration and 

subsequent weight remains unclear. Average sleep duration falls markedly during 

infancy and the preschool years followed by a more gradual decline through to 

adolescence (209, 448) and the degree of individual variance also narrows with age. 

Two longitudinal studies in early infancy have found no association between sleep 

duration in the first eighteen months and subsequent BMI Z-score at age two to three 

years (448, 449). By contrast, Taveras et al demonstrated an increase in BMI Z-score at 

age three for those children sleeping less than twelve hours per day during the first two 

years of life (446). Methodological differences may contribute to these differences in 

outcome. For example, it is conceivable that by dichotomizing sleep duration to the 

lowest tertile and having a slightly longer duration of follow-up, Taveras et al identified 
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those infants with the most profound effect. It is unclear whether longer follow-up in the 

two negative studies could have identified an evolving effect. Indeed, in their older 

cohort (age four to five at baseline), Hiscock et al demonstrated a cross-sectional 

association at age six to seven, with obese children reported to sleep for approximately 

thirty minutes less per day than their peers (448).  

Other studies have also shown age-related inconsistencies. In a large, nationally-

representative cohort, Snell et al demonstrated a reduction in subsequent BMI Z-score 

of 0.15 for each additional hour of sleep in children aged three to seven at baseline but a 

non-significant reduction of 0.06 in those aged eight to twelve after a mean follow-up of 

five years (444). Whereas a recent Australian study of seven to twelve year olds 

followed for four years found that the cross-sectional association strengthened as the 

children increased in age (301). Over time, this study found that those in the upper 

tertile for sleep duration gained in BMI by 0.45kg/m2 less, resulting in a difference in 

BMI after four years between the upper and lower sleep tertiles of 1kg/m2.   

Although there is limited long-term data available, these differences appear to extend 

into adult life. For each additional hour of sleep between ages five and eleven, BMI was 

0.93kg/m2 lower at age 32 (441). 

Our study also demonstrated differences in body composition according to sleep 

duration. Cross-sectional studies have shown that children with less sleep have a higher 

proportion of body fat, although these estimates were based on skin fold thicknesses 

which were reported either as raw data (446) or converted to percentage body fat (450). 

Cross-sectional studies using more accurate measures of body fat have produced less 

consistent results. In another New Zealand study, Nixon et al reported an increase in 

percentage body fat by 3.3% (measured by bio-impedance analysis) for those sleeping 

less than 9 hours per night at age seven (451). Although Hitze et al observed no effect 

of sleep on the risk of having high body fat (452), von Kries et al (221), in a much 

larger sample, demonstrated a 58% reduction (95% CI: 24 to 76%) in high body fat with 

90 minutes more sleep, Again, age may play a role, with children in the negative study 

being slightly older (range 6-19, mean 13 years) (452).  

The only other longitudinal study in children failed to find an association between sleep 

duration and a number of measures of adiposity, including DXA (449). However, as 
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previously discussed, this study involved infants and a relatively short follow-up period 

and used parent questionnaire for the infant sleep data, which may be less reliable than 

actigraphy (453). In addition, both this cohort and that of the study by Hitze et al were 

of relatively high socio-economic status, which may affect a number of lifestyle factors 

involved in the regulation of body weight. 

The obesogenic effect of shortened sleep is likely to be mediated through a combination 

of behavioural and hormonal mechanisms. Shorter sleep duration in childhood has been 

associated with household chaos, poorer quality home environment and more lax 

parenting styles (442). Furthermore, parental rules related to bedtimes, intake of less 

healthy foods and television viewing, all factors potentially affecting weight gain, have 

been demonstrated to cluster together (454). Studies adjusting for such parental 

behaviours have demonstrated an independent effect of sleep duration on BMI (441) 

and risk of overweight (442, 455), although the difficulties in accurately measuring 

these types of behaviours are widely acknowledged. 

Another potential mechanism is through a relationship between sleep duration and 

physical activity however the evidence for this is sparse and contradictory. Whereas 

Agras et al found an association between longer sleep duration and increased physical 

activity in preschool children (164), Pesonen et al found that a higher level of physical 

activity during waking hours was associated with poorer sleep that night and in turn, 

poorer sleep during the night was associated with higher physical activity the following 

day (456). Our results showed an association between short sleep duration and increased 

physical activity in univariate analyses which was no longer significant after adjustment 

for potential confounders. Still other studies have found no association between sleep 

duration and physical activity levels (457, 458). 

The evidence for an association with sedentary activity is also limited although some 

studies have suggested that shorter sleep duration is associated with increased sedentary 

activity (451) and with more time spent watching television (457). Other studies have 

identified differences in dietary intake and eating behaviours, according to longitudinal 

sleep duration in childhood, which may contribute to the causative pathway (459). 

Dietary differences may be induced simply by having more time available to eat in an 

environment where food is readily available (460), or by more complex hormonal 
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disruption. Two hormones that play a major role in appetite regulation, leptin, a satiety 

hormone secreted primarily by adipocytes, and ghrelin, a hunger hormone released 

primarily from stomach cells are influenced by sleep (461). Experimental evidence has 

demonstrated that extreme acute sleep debt results in decreased leptin levels, increased 

ghrelin and a subjective increase in hunger and appetite (462). Whether this effect also 

occurs with chronic mild sleep deprivation is currently unclear. Hitze et al demonstrated 

an association between short sleep and higher leptin levels in girls, with no association 

in boys (452). This is the opposite effect from that demonstrated in adults, and in 

conjunction with findings that leptin levels vary with pubertal stage independent of 

degree of adiposity (463), could suggest differences in the metabolic pathways during 

childhood. Sleep deprivation has also been shown to influence carbohydrate metabolism 

through reduced insulin sensitivity in both adults (464) and adolescents (465).    

Sleep duration in our preschool children was substantially less than that reported in 

historical reference populations, particularly at younger ages. Our mean time in bed at 

age three was 11.4 hours, more than one hour less than that reported in a Swiss study 

from the 1970s at the same age (209), with less marked differences seen at ages four 

and five. This is in keeping with evidence of a secular decrease in children’s sleep 

duration worldwide. A systematic review by Matricciani et al examined data from more 

than 690,000 children from twenty countries dating from 1905 to 2008 (466). They 

found a median rate of change of -0.75 minutes nightly per year, equivalent to a 

decrease of more than one hour per night over the study period although there were 

significant regional differences with Europe, the USA, Canada and Asia showing 

decreases and Australia, the UK and Scandinavia showing increases in sleep duration 

over time.  

Most of this change is due to later bed-times with little change to morning rise times 

(466) and indeed some authors have recently speculated that it is sleep timing behavior 

rather than sleep duration alone which impacts on risk of overweight (467). This study 

of Australian adolescents found that those who went to bed late and rose late had 

increased screen time, reduced moderate-vigorous physical activity and higher BMI z-

scores than those who went to bed early and rose early even after adjusting for sleep 

duration.  
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Our results show that children who sleep less have a higher subsequent BMI due to 

greater gain in fat mass with little effect on fat free mass. The temporal relation between 

sleep and later body weight suggests that the association is causal and this appears 

independent of a number of potential confounders although the possibility of 

unrecognized confounders remains. Shorter sleep duration has also been implicated in 

lower cognitive performance in children (468, 469). Our results provide support for the 

importance of encouraging appropriate sleep habits in all children.  

MAORI ETHNICITY 

Maori ethnicity remained a significant predictor of BMI both cross-sectionally and 

longitudinally to age seven. Being of Maori descent was associated with higher BMI 

(by 1.21 [95% CI: 0.44 to 1.99] kg/m2) at age seven after adjustment for potential 

confounders, an increase in effect size from that seen cross-sectionally at age three 

(0.91kg/m2; 0.37 to 1.44). However, Maori ethnicity was not predictive of change in 

BMI from age three to seven. This suggests that ethnicity acts in the very early years to 

set growth trajectory, and once set, this trajectory is followed through to age seven with 

little further independent influence from ethnicity. 

This is further supported by the models predicting body composition which 

demonstrated a strong effect of Maori ethnicity on fat free mass index at seven 

(0.41kg/m2, 95%CI: 0.08 to 0.75) but no association with change in fat free mass. 

Interestingly, there was no association between ethnicity and fat mass index, indicating 

that the higher BMI demonstrated in Maori children was due predominantly to greater 

lean tissue mass. This is in keeping with some studies in older girls and adults which 

have demonstrated a lower percentage body fat for any given BMI amongst Maori (61, 

62) and again raises the debate as to the appropriateness of using BMI thresholds to 

define overweight and obesity in people of differing ethnicities, as discussed earlier 

(chapter 2.3.2). Percentage body fat associated with BMI thresholds defining 

overweight and obesity changes with age and gender, even in an ethnically 

homogeneous group (59), but it is BMI rather than percentage body fat which has been 

associated with markers of adverse health risk in children as young as five (21), 

suggesting that it remains a valid indicator of future health risks. 
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MATERNAL SMOKING DURING PREGNANCY 

The effect of maternal smoking during pregnancy was also greatest in the initial years. 

Longitudinal analysis revealed that antenatal exposure to smoke resulted in an increase 

in BMI at age seven of 0.92kg/m2 (95%CI: 0.29 to 1.56), approximately half a standard 

deviation, but was not significantly associated with the change in BMI from age three to 

seven. This implies that antenatal smoke exposure has a programming effect on growth 

early on, as described for ethnicity. 

Furthermore, maternal smoking was associated with an increase in fat mass index at age 

seven of 0.62kg/m2 (0.10 to 1.16), with no effect on fat free mass index. Few studies 

have examined body composition in the children of smokers. Durmus et al (470) found 

no association with maternal smoking history in infants followed until age two, however 

the few studies in older children have found results consistent with our own (337, 471). 

Using DXA at age nine, Leary et al reported that antenatal smoking was associated with 

an increase in both fat and lean tissue mass but that the increase in fat mass was 

approximately double that of lean tissue mass. This increase in fat mass was stronger for 

total fat mass than for truncal fat and was also stronger in girls than boys.  

BIRTH WEIGHT 

Birth weight was positively associated with BMI at age seven, such that for every 

additional kilogram at birth, BMI at seven was increased by 0.62 (0.08 to 1.16) kg/m2. 

As with ethnicity and antenatal smoke exposure, the effect seems to be set early. 

Adjusting for BMI at age three approximately halved the size of the estimate (β = 0.32; 

95% CI: -0.06 to 0.69) and rendered birth weight no longer significant.  

This is in keeping with other studies which have found that adjustment for earlier 

weights nullifies the effect of birth weight on risk of overweight in middle childhood 

(113, 323). Stettler et al found that birth weight was not a significant predictor of BMI 

at age seven once weight at twelve months was included in the model (113), suggesting 

that the influence of birth weight on growth trajectory may be set within the first year. 

We also identified a positive association between birth weight and fat mass index at age 

seven but no effect on fat free mass. The literature is inconsistent on how birth weight 

affects subsequent body composition and it is likely that much of this inconsistency 
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stems from differences in the ages of children studied and more particularly in the 

techniques used to measure body composition. Several other studies using DXA have 

found a positive association with total fat mass in peri-pubertal children (472-474), 

although those with lower birth weights have a greater proportion of truncal fat mass in 

some(472), but not all (474) studies.  

By contrast, Chomtho et al, using the four component model to measure body 

composition in 391 children aged four to twenty years (mean 11.7 years), found no 

association between birth weight and either fat mass or percentage body fat in either sex 

(475) and a smaller study, also using the four component model found a negative 

association between birth weight and percentage body fat (476). Both studies highlight 

the differences in estimates of fat mass if only one measure of body composition (such 

as DXA) is used. 

Interestingly, we found no association between birth weight and fat free mass index. In 

general, the literature is more consistent in finding a positive association between birth 

weight and fat free mass than for fat mass (325, 474, 476, 477). Using DXA to assess 

body composition in more than 3000 nine-ten year olds, the Avon Longitudinal Study 

of Parents and Children demonstrated an increase of 390g (95% CI: 325 to 454) in lean 

body mass per 1-SD increase in birth weight (474). This study found no difference in 

the association between the sexes, however Chomtho et al (475) found a positive 

association with fat free mass index in boys only, with no association seen in girls. One 

possible explanation for our lack of an association may be the younger age of our 

participants. However, birth weight has been shown to be associated with lean tissue 

mass right through to adulthood (326) and Chomtho et al found the association to be 

strongest in the younger, prepubertal, children examined (475).  

It seems likely that both genetics and fetal programming, for both of which birth weight 

is a marker, affect subsequent body composition in a complex manner through 

influences not only on total fat and lean tissue mass but also on the distribution and 

endocrine functioning of adipose tissue. 

PARENTAL BMI 

Our longitudinal analyses showed that maternal BMI was associated with both BMI at 

age seven and change in BMI from age three to seven. Each additional kg/m2 of 
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maternal BMI was associated with an increase of 0.05 (95%CI: 0.01 to 0.10) kg/m2 in 

the child’s BMI at age seven. Adjusting for earlier BMI reduced the size of the estimate 

to 0.03(95% CI: 0.00 to 0.06) kg/m2 but this remained significant, indicating an ongoing 

influence. Whereas in the cross-sectional modeling performed at baseline (chapter 

2.2.8) paternal BMI was significantly associated with child BMI, at age seven, maternal 

BMI was more strongly associated and hence was included in the final models. 

The literature is consistent in describing a positive association between parent and child 

BMI. As has already been discussed (chapter 2.3.2), this is likely to be due to 

combination of shared genetics, parent modeling of behavior, shared environment and 

gene-environment interactions. 

Despite a large body of literature describing the association between parent-child BMI 

there are relatively few papers which have assessed the effect of parental BMI on child 

body composition. We found a small positive association (β = 0.02, 95% CI: 0.00 to 

0.04) between maternal BMI and child fat free mass index but no association with fat 

mass index. In line with this, Chomtho et al found positive correlations between 

maternal BMI and both offspring fat mass index and fat free mass index with maternal 

BMI explaining only 2% of the variance in fat free mass index in a multivariate model 

(475).  

It is unclear why we found no association with fat mass index. In the Kiel Obesity 

Prevention Study of more than 3000 children aged five to seven years, parental 

overweight and obesity was associated with significant increases in fat mass measured 

by both triceps skinfold thickness and bio-electrical impedance (478). Other studies 

using skinfold thickness (479) and ultrasound assessment of intra-abdominal fat (480) 

have also found positive associations with parental BMI. 

MATERNAL PRESSURE TO EAT 

In this follow-up study, a one point increase in maternal pressure to eat at age three (on 

a scale of one to five) was associated with a reduction in BMI at age seven of 0.24kg/m2 

(-0.47 to -0.01). However, this was no longer significant after adjusting for earlier BMI, 

indicating that maternal pressure to eat was not associated with longitudinal change in 

BMI from age three to seven. 
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In order to establish causality, there must be a clear temporal relationship whereby the 

exposure (in this case, maternal feeding practice) precedes the outcome (excess weight 

gain). The current results suggest that the relationship between maternal pressure to eat 

and subsequent child BMI is more complex. Similarly in the literature, cross-sectional 

studies (described in chapter 2.3.3) have consistently demonstrated a negative 

relationship between maternal pressure to eat and child BMI and / or adiposity 

measures, but the results of the relatively few longitudinal studies published to date 

have been less clear.  

One factor which may contribute to these conflicting results is the different ages 

studied. Farrow and Blissett demonstrated a bi-directional relationship between child 

weight and maternal pressure to eat, by following sixty-two infants from birth to two 

years of age (370). They found that birth weight was negatively correlated with pressure 

to eat at age one, that is women with lighter babies exerted more pressure to eat, and 

that pressure to eat at age one was negatively correlated with weight SDS at age two, 

with the association persisting after adjusting for earlier weight. Thompson et al also 

demonstrated a bidirectional relationship in a larger group of low income African-

American infants studied from three to eighteen months. In longitudinal analyses, lower 

weight for age was associated with higher maternal pressure to eat at subsequent visits 

and vice versa, higher maternal pressure to finish food was, in turn, associated with 

lower weight for age (481). It is not clear in this study, whether this association 

persisted after adjusting for previous weight and, given that the measurements took 

place every three months, it is likely that children who were of lower weight at one visit 

remained small at the next visit.  

In the preschool age group, two larger studies, each involving only one year of follow-

up, found no association between pressure to eat and subsequent BMI (482) or change 

in BMI (483). However both of these studies relied on parental report of child 

measurements rather than directly measured BMI in all subjects (482) and 36% of 

subjects (483), raising the possibility of significant measurement error. 

Two longitudinal studies have examined the effect of pressure to eat in older children. 

Spruijt-Metz et al (484) found a similar pattern to that demonstrated in the current 

study, a negative cross-sectional association between pressure to eat and fat mass index 

at age eleven but no association with change in fat mass index over almost three years 
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and Webber et al found no association with either BMI, waist circumference or fat mass 

index over a similar period (485). Campbell et al also reported age-related differences in 

the longitudinal associations between parent feeding style and subsequent child BMI 

(486). This study followed two cohorts of Australian children aged 5-6 and 10-12 at 

baseline for between three to four years and found that maternal restriction of food was 

predictive of lower subsequent BMI Z-score in the younger age group only with no 

effect in older children. This study did not report the effect of pressure to eat. 

Although maternal feeding practices have been shown to correlate at different time 

points (482, 487), they do evolve with increasing child age. This may explain why 

studies of younger children are more likely to demonstrate a negative association with 

child weight over time. Webber et al demonstrated a significant decrease in maternal 

pressure to eat, restriction and monitoring of food intake over three years in middle 

childhood. Higher BMI-SDS at baseline was associated with a larger reduction in 

pressure to eat and a smaller decrease in monitoring of food intake (485), indicating that 

parental behavior was modified by their child’s weight status. Similarly, child eating 

behaviours also adapt with age, with appetitive traits related to higher satiety (the 

“internal cues”) tending to decrease, and traits associated with food responsiveness 

(“external cues”) increasing (487) and there is evidence of a bidirectional relationship 

between maternal feeding practices and child eating behaviours whereby each influence 

the other (483). 

A number of other factors may influence the relationship between maternal feeding 

practices and child weight gain. In a study of fifty-seven children, Faith et al found that 

for children at high familial risk of overweight (defined as maternal pre-pregnancy 

overweight), higher pressure to eat scores at age five predicted lower BMI at age seven. 

After correcting for measured BMI at age three, the strength of the association was 

weaker but remained significant (369). For children of healthy weight mothers, no 

association was seen although there was a non-significant trend in the same direction. 

The authors postulate that these differences according to familial risk of overweight 

could be due to differences in genetic propensity to weight gain or to gene-environment 

interactions. 
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Both ethnic and socio-economic differences in child-feeding practices have been 

identified (484, 488) with some studies also suggesting ethnic differences in the 

relationship between child-feeding habits and child adiposity (484).  

Maternal pressure to eat has been positively associated with child food fussiness, 

slowness to eat and satiety responsiveness and negatively with interest in and enjoyment 

of food, in both cross-sectional (489, 490) and longitudinal (482) studies.  Furthermore, 

in an earlier study using direct video observation of maternal feeding style in infants at 

six and twelve months of age, Farrow and Blissett showed that when mothers allowed 

their infants autonomy and were less controlling during mealtimes, infants seemed to 

regulate their weight gain over the first year of life with those with slow early weight 

gain (birth to six months) gaining more weight from six to twelve months and those 

with greater early weight gain gaining relatively less weight in the second six months. 

Conversely, where mothers were very controlling in feeding style, the opposite pattern 

emerged with infants who were slow to gain weight in the first six months continuing to 

gain weight slowly and those with rapid early weight gain continuing to gain relatively 

more weight from six to twelve months (491). They speculated that mothers developed 

more controlling child feeding styles in response to concerns about their child’s weight 

but this response was counterproductive and in fact perpetuated the weight status of the 

child which had initiated the original concern. 

In this analysis, maternal pressure to eat was measured at age three only, and 

demonstrated an apparent protective effect on BMI both cross-sectionally and 

longitudinally at age seven. However, this effect disappeared at age seven after 

adjusting for earlier BMI. There are two possible explanations for this. Firstly, that 

maternal pressure to eat may have a protective role in the development of overweight 

but its effect is greatest in the very early years or alternatively that increased pressure to 

eat is the result of lower BMI and adjusting for earlier BMI unmasks this confounding 

effect. Further research is required to clarify which of these explanations is most likely 

to be correct. 
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CHAPTER 4.1 MAJOR FINDINGS 

 

This thesis presents the results of a four year longitudinal study of a representative birth 

cohort of Dunedin children recruited at three years of age and followed to age seven. 

The major findings of the study are: 

• Combined rates of overweight and obesity ranged from 26.1% at three years, 

peaking at 27.9% at  3.5 years and falling to 18.1% at age seven 

• BMI tracked strongly throughout the four years of follow-up. 

• Two potentially modifiable risk factors for increased BMI in early and middle 

childhood were identified: short sleep duration and maternal smoking during 

pregnancy, both of which were also associated with increased fat mass index in 

children at age seven. 

• There was an interaction between maternal smoking and birth weight whereby 

birth weight was positively associated with BMI at age three in children of non-

smokers but negatively associated for children whose mothers had smoked. 

• Other, less modifiable, risk factors identified were: 

o Female gender 

o Maori ethnicity 

o Higher birth weight 

o Higher parental BMI 

• In addition, maternal pressure to eat was associated with lower child BMI 

although the relationship may not be purely causal. 

 

 

This study of a representative birth cohort of Dunedin children, found high levels of 

overweight and obesity in the preschool and early school age group, consistent with 

both national and international surveys performed in similar aged children (428, 430, 

431). The combined rate of overweight and obesity at baseline (aged three) was 26.1%, 

increasing to a peak of 27.9% at 3.5 years. 
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Perhaps unexpectedly, the prevalence of overweight and obesity decreased during the 

period of follow-up to 18.1% (combined) at age seven, which was due to a reduction in 

the rates of both overweight and obesity for boys but not girls. Data collection began at 

around the time of the international peak in child overweight and obesity (434) and 

some studies have subsequently suggested a plateauing of obesity rates (430, 434-436) 

but not the dramatic reduction seen in the current results. It is possible that the 

Hawthorn effect of participating in a longitudinal study into obesity, particularly 

through a period of intense interest in the subject in both the scientific and popular 

literature, which may have contributed in part to this reduction. However, 

methodological issues may also have contributed. We do not believe differential drop-

out played a significant role as there were no differences at baseline in any of the risk 

factors identified by the study between those who dropped out or continued, however 

there were socio-economic differences identified which could have contributed to the 

lower than expected rates of overweight demonstrated at later follow-up. Alternatively, 

this may be a function of the reference rather than a real improvement. In comparison 

with the CDC2000 growth charts used to obtain the Z scores in the study, our cohort 

became progressively closer to the reference population with longer follow-up. 

However, rates of overweight and obesity have been shown to vary according to the 

thresholds used to define them (3, 70, 72, 73) and it may that the cut-offs used (1) were 

not a good “fit” with the study population at older ages, particularly for boys.  

Despite this, we demonstrated consistent tracking of BMI across the four years of 

follow-up with correlations between ages three and seven of 0.76 for boys and 0.82 for 

girls. Furthermore, obesity and to a lesser extent overweight, persisted across this age 

range. Of the eleven children who were obese at age three, five remained so at seven, 

five were overweight and only one boy had returned to a healthy weight. This is in 

keeping with studies demonstrating that from age three onwards, child overweight and 

obesity has a higher predictive value for overweight and obesity in early adulthood than 

does parental weight status (41). Furthermore, most data suggests that the general trend 

to increasing prevalence through childhood is related more to falling rates of remission 

with increasing age than to increasing incidence (36, 432). In other words, the older an 

overweight or obese child is, the greater the likelihood that they will remain so, 

suggesting that the potential for successful intervention, both in terms of prevention and 

treatment of those already overweight, is likely to be greatest in the very young. 
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Our study identified female sex, Maori ethnicity, high birth weight, high parental BMI, 

maternal smoking during pregnancy and short sleep duration as risk factors which 

appear to have strong temporal predictive associations with increased BMI that could be 

causal. We also identified a negative association with maternal pressure to eat, which 

may suggest a protective role for this style of parenting.   

This study hypothesised that the relative contribution of individual risk factors to the 

overall risk of overweight and obesity would vary over the over the period studied. By 

examining the effect of these factors both longitudinally on BMI at age seven and on 

change in BMI from age three to seven, we attempted to highlight the age at which each 

of these factors had greatest effect. This can then be used to inform decisions about 

appropriate ages at which interventions targeting these factors should be aimed. For 

example, although female sex is clearly not modifiable, our study identified increasing 

gender divergence in both BMI and fat mass between three and seven, perhaps 

suggesting that particular attention should be paid to girls at this age.  

The importance of antenatal smoking, birth weight and parental BMI highlights the 

need for preventive interventions even before the child is born. Of these, antenatal 

smoking is likely to be the most amenable to intervention. Children of mothers who had 

smoked had higher BMI and this was due to increased fat mass index with no difference 

in lean tissue mass. Moreover the greatest effect seemed to have occurred early on, 

suggesting a role for fetal programming as an underlying mechanism in this association. 

New Zealand has high rates of smoking amongst women of child-bearing age (345) and 

success rates for smoking cessation programmes tend to be lower for women, those 

aged less than 45 years and Maori (492). American evidence suggests that rates of 

smoking cessation during pregnancy are significantly higher than in the general 

population but that nearly half of expectant mothers who quit smoking relapse within 

six months of their baby’s birth (493). Although pregnancy seems to provide powerful 

motivation for mothers to stop smoking, most studies indicate that even first trimester 

intra-uterine tobacco exposure affects offspring risk of overweight (353), suggesting 

that smoking cessation programmes aimed at all women of child-bearing age are likely 

to have benefits both for the women concerned and the next generation. 

This study demonstrated that greater maternal pressure to eat was associated with lower 

BMI at age three but showed little association with longitudinal change in BMI between 
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ages three and seven. The most likely explanation of these findings is that maternal 

pressure to eat is a response to concerns that their child is gaining weight poorly. 

However some studies in very young children have demonstrated both changes in child 

eating patterns (482) and poorer subsequent weight gains (491) in children whose 

parents demonstrated controlling feeding styles, and our results cannot rule out the 

possibility that maternal pressure to eat may have the opposite effect from that intended 

and contribute towards continued slower weight gain in children up to the age of three. 

Maternal feeding style is potentially modifiable. Agras et al have demonstrated in a 

randomised controlled trial that a parent-education programme which promotes the 

child having responsibility for the quantity eaten, results in reduced pressure to eat 

(494). Our results do not support advocating maternal pressure to eat as a means of 

controlling child weight gain but in addition to evidence that eating habits develop in 

the early preschool years (249), would suggest that any potential interventions targeting 

maternal feeding styles should be aimed at mothers of toddlers or even younger 

children. 

Mothers of non-overweight children in our study reported a higher pressure to eat score 

than mothers whose children were overweight or obese (1), although this may be 

partially biased by mothers of overweight children giving more “socially acceptable” 

responses (379). Furthermore, we demonstrated poor correlations between mothers’ 

perceptions of their child’s weight status and actual BMI category. Overall, mothers’ 

perception of “normal” child weight status seemed to have shifted towards a higher 

BMI range. Of mothers whose child was in the overweight or obese category, 87% 

perceived these as normal, with 8% of mothers whose child was in the healthy BMI 

category perceiving them as underweight or very underweight. This could suggest that 

these mothers may be more likely to pressure their child to eat more. Perhaps a more 

useful intervention in the preschool years would be education programmes aimed at 

increasing the accuracy of parental perception of what a “normal” child weight should 

be. 

Lastly, we demonstrated that sleep is an important determinant of body composition in 

children. Young children who sleep less have a higher risk of overweight, with high 

body fat levels, even after adjusting for a number of lifestyle variables. Again the 

temporal relationship between sleep and later BMI suggests that the association is 
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causal and this is further supported by experimental evidence of endocrine changes 

which would provide a physiologically plausible mechanism. Two intervention studies 

in infancy have found no effect of sleep promoting programmes on subsequent weight, 

however both have significant limitations. In a randomised study seeking to influence 

both maternal feeding patterns and sleep duration, Paul et al found that the sleep 

promoting intervention resulted in a significantly slower rate of weight gain during the 

first year, although the actual weight at twelve months of age was not significantly 

different. However this study contained fewer than thirty children in each group and it is 

possible that either larger numbers and / or longer follow-up may have demonstrated a 

significant difference (495).  Wake et al reported six year follow-up data on children 

who had taken part in a randomised controlled trial of a sleep intervention programme 

in infancy. All eligible children had presented with parent-reported sleep problems. 

They found no difference in BMI Z-score or waist circumference at age six however 

although the intervention group reported less disturbed sleep after the intervention there 

was actually no difference in sleep duration between the two groups (496). By contrast, 

Chaput et al have shown that adults who increase their sleep duration from short to 

“healthy” gained less weight over six years of follow-up than those who remained short 

sleepers (497).  

We demonstrated not only a longitudinal relationship between sleep and adiposity at 

seven but also with change in adiposity from age three to seven indicating that sleep has 

an on-going effect through early childhood.  This suggests that intervention throughout 

childhood may be both beneficial and required. Total sleep duration decreases markedly 

through the first three years of life, predominantly due to reductions in day-time sleep 

with smaller increases in nocturnal sleep duration (498), with less marked changes 

through subsequent years. Recommendations for appropriate hours of sleep for children 

of differing ages have been made (499, 500), although the science supporting these has 

recently been questioned in the literature (501). Although individual differences in 

optimum sleep duration have been recognised for more than a century (502), these 

guidelines can be used as a starting point for interacting with children and their parents. 

Importantly a number of putative risk factors hypothesised to have a role in the 

development of increased BMI in children were not supported by these results. This 

included all measures of activity, including levels of moderate-vigorous activity and 
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sedentary activities such as screen time, duration of breast-feeding, intake of fruit and 

vegetables and non-core, energy dense foods and beverages and “non-traditional” 

family eating habits. 
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CHAPTER 4.2  STRENGTHS AND LIMITATIONS 

The strengths of this study include the relatively high retention rates over four years of 

follow-up, the objective measurement of sleep and physical activity on multiple days 

using accelerometry, obtaining repeated measures of major variables including sleep 

and activity at each time and adjustment for multiple confounders. The limitations 

include relatively small sample size and possible concerns regarding generalizability 

given the make-up of the Dunedin population. 

4.2.1 RECRUITMENT, RETENTION AND GENERALISABILITY OF RESULTS  

In any observational study of this nature, the potential for bias may have a significant 

impact on whether the results are generalisable to the general population. In this age 

group there is no comprehensive sampling frame available, such as the electoral roll 

provides for adults. It was therefore felt that hospital records of the only maternity 

hospital in the region, which accounts for more than 97% of births were less likely to 

result in bias than the convenience sample which would have been obtained by 

approaching alternative sources such as early childhood centres or advertising for 

volunteers. 

This study recruited 58.4% of the 413 children eligible. This means that approximately 

40% of the full cohort are not represented in the results, raising the possibility of 

recruitment bias. Examination of the study sample compared to those not seen, shows 

the mothers of those children who were not seen were more likely to be younger, live in 

less well-off areas and to be of non-European ethnicity. This was particularly the case 

with the mothers of those twenty-five children who could not be located. Younger, more 

socio-economically deprived parents are likely to be more mobile with more frequent 

changes of address. In Dunedin in particular, with its high percentage of tertiary 

students, some of these younger mothers may have been students at the time the child 

was born. We would expect that a high proportion of these families would have since 

left Dunedin on completion of their studies, making their child ineligible to take part in 

the study, however we have no way of knowing how many children this applies to. 

Under-representation of children from families of lower socio-economic status is of 

concern since low SES has been shown in multiple studies to be associated with 
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increased risk of overweight in developed countries (163). As has been previously 

discussed, low SES cannot itself cause obesity therefore studies examining the 

development of obesity must have sufficient representation of those from lower socio-

economic groups to try to identify mechanisms through which the effects on obesity are 

mediated. Although the majority of children in this sample come from socio-

economically advantaged families, approximately 17% of the children live in 

households with a gross income of less than $30,000 per annum. 

The ethnic distribution of the study sample closely matches that of Otago children of 

that age group, with approximately 11% Maori, 3% Pacific and 2% Asian ethnicity. 

Therefore although the ethnicity of the mothers was different for those enrolled 

compared to those not enrolled, the ethnic distribution of the children appears 

representative of the population being studied. Mothers and children who are no longer 

resident in Dunedin may account for a large part of this difference. In fact, the 

acceptance rate amongst Maori mothers for the study was the same as that for NZ 

European and the rate for Pacific mothers was higher (80% acceptance). This indicates 

that our recruitment techniques were considered appropriate by all main ethnic groups 

in Dunedin and that recruitment bias with regards to ethnicity is unlikely to be 

significant. However the ethnic distribution of Dunedin means that Maori and Pacific 

children, both groups with high levels of overweight and obesity, are less represented 

than they would be in a national sample.  

Although this is not related to recruitment bias, there may be differences in the 

mechanisms that mediate the development of obesity in other population groups, which 

influence the generalisability of results. In particular, the associations between 

environmental habits and attitudes related to eating and physical activity and the 

development of overweight may be quite different for different ethnic groups. Very 

limited New Zealand data is available and papers published thus far have tended to 

report on school aged children (317, 318, 428, 429). Our findings therefore provide 

useful data in this important preschool age group. 

Recruitment rates for this study may have been influenced by the fact that the study 

involved six-monthly visits over a four-year period. Half of those families who declined 

did so because they felt they were too busy to give the time required, which is clearly 

greater for a longitudinal study than it would have been in a single visit cross-sectional 
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design. However in comparison with other longitudinal studies examining child obesity, 

our recruitment rates are favorable. The Framingham Children’s Study, which has 

similar design and objectives, achieved a recruitment rate of only 46% (364) and 

Growing Up in Australia, the national longitudinal study commenced in Australia at a 

similar time, has reported a recruitment rate of 54% (503). 

 This study examined the complex interplay of a number of putative risk factors in the 

development of obesity in children. Statistical advice suggested that we needed a 

sample size of 200 to enable us to include ten variables in the multivariate analysis 

allowing for separate analysis of males and females. We recruited 241 children into the 

study and retained 82.5% (199 children) through to final follow-up four years later, 

thereby fulfilling our original power calculations. At the time of recruitment, the 

majority of published longitudinal studies investigating multiple environmental factors 

involved in the development of obesity were based on smaller sample sizes, ranging 

from 106 children originally enrolled in the Framingham Children’s Study (393), to 146 

children followed up in the study by Klesges et al (240). Only the Avon Longitudinal 

Study of Parents and Children (100) involved examination of such a large number of 

potential risk factors in a significantly larger sample and that study measured sleep by 

maternal questionnaire and physical activity using proxy markers of inactivity, such as 

reported time spent watching television and in the car, rather than the more valid 

technique of accelerometry. 

4.2.2 MEASUREMENT TECHNIQUES 

The use of objective measurement techniques to obtain repeated measures of important 

variables, including sleep and activity, is one of the great strengths of this study. The 

primary outcome, BMI, was obtained from height and weight directly measured by one 

of two trained investigators using the same techniques as those used by nationally 

representative local (149, 428) and international (430) surveys. Similarly, both DXA 

(56) and bio-electrical impedance (81, 83) have been well validated for the assessment 

of body composition in children. 

The use of accelerometers provides an objective, quantitative measurement of each 

child’s physical activity and inactivity during the measurement period that is not 

susceptible to recall bias in the way that techniques relying on parental report of activity 
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are. As previously discussed, accelerometry has been validated against indirect 

calorimetry (174), a gold standard technique in the measurement of energy expenditure. 

Furthermore, the high degree of subject acceptance of the monitors, as evidenced by the 

fact that more than 95% of the children wore the accelerometers for the required period 

of time, means that information bias due to lack of participation is unlikely to have 

affected the measures of activity. 

Despite concerns that parental estimates of sleep time obtained by questionnaire might 

be less accurate for older children than in infants and toddlers (451), this study was the 

first prospective study into obesity to use actigraphy to estimate sleep duration (504). 

Use of self-reports (or parental proxy report for children) of sleep duration can be 

further complicated by the observations that they tend to overestimate sleep duration in 

young children (505) and might be systematically biased with regard to potential 

confounders for obesity such as ethnicity (217).  

The reliability and stability over time of estimates of sleep is also an issue (506). 

Estimates of reliability for a single day of measurement are only 0.21 to 0.51 in children 

aged three to five, but increase to acceptable levels with five days of measurement (as 

used in our study) and reliability of actigraphy measures of sleep seem to be lower in 

three year olds than in older children (507). How stable estimates of sleep are over time 

in growing children is also not well understood. Adult studies have demonstrated high 

levels of stability for actigraphy-measured sleep duration over a year (508), 

interestingly, with greater variability on a day to day than yearly basis. One study in 

nine-year old children reported a correlation of r = 0.53 over two years of follow-up 

(509). Although this is lower than that reported for adults, it is higher than we observed 

(r = 0.30, P < 0.001) suggesting it would be inappropriate to make assumptions based 

on adult data. Thus our study, with its repeated measures of multiple days of actigraphy-

measured sleep is less likely to suffer from measurement bias than those using a single 

estimate of sleep time, even if prospectively collected. 

One potential limitation of our study was the placement of the accelerometers on the 

hip. Given that we were measuring both physical activity and sleep we chose this site 

since it is more routinely recommended for assessing activity (510), whereas 

measurement of sleep-wake patterns typically use the wrist (or ankle in infants) (279). 

Use of these two sites can produce different estimates of physical activity (510). We do 
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not think that this impacted on our data however, as the trunk remained the sole 

measurement throughout the study. Furthermore, it has been shown that placement on 

the trunk provides similar detection of sleep-wake patterns as wrist actigraphy and may 

even reduce some of the motion artefacts associated with the wrist as the measurement 

site for sleep (511).  

4.2.3 ADJUSTMENT FOR CONFOUNDERS 

Lastly, our study is strengthened by the number of potential confounders included in the 

analyses. A large number of factors involving socio-demographic, intra-uterine, infant 

and childhood lifestyle factors have been implicated in the increase in childhood 

overweight and obesity seen over the last four decades (2, 31, 100). Many of these 

factors are closely intertwined and assessment of the relative importance of individual 

factors has been difficult. The use of multivariate models enabled us to attempt to 

differentiate between these interconnected factors, although in common with all 

naturalistic studies we cannot rule out the possibility of unrecognised or non-observed 

sources of confounding. 
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CHAPTER 4.3  IMPLICATIONS AND FUTURE DIRECTIONS 

 

Intrauterine life, infancy and the preschool period have all been considered as possible 

critical periods in the development of subsequent overweight (163). This study 

demonstrated that aspects of the early environment influence weight gain into middle 

childhood. In particular, maternal smoking during pregnancy and shorter child sleep 

duration are factors which have been shown to be independently associated with 

increased BMI at age seven and which could be potentially modifiable. This study also 

showed that BMI tracks strongly from the preschool years through to middle childhood. 

Treatment programmes of established overweight in childhood have tended to be 

unsuccessful, emphasising the importance of primary prevention, however to date this 

too has had limited success. There is clearly ample evidence to support on-going 

smoking cessation programmes for the population in general and women of child-

bearing age in particular. Further research is needed however into the mechanism by 

which antenatal tobacco exposure predisposes towards overweight in childhood.  

Very few prospective intervention trials related to child sleep duration have been 

published thus far. One small cluster-randomised study of additional sleep advice in 

infancy failed to find an effect on BMI or risk of overweight at age six (496) however 

further research should examine larger cohorts and different types of interventions 

aimed at promoting sleep in early childhood to determine whether this has a subsequent 

effect on overweight.  

This study also demonstrated that greater maternal pressure to eat was associated with 

lower BMI at age three but there was little association with longitudinal change in BMI 

from age three to seven. It is likely that pressure to eat is a response to perceived low 

child weight rather than a protective factor in the development of overweight in early 

childhood, although our results do not completely exclude a role for parent feeding style 

in influencing subsequent weight gain prior to age three. A number of intervention trials 

targeting less controlling infant and child feeding behaviours by parents are currently 

underway (512-514) internationally. It will be interesting to see whether changes in 

parental feeding style, if achieved, can alter future child growth trajectories.  
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Our study revealed parents tend to both underestimate their child’s degree of overweight 

and overestimate their level of activity. To our knowledge, there is little research into 

how this affects both primary obesity prevention strategies and treatment programmes 

for those already overweight. Further research is needed in this area and it is likely that 

public health campaigns aiming to educate parents about childhood overweight also 

need to include better education on what is appropriate for a healthy child.  

Further analysis of data obtained in the longitudinal component of this study could 

include: 

- Features predictive of maintaining physical activity levels from age three to four 

when levels generally decreased and whether these factors may be amenable to 

incorporation into a primary prevention campaign. 

- The tracking of dietary intake through early childhood 

- Changes in parental feeding style in childhood and the factors influencing these 

changes 

- How the eating environment influences risk of overweight as children grow. 

This study has identified maternal smoking in pregnancy and short child sleep duration 

as two potentially modifiable behaviours which result in increased risk of overweight in 

childhood. Future research should include the development and evaluation of 

programmes aimed at changing these behaviours. 
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APPENDIX A: STUDY QUESTIONNAIRE 

 

1. What is your child’s name?  ____________________________________ 

 

2. What is your child’s date of birth? ____________________________________ 

 

3.  What sex is your child? 

 

Female 

 

Male 

 

4. How would you describe your child’s overall health? 

 

 

Poor  Fair            Good       Very good        Excellent 

 

 

SECTION 1 

Section one is about your child. If possible, we would like both parents to fill out this 
section together. 
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5. Does your child currently have any illness or disability which limits his/her activity 
and has lasted for more than three months? 

 

No 

 

Yes           Please specify __________________________ 
_______________________________________________ 
_______________________________________________
_______________________________________________ 

 

6. Does your child currently have any medical conditions, including allergies which limit 
his / her diet? 

No 

 

Yes           Please specify __________________________ 
_______________________________________________
_______________________________________________
_______________________________________________ 

7. What is your child’s ethnicity? Please tick as many boxes as apply. 

New Zealand European / Other European 

Maori 

Samoan 

Cook Island Maori 

Tongan 

Niuean 

Chinese 

Indian 

Other (such as Japanese, Tokelauan) 

Please specify _________________________________ 

  



310 
 

8. Where does your child fit into your family? Please tick one box. 

Eldest child 

Second eldest 

Third eldest 

Fourth eldest 

Fifth eldest 

Other (please specify)_____________________________ 

 

9. Does your child attend an Early Childhood Centre eg. Daycare, Kohanga Reo, Kindy, 

Creche? 

No  PLEASE GO TO Q.10 

Yes  PLEASE GO TO Q.9a 

a. (If yes): How many hours per week does your child usually spend at his 
/ her Early Childhood Centre? 

__________________hours 

10. How old was your child when he/she began walking independently? 

__________________months 

 

These questions ask about activities children do. Your child may have already done some 
of the activities described here, and there may be some your child has not begun doing 
yet. For each item, please tick the box that tells whether your child is doing the activity 
regularly, sometimes or not yet. If you are not sure of the answer, you can try each 
activity with your child before answering. 

 

11. Without holding onto anything for support, does your child kick a ball by swinging 
his/her leg forward? 

 

                                                 

                   Yes             Sometimes              Not yet 
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12. Does your child jump with both feet leaving the floor at the same time? 

 

 

                                                 

 

                    Yes                     Sometimes                  Not yet 

 

13. Does your child walk up stairs, using only one foot on each stair? (The left foot is on 
one step, and the right foot is on the next.) He/she may hold onto the railing or wall. 

 

 

                                                 

 

           Yes                    Sometimes                  Not yet 

 

14. Does your child stand on one foot for about 1 second without holding onto anything? 

 

 

                                                 

 

           Yes                    Sometimes                    Not yet 

15. While standing, does your child throw a ball overhand by raising his/her arm to 
shoulder height and throwing the ball forward? (Dropping the ball or throwing 
underhand does not count.) 

 

 

                                                 

           Yes                   Sometimes                   Not yet 
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16. Does your child jump forward at least 15cm (6 inches) with both feet leaving the 
ground at the same time? 

 

                                                 

 

             Yes                        Sometimes          Not yet 

 

17. Does your child catch a large ball with both hands? You should stand about 5 feet 
away and give your child two or three tries. 

 

 

                                                

          Yes                   Sometimes                   Not yet 

 

18. Does your child climb the rungs of a ladder of a playground slide and slide down 
without help? 

 

                                                 

           Yes                   Sometimes                   Not yet 

 

19. Does your child hop up and down on either the right or left foot at least one time 
without losing his/her balance and falling? 

 

                                                 

    Yes                   Sometimes                   Not yet 
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20. Without holding onto anything, does your child stand on one foot for at least 5 
seconds without losing his/her balance and putting his/her foot down? 

 

                                                 

          Yes                   Sometimes                   Not yet 

 

21. Please indicate in the following table, for each of the different types of activity, how 
often your child would usually do each activity and how long he/she would spend 
doing the activity on a typical day. 

22.  

 

 Please tick one box for how often your child would 
usually do each activity. 

Please fill in the 
duration of each 

activity below 
 5 or 

more 
days 
per 
week 

3-4 
days 
per 
week 

1-2 
days 
per 
week 

1-3 
days 
per 
month 

Less 
than 
once a 
month 

Never Number of minutes 
on a typical day 

Organised physical 
activity eg “music 
and movement”, 
“jumping beans”, 
“kinda-gym” 

   
 

    
30 minutes 

 

Example 
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Please indicate in the following table, for each of the different types of activity, how often 
your child would usually do each activity and how long he/she would spend doing the activity 
on a typical day. 

 

 

 Please tick one box for how often your child would 
usually do each activity 

Please fill in the 
duration of each 

activity below 

 5 or 
more 
days 
per 
week 

3-4 
days 
per 
week 

1-2 
days 
per 
week 

1-2 
days 
per 
month 

Less 
than 
once a 
month 

Never Number of minutes 
on a typical day 

Organised physical 
activity eg “music 
and movement”, 
“jumping beans”, 
“kinda-gym” 

       

 
Swimming 

       

Going to the park 
or playground 

       

Riding a trike or 
bike 

       

 
Dancing to music 

       

Walking to 
daycare, kindy, 
crèche etc or 
walking to school 
with older sisters 
and brothers 

       

Other regular 
physical activity 
(specify)_______ 
______________ 

       

 

Your Answer: 
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22. Thinking of your child compared to other children of the same age and sex, how 
would you rate your child’s overall level of physical activity?  

Please mark an X in the appropriate place on the line. 

                            

 

 

 Much less active than others              Much more active than others 

 

These questions relate to indoor activities your child may do. 

 

23. Please indicate in the following table, for each of the different types of activity, how 
often your child would usually do each activity and how long he/she would spend 
doing the activity on a typical day. 

 

 Please tick one box for how often your child 
would usually do each activity. 

Please fill in the 
duration of each 

activity below 
 5 or 

more 
days 
per 
week 

3-4 
days 
per 
week 

1-2 
days 
per 
week 

1-3 
days 
per 
month 

Less 
than 
once a 
month 

Never  Number of hours on 
a typical day 

Watching 
television 

       

Watching videos 
or DVDs 

       

Playing Playstation 
etc or using a 
computer 

       

 
Being read to 

       

Listening quietly 
to music 

       

Arts and crafts eg 
painting, drawing 

       

Other quiet 
activities 
(specify)_______ 

       

 
______________ 
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24. Children will often do other things such as playing with toys, whilst watching 
television. For approximately how much of the time your child spends watching 
television, do you think he/she is actually concentrating on the television? 

 
None of the time 
 
A little of the time 
 
Some of the time 
 
Most of the time 
 
All of the time 

 

25. How often do you encourage your child to watch television eg suggest he/she watches 
television, or turn on the television for him or her without your child  requesting to 
watch television first? 

 
Never 
 
A few times a month 
 
A few times a week 
 
Once a day 
 
More than once a day          
 

26. How often do you discourage your child from watching television eg stop him or her 
from watching television when he/she requests to watch? 

Never 
 
A few times a month 
 
A few times a week 
 
Once a day 
 
More than once a day 
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27. How often is your child allowed to turn on the television? 

 
Never 
 
Rarely 
 
Sometimes 
 
Most of the time 
 
Whenever he/she wants 

 

The next questions relate to aspects of your child’s diet and eating habits. 
 

28. Was your child ever breastfed? 
 

No - GO TO Q.29 
 
Yes - GO TO Q.28a 
 

a. (if yes):  For how long was your child fully breast-fed? By this we mean your 
child received no food other than breast milk. (Do not worry about 
supplementary formula feeds in the first few days.) 

 
    ____________weeks       OR   ___________months 

 
b. How old was your child when he/she stopped being either fully or partially 

breast-fed?   
 

    ____________months       OR    ___________years  
 

29. How old was your child when he/she first began eating solid foods? 
 

____________months 
 
The next questions relate to main meals – breakfast, lunch and dinner/tea. 

 
30. In a typical week, how many times does your child eat each of the following main 

meals? 
 

a. Breakfast               ____________times per week 
 

b. Lunch                ____________times per week 
 

c. Dinner / Tea               ____________times per week 
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31. Thinking of a typical week, how regular are your child’s meal-times? 
 

       Breakfast       Lunch     Dinner/tea 
 

 
Always at the same time each day………………….. 
 
Within an hour of the same time each day…………. 
 
Whenever it suits…………………………………… 

 
 My child doesn’t eat this meal……………………… 
 

 
32. How long does your child usually spend eating each of the following main meals? 
 

a. Breakfast      __________minutes 
 
b. Lunch       __________minutes 

 
c. Dinner / Tea      __________minutes 

 
 

33. Where does your child usually eat each main meal when at home? Please tick the one 
most appropriate box for each meal. 

 
 
 
 

 
       Breakfast 

           
          Lunch 

           
      Dinner / Tea 

 
Sitting at a table, 
breakfast bar or similar 

   

Sitting in an easy chair 
or sofa 

   

 
Sitting on the floor 

   

“On the go” eg 
playing, walking 
around, in the car 

   

Other (please 
specify)___________ 
_________________ 
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34. With whom does your child usually eat their evening meal (dinner or tea). Please tick 
one box for weeknights and one box for weekends. 

 
  

   On week nights 
 
     In the weekend 

 
Our whole family eats together 

  

On his/her own or with siblings – both 
parents eat separately 

  

With one parent and with siblings – one 
parent eats separately 

  

Our family eats staggered meals as 
individual members are ready 

  

Other (please specify)____________ 
______________________________ 

  

 
 

35. Which one of the following is the most important factor in deciding who your child 
eats their evening meal with? Please tick one box for “weeknights” and one box for 
“weekends”. 

Week nights  Weekends 

 

 
Parents’ working hours…………………………. 

 
 Parents’ sports or other activities………………. 
 
 Child’s or sibling’s activities……………………. 
 
 Convenience……………………………………. 
 
 Family togetherness…………………………….. 
 
 Other (please specify)………………………….. 
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36. Thinking of your child’s main meals, how often does he/she eat each of the following 
types of meals?  

 

 5 or 
more 
days per 
week 

3-4 days 
per 
week 

1-2 days 
per 
week 

1-3 days 
per 
month 

Less 
than 
once a 
month 

Never  

Fully pre-prepared 
meals eaten at home 
eg frozen pizza, “TV 
dinners” 

      

Take-away meals 
eaten at home eg fish 
& chips, Chinese  

      

Eating out at a café or 
restaurant 

      

Eating out at a fast 
food restaurant 

      

 

37. How often does your child watch television whilst eating each of the following main 
meals? 

 

 5 or 
more 
days per 
week 

3-4 days 
per 
week 

1-2 days 
per 
week 

1-3 days 
per 
month 

Less 
than 
once a 
month 

Never  

 
Breakfast 

      

 
Lunch  

      

 
Dinner / Tea  
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The next questions relate to food and drink your child may have other than at main meals. 
 

38. Does your child have regular snack meals eg morning and afternoon tea and a 
bedtime snack? 

 
No - GO TO Q. 39 
 
Yes - GO TO Q. 38a 
 

a. (if yes): How often does your child eat each of the following snack meals? 
Please tick the one most appropriate box for each snack meal. 

 
 5 or 

more 
days per 
week 

3-4 days 
per 
week 

1-2 days 
per 
week 

1-3 days 
per 
month 

Less 
than 
once a 
month 

Never  

 
Morning tea 

      

 
Afternoon tea 

      

 
Bedtime snack  

      

 
 

b. How often does your child watch television whilst eating each of the following 
snack meals? 

 
 5 or 

more 
days per 
week 

3-4 days 
per 
week 

1-2 days 
per 
week 

1-3 days 
per 
month 

Less 
than 
once a 
month 

Never  

 
Morning tea 

      

 
Afternoon tea 

      

 
Bedtime snack 
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The next questions relate to aspects of your own diet and eating habits. 
 
These first questions relate to main meals – breakfast, lunch and dinner / tea. 
 

1. In a typical week, how often do you eat each of the following main meals? 
 

a. Breakfast     ___________times per week 
 
 

b. Lunch     ___________times per week 
  

 
c.  Dinner / Tea    ___________times per week 

 
2. Thinking of a typical week, how regular are your meal-times? Please tick the 

appropriate box for each meal. 
 

       Breakfast     Lunch     Dinner/tea 
 
 

 
Always at the same time each day………………….. 
 
Within an hour of the same time each day…………. 
 
Whenever it suits…………………………………… 

 
 I don’t eat this meal………………………………… 

 
 

3. How long do you usually spend eating each of the following main meals? 
 

a. Breakfast     __________minutes 
 

b. Lunch      __________minutes 
 

c. Dinner / Tea     __________minutes 
 
 

SECTION 2A 
 
This section is for your child’s mother or main female caregiver. 
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4. Where do you usually eat each main meal when at home?  
Please tick the one most appropriate box for each meal. 

 
  

       Breakfast 
           
          Lunch 

           
       Dinner / Tea 

Sitting at a table, 
breakfast bar or similar 

   

Sitting in an easy chair 
or sofa 

   

 
Sitting on the floor 

   

“On the go” eg 
walking around, in the 
car 

   

Other (please 
specify)___________ 
_________________ 

   

 
 
 

5. Thinking of your main meals, how often do you eat each of the following types of 
meals? Please tick one box for each line. 

 
 

 5 or more 
days per 
week 

3-4 days 
per week 

1-2 days 
per week 

1-3 days 
per 
month 

Less than 
once a 
month 

Never  

Fully pre-prepared 
meals eaten at home eg 
frozen pizza, “TV 
dinners” 

      

Take-away meals eaten 
at home eg fish & 
chips, Chinese  

      

Eating out at a café or 
restaurant 

      

Eating out at a fast 
food restaurant 
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6. How often do you watch television whilst eating each of the following main meals? 
Please tick one box for each line. 

 
 5 or 

more 
days per 
week 

3-4 days 
per 
week 

1-2 days 
per 
week 

1-3 days 
per 
month 

Less 
than 
once a 
month 

Never  

 
Breakfast 

      

 
Lunch  

      

 
Dinner / Tea 

      

 
 
 

7. How often do you snack (ie. eat and drink other than main meals) on each of the  
following foods and drinks whilst watching television? 
 

 
 Never      Occasionally   Sometimes      Often  Always  

 
 
 
Fruits & vegetables………………………… 
 
Cheese……………………………………… 
 
Nuts………………………………………… 
 
Milk, milkshakes, milo ..…………………… 
 
Alcohol eg wine, beer, spirits…………….... 
 
Fruit juice, soft drinks, energy drinks……… 
 
Crisps, potato chips and corn chips………… 
 
Lollies or chocolate………………………… 
 
Savouries eg, pies, sausage rolls,  
sausages & processed meats eg salami…….. 
 
Baked goods eg biscuits, cakes,  
muffins, crackers, muesli bars, ……………. 
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The following questions relate to how you feel about your weight and body shape. Please 
tick the box next to the one answer which most applies to you. 
 

8. How much more or less do you feel you worry about your weight and body shape 
than other women your age? 

 
I worry a lot less than other women 
 

    I worry a little less than other women 
 

I worry about the same as other women 
 
I worry a little more than other women 
 
I worry a lot more than other women 
 
 

9. How afraid are you of gaining 2 kg? 
 

Not afraid of gaining 
 
Slightly afraid of gaining 
 
Moderately afraid of gaining 
 
Very afraid of gaining 
 
Terrified of gaining 
 
 
 

10. When was the last time you went on a diet for weight control? 
 

I’ve never been on a diet 
 
I was on a diet about 1 year ago 
 
I was on a diet about 6 months ago 
 
I was on a diet about 3 months ago 
 
I was on a diet about 1 month ago 
 
I was on a diet less than 1 month ago 
 
I’m now on a diet 
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11. Compared to other things in your life, how important is your weight to 
you? 

 
My weight is not important compared to other things in 
my life 
 
My weight is a little more important than some other 
things in my life 
 
My weight is more important than most, but not all, 
things in my life 
 
My weight is the most important thing in my life 

 
 

12. Do you ever feel fat? 
 

Never 
 
Rarely 
 
Sometimes 
 
Often 
 
Always 
 

 
 

13. How would you describe your own weight at each of these times in your 
life? 
 

a. During your childhood (5-10 years old)? 
 
 
 

        Markedly       Underweight         Normal        Overweight        Markedly 
     Underweight                         Overweight  
 

b. During your adolescence? 
 
 
 

        Markedly       Underweight         Normal        Overweight        Markedly 
     Underweight                         Overweight  
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c. In your 20s?  
 
 
 

        Markedly       Underweight         Normal        Overweight        Markedly 
     Underweight                         Overweight  
 

d. Now?  
 
 
 

        Markedly       Underweight         Normal        Overweight        Markedly 
     Underweight                         Overweight  

 
 

 
The next questions relate to how you feel about your child’s diet and eating habits. 
 
Please tick one box to answer each of the following questions.  
 

14. When your child is at home, how often are you responsible for feeding him/her? 
 

 
 
 
            Never          Seldom             Half           Most of          Always 
               the time          the time 
 
 
15. How often are you responsible for deciding what your child’s portion sizes are? 
 
 
 
 
             Never          Seldom             Half           Most of          Always 
               the time          the time 
 
 
16. How often are you responsible for deciding if your child has eaten the right kinds 

of foods? 
 
 
 
               Never          Seldom             Half           Most of          Always 
               the time          the time 
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17. How would you describe your child’s weight at each of these times in his/her life?  
 

a. During the first year of life? 
 
 
 

 Markedly     Underweight        Normal      Overweight        Markedly 
    underweight             overweight 

 
 

b. As a toddler?                  
 
 
 

 Markedly     Underweight        Normal      Overweight        Markedly 
    underweight             overweight 

 
 

c. Now? 
 
 
 

 Markedly     Underweight        Normal      Overweight        Markedly 
    underweight             overweight 

 
 
 

18. How concerned are you about your child eating too much when you are not 
around him/her? 

 
 
 
 

    Unconcerned        A little      Concerned          Fairly          Very 
         concerned         concerned      concerned 
 
 

19. How concerned are you about your child having to diet to maintain a desirable 
weight? 

 
 
 
 

    Unconcerned        A little      Concerned          Fairly          Very 
         concerned         concerned      concerned 
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20. How concerned are you about your child becoming over weight? 
 
 
 
 

    Unconcerned        A little      Concerned          Fairly           Very 
         concerned         concerned       concerned 
 
 
Please tick the box which corresponds to how strongly you agree or disagree with the 
following statements 
 

21. I have to be sure that my child does not eat too many sweets (sweets, ice-cream, 
cake or pastries) 

 
 

 
      Disagree       Slightly        Neutral       Slightly        Agree 
        disagree           agree  
 
  

22. I have to be sure that my child does not eat too many high-fat foods (pies, crisps, 
cake, biscuits etc) 

 
 

       
      Disagree       Slightly        Neutral       Slightly        Agree 
                              disagree           agree  
 

23. I have to be sure that my child does not eat too much of his/her favourite foods 
 

 
       Disagree       Slightly        Neutral       Slightly       Agree 
        disagree           agree 
 
 

24. I intentionally keep some foods out of my child’s reach 
 

 
       Disagree       Slightly        Neutral       Slightly       Agree 
        disagree           agree 

 
 

25. I offer sweets (lollies, ice cream, cake, pastries) to my child as a reward for good 
behaviour 

 
 

 
       Disagree       Slightly        Neutral       Slightly       Agree 
        disagree           agree 
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26. I offer my child his/her favourite foods in exchange for good behaviour 
 

 
       

      Disagree       Slightly        Neutral       Slightly        Agree 
        disagree           agree 

 
 

27. If I did not guide or regulate my child’s eating, he/she would eat too many junk 
foods 

 
 

        
      Disagree       Slightly        Neutral       Slightly        Agree 

        disagree           agree 
 
 

28. If I did not guide or regulate my child’s eating, he/she would eat too much of 
his/her favourite foods 

 
 

        
      Disagree       Slightly        Neutral       Slightly        Agree 

        disagree           agree 
 

29. My child should always eat all of the food on his/her plate 
 

 
        

      Disagree       Slightly        Neutral       Slightly        Agree 
         disagree           agree 

 
 

30. I have to be especially careful to make sure my child eats enough 
 

 
        

      Disagree       Slightly        Neutral       Slightly        Agree 
        disagree           agree 

 
 

31. If my child says “I’m not hungry”, I try to get him/her to eat anyway 
 

 
 

       Disagree       Slightly        Neutral       Slightly        Agree 
        disagree           agree 

 
 



331 
 

32. If I did not guide or regulate my child’s eating, he/she would eat much less than 
he/she should 

 
 

       Disagree       Slightly        Neutral       Slightly       Agree 
        disagree           agree 

 
 

33. How much do you keep track of the sweets (lollies, ice-cream, cake, pastries) that 
your child eats? 

 
 

 
        Never        Rarely     Sometimes       Mostly       Always 

 
 

34. How much do you keep track of the snack food (potato chips, corn chips, popcorn) 
that your child eats? 

 
 

 
        Never        Rarely     Sometimes       Mostly       Always 
 
 

35. How much do you keep track of the high fat foods that your child eats? 
 

 
 

        Never        Rarely     Sometimes       Mostly       Always 
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36. There are a number of different sources of information which may influence your 
decisions about your child’s eating. Which of the following do you think influence 
you in making decisions about your child’s eating? Please tick one box for each 
line. 

 
 

 No influence 
or not 

applicable 

Somewhat              
influential 

Very 
influential 

My partner    
My own parents or other family members    
My friends    
My antenatal / coffee group    
My doctor (GP)    
My Plunket nurse    
My child’s paediatrician    
My dietitian or nutritionist    
Other health providers 
(specify)_______________ 

   

My child’s early childhood teacher / carer    
Books about parenting    
Parenting magazines eg “Little Treasures”    
Programmes or articles in the media    
Advertisements in the media    
Other 
(specify)____________________________ 

   

 
 

37. Thinking of the same possible sources of information, which are the three that 
have influenced you the most (in order of importance)? 

 
1)___________________________________________________________ 
 
2)___________________________________________________________ 
 
3)___________________________________________________________ 
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Next we would like to ask some questions about you personally. 
 

38. What is your date of birth?  
 _____________________________ 

 
39. In which country were you born? 

 
New Zealand 
 
Other (Specify):____________________________ 
 
 

40. What is your ethnicity?  
Please tick as many boxes as apply 

 
    New Zealand European / Other European  
 
    Maori 
 
    Samoan 
 
    Cook Island Maori 
 
    Tongan 
 
    Niuean 
 
    Chinese 
 
    Indian 
 
    Other (such as Japanese, Tokelauan) 
    Please specify_____________________________ 
 
 

41. Please indicate the highest level of education you have completed 
 

Never attended school 
 

Primary school 
 
Some high school 
 
Completed high school (Form 7 or equivalent) 
 
Some study towards a tertiary degree or diploma 
 
Completed tertiary degree or diploma 
 
Completed other qualifications (eg trade certificate) 
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42. Are you the birth mother of your child? 
 

No  GO TO Q.42a  
 
Yes   GO TO Q.43 

 
a. (if no): What is your relationship with your child eg adopted 

mother, aunt, grandmother? 
___________________________________________________________ 
___________________________________PLEASE NOW GO TO Q. 46 

 
 
The next questions relate to your pregnancy with your child who is involved in this study. 

 
43. How many weeks or months pregnant were you when your child was born? 

 
_____________weeks  OR  _____________months 
 

44. Did you have any illnesses or complications during your pregnancy that required 
treatment (including admission to hospital and bed rest in hospital or at home)? 

 
No  GO TO Q.45 
 
Yes  GO TO Q.44a 

 
a. (if yes): please specify 

_________________________________________________________
_________________________________________________________
_________________________________________________________
_________ 

 
 

45. Did you smoke cigarettes (including roll your own as well as manufactured 
cigarettes) during your pregnancy? 

 
No  GO TO Q.46 
 
Yes  GO TO Q.45a 
 

a. (if yes): On average, how many cigarettes per day did you smoke 
during your pregnancy?  

_____________________cigarettes per day 
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The next questions relate to your health now. 
 

46. How would you describe your general health now? 
 
 

 
           Poor  Fair            Good       Very good        Excellent 

 
  

47. Do you currently have any medical conditions (illnesses or disabilities) which limit 
your ability to do physical activity and which have lasted for more than three 
months? 

 
No 
 
Yes Please specify 
______________________________________
______________________________________
______________________________________
______________________________________ 
 
 

48. Do you have any medical conditions, including allergies, which limit your diet? 
 

No 
 
Yes  Please specify 
______________________________________
______________________________________
______________________________________
______________________________________ 
 
 

49. Have you ever been diagnosed with any of the following illnesses or conditions? 
Please tick one box for each line. 

 
 Yes No Not sure 
High blood pressure (hypertension)    
High cholesterol    
Ischaemic heart disease (angina, heart attack)    
Stroke or transient ichaemic attack (“mini-stroke”)    
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50. Thinking of the same illnesses or medical conditions, has anyone in your family 
(your parents, uncles and aunts, brothers and sisters), died from any of these 
causes? 

 
Example: 

 
 Yes No Relationship to you Age at which 

they died 
High blood pressure (hypertension)     
High cholesterol     
Ischaemic heart disease (angina, heart 
attack) 

 
 

 Father 
Uncles x 2 

57 
45, 60s 

Stroke or transient ichaemic attack 
(“mini-stroke”) 

 
 

  
Sister 

 
36 

 
 

Your answers: 
 

- Has anyone in your family died from these causes? 
 
 Yes No Relationship to you Age at which 

they died 
 
 
High blood pressure (hypertension) 

    

 
 
High cholesterol 

    

 
Ischaemic heart disease (angina, heart 
attack) 

 
 

   

 
Stroke or transient ichaemic attack 
(“mini-stroke”) 

 
 

  
 

 

 
 

51. Do you smoke cigarettes, including roll your own as well as manufactured 
cigarettes now? 

 
Yes 
 
No 

 
a. (if yes): How many cigarettes per day do you smoke? 

 
_____________________cigarettes per day 
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The next questions relate to aspects of your diet and eating habits. 
 
These first questions relate to main meals – breakfast, lunch and dinner / tea. 
 

1. In a typical week, how often do you eat each of the following main meals? 
 

a. Breakfast    ___________times per week 
 
 
b. Lunch    ___________times per week 

 
 
c.  Dinner / Tea   ___________times per week 

 
 

2. Thinking of a typical week, how regular are your meal-times? Please tick the 
appropriate box for each meal. 

 
       Breakfast     Lunch     Dinner/tea 
 

 
 

Always at the same time each day………………….. 
 
Within an hour of the same time each day…………. 
 
Whenever it suits…………………………………… 

 
 I don’t eat this meal………………………………… 

 
 

3. How long do you usually spend eating each of the following main meals? 
 

a. Breakfast     __________minutes 
 

b. Lunch     __________minutes 
 

c. Dinner / Tea    __________minutes 
 
 

SECTION 2B 
 
This section is for your child’s father or main male caregiver. 
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4. Where do you usually eat each main meal when at home?  
Please tick the one most appropriate box for each meal. 

 
  

       Breakfast 
           
          Lunch 

           
       Dinner / Tea 

Sitting at a table, 
breakfast bar or similar 

   

Sitting in an easy chair 
or sofa 

   

 
Sitting on the floor 

   

“On the go” eg 
walking around, in the 
car 

   

Other (please 
specify)___________ 
_________________ 

   

 
 
 

5. Thinking of your main meals, how often do you eat each of the following types of 
meals? Please tick one box for each line. 

 
 

 5 or 
more 
days per 
week 

3-4 days 
per 
week 

1-2 days 
per 
week 

1-3 days 
per 
month 

Less 
than 
once a 
month 

Never  

Fully pre-prepared 
meals eaten at home 
eg frozen pizza, “TV 
dinners” 

      

Take-away meals 
eaten at home eg fish 
& chips, Chinese  

      

Eating out at a café or 
restaurant 

      

Eating out at a fast 
food restaurant 
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6. How often do you watch television whilst eating each of the following main meals? 
Please tick one box for each line. 

 
 5 or 

more 
days per 
week 

3-4 days 
per 
week 

1-2 days 
per 
week 

1-3 days 
per 
month 

Less 
than 
once a 
month 

Never  

 
Breakfast 

      

 
Lunch  

      

 
Dinner / Tea 

      

 
 
 

7. How often do you snack (ie. eat and drink other than main meals) on each of the  
following foods and drinks whilst watching television? 
 

 
 Never      Occasionally   Sometimes      Often         Always  

 
 
 
Fruits & vegetables………………………… 
 
Cheese……………………………………… 
 
Nuts………………………………………… 
 
Milk, milkshakes, milo ..…………………… 
 
Alcohol eg wine, beer, spirits…………….... 
 
Fruit juice, soft drinks, energy drinks……… 
 
Crisps, potato chips and corn chips………… 
 
Lollies or chocolate………………………… 
 
Savouries eg, pies, sausage rolls,  
sausages & processed meats eg salami…….. 
 
Baked goods eg biscuits, cakes,  
muffins, crackers, muesli bars, ……………. 
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The following questions relate to how you feel about your weight and body shape. Please 
tick the box next to the one answer which most applies to you. 
 

8. How much more or less do you feel you worry about your weight and body shape 
than other men your age? 

 
I worry a lot less than other men 
 

    I worry a little less than other men 
 

I worry about the same as other men 
 
I worry a little more than other men 
 
I worry a lot more than other men 
 
 

9. How afraid are you of gaining 2 kg? 
 

Not afraid of gaining 
 
Slightly afraid of gaining 
 
Moderately afraid of gaining 
 
Very afraid of gaining 
 
Terrified of gaining 
 
 
 

10. When was the last time you went on a diet for weight control? 
 

I’ve never been on a diet 
 
I was on a diet about 1 year ago 
 
I was on a diet about 6 months ago 
 
I was on a diet about 3 months ago 
 
I was on a diet about 1 month ago 
 
I was on a diet less than 1 month ago 
 
I’m now on a diet 
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11. Compared to other things in your life, how important is your weight to you? 
 

My weight is not important compared to other things in 
my life 
 
My weight is a little more important than some other 
things in my life 
 
My weight is more important than most, but not all, 
things in my life 
 
My weight is the most important thing in my life 

 
 

12. Do you ever feel fat? 
 

Never 
 
Rarely 
 
Sometimes 
 
Often 
 
Always 
 

 
 
13. How would you describe your own weight at each of these times in your life? 
 
 

a. During your childhood (5-10 years old)? 
 
 
 
            Markedly     Underweight        Normal      Overweight          Markedly 
        underweight              overweight 
 
 

b. During your adolescence? 
 
 
 
             Markedly     Underweight        Normal      Overweight          Markedly 

     underweight               overweight 
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c. In your 20s? 
 
 
 

       Markedly     Underweight        Normal      Overweight        Markedly 
    underweight             overweight 
 

  
d. Now?   

 
 
 

       Markedly     Underweight        Normal      Overweight        Markedly 
    underweight             overweight 
 

 
 
 
The next questions relate to how you feel about your child’s diet and eating habits. 
 
Please tick one box to answer each of the following questions.  
 

14. When your child is at home, how often are you responsible for feeding him/her? 
 
 
 
            Never          Seldom             Half           Most of          Always 
               the time          the time 
 
 
15. How often are you responsible for deciding what your child’s portion sizes are? 
 
 
 
             Never          Seldom             Half           Most of          Always 
               the time          the time 
 
 
16. How often are you responsible for deciding if your child has eaten the right kinds 

of foods? 
 
 
 
               Never          Seldom             Half           Most of          Always 
               the time          the time 
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17. How would you describe your child’s weight at each of these times in his/her life?  
 

a. During the first year of life? 
 
 
 

 Markedly     Underweight        Normal      Overweight        Markedly 
    underweight             overweight 

 
 

b. As a toddler?                  
 
 
 

 Markedly     Underweight        Normal      Overweight        Markedly 
    underweight             overweight 

 
 

c. Now? 
 
 
 

 Markedly     Underweight        Normal      Overweight        Markedly 
    underweight             overweight 

 
 
 

18. How concerned are you about your child eating too much when you are not 
around him/her? 

 
 
 
 

    Unconcerned        A little      Concerned          Fairly          Very 
         concerned         concerned      concerned 
 
 
 

19. How concerned are you about your child having to diet to maintain a desirable 
weight? 

 
 
 
 

    Unconcerned        A little      Concerned          Fairly          Very 
         concerned         concerned      concerned 
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20. How concerned are you about your child becoming over weight? 
 
 
 
 

    Unconcerned        A little      Concerned          Fairly           Very 
         concerned         concerned       concerned 
 
 
Please tick the box which corresponds to how strongly you agree or disagree with the 
following statements 
 

21. I have to be sure that my child does not eat too many sweets (sweets, ice-cream, 
cake or pastries) 

 
 

 
      Disagree       Slightly        Neutral       Slightly        Agree 
        disagree           agree  
 
  

22. I have to be sure that my child does not eat too many high-fat foods (pies, crisps, 
cake, biscuits etc) 

 
 

       
      Disagree       Slightly        Neutral       Slightly        Agree 
                              disagree           agree  
 

23. I have to be sure that my child does not eat too much of his/her favourite foods 
 

 
 

       Disagree       Slightly        Neutral       Slightly       Agree 
        disagree           agree 
 
 

24. I intentionally keep some foods out of my child’s reach 
 

 
 

       Disagree       Slightly        Neutral       Slightly       Agree 
        disagree           agree 
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25. I offer sweets (lollies, ice cream, cake, pastries) to my child as a reward for good 
behaviour 

 
 

 
       Disagree       Slightly        Neutral       Slightly       Agree 
        disagree           agree 

 
 

26. I offer my child his/her favourite foods in exchange for good behaviour 
 

 
       

      Disagree       Slightly        Neutral       Slightly        Agree 
        disagree           agree 

 
 

27. If I did not guide or regulate my child’s eating, he/she would eat too many junk 
foods 

 
 

        
      Disagree       Slightly        Neutral       Slightly        Agree 

        disagree           agree 
 
 

28. If I did not guide or regulate my child’s eating, he/she would eat too much of 
his/her favourite foods 

 
 

        
      Disagree       Slightly        Neutral       Slightly        Agree 

        disagree           agree 
 

29. My child should always eat all of the food on his/her plate 
 

 
        

      Disagree       Slightly        Neutral       Slightly        Agree 
         disagree           agree 

 
 

30. I have to be especially careful to make sure my child eats enough 
 

 
        

      Disagree       Slightly        Neutral       Slightly        Agree 
        disagree           agree 
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31. If my child says “I’m not hungry”, I try to get him/her to eat anyway 
 

 
 

       Disagree       Slightly        Neutral       Slightly        Agree 
        disagree           agree 

 
 

32. If I did not guide or regulate my child’s eating, he/she would eat much less than 
he/she should 

 
 

       Disagree       Slightly        Neutral       Slightly       Agree 
        disagree           agree 

 
 

33. How much do you keep track of the sweets (lollies, ice-cream, cake, pastries) that 
your child eats? 

 
 

 
        Never        Rarely     Sometimes       Mostly       Always 

 
 

34. How much do you keep track of the snack food (potato chips, corn chips, popcorn) 
that your child eats? 

 
 

 
        Never        Rarely     Sometimes       Mostly       Always 
 
 

 
35. How much do you keep track of the high fat foods that your child eats? 

 
 

 
        Never        Rarely     Sometimes       Mostly       Always 
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36. There are a number of different sources of information which may influence your 
decisions about your child’s eating. Which of the following do you think influence 
you in making decisions about your child’s eating? Please tick one box for each 
line. 

 
 

 No influence 
or not 

applicable 

Somewhat              
influential 

Very 
influential 

My partner    
My own parents or other family members    
My friends    
My antenatal / coffee group    
My doctor (GP)    
My Plunket nurse    
My child’s paediatrician    
My dietitian or nutritionist    
Other health providers 
(specify)_______________ 

   

My child’s early childhood teacher / carer    
Books about parenting    
Parenting magazines eg “Little Treasures”    
Programmes or articles in the media    
Advertisements in the media    
Other 
(specify)____________________________ 

   

 
 
37. Thinking of the same possible sources of information, which are the three that 

have influenced you the most (in order of importance)? 
 

1)___________________________________________________________ 
 
2)___________________________________________________________ 
 
3)___________________________________________________________ 
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Next we would like to ask some questions about you personally. 
 

38. What is your date of birth?   _____________________________ 
 

39. In which country were you born? 
 

New Zealand 
 
Other (Specify):____________________________ 
 
 

40. What is your ethnicity?  
Please tick as many boxes as apply 
 
    New Zealand European / Other European  
 
    Maori 
 
    Samoan 
 
    Cook Island Maori 
 
    Tongan 
 
    Niuean 
 
    Chinese 
 
    Indian 
 
    Other (such as Japanese, Tokelauan) 
    Please specify_____________________________ 
 
 

41. Please indicate the highest level of education you have completed 
 

Never attended school 
 

Primary school 
 
Some high school 
 
Completed high school (Form 7 or equivalent) 
 
Some study towards a tertiary degree or diploma 
 
Completed tertiary degree or diploma 
 
Completed other qualifications (eg trade certificate) 
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42. Are you the birth father of your child? 
 

No  GO TO Q.42a  
 
Yes   GO TO Q.43 

 
a. (if no): What is your relationship with your child eg adopted 

father, step-father, grandfather? 
___________________________________________________________ 

 
 
The next questions relate to your health now. 
 

43. How would you describe your general health now? 
 
 

 
           Poor  Fair            Good       Very good        Excellent 

 
  

44. Do you currently have any medical conditions (illnesses or disabilities) which limit 
your ability to do physical activity and which have lasted for more than three 
months? 

 
No 
 
Yes Please specify 
______________________________________
______________________________________
______________________________________ 
 
 

45. Do you have any medical conditions, including allergies, which limit your diet? 
 

No 
 
Yes  Please specify 
______________________________________
______________________________________
______________________________________ 
 
 

46. Have you ever been diagnosed with any of the following illnesses or conditions? 
Please tick one box for each line. 

 
 Yes No Not sure 
High blood pressure (hypertension)    
High cholesterol    
Ischaemic heart disease (angina, heart attack)    
Stroke or transient ichaemic attack (“mini-stroke”)    
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47. Thinking of the same illnesses or medical conditions, has anyone in your family 
(your parents, uncles and aunts, brothers and sisters), died from any of these 
causes? 

 
Example: 

 
 Yes No Relationship to you Age at which 

they died 
High blood pressure (hypertension)     
High cholesterol     
Ischaemic heart disease (angina, heart 
attack) 

 
 

 Father 
Uncles x 2 

57 
45, 60s 

Stroke or transient ichaemic attack 
(“mini-stroke”) 

 
 

  
Sister 

 
36 

 
 

Your answers: 
 

- Has anyone in your family died from these causes? 
 
 Yes No Relationship to you Age at which 

they died 
 
 
High blood pressure (hypertension) 

    

 
 
High cholesterol 

    

 
Ischaemic heart disease (angina, heart 
attack) 

 
 

   

 
Stroke or transient ichaemic attack 
(“mini-stroke”) 

 
 

  
 

 

 
 

48. Do you smoke cigarettes, including roll your own as well as manufactured 
cigarettes now? 

 
Yes 
 
No 

 
a. (if yes): How many cigarettes per day do you smoke? 
 

_____________________cigarettes per day 
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1. Please list the people who live in your household most of the time, their first 

names, their relationship to your child and the dates of birth of any children.  
 

Example: 
 
Person Date of birth 

(of children) 
Sex Relationship to my child 

Anne - F Mother 
Paul - M Step-father 
Betty - F Grandmother 
Dave - M Lodger 
Aroha 18-10-91 F Step-sister from Paul’s first marriage 
Sarah 24-5-99 F Sister 
Ben 6-3-2001 M Self 
 
 

Your Answer: 
 
 
Person Date of birth         

(of children)  
Sex Relationship to my child 

    
    
    
    
    
    
    
    
    
    
    
    
 

SECTION 3 
 
These questions ask about your household. We would like either parent to 
answer this section. 
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2. This question asks about electronic equipment you may have in your home. Please 
indicate in the table below which electronic equipment you have and which room it 
is in. 

 
Example: 
  

 Television Video / DVD Playstation or 
similar 

Computer 

Lounge                     
Kitchen          
Study             
Parent’s bedroom          
Child’s bedroom          
Sibling’s bedroom                

 
 
Your answer: 
 

 Television Video / DVD Playstation or 
similar 

Computer 

Lounge         
Kitchen          
Study       
Parent’s bedroom          
Child’s bedroom          
Sibling’s bedroom         
     
     

 
 
3. Do you have “Sky” television? 

 
No  
 
Yes  

 
 
 
4. What is today’s date?  ___ / ___ / ___ 

   day   mth   year 
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5. What is the combined gross income of your family? 
Include income from all sources (eg wages, interest, pensions, family support and 
other benefits) before tax or anything else is taken out. 
 
Combined gross income 
 
    Nil 
 
    $1 to $20,000 per year 
 
    $20,001 to $30,000 per year 
     
    $30,001 to $40,000 per year 
 
    $40,001 to $50,000 per year 
 
    $50,001 to $70,000 per year 
 
    $70,001 or more per year 
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This is the first time we have used this particular questionnaire and we would like to 
know HOW PARENTS FEEL about completing it 

 
 

6.  Did you find any of the questions confusing or difficult to answer? 
 

No 
 
Yes – please comment _________________  

 
________________________________________________________________________ 

 
 

7. Did you find any of the questions upsetting or offensive? 
 

No 
 
Yes – please comment __________________ 

 
______________________________________________________________________ 

 
 

 
8. Please write below any comments concerning this questionnaire, the research or 

anything else you would like to tell us about. 
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________ 
 
 
 
 
 

 
 

 

 

THANK YOU, 
we appreciate the time that 

you have spent answering this questionnaire 
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APPENDIX B: SHORT FOOD QUESTIONNAIRE  

FOOD QUESTIONNAIRE          Code __________ 
 
Could the primary caregiver please complete the following questionnaire for your child.  
We would like you to fill out this questionnaire for three days, two week days and one weekend day. 
This questionnaire is only asking about the foods and drinks that your child ate or drank ON THE SPECIFIED DAY.  
THE SPECIFIED DAYS FOR YOUR CHILD ARE: 
 Day 1 …………………………………. 
 Day 2 …………………………………. 
 Day 3 …………………………………. 
For each food or drink, circle yes if they had it on the specified day and no if they did not. If you answer yes, please record how many servings 
they had.  
For foods and drinks which are units (slices of bread, pieces of fruit or vegetables, drinks) please circle the appropriate number of servings.  
 For example, if your child ate 1 banana and 1 orange, circle Yes and 2 servings.  
 If they ate half pieces of fruit such as 1 and 1/2 apples, circle round the 1 and the 2 

like this:     <1    1    2    3    4+ 
 If your child ate less than one serving ie. half a carrot, circle <1. 
For all other foods, please circle how much they ate compared to the amount given in the serving size column eg.  
 circle less if they ate less than the amount given or 
 circle same if they ate the same as the amount given or  
 circle more if they ate more than the amount given. 
For each food or drink, please circle yes or no for whether the food or drink was eaten as a snack, that is food or drink not intended as a main 
meal (breakfast, lunch, or dinner/tea) and circle yes or no for whether the food or drink was consumed whilst watching television. 
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Day 1 ……………………………………….        Code___________ 

 

DID THEY EAT OR DRINK? YES or NO IF YES, HOW MUCH DID THEY EAT OR 
DRINK? 

WAS THIS A 
SNACK? 

WAS THIS  EATEN / 
DRUNK WHILST 
WATCHING TV? 

   
1 serving is: 

 
My child ate/drank: 

 
YES  or   NO 

 
   YES   or    NO 

Diet softdrinks (Coca-Cola or Lemonade Yes No 1 cup (250ml) Number of servings Yes No Yes No 
etc)    <1 1 2 3 4+     
Regular softdrinks (Coca-Cola,  Yes No 1 cup (250ml) Number of servings Yes No Yes No 
Lemonade, Fanta etc)    <1 1 2 3 4+     
Flavoured milk or milkshakes or milky Yes No 1 cup (250ml) Number of servings Yes No Yes No 
milo/hot chocolate    <1 1 2 3 4+     
Plain milk as a drink (not on cereal or Yes No 1 cup (250ml) Number of servings Yes No Yes No 
in cooking)    <1 1 2 3 4+     
Fruit juice (any sort including Raro,  Yes No 1 cup (250ml) Number of servings Yes No Yes No 
Cordial, Just Juice, Freshup)    <1 1 2 3 4+     
Tea or coffee or milo made with mostly Yes No 1 cup (250ml) Number of servings Yes No Yes No 
water    <1 1 2 3 4+     
Water  Yes No 1 cup (250ml) Number of servings Yes No Yes No 
    <1 1 2 3 4+     
Cocopops, Frosties, Berry Berry Nice,  
Honey Puffs or Fruitful Breakfast 

Yes No 1 cup (250ml) Less    Same    More Yes No Yes No 

Weetbix, Fruity-bix, Mini-Wheats, Porridge, 
Cornflakes, Grinners, Sultana Bran, Just 
Right or Nutrigrain 

Yes No 1 cup (250ml) Less    Same    More Yes No Yes No 

Other cereal (please give name and brand) 
 

Yes No 1 cup (250ml) Less    Same    More Yes No Yes No 

Pasta, rice, noodles, couscous 
 

Yes No 1/2 cup (125ml) Less    Same    More Yes No Yes No 
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DID THEY EAT OR DRINK? YES or NO IF YES, HOW MUCH DID THEY EAT OR 
DRINK? 

WAS THIS A 
SNACK? 

WAS THIS  EATEN / 
DRUNK WHILST 
WATCHING TV? 

  
1 serving is: 

 
My child ate/drank: 

 
YES  or   NO 

 
   YES    or   NO 

Pizza Yes No 1 medium slice 
 

Less    Same    More Yes No Yes No 

Pies or sausage rolls Yes No 1 pie or 2 small 
sausage rolls 

Less    Same    More Yes No Yes No 

White bread or buns or pita bread Yes No 1 slice or 1 bun or  Number of servings Yes No Yes No 
   1/2 pita 1-2 3-4 5-6 > 6     
Wholemeal or wholegrain bread or buns   Yes No 1 slice or 1 bun or  Number of servings Yes No Yes No 
or pita bread   1/2 pita 1-2 3-4 5-6 > 6     
Sausages, mince, saveloys or patties 
 

Yes No 1 sausage or saveloy 
or pattie or 1/2 cup 
mince 

Less    Same    More Yes No Yes No 

Other meat or fish or poultry fried or  Yes No Amount that would 
fit in the palm of 
their hand 

Less    Same    More Yes No Yes No 
roasted in added oil or fat        

Other meat or fish or poultry baked or   Yes No Amount that would 
fit in the palm of 
their hand 

Less    Same    More Yes No Yes No 
boiled without added oil or fat        

Other meat or fish or poultry cooked as Yes No Amount that would 
fit in the palm of 
their hand 

Less    Same    More Yes No Yes No 
a stirfry (could have a small amount of oil 
added) 

       

Hot chips Yes No 1 pottle 
 

Less    Same    More Yes No Yes No 

Takeaways other than hot chips Yes No Please list what was eaten (eg. 1 fish or 2 
hotdogs) 
 

Yes No Yes No 
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DID THEY EAT OR DRINK? YES or NO IF YES, HOW MUCH DID THEY EAT OR 
DRINK? 

WAS THIS A 
SNACK? 

WAS THIS  EATEN / 
DRUNK WHILST 
WATCHING TV? 

  
1 serving is: 

 
My child ate/drank: 

 
YES  or   NO 

 
   YES    or   NO 

McDonalds or Burger King (please include 
any drinks in drinks categories on other 
page) 

Yes No Please list what was eaten (eg. 1 cheeseburger 
with medium fries) 
 

Yes No Yes No 

Kentucky Fried Chicken or Country Style 
Chicken (please include any drinks in 
drinks categories on other page) 

Yes No Please list what was eaten (eg. 1 piece chicken 
and small potato and gravy) 
 

Yes No Yes No 

Vegetables of any kind (raw or cooked) Yes No 1 whole vegetable  Number of servings Yes No Yes No 
   or 1/2 cup <1 1 2 3 >3     
Fruit of any kind (raw or cooked or Yes No 1 whole fruit or 1/2  Number of servings Yes No Yes No 
dried)   cup <1 1 2 3 >3     
Cakes or slices Yes No 1 medium slice 

 
Less    Same     More Yes No Yes No 

Sweet biscuits Yes No 2 biscuits 
 

Less    Same     More Yes No Yes No 

Muffins or scones Yes No 1 medium muffin or 
scone 

Less    Same     More 
 

Yes No Yes No 

Lollies or chocolate Yes No 1 packet lollies or 1 
bar chocolate (about 
50g) 

Less    Same     More 
 

Yes No Yes No 

Potato crisps Yes No 1 snack pack (18g) Less    Same    More 
 

Yes No Yes No 

Museli bars, Fruit for Yonks, Fruit Splits, 
Roll-ups 

Yes No 1 bar Less    Same    More 
 

Yes No Yes No 

Icecream Yes No 1 scoop Less    Same    More 
 

Yes No Yes No 

Yoghurt or dairy food Yes No 1 pottle (125g) Less    Same    More 
 

Yes No Yes No 



359 
 

Appendix C: Supplementary Figures and Tables 

Figure 116         Distribution of weight, height and BMI measurements by gender at 3 

years 
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Figure 2 Distribution of body composition indices: a) fat free mass, b) fat mass, c) 
percentage body fat    
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Figure 3  Pearson correlation between body mass index Z score and fat free mass, 
by gender, age three 

 

Figure 4  Pearson correlation between body mass index Z score and fat mass, by 
gender, age three 
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Figure 5    Pearson correlation between body mass index and percentage body fat, at age 
three   

 

 

Figure 6  Distribution of awake activity counts, by gender, at age three   
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Table 1  Total number of servings of selected foods and beverages over three days 
at age three 

 
Total Sample 

Comparison by Gender 

Females Males P 

Beverages     

Regular soft drinks 0.6 (0.9) 0.5 (0.9) 0.6 (1.0) 0.26 

Diet soft drinks 0.1 (0.3) 0.1 (0.3) 0.1 (0.4) 0.56 

Flavoured milk 1.3 (2.0) 1.3 (2.0) 1.2 (2.0) 0.77 

Milk 2.8 (3.2) 2.7 (2.9) 2.9 (3.4) 0.60 

Fruit juice / cordial 2.7 (2.6) 2.9 (2.5) 2.5 (2.6) 0.31 

Water 4.5 (3.4) 4.3 (3.2) 4.6 (3.5) 0.58 

Total sugary drinks  3.2 (2.8) 3.4 (2.8) 3.1 (2.7) 0.57 

Food groups     

Savoury snacks 2.2 (2.2) 2.1 (2.2) 2.2 (2.2) 0.56 

Sweet snacks 7.4 (3.8) 7.3 (3.4) 7.4 (4.0) 0.91 

Fruits and vegetables 7.6 (4.2) 7.2 (3.9) 8.0 (4.5) 0.16 

Fast-food 1.1 (1.3) 1.1 (1.3) 1.0 (1.3) 0.36 
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Table 2   Correlations between serving numbers of selected foods and beverage groups. 

 Regular soft 
drinks 

Diet soft 
drinks 

Flavoured 
milk 

Milk Fruit juice / 
Cordial 

Water Savoury 
snacks 

Sweet 
snacks 

Fruits and 
vegetables 

Diet soft 
drinks 0.15*         

Flavoured 
milk 0.10 0.03        

Milk -0.74 0.03 -0.19**       

Fruit juice / 
Cordial 0.04 -0.06 -0.02 -0.08      

Water -0.13* -0.06 -0.05 -0.13* -0.38***     

Savoury 
snacks 0.34*** 0.07 0.13* 0.00 0.21** -0.03    

Sweet 
snacks 0.07 0.04 0.09 -0.04 0.14* 0.15* 0.22**   

Fruits and 
vegetables -0.10 -0.01 -0.12 0.01 -0.11 0.41*** -0.08 0.09  

Fast food 0.15* 0.07 0.20** -0.07 0.10 0.05 0.19* 0.24*** -0.01 

* P < 0.05, ** P < 0.01, *** P < 0.001 
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Table 3  Associations with potential environmental influences on consumption of selected beverages 

Factor 

Total Number of Servings of  Beverages over Three Days 

Regular Soft Drinks Diet Soft Drinks Fruit Juice / Cordial 

Mean ρ P Mean Ρ P Mean ρ P 

Birth order  0.14 0.03  0.01 0.85  0.11 0.09 

Number of children in 
household 

 0.08 0.20  -0.04 0.60  0.11 0.10 

Ethnicity 
     European 
     Maori 
     Pacific 
     Other 

 
0.6 (0.9) 
0.7 (1.2) 
0.5 (0.8) 
0.4 (0.6) 

  
0.91 

 
0.1 (0.3) 
0.2 (0.4) 

0 (0) 
0.2 (0.3) 

  
0.59 

 
2.5 (2.5) 
3.4 (3.2) 
3.4 (2.4) 
2.8 (1.8) 

  
0.31 

Parental BMI 
     Mother’s BMI 
     Father’s BMI 

  
0.13 
0.03 

 
0.04 
0.65 

  
0.13 
-0.09 

 
0.04 
0.16 

  
-0.14 
0.06 

 
0.83 
0.38 

Parental Education  
     Mother 
     Father 

  
-0.13 
-0.06 

 
0.04 
0.35 

  
-0.11 
0.05 

 
0.08 
0.44 

  
-0.13 
-0.13 

 
0.05 
0.06 

Household Income 
     ≤ $20,000 
     $20,001-30,000 
     $30,001-40,000 
     $40,001-50,000 
     $50,001-70,000 
     ≥ $70,001 

 
0.8 (0.9) 
0.8 (1.1) 
0.7 (1.1) 
0.7 (1.0) 
0.5 (1.0) 
0.4 (0.6) 

 
  

0.21 
 

0 (0) 
0.1 (0.2) 
0 (0.2) 

0.3 (0.6) 
0.1 (0.3) 
0.1 (0.3) 

 
  

0.09 
 

3.4 (1.5) 
3.4 (2.8) 
3.6 (3.1) 
3.0 (3.0) 
2.4 (2.2) 
1.8 (2.0) 

  
0.04 
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Table 3 contd. 

Factor 

Total Number of Servings of  Beverages over Three Days 

Flavoured Milk Milk Water 

Mean ρ P Mean ρ P Mean ρ P 

Birth order  0.16 0.01  -0.01 0.83  -0.16 0.01 

Number of children in 
household 

 0.08 0.22  -0.03 0.61  -0.07 0.30 

Ethnicity 
     European 
     Maori 
     Pacific 
     Other 

 
1.1 (1.9) 
1.9 (2.5) 
1.9 (2.4) 
1.6 (2.8) 

  
0.25 

 
2.9 (3.2) 
2.4 (3.4) 
2.5 (2.3) 
2.5 (2.8) 

  
0.86 

 
4.7 (3.4) 
3.2 (3.2) 
4.4 (4.4) 
3.8 (3.0) 

  
0.17 

Parental BMI 
     Mother’s BMI 
     Father’s BMI 

  
-0.02 
0.06 

 
0.82 
0.39 

  
-0.02 
0.15 

 
0.71 
0.03 

  
0.04 
-0.05 

 
0.50 
0.48 

Parental Education  
     Mother 
     Father 

  
-0.05 
-0.11 

 
0.49 
0.12 

  
0.09 
0.06 

 
0.17 
0.40 

  
0.13 
0.05 

 
0.05 
0.49 

Household Income 
     ≤ $20,000 
     $20,001-30,000 
     $30,001-40,000 
     $40,001-50,000 
     $50,001-70,000 
     ≥ $70,001 

 
1.3 (2.3) 
1.6 (2.4) 
1.0 (1.7) 
1.0 (1.5) 
1.1 (1.9) 
1.4 (2.3) 

 
  

0.80 
 

2.6 (1.9) 
2.6 (3.4) 
2.1 (3.2) 
2.4 (2.8) 
2.9 (2.8) 
3.5 (3.5) 

 
  

0.33 
 

4.3 (3.4) 
3.2 (2.3) 
4.3 (3.5) 
4.3 (3.9) 
4.8 (3.4) 
5.1 (3.2) 

  
0.19 

Values are Spearman rank correlation coefficients (ρ) for continuous variables. For categorical variables, values are mean serving number over 
three days for each category and P value is for ANOVA test. 
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Table 4  Associations with potential environmental influences on consumption of selected food groups. 

Factor 

Total Number of Servings of  Selected Food Groups over Three Days 

Fast Foods and Hot Chips Fruits and Vegetables 

Mean  ρ  P Mean ρ P 

Birth order  0.19 0.003  -0.07 0.26 

Number of children in household  0.16 0.01  0 0.98 

Ethnicity 
     European 
     Maori 
     Pacific 
     Other 

 
1.0 (1.2) 
1.1 (1.0) 
1.8 (3.2) 
0.2 (0.4) 

  
0.10 

 
7.9 (4.3) 
6.6 (3.3) 
6.1 (4.6) 
5.7 (2.8) 

  
0.20 

Parental BMI 
     Mother’s BMI 
     Father’s BMI 

  
0.02 
0.15 

 
0.72 
0.02 

  
0.02 
-0.02 

 
0.82 
0.72 

Parental Education  
     Mother 
     Father 

  
-0.09 
0.05 

 
0.14 
0.41 

  
0.17 
0.15 

 
0.01 
0.03 

Household Income 
     ≤ $20,000 
     $20,001-30,000 
     $30,001-40,000 
     $40,001-50,000 
     $50,001-70,000 
     ≥ $70,001 

 
1.8 (3.0) 
0.9 (1.0) 
1.2 (1.3) 
1.1 (1.2) 
1.2 (1.3) 
0.8 (1.0) 

 
  

0.25 
 

8.1 (5.2) 
6.6 (4.2) 
7.1 (4.4) 
7.9 (3.9) 
7.9 (4.2) 
8.3 (4.2) 

 
  

0.52 
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Table 4 contd. 

 

 

Total Number of Servings of  Selected Food Groups over Three Days 

Savoury Snacks Sweet Snacks 

Mean ρ P Mean ρ P 

Birth order  0.21 0.001  0.06 0.38 

Number of children in household  0.17 0.01  -0.01 0.87 

Ethnicity 
     European 
     Maori 
     Pacific 
     Other 

 
2.0 (2.0) 
2.6 (2.6) 
4.3 (3.8) 
1.8 (1.7) 

  
0.01 

 
7.5 (3.6) 
6.4 (4.1) 
9.3 (5.6) 
4.8 (3.2) 

  
0.07 

Parental BMI 
     Mother’s BMI 
     Father’s BMI 

  
0.06 
0.05 

 
0.36 
0.42 

  
0.03 
0.07 

 
0.65 
0.29 

Parental Education  
     Mother 
     Father 

  
-0.17 
-0.06 

 
0.01 
0.37 

  
-0.17 
-0.02 

 
0.01 
0.82 

Household Income 
     ≤ $20,000 
     $20,001-30,000 
     $30,001-40,000 
     $40,001-50,000 
     $50,001-70,000 
     ≥ $70,001 

 
2.7 (3.7) 
3.1 (2.5) 
2.2 (2.1) 
2.2 (2.0) 
2.2 (2.3) 
1.5 (1.7) 

 
  

0.03 
 

8.4 (5.7) 
6.8 (3.8) 
7.2 (4.0) 
8.4 (3.2) 
7.8 (3.7) 
8.3 (4.2) 

 
  

0.39 

Values are Spearman rank correlation coefficients (ρ) for continuous variables. For categorical variables, values are mean serving number over 
three days for each category and P value is for ANOVA. 
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Figure 7  Frequency of eating main meals (number of days per typical week) 
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Table 5  Characteristics of the family eating environment at age three 

Characteristics of Eating Environment Children Mothers Fathers 

Frequency of eating each meal per week    

 Breakfast  6.8 (0.7) 5.7 (2.2) 5.4 (2.4) 

 Lunch  6.8 (0.6) 6.3 (1.3) 6.4 (1.4) 

 Dinner  6.8 (0.8) 6.9 (0.5) 6.9 (0.5) 

Regularity of Mealtimes (%)    

 Breakfast     

  Same time every day 35.5 23.8 29.4 

  Within an hour 64.7 60.4 46.3 

  Whenever it suits 0 8.5 16.1 

  Never eat this meal 0 7.2 8.3 

 Lunch     

  Same time every day 21.3 8.9 17.0 

  Within an hour 73.2 65.3 56.0 

  Whenever it suits 5.5 25.4 25.6 

  Never eat this meal 0 0.4 1.4 

 Dinner     

  Same time every day 23.1 16.5 12.4 

  Within an hour 74.4 73.3 66.5 

  Whenever it suits 2.6 10.2 21.1 

  Never eat this meal 0 0 0 

Duration of mealtimes (minutes)    

 Breakfast  19.1 (10.9) 12.1 (6.7) 12.6 (6.6) 

 Lunch  19.9 (9.7) 15.6 (7.0) 17.5 (8.1) 

 Dinner  24.0 (10.9) 21.6 (8.9) 22.4 (9.0) 
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Table 5 contd. 

Characteristics of Eating Environment Children Mothers Fathers 

Location of eating meals at home (%)    

 Breakfast     

  At a table 74.5 51.3 57.0 

  In an easy chair 13.6 20.8 15.4 

  On the floor 8.1 0.8 0 

  In the bedroom 0.4 N/A N/A 

  On the move 3.4 21.2 20.6 

  Doesn’t eat this meal 0 5.9 7.0 

 Lunch     

  At a table 79.6 58.1 55.3 

  In an easy chair 10.2 22.5 20.3 

  On the floor 4.7 0.4 1.4 

  In the bedroom 0.4 N/A N/A 

  On the move 5.1 18.6 21.7 

  Doesn’t eat this meal 0 0.4 1.4 

 Dinner     

  At a table 88.9 71.2 67.7 

  In an easy chair 5.1 26.7 30.0 

  On the floor 3.4 0.4 1.4 

  In the bedroom 0 N/A N/A 

  On the move 2.6 1.7 0.9 

  Doesn’t eat this meal 0 0 0 
Values are mean (standard deviation) for frequency and duration of meals, percentage 
(%) for location.  
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Figure 8 Frequency of television viewing during main meals.   
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Figure 9  Parental level of concern regarding their own weight.   
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Table 6  Weight, height and body mass index from ages three to seven years 

Anthropometric 
measurement 
/Age 

N Total 
Sample 

Comparison by Gender 

Females Males P 

Weight (kg) 

     3 Years 

     3.5 Years 

     4 Years 

     4.5 Years 

     5 Years 

     5.5 Years 

     6 Years 

     6.5 Years 

     7 Years 

 

241 

233 

232 

223 

222 

209 

207 

207 

199 

 

15.7 (1.9) 

16.9 (2.1) 

17.8 (2.2) 

19.0 (2.5) 

20.0 (2.5) 

21.1 (2.7) 

22.2 (2.9) 

23.5 (3.3) 

25.0 (3.7) 

 

15.4 (2.0) 

16.6 (2.3) 

17.7 (2.5) 

19.0 (2.8) 

19.9 (2.9) 

21.1 (2.9) 

22.3 (3.3) 

23.8 (3.8) 

25.3 (4.3) 

 

15.9 (1.8) 

17.1 (1.9) 

17.9 (2.0) 

19.0 (2.2) 

20.1 (2.3) 

21.1 (2.5) 

22.1 (2.7) 

23.4 (2.9) 

24.8 (3.3) 

 

0.04 

0.08 

0.44 

0.94 

0.70 

0.99 

0.70 

0.40 

0.38 

Height (cm) 

     3 Years 

     3.5 Years 

     4 Years 

     4.5 Years 

     5 Years 

     5.5 Years 

     6 Years 

     6.5 Years 

     7 Years 

 

241 

233 

232 

223 

222 

209 

207 

207 

199 

 

95.6 (3.7) 

99.5 (3.9) 

102.9 (4.0) 

106.4 (4.2) 

109.9 (4.4) 

113.0 (4.5) 

115.9 (4.8) 

119.0 (4.9) 

122.0 (5.2) 

 

95.0 (3.4) 

98.9 (3.7) 

102.4 (3.9) 

106.0 (4.2) 

109.5 (4.3) 

112.7 (4.3) 

115.5 (4.7) 

118.8 (4.8) 

121.7 (5.0) 

 

96.0 (3.8) 

100.0 (3.9) 

103.3 (4.1) 

106.7 (4.1) 

110.2 (4.4) 

113.2 (4.6) 

116.1 (4.9) 

119.1 (5.0) 

122.2 (5.3) 

 

0.05 

0.04 

0.11 

0.22 

0.27 

0.40 

0.44 

0.64 

0.51 

BMI (kg/m2) 

     3 Years 

     3.5 Years 

     4 Years 

     4.5 Years 

     5 Years 

     5.5 Years 

     6 Years 

     6.5 Years 

     7 Years 

 

241 

233 

232 

223 

222 

209 

207 

207 

199 

 

17.1 (1.4) 

17.0 (1.4) 

16.8 (1.4) 

16.8 (1.5) 

16.5 (1.4) 

16.5 (1.4) 

16.5 (1.5) 

16.6 (1.6) 

16.7 (1.8) 

 

17.0 (1.5) 

16.9 (1.7) 

16.8 (1.6) 

16.9 (1.8) 

16.6 (1.6) 

16.6 (1.6) 

16.6 (1.8) 

16.8 (1.9) 

17.0 (2.1) 

 

17.2 (1.2) 

17.1 (1.2) 

16.8 (1.2) 

16.7 (1.2) 

16.5 (1.2) 

16.4 (1.2) 

16.4 (1.3) 

16.4 (1.3) 

16.6 (1.4) 

 

0.20 

0.44 

0.83 

0.39 

0.74 

0.33 

0.29 

0.15 

0.09 

Values are mean (standard deviation). P values are for unpaired t test. 

 



375 
 

13 1415 1617 18 1920 2122 23 2425 2627 2829 30 31
0

10

20

30

Weight (kg)

Nu
m

be
r o

f C
hi

ld
re

n

94 96 98 100102104106108110112114116118120122
0

10

20

30

Height (cm)

Nu
m

be
r o

f C
hi

ld
re

n

12 13 14 15 16 17 18 19 20 21 22 23 24
0

10

20

30

40

50 Males
Females

BMI (kg/m2)

Nu
m

be
r o

f C
hi

ld
re

n

 

Figure 10 Distribution of weight, height and body mass index by sex at age 5 years. 
Note differing Y axis scales. 
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Figure  11 Distribution of weight, height and body mass index at age 7 years. 
Note differing Y axis scales. 
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Table 7  Z scores for weight, height and body mass index by sex from ages 3 to 7 
years 

Z score /Age N Total 
Sample 

Comparison by Gender 

Females Males P 

Weight (kg) 

     3 Years 

     3.5 Years 

     4 Years 

     4.5 Years 

     5 Years 

     5.5 Years 

     6 Years 

     6.5 Years 

     7 Years 

 

241 

233 

232 

223 

222 

209 

207 

207 

199 

 

0.78 (0.94) 

0.77 (0.90) 

0.70 (0.88) 

0.63 (0.85) 

0.55 (0.82) 

0.52 (0.79) 

0.42 (0.84) 

0.42 (0.82) 

0.41 (0.87) 

 

0.72 (0.94) 

0.70 (0.92) 

0.69 (0.88) 

0.65 (0.88) 

0.56 (0.85) 

0.56 (0.79) 

0.47 (0.87) 

0.49 (0.85) 

0.46 (0.91) 

 

0.83 (0.94) 

0.83 (0.89) 

0.71 (0.88) 

0.61 (0.84) 

0.55 (0.81) 

0.49 (0.80) 

0.38 (0.82) 

0.36 (0.80) 

0.36 (0.84) 

 

0.36 

0.27 

0.86 

0.72 

0.96 

0.49 

0.44 

0.27 

0.42 

Height (cm) 

     3 Years 

     3.5 Years 

     4 Years 

     4.5 Years 

     5 Years 

     5.5 Years 

     6 Years 

     6.5 Years 

     7 Years 

 

241 

233 

232 

223 

222 

209 

207 

207 

199 

 

0.26 (0.94) 

0.26 (0.93) 

0.30 (0.93) 

0.25 (0.92) 

0.31 (0.92) 

0.28 (0.91) 

0.17 (0.94) 

0.12 (0.93) 

0.07 (0.95) 

 

0.28 (0.87) 

0.29 (0.88) 

0.37 (0.88) 

0.32 (0.90) 

0.36 (0.88) 

0.32 (0.87) 

0.16 (0.91) 

0.12 (0.89) 

0.04 (0.91) 

 

0.24 (0.99) 

0.23 (0.97) 

0.24 (0.96) 

0.19 (0.93) 

0.28 (0.95) 

0.25 (0.95) 

0.18 (0.97) 

0.12 (0.96) 

0.09 (0.98) 

 

0.76 

0.59 

0.31 

0.29 

0.49 

0.57 

0.92 

0.99 

0.68 

BMI (kg/m2) 

     3 Years 

     3.5 Years 

     4 Years 

     4.5 Years 

     5 Years 

     5.5 Years 

     6 Years 

     6.5 Years 

     7 Years 

 

241 

233 

232 

223 

222 

209 

207 

207 

199 

 

0.85 (0.86) 

0.93 (0.88) 

0.87 (0.84) 

0.87 (0.83) 

0.72 (0.79) 

0.70 (0.73) 

0.62 (0.73) 

0.59 (0.72) 

0.56 (0.75) 

 

0.79 (0.89) 

0.89 (0.91) 

0.90 (0.81) 

0.92 (0.82) 

0.74 (0.80) 

0.76 (0.70) 

0.67 (0.74) 

0.65 (0.74) 

0.61 (0.78) 

 

0.88 (0.84) 

0.97 (0.86) 

0.85 (0.86) 

0.83 (0.84) 

0.71 (0.79) 

0.65 (0.74) 

0.58 (0.72) 

0.54 (0.71) 

0.51 (0.72) 

 

0.42 

0.49 

0.66 

0.47 

0.83 

0.26 

0.37 

0.28 

0.35 

Reference population is CDC2000. Values are mean (standard deviation). P value for 
unpaired t test. 
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Table 8  Estimates of body composition using bio-electrical impedance at ages 
three to seven 

Body 
Composition 
Measure /Age 

N Total 
Sample 

Comparison by Gender 

Females Males P 

Fat Free Mass (kg) 

     3 Years 

     3.5 Years 

     4 Years 

     4.5 Years 

     5 Years 

     5.5 Years 

     6 Years 

     6.5 Years 

     7 Years 

 

236 

229 

227 

219 

207 

202 

196 

194 

190 

 

12.9 (1.5) 

13.8 (1.7) 

14.4 (1.7) 

15.4 (1.8) 

16.8 (2.1) 

17.2 (2.1) 

18.2 (2.2) 

19.5 (2.6) 

20.9 (2.6) 

 

12.4 (1.4) 

13.2 (1.7) 

14.0 (1.7) 

15.0 (1.8) 

16.2 (2.1) 

16.3 (1.8) 

17.2 (2.1) 

18.6 (2.5) 

19.9 (2.5) 

 

13.2 (1.5) 

14.2 (1.7) 

14.8 (1.7) 

15.7 (1.8) 

17.2 (2.0) 

17.9 (2.1) 

18.8 (2.0) 

20.2 (2.5) 

21.7 (2.4) 

 

<0.001 

<0.001 

<0.001 

0.002 

0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

Fat Mass (kg) 

     3 Years 

     3.5 Years 

     4 Years 

     4.5 Years 

     5 Years 

     5.5 Years 

     6 Years 

     6.5 Years 

     7 Years 

 

236 

229 

227 

219 

207 

202 

196 

194 

190 

 

2.8 (0.9) 

3.1 (1.2) 

3.4 (1.2) 

3.7 (1.4) 

3.3 (1.4) 

3.9 (1.8) 

4.1 (1.9) 

4.2 (2.1) 

4.1 (2.2) 

 

3.0 (1.0) 

3.3 (1.3) 

3.7 (1.3) 

4.1 (1.5) 

3.8 (1.6) 

4.9 (1.7) 

5.2 (1.9) 

5.3 (2.2) 

5.5 (2.4) 

 

2.7 (0.8) 

2.9 (1.2) 

3.1 (1.0) 

3.4 (1.2) 

2.9 (1.2) 

3.2 (1.5) 

3.3 (1.5) 

3.3 (1.6) 

3.1 (1.5) 

 

0.02 

0.02 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

Percentage Body Fat 

     3 Years 

     3.5 Years 

     4 Years 

     4.5 Years 

     5 Years 

     5.5 Years 

     6 Years 

     6.5 Years 

     7 Years 

 

236 

229 

227 

219 

207 

202 

196 

194 

190 

 

17.7 (4.8) 

18.2 (6.3) 

18.8 (5.0) 

19.0 (5.6) 

16.1 (6.2) 

18.2 (6.9) 

18.0 (6.9) 

17.3 (7.1) 

15.9 (6.7) 

 

19.0 (4.9) 

19.8 (6.1) 

20.6 (5.0) 

21.0 (5.3) 

18.4 (6.2) 

22.6 (5.3) 

22.5 (6.0) 

21.8 (6.1) 

20.9 (5.8) 

 

16.7 (4.5) 

17.0 (6.2) 

17.4 (4.6) 

17.4 (5.3) 

14.3 (5.5) 

14.7 (6.0) 

14.6 (5.5) 

14.0 (5.8) 

12.3 (4.9) 

 

<0.001 

0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

Values are mean (standard deviation). P values are for unpaired t test.  
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