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Abstract 

Aim: Multi-disciplinary interventions remain the recommended management for 

children  with obesity. The purpose of this research was to create and assess a multi-

disciplinary intervention programme for children and adolescents with obesity in 

Taranaki, Aotearoa/New Zealand, using a mixed methods approach, incorporating a 

randomised clinical trial. Whānau Pakari means “healthy, self-assured families that are 

fully active”. The programme specifically targeted those over-represented in obesity 

statistics, namely Māori and those from most deprived households in the region, thereby 

addressing identified health inequities. 

Methods: Background audits informed the creation of Whānau Pakari. A randomised 

controlled clinical trial was embedded within the new service, offering home-based 

weight-related 6-monthly assessments and advice (control), or assessments and weekly 

group sessions for 12 months. Multi-source evaluation was undertaken to determine 

satisfaction, and an economic evaluation was performed, comparing Whānau Pakari 

with the previous conventional (hospital-based) model. 

Results: High rates of weight-related comorbidities, suboptimal eating behaviour, low 

physical activity, high screen time, and low health-related quality of life were found at 

baseline. Engagement with Whānau Pakari was associated with a significant decrease 

in body mass index standard deviation score in the low intensity control and high 

intensity intervention 12 months from baseline. Attendance ≥70% in the high intensity 

intervention doubled the effect. Improvements occurred in quality of life and 

cardiovascular fitness in both groups. Multi-source programme evaluation found high 

stakeholder, referrer and participant satisfaction. Economic evaluation demonstrated 

Whānau Pakari was cheaper and more effective compared with the previous 

conventional model of care. 
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Conclusions: Whānau Pakari is an acceptable, appropriate intervention for children and 

adolescents with obesity. It is a mainstream service that achieved high levels of initial 

recruitment and engagement from at-risk groups, therefore improving health outcomes. 

Scalability and transferability appear possible. Whānau Pakari challenges the notion that 

a multi-disciplinary intervention programme only includes a group-based intervention 

with weekly sessions. Instead, it is a model where multi-disciplinary support from a 

team provides comprehensive assessment that identifies and manages weight-related 

comorbidities, which can assist in planning individualised interventions. This 

assessment and intervention model of service provision could be considered for New 

Zealand children and adolescents with obesity. 
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1 Introduction of thesis contents 

In 2016, the estimated number of children under 5 years of age affected by overweight 

or obesity was estimated at 41 million - an increase of 11 million since 2000.1 

Historically, weight gain and storage of fat in humans were favoured as signs of 

prosperity and health.2 Rising standards of living however, have rendered securing 

energy stores through times of hardship less necessary. Opportunities to use physical 

energy have reduced, and products high in fat and sugar are among the cheapest 

available.3 Much of the world’s population now lives in an ‘obesogenic’ environment 

(one with obesity-promoting environmental factors), with overconsumption of food and 

a more sedentary lifestyle.3, 4 Indeed, obesity is a chronic disease that threatens to 

supersede public health concerns such as infectious disease and malnutrition.1 

 

As early as the 1930s, insurance companies used body weight to determine premiums 

based on the identified link between overweight and reduced life expectancy.5 The 

obesity epidemic was evident in most high-income countries by the 1970s and 1980s.6 

Global recognition of adult obesity started in the mid-1990s, and was further publicised 

by the 1997 World Health Organization (WHO) taskforce that defined the global obesity 

epidemic.2 Data were minimal for children, but where available indicated rises in 

obesity prevalence.7 This meant that for the first time, overweight/obesity was discussed 

with the same seriousness as malnutrition and underweight. Obesity can be described as 

one of the most visible, yet challenging health issues that threatens to overwhelm both 

more and less developed countries.8 It has the potential to negate health benefits that 

have led to an increase in life expectancy.8 Obesity is one of the most serious public 

health concerns of the 21st century,3, 9 requiring whole of government and intersectorial 

approaches to reverse this epidemic. This thesis is concerned with an intervention to 

specifically address childhood obesity in Aotearoa/New Zealand (henceforth referred to 

as New Zealand (NZ)). Obesity is the leading risk factor causing health loss in NZ, 

having now surpassed tobacco.10 The many varied causes of obesity from a cellular to 
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environmental level are beyond the scope of this thesis. Indeed, this field of research is 

so broad that many areas of child and adolescent obesity, including obesity prevention, 

cannot be covered in depth. However, to fully understand the NZ perspective, obesity 

definitions, obesity measures, consequences of obesity, and international childhood 

obesity interventions are reviewed below. 

 Research aims 

The aims of the research presented in this thesis are to: 

1) Create and assess a multi-disciplinary intervention for children and adolescents 

with obesity in Taranaki, NZ; 

2) Ascertain the current health status of children and adolescents with obesity in 

Taranaki, including weight-related comorbidities, eating behaviour, dietary 

intake, physical activity, sedentary behaviour, and psychological health and 

well-being; 

3) Improve access for Māori (NZ’s indigenous people) and those from most 

deprived households in Taranaki, the two main groups in the region over-

represented in child and adolescent obesity statistics; 

4) Determine whether those who received a 12-month high intensity intervention 

programme had greater improvements in body mass index (BMI) standard 

deviation score (SDS) and secondary outcomes (including laboratory 

parameters, and indices of physical activity, screen time, dietary behaviour, 

quality of life, and behavioural and psychological difficulties), when compared 

with those receiving a low intensity intervention, similar to current standard of 

care; 

5) Determine whether the devised intervention is acceptable to stakeholders, 

participants and referrers; 
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6) Determine whether the devised intervention is cost-effective when compared 

with the previous conventional model; 

7) Assess whether those who are more ‘ready’ to make lifestyle changes at 

baseline show greater improvements in primary and secondary outcomes when 

compared with those who are less ‘ready’ to make lifestyle changes; and 

8) Determine whether reduction of BMI SDS leads to an improvement in cognitive 

function. 

These aims were achieved by undertaking: 

 Background audits to ascertain how successful current service provision was 

nationally, and within Taranaki, in order to inform creation of any new multi-

disciplinary service; 

 A randomised controlled trial (RCT) of the newly devised multi-disciplinary home-

based intervention service for children and adolescents with weight issues in 

Taranaki (Whānau Pakari); 

 Four observational studies from baseline data, reviewing the current health status 

of the trial cohort at baseline; 

 Multi-source evaluation to determine satisfaction with the programme; 

 A cost-effectiveness analysis comparing the previous conventional model with the 

new programme; 

 Assessment of readiness to change as a predictor of outcome in a multi-disciplinary 

intervention programme; and 

 Assessment of cognitive function in relation to BMI SDS, and BMI SDS reduction. 

 Overview of thesis 

This thesis consists of 19 chapters as follows: 

 Chapter 1 – provides an introduction to the thesis. 
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 Chapter 2 – outlines how obesity is measured, definitions of obesity and different 

anthropometric measures. 

 Chapter 3 – presents the consequences of childhood obesity, and their 

recommended management. 

 Chapter 4 – explains the importance of childhood obesity, and associated health 

inequities. 

 Chapter 5 – presents approaches to child and adolescent obesity management, both 

internationally and locally. 

 Chapter 6 – describes the multi-centre audit undertaken to ascertain how successful 

current service provision for child and adolescent obesity was nationally.  

 Chapter 7 – describes the audit undertaken in Taranaki of the existing programme 

that addressed child and adolescent obesity, Green Prescription Active Families 

(GRxAF). 

 Chapter 8 – describes the evolution of a multi-disciplinary intervention for children 

and adolescents with obesity in Taranaki, New Zealand. 

 Chapter 9 – presents and discusses the methodology for the RCT. 

 Chapter 10 – presents the baseline weight-related comorbidities of the participants 

recruited to the programme. 

 Chapter 11 – presents the baseline dietary intake and eating behaviours of the 

participants recruited to the programme. 

 Chapter 12 – presents the baseline physical activity and sedentary behaviours of the 

participants recruited to the programme. 

 Chapter 13 – presents the baseline psychological health and well-being of the 

participants recruited to the programme. 

 Chapter 14 – presents the 12-month outcome data from the RCT. 

 Chapter 15 – describes the multi-source evaluation of the programme. 

 Chapter 16 – describes the results of the economic evaluation. 

 Chapter 17 – describes the findings relating to readiness for change (RFC). 

 Chapter 18 – describes the findings relating to cognitive function and obesity. 
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 Chapter 19 – summarises the key findings of the research, strengths and limitations, 

discusses the implications of this work, and outlines areas for future research.  

 

The manuscripts included in Chapters 6, 7, and 9-18 are presented as published or as 

submitted for consideration for publication. All pages, tables, figures and references are 

numbered consecutively throughout the thesis for continuity. Acknowledgements, 

funding, abstracts and keywords have not been included for each paper, as individuals 

and organisations are predominantly included in the thesis acknowledgements (where 

not included refined acknowledgements remain with manuscript), and funders are listed 

in the foreword. Thesis appendices provide permissions (to include publications in 

thesis and use of figures), media interactions, and supporting documents such as 

evidence of ethical approvals, information and consent forms for participants, resources 

including handouts and questionnaires used in the studies. 
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2 How obesity is measured: obesity definitions and 

anthropometric measures 

In 1995, WHO defined obesity as “the degree of fat storage associated with clearly 

elevated health risks”.11(p312) However, excess adiposity and body weight were difficult 

to quantify across all populations and age groups.5 The need for reference ranges and 

specific cut-offs was identified. Appropriately defining obesity requires the choice of a 

suitable measure of body fat with defined ranges.12 

 

Numerous compounding variables when assessing under- and overweight, mean many 

anthropometric measures have been trialled. Growth measurements, their use, and 

interpretation may differ depending on whether they are used for an individual or entire 

population.11 Weight and height measurements can be compared with different 

reference curves, to give height-for-age, weight-for-age, and weight-for-height graphs. 

Height-for-age and weight-for-age data indicate stature or body mass relative to age, 

and enable comparison with peers of similar age on percentile growth charts.11 The 

following is a summary of anthropometric measures used to define overweight and 

obesity, with a focus on its relevance to the paediatric population where possible. In-

depth discussion of the most commonly used measure, the body mass index (BMI) will 

follow. 

 Weight-for-height 

Weight-for-height reflects body weight relative to height, and has the advantage of not 

requiring knowledge of age, which can be problematic in under-developed areas.11 It 

has become a common measure for assessing populations of children, especially those 

under 5 years, and is plotted against a standard reference population to give a z-score. 

However, the use of weight-for-height is not recommended beyond 10-11 years, as 



2 How obesity is measured 

7 

issues arise with puberty and adolescence.4 Reference populations may also impact the 

interpretation in different ethnic groups. 

 Mid-upper arm circumference 

Mid-upper arm circumference (MUAC) was proposed as an alternative option for 

nutritional status where height and weight are difficult to collect, especially given the 

portability of a tape measure. However, proxy cut-off points using this method to reflect 

under and over-weight have shown poor correlation.4 MUAC is recommended as an 

additional screening tool only in non-emergency situations screening for wasting, but 

this requires knowledge of age.11 Its applicability for screening for overweight and 

obesity appears limited. 

 Skinfold thickness 

Skinfold thickness assesses the thickness of subcutaneous tissue using skinfold calipers. 

Prediction equations are then used to estimate fat mass and percentage fat.4 Skinfold 

thickness measurement is a method widely used in adults, but the inability to take into 

account changes in muscle mass, and the wide intra- and inter-individual variation due 

to age, gender and ethnicity results in its use in children being challenging.11 However, 

skinfold thickness of the triceps has shown sensitivity of 0.79 in 10-11-year-olds when 

compared with dual-energy x-ray absorptiometry in measuring obesity, suggesting that 

within tight age ranges it may be a reliable measure.13 

 Waist circumference 

Waist circumference is an indirect measure of central adiposity, and is associated with 

an adverse lipid profile and raised insulin levels in children.14 Percentile charts for waist 
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circumference to use for appropriate cut-off points were not initially successful,4 but 

reference ranges for Australian children have more recently become available.15 A 

practical issue with waist circumference is the variation in how it is measured. The 2008 

WHO Expert Consultation Group recommend measuring at the minimum 

circumference between the iliac crest and the last palpable rib using a tension tape 

measure.16 The criticism of this method, however, is that measuring an individual with 

obesity using this technique is problematic as the site is difficult to locate.17 Others 

measure at the level of the umbilicus to the nearest 0.1cm,15 and it is argued that 

measuring at the level of the umbilicus allows for consistency in measurements in an 

individual over time. However, in subjects with obesity, the umbilicus may sag and may 

underestimate the true waist circumference.16 Four commonly used sites (below lowest 

rib, the narrowest point of waist, the midpoint between the lowest rib and the iliac crest, 

and immediately above the iliac crest) have all been reported.18  However, a systematic 

review showed that the measurement protocol for waist circumference had no 

substantial influence on the association between waist circumference and cardiovascular 

disease or related mortality.19 

Despite issues relating to the method of measuring waist circumference, an Australian 

study (using waist circumference measurements at the umbilicus to the nearest 0.1cm) 

has shown that waist circumference is a significant predictor of cardiovascular risk 

profile in primary school aged children (aged 6-13years), and better than BMI z-score.20 

This observation suggests that fat distribution may be more important than overall 

adiposity for cardiovascular risk.20 Waist circumference is therefore an important 

anthropometric proxy measure in assessing excess weight and cardiovascular risk. It is 

useful to consider this measurement as complementary to body mass index. 
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 Waist to hip ratio 

Waist to hip ratio (WHR) has been used among adults to identify those with high 

adiposity.4 Hip circumference is measured at the maximum protuberance of the 

buttocks.4 WHR is obtained by dividing the waist circumference by the mean hip 

circumference.21 In adults, a WHR≥1.0 in males is classed as overweight, and a 

WHR≥0.95 as obese. In females, a WHR≥0.85 is classed as overweight, and a 

WHR≥0.80 as obese.21  Whilst percentiles are available for children, large population 

studies such as the Bogalusa study have shown that waist circumference is the most 

consistent, and generally strongest association with adverse metabolic risk factors.14  

Hip circumference does not add more information due to the proportionately larger 

increases in hip circumference when compared with waist circumference during growth, 

leading to a low correlation between WHR and intra-abdominal fat among 

adolescents.14  WHO have suggested that WHR may remain a useful research tool as it 

may provide additional information related to gluteofemoral muscle mass and bone 

structure, but that individuals can be identified as being at increased risk of obesity-

related comorbidity using waist circumference alone.2 

 Waist-height ratio 

Waist-height ratio (WHtR) has been shown to be a useful predictor of metabolic 

syndrome in adults, and also in children.17 The benefit of WHtR is that it incorporates 

height into waist circumference, which gives a more unbiased estimate of waist 

circumference as an individual grows. WHtR is calculated by waist circumference (cm) 

divided by height (cm). A value of ≥0.5 in adults (≥0.46 for males aged 8-16 years, 

≥0.45 for females aged 8-16 years) classifies the individual to be at significantly greater 

risk of cardiovascular and metabolic comorbidities.17, 22, 23 It has been shown that WHtR 

is an acceptable index in children and adolescents.24 WHtR cut-offs for overweight and 
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obesity based on the 85th and 95th percentiles for percentage body fat were developed in 

a total of 2773 male and female subjects of the 1985 Australian Health and Fitness 

Survey, aged 8-16 years. Waist circumference measurements from this study were at 

the level of the umbilicus to the nearest 0.1cm using a tension tape.  From this analysis, 

which measured against triglycerides (TG), systolic blood pressure, and high-density 

lipoprotein-cholesterol (HDL-C), it was proposed that the cut-offs that should be used 

in males were 0.46 and 0.48 to mark overweight and obesity respectively, and in females 

of 0.45 and 0.47.23 

In an Australian study involving 35 boys and 74 girls aged 10-16.5 years from the ‘Eat 

Smart’ study, both WHtR and BMI z-score showed moderate correlations with glucose, 

insulin, the homeostatic model assessment for insulin resistance (HOMA-IR), TG and 

HDL-C. Regression analysis found that WHtR was better than BMI z-score in predicting 

metabolic syndrome, defined as hypertrigylceridaemia, low HDL-C, high fasting 

glucose, high waist circumference and hypertension.17 

WHtR has not experienced the popularity that one would have expected in the clinical 

or population screening setting. Part of the reason are the disparate views relating to 

measurement of waist circumference. Despite this, using WHtR can essentially lead to 

a very simple public health screening tool and message: “Keep your waist circumference 

to less than half your height”.25(p306) 

 Body mass index 

Body mass index (BMI), or the Quetelet index as it was originally known, is the most 

convenient measure of relative adiposity.4 The 1980s heralded a change from ‘ideal 

body weights’ in defining obesity to the use of BMI (weight(kg)/height2(m2)).5 BMI, 

similar to all derived measures of adiposity using anthropometric data, does not take 

into account fat mass or fat percentage, being unable to differentiate between muscle, 
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bone or fat mass.23 For this reason, in 1995, the WHO Expert Committee on Physical 

Status agreed to express different levels of high BMI as degrees of overweight rather 

than obesity (implying a knowledge of body composition).11 The initial ranges and 

classifications for adults were based on inspection of the relationship between BMI and 

mortality and were arbitrarily defined as shown in Table 2.1.  

Table 2.1: WHO Classification of BMI 1995 

Classification: BMI (kg/m2): 

Normal range 18.5 - 24.99 

Grade 1 overweight 25.0 - 29.99 

Grade 2 overweight 30.0 - 39.99 

Grade 3 overweight ≥ 40.0 

 

Emphasis was made that the recommended cut-offs were appropriate for identifying the 

extent of overweight in individuals and populations, and that the cut-offs should not be 

interpreted in isolation but in combination with other comorbidities.11 

The 2000 WHO Technical report on obesity extended the classification and re-

introduced obesity into their definitions for adults with risk of associated comorbidities,2 

(Table 2.2). 
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Table 2.2: WHO Classification of BMI 2000 

Classification: BMI (kg/m2): Risk of 

comorbidities: 

Underweight < 18.5 Low 

Normal range 18.5 - 24.9 Average 

Overweight ≥ 25 Increased 

Pre-obese 25.0 - 29.9 Increased 

Obese class 1 30.0 - 34.9 Moderate 

Obese class 2 35.0 - 39.9 Severe 

Obese class 3 ≥ 40.0 Very severe 

 

Whilst BMI is a crude measure of obesity, the WHO describe it as the most useful 

population-level measure.2 Whilst there is acknowledgement that BMI does not 

distinguish between weight associated with muscle versus fat,2 there is a lack of a 

practical method to quantitatively assess visceral fat in routine clinical examination.5 

Assessment would require underwater weighing, magnetic resonance imaging, 

computerised axial tomography or dual energy x-ray absorptiometry, which are not 

practical in the clinical setting.4 However, waist circumference is a simple measure that 

can act as a complementary measure to BMI that correlates well with subcutaneous 

abdominal tissue.26 

 Potential future measures 

Due to the challenges with BMI, there have been alternative methods for individuals 

proposed, especially for those at the extremes of BMI percentiles. It has been 

recommended that the expression of high BMI values as a percentage of the 95th 

percentile may be a superior approach to tracking individual children with obesity.27 

More recently, tri-ponderal mass index (TMI), or mass divided by height cubed, has 

been found to be more accurate than BMI z-scores in non-Hispanic white adolescents, 
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aged 8-17 years.28 Currently, the NZ governmental screening for obesity continues to 

focus on BMI percentiles.29  

 Normative growth charts 

BMI varies with age and gender, rising during the first months of life, and again around 

the sixth year of life.4 Ongoing variation throughout childhood occurs during events 

such as puberty. Because of this variation, BMI is quantified in children and adolescents 

by BMI-for-age gender-specific reference values. The internationally used charts were 

initially derived from the US National Center for Health Statistics (NCHS). A WHO 

Expert Committee review in 1995 found technical and biological problems with this 

growth reference, leading to the development of WHO growth charts for birth to 5 

years.11 BMI-for-age charts were developed for British, Italian and Swedish children 

using the least mean square method of Cole, and these adjusted BMI distribution for 

skewness, allowing BMI in individuals to be expressed as a standard deviation score.30  

The use of BMI-for-age charts allows for classification of overweight and obese 

according to set percentiles. Depending which cut-off points are adopted, different 

percentile and SDS values will be defined as overweight and obese. For example, WHO 

have defined, for children aged 0-5 years old, a BMI above +2 standard deviation scores 

(SDS) as overweight, and above +3SDS as obese.31  BMI SDS of +1 is approximately 

equivalent to the 84th centile, +2 the 98th centile and +2.85 >99th centile.4 BMI SDS (z-

score) can be used to compare an individual or specific population against a reference 

population, and has the advantage of adjusting for age, which is important over 

childhood and adolescence. 
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 Which growth charts should be used? 

The WHO Multicentre Growth Reference Study Group presented new child growth 

standards for children under five from a multi-centre study looking at breastfed infants 

from many countries,32 which have been accepted globally for use.31 The Ministry of 

Health adopted these charts from mid-2010 for NZ.33 However, there is no updated 

international equivalent for children of school age. There is concern that contemporary 

population samples will show a rightward skew in weight-based curves, redefining 

obesity more towards ‘normal’.34 In fact, it has been argued that using growth charts 

from a time prior to the obesity epidemic occurring would be more sensible, and 

historically, some countries such as the United Kingdom have opted to ‘freeze’ the BMI 

references to older population samples.35 The International Obesity Task Force (IOTF) 

combined surveys from multiple countries in an attempt to publish internationally 

relevant BMI centile curves for school-aged children in 2000,36 and whilst they were 

used in subsequent research, they were not recommended for clinical use.31  

In 2007, the WHO published new growth reference charts for school-aged children.37 

This was not from a multi-centre study as was used for under 5-year-olds, as it was 

deemed impossible to control the dynamics of older children’s environment. Rather, the 

intention was to construct a growth reference using existing historical data from 34 data 

sets collected in 22 countries. However, the data set was so heterogeneous that the 1977 

NHCS/WHO growth reference from 5-19 years was chosen, supplemented with data 

from the WHO Child Growth Standards.37 One issue immediately obvious with the new 

reference charts is the +3SDS curves present sizeable differences between the 2007 and 

1977 figures (2.0kg for boys and 3.5kg for girls).37 Alternatives to these growth charts 

still being used are the Center for Disease Control and Prevention’s (CDC) sex-specific 

BMI-for-age growth charts, released in 2000,38 based on five national health 

examination surveys performed in the United States, and the IOTF charts from 2000 as 

previously described.36 The CDC charts are what is currently recommended by the 
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Australasian Paediatric Endocrine Group (APEG) for use in Australia and NZ in the 

absence of a directive from the Ministry of Health for children over 5 years of age.39  

Comparison has been made between WHO, IOTF and CDC BMI-for-age charts, and 

BMI cut-offs in terms of +2 SDS and +3SDS for overweight and obesity respectively.12 

However, the recommendations show the importance of a uniformly agreed 

international standard for BMI-for-age charts internationally, and the confusion created 

by the use of multiple charts. Whilst new charts may lead to a skewing of obesity to the 

‘norm’, the current lack of uniformity in BMI-for-age charts creates many more issues. 

The methodological problems created by a lack of consistency between classifications 

and definitions of childhood obesity has led to great difficulty in comparing research 

findings and trends internationally.4 In NZ, the Ministry of Health adopted the BMI 

conversion chart devised by Cole for use in the clinical setting in children aged 0-5 

years, as it has the advantage of estimating BMI percentile based on height and weight 

percentile without requiring calculation of BMI, with an accuracy (95% confidence 

interval) of around half a channel width.40 The cut-offs used with this chart are >91st 

centile for overweight, and >98th centile for obese, as shown in Figure 2.1.33 The UK 

tends to use the 98th percentile to define obesity in clinical practice settings, as the 91st 

and 98th centile are displayed on growth charts.41  
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Figure 2.1: Cole’s weight-height BMI Conversion Chart40 

It is evident that a clear definition of obesity, and internationally agreed anthropometric 

measures with approved cut-off points for overweight and obesity are urgently needed, 

especially for children and adolescents. The following issues have been highlighted 

when using survey data in assessing child and adolescent obesity: 

• Sampling issues and the comparability of results from national survey data to other 

populations. 



2 How obesity is measured 

17 

• Sexual maturation and its influence on body fatness, especially relating to weight 

gain in early adolescence, and the large intra- and inter-population variations in 

sexual maturation. 

• Trends in growth and development and the variation of this between populations 

world-wide, i.e. children have become taller, mature earlier, and have become 

heavier for age, but this is very variable between population groups. 

• Stunting - children are more likely to be overweight in countries where rapid 

changes in nutrition are occurring. 

• Adiposity rebound, or the timing of a child’s second increase in BMI, is very 

variable between populations. 

• Measurement errors and quality of measurements between studies and countries.4 

Challenges with inter-population ethnic variations is particularly relevant for NZ. 

Differences in fat distribution, muscularity, bone mass and leg length may contribute to 

ethnic-specific differences between BMI.42 Body composition and growth in Māori 

(NZ’s indigenous population) children differs from European in terms of BMI, fat mass 

and fat-free mass, with greater increases in Māori children compared with NZ European 

children over time.43  

In conclusion, despite some of the issues highlighted above, longitudinal growth data is 

vital in understanding childhood obesity and trends internationally. A compromise is 

necessary to accept the school-aged WHO growth reference charts with a skew of 

obesity to the ‘norm’ to resolve this, and it is anticipated this will be the outcome in NZ. 

However, it is important that obesity is not normalised in the process. The use of one 
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agreed measure of waist circumference (ideally at the level of the umbilicus) would also 

encourage use of waist circumference as an additional growth measure, and possible 

WHtR in screening and monitoring of obese and overweight individuals. Whilst new 

proposed measures have potential, governments will likely continue to recommend BMI 

in population screening and individual tracking for many years to come.
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3 Consequences of childhood obesity and recommended 

management 

Overweight and obesity were shown to be associated with higher all-cause mortality in 

a meta-analysis, which combined data from 239 prospective studies performed in four 

continents (Asia, Australasia, Europe, and North America).44 Medical comorbidities of 

obesity include hypertension, diabetes and insulin resistance, hypercholesterolaemia, 

impaired respiratory function, and orthopaedic/mobility issues.9 Childhood obesity can 

negatively affect almost every organ system.45 Lakshman schematically highlighted the 

complications of childhood obesity (Figure 3.1).41 



3 Consequences of childhood obesity & recommended management 

20 

 

Figure 3.1: Lakshman’s schematic summary of the complications of childhood obesity41 

However, accepted weight-related comorbidities even are more extensive than this 

schematic summary, including nonalcoholic fatty liver disease, and dental caries, as 

described below. An association between obesity and poorer performance on cognitive 

assessments when compared to non-obese counterparts has also been established in 

some studies.46 Weight-related comorbidities and the consequences of childhood 

obesity have been described in numerous previous reviews.4, 41, 45, 47, 48 Following is a 

brief review of the comorbidities of childhood obesity, with a discussion of the use of 
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the term ‘the metabolic syndrome’ in children and adolescents. Weight-related 

comorbidities in NZ children and how they differ in Māori are explored in the results 

(Chapter 10). 

 Cardiovascular disease risk 

Cardiovascular risk factors include a high concentration of low-density lipoprotein-

cholesterol (LDL-C), a low concentration of HDL-C, elevated blood pressure, type 1 or 

2 diabetes mellitus, cigarette smoking and obesity.49 The development of atherosclerosis 

begins in childhood, as shown at autopsies of participants in the Bogalusa Heart Study.50 

The extent of the lesions were significantly correlated with BMI, systolic and diastolic 

blood pressure, total cholesterol concentrations, serum LDL-C, and serum TG 

concentrations.50 Obesity tracks more strongly than any other cardiovascular disease 

risk factor.51 

Recent population based data of 2.3 million Israeli adolescents found those with obesity 

were almost five times more likely to die from coronary heart disease within 40 years 

when compared with normal weight peers.52 Data from 42,297,007 person-years of 

follow-up revealed 9.1% of deaths from cardiovascular causes. Overweight and obesity 

in adolescence were strongly associated with increased cardiovascular mortality in 

adulthood.52  

 Hypertension 

Obesity is the most common cause identified for hypertension in children.9 Ambulatory 

and casual blood pressure in children and adolescents with obesity, demonstrate higher 

systolic and diastolic loads over 24 hour readings.53 Studies have shown that systolic 

and diastolic blood pressures, and left ventricular mass index are all increased in 
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children with obesity.54 Pre-hypertension and hypertension represent concerning levels 

of cardiovascular risk, especially at such a young age. 

The increase in blood pressure that occurs with weight gain is thought to be due to 

release of angiotensinogen from adipocytes, leading to overexpression of angiotensin 

II, and increase in blood volume (due to increased body mass and a rise in blood 

viscosity). Changes in blood viscosity occurs because of impaired fibrinolysis. This 

impairment results from increased release from adipocytes of profibrinogen and 

plasminogen activator inhibitor 1.55  

Both the Fourth Report and the Expert Panel on Integrated Guidelines for 

Cardiovascular Health and Risk Reduction in Children and Adolescents (2012) 

recommend annual blood pressure screening for all children 3-17 years, irrespective of 

weight.51, 56 

 Dyslipidaemia 

National Health and Nutrition Examination Survey (NHANES) data from the United 

States have shown that in 2011-2012, 20% of the 1,482 surveyed children and 

adolescents aged 8-17 had adverse lipid concentrations of total cholesterol, HDL-C, or 

non-HDL-C cholesterol, with 10% demonstrating borderline high or high blood 

pressure.57  

Based on multiple prospective screening cohort studies, the Expert Panel on Integrated 

Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents 

(2012) recommended the following values for high cut-offs in lipids, which represent 

~95th percentile (Table 3.1).  
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Table 3.1: High plasma lipid concentration cut-offs for children and adolescents51 

Category:   

Total cholesterol ≥ 5.2 mmol/L ≥ 200 mg/dL 

HDL-C < 1.0 mmol/L < 40 mg/dL 

Non-HDL-C ≥ 3.8 mmol/L ≥ 145 mg/dL 

TG   

    0-9 years ≥ 1.1 mmol/L ≥ 100 mg/dL 

    10-19 years ≥ 1.5 mmol/L ≥ 130 mg/dL 

LDL-C ≥ 3.4 mmol/L ≥ 130 mg/dL 

 

These cut-offs are based on fasting measurements, but it is noted that non-HDL-C can 

be used in a non-fasting state and is therefore practical to add as a screening tool for 

dyslipidaemia in childhood.51 

The predominant dyslipidaemic pattern in children with obesity is a moderate to severe 

elevation in TG, normal to mild elevation in LDL-C, and reduced high HDL-C.51 Expert 

Committee Recommendations on the prevention, assessment and treatment of children 

and adolescents with obesity (2007) from the American Academy of Pediatrics state a 

fasting lipid profile should be obtained on any child or adolescent with obesity.58 

 Type 2 diabetes mellitus 

The most important risk factor for type 2 diabetes mellitus in childhood and adolescence 

is obesity.4 Both impaired fasting glucose and impaired glucose tolerance are considered 

pre-diabetes states.59 However, adolescents with obesity show signs of glucose 

dysregulation (glucose intolerance and/or abnormal fasting glucose),59 and are more 
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likely to have impaired insulin clearance.60 This places them at higher risk for 

progression to type 2 diabetes mellitus. Indigenous population groups appear at 

increased risk of type 2 diabetes mellitus. For example, in the US, American Indian and 

Alaskan native children have a higher rate of type 2 diabetes mellitus than children of 

other ethnicities.61 

The American Diabetes Association recommends screening for type 2 diabetes mellitus 

in all children up to 18 years who are overweight or obese, with two or more of the 

following risk factors: 

• Family history of type 2 diabetes mellitus in a first- or second-degree relative; 

• Native American, African American, Latino, Asian American, or Pacific Islander 

descent; 

• Signs of insulin resistance or conditions associated with insulin resistance 

(acanthosis nigricans, hypertension, dyslipidaemia, polycystic ovarian syndrome, 

or small-for-gestational-age birth weight); and/or 

• Maternal history of diabetes or gestational diabetes (GDM) during the child’s 

gestation.62 

3.4.1  Insulin Resistance 

Increased BMI has been noted to be positively associated with insulin levels, with both 

increased insulin secretion and decreased insulin clearance contributing to 

hyperinsulinaemia in adolescents with obesity.63 Whilst glucose levels can be restored 

independently of any dynamic insulin response (glucose-effectiveness), the insulin-

dependent mechanism of glucose restoration is considered to be synergistic with 
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glucose-effectiveness.64 Maintaining normoglycaemia relies on the inter-relationship 

between the body’s ability to respond to insulin (insulin sensitivity), and the β-cell’s 

ability to secrete insulin in response to changes in glucose.64 Insulin resistance is defined 

as a reduction in tissue response to insulin-mediated actions at the cellular level, and is 

the inverse of insulin sensitivity.65 Hyperinsulinaemia in obesity is postulated to be a 

homeostatic response to a reduction in insulin sensitivity to maintain euglycaemia.66 

Given that insulin is a hepatic hormone and almost all insulin is normally sequestered 

by the liver, increases in systemic insulin reflect hepatic insulin resistance rather than 

peripheral insulin resistance. Free fatty acids inhibit the uptake of insulin at a hepatic 

level.60 If fatty liver or visceral adiposity are present, free fatty acids are likely to be 

elevated in the portal circulation, thus increasing systemic insulin levels. Systemic 

hyperinsulinaemia is therefore unlikely to improve unless these states are reversed. 

Consensus agreement exists that the homeostasis model assessment (HOMA) does not 

offer any advantages over fasting insulin in euglycaemic children.65 Fasting insulin is a 

poor measure of whole body insulin sensitivity in an individual child as it is highly 

variable, and therefore is not recommended in daily clinical practice.65 It is not a 

predictor of pathology in its own right. During childhood and adolescence, interpretation 

of insulin levels is compounded by puberty. In obese and non-obese adolescents, 

pubertal transition has been associated with a 32% reduction in insulin sensitivity.67 

While improvements in hyperinsulinaemia are observed after weight loss in adults, there 

is no conclusive evidence this occurs in children and adolescents.  

 Nonalcoholic fatty liver disease 

Nonalcoholic fatty liver disease (NAFLD) arises due to excess fat accumulation in the 

liver, and its presence is closely associated with obesity.68 Depending on histology, 

NAFLD can be divided into nonalcoholic fatty liver (NAFL) with bland steatosis, or 

nonalcoholic steatohepatitis (NASH) with steatosis and lobular inflammation and 
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hepatocellular injury.68 Screening of children at age 9 years has been recommended in 

children with obesity or overweight who have additional risk factors (central adiposity, 

insulin resistance, prediabetes or diabetes, dyslipidaemia, sleep apnoea, or family 

history of NASH/NAFLD).68 Earlier screening should be considered if severe obesity, 

family history of NAFLD/NASH or hypopituitarism.68 Serum alanine transferase (ALT) 

concentration is not sensitive enough to predict with certainty the NAFLD phenotype or 

severity. NASH however is more common in children with ALT≥80U/L. Figure 3.2 

outlines the current recommendations from the North American Society of Pediatric 

Gastroenterology, Hepatology and Nutrition (NASPGHAN), likely subject to change 

with further research. 
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Figure 3.2: NASPGHAN proposed algorithm on NAFLD screening, and investigation68 

ALT: alanine aminotransferase, GI: gastrointestinal, NAFLD: nonalcoholic fatty liver disease, ULN: 

upper limit of normal. 
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International guidelines have inconsistent messages regarding assessment of liver 

function, and examination of hepatomegaly, with the Expert Committee 

recommendations regarding the prevention, assessment, and treatment of children and 

adolescents with obesity being the most comprehensive in nature.58 

 Puberty, fertility, menses and polycystic ovarian syndrome 

Overweight and obesity can often drive early puberty.4 Other effects of obesity in 

women include fertility, menstrual irregularities, and polycystic ovarian syndrome 

(PCOS).4 

PCOS remains a common endocrinopathy, with controversy around diagnosis. The 

Rotterdam criteria (2003) require two of three criteria to be met for a diagnosis: oligo- 

and/or anovulation; clinical and/or biochemical signs of hyperandrogenism; and 

polycystic ovaries.69 Obesity is frequently associated with PCOS, and insulin resistance 

is a common feature.70 Clinical symptoms are varied, but include hirsutism, 

dysmenorrhoea, acne, and often signs of the comorbidities associated with excess 

weight.70 Screening for PCOS in adolescent women with obesity is an important aspect 

of addressing weight-related comorbidities.58 

 Psychological issues 

3.7.1  Low self-esteem and health-related quality of life 

Negative self-image, poor self-esteem, and psychological difficulties are well 

documented in children and adolescents with obesity.48 However, these findings vary 

depending on country of origin. For example, the emotional health and well-being of 

children and adolescents who are overweight or obese, appears to vary depending on 

country of residence. Emotional health can be assessed with health-related quality of 
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life (HRQOL) measures.71 In studies of 12-18-year-old children in Fiji and 10-14-year-

old children in Kuwait, no meaningful association was present between increased 

weight and HRQOL, irrespective of ethnicity.72, 73 In Australian population data, 

HRQOL was lower for overweight and children with obesity when compared with 

normal weight counterparts.74 Expert Committee recommendations regarding the 

prevention, assessment, and treatment of children and adolescents with obesity advise 

considering psychological/behavioural health of all children with obesity, including 

anxiety, binge eating disorder, depression, and bullying.58 

3.7.2  Impairment of cognitive functioning 

Obesity in childhood and adolescence may be associated with a decrease in executive 

function and poorer long-term outcomes in relation to poorer school performance.75 An 

association between adult obesity and poorer performance on cognitive assessments 

when compared with those non-obese counterparts is well established.76 In terms of 

whether weight loss may improve these findings, a systematic review and meta-analysis 

of twenty studies found weight loss was associated with a significant improvement in 

attention and memory in both longitudinal studies and randomised controlled trials in 

adults.77  

In simple terms, the relationship between obesity and brain function relates to executive 

function – or self-regulatory cognitive processes associated with monitoring of thought 

and goal-related behaviours.76 Whilst the relationship between BMI and executive 

function in adults is clearly established, causality remains unknown. The relationship 

between BMI and executive function in children and adolescents is not so well 

established.78 A systematic review showed that overweight and children with obesity of 

primary school age have significantly lower full IQ and performance IQ when compared 

with non-obese peers.78 No recommendations exist regarding assessment of cognitive 

function or school performance in children with obesity currently. 
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 Respiratory impairment 

3.8.1  Obstructive sleep apnoea  

Obstructive sleep apnoea (OSA), a disorder of breathing leading to partial obstruction 

of the airways and interruption of sleep, can be accompanied by habitual snoring, sleep 

difficulties, and/or neurobehavioural difficulties.79 OSA is thought to affect up to 2-4% 

of children. Depending on criteria, approximately 30% of children with obesity have 

sleep related disordered breathing.80 This is particularly important given the negative 

effects of obstructive sleep apnoea on cardiovascular morbidity, attention deficit 

hyperactivity disorder, learning difficulties, and metabolic morbidity.79 Treatment of 

choice remains adenotonsillectomy.79 However, it has been shown that resolution of the 

condition occurs in 77.5% of those who are not obese post adenotonsillectomy, but in 

only 45% of children with obesity.81 For this reason, sleep disordered breathing 

guidelines recommend review 6-8 weeks post operatively to ensure symptom resolution, 

and if not, for referral for polysomnography.82 

The Expert Committee recommendations algorithm for management of childhood 

obesity does not refer to OSA.58 The NZ Clinical Guidelines for Weight Management 

in Children and Young People recommend examining for tonsillar hypertophy, and 

considering overnight oximetry.29  

Sleep has also become an area of increased focus given that children who sleep less than 

recommended guidelines are twice as likely to be overweight or obese compared with 

children meeting the recommended guidelines.83 Further, late bed times and late wake 

times are thought to be associated with a higher BMI SDS, as shown in a study of 

Australian adolescents.84 The direction of causality however, has not been established. 

However, promotion of sleep hygiene is recommended in recent New Zealand 

guidelines for weight management in children.29 
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3.8.2  Asthma 

Development of asthma can limit exercise tolerance in children and adolescents with 

obesity.47 Findings from analyses of data from the US NHANES studies showed an odds 

ratio of 4.0 for current asthma for children with a BMI ≥85th percentile compared with 

overall prevalence in population generalisable data for children living in the US aged 2 

months through 16 years.85 Currently, guidelines either do not mention consideration of 

asthma in the child or adolescent with obesity, or mention it briefly.58, 86 

 Orthopaedic and mobility issues 

Many of the complications of obesity are secondary to the increased mechanical load 

on the body, which affects mobility.4 Common physical consequences include slipped 

capital epiphyses, Blount’s disease (tibia vara), tibial torsion, flat feet, ankle sprains, 

and increased risk of fractures.4 

 Dental caries 

Dental caries are one of the most common early childhood diseases.87 Cross-sectional 

samples have shown an association between adiposity and dental caries ‘experience’.87 

Non-milk extrinsic sugar consumption is known to cause dental caries.88 Whilst it is not 

possible to attribute a direct link between sugar-sweetened beverages and weight gain, 

the consumption of caloric sweeteners from all sources has increased at a population 

level.89 With these types of changes in dietary intake, dental caries have gained greater 

attention, due to the overlap between obesity and caries, and unneccessary healthcare 

burden.90 
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 Metabolic syndrome 

In 1988, Reaven first described syndrome X: a relationship between insulin resistance, 

high blood glucose, hypertension and circulating free fatty acids.91 This syndrome also 

includes obesity, and is most well-known as ‘the metabolic syndrome’. There have been 

multiple attempts to define the metabolic syndrome, by the WHO and other international 

groups. In 2005, the International Diabetes Federation (IDF) produced a Consensus 

definition of the metabolic syndrome in adults, utilising experts from groups that had 

created earlier iterations, with definitions for adults shown in Table 3.2, and ethnicity 

specific waist circumference cut-off values for central obesity shown in Table 3.3.92  
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Table 3.2: International Diabetes Federation: metabolic syndrome definition92 

Central obesity (BMI >30kg/m2) OR 

Waist circumference Ethnicity specific values (Table 3.3) 

Plus any two:  

Raised TG >150mg/dL (1.7mmol/L) 

 Specific treatment for this lipid abnormality 

Reduced HDL-C <40mg/dL (1.03mmol/L) men 

 <50mg/dL (1.29mmol/L) women 

 Specific treatment for this lipid abnormality 

Raised blood pressure Systolic ≥ 130mm Hg 

 Diastolic ≥ 85mm Hg 

 Treatment of previously diagnosed 

hypertension 

Raised fasting plasma 

glucose 

Fasting plasma glucose ≥100mg/dL 

(5.6mmol/L) 

 Previously diagnosed type 2 diabetes 

 If above 5.6mmol/l or 100mg/dL, oral glucose 

tolerance test recommended, but not necessary 

to define presence of syndrome 
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Table 3.3: Ethnic-specific values for waist circumference92 

Ethnic group Waist circumference (as measure of central 

obesity) 

Europids  

  Men ≥ 94cm 

  Women ≥ 80cm 

South Asians  

  Men ≥ 90cm 

  Women ≥ 80cm 

Chinese  

  Men ≥ 90cm 

  Women ≥ 80cm 

Japanese  

  Men ≥ 85cm 

  Women ≥ 90cm 

Ethnic south and central 

Americans 

Use South Asian recommendations pending 

more specific data 

Sub-Saharan Africans Use European recommendations pending more 

specific data 

Eastern Mediterranean and 

middle east (Arab) populations 

Use European recommendations pending more 

specific data 

 

In 2007, the IDF produced a definition of metabolic syndrome for children and 

adolescents, shown in Table 3.4.93 
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Table 3.4: IDF definition of at-risk group & of metabolic syndrome in children & adolescents93 

Age 6 to < 10 years 

Obesity ≥ 90th percentile as assessed by waist circumference 

Metabolic syndrome cannot be diagnosed, but further measurements should be 

made if family history of metabolic syndrome, type 2 diabetes mellitus, 

dyslipidaemia, cardiovascular disease, hypertension or obesity 

Age 10 to < 16 years 

Obesity ≥ 90th percentile (or adult cut-off if lower) as assessed by waist 

circumference AND TWO OR MORE OF: 

TG ≥ 1.7mmoL/L 

HDL-C < 1.03mmol/L 

Blood pressure ≥ 130mm Hg systolic or ≥ 85mm Hg diastolic 

Glucose ≥ 5.6mmol/L (oral glucose tolerance test recommended) or known 

type 2 diabetes mellitus 

Age > 16 years 

Use existing IDF criteria for adults 

 

Criticism has been levelled at these definitions as they do not include measures of insulin 

resistance. Insulin resistance is prominent in obese patients with and without the 

metabolic syndrome according to IDF definitions.94 Insulin resistance was omitted from 

the definitions due to practicality of measurement. However, it is important to 

acknowledge that the metabolic syndrome has been described in numerous ways in 

children.17 

In this thesis, further reference to the metabolic syndrome is not made, given the 

vagaries of diagnosis. It is also argued that this syndrome does not add further 

information or confer greater benefit for individuals over identifying each weight-

related comorbidity. 
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4 Childhood obesity: importance and associated health inequity 

 The global situation 

In 2004, an estimated 170 million children and adolescents globally aged <18 years were 

classified as overweight or obese.4 Important observations from the review of survey 

data were the following:  

• The global prevalence of obesity is unequally distributed, with figures quoted as 

below 10% in Africa and Asia, but above 20% in the Americas and Europe. 

• Childhood overweight is rising rapidly globally, but at different speeds and 

different patterns. 

• Overweight is high among the poor in rich countries, and the rich in poorer 

countries.4 

Combined overweight and obesity prevalence for children between 1980 and 2013 is 

estimated to have risen by 47.1%.95 High and low income countries are affected, 

however, in low and middle-income countries, the rate of rise in obesity prevalence is 

30% greater than in high-income countries.96 The causes of the increasing prevalence 

are multifactorial. Changes in food type, food security, decline in physical 

activity/increases in sedentary behaviour, as well as the impact of maternal health during 

pregnancy on the unborn child are all contributing factors.8 

A review of 52 studies across Australia, Europe, Japan and the US published in 2010 

found an overall levelling of the obesity epidemic in children and adolescents in these 
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countries.97 However, the authors cautioned against complacency from these results, as 

a further increase in prevalence in an epidemic is often preceded by a ‘levelling off’ 

phase.97 

The Commission on ending childhood obesity was established in response to ongoing 

concerns about this rising global epidemic. The outcome was the WHO’s 2016 report 

on ending childhood obesity.8 This document saw six key recommendations: the 

promotion of healthy food intake; promotion of physical activity; preconception and 

pregnancy care; early childhood diet and physical activity; health, nutrition and physical 

activity for school-age children; and weight management.8 

 The New Zealand situation 

New Zealand (NZ) does not appear to have experienced any plateauing of obesity. NZ 

now has the third highest prevalence rate of overweight and obesity in the OECD for 

adults.98 The NZHS data classifies approximately 11% of NZ children aged two to 

fourteen years as obese, with Māori 1.6 times more likely to be obese compared with 

non-Māori counterparts.99 Pacific children are 3.9 times more likely to be obese 

compared with non-Pacific children.99 In addition, children living in households in the 

most socioeconomically deprived quintile of NZ are five times more likely to be obese 

than children living in least deprived areas.99 

NZ data from 2006 showed that being overweight or obese carried annual costs of 

between $720 million and $850 million in health care and lost productivity, with health 

care costs of $624 million (4.4% of NZ’s total health care expenditure).100 Lost 

productivity attributable to overweight or obesity was estimated at between $98 million 

and $225 million annually.100 
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The Office of the Auditor General’s 2013 report on combating child obesity highlighted 

the importance of a national strategy to overcome the issue of obesity in NZ. Research 

for this report reiterated the barriers for Māori and Pacific families accessing services 

and programmes, such as cost, awareness, discomfort with service providers, and lack 

of motivation.101 In 2015, the New Zealand government released the childhood obesity 

plan, with the introduction of a new health target specifically designed to identify 

children with obesity and refer for assessment and intervention at a young age.102 

 Obesity progression through childhood and adolescence 

The rise in paediatric obesity prevalence parallels the rapid increase in adult obesity 

prevalence.9 The associated health problems facing children with obesity occur earlier 

in life, and for a great deal longer than adults who develop obesity, having major 

implications not only for the individual, but for society and future healthcare provision. 

Childhood obesity progresses to adult obesity, and its comorbidities. Approximately one 

third of obese preschool children are obese as adults, while about half of obese school-

age children are obese as adults according to the epidemiologic literature between 1970 

and 1992.103 The US National Longitudinal Study of Adolescent Health (wave II and 

wave III) showed that 37% of obese male adolescents (and 51% female adolescents) 

(BMI>95th percentile) were severely obese (BMI>40kg/m2) by 30 years of age, 

compared with <5% of normal-weight teenagers.104 The Bogalusa Heart study showed 

that overweight during adolescence (13-17years) was associated with increases in risk 

of  hypertension (8.5-fold), and elevated serum LDL-C and TG levels (3.1-8.3-fold) as 

adults aged 27 to 31 years.105 

Over the last two decades, it has become evident that, as well as the importance of 

lifestyle and environment in the development of obesity, susceptibility may evolve from 

early life, with altered development of critical regulation systems in the brain 



4 Childhood obesity: importance & associated health inequity 

39 

antenatally.106 Maternal smoking is one environmental antenatal exposure that impacts 

on long-term outcome. NZ data have shown that children enrolled in the Dunedin 

Multidisciplinary Health and Development Study had a greater BMI at age 3 if their 

mothers smoked during pregnancy when compared with those whose mothers did not.107 

National figures in 1990-1991 showed that Māori were three times more likely to smoke 

than New Zealand European (NZE) during pregnancy based upon post-natal self-report 

(68.4% versus 23% respectively).108 The issue is compounded by under-reporting; in a 

NZ study, almost a quarter of pregnant women who smoked did not report smoking.109 

The awareness of the long-term impacts of antenatal health on the offspring has led to 

guidance for preconception and antenatal care, in attempts to prevent childhood obesity, 

and ensure a healthy start to life.8 

 Indigenous population groups are over-represented in obesity 

statistics 

Indigenous children and their families have marked disparities in health outcome 

compared with non-indigenous population groups.110 Colonisation, historical trauma, 

loss of traditional diet and food security have all been contributing factors to this 

globally. Where data which describes obesity prevalence in indigenous populations have 

been collected, the findings are alarming. For example, First Nations children in Canada 

have rates of obesity four times that of the Canadian population.110 A recognised global 

inequitable distribution of healthcare, with significant deprivation of indigenous 

populations world-wide, leads to substantial health inequities.111 Indigenous children 

growing up in low-income families where food-security is a constant concern continues 

to maintain health inequities globally.110 The NZ findings are no more encouraging. 
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 Working towards equity in health 

Addressing health inequities is a stated priority of New Zealand’s National Health 

Strategy, released in 2016.112 It is important, however, to consider what this actually 

means. In 1991, Whitehead termed ‘inequity’ to mean differences which are 

unnecessary, avoidable, unfair and unjust.113 A further elaboration of health inequities 

has been proposed as those inequalities in health that are unnecessary, preventable, and 

amenable to policy intervention.114 Health inequities put groups that are disadvantaged 

at further disadvantage in terms of health.115 

Whilst there is often synonymous use of the words inequity and inequality, for the 

purposes of this thesis, health inequality is used to describe differences or health 

disparities that are not necessarily unfair or unjust.115 An example of health inequality 

is the difference in birth weight between females and males.115 

Working towards health equity is based on the ethical principle of distributive justice.115 

Achieving equity in health care focusses on accessibility, quality, and acceptability (or 

appropriateness) of services.113 However, in NZ, preliminary studies suggest that health 

sector spending is skewed towards non-Māori children despite evidence that there is 

greater Māori need.114 Colonial thinking often leads to the assumption that unequal 

Māori outcomes are due to a ‘Māori problem’, rather than an awareness that a failure of 

a system to achieve equity may be the underlying cause.116 However, the New Zealand 

Government have obligations under the Treaty of Waitangi (the Treaty signed between 

the British Crown and Māori leaders in 1840, which resulted in British sovereignty over 

NZ) to achieve good governance and equity.116 Health professionals working within the 

health system have a responsibility to work towards health equity. Political and popular 

will are both required for health equity to be achieved.116 
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In conclusion, childhood obesity continues to be a global problem, and one that 

demonstrates health inequity. Therefore, any approaches to management requires 

consideration of these health inequities, specifically in terms of accessibility, equal 

quality, and acceptability of services. 
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5 Approaches to managing childhood and adolescent obesity 

Most children and adolescents with overweight/obesity who come to the attention of 

medical professionals are either managed by a general practitioner or general 

paediatrician. Australian data demonstrates an under-recognition of this issue from both 

specialties. For every 200 children presenting to their general practitioner in Australia, 

while 60 are overweight or obese, only one is offered weight management 

intervention.117 In the Australian general paediatrician population, online survey data 

showed that 30% felt they could make a little difference in managing a child with 

obesity, while 4% felt they could make no difference at all. Sixty-nine percent felt they 

could make a little difference to a child with obesity’s weight, 10% felt they could make 

no difference at all.118 The WHO recommends health professionals receive appropriate 

training in aspects of childhood obesity,8 but in NZ, this process is in its infancy. 

 A ‘multi-disciplinary’ approach to obesity intervention 

In 2009, the Cochrane collaboration published a systematic review and meta-analysis 

demonstrating “combined behavioural lifestyle interventions compared to standard care 

or self-help can produce a significant and clinically meaningful reduction in overweight 

in children and adolescents”.119(p2) Parental involvement was noted as important, 

especially prior to adolescence. In NZ, the 2009 Clinical Guidelines for Weight 

Management in Children and Young People promoted the ‘FAB’ approach (food habits, 

activity and behaviour) in a family-centred model of care.120 

A 2012 systematic review found that lifestyle interventions can lead to clinically 

meaningful improvements in weight (overall BMI SDS reduction of 0.1) in terms of 

cardiovascular and metabolic risk factors one to two years after baseline.121 This 

supported a multi-disciplinary approach to children and adolescents with obesity, where 
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nutrition education, physical activity and behaviour change are all addressed to support 

healthy lifestyle changes. However, it is acknowledged that the improvements in BMI 

SDS reduction may not persist long-term, as seen in longitudinal studies.122, 123 An 

example is the Healthy Beginnings 5-year data from early childhood intervention.123 

This longitudinal follow-up study reviewed BMI SDS in 369 children, 5 years after 

intervention in Sydney, Australia.123 

It has been argued that failing to achieve a BMI reduction should not be equated with 

failing to adopt healthier behaviours.124 However, the tension that remains with this 

argument is that the ultimate goal in those with obesity and weight-related comorbidities 

still needs to be some form of reduction in weight status. 

The recommendation supporting multi-disciplinary interventions for obesity in 

childhood and adolescence has not changed, and a recent systematic review went further 

to define the duration required. Intensive interventions with ≥26 contact hours for those 

6 years and older can result in improvements in weight status for up to 12 months.125 

5.1.1  Defining a clinically meaningful outcome in BMI SDS reduction 

More recent research in Germany in 1,388 children experiencing overweight/obesity 

showed that a BMI SDS reduction of ≥0.25 improved hypertension and lipid profile, 

with a reduction of >0.5 doubling this effect.126 There is considerable debate as to 

whether BMI/BMI SDS are the best measures of success, yet they remain the primary 

outcome measures of the majority of randomised controlled trials in child and 

adolescent obesity intervention.124  

The longitudinal effects of lifestyle intervention on disease progression have been 

explored in a study in China, where those who had undertaken diet, exercise, or diet and 

exercise interventions (albeit over a 6 year period), had a 43% lower incidence of 
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diabetes over a 20-year follow up period. Whilst average BMI was in the overweight 

range at baseline (25.8 control and 25.2 intervention), there was no significant change 

in BMI at the end of the intervention period 6 years later.127 Change in BMI SDS at the 

20-year follow-up was -1.57 (control), and -1.41 (intervention), but these results do need 

to be interpreted with caution as 25% of the cohort had died at 20-year follow-up. 

Despite this, evidence suggests that interventions may improve long-term diabetes 

risk.127 

A systematic review is underway to establish the change in BMI required to improve 

metabolic health status in children and adolescents with obesity attending lifestyle 

treatment interventions.128 This review will incorporate lifestyle interventions (dietary, 

physical activity, and/or behavioural therapy) for treating obesity, and it is hoped this 

will assist in further determining meaningful BMI SDS outcomes.128   

5.1.2  The importance of addressing ethnicity, deprivation and drop-out rates in 

intervention programmes 

Whilst BMI SDS has been the conventional primary outcome measure for determining 

success or otherwise in intervention programmes, it is important to also consider 

whether health inequities have been addressed successfully, as these have an influence 

on participant outcomes. In a recent systematic review, ‘black’ participants showed 

higher ‘dropout’ rates in weight-management interventions than ‘white’ participants 

(65-67% vs. 22-27% respectively), and low family income was associated with lower 

‘compliance’ in weight-management programmes.129 (These studies were conducted in 

the US, Canada, Europe, and Australia.) Intervention in Hispanic immigrant families 

with children aged 5-7 years showed low class attendance likely impacted the intention-

to-treat analysis.130 Ethnicity appeared to be an important contributor to overall 

suboptimal dietary intake, and sedentary activity in a further US study.131 These findings 

are increasingly important with a shift towards more ‘agentic’ models of healthcare, 
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which are unlikely to reduce disparities in outcomes.132 Overall, current conventional 

medical approaches to obesity management are not culturally aligned with indigenous 

people’s ways of being.133 

An international systematic review of barriers and facilitators to participation in 

randomised controlled trials by indigenous people highlighted that the most common 

barrier to participation was lack of access due to disadvantage or social exclusion. 

Facilitators included culturally appropriate study design, with partnership and 

relationship building.134 In the NZ context, many services do not recognise the ‘Māori 

world view’ in their delivery, resulting in ongoing health inequity.114 Kaupapa Māori 

refers to “theory and methodologies that centre Māori language, culture, and knowledge 

in the interests of the complex, related ideals of decolonisation and self-

determination”.135(p101) Kaupapa Māori methodology is guided by a Māori world view, 

which acknowledges the complexity of Māori historical and contemporary realities, 

prioritising the indigenous Māori voice in its approach.114 Utilising Kaupapa Māori 

research frameworks, ‘western’ medicine can be guided to create health frameworks 

that achieve health equity and support cultural practices wherever possible.136 It is 

important that mainstream services work well for Māori, given the majority of Māori 

continue to receive most of their health care from these services.137 

The value of home-based models in addressing health inequity 

A therapeutic approach that addresses access and appropriateness of service delivery is 

a home-visit model. A systematic review demonstrated that home-visit paediatric weight 

management interventions were promising, however, it was not clear whether the home 

visit itself led to reductions in weight status.138 The home-visit structure has been shown 

to represent an ideal framework to support low-income families and those where access 

may result in health inequity.139 This is because it addresses many of the issues 

surrounding appropriateness and accessibility, identified as key barriers to accessing 
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healthcare such as lack of transport to appointments.113 The home-visit model is 

potentially an untapped opportunity for healthcare delivery,139 and may help to address 

some of the barriers for access of mainstream services. 

 Evidence-based guidelines for the management of obesity 

The WHO Report of the Commission on Ending Childhood Obesity (2016) 

recommendations are an over-arching document that promote a whole-of-government 

approach to addressing obesity prevention and treatment. One of the recommendations 

includes providing a “family-based, multicomponent lifestyle weight management 

service for children and young people who are obese.” 8(pXI) 

Many countries have published guidelines relating to interventions for child and 

adolescent obesity. The United Kingdom 2015 National Institute for Health and Care 

Excellence (NICE) guidelines regarding lifestyle interventions recommend ensuring 

availability of family-based intervention programmes, and emphasise the importance of 

considering diversity and equality in their provision.140 Expert Committee 

recommendations were published in 2007 in the United States. These also recommend 

that comprehensive multi-disciplinary intervention programmes should be the 

intervention of choice.58 Multi-disciplinary team approaches are also recommended in 

the 2016 New Zealand Clinical Guidelines for Weight Management in Children and 

Young People.29 There is variable evidence contributing to these guidelines, and it is 

important to acknowledge that not all guidelines are evidence-based. 
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 Readiness to change and its impact on success of healthy lifestyle 

change 

As health practitioners, assessing a participant’s psychological ‘readiness’ to make 

lifestyle change is part of any consultation regarding changes in health, however this is 

an ill-defined process. Readiness for change (RFC) has been utilised qualitatively in 

some obesity services. It is a concept that developed from the transtheoretical model 

defining stages of behavioural change around addiction described further in Chapter 

9.141 What remains unclear is whether an individual’s RFC at baseline relates to outcome 

(making healthy lifestyle change). Various tools based on the original RFC 

questionnaire142 directed towards excessive alcohol use have been trialled in the obesity 

setting.142-144 If RFC could predict likelihood of success at initial assessment, this would 

focus health resource where it was most likely to make a difference. However, it remains 

unclear as to whether an individual’s readiness in the ‘snapshot’ situation of an 

assessment translates to persistent motivation to make lifestyle change over time. 

5.3.1  Parental perceptions of children’s weight 

A parent’s ‘readiness’ is a key factor in a child or adolescent’s success in making and 

maintaining lifestyle changes. Factors associated with being at a greater stage of 

readiness to change were having an overweight or older (≥8 years) child, believing their 

own weight or their child’s weight was above average, and perceiving that their child’s 

weight was a health problem.144 However, this does not necessarily mean that children 

of these parents will then lose weight. Indeed the situation is far more complex, with a 

recent study showing that children whose parents perceive them to be overweight are 

more likely to both have negative views about their body size, and be trying to lose 

weight. In these children, there appears to be a counterintuitive association between 

parents’ perceptions of their children as being overweight, and subsequent weight gain 

in those children.145 Therefore, in any multi-disciplinary intervention programme, 
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healthy lifestyle change needs to be the focus rather than weight or obesity. In 

prepubertal children, growing into your weight rather than weight loss is the key 

message that should be conveyed. 

 National initiatives to address childhood obesity 

In 2004, a stocktake of child and adolescent obesity intervention and prevention 

programmes by the Ministry of Health showed no national cohesive approach. A variety 

of screening programmes, family-based programmes, Train the Trainer programmes, 

and expansion of the Green Prescription Active Families (GRxAF) programme across 

District Health Boards were occurring.146 Prevention programmes being undertaken at 

the time are described in Chapter 7, but have not been focussed on in detail in this thesis.  

At a government level, the 2010 Ministry of Health implementation plan for the 2009 

Clinical Guidelines for Weight Management in Children and Young People outlined 

guidance in an attempt to gain consistency across regions of NZ. There was 

acknowledgement of a lack of a coordinated service for children with obesity 

nationally.147 The Office of the Auditor General’s report followed in 2013.101 In 2015, 

the child obesity plan was launched by the NZ Government.102 In 2016, the National 

Health Strategy was released, shortly followed by the updated Clinical Guidelines for 

Weight Management in Children and Young People.29, 112 The importance of ensuring 

effective provision of multi-disciplinary interventions for children and adolescents with 

obesity had been established, but given their cost and complexity in terms of delivery, 

it became important to determine how effective current interventions were nationally. 
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6 Effectiveness of current interventions for New Zealand 

children and adolescents with obesity 

With inconsistency nationally in how to approach child and adolescent obesity 

intervention, little was known as to whether a particular approach is more successful in 

the NZ environment. Some regions were providing no service, some were providing 

medical input only, some had the addition of dietitian input, and some also included a 

physical activity/nutrition programme through GRxAF. Therefore, a multi-centre audit 

was undertaken to ascertain effectiveness of these interventions. 
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 Introduction 

Childhood obesity leads to adult obesity, and its comorbidities. Longitudinal studies 

from the 1970s show that approximately one third of obese preschool children become 

obese adults, and about half of obese school-age children remain obese as adults.103 This 

finding has not changed with time; a 1996 adolescent cohort in the United States found 
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37% of obese male and 51% of obese female adolescents (body mass index (BMI)>95th 

percentile) were severely obese (BMI>40kg/m2) by 30 years of age, compared with <5% 

of normal-weight teenagers.104  

Growth during childhood is a non-linear process with increases in weight and adiposity 

not always occurring simultaneously.148 As a consequence BMI varies through infancy, 

childhood and puberty making it an unsatisfactory measure of adiposity when assessing 

children of varying ages.4, 12, 36 BMI standard deviation score (SDS), which corrects for 

age and gender, is a better measure for assessing change in adiposity over time.4, 36 

Despite its inherent inaccuracy, to date most longitudinal studies have focussed 

predominantly on change in BMI. 

In New Zealand (NZ), there are limited data sets available that allow BMI progression 

during childhood to be examined. The available data show a marked difference between 

the growth trajectories of Māori and NZ European (NZE) children.43 The most 

comprehensive longitudinal study to date is the Dunedin Multi-Disciplinary Health and 

Development Study, a cohort of children born in Dunedin in 1972-73, followed up at 

two yearly intervals from age 3-16 years, then at 18, 21, and 26 years. The cohort was 

under-representative of non-European ethnicities with approximately 3% of the cohort 

being of either Māori or Pacific ethnicity.149 BMI was tracked with age, and for all 

groups, BMI became more stable with increasing age. At 18 years of age, the value of 

the 98th centile was close to the WHO criteria defining obesity in adults, and it was 

recommended that this cut-off could be used to describe children and adolescents with 

obesity in the NZ population.150 

With regard to tackling childhood and adolescent obesity, the 2009 NZ Ministry of 

Health Guidelines recommended a multi-disciplinary approach, working with 

family/whānau to address food habits, activity and behaviour.120 This approach is 

supported by recent meta-analyses, which show that lifestyle interventions compare 
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favourably with other approaches to childhood obesity.119, 121 However, it is unclear if 

this approach works in the NZ context, and adoption of multi-disciplinary models and 

intervention in general has been variable nationally.147 Presently, for most children and 

adolescents in NZ, the available services are limited, with few centres conducting multi-

disciplinary services. Those children that do see a paediatrician are likely to be able to 

access medical assessments for their weight, dietitian advice, and, if in an area where it 

is offered, Green Prescription ‘Active Families’ ((GRxAF) described below) through 

their local regional sports trust, or equivalent physical activity programme. 

Whilst it is clear that most children with obesity continue to gain weight, what remains 

unclear is what the natural progression is over time. With no relevant longitudinal cohort 

able to answer this question for the child and adolescent age group, an alternative 

approach was sought. This collaborative multi-centre audit aimed to describe what the 

progression of weight change is during follow-up for those children and adolescents 

with obesity accessing either a ‘standard’ model of care in NZ (either medical input 

alone or with the addition of dietitian and/or physical activity input), or one of the 

country’s long-standing multi-disciplinary intervention programmes. 

 Methods 

Entry criteria were children and adolescents aged 3 to 16 years who were identified as 

having a BMI>98th centile (World Health Organization definition of obese), or >91st 

centile (over-weight) with significant weight-related comorbidities. Data were collected 

from four district health board (DHB) regions across NZ (Midcentral, Northland, 

Taranaki and Waikato) together serving a paediatric population of 168,786.151 Entry was 

defined as first contact in clinic. Approval from the National Ethics Advisory 

Committee to treat this study as an audit was granted. 
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The data were anonymised; dates of birth were collected for age calculations, and data 

sheets were password protected. For each patient, ethnicity, gender, and height and 

weight recordings taken at medical assessments spanning an average of 2.1 years from 

baseline were collected. BMI, BMI percentile, and BMI SDS were calculated using UK 

Cole normative data152 on the uploadable KIGS auxology software (Pfizer Endocrine 

Care TM).   

Data were described by age, gender, and ethnicity. The types of intervention received 

by each patient were recorded. The nature of obesity intervention varied depending upon 

what was available at the different centres, and what patients and their families accepted 

in terms of referral. Some patients presented with weight as the primary concern; others 

were being seen for other medical conditions where obesity was subsequently identified. 

Intervention included one of the following: i) ‘standard’ models of care - medical 

follow-up by a paediatrician at regular intervals with no dietitian input (usually because 

input was declined); ii) medical follow-up by a paediatrician and dietitian input at 

regular intervals; iii) medical follow-up/dietitian input and GRxAF input; or iv) a multi-

disciplinary intervention programme, that was offered at one centre. For all centres apart 

from one, the follow-up was by a paediatrician with an interest in obesity; for the other 

centre, results were collected across the whole paediatric department’s caseload. The 

GRxAF programme is implemented by 14 DHBs across NZ and delivered by regional 

sports trusts. It is a family/whānau based programme that attempts to encourage healthy 

lifestyle change in children, adolescents and their families at a community level, 

addressing both physical activity and nutrition in weekly sessions for up to 12 months. 

Its goal is to achieve persistent healthy lifestyle change in the participant and their 

family/whānau. The multi-disciplinary intervention programme involved input from a 

paediatrician, healthy lifestyles Coordinator, dietitian, psychologist, and Active 

Families Coordinator. The intervention involved 8 group sessions at weekly intervals 

after baseline assessment, with a goal of follow-up for 24 months. 



6 Effectiveness of current interventions for NZ children & adolescents with obesity 

53 

6.2.1  Statistical analyses  

Data were analysed in Minitab (v.16, Pennsylvania State University, State College, PA, 

USA) and SAS v.9.3 (SAS Institute, Cary, NC, USA). Demographic characteristics 

were compared using one-way ANOVA. Multiple variable linear regression models 

were constructed in SAS v.9.3. Age, duration of follow-up, and ethnicity were included 

as independent variables in all models. Regression models also adjusted for the baseline 

value (at entry) of the outcome response to gain statistical efficiency and power (i.e. 

baseline data were included in the model as covariates). All statistical tests were two-

tailed. Demographic data are presented as means ± standard deviations (SD), while other 

data are model-adjusted means (estimated marginal means adjusted for the confounding 

factors in the models), with associated 95% confidence intervals. 

 Results 

6.3.1  Demographics  

A total of 290 children and adolescents (50% boys) aged 10.0 ± 2.8 years (range 3.4–

16.1 years), with a mean BMI percentile of 99.6% (range 92.6-100.0%), and mean BMI 

SDS of 3.16 ± 0.72 (range 1.45–5.79), were captured for inclusion. Dates of collection 

spanned from October 2003 to October 2012 across the centres. There were no 

exclusions. Duration of follow-up analysed was 2.1 ± 1.1 years (range 0.2–7.5 years). 

6.3.2  Type of intervention  

Half of the participants (n=145) underwent multi-disciplinary intervention at one centre, 

while the other half (n=145) received more ‘standard’ models of care at the other three 

centres (described above) (Table 6.1). There were variations in the ethnicity of 

participants undergoing the different interventions (p=0.005), with a smaller proportion 

of NZ Europeans undergoing multi-disciplinary intervention or medical only 
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interventions (Table 6.1). Participants in the multi-disciplinary intervention group were 

older, had greater BMI at entry, and were followed for a shorter period of time than 

those from other interventions (Table 6.1). Notably, the change in BMI SDS was similar 

irrespective of intervention type (p=0.64). There was a significant reduction in BMI 

SDS over time with both multi-disciplinary intervention and ‘standard’ models of care 

(-0.15 overall). (Where appropriate, data are means (SD); see Table 6.2).  

6.3.3  Effects of age, sex, ethnicity, and intervention type 

The extent of BMI SDS reduction was significantly affected by participant's age at entry 

(p=0.0006). Thus, the older the child was, the lower the observed reduction in BMI SDS 

over time. This effect did not vary with gender (p=0.66), with males and females having 

an overall reduction in BMI SDS of -0.16 and -0.14 per annum respectively (both 

p<0.0001; Table 6.3). Of note, there was no age difference in presentation between boys 

and girls across the cohort (p=0.35), and duration of follow-up was similar (~2.1 years; 

p=0.76, see Table 6.3). 

A reduction in BMI SDS was observed in all ethnic groups, with an overall reduction of 

BMI SDS of -0.17 observed in NZ Europeans (p<0.0001), -0.15 in Māori/Pacific 

(p<0.001), and -0.16 in all other ethnicities (p=0.075; Table 6.3). However, 

Māori/Pacific had a greater average BMI SDS on entry to the programme compared 

with Asian/other (p=0.007), and NZ Europeans (p<0.0001). Despite a similar age at 

presentation, NZ Europeans were followed up for longer than participants from other 

ethnicities (p<0.01; see Table 6.3). 

 



 

 

 

Table 6.1: Demographics of study cohort at the time of study entry according to type of intervention  

Variable 

Medical Medical & 

Dietitian 

Medical & 

Dietitian & 

Active 

Families 

Multi-

disciplinary 

p-value 

N (% of total cohort) 23 (8%) 75 (26%) 47 (16%) 145 (50%)  

Gender (n (%) males) 17 (74%) 37 (49%) 25 (53%) 66 (46%) 0.077 

Ethnicity (n (%))     0.005 

New Zealand 

European 

11 (48%) 47 (63%) 32 (68%) 63 (43%)  

Māori 10 (44%) 25 (33%) 7 (15%) 65 (45%)  

Pacific 1 (4%) 1 (1%) 1 (2%) 6 (4%)  

Asian/Other 1 (4%) 2 (3%)  7 (15%) 11 (8%)  

Age (years) 8.5 (2.8) 9.3 (3.3) 9.6 (3.0) 10.7 (2.1) < 0.0001 

BMI SDS 3.39 (0.9) 3.14 (0.83) 3.08 (0.83) 3.16 (0.83) 0.40 

BMI (kg/m2)  27.8 (5.8) 27.5 (4.6) 28.2 (6.1) 30.7 (6.0) 0.0004 

Duration of follow-up 

(years) 

2.5 (1.2) 2.7 (1.1) 2.3 (1.3) 1.7 (0.7) < 0.0001 

Where appropriate, data are means (SD). 



 

 

 

Table 6.2: Changes in BMI and BMI SDS according to type of intervention  

Variable 
Medical Medical & Dietitian Medical & Dietitian 

& Active Families 

Multi-

disciplinary 

p-value 

N 23 75 47 145  

Δ BMI 

SDS 

 

Overall -0.17  

(-0.33, -0.01)* 

-0.14  

(-0.23, -0.04)** 

-0.22  

(-0.33, -0.10)*** 

-0.13  

(-0.20, -0.07)*** 

0.64 

per 

year 

-0.08  

(-0.17, 0.01) 

-0.08  

(-0.13, -0.03)** 

-0.14  

(-0.20, -0.07)**** 

-0.07  

(-0.11, -0.03)*** 

0.35 

Δ BMI 

(kg/m2) 

 

Overall 2.10  

(0.94, 3.25)*** 

1.89  

(1.23, 2.56)**** 

1.14  

(0.33, 1.94)** 

2.01  

(1.53, 2.49)**** 

0.30 

per 

year 

0.96  

(0.26, 1.66)** 

0.85  

(0.45, 1.25)**** 

0.36  

(-0.12, 0.85) 

0.86  

(0.57, 1.15)**** 

0.31 

*p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001 for a change from baseline. 

Data are means and 95% confidence intervals adjusted for confounding factors (including patient's age and duration of follow-up) in the multivariate 

models. 

 

  



 

 

 

Table 6.3: Demographic characteristics & changes in BMI & BMI SDS over time according to gender & ethnicity 

 GENDER ETHNICITY 

Variable Males Females 
New Zealand 

European 
Māori/Pacific Asian/Other 

N 145 145 153 116 21 

BMI SDS 3.29 (0.77) 3.03 (0.65)¥¥ 2.95 (0.65) 3.46 (0.71)†††† 3.02 (0.80)‡‡ 

BMI 29.2 (5.6) 29.3 (6.1) 27.9 (5.0) 31.2 (6.3)†††† 28.7 (5.7)‡ 

Age at baseline 

(years) 

9.9 (2.7) 10.1 (2.8) 10.0 (2.7) 9.8 (2.7) 10.5 (3.0) 

Duration of follow-

up (years) 

2.1 (1.1) 2.1 (1.0) 2.3 (1.2) 1.9 (0.9)†† 1.6 (0.6)†† 

Δ BMI 

SDS 

 

Overall  -0.16  

(-0.23, 0.10)**** 

-0.14  

(-0.20, 0.08)**** 

-0.17  

(-0.25, -0.10)**** 

-0.15  

(-0.24, -0.07)*** 

-0.16  

(-0.33, 0.02)§ 

Per year -0.10  

(-0.13, -0.06)**** 

-0.07  

(-0.11, -0.03)*** 

-0.10  

(-0.14, -0.06)**** 

-0.08  

(-0.13, -0.03)*** 

-0.08  

(-0.18, 0.01)§ 

Δ BMI 

(kg/m2) 

 

Overall 1.86  

(1.37, 2.36)**** 

1.83  

(1.33, 2.33)**** 

1.68  

(1.17, 2.18)**** 

1.94  

(1.33, 2.55)**** 

1.77  

(0.55, 2.99)** 

Per year 0.71  

(0.44, 0.98)**** 

0.86  

(0.58, 1.14)**** 

0.66  

(0.36, 0.97)**** 

0.88  

(0.51, 1.24)**** 

0.75  

(0.01, 1.49)* 

¥¥p<0.01 for males vs females; §p<0.08, *p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001 for a change from baseline; ††p<0.01 and ††††p<0.0001 

for NZ European vs Māori/Pacific; ‡p<0.05 and ‡‡p<0.01 for Asian/Other vs Māori/Pacific. 

Demographic data are means (SD); other data are means and 95% confidence intervals adjusted for other confounding factors (including patient’s age 

and duration of follow-up) in the multivariate models.
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 Discussion 

This multi-centre audit showed that any form of obesity intervention appears to be 

beneficial, irrespective of ethnicity and gender. This is encouraging, given that, in a 

2013 Australian on-line survey, only 20% of paediatricians felt they could make a 

difference to a child with obesity’s weight.118 It has been argued that a statistical 

improvement in BMI SDS is not the same as a clinically significant improvement in 

these individuals, as in most cases, they move from being obese to slightly less 

obese. However, the Cochrane Collaboration review of interventions for treating 

obesity in children concluded that combined behavioural lifestyle interventions 

compared to ‘standard’ care can produce significant and clinically meaningful 

reductions in overweight children and adolescents.119 In a recent meta-analysis, 

lifestyle interventions that achieved a BMI SDS reduction of -0.1 led to significant 

improvements in LDL-C, TG, fasting insulin and blood pressure up to 1 year from 

baseline, therefore improving cardiovacular and metabolic outcomes in these 

individuals.121 However, it is important to acknowledge that, depending on age and 

severity of obesity, the ultimate goal, if severely obese, is to lose weight. 

We were surprised that type of intervention did not affect outcome. The fact that a 

multi-disciplinary intervention programme did not outperform medical follow-up 

may be explained by two factors. Firstly the multi-disciplinary cohort were older, 

and increasing age was found to lead to a smaller BMI SDS reduction overall. The 

BMI SDS was greater at entry, which may have also impacted on the degree of BMI 

SDS reduction. Almost half of the multi-disciplinary cohort was either Māori or 

Pacific peoples, which may have contributed to outcomes given the known 

divergence in BMI between Māori and NZ European cohorts with increasing age.43 

There were also differences in participant duration of follow-up, but it is unclear if 

this affected results. It is important to note that the multi-disciplinary intervention 

programme included in this study was as successful as those seen in recent meta-

analyses of intervention programmes.121 
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Multi-disciplinary intervention programmes for child and adolescent obesity have 

been shown to lead to weight loss in the short to medium term in numerous 

systematic reviews.119, 121, 153-156 A recent meta-analysis including 12 studies 

reporting BMI and 7 studies reporting BMI SDS showed a pooled BMI reduction of 

1.25kg/m2 (95% CI 0.32-2.18) and a BMI SDS reduction of 0.10 (95% CI 0.02-0.18) 

compared with control groups.121 However, the studies were of varying quality, and 

often with minimal long-term follow-up. BMI has been included in this paper to 

demonstrate that whilst BMI SDS may fall, BMI often continues to climb over time 

with increasing age. Whilst multi-disciplinary intervention programmes are 

important for the management of child and adolescent obesity, they are labour-

intensive for staff and participants, and costly. If participants continue to gain large 

amounts of weight, and do not improve cardiovascular outcome or long-term 

metabolic risk, then the benefit of the programme would have to be questioned. As 

custodians of the future healthcare system, there is a need to be mindful of cost-

effectiveness, and models of cost-effectiveness analysis that can incorporate BMI 

SDS as well as other agreed outcomes are required.   

The optimal outcome measure to assess multi-disciplinary intervention programmes 

remains unclear. However, most programmes that have been included in meta-

analyses have either used BMI or BMI SDS as the primary outcome.119, 121, 154 Given 

the changes in BMI over childhood and adolescence as is demonstrated in this study, 

BMI as an outcome in isolation can be misleading. It has been argued therefore that 

BMI SDS should be used when comparing interventions. Waist-height ratio (WHtR) 

is significantly better in predicting metabolic syndrome when compared with BMI 

SDS,17 and WHtR has been shown to be superior for assessing adiposity than BMI 

in puberty.157 It is therefore recommended that WHtR is considered an additional 

measure to BMI SDS when assessing outcome of intervention programmes. Waist 

circumference data was not available for the children included in this audit. 

There is concern that extreme percentiles for BMI-for-age have a level of 

inaccuracy, and therefore high BMI values should be expressed as a percentage of 

the 95th percentile for heavier children.27 There may be a shift in future towards 
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reflecting outcome data using BMI as a percentage of the 95th percentile for age for 

interventions, for example the recent RESIST trial.158 However, there has not been 

a universal shift towards this method of reporting outcome to date. 

This study confirms the importance of intervening with obesity early, as the change 

in BMI SDS in association with any intervention decreased with increasing age of 

presentation to clinic. This is consistent with previous findings in meta-analyses, 

where BMI SDS reductions in children receiving intervention programmes were 

greater than BMI SDS reductions in adolescents.121 

Limitations of this study were the heterogeneous sample and the potential variability 

in measurement technique at varying centres, given its retrospective nature. 

However, this was somewhat mitigated by the collection of individual measurements 

over time. We are not able to describe the natural weight trajectory in an untreated 

obese population over time or compare with a control group as this was not available, 

but NZ’s contemporary longitudinal cohort study ‘Growing Up in New Zealand’ 

(www.growingup.co.nz) will be able to achieve this in a more representative 

population of the country’s ethnic demographic.159 It was not possible to ascertain 

from our data whether input from a paediatrician or a dietitian with a special interest 

in obesity affected outcome. This is a question that would be useful to ask in future 

research. 

In conclusion, this study has shown that, in a heterogeneous paediatric sample, even 

medical follow-up alone can make a beneficial difference to BMI SDS over time, 

irrespective of gender or ethnicity. Paediatricians need to be proactive with regard 

to identifying and addressing child and adolescent obesity. Further research 

evaluating multi-disciplinary intervention programmes for obesity in children and 

adolescents in NZ is required, especially regarding how to improve outcome of these 

programmes for ethnic and socioeconomic subgroups with the highest prevalence of 

obesity. 

 



7 Retention & completion of an intervention for Taranaki children & adolescents with obesity 

 
61 

7 Retention and completion of an intervention for Taranaki 

children and adolescents with obesity  

Prior to commencing any creation of a multi-disciplinary intervention programme 

for Taranaki, it was important to evaluate current services provided. In Taranaki, 

this was medical input, with dietitian input and GRxAF where the families were 

willing to engage. An audit was undertaken to establish the effectiveness of the 

GRxAF programme in Taranaki. 

Published 

Anderson Y, Taylor G, Grant C, Fulton R, Hofman P.  The Green Prescription 

Active Families programme in Taranaki, New Zealand 2007-2009 – did it reach 

those children in need? J Prim Health Care. 2015;7(3):192–197. 

 Introduction 

Obesity in children and adolescents is a priority health issue in New Zealand (NZ). 

In the past two years both the Office of the Auditor General101 and the NZ Medical 

Association have released reports outlining comprehensive strategies to address 

obesity.160 The Health of New Zealand Children 2012/2013 survey showed 11% of 

children aged 5-14 years are obese, a significant increase from 2006/2007 (8.4%).161 

Obesity prevalence is higher for Māori (19%) and Pacific ethnicity (27%), and 

children living in more deprived areas (20%).161 Based on data from 2006, 

overweight and obesity are estimated to contribute annual costs of $720 to 850 

million in health care and lost productivity for NZ.100  

A 2004 stocktake of child and adolescent obesity intervention and prevention 

programmes by the Ministry of Health showed no national cohesive approach. The 

stocktake identified a variety of screening programmes, family-based programmes, 

Train the Trainer programmes, and, in three district health boards (DHBs), the Green 
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Prescription Active Families (GRxAF) programme.146 Prevention programmes such 

as the school-based programme ‘Project Energize’ in Waikato were emerging.  

Strategies to implement the Ministry of Health’s Healthy Eating Healthy Action 

policy were in place in some DHBs; 240 walking school buses were active around 

the country, and almost all areas had ‘Health Promoting Schools’. Only three DHBs 

(of the 21 nationally) had initiatives targeting socially-economically disadvantaged 

communities (Taranaki was not one of these), and only five DHBs were offering 

multi-disciplinary intervention programmes.146 Recognition of obesity in pre-

schoolers did not occur in a comprehensive fashion until the rollout of B4 Schools 

Checks (B4SC) nationally in September 2008.162 

The GRxAF programme evolved in part to provide a nationally consistent approach 

to tackling childhood obesity. The aim of the GRxAF programme is: “to support, 

educate and encourage families to set goals for lifestyle change and physical activity 

levels in children and young people”.163(p3) The programme attempts to target 

healthy lifestyle change at a community level, addressing both physical activity and 

nutrition through advice. A Green Prescription is a health professional’s written 

advice to an adult patient to be physically active as part of their overall health 

management, and was initially launched by the Hillary Commission in 1997.163 The 

GRxAF initiative was introduced by Sport and Recreation New Zealand (SPARC) 

in 2004, and gradually implemented throughout most of the country in conjunction 

with regional sports trusts and health organisations. Management of the GRx 

initiative, including the GRxAF, transferred from SPARC to the Ministry of Health 

in 2009.163 

Referrals for GRxAF are received by health professionals and actioned by a GRxAF 

Coordinator. Children aged 5-18 years old are eligible. GRxAF is designed to 

address childhood obesity and other health problems by providing physical activity 

and nutritional advice, education, encouragement, goal setting and community-

based activities.163 Families need to be committed to change, although such 

commitment is not formally assessed.163 Importantly, priority groups based on 

ethnicity or socio-economic status were not part of key performance indicators 
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(KPIs) set originally by SPARC (and then the Ministry of Health) for GRxAF 

contract holders, although ethnicity and address were expected to be collected.163 

Weight changes in individuals were also not set as a priority measure, with body 

mass index (BMI) not part of expected KPIs.163 

With regard to a national approach to tackling childhood and adolescent obesity, 

Ministry of Health guidelines were released in 2009, supporting a multi-disciplinary 

approach, working with family/whānau to address food habits, activity and 

behaviour (the ‘FAB’ approach).120 This approach is deemed most likely to have 

success.119, 121 A priority of the Ministry Guidelines was the improvement of 

outcomes with regard to weight management for Māori, Pacific and South Asian 

populations.120 The 2010 Ministry implementation plan of the clinical guidelines 

aimed to provide guidance in order to attain consistency between regions. It 

acknowledged the lack of coordinated services for children with obesity 

nationally.147 

At the 2013 census, there were 23,139 children in Taranaki aged 0-15 years; 6,441 

of Māori ethnicity (28%), and only 756 of Pacific origin (3%).164 A conservative 

estimate is of approximately 2,500 children with obesity in Taranaki; of whom 

approximately 50% are Māori (n=1,224).161 As part of the development of a child 

and adolescent obesity service for Taranaki, an evaluation was completed of the 

current intervention programmes in the region, of which the GRxAF programme 

was the most established. The objectives of the audit reported here aimed: 

1) to describe the GRxAF programme as it was run in Taranaki during the 

study period; and 

2) to evaluate engagement and reach of the GRxAF programme, especially for 

those most at risk of child and adolescent obesity. 

Given the low numbers of Pacific peoples within Taranaki, the focus of this audit 

was engagement with Māori. 
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 Methods 

Our audit included all children who participated in GRxAF Taranaki from the 

programme’s inception on 1 May 2007 to 18 December 2009. For each child the 

following data were collected: gender, age, ethnicity, reason(s) for referral, referrer, 

date referred/started/finished, underlying medical conditions, graduation/discharge 

from programme, number of home visits, attendance at weekly activity sessions and 

frequency. Weight and height were not routinely measured and were not recorded at 

programme completion, as weight loss was not deemed the primary focus of the 

GRxAF Taranaki programme. As this was an internal audit, no ethical consent was 

required. Participant confidentiality was maintained throughout. 

In 2009, the GRxAF Taranaki programme involved an initial home visit from the 

Coordinator, provision of a workbook with individualised goals/targets and follow-

up, and advice on physical activity and nutrition. Follow-up meetings or phone calls 

were provided depending on the family’s needs. Weekly activity sessions at various 

sports venues in New Plymouth were provided for up to 12 months. The GRxAF 

programme was accessible to New Plymouth District residents only (total n=74,757 

which comprises 68% of the total population of the Taranaki region).165 

Participants in the GRxAF programme completed the programme by either 

‘graduating’ or being ‘discharged’. Graduation was defined as the family and child 

attaining success in making healthy lifestyle change (increasing their physical 

activity and improving nutritional habits – both parent and self-report only), and was 

ultimately determined subjectively by the GRxAF Coordinator. If the family or the 

child referred lost interest in the programme or declined further guidance, they were 

discharged from the programme. 
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 Results 

7.3.1  Demographic information  

109 participants were referred and accepted into the GRxAF Taranaki programme 

from 2007 to 2009. The number of participants/families involved increased 

annually; 16 in 2007; 41 in 2008 and 52 in 2009. Mean age at programme entry was 

10 years (range 4-17 years, n=105). The wide age range was due to the whānau 

(family) based inclusive approach, encouraging siblings and extended family to 

participate. Enrolment age range was consistent with the GRxAF target age range of 

5-18 years when compared with the 2009 national survey (n=102 participants 

nationally, mean age not supplied).166 

Participants’ ethnic affiliations were: Māori 39% (n = 42), New Zealand European 

(NZE) 58% (n=63), Pacific 3% (n=3), and other 1% (n=1) (Table 7.1). In 

comparison, the 2009 national survey reported participant ethnicity as Māori 36%, 

NZE 67%, Pacific 17%, and Asian 2% (note more than one ethnic group in this 

survey was reported in some cases).166 

7.3.2  Referral details  

Reason for referral was provided for 104 participants. The most common reason for 

referral was ‘weight concerns’ for the child (80%). The 2009 GRxAF report cited 

‘weight problems’ as the reason for referral in 85% of children.166 Referrals came 

from dietitians (41%), family self-referrals (24%), paediatricians (14%), general 

practitioners (11%), public health nurses (9%), and public health organisation 

Coordinators (1%). This diversity of referral source was in contrast with national 

data, where 61% were either referred by a general practitioner (43%) or paediatrician 

(18%).166 
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7.3.3  Success in programme  

As of December 18th 2009, of the 109 participants, 3 were in the process of starting 

the programme (total of 38 active participants in the programme), and 11 had been 

lost to follow-up. Therefore, further analysis was only possible in 60 participants 

(Table 7.2). Successful graduation from the programme was achieved by 33 of these 

60 (55%), with the remaining 27 (45%) discharged from the programme. In 

comparison with NZE (68%), a smaller proportion of Māori (40%) graduated 

(p=0.04). 

Table 7.1: Number of children who graduated or were discharged by ethnicity 

 

An association was evident between session attendance and likelihood of 

graduation; with attendance at any activity sessions associated with an increased 

likelihood of graduating (OR = 3.65, 95% CI 1.24-10.8) (Table 7.2). 

 

 

 

Ethnicity Number 

graduated 

(%) 

Number  

discharged 

(%) 

No 

contact 

Active Number 

referred 

(%) 

NZ 

European 

21 (68) 10 (32) 6 26 63 (58) 

Māori 10 (40) 15 (60) 5 12 42 (39) 

Pacific 2 (67) 1 (33) 0 0 3   (3) 

Other 0   (0) 1(100) 0 0 1   (1) 

Total 33 (55) 27 (45) 11 38 109 
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Table 7.2: Number of graduations and discharges by weekly activity attendance. 

 

 

* Attending ‘often’ is defined as the participant attending 50% of the weekly activity sessions while 

they were in the programme; ‘not often’ as attending <50% of sessions. 

7.3.4  Home visits and duration in programme  

The total number of home visits within the programme from inception was 288. The 

2009 GRxAF national survey contained no home visit information for comparison. 

Consistent with the relationship observed with session attendance, in comparison 

with the children who were discharged, children who graduated received more home 

visits (Table 7.3). 

Table 7.3: Home visits & duration in programme for those participants who completed 

Outcome Average number home 

visits (range) 

Average number 

months in 

programme 

(range) 

Graduation 6 (1-12) 8 (1-13) 

Discharge 3 (1-8) 3 (1-7) 

Unable to contact 0 (0) 1 (0-3) 

Total  5 (0-12) 6 (1-13) 

 

Attendance at 

weekly 

sessions 

Number 

graduated 

(%) 

Number 

discharged 

(%) 

Odds ratio 

(95%CI) 

Either often or 

not often* 

20 (33) 8 (13) 3.65 (1.24-10.8) 

Never attended 13 (22) 19 (32) 1.00 (Reference) 

Total 33 (55) 27 (45)  
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The median duration of completed participants’ engagement with the programme 

was 5 months (range 0-12 months). Previous evaluations of the GRxAF programme 

have suggested that a six-month intervention may be insufficient to achieve lifestyle 

changes resulting in a significant reduction in BMI.167 

 Discussion 

Our audit of GRxAF in Taranaki showed that the programme was run similarly to 

GRxAF programmes nation-wide. However, it was successful in achieving healthy 

lifestyle changes in only 55% of those who completed the programme (those 

graduated or discharged). The programme was not uniformly successful across the 

community, and reached <5% (109/2,500) of the region’s estimated childhood 

population with obesity. Of particular note, a lower proportion of participants that 

were Māori compared with NZE graduated. 

The lower success rate for Māori in part reflects issues with the programme’s 

implementation. The per annum cost of GRxAF in Taranaki during the audit period 

was $61,000. Funding restrictions limited the provision of GRxAF to some of the 

most deprived areas of Taranaki, with only 68% of the eligible population within 

Taranaki able to access the programme. If the programme was more accessible for 

Māori, one would expect greater involvement, given that approximately half of 

children with obesity in Taranaki are Māori. For programmes such as GRxAF to 

improve population health, they need to be accessible to all. Recent successes 

achieved with other national health initiatives, for example immunisation, highlight 

the need for inclusiveness if full population health benefit is to be achieved.168 For 

GRxAF to be successful in meeting the needs of the community, it requires sufficient 

resourcing to allow a service that is readily available, and that meets the cultural 

needs of its participants, irrespective of socioeconomic or cultural barriers. 

The adult model GRx, has been reported to be cost-effective in terms of quality 

adjusted life years (QALYs) when compared with ‘usual care’.169 The GRx 

programme was shown, in a well conducted cluster randomised trial, to lead to 
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increased energy expenditure at 12 months compared with baseline (p=0.01), and 

improved reported quality of life in domains of general health (p<0.0001) and 

vitality (p=0.047).170 However, significant improvements in BMI (a secondary 

outcome), blood pressure, or four-year risk of coronary heart disease were not found. 

Previous evaluations of GRxAF have questioned its utility. In 2008/2009, a process 

and outcome evaluation was undertaken of GRxAF for 55 children in three sites: 

Harbour Sport (North Harbour Region), Sport Waitakere, and Sport Wellington. 

Reported participation in physical activity increased due to participation in GRxAF, 

but this was not reflected in accelerometer data (n=15). Change in BMI from 

baseline to 6 month follow-up was -1.0 kg/m2 (p=0.001, n=55), with a BMI z-score 

change of -0.3 overall (p<0.0001, n=55).167 An improvement in dietary habits was 

observed. Total cost per participant in this 2008-09 evaluation was $1,140, with an 

incremental cost-effectiveness ratio for children of <$1,200 per QALY.167 Harbour 

Sport was deemed to be cost-effective, but the cost-effectiveness of the programme 

across all three centres was questioned.167 However, BMI rather than BMI z-scores 

were used in the cost-effectiveness analysis, which is not the most accurate outcome 

measure to use in such a wide age range (5-14 years). The general principle when 

addressing childhood obesity before adult height is attained is not to aim for weight 

loss, rather to aim for minimal weight gain, allowing children to grow into their 

weight.120 BMI is not an accurate measure of outcome over this time course, and in 

this situation, BMI z-score is preferred. 

Overall, qualitative evaluations of GRxAF have been overwhelmingly positive. In 

2013, the 6th GRxAF National Survey interviewed 133 participants, showing that, 

as in all years since 2008, the contract holders of the GRxAF programme were 

exceeding all KPIs set by the Ministry of Health (e.g. measures around satisfaction 

of participants, motivation to stay physically active, and changes to diet).171 

One frustration reported by GRxAF Coordinators was the time spent working with 

families who were not ready to make lifestyle changes, and how participants were 

not assessed for ‘readiness to change’. Incorporation of psychological input is an 
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area where service delivery of GRxAF could be improved. In order to apply the 

‘FAB’ (food, activity, behaviour) model successfully, families need to have access 

to learning behavioural strategies.119, 120 We propose an assessment of readiness for 

change be undertaken at entry and measured to determine whether it is a predictor 

of success. If this is the case, then acceptance to the programme could be limited to 

those most likely to succeed, maximising efficiency and cost-effectiveness of the 

programme. 

The strengths of this audit of GRxAF were that all participants involved were 

included, rather than those that chose to respond to questionnaires. This allowed 

outcome, especially as it related to ethnicity, to be more fully described. Limitations 

include the relatively small sample size, and lack of anthropometric data. We believe 

that quantitative data including BMI and BMI z-score are important in the overall 

evaluation of such programmes, and should be included as required data. The 

outcome measure for graduation was obtained by self- or parent-report, and 

therefore subjective. 

7.4.1  Final comments and recommendations 

This audit allowed the following recommendations to be made for improving 

GRxAF Taranaki: 

1) Develop strategies to define and improve the rate of graduation from the 

programme. 

2) Identify ways to improve service for Māori, both with respect to access to 

and successful graduation from the programme. This also applies to Pacific 

children, despite low numbers in the region. 

3) Consider how to assess readiness for change at entry. 

4) Involve a psychologist in the programme, with a particular focus on 

retention for the programme duration. 

5) Encourage weekly activity/nutrition sessions as an essential programme 

component. 
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6) Collect anthropometric data at baseline, halfway and completion of 

participation, thereby improving feedback for participants and programme 

evaluation. 

7) Educate referrers regarding programme content and families’ expectations. 

8) Review programme duration necessary to achieve meaningful lifestyle 

change. 

This audit highlights the importance of achieving regular participation, targeting at-

risk populations, and improving accessibility. The home visit and whānau-based 

model of GRxAF provides an example of how this approach can improve 

accessibility to health care and intervention programmes for at-risk groups.  Utilising 

structures already within the community (ideally whānau-based), and improving 

access to services are key principles underpinning He Korowai Oranga: The Māori 

Health strategy, and Whānau Ora.120, 172  

In conclusion, our audit of the GRxAF programme in Taranaki showed it met a need 

for some but not all children and adolescents with overweight/obesity. Further 

research is needed with a multi-disciplinary intervention model within NZ, 

potentially an expanded version of GRxAF. 
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8 Evolution of an evidence-based child and adolescent obesity 

intervention service for Taranaki 

With the ever-increasing issue of child and adolescent obesity, and the strong 

evidence base recommending multi-disciplinary interventions in this area, it became 

evident that the conventional medical model of a hospital-based medical 

appointment, with sporadic attendance at a dietitian or involvement in a programme 

such as GRxAF was not the best way to address the problem. This model did not 

address the noted health inequities in child and adolescent obesity statistics. Indeed, 

not only was it not reaching and engaging with those most in need in many instances, 

it was not sustainable if all those identified were to be offered assistance, especially 

at the tertiary level with a paediatrician work-force. Whilst primary care was an 

option for delivery, it was not equipped to provide this service in Taranaki at the 

time. General practitioners have fifteen minute consultations, and an unpublished 

survey of the workforce nationally found 50% had no training in assessment and 

management of weight-related comorbidities, and 75% had no training in the 

assessment or management of the psychosocial consequences of child and 

adolescent obesity.173 

The conclusion was to expand the GRxAF model, in order to address the identified  

health inequities, and move as much of the assessment and care ‘closer to home’ 

within the community, but with paediatrician oversight. Care closer to home is now 

a stated key theme of the New Zealand Health Strategy.112 Wide community 

consultation to address barriers to engagement was required. If a healthy lifestyle 

Coordinator could be trained to undertake a comprehensive health check within the 

home, that undertook a full weight-related medical assessment, then the hospital visit 

and some of the ‘medicalisation’ of obesity and potential associated stigma could be 

removed. With a service-specific database to support multi-disciplinary team 

working, a group of professionals could then meet to discuss each individual’s 

issues, the relevant referrals to services could be made, and this discussion would 

then assist with tailoring individualised goals for the participant and wider family. 
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The team proposed included a healthy lifestyle Coordinator, dietitian, physical 

activity Coordinator, psychologist and a paediatrician. This would provide a ‘one-

stop shop’ to address the issues contributing to obesity at an individual and family 

level in a non-judgemental and respectful way, hopefully enhancing engagement, 

and making the most of the ‘golden’ first appointment, which is important, given the 

dropout rates reported in international literature, especially in terms of high-risk 

groups.121, 129 The approach would continue with the core principals of GRxAF, and 

be family/whānau-centred in its approach, ensuring individuals/families did not feel 

alone in their journey to make healthy lifestyle change. 

This was the first time that ‘demedicalising’ a childhood obesity intervention 

service, with shift of the medical appointment away from the hospital or general 

practice setting had been trialled. The critical aspect with this was to ensure that a 

comprehensive medical assessment was still embedded within the visit, in order to 

appropriately address weight-related comorbidities. It was evident that such a project 

required rigorous evaluation of outcomes, and therefore, a randomised controlled 

clinical trial was embedded within the service, and the conception of this thesis to 

ensure and enable appropriate academic oversight of the work. 

After much stakeholder discussion, community consultation, and database 

development, Whānau Pakari was created. The name was gifted to the programme 

by a respected community leader, and means “healthy, self-assured whānau that are 

fully active” in every sense of the word. After appropriate approvals and consents, 

Whānau Pakari was launched in January 2012 with the clinical trial embedded 

within it, replacing GRxAF Taranaki. 
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9 Methods 

The methodology for Whānau Pakari is described below. Originally, it was intended 

to include 24-month outcome data in this thesis. However, to complete this thesis in 

a 6 year timeframe, 12 month data only have been included. 

Published 

Anderson YC, Wynter LE, Moller KR, Cave TL, Dolan GMS, Grant CC, et al. The 

effect of a multi-disciplinary obesity intervention compared to usual practice in those 

ready to make lifestyle changes: design and rationale of Whānau Pakari.  BMC Obes 

[Internet]. 2015 [cited 2017 Nov 1];2:41. Available from: 

http://www.biomedcentral.com/2052-9538/2/41 

Trial registration: Australian New Zealand Clinical Trials Registry 

(ANZCTR):12611000862943. (Date registered 15/08/2011). 

 Introduction 

Childhood obesity causes substantial morbidity, mortality and health cost.4, 45 The 

rapid increases in the proportion of the population that are overweight and obese are 

now apparent in children as well as adults in both developed and developing 

countries.4, 174 New Zealand (NZ) has not avoided the global obesity epidemic, with 

the country now being ranked fourth in the Organisation for Economic Cooperation 

and Development (OECD) rankings for overweight and obesity (65% of the 

population over 15 years are classed as either overweight or obese).175 The Health 

of NZ Children Survey 2013/2014 reported 10% of children aged 5-14 years are 

obese, up from 8% in 2006/2007.176 Rates of obesity are higher for Māori – NZ’s 

indigenous population (15%), Pacific Island children (25%), and children living in 

the most deprived quintile of households (18%).176  

http://www.biomedcentral.com/2052-9538/2/41
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Few children and adolescents struggling with weight issues have access to 

intervention programmes. In NZ, most children and adolescents with 

overweight/obesity coming to the attention of medical professionals are either 

managed by a general practitioner or general paediatrician with minimal intervention 

programmes being available nationally.177 No national cohesive approach for 

managing childhood obesity exists, despite national clinical guidelines being 

available since 2009.120 A recent multi-centre audit showed that, irrespective of type 

of intervention, a small but significant reduction in BMI SDS was achievable (-0.15 

overall), highlighting the importance of health professionals being proactive in 

identifying and addressing childhood obesity.178 However, even when obesity is 

identified, intervention is infrequently implemented. In Australia, general 

practitioners were recently shown to provide weight management for <2% children 

with overweight/obesity attending primary care services,117 and paediatricians 

reported lacking confidence in the management of obesity in children, with only 

37% reporting training in the management of obesity-related comorbidities.118 This 

is also likely to be the situation in NZ, although to date, similar surveys remain 

unpublished. 

Past meta-analyses have supported multi-disciplinary intervention programmes for 

addressing child and adolescent obesity, as they are deemed as having the greatest 

chance of success.119, 121 NZ’s Ministry of Health guidelines support an approach of 

working with family to address food habits, increase physical activity and to promote 

behavioural change.120 Evolution of the current trial came from these 

recommendations, findings from an audit of an existing physical activity/nutrition 

programme177 and recognition of the need to address accessibility for those most 

affected by obesity. A trial was deemed necessary to ensure future decision-making 

with regard to child and adolescent obesity was informed by the most reliable 

evidence possible. The trial has been designed with consideration of the 

Consolidated Standards of Reporting Trials (CONSORT) 2010 statement.179 

It was clear in the pre-existing regional programme that the lack of a measure for 

assessing a participant’s psychological ‘readiness’ to make lifestyle changes was 
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affecting interpretation of the outcomes of the programme overall.177 Whilst most 

clinical practitioners assess readiness to make lifestyle changes in their patients on 

a daily basis, this is a poorly defined process. Historically, readiness for change 

(RFC) has been utilised qualitatively in some obesity services. It is a concept that 

has developed from the transtheoretical model defining stages of behavioural change 

around addiction.141 When deciding to undertake behavioural change, an individual 

moves through defined stages at different rates and not always in a linear fashion 

(Table 9.1). 

Table 9.1: Theoretical model of stages of readiness for change14 

Stage Description 

Pre-contemplation “I do not have a problem” 

Contemplation  “I may have a problem” 

Preparation  “I may have a problem and need to do something” 

Action  “I will try these changes” 

Maintenance   “The changes I have made are now part of what I do” 

 

However, an individual’s readiness to change may be behaviour-specific, so it is 

unclear whether a participant’s ‘readiness’ may equate to global changes related to 

improving lifestyle. In the original readiness for change questionnaire directed 

towards excessive alcohol use, this was somewhat mitigated by the use of multiple 

descriptive statements across pre-contemplation, contemplation and action.142 

The transtheoretical model has been used to assess individual’s motivation for 

smoking cessation,180 and various tools for readiness for change have been trialled 

in the obesity setting.143, 144 The utility of readiness for change remains unclear as it 

relates to obesity services, and it is too simplistic to expect that every individual 

would move through these stages in a similar fashion. However, previous studies 

have highlighted the importance of tailoring interventions to the individual stage of 
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change rather than treating all participants as if they are in preparation or action 

stages.143 If there were a quantitative tool that could predict likelihood of success at 

initial assessment, this would potentially focus health resource where it was most 

likely to make a difference. Given the complexity of behaviour change as it relates 

to obesity, the original readiness for change questionnaire142 would require 

modification and expansion to include questions regarding eating behaviour, attitude 

towards weight and physical activity behaviour. Confidence to make changes in 

physical activity and eating behaviour would also need to be considered. 

The question remains as to whether an individual’s readiness in the ‘snapshot’ 

situation of an assessment translates to on-going motivation to make lifestyle 

changes over time. In the domain of child and adolescent obesity, parental readiness 

is a vital factor in a child or adolescent’s success in making and maintaining lifestyle 

changes. If a parent believes their child’s weight is a problem, or that they as parents 

are overweight, they are more likely to be ready to make lifestyle changes for their 

child.144 

‘Whānau Pakari’ means “healthy self-assured families that are fully active” in 

Māori, and was the name gifted to the trial by a prominent Māori community 

representative. The trial assesses a new mainstream clinical service delivered in an 

innovative way in order to improve access for Māori, and those from lower 

socioeconomic backgrounds. Previous childhood obesity services in the region 

involved the traditional model of medical referral to a Paediatrician, sometimes with 

the addition of dietitian input, and physical activity programme input. The physical 

activity programme, run in the community through the regional sports trust with a 

maximum number of participants per year, did not specifically target high-risk 

groups, and was not region-wide.177 The new programme removes the hospital visit, 

but participants continue to receive support and oversight from a paediatrician. This 

multi-disciplinary programme incorporates three novel approaches:  
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1. It provides a trained roving community Coordinator to meet families in their

homes, enabling improved access to the clinical service, especially for

Māori.

2. It assesses ‘readiness for change’ both quantitatively and qualitatively.

3. It provides follow up to 12 months post intervention to assess persistence of

lifestyle changes, which is longer than any other multi-disciplinary obesity

intervention model trialled in New Zealand.

There is a clear need for evidence-based interventions for childhood obesity that 

demonstrate on-going effectiveness.119 Whether engaging with those that are more 

motivated to make lifestyle changes is a strategy that warrants further exploration. 

Our objectives are firstly, to undertake a multi-disciplinary intervention, which is 

accessible and appropriate for those most affected by childhood obesity. Secondly, 

we aim to assess whether a quantitative RFC questionnaire is useful in predicting 

response to the intervention. We hypothesise that in children with 

overweight/obesity, assessed as psychologically ‘ready for change’, delivery of a 

12-month multi-disciplinary intervention programme results in a significant

reduction in body mass index (BMI) standard deviation score (SDS) at 12 months. 

Methods/design 

Whānau Pakari is an unblinded randomised controlled clinical trial being conducted 

in Taranaki, New Zealand (population 23,139 children aged 0-15 years, of which 

28% are Māori).165 Ethical approval was granted by the Health and Disability Ethics 

Committee (Ministry of Health, New Zealand; CEN/11/09/054), and the trial was 

registered with the Australian New Zealand Clinical Trials Registry (ANZCTR: 

12611000862943). Locality approval has been obtained from Sport Taranaki, and 

the Taranaki District Health Board (DHB). 
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9.2.1 Participants 

Children from the Taranaki region aged 5-16 years, with a BMI ≥98th centile, or 

those >91st centile with weight related co-morbidities will be offered participation 

in the trial if referred to “Whānau Pakari”. These cut-offs are a modification of UK 

Cole data, and have been chosen as they are nationally accepted for use by the 

Ministry of Health for defining obesity and overweight respectively in the 

community for 0-5 years.40, 181 There are no nationally accepted growth charts or 

official cut-offs in use for >5-year-old children currently. 

Exclusion criteria will be significant medical or psychological conditions leading to 

inability to undertake physical activity or participate in group sessions; those not 

‘ready’ to make lifestyle changes; and those without a committed family member 

(essential to support the family-based approach of the programme). 

To optimise accessibility, referrals will be accepted from all health professionals 

within the community, including public health nurses in schools, and Māori health 

workers. Self-referrals will also be accepted (Figure 9.1). 
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Figure 9.1: Summary of Whānau Pakari trial design within service 

9.2.2  Recruitment 

Recruitment for the trial will be through the service, which is being advertised across 

Taranaki through multiple channels, including referrer training half-days (training 

sessions about the service, and how to have conversations about weight with 

families), meetings (Hui) with all stakeholders, general practice visits, school visits, 

media releases, pamphlet drops at public places and events, and the public health 

unit of Taranaki DHB. 

Whilst the trial will assess a ‘mainstream’ clinical service, the aim is to target Māori 

and the most deprived in the community. To achieve this aim we will use identified 

facilitators that enable indigenous people’s participation such as relationship and 

partnership building, involvement of indigenous staff, the use of indigenous 

knowledge models (such as He Korowai Oranga: the Māori health strategy and the 
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Whānau Ora [healthy families] tool),137, 172 targeted recruitment techniques (such as 

working with Māori health workers within the community to engage with families) 

and adapting study material.134 

All children referred will be seen in the family (whānau) home by the Healthy 

Lifestyles Coordinator (a health professional trained in focussed weight-related 

assessment, supported by a paediatrician). This design aspect allows the trial to run 

as a community-based service yet with a full clinical component to it. Removal of a 

hospital-based appointment with a specialist was designed to enable access to the 

service for larger numbers and minority groups, and to avoid ‘medicalisation’ of the 

process. Given the service is targeting Māori and those from lower socio-economic 

areas, ensuring accessibility and appropriateness are crucial to the study design, 

without compromising clinical care. 

9.2.3 Conception and consultation 

The multi-disciplinary intervention model was developed after consideration of the 

national guidelines for implementation of weight management programmes, and the 

recommendations from the international systematic reviews and meta-analyses.119-

121 Longer-term follow-up was deemed imperative to determine whether lifestyle 

changes persisted over time, which has been a deficit of many previous studies. 

Conceptually, a multi-disciplinary intervention that incorporated dietary, physical 

and psychological support was considered important, with 12 months the optimal 

length of intervention. It was necessary for the intervention to be community-based 

with a strong focus on accessibility to Māori, and those from lower socio-economic 

areas. 

Guidance was sought in the inception stages from the Māori health unit of Taranaki 

DHB, who advised appropriate linkages with the community, identifying the key 

Māori stakeholders from Māori health centres in the region, and tribal 

representatives. Māori were instrumental in the initial set-up phase, applying a Māori 

lens to service delivery and curriculum development, and were on the interview 
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panel for all staff members. It was imperative to the researchers that the consultation 

undertaken helped to: 

1) Build appropriate and positive relationships around the region, particularly in 

South Taranaki, which has a proportionally larger population of Māori. 

2) Ensure acceptability of the intended research by using a community-based 

approach. 

3) Provide an opportunity for input and contribution from community stakeholders 

during the consultation process. 

This process ensured that potential barriers for engagement for Māori and the most 

deprived in the community such as lack of access, unfamiliarity with research, 

distrust and problems with the research material were addressed.134 The consultation 

process is ongoing. 

9.2.4  Assessments 

Assessments will be completed at six monthly intervals for 2 years from enrolment. 

Information will be gathered regarding ethnicity, past medical history, medical 

conditions and family history. Written informed consent will be obtained to take part 

in the trial and to share collected information between Sport Taranaki (the regional 

sports trust) and the DHB. This will be from the participant if age-appropriate, or 

where the participants are children, a parent/guardian. Table 9.2 shows the key 

elements of the assessments undertaken. 
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Table 9.2: Assessment information for all participants 

Key 

assessments 

Baseline 6 

months 

12 

months 

18 

months 

24 

months 

Resting heart 

rate 

✓ ✓ ✓ ✓ ✓ 

Blood pressurea ✓ ✓ ✓ ✓ ✓ 

Heightb ✓ ✓ ✓ ✓ ✓ 

Weightc ✓ ✓ ✓ ✓ ✓ 

Waist 

circumferenced 

✓ ✓ ✓ ✓ ✓ 

Hip 

circumferencee 

✓ ✓ ✓ ✓ ✓ 

Peak flowf ✓ ✓ ✓ ✓ ✓ 

Acanthosis 

nigricans screen 

✓ ✓ ✓ ✓ ✓ 

Ear, nose & 

throat 

examinationg 

✓ ✓ ✓ ✓ ✓ 

Self report of 

Tanner pubertal 

stageh 

✓ ✓ ✓ ✓ ✓ 

Accompanying 

adult’s height & 

weight 

✓ ✓ ✓ 

Questionnairesi ✓ ✓ ✓ ✓ ✓ 

Blood samplingj ✓ ✓ ✓ 

Technical/procedural information: ausing Welch Allyn portable sphygmomanometer with 

flexiport reusable blood pressure cuffs of appropriate size, bto 0.1cm using average of three readings 

on Seca 213 portable stadiometer, cto 0.1kg using Seca 813 digital scales, dSeca 201 standard 

measuring tape (at mid-point between the lower margins of the rib and the top of the iliac crest to 

0.1cm at end of normal expiration) 16), ewidest girth, fusing Mini Wright peak flow meter, gusing 

Welch Allyn portable auroscope, hor from parent in very young children182, iapart from RFC 

questionnaire (only performed at baseline), jfasting insulin, fasting glucose, liver function tests, C-

reactive protein, glycated Haemoglobin (HbA1c), and fasting lipids. 
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9.2.5  Calculations 

BMI, BMI percentile and BMI SDS will be calculated using UK Cole normative 

data152 on the uploadable KIGS auxology software (Pfizer Endocrine Care TM). 

Height percentile will be calculated using gender specific growth charts for 2-18 

years recommended by the Australasian Paediatric Endocrine Group for Australian 

and NZ use,39 based on Centers for Disease Control stature for age and weight for 

age data.183 To improve accuracy, blood pressure (BP) SDS will be calculated using 

an age-based paediatric BP reference chart calculator based on data from The Fourth 

Report.56, 184 BP SDS will then be converted to percentiles. Peak flow percentile will 

be calculated based on reference NZ peak expiratory flow rates.185 Waist hip ratio, 

and waist height ratio (WHtR) will be calculated. Participants will be deemed 

pubertal if they are female with breast development B2 or male with pubic hair 

development P3 on Tanner pubertal staging.182 Level of household deprivation will 

be calculated based on the NZ Deprivation Index 2006.186 

9.2.6  Questionnaires 

One aim of this trial is to determine whether there is an association between reported 

degree of ‘readiness’ to make lifestyle changes at baseline assessment, and 

improvements in lifestyle, including BMI SDS. Readiness for lifestyle change will 

be based on the transtheoretical model of stages of change,180 and will be established 

with two questionnaires (parent and child/adolescent) and the best judgement of the 

Healthy Lifestyle Coordinator at the end of the baseline assessments. Both 

questionnaires will be based on the 12-item Readiness to Change Questionnaire142 

and will use a 5-point Likert scale to assess the parent’s and child/adolescent’s 

beliefs, attitudes and behaviour about weight, eating behaviour and physical activity. 

Given the complexity of obesity, the questionnaires will be expanded. The child 

questionnaire will have 21-items and will be used for children 11 years and older, 

and a 27-item questionnaire for parents, including 6 questions regarding family 

attitudes/behavior, will be administered to parents. Whilst self-efficacy/confidence 

to make changes are not extensively measured, confidence in making changes in 
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physical activity and eating behaviour has been included in both quantitative 

questionnaires. 

Qualitative assessments of readiness for change will be made by the Healthy 

Lifestyle Coordinator at the end of the assessment. This will be the Coordinator’s 

overall subjective opinion as a health professional of stage of change in both the 

committed family member and child (if >11 years of age), based on the assessment. 

A qualitative stage of change will be included as this is what is undertaken in current 

clinical practice, and provides a comparator for the quantitative tool. The 

quantitative assessment will be scored at point of data entry by the Healthy Lifestyle 

Coordinator. Cronbach’s alpha will be used to establish the reliability of our 

readiness for change lifestyle questionnaire. Confirmatory factor analysis will be 

used to examine convergent and discriminant validity. The questionnaire was tested 

for understanding and comprehension in a randomly selected cohort of clinic 

patients prior to trial commencement. 

Questionnaires that will be administered to the child/adolescent or parent include the 

Paediatric Quality of Life Inventory (PedsQL)TM – a measurement model designed 

to evaluate health-related quality of life in children and adolescents that has been 

extensively validated,71, 187-191 the Achenbach Child Behavior Checklist (CBCL) 

(Child Behavior Checklist for Ages 1½-5: 7-28-00 Edition-601, Child Behavior 

Checklist for Ages 6-18: 6-1-01, Edition-201, Youth Self-report (YSR) for Ages 11-

18: 6-1-01 Edition-501),192 children’s physical activity questionnaire (C-PAQ),193 

modified children’s dietary questionnaire for NZ use (CDQ),194 24 hour food recall, 

knowledge of healthy lifestyles questionnaire (modified from the 2008 Nutrition 

Survey),195 and our RFC questionnaire. Any participant deemed not ready for change 

will be reassessed every six months. 

9.2.7  Assessment of physical fitness 

Physical fitness assessments include the 550m walk/run,196 and 5 days of ActiGraph 

wGT3X-BT (Actigraph, Pensacola, Florida, USA) accelerometer wear will be 
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requested (3 weekdays and 2 weekend days), giving an estimated reliability of 0.80 

in children and 0.70 in adolescents.197 These levels of reliability have been 

questioned in more recent studies,198 however longer wear time is not practical due 

to resource. Epoch time will be set to 60 seconds and cut-off time 60 minutes. 

9.2.8  Metabolic markers 

Venous blood sampling will be undertaken to assess for metabolic status (Table 9.2). 

These biomarkers identify the biochemical comorbidities associated with obesity.9, 

41 Incentivisation for these samples will be provided. 

9.2.9  Comorbidities 

Weight-related comorbidities will be screened for and referrals will be made where 

appropriate. 

9.2.10  Study arms 

Every child entering Whānau Pakari will be discussed at the multi-disciplinary team 

meeting, allowing a full clinical review and referrals for further investigation where 

appropriate, with additional discussion of dietary intake, physical activity, and 

psychology issues. The assessments and multi-disciplinary meetings will be 

repeated for each child/adolescent every six months, irrespective of which group 

they are randomised to. 

Intervention 

The intervention programme will be a 12-month multi-disciplinary programme with 

weekly group sessions. It will be administered by a physical activity Coordinator, 

community dietitian, and psychologist: all staff members within the Whānau Pakari 

team. It will involve: 
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1) Home visits with the dietitian and physical activity Coordinator in the initial 

phase  

2) Weekly contact in activity sessions of either physical activity OR 

3) Psychology sessions (covering topics such as bullying, self-esteem, 

parenting, making lifestyle changes), and dietitian sessions (covering topics 

such as portion size, virtual supermarket tours, healthy food on a budget, 

and vegetable gardens) (Table 9.3). 

Table 9.3: Support provided to each group of trial participants enrolled in Whānau Pakari 

 Control 

(Current  

‘standard 

care’) 

Intervention 

6, 12, 18, 24 month assessments with 

nutrition advice and feedback (blood tests 

at baseline, 12, 24 months) 

✓ ✓ 

Home visit within 1st month from physical 

activity Coordinator and dietitian 

 ✓ 

Physical activity Coordinator/Dietitian 

review of progress at 6 months (seen at 

group) 

 ✓ 

Questionnaire review (team), multi-

disciplinary team meeting – review and 

action of alerts 

✓ ✓ 

+/- Keyworker  ✓ 

Weekly activity and education sessions for 

12 months 

 ✓ 

Total home visits over 2 years 5 6 

 

The participants will be engaged in the programme one hour per week for four school 

terms (equating to a total of 40 sessions). The same programme will be delivered to 

all participants, however these will be tailored to meet the cultural requirements of 

participants, for example, sessions that include traditional Māori games, recipe 

makeover of dishes from different cultures, and honouring of particular dietary 

requirements in cooking sessions. A committed family member will be required to 
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attend to support and learn alongside the child/teenager, as the programme is family-

focussed. No incentivisation will be provided for attending sessions. A commitment 

contract will be signed at entry to the programme, outlining expectations of 

attendance at a minimum of 70% of sessions to gain the most out of the programme. 

After 12 months, families will be linked into local sport centres/aquatic centres/gym 

facilities. 

Non-intervention 

The non-intervention (control) group will receive the same home-visit model and 

assessments as the intervention group, but will not undertake any of the intervention 

sessions (Table 9.3). The families will receive feedback from the assessments with 

dietary and physical activity guidelines. This model was chosen for community 

acceptability and is very similar to what is currently considered ‘standard care’. This 

group are offered the intervention after 24 months. All participants declining 

intervention and those who have completed intervention and 12 month follow-up 

will be discharged back to primary care, with a guideline sheet of what to monitor, 

and assess with regard to weight-related comorbidities. Any participants 

withdrawing from the trial before the end of the 24 months will be incentivised to 

participate in a modified assessment to allow measurement of their progress, thus 

maximising completeness of data for the intention to treat analysis. 

9.2.11  Randomisation 

At baseline, there will be 2 assessments of RFC (given it is not known if a 

quantitative tool will be successful): the clinician’s subjective measure (ranked pre-

contemplation, contemplation, preparation/action), and a specifically devised 

questionnaire using a 5-point Likert scale that is completed by the child and a second 

one for the parent. The RFC questionnaire was based on the original readiness to 

change questionnaire,142 focussing on beliefs and behaviour around three factors: 

weight, eating habits and activity levels. If the RFC ranking is scored in the 

contemplative or further along on either scale, then participants will be offered entry 
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into the trial. We purposely set the bar low (i.e. below the preparation/action level) 

to assess whether degree of RFC predicts outcomes within those contemplative or 

above. 

Patients will be assessed, consented, and entered into the trial prior to randomisation. 

Randomisation by minimisation (using age and ethnicity) will be conducted using 

the Minim randomisation computer programme which maintains approximate 

balance in the 2 arms for age and ethnicity but incorporates a random element so it 

cannot be predicted which study arm the subject will be allocated to. 

9.2.12  Primary outcome 

The primary outcome measure is the change in BMI SDS in the intervention group 

compared with the control group recorded at 6, 12, 18 and 24 months post enrolment. 

9.2.13  Secondary outcomes 

Secondary outcomes include changes in quality of life; dietary knowledge and 

behaviour; physical activity (specifically moderate to very vigorous physical 

activity), sedentary behaviour, knowledge of benefits of physical activity, 

cardiovascular and metabolic profile (BP, resting heart rate, waist circumference and 

WHtR) all at 6, 12, 18, and 24 months, and glycaemic control (fasting glucose and 

HbA1c), fasting insulin and lipids at baseline, 12 and 24 months. 

9.2.14  Other aims and outcomes 

This study also aims to investigate whether those assessed as RFC (i.e. 

preparation/action) experience a greater reduction in BMI SDS compared with those 

less RFC (i.e. contemplation). If the intervention is found to be effective, a cost-

effectiveness analysis will be undertaken, taking into account multiple outcome 

parameters. 
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9.2.15  Data collection 

The Healthy Lifestyles Coordinator will collect all data (apart from physical activity 

assessments) in the home assessments. 

All data from assessments will be entered into a specific purpose-built database, 

which will be reviewed monthly for data validity and completeness. This database 

includes alerts for data outside acceptable medical parameters, for example, elevated 

BP percentiles, for discussion at multi-disciplinary meetings. 

Progress will be captured on the multi-disciplinary team meeting database page, so 

the team can review the results of each 6-month assessment for each participant, and 

make further recommendations or referrals.  

9.2.16  Statistical considerations 

Sample size 

With 107 participants per group (120 to account for a 10% dropout rate) there is 

80% power to detect a difference in change in BMI of 0.5 SDS at the 5% level of 

significance, with a standard deviation of 1.3.199 Of note, only 15/54 lifestyle studies 

included in a systematic review at the time of study design reported power 

calculations.119 Subsequent meta-analysis of interventions has shown that even a 

change of -0.1 BMI SDS can lead to improvements in cardiovascular and metabolic 

outcomes.121 It is hoped that even demonstrating smaller differences as this more 

recent literature has shown will still be important at a population level. 

Data analyses 

Statistical analyses will be performed using SAS version 9.3 (SAS Institute Inc. Cary 

NC). A general linear mixed model will be used to assess change from baseline 

measured at 6, 12, 18 and 24 months after initiating the intervention adjusting for 
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age, gender, socioeconomic status, and ethnicity and degree of readiness for change. 

Means and standard deviations of changes from baseline in outcomes of interest, for 

both the raw and modelled data, will be presented. 

Baseline characteristics 

Baseline characteristics will be summarised using descriptive statistics. Continuous 

variables will be described as numbers of observed and missing values, mean, 

standard deviation, median, minimum and maximum. Categorical variables will be 

described as frequencies and percentages. 

Treatment effects 

Analyses will be performed on the intended to treat population. Reporting will 

adhere to the CONSORT guidelines for reporting parallel group randomised trials.179 

Discussion 

Whānau Pakari is expected to provide important new knowledge to the area of 

childhood obesity. This will be achieved with its focus on an indigenous group at 

increased risk for obesity and its resulting comorbidities, and through its engagement 

with the community to increase acceptability of the programme. It is likely to inform 

these areas in a robust manner if high participation is achieved and maintained. 

This randomised controlled trial is unique in three key ways. First, it is assessing a 

mainstream multi-disciplinary clinical service that has evolved to specifically ensure 

accessibility and appropriateness for indigenous people. Whānau Pakari is a 

community ‘real life’ intervention programme resulting out of a clinical need, and 

has the potential to answer critical questions in relation to delivery of interventions 

in this area. Secondly, Whānau Pakari utilises a home-visit model which replaces 

hospital medical assessments, therefore ‘de-medicalising’ obesity assessments. The 
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family-based home model is likely to appeal to many ethnic groups who resist the 

hospital-based mainstream clinical models currently operating in most areas. 

Thirdly, Whānau Pakari will only include those considered potentially ready for 

change, and will investigate whether the level of ‘readiness’ to make lifestyle 

changes predicts improved outcomes in intervention programmes. If the RFC 

measures provide a reliable and valid measure of outcome success, then the 

development of paired interventions around motivation for change for those in 

earlier stages of change followed by direct interventions for those in later stages 

could result in less programme dropout as well as being a more efficient and cost 

effective utilisation of limited resource. 

A limitation of this study is the use of self-report for Tanner pubertal stage. Previous 

literature has demonstrated that obese girls tend to overestimate breast size and 

obese males stage of pubic hair development more than their non-obese 

counterparts.200 However, we did not believe it was appropriate to undertake 

pubertal examination within the home setting, and it was determined this would be 

a more appropriate cut-off for pre-pubertal and pubertal status than an arbitrary age 

for males and females. 

Weight-related comorbidities are a particular concern in childhood obesity, given 

the long-lasting effects of these conditions.95 Past meta-analysis highlighted that a 

BMI SDS reduction of -0.1 led to significant improvements in multiple 

cardiovascular and metabolic outcomes over time.121 BMI, in conjunction with waist 

circumference, WHtR, fasting lipids, glucose and insulin, and BP (all being 

measured at intervals over an extended period of follow-up) will provide a 

comprehensive assessment of cardiovascular and metabolic outcomes long-term. 

Whilst there has been a shifting focus toward early obesity intervention targeting 

critical periods of human development, there is still a need for an effective 

intervention programme to provide assistance for those children and adolescents 

who are already obese. This research aligns with the Ministry of Health’s Clinical 

Guidelines for Weight Management in Children and Young People,120 and addresses 
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barriers to accessing services and programmes identified by the Office of the Auditor 

General’s performance audit into childhood obesity.101 

In summary, this trial will determine if this unique multi-disciplinary intervention 

will result in improved health outcomes, especially among Māori. It will also 

investigate whether there is an indication that being at the preparation/action stages 

of RFC compared to those in the contemplative stage results in improved success in 

intervention programmes. As translational research, it will inform the NZ Ministry 

of Health regarding ways to combat child and adolescent obesity. It is hoped this 

study will lead to prevention of the adult associated comorbidities of childhood 

obesity into later life for some individuals, thereby reducing morbidity, particularly 

for those most vulnerable in our population. 
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10 Results: Prevalence of weight-related comorbidities in 

New Zealand children and adolescents with obesity 

It was important to describe the medical characteristics at baseline of participants 

entering the Whānau Pakari programme, especially to determine if there were 

significant disparities in relation to ethnicity. This chapter contains the manuscript 

to report the comorbidities present in the Whānau Pakari cohort during the period of 

recruitment for the randomised clinical trial.  

Published 

Anderson Y, Wynter L, Treves K, Grant C, Stewart J, Cave T, et al. Prevalence of 

comorbidities in obese New Zealand children and adolescents at enrolment in a 

community-based obesity programme. J Paediatr Child Health. 2016;52:1099–1105. 

Trial registration: Australian New Zealand Clinical Trials Registry 

(ANZCTR):12611000862943.  

10.1 Overview 

Internationally, the combined prevalence of overweight and obesity in children has 

increased by 47% from 1980 to 2013.95 The implications of the burden of non-

communicable diseases associated with obesity and the impact on health systems are 

of global concern.201 As a result, the World Health Organization (WHO) has now 

released recommendations to end childhood obesity.8

The prevalence of overweight and obesity in New Zealand (NZ) adults is the third 

highest in OECD (Organisation for Economic Co-operation and Development) 

countries.98 Among 2-14-year-old children, the prevalence of obesity (as defined by 

International Obesity Task Force BMI reference values) has increased from 8.4% in 

2006/2007 to 10.8% in 2014/2015.176 Māori (NZ’s indigenous people) children are 
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1.6 times more likely than non-Māori to experience obesity.202 As childhood obesity 

often leads to adult obesity,41 these recent trends raise additional concerns about the 

future burden of obesity-related disease in our adult population. Weight-related 

comorbidities track from childhood into adulthood and have been well 

documented.41 

Marked health disparities exist between indigenous and non-indigenous groups  

globally, and where information has been collected, these disparities are also evident 

in relation to childhood obesity.110 The need to address the worsening obesity 

epidemic and to eliminate the disparities in obesity-related health outcomes between 

indigenous and non-indigenous groups is one of NZ’s highest priority public health 

issues.101 There are no data that we are aware of examining the differential effect of 

obesity on comorbidity in Māori and NZ European (NZE) children. Our primary 

objective, in the reporting of data contained in this manuscript, was to describe the 

baseline medical characteristics (prior to randomisation) of children and adolescents 

referred to the ‘Whānau Pakari’ multi-disciplinary intervention trial (targeting 

Māori, in particular), and to describe the obesity-related comorbidities present at 

enrolment. Our secondary objective was to determine whether the prevalence of 

obesity-related morbidity differed between indigenous and non-indigenous children 

and adolescents. 

10.2 Methods 

Whānau Pakari is a community-based obesity programme currently being conducted 

in Taranaki, a semi-rural region of NZ with a population of 23,139 children aged 0-

15 years, of which 81% identify as NZ European, 28% as Māori, and 1% as other 

ethnicity (multiple ethnicities able to be recorded).165 The methodology of Whānau 

Pakari has been described elsewhere.203 Essentially, Taranaki children and 

adolescents were eligible if aged from 5 to 16 years, with either obesity, or 

overweight with significant weight-related comorbidities. Accessibility and 

appropriateness of the service were key to our approach in targeting at-risk groups. 

For example, we adopted strategies to remove barriers to access, such as providing 
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a home-visit model and 'de-medicalising' the assessment. In addition, barriers and 

facilitators to engagement were considered in service and trial design.134, 203 We 

defined obesity and overweight using a modification of the United Kingdom (UK) 

Cole definitions of body mass index (BMI) ≥98th centile, and >91st centile, 

respectively.40 

We obtained ethical approval from the NZ Health and Disability Ethics Committee 

(CEN/11/09/054), and written and verbal informed consent from participants or their 

guardians. The trial was registered with the Australian NZ Clinical Trials Registry 

(ANZCTR: 12611000862943). 

10.2.1  Data collection 

Two hundred and thirty-nine baseline assessments were undertaken in the 

participants’ homes. These assessments included a focussed medical and physical 

review, with request for fasting blood samples from each participant (clear 

instructions were provided regarding fasting for at least 8 hours prior to the blood 

test). A proxy report of medical history was obtained from an adult family member.  

10.2.2  Measures 

Height was measured to 0.1cm using average of three readings on a Seca 213 

portable stadiometer (Seca, Hamburg, Germany). Weight was measured to 0.1kg 

using Seca 813 digital scales. Waist circumference was measured using a Seca 201 

standard measuring tape (at mid-point between the lower margins of the rib and the 

top of the iliac crest to 0.1cm at the end of normal expiration).16 Coefficient of 

variance analysis of waist circumference (WC) was assessed, and confirmed intra-

user variability of 0.04%.  Waist height ratio (WHtR) was calculated from WC and 

height. Hip circumference was measured as the widest girth. We calculated BMI and 

BMI standard deviation score (SDS) using UK Cole normative data152 on the 

uploadable KIGS auxology software (Pfizer Endocrine Care TM). Height 

percentiles were calculated using gender specific growth charts for 2-18 years 

recommended by the Australasian Paediatric Endocrine Group,39 based on Centers 
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for Disease Control data.183 Pubertal status by self-report was attained using Tanner 

staging pictures on the gender specific growth charts. Accompanying adult BMI was 

measured where consented to, using height and weight methods described above. 

Casual blood pressure (BP) was measured in the home with aneroid 

sphygmomanometry, using a Welch Allyn sphygmomanometer and size-appropriate 

cuffs. If abnormal, the BP was repeated 2 further times during the 1-1.5 hour 

assessment to reduce the possibility of white-coat hypertension. If initially elevated 

with reduction at subsequent measures, the lowest BP measurement was recorded. 

To improve accuracy, we calculated BP SDS using an age-based paediatric BP 

reference chart calculator.184 SDS scores were then converted to percentiles. Pre-

hypertension was defined as systolic and/or diastolic BPs between the 90th-95th 

percentile for gender, height and age.56 Hypertension was defined as systolic and/or 

diastolic BP >95th percentile.  

10.2.3  Investigations 

Low-sensitivity C-reactive protein (CRP), liver function tests, glycated haemoglobin 

(HbA1c), and fasting glucose, insulin and lipids were performed on an Abbott 

Architect c8000 chemical analyser (Abbott Laboratories, Illinois, USA) with 

coefficient of variances between 1.6-11.2%. Insulin levels were measured by 

immunoassay on a Roche Cobas e411 analyser (Roche, Basel, Switzerland) with a 

coefficient of variance of 4.1%. We determined the presence of raised CRP, 

abnormal fasting glucose, raised glycated Haemoglobin, elevated fasting insulin 

level (>80pmol/L, based on adult upper limit of normal), abnormal fasting lipids, 

and abnormal liver function tests. 

10.2.4  Data analyses 

Categorical variables were compared using Chi-square and Fisher's exact tests. 

Associations with outcomes of interest were examined using binary logistic 

regression models, accounting for important confounding factors: age, gender, 

ethnicity, and pubertal status (as well as WHtR where it was necessary to adjust for 
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adiposity). For continuous outcomes, multivariable linear regression models were 

used, accounting for the above-described confounders. Secondary analyses were 

carried out comparing data between Māori and NZE. Parameters associated with 

glycaemic control, liver functions, as well as CRP values, were log-transformed to 

approximate normality. Data were analysed in Minitab (v.16, Pennsylvania State 

University, State College, PA, USA) and SAS v.9.3 (SAS Institute, Cary, NC, USA). 

All statistical tests were two-tailed with significance maintained at p<0.05. Where 

appropriate, data provided in the text are means and standard deviation (SD), or odds 

ratios (OR) with associated 95% confidence intervals in brackets. 

 Results 

10.3.1 Demographics 

Table 10.1 summarises the baseline demographic characteristics of the 239 

participants assessed within the service from January 2012 to August 2014 (age 

range 4.8 – 16.8 years).  
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Table 10.1: Characteristics of the 239 study participants at recruitment 

Female gender (%) 125 (52) 

Age in years, mean (SD) 10.7 (3.2) 

Ethnicity† Māori (%) 109 (45) 

New Zealand European (%) 108 (45) 

Pacific (%) 6 (3) 

Asian (%) 6 (3) 

Other (%) 10 (4) 

Deprivation index 

(quintiles)‡ 

1 - least deprived (%) 23 (10) 

2 (%) 38 (16) 

3 (%) 48 (20) 

4 (%) 60 (25) 

5 - most deprived (%) 70 (29) 

Accompanying adult Mother (%) 194 (81) 

Father (%) 29 (12) 

Other (%) 16 (7) 

BMI (kg/m2)§, mean (SD) 33.6 (7.9) 

BMI ≥ 30 kg/m2 (obese)§ (%) 155 (68) 

Living arrangements¶ Two-parent household (%) 121 (51) 

One-parent household (mother) 

(%)

91 (38) 

One-parent household (father) (%) 10 (4) 

Extended family (%) 11 (5) 

Non-family caregiver (%) 3 (1) 

Unknown (%) 3 (1) 

Abbreviations: BMI, body mass index. 
†Prioritised ethnic group. 
‡Quintiles of level of household deprivation based on the NZ Deprivation Index 2006.186 
§ Parameter was measured where consented to (n=228), otherwise not included.

¶Not stated for three.
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Participants were predominantly of Māori (45%) or NZE (45%) ethnicity, with the 

remainder being of Pacific (3%), Asian (3%), or other ethnicities (4%). Twenty-nine 

percent resided in the most deprived quintile of NZ households (compared with 15% 

of the population of Taranaki).204 Of the 239 participants, nine (4%) had a BMI at 

the 98th percentile, and 224 (94%) had a BMI >98th percentile on entry. Six (2%) 

participants entered with a BMI between the 91st and 98th percentile with weight-

related comorbidities; all had a family history of weight problems and/or type 2 

diabetes: one patient had type 1 diabetes, and another patient had pre-diagnosed type 

2 diabetes. This group (n=6) were excluded from all analyses relating to family 

history and glycaemic control, liver function, lipids and CRP. 

10.3.2  Medical history 

Table 10.2 summarises the medical history of participants. 
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Table 10.2: Medical history of study participants at recruitment 

 Subjects (n) Value 

   Weight concern    

Age at first concern (years), mean (SD)  202 6.6 (3.1) 

Duration (years), mean (SD)  203 4.1 (2.7) 

   Headaches (%)  239 77 (32) 

   Visual disturbance (%)  239 55 (23) 

   Diagnosed conditions    

Type 1 diabetes (%)  239 1 (0.4) 

Type 2 diabetes (%)  239 1 (0.4) 

Asthma (%)  239 59 (25) 

   Sleep    

Difficulty getting to sleep  239 76 (32) 

Television/computer in bedroom (%)  239 111 (46) 

Hours per night, mean (SD)  239 10.2 (1.0) 

Insufficient sleep† (%)  239 8 (3) 

Snoring more than half the time (%)  239 119 (50) 

Witnessed breathing pauses (%)  239 48 (20) 

Diagnosed obstructive sleep apnoea (%)  239 9 (4) 

   Birth and development    

Smoking during pregnancy (%)  223 88 (40) 

Gestational age (weeks), mean (SD)   232 39.4 (2.3) 

Birthweight (kg), mean (SD)  230 3.46 (0.72) 

Birthweight SDS‡, mean (SD)  227 0.20 (1.36) 

Developmental concerns (%)  239 21 (9) 

   Family History§    

Type 1 diabetes (%)  233 31 (13) 

Type 2 diabetes (%)  233 143 (61) 

Weight problems (%)  233 189 (81) 

Early obesity (%)  233 25 (11) 

Abbreviations: SDS, standard deviation score. 
†Lower limits as recommended by the National Sleep Foundation: <10 hours (aged 3-5 years), <9 

hours (6-13 years), and <8 hours (14-17 years);205 
‡Based on Niklasson Swedish reference data;206 
§Excluding six participants with BMI in the 91st to 98th percentiles who had weight-related 

comorbidities. 

 

Based on proxy reports, almost one-third had difficulty getting to sleep (n=76, 32%). 

Snoring more than half the time (i.e. four or more nights per week) was found in half 



10 Results: Prevalence of weight-related comorbidities in NZ children & adolescents with obesity 

 
102 

of participants (n=119, 50%), with witnessed breathing pauses in one-fifth of the 

cohort (n=48, 20%). A television, computer or device was present in the bedroom of 

almost half (n=111, 46%) of the children. After adjustment for adiposity, a larger 

proportion of children who had a device in their bedroom were reported to have 

difficulty getting to sleep (39% vs. 26%; p=0.03). 

10.3.3  Physical examination  

The results of physical examinations are summarised in Table 10.3.  

Table 10.3: Examination findings of participants at recruitment 

Examination finding Total (n = 239) 

BMI SDS, mean (SD) 3.09 (0.60) 

Waist circumference (cm)†, mean 

(SD) 

86.4 (14.1) 

Waist height ratio, mean (SD) 0.59 (0.06) 

Waist height ratio>0.5 (%) 223 (94) 

Acanthosis nigricans (%) 98 (41) 

Prepubertal‡ (%) 114 (48) 

  

Pre-hypertension§ (%) 17 (7) 

Hypertension¶ (%) 9 (4) 

Abbreviations: BMI, body mass index; SDS, standard deviation score. 
†At mid-point between the lower margins of the rib and the top of the iliac crest to 0.1cm at end of 

normal expiration.16 
‡Based on self-report. 
§Systolic and/or diastolic blood pressure between 90-95th percentile. 
¶Systolic and/or diastolic blood pressure>95th percentile, based on Fourth report percentiles,56 

calculated using blood pressure SDS.184 

 

Systolic pre-hypertension was present in 4% (n=10), and diastolic pre-hypertension 

in 5% (n=12), with systolic and diastolic hypertension present in 1% (n=2), and 3% 

(n=8) respectively.  
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10.3.4  Investigations  

Fasting blood samples were obtained from 183/239 (77%) of participants (Table 

10.4).  

Table 10.4: Laboratory markers of disease in study participants at recruitment 

  Samples, n Abnormal, n 

(%) 

Inflammatory  ls-CRP 1.0 - 3.0 mg/L 183 92 (50) 

marker† ls-CRP > 3.0 mg/L < 

15.0 

183 45 (25) 

 ls-CRP > 15 mg/L 183 6 (3) 

    

Glycaemic 

control ‡ 

Fasting glucose > 7 

mmol/L 

179 1 (0.6) 

 HbA1c  > 42 mmol/mol 177 1 (0.6) 

 Fasting insulin > 80 

pmol/L 

175 124 (71) 

    

Serum lipids ≥ 1 abnormal lipid 182 79 (43) 

 Cholesterol > 5.2 

mmol/L 

182 24 (13) 

 HDL-C  < 1.0 mmol/L 182 32 (18) 

 LDL-C > 3.4 mmol/L 180 21 (12) 

 Elevated triglycerides§ 182 50 (28) 

    

Liver 

function tests  

≥ 1 abnormal test 181 85 (47) 

 AST 149 20 (13) 

 ALT 181 61 (34) 

 GGT 181 55 (30) 

Abbreviations: ls-CRP, low-sensitivity C-reactive protein; HbA1c, glycated Haemoglobin; HDL-C, 

high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate 

aminotransferase; ALT, alanine transaminase; GGT, gamma-glutamyl transferase. 

Abnormal findings based on upper limits of normal. 

†CRP 1.0-3.0mg/L moderate risk of future cardiovascular events, >3.0 mg/l <15.0 high risk of future 

cardiovascular events (using Abbot Architect CRP reagent). 
‡Excluding all those with BMI >91st – 98th percentile with weight-related co-morbidities (includes 

n=2 with diabetes). 
§If aged 0-9years>1.1mmol/L, if 10-19 years>1.5.51 

Abnormal if AST and/or ALT and/or GGT > upper limits normal: AST 1 to <7 years, >44U/L, 7 to 

<12 years >36U/L, 12 to <19 years >26U/L (n=149), ALT 1 to <13 years >25U/L, 13 to <19 years 

>22U/L (n=181), GGT 1 to <11 years >16U/L, 11 to <19 years >21U/L (n=181).207 
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Average HbA1c was within the normal range (33.8 (SD 3.5) mmol/mol), but there 

was a high prevalence (71%, n=124) of elevated fasting insulin levels. Low-

sensitivity CRP >1mg/l was found in 137 (75%) of participants, excluding the six 

with highly elevated low-sensitivity CRP (CRP>15mg/L) due to probable acute 

infection. After adjustment for confounders, higher BMI SDS (ß=0.666; p<0.0001), 

WHtR (ß=7.379; p<0.0001), and WC (ß=0.046; p<0.0001) were associated with 

increased low-sensitivity CRP levels, which were in turn associated with higher 

systolic BP (ß=0.133; p=0.04). 

10.3.5  Ethnic comparisons 

Table 10.5 outlines key parameters in Māori and NZE, excluding those who entered 

with weight-related comorbidities and diagnoses of type 1 diabetes or type 2 diabetes 

(n=6).  
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Table 10.5: Key parameters among participants of Māori and New Zealand European (NZE) 

ethnicity at recruitment 

 
Māori NZE p-value p-value 

adjusted 

for BMI 

SDS 

Family history      

Mother smoking during 

pregnancy (%) 

 51 (52) 28 (28) 0.001 - 

Type 2 diabetes (%)  70 (71) 56 (55) 0.044 - 

Medical history      

Witnessed breathing 

pauses (%) 

 
27 (25) 15 (14) 0.038 0.17 

Examination      

Average BMI SDS, mean 

(SD) 

 3.25 (0.62) 3.01 (0.49) 0.004 - 

Acanthosis nigricans (%)  62 (58) 21 (20) <0.0001 <0.0001 

Abnormal blood pressure† 

(%) 

 13 (12) 10 (9) 0.44 0.93 

Laboratory markers‡      

Abnormal fasting lipids§ 

(%) 

 37 (50) 38 (45) 0.43 0.60 

Fasting insulin (pmol/l)  130 (113, 150) 103 (90, 117) 0.015 0.75 

Elevated fasting insulin¶ 

(%) 

 54 (75) 55 (65) 0.051 0.12 

Abnormal liver function 

tests¶¶ (%) 

 38 (52) 37 (44) 0.22 0.58 

Abbreviations: BMI, body mass index; SDS, standard deviation score. 

Fasting insulin data are geometric means and 95% confidence intervals, while other data are n (%).  

P-values for family history are from Chi-square tests; other p-values are from general linear or logistic regression 

models, adjusting for age, sex, and pubertal status, as well as BMI SDS where indicated. 

† Systolic and/or diastolic pre-hypertension or hypertension. 
‡Available for a reduced number of participants (n=157). 
§Having any of these parameters: cholesterol >5.2 mmol/L; HDL-C <1.0 mmol/L; LDL-C >3.4 mmol/L; 

triglycerides: >1.1 mmol/L if aged 0-9 years or >1.5 if 10-19 years.51   
¶Fasting insulin>80pmol/L. 
Abnormal if AST, ALT, and/or GGT above the upper limits normal: AST 1 to <7 years,  >44U/L, 7 to <12 years 

>36U/L, 12 to <19 years >26U/L (n=149), ALT 1 to <13 years >25U/L, 13 to <19 years >22U/L (n=181), GGT 

1 to <11 years >16U/L, 11 to <19 years >21U/L (n=181)207. 

 

There was a greater prevalence of mothers who smoked during pregnancy (p=0.001) 

and a family history of type 2 diabetes (p=0.02) among Māori compared with NZE 

(Table 10.5). Regarding medical history, Māori had more witnessed breathing 
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pauses than NZE (p=0.04, Table 10.5). Examination results showed that Māori had 

a greater average BMI SDS at entry compared with NZE (p=0.004). Acanthosis 

nigricans was more prevalent in Māori [OR 7.85 (3.89-15.86); p<0.0001], but rates 

of systolic and/or diastolic pre-hypertension or hypertension were similar in both 

groups (Table 10.5). 

Amongst laboratory markers, the prevalence of participants with any abnormal 

serum lipid measure did not differ between Māori and NZE (Table 10.5). However, 

Māori were more likely to have low serum HDL-C (27% vs. 14%; OR 2.55(1.10-

5.90); p=0.03) and high serum triglycerides (38% vs. 24%; OR 2.18(1.07-4.43); 

p=0.03) concentrations than NZE. Māori also had higher fasting insulin 

concentrations (p=0.02), and were more likely to have a fasting insulin above the 

upper limit of normal (p=0.05) (Table 10.5). For liver function tests, the prevalence 

of any abnormal result was not different in the two ethnic groups (Table 10.5), but 

Māori tended to have greater odds of having abnormal GGT results (37% vs. 24%; 

OR 1.99(0.98-4.01); p=0.056). Note that when models adjusted for BMI SDS, ethnic 

differences in laboratory markers were attenuated and no longer statistically 

significant. 

10.4 Discussion 

In this sample of 239 children with overweight or obesity presenting to a 

community-based intervention programme, substantial and generally unrecognised 

comorbidities were common. The unique aspect of this study was our ability to 

achieve high representation of Māori and those from most deprived areas in a semi-

rural group of children and adolescents, indicating a high level of acceptability for 

these target groups. Engagement is vital in order to address and manage associated 

weight-related comorbidities.  

While there were some differences between Māori and NZE in the frequency of 

some comorbidities, the overall clinical picture of children and adolescents in our 
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cohort, irrespective of ethnicity, was of concern. Of note, when models accounted 

for BMI SDS, ethnic differences in laboratory markers were no longer significant.  

Comorbidities likely to impact on cardiovascular health were identified frequently 

in our cohort; especially abnormal lipids and subclinical inflammation. The most 

common serum lipid pattern in obesity is mild elevation of total cholesterol and 

LDL-C, with moderate to severe elevation in triglyceride and decrease in HDL-C, a 

pattern we observed in the participants.51 Dyslipidaemia, high BP, and obesity are 

all correlated with an increased risk of atherosclerotic lesions; the extent of these 

lesions is determined by the number of risk factors present for cardiovascular 

disease.49 

Subclinical inflammation has been postulated to play a role in cardiovascular 

morbidity, as a linking mechanism of obesity with components of the metabolic 

syndrome and sleep disordered breathing.208, 209 Serum CRP concentration has been 

shown in children to be correlated with serum fibrinogen and HDL-C 

concentrations; cardiovascular risk factors implicated in the development of 

atheroma.210 The National Health and Nutrition and Examination Survey showed 

that, in comparison with children with a BMI between the 15th to <85th percentile, 

an elevated CRP was almost five times as likely to be present in those children with 

a BMI ≥ 95th percentile.211 Evolution towards the use of high-sensitivity CRP in 

adults to predict cardiovascular risk has led to high-sensitivity CRP concentrations 

of <1, 1 to 3, and >3 mg/L being used as groupings for low-, moderate-, and high-

risk of future cardiovascular events.212 Whilst low-sensitivity CRP is not as accurate 

as high-sensitivity CRP, and the categories are not designed to be used for low-

sensitivity CRP, the reality is that high-sensitivity CRP remains unavailable to many 

in routine paediatric clinical practice. Given the strong associations found between 

elevated low-sensitivity CRP and multiple cardiovascular risk factors in this cohort, 

the categories developed for high-sensitivity CRP were adopted here. 

Consistent with previous literature,41, 51, 65 we showed increased metabolic morbidity 

including elevated fasting insulin levels, abnormal lipids and type 2 diabetes. Other 
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biochemical features of the metabolic syndrome were also seen with a high 

frequency of abnormal lipid profiles, liver function tests, and elevation in CRP. 

Obstructive sleep apnoea is of particular relevance in cohorts with obesity due to the 

known associations between obstructive sleep apnoea and cardiovascular morbidity, 

attention deficit hyperactivity disorder, learning difficulties, and metabolic 

morbidity.79 However, the lack of polysomnography in our study meant we were 

unable to identify the true prevalence of obstructive sleep apnoea within our cohort. 

Depending on criteria, approximately 30% of children with obesity have sleep-

related disordered breathing.80 Whilst 20% of our cohort had witnessed breathing 

pauses, half of the children and adolescents were found to snore in their sleep for 

more than half the time, indicating a higher prevalence of symptomatic obstruction. 

Whānau Pakari achieved a high level of Māori participation (over 1.5 times the 

background population rate for Taranaki). Whilst there were subtle ethnic 

differences noted, Māori had similar obesity-related comorbidities compared with 

NZE in terms of clinical significance. However, we found a high rate of maternal 

smoking during pregnancy, and Māori mothers were almost twice (52%) as likely to 

smoke during pregnancy. National figures in 1990-1991 showed that Māori were 

three times more likely to smoke than NZE during pregnancy based upon post-natal 

self-report (68% vs. 23% respectively).108 The rate of maternal smoking at birth 

among mothers in Taranaki was reported to be 20% in 2013 (maternal post-natal 

self-report).213 The available NZ data, based on a cohort that was almost all of NZE 

ethnicity, has shown that in comparison with children whose mothers did not smoke 

during pregnancy, children of women who did smoke had an increased BMI at age 

3 years.107 

Previous research has highlighted that there is an increased prevalence of early risk 

factors for obesity in Māori and Pacific infants in NZ.214 The Early Life Factors 

study showed that Māori and Pacific infants were twice as likely to have a mother 

who is obese, and a mother who consumed higher scores on a “snacks” dietary 

pattern such as chocolate, sweets, fizzy drinks and crisps. This highlights the 
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intergenerational challenges obesity poses, as well as the importance of intervening 

at early stages in the life course.201 

Almost one third of participating children’s caregivers reported their child/teen had 

difficulty getting to sleep, with almost half having some electronic device such as a 

television, computer or smartphone in their bedroom. The association we observed 

between a device in a bedroom and reported difficulty getting to sleep was consistent 

with previous research findings, where the presence of televisions in children’s 

bedrooms is associated with shorter sleep duration and later bedtimes.215 A recent 

study has shown that for fourth to seventh graders in the United States, sleeping near 

a small screen and/or with a television in the bedroom, resulted in increased screen 

time and was associated with shorter sleep duration.216 These are important findings, 

as there is an increased risk of obesity with shorter sleep duration in childhood and 

adulthood.217 Whether parents are using devices in bedrooms to manage sleep 

difficulties, or whether the devices themselves are leading to sleep difficulties 

remains unclear. Previous NZ data have shown that young children aged 3 to 7 years 

who do not get enough sleep are at increased risk of becoming overweight.218 

Whether these associations are indicative of any causative link warrants further 

research, with more accurate measures of sleep than proxy report, such as those 

provided by polysomnography. 

Our study provides the most comprehensive overview of children and adolescent 

with obesity’s medical health in NZ to date. The high participation rate by Māori 

and those most deprived, two of the groups most affected by obesity in NZ,176 has 

allowed for a robust comparison between obese Māori and their NZE counterparts. 

Accurate knowledge of the frequency of the health-related morbidities of obesity in 

those population groups for whom obesity is more prevalent is essential if obesity 

services in the future are to achieve appropriateness and acceptability for their target 

audiences.134 

A potential weakness of this study was that this was a referred population, and 

therefore not one that can be generalised to all children in the study region or 
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nationally. Our BP recordings were also likely to be less reliable than ambulatory 

BP monitoring, which was not feasible in this programme. Another weakness was 

the inability to draw firm conclusions from our fasting insulin data, given the wide 

age range of the cohort, and the lack of Tanner pubertal staging by a clinician. 

Tanner self-report was deemed most appropriate in the home setting, but this has 

limited our ability to accurately define the prevalence of hyperinsulinaemia in this 

cohort.  

This study has some clear implications for public health policy. In order to address 

the obesity epidemic, especially in at-risk groups, ideally 'mainstream' services that 

are appropriate and acceptable for indigenous people are required, and this can be 

achieved. It is imperative these services address weight-related comorbidities as well 

as obesity itself, in order to improve these children’s health outcomes. The burden 

of disease we found in this cohort, if left unaddressed, will be likely to have a 

considerable impact on these children’s health and well-being, adding unsustainable 

pressure on NZ’s health system. Along with serious comorbidities, childhood and 

adolescent obesity is set to contribute to an increased risk of non-communicable 

diseases, currently the leading cause of death worldwide. 201 

In conclusion, there is an urgent need to address childhood obesity given its global 

scale. High-risk groups can be reached with appropriately designed services. This 

semi-rural cohort of children and adolescents demonstrated concerning levels of 

morbidity, irrespective of ethnicity. 
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11  Dietary intake and eating behaviours of New Zealand 

children and adolescents with obesity 

To provide multi-disciplinary support in a meaningful way for children and 

adolescents with obesity, it is important to fully understand the dietary intake and 

eating behaviours of these individuals. Evaluation of these factors in participants 

entering the Whānau Pakari programme was undertaken, especially to determine if 

there were significant disparities in relation to ethnicity. This chapter contains the 

manuscript reporting the dietary intake and eating behaviours in the Whānau Pakari 

cohort during the period of recruitment for the randomised clinical trial.  
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11.1 Introduction 

Childhood obesity is an issue of global importance. The World Health Organization 

(WHO) has multiple recommendations in order to curb the obesogenic environment, 

and these include improving intake of healthy foods and physical activity levels.8, 95 

Influencing the food environment is complex, requiring a coordinated approach 

across all of society.8 International focus has recently been placed on limiting free 

sugar intake in order to help prevent unhealthy weight gain, with the WHO 

recommending a reduction of free sugars to <10% of total energy intake, both in 

adults and children.219  

New Zealand (NZ) has the 3rd highest prevalence of overweight and obesity in 

children and adults among OECD countries.98 Māori (NZ’s indigenous population) 

aged 2 to 14 years of age are 1.6 times more likely to be obese compared with non-

Māori counterparts, and Pacific children 3.6 times more likely than non-Pacific 

children.202 Despite this, there have been few in-depth surveys of child nutrition in 

NZ.195, 202, 220  

Differences in eating patterns have been noted between ethnic groups; Māori and 

Pacific children were more likely to have a less healthy diet when compared with 

New Zealand European (NZE) children. The median daily energy intake for Māori 

children was higher than NZE and Pacific children, and Māori had the highest intake 

of sucrose.220 Factors that were independently associated with the likelihood of 

eating breakfast at home every day were ethnicity (Māori and Pacific children less 

likely) and socioeconomic status (children living in more deprived households less 

likely).202  

Eating behaviours play an important role in healthy eating. Studies have shown that 

a variety of eating behaviour traits are associated with weight in children.199 Satiety 

responsiveness/slowness in eating (combined to form a single subscale) and food 

fussiness in children were negatively associated with body weight, whilst food 
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responsiveness, enjoyment of food, emotional overeating and desire to drink were 

positively associated with weight.199 Children with obesity have been noted to eat 

faster than counterparts without obesity.221 In a NZ study, a healthy diet (defined by 

specific items assessing healthy eating behaviours) was associated with better 

emotional health in 12-17-year-old children.222 

When tackling childhood obesity, a multi-disciplinary approach is recommended, 

working with families to address food habits, physical activity and (lifestyle) 

behaviour.120 Our primary objective in reporting the data in this manuscript was to 

describe the eating behaviours of the children and adolescents referred to the 

‘Whānau Pakari’ programme, and how these compared with regional and national 

cohort data. Our secondary objective was to determine whether eating behaviours 

differed between the indigenous (Māori) and non-indigenous children and 

adolescents enrolled in the programme. 

11.2 Methods 

Recruitment was from participants referred to a community-based, unblinded 

randomised controlled trial of a multi-disciplinary obesity intervention programme, 

based in Taranaki, a region of NZ (population of 23,139 children aged 0-15 years, 

of which 81% identify as NZE, 28% as Māori, and 1% as other ethnicity).165 Details 

of the study methods including sample size and power calculations have been 

previously published.203 Recruitment period was between January 2012 and August 

2014. Eligibility was defined by residence in Taranaki, aged from 5 to 16 years, and 

being either obese or overweight, as defined by a modification of the United 

Kingdom Cole definitions of BMI ≥98th centile, and >91st centile with weight-related 

comorbidities respectively.40 Participants were identified as obese within the 

community or on hospital visits, and referred by health professionals, Māori health 

workers, school counsellors, and by family members/self-referrals. 
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This study was conducted according to the guidelines laid down in the Declaration 

of Helsinki and all procedures involving human subjects/patients were approved by 

the NZ Health and Disability Ethics Committee (CEN/11/09/054). Written and 

verbal informed consent was obtained from all the participant’s parents or guardians, 

using an information and consent form approved by the Ethics Committee. In 

addition, verbal consent was also obtained from all participants, as well as written 

consent as appropriate for their age. This consent form was stored in participant’s 

clinical records. Trial registration was with the Australian NZ Clinical Trials 

Registry (ANZCTR: 12611000862943, 

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=343300&isRevi

ew=true).  

11.2.1   Data collection 

The Healthy Lifestyles Coordinator undertook a baseline assessment at each 

participant’s home. Data collected included weight-related assessments (including 

measured weight and height), a focussed medical, dietary, physical and 

psychological review (including measuring heights and weights),203 as well as 

fasting blood samples. Baseline comorbidity data (including metabolic data) have 

been reported.223 

Dietary assessment included a dietary history from the accompanying adult, a 24-

hour food recall, and administration of the validated Children’s Dietary 

Questionnaire, modified for use in NZ.194 The 24-hour recall was completed with 

the child’s caregiver or with both the caregiver and the study participant if aged >11 

years. 

We compared the data from our participants aged 5 to 14 years with that collected 

at the 2012/2013 NZ Health Survey (NZHS), making these comparisons both with 

the NZHS national data and the dataset limited to study participants living in the 

Taranaki region. The NZHS included a random sample of predominantly children 

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=343300&isReview=true
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=343300&isReview=true
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without obesity aged 5 to 14 years (n=4,699) with data collected from their 

caregivers, allowing comparisons with our dataset for the number of breakfasts eaten 

per week, the number of take away meals per week, and number of fruit servings per 

day.161  

11.2.2   Measures 

BMI percentile and BMI standard deviation score (SDS) were calculated using UK 

Cole normative data152 with the KIGS auxology software (Pfizer Endocrine Care 

TM). Socioeconomic deprivation was measured at the household level using the NZ 

Deprivation Index 2006, and socioeconomic status was coded as decile of household 

deprivation.186 This area level deprivation index, which is derived from national 

census data on nine socioeconomic characteristics, is a well-validated measure of 

small area socioeconomic deprivation in NZ. Age was coded as age at assessment. 

FoodWorks 7 Professional Edition (published by Xyris Software Australia Pty Ltd, 

Brisbane 2012) was used to determine the dietary composition of the participant’s 

24-hour recall. This programme is derived from the Australia and NZ Nutrient 

Reference Values.224 Energy requirements, as based on the participant’s age, gender, 

and ideal weight for height percentile were calculated to determine if energy intake 

was above the participant’s recommended daily intake. 

The number of serves per day from each of the four main food groups (vegetables 

and fruit; breads and cereals; milk and milk products; and lean meat, poultry, 

seafood, eggs, legumes, nuts and seeds) were determined from the dietary recall. In 

NZ, the recommendations for daily food group consumption for children aged 5 to 

14 years include 3 servings of vegetables and at least 2 servings of fruit; 5 servings 

of breads and cereals; 2 to 3 servings of milk and milk products and 2 servings of 

lean meat, poultry, seafood, eggs, legumes, nuts and seeds.225 Adequate intake across 

the four food groups was then determined. 
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11.2.3   Data analyses 

To investigate variables associated with categorical outcomes of interest including 

hyperphagia, lack of satiety after food, night waking for food, comfort eating, and 

energy intake above the recommended daily intake, binary logistic regressions, with 

models including variables that described age, sex, ethnicity, and socioeconomic 

deprivation (as well as BMI SDS where appropriate) were run. For continuous 

outcomes: number of breakfasts consumed per week; total energy intake; percentage 

of energy intake from carbohydrate, fat, and protein; number of daily servings of 

fruit, vegetables, and snack foods, general linear models were run including the same 

explanatory variables as above. A two-sample t-test was used to examine differences 

between Whānau Pakari and NZHS data as well as to look at differences in age and 

BMI between Māori and NZE participants. Differences between the latter ethnic 

groups were also examined using the following methods: a chi-squared test for sex 

ratio; a Kruskal-Wallis test for specific outcomes (i.e.  socioeconomic status; daily 

milk, water, and sweet drink consumption); and a general linear model or a binary 

logistic regression (both including age, sex, and socioeconomic status as predictors) 

for the remaining continuous and binary outcomes, respectively. Analyses were 

performed in Minitab (v.16, Pennsylvania State University, State College, PA, USA) 

and SAS v.9.4 (SAS Institute, Cary, NC, USA). All statistical tests were two-tailed 

with a significance level maintained at p<0.05. 

11.3 Results 

Enrolled participants (n=239) had a mean age of 10.7 years (SD=3.2, range 5-17 

years), 52% of whom were females. Participants were predominantly of Māori 

(45%) or NZE (45%) ethnicity, with the remainder being of Pacific (3%), Asian 

(3%), or other ethnicities (4%). Twenty-nine percent resided in households that were 

among the most deprived quintile of NZ households (compared with fifteen percent 

of the total population of Taranaki).186, 204, 226 Mean BMI SDS at enrolment was 3.1 

(SD=0.60, range 1.52-5.34). 
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11.3.1   Dietary history and Intake  

Table 11.1 summarises proxy and self-reports of eating behaviour of participants.  

Two-thirds of the children were reported to experience hyperphagia (excessive 

hunger and eating large amounts of food), and half were not satiated after a meal 

(Table 11.1). 

Table 11.1: Reported eating behaviours of the 239 study participants aged 5 to 17 years who 

were either obese or overweight 

Hyperphagiaa 160 (67%)  

Night waking for food 21 (9%)  

Not satiated after food 122 (51%) 

Comfort eater 147 (62%)  

All lunches prepared at home 100 (42%) 

All dinners prepared at home 74 (31%) 

Breakfasts eaten per week (n) † 5.6 (2.3) 

† Data are n (%), or mean (standard deviation) where stated. 
 a Responded "yes" to the question “Does your child/teen seem excessively hungry and eat very large 

amounts of food?” 

 

For every 1 SDS increase in BMI, the odds of experiencing hyperphagia were over 

2.5 times greater (Table 11.2). The odds of experiencing lack of satiety after eating 

were twice as high in females compared with males (Table 11.2). In addition, the 

number of breakfasts eaten per week decreased with increasing age (Table 11.2). 
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Table 11.2: The association between the predictor variables and eating habits among Whānau 

Pakari participants 

CI, confidence interval. Data for hyperphagia and lack of satiety were analysed using binary logistic 

regression models, while data for breakfasts eaten were analysed using a general linear regression 

model; all variables included as predictors are listed in the table. 

 

Table 11.3 describes proxy and self-reported dietary intake of participants. Over half 

(54%) of the children had an energy intake that exceeded their recommended daily 

intake, based on age and gender. There was no association between BMI SDS and 

total energy intake, irrespective of adjustment for confounders (Table 11.4).  

 

 Hyperphagia Lack of satiety after 

food 

Breakfasts per week (n) 

Predictors OR (95% CI) P OR (95% CI) p β (95% CI) p 

BMI SDS 2.64  

(1.44, 4.82) 

0.002  0.86  

(0.52, 1.44) 

0.57 -0.38 (-0.87, 0.10) 0.12 

Sex (female vs 

male) 

0.71  

(0.37, 1.34) 

0.29 1.96  

(1.09, 3.53) 

0.024 -0.49  

(-1.06, 0.07) 

0.08 

Socioeconomic 

status 

(NZDep2013) 

0.99  

(0.87, 1.12) 

0.88 1.10  

(0.98, 1.24) 

0.12 -0.08  

(-0.19, 0.03) 

0.16 

Age at 

assessment 

(years) 

1.03  

(0.92, 1.17) 

0.60 1.06  

(0.95, 1.18) 

0.32 -0.20  

(-0.28, -0.11) 

<0.0001 

Ethnicity (Māori 

vs NZ European) 

0.83  

(0.42, 1.65) 

0.92 1.03  

(0.55, 1.94) 

0.43 -0.61  

(-1.21, 0.00) 

0.05 
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Table 11.3:Reported dietary intake of participants (n=238) aged 5 to 17 years who were either 

obese or overweight 

Energy source (% total 

energy intake) 

Carbohydrate † 46.0 (10.0) 

 Protein † 16.0 (6.0) 

 Fat † 37.0 (9.0) 

Energy intake per day 

(kcal) 

Total energy intake † 2013 (731.0) 

 Energy intake above 

calculated RDI   

127 (54%) 

 Adequate intake across all 

four food groupsa 

6 (3%) 

Servings per day (n) Fruit † 1.8 (1.3) 

 Vegetables † 1.7 (1.0) 

 Combined fruit and 

vegetables † 

3.5 (1.9) 

 Snack foodsb † 1.9 (1.1) 

Fluid consumption 

(ml/day) 

Water ‡ 800  

(500; 0–5,000) 

 Milk ‡ 250  

(200; 0–1,000) 

 Sweet drinkc ‡ 250  

(450; 0–2,000) 

Fast food/take aways 

per week (n) † 

 1.2 (1.0) 

RDI, recommended daily intake.224 

† Data are means (SD). 

‡ Data are medians (interquartile range; range). 
 a Defined as meeting recommended number of servings of the four main food groups.225 
b Includes crisps (potato chips), sweets, cake/biscuits, and muesli bars.  
c Includes powdered drinks, cordial, fruit juice, energy drinks, and carbonated sweet drinks. 
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Table 11.4:The association between the predictor variables and total daily energy intake (kcal) 

among Whānau Pakari participants 

 

CI, confidence interval. Data were analysed using a general linear regression model. 

 

Comparative figures for national intake in NZ children and young people (aged 5-

18 years) based on 24-hour recall proxy and self-report in past nutrition surveys 

show 48-54% of energy source is carbohydrate, with fat making up 33-35% of total 

energy, and protein 14-16% of total energy, which is similar to what we found in 

our cohort.220, 225  

Servings of fruit and vegetables in this cohort were both below the recommended 

intake of ≥2 fruit (mean 1.8 [SD=1.3]) servings per day and ≥3 vegetable (mean 1.7 

[SD=1.0]) servings per day.225 Only 3% of participants met the NZ 

recommendations for number of servings from the four main food groups. 

 Total energy intake (kcal) 

Predictors β (95% CI) p-value 

BMI SDS 47 

(-108, 202) 

0.55 

Sex (female vs male) -322  

(-502, -143) 

0.0005 

Socioeconomic status 

(NZDep2013) 

29  

(-6, 64) 

0.10 

Age at assessment (years) 50  

(23, 78) 

0.0004 

Ethnicity (Māori vs NZ 

European) 

83  

(-110, 277) 

0.40 
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11.3.2   Comparisons with New Zealand Health Survey 

Compared to national NZHS data, participants ate fewer breakfasts per week (mean 

5.9 vs 6.5, p<0.0001) and more servings per week of fast food/take aways (mean 1.3 

vs 1.0, p=0.006) per week (Table 11.5).161  

Table 11.5: Eating behaviours among children aged 5 to 14 years from Whānau Pakari (n=193) 

compared to NZ Health Survey (NZHS) national (n=2,724) and regional (Taranaki; n=128) 

2012-2013 data83 

 
Whānau 

Pakari 

 
NZHS – National 

 
NZHS – Taranaki 

 
Mean 

(SD) 

 Mean 

(SD) 
p-value 

 Mean 

(SD) 

p-

value 

Breakfast eaten 

per week (n) 
5.9 (2.2) 

 
6.5 (1.7) <0.0001 

 
6.3 (2.1) 0.11 

Servings of 

fruit per day (n)  
1.9 (1.3) 

 
2.2 (1.5) 0.007 

 
2.0 (1.7)  0.55 

Fast food/take 

aways per week 

(n) 

1.3 (0.9) 

 

1.0 (1.5) 0.006 

 

1.4 (1.5) 0.46 

Data were analysed using two-sample t-tests, separately comparing national and Taranaki data with 

Whānau Pakari data. Thus, p-values provided are for comparisons with Whānau Pakari. 

 

During this time period (2011-2013), Taranaki had the second highest regional 

prevalence of obesity in the 2- to 14-year age group in the NZHS (22%), and double 

the national childhood obesity rate (11%).161 

11.3.3   Ethnic comparisons within the Whānau Pakari cohort 

Due to the low representation of Pacific peoples, Asian and other ethnicities, ethnic 

comparisons were only made between Māori and NZE. 
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Māori had higher BMI SDS at entry compared with NZE (mean 3.20 [SD=0.66] vs 

2.99, respectively; Table 11.6). Māori participants consumed a greater median 

volume of sweet drinks than NZE (250 vs 125 ml, respectively; Table 11.6). 

Māori ate fewer breakfasts compared with NZE (average per week 5.3 vs 5.9; Table 

11.6). However, Māori and NZE had similar rates of hyperphagia, night waking for 

food, lack of satiety after meals, and comfort eating (Table 11.6). 

Māori and NZE children and adolescents had similar proportions of their energy 

intake from carbohydrate and fat, but Māori tended to have a smaller proportion of 

energy intake from protein (15% vs 17%; Table 11.6). The proportion of participants 

with energy intake above the calculated recommended daily intake (RDI) was 

similar in Māori (54%) and NZE (52%, p=0.89).  

Māori and NZE had similar average number of daily servings of fruit, vegetables, 

and snack foods, and a similar intake in ml per day of water and milk (Table 11.6).  
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Table 11.6: Demographic characteristics and study outcomes in Māori and New Zealand 

European participants from Whānau Pakari 

  Māori NZ European p-value 

N  109 108  

Demography BMI SDS † §  3.20 

(0.66) 

2.99 (0.51) 0.01 

 Sex ratio (females) 

¥ 

57% 50% 0.31 

 Socioeconomic 

status 

(NZDep2006) ‡ ¶ 

8  

[3; 1–10] 

6  

[4; 1–10] 

<0.001 

 Age at assessment 

(years) † §   

10.3 (3.2) 10.8 (3.4) 0.25 

Eating 

behaviours 

Breakfasts eaten 

(n) † * 

5.3 (2.4) 5.9 (2.2) 0.01 

 Hyperphagia # 68% 67% 0.89 

 Night waking for 

food # 

9% 8% 0.59 

 Lack of satiety 

after meals # 

46% 50% 0.89 

 Comfort eating # 59% 64% 0.53 

Dietary 

intake 

Energy from 

carbohydrate (% 

total) † * 

45 (9) 45 (11) 0.60 

 Energy from fat (% 

total) † * 

38 (8) 37 (10) 0.48 

 Energy from 

protein (% total) † 

* 

15 (5) 17 (6) 0.05 

 Total energy intake 

(kcal) † * 

2031(815) 1946(632) 0.42 

 Energy intake 

above RDI # 

54% 52% 0.56 

 Fruit servings per 

day (n) † * 

3.5 (2.0) 3.6 (1.8) 0.43 

 Vegetable servings 

per day (n) † * 

1.6 (1.1) 1.9 (1.0) 0.06 

 Snack servings per 

day (n) † * 

2.0 (1.1) 1.9 (1.0) 0.34 

Fluid intake Water (ml/day) ‡ ¶ 800 [750; 

0–5000]  

900 [750; 

0–3000] 

0.62 

 Milk (ml/day) ‡ ¶ 250 [143; 

0–1000] 

250 [250; 

0–750] 

0.80 

 Sweet drinks 

(ml/day) ‡ ¶ 

250 [410; 

0–2000] 

125 [250; 

0–1000] 

<0.001 
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† Data are means (SD). 

‡ Data are medians (interquartile range; range). 

* Data analysed using a general linear regression model, including ethnicity (Māori and NZ 

European), socioeconomic status, age at assessment, and sex as explanatory variables.  

¥ Data analysed using a chi-square test. 

§ Data analysed with a two-sample t-test. 

¶ Data analysed with a Kruskal-Wallis test. 

# Data analysed using a binary logistic regression model, including ethnicity (Māori and NZ 

European), socioeconomic status, age at assessment, and sex as explanatory variables.  

 

 

 

11.4 Discussion 

Our findings show a concerning prevalence of abnormal eating behaviours in 

participants with obesity, with noteworthy differences in dietary intake compared to 

their predominantly non-obese national counterparts. Ethnic differences between 

indigenous and non-indigenous participants were also present. However, we 

expected the differences in our participants to be greater, and believe that three 

factors may have contributed to this. The first was the inability to undertake food 

diaries where prospective data could be collected; whilst we attempted these, 

participants and their families did not reliably complete them and we were left 

undertaking 24-hour recall. Secondly, intake is likely to be under-reported in our 

cohort. Finally, whilst there is minimal difference in caloric intake between our 

participants and national population-based surveys, this does not reflect the quality 

of calories such as fat and carbohydrate consumed in the data collected. 

We saw abnormalities in the psychological aspects of eating behaviours in children 

and adolescents with obesity. Excessive hunger, eating large amounts of food, 

comfort eating, and lack of satiety were commonly reported in this cohort. 

Emotional eating behaviour and shorter duration of eating have been found to be 

associated with increased weight in previous studies.199 Clinicians seeing children 

with obesity need to be aware of the psychological dimensions of dietary behaviours, 

in order to tailor any intervention effectively.227 
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A key difference we observed between indigenous versus non-indigenous 

participants was that Māori children and adolescents with obesity drank twice the 

volume of sweet drinks of their NZE counterparts. With a median sweet drink 

consumption across the whole cohort of 250 ml per day, the children and adolescents 

with obesity in this cohort are gaining an additional load of 100kcal per day from 

sweet drinks. Whilst this may not appear to be a large amount when compared with 

total energy intake, extra energy intake of 120kcal per day is estimated to lead to a 

50-kg increase in body mass over 10 years.47 A greater consumption of sugar 

sweetened beverages is associated with obesity.89 Importantly, this includes not only 

carbonated sweet drinks, but also powdered fruit drink which were the most popular 

non-dairy beverage among NZ children in the National Children’s survey in 2002.220 

We were unable to directly compare sweet drink consumption with national data as 

the NZHS asked only about carbonated (‘fizzy’ or ‘soft’) drinks rather than all sweet 

drinks. 

Replacement of sugar sweetened beverages with non-caloric artificially sweetened 

beverages has been shown to reduce weight gain and fat accumulation in normal 

weight children.228 However, diet drinks are not recommended in children as they 

can cause tooth erosion due to their acidity, and maintain a preference for 

sweetness.225 Therefore, a population-based move towards artificially sweetened 

beverages is controversial. Emerging evidence, mostly in animals, shows artificial 

sweeteners can alter sweet preferences, interfere with learning of the relationship 

between sweet tastes and delivery of calories, and can alter the composition of gut 

microbiota, negatively affecting metabolic regulation.229  

This study demonstrated alterations to dietary composition that are utilised as overall 

indicators of a healthy diet, such as number of servings of fruit and eating breakfast. 

These were below national guidelines and intake in national surveys. Fruit and 

vegetables contribute (in part) to satiety, provide many nutrients, and are also a 

source of dietary fibre.225 Ways to improve fruit and vegetable intake in children and 

adolescents with obesity need to be considered, and given the diversity in fruit and 
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vegetable intake in different ethnic groups of children in NZ,220 a more culturally 

responsive approach may need to be adopted than conventional dietary guidelines 

can provide.230 Some countries, for example Brazil, are now using guidelines as an 

opportunity to promote the health and well-being of people, an avenue which may 

garner broad appeal, especially across multiple ethnic groups.230 Availability and 

accessibility of healthy food varies,231 as does food security between families based 

upon their household deprivation and ethnicity. These factors need to be taken into 

account in any attempt to address eating behaviours in the child and adolescent 

population with obesity.232  

Children who miss breakfast are less likely to meet recommendations for fruit and 

vegetable consumption, and are more likely to have a raised BMI.233 Participants in 

our cohort ate fewer breakfasts per week compared with national data. As the NZHS 

asked how many breakfasts were eaten at home in the past 7 days, whereas we asked 

the number of breakfasts eaten in the past 7 days, the differences reported here 

between our cohort and the national data are likely to be an underestimate. Our 

findings that older children are more likely to miss breakfast were consistent with 

previous research findings.233, 234 Of note, Māori children and adolescents were more 

likely to miss breakfast compared with NZE. This is important, given that ‘breakfast 

skippers’ are more likely to have inadequate dietary intake.234 

A strength of this study was our high participation rate from Māori, allowing for 

robust comparison between indigenous and non-indigenous participants. The key 

limitation of our study (and of many dietary studies) is the use of 24-hour food recall 

with proxy report and self-report. Self-report has been questioned due to many 

notable inaccuracies, and some are now arguing that this method is so unreliable that 

it should not be utilised at all, given implications for policy on findings published in 

the literature.235 There are many factors that affect accuracy of recall of dietary 

intake in children, including BMI and retention interval.236 Given our data is likely 

to represent under-reporting of intake, it is probable that the dietary intake of many 

of these children is worse than we have reported.237 Some data points were not 
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directly comparable with the NZHS, which limited the ability to compare our cohort 

directly with national data; an example being vegetable servings per day (NZHS 

included potato).161 

In this cohort, dietary composition as reported by 24-hour recall was not dissimilar 

to that described in previous childhood population studies in NZ.220, 225 However, 

over half of the children and adolescents we studied had an energy intake greater 

than their RDI. Interestingly, there was no association between energy intake and 

BMI SDS, although it is important to note the high entry BMI SDS of participants. 

Firm conclusions with regard to portion size cannot be made, given the known 

challenges of dietary under-reporting, especially in individuals with obesity.237 It is 

likely that quality of carbohydrate, fat and other dietary sources is also an important 

factor in this cohort. This highlights the need for observational methods (such as 

wearable digital cameras) for gathering dietary information in such a cohort to 

improve accuracy of reporting in future research. 

In conclusion, this study highlights there are specific eating behaviours that need 

targeting for children and adolescents with obesity, and their families, and 

approaches that appeal to all ethnic groups need to be considered. Future research 

utilising observational methods to determine more accurate food intake is necessary.
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12 Physical activity and sedentary behaviour in New 

Zealand children and adolescents with obesity 

Physical activity and sedentary behaviour of individuals with obesity are important 

factors in tailoring multi-disciplinary intervention programmes. These factors were 

evaluated in participants entering the Whānau Pakari programme, especially to 

determine if there were significant disparities in relation to ethnicity. This chapter 

contains the manuscript to report the physical activity and sedentary behaviour in 

the Whānau Pakari cohort during the period of recruitment for the randomised 

clinical trial.  
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12.1 Introduction 

One of the key recommendations of the World Health Organization’s (WHO) Report 

of the Commission on Ending Childhood Obesity is the promotion of physical 

activity.8 Among OECD countries, New Zealand (NZ) has the 3rd highest prevalence 

of overweight and obesity in children and adults.98 Recent research showed that NZ 

children and adolescents with obesity have suboptimal eating behaviours and a 

concerning prevalence of weight-related comorbidities.223, 238 The 2009 Clinical 

Guidelines for Weight Management in NZ Children and Young People recommend 

60 minutes of moderate to vigorous-intensity aerobic physical activity per day, and 

less than two hours per day of screen time (televisions, computers and game 

consoles) outside of school hours.120 However, although childhood obesity is a 

priority health issue in NZ, little is known about the levels of physical activity and 

sedentary behaviours of children with obesity in the country. The most 

comprehensive information comes from the National Survey of Children and Young 

People’s Physical Activity and Dietary Behaviours (2008/2009), where 

accelerometer data were collected from 1,812 individuals aged 5-24 years, alongside 

the collection of a Multi-media Activity Recall from Children and Adults data from 

a further 2,493 participants.195 There was a recorded average of 114 minutes per day 

of moderate-intensity to very vigorous physical activity from accelerometer data in 

children aged 5-19 years (n=1593). Of note, Māori, NZ’s indigenous population, 

were more active than their New Zealand European (NZE) counterparts aged 5-19 

years (mean 124 minutes [n=285] vs. 113 minutes [n=1193] respectively).195, 239 

Most recently, the NZHS 2014/2015, which showed that 11% of children aged 2-14 

years were obese, found that 45% of 2-14-year-old children watched at least two 

hours of television per day.202 However, this survey is likely to have underestimated 

total screen time as it only captured time spent watching television.202 The survey 

findings with respect to screen time mirrored the NZ ethnic and deprivation 

disparities in obesity. Māori children were 1.3 times and Pacific children 1.1 times 

more likely to watch over two hours of television per day compared with non-Māori 
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and non-Pacific children.202 Similarly, children living in the most deprived quintile 

of households were 1.5 times more likely to watch over 2 hours of television per day 

than children living in the least deprived quintile of households.202 

Physical activity and screen time levels in New Zealand children with overweight or 

obesity referred to community-based intervention programmes have not been 

previously described, and there is a lack of information regarding potential 

differences between ethnic groups. The primary objective of this study was to 

describe the physical activity levels and sedentary behaviours of children and 

adolescents referred to a community-based obesity intervention programme 

(Whānau Pakari). Our secondary objective was to determine whether these outcomes 

differed between indigenous and non-indigenous children and adolescents. 

12.2 Methods 

The Whānau Pakari programme203, 223, 238 was based in the Taranaki region, with a 

population of 23,139 children aged 0-15 years, of which 81% identify as NZE, 28% 

as Māori, and 1% as other ethnicity (multiple ethnicities able to be recorded).165 

Eligible participants were recruited between January 2012 and August 2014, were 

aged 5-16 years, and had a body mass index (BMI) ≥98th percentile or BMI >91st 

percentile with weight-related comorbidities.40  

Ethics approval was granted by the NZ Health and Disability Ethics Committee 

(CEN/11/09/054). Written and verbal informed consents were obtained from all 

participants or their guardians. This study was performed in accordance with all 

appropriate institutional and international guidelines and regulations for medical 

research, in line with the principles of the Declaration of Helsinki. Trial registration 

was with the Australian NZ Clinical Trials Registry (ANZCTR: 12611000862943).  
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12.2.1  Study parameters 

Each participant underwent a baseline assessment at home, where a number of 

assessments were undertaken including anthropometric measurements. 

BMI percentile and BMI standard deviation score (SDS) were calculated using UK 

Cole normative data152 with the KIGS auxology software (Pfizer Endocrine Care 

TM). Socioeconomic deprivation was measured at the household level using the NZ 

Deprivation Index 2006.186 This area level deprivation index, which is derived from 

national census data, is a well-validated measure of socioeconomic deprivation in 

NZ.186 

Parents were asked to report their child’s/adolescent’s physical activity using the 

children’s physical activity questionnaire (C-PAQ). 193 If children were ≥ 11 years 

of age, they were invited to participate in the questionnaire completion, with both 

participating in the final answers. The C-PAQ was chosen for the whole cohort due 

to the wide age range of participants, and lack of access to multimedia recall 

questionnaires within the home. Whilst all methods involving self report of physical 

activity have inherent associated error/bias, it was decided this questionnaire was 

most appropriate for this study population. The C-PAQ measures mode, frequency, 

and duration of physical and sedentary activities across all domains over the past 7 

days. The C-PAQ has a validity of 0.42 (p=0.04) and reliability of 0.39 (p<0.05) for 

moderate and vigorous physical activity assessed by questionnaire.193 It has been 

noted the low values may be due to the proxy-report nature of the questionnaire for 

younger children. 

Apart from sports, duration of leisure activities (e.g. walking or skateboarding) were 

also recorded. Total non-school sedentary time was calculated from the 

questionnaire, and included activities such as art and craft, homework, listening to 

music, travelling in car/bus, reading, watching television/videos, and using the 

computer. Total screen time included all time using computer/internet/devices, 

watching television/videos, and playing computer games during a day outside of 
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school hours. Time specifically watching television and videos was recorded for 

comparison with the NZ Health Survey (NZHS). 

Fitness was assessed within 8 weeks of initial baseline assessment using the 550-m 

walk/run test, which is a valid field test of cardiorespiratory fitness in children.196  

Five days of ActiGraph wGT3X-BT (ActiGraph, Pensacola, Florida, USA) 

accelerometer wear (3 weekdays and 2 weekend days) were requested for each 

participant, aiming for an estimated reliability of 0.80 in children and 0.70 in 

adolescents.197 A valid day was defined as ≥480 minutes of wear time per day.240 

Data were included if a minimum of 2 valid weekdays and 1 valid weekend day were 

obtained; reliability for 3.0 days of measurement overall was 0.70 in a large 

population-based study of 11-year-olds.240 These levels of reliability have been 

questioned in more recent studies,198 but longer wear time was not practical due to 

resource limitations. Epoch time was set to 60 seconds and cut-off time to 60 

minutes. Non-wear time was defined as 60 minutes of consecutive zeros. Threshold 

values for accelerometer counts (counts/minute) were ≤99 for sedentary behaviour, 

≤1951 for light (metabolic equivalent [MET]<3.0), ≤5724 for moderate (MET 3.0-

5.99), and ≤9498 for vigorous (MET 6.0-8.99) physical activity.241 The Freedson 

adult cutoffs were used in order to undertake comparisons with national survey data.7 

12.2.2   Data analyses 

Selected comparisons were made with 2012/2013 NZHS data regarding television 

use.161 This survey best reflected the recruitment period for this cohort. We 

compared the data from our participants aged 5-14 years with that collected at the 

2012/2013 NZHS, making these comparisons both with the NZHS national data and 

the dataset limited to study participants living in the Taranaki region. The NZHS 

included a random sample of predominantly children without obesity aged 5-14 

years (n=4,699) with data collected from their caregivers.161 Selected comparisons 

were also made with the National Survey of Children and Young People’s Physical 

Activity and Dietary Behaviours in NZ (2008/2009).195 This nationally 
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representative sample included 2,503 participants aged 5-24 years, of which 13% 

were identified as obese. Accelerometer data were obtained for 1,812 of the 

participants.195 An Actigraph accelerometer was used, with light intensity physical 

activity represented as <3.0 METs, moderate intensity 3.0-5.9 METs, and vigorous 

intensity ≥6.0 METs.239 550-m walk/run data were compared with 2003 NZ data in 

206 children aged 10-14 years, of which 7% of girls and 12% of boys were classed 

as obese.242 

Categorical variables were compared between sexes using chi-square tests. Data 

were compared between ethnic groups using general linear or logistic regression 

models, adjusting for age, sex, and socioeconomic deprivation. Whānau Pakari data 

were compared to national survey data using 2-sample t-tests and 2-sample Poisson 

rate tests. Accelerometer and C-PAQ data were compared with paired t-tests and 

Cohen's kappa coefficient. Data were analysed in Minitab (v.16, Pennsylvania State 

University, State College, PA, USA) and SAS v.9.4 (SAS Institute, Cary, NC, USA). 

All statistical tests were two-tailed with a significance level maintained at p<0.05. 

12.3 Results 

12.3.1   Demographics and body mass index 

Enrolled participants (n=239) were a mean of 10.7 years (range 4.8–16.8 years) and 

with a BMI SDS of 3.09 (SD=0.60, range 1.52-5.34 SDS). Fifty-two percent were 

female. Participants were predominantly of Māori (45%) or NZ European (45%) 

ethnicity, with the remainder being of Pacific (3%), Asian (3%), or other (4%) 

ethnicities. Twenty-nine percent resided in households that were among the most 

deprived quintile of NZ households (compared with 15% of the total population of 

Taranaki).186, 204, 226 Of the 239 participants, nine (4%) had a BMI at the 98th 

percentile, and 224 (94%) had a BMI >98th percentile on study entry. Six (2%) 

participants entered with a BMI between the 91st and 98th percentile with weight-

related comorbidities. 
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12.3.2  Perceived physical activity and sedentary behaviours 

234 participants completed the C-PAQ (98.3%), and their levels of physical activity 

and sedentary behaviours are shown in Table 12.1.  

Table 12.1: Physical activity levels and sedentary behaviours (child self-report or parent proxy-

report) using the C-PAQ questionnaire, among children and adolescents (n=234) enrolled in 

Whānau Pakari 

Total activity weekday (min) 88  

(50, 141) 

Total activity weekend day (min) 45  

(0, 104) 

Total activity per day for whole week (min) 79  

(44, 132) 

Leisure activity per day (min) 34  

(17, 79) 

School-related activity per day (min) 12  

(0, 30) 

Sport activity per day (min) 20  

(6, 43) 

Non- school sedentary time per day (min) 282  

(163, 420) 

Adequate physical activity a 45  

(19.3%) 

Screen time per weekday (min) 120  

(60, 198) 

Screen time per weekend day (min) 150  

(49, 300) 

Total screen time per day for whole week (min) b 129  

(76, 223) 

Screen time below 2 hours c 103  

(44%) 

Data are medians (Q1, Q3) or n (%). 

a >60 minutes of moderate-intensity to very vigorous physical activity per day as per Ministry 

of Health recommendations. 
b Screen time at school not included. 
c As per NZ Ministry of Health recommendation.5 

Our cohort reported they were more active in the weekdays compared with the 

weekends (p<0.0001; Table 12.1), but this was not associated with an increase in 
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overall weekend screen time. Nearly half of the participants (n=111, 46%) had a 

television or computer in the bedroom.4 Whilst 44% (n=99) of our cohort met 

Ministry of Health screen time guidelines of less than two hours outside of school 

time (Table 12.1), the mean screen time was considerably longer at 165 minutes 

(SD=135), with 34% reporting high screen time (≥3 hours per day). 

Our cohort reported a daily mean time spent in sport activities of 30 minutes (median 

20 minutes; Table 12.1), which is comparable to the figure of 29 minutes from the 

national survey of children and young people with a notably wider age range of 5-

24 years.195 In comparison to the NZHS national data, our cohort watched less 

television per weekday (means 1.5 vs. 1.9 hours; p=0.001), but more throughout the 

whole weekend (means 5.0 vs. 3.9 hours; p=0.004) (Table 12.2). 

Table 12.2: Time spent watching television (child self-report or parent proxy-report) among 

children and adolescents enrolled in Whānau Pakari comparison with NZ Health Survey 2012-

201352 

  New Zealand Health Survey 

 Whānau Pakari National Taranaki 

N 169 2,717 127 

Time per 

weekday (h) 
1.5 (1.5) 1.9 (2.9)** 2.2 (2.6)** 

    

N 143 2,692 125 

Total weekend 

(h) 
5.0 (4.2) 3.9 (3.8)** 4.8 (6.4) 

Data are means (standard deviations).  

**p<0.01 for comparisons with Whānau Pakari. 

Data only covers respondents aged 5 to 14 years to allow comparison with NZHS 2012-2013.52 
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12.3.3  Actual physical activity (accelerometer) 

The accelerometer data collected from the 130 participants achieved valid wear for 

2 (n=63, 26%), 3 (n=48, 20%), 4 (n=12, 5%), and 5 weekdays (n=8, 3%) and 1 

(n=63, 26%) or 2 weekend days (n=75, 31%). Participants who had valid 

accelerometer wear were of similar age, BMI SDS, and level of deprivation as those 

who refused to wear or had non-valid wear. However, valid accelerometer wear was 

collected on a larger proportion of males than females (62% vs. 47%; p=0.019). 

Reported total activity was also no different between the two groups. The 

accelerometer data for the 130 participants with valid wear are summarised in Table 

12.3. 

Table 12.3: Accelerometer data for children and adolescents enrolled in Whānau Pakari who 

had valid wear (n=130), and their respective C-PAQ activity where appropriate 

 Accelerometer C-PAQ 

Non-school sedentary time weekday 

(min) 

341 (276, 414) - 

Non-school sedentary time weekend 

day (min) 

352 (261, 436) - 

Total non-school sedentary time per 

day for whole week (min) 

Steps per weekday 

340 (274, 405) 

 

7412 (5921, 8949) 

269  

(165, 387)* 

- 

Steps per weekend day 6351 (4067, 8611) - 

Total steps per day for whole week 6789 (5869, 8782) - 

Energy expenditure per day (kcal) 424 (275, 574) - 

Total activity per day (min) 130 (96, 165) 79  

(43,131)**** 

Moderate-intensity to very vigorous 

physical activity  per day (min) 

34 (24, 53) - 

Adequate physical activity a 24 (18.5%) 24 (18.5%) 

Data are medians [Q1, Q3] or n (%).  

*p<0.05 and ****p<0.0001 for comparison between accelerometer and C-PAQ data. 
a >60 minutes of moderate-intensity to very vigorous physical activity per day as per Ministry of 

Health recommendations.5 
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The mean time spent on moderate to vigorous-intensity physical activity was lower 

in our cohort (39 minutes) than among 5-24-year-olds in the national survey (105 

minutes; p<0.0001).195 Only 18.5% of our participants met the physical activity 

guidelines (Table 12.3), compared with 67.4% in the national survey (p<0.0001).195 

Of note, the likelihood of meeting these guidelines decreased with increasing age 

(p=0.009) as observed in the national survey,195 with a more marked reduction in 

physical activity levels among older children during weekends (p=0.007). Although 

the proportion of participants who met physical activity guidelines was identical 

from accelerometer and C-PAQ data (Table 12.4), there was poor agreement 

between the two assessments (kappa=0.13 [95% CI -0.06, 0.33]). 
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Table 12.4: Accelerometer data, as well as physical activity levels and sedentary behaviours 

self-reported or reported by parents using the C-PAQ questionnaire among children and 

adolescents enrolled at Whānau Pakari 

  Māori 
NZ 

European 

p-

value 

C-PAQ N 106 106  

 
Total activity per 

day (min) 

83  

(52, 135) 

79  

(39, 127) 

0.67 

 
Sport activity per 

day (min) 

29  

(9, 51) 

16  

(1, 34) 

0.10 

 

Total non-school 

sedentary time per 

day for whole 

week (min) 

269  

(145, 380) 

259  

(171, 439) 

0.92 

 

Total screen time 

per day for whole 

week (min) a  

107  

(60, 199) 

143  

(86, 247) 

0.59 

 
Screen time below 

2 hours b  

54  

(51%) 

42 

 (40%) 

0.13 

Accelerometer N 56 70  

 

Total sedentary 

time per day for 

whole week (min) 

344  

(272, 417) 

340  

(277, 412) 

0.33 

 Total steps per day 
7140  

(5933, 9169) 

6789  

(5852, 8536) 

0.95 

 
Total activity per 

day (min) 

135  

(93, 175) 

124  

(101, 164) 

0.31 

 

Moderate-intensity 

to very vigorous 

physical activity 

per day (min) 

33  

(23, 56) 

34  

(23, 51) 

0.40 

 
Adequate physical 

activity c 

13  

(23%) 

9  

(13%) 

0.18 

Data are medians (Q1, Q3) or n (%). 

a Screen time at school not included. 
b As per New Zealand Ministry of Health recommendation.5 
c >60 minutes of moderate-intensity to very vigorous physical activity per day as per Ministry of 

Health recommendation. 
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Interestingly, total reported C-PAQ activity levels (‘lifestyle’ to ‘very vigorous’ 

physical activity) were lower than total activity measured with accelerometers (mean 

-42 minutes; p<0.0001).  

12.3.4  Fitness  

Participants (n=164) performed the 550-m run/walk test in a mean time of 4.0 

minutes (SD=0.9), with the same average observed in both boys and girls. In 

comparison, 2003 NZ school population data for 206 10-14-year-olds 

(predominantly of normal weight) showed a mean speed of 3.3 m/s for boys and 3.1 

m/s for girls242 vs. 2.5 and 2.4 m/s respectively, in our cohort. 

12.3.5  Ethnic Comparisons 

When accounting for age, sex, and level of deprivation, the physical activity levels 

and sedentary behaviours were mostly similar between Māori and NZE (Table 12.4). 

Although more Māori had a television or computer in the bedroom (54% vs. 40%; 

p=0.034), screen time per day was similar in both groups (Table 12.4).   

There were also no differences between Māori and NZE in the 550-m walk/run test 

(means 3.9 vs. 3.8 minutes respectively; p=0.51). However, valid accelerometer 

wear was collected on a larger proportion of NZE than Māori (63% vs. 48%; 

p=0.024). Notably, both Māori and NZEs’ reported lower total activity compared 

with actual total activity levels, by a mean of 36 (p=0.006) and 48 (p<0.0001) 

minutes per day, respectively. 

12.4 Discussion 

Our key findings were that children and adolescents with obesity in this cohort had 

low levels of physical activity, and the vast majority were not meeting physical 

activity national recommendations. Although over 40% of the cohort met the 

national recommended screen time of <2 hours per day, a third had high screen time 
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(≥ 3 hours per day). The differences found between actual physical activity and 

sedentary activity highlights the value of utilising wearable devices to determine true 

levels of physical activity, despite the practical challenges. However, questionnaires 

and objective measures capture different aspects of physical activity, and 

questionnaires are unable to capture all body movements in the same way that an 

accelerometer can.243 Whilst physical activity estimates may be expressed in the 

same metrics, they are not conceptually equivalent. Therefore, the only comparison 

made between self-report and accelerometer data in this paper was total activity per 

day. 

Even when objectively assessed, actual physical activity (moderate to very vigorous) 

in this cohort of children and adolescents with obesity was low compared with 

predominantly counterparts without obesity from national survey data, with only 

18.5% meeting physical activity guidelines. A study limitation is that there are no 

national survey data for physical activity more recent than 2008/2009. Given there 

has been a reported increase in the proportion of 5-14-year-old predominantly 

children without obesity watching more than two hours of television or videos per 

day from 2002 to 2014/15 (27% per weekday and 40% per weekend day in 2002 to 

45% per day in 2014/2015 (recent data 2-14-year-olds)),202, 220 it would be 

reasonable to expect that physical activity may have reduced in these counterparts 

over this time. This has been shown in a previous study of NZ children aged 10-14 

years, where 550-m run times declined between 1991 and 2003.242 More recent 

international literature does provide insight into normative data of simple step output 

for children. A review published in 2011 showed that, among children aged 6-11 

years, it is reasonable to expect boys to average 12,000 to 16,000 steps per day, and 

girls to average 10,000 to 13,000 steps per day.244 There is a steady decrease in 

number of steps per day throughout adolescence, with 8,000-9,000 steps per day 

observed in 18-year-olds.244 The average steps per day in our cohort were below 

these figures, at 7,352 steps per day. 
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Weekend activity was less than weekday activity in our cohort, characterised by 

increased screen time compared with predominantly non-obese counterparts. 

Reduced weekend activity was consistent with a previous international study in 

British primary school children, which showed greater physical activity in weekdays 

(mean 13,827 steps) compared with weekends (mean 10,334 steps; p<0.001). 245 

A strength of this study was the high participation rate from Māori and those from 

the most deprived households, which allowed for comparison between indigenous 

and non-indigenous groups. Overall, we observed similar physical activity levels in 

Māori and NZE children and adolescents. This is important, as it was found that 

Māori in the 2002 National Children’s Nutrition Survey reported to be doing more 

overall activity than NZE children based on questionnaires.246 The finding that more 

Māori children and young people had a television, computer or device in their 

bedroom is noteworthy, given previously reported findings in this cohort that a larger 

proportion of children with a device in their bedroom reported having difficulty 

getting to sleep (39% vs. 26%; p=0.03).223 

Our study has some limitations. Comparisons with the National Survey of Children 

and Young People’s Physical Activity and Dietary Behaviours need to be interpreted 

with caution, given the wider age range in the survey (5-24 years), and the time lapse 

since the data were collected (2008/2009). Given that with increasing age there is a 

reduction in physical activity,195 it is likely that the differences between our cohort 

and children of corresponding ages in this group were actually greater. Similarly, 

there were disparities with age range and a large time lapse with school population 

data for 550-m walk/run.242 However, the main limitation of this study was the poor 

compliance with accelerometer wear, leaving only 58% of our total cohort with valid 

data. While the only differences between those with valid wear and the total cohort 

were related to ethnicity and sex, it does mean that findings relating to Māori need 

to be interpreted with caution. Technical limitations include the use of a 60-second 

Epoch which is likely to underestimate moderate to vigorous physical activity in 

children and adolescents, as it occurs in short intermittent bursts.247 Whilst Freedson 
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adult cutoffs were used in order to undertake comparisons with national data, it is 

acknowledged that Evenson cut-points are the most accurate in youth, and therefore, 

this would also affect the accuracy of physical activity data.248 

Many methodologies exist for optimal accelerometer use. Some advocate for a 7-

day monitoring protocol to achieve reliable estimates that mitigate for weekday and 

weekend variability.197 In one study with children, a minimum duration of 6 hours 

for 7-9 days of monitoring (with 1 weekend day minimum) was required to achieve 

80% reliability.198 However, compliance is affected as monitoring extends, therefore 

the authors recommend an optimal balance between participant retention and 

achieving good reliability.198 Given limited resource, this study aimed for a 

reliability of 0.70 with a minimum wear time of 480 minutes per day, based on a 

large field study of 11-year-olds.240 Some studies are now including accelerometer 

data for all complete hours of wear time, arguing this captures participants less 

‘compliant’ with accelerometer use, and therefore limiting bias.249 

In conclusion, this study shows that children and adolescents with obesity in the 

Taranaki region of NZ had low levels of physical activity. The majority are not 

meeting screen time or physical activity national recommendations, and this needs 

to be addressed in any future education programmes. Accelerometer data indicated 

no differences in physical activity levels in Māori and NZE, highlighting the need 

to address low levels of physical activity in all children and adolescents with obesity. 

As well as overall recommendations regarding increased physical activity and 

reduced screen time, targeted interventions amongst this population, including 

removing televisions and devices from bedrooms, and encouraging increased 

weekend physical activity are warranted. 
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13 Health-related quality of life and psychological well-

being of New Zealand children and adolescents with 

obesity 

The importance of assessing quality of life and well-being in children and 

adolescents with obesity cannot be underestimated. This chapter contains the 

manuscript reporting the health-related quality of life and psychological well-being 

in the Whānau Pakari cohort during the period of recruitment for the randomised 

clinical trial.  

Published 

Anderson YC, Wynter LE, Treves, KF, Grant CC, Stewart JM, Cave TL, Wouldes 

TA, Derraik JGB, Cutfield WS, & Hofman PL. Assessment of health-related quality 

of life and psychological well-being of children and adolescents with obesity 

enrolled in a New Zealand community-based intervention programme: an 

observational study. BMJ Open 2017;7:e015776. doi:10.1136/bmjopen-2016-

015776 

Trial registration: Australian New Zealand Clinical Trials Registry 

(ANZCTR):12611000862943. (Date registered 15/08/2011). 

The authors would like to acknowledge Dr John Doran (Taranaki District Health 

Board), Diana O’Neill, and Dr Pat Tuohy (Ministry of Health) for their support of 

the trial; Taranaki District Health Board and Sport Taranaki for funding of the 

clinical service, and Gerard Dolan and Dr Rebecca Storey for their assistance with 

initial methodology surrounding psychology questionnaires. The Quality of Life 

study described in this paper was carried out using the PedsQLTM, developed by Dr 

James W. Varni. 
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13.1 Introduction 

Obesity in childhood and adolescence is known to be associated with weight-related 

comorbidities.41 Indigenous populations often have higher rates of obesity compared 

with non-indigenous counterparts where this information has been collated.110, 202 In 

New Zealand (NZ), approximately 11% of NZ children aged two to fourteen years 

are classed as obese, with Māori (NZ’s indigenous population) being 1.6 times more 

likely to be in the obese range compared with non-Māori counterparts.202 In addition, 

children living in households in the most socioeconomically deprived quintile for 

NZ are five times more likely to be in the obese range than children living in the 

least deprived areas.202 In the United States (US), whilst rates of children with 

obesity are not readily available for American Indian populations, rates of type 2 

diabetes mellitus (a known weight-related comorbidity) are higher.110 

Globally, indigenous populations that have experienced historical trauma secondary 

to colonisation, are over-represented in socioeconomic household deprivation, and 

both experience the resultant health disparities.110 The social determinants of health, 

such as poverty, limited educational attainment, and critically the loss of a traditional 

diet all contribute to the impact on these population groups in terms of health and 

well-being.110 Overweight and obesity in adolescence have been shown to be 

strongly associated with medical complications, including an increase in 

cardiovascular mortality in adulthood.52 Emerging evidence suggests that obesity 

also affects the emotional health and well-being of children and adolescents, 

commonly referred to as health-related quality of life (HRQOL).250 However, little 

is known about the HRQOL of indigenous children and adolescents, especially as it 

pertains to weight. Previous research has found that Sami (the indigenous people of 

Sweden) children experience lower HRQOL in some domains compared with 

Swedish children in general.251 In relation to HRQOL as it pertains to weight, and 

the impact of ethnicity, it is acknowledged that information about the relationship 
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between HRQOL and weight may not have transferability from one cultural context 

to another, given differing perceptions of body image cross-culturally.72, 73 

Quality of life is a broad construct that encompasses various aspects pertaining to 

health and well-being.191 The assessment of HRQOL is increasingly recognised as a 

necessary component of health and well-being evaluation, assessing physical, 

emotional, and social health dimensions.71, 187 Measurement of HRQOL has been 

shown to have utility in paediatric healthcare settings encompassing numerous 

chronic health conditions189, 190, 252 and in the assessment of health in young adults.191  

Obesity during childhood is associated with impaired HRQOL. In one US study, 106 

children and adolescents with severe obesity attending an obesity clinic reported 

significantly lower HRQOL than 401 healthy weight comparison children recruited 

through private practice paediatrician offices and health clinics, and similar HRQOL 

to 106 children and adolescents undergoing chemotherapy for cancer.253 The 

HRQOL of 9 to 12-year-old children enrolled in an Australian community-based 

longitudinal study was significantly lower among those with obesity versus those 

without obesity, with the differences not as marked as in the US study, but more 

likely to represent those of children with obesity not being seen in a specialised clinic 

setting.74 Pooled results from 22 cross-sectional and population-based studies report 

that children and adolescents with obesity have reduced overall HRQOL compared 

with normal weight counterparts, with 12 of these studies demonstrating an inverse 

relationship between overall HRQOL and weight status.250 Potential factors 

contributing to HRQOL in child and adolescent populations with obesity include 

treatment seeking versus community counterparts, gender, age, and weight-related 

comorbidities.250 

Alongside, and likely to be contributing to lower HRQOL, children and adolescents 

with obesity are at increased risk of behavioural and emotional difficulties. In 

addition to differences in HRQOL, studies have found concerning levels of 
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internalising (anxiety/depression, social withdrawal, and somatic complaints) and 

externalising behaviours (delinquency and rule-breaking behaviours) in children and 

adolescents with obesity.254, 255 Others have identified higher rates of depression, 

behavioural problems, and low self-esteem in adolescents with obesity attending 

obesity clinics compared to affected counterparts in the community.256 Children who 

are overweight and obese have also been shown to be at risk for psychosocial 

difficulties such as body image concerns, and emotional, social, and school 

difficulties.257 

Currently there are no published data on the HRQOL of children and adolescents 

with obesity in NZ. To our knowledge, there has only been quality of life data 

published on oral quality of life as it relates to dental caries,258 and type 1 diabetes 

in NZ.252 In addition, there is an absence of cross-cultural evaluation of obesity and 

HRQOL. In this study, we aimed to describe the HRQOL (parent and child reports) 

and behavioural and emotional problems of children and adolescents with obesity at 

enrolment in a multi-disciplinary obesity intervention programme. In addition, we 

compared this cohort to other populations or to normative data, and also examined 

potential ethnic differences between indigenous and non-indigenous children and 

adolescents. It was hypothesised that obesity is associated with lower HRQOL in 

NZ children and adolescents with obesity. 

13.2 Methods 

Children and adolescents were recruited into ‘Whānau Pakari’, a community-based, 

unblinded randomised controlled trial of a multi-disciplinary obesity intervention 

programme,203 based in Taranaki (NZ). This region has a population of 23,139 

children aged 0-15 years, of whom 81% identify as New Zealand European (NZE), 

28% as Māori, and 1% as other ethnicity (multiple ethnicities able to be recorded).165 

Eligibility was defined by residence in Taranaki, being aged 4.8 to 16.8 years, and 

either in obese [body mass index (BMI) ≥98th centile), or overweight (BMI >91st 
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centile) categories with weight-related comorbidities.40 However, only obese 

participants were included in the study reported here. Referrals were received 

between January 2012 and August 2014 from a wide range of health professionals 

(including paediatricians, primary care providers, and public health nurses), Māori 

health workers, school counsellors and self-referrals. This study examines elements 

of the baseline demographic data. 

Ethics approval for the programme was granted by the New Zealand Health and 

Disability Ethics Committee (CEN/11/09/054). Written and verbal informed 

consents were obtained from all participants or their guardians. The trial was 

registered with the Australian NZ Clinical Trials Registry (ANZCTR: 

12611000862943). 

13.2.1  Assessments 

Participants underwent a baseline assessment at home, which included taking 

anthropometric measurements, a medical history and weight-related physical 

examination, dietary history, physical activity questionnaire, and completion of 

psychometric questionnaires. Questions pertaining to family structure, 

developmental history, presence/absence of headaches, difficulty getting to sleep, 

and presence/absence of breathing pauses were all included in the weight-related 

medical history. Randomisation into six monthly assessments and advice or the 

intervention arm occurred if the participants indicated willingness to make healthy 

lifestyle change.203 The intervention consisted of weekly sessions delivered by a 

multi-disciplinary team for 12 months including physical activity, dietary advice, 

and psychology sessions (for example, self-esteem, the importance of sleep, how to 

make and persist with healthy lifestyle change). 
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13.2.2  Measures 

BMI percentile and standard deviation score (SDS) were calculated using UK Cole 

normative data152 with the KIGS auxology software (Pfizer Endocrine Care TM). 

Socioeconomic deprivation was measured at the household level using the NZ 

Deprivation Index 2006.186 This area level deprivation index is a well-validated 

measure of socioeconomic deprivation in NZ, which is derived from national census 

data on nine socioeconomic characteristics. 

Quality of life was measured using the Pediatric Quality of Life Inventory 

(PedsQL)TM
, which has been specifically designed to evaluate HRQOL in children 

and adolescents. The PedsQL questionnaire has both parent-proxy and child self-

report versions, which take approximately 5 minutes to administer. It consists of a 

23-item Generic Core Scale that assesses problems over the preceding month related 

to Physical, Emotional, Social and School functioning.187, 189  The reliability of this 

instrument has been demonstrated in ages 2-16 years as excellent (α = 0.89 child; 

0.92 parent report) with acceptable construct validity, in a large population survey 

in the US (n=10,241), with white, Hispanic/Latino, black/African American, 

Asian/Pacific Islander, American Indian and Native Alaskan participants.188 A 

meaningful cut-off to identify those at risk of impaired HRQOL has been proposed 

as one SD below the population mean.188 Individual questions for each area are 

reverse scored and linearly transformed into a 0-100 scale, where higher scores 

indicate better HRQOL. 

The existence of behavioural difficulties was assessed using the Achenbach Child 

Behaviour Checklist (CBCL) ages 1.5-5 and ages 6-18 (parent report) and Youth 

Self Report (YSR) for ages 11-18.192 The CBCL/YSR generate ratings of 

behavioural, emotional, and social problems. The CBCL can be completed by 

parents, caregivers, or others who see children in family contexts, or by the young 

person themselves in the case of the youth self-report (YSR). When the young 

person completed the YSR, no parent CBCL report was obtained in order to reduce 
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the burden of assessment on the family. Subscale scores for the YSR and the CBCL 

are calculated for a number of behavioural and psychological problems such as 

aggressive behaviour, and somatic complaints. Subscales are then combined to 

obtain overall T-scores for internalising and externalising problems. Aggregate 

scores that represent normal, borderline, or clinical behaviour are based on quartiles 

from a normative sample.192 The normative data for the CBCL/YSR has been 

derived from the 1999 National Survey of Children, Youth and Adults, a US 

population survey of 2,029 children and adolescents of four ethnic groups (60% 

Latino white, 20% African American, 12% Mixed other, and 9% Latino), of mixed 

socioeconomic status (33% ‘upper’, 16% ‘lower’), equal gender split, and ranging 

in age from 6-18 years.259 

13.2.3  Data analyses 

PedsQL scores from the children and adolescents enrolled in this study were 

compared to three populations using 2-sample t-tests. These comparison populations 

were: 

1) A predominantly normal weight cohort of children from the Taranaki region 

(n=42) with a long-term chronic condition (type 1 diabetes), with a mean age of 11.5 

years (range 2-17 years), who were predominantly of New Zealand European (71%) 

or Māori (19%) ethnicity, and with representation from all levels of household 

deprivation.252 This cohort was utilised as they were resident in the same region as 

Whānau Pakari participants, and the only group of NZ children for which published 

HRQOL data using PedsQL exists. Recruitment period was May-July 2013. 

2) A cohort of Australian children (n=63) from the Health of Young Victorians 

Study (follow-up data collected in 2000), who were identified as having obesity 

(from the total cohort of n=1456).74 We utilised Australian data due to the lack of 

NZ data available. 
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3) A cohort of Australian children from the above study (follow-up data collected in 

2000), identified as having normal weight (n=1,099, from the total cohort of 

n=1,456). The children in the entire Health of Young Victorians cohort were aged 

10.4 years (range 9-12 years), with representation from all quintiles of 

socioeconomic disadvantage, but ethnicity of participants was not reported.74 Given 

that developmental stage may be a contributing factor to HRQOL scores,250, 260 the 

Whānau Pakari cohort comparison was limited to 9-12 years (n=91). 

Exploratory analyses of the PedsQL data examined potential associations between a 

number of sociodemographic and clinical parameters with parental and child's 

generic scaled scores separately, using simple linear regressions and one-way 

analysis of variance. Further, multivariable models were used to examine possible 

associations between either parental or child’s generic scaled score and important 

confounding factors, namely age, sex, ethnicity, and socioeconomic deprivation. 

CBCL and YSR T-scores were utilised. One-tailed one-sample proportion tests were 

used to compare the rates of participants classified as borderline clinical or clinical 

in each CBCL/YSR subscale to the normative data (i.e. expected to be ≤7% of the 

population). Exploratory analyses using generalised linear regression models also 

examined the likelihood of displaying behavioural and emotional problems (i.e. 

having CBCL/YSR scores in the borderline or clinical ranges) in association with 

certain demographic parameters, adjusting only for source of test scores (i.e. parent 

or youth). A similarly constructed multivariable model was also run adjusting for 

age, sex, ethnicity, and socioeconomic deprivation. These results are provided as 

relative risks (RR) and respective 95% confidence intervals (CI). Data were analysed 

in Minitab v.16 (Pennsylvania State University, State College, PA, USA) and SAS 

v.9.4 (SAS Institute, Cary, NC, USA). All statistical tests (except one-sample 

proportion tests) were two-tailed. Significance level was maintained at p<0.05, with 

no adjustments for multiple comparisons. 
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13.3 Results 

After exclusion of 6 participants who were in the overweight category, enrolled 

participants (n=233) had a mean age of 10.6 years (range 4.8-16.8 years), 52% were 

females, and the sample were predominantly either of Māori (45%) or NZE (45%) 

ethnicity. Nearly a third (30%) resided in households among the most deprived 

quintile (compared with 15% amongst the population of Taranaki).186, 204, 226 Forty-

two percent of Māori participants were from the most deprived quintile of household 

deprivation, compared with 20% of NZE participants (p<0.001). BMI SDS at 

enrolment was 3.12 (SD=0.57, range 2.01-5.34 SDS). Demographics of family and 

medical history have been previously reported for the total cohort.223 In brief, among 

our 233 participants, living arrangements included a two-parent household for half 

of the participants (n=119, 52%), one-parent household (mother) for 38% (n=87), 

one-parent household (father) for 4% (n=10), and other arrangement for 6% (n=14). 

Headaches were prevalent in 32% (n=75), 32% of participants had difficulties 

getting to sleep (n=75), 20% had breathing pauses (n=47), and 9% had 

developmental concerns (n=20).  

13.3.1   Quality of life 

The PedsQL scores of our study’s participants and those of another study population 

in Taranaki are shown in Table 13.1. There was a moderately positive correlation 

between overall quality of life scores derived from child compared with parental 

reports (r=0.55; p<0.001). However, for all three PedsQL measures, parents scored 

their children's HRQOL as being lower than that reported by the participants 

themselves (Table 13.1). 
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Table 13.1: Unadjusted PedsQL total generic scaled scores, as well as psychosocial and physical 

scaled scores (out of 100) for Whānau Pakari participants compared to other Taranaki children 

with type 1 diabetes (predominantly normal weight)95 

  Whānau Pakari Type 1 diabetes 

Location  Taranaki, New Zealand Taranaki, New 

Zealand 

Source  This study Mills et al. 2015 

N  233 42 

Age 

range 

 4.8-16.8 years 2-17 years 

Child Total generic scaled 

score 

72.2 ± 16.2 (70.1, 74.3)††† 74.6 ± 15.3 

    

 Psychosocial scaled 

score 

69.4 ± 18.6 (67.0, 71.8)††† 71.2 ± 17.1 

 Physical scaled score 76.9 ± 16.7 (74.8, 79.1)††† 80.8 ± 15.3 

Parent Total generic scaled 

score 

65.1 ± 16.0 (63.0, 67.1) 75.9 ± 13.4*** 

 Psychosocial scaled 

score 

64.1 ± 17.3 (61.9, 66.3) 73.7 ± 13.1*** 

 Physical scaled score 66.3 ± 20.3 (63.6, 68.9) 79.9 ± 17.9*** 

Whānau Pakari data are mean ± SD (95% confidence interval of the mean), while other data are mean 

± SD. 

***p<0.001 for comparison with Whānau Pakari; †††p<0.001 for a difference between child and 

parental scores. 

 

The Whānau Pakari participants reported similar HRQOL scores to Taranaki youth 

who were predominantly normal weight but with a chronic condition252 (Table 13.1). 

However, youth with obesity in Whānau Pakari had consistently lower HRQOL 

scores than normal-weight Australian children (p<0.001; Table 13.2), and a 

community sample with obesity.74 Whānau Pakari parents reported that their 

children had lower HRQOL than those reported by the parents of all three of the 

comparison groups (p<0.001; Tables 13.1 and 13.2). 
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Table 13.2: Unadjusted PedsQL total generic scaled scores, as well as psychosocial and physical 

scaled scores (out of 100) for Whānau Pakari participants aged 9 to 12 years, compared to 

children and adolescents of two reference populations with a matching age range95,97 

  Whānau Pakari Normal weight Obese 

Location  Taranaki, New Zealand Victoria, 

Australia 

Victoria, 

Australia 

Source  This study Williams et al. 

2005  

Williams et al. 

2005 

n  91 1099 63 

Age 

range 

 9-12 years 9-12 years 9-12 years 

Child Total generic scaled 

score 

69.0 ± 15.9  

(65.7, 72.3)††† 

80.5 ± 12.2*** 74.0 ± 14.2* 

 Psychosocial scaled 

score 

65.8 ± 18.4  

(61.9, 69.6)† 

77.7 ± 14.1*** 72.1 ± 14.1* 

 Physical scaled score 74.9 ± 15.7  

(71.6, 78.2)††† 

85.7 ± 12.4*** 77.5 ± 17.9 

Parent Total generic scaled 

score 

63.4 ± 14.0  

(60.5, 66.3) 

83.1 ± 12.5*** 75.0 ± 14.5*** 

 Psychosocial scaled 

score 

61.5 ± 15.1  

(58.4, 64.7) 

77.6 ± 14.5*** 73.9 ± 15.3*** 

 Physical scaled score 66.7 ± 17.7  

(63.0, 70.3) 

87.8 ± 14.3*** 76.3 ± 17.6** 

Whānau Pakari data are mean ± SD (95% confidence interval of the mean), while other data are mean 

± SD. 

*p<0.05, **p<0.01, and ***p<0.001 for comparison with Whānau Pakari; †p<0.05 and †††p<0.001 

for a difference between child and parental scores. 

 

Exploratory analyses showed consistent associations between child and parent total 

generic scaled scores, and certain sociodemographic and clinical parameters, 

indicating worse overall quality of life with participants who had breathing pauses 

(p=0.0439 child and p<0.001 parent  respectively), reported difficulty getting to 

sleep (p=0.019 and p<0.001), history of headaches (p=0.023 and p=0.022), 

developmental problems (p<0.001 and p<0.001), and a father being identified as the 
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sole/primary caregiver as opposed to children living in two-parent families (p=0.010 

and p=0.031). In multivariable models, there was evidence that child and parental 

generic scaled scores decreased in older children (β=-0.70 and p=0.031, β=-0.64 and 

p=0.047, respectively), but there were no apparent associations with sex, ethnicity, 

or household deprivation within our cohort. 

Child Behaviour Checklist 

Of the total cohort for this study, 232 participants/parents completed the 

CBCL/YSR. The median CBCL/YSR total score was 58 (interquartile range =15.0). 

The distribution of participants’ scores is shown in Figure 13.1.  



13 Health-related quality of life & psychological well-being of NZ children & adolescents with 

obesity 

 
155 

 

Figure 13.1: The frequency distribution of participants according to the Child Behaviour 

Checklist (CBCL) and Youth Self Report (YSR) total scores 

Just over half of the participants had CBCL/YSR total scores in the normal range 

(56.5%), while the remaining 43.5% had scores in the borderline clinical (15.5%) 

and clinical (28.0%) ranges (Figure 13.1; Table 13.3). From US normative data 

previously described, the overall proportion of population falling into the borderline 

clinical or clinical range is ≤ 7%.259 This means that children in our study had a 

prevalence of emotional and behavioural problems that was more than 6 times higher 

(p<0.001) than normative populations. 
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The classification of participants according to individual CBCL/YSR subscales 

(both parent report and youth report) are shown in Table 13.3. Missing data on 

subscales for parent report are due to the absence of these subscales in the 

questionnaire for 1.5-5-year-olds. Based on CBCL/YSR findings, children and 

adolescents in our cohort were significantly more likely to display emotional and 

behavioural difficulties than those in the general population. Compared to normative 

data, the proportion of participants in borderline clinical or clinical ranges was 

considerably greater for all subscales (Table 13.3).  
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Table 13.3: Proportion of participants with T-scores from Child Behavior Checklist 

(CBCL)/Youth Self Report (YSR) falling into normal, borderline clinical, and clinical ranges 

at baseline, as per parental and youth assessments 

Assessment CBCL/YSR 

subscale 

n Normala Borderline 

clinicalb 

Clinicalc 

Parent Anxious 128 110 

(85.9%)*** 

8 (6.3%) 10 (7.8%) 

 Withdrawn 128 92 (71.9%)*** 26 (20.3%) 10 (7.8%) 

 Somatic 

complaints 

128 98 (76.6%)*** 20 (15.6%) 10 (7.8%) 

 Social difficulties 100 70 (7.0%)*** 20 (20.0%) 10 

(10.0%) 

 Thought problems 100 80 (80.0%)*** 7 (7.0%) 13 

(13.0%) 

 Attention 

difficulties 

128 110 

(85.9%)*** 

9 (7.0%) 9 (7.0%) 

 Rule breaking 100 76 (76.0%)*** 16 (16.0%) 8 (8.0%) 

 Aggressive 128 102 

(79.7%)*** 

18 (14.1%) 8 (6.3%) 

 Internalising 128 68 (53.1%)*** 22 (17.2%) 38 

(29.7%) 

 Externalising 128 72 (56.3%)*** 24 (18.8%) 32 

(25.0%) 

 Total 128 71 (55.5%)*** 19 (14.8%) 38 

(29.7%) 

Youth Anxious 104 88 (84.6%)*** 12 (11.5%) 4 (3.9%) 

 Withdrawn 104 79 (76.0%)*** 16 (15.4%) 9 (8.7%) 

 Somatic 

complaints 

104 79 (76.0%)*** 15 (14.4%) 10 (9.7%) 

 Social difficulties 104 84 (80.8%)*** 11 (10.6%) 9 (8.7%) 

 Thought problems 104 93 (89.4%)*** 8 (7.7%) 3 (2.9%) 

 Attention 

difficulties 

104 81 (77.9%)*** 15 (14.4%) 8 (7.7%) 

 Rule breaking 104 86 (82.7%)*** 16 (15.4%) 2 (1.9%) 

 Aggressive 104 91 (87.5%)*** 7 (6.7%) 6 (5.8%) 

 Internalising 104 62 (59.6%)*** 15 (14.4%) 27 

(26.0%) 

 Externalising 104 76 (73.1%)*** 10 (9.6%) 18 

(17.3%) 

 Total 104 60 (57.7%)*** 17 (16.4%) 27 

(26.0%) 

Data are n (%). 

Note. a< 65 which is below 93rd centile. 
b65-70 which is 93-98th centile (apart from internalising/externalising/total 60-63). 
c>70 which is 98th centile (apart from internalising/externalising/total >63). 

***p<0.001 for comparison with normative data (i.e. expected ≤7% of participants in borderline clinical or 

clinical ranges combined). 
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Exploratory analyses showed a higher probability of behavioural and emotional 

problems (as per CBCL/YSR total scores) in those who experienced breathing 

pauses (RR 1.52, 95% CI 1.13–2.04) or displayed developmental problems (RR 

1.59, 95% CI 1.11–2.27). Multivariable analyses showed that older age at 

assessment was associated with higher CBCL/YSR total scores (i.e. worse scores) 

(β=0.89; p=0.011), while males were more likely to display behavioural and 

emotional problems than females (RR 1.43, 95% CI 1.06–1.94). 

13.3.2   Ethnic comparisons 

There were no differences between Māori and NZE participants with obesity with 

respect to the child's reported overall PedsQL scores (p=0.09) or PedsQL 

psychosocial (p=0.14) scores, but Māori children reported higher PedsQL physical 

scores (80.1 versus 74.7, respectively, p=0.019). With respect to parental report, 

there were no ethnic differences in total quality of life (p=0.81), psychosocial 

(p=0.76), or physical (p=0.53) scores. There were no differences between Māori and 

NZE participants on CBCL/YSR total (p=0.25), internalising (p=0.12), or 

externalising (p=0.71) scores. 

13.4 Discussion 

The main findings of this study were that children and adolescents with obesity in 

this region of NZ had lower HRQOL on parent report measures when compared with 

those with a chronic condition (i.e. diabetes that requires daily testing and treatment), 

and other samples with and without obesity. In addition, a large proportion (43.5%) 

obtained CBCL/YSR scores in the clinical and borderline range for experiencing 

psychological problems. The parent report quality of life scores were not dissimilar 

to those described in children with obesity attending a specialist clinic, and were 

similar to children and adolescents diagnosed with cancer.253 The degree to which 

HRQOL appeared to be affected in our cohort was not surprising, given that 

treatment-seeking parents of children with obesity are more likely to perceive their 
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child as having a poorer HRQOL and more psychological difficulties when 

compared with parents of children with obesity in the community not seeking 

treatment.250, 261 Our cohort consisted of participants referred to an obesity 

intervention programme, so were not a true community-based sample. Nor were they 

directly comparable to a hospital outpatient clinic population given that Whānau 

Pakari was specifically designed to address barriers to access which exist for 

hospital-based outpatient clinical care, particularly for indigenous children.203 

Allowing for this not being a complete non-referred sample, the difference in 

HRQOL scores in our cohort compared with a large population based study 

(n=10,241) of predominantly normal weight children aged 2-16 years (mean score 

65.4 vs. 81.3) is considerable.262 

Differences between parent-proxy and child self-report on PedsQL questionnaires 

have been previously reported. A systematic review of the relationship between 

parents and children’s HRQOL scores found better agreement among parents and 

chronically sick children than between parents and their healthy children.263 It was 

argued that both parent and child reports should be obtained as they provide different 

perspectives. A further review noted differences in parent-child agreement in 

HRQOL across four different instruments.264 The authors suggested that the 

disagreement was a consequence of varying individual beliefs about the child’s 

health and well-being, rather than parent or child reports being wrong or right.264 A 

Norwegian study reviewed this in relation to children and adolescents seeking 

treatment for obesity versus a community sample of children of any BMI.261 Parents 

reported the quality of life of the children with obesity seeking treatment as lower 

than those in the community, which was not seen with the child self-report.261 Pooled 

analyses however showed that paediatric HRQOL can be accurately predicted from 

parent proxy reports with moderate to strong linear relationships between the two 

methods of report.250 

We observed that psychological difficulties were prevalent in our cohort. Our 

participants aged 11 to 18 years reported a mean total YSR score of 55.9 (SD=10.6), 
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which is similar to a small non-clinical group of adolescents with obesity from 

Turkey (n=30) with a total problem score of 58.2 (SD=7.7).256 We have no national 

data for comparison with CBCL/YSR, but there is nothing to suggest that scores in 

the Taranaki region would be higher than those nationally, and there is no known 

biological or environmental reason for this cohort to have higher rates of mental 

health problems outside of their obesity. The absence of paediatric psychology 

services at the time of this study is a notable issue in the region (child and adolescent 

mental health services were available), and it is unclear if this may contribute to 

these findings. The randomised clinical trial we are undertaking will be able to assess 

if the intervention can address the relationships between these variables over time. 

Obesity in childhood is a major health concern in NZ, with the third highest 

prevalence of overweight and obesity in the OECD (Organisation for Economic Co-

operation and Development).98 Recent studies in this cohort of children and 

adolescents with obesity have found suboptimal eating behaviour,238 suboptimal 

physical activity,265 and a high prevalence of weight-related comorbidities, including 

hypertension and obstructive sleep apnoea.223 We were not surprised that breathing 

pauses were associated with poorer HRQOL and higher total scores on the 

CBCL/YSR. Breathing pauses in children and adolescents with obesity are 

associated with obstructive sleep apnoea,266 and children and adolescents with 

obesity with this condition have reported lower HRQOL total scores than peers with 

obesity without the condition.253 Moderate to severe obstructive sleep apnoea is 

associated with increased rates of aggressive behaviour, attention problems, and 

internalising problems on the CBCL.267 These observations are important, given the 

considerable prevalence of breathing pauses reported in this cohort with obesity,223 

and the wider impact of obstructive sleep apnoea on a child’s health, cognitive and 

behavioural functioning.268  

Strengths of this study are that it is the first to report HRQOL in children and 

adolescents with obesity in the New Zealand population. Due to the high 

participation rate from Māori, we were also able to undertake evaluation of the 
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impact of ethnicity. What was interesting and important about our findings in terms 

of ethnicity was the lack of disparity in HRQOL scores. This was despite a larger 

proportion of Māori participants being from the most deprived quintile of 

households. It therefore appears that obesity itself rather than factors such as 

deprivation is the main identified factor in our participants contributing to lower 

HRQOL scores. This finding is in contrast to previous research in Fiji and Kuwait, 

where there was no meaningful negative association between increased weight and 

HRQOL in children aged 12-18 in Fiji, irrespective of ethnicity, or Kuwaiti 

nationals, aged 10-14 years old.72, 73 The discrepancies in results may be explained 

by this study reviewing a treatment-seeking group, rather than population-based 

sample, and the different cultural values assigned to body size in Fiji and Kuwait 

compared with NZ (a predominantly westernised society). 

A limitation of this study, as with all HRQOL assessments, is the use of an 

assessment tool to extrapolate one’s psychological health and well-being. 

Comparisons of our study have been made with population groups of varying age 

ranges, which may have affected results. Another limitation of this study is that this 

was a referred cohort, which means our findings are not necessarily representative 

of the general population, and therefore generalisability of findings to wider 

population groups is reduced. We compared our data with the Health of Young 

Victorians cohort from Australia, as this was the most comparable group we had 

access to. However, the data were collected in 2000, and the differences noted may 

have been impacted by the difference in dates of data collection. Mean BMI SDS 

for the Victorian cohort with obesity was not available, which would be important 

if it was considerably lower than the Whānau Pakari participants. Lastly, we made 

no adjustments for multiple comparisons in our statistical analyses, so that the 

findings (particularly from exploratory analyses) need to be interpreted accordingly. 

In conclusion, this study highlights a lower HRQOL and a higher prevalence of 

psychological difficulties for this referred community-based group of children and 

adolescents with obesity compared with normative population data. No differences 
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were found between Māori and NZ Europeans. This is despite Māori being 

represented in greater numbers in the more deprived households of the region 

compared with their non-Māori counterparts, suggesting that obesity itself rather 

than deprivation is the main contributor to lower HRQOL scores. This study 

highlights the importance of psychologist involvement and screening in the child 

and adolescent population with obesity as part of any multi-disciplinary team. 

Improvement in HRQOL should be considered a goal of all child and adolescent 

obesity intervention and management. Further research is required to ascertain how 

to maximise improvements in what is now recognised as an important health 

outcome. 
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14 Results of Whānau Pakari randomised controlled trial: 

12-month outcomes 

As part of the responsibility we share as clinicians to ensure interventions that are 

undertaken are effective, outcome data are very important. This chapter contains the 

manuscript to report the 12-month clinical outcomes for Whānau Pakari.  

Published 

Anderson YC, Wynter LE, Grant CC, Cave TL, Derraik JGB, Cutfield WS, et al. A 

novel home-based intervention for child and adolescent obesity: the results of 

Whānau Pakari randomised controlled trial. Obesity. 2017;25:1965-1973. 

Trial registration: Australian New Zealand Clinical Trials Registry 

(ANZCTR):12611000862943. (Date registered 15/08/2011). 

The Quality of Life assessment was carried out using the PedsQLTM, developed by 

Dr. James W. Varni. 

14.1 Introduction 

There is no doubt that childhood obesity presents a complex global challenge, 

leading to the World Health Organization (WHO)’s recommendations to address this 

issue.8 One of the key recommendations is to “provide family-based, 

multicomponent lifestyle weight management services for children and young 

people who are obese”.8(pXI) A Cochrane review in 2009 recommended that 

“combined behavioural lifestyle interventions compared to standard care or self-help 

can produce a significant and clinically meaningful reduction in overweight in 

children and adolescents” with parental involvement noted as an important feature, 

especially prior to adolescence.119 
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What constitutes a clinically meaningful reduction in body mass index (BMI) 

standard deviation score (SDS) has been debated; a systematic review of lifestyle 

interventions found a post-treatment BMI SDS reduction that was 0.1 greater than 

in control groups, and 0.09 greater when compared with usual or standard care.121 

These improvements were associated with improvements in cardiovascular and 

metabolic risk factors one to two years after baseline.121 A more recent study of 

1,388 children experiencing overweight or obesity in Germany showed that in 

children with hypertension or dyslipidaemia, a BMI SDS reduction greater than 

0.125 leads to an improvement in these cardiovascular risk factors.126 Notably 

however, a BMI SDS reduction of ≥0.25 or greater significantly improved 

hypertension and lipid profile, and a BMI SDS reduction >0.5 doubled this effect.126 

Adolescents with obesity were found to be almost five times more likely to die from 

cardiovascular disease within 40 years when compared with normal weight peers in 

recent population data.52 Thus, although a BMI SDS reduction of >0.25 for 

intervention programmes long-term is optimal, any improvements in weight-related 

comorbidities in these individuals is critical, given cardiovascular and metabolic risk 

factors appear to be dependent on severity of obesity.269 

Many governments are now releasing policies to combat obesity in children. New 

Zealand (NZ) is one example, where improving access to nutrition and physical 

activity programmes for families is one such targeted initiative.102 NZ now has the 

third highest prevalence of overweight and obesity in the Organisation for Economic 

Co-operation and Development (OECD).98 As reported in 2016, obesity is now 

considered as the leading risk factor causing health loss in NZ over tobacco.10 NZ 

children and adolescents with obesity have a concerning prevalence of weight-

related comorbidities, suboptimal eating behaviours, low physical activity, and 

psychological difficulties, irrespective of ethnicity.223, 238, 265, 270 Approximately 11% 

of NZ children aged two to fourteen years are obese, with Māori (NZ’s indigenous 

population) being 1.6 times more likely to have obesity compared with non-Māori 

counterparts.202 In addition, NZ children living in households in the most 

socioeconomically deprived quintile are five times more likely to be obese than 

children living in the least deprived areas.202 These patterns of increased rates of 
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obesity affecting indigenous children and those from more deprived backgrounds 

are seen internationally.110, 271, 272 It is critical that multi-disciplinary interventions 

promote engagement and retention from these groups.  

The objective of this study was to report the 12-month post-treatment outcomes of 

‘Whānau Pakari’, a randomised controlled trial of a multi-disciplinary obesity 

intervention programme for children and adolescents that specifically targeted high-

risk groups, namely Māori and those from more deprived households, in a mixed 

urban-rural area of NZ. We hypothesised that in children and adolescents with 

overweight or obesity, delivery of a 12-month multi-disciplinary intervention 

programme results in a significant reduction in BMI SDS. 

14.2 Methods 

The study design, rationale, methods, participants and intervention for the Whānau 

Pakari trial have been previously reported, with assessment at baseline, 6, and 12 

months.203 Essentially, the Whānau Pakari programme included an unblinded 

randomised controlled clinical trial (conducted in Taranaki, NZ) comparing a 12-

month intensive intervention with a minimal intensity control receiving 

comprehensive assessments and advice, at each 6-monthly follow-up for 2 years. 

Consent was obtained to 5 years, with follow-up planned at 24 months and 5 years. 

The trial was embedded within a ‘mainstream’ clinical, community-based service 

for all children and adolescents with obesity in Taranaki, but specifically targeted 

those of Māori ethnicity and those in more deprived households, using a novel home-

based ‘demedicalised’ model (no hospital visits, and medical assessment in the 

home), and allowing referrals from a wide referrer base. The Taranaki region has a 

population of approximately 23,139 children aged 0-15 years, of whom 81% identify 

as New Zealand European (NZE), 28% as Māori, and 1% as other ethnicity (multiple 

ethnicities able to be reported).165 Ethics approval was granted by the Central Health 

and Disability Ethics Committee (New Zealand) (CEN/11/09/054). Written and 

verbal informed consents were obtained from all participants or their guardians. 
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Trial registration was with the Australian New Zealand Clinical Trials Registry 

(ANZCTR: 12611000862943). 

Eligible participants (recruited January 2012 to August 2014) were aged five to 16 

years, and had a BMI ≥98th centile or BMI >91st centile with weight-related 

comorbidities.40 Participants were residents of Taranaki, NZ. BMI percentile and 

BMI SDS were calculated using UK Cole normative data, using the KIGS auxology 

software (Pfizer Inc., New York, New York).152 Participants were referred to 

Whānau Pakari by a wide range of professionals. Assessments were completed in 

the participant’s home, and included a comprehensive medical (and dietary) history 

and examination (focussing on presence of weight-related comorbidities), and 

psychological (Peds QLTM, and Achenbach Child Behavior Checklist (CBCL))270 

and physical activity questionnaires (children’s physical activity questionnaire (C-

PAQ)) including sedentary time, for example, screen time.188, 192, 193 Cardiovascular 

fitness was assessed by 550-m walk-run.196 Physical activity was quantitatively 

assessed by 5 days of ActiGraph wGT3X-BT (Actigraph, Pensacola, Florida) 

accelerometer wear. Fasting blood tests were obtained at baseline and 12 months 

(fasting insulin, and glycated haemoglobin – assays and cut-offs have been described 

previously).223 Exclusion criteria included significant medical or psychological 

conditions leading to inability to undertake physical activity or participate in group 

sessions; a lack of ‘readiness’ to make lifestyle changes based on a quantitative and 

qualitative assessment; and those without a committed family member (essential to 

support the programme’s family-based approach). The committed family member 

was prepared to attend weekly sessions (at least 70% of them) if randomly assigned 

to the intense intervention, and to be present for home visits/assessments. 

Randomisation by minimisation (age and ethnicity) was conducted by the healthy 

lifestyle Coordinator using the Minim randomisation computer programme after 

completion of assessments. A manual override was undertaken for siblings who had 

to follow each other into the same arm. The programme was cross-checked for 

accuracy after each allocation. Participants and their families were then informed of 
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the outcome, and entered either the intensive intervention or minimal intensity 

control arm. Both groups received six-month follow-up with home visits and 

assessments with advice, as well as a multi-disciplinary team meeting review with 

paediatrician oversight to address any identified weight-related comorbidities. 

Those in the intensive intervention group also participated in a 12-month multi-

disciplinary programme with weekly group sessions delivered by a physical activity 

Coordinator, dietitian, and psychologist. Sessions occurred at community sporting 

venues, and incorporated family physical activity sessions, including introduction to 

various sports to find participant’s interests; psychology sessions, discussing topics 

such as how to make and maintain healthy lifestyle change and self-esteem; and 

dietary sessions, including virtual supermarket tours, cooking sessions, portion size, 

and the concept of healthy food. Each participant and their accompanying family 

member were asked to sign a commitment contract. In this, it was explained that the 

expectation was that participants attend ≥70% of the programme sessions. 

The primary outcome was change in BMI SDS from baseline to 12 months. 

Secondary outcomes included changes in HRQOL (a 4.4 change in total scale score 

for child self-report, and 4.5 in the parent proxy-report on the PedsQLTM 

questionnaire has been deemed clinically meaningful)188, psychological 

characteristics (a change in CBCL scores), physical activity (steps per day, actual 

moderate to very vigorous physical activity), cardiovascular fitness (550-m walk/run 

time), screen time, glycated haemoglobin, and fasting insulin.  

14.2.1  Data analyses  

Demographic characteristics were compared using chi-square or Fisher's exact tests 

for categorical variables, and one-way ANOVA or non-parametric Kruskal-Wallis 

tests for continuous data. Study outcomes were examined on all participants who 

completed the 6- and 12-month assessment (irrespective of engagement/adherence 

with the intervention) using general linear regression models. Mixed models were 

run with a repeated-measures design by using parameters recorded on all participants 

who completed the 6- and/or 12-month assessments. These included time (days since 
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baseline assessment) and value of respective parameter at baseline as covariates, and 

the family code was also included as a random factor to account for siblings. Similar 

models (without repeated measures) were run to compare changes from baseline for 

individual outcomes. Multivariable models were run to examine the effect of known 

confounders on change in BMI SDS from baseline to 12 months; namely age, sex, 

ethnicity, and socioeconomic deprivation. Data were analysed in Minitab v.16 

(Pennsylvania State University, State College, PA, USA) and SAS v9.4 (SAS 

Institute, Cary, Cary, North Carolina). All statistical tests were two-tailed with a 

significance level maintained at p<0.05. CBCL raw scores were utilised for change 

as a continuous measure.  

14.3 Results 

During the recruitment period, a total of 239 children and adolescents were referred 

to Whānau Pakari and underwent baseline assessments during January 1, 2012, to 

August 31, 2014. Referrals were received from public health nurses (24%), 

paediatricians or paediatric trainees (23%), GPs (20%), self referrals (10%), 

dietitians (10%), and other (13%). Thirty-six individuals were excluded as they were 

not ‘ready’ to make lifestyle change (n=7) or because they declined to participate in 

weekly activity sessions if randomised to the intervention arm (n=29), and 203 

participants consented and were randomised into the intervention (n=102) or control 

(n=101) arms (Figure 14.1).  
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Figure 14.1: Flow of participants through the Whānau Pakari trial 

The overall mean BMI SDS at baseline was 3.12 (range 1.52-5.34), with no 

difference between Māori and NZE (3.2 (SD= 0.63), vs. 3.0 (SD=0.5), p=0.08).  

Because of medical reasons subsequently identified, four randomly assigned 

participants were excluded. Trial participants (n=199) and those who were not ready 

for change, declined participation or were excluded (n=40) had similar 

characteristics in terms of age, gender, ethnicity and deprivation; however, those 

included in the trial tended to have greater BMI SDS and were more likely to be 
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accompanied by an adult with obesity (Supporting Information Table S1). 

Importantly, the study was successful in achieving high participation from Māori 

(47%),165 and from individuals in the most deprived quintile of NZ households 

(28%) compared with a background rate of 15% for the population of Taranaki.204 

Two further participants were excluded prior to the 6-month assessment (Figure 

14.1). Another 31 individuals in the intense intervention arm and 28 in the minimal 

intensity control arm were lost to follow up over the 12 months of intervention 

because of waning motivation, moving out of the region or conflicting commitments 

(Figure 14.1). As a result, 150 and 138 participants completed the 6-month and 12-

month assessments in the intense intervention versus the control group respectively 

(Figure 14.1). Participants with type 1 diabetes (n=2) and type 2 diabetes (n=1) were 

excluded from all analyses relating to glycaemic control.  

Participants who completed the 12-month assessment (n=138) had a lower degree 

of obesity at baseline than those lost to follow-up (p=0.05), but other demographic 

characteristics were similar (Supporting Information Table S2). However, 

participants who completed the 12-month assessment were more likely to come from 

a two-parent household than those lost to follow-up (58% vs 36%, respectively; 

p=0.004) (Supporting Information Table S2). 

Trial data analyses were conducted on all participants who completed assessments 

(Figure 14.1), irrespective of programme attendance. The groups of participants who 

completed the trial (n=138) were similar in terms of demographic and baseline 

characteristics (Table 14.1), with an overall mean BMI SDS of 3.06 (SD=0.57) at 

baseline (range 1.52-4.58). 
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Table 14.1: Baseline characteristics of the 138 participants who completed the 12-month 

assessment 

  Control Intervention p-value 

N  69 69  

Age (years)  10.3 (3.2) 10.7 (3.0) 0.37 

Female  58% 49% 0.31 

Ethnicity Māori 42% 45% 0.60 

 NZ European 48% 41%  

 Other 10% 14%  

Auxology Weight (kg) 63.4 (25.7) 66.9 (26.9) 0.43 

 Height (cm) 144 (18) 147 (17) 0.32 

 BMI (kg/m2) 28.9 (5.9) 29.6 (6.5) 0.43 

 BMI SDS 3.05 (0.57) 3.08 (0.58) 0.74 

Socioeconomic 

status 

Most 

deprived 

quintile‡ 

25% 26% 0.85 

Accompanying 

adult 

Mother 88% 78% 0.11 

 BMI (kg/m2) 35.6 (7.9) 33.0 (7.5) 0.05 

 BMI ≥ 30 

kg/m2 (obese) 

78% 65% 0.09 

Living 

arrangements 

Two-parent 

household 

57% 59% 0.97 

 One-parent 

household 

40% 38%  

 Other 3% 3%  

Age and body mass index (BMI) data are means and standard deviations. 

‡Quintiles of level of household deprivation based on the NZ Deprivation Index 2006.186 

Abbreviations: NZ: New Zealand, BMI: body mass index, SDS: standard deviation score. 

 

There was no observed treatment effect on the primary outcome, with participants 

in the intensive intervention and minimal intensity control groups displaying similar 

BMI SDS (Table 14.2). Importantly, both groups displayed a significant decrease in 

BMI SDS at 6 and 12 months compared to baseline (Table 14.3). 
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Table 14.2: Study outcomes over the course of the 12-month Whānau Pakari trial from 

repeated measures analyses, including all data from clinical assessments at 6 and 12 months 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Data are means and 95% confidence intervals adjusted for the length of time in days since baseline assessment and the value 

of respective parameter at baseline. Glycated haemoglobin (HbA1c) and insulin were not measured at 6 months, so no analyses 

using repeated measures were carried out. 
‡Total overall health-related quality of life score out of 100 for PedsQLTM questionnaire. 
§Internalising and externalising are subscales, total score is total overall score in CBCL, with 60-63 representing borderline 

clinical score and >63 a score within the clinical range.259 BMI: body mass index, SDS: standard deviation score, HbA1c: 
glycated haemoglobin, CBCL: Child Behavior Checklist, PedsQLTM: Pediatric quality of life. 

 Control Intervention p-value 

n at 6 months 72 78  

n at 12 months 69 69  

Primary outcome    

BMI SDS 2.96  

(2.89, 3.03) 

2.94  

(2.88, 3.01) 

0.71 

Secondary outcomes    

HbA1c (mmol/mol) 34.0  

(32.9, 35.1) 

34.0  

(33.0, 35.0) 

0.95 

Fasting insulin (pmol/L) 122  

(105, 141) 

129  

(110, 151) 

0.60 

Waist to height ratio 0.58  

(0.58, 0.59) 

0.58  

(0.57, 0.59) 

0.32 

Waist circumference (cm) 87  

(86, 88) 

87  

(85, 88) 

0.43 

550-m walk/run time (minutes) 3.70  

(3.55, 3.84) 

3.55  

(3.42, 3.69) 

0.15 

Actual steps per day 7778  

(7158, 8399) 

7597  

(7042, 8151) 

0.66 

Actual moderate-intensity to 

very vigorous physical activity 

per day (minutes)  

42  

(36, 49) 

40  

(34, 46) 

0.60 

Total reported activity per day 

(minutes) 

101  

(84, 118) 

114  

(98, 131) 

0.27 

Reported screen time per day 

(minutes) 

149  

(127, 172) 

146  

(124, 168) 

0.85 

Total generic scaled score – 

child‡  

74 (71, 76) 78  

(76, 81) 

0.013 

Total generic scaled score – 

parent‡ 

69  

(66, 73) 

71  

(68, 74) 

0.38 

CBCL internalising subscale§ 55  

(53, 57) 

54  

(52, 56) 

0.43 

CBCL externalising subscale§ 53  

(51, 54) 

52 

(50, 53) 

0.35 

CBCL total§ 55  

(54, 57) 

53  

(52, 55) 

0.11 

CBCL internalising raw score 11  

(10,13) 

10 

(9,11) 

0.18 

CBCL externalising raw score 10  

(9,11) 

9  

(8,10) 

0.21 

CBCL total raw score 41  

(37, 45) 

35  

(32, 39) 

0.032 



 

 

Table 14.3: Changes (delta) from baseline at 6-month and 12-month assessments 

 0-6 months 0-12 months 

 Control Intervention Control Intervention 

N 72 78 69 69 

Primary outcome     

BMI SDS -0.08 (-0.15, -0.02) -0.13 (-0.19, -0.06) -0.12 (-0.20, -0.03) -0.10 (-0.19, -0.02)  

Secondary outcomes     

Waist to height ratio -0.00 (-0.01, 0.01) -0.01 (-0.01, 0.00) 0.00 (-0.01,0.01) -0.01 (-0.01, 0.00) 

Waist circumference (cm) 1.34 (0.27, 2.41) 0.66 (-0.37, 1.69) 2.86 (1.52, 4.19) 2.29 (1.01,3.65) 

550-m walk/run time (minutes) -0.26 (-0.42, -0.10) -0.39 (-0.55, -0.24) -0.38 (-0.54, -0.22) -0.51 (-0.66, -0.37) 

Actual steps per day 567 (-232, 1367) 652 (-61, 1366) 295 (-644, 1234) -126 (-904, 653) 

Actual moderate-intensity to very vigorous physical 

activity per day (minutes)  
6.4 (-2.0, 14.8) 5.8 (-1.7, 13.3) 3.3 (-4.8, 11.4) -1.9 (-9.3, 5.6) 

Total reported activity per day (minutes) 6 (-14, 27) 27 (7, 48) 13 (-14, 39) 23 (-1, 48) 

Reported screen time per day (minutes) -13 (-41, 15) -27 (-55, 1) -30 (-57, -4) -18 (-43, 6) 

Total generic scaled score – child‡  1.4 (-1.5, 4.3) 6.6 (3.8, 9.4) 3.9 (0.7, 7.1) 7.7 (4.6, 10.7) 

Total generic scaled score – parent‡ 3.6 (-0.2, 7.4) 5.8 (2.2, 9.5) 5.9 (1.9, 10.0) 8.5 (4.7, 12.3) 

CBCL internalising raw score -0.2 (-1.8, 1.4) -2.1 (-3.7, -0.6) -2.2 (-3.9, -0.5)  -2.6 (-4.2, -1.0) 

CBCL externalising raw score -0.8 (-2.4, 0.7) -3.2 (-4.7, -1.7)* -2.6 (-4.0, -1.2) -2.3 (-3.7, -1.0) 

CBCL total raw score -1.5 (-6.1, 3.0) -9.3 (-13.7, -4.9)* -5.4 (-10.0, -0.9) -8.9 (-13.3, -4.5) 

HbA1c (mmol/mol) - - 0.28 (-1.01, 1.57) -0.29 (-1.46, 0.88) 

Fasting insulin (pmol/L) - - 10 (-14, 33) 0 (-22, 22) 

Data are means and 95% confidence intervals adjusted for the length of time in days since baseline assessment and the value of respective parameter at baseline. 

‡Total overall health-related quality of life score out of 100 for PedsQLTM questionnaire. 

*p<0.05 for an intervention effect at a given time point.  

Abbreviations: BMI: body mass index, SDS: standard deviation score, CBCL: Child Behavior Checklist, HbA1c: glycated haemoglobin, PedsQLTM: Pediatric quality of life. 
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There were no significant differences between groups for most of the secondary 

outcomes, including parameters of glycaemic control, anthropometry, physical 

activity. However, compared with the minimal intensity control group, the intensive 

intervention group showed higher overall child health–related quality of life 

(HRQOL) scores from the Peds QLTM  (p=0,013), and lower (better) total raw CBCL 

scores (p=0.032) (Table 14.2). Participants in both the intense intervention and 

minimal intensity control groups displayed improved fitness (i.e. faster completion 

of 550-m test) and showed improvements in all parameters of HRQOL and CBCL 

scores by 12 months, which in the intervention group were already evident by six 

months (Table 14.3).  

Across the 138 participants who completed the 12-month assessment, multivariable 

models examined the parameters likely affecting BMI SDS. The younger the 

participant was, the greater the reduction in BMI SDS at 12 months (β=0.03; 

p=0.002). For those ≤ 9.99 years, the BMI SDS reduction was 0.15, compared with 

no change among those aged >10.0 years (p=0.03). There was a negative effect of 

household deprivation (p=0.02), so that less deprivation was associated with greater 

improvements in BMI SDS (β=-0.03; indicating a 0.06 SDS reduction for every 

quintile improvement in level of deprivation).  

Participant’s sex had no effect on the primary outcome (p=0.24), with improvements 

in BMI SDS seen in both males and females (data not shown). NZE participants 

showed a greater decrease in BMI SDS than Māori and other non-Europeans 

(p=0.01). In particular, NZE participants showed a statistically significant 

improvement in BMI SDS (-0.20 SDS (95% CI -0.28, -0.11); p<0.0001) that was 

not observed among Māori (-0.06 SDS (95% CI -0.15, 0.03); p=0.20). However, 

there were still significant improvements in secondary outcomes for Māori 

compared with baseline in terms of HRQOL (Generic Scale Score Parent +8.3 

(p=0.002), Generic Scale Score Child +6.1 (p=0.004)), and cardiovascular fitness 

(550-m walk/run time -0.41 minutes (p=0.005)) overall, and among those in the 

intense intervention group (Generic Scale Score Parent +12.4 [p<0.001], Generic 
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Scale Score Child +10.2 [p<0.001], and 550-m walk/run time -0.55 minutes 

[p=0.004]). 

Total average attendance at group sessions offered for the high intensity intervention 

group was 42% at six months, but this had dropped to 24% at 12 months. Participants 

who attended ≥ 70% of the sessions (as per the commitment contract) showed greater 

improvement in BMI SDS compared to those attending <70% (-0.22 vs -0.04 SDS; 

p=0.04). Higher attendance was also associated with greater improvement in fitness 

(as per 550-m test) and HRQOL (Table 14.4). 
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Table 14.4: Demographic characteristics and changes (delta) from baseline at the 12-month 

assessment among the 68 participants in the treatment group who completed the trial 

 ≥ 70% < 70% p-value 

N 22 46  

Demographic characteristics    

Age at baseline (years) 11.6 (2.2) 10.4 (3.2) 0.12 

Baseline BMI (kg/m2) 29.2 (6.7) 29.9 (7.6) 0.66 

Baseline BMI SDS 2.94 (0.43) 3.16 (0.63) 0.16 

Baseline BMI accompanying adult 

(kg/m2) 
31.8 (5.0) 33.7 (8.5) 0.35 

Accompanying adult obese (≥30 

kg/m2) 
68% 63% 0.67 

Socioeconomic status (most 

deprived quintile) 
18% 28% 0.34 

Two-parent household 59% 61% 0.89 

Female 32% 59% 0.04 

Ethnicity (NZ European) 73% 26% <0.0001 

Change from baseline at 12 

months 
   

BMI SDS -0.22 (-0.36, -0.09) -0.04 (-0.14, 0.05) 0.04 

HbA1c (mmol/mol) -1.3 (-2.9, 0.3) 0.4 (-0.9, 1.46) 0.12 

Fasting insulin (pmol/L) 4 (-34, 41) -6 (-37, 24) 0.68 

Waist to height ratio -0.01 (-0.03, 0.00) 0.00 (-0.01, 0.01) 0.16 

Waist circumference (cm) 1.2 (-1.1, 3.5) 2.7 (1.1, 4.43) 0.30 

550-m walk/run time (minutes) -0.67 (-0.89, -0.45) -0.34 (-0.51, -0.16) 0.02 

Actual steps per day -634 (-1856, 588) 438 (-692, 1569) 0.20 

Actual moderate-intensity to very 

vigorous physical activity per day 

(minutes)  

-5 (-16, 6) 3 (-8, 13) 0.30 

Total reported activity per day 

(minutes) 
17 (-17, 50) 26 (2, 49) 0.67 

Reported screen time per day 

(minutes) 
4 (-40, 48) -31 (-62, -1) 0.21 

Total generic scaled score – child‡  8.5 (3.0, 14.1) 7.6 (3.7, 11.5) 0.80 

Total generic scaled score – 

parent‡ 
14.4 (8.4, 20.4) 5.2 (1.0, 9.4) 0.02 

CBCL internalising raw score -5.3 (-8.0, -2.7) -2.0 (-3.8, -0.1) 0.04 

CBCL externalising raw score -3.9 (-6.5, -1.3) -1.5 (-3.3, 0.3) 0.14 

CBCL total raw score -16 (-23, 8) -6 (-11, -1) 0.045 

The 66 participants who completed the trial had valid attendance data, according to their level of 

attendance (expressed as proportion of available sessions attended). Demographic data are means and 

standard deviations; change data are means and 95% confidence intervals adjusted for the length of 

time in days since baseline assessment and the value of respective parameter at baseline. 

‡Total overall health-related quality of life score out of 100 for PedsQLTM questionnaire. 

Abbreviations: BMI: body mass index, SDS: standard deviation score, NZ: New Zealand, HbA1c: 

glycated haemoglobin, CBCL: Child Behavior Checklist, PedsQLTM Pediatric quality of life. 
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Females were less likely to attend ≥70% of sessions (Table 14.4). In addition, NZE 

participants were nearly four times more likely to attend ≥70% of sessions compared 

with non-Europeans (57% vs 15%; p<0.0001), with a low rate of sustained 

participation among Māori participants (13%) (Table 14.4).  

14.4 Discussion 

In this study of NZ children and adolescents with obesity, our key findings were that 

a home-based model can reach those children and adolescents most at risk of obesity, 

with high initial engagement from Māori and those from high deprivation. Secondly, 

attendance or sustained participation was found to be key to outcome. When the high 

intensity intervention was well attended (≥70% sessions) as per the commitment 

contract signed by families, improvement in primary outcome was doubled. 

Therefore, if retention in the higher intensity programme is achieved, outcomes 

improve, which is where the intense intervention programme development should 

focus, especially for Māori and female participants.   

In this study, both the minimal and high intensity model provided an opportunity to 

address weight-related comorbidities with a multi-disciplinary team approach by 

way of home-based assessments, and the move of clinical services out to the home 

environment was a novel aspect of this service. The assessments and advice led to a 

modest improvement in BMI SDS. This finding has implications when tailoring 

future multi-disciplinary interventions, as comprehensive multi-disciplinary 

assessments by trained skilled staff are important in any package of care, especially 

for those where intense interventions are not possible or appropriate. A systematic 

review examining the literature that included home visitation weight-management 

models showed that 9 of the 15 interventions with home visitation were either 

superior to control, or achieved significant within-subject adiposity reductions.138 

The authors of the systematic review concluded that home visitations show 

promising efficacy,138 and this was also evident in our study. 
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The high level of recruitment with at-risk groups within the region, namely Māori 

and those from most deprived households is important. We pared down the 

‘mainstream’ medical model to the absolute essential elements necessary to provide 

high quality care, and inserted these into a wider more accessible ‘demedicalised’ 

multi-disciplinary assessment, which was much more responsive to the needs of 

indigenous groups and those from deprived areas. This meant that high-risk groups 

received medical assessment and appropriate management of their weight-related 

comorbidities that many were not receiving prior to the programme. However, 

although Māori engaged with the programme well, retention in the programme was 

less than we had hoped, despite adjustments and significant consultation, as reflected 

in attendance data. Further review of the intense intervention model, including 

reviewing the location and a greater incorporation of Māori world view is required 

to address this. Indeed, non-indigenous counterparts (NZE) experienced double the 

mean BMI SDS reduction of the overall cohort. Encouragingly however, 

improvements in HRQOL and some improvement in cardiovascular fitness were 

seen in Māori in both intervention groups. Our findings are not dissimilar to past 

research studying retention and outcomes for indigenous populations. A recent 

systematic review highlighted that ‘black’ participants showed higher ‘dropout’ 

rates in weight-management interventions than ‘white’ participants (65-67% vs. 22-

27% respectively), and low family income was associated with lower adherence in 

weight-management programmes.129  

It was encouraging that improvements in cardiovascular fitness, HRQOL and 

psychological characteristics in both groups were seen at 12 months. This is 

consistent with a systematic review that included 11 studies of multi-disciplinary 

interventions for overweight and obesity in children and adolescents, which found 

no significant difference in HRQOL between multi-disciplinary interventions and 

control groups (waitlists, usual care, or low intensity interventions) over time.273 The 

majority of control interventions had a positive influence on HRQOL in the short 

term, which is important to recognise when considering intervention effect.273 In this 

study, the intense intervention achieved HRQOL scores that would be deemed a 
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clinically meaningful difference,188 whereas this threshold was only reached in the 

low intensity intervention with parent report at 12 months. A strength of our findings 

is the presence of two independent measures of psychological well-being; not only 

are improvements seen across both child and parent HRQOL scores at 12 months, 

but an improvement is also present in CBCL scores. We do not have an explanation 

for the significant intervention effect in CBCL scores at six months but not at 12 

months, although it may be due to the waning contact during the second 6 months 

of the intense intervention, as overall attendance declined.  

For those who attended the high intensity intervention group ≥70% of sessions, 

greater improvements were seen in cardiovascular fitness, internalising and total 

CBCL raw scores, and total parent-proxy HRQOL scores. It is likely that treatment-

seeking parents who commit to the large time investment of a 12-month weekly 

group session and continued to attend did so because they feel the process was 

working, which is reflected in their HRQOL scores.  

A strength of our study is the high indigenous recruitment rate, which allowed for 

robust comparison with other groups. The main limitation was the lack of an 

untreated control, which affects interpretation of outcome. Another limitation was 

that participants were a referred sample, and therefore not necessarily representative 

of the entire population. The dropout rate of 31% could have affected the study 

outcomes. However, demographic characteristics of those who completed versus 

those excluded or lost to follow-up were similar overall. Our data analysis ensured 

that all those who completed 6 and 12-month assessments were included when 

examining outcomes. A systematic review of multi-disciplinary interventions 

compared with standard care showed 73% of studies achieved a retention rate ≥70% 

at six months, and ≥60% at one year, indicating the retention rate of this trial was 

consistent with past studies.121 

Future research needs to focus on how to improve retention in the intervention 

programme among high-risk groups, and whether moving aspects of the programme 
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to more culturally appropriate venues would be successful. Consideration of health 

strategies encompassing the needs of indigenous people, understanding barriers and 

facilitators to sustained engagement, and appropriate community consultation in 

expansion of intervention services will be key. Since the randomised clinical trial, 

the Whānau Pakari service has evolved in response to the findings to enhance 

efficiencies, improve access and responsiveness. It has continued as a service due to 

its ability to reach large numbers. The programme will continue to be audited in 

terms of process and cost.  

In conclusion, our study shows that a multi-disciplinary, home-based child and 

adolescent obesity programme achieves high rates of participation from those most 

at-risk for obesity. Although there was no difference between groups in terms of 

primary outcome, both had a clinically meaningful, albeit modest reduction in BMI 

SDS. There was, however, a doubling in the intense obesity intervention’s effect 

when sustained participation in the programme sessions was obtained. Further 

refinement of the intense intervention is required to maximise retention and 

outcomes, especially in indigenous groups. Long-term follow-up will determine if 

the achieved BMI SDS reductions persist. Public policy needs to ensure that a form 

of multi-disciplinary assessment to address weight-related comorbidities (not just 

intervention) is available, appropriate, and accessible to all, to avoid inequities in 

health provision. 
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Table S1: Demographic characteristics of participants and non-participants in the Whānau 

Pakari trial 

  Participants Non-

participants 

p-value 

N  199 40  

Age (years)  10.7 (3.2) 10.7 (3.4) 0.99 

Female  53% 50% 0.72 

Ethnicity Māori 47% 36% 0.21 

 NZ European 43% 58%  

 Other 10% 6%  

Auxology Weight (kg) 67.2 (26.7) 66.1 (25.8) 0.81 

 Height (cm) 147 (18) 149 (22) 0.45 

 BMI (kg/m2) 29.8 (6.2) 28.2 (5.2) 0.14 

 BMI SDS 3.12 (0.58) 2.91 (0.63) 0.05 

 BMI SDS range 1.52 - 5.34 1.82 – 5.22  

Socioeconomic 

status 

Most deprived 

quintile‡ 

28% 33% 0.55 

Accompanying adult Mother 81% 83% 0.72 

 BMI (kg/m2)§ 33.9 (7.7) 32.4 (8.6) 0.32 

 BMI ≥ 30 kg/m2 

(obese)§  

68% 47% 0.02 

Living 

arrangements 

Two-parent 

household 

52% 47% 0.79 

 One-parent 

household 

43% 44%  

 Other 6% 8%  

Age and body mass index (BMI) data are means and standard deviations. 

‡Quintiles of level of household deprivation based on the NZ Deprivation Index 2006.186 
§ Parameter was measured where consented to (n=228), otherwise not included. 

Abbreviations: NZ: New Zealand, BMI: body mass index, SDS: standard deviation score.  
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Table S2: Demographic characteristics of participants who commenced the trial and completed 

the 12-month assessment (thus included in the overall data analyses) versus those who 

commenced the trial but were excluded or lost to follow up  

  Completed 

the 12-

month 

assessment 

Excluded 

or lost to 

follow up 

p-value 

N  138 61  

Age (years)  10.5 (3.1) 11.1 (3.5) 0.23 

Female  54% 52% 0.88 

Ethnicity Māori 43% 56% 0.12 

 NZ European 44% 39%  

 Other 12% 5%  

Auxology Weight (kg) 65.1 (26.3) 72.0 (27.4) 0.10 

 Height (cm) 146 (18) 149 (19) 0.28 

 BMI (kg/m2) 29.2 (6.2) 31.0 (6.0) 0.05 

 BMI SDS 3.06 (0.57) 3.24 (0.60) 0.05 

Socioeconomic 

status 

Most deprived quintile‡ 25% 33% 0.29 

Accompanying 

adult 

Mother 83% 75% 0.36 

 BMI (kg/m2) 34.3 (7.8) 32.7 (7.3) 0.20 

 BMI ≥ 30 kg/m2 (obese) 72% 60% 0.12 

Living 

arrangements 

Two-parent household 58% 36% 0.004 

 One-parent household 38% 52%  

 Other 3% 12%  

Age and body mass index (BMI) data are means and standard deviations. 

‡Quintiles of level of household deprivation based on the NZ Deprivation Index 2006186. 

Abbreviations: NZ: New Zealand, BMI: body mass index, SDS: standard deviation score.  
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15 Multi-source evaluation of the Whānau Pakari 

programme 

The importance of multi-source evaluations in assessing outcome of healthcare 

initiatives is becoming increasingly recognised. This chapter contains the 

manuscript describing a multi-source evaluation of  Whānau Pakari.  

Submitted for consideration to BMC Health Services Research. 

Anderson YC, Wild CEK, Cave TL, Domett T, Derraik JGB, Cutfield WS, et al. 

Evaluation of process and performance of  Whānau Pakari: a novel multi-

disciplinary intervention for children and adolescents with obesity. Forthcoming 

2017. 

The authors acknowledge the Ministry of Health for permission to use Green 

Prescription (GRx) Active Families quarterly reports data and B4 Schools Check 

(B4SC) data. Access to the data used was provided by the Ministry of Health under 

conditions designed to keep individual information secure. The authors specifically 

acknowledge Diana O’Neill and Ash Dovey for their assistance with this data. 

15.1 Introduction 

Avoidable inequities in health largely arise due to the systems delivering 

healthcare.111 Maldistribution of healthcare is one of the key social determinants of 

health.111Any action to address the social determinants of health must involve all 

sectors of society, and work across ‘silos’ of funding within sectors to achieve 

change.111 The World Health Organization (WHO) Commission on Social 

Determinants of Health has recommended the responsibility of action on health 

equity be placed at the highest level of government to ensure coordinated 

consideration across all policies.111 This is particularly important in the area of 
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childhood obesity, where the WHO recommends a ‘whole-of-government’ 

approach, where policies across varying sectors take health into account to improve 

health equity. 8  

In New Zealand (NZ), as in many countries, childhood obesity is an area of health 

where inequities are present. Approximately 11% of NZ children aged 2-14 years 

have obesity.99 Māori (NZ’s indigenous population) children aged 2-14 years of age 

are 1.6 times more likely to experience obesity compared with non-Māori 

counterparts, and Pacific children 3.9 times more likely than non-Pacific.99 Those 

from the most socioeconomically deprived areas are 5 times more likely to 

experience obesity when compared with children living in the least deprived areas.99 

These findings mirror international data where health disparities in indigenous 

versus non-indigenous populations are prevalent.110 In NZ, obesity is considered the 

leading risk factor causing health loss, having now surpassed tobacco.10 

The concept of ensuring access to health services is not new.274 A recent systematic 

review of barriers and facilitators to participation by indigenous people in 

randomised controlled trials highlighted a key barrier was lack of access to 

participation due to disadvantage or social exclusion, and a common facilitator was 

culturally appropriate study design.134 Creation of any multi-disciplinary 

interventions for addressing childhood obesity should consider the needs of those 

most over-represented in obesity statistics, a stated priority of the NZ Ministry of 

Health guidelines released in 2009.120 The Green Prescription Active Families 

(GRxAF) programme is the most widespread intervention programme that addresses 

childhood obesity and physical inactivity across NZ. It is run nationally through the 

regional sports trusts (RST) – charitable trusts delivering sport and active recreation 

programmes in their communities. An audit of the GRxAF programme in Taranaki 

showed that, while it was capable of achieving lifestyle change in children and their 

families, refinement was required to improve engagement and reach of the 

programme to those most affected by childhood obesity.177  
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Whānau Pakari is an intervention programme that evolved from this recognised need 

for improved engagement with those most affected by obesity.203 Whānau Pakari 

has been assessed in a randomised controlled trial, which was embedded within the 

service. 12-month outcomes found a Māori participation rate of 47% (population 

prevalence 28%),165 and a 28% representation from those living in the most deprived 

quintile of households in Taranaki (population prevalence 15%).204 Participants in 

both the intense intervention and the lower intensity control groups displayed a 

similar change in body mass index (BMI) standard deviation score (SDS) from 

baseline (-0.10 intervention and -0.12 control).275 However, for those attending 

≥70% of intense intervention sessions, change in BMI SDS was -0.22 compared with 

-0.04 for those attending <70% (p=0.04). Improvements were also seen in health-

related quality of life and cardiovascular fitness in both the intervention and control 

groups.275  

The Whānau Pakari programme has been running since 2012 in Taranaki, a mixed 

urban-rural region of NZ. After recruitment for the randomised clinical trial ended 

in August 2014, an interim service commenced, which has now evolved into the 

agreed service model for the district health board (DHB) in December 2016. The 

programme has received over 600 referrals since inception, averaging approximately 

110 referrals per annum, and the proportion of those referred who are Māori 

continues to be high (approximately 47%). This compares with an average of 36 

participants per annum accommodated in the GRxAF programme running locally 

prior to Whānau Pakari’s commencement.177 

The objectives of the Whānau Pakari team (clinical and research) were: i) to create 

and assess a multi-disciplinary intervention for children and adolescents with obesity 

in Taranaki that provided clinical assessment and intervention in one model; ii) to 

improve access and appropriateness of the clinical and community service, 

especially for Māori and those from the most deprived households; and iii) to assess 

whether those who participated in the 12-month intense intervention programme 

showed significant improvements in health and quality of life indices compared with 
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those receiving a minimal intensity intervention of assessment, follow-up and 

advice. The key elements of Whānau Pakari were: i) a service that was family-based, 

with a requirement that at least one adult member of the family had to be actively 

involved; ii) there was a wide referral base where anyone in the community could 

refer; iii) it targeted high-risk groups over-represented in obesity statistics with a 

more appropriate and acceptable model of care; and iv) it ‘demedicalised’ the 

participant’s journey through the service, with all medical assessments being 

undertaken as part of a wider assessment in the home, avoiding medical/hospital 

appointments.  

Whānau Pakari was a collaboration between the RST and the DHB. The service 

included not only the intervention, but an assessment to ensure all weight-related 

comorbidities were identified and addressed in all participants. These elements made 

the programme highly innovative, but understandably initially challenging for all 

stakeholders involved, as it did not align with conventional models of healthcare 

provision. The 12-month intervention included baseline, 6-month and 12-month 

home-based assessments for all participants with the healthy lifestyles Coordinator, 

one home visit by the dietitian and physical activity Coordinator, and weekly 

intervention sessions during school term time for 12-months. Assessments included 

medical history and examination, dietary and physical activity history, and 

psychology screening. Intervention components included dietitian sessions 

(including virtual supermarket tours, cooking sessions, how to grow vegetables, 

portion size, label reading), psychology sessions (including self-esteem, parenting, 

family dynamics, and sleep), and physical activity (various games and sporting 

activities). 

Whilst efficacy of obesity interventions is often the focus of research outputs, multi-

source process evaluations of innovative interventions are important in determining 

how these affect the broader social context they are operating within.276 The primary 

objective of the multi-source evaluation reported here was to assess the impact of 

Whānau Pakari within the community, including referrer patterns to the service over 
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time compared with referrals to a similar national programme (GRxAF), and 

referrals for obesity from the Before Schools Check (B4SC) programme, a free 

preschool health and development screening check. Our secondary objective was to 

determine referrer, stakeholder and participant experience and satisfaction of the 

Whānau Pakari programme, given this was an original, new multi-disciplinary 

obesity intervention programme for the region.  

15.2 Methods 

Whānau Pakari is a multi-disciplinary, family-based community programme that 

provides paediatrician oversight for medical assessment, as well as psychological, 

dietetic, and physical activity support, for ages 4-16 years (therefore encompassing 

the age ranges covered by the B4SC in Taranaki and GRxAF nationally).203 The 

recruitment for the randomised clinical trial was conducted between January 2012 

and August 2014, and the study protocol for the trial has been previously 

described.203  

We reviewed data 18 months prior to Whānau Pakari commencement (July 2010 –  

December 2011), during the trial (January 2012 – August 2014), and 13 months after 

trial completion (September 2014 – September 2015) for national comparisons. 

After the trial, the Whānau Pakari programme continued as the service model for 

Taranaki. 

15.2.1  National comparisons 

The comparative national Green Prescription Active Families (GRxAF) 

programme 

The GRxAF programme is a community-based health initiative designed to increase 

physical activity and improve nutrition in children and young people aged 5 to 18 

years.177 GRxAF was not designed as a childhood obesity intervention programme 
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per se, although the majority of referrals are for weight concerns.177 It is a family-

focussed model that incorporates home visits and weekly activity sessions for up to 

12 months. GRxAF ran from 2007-2011 in Taranaki, but was replaced by Whānau 

Pakari due to the findings of the GRxAF audit.177  

For the purposes of comparison with national GRxAF data (which includes ages 5-

15 years), only participants aged 5-15 years from the Whānau Pakari cohort were 

included. From January 2010 until December 2015, 15 of the 20 DHB regions in NZ 

were providing GRxAF, whilst Taranaki DHB was providing Whānau Pakari from 

January 2012. Maps of the DHBs, geographical regions and territories were used to 

determine the boundaries for each regional GRxAF programme. The paediatric 

population eligible for referral to GRxAF programmes was determined from the 

2013 NZ Census data,277 and was limited to ages 5-15 years (including the 5-9 years 

and 10-14 year age bands and one fifth of the 15-19 year age band),278 and to those 

DHB regions providing GRxAF.277 Canterbury, South Canterbury, West Coast, 

Waitemata, and Auckland DHBs were not included as GRxAF was not operating in 

these regions. Referral rates to each GRxAF programme were calculated from 

referral numbers from GRxAF quarterly reports to the Ministry of Health 

(unpublished raw data supplied),279 for total referrals, and Māori and NZ European 

(NZE) referrals for both the GRxAF areas across NZ, and specifically for Taranaki 

(Whānau Pakari from January 2012). The eligible paediatric population with obesity 

was not able to be calculated, and some GRxAF programmes accepted children who 

were inactive but with normal weight over this time period. Ethnicity was 

determined for all GRxAF participants, however, ethnicity data for all those referred 

were not reported in quarterly reports nationally prior to 2012, therefore only 

ethnicity for those engaged was utilised for January 2010 – December 2011. Total 

eligible Māori and NZE populations were determined within the defined eligible 

paediatric population. Total eligible Taranaki paediatric population, Māori, and NZE 

populations were also calculated.277 
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Before Schools Check (B4SC) 

The B4SC is a free health and development screen for children in their fourth year 

of life. Data from this screen are collected nationally.280 During the period of review 

(July 2010 – June 2015), the national expectation was that all children with a BMI 

percentile calculated as above the 99.6th percentile (children with “extreme” obesity) 

would be referred for further assessment and ongoing weight monitoring, and in 

Taranaki from January 2012, these referrals were accepted into Whānau Pakari.181 

The B4SC data over the period from July 2010 until July 2015 was separated into 

year bands. Numbers identified as problems with overweight (91st-98th percentile), 

obesity (98th-99.6th percentile) and extreme obesity (>99.6th percentile) were 

recorded for Taranaki and nationally, as per the Ministry of Health weight-height to 

BMI conversion chart.40, 280 For each outcome, the total numbers referred was 

determined. From July 2012, this included “referred” and “advice given”, a new 

category added by the Ministry of Health that was still included in the total referred.  

15.2.2  Evaluation of Whānau Pakari 

     Referrer satisfaction 

A referrer survey was created utilising SurveyMonkey software (California, USA). 

This was beta-tested by 5 potential referrers. 317 potential referrers to the service 

within the region were identified, and were emailed the questionnaire on 19th 

November 2015, with a closing date for response of 18th December 2015. Potential 

referrers included general practitioners (primary health care physician), public 

health nurses, paediatricians, paediatric registrars and house officers, dietitians, 

kaiāwhina (Māori healthcare workers), orthopaedic surgeons, general surgeons, 

otorhinolaryngologists, school counsellors, psychologists, and adult physical 

activity Coordinators. Reminder emails were sent out weekly. 
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Stakeholder satisfaction 

Cogo Consulting (Auckland, NZ), a research consultancy firm, were engaged as 

external evaluators to conduct a limited process evaluation, focussing on the 

acceptability of the model of service delivery to project partners and stakeholders. 

An online survey was created using web-based survey software SurveyGizmo 

(Colorado, USA), inviting project stakeholders to contribute feedback on Whānau 

Pakari, in order to understand their experience of the programme and their 

perspective on what has worked well, and what the barriers to success were. This 

survey was completed anonymously. Stakeholders were specifically asked not to 

reflect on the clinical trial but on the Whānau Pakari service itself, although it is 

acknowledged that the two aspects were inter-related at the time of service creation. 

A total of 24 project stakeholders were identified, including service delivery team 

members and leads, governance/advisory group members, funders and planners, 

subject matter experts, ministry officials, referrers and research associates.  

Quantitative and qualitative data were collected. Quantitative data were collected by 

the online survey using five-point Likert scales. Data collected using open text 

comments fields were coded using thematic analysis. 

Participant satisfaction 

Cogo Consulting were also engaged to conduct a limited focus group evaluation, 

examining the acceptability of the service to participants and their families. One 

focus group was conducted with Whānau Pakari participants, and another focus 

group was conducted with at least one of their committed family members. The focus 

groups were led by a Taranaki-based Māori researcher using interview guides, 

Participant Information Sheets, and Consent Forms developed by Cogo Consulting 

in consultation with the research team. In total, 16 participants were invited (ages 

4.5-12 years) to contribute to the participant focus group, and 14 committed family 

members were invited to participate in the adult focus group. These participants and 
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families were invited from all current participants for at least 6 months participating 

in one of the group sessions in North Taranaki, with affiliations to varying ethnicities 

(Māori, Pacific, NZE, Asian, Other). Written and verbal informed consents were 

obtained from all participants or their guardians. Focus groups were recorded, 

transcribed, and then coded by Cogo Consulting. Data were anonymised.  

15.2.3  Data analysis 

Referral rates for GRxAF and B4SC data between Taranaki and the rest of New 

Zealand were compared using two-sample Poisson rates and Fisher’s exact tests. 

Likelihood of referral to Whānau Pakari was compared using binary logistic 

regression with respective odds ratio (OR) and 95% confidence interval (CI) 

obtained. Statistical analyses were carried out in Minitab v.16 (Pennsylvania State 

University, State College, PA, USA). All statistical tests were two-sided at a 5% 

significance level. 

15.2.4  Ethics 

Full ethics review for this process evaluation was not required under the regulations 

of the National Ethics Advisory Committee 2012 for programme evaluation and 

audit. The wider Whānau Pakari randomised clinical trial was granted ethics 

approval by the Central Health and Disability Ethics Committee (NZ) 

(CEN/11/09/054). Trial registration was with the Australian NZ Clinical Trials 

Registry (ANZCTR: 12611000862943).  
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  Results 

15.3.1 National comparisons 

GRxAF 

The GRxAF referral rates per year of background paediatric population in Taranaki 

versus the rest of NZ are shown in Figure 1. Referral rates for Whānau Pakari were 

significantly higher compared with national rates overall, and for both Māori and 

NZ European (Figure 15.1). The noted decline in referral rates in Taranaki post trial 

is likely due to the reduction of time spent promoting the service with referrers. 
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Figure 15.1: Green Prescription Active Families referral rates per year (of background 

paediatric population) 

Taranaki (grey) and the rest of NZ (black) before (1.5 years from July 2010 – December 2011), during 

Whānau Pakari trial period (2.75 years from January 2012 – August 2014), and after trial when 

Whānau Pakari interim service was in place (1 year from September 2014 – September 2015). ** 

p<0.01, *** p<0.001, and **** p<0.0001 for Taranaki vs the rest of NZ within each period. 
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Before Schools Checks 

Comparing data from the B4SC for Taranaki versus the rest of NZ, higher rates of 

referral were noted in Taranaki for children identified as obese after commencement 

of the Whānau Pakari programme (Table 15.1). Of note, however, other regions did 

not have an established pathway for referral at this time for children with obesity 

from the B4SC. 

Table 15.1: B4 Schools Check referrals for children with BMI in the 98th-99.6th percentiles 

(obese) and >99.6th percentile (extremely obese) for Taranaki versus the rest of NZ 

   Number of referrals/total number 

of children in a given percentile 

range in the population 

 

Time 

interval 

Year BMI 

Category 

Taranaki National p-

value* 

Pre 

Whānau 

Pakari 

trial 

2010-2011 Obese 0/86 (0%) 21/2770 (1%) 0.99 

 Extremely 

obese 

2/70 (3%) 157/2253 (7%) 0.28 

During 

Whānau  

Pakari  

trial 

2011-2012 Obese 1/84 (1%) 74/2765 (3%) 0.70 

 Extremely 

obese 

10/60 (17%) 360/2500 (14%) 0.74 

2012-2013 Obese 59/88 (67%) 788/2853 (28%) <0.0001 

 Extremely 

obese 

52/75 (69%) 1376/2440 

(56%) 

0.17 

2013-2014 Obese 85/86 (99%) 951/3113 (31%) <0.0001 

 Extremely 

obese 

51/64 (80%) 1585/2720 

(58%) 

0.04 

After 

trial 

(with 

ongoing 

service) 

2014-2015 Obese 76/76 (100%) 1024/3220 

(32%) 

<0.0001 

 Extremely 

obese 

44/55 (80%) 1637/2648 

(62%) 

0.12 

*  Comparison of proportion of referrals between Taranaki and National. 
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Rates of referral for children with extreme obesity (>99.6th percentile) in Taranaki 

were higher than those from the rest of NZ during 2013-2014 but did not differ from 

those for the rest of NZ during the other time intervals (Table 15.1). It was expected 

over this time period nationally that those identified as having extreme obesity were 

referred. 

15.3.2  Evaluation of Whānau Pakari 

Referrer survey 

We received 113 complete survey responses from a total of 317 identified potential 

referrers (response rate 36%), with responses received from a wide representation of 

professionals (Table 15.2). 

Table 15.2: Response rate based on professional role 

Professional 

Group 
Description 

 
Surveyed 

(n) 

Responded 

(n) 

Response 

rate 

(%) 

Medical General practitioner  97 25  26% 

 General surgeon  7 2  29% 

 Emergency department doctor  21 4 19% 

 Orthopaedic surgeon  7 2  29% 

 
Paediatric registrar/house 

officer 

 
13 4  31% 

 Paediatrician  7 7  100% 

 All medical doctors  152 44 29% 

Nurses Children’s ward nurse  25 8  32% 

 Mental health nurse  2 1  50% 

 Practice nurse  73 22  31% 

 Public health nurse  21 15  71% 

 All nurses  121 46 38% 

Allied health 

professionals 
Dietitian 

 
9 5  56% 

 
Kaiāwhina (Māori health 

worker) 

 
3 2  67% 

 Psychologist  5 1  20% 

Other   27 15  56% 

TOTAL   317 113 36% 
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A total of 106 respondents (93%) had heard of Whānau Pakari, most commonly 

through word of mouth (n=30, 28%) or from presentations by the Whānau Pakari 

team. Seventy respondents (66%) had referred someone to Whānau Pakari. For those 

who had not, reasons given are shown in Table 15.3. 

Table 15.3: Reasons potential referrers had not referred children and adolescents to Whānau 

Pakari 

Reasons for not referring n % 

I have not been looking for eligible patients/clients 5 14% 

I have not seen anyone eligible for referral to Whānau Pakari 12 34% 

I have seen eligible patients/clients but did not feel comfortable 

discussing their obesity with them 
3 9% 

I have seen eligible patients/clients but they have declined a referral 

to Whānau Pakari 
4 11% 

I do not see it as part of my scope of practice 3 9% 

I do not believe the programme is beneficial so therefore have not 

referred eligible patients 
0 0 

Other 8 23% 

TOTAL 35 100% 

 

Of the respondents, 21 (20%) had attended trainee half days run by Whānau Pakari 

team members, and 40 (37%) were calculating body mass index (BMI) more readily 

in their practice due to the existence of Whānau Pakari. Fifty-five (52%) respondents 

were referring more children/adolescents who were overweight/obese to Whānau 

Pakari compared to the alternatives available in Taranaki prior to the service starting 

in January 2012. Whānau Pakari had increased awareness of childhood obesity as a 

health issue in 66 (62%) respondents, and had led to 70 (66%) respondents having 

more discussions about obesity with affected patients/clients/families. Overall, 70 

(66%) respondents stated that the feedback about Whānau Pakari from referred 

patients/clients/families was ‘somewhat positive’ or ‘very positive’. Those 

respondents who attended trainee half days were more likely to refer 

children/adolescents to Whānau Pakari than those who had not attended (OR 6.33 
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[95% CI 1.38, 28.97]; p = 0.02). Comments from referrers which highlight the 

positives, as well as the challenges experienced by referrers in this area of practice 

and their experiences of Whānau Pakari, are included in Table S3. 

Stakeholder satisfaction 

Of the total survey requests, 18 complete responses (75% response rate) were 

received, and in all cases detailed feedback was given. The sample included a wide-

ranging group of stakeholders. 

Multi-disciplinary team 

The multi-disciplinary composition of the service delivery team was considered by 

stakeholders to be critical to Whānau Pakari’s success, with 18 (99%) respondents 

stating it was ‘very’ or ‘somewhat important’. All roles within the multi-disciplinary 

team (healthy lifestyles Coordinator, physical activity Coordinator, dietitian, 

psychologist, paediatrician) were deemed to be ‘very important’ by the vast majority 

of respondents (ranged from ‘very important’ in 100% of responses for healthy 

lifestyles Coordinator, and 67% of responses for the paediatrician), indicating that 

any translation of Whānau Pakari to other regions would require development of a 

team with these professional roles included. The need for additional professionals 

were suggested by 6 (33%) of respondents (Māori health workers and general 

practitioners/primary care), while the remaining 12 (67%) of respondents reported 

that the range of disciplines works well. 

The majority of respondents (n=15, 83%) reported that the multi-disciplinary team 

worked either ‘well’ or ‘very well’ together (the remaining 3 answering ‘don’t 

know’). Open text comments about what in particular worked well in the multi-

disciplinary team were coded using thematic analysis, and the most common 

elements described were collaboration, communication, different perspectives 
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complimenting each other, cohesive team structure, regular meetings, clearly 

defined responsibilities, excellent planning, and a positive working environment 

with mutual respect. 

Setting 

The location of Whānau Pakari within the RST versus DHB was explored, given 

both were piloted in the first 5 years. The current programme is housed in the DHB, 

with the ‘shop front’ and delivery through the RST, with no medical appointments 

or visits to the hospital for participants or family members, and all assessments being 

undertaken in the home. Both locations were noted to have advantages and 

disadvantages (Table 15.4). 

Table 15.4: Advantages and disadvantages of different locations of Whānau Pakari trialled 

 

Regional Sports Trust District Health Board 

Advantages Advantages 

Community links Centralised delivery/clinical wrap-around 

support for participants 

Neutral non-threatening setting Access to health systems and services 

Links to similar programmes (e.g. adult GRx 

programme) 

Access to clinical skills and support 

Strengths-based Access to health resources 

Non-medical environment Access to referral pathways 

Access to facilities and equipment Increased linkages with health promoters, 

kaiāwhina (Māori health workers) and 

dietitians 

Disadvantages Disadvantages 

Being isolated from health systems and 

services 

Focus on medical aspects/illness rather 

than positive lifestyle change 

Inability to support clinical aspects of 

programme 

Not so family-friendly 

Lack of strategic direction Lack of community focus 

Risk of confidentiality breaches Sense that clinical services dominate 

service 

Increased load for clinical team members Intimidating environment 

Fewer resources overall  Lack of close links to community activities 
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Overall, there was no clear preference for either setting, which indicates that the 

collaboration across a non-medical and health board setting currently in place is 

likely to be an effective organisational structure for the Whānau Pakari programme. 

Reaching and successfully engaging with Māori is a core objective of the clinical 

service and the results indicate that a non-medical setting with close community 

links was critical to achieving this. However, easy access to a clinical wrap-around 

service and hospital systems/resources is also necessary for efficient service 

delivery.   

Home visits 

Home visits were a feature of Whānau Pakari’s programme design critical to 

reaching and successfully engaging with the target populations, with 16 respondents 

(89%) reporting that home visits are ‘somewhat’ or ‘very important’ to both 

recruiting participants, and to keeping them engaged in the programme. Comments 

regarding home visits are included in Table S4. 

Importance of “demedicalisation” of the service 

The ‘demedicalisation’ (i.e. removal of the feel of the service being medical, to a 

more community, family-based service) was considered ‘very’ or ‘somewhat 

important’ (n=16, 89%) for recruiting participants from the target population, and 

‘very’ or ‘somewhat important’ (n=25, 84%) for keeping participants engaged in the 

programme. Comments are included in Table S4. 

Referral process 

Whānau Pakari receives referrals from any health professional, school staff member, 

or self-referrals, to ensure there are no barriers to access. Overall, this referral 
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process appeared to be working, with 66% (n=12) stating that the referral process 

worked ‘well’ or ‘very well’.  

Cultural responsiveness 

One of Whānau Pakari’s key objectives was to ensure an appropriate and accessible 

service for Māori. In terms of cultural responsiveness, the service design was 

deemed to be responsive to Māori, with 13 (73%) respondents stating it was either 

‘extremely’ or ‘very responsive’. Service delivery was felt to be either ‘extremely’ 

or ‘very responsive’ for the majority of respondents (n=11, 61%). The programme 

was felt to be family-centred by the majority of respondents (‘extremely’ or ‘very’ 

n=17, 95%). However, there were areas for improvement in terms of governance to 

Māori, with a wider spread of responses; ‘extremely’ or ‘very’ (n=8, 45%), ‘neutral' 

(n=4, 22%), ‘somewhat’ or ‘not at all’ (n=4, 22%), and ‘don’t know’ (n=2, 11%). 

Areas recommended for consideration were marae (traditional Māori meeting 

house)-based delivery (n=3, 17%), better Māori representation in the service 

delivery team (n=3, 17%), and a stronger Māori ‘lens’ in relation to governance 

(n=3, 17%). 

Balance between clinical and social/community needs 

When asked how well the programme achieved the balance between the clinical 

needs of participants with their social and community needs (and those of their 

family), the majority of stakeholders responded that the programme achieved this 

(‘well’ or ‘very well’ n=13, 73%), which is an indication that, despite the pros and 

cons of location of the programme, the delivery and location currently were 

appropriately balanced. 
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Appropriateness of service delivery model 

The vast majority of respondents thought that the Whānau Pakari model of service 

delivery was ‘highly appropriate’ or ‘appropriate’ (n=16, 89%). When asked to 

reflect on how the Whānau Pakari programme had evolved since inception, and what 

stakeholders would do differently, common themes in the open text data arising from 

thematic analysis were: more clarity around the importance of the clinical trial, 

marae-based venue/Māori leadership of the programme, and a change in age group 

to enable better targeting of content. 

Success factors, barriers and transferability of Whānau Pakari 

The majority of stakeholder respondents reported in an open question that Whānau 

Pakari is a model that could be translated to other regions in NZ, with 11 (65%) 

giving an unqualified ‘yes’ and a further 5 (30%) also agreeing, but with the caveat 

that regional adaptation and increased Māori involvement should be recommended. 

Critical success factors and challenges 

When asked in an open question: ‘What are the critical success factors in setting up 

a childhood obesity service?’, a multi-disciplinary service delivery team was 

regarded as the most important (n=7, 47%), followed by family-friendly services 

that support engagement (n=5, 33%) and a home or marae-based model (n=4, 27%). 

Other factors cited were effective marketing, strong community liaison, organisation 

buy-in/commitment, Māori engagement, multiple stakeholders involved in service 

design and governance level, clear programme objectives, and programme 

evaluation and feedback to referrers.  

Challenges in setting up a childhood obesity service included multi-disciplinary 

working (n=4, 29%), the challenges of working with high-needs populations (n=3, 
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21%), challenging traditional healthcare practices around combatting childhood 

obesity (n=3, 21%), and poor family engagement (n=3, 21%). Other challenges cited 

were challenging ideas of what childhood obesity “looks like” (and its multiple 

determinants), support for kaupapa Māori approaches (a Māori-led approach which 

promotes delivery by Māori and acknowledges a Māori world view), impact on 

health at a population level will only be seen in the long-term, clinical requirements 

versus community needs, prejudice regarding children with obesity, cross-sectoral 

nature of service not aligning with how individual organisations are funded, and 

tailoring services for different age bands. 

Participant satisfaction 

In total, 8 children (aged 4.5-12 years, 6 NZE and 2 Māori) participated in the 

participant focus group, and 6 committed family members (4 NZE and 2 Māori, 4 

parents and 2 grandparents) participated in the adult focus group, with both focus 

groups held on 15 September 2016. Those who did not participate from those invited 

either had other commitments, transport issues, or declined the invitation without 

reason.  

Referral process 

From the participant and their family’s perspectives, the referral process appeared to 

be acceptable to families, who reported feeling appreciative of the opportunity to 

become involved in the programme, and that the team members were very 

welcoming. 
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Cultural responsiveness 

Families reported in the focus groups that they found the programme to be culturally 

responsive and respectful. However, this finding is limited, with just two Māori 

families participating across the two focus groups. 

Session content and delivery model 

Data from the focus group held with children indicate that the model is acceptable 

to them. They reported enjoying the variety of activities and sessions, such as at the 

sports hub and boxing arena, and meeting new friends. Families also reported that 

the variety worked well for their children. However, two members of the adult focus 

group commented that sometimes their children became bored by the psychology 

session because of their age. Comments regarding sessions are included in Table S5. 

Some children said they would like more sports sessions and some would prefer to 

focus on nutrition and the psychology of behaviour change, indicating that the mix 

of session types was probably in appropriate balance. 

Knowledge acquisition 

Children reported enjoying the knowledge they now had about nutrition, portion 

size, and new sports skills. They enjoyed “trying to learn what portion sizes of foods 

you should eat”. Comments are included in Table S5. 

Programme environment and culture 

Children were not asked in the focus group whether or not they had lost weight, as 

the focus of Whānau Pakari is healthy lifestyle change, not weight loss. When asked 

by the facilitator what has changed since they had been on the programme, not one 
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child mentioned losing weight, and spoke instead about their health improving and 

how they felt more confident. 

Families also confirmed that the programme was strengths-based, and occurred in 

an inviting, non-judgmental environment. Comments are included in Table S5. Two 

focus group participants suggested the programme should be nation-wide and 

introduced into schools. 

Impacts on participants and families 

Children reported making changes in how much they ate (portion sizes) and physical 

activity (Table S5). Children and families reported that Whānau Pakari was 

responsible for the positive lifestyle changes that have been made: ‘going along to 

Whānau Pakari’ helped them to make changes and the ‘support from all of the 

Whānau Pakari workers here and everyone else who have helped us’.   

Some families reported that Whānau Pakari was their last chance to improve their 

child’s health and that the programme has in fact worked for them, when nothing 

else had. Whānau reported health and psychological benefits from participating in 

the Whānau Pakari programme, not only for their child but also for their family 

(Table S5). Families also report that changes have been made, and that changes made 

would be sustained, reporting their new lifestyle behaviours were becoming a habit 

(Table S5). 

15.4 Discussion and conclusion 

This evaluation of a multi-disciplinary family-based intervention for children and 

adolescents with obesity found that overall, alongside a high initial engagement rate 

from Māori and those from most deprived households, the programme achieved its 

objectives. The programme achieved higher total referral rates for children with 



15 Multi-source evaluation of the Whānau Pakari programme 

205 

obesity, and specifically for Māori when compared with the national ‘equivalent’, 

GRxAF. Referrals were the same or better in Taranaki from the B4SC when 

compared with national activity during this time, and the decline of these referrals 

post trial are likely due to a reduction in the promotion time the team spent on the 

service after the trial. Referrer satisfaction appeared high overall, and implied a 

positive impact of the existence of Whānau Pakari on the community in terms of 

raising awareness and supporting discussions regarding childhood obesity. The 

stakeholder and participant feedback showed an overall high level of satisfaction 

with the programme. Recommendations from this feedback for ongoing service 

development and potential transferability are included in Table S6. 

The Whānau Pakari programme was historically based on the GRxAF model, which 

was funded to provide a service for 5-15 years. This model was expanded to 

accommodate the B4SC referrals, but from the start the Whānau Pakari team was 

aware the age range was too wide in terms of session delivery. From these 

recommendations, and the findings from the RCT,275 the team are piloting new 

models for adolescents, preschoolers, and limiting the current intervention to 

children aged 6 to 12 years of age. It is recommended all current roles be retained, 

and the multi-disciplinary team approach continued. The collaboration of a RST and 

the DHB in terms of setting has been identified as optimal. A primary healthcare 

provider in the future could be considered, but this would require all of the support 

of the DHB in terms of IT, database, and clinical systems access, the RST in terms 

of community linkage (especially with sport venues) and relationships, and the 

expertise of the multi-disciplinary team.  

Strengths of this evaluation include the readiness of stakeholders, referrers, and 

participants to provide robust feedback. Whilst personal comments will always 

introduce a level of bias to interpretation, they have provided the voice of 

stakeholders, referrers, and most importantly the participants and the families 

themselves. This evaluation provides additional information from a mixed model 

approach, alongside the results of the randomised clinical trial.275 Another strength 
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of this evaluation was the ability to compare with national data from the GRxAF 

programme and the B4SC programme.  

Limitations include inconsistencies with boundaries of DHBs versus RSTs as these 

did not always align. Ethnicity for the GRxAF programme was only collected for 

those engaged in the programme prior to 2012 rather than all referred, and therefore, 

these data need to be interpreted with caution. The B4SC national data needs to be 

interpreted with caution, as many regions of NZ did not have an obesity programme 

to refer to for this age group at this time, therefore this needs to be taken into 

consideration when interpreting referral rates. However, it was expected nationally 

during this time that all children identified as extremely obese (>99.6th percentile) 

would be referred.181 It is also assumed that all in the upper percentiles (≥91st 

percentile) would be referred for obesity/weight issues, when in reality they may 

have been referred for other health reasons. However, this level of information was 

not available in the B4SC data. A group called ‘advice given’ was introduced in 

2011-2012 into the B4SC referral process, which was a new outcome category that 

we counted as a referral. This category varied in its usage, for example, from a 

referral to an in-house specialist team, through to the assessor giving nutritional 

advice during the assessment. Another B4SC category ‘under care’ may have also 

affected referral rates.  

The response rate to the referrer survey was low, potentially introducing bias, 

however, those invited to participate in the survey were identified potential referrers, 

not necessarily referrers engaged with the programme. A further limitation identified 

was that the participant and adult focus groups were small with minimal Māori 

representation, and therefore bias may be present.  

It is important to note that Whānau Pakari was not the only activity in the region in 

relation to childhood obesity at the time, with programmes such as the Mama Pēpe 

Hauora programme working with mothers and babies to improve maternal and child 

nutrition.281 
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The importance of a mixed methods approach, with qualitative research methods to 

determine why childhood obesity interventions may or may not be successful being 

conducted alongside conventional quantitative methods has been highlighted 

previously.282 Factors external to an intervention but central to the participants will 

be key factors in determining whether participants are successful and engage with 

any programme.282 Consistent ‘facilitator’ and ‘barrier’ themes in an intervention 

programme undertaken in 5-9-year-olds with moderate obesity in Australia were 

internal locus of parental control (for example, increased self-efficacy), external 

locus of parental control (for example, food provided at school), and child factors 

(for example, child’s attitude to eating).282 A wider awareness of the acceptability of 

interventions for participants and their families is key to determining overall success 

of a programme outside of a clinical research setting.  

Treating obesity in children as a single condition is arguably a misguided 

approach.124 Our research to date has highlighted the complexity of the participants 

presenting, not only in terms of weight-related comorbidities,223 but also varied 

dietary behaviour,238 physical and sedentary behaviour,265 and psychological 

challenges.270 Public policy needs to take into account not only clinical outcomes 

but the voice of referrers, stakeholders and most importantly, the participants 

themselves. 

It is imperative that any interventions for child and adolescent obesity address the 

identified gap in health equity in obesity statistics. Addressing health inequity is one 

of the priorities of NZ’s National Health Strategy.112 For any scalability of 

interventions for the childhood obesity implementation plan, strategies that have 

proven success in reducing barriers to access are vital. As we move to a more agentic  

approach in healthcare, a risk exists that we may actually increase socioeconomic 

inequalities in obesity,132 especially if population targeting of services is seen as 

inappropriate. Pacific people were not a focus of the Whānau Pakari programme, as 

the population of Pacific people in Taranaki is only 3%.165 The specific needs of 
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Pacific people would need to be considered if any translation to other regions was 

considered given the higher overall Pacific representation nationally. 

For any translation of the Whānau Pakari programme to other regions of NZ, the 

following critical success factors have been identified: 

 A multi-disciplinary service delivery team (with access to hospital records); 

 Family-friendly services that support engagement; 

 A home (or indigenous health) model to ensure accessibility; 

 Clinical lead in childhood obesity for each region; 

 Database for multi-disciplinary team working; and 

 A strong focus on achieving health equity for high-risk groups, with 

appropriateness of services for all participants and their families. 

Additional to the critical success factors identified by the stakeholder survey, a 

clinical champion in each region is strongly recommended to engage with the 

community and provide clinical leadership for the multi-disciplinary team. Without 

a database, the functionality of Whānau Pakari for multi-disciplinary team work, 

assessments of increasing numbers of participants, and the capacity to work off-site 

would have been greatly limited. Other factors identified as important were effective 

marketing, strong community liaison, organisation buy-in/commitment, Māori 

engagement, multiple stakeholders involved in service design and governance level, 

clear programme objectives, and programme evaluation and feedback to referrers.  
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It is likely that the high uptake from the community in terms of referrals compared 

with prior programmes/clinics is due to the ‘shop front’ of the programme residing 

in the RST. However, for any ‘scale-up’ of an intervention to be considered as 

achieved, it is important that it outgrows a research setting, and becomes embedded 

in a system to ensure maintenance and sustainability of its health benefits.283 This 

has been achieved regionally. 

In conclusion, the Whānau Pakari programme has positive outcomes both in terms 

of clinical quantitative measures obtained after 12-months of intervention, and 

qualitative outcomes in a mixed method evaluative framework. The programme is 

considered transferable by stakeholders, with a number of caveats around regional 

modification and addressing the Pacific population. Further research will focus upon 

economic evaluation of the programme, 2 and 5-year outcomes, and piloting further 

age specific and indigenous health models of intervention.  



 

 

Supplementary material 

Table S3: Referrer experiences with children/adolescents with obesity and their families, and the Whānau Pakari service 

“It is definitely easier now to discuss a child’s weight issues with a parent since we have a positive support programme to offer them.” 

“Great service from our point of view. Still the patients that need most help the hardest to get to engage.” 

“Clearly the aims and intentions of Whānau Pakari are positive. In moving forward, I think we need to work more on the motivational aspects of childhood obesity. I feel 

we are still coming across too many families who agree to referral and then do not continue with the programme. This is for a variety of reasons, I’m sure, but if we can 

identify those and act on them, Whānau Pakari will become more successful.” 

“Whānau Pakari suits a certain type of person. Not all families ready to take on the challenge but the ones that do benefit from the course.” 

“Whānau Pakari made help more accessible for our practice, was already trying to help families with varying degrees of success. Much better having continuity.” 

“Unfortunately the clients I have referred over the last 3 years start off really well but due to various reasons discontinue after 3-6 months. 

“…I feel the most significant thing Whānau Pakari has contributed to is an increased awareness of weight/healthy eating and its involvement in the prevention of future 

chronic illness.” 



 

 

Table S4: Stakeholder comments regarding the Whānau Pakari service 

Home visits 

“Without the home visits, calls, chasing of patients, we would not have a Whānau Pakari intake like we have.” 

“You also get to see the family in their own reality – how far away from a park is their house, can they afford good quality food…” 

Importance of ‘demedicalisation’ of service 

“I believe the demedicalisation of the service removes a barrier for some families who would feel less comfortable navigating the hospital clinic visit of the conventional 

medical model.” 

“If you move this (hospital appointments) away from hospital base – then you allow families to feel that sense of ownership. Otherwise they will feel they ‘have to do as 

they are told’.” 

 

 



 

 

Table S5: Participant and family feedback regarding the Whānau Pakari service 

Session content and delivery model: participants 

“Like it’s different sessions, it is not just like one session, so like one time it could be at the YMCA (sports hub) doing sports or the next it could be psychology, and then 

nutrition and then it just goes round.” 

“You learn like lots of different sports, learn how to cook some of the food, you also learn portion sizes and habits.” 

“I like learning how to control myself more.” 

Session content and delivery model: families 

“I like its difference, you know you’ve got sport one week and you’ve got psychology the next week, so you are not doing the same thing over and over.” 

“Yeah my kids don’t deal with repetitiveness very well at all.” 

“The psychology is more beneficial for me as a parent because I pick up on information whereas the kids tend to, like my 4½-year-old, he won’t sit still, I mean he’s 4½. 

The two girls are sort of like “do we have to” whereas they’re that little bit more involved with when it’s cooking or when it’s physical activity because then it becomes the 

family unit side of things again.  We tend to get split when it’s psychology sometimes so the kids go off and play while the parents do their thing, which I understand why 

it’s done, but being kids and stuff, they don’t tend to understand that as well as what we do.” 

“It’s hard for them to sit there.  It’s OK if I bring my 10-year-old, but if I bring my other girls who are 9, 7 and 5, they struggle to sit there.” 

 



 

 

Knowledge acquisition: participants 

“Um, 5 plus (fruit and vegetable serves) a day, fruit is 5 plus a day.” 

“Like I said a little bit earlier, like learnt how to portion size and control basically how to do stuff.” 

“Learn how to cook healthier meals.” 

“How to cook healthy pizza.” 

“Like how to train for like games, how to do a pass, do a little kick...I can play rugby.” 

Programme environment and culture: families 

“…it’s really welcoming, you didn’t feel like you were getting judged by anybody." 

“[The healthy lifestyle Coordinator] was very welcoming, very cruisy, made the kids feel at ease, not that it was ‘you’re here cause you’re overweight’, it became more of 

a ‘we’re trying to do things in a healthier way’, it’s not just about you losing weight, it’s about everything, about you feeling good about yourself, getting them more active, 

helping you learn different ways, contributing and cooking yourself, it was a big family situation, not just a ‘you’re here because you’re too fat, lose weight’, it was 

everything.” 

“You sort of felt that you were joining a family rather than just like with my doctor it was very one on one, like my doctor could say, you know, as non-harshly as she thought 

it was that my daughter was overweight and we needed to do something about it, whereas here it was all these families going through the same sort of stuff so you were just 

joining a bigger family to all sort of help one another and like I can talk to one of the other parents about what they are going through and they may have advice on what I 

needed, so it’s very much a welcoming environment from the start.” 



 

 

Impacts on participants 

“The more kind of like healthy games you play, the more healthy your body gets to do more activities to become stronger and faster.” 

‘What’s changed since you have been part of Whānau Pakari?’ 

“My health has… Because we can do sports and move around.” 

“My thoughts have changed…Like just on eating healthier.  Because before I joined Whānau Pakari, I would probably drink a cup of juice a day, now I would have like 

barely even one a week.” 

Impacts on families 

“We did everything we could at home, increasing exercise and everything else, but it got to the point that we went to weekly weigh-ins with the doctors and then she said 

look why don’t you try this and so that’s how we ended up with Whānau Pakari.” 

“When we went through Children and Adolescents (medical outpatients), they wanted to put [my child] on medication, I said ‘nah there’s got to be something better than 

that’ and this is what it is, this is better than him being on medication.” 

“Her self-esteem was so low that coming into this programme it’s so high now, she came from a really shy kid, not talking to anybody apart from me and maybe my mum, 

and now she just talks to everybody now and she knows how to eat healthy, she knows good things, bad things, she’s just taking it all in now and for a kid who’s 6 she has 

done so well through this programme and I just think this programme is just so good for us and as a family we are working at things together and not just as singly...it’s 

just together and it’s just so nice and it’s brought us all together and just to love each other a lot more and that.” 



 

 

“Mine are more keen to exercise and get outside.  We live across the road from the beach and I hate the ocean with a passion so I am always the parent that sits on the 

grass while the kids go play for five minutes. Well now it is very much we have a rule, a ‘one bite rule’, in the house, you have to try everything at least once, well we have 

the ‘one try rule’ that if someone wants to do something, we all have to give it a go.” 

“So for her this has given her the confidence that she can still eat healthy, exercise and not be a size 6 like everybody else is supposed to be in the world, if she’s got a bit 

of meat on her, she can still be healthy and so it has given her the confidence to get out there and be that little bit more social with people, and I appreciate that ‘cause a 

parent can only do so much.” 

Changes made: families 

“They are now reading the back of everything I buy when it comes to their lunches, it’s really annoying and makes grocery shopping take ten times longer, but it helps now.  

And they’re like ‘oh mum this one’s got more sugar than this one, how about we opt for this?’. And variety now, so you know we are having more nuts and seeds in the 

lunches and adding more fruit and variety of foods, they’ve become a lot more keen to try new foods…the girls are quite keen now to get a little vege garden going. [They 

said] ‘it would be really cool if we grew lettuce and carrots’… because we have done planting vegetables here…and they took a little plant home so they have got little 

carrots growing at home at the moment.” 

“He is more aware of healthy foods, which is a benefit, especially an 8-year-old, you know, you’ll go to the dairy and he’ll pick a piece of fruit over a lolly which is quite 

handy.” 

“Yes, it’s a habit, rather than at the start it was more of a ‘do we have to’ attitude, it’s now like ‘mum do you really think you should be getting that?’ I’m like ‘now who’s 

parenting who?’, so yes.” 

 

 



 

 

Table S6: Recommendations from stakeholder and participant feedback for ongoing service development and potential transferability of the Whānau Pakari 

service 

 The healthy lifestyle Coordinator, physical activity Coordinator, dietitian, psychologist and paediatrician are all required roles within the multi-

disciplinary team.  

 The stakeholders and Whānau Pakari team are recommended to continue to work closely with Māori health providers in order to involve Māori expertise 

and support strong community linkages.  More Māori involvement as part of the service delivery team and at governance level is recommended. 

 Overall, the multi-disciplinary team worked well together and it is recommended that the service design for this aspect of the programme is continued, 

with its emphasis on strong communication, a cohesive team structure, fortnightly meetings, and clearly-defined responsibilities among the different team 

members. 

 Whānau Pakari must be located in a blended non-medical and health provider setting in order to achieve the programme’s strategic objectives of reaching 

and engaging with Māori families and providing clinical services to all participants effectively.  

 Home visits and the ‘demedicalisation’ of the delivered services are most likely critical to the success of Whānau Pakari and should continue to be a 

feature of the programme. 

 Offering different sessions by age group should be considered by stakeholders and the Whānau Pakari team in order to better target content. 

 The referral process worked well and should continue in its current form. 
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16 Is Whānau Pakari cost effective when compared with the 

prior conventional model of care?  

Economic evaluations are an important aspect of assessing new models of healthcare 

intervention. This chapter contains the manuscript reporting the economic evaluation 

of  Whānau Pakari compared with the prior conventional model of care.  

Submitted for consideration to Obesity Research and Clinical Practice. 

Anderson YC, Wild CEK, Cave TL, Domett T, Derraik JGB, Cutfield WS, et al. 

Evaluation of process and performance of  Whānau Pakari: a novel multi-disciplinary 

intervention for children and adolescents with obesity. Forthcoming 2017. 

The authors thank the participants of Whānau Pakari, and Taranaki District Health 

Board and Sport Taranaki for funding the clinical service, and support of the trial. We 

would like to acknowledge the input from the Kayla Fuller, and the data analyst team 

at Taranaki District Health Board. The opinions presented are those of the author(s) and 

do not represent any official view of Taranaki District Health Board or Sport Taranaki. 

16.1 Introduction 

The costs of obesity are not sustainable. A past meta-analysis has shown that the 

associations of overweight and obesity with higher all-cause mortality persist across 

Asia, Australia, Europe, North America, and New Zealand (NZ).44 Overweight and 

obesity were estimated to incur annual costs of NZ$720 to 850 million in health care 

and lost productivity for NZ in 2006.100 Recent NZ studies have established a high 

prevalence of weight-related co-morbidities, suboptimal eating behaviours, low 

physical activity, and potential psychological difficulties in children and adolescents 
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with obesity.223, 238, 265, 270 Effective, early, comprehensive assessments and 

interventions are therefore imperative for children and adolescents with obesity. The 

World Health Organization (WHO) recommends family-based, multicomponent 

lifestyle weight management services for children and young people with obesity.8 

Lifestyle interventions comprising of multicomponent sessions involving the parent and 

child, with 26 or more hours of intervention contact are likely to be of greatest benefit 

in terms of weight management in children and adolescents.284 However, multi-

disciplinary intervention programmes are often costly and complex to deliver.  

The home visit model has shown promising efficacy for management of paediatric 

obesity.138 Whānau Pakari is a home-based, multi-disciplinary obesity intervention 

programme for children and adolescents in Taranaki, NZ, specifically targeting high-

risk groups in this region in terms of obesity statistics, namely Māori (NZ’s indigenous 

population) and those from greater household deprivation.203 Taranaki is a mixed urban-

rural area of NZ, with a population of approximately 23,139 children aged 0-15 years, 

of whom 81% identify as NZ European (NZE), 28% as Māori, and 1% as other 

ethnicity.165 Whānau Pakari commenced in 2012 as a clinical trial delivering a 12-

month intervention, with 24-month follow-up. It evolved out of review of the previous 

model running in Taranaki, Green Prescription Active Families (GRxAF).177 GRxAF 

is a community-based health initiative designed to increase physical activity and 

improve nutrition in children and young people aged 5 to 18 years. It currently operates 

within 20 district health boards (DHBs) in NZ (DHBs fund and provide health services 

for the population within their geographical area). Compared to the previous standard 

of care, the Whānau Pakari service has achieved greater accessibility and 

appropriateness for high-risk groups struggling with childhood obesity, seeing over 

three times the number of participants per annum than the prior GRxAF programme, 

with over-representation from Māori and those from most deprived households 

compared with background population rates.177, 275 The Whānau Pakari randomised 

clinical trial has also shown a significant mean reduction in body mass index standard 
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deviation score (BMI SDS) with those who engaged in the service at the 12-month 

assessment from baseline (-0.12 low intensity control, -0.10 high intensity 

intervention).275 Attendance in the intensive intervention of ≥70% resulted in a change 

in BMI SDS of -0.22. Younger age and NZE ethnicity were positively associated with 

a greater reduction in BMI SDS.275  

Prior to Whānau Pakari, the population of Taranaki had a conventional model of care 

where children and adolescents with obesity were referred by their general practitioner 

(family physician) to the paediatric service. They were then seen in the medical clinic 

at the hospital, and referred to dietitians and GRxAF for nutrition and physical activity 

advice. Follow-up occurred with the paediatrician (approximately 6-monthly) and 

dietitian (approximately 3-monthly). When Whānau Pakari commenced, a clinical trial 

was embedded in the service (from January 2012 until August 2014).275  

To date, there have been no economic evaluations of multi-disciplinary intervention 

programmes (incorporating professionals from multiple areas of expertise) for children 

and adolescents with obesity in NZ. Prevention programmes of interventions at a 

community level (through schools) have been evaluated,285, 286 as has the Green 

Prescription (GRx) programme, an adult physical activity counselling programme for 

NZ primary care.170 International literature has shown mixed findings in terms of cost-

effectiveness of intervention programmes. ‘Families for Health’, a 10-week 

community-based family programme in the United Kingdom was found to be neither 

effective (nor cost-effective) when compared with usual care,287 although this was a 

notably short programme duration for a multi-disciplinary intervention, which may 

have affected outcome. Treating the parent or child alone is almost five times more 

expensive per unit of weight loss than family-based treatment.288 Unsurprisingly, in 

terms of intervention, family-based intervention in a group setting has been found to be 

more cost-effective than a mixed group plus individual format.289  
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The objective of this study was to determine the cost-effectiveness of the 12-month 

Whānau Pakari model, compared with the conventional model of care prior to 2012. 

16.2 Methods 

We conducted an economic evaluation, comparing Whānau Pakari, a multi-disciplinary 

intervention home-based programme delivered to children and adolescents with 

obesity, with conventional hospital-based care. The analysis was conducted from a 

health funder perspective, considering programme intervention costs only, with costs 

and BMI SDS analysed at an individual participant level at the 12-month follow-up 

time point. 

16.2.1  Study design and setting 

The Whānau Pakari trial was an unblinded randomised controlled trial with a 12-month 

intervention, with planned follow-up at 24 months and 5 years.203 Recruitment ran from 

January 2012 until August 2014. Children and adolescents from the Taranaki region 

aged 5-16 years with a body mass index (BMI) ≥98th centile (obese) or those >91st 

centile (overweight) with weight-related comorbidities40 were referred to Whānau 

Pakari by health professionals within the community, including public health nurses in 

schools and Māori health workers. Children with significant medical or psychological 

conditions that limited their ability to participate in physical activity, or who were 

identified as not ready to make lifestyle changes, were not eligible for the programme.  

Participants entered either the intensive intervention (n=100) or minimal intensity 

control (n=99) arm, herein referred to as the high intensity group and low intensity 

group respectively. Two participants were excluded prior to the 6-month assessment in 

the low intensity group, resulting in an n=97. Both groups received six-monthly home 

visits and assessments with advice from a healthy lifestyle Coordinator (replacing the 
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paediatrician hospital visit) at baseline, six, and 12 months. A multi-disciplinary team 

meeting review with paediatrician oversight to address any identified weight-related 

co-morbidities was held to discuss all assessments. Those in the high intensity group 

also participated in a 12-month multi-disciplinary programme with weekly group 

sessions during the school year delivered by a physical activity Coordinator, dietitian, 

and psychologist. Sessions occurred at community sporting venues, and incorporated 

family physical activity sessions (including introduction to various sports to find a 

participant’s interests), psychology sessions (discussing topics such as how to make and 

maintain healthy lifestyle change, and self-esteem), and dietary sessions (including 

virtual supermarket tours, cooking sessions, portion size, and the concept of healthy 

food). A home visit by the dietitian and physical activity Coordinator was also offered 

to the high intensity group within the first month.  

Ethics approval for the trial was granted by the Central Health and Disability Ethics 

Committee (NZ) (CEN/11/09/054). Written and verbal informed consents were 

obtained from all participants or their guardians for the trial. Trial registration was with 

the Australian NZ Clinical Trials Registry (ANZCTR: 12611000862943). 

In the conventional hospital-based model of working (prior to 2012 in Taranaki), 

children and adolescents were referred to a paediatrician and subsequently to a dietitian, 

and/or family-based exercise programme (GRxAF) as indicated. This model is still 

active in many regions in NZ. Psychologist input was only available through the child 

and adolescent mental health service. As the Whānau Pakari trial lacked a true control 

group representative of conventional care, a hospital-based conventional model 

comparator group was retrospectively created by applying trial criteria to patient 

records from a multi-centre audit of paediatric clinics.178 BMI SDS data at baseline and 

12-months were collected from two centres (one of which was Taranaki prior to 

Whānau Pakari).178  Exclusions were the same as the trial, namely those children with 

type 2 diabetes or impaired glucose tolerance on Metformin.  
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Baseline and 12-month data were available for 44 children who had received the 

conventional hospital-based model of care.  For this group a ‘did not attend’ (DNA) or 

dropout rate was estimated at 15%, which was the average of the overall medical clinic 

DNA rate (9%) and dietitian DNA rate (21%) across the Taranaki region during the 

same period as the Whānau Pakari trial. In order to create a DNA rate to be consistent 

with the Whānau Pakari trial, eight additional children were added to the conventional 

group, by randomly selecting children from the original cohort of 44, bringing the total 

number of children to 52. In line with Whānau Pakari attendance and potential drop out 

times in the conventional model, it was assumed that of the eight children, three children 

had baseline and three-month assessments, three had baseline and six-month 

assessments, and two had baseline assessments only. 

16.2.2  Measurement of outcomes 

The outcome measure for the economic evaluation was change in BMI SDS, 12 months 

from baseline. Height was measured using an average of three readings on a Seca 213 

portable stadiometer and weight was measured to 0.1kg using Seca 813 digital scales. 

BMI, BMI percentile and BMI SDS were calculated using UK Cole normative data,40 

on the uploadable KIGS auxology software (Pfizer Endocrine Care TM). Children who 

received a baseline assessment only were assumed to have no change in BMI SDS at 

12 months. We assumed that children who received a baseline assessment only were 

not likely to receive any benefit from the intervention, and therefore would have not 

reduction in their BMI SDS at 12 months (this may be an underestimate if the child’s 

BMI SDS in fact increased without intervention). Those who received baseline and 6-

month assessment only were assumed to have, at 12 months, half of the BMI SDS 

change at six months, assuming that some change in BMI SDS was likely to have 

occurred. For children who received at least a baseline and 12-month assessment, the 

full change in BMI SDS was recorded at 12 months.  
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16.2.3  Measurement of costs 

Costs were calculated for each model of care at the participant level using cost data 

from the Taranaki DHB for the 2015-16 year. Costs included all resources needed to 

deliver the programmes including administration and transport time, but excluded 

research costs associated with conducting the clinical trial  

Programme cost per individual child was adjusted based on attendance except where 

costs were fixed; for example, GRxAF in the conventional group, and group sessions 

in the high intensity group.  

16.2.4  Analysis 

Bootstrapping was used to estimate a distribution around costs and BMI SDS scores. 

As age and ethnicity were noted to have an effect on outcome in the Whānau Pakari 

clinical trial,275 a subgroup analysis was performed for children aged <10-years old, but 

was not performed for ethnicity because of the small numbers in the ethnicity 

subgroups. Analyses were conducted using Stata version 14 (StataCorp LLC, Texas, 

USA) and Microsoft Excel 2016 (Microsoft, Washington, USA). 

16.3 Results 

The demographic characteristics for children who received baseline assessments in each 

cohort (including imputed data for the conventional model) are shown in Table 16.1. 
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Table 16.1: Demographics of each cohort at baseline assessment.  

Variable 

Conventional 

(data from 2 

DHBs 

combined) 

Whānau 

Pakari: low 

intensity  

Whānau 

Pakari: high 

intensity 

N 52* 97 100 

Age (years) 9.5 (3.1) 10.5 (3.3) 10.8 (3.1) 

Sex ratio 

(females) 

42% 60% 50% 

Ethnicity‡     

Māori 23% 48% 47% 

NZ European 67% 42% 42% 

Other 10% 10% 11% 

BMI SDS 

baseline 

2.96 (0.64) 3.11 (0.58) 3.12 (0.59) 

*Including eight imputed. 

‡Prioritised ethnic group. 

Where appropriate, data are means and standard deviations. 

Not all participants in the Whānau Pakari trial completed baseline, six and 12-month 

assessments. Of the 99 children randomised to the low intensity group, two children 

were excluded from the trial, 21 children were assessed at baseline only, seven at 

baseline and six-months, five at baseline and 12-months, with a total of 64 receiving all 

three assessments (total n=97). Of the 100 children randomised to the high intensity 

group, 21 were assessed at baseline only, 10 at baseline and six-months, one at baseline 

and 12-months, with a total of 68 receiving all three assessments. 

The total cost per child for the conventional and Whānau Pakari trial groups are detailed 

in Table 16.2.  
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Table 16.2: Cost per child by cost category (2016 $NZ) 

 

Conventional  
Whānau Pakari: 

low- intensity  

Whānau 

Pakari: high- 

intensity 

Activity Cost per child 

Paediatrician 

 Baseline 

 6 months 

 12 months 

 

 416.96 

 161.06 

 212.54 

  

Dietitian‡ 

 Baseline 

 3 months 

 6 months 

 9 months 

 12 months 

 

 80.65 

 48.99 

 48.99 

 48.99 

 48.99 

  

GRxAF 

Coordinator†* 

Baseline 

Home visits over 12 

months 

Weekly activity 

sessions 

  

 85.83 

 466.33 

 248.64 

  

Healthy lifestyle 

Coordinator   

Baseline 

6 months 

12 months 

  

  

 

  

232.63 

122.26 

173.74 

  

232.63 

122.26 

173.74 

Dietitian plus 

physical activity 

Coordinator  home 

visit 

   194.25 

Multidisciplinary 

team meeting†† 

Baseline 

6 months 

12 months 

   

 

 

168.02 

168.02 

168.02 

 

168.02 

168.02 

168.02 

Keyworker meeting 

and follow-up* 
    13.04 

Dietitian group 

session*  
   158.85 

Psychology group 

session*  
   116.21 
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Physical activity 

Coordinator group 

session*  

   297.47 

Total cost per 

child 
1,867.97 1,032.69 1,812.51 

† GRxAF Coordinator equivalent of physical activity Coordinator in Whānau Pakari. 

* Fixed cost per child regardless of attendance. 
†† Paediatrician, dietitian, psychologist, and health development advisor assessment time included in 

multidisciplinary team meeting cost. Fixed costings irrespective of baseline or follow-up appointments 

as not possible to accurately separate time-flow. Average of 13.4 patients discussed per multi-disciplinary 

team meeting (1 hour). 

 

Programme costs included non-patient contact time such as travel time per staff 

member, transport costs, administration time (booking of appointments, filing, 

completion of clinical record), preparation time, follow-up phone calls, overheads, as 

well as actual patient contact time.  

The summary results of the economic evaluation are presented in Table 16.3.  

 

 

 

 

 



16 Is Whānau Pakari cost effective when compared with the prior conventional model of care? 

227 

Table 16.3: Cost-effectiveness results (2016 $NZ) 

 

Mean 

BMI SDS 

reduction 

Mean 

cost† ($) 

Incremental  

BMI SDS 

reduction 

(95% CI) 

Incremental costs 

($)  

(95% CI) 

All children     

Conventional 

(n=52) 

0.05 1798.12   

Low 

intensity 

(n=97) 

0.08 859.22 0.03  

(-0.08, 0.13) 

̶ 938.90  

( ̶1006.54, -872.16)* 

High 

intensity 

(n=100) 

0.08 1642.70 0.03  

(-0.07, 0.13) 

̶ 155.42  

( ̶218.82,  ̶88.53)* 

Age < 10 

years 

subgroup 

    

Conventional 

(n=31) 

0.11 1795.98   

Low 

intensity 

(n=40) 

0.17 873.39 0.06  

( ̶0.11, 0.24) 

̶ 922.59  

( ̶1027.25,  ̶ 828.26)* 

High 

intensity 

(n=42) 

0.17 1674.62 0.06  

( ̶0.09, 0.21) 

̶ 121.36  

( ̶216.20,  ̶ 23.05)* 

† Mean costs are based on attendance, and therefore differ from total costs in Table 16.2. 

* p<0.05. 

 

Both the low intensity and high intensity Whānau Pakari groups had a 0.03 greater mean 

BMI SDS reduction than the conventional group and at a significantly lower mean cost 

per child (NZ$938.89 less for the low intensity group and NZ$155.41 less for the high 

intensity group). In the subgroup analysis, children under 10 years of age had a greater 

mean BMI SDS reduction of 0.06 in both the low and high intensity groups compared 

with the conventional group, at a significantly lower mean cost (NZ$922.59 less and 

NZ$121.36 less respectively).  
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16.4 Discussion 

The key finding of this economic evaluation is that both the high and low intensity 

interventions in the Whānau Pakari programme delivered a lower cost per patient 

intervention, with similar outcomes when compared with the previous conventional 

model. These findings are encouraging, as the clinical trial achieved increased reach 

and initial engagement in high-risk groups within the region.275 Secondly, this 

evaluation demonstrates that a model of health care, which is home-based, family-

centred, that aims to address issues of accessibility and appropriateness to reduce health 

inequalities does not necessarily cost more. This is in contrast to a recent economic 

evaluation of a UK-based randomised controlled trial where there was no difference in 

change in BMI SDS at 12 months with a tailored intervention, and costs were higher 

for the intervention compared with usual care.287  

One aspect that cannot be reflected in the economic evaluation is scalability. Whānau 

Pakari as a service has, since its inception, received over 700 referrals (approximately 

115 patients per annum, compared with ~25 per annum in the conventional hospital 

model in Taranaki prior to 2012) for a background population of approximately 23,139 

children aged 0-15 years.165 The total full-time equivalents across all health 

professionals for the service are 2.85. There has been no waitlist for initial engagement 

and assessment to date. The conventional model in Taranaki would not be able to 

manage this number of referrals, and would require many more paediatrician and 

dietitian full-time equivalents to manage this workload. Whānau Pakari has proven to 

be a less resource-intensive model than the previous conventional model, and its 

strength is that the trial is linked to a functioning clinical service model. The multi-

disciplinary team acts as a form of triage, so paediatrician time is not spent on children 

who do not require medical assessment or on referrals for weight-related co-

morbidities, and over four times the number of patients can be reviewed with a similar 

time commitment. Access and appropriateness of the conventional model for high-risk 
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groups are also issues in terms of achieving health equity, a stated priority of the NZ 

Health Strategy.112  

Some have argued that primary care is best placed to provide paediatric obesity 

assessments.117 If this is the case, and if primary care could provide an equivalent 

service at a cost lower than Whānau Pakari where assessments are carried out by a 

multi-disciplinary team, then further efficiencies could be achieved. However, the 

WHO states that health professionals need appropriate training on all aspects of 

childhood obesity,8 and in NZ, this is only beginning. Encouragingly, since the 

introduction of free medical appointments for children aged less than 13 years in NZ, 

the prevalence of GP visits in the past 12 months were found to be similar in different 

ethnic groups and level of household deprivation in the 2015/2016 NZHS (n=4,721).99 

However, Māori children were 1.3 times more likely to experience unmet need at a 

primary healthcare level, and parents of Māori children less likely to have confidence 

and trust in the GP who their child last visited compared with parents of non-Māori 

children.99 These inequities would need to be addressed for a primary care based 

solution to be successful.  

It is difficult to achieve identification and management of weight-related co-morbidities 

with short consultation lengths in the GP setting, unless repeated visitations are planned. 

Whilst GPs need to be heavily involved with children and families during the life course 

in primary care, training an entire workforce in obesity management in each country to 

a level able to address weight-related comorbidities adequately is unlikely to be feasible 

given time constraints. Consistent with this hypothesis, a pilot obesity programme for 

children aged six to 12 years in primary care in the US showed that 83% of participants 

did not complete follow-up at nine to 15 months, and there were barriers to success 

including lack of reimbursement of practitioners for screening and implementation.290 

The pilot also highlighted the need to develop culturally appropriate interventions. Thus 

a model where a short period of involvement with a trained multi-disciplinary team with 
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access to specialist input to support the primary care workforce would seem a more 

feasible model for paediatric obesity. This is supported by the US Preventive Services 

Task Force, which recommend clinicians refer children and adolescents to 

comprehensive, intensive behavioural interventions.125 Whānau Pakari has the added 

benefit of providing both assessment and individualised intervention within the same 

service in a community setting. 

The strengths of this evaluation are that it assesses ‘real-world’ service provision, and 

uses accurate costings obtained in collaboration with the health funder. It utilises BMI 

SDS to determine efficacy of the interventions, which is a preferred measure of change 

in weight status in children as adjustment of BMI is made for age and gender. The 

results support a model that addresses the needs of the population, and improves health 

equity in terms of increased reach and initial engagement. Importantly, Whānau Pakari 

incorporates the cost of both a multi-disciplinary assessment (including full medical 

assessment of weight-related co-morbidities) by a health professional trained in the 

assessment of children and adolescents with obesity, and a multi-disciplinary 

intervention. This enables weight-related co-morbidities as well as healthy lifestyle 

change to be addressed in the first home-based appointment, with ongoing continuity 

with the same team. This is important when health equity is considered as initial 

interactions are critical; an international systematic review reported dropout rates of 65-

67% of ‘black’ participants in paediatric weight-management interventions, compared 

with 22-27% in ‘white’ participants.129 Whānau Pakari also has the benefit of being 

family-based, and this approach has been shown to provide a lower cost per unit of 

weight loss for parents and children compared with treating the parent and child 

separately.288 It is a model that is also more likely to address the inter-generational 

nature of obesity.8 It has been established that psychology input is a necessary 

component of any intervention for children with obesity moving forward, and this cost 

is included in the Whānau Pakari model.270 
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The major limitation of this study was that this economic evaluation was not 

prospectively planned. The trial lacked a true control group that represented 

conventional care. Therefore, we had to retrospectively create a hospital-based 

conventional model comparator group by applying Whānau Pakari trial recruitment 

criteria to patient records from a multi-centre audit of paediatric clinics.178 The loss to 

follow-up was also estimated for this group. Thus, inferences from this (and the 

subgroup analyses for younger children, which were not pre-specified) should be 

interpreted with caution. 

While every effort was made to include all service-related costs for the three groups, 

the cost per patient may not be equal to the economic cost of running each service. The 

nature of this evaluation meant direct observational ‘time and motion’ studies/self-

reported diaries to record staff time were not possible, however this was undertaken 

retrospectively. Also, societal and other healthcare costs (beyond the programme 

assessment and intervention costs) were not recorded such as the cost to families of 

travelling to appointments.  

This evaluation specifically compared the conventional model with both arms of the 

clinical trial in Whānau Pakari. The service itself has evolved since the trial, with 

modifications from the findings. Efficiencies have been achieved by a rolling entry 

model, so if a family withdraws from the programme, another replaces them without 

additional cost, and increasing capacity of the intervention model. Whilst all families 

are offered the high intensity model, this may not work for the family or be appropriate 

for the child or adolescent. Age-appropriate intense interventions, and a 6-month rather 

than 12-month intervention (which will halve group session costs) are currently being 

piloted. The six-month programme was initiated given the waning attendance in the 

second six months.275 However, the programme still contains a 12-month assessment 

to provide long-term support, and the ability for families to stay longer than six months 
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if they feel they are still gaining benefit. Therefore, the Whānau Pakari model allows 

for a flexible approach to children and adolescents with obesity.  

As with any study, it is not possible to generalise our findings beyond the study 

population. This is likely to be one of the reasons a mixed picture exists in terms of the 

cost implications of the increasing prevalence of childhood obesity.291 It is possible that, 

as with previous interventions, the sustainability of improvements in BMI SDS may not 

be demonstrated over time.123 However, even if the BMI SDS reduction was less at 24-

months and 5-years when compared with the 12-month outcomes, given Whānau Pakari 

has demonstrated superiority in terms of cost, scalability, and improvements in health 

outcomes for Māori, the authors would still recommend this model of care for child and 

adolescent obesity intervention in Taranaki moving forward. Indeed, even interventions 

that have not resulted in a significant reduction in BMI have still been found to be cost-

effective when compared with a ‘no-intervention’ control group.292  

In conclusion, Whānau Pakari is a cost-saving intervention at 12 months for children 

and adolescents with obesity when comparing programme costs with the previous 

hospital-based conventional model. Long-term outcome data from Whānau Pakari will 

assist with decision making for the service.  
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17 Readiness for change does not predict outcome in a child 

and adolescent obesity intervention programme 

Assessing a participant’s psychological ‘readiness’ to make healthy lifestyle change is 

an aspect of any lifestyle consultation. If a participant or committed family member’s 

readiness to make changes could predict outcome in an intervention programme, 

healthcare utilisation could potentially be directed where it was most likely to have an 

effect. This chapter contains the manuscript evaluating whether readiness for change 

predicted outcome in Whānau Pakari.  

Submitted for consideration of publication to Archives of Disease in Childhood. 

Anderson YC, Dolan GMS, Wynter LE, Treves KF, Wouldes TA, Grant CC, et al. Does 

readiness for change predict outcome in obesity intervention programmes? 

Forthcoming 2017. 

17.1 Introduction 

Assessing a participant’s psychological ‘readiness’ to make lifestyle change is part of 

any consultation in clinical practice regarding changes in health. However this is an ill-

defined process, and usually qualitative in nature. Historically, readiness for change 

(RFC) has been utilised qualitatively in some obesity services. It is a concept that has 

developed from the transtheoretical model defining stages of behavioural change 

around addiction.141 When deciding to undertake behavioural change, an individual 

moves through defined stages at different rates and not always in a linear fashion. 

Precontemplation is the stage where an individual can be described as feeling they ‘do 

not have a problem’. Contemplation is when the individual acknowledges they ‘may 
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have a problem’. Preparation – the individual acknowledges they ‘may have a problem 

and need to do something’. Action – ‘I will try these changes’. Maintenance – ‘The 

changes I have made are now part of what I do’.141 

The transtheoretical model has been used to assess individual’s motivation for smoking 

cessation.180 Various tools based on the original RFC questionnaire directed towards 

excessive alcohol use have been trialled in the obesity setting.142-144 However, the utility 

of RFC for obesity services remains unclear, and it is too simplistic to expect that every 

individual would move through these stages in a similar fashion. Little has been 

reported about the efficacy of RFC assessment in relation to outcome in 

children/adolescents with obesity, and whether an individual’s readiness in the 

‘snapshot’ situation of an assessment translates to persistent motivation to make 

lifestyle change over time. However, previous studies have highlighted the importance 

of tailoring interventions to the individual stage of change rather than treating all 

participants as if they are in preparation or action stages.143 Past international clinical 

practice guidelines and reviews have recommended the importance of health care 

professionals assessing readiness and barriers to change prior to implementing any 

healthy lifestyle plan for weight management.293-295 

A parent’s readiness is a key factor in a child or adolescent’s success in making and 

maintaining lifestyle changes. Factors associated with being at a greater degree of RFC 

in one study were having an overweight or older (≥8 years) child, believing their own 

weight or their child’s weight was above average, and perceiving that their child’s 

weight was a health problem.144  

Clinician assessment of RFC is usually qualitative. However, if a quantitative tool could 

determine the likelihood of healthy lifestyle change at initial assessment, this would 

potentially allow prioritisation of health resources where they are most likely to lead to 
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positive outcomes.203 Given the complexity of behaviour change as it relates to obesity, 

the original RFC questionnaire142 would require modification and expansion to include 

questions regarding eating behaviour, attitude towards weight, and physical activity 

behaviour. Confidence to make changes in physical activity and eating behaviour would 

also need consideration.   

A previous audit of a healthy lifestyle initiative in New Zealand (NZ) found there was 

a need to assess RFC of families prior to programme commencement, as it was not 

uncommon for the Coordinator to visit an empty house, impacting on the use of valuable 

resource.177 A new model was created, which incorporated assessment of readiness to 

make healthy lifestyle change.203 The service created and named ‘Whānau Pakari’, is a 

multi-disciplinary intervention programme for children/adolescents with obesity, with 

a randomised clinical trial (RCT) embedded within the service to assess outcomes.203 

The results of the RCT showed a mean change in body mass index (BMI) standard 

deviation score (SDS) at 12-months from baseline of -0.12 in the low intensity control 

group (6-monthly assessments and advice), and -0.10 in the high intensity intervention 

group (weekly group sessions with 6-monthly assessments and advice).275 However, if 

≥70% attendance was achieved in the high intensity intervention, the effect was doubled 

(-0.22 SDS).275 The purpose of this study was to evaluate assessment of RFC as a 

predictor of outcome and attendance in Whānau Pakari. Further, we report on the utility 

of a quantitative RFC questionnaire in predicting outcome. 

17.2 Methods 

The rationale and study design for the Whānau Pakari trial have been previously 

reported, as have 12-month outcomes.203, 275 In brief, the RCT compared a 12-month 

intensive intervention with a minimal intensity control, with 6-monthly follow-up, 

conducted in Taranaki, NZ. For the purposes of the study, given we were interested in 
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stage of change in relation to outcome, only participants in the intensive intervention 

arm were included. Ethics approval for the trial was granted by the Central Health and 

Disability Ethics Committee (NZ) (CEN/11/09/054). Written and verbal informed 

consents were obtained from all participants or their guardians. Trial registration was 

with the Australian NZ Clinical Trials Registry (ANZCTR: 12611000862943). 

Whānau Pakari was a novel home-based ‘demedicalised’ model (no hospital visits, with 

a comprehensive weight-related medical assessment in the home) that was family-

centred. The assessment included dietary, physical and psychological review, with 

assessment of RFC.  

At the end of the baseline assessment, two assessments of RFC were undertaken. The 

healthy lifestyle Coordinator’s qualitative judgement of stage of change, ranked pre-

contemplation, contemplation, and preparation/action for child (if >11 years of age) and 

committed family member was recorded first. For comparative analysis, preparation 

was merged with action, resulting in three possible stages of change. The trial-designed 

questionnaire was completed by the child (if >11 years of age) and another version of 

the questionnaire for the family member (in every participant).  

Taranaki has a population of approximately 23,139 children aged 0-15 years, of whom 

81% identify as NZ European (NZE), 28% as Māori, and 1% as other ethnicity (multiple 

ethnicities possible).165 Eligible participants (recruited January 2012 to August 2014) 

were aged five to 16 years, and had a BMI ≥98th centile or BMI >91st centile with 

weight-related comorbidities.40 BMI percentile and BMI SDS were calculated as per 

UK Cole normative data, using the KIGS auxology software (Pfizer Endocrine Care 

TM).152 One aspect of eligibility was being pre-contemplative or above on the RFC 

scoring. We purposely set the bar low (i.e. below the preparation/action level) to assess 
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whether degree of RFC predicts outcome;203 only those not ready to make lifestyle 

changes were excluded. 

17.2.1  RFC as a dichotomous measure 

The RFC questionnaire was based on Rollnick et al.’s original readiness to change 

questionnaire,142 which we modified to focus on beliefs around weight, eating habits, 

and activity levels. A 5-point Likert scale was used. Given the complexity of obesity, 

additional questions were added to the original questionnaire, resulting in a 21-item 

child/adolescent questionnaire and a 27-item questionnaire for the family member, with 

6 extra questions related to attitudes/behaviour of the wider family unit. The 

questionnaire was tested for understanding and comprehension in a randomly selected 

cohort of clinic patients prior to trial commencement, who were underweight, normal 

weight, and overweight. This pilot testing found the questionnaire was acceptable for 

use (i.e. underweight children were scored pre-contemplative).  

Questions were reverse keyed in their language to negate the need to reverse the pre-

contemplative scaled score when comparing the three scores for each stage of change 

with each other. Scoring was undertaken, which calculated the sum totals for each stage 

of change (pre-contemplation, contemplation or action), divided by the number of 

questions asked to obtain an adjusted score for each stage of change. The highest 

adjusted score was then designated as the stage of change of the child/adolescent or 

family member. If there were two equal scores, the stage furthest along the scale was 

taken as the designated stage of change as per the original RFC questionnaire.142  

17.2.2  RFC as a continuous variable 

For RFC, we undertook analysis both assigning a stage of change as per the Prochaska 

and DiClemente Stages of Change Model,180 and also utilising the scores as a 
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continuous RFC variable for the family member questionnaire.296 Transposition of the 

original family member scores was undertaken from -2 to +2 to a Likert scale of 1 to 5. 

The scores were then summed for each subscale. The same model for obtaining the 

continuous score has previously been used with the University of Rhode Island Change 

Assessment Scale (URICA) questionnaire.297 The continuous score was obtained by 

adding the transposed contemplation and action subscale scores and then subtracting 

the transposed precontemplation subscale score. 

17.2.3  Data analyses 

Cronbach’s alpha was used to establish the reliability of the quantitative RFC 

questionnaire. Confirmatory factor analysis was used to examine convergent and 

discriminant validity.  

The agreement between qualitative and quantitative assessments were examined using 

Spearman's rank (ρ) and Kendall's (τ) correlation coefficients. Generalised linear 

regression models were used to compare study outcomes in the children according to 

the family member's state of change (pre-contemplation/contemplation vs action). 

Models were adjusted for child/adolescent's ethnicity, gender, age at assessment, level 

of socioeconomic deprivation, as well as the respective parameter at baseline. Statistical 

analyses were performed in Minitab v.16 (Pennsylvania State University, State College, 

PA, USA) and SAS v9.4 (SAS Institute, Cary, NC, USA). All statistical tests were two-

tailed with a significance level maintained at p<0.05. 

17.3 Results 

A total of 102 participants were randomised to the intense intervention arm. The flow 

of participants through the trial has been previously reported.275 Two participants were 
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excluded after randomisation, due to new medical diagnoses likely to affect weight 

status. Of the remaining 100, one participant relocated, never attending a session, and 

three had longer attendance than offered in the intervention, leaving 96 participants with 

complete attendance data. Table 17.1 shows the baseline characteristics of the 

participants. 

Table 17.1: Baseline characteristics of the 96 intervention participants with complete attendance 

data 

  Intervention 

N  96 

Age (years)  10.7 (3.07) 

Sex ratio females (n, %)  48 (50.0%) 

Ethnicity (n, %)† Māori 45 (46.9%) 

 New Zealand European 40 (41.7%) 

 Other 11 (11.5%) 

Anthropometry BMI (kg/m2) 29.6 (6.11) 

 BMI SDS 3.11 (0.59) 

Deprivation index 

(quintile) ‡ 

1 (least deprived) 14 (14.6%) 

 2 19 (19.8%) 

 3 17 (17.7%) 

 4 22 (22.9%) 

 5 (most deprived) 24 (25%) 

Accompanying adult Mother 74 (77.1%) 

 BMI (kg/m2) § 32.6 (7.26) 

 BMI ≥ 30 kg/m2 (obese) § 56 (61.5%) 

Living arrangements¶ Two-parent household 52 (55.9%) 

 One-parent household 37 (39.8%) 

 Other 4 (4.3%) 

Abbreviations: BMI, body mass index. 
†Prioritised ethnic group. 

‡Quintiles of level of household deprivation based on the NZ Deprivation Index 2006.186 
§ Parameter was measured where consented to (n=91), otherwise not included  
¶n=93. 
Age and body mass index (BMI) data are means and standard deviations. 
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17.3.1   Reliability 

Reliability of the RFC questionnaire (family member and child/adolescent) using 

Cronbach’s alpha was 0.62 for the child/adolescent questionnaire, and 0.65 for family 

member questionnaire.  

Statistically, there was no evidence of an agreement found between the family member's 

and child/adolescent's questionnaires as per Kendall’s correlation coefficient (τ=0.60; 

p=0.11). However, scores from the family member's questionnaire and qualitative 

assessment were positively correlated (ρ=0.28; p=0.005) and showed moderate 

agreement (τ=0.64; p=0.033). Similarly, the child/adolescent's questionnaire and 

qualitative assessment scores were also correlated (ρ=0.38; p=0.012), with some 

evidence of moderate agreement (τ =0.69; p=0.051).  

17.3.2   Attendance 

The quantitative RFC questionnaire for the family member was used for all analyses of 

outcome, as these were available for the entire cohort. In multivariate analyses, there 

was no association between quantitative stage of change of the family member and 

attendance overall in the intervention (n=96, p=0.55).  

For the qualitative assessment of RFC of the family member, overall attendance was 

greater for the pre-contemplation/contemplation than in the action group (49.6% vs 

36.5%; p=0.009). In addition, the greater the level of household deprivation, the lower 

the attendance at the intervention overall (p=0.004), while mean attendance was greater 

among NZ Europeans compared to non-Europeans (49.5% vs 36.6%; p=0.003).  Further 

analyses were based on the quantitative measure of RFC. 
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17.3.3   Outcome 

Of the 96 participants, 67 had attendance data and assessment data at 12 months.  

Table 17.2 shows association of quantitative stage of change (family member) at 

baseline assessment and outcome at 12 months. 
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Table 17.2: Change at 12 months from baseline in association with the quantitative SOC of 

committed family member at baseline (Pre-contemplation/Contemplation vs Action) 

Pre-

contemplation/ 

Contemplation* 

Action P-

value‡ 

N 21 47  

     Primary outcome    

BMI SDS -0.08 (-0.18, 0.03) -0.16 (-0.27, -0.05) 0.27 

     Secondary outcomes    

Waist circumference (cm) 2.7 (0.9. 4.6) 1.5 (-0.54, 3.45) 0.36 

Number of breakfasts eaten 0.1 (-0.4, 0.7) 0.2 (-0.5, 0.8) 0.95 

Servings fruit/vegetables per 

day 
1.2 (0.6, 1.8) 0.7 (0.03, 1.3) 0.24 

Sweet drinks per day (ml) -126 (-191, -62) -191 (-261, -121) 0.20 

550-m walk/run time (minutes) -0.46 (-0.65, -0.27) -0.49 (-0.69, -0.29) 0.84 

Actual steps per day -403 (-1319, 513) 203 (-890, 1296) 0.41 

Actual moderate-intensity to 

very vigorous physical activity 

per day (minutes)  

-9.0 (-17.6, -0.3) 7.2 (-3.1, 17.5) 0.03 

Total reported activity per day 

(minutes) 
19.9 (-7.8, 47.5) 24.7 (-5.5, 54.9) 0.82 

Reported screen time per day 

(minutes) 
-21.1 (-53.2, 10.9) -16.8 (-51.4, 17.8) 0.86 

Total generic scaled score – 

child  
7.4 (3.0, 11.8) 8.0 (3.2, 12.7) 0.87 

Total generic scaled score – 

parent 
7.7 (1.8, 13.5) 9.2 (2.8, 15.6) 0.74 

CBCL internalising raw score -3.4 (-5.6, -1.2) -3.2 (-5.5, -0.8) 0.89 

CBCL externalising raw score -2.0 (-4.3, 0.3) -3.1 (-5.6, -0.6) 0.52 

CBCL total raw score -8.5 (-14.9, -4.8) -11.7 (-18.5, -4.8) 0.52 

HbA1c (mmol/mol) § -0.29 (-1.69, 1.10) -0.80 (-2.25, 0.66) 0.63 

Fasting insulin (pmol/L) ¶ 7.4 (-24.4, 39.1) -9.45 (-42.4, 23.5) 0.48 

*Data are means and 95% confidence intervals adjusted for child/adolescent's ethnicity, gender, level of 

deprivation, age at assessment and the respective parameter at baseline. 
‡P-value for a difference in change from baseline between pre-contemplation/contemplation and action 

groups. 
§n=51. 
¶n=56. 

The family member's state of change was not associated with the child/adolescent's 

ethnicity (p=0.54), gender (p=0.71), level of household deprivation (p=0.88), or age at 

assessment (p=0.10). This was also seen for the qualitative stage of change in the family 
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member (p=0.63; p=0.55; p=0.08; and p=0.59, respectively). 

17.3.4   Readiness for change as a continuous measure 

Greater scores on RFC in the family member were not associated with changes in 

primary outcome or with key secondary outcomes assessed (data not shown).  

17.4 Discussion 

This study found that stage of change of the accompanying adult on quantitative 

assessment at baseline was not a predictor of primary or secondary outcomes, or overall 

attendance in a multi-disciplinary intervention programme for children and adolescents 

with obesity. This is important, given that attendance was found in the intensive 

intervention to have a doubling of effect in terms of BMI SDS reduction.275 Deprivation 

and ethnicity did not affect readiness for change in the family member. The quantitative 

questionnaire showed acceptable reliability.  

It was not surprising that stage of readiness to make lifestyle changes was not a good 

predictor of outcome. While readiness models have shown promise in child obesity 

pilot programmes,298 it is clear that acknowledgement of child obesity as a problem by 

the individual and family members is essential for lifestyle change to occur.144 The stage 

of change model however, is a snapshot in time, and does not necessarily represent 

future behaviour.  

The actions of parents and their stage of change are inherently linked to outcomes for a 

child; a study of 142 families found that changes in parental BMI SDS significantly 

predicted child’s BMI SDS change at 0-6 and 0-24 months in a family-based 

intervention.299 However, the situation is complex; a recent study showed that children 
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whose parents perceive them to be overweight are more likely to have negative views 

about their own body size, and are more likely to be trying to lose weight. In these 

children, a counterintuitive association between parents’ perceptions of their children 

as being overweight, and subsequent weight gain in those children was found.145 It was 

previously observed that several demographic factors and personal perceptions are 

associated with a parent’s readiness to assist with their child’s weight status.144 These 

findings highlight that in any multi-disciplinary intervention programme, healthy 

lifestyle change needs to be the focus, rather than concepts of weight or obesity.  

Theoretical weaknesses have been identified when treating RFC scoring as 

dichotomous variables, therefore a continuous RFC variable has been favoured.142, 296 

However, this approach did not alter our results.  

Whilst the transtheoretical model based on RFC offers a comprehensive framework, 

assessment instruments, such as the URICA, the S-Weight/P-Weight, and the 

Decisional Balance Inventory (DBI) offer practical applications.297 Review of these 

measures found the S-Weight/P-Weight to be the most efficient, providing stage of 

change and the process of change an individual is using.297 The S-Weight consists of 5 

items assessing stage of change, with the P-Weight having 34 items measuring four 

processes of change: emotional re-evaluation, weight management actions, 

environmental restructuring, and weight consequences evaluation.297 These were 

created by international expert consensus.300 However, to our knowledge, such 

instruments are not available for use in both parents and children.  

Strengths of this study include the use of both qualitative and quantitative assessments 

of RFC. Due to the high representation from indigenous populations and those from the 

most deprived households, robust analysis in terms of ethnicity and deprivation were 

possible. Limitations of this study include lack of measurement of self-efficacy, and 
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overall confidence to make changes. Confidence in making changes in physical activity 

and eating behaviour were included in both quantitative questionnaires, however. The 

assessments have not been used previously, and sample size was also relatively small. 

It had been hoped that, if the RFC measure provided a reliable and valid measure of 

outcome success, then development of paired interventions around motivation for 

change for those in earlier stages of change, followed by direct interventions for those 

in later stages could achieve less programme dropout.203 This would lead to a more 

efficient and cost effective utilisation of limited resource. However, this was not the 

case.  

In conclusion, assessment of RFC in this multi-disciplinary intervention for 

children/adolescents with obesity was not a successful predictor of outcome or 

attendance. Whilst expert panels are recommending determination of a family’s 

readiness for change in the overall psychosocial assessment of a child with obesity,295 

this process remains ill-defined. Future research needs to determine participants’ factors 

for success in making healthy lifestyle changes. 
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18 Cognitive function is not associated with BMI SDS in 

children with obesity 

It is well recognised that obesity affects cognitive function in adulthood, however this 

is less well established in children, and it also remains unclear as to whether reductions 

in BMI SDS may improve cognitive function. This chapter contains the manuscript 

evaluating whether a reduction in BMI SDS leads to an improvement in cognitive 

function within children participating in Whānau Pakari.  

Submitted for consideration of publication to Obesity. 

Anderson YC, Dolan GMS, Wynter LE, Kirkpatrick K, Wouldes TA, Grant CC, et al. 

Changes in weight status and cognitive function in children and adolescents with 

obesity. Forthcoming 2017. 

18.1 Introduction 

It is recognised that obesity is associated with adverse neurocognitive outcome in 

adults.46 In simple terms, the relationship between obesity and brain function relates to 

executive function – or self-regulatory cognitive processes associated with monitoring 

of thought and goal-related behaviours.76 These effects appear to be modifiable; a 

systematic review and meta-analysis of twenty studies found weight loss was associated 

with a significant improvement in performance across various cognitive domains in 

adults.77  

The relationship between body mass index (BMI) and cognitive function in children 

and adolescents is not so well established.78 Poorer educational outcomes have been 
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found to be associated with increased weight status in American children.301 However, 

the existing data are somewhat conflicting, with a longitudinal study showing that 

increase in weight in American children during the first four years in school is a 

significant risk factor for adverse school outcomes for girls, but not boys.302 

Conversely, an Australian longitudinal dataset linked to assessments in math and 

literacy found obesity and BMI were negatively related to school achievement for boys, 

but not girls.303 An American longitudinal study of 2-8-year-olds followed for six years 

found no evidence of a causal relationship between child obesity and cognitive 

performance.304 Age may be a factor altering the association between weight and 

cognitive function, with overweight and obese infants showing lower cognitive and 

motor development when compared with normal-weight peers.305 Nonetheless, a 

further large systematic review found that overall, obesity in youth is associated with a 

decrease in executive function and poorer school performance in the long-term.75  

A Cochrane systematic review found that, compared with a standard school routine, 

multi-component lifestyle interventions targeting healthy diet and lifestyle education 

led to small improvements in overall school achievement in overweight and obese 

children.306 A recent study of 12-year-old Danish overweight children who participated 

in an intervention found improvements in visuospatial construction skills at 6 weeks, 

and emotional control and monitoring at 52 weeks.307 However, these findings were not 

reported in relation to any change in BMI standard deviation score (SDS).  

Whānau Pakari is a multi-disciplinary intervention programme for children and 

adolescents with obesity. Embedded within the service was a randomised clinical trial 

assessing the effects of the intervention on BMI SDS as the primary outcome 

measure.203 The purpose of this study was to determine whether BMI SDS was 

associated with cognitive function. Further, we aimed to determine whether a reduction 

in BMI SDS would lead to an improvement in cognitive function (as assessed by tests 

of fluid reasoning, achievement, intelligence quotient (IQ) and cognitive skills). 
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18.2 Methods 

The rationale and study design for the Whānau Pakari trial have been previously 

reported, as have the 12-month outcomes of the trial.203, 275 In brief, the unblinded 

randomised controlled clinical trial compared a 12-month intensive intervention with a 

minimal intensity control (receiving comprehensive assessments and advice), with 6-

monthly follow-up for 2 years, conducted in Taranaki, New Zealand (NZ). For the 

purposes of this study, we enrolled participants who had consented to take part in 

Whānau Pakari into ‘Healthy Brains’, and given we were interested in BMI SDS 

reduction rather than the nature of the intervention, both groups (control and 

intervention) were eligible. Ethics approval for the overall trial was granted by the 

Central Health and Disability Ethics Committee (NZ) (CEN/11/09/054). Written and 

verbal informed consents were obtained from all participants or their guardians. Trial 

registration was with the Australian NZ Clinical Trials Registry (ANZCTR: 

12611000862943).  

Whānau Pakari was a novel home-based ‘demedicalised’ model (no hospital visits, with 

a comprehensive weight-related medical assessment in the home). The assessment 

included dietary, physical and psychological review, with assessment of readiness for 

change.203  

The Taranaki region has a population of approximately 23,139 children aged 0-15 

years, of whom 81% identify as NZ European (NZE), 28% as Māori, and 1% as other 

ethnicity (multiple ethnicities possible).165 Eligible participants (recruited June 2013 to 

June 2015) were aged five to 16 years, and had a BMI ≥98th centile or BMI >91st centile 

with weight-related comorbidities.40 However, enrolment of patients who were five 

years old was deferred until six years due to normed scores for cognitive assessments 

commencing at six years of age. BMI percentile and BMI SDS were calculated using 

UK Cole normative data, using the KIGS auxology software (Pfizer Endocrine Care 
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TM).152 Participants were referred to Whānau Pakari by a wide range of professionals. 

Participation in the Healthy Brains Study was offered to all participants of Whānau 

Pakari at baseline from June 2013. The Healthy Brains assessment occurred within six 

weeks of baseline assessment.  

18.2.1   Assessment materials 

Dependent variables of cognitive functioning were assessed as part of the Healthy 

Brains Study at baseline and 12 months. Participants were assessed in their home or at 

school depending on the preference of the legal guardian. Duration of assessment was 

approximately one hour. Each assessment started with: i) the Ravens Matrices,308 then 

ii) the Wide Range Achievement Test-fourth edition (WRAT4)309 in the order: word 

reading, sentence comprehension, spelling and mathematics, and iii) subtests from the 

Wechsler Intelligence Scale for Children – Fourth Edition (WISC-IV)310 provided 

scaled scores for working memory and processing speed. 

     Raven’s Standard Progressive Matrices (SPM) 

Raven’s SPM is an instrument originally designed to measure the educative aspect of 

Spearman’s ‘g’308 and is used to provide an estimate of fluid reasoning ability.  The 

SPM is made up of sixty questions divided into five sets of twelve. Each question is 

made up of a pattern, which has a section missing, and the participant is required to 

identify the missing part from a range of options provided below the stimulus.308 Each 

set is designed to begin with a self-evident answer and to become more difficult.  The 

raw scores achieved in the SPM are converted to percentile ranks.308 The age range for 

normed data for NZ is eight years to 15.5 years. The age range for the Australian normed 

data is eight and a half years to 17.2 years. Both these sets of normed data are in the 

context of the 1979 British data.308 The British normed data ranges from six years three 

months to 15 years eight months.308 The British and Australian scores were used for 
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different age ranges within the cohort. 

     Wide Range Achievement Test-fourth edition (WRAT4) 

The WRAT4 is a standardised instrument that measures the basic academic skills of 

word reading, sentence comprehension, spelling and math computation.309 These 

academic skills correlate with concrete academic skills expected for performance in the 

classroom setting. 

Word Reading measures letter and word decoding through letter identification and word 

recognition.309 Sentence Comprehension measures the ability to gain meaning from 

words and comprehend ideas and information contained in a sentence.309 Spelling uses 

a dictated spelling format and measures an individual’s ability to encode sounds into 

written form.309 Reading Composite is obtained by combining the word reading and 

sentence comprehension standard scores to provide a highly reliable, comprehensive 

measure of reading achievement.309 Math Computation measures an individual’s ability 

to perform basic mathematics computation through counting, identifying numbers, 

solving simple oral problems and calculating written mathematics problems.309 

The scores on the WRAT4 are expressed as scaled scores ranging between 40 and 160 

with the mean of 100. The Green WRAT forms were used for the first assessment (T=0). 

The Blue WRAT forms were used for the 12-month follow-up assessment (T=12).309 

The Blue and Green forms are able to be used interchangeably with comparable results, 

which allows for retesting within short periods of time without potential practice effect 

from repeating identical items.309 
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     Wechsler Intelligence Scale for Children – Fourth Edition (WISC-IV) 

Executive function was assessed using four subtests from the WISC-IV.310 These 

subtests provided scaled scores on processing speed and working memory.  The scaled 

scores range between 40 and 160 with the mean of 100.310 

Processing Speed was assessed using the digit symbol and symbol search subtests.310 

Working Memory was assessed using the digit span and letter-number sequence subtests 

from the WISC-IV.310 Both working memory and processing speed are important 

components of executive function in children and adolescents and together give an 

indication of attention.310 The age range for the normed data is from six years to 16.9 

years.310 

A feedback system was used to alert the Whānau Pakari team of any concerns 

(psychological or health) that were noted during the assessments. Feedback was 

provided to parents giving their child/adolescent's results after the 12-month 

assessment, or earlier if there were significant concerns.  

Scoring 

Scores for T=0 and T=12 for each participant were converted to percentile ranks. These 

rankings were converted to quartiles (quartile 1: percentile 1st - 25th; quartile 2: 

percentile 26th – 50th; quartile 3: percentile 51st – 75th; quartile 4: percentile 76th – 100th). 

18.2.2   Data analyses 

Linear associations between BMI SDS and parameters of cognitive function were 

examined using general linear mixed regression models. Models adjusted for 

socioeconomic deprivation and whether or not normal development was reported, while 
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family code was included as a random factor to account for sibling clusters. Similar 

models were used to examine the association between change in BMI SDS at 12 months 

and possible changes in cognitive outcomes, except that the trial arm was included as a 

factor and the respective parameter at baseline was also added as a covariate. In 

addition, stratified analyses were carried out comparing changes in cognition between 

participants who had a reduction in BMI SDS >0.2 compared to those with either a 

smaller reduction or a gain. Statistical analyses were performed using SAS version 9.4 

(SAS Institute Inc., Cary, NC, USA). All statistical tests were two-tailed and maintained 

at a 5% significance level. There was no imputation of missing data. 

18.3 Results 

A total of 69 participants were recruited for Healthy Brains from the Whānau Pakari 

trial. There were no exclusions for medical conditions. Table 18.1 shows the baseline 

characteristics of the participants. 
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Table 18.1: Baseline characteristics of the 69 Healthy Brains participants 

  Participants 

N  69 

Age (years)  11.23 (2.87) 

Sex ratio females (n, 

%) 

 35 (50.7%) 

Ethnicity (n, %)† Māori 26 (37.7%) 

 NZ European 33 (47.8%) 

 Other 10 (14.5%) 

Auxology BMI (kg/m2) 28.9 (4.65) 

 BMI SDS 2.97 (0.52) 

Deprivation index 

(quintile) ‡ 

1 (least deprived) 13 (18.8%) 

 2 7 (10.2%) 

 3 23 (33.3%) 

 4 13 (18.9%) 

 5 (most deprived) 13 (18.8%) 

Accompanying adult Mother  52 (75.4%) 

 BMI (kg/m2) § 32.64 (6.86) 

 BMI ≥30 kg/m2 (obese) §  40 (63.5%) 

Living arrangements¶ Two-parent household 31 (45.6%) 

 One-parent household 32 (47.1%) 

 Other 5 (7.4%) 

Abbreviations: BMI, body mass index. 
†Prioritised ethnic group.  

‡Quintiles of level of household deprivation based on the NZ Deprivation Index 2006.186 
§ Parameter was measured where consented to (n=63), otherwise not included.  
¶n=68. 

Age and body mass index (BMI) data are means and standard deviations. 

 

There were no associations between baseline BMI SDS and scores of achievement and 

cognitive skills (Table 18.2).  
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Table 18.2: Linear associations between BMI SDS at baseline and cognitive outcomes (n=69) 

 β (95% CI) 
p-

value 

Achievement   

Raven Intelligence quotient  

 

1.73 (-4.37, 7.83) 0.57 

WRAT reading standard score  

 

-2.29 (-9.14, 4.55) 0.51 

WRAT comprehension standard score  -5.68 (-12.12, 0.76) 0.08 

 

WRAT spelling standard score  

-1.18 (-9.88, 7.72) 0.81 

 

WRAT maths standard score  

1.38 (-5.80, 8.56) 0.70 

 

 

WRAT reading comprehension standard 

score  

-4.39 (-10.66, 1.89) 0.17 

   

Cognitive skills   

WISC working memory composite score  

 

-4.88 (-9.45, 5.76) 0.57 

WISC processing speed composite score 

 

-0.78 (-7.24, 5.67) 0.81 

Adjusted for level of household deprivation and whether normal development reported. 

 

Nine participants were lost to follow-up at 12 months, so the 12-month follow-up data 

were obtained on 60 individuals (87% retention rate). There were no associations 

between change in BMI SDS and change in cognitive outcomes at 12 months (Table 

18.3). 
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Table 18.3: Linear associations between change in BMI SDS and change in cognitive outcomes at 

12 months (n=60) 

 Β (95% CI) 
p-

value 

Achievement   

Raven Intelligence quotient  

 

-2.74 (-12.74, 7.27) 0.59 

WRAT reading standard score  

 

-4.38 (-13.09, 4.33) 0.32 

WRAT comprehension standard score  

 

-3.75 (-14.80, 7.29) 0.50 

WRAT spelling standard score 

  

8.12 (-3.44, 19.68) 0.16 

WRAT maths standard score 

  

-2.13 (-12.21, 7.95) 0.67 

WRAT reading comprehension standard 

score  

-0.02 (-6.74, 6.70) 1.00 

   

Cognitive skills   

WISC working memory composite score  -0.09 (-8.72, 8.53) 0.98 

 

WISC processing speed composite score 

0.89 (-7.93, 9.71) 0.84 

Data are β coefficients and 95% confidence intervals, adjusted for level of household deprivation, 

whether normal development was reported, intervention group, and the respective parameter at baseline. 

Exploratory analyses showed no associations of either sex or age at assessment with 

scores at baseline or changes from baseline. In addition, participants with a greater BMI 

SDS reduction displayed similar changes in cognitive outcomes as those with a lesser 

reduction or gain in BMI SDS (Table 18.4). 
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Table 18.4: Change in cognitive outcomes between participants who had a BMI SDS reduction ≥0.2 

compared to those who displayed a lesser reduction or gain in BMI SDS 

 Reduction ≥ 0.2 

BMI SDS 

Lesser 

reduction or 

gain BMI SDS 

p-

value 

Achievement 15 45  

Raven Intelligence quotient 

 

-2.44 

(-9.37, 4.48) 

-0.88  

(-5.31, 3.54) 

0.65 

WRAT reading standard score  -2.74 

(-8.93, 3.45) 

-2.36  

(-6.38, 1.67) 

0.90 

WRAT comprehension 

standard score  

-7.87 

(-15.55, -0.19) 

-8.02  

(-13.15, -2.89) 

0.97 

WRAT spelling standard score  0.87 

(-8.31, 10.06) 

0.81  

(-4.52, 6.14) 

0.99 

WRAT maths standard score 1.74 

(-5.39, 8.86) 

0.67  

(-3.88, 5.23) 

0.76 

WRAT reading comprehension 

standard score  

-6.3 

(-11.24, -1.38) 

-4.82  

(-7.65, -1.98) 

0.46 

    

Cognitive skills    

WISC working memory 

composite score  

0.61 

(-5.34, 6.55) 

1.03  

(-2.78, 4.83) 

0.89 

WISC processing speed 

composite score 

-1.04 

(-7.09, 5.01) 

1.36  

(-2.51, 5.24) 

0.42 

Adjusted for level of household deprivation, whether normal development reported, intensity of 

intervention, and the respective parameter at baseline. 

Data are means and 95% confidence intervals. 

18.4 Discussion 

This study found that BMI SDS at baseline was not associated with multiple aspects of 

cognitive function in children with obesity. Secondly, we observed no associations 

between changes in BMI SDS and cognitive function in a group of children and 

adolescents with obesity participating in a multi-disciplinary intervention programme. 

This was also the case when the subgroup with greater BMI SDS reductions were 

compared to the rest of the participants. Our findings are consistent with previous 

longitudinal data; a study using two nationally representative US cohorts found minimal 
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evidence for a longitudinal relationship between obesity and cognitive test scores.304 

However, the authors acknowledged that the low obesity prevalence in their cohort and 

age of the data may have impacted upon their ability to detect any relationship.304 

Current evidence for an association between aspects of cognitive function and obesity 

in childhood remains limited. A systematic review found that full IQ and performance 

IQ are lower in school-aged children with obesity than normal weight counterparts.78 

Whilst no causal relationship is known, the authors hypothesised that individuals with 

obesity have regional brain volume decreases that could cause lower cognitive function 

and reduce IQ.78 However, when the authors adjusted for educational attainment, the 

associations between full IQ and obesity were null.78 In another systematic review, the 

majority of the evidence supported a relationship between obesity and deficits in 

executive functioning, attention, visuospatial skills and motor skills.75 Nonetheless, this 

review acknowledged multiple studies with a lack of association between obesity and 

neurocognitive functioning.75 A further systematic review reported insufficient 

evidence to support a direct link between obesity and lower academic performance in 

school-aged children.311 

Longitudinal Survey of Australian Children data showed on the Strengths and 

Difficulties Questionnaire (SDQ) that emotional, peer, and conduct problems are 

associated with obesity, after adjustment for other contributing factors, such as maternal 

mental health and standard child characteristics.312 The authors highlight that these 

findings relating to emotional difficulties may affect children’s general happiness and 

psychological resilience, and potentially, cognitive development.312 This is consistent 

with recent findings in the Whānau Pakari cohort, in which there was low health-related 

quality of life and a high risk of psychological difficulties in comparison with normative 

population data.270 If such aspects do contribute to poorer cognitive development, a 

potential confounder for this study was that improvements were seen in health-related 

quality of life and potential psychological difficulties in the participants of Whānau 



18     Cognitive function is not associated with BMI SDS in children with obesity 

258 

Pakari at 12 months.275 However, these improvements would be likely to enhance any 

increase in cognitive function, which we did not see. 

Strengths of this study were the use of multiple assessments of executive function, in a 

group of children and adolescents with obesity participating in a multi-disciplinary 

intervention, with comprehensive assessments at baseline and 12 months. Limitations 

included the heterogeneity of our sample in terms of age, and possible 

comorbidities/learning difficulties that may have impacted on cognitive function 

assessments. Because Healthy Brains was an opportunity to attain free cognitive 

function assessments, the sample may have been biased toward those families with pre-

existing concerns about their child/adolescent’s cognitive function, despite being open 

to all participants. It is possible that our null findings in terms of BMI SDS reduction 

were due to the small size of BMI SDS reduction, and the limited range of BMI at 

entry.275 The study is also limited by a relatively small sample size, particularly for the 

stratified analyses, where we had insufficient power to draw any meaningful 

conclusions.  

Weight loss in adults with overweight/obesity has been found in a systematic review 

and meta-analysis to be associated with improvements in performance across various 

cognitive domains.77 However, the included randomised controlled trials had an 

average age of 53.8 years, were predominantly female (68%), and with a mean BMI 

decrease of 2.5kg/m2.77 What remains unclear is the degree of weight loss or BMI SDS 

reduction in children with obesity who are growing that would be required to see any 

effect in cognitive function, if it indeed exists. A systematic review found that 

multicomponent interventions led to small improvements in overall school achievement 

in children with overweight/obesity.306 However, many of the included studies did not 

report BMI or BMI SDS outcomes.306 
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In conclusion, this study found no associations between BMI SDS and cognitive 

function in children with obesity. Further studies need to include larger longitudinal 

cohorts incorporating a wider BMI range at entry, with longer follow-up. 
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19 Discussion 

 Overview 

This thesis represents a systematic programme of research to further understand multi-

disciplinary intervention programmes for children and adolescents with obesity in New 

Zealand. 

The main aims addressed by the research were to: 

1) Create and assess a multi-disciplinary intervention for children and adolescents 

with obesity in Taranaki, New Zealand; 

2) Ascertain the current health status of children and adolescents with obesity in 

Taranaki, including weight-related comorbidities, eating behaviour, dietary 

intake, physical activity, sedentary behaviour, and psychological health and 

well-being; 

3) Improve access for Māori and those from most deprived households in 

Taranaki, the two main groups in the region over-represented in child and 

adolescent obesity statistics; 

4) Determine whether those who received a 12-month high intensity intervention 

programme had greater improvements in BMI SDS and secondary outcomes 

(including laboratory parameters, and indices of physical activity, screen time, 

dietary behaviour, quality of life, and behavioural and psychological 

difficulties), when compared with those receiving a low intensity intervention, 

similar to current standard of care; 

5) Determine whether the devised intervention is acceptable to stakeholders, 

participants and referrers; 
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6) Determine whether the devised intervention is cost-effective when compared 

with the previous conventional model; 

7) Assess whether those who are more ‘ready’ to make lifestyle changes at 

baseline show greater improvements in primary and secondary outcomes when 

compared with those who are less ‘ready’ to make lifestyle changes; and 

8) Determine whether reduction of BMI SDS leads to an improvement in 

cognitive function. 

These aims were met by undertaking: 

 Background audits to ascertain how successful current service provision was 

nationally, and within Taranaki, in order to inform creation of any new multi-

disciplinary service; 

 A RCT of the newly devised multi-disciplinary home-based intervention service 

for children and adolescents with weight issues in Taranaki (Whānau Pakari); 

 Four observational studies from baseline data, reviewing the current health status 

of the trial cohort at baseline; 

 A multi-source evaluation to determine satisfaction with the programme; 

 A cost-effectiveness analysis comparing the previous conventional model with the 

new programme; 

 Assessment of readiness to change as a predictor of outcome in a multi-disciplinary 

intervention programme; and 
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 Assessment of cognitive function in relation to BMI SDS, and BMI SDS reduction. 

This chapter will consider the new information generated by the completion of this 

research and examine the body of work as follows: 

 Summary of key findings. 

 Strengths and limitations of the work. 

 Key implications and recommendations for clinical practice. 

 Implications of this work for future research. 

Consistency (or otherwise) of findings with current research have been discussed in 

each paper, and are therefore not extensively revisited. Overall findings relating to the 

Whānau Pakari programme of service delivery will be discussed as well as findings of 

the Whānau Pakari RCT, and henceforth each will be delineated in this manner. 

 Summary of key findings 

19.2.1.  Obesity should not be viewed as a single condition 

The findings of the baseline demographics papers outlined the complex presentations 

of children and adolescents with obesity.223, 238, 265, 270 Weight-related comorbidities 

have been well documented, as outlined in Chapter 3. Therefore, it was not surprising 

that weight-related comorbidities were present in children and adolescents who entered 

Whānau Pakari. However, it was concerning how prevalent multiple comorbidities 

were from a young age.223 Whilst it was unclear how many of these children would go 
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on to develop cardiovascular disease and metabolic complications, international 

evidence shows that obese adolescents are almost five times more likely to die of 

cardiovascular disease later in life than normal peers.52 

Eating behaviours such as comfort eating and excessive hunger were prevalent in 

children and adolescents who entered Whānau Pakari, and sweet drink consumption 

was high, particularly amongst Māori participants.238 Dietary intake based on fruit and 

vegetable intake and breakfasts eaten was also suboptimal overall. The psychological 

dimensions of the participants’ eating behaviour were also emphasised, highlighting the 

need to address these aspects in any multi-disciplinary intervention programme.  

Children and adolescents with obesity who entered Whānau Pakari are not meeting 

physical activity guidelines.265 Average screen time was high, and the consequence of 

this was less time for physical activity during the day. There is a need to ensure children 

have access to opportunities to engage in physical activities and to the appropriate 

environments to undertake these activities in their everyday lives, and that parents act 

as role models. With the high screen times observed,265 it is important that parents are 

encouraged to ensure screen-free breaks and engage in physical activity with their 

children.  

The level of emotional and behavioural difficulties found in children and adolescents 

with obesity who entered Whānau Pakari highlight how important it is that obesity 

intervention programmes involve psychologist input. Children and adolescents with 

obesity were found to have six times the rate of likelihood of emotional and behavioural 

problems, and quality of life was reported as low.270 Obesity itself, rather than ethnicity 

or low household deprivation, appeared to be the main contributing factor for young 

people’s lower quality of life.  
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It was evident from the baseline demographic findings that many varying factors 

required addressing in the childrens’ ongoing management. It has been argued that 

treating obesity as a single condition is a misguided approach,124 and our findings are 

consistent with this opinion. Childhood obesity can impact both on the physical and 

psychosocial health of the individual.119 

19.2.2  Multi-disciplinary intervention programmes remain the current 

recommended approach to child and adolescent obesity management 

The US preventive services task force recently recommended that children and 

adolescents with obesity aged six years and older are offered and/or referred to 

comprehensive intensive behavioural interventions.125 The nature and complexity of 

childhood obesity lends itself to a management approach consisting of a multi-

disciplinary team (including psychology input), not only for intervention, but also for 

comprehensive assessments to ensure each individual’s needs are being addressed.275 

Given the challenges of multi-disciplinary interventions, other alternatives have been 

trialled, especially interventions in primary care. A meta-analysis of office-based 

primary care weight management interventions for children and adolescents found a 

minimal BMI SDS reduction of 0.04, not deemed clinically meaningful by the authors 

of this study.313 

Education still remains an integral part of obesity management, with lifestyle 

interventions including dietary education, physical activity education, and behavioural 

therapy.119 As a society, there is a tendency to believe that all individuals understand 

what healthy food and drink choices are. This is not the case. To this end, in their policy 

briefing regarding obesity, the NZ Medical Association advocated for nutrition 

education to be embedded within the school curriculum.160 Healthy lifestyle education 

can be incorporated into a multi-disciplinary framework that is culturally appropriate 

and accessible for all, and focus group feedback from the qualitative evaluation of the 
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overall Whānau Pakari programme indicates that this is valued by participants and their 

families.314 There remains a role for learning what healthy food is, what it feels like to 

be full, what a portion size is for a child, and why it isn’t healthy to eat for comfort. 

Many lifestyle habits span across generations, and therefore teams should be working 

with entire family units, especially when working with children with obesity.315 

Obesity is recognised as an inter-generational issue, not only in terms of programming 

effects prior to conception, but also because of food practices and behaviour.95 It 

therefore follows that the same healthy lifestyle messages would be better delivered to 

multiple generations, such as children and their parents/caregivers. Respect for the child 

necessitates their involvement in their healthcare, and if framed correctly, will be a 

positive experience.314 In Whānau Pakari, no mention of weight loss or obesity are 

made, rather the focus is on healthy lifestyle change as a whānau. 

Empowerment/increased self-efficacy and consistent messages/support are key 

facilitators of success in multi-disciplinary interventions.282 Interventions need to be 

non-judgemental, supportive and welcoming. The group ‘journey’ is a valued and 

important aspect of healthy lifestyle change, as is the whānau/family ‘journey’,315 

focussing wider than the individual. Supporting the child and whānau together is likely 

to allow parents and caregivers to be equipped with tools that can be used to manage 

child issues well beyond obesity.315 Family-based interventions not only address the 

inter-generational aspects of obesity, but appear to be more cost effective than parent-

and child-only interventions.288  

19.2.3  Attendance in high intensity multi-disciplinary intervention 

programmes is key to achieving meaningful BMI SDS reduction 

The Whānau Pakari RCT showed that the overall mean BMI SDS reduction at 12 

months in the low intensity control was 0.12, and 0.11 for the high intensity 

intervention. Whilst some have argued these effects are clinically meaningful,121 more 

recent findings have demonstrated that reductions of ≥ 0.25 lead to improved 
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hypertension and lipid profiles.126 In the Whānau Pakari RCT, those in the high 

intensity intervention that attended ≥ 70% of the sessions (equivalent to 28 hours) 

showed an improvement that was nearly two-fold higher (0.22).275 This indicates that 

attendance is key to outcome. Indeed, non attendance in the high intensity group led to 

smaller BMI SDS reductions than in the low intensity group, thus the comparable 

results between groups is not surprising.  

Of note, there were persistent ethnic and gender disparities (favouring NZE and males) 

in the high attending group, but inequities in household deprivation were overcome.275 

Another important finding is that in the high attending group, age disappears as a 

barrier, indicating that those adolescents who engage with the programme do well.275 

It could be argued that the group with higher attendance may have achieved these 

outcomes without a high intensity intervention. However, whānau focus group feedback 

indicates that the whānau appear to gain a substantial amount from the programme in 

terms of knowledge and support.314 Long-term data will be important in ascertaining 

persistence of these effects.  

It could also be argued that the low intensity intervention is the only model justified, 

given the findings of the Whānau Pakari RCT. However, it is warranted to wait for 

long-term findings before this making this conclusion, given the positive qualitative 

feedback from the participants,314 international literature supporting high intensity 

programmes,126 especially when compared with standard care or self help,119,126 and the 

fact that, within the Whānau Pakari programme, both high and low intensity models are 

able to be made available.  

A further systematic review has informed duration required for multi-disciplinary 

intervention programmes to be effective. Lifestyle-based interventions of 26 hours or 
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more in duration appear to be associated with mean reductions in excess weight in 

children and adolescents.284  

19.2.4  Assessing improvements in health equity in novel healthcare services 

The Whānau Pakari programme is a model that improved access and appropriateness 

for high-risk groups, based on initial recruitment and engagement findings.275 This 

meant that, as a minimum, weight-related comorbitidies were able to be identified and 

addressed in a ‘de-medicalised’ home-based setting. Substantial consideration went into 

developing a model that enhanced reach for Māori, and this was achieved, leading to 

improved health outcomes for Māori.275 However, the disparities in attendance in the 

Whānau Pakari RCT high intensity group for Māori and females warrants further 

consideration to ensure equal improvement in outcome for all groups wherever 

possible.275 Understanding barriers to ongoing engagement and tailoring the intense 

intervention aspect of the programme is warranted.  

The Health Equity Assessment Tool (HEAT) is an example of a tool that assesses 

policies, programmes and services to reduce health inequalities.316 The final phase of 

this tool is evaluating the impacts and outcomes of interventions.316 Had this tool been 

in active use in Taranaki at the time of inception of the Whānau Pakari programme, it 

is likely that it would have been utilised in programme design. A national survey in 

2011 of DHBs found that health equity is not addressed systematically below strategic 

levels, and health equity is not shaping funding decisions or programme development 

or implementation.317 Whilst the HEAT tool provides a framework for assessing 

improvements in healthcare programmes, it is unable to embed within all the other 

assessment parameters that are being utilised in determining if new programmes are 

successful, such as cost or a quantitative primary outcome. 
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19.2.5  Home-based models can be cost-effective 

A home-based model that addresses health equity does not need to be more expensive, 

as shown in our economic evaluation.318 The home-based model allowed us to reach 

more families/whānau who may not have been able, or wanting to access and engage 

with the traditional medical model. This aspect of the Whānau Pakari programme 

improved access and appropriateness of the new model. The removal of paediatrician 

visits, and multiple separate hospital visits to different health professionals has led to 

efficiency gains. 

19.2.6  Multi-disciplinary intervention programme outcomes are more than 

primary outcomes from randomised controlled trials 

One of the biggest difficulties with assessing outcomes with multi-disciplinary 

interventions is that failure to achieve BMI/BMI SDS reductions does not equate to 

failure to achieve improvements in healthy behaviour.124 The tension remains however 

whereby those with weight-related comorbidities do need to achieve a reduction in 

weight status.  

As participation in both the low intensity intervention (control) and high intensity 

intervention in the Whānau Pakari RCT led to a BMI SDS reduction at 12 months,275 

this would appear to be a negative study when only considering the primary outcome 

of the Whānau Pakari RCT. Indeed, one analysis of longitudinal data from Australia 

and data from three randomised trials pooled as one data set showed slight BMI SDS 

reductions at 12 months in all six continuous analyses, raising questions about the 

efficacy of intervention studies in childhood obesity.319 Our multi-centre audit of four 

centres in New Zealand managing children and adolescents in varying ways also 

showed a similar pattern, with a per annum BMI SDS reduction of 0.07-0.14 

irrespective of the nature of intervention, albeit in a very heterogeneous cohort of 

patients under paediatric care.178   
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There are, however, multiple considerations when determining success of multi-

disciplinary interventions. A decline in BMI SDS does not give insight into the change 

(or not) in behaviours over time.124 In the Whānau Pakari RCT, the low intensity 

intervention was not a true control group, as participants received comprehensive 

assessments with advice. In the ongoing Whānau Pakari programme, both low intensity 

and high intensity options are available, given the high intensity model will not be 

chosen by all those referred. Therefore in effect, rather than being a negative outcome, 

the benefits noted in both arms are encouraging, when they are applied to a ‘real-world’ 

service provision setting. Quality of life and improvement in cardiovascular fitness in 

both groups is also reassuring.275 The Whānau Pakari programme was more efficient 

when compared with the prior conventional model (having received over 700 referrals 

to date), provided seamless assessment for weight-related comorbidities within the 

service model, had high stakeholder, referrer and participant satisfaction,314 was cost-

effective when compared with the prior hospital-based ‘conventional’ model,318 and 

demonstrated improved health outcomes for Māori. None of this is reflected in the 

primary outcome of the Whānau Pakari RCT alone. Indeed, even if the long-term BMI 

SDS outcomes show no reduction, overall the benefits of the Whānau Pakari 

programme are such that it has been recommended that it continues as a service in 

Taranaki.318  

It is proposed that an assessment framework that encompasses the important aspects of 

health equity and other outcome measures such as BMI SDS and cost is considered 

alongside such tools as HEAT, when assessing complex health issues such as childhood 

obesity. Initial conceptualisation of this framework is that for each programme, as for 

the HEAT tool, outcome measures are considered. These can be  subjectively ranked 

against previous models, as shown in Table 19.1, using the Whānau Pakari programme 

for childhood obesity intervention as an example. 
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Table 19.1: Subjective rankings of outcome measures at 12 months of conventional programme 

and the Whānau Pakari programme 

Outcome measure Conventional 

model ranking 

(/10)* 

Whānau Pakari 

programme 

ranking (/10)* 

Primary:   

BMI SDS 6 6 

Health equity:   

Quality of healthcare provision for condition 5 7 

Weight-related comorbidities screened/addressed 6 8 

Access: home-based 4 7 

Access: ease of referral 4 7 

Appropriateness: of care for condition 4 7 

Appropriateness: Multi-disciplinary team 4 9 

Appropriateness: Participant satisfaction 4 8 

Appropriateness: Family-centred 5 8 

Cost:   

Cost effectiveness 4 6 

System:   

Referrer satisfaction 4 7 

Stakeholder satisfaction 5 6 

*Scoring with 10 as highest possible score. 

 

These rankings can then be mapped to determine whether the new programme has 

‘widened the (health) net’, thereby improving multiple facets of inidividual health 

outcomes and service provision for a wider population in a visual format, as shown in 

Figure 19.1.  
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Figure 19.1: Visual representation of ‘widening the net’ 

Health equity is specifically considered in the majority of measures: quality of care, 

access and appropriateness, and ranking can prioritise groups where equity 

improvements are required.113 This approach also has the ability to incorporate both 

individual and population requirements within the evaluation. 

This framework would not replace equity tools such as the HEAT, but may be a useful 

addition for assessing new mainstream programmes and their performance over 

multiple outcome measures. The key limitation remains the subjective nature of ranking 

many of the outcome measures, and this aspect may need further refinement. 

Consideration of weighting within the framework will also be necessary, given overall 

importance of BMI SDS reductions for overall improvements in health outcomes at the 

individual level, and cost of healthcare services at a population level. However, as a 
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concept, ‘widening the (health) net’ may be able to simplify large amounts of complex 

outcomes into a visual comparison tool. 

 Strengths and limitations 

Strengths of this programme of research include: 

1) Improved access to the Whānau Pakari programme for Māori and those from 

the most deprived households in Taranaki, the two main groups in the region 

over-represented in child and adolescent obesity statistics.  

2) Multi-source evaluation and appraisal of the Whānau Pakari programme in 

addition to the RCT, thereby incorporating feedback from multiple sources in 

assessing outcomes of the Whānau Pakari programme.  

3) Demonstration that assessments can be incorporated within a multi-disciplinary 

team model. 

4) Demonstration that a home-visit model is feasible, and does not cost more than 

hospital-based conventional models. 

5) The direct link the Whānau Pakari RCT has to the Whānau Pakari programme, 

so when ways to improve provision for high-risk groups are identified, those 

changes can be implemented with ease into service provision. This has the 

potential to enhance mainstream capabilities of DHB-based services, 

complementing kaupapa Māori service provision. 

6) The high representation from Māori participants, allowing for robust analysis 

between ethnicities in terms of baseline demographic findings and outcome. 

Limitations of this programme of research include: 
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1) The Whānau Pakari RCT was a single centre trial, therefore not allowing for 

generalisation beyond the study population. 

2) The Whānau Pakari RCT did not have a true control group, which may have 

affected conclusions drawn from the data. 

3) Whilst dropout rates were similar to many other RCTs internationally, the 

dropout rate in the Whānau Pakari RCT may have affected outcome. 

4) The difficulty achieving adherence of ≥ 70% of the high intensity group 

sessions for the majority of participants. 

5) The inability to comment on outcomes for Pacific peoples, due to the small 

numbers involved. 

6) Small numbers in the whānau focus group of the multi-source evaluation, with 

limited representation from Māori, therefore affecting interpretation. 

7) The retrospective nature of the cost-effectiveness analysis, which is more 

problematic than prospective analyses. 

8) The possibility that those that succeeded in BMI SDS reductions may have 

experienced reductions in BMI SDS despite participating in the programme 

9) The persistence of disparities in outcome (BMI SDS reduction) in the high 

attender group in Māori and females.  

 Implications for clinical practice 

The key implication for clinical practice from this research is that the multi-disciplinary 

approach to childhood obesity can  incorporate a comprehensive assessment as well as 

any weekly activity-style intervention into the overall programme delivery. This 

approach supports the presence of multi-disciplinary teams, and ensures that, where a 

weekly session is inappropriate or not possible, families/whānau do not miss out on 

having firstly, multi-disciplinary input, and secondly, weight-related comorbidities and 

psychological difficulties adequately identified and addressed. In Taranaki, this 

approach has provided a ‘one-stop shop’, reducing the burden of a condition with large 
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numbers needing to be seen on both primary and secondary services, and also reduces 

the societal cost and requirement of families/whānau to attend multiple clinic 

appointments with different healthcare professionals. Given the likely dropout after the 

first assessment in any programme, the first contact is an important opportunity, and 

justifies a multi-disciplinary team approach that focuses on achieving equity, given the 

over-representation of Māori, Pacific peoples, and those from the most deprived 

households in obesity statistics.99 Development of multi-disciplinary teams would 

allow for workforce development and expertise nationally, with a particular focus on 

accessibility and appropriateness of service provision for all. 

The benefits of the Whānau Pakari programme lie in its ability to support and provide 

care for children and adolescents, even if a multi-disciplinary weekly session is not 

appropriate for the family/whānau. Given the ethnic disparities found in terms of 

attendance and subsequently primary outcome in the high intensity intervention,275 

more individualised high intensity interventions are being piloted (such as a preschool 

group, adolescent workshop, and setting-appropriate models), while ensuring no 

change to quality of care with a wrap-around assessment and support service for the 

child and family/whānau. If the participant/family choose the low intensity intervention 

with assessments and advice, this will still provide a comprehensive intervention with 

wrap-around support, and on average, lead to a modest improvement in BMI SDS. This 

approach challenges the conventional notion of multi-disciplinary intervention 

programmes as one standard weekly intervention session. Rather, multi-disciplinary 

intervention programmes for childhood obesity with this model can be visually 

represented with hands as the team providing wrap-around support and comprehensive 

assessment for the family/whānau, with stones representing more individualised, or 

tailored interventions, such as an adolescent workshop model (Figure 19.2). 
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Figure 19.2: A wrap-around contemporary approach to multi-disciplinary child and adolescent 

obesity intervention programmes 

Given recent findings that 26 hours of contact time in interventions lead to improved 

outcomes in multi-disciplinary intervention programmes,284 a trial of a six month high 

intensity intervention which the baseline, six and 12 month assessments is currently 

underway. The justification for this is that attendance in the high intensity intervention 

dropped below 50% overall at six months,275 and the high intensity intervention is costly 

to deliver. However, if families/whānau continue to require support, and there is 

capacity, the intervention can continue up to 12 months at the discretion of the team. 

Improving retention in the high intensity intervention model to achieve the best possible 

outcome is the focus of future service development.  
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 Implications for policy 

Given that Māori, Pacific peoples, and those from the most deprived households 

continue to be over-represented in obesity statistics,99 any policy that focuses on 

achieving improvements in the management of children and adolescents with obesity 

needs to prioritise achieving equity. This is one of eight guiding principles for the NZ 

Health Strategy: “timely and equitable access for all New Zealanders to a 

comprehensive range of health and disability services”.320(p14) 

Currently, the ‘Raising Healthy Kids’ target (part of the Ministry of Health’s childhood 

obesity implementation plan) focusses on referral rates of those identified as obese at 

the B4SC (preschool health check) between age four and five years.102 This has evolved 

into each DHB creating their own pathway, and despite the initial recommendation that 

all those with a BMI >98th percentile should be referred to a paediatrician, most have 

been referred to a GP for assessment. A multi-disciplinary intervention or indeed any 

intervention is not necessarily then offered. However, it remains unclear as to what the 

best pathway should be for referral from a screening programme at four years of age. 

One could argue, when considering individuals that lie in the top 2 percentile for any 

medical condition, by definition, this population lends itself to support from specialised 

services. Whilst the target has been a positive start in the initial recognition of the 

importance of childhood obesity, and arguably improving the health literacy of health 

professionals relating to conversations around a healthy weight, it is unlikely the target 

will reduce the prevalence of childhood obesity in this age group and beyond, and 

adequately address health equity, without increased inter-sectorial collaboration and 

preventative strategies. It is recommended that the focus on the 4 year age group is not 

at the expense of development of multi-disciplinary intervention programmes for all 

children and adolescents with obesity across the whole paediatric lifecourse. A policy 

shift to a point where the target is not just about the referral per se, but the support that 

eventuates for the family/whānau may be beneficial.  
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Some have argued that primary care is the best environment to provide paediatric 

obesity assessments.117 If this is the case, and if primary care could provide an 

equivalent service at a cost lower than Whānau Pakari where assessments are carried 

out by a multi-disciplinary team, then further efficiencies could potentially be achieved. 

However, the WHO states that health professionals need appropriate training on all 

aspects of childhood obesity,8 and in NZ, this process is still in its infancy. Even with 

this level of education however, GPs are not likely to be able to perform comprehensive 

weight-based assessments and advice in the time constraints of primary care in a 

culturally appropriate manner. Encouragingly, since the introduction of free medical 

appointments for children aged less than 13 years in NZ, the prevalence of GP visits in 

the past 12 months were found to be similar across different ethnic groups and levels of 

household deprivation in the 2015/2016 NZHS (n=4,721).99 However, 28% of Māori 

children were unable to access primary health care when they needed it, with 

parents/caregivers citing reasons such as cost, inability to get an appointment, lack of 

child care, and lack of transport.99 Parents of Māori children and those from most 

deprived households were less likely to have confidence and trust in their GP compared 

with parents of non-Māori children.99 It is apparent that these inequities would need to 

be addressed for a primary care based solution for childhood obesity to be successful, 

which is highly complex. Repeated visitations would also need to occur, increasing the 

likelihood of participant dropout. Whilst GPs need to be heavily involved with children 

and families during the life course in primary care, a model where a short period of 

involvement with a trained multi-disciplinary team with access to specialist input to 

support the primary care workforce would seem a feasible model for the overall 

assessment and management of child and adolescent obesity. This is supported by the 

US Preventive Services Task Force, which recommend clinicians refer children and 

adolescents to comprehensive, intensive behavioural interventions.99 If health 

professionals are going to make a difference for those most affected by obesity, services 

that participants and families/whānau feel comfortable with, and that fit in with their 

lives, are key.  
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19.5.1  Obesity is everyone’s problem; we all need to be part of the solution 

The evidence that action is needed to combat the obesity epidemic is strong.8 The health 

system will not be able to afford the resulting economic costs of the associated 

comorbidities in the long-term. A key message from this programme of research is that 

children and adolescents with obesity are not just carrying a bit of extra weight; the 

majority have health indicators that may be life limiting if left unaddressed.223 These 

children’s overall health and well-being are being affected by their weight.238, 265, 270 As 

a society, we collectively need to take responsibility for finding solutions, and not 

purely rely on government policy. Just as when unequal health outcomes for Māori 

exist, and the problem is incorrectly labelled a ‘Māori problem’,116 it is important to 

ensure that individual responsibility is not touted as the over-arching solution, as this 

approach leads to ‘victim blaming’,116 and is simplistic in its reasoning. 

The prevalence of childhood obesity hasn’t improved in the latest NZHS figures.99 As 

a society, it is recommended that we continue to debate how best to address the obesity 

epidemic, and how to make healthy choices the norm in all children’s environments, be 

appropriate role models for our children, and ensure the ‘healthy choice is the easy 

choice’.160 In the Whānau Pakari programme, there are families working really hard to 

make healthy lifestyle changes, but they live in communities within an obesogenic 

environment. These changes these families make are unlikely to persist if the healthy 

choice is not the easy choice when they are outside of their home. Public health input 

is important in child and adolescent obesity prevention and management, however, 

clinicians also need to be involved with creation of intervention services. 

19.5.2  Societal stigma is still affecting progress with childhood obesity 

Stigma towards obesity is pervasive in our society, such as the increased bullying 

experienced by adolescents with obesity compared with healthy weight students.321 A 

societal shift is required. It is important to note multi-disciplinary interventions do not 
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need to be stigmatising and they should not be about obesity per se. In the Whānau 

Pakari programme, the word obesity is not used – the dialogue is rather about making 

healthy lifestyle change as a whānau.  

Whilst it is important to recognise that portion size, sugar intake, and physical activity 

have parts to play in the development of obesity, individual variation in terms of 

contributing factors exists. Food security is another important issue; the quality of food 

will invariably be affected when money is the major driver in food choices.  

 Implications for future research 

Future research directions for Whānau Pakari are as follows: 

1) Reporting of long-term outcome data. The 24-month outcome data have been 

collected, and the collection of 5-year outcome data collection is in progress 

2) Further understanding of barriers to engagement within the Whānau Pakari 

programme, by conducting on-line surveys and in-depth home-based 

interviews with Māori facilitators, to inform specific modifications to high 

intensity interventions moving forward.  

3) Improvement of high intensity intervention models, and individualisation of 

these programmes within a multi-disciplinary framework. 

4) Ongoing commitment to enhancing mainstream capabilities, to complement 

kaupapa Māori service provision. 

5) Assessment of the dataset to allow prediction of prevalence of comorbidities as 

they relate to age and gender, in order to develop evidence-based pathways to 

assist clinicians in the management of children and adolescents with obesity. 
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6) Development of the concept of a framework for assessing new programmes, 

that encompasses the key concepts of health equity, quantitative outcome data, 

cost, and qualitative outcomes. 

 Conclusion 

In conclusion, the Whānau Pakari programme appears to be an acceptable, appropriate 

multi-disciplinary intervention for children and adolescents with obesity. It is a 

mainstream service with particular attention to enhancing participation of high-risk 

groups. It reaches Māori and those that are from the most deprived households within 

Taranaki - those that are over-represented in obesity statistics, with a de-medicalised, 

home-based model of care, achieving greater health outcomes for  Māori than previous 

models of care. Whānau Pakari is a programme that has high stakeholder, referrer, and 

participant satisfaction levels. It is cheaper and more effective than the previous 

conventional model of care in Taranaki, and able to manage larger numbers of referrals 

compared with the previous model of care. It has successfully become the child and 

adolescent obesity intervention programme within Taranaki, and has incorporated the 

needs of the government childhood obesity target for the region. Scalability and 

transferability are deemed possible – what has been achieved in Taranaki may be able 

to be delivered in other regions of NZ with local adaptations.314 Further modification 

of the high intensity intervention is necessary to address the ethnic (and gender) 

disparity noted in attendance in the Whānau Pakari RCT, and subsequently primary 

outcome. 

Whānau Pakari challenges the notion that a multi-disciplinary intervention programme 

only includes a group-based intervention with weekly sessions. Instead, it is a model 

where multi-disciplinary support from a team working across multiple sectors provides 

a comprehensive assessment that identifies and manages any weight-related 

comorbidities or psychological problems, which then assists in planning the course of 
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intervention in a more individualised fashion. This is a model of service provision that 

could be considered moving forward for child and adolescent obesity intervention. The 

Māori concept of manaakitanga (the process of showing respect, generosity and care 

for others) is arguably relevant for all. Respect and understanding are important for 

meaningful engagement in all healthcare provision. Whānau Pakari is an example of a 

programme focussing on Māori needs and those from most deprived households. 

However, by doing this, it has shown that these concepts have actually been beneficial 

for all participants.  

The final words regarding Whānau Pakari belong to the whānau themselves. These are 

the comments of some of the parents who have participated with their children in the 

programme: 

“They are now reading the back of everything I buy when it comes to their lunches, it’s 

really annoying and makes grocery shopping take ten times longer, but it helps now.  

And they’re like ‘oh mum this one’s got more sugar than this one, how about we opt for 

this?’.  And variety now, so you know we are having more nuts and seeds in the lunches 

and adding more fruit and variety of foods, they’ve become a lot more keen to try new 

foods…” 

“Mine are more keen to exercise and get outside.  We live across the road from the 

beach and I hate the ocean with a passion so I am always the parent that sits on the 

grass while the kids go play for five minutes. Well now it is very much we have a rule, 

a ‘one bite rule’, in the house, you have to try everything at least once, well we have 

the ‘one try rule’ that if someone wants to do something, we all have to give it a go.” 

“Her self-esteem was so low that coming into this programme it’s so high now, she 

came from a really shy kid, not talking to anybody apart from me and maybe my mum, 

and now she just talks to everybody now and she knows how to eat healthy, she knows 
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good things, bad things, she’s just taking it all in now and for a kid who’s 6 she has 

done so well through this programme..” 

“You sort of felt that you were joining a family rather than just like with my doctor it 

was very one on one, like my doctor could say, you know, as non-harshly as she thought 

it was that my daughter was overweight and we needed to do something about it, 

whereas here it was all these families going through the same sort of stuff so you were 

just joining a bigger family to all sort of help one another…”  
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Naku te rourou nau te rourou ka ora ai te iwi 

With your basket and my basket the people will live 
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draft of the audit report with assistance. Cameron Grant assisted with the intellectual 

content of the manuscript. Ross Fulton, general manager of Sport Taranaki, 

collaborated on the audit of Active Families. Paul Hofman assisted with the intellectual 

content of the manuscript. Please note; this data was collected prior to the PhD 

commencing, but the manuscript was written as part of the thesis. It is included for 

background information only. 
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Anderson YC, Wynter LE, Moller KR, Cave TL, Dolan GMS, Grant CC, et al. The 

effect of a multi-disciplinary obesity intervention compared to usual practice in those 

ready to make lifestyle changes: design and rationale of Whānau Pakari.  BMC Obes 

[Internet]. 2015 [cited 2017 Nov 1];2:41. 

Yvonne Anderson designed the randomised clinical trial and drafted the manuscript. 

Lisa Wynter recruited the participants, undertook the assessments and entered the data. 

Gerard Dolan created the readiness for change quantitative assessment tool. Kris Moller 

undertook the fitness assessments. Tami Cave assisted with data entry and critical 

appraisal of the manuscript. Cameron Grant is secondary supervisor for the research 

team and undertook critical appraisal of the manuscript. Joanna Stewart was involved 

in study design. Wayne Cutfield contributed to study design and critical appraisal of the 

manuscript. Paul Hofman contributed to study design, supervised the research team and 

undertook critial appraisal of the manuscript.  

This manuscript is able to be included in this thesis as part of the Creative Commons 

Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/). 
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Anderson Y, Wynter L, Treves K, Grant C, Stewart J, Cave T, et al. Prevalence of 

comorbidities in obese New Zealand children and adolescents at enrolment in a 

community-based obesity programme. J Paediatr Child Health. 2016;52:1099–1105.  

Yvonne Anderson designed the study, supervised data collection, supported data 

analysis and wrote the manuscript. Lisa Wynter collected and entered data. Kris Moller 

collected and entered physical activity data. Michelle Butler entered and interpreted 

dietary data. Katherine Treves entered data. Tami Cave managed the database, cleaned 

data, and undertook data extraction for analysis. Cervantée Wild assisted with database 

management, and data cleaning for analysis. Paul Hofman supervised the project, 

contributed to study design, and critical appraisal of manuscript. Cameron Grant, and 

Wayne Cutfield both critically appraised manuscript. Joanna Stewart was involved in 

study design and supervising data analysis. José Derraik undertook data analysis and 

critically appraised manuscript.  
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intake and eating behaviours of obese New Zealand children and adolescents enrolled 

in a community-based intervention programme. PLoS One [Internet]. 2016 [cited 2017 

Nov 1];11(11):e0166996. 

Yvonne Anderson designed the study, oversaw data collection and wrote the 

manuscript. Lisa Wynter recruited participants and undertook the assessments/data 

entry. Michelle Butler undertook assessments and data entry. Tami Cave managed the 

dataset for analysis, and critically appraised the manuscript. Cervantée Wild assisted 

with managing the dataset for analysis and searched for key literature. Cameron Grant 

assisted with the manuscript and critical appraisal. Joanna Stewart oversaw the RCT, 

and assisted with methodology for data analysis for this study. José Derraik undertook 

data analysis and critically appraised the manuscript. Wayne Cutfield assisted with the 

critical appraisal of the manuscript. Paul Hofman assisted with study design, analysis 

and critical appraisal of the manuscript. 

This manuscript is able to be included in this thesis as part of the Creative Commons 

Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/). 
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activity is low in obese New Zealand children and adolescents. Sci. Rep [Internet]. 2017 

[cited 2017 Nov 1];7:41822 

Yvonne Anderson designed the study, oversaw the data collection and wrote the 

manuscript. Cameron Grant assisted with the critical appraisal of the manuscript. 

Joanna Stewart oversaw the RCT, and assisted with the methodology for data analysis. 

José Derraik undertook data analysis and assisted with the manuscript. Wayne Cutfield 

assisted with the critical appraisal of the manuscript. Paul Hofman assisted with study 

design, analysis and critical appraisal of the manuscript. Lisa Wynter recruited 

participants and undertook assessments/data entry. Tami Cave managed the dataset for 

analysis and critically appraised the manuscript. Cervantée Wild assisted with 
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programme: an observational study. BMJ Open [Internet]. 2017 [cited 2017 Nov 

1];7:e015776. 

Yvonne Anderson designed the study, oversaw data collection, and wrote the 

manuscript. Cameron Grant assisted with the critical appraisal of the manuscript. 

Joanna Stewart oversaw the RCT and assisted with the methodology for data analysis. 

José Derraik undertook data analysis and assisted with the manuscript. Wayne Cutfield 

assisted with the critical appraisal of the manuscript. Paul Hofman assisted with study 

design, analysis and critical appraisal of the manuscript. Lisa Wynter recruited 

participants and undertook assessments/data entry. Tami Cave managed the dataset for 

analysis and critically appraised the manuscript. Katharine Treves interpreted 

psychology data and critically appraised the manuscript. Trecia Wouldes assisted with 

the critical appraisal of the manuscript. 
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Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/). 
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Yvonne Anderson designed the study, oversaw data collection, and wrote the 

manuscript. Cameron Grant assisted with the critical appraisal of the manuscript. Paul 

Hofman assisted with study design, analysis and critical appraisal of the manuscript. 

José Derraik undertook data analysis and assisted with the manuscript. Wayne Cutfield 

assisted with the critical appraisal of the manuscript. Lisa Wynter recruited participants 

and undertook assessments/data entry. Tami Cave managed the dataset for analysis and 

critically appraised the manuscript. 
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assisted with the critical appraisal of the manuscript. Tania Domett undertook 

stakeholder survey and participant/focus groups, assisted with data interpretation and 

critically appraised the manuscript. 

  



Appendices 

299 

Anderson YC, Leung W, Grant, CC, Cave TL, Derraik JGB, Cutfield WS, et al.  

Economic evaluation of a multi-disciplinary community-based programme for child 

and adolescent obesity in New Zealand. Forthcoming 2017. 

This paper has been submitted for consideration to Obesity Research and Clinical 

Practice. 

Yvonne Anderson designed the study, oversaw data collection, and wrote the 

manuscript. Cameron Grant assisted with the critical appraisal of the manuscript. Tami 

Cave assisted with database management and data cleaning for analysis. José Derraik 
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Figure 3.2 NASPGHAN proposed algorithm on NAFLD creening, and investigation68 
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Appendix C. Media interactions 

12 MONTH OUTCOMES 

20/10/2017 

STUFF 

Obesity programme Whānau Pakari gets results 

https://www.stuff.co.nz/taranaki-daily-news/news/98053061/obesity-programme-whnau-

pakari-gets-results  

 

NZ HERALD  

Promising results for Whānau Pakari kids’ obesity programme 

http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11935210  

 

THE UNIVERSITY OF AUCKLAND 

Pioneering healthy lifestyle programme lifts health and well-being of kids with weight issues 

https://www.auckland.ac.nz/en/about/news-events-and-notices/news/news-2017/10/pioneering-

healthy-lifestyle-programme-lifts-health-and-wellbeing-kids-with-weight-issues.html  

 

CHINA.ORG.CN  

Healthy lifestyle program lifts health of New Zealand’s overweight kids  

http://www.china.org.cn/world/Off_the_Wire/2017-10/20/content_41766016.htm  

 

NEWSTALK ZB  

Audio clip - Yvonne Anderson. (9am news bulletin)  

 

FUSEWORKS MEDIA 

Healthy lifestyle programme lifts health of kids with weight issues 

https://news.fuseworksmedia.com/8fc4eab6-fb37-40f9-b63c-bba4307c6c73  

 

 

https://www.stuff.co.nz/taranaki-daily-news/news/98053061/obesity-programme-whnau-pakari-gets-results
https://www.stuff.co.nz/taranaki-daily-news/news/98053061/obesity-programme-whnau-pakari-gets-results
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11935210
https://www.auckland.ac.nz/en/about/news-events-and-notices/news/news-2017/10/pioneering-healthy-lifestyle-programme-lifts-health-and-wellbeing-kids-with-weight-issues.html
https://www.auckland.ac.nz/en/about/news-events-and-notices/news/news-2017/10/pioneering-healthy-lifestyle-programme-lifts-health-and-wellbeing-kids-with-weight-issues.html
http://www.china.org.cn/world/Off_the_Wire/2017-10/20/content_41766016.htm
https://news.fuseworksmedia.com/8fc4eab6-fb37-40f9-b63c-bba4307c6c73
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XINHUA 

Healthy lifestyle program lifts health of New Zealand's overweight kids 

http://news.xinhuanet.com/english/2017-10/20/c_136694039.htm  

 

SCOOP 

Pioneering healthy lifestyle programme 

http://www.scoop.co.nz/stories/GE1710/S00090/pioneering-healthy-lifestyle-programme.htm  

 

NEIGHBOURLY 

Obesity programme Whānau Pakari gets results 

https://www.neighbourly.co.nz/public/hawera/hawera/message/33724748  

 

CORECOMMUNIQUE  

Pioneering healthy lifestyle programme lifts health and well-being of kids with weight issues 

http://corecommunique.com/pioneering-healthy-lifestyle-programme-lifts-health-well-kids-

weight-issues/  

 

21/10/2017 

TARANAKI DAILY NEWS 

Obesity programme gets results (In print page 8, substantial article)  

 

WEEKEND HERALD: 

Programme helps obese kids (news brief) 

 

02/11/2017 

WAATEA NEWS 

Whanau Pakari a fat-busting winner 

https://www.waateanews.com/waateanews/x_news/MTc2OTk/National%20News/Whanau-

Pakari-a-fat-busting-winner  

http://news.xinhuanet.com/english/2017-10/20/c_136694039.htm
http://www.scoop.co.nz/stories/GE1710/S00090/pioneering-healthy-lifestyle-programme.htm
https://www.neighbourly.co.nz/public/hawera/hawera/message/33724748
http://corecommunique.com/pioneering-healthy-lifestyle-programme-lifts-health-well-kids-weight-issues/
http://corecommunique.com/pioneering-healthy-lifestyle-programme-lifts-health-well-kids-weight-issues/
https://www.waateanews.com/waateanews/x_news/MTc2OTk/National%20News/Whanau-Pakari-a-fat-busting-winner
https://www.waateanews.com/waateanews/x_news/MTc2OTk/National%20News/Whanau-Pakari-a-fat-busting-winner
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12/08/2017 

TARANAKI DAILY NEWS 

Obese kids can struggle emotionally (print)  

 

10/08/2017 

NEWSTALK ZB 

Coverage of a study that found kids with obesity are at a raised risk of emotional and behavioural 

difficulties (11am, 1pm News)  

 

MAORI TELEVISION 

Kids with weight issues at high risk of emotional and behavioural problems: study 

http://www.maoritelevision.com/news/national/kids-weight-issues-high-risk-emotional-and-

behavioural-problems-study  

 

NZ HERALD 

Obese children more likely to have issues with their emotional health 

http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11901083  

 

STUFF 

Children in obesity study show high level of emotional problems 

https://www.stuff.co.nz/national/health/95608669/children-in-obesity-study-show-high-level-

of-emotional-problems  

 

HEALTH TIMES 

Kids with weight issues at high risk of emotional and behavioural problems: study 

https://healthtimes.com.au/hub/paediatrics/17/news/nc1/kids-with-weight-issues-at-high-risk-

of-emotional-and-behavioural-problems-study/2783/ 

 

http://www.maoritelevision.com/news/national/kids-weight-issues-high-risk-emotional-and-behavioural-problems-study
http://www.maoritelevision.com/news/national/kids-weight-issues-high-risk-emotional-and-behavioural-problems-study
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11901083
https://www.stuff.co.nz/national/health/95608669/children-in-obesity-study-show-high-level-of-emotional-problems
https://www.stuff.co.nz/national/health/95608669/children-in-obesity-study-show-high-level-of-emotional-problems
https://healthtimes.com.au/hub/paediatrics/17/news/nc1/kids-with-weight-issues-at-high-risk-of-emotional-and-behavioural-problems-study/2783/
https://healthtimes.com.au/hub/paediatrics/17/news/nc1/kids-with-weight-issues-at-high-risk-of-emotional-and-behavioural-problems-study/2783/
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DOTEMIRATES 

Kids with weight issues at high risk of emotional and behavioural problems 

https://www.dotemirates.com/en/details/3774312?from=dot 

 

MEDICAL XPRESS 

Kids with weight issues at high risk of emotional and behavioural problems 

https://medicalxpress.com/news/2017-08-kids-weight-issues-high-emotional.html 

 

NURSING REVIEW 

Obese children more likely to have issues with their emotional health 

http://nursingreview.co.nz/obese-children-more-likely-to-have-issues-with-their-emotional-

health/ 

 

NZ NEWS WEB 

Children in obesity study show high level of emotional problems 

http://www.nznewsweb.com/story/17994/children-in-obesity-study-show-high-level-of-

emotional-problems/ 

 

HEALTH MEDICINE NETWORK 

Kids with weight issues at high risk of emotional and behavioural problems 

http://healthmedicinet.com/news/kids-with-weight-issues-at-high-risk-of-emotional-and-

behavioural-problems/ 

 

NEWSIE 

Overweight kids at risk emotionally 

http://www.newsie.co.nz/news/49193-overweight-kids-at-risk-emotionally.html 

 

VOXY 

Kids with weight issues at high risk of behavioural problems 

http://www.voxy.co.nz/health/5/290062 

 

https://www.dotemirates.com/en/details/3774312?from=dot
https://medicalxpress.com/news/2017-08-kids-weight-issues-high-emotional.html
http://nursingreview.co.nz/obese-children-more-likely-to-have-issues-with-their-emotional-health/
http://nursingreview.co.nz/obese-children-more-likely-to-have-issues-with-their-emotional-health/
http://www.nznewsweb.com/story/17994/children-in-obesity-study-show-high-level-of-emotional-problems/
http://www.nznewsweb.com/story/17994/children-in-obesity-study-show-high-level-of-emotional-problems/
http://healthmedicinet.com/news/kids-with-weight-issues-at-high-risk-of-emotional-and-behavioural-problems/
http://healthmedicinet.com/news/kids-with-weight-issues-at-high-risk-of-emotional-and-behavioural-problems/
http://www.newsie.co.nz/news/49193-overweight-kids-at-risk-emotionally.html
http://www.voxy.co.nz/health/5/290062
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09/02/2017 

Nemai Vucago interviews Yvonne Anderson and Howie Tamati RADIO 531PI – Pacific Breeze  

08/02/2017 

James Coleman interview (no link) RadioLIVE  

 

Worrying results from a new in-depth study on kids and screen time RadioLIVE Breakfast 

http://www.radiolive.co.nz/Worrying-results-from-a-new-in-depth-study-on-kids-and-screen-

time/tabid/506/articleID/136319/Default.aspx 

 

RadioLIVE Drive (Ali Mau interviews Yvonne Anderson and Howie Tamati) 

 

RadioLIVE hourly news bulletins (soundbite from Yvonne Anderson): 7am, 8am, 9am, 10am 

 

RADIO NZ - NATIONAL 

RadioNZ National hourly news bulletins (soundbite from Yvonne Anderson): 12noon, 4pm, 

10pm 

 

RADIO NZ 

Obese kids watch more TV, study finds Radio NZ  

http://www.radionz.co.nz/news/national/324046/obese-kids-watch-more-tv,-study-finds 

 

RADIO 531PI 

News bulletins 9am, 12am (soundbite from Yvonne Anderson) 

 

http://www.radiolive.co.nz/Worrying-results-from-a-new-in-depth-study-on-kids-and-screen-time/tabid/506/articleID/136319/Default.aspx
http://www.radiolive.co.nz/Worrying-results-from-a-new-in-depth-study-on-kids-and-screen-time/tabid/506/articleID/136319/Default.aspx
http://www.radionz.co.nz/news/national/324046/obese-kids-watch-more-tv,-study-finds
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CHINESE NEW ZEALAND HERALD 

http://www.chinesenzherald.co.nz/news/lifestyle/verweight-and-obese-taranaki-kids-and-teens/ 

 

THE UNIVERSITY OF AUCKLAND 

Kids with weight issues do little exercise, spend lots of time on screens  

https://www.auckland.ac.nz/en/about/news-events-and-notices/news/news-2017/02/kids-with-

weight-issues-do-little-exercise--spend-lots-of-time-o.html 

 

07/02/2017 

STUFF 

Obese kids spend too much time in front of a screen Taranaki Daily News/Stuff.co.nz  

http://www.stuff.co.nz/taranaki-daily-news/news/89139722/obese-kids-spend-too-much-time-

in-front-of-a-screen 

 

NEW ZEALAND HERALD 

Kiwi childhood obesity study finds low exercise rates, high screen time in overweight and obese 

Taranaki kids and teens 

http://www.nzherald.co.nz/lifestyle/news/article.cfm?c_id=6&objectid=11796166 

 

12/2017 

PULSE MAGAZINE 

What is Whānau Pakari? December 2016 

http://www.tdhb.org.nz/news/documents/Pulse_2016_12.pdf 

 

 

26/11/2016 

http://www.chinesenzherald.co.nz/news/lifestyle/verweight-and-obese-taranaki-kids-and-teens/
https://www.auckland.ac.nz/en/about/news-events-and-notices/news/news-2017/02/kids-with-weight-issues-do-little-exercise--spend-lots-of-time-o.html
https://www.auckland.ac.nz/en/about/news-events-and-notices/news/news-2017/02/kids-with-weight-issues-do-little-exercise--spend-lots-of-time-o.html
http://www.stuff.co.nz/taranaki-daily-news/news/89139722/obese-kids-spend-too-much-time-in-front-of-a-screen
http://www.stuff.co.nz/taranaki-daily-news/news/89139722/obese-kids-spend-too-much-time-in-front-of-a-screen
http://www.nzherald.co.nz/lifestyle/news/article.cfm?c_id=6&objectid=11796166
http://www.tdhb.org.nz/news/documents/Pulse_2016_12.pdf
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RADIO 531PI  

7.30am Breakfast show interview with Brian Sagala 

 

STUFF 

Overweight children comfort eat a new study  

http://www.stuff.co.nz/national/health/86800240/overweight-children-comfort-eat-a-new-

study-shows (Stuff story published in print) 

 

25/11/2016 

NEW ZEALAND HERALD 

Some children drinking up to 2 litres of sweet drinks a day 

http://www.nzherald.co.nz/health/news/article.cfm?c_id=204&objectid=11754338 

 

Kids guzzle up to 2L fizz a day (print version of NZ Herald, front page and A6)  

 

STUFF 

Overweight children comfort eat a new study shows (internet)  

http://www.stuff.co.nz/national/health/86800240/Overweight-children-comfort-eat-a-new-

study-shows  

 

TELEVISION NEW ZEALAND 

Childhood obesity study shows sugary drinks continue to be a problem (internet) 

https://www.tvnz.co.nz/one-news/new-zealand/childhood-obesity-study-shows-sugary-drinks-

continue-problem 

 

SCOOP 

Kids’ health should come before sugar barons’ profits (internet)  

http://www.scoop.co.nz/stories/PA1611/S00493/kids-health-should-come-before-sugar-barons-

profits.htm 

 

 

http://www.stuff.co.nz/national/health/86800240/overweight-children-comfort-eat-a-new-study-shows
http://www.stuff.co.nz/national/health/86800240/overweight-children-comfort-eat-a-new-study-shows
http://www.nzherald.co.nz/health/news/article.cfm?c_id=204&objectid=11754338
http://www.stuff.co.nz/national/health/86800240/Overweight-children-comfort-eat-a-new-study-shows
http://www.stuff.co.nz/national/health/86800240/Overweight-children-comfort-eat-a-new-study-shows
https://www.tvnz.co.nz/one-news/new-zealand/childhood-obesity-study-shows-sugary-drinks-continue-problem
https://www.tvnz.co.nz/one-news/new-zealand/childhood-obesity-study-shows-sugary-drinks-continue-problem
http://www.scoop.co.nz/stories/PA1611/S00493/kids-health-should-come-before-sugar-barons-profits.htm
http://www.scoop.co.nz/stories/PA1611/S00493/kids-health-should-come-before-sugar-barons-profits.htm
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RADIO LIVE  

10am news bulletin 

 

NEWSHUB  

10am news bulletin 

 

GISBORNE HERALD 

Breaking generational bad-eating habits 

 

NEWSTALK ZB  

Various news bulletins 

 

News sections of THE UNIVERSITY OF AUCKLAND and LIGGINS websites  

https://www.auckland.ac.nz/en/about/news-events-and-notices/news/news-2016/11/study-diet-

children-weight-issues.html  

http://www.liggins.auckland.ac.nz/en.html 

 

HEALTH RESEARCH COUNCIL OF NEW ZEALAND 

 http://www.hrc.govt.nz/home 

 

11/2016 

NURSING REVIEW 

Kiwi Kids: growing up or growing out? November 2016 

 

20/10/2016 

 

 

 

 

https://www.auckland.ac.nz/en/about/news-events-and-notices/news/news-2016/11/study-diet-children-weight-issues.html
https://www.auckland.ac.nz/en/about/news-events-and-notices/news/news-2016/11/study-diet-children-weight-issues.html
http://www.liggins.auckland.ac.nz/en.html
http://www.hrc.govt.nz/home
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CHRISTCHURCH STAR 

Overweight kids on rise (print and internet).  

https://issuu.com/the.star/docs/116294cs?mode=embed&layout=http%3A%2F%2Fskin.issuu.c

om%2Fv%2Flight%2Flayout.xml&backgroundColor=000000 

  

19/09/2016 

NEW ZEALAND HERALD 

Study finds obese Kiwi kids at risk of diabetes, heart disease. Front page. 

http://bit.ly/2cRidhW 

http://www.nzherald.co.nz/health/news/article.cfm?c_id=204&objectid=11711468 

 

RADIO NEW ZEALAND 

75 per cent of obese children at greater risk of long-term heart disease. Radio NZMorning Report 

(live radio interview with Susie Ferguson). 

http://www.radionz.co.nz/national/programmes/morningreport/audio/201816661/75-of-obese-

children-at-greater-risk-of-long-term-heart-disease 

 

RADIO NEW ZEALAND 

Health outlook for obese children grim – researcher. (Internet). 

http://www.radionz.co.nz/news/national/313634/health-outlook-for-obese-children-grim-

researcher 

 

NEWSTALKZB 

Obese NZ kids at risk of developing serious health-related problems. 

http://www.newstalkzb.co.nz/news/health/study-obese-nz-children-at-risk-of-developing-

serious-weight-related-problems/ 

 

STUFF 

NZ study warns children are at high risk of heart, liver disease, and diabetes. Stuff.co.nz  

https://issuu.com/the.star/docs/116294cs?mode=embed&layout=http%3A%2F%2Fskin.issuu.com%2Fv%2Flight%2Flayout.xml&backgroundColor=000000
https://issuu.com/the.star/docs/116294cs?mode=embed&layout=http%3A%2F%2Fskin.issuu.com%2Fv%2Flight%2Flayout.xml&backgroundColor=000000
http://bit.ly/2cRidhW
http://www.radionz.co.nz/national/programmes/morningreport/audio/201816661/75-of-obese-children-at-greater-risk-of-long-term-heart-disease
http://www.radionz.co.nz/national/programmes/morningreport/audio/201816661/75-of-obese-children-at-greater-risk-of-long-term-heart-disease
http://www.radionz.co.nz/news/national/313634/health-outlook-for-obese-children-grim-researcher
http://www.radionz.co.nz/news/national/313634/health-outlook-for-obese-children-grim-researcher
http://www.newstalkzb.co.nz/news/health/study-obese-nz-children-at-risk-of-developing-serious-weight-related-problems/
http://www.newstalkzb.co.nz/news/health/study-obese-nz-children-at-risk-of-developing-serious-weight-related-problems/
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http://www.stuff.co.nz/national/health/84396397/nz-study-warns-obese-children-are-at-high-

risk-of-heart-liver-disease-and-diabetes 

 

TELEVISION NEW ZEALAND 

Obese Kiwi kids showing signs of serious health problems, study reveals. (Internet).  

https://www.tvnz.co.nz/one-news/new-zealand/obese-kiwi-kids-showing-signs-serious-health-

problems-study-reveals 

 

NEWSHUB 

Obese kids more likely to develop problems: study.  

http://www.newshub.co.nz/nznews/obese-kids-likely-to-develop-problems---study-2016091906 

 

SCIENCE MEDIA CENTRE 

Obese children at risk of serious illness. Science Media Centre links to news stories  

http://www.sciencemediacentre.co.nz/2016/09/19/obese-children-at-risk-of-serious-illness-in-

the-news/ 

 

20/09/2016 

KNOWLEDGE BASKET 

Obesity puts children hearts at risk.  

http://www.knowledge-basket.co.nz.ezproxy.auckland.ac.nz/databases/newztext/search-

newztext/view/?sid=1581127&d6=fairfax/text/2016/09/20/A0031120217165-AH.html 

 

RADIO WAATEA 

Full interview with Dale Husband. Radio Waatea  

http://www.waateanews.com/site/uma/images/podcasts/Dr-Yvonne-Anderson-Co-Author-of-

the-Study-on-Obese-Children_1_Pub.mp3 

 

WAATEA NEWS 

Taranaki study confirms childhood fat risk.  

http://www.stuff.co.nz/national/health/84396397/nz-study-warns-obese-children-are-at-high-risk-of-heart-liver-disease-and-diabetes
http://www.stuff.co.nz/national/health/84396397/nz-study-warns-obese-children-are-at-high-risk-of-heart-liver-disease-and-diabetes
http://www.newshub.co.nz/nznews/obese-kids-likely-to-develop-problems---study-2016091906
http://www.knowledge-basket.co.nz.ezproxy.auckland.ac.nz/databases/newztext/search-newztext/view/?sid=1581127&d6=fairfax/text/2016/09/20/A0031120217165-AH.html
http://www.knowledge-basket.co.nz.ezproxy.auckland.ac.nz/databases/newztext/search-newztext/view/?sid=1581127&d6=fairfax/text/2016/09/20/A0031120217165-AH.html
http://www.waateanews.com/site/uma/images/podcasts/Dr-Yvonne-Anderson-Co-Author-of-the-Study-on-Obese-Children_1_Pub.mp3
http://www.waateanews.com/site/uma/images/podcasts/Dr-Yvonne-Anderson-Co-Author-of-the-Study-on-Obese-Children_1_Pub.mp3
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http://www.waateanews.com/waateanews/x_story_id/MTQ2NzI=/Taranaki%20study%20confir

ms%20childhood%20fat%20risk 

 

MEDICAL DAILY 

Childhood obesity linked to serious health risks such as heart disease, type 2 diabetes, and liver 

disease.  

http://www.medicaldaily.com/childhood-obesity-linked-serious-health-risks-such-heart-

disease-type-2-398335 

 

22/08/2015 

STUFF 

Tackling Taranaki’s child obesity. Taranaki Daily News  

http://www.stuff.co.nz/taranaki-daily-news/news/70915470/tackling-taranakis-child-obesity 

 

03/07/2015 

NZ DOCTOR 

Small but significant weight loss in obese kids after interventions – study.  

http://www.nzdoctor.co.nz/news/2015/july-2015/03/small-but-significant-weight-loss-in-obese-

kids-after-interventions---study.aspx 

 

28/05/2015 

STUFF 

Taranaki kids near top of obesity charts. Taranaki Daily News. 

http://www.stuff.co.nz/taranaki-daily-news/68899704/Taranaki-kids-near-top-of-obesity-charts 

 

05/08/2014 

http://www.waateanews.com/waateanews/x_story_id/MTQ2NzI=/Taranaki%20study%20confirms%20childhood%20fat%20risk
http://www.waateanews.com/waateanews/x_story_id/MTQ2NzI=/Taranaki%20study%20confirms%20childhood%20fat%20risk
http://www.medicaldaily.com/childhood-obesity-linked-serious-health-risks-such-heart-disease-type-2-398335
http://www.medicaldaily.com/childhood-obesity-linked-serious-health-risks-such-heart-disease-type-2-398335
http://www.stuff.co.nz/taranaki-daily-news/news/70915470/tackling-taranakis-child-obesity
http://www.nzdoctor.co.nz/news/2015/july-2015/03/small-but-significant-weight-loss-in-obese-kids-after-interventions---study.aspx
http://www.nzdoctor.co.nz/news/2015/july-2015/03/small-but-significant-weight-loss-in-obese-kids-after-interventions---study.aspx
http://www.stuff.co.nz/taranaki-daily-news/68899704/Taranaki-kids-near-top-of-obesity-charts
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LIVE MAGAZINE 

The Fat Issue. 

http://livemagazine.co.nz/wp-content/pdf/LIVEAUGSEP2014.pdf 

 

12/07/2014 

STUFF 

Dreaming of enough to eat. 

http://www.stuff.co.nz/taranaki-daily-news/lifestyle/10257596/Dreaming-of-enough-to-eat 

 

05/07/2014 

STUFF 

Obesity scheme creates a buzz. Taranaki Daily News. 

http://www.stuff.co.nz/taranaki-daily-news/news/10234987/Obesity-scheme-creates-a-buzz 

 

13/07/2013 

STUFF 

Taranaki scheme tackles obesity head-on. Taranaki Daily News. 

http://www.stuff.co.nz/taranaki-daily-news/news/8913864/Taranaki-scheme-tackles-obesity-

head-on 

 

30/11/2012 

STUFF 

Healthy lifestyle tips winning families over. Taranaki Daily News. 

http://www.stuff.co.nz/taranaki-daily-news/news/8017236/Healthy-lifestyle-tips-winning-

families-over 

 

http://livemagazine.co.nz/wp-content/pdf/LIVEAUGSEP2014.pdf
http://www.stuff.co.nz/taranaki-daily-news/lifestyle/10257596/Dreaming-of-enough-to-eat
http://www.stuff.co.nz/taranaki-daily-news/news/10234987/Obesity-scheme-creates-a-buzz
http://www.stuff.co.nz/taranaki-daily-news/news/8913864/Taranaki-scheme-tackles-obesity-head-on
http://www.stuff.co.nz/taranaki-daily-news/news/8913864/Taranaki-scheme-tackles-obesity-head-on
http://www.stuff.co.nz/taranaki-daily-news/news/8017236/Healthy-lifestyle-tips-winning-families-over
http://www.stuff.co.nz/taranaki-daily-news/news/8017236/Healthy-lifestyle-tips-winning-families-over
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23/01/2012 

STUFF 

Help on way for obese children. Taranaki Daily News.  

http://www.stuff.co.nz/taranaki-daily-news/news/6297903/Help-on-way-for-obese-children 

  

http://www.stuff.co.nz/taranaki-daily-news/news/6297903/Help-on-way-for-obese-children
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Appendix D. Evidence of ethical approval, patient information and 

consent forms 
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Signed locality assessment : Sport Taranaki, Taranaki Hospital 

Part 5 : Use of Human Tissue 

Part 8 

Matters of comment, information or advice 

The Committee also forwards the following comments, information and advice, which do not affect the 

application’s ethical approval status. 

It would appear that you were sent an incorrect subject to conditions letter. The 

conditions in this letter dated 13 September 2011 were incorrect and a correct letter will be sent out to 

you. Also please be advised that indeed the SKIP does not apply to your study. 

This approval is valid until 01 November 2015, provided that Annual Progress Reports are submitted (see 

below). 

Access to ACC 

For the purposes of section 32 of the Accident Compensation Act 2001, the Committee is satisfied that this 

study is not being conducted principally for the benefit of the manufacturer or distributor of the medicine or 

item in respect of which the trial is being carried out. Participants injured as a result of treatment received in 

this trial will therefore be eligible to be considered for compensation in respect of those injuries under the ACC 

scheme. 

Amendments and Protocol Deviations 

All significant amendments to this proposal must receive prior approval from the Committee. Significant 

amendments include (but are not limited to) changes to: 

the researcher responsible for the conduct of the study at a study site 

the addition of an extra study site 

the design or duration of the study 

the method of recruitment 

information sheets and informed consent procedures. 

Significant deviations from the approved protocol must be reported to the Committee as soon as possible. 
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Annual Progress Reports and Final Reports 

The first Annual Progress Report for this study is due to the Committee by 20 December 2012. The Annual 

Report Form that should be used is available at www.ethicscommittees.health.govt.nz. Please note that if you 

do not provide a progress report by this date, ethical approval may be withdrawn. 

A Final Report is also required at the conclusion of the study. The Final Report Form is also available at 

www.ethicscommittees.health.govt.nz. 

Requirements for the Reporting of Serious Adverse Events (SAEs) 

SAEs occurring in this study must be individually reported to the Committee within 7-15 days only where they: 

are unexpected because they are not outlined in the investigator’s brochure, and 

are not defined study end-points (e.g. death or hospitalisation), and 

occur in patients located in New Zealand, and 

if the study involves blinding, result in a decision to break the study code. 

There is no requirement for the individual reporting to ethics committees of SAEs that do not meet all of these 

criteria. However, if your study is overseen by a data monitoring committee, copies of its letters of 

recommendation to the Principal Investigator should be forwarded to the Committee as soon as possible. 

Please see www.ethicscommittees.health.govt.nz for more information on the reporting of SAEs, and to 

download the SAE Report Form. 

Statement of compliance 

The committee is constituted in accordance with its Terms of Reference. It complies with the Operational 

Standard for Ethics Committees and the principles of international good clinical practice.  

The committee is approved by the Health Research Council’s Ethics Committee for the purposes of section 

25(1)(c) of the Health Research Council Act 1990. 

We wish you all the best with your study. 

Yours sincerely 

AWHINA RANGIWAI 

ADMINISTRATOR 

Central Regional Ethics Committee 

  

http://www.ethicscommittees.health.govt.nz/
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Whanau Pakari: a child and adolescent intervention 

programme for weight issues. 

Information sheet for Parent/Caregiver regarding the clinical trial. 

We invite your child/teen to be part of the research trial for Whanau Pakari. 

Why do a trial? 

There is a lack of clinical research looking at interventions for children and 

adolescents with weight issues, especially in New Zealand.  This study aims to 

improve local services for 5-16-year-olds in the Taranaki region, and assess whether 

the devised intervention programme shows benefits in those participants that are 

assessed as ready to make healthy lifestyle changes.   

What is the intervention programme? 

The intervention programme involves physical activity, dietary education, and 

psychology input.  It will run for one year, but follow-up will be for at least two 

years.  The benefits that are hoped to be found are improvement in health 

measures such as body mass index, weight, physical fitness and activity, improved 

diet, and improved knowledge regarding making healthy lifestyle choices.  It is 

important that this service is assessed through a trial to ensure the intervention is 

better than current standard of care, and to ensure long-term funding for the 

service. 

How does my child/teen get selected? 
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If your child/teen and family are assessed as ready to make healthy lifestyle 

changes, you will be asked for consent to participate in the research trial.  This will 

mean your child/teen will be “randomised” (randomly placed in one of two groups), 

either to the 12 month intervention with another 12 months of follow-up 

(intervention arm), or to the follow-up group (control arm), where you receive 6 

monthly follow-up.  We do not know which will have the better outcome without 

doing the trial.  The intervention will be run by Sport Taranaki, and held in 

numerous sports facilities in the region. 

If the intervention seems more successful than the follow-up group after the trial 

has been completed, all children/teenagers in the follow-up group that haven’t had 

their 15th birthday will be offered the intervention, subject to funding. 

Whanau Pakari: child and adolescent intervention pilot Final 14/12/11 

Are there any negative effects? 

No!  There will be a request for blood tests whether your child/teen is part of the 

trial or not.   

This study is covered by the Accident Compensation Corporation (ACC). 

Please do not hesitate to ask us any questions that you may have.  Please be aware 

that you can withdraw your consent for your child’s participation at any time, and 

participation is entirely voluntary.  If you choose not to participate, your 

child/teen’s medical care will not be affected.   

Your GP or referrer will be advised of your child/teen’s involvement in the study, 

and any progress that may help in ongoing care. 

Your child has the right to consent to participate in research when they are capable 

of understanding what the study involves and the risks. If your child is unable to 

fully 
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understand, their assent must be obtained unless your child is unable to 

communicate. 

Full name of principal researcher:   Dr Yvonne Anderson 

Contact phone number:    (06) 7536139 

If you have any queries or concerns regarding your child/teen’s rights as a 

participant in this study, you may wish to contact an independent health and 

disability advocate: 

Free phone: 0800 555 050 

Free fax: 0800 2 SUPPORT (0800 2787 7678) 

Email: advocacy@hdc.org.nz 

Thank-you for reading this information sheet. 

Whanau Pakari: child and adolescent intervention pilot Final 14/12/11 

 

mailto:advocacy@hdc.org.nz
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Whanau Pakari: a child and adolescent intervention 

programme for weight issues. 

A programme designed to help you with being too 

heavy. 

Information sheet for children/teenagers regarding the study. 

Why am I too heavy? 

There are many reasons that children and teenagers are too heavy.  This service is 

here to help you to make changes to the way you live.  We are a small team of 

doctors, dietitians (they help with eating the good foods!), psychologists (they help 

you to feel positive about the changes you are making), and exercise specialists 

(they help you to get active!). 

What does it mean if I am part of a trial? 

This means that you and your family have been asked questions, and we think you 

are ready to make changes to your eating and level of activity.  The trial is to see if 

the programme we’ve designed to help you works.  If you decide with your 

parent/caregiver to be part of this trial, then you may get given a programme to 

do, or we may give you some information to go and do one yourselves. 

Is there anything bad that will happen? 
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No!  We will ask you to do a blood test once a year whether you are on the trial or 

not to make sure you are healthy on the inside.  Other than that, just lots of exercise 

and fun to get you feeling great! 

You can pull out of the trial at any time.   

Thank-you for reading this.  Please ask us any questions you may have. 

Whanau Pakari: child and adolescent intervention pilot Final 14/12/11 
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WHANAU PAKARI: CHILD AND ADOLESCENT INTERVENTION 

PROGRAMME FOR WEIGHT ISSUES. 

CONSENT FORM FOR PARTICIPATION IN WHANAU PAKARI PILOT TRIAL 

I, ______________________ (Parent/Caregiver) hereby consent for my child/teen 

______________________ to participate in the above pilot.  I have had the opportunity 

to read the information sheet, and had my questions answered after discussion with 

______________________. 

I understand that, should my child/teen be eligible, they may enter into the intervention 

arm or receive 6 monthly follow-up for a minimum of two years (control arm).  I 

understand that, should my child/teen enter the control arm, should funding be 

available at the end of the project, and significant improvements found with the 

intervention group, my child/teen will be offered the intervention as long as they have 

not reached their 15th birthday.     

I understand that blood tests will be requested at yearly intervals for 2 years, but that 

these would be requested if my child/teen was not participating in the pilot. 

I understand that my child/teen taking part in this pilot is voluntary (my choice), and 

that I may withdraw from the study at any time, and this will in no way affect my 

child/teen’s future health care. 

I have received the information sheet and I understand I will receive copies of the 

consent forms.  I have read and I understand the information sheet dated 14th 

December 2011 for volunteers taking part in the pilot designed to assist with my 

(Attach patient label here) 
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child/teen’s weight and lifestyle. I have had the opportunity to discuss this study.  I am 

satisfied with the answers I have been given. 

I have had the opportunity to use whānau support or a friend to help me ask questions 

and understand the information given. 

I understand that my child/teen’s participation in this study is confidential and that no 

material that could identify me will be used in any reports on this pilot. 

I understand the compensation provisions for this pilot (that this trial is covered by 

ACC). I have had time to consider whether to allow my child/teen to take part in the 

pilot.   

Final 14/12/11 
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I know who to contact if I have any questions about the pilot in general.   

I would like the researcher to discuss the outcomes of the pilot with me/my child/teen. 

Yes       No  

I agree to my GP or other current provider being informed of my participation in this 

study. 

Yes      No 

Full name of principal researcher:   Dr Yvonne Anderson 

Contact phone number:    (06) 7536139 

Project explained by: 

Project role:      Healthy Lifestyles Co-ordinator 

Signed: ________________   Name: ______________________ Date: 

____________ 

Relationship to child/teen: ______________________ 

Complete where applicable: 

I, _______________________ (child/teen) agree to take part in this pilot to help 

me from being so heavy.  I have had the chance to ask questions and have been 

given the information sheet.  I know that I can pull out of the pilot at any time. 

Signed: _______________    Name: _____________________ Date: ____________ 

Final 14/12/11 
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CONSENT FORM FOR WHANAU PAKARI THE “HEALTHY BRAINS” STUDY. 

 
 

CONSENT FOR PARTICIPATING IN THE “HEALTHY BRAINS” STUDY. 
 

I, ______________________ (Parent/Caregiver) give permission for my child/teen 
______________________ to participate in the “Healthy Brains” study.  I have had the study 
explained to me, and understand that it involves two assessments a year apart, only after blood 
tests have been taken.  I consent to potential follow-up for five years.   
 
Signed: ______________________    Name: ______________________ Date: ____________ 
Relationship to child/teen: ______________________ 
 
Complete where applicable: 
 
I, _______________________ (child/teen) agree to take part in the study.  I have had the chance 
to ask questions.  I know that I can pull out of the programme at any time. 
 
Signed: ______________________    Name: ______________________ Date: ____________ 

___________________________________________________________________________ 

CONSENT FOR SHARING OF INFORMATION 
 

I, ______________________ (Parent/Caregiver) give permission for my child/teen’s information 
to be shared between Sport Taranaki and Taranaki District Health Board staff who are involved 
with my child/teen for the purpose of their involvement in this service.   
 
I understand that information will be given to the referrer and/or GP as appropriate to assist in 
ongoing care. 
 
Signed: ______________________    Name: ______________________ Date: ____________ 
Relationship to child/teen: ______________________ 
 
____________________________________________________________________________  

(Attach patient label here) 
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Appendix E. Information and resources 

  



Appendices 

344 

 



Appendices 

345 

 

 

 



References 

346 

References 

1. UNICEF, WHO, World Bank. Levels and trends in child malnutrition: UNICEF-WHO-

World Bank joint child malnutrition estimates. Key findings of the 2017 edition. New York, 

Geneva, Washington DC: UNICEF, WHO, World Bank; 2017. 

2. World Health Organization. Obesity:preventing and managing the global epidemic. 

Report of a WHO consultation. Geneva: World Health Organization; 2000. Report No.: 

Technical Report Series number 894. 

3. World Health Organization Europe. The challenge of obesity in the WHO European 

region and the strategies for response. Copenhagen: WHO Regional Office for Europe; 

2007. 

4. Lobstein T, Baur L, Uauy R, IASO International Obesity TaskForce. Obesity in children 

and young people: a crisis in public health. Obes Rev. 2004 May;5(Suppl 1):4-85. 

5. Caballero B. The global epidemic of obesity: an overview. Epidemiol Rev. 2007;29(1):1-

5. 

6. Sassi F, Devaux M, Cecchini M, Rusticelli E. The obesity epidemic: analysis of past and 

projected future trends in selected OECD countries. Paris: Organisation for Economic Co-

operation and Development (OECD), Directorate for Employment, Labour and Social 

Affairs, Health Committee; 2009. 

7. Wang Y, Lobstein T. Worldwide trends in childhood overweight and obesity. Int J Pediatr 

Obes. 2006;1(1):11-25. 

8. World Health Organization. Report of the Commission on Ending Childhood Obesity. 

Geneva: World Health Organization; 2016. 

9. Barness LA, Opitz JM, Gilbert-Barness E. Obesity: genetic, molecular, and 

environmental aspects. Am J Med Genet A. 2007;143A(24):3016-34. 



References 

347 

10. Ministry of Health, New Zealand. Health loss in New Zealand: a report from the New 

Zealand burden of diseases, injuries and risk factors study, 2006-2016. Wellington: Ministry 

of Health; 2013. 

11. World Health Organization Expert Committee on Physical Status. Physical status: the 

use and interpretation of anthropometry. Geneva: World Health Organization; 1995. Report 

No.: Technical Report Series No. 854. 

12. Rolland-Cachera MF. Childhood obesity: current definitions and recommendations for 

their use. Int J Pediatr Obes. 2011 Oct;6(5-6):325-31. 

13. Sardinha LB, Going SB, Teixeira PJ, Lohman TG. Receiver operating characteristic 

analysis of body mass index, triceps skinfold thickness, and arm girth for obesity screening 

in children and adolescents. Am J Clin Nutr. 1999 Dec;70(6):1090-5. 

14. Freedman DS, Serdula MK, Srinivasan SR, Berenson GS. Relation of circumferences 

and skinfold thicknesses to lipid and insulin concentrations in children and adolescents: the 

Bogalusa Heart Study. Am J Clin Nutr. 1999 Feb;69(2):308-17. 

15. Eisenmann JC. Waist circumference percentiles for 7- to 15-year-old Australian 

children. Acta Paediatr. 2005 Sep;94(9):1182-5. 

16. Waist circumference and waist-hip ratio: Report of a WHO expert consultation. Geneva: 

World Health Organization; 2008.  

17. Nambiar S, Truby H, Davies PS, Baxter K. Use of the waist-height ratio to predict 

metabolic syndrome in obese children and adolescents. J Paediatr Child Health. 2013 

Apr;49(4):E281-7. 

18. Wang J, Thornton JC, Bari S, Williamson B, Gallagher D, Heymsfield SB, et al. 

Comparisons of waist circumferences measured at 4 sites. Am J Clin Nutr. 2003 

Feb;77(2):379-84. 

19. Ross R, Berentzen T, Bradshaw AJ, Janssen I, Kahn HS, Katzmarzyk PT, et al. Does 

the relationship between waist circumference, morbidity and mortality depend on 

measurement protocol for waist circumference? Obes Rev. 2008 Jul;9(4):312-25. 



References 

348 

20. Watts K, Bell LM, Byrne SM, Jones TW, Davis EA. Waist circumference predicts 

cardiovascular risk in young Australian children. J Paediatr Child Health. 2008 

Dec;44(12):709-15. 

21. Akpinar E, Bashan I, Bozdemir N, Saatci E. Which is the best anthropometric technique 

to identify obesity: body mass index, waist circumference or waist-hip ratio?. Coll Antropol. 

2007 Jun;31(2):387-93. 

22. Hsieh SD, Yoshinaga H, Muto T. Waist-to-height ratio, a simple and practical index for 

assessing central fat distribution and metabolic risk in Japanese men and women. Int J Obes 

Relat Metab Disord. 2003 May;27(5):610-6. 

23. Nambiar S, Hughes I, Davies PS. Developing waist-to-height ratio cut-offs to define 

overweight and obesity in children and adolescents. Public Health Nutr. 2010 

Oct;13(10):1566-74. 

24. Nambiar S, Truby H, Abbott RA, Davies PS. Validating the waist-height ratio and 

developing centiles for use amongst children and adolescents. Acta Paediatr. 2009 

Jan;98(1):148-52. 

25. Ashwell M, Hsieh SD. Six reasons why the waist-to-height ratio is a rapid and effective 

global indicator for health risks of obesity and how its use could simplify the international 

public health message on obesity. Int J Food Sci Nutr. 2005 Aug;56(5):303-7. 

26. Goran MI, Gower BA, Treuth M, Nagy TR. Prediction of intra-abdominal and 

subcutaneous abdominal adipose tissue in healthy pre-pubertal children. Int J Obes Relat 

Metab Disord. 1998 Jun;22(6):549-58. 

27. Flegal KM, Wei R, Ogden CL, Freedman DS, Johnson CL, Curtin LR. Characterizing 

extreme values of body mass index-for-age by using the 2000 Centers for Disease Control 

and Prevention growth charts. Am J Clin Nutr. 2009 Nov;90(5):1314-20. 

28. Peterson CM, Su H, Thomas DM, Heo M, Golnabi AH, Pietrobelli A, et al. Tri-ponderal 

mass index vs body mass index in estimating body fat during adolescence. JAMA Pediatr. 

2017; 171(7):629-636. 



References 

349 

29. Ministry of Health. Clinical guidelines for weight management in New Zealand children 

and young people. Wellington: Ministry of Health; 2016. 

30. Cole TJ. The LMS method for constructing normalized growth standards. Eur J Clin 

Nutr. 1990 Jan;44(1):45-60. 

31. de Onis M, Lobstein T. Defining obesity risk status in the general childhood population: 

which cut-offs should we use? Int J Pediatr Obes. 2010 Dec;5(6):458-60. 

32. WHO Multicentre Growth Reference Study Group. WHO child growth standards based 

on length/height, weight and age. Acta Paediatr Suppl. 2006 Apr;450:76-85. 

33. Growth charts [Internet]. Wellington, New Zealand: Ministry of Health; 2010 [updated 

2010 Nov 2; cited 2013 Nov 15]. Available from: www.health.govt.nz/our-work/life-

stages/child-health/well-child-services/growth-charts. 

34. Fredriks AM, van Buuren S, Wit JM, Verloove-Vanhorick SP. Body index 

measurements in 1996-7 compared with 1980. Arch Dis Child. 2000 Feb;82(2):107-12. 

35. de Onis M. The use of anthropometry in the prevention of childhood overweight and 

obesity. Int J Obes Relat Metab Disord. 2004 Nov;28(Suppl 3):S81-5. 

36. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child 

overweight and obesity worldwide: international survey. BMJ. 2000 May 

6;320(7244):1240-3. 

37. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development of 

a WHO growth reference for school-aged children and adolescents. Bull World Health 

Organ. 2007 Sep;85(9):660-7. 

38. Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, Flegal KM, Guo SS, Wei R, et al. 

CDC growth charts: United States. Adv Data. 2000 Jun 8(314):1-27. 

39. Australian and New Zealand growth charts [Internet]. Morrisset, New South Wales: 

Australasian Paediatric Endocrine Group; 2008 [updated 2008 Aug 4; cited 2014 Nov 2]. 

Available from: 

http://www.health.govt.nz/our-work/life-stages/child-health/well-child-services/growth-charts
http://www.health.govt.nz/our-work/life-stages/child-health/well-child-services/growth-charts


References 

350 

http://www.apeg.org.au/ClinicalResourcesLinks/GrowthGrowthCharts/tabid/101/Default.a

spx. 

40. Cole TJ. A chart to link child centiles of body mass index, weight and height. Eur J Clin 

Nutr. 2002 Dec;56(12):1194-9. 

41. Lakshman R, Elks CE, Ong KK. Childhood obesity. Circulation. 2012 Oct 

2;126(14):1770-9. 

42. Rush EC, Freitas I, Plank LD. Body size, body composition and fat distribution: 

comparative analysis of European, Maori, Pacific Island and Asian Indian adults. Br J Nutr. 

2009 Aug;102(4):632-41. 

43. Rush E, Reed PW, McLennan S, Coppinger T, Simmons D, Graham D. Tracking of 

body mass indices over 2 years in Maori and European children. Eur J Clin Nutr. 2012 

Feb;66(2):143-9. 

44. Global BMI Mortality Collaboration. Body-mass index and all-cause mortality: 

individual-participant-data meta-analysis of 239 prospective studies in four continents. 

Lancet. 2016 Aug 20;388(10046):776-86. 

45. Han JC, Lawlor DA, Kimm SY. Childhood obesity. Lancet. 2010 May 

15;375(9727):1737-48. 

46. Gunstad J, Paul RH, Cohen RA, Tate DF, Spitznagel MB, Gordon E. Elevated body 

mass index is associated with executive dysfunction in otherwise healthy adults. Compr 

Psychiatry. 2007 Jan-Feb;48(1):57-61. 

47. Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-health crisis, common 

sense cure. The Lancet. 2002;360(9331):473-82. 

48. Must A, Strauss RS. Risks and consequences of childhood and adolescent obesity. Int J 

Obes Relat Metab Disord. 1999 Mar;23(Suppl 2):S2-11. 

49. Daniels SR, Greer FR, Committee on Nutrition. Lipid screening and cardiovascular 

health in childhood. Pediatrics. 2008 Jul;122(1):198-208. 

http://www.apeg.org.au/ClinicalResourcesLinks/GrowthGrowthCharts/tabid/101/Default.aspx
http://www.apeg.org.au/ClinicalResourcesLinks/GrowthGrowthCharts/tabid/101/Default.aspx


References 

351 

50. Berenson GS, Srinivasan SR, Bao W, Newman WP 3rd, Tracy RE, Wattigney WA. 

Association between multiple cardiovascular risk factors and atherosclerosis in children and 

young adults. The Bogalusa Heart Study. N Engl J Med. 1998 Jun 4;338(23):1650-6. 

51. Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in 

Children and Adolescents. National Heart, Lung,and Blood Institute. Expert panel on 

integrated guidelines for cardiovascular health and risk reduction in children and 

adolescents: Summary report. Pediatrics. 2011 Dec;128(Suppl 5):S213-56. 

52. Twig G, Yaniv G, Levine H, Leiba A, Goldberger N, Derazne E, et al. Body-mass index 

in 2.3 million adolescents and cardiovascular death in adulthood. N Engl J Med. 2016; 

374(25):2430-40. 

53. Lurbe E, Alvarez V, Liao Y, Tacons J, Cooper R, Cremades B, et al. The impact of 

obesity and body fat distribution on ambulatory blood pressure in children and adolescents. 

Am J Hypertens. 1998 Apr;11(4 Pt 1):418-24. 

54. Maggio AB, Aggoun Y, Marchand LM, Martin XE, Herrmann F, Beghetti M, et al. 

Associations among obesity, blood pressure, and left ventricular mass. J Pediatr. 2008 

Apr;152(4):489-93. 

55. Skurk T, Hauner H. Obesity and impaired fibrinolysis: role of adipose production of 

plasminogen activator inhibitor-1. Int J Obes Relat Metab Disord. 2004 Nov;28(11):1357-

64. 

56. National High Blood Pressure Education Program Working Group on High Blood 

Pressure in Children and,Adolescents. The fourth report on the diagnosis, evaluation, and 

treatment of high blood pressure in children and adolescents. Pediatrics. 2004 

Aug;114(Suppl 2 4th Report):555-76. 

57. Kit B, Kuklina E, Carroll M, Ostchega Y, Freedman D, Ogden C. Prevalence of and 

trends in dyslipidemia and blood pressure among US children and adolescents, 1999-2012. 

JAMA Pediatr. 2015;169(3):272-9. 

58. Barlow SE, Expert C. Expert Committee recommendations regarding the prevention, 

assessment, and treatment of child and adolescent overweight and obesity: Summary report. 

Pediatrics. 2007 Dec;120(Suppl 4):S164-92. 



References 

352 

59. Bacha F, Lee S, Gungor N, Arslanian SA. From pre-diabetes to type 2 diabetes in obese 

youth: pathophysiological characteristics along the spectrum of glucose dysregulation. 

Diabetes Care. 2010 Oct;33(10):2225-31. 

60. Bergman RN. Pathogenesis and prediction of diabetes mellitus: Lessons from integrative 

physiology. Mt Sinai J Med. 2002 Oct;69(5):280-90. 

61. Gahagan S, Silverstein J. Prevention and treatment of type 2 diabetes mellitus in 

children, with special emphasis on American Indian and Alaska native children. Pediatrics. 

2003 Oct;112(4):e328. 

62. American Diabetes Association. 2. Classification and diagnosis of diabetes. Diabetes 

Care. 2016 Jan;39(Suppl 1):S13-22. 

63. Jiang X, Srinivasan SR, Berenson GS. Relation of obesity to insulin secretion and 

clearance in adolescents: The Bogalusa Heart Study. Int J Obes Relat Metab Disord. 1996 

Oct;20(10):951-6. 

64. Bergman RN. Lilly lecture 1989. Toward physiological understanding of glucose 

tolerance. Minimal-model approach. Diabetes. 1989 Dec;38(12):1512-27. 

65. Levy-Marchal C, Arslanian S, Cutfield W, Sinaiko A, Druet C, Marcovecchio ML, et 

al. Insulin resistance in children: Consensus, perspective, and future directions. J Clin 

Endocrinol Metab. 2010 Dec;95(12):5189-98. 

66. Bergman RN, Kim SP, Hsu IR, Catalano KJ, Chiu JD, Kabir M, et al. Abdominal 

obesity: role in the pathophysiology of metabolic disease and cardiovascular risk. Am J 

Med. 2007; Feb;120(2 Suppl 1):S3-8; discussion S29-32. 

67. Goran MI, Gower BA. Longitudinal study on pubertal insulin resistance. Diabetes. 2001 

Nov;50(11):2444-50. 

68. Vos MB, Abrams SH, Barlow SE, Caprio S, Daniels SR, Kohli R, et al. NASPGHAN 

clinical practice guideline for the diagnosis and treatment of nonalcoholic fatty liver disease 

in children: recommendations from the expert committee on NAFLD (ECON) and the North 

American Society of Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN). 

J Pediatr Gastroenterol Nutr. 2017;64(2):319-34. 



References 

353 

69. Franks S. Controversy in clinical endocrinology: diagnosis of polycystic ovarian 

syndrome: in defense of the Rotterdam criteria. J Clin Endocrinol Metab. 2006 

Mar;91(3):786-9. 

70. Whitaker KN. Polycystic ovary syndrome: an overview. J Pharm Pract. 2011 

Feb;24(1):94-101. 

71. Varni JW, Seid M, Kurtin PS. PedsQL 4.0: Reliability and validity of the Pediatric 

Quality of Life Inventory version 4.0 generic core scales in healthy and patient populations. 

Med Care. 2001 Aug;39(8):800-12. 

72. Petersen S, Moodie M, Mavoa H, Waqa G, Goundar R, Swinburn B. Relationship 

between overweight and health-related quality of life in secondary school children in Fiji: 

results from a cross-sectional population-based study. Int J Obes (Lond). 2014 

Apr;38(4):539-46. 

73. Boodai SA, Reilly JJ. Health related quality of life of obese adolescents in Kuwait. BMC 

Pediatr. 2013 Jul 11;13:105. 

74. Williams J, Wake M, Hesketh K, Maher E, Waters E. Health-related quality of life of 

overweight and obese children. JAMA. 2005 Jan 5;293(1):70-6. 

75. Liang J, Matheson BE, Kaye WH, Boutelle KN. Neurocognitive correlates of obesity 

and obesity-related behaviors in children and adolescents. Int J Obes. Apr 2014;38(4):494-

506. 

76. Reinert KR, Po'e EK, Barkin SL. The relationship between executive function and 

obesity in children and adolescents: a systematic literature review. J Obes. 2013:820956. 

77. Veronese N, Facchini S, Stubbs B, Luchini C, Solmi M, Manzato E, et al. Weight loss 

is associated with improvements in cognitive function among overweight and obese people: 

a systematic review and meta-analysis. Neurosci Biobehav Rev. 2017 Jan;72:87-94. 

78. Yu ZB, Han SP, Cao XG, Guo XR. Intelligence in relation to obesity: a systematic 

review and meta-analysis. Obes Rev. 2010 Sep;11(9):656-70. 



References 

354 

79. Nespoli L, Caprioglio A, Brunetti L, Nosetti L. Obstructive sleep apnea syndrome in 

childhood. Early Hum Dev. 2013 Oct;89(Suppl 3):S33-7. 

80. Wing YK, Hui SH, Pak WM, Ho CK, Cheung A, Li AM, et al. A controlled study of 

sleep related disordered breathing in obese children. Arch Dis Child. 2003 Dec;88(12):1043-

7. 

81. O'Brien LM, Sitha S, Baur LA, Waters KA. Obesity increases the risk for persisting 

obstructive sleep apnea after treatment in children. Int J Pediatr Otorhinolaryngol. 2006 

Sep;70(9):1555-60. 

82. Paediatric Sleep Medicine Clinical Network. New Zealand guidelines for the assessment 

of sleep-disordered breathing in childhood. Guideline. Wellington, New Zealand: Paediatric 

Society of New Zealand; 2014. 

83. Fatima Y, Doi SA, Mamun AA. Longitudinal impact of sleep on overweight and obesity 

in children and adolescents: a systematic review and bias-adjusted meta-analysis. Obes Rev. 

2015 Feb;16(2):137-49. 

84. Olds TS, Maher CA, Matricciani L. Sleep duration or bedtime? Exploring the 

relationship between sleep habits and weight status and activity patterns. Sleep. 2011 

Oct;34(10):1299-307. 

85. Rodriguez MA, Winkleby MA, Ahn D, Sundquist J, Kraemer HC. Identification of 

population subgroups of children and adolescents with high asthma prevalence: findings 

from the Third National Health and Nutrition Examination Survey. Arch Pediatr Adolesc 

Med. 2002 Mar;156(3):269-75. 

86. National Institute for Health and Care Excellence. Obesity: Identification, assessment 

and management. Guideline. London: NICE; 2014. 

87. Peng S, Wong HM, King NM, McGrath C. Is dental caries experience associated with 

adiposity status in preschool children? Int J Paed Dent. 2014;24:122-30. 

88. Rugg-Gunn AJ. Nutrition, diet and dental public health. Community Dent Health. 

1993;10(Suppl 2):47-56. 



References 

355 

89. Malik VS, Pan A, Willett WC, Hu FB. Sugar-sweetened beverages and weight gain in 

children and adults: a systematic review and meta-analysis. Am J Clin Nutr. 2013 

Oct;98(4):1084-102. 

90. Spiegel KA, Palmer CA. Childhood dental caries and childhood obesity. Different 

problems with overlapping causes. Am J Dent. 2012 Feb;25(1):59-64. 

91. Reaven GM. Banting lecture 1988. Role of insulin resistance in human disease. 

Diabetes. 1988 Dec;37(12):1595-607. 

92. Alberti KG, Zimmet P, Shaw J, IDF Epidemiology Task Force Consensus Group. The 

metabolic syndrome -a new worldwide definition. Lancet. 2005 Sep 24-30;366(9491):1059-

62. 

93. Zimmet P, Alberti G, Kaufman F, Tajima N, Silink M, Arslanian S, et al. The metabolic 

syndrome in children and adolescents. Lancet. 2007 Jun 23;369(9579):2059-61. 

94. Kurtoglu S, Akin L, Kendirci M, Hatipoglu N, Elmali F, Mazicioglu M. The absence of 

insulin resistance in metabolic syndrome definition leads to underdiagnosing of metabolic 

risk in obese patients. Eur J Pediatr. 2012 Sep;171(9):1331-7. 

95. World Health Organization. Interim report of the Commission on Ending Childhood 

Obesity. Geneva: World Health Organization; 2015. 

96. World Health Organization. Global status report on noncommunicable diseases. Geneva: 

World Health Organization; 2010. 

97. Rokholm B, Baker JL, Sorensen TI. The levelling off of the obesity epidemic since the 

year 1999 - a review of evidence and perspectives. Obes Rev. 2010 Dec;11(12):835-46. 

98. Organisation for Economic Cooperation and Development (OECD). Obesity update 

2014. France: Secretary-General of the OECD; 2014. 

99. Ministry of Health. Annual update of key results 2015/16: New Zealand health survey. 

Wellington: Ministry of Health; 2016. 



References 

356 

100. Lal A, Moodie M, Ashton T, Siahpush M, Swinburn B. Health care and lost 

productivity costs of overweight and obesity in New Zealand. Aust N Z J Public Health. 

2012 Dec;36(6):550-6. 

101. Controller and Auditor General. Evolving approach to combating child obesity. 

Wellington: Office of the Auditor-General; 2013. 

102. Childhood obesity plan [Internet]. Wellington, New Zealand: Ministry of Health; 2016 

[updated 2016 Jun 8; cited 2016 Dec 6]. Available from: http://www.health.govt.nz/our-

work/diseases-and-conditions/obesity/childhood-obesity-plan. 

103. Serdula MK, Ivery D, Coates RJ, Freedman DS, Williamson DF, Byers T. Do obese 

children become obese adults? A review of the literature. Prev Med. 1993 Mar;22(2):167-

77. 

104. The NS, Suchindran C, North KE, Popkin BM, Gordon-Larsen P. Association of 

adolescent obesity with risk of severe obesity in adulthood. JAMA. 2010 Nov 

10;304(18):2042-7. 

105. Srinivasan SR, Bao W, Wattigney WA, Berenson GS. Adolescent overweight is 

associated with adult overweight and related multiple cardiovascular risk factors: The 

Bogalusa Heart Study. Metabolism. 1996 Feb;45(2):235-40. 

106. Muhlhausler BS, Adam CL, McMillen IC. Maternal nutrition and the programming of 

obesity: the brain. Organogenesis. 2008 Jul;4(3):144-52. 

107. Williams SM, Taylor RW, Taylor BJ. Secular changes in BMI and the associations 

between risk factors and BMI in children born 29 years apart. Pediatr Obes. 2013 

Feb;8(1):21-30. 

108. Alison LH, Counsell AM, Geddis DC, Sanders DM. First report from the Plunket 

National Child Health Study: smoking during pregnancy in New Zealand. Paediatr Perinat 

Epidemiol. 1993 Jul;7(3):318-33. 

109. Ford RP, Tappin DM, Schluter PJ, Wild CJ. Smoking during pregnancy: how reliable 

are maternal self reports in New Zealand? J Epidemiol Community Health. 1997 

Jun;51(3):246-51. 

http://www.health.govt.nz/our-work/diseases-and-conditions/obesity/childhood-obesity-plan
http://www.health.govt.nz/our-work/diseases-and-conditions/obesity/childhood-obesity-plan


References 

357 

110. Smylie J, Adomako P. Indigenous children's health report: Health assessment in action. 

Toronto: The Centre for Research on Inner City Health; 2009. 

111. Commission on Social Determinants of Health. Closing the gap in a generation: health 

equity through action on the social determinants of health. Final report of the Commission 

on Social Determinants of Health. Geneva: World Health Organization; 2008. 

112. Minister of Health. New Zealand health strategy: Future direction. Wellington: 

Ministry of Health; 2016. 

113. Whitehead M. The concepts and principles of equity and health. Health Promot Int. 

1991;6(3):217-28. 

114. Mills C, Reid P, Vaithianathan R. The cost of child health inequalities in Aotearoa New 

Zealand: a preliminary scoping study. BMC Public Health. 2012;12(384). 

115. Braveman P, Gruskin S. Defining equity in health. J Epidemiol Community Health. 

2003(57):254-8. 

116. Tawhai VMH, Gray-Sharp K, editors. Always speaking: The Treaty of Waitangi and 

public policy. Wellington: Huia; 2011. 

117. Cretikos MA, Valenti L, Britt HC, Baur LA. General practice management of 

overweight and obesity in children and adolescents in Australia. Med Care. 2008 

Nov;46(11):1163-9. 

118. Wake M, Campbell MW, Turner M, Price A, Sabin MA, Davis E, et al. How training 

affects Australian paediatricians' management of obesity. Arch Dis Child. 2013 

January;98(1):3-8. 

119. Oude Luttikhuis H, Baur L, Jansen H, Shrewsbury VA, O'Malley C, Stolk R, et al. 

Interventions for treating obesity in children. Cochrane Database of Systematic Reviews. 

2009;1: Art. No.: CD001872. DOI: 10.1002/14651858.CD001872.pub2. 

120. Clinical guidelines for weight management in New Zealand children and young people 

[Internet]. Wellington: Ministry of Health; 2009. [cited 2015 Jul 1]. Available from: 



References 

358 

http://www.health.govt.nz/publication/clinical-guidelines-weight-management-new-

zealand-children-and-young-people. 

121. Ho M, Garnett SP, Baur L, Burrows T, Stewart L, Neve M, et al. Effectiveness of 

lifestyle interventions in child obesity: systematic review with meta-analysis. Pediatrics. 

2012 Dec;130(6):e1647-71. 

122. McCallum Z, Wake M, Gerner B, Baur LA, Gibbons K, Gold L, et al. Outcome data 

from the LEAP (Live, Eat and Play) trial: a randomized controlled trial of a primary care 

intervention for childhood overweight/mild obesity. Int J Obes. 2007;31:630-6. 

123. Wen LM, Baur LA, Simpson JM, Xu H, Hayes AJ, Hardy LL, et al. Sustainability of 

effects of an early childhood obesity prevention trial over time: a further 3-year follow-up 

of the healthy beginnings trial. JAMA Pediatr. 2015 Jun;169(6):543-51. 

124. Armstrong SC, Skinner AC. Defining "success" in childhood obesity interventions in 

primary care. Pediatrics. 2016 Oct;138(4):e20162497. 

125. US Preventive Services Task Force, Grossman DC, Bibbins-Domingo K, Curry SJ, 

Barry MJ, Davidson KW, et al. Screening for obesity in children and adolescents: US 

Preventive Services Task Force recommendation statement. JAMA. 2017 Jun 

20;317(23):2417-26. 

126. Reinehr T, Lass N, Toschke C, Rothermel J, Lanzinger S, Holl RW. Which amount of 

BMI-SDS reduction is necessary to improve cardiovascular risk factors in overweight 

children? J Clin Endocrinol Metab. 2016 Aug;101(8):3171-9. 

127. Li G, Zhang P, Wang J, Gregg EW, Yang W, Gong Q, et al. The long-term effect of 

lifestyle interventions to prevent diabetes in the China Da Qing Diabetes Prevention Study: 

A 20-year follow-up study. Lancet. 2008 May 24;371(9626):1783-9. 

128. Birch L, Perry R, Penfold C, Beynon R, Hamilton-Shield J. What change in body mass 

index is needed to improve metabolic health status in childhood obesity: protocol for a 

systematic review. Syst Rev. 2016 Jul 26;5(1):120. 

http://www.health.govt.nz/publication/clinical-guidelines-weight-management-new-zealand-children-and-young-people
http://www.health.govt.nz/publication/clinical-guidelines-weight-management-new-zealand-children-and-young-people


References 

359 

129. Ligthart KAM, Buitendijk L, Koes BW, van Middelkoop M. The association between 

ethnicity, socioeconomic status and compliance to pediatric weight-management 

interventions - a systematic review. Obes Res Clin Pract. 2017 Sep - Oct;11(5S1):1-51. 

130. Hull PC, Buchowski M, Canedo JR, Beech BM, Du L, Koyama T, et al. Childhood 

obesity prevention cluster randomized trial for Hispanic families: outcomes of the healthy 

families study. Pediatr Obes. Epub 2016 Nov 24. 

131. Fleary SA, Freund KM. Social disparities in obesogenic behaviors in adolescents. J 

Racial Ethn Health Disparities. Epub 2017 Jan 27. 

132. Theodore R, McLean R, Te Morenga L. Challenges to addressing obesity for Māori in 

Aotearoa/New Zealand. Aust N Z J Public Health. 2015 Dec; 39(6): 509-12. 

133. Bell R, Smith C, Hale L, Kira G, Tumilty S. Understanding obesity in the context of 

an indigenous population-A qualitative study. Obes Res Clin Pract. 2017 Sep - Oct(5):558-

566. 

134. Glover M, Kira A, Johnston V, Walker N, Thomas D, Chang A, et al. A systematic 

review of barriers and facilitators to participation in randomized controlled trials by 

indigenous people from New Zealand, Australia, Canada and the United States. Glob Health 

Promot. 2015 19 May 2014;22(1):1757. 

135. Jones A. Dangerous liaisons: Pākehā, Kaupapa Māori, and educational research. New 

Zealand Journal of Educational Studies. 2012;47(2):100-112. 

136. Tapera R, Harwood M, Anderson A. A qualitative Kaupapa Māori approach to 

understanding infant and young child feeding practices of Māori and Pacific grandparents 

in Auckland, New Zealand. Public Health Nutr. 2017 Apr;20(6):1090-8. 

137. He Korowai Oranga: Maori health strategy 2014 [Internet]. Wellington, New Zealand: 

Ministry of Health; 2014 [updated 2014 Jun 1; cited 2014 Nov 3]. Available from: 

http://www.health.govt.nz/system/files/documents/publications/guide-to-he-korowai-

oranga-maori-health-strategy-jun14.pdf. 

http://www.health.govt.nz/system/files/documents/publications/guide-to-he-korowai-oranga-maori-health-strategy-jun14.pdf
http://www.health.govt.nz/system/files/documents/publications/guide-to-he-korowai-oranga-maori-health-strategy-jun14.pdf


References 

360 

138. Appelhans BM, Moss OA, Cerwinske LA. Systematic review of paediatric weight 

management interventions delivered in the home setting. Obes Rev. 2016 Oct; 17(10):977-

88. 

139. Salvy S, de la Haye K, Galama T, Goran MI. Home visitation programs: an untapped 

opportunity for the delivery of early childhood obesity prevention. Obes Rev. 2017 

Feb;18(2):149-63. 

140. National Institute for Health and Care Excellence. Obesity in children and young 

people: prevention and lifestyle weight management programmes. Guideline. London: 

NICE; 2015. 

141. Prochaska JO, DiClemente CC. Transtheoretical therapy: toward a more integrative 

model of change. Psychotherapy: Theory, Research & Practice. 1982;19(3):276-88. 

142. Rollnick S, Heather N, Gold R, Hall W. Development of a short "readiness to change" 

questionnaire for use in brief, opportunistic interventions among excessive drinkers. Br J 

Addict. May 1992;87(5):743-54. 

143. Hoke M, Timmerman G. Transtheoretical model: potential usefulness with overweight 

rural Mexican American women. Hisp Health Care Int. 2011;9(1):41-9. 

144. Rhee KE, De Lago CW, Arscott-Mills T, Mehta SD. Factors associated with parental 

readiness to make changes for overweight children. Pediatrics. 2005;116(1):e94-e101. 

145. Robinson E, Sutin AR. Parents' perceptions of their children as overweight and 

children's weight concerns and weight gain. Psychol Sci. 2017 Mar;28(3):320-9. 

146. Blair N. A stock-take of interventions and programmes aimed at childhood obesity 

prevention and management in New Zealand. Report. Wellington: Ministry of Health; 2004. 

147. Ministry of Health. Implementing the clinical guidelines for weight management in 

New Zealand 2010/2011: Implementation plan. Wellington: Ministry of Health; 2010. 

148. Rolland-Cachera MF, Deheeger M, Bellisle F, Sempe M, Guilloud-Bataille M, Patois 

E. Adiposity rebound in children: a simple indicator for predicting obesity. Am J Clin Nutr. 

1984 Jan;39(1):129-35. 



References 

361 

149. Silva PA. The Dunedin multidisciplinary health and development study: A 15 year 

longitudinal study. Paediatr Perinat Epidemiol. 1990 Jan;4(1):76-107. 

150. Kelly JL, Stanton WR, McGee R, Silva PA. Tracking relative weight in subjects studied 

longitudinally from ages 3 to 13 years. J Paediatr Child Health. 1992 Apr;28(2):158-61. 

151. Population by DHB (all ages) [Internet]. Wellington, New Zealand: Ministry of Health, 

New Zealand; 2012 [updated 2012 Mar 9; cited 2014 May 19]. Available from: 

http://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/maori-health-

data-and-stats/tatau-kahukura-maori-health-chart-book/tatauranga-taupori-

demographics/population-dhb-all-ages. 

152. Freeman JV, Cole TJ, Chinn S, Jones PR, White EM, Preece MA. Cross sectional 

stature and weight reference curves for the UK, 1990. Arch Dis Child. 1995 Jul;73(1):17-

24. 

153. Kelly KP, Kirschenbaum DS. Immersion treatment of childhood and adolescent 

obesity: the first review of a promising intervention. Obes Rev. 2011 Jan;12(1):37-49. 

154. Whitlock EP, O'Connor EA, Williams SB, Beil TL, Lutz KW. Effectiveness of weight 

management interventions in children: a targeted systematic review for the USPSTF. 

Pediatrics. 2010 Feb;125(2):e396-418. 

155. Wilfley DE, Tibbs TL, Van Buren DJ, Reach KP, Walker MS, Epstein LH. Lifestyle 

interventions in the treatment of childhood overweight: a meta-analytic review of 

randomized controlled trials. Health Psychol. 2007 Sep;26(5):521-32. 

156. McGovern L, Johnson JN, Paulo R, Hettinger A, Singhal V, Kamath C, et al. Clinical 

review: Treatment of pediatric obesity: a systematic review and meta-analysis of 

randomized trials. J Clin Endocrinol Metab. 2008 Dec;93(12):4600-5. 

157. Mihalopoulos NL, Holubkov R, Young P, Dai S, Labarthe DR. Expected changes in 

clinical measures of adiposity during puberty. J Adolesc Health. 2010 Oct;47(4):360-6. 

158. Garnett SP, Gow M, Ho M, Baur LA, Noakes M, Woodhead HJ, et al. Optimal 

macronutrient content of the diet for adolescents with prediabetes; RESIST a randomised 

control trial. J Clin Endocrinol Metab. 2013 May;98(5):2116-25. 

http://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/maori-health-data-and-stats/tatau-kahukura-maori-health-chart-book/tatauranga-taupori-demographics/population-dhb-all-ages
http://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/maori-health-data-and-stats/tatau-kahukura-maori-health-chart-book/tatauranga-taupori-demographics/population-dhb-all-ages
http://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/maori-health-data-and-stats/tatau-kahukura-maori-health-chart-book/tatauranga-taupori-demographics/population-dhb-all-ages


References 

362 

159. Morton SM, Atatoa Carr PE, Grant CC, Robinson EM, Bandara DK, Bird A, et al. 

Cohort profile: Growing up in New Zealand. Int J Epidemiol. 2013 Feb;42(1):65-75. 

160. New Zealand Medical Association. Tackling obesity. Policy Briefing. Wellington: 

New Zealand Medical Association; 2014. 

161. New Zealand health survey: Annual update of key findings 2012/13. [Internet]. 

Wellington, New Zealand: Ministry of Health; 2013 [updated 2013 Dec; cited 2015 Sept 1]. 

Available from: http://www.health.govt.nz/publication/new-zealand-health-survey-annual-

update-key-findings-2012-13. 

162. Child health: B4 school check information for the health sector [Internet]. Wellington: 

Ministry of Health; 2011 [updated 2011 Aug 25; cited 2014 Feb 6]. Available from: 

http://www.health.govt.nz/our-work/life-stages/child-health/b4-school-check/b4-school-

check-information-health-sector. 

163. Ministry of Health, New Zealand. Guidelines for Green Prescription Active Families 

contract holders. Guideline. Wellington: Ministry of Health; 2010. 

164. 2013 census QuickStats about a place: Taranaki region [Internet]. Wellington: Statistics 

New Zealand; 2014 [updated 2014 Jun 20; cited 2014 Jul 20]. Available from: 

http://www.stats.govt.nz/Census/2013-census/profile-and-summary-reports/quickstats-

about-a-place.aspx?request_value=14110&tabname=Ageandsex. 

165. Census 2013: Ethnic group by age group and sex [Internet]. Wellington: Statistics 

New Zealand; cited 2014 Nov 18]. Available from: 

http://nzdotstat.stats.govt.nz/wbos/Index.aspx?DataSetCode=TABLECODE8021#. 

166. P S Services. Green Prescription Active Families Survey 2009. Report. New Zealand: 

PS Services; 2009. 

167. Dixon R, Meagher-Lundberg P, Maddison R, Roberts V. Process and outcome 

evaluation of the Green Prescription Active Families (GRxAF) programme. Process and 

outcome evaluation. Auckland: Auckland Uniservices Ltd; 2010. 

168. Grant CC. Recent indication of progress in pertussis hospitalisation rates in NZ. Aust 

N Z J Public Health. 2012;36(4):398. 

http://www.health.govt.nz/publication/new-zealand-health-survey-annual-update-key-findings-2012-13
http://www.health.govt.nz/publication/new-zealand-health-survey-annual-update-key-findings-2012-13
http://www.health.govt.nz/our-work/life-stages/child-health/b4-school-check/b4-school-check-information-health-sector
http://www.health.govt.nz/our-work/life-stages/child-health/b4-school-check/b4-school-check-information-health-sector
http://www.stats.govt.nz/Census/2013-census/profile-and-summary-reports/quickstats-about-a-place.aspx?request_value=14110&tabname=Ageandsex
http://www.stats.govt.nz/Census/2013-census/profile-and-summary-reports/quickstats-about-a-place.aspx?request_value=14110&tabname=Ageandsex
http://nzdotstat.stats.govt.nz/wbos/Index.aspx?DataSetCode=TABLECODE8021


References 

363 

169. Dalziel K, Segal L, Elley CR. Cost utility analysis of physical activity counselling in 

general practice. Aust N Z J Public Health. 2006 Feb 2006;30(1):57,57-63. 

170. Elley CR, Kerse N, Arroll B, Robinson E. Effectiveness of counselling patients on 

physical activity in general practice: cluster randomised controlled trial. BMJ. 2003 12 

April;326:793. 

171. Wood A, Johnson M. Green Prescription Active Families survey report. Survey. 

Wellington: Research New Zealand; 2013. Report No.: 4485. 

172. The Whānau Ora tool [Internet]. Wellington, New Zealand: Ministry of Health; 2008 

[updated 2008 Jun; cited 2014 Feb 6]. Available from: 

http://www.publichealthworkforce.org.nz/data/media/documents/Maori%20PHWD/Final

%20Whanau%20Ora%20A4-4.pdf. 

173. Rajput N, Tuohy P. Size matters in preschool children - how does our primary care 

measure up? [Internet]. Paper presented at Conference for General Practice 2013. 

Generalism: The heart of health care; Wellington; 2013 July 11-13. Available from: 

https://www.researchgate.net/publication/270940314_Size_Matters_in_preschool_children

_-_How_does_our_primary_care_measure_up  

174. Baur LA, Hazelton B, Shrewsbury VA. Assessment and management of obesity in 

childhood and adolescence. Nat Rev Gastroenterol Hepatol. 2011 Nov;8(11):635-45. 

175. OECD. Overweight and obesity. In: OECD factbook 2013: economic, environmental 

and social statistics [Internet]. Paris: OECD Publishing; 2013 [updated 2013; cited 2014 Oct 

27]. Available from: http://dx.doi.org/10.1787/factbook-2013-100-en. 

176. Ministry of Health, New Zealand. Annual update of key results 2013/2014: New 

Zealand Health survey. Survey. Wellington, New Zealand: Ministry of Health; 2014. 

177. Anderson YC, Taylor GM, Grant CC, Fulton RB, Hofman PL. The Green Prescription 

Active Families programme in Taranaki, New Zealand 2007-2009 - did it reach children in 

need? J Prim Health Care. 2015;7(3):192-7. 

http://www.publichealthworkforce.org.nz/data/media/documents/Maori%20PHWD/Final%20Whanau%20Ora%20A4-4.pdf
http://www.publichealthworkforce.org.nz/data/media/documents/Maori%20PHWD/Final%20Whanau%20Ora%20A4-4.pdf
http://dx.doi.org/10.1787/factbook-2013-100-en


References 

364 

178. Anderson YC, Cave TL, Cunningham VJ, Pereira NM, Woolerton DM, Grant CC, et 

al. Effectiveness of current interventions in obese New Zealand children and adolescents. N 

Z Med J. 2015;128(1417):8. 

179. Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC, Devereaux PJ, et al. 

CONSORT 2010 explanation and elaboration: updated guidelines for reporting parallel 

group randomised trials. BMJ. 2010;340:869. 

180. DiClemente CC, Prochaska JO. Self-change and therapy change of smoking behavior: 

a comparison of processes of change in cessation and maintenance. Addict Behav. 

1982;7(2):133-42. 

181. Child health: Fact sheet 6, plotting and assessing infants and toddlers up to age five 

years [Internet]. Wellington, New Zealand: Ministry of Health; 2010 [updated 2010 Jul; 

cited 2014 Feb 6]. Available from: 

http://www.health.govt.nz/system/files/documents/pages/factsheet-6-growth-charts-well-

child.pdf. 

182. Tanner J. Growth at adolescence; with a general consideration of the effects of 

hereditary and environmental factors upon growth and maturation from birth to maturity. 

Oxford: Blackwell Scientific Publications; 1962. 

183. Clinical growth charts: Centers for Disease Control and Prevention [Internet]. 

Hyatsville, MD: Centers for Disease Control and Prevention; 2000 [updated 2000; cited 

2014 Nov 21]. Available from: 

www.cdc.gov/nchs/about/major/nhanes/growthcharts/datafiles.htm. 

184. Age-based pediatric blood pressure reference charts. [Internet]. Houston, Texas: 

Baylor College of Medicine, USDA/ARS Children's Nutrition Research Center; 2011; 

[cited 2015 Mar 16]. Available from: 

https://www.bcm.edu/bodycomplab/Flashapps/BPVAgeChartpage.html. 

185. St George IM, Reid JJ, Grimmond BB, Morton R. PEFR in Dunedin children aged 5-

15 years. N Z Med J. 1982 Aug 25;95(714):597. 

http://www.health.govt.nz/system/files/documents/pages/factsheet-6-growth-charts-well-child.pdf
http://www.health.govt.nz/system/files/documents/pages/factsheet-6-growth-charts-well-child.pdf
http://www.cdc.gov/nchs/about/major/nhanes/growthcharts/datafiles.htm
https://www.bcm.edu/bodycomplab/Flashapps/BPVAgeChartpage.html


References 

365 

186. NZ deprivation index 2006 [Internet]. Otago: University of Otago - School of Medicine 

and Health Science; 2011 [updated 2011 Oct 14; cited 2014 Nov 3]. Available from: 

https://koordinates.com/layer/1066-nz-deprivation-index-2006/. 

187. Varni JW, Seid M, Rode CA. The PedsQL: Measurement model for the Pediatric 

Quality of Life Inventory. Med Care. 1999 Feb;37(2):126-39. 

188. Varni JW, Burwinkle TM, Seid M, Skarr D. The PedsQL 4.0 as a pediatric population 

health measure: feasibility, reliability, and validity. Ambul Pediatr. 2003 Nov-

Dec;3(6):329-41. 

189. Varni JW, Seid M, Knight TS, Uzark K, Szer IS. The PedsQL™ 4.0 generic core scales: 

sensitivity, responsiveness, and impact on clinical decision-making. J Behav Med. 

2002;25(2):175-93. 

190. Chan KS, Mangione-Smith R, Burwinkle TM, Rosen M, Varni JW. The PedsQL: 

reliability and validity of the short-form generic core scales and asthma module. Med Care. 

2005 Mar;43(3):256-65. 

191. Varni JW, Limbers CA. The PedsQL™ 4.0 generic core scales young adult version: 

feasibility, reliability and validity in a university student population. J Health Psychol. 

2009;14(4):611-22. 

192. Achenbach TM, Ruffle TM. The child behavior checklist and related forms for 

assessing behavioral/emotional problems and competencies. Pediatr Rev. 2000 

Aug;21(8):265-71. 

193. Corder K, van Sluijs EM, Wright A, Whincup P, Wareham NJ, Ekelund U. Is it possible 

to assess free-living physical activity and energy expenditure in young people by self-

report? Am J Clin Nutr. 2009 Mar;89(3):862-70. 

194. Magarey A, Golley R, Spurrier N, Goodwin E, Ong F. Reliability and validity of the 

children's dietary questionnaire: a new tool to measure children's dietary patterns. Int J 

Pediatr Obes. 2009;4(4):257-65. 

195. A national survey of children and young people's physical activity and dietary 

behaviours in New Zealand: 2008/09 - key findings. [Internet]. Wellington: Ministry of 

https://koordinates.com/layer/1066-nz-deprivation-index-2006/


References 

366 

Health; 2010. [cited 2015 Jul 1]. Available from: 

http://www.health.govt.nz/publication/national-survey-children-and-young-peoples-

physical-activity-and-dietary-behaviours-new-zealand-2008. 

196. Hamlin MJ, Fraser M, Lizamore CA, Draper N, Shearman JP, Kimber NE. 

Measurement of cardiorespiratory fitness in children from two commonly used field tests 

after accounting for body fatness and maturity. J Hum Kinet. 2014;40(1):83-92. 

197. Trost SG, Pate RR, Freedson PS, Sallis JF, Taylor WC. Using objective physical 

activity measures with youth: how many days of monitoring are needed? Med Sci Sports 

Exerc. 2000;32(2):426-31. 

198. Ojiambo R, Cuthill R, Budd H, Konstabel K, Casajús JA, González-Agüero A, et al. 

Impact of methodological decisions on accelerometer outcome variables in young children. 

Int J Obes. 2011;35:S98-S103. 

199. Webber L, Hill C, Saxton J, Van Jaarsveld CH, Wardle J. Eating behaviour and weight 

in children. Int J Obes (Lond). 2009 Jan;33(1):21-8. 

200. Bonat S, Pathomvanich A, Keil MF, Field AE, Yanovski JA. Self-assessment of 

pubertal stage in overweight children. Pediatrics. 2002 Oct;110(4):743-7. 

201. Gluckman P, Nishtar S, Armstrong T. Ending childhood obesity: a multidimensional 

challenge. Lancet. 2015 Mar 21;385(9973):1048-50. 

202. Ministry of Health, New Zealand. Annual update of key results 2014/2015: New 

Zealand health survey. Wellington, New Zealand: Ministry of Health; 2015. 

203. Anderson YC, Wynter LE, Moller KR, Cave TL, Dolan GMS, Grant CC, et al. The 

effect of a multi-disciplinary obesity intervention compared to usual practice in those ready 

to make lifestyle changes: design and rationale of Whanau Pakari. BMC Obes. 2015;2:41. 

204. Atkinson, J, Salmond, C, Crampton, P. NZDep2013 index of deprivation [Internet]. 

Wellington: University of Otago; 2014; [cited 2016 Apr 3]. Available from: 

http://www.otago.ac.nz/wellington/otago069936.pdf. 

http://www.health.govt.nz/publication/national-survey-children-and-young-peoples-physical-activity-and-dietary-behaviours-new-zealand-2008
http://www.health.govt.nz/publication/national-survey-children-and-young-peoples-physical-activity-and-dietary-behaviours-new-zealand-2008
http://www.otago.ac.nz/wellington/otago069936.pdf


References 

367 

205. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. National 

Sleep Foundation’s sleep time duration recommendations: methodology and results 

summary. Sleep Health. 2015;1(1):40-3. 

206. Niklasson A, Ericson A, Fryer JG, Karlberg J, Lawrence C, Karlberg P. An update of 

the Swedish reference standards for weight, length and head circumference at birth for given 

gestational age (1977-1981). Acta Pædiatr. 1991;80(8-9):756-62. 

207. Colantonio DA, Kyriakopoulou L, Chan MK, Daly CH, Brinc D, Venner AA, et al. 

Closing the gaps in pediatric laboratory reference intervals: a CALIPER database of 40 

biochemical markers in a healthy and multiethnic population of children. Clin Chem. 2012 

May;58(5):854-68. 

208. Bluher S, Molz E, Wiegand S, Otto KP, Sergeyev E, Tuschy S, et al. Body mass index, 

waist circumference, and waist-to-height ratio as predictors of cardiometabolic risk in 

childhood obesity depending on pubertal development. J Clin Endocrinol Metab. 2013 

Aug;98(8):3384-93. 

209. Van Hoorenbeeck K, Franckx H, Debode P, Aerts P, Wouters K, Ramet J, et al. Weight 

loss and sleep-disordered breathing in childhood obesity: effects on inflammation and uric 

acid. Obesity (Silver Spring). 2012 Jan;20(1):172-7. 

210. Cook DG, Mendall MA, Whincup PH, Carey IM, Ballam L, Morris JE, et al. C-reactive 

protein concentration in children: relationship to adiposity and other cardiovascular risk 

factors. Atherosclerosis. 2000 Mar;149(1):139-50. 

211. Ford ES, Galuska DA, Gillespie C, Will JC, Giles WH, Dietz WH. C-reactive protein 

and body mass index in children: findings from the third National Health and Nutrition 

Examination survey, 1988-1994. J Pediatr. 2001 Apr;138(4):486-92. 

212. Ridker PM. Clinical application of C-reactive protein for cardiovascular disease 

detection and prevention. Circulation. 2003 Jan 28;107(3):363-9. 

213. National Maternity Monitoring Group. Annual report 2013. Auckland: National 

Maternal Monitoring Group; 2013. 



References 

368 

214. Howe LD, Ellison-Loschmann L, Pearce N, Douwes J, Jeffreys M, Firestone R. Ethnic 

differences in risk factors for obesity in New Zealand infants. J Epidemiol Community 

Health. 2015;69:516. 

215. Cain N, Gradisar M. Electronic media use and sleep in school-aged children and 

adolescents: a review. Sleep Med. 2010 Sep;11(8):735-42. 

216. Falbe J, Davison KK, Franckle RL, Ganter C, Gortmaker SL, Smith L, et al. Sleep 

duration, restfulness, and screens in the sleep environment. Pediatrics. 2015 

Feb;135(2):e367-75. 

217. Cappuccio FP, Taggart FM, Kandala NB, Currie A, Peile E, Stranges S, et al. Meta-

analysis of short sleep duration and obesity in children and adults. Sleep. 2008 

May;31(5):619-26. 

218. Carter PJ, Taylor BJ, Williams SM, Taylor RW. Longitudinal analysis of sleep in 

relation to BMI and body fat in children: the FLAME study. BMJ. 2011;342:2712. 

219. World Health Organization. Guideline: Sugars intake for adults and children. 

Guideline. Geneva: World Health Organization; 2015. 

220. Ministry of Health, New Zealand. NZ food NZ children: key results of the 2002 

National Children's Nutrition Survey. Wellington: Ministry of Health; 2003. 

221. Barkeling B, Ekman S, Rossner S. Eating behaviour in obese and normal weight 11-

year-old children. Int J Obes Relat Metab Disord. 1992 May;16(5):355-60. 

222. Kulkarni AA, Swinburn BA, Utter J. Associations between diet quality and mental 

health in socially disadvantaged New Zealand adolescents. Eur J Clin Nutr. 2015 

Jan;69(1):79-83. 

223. Anderson YC, Wynter LE, Treves KF, Grant CC, Stewart JM, Cave TL, et al. 

Prevalence of comorbidities in obese New Zealand children and adolescents at enrolment in 

a community-based obesity programme. J Paediatr Child Health. 2016 16 September 

2016;52(12):1099-105. 



References 

369 

224. Department of Health and Ageing, Australian Government, Ministry of Health, New 

Zealand. Nutrient reference values for Australia and New Zealand, including recommended 

dietary intakes. Canberra: National Health and Medical Research Council; 2006. 

225. Ministry of Health, New Zealand. Food and nutrition guidelines for healthy children 

and young people (aged 2-18 years). A background paper. Wellington: Ministry of Health; 

2012. Partial revision February 2015. 

226. Population of Taranaki DHB [Internet]. Wellington: Ministry of Health, New Zealand; 

2015 [updated 2015 Sep 3; cited 2015 Jan 26]. Available from: 

http://www.health.govt.nz/new-zealand-health-system/my-dhb/taranaki-dhb/population-

taranaki-dhb. 

227. Ho M, Gow M, Halim J, Chisholm K, Baur LA, Noakes M, et al. Effect of a prescriptive 

dietary intervention on psychological dimensions of eating behavior in obese adolescents. 

Int J Behav Nutr Phys Act. 2013 Oct 24;10(119). 

228. de Ruyter JC, Olthof MR, Seidell JC, Katan MB. A trial of sugar-free or sugar-

sweetened beverages and body weight in children. N Engl J Med. 2012 Oct 

11;367(15):1397-406. 

229. Swithers SE. Artificial sweeteners are not the answer to childhood obesity. Appetite. 

2015 Oct 1;93:85-90. 

230. Monteiro CA, Cannon G, Moubarac JC, Martins AP, Martins CA, Garzillo J, et al. 

Dietary guidelines to nourish humanity and the planet in the twenty-first century. A 

blueprint from Brazil. Public Health Nutr. 2015 Sep;18(13):2311-22. 

231. Wang J, Williams M, Rush E, Crook N, Forouhi NG, Simmons D. Mapping the 

availability and accessibility of healthy food in rural and urban New Zealand - Te Wai o 

Rona: Diabetes Prevention Strategy. Public Health Nutr. 2010 Jul;13(7):1049-55. 

232. Rush E, Puniani N, Snowling N, Paterson J. Food security, selection, and healthy eating 

in a Pacific community in Auckland New Zealand. Asia Pac J Clin Nutr. 2007;16(3):448-

54. 

http://www.health.govt.nz/new-zealand-health-system/my-dhb/taranaki-dhb/population-taranaki-dhb
http://www.health.govt.nz/new-zealand-health-system/my-dhb/taranaki-dhb/population-taranaki-dhb


References 

370 

233. Utter J, Scragg R, Mhurchu CN, Schaaf D. At-home breakfast consumption among 

New Zealand children: associations with body mass index and related nutrition behaviors. J 

Am Diet Assoc. 2007 Apr;107(4):570-6. 

234. Rampersaud GC, Pereira MA, Girard BL, Adams J, Metzl JD. Breakfast habits, 

nutritional status, body weight, and academic performance in children and adolescents. J 

Am Diet Assoc. 2005 May;105(5):743-60. 

235. Dhurandhar N, Schoeller D, Brown A, Heymsfield S, Thomas D, Sørensen T, et al. 

Energy balance measurement: when something is not better than nothing. Int J Obes. 

2015;39:1109-13. 

236. Sharman SJ, Skouteris H, Powell MB, Watson B. Factors related to the accuracy of 

self-reported dietary intake of children aged 6 to 12 years elicited with interviews: a 

systematic review. J Acad of Nutr Diet. 2016;116(1):76-114. 

237. Heitmann BL, Lissner L. Dietary underreporting by obese individuals - is it specific or 

non-specific? BMJ. 1995 Oct 14;311:986-9. 

238. Anderson YC, Wynter LE, Butler M, Grant CC, Stewart JM, Cave TL, et al. Dietary 

intake and eating behaviours of obese New Zealand children and adolescents enrolled in a 

community-based intervention programme. PLoS ONE. 2016;11(11): e0166996. 

239. Clinical Trials Research Unit. A national survey of children and young people's 

physical activity and dietary behaviours in New Zealand: 2008/09. Technical report. 

Auckland: The University of Auckland; 2010. 

240. Mattocks C, Ness AR, Leary SD, Tilling K, Blair SN, Shield J, et al. Use of 

accelerometers in a large field-based study of children: protocols, design issues, and effects 

on precision. J Phys Act Health. 2008;5(Suppl 1):S98. 

241. Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and 

Applications, Inc. accelerometer. Med Sci Sports Exerc. 1998 May;30(5):777-81. 

242. Albon HM, Hamlin MJ, Ross JJ. Secular trends and distributional changes in health 

and fitness performance variables of 10-14-year-old children in New Zealand between 1991 

and 2003. Br J Sports Med. 2010 Mar;44(4):263-9. 



References 

371 

243. Troiano RP, McClain JJ, Brychta RJ, Chen KY. Evolution of accelerometer methods 

for physical activity research. Br J Sports Med. 2014 Jul;48(13):1019-23. 

244. Tudor-Locke C, Craig CL, Beets MW, Belton S, Cardon GM, Duncan S, et al. How 

many steps/day are enough for children and adolescents? Int J Behav Nutr Phys Act. 

2011;8:78. 

245. Duncan MJ, Al-Nakeeb Y, Woodfield L, Lyons M. Pedometer determined physical 

activity levels in primary school children from central England. Prev Med. 2007 

May;44(5):416-20. 

246. Utter J, Scragg R, Schaaf D, Fitzgerald E. Nutrition and physical activity behaviours 

among Maori, Pacific and NZ European children: identifying opportunities for population-

based interventions. Aust N Z J Public Health. 2006 Feb;30(1):50-6. 

247. Sanders T, Cliff DP, Lonsdale C. Measuring adolescent boys' physical activity: bout 

length and the influence of accelerometer epoch length. PLoS ONE. 2014;9(3):e92040. 

248. Trost SG, Loprinzi PD, Moore R, Pfeiffer KA. Comparison of accelerometer cut points 

for predicting activity intensity in youth. Med Sci Sports Exerc. 2011 Jul;43(7):1360-8. 

249. Witten K, Blakely T, Bagheri N, Badland H, Ivory V, Pearce J, et al. Neighborhood 

built environment and transport and leisure physical activity: findings using objective 

exposure and outcome measures in New Zealand. Environ Health Perspect. 

2012;120(7):971. 

250. Tsiros MD, Olds T, Buckley JD, Grimshaw P, Brennan L, Walkley J, et al. Health-

related quality of life in obese children and adolescents. Int J Obes (Lond). 2009 

Apr;33(4):387-400. 

251. Omma L, Petersen S. Health-related quality of life in indigenous Sami schoolchildren 

in Sweden. Acta Paediatr. 2015 Jan;104(1):75-83. 

252. Mills SA, Hofman PL, Jiang Y, Anderson YC. Health-related quality of life of Taranaki 

children with type 1 diabetes. N Z Med J. 2015;128(1427):25-32. 



References 

372 

253. Schwimmer JB, Burwinkle TM, Varni JW. Health-related quality of life of severely 

obese children and adolescents. JAMA. 2003 Apr 9;289(14):1813-9. 

254. Giel KE, Zipfel S, Schweizer R, Braun R, Ranke MB, Binder G, et al. Eating disorder 

pathology in adolescents participating in a lifestyle intervention for obesity: associations 

with weight change, general psychopathology and health-related quality of life. Obes Facts. 

2013;6(4):307-16. 

255. Pervanidou P, Bastaki D, Chouliaras G, Papanikolaou K, Kanaka-Gantenbein C, 

Chrousos G. Internalizing and externalizing problems in obese children and adolescents: 

associations with daily salivary cortisol concentrations. Hormones. 2015 Oct;14(4):623-31. 

256. Erermis S, Cetin N, Tamar M, Bukusoglu N, Akdeniz F, Goksen D. Is obesity a risk 

factor for psychopathology among adolescents? Pediatr Int. 2004 Jun;46(3):296-301. 

257. Lim CS, Espil FM, Viana AG, Janicke DM. Associations between anxiety symptoms 

and child and family factors in pediatric obesity. J Dev Behav Pediatr. 2015 Nov-

Dec;36(9):664-72. 

258. Foster Page LA, Thomson WM. Caries prevalence, severity, and 3-year increment, and 

their impact upon New Zealand adolescents' oral-health-related quality of life. J Public 

Health Dent. 2012;72(4):287-94. 

259. Achenbach TM, Rescorla LA. Manual for the ASEBA school-aged forms and profiles. 

Burlington, VT: University of Vermont; Research Centre for Children, Youth & Families; 

2001. 

260. Jansen PW, Mensah FK, Clifford S, Nicholson JM, Wake M. Bidirectional associations 

between overweight and health-related quality of life from 4-11 years: longitudinal study of 

Australian children. Int J Obes (Lond). 2013 Oct;37(10):1307-13. 

261. Steinsbekk S, Jozefiak T, Odegard R, Wichstrom L. Impaired parent-reported quality 

of life in treatment-seeking children with obesity is mediated by high levels of 

psychopathology. Qual Life Res. 2009 Nov;18(9):1159-67. 



References 

373 

262. Seid M, Varni JW, Cummings L, Schonlau M. The impact of realized access to care 

on health-related quality of life: a two-year prospective cohort study of children in the 

California State Children’s Health Insurance program. J Pediatr. 2006 9;149(3):354-61. 

263. Eiser C, Morse R. Can parents rate their child's health-related quality of life? Results 

of a systematic review. Qual Life Res. 2001;10(4):347-57. 

264. Upton P, Lawford J, Eiser C. Parent-child agreement across child health-related quality 

of life instruments: a review of the literature. Qual Life Res. 2008 Aug;17(6):895-913. 

265. Anderson YC, Wynter LE, Butler M, Grant CC, Stewart JM, Cave TL, et al. Physical 

activity is low in obese New Zealand children and adolescents. Sci Rep. 2017;7(41822). 

266. Section on Pediatric Pulmonology,Subcommittee on Obstructive Sleep Apnea 

Syndrome. American Academy of Pediatrics. Clinical practice guideline: diagnosis and 

management of childhood obstructive sleep apnea syndrome. Pediatrics. 2002 

Apr;109(4):704-12. 

267. Bourke RS, Anderson V, Yang JSC, Jackman AR, Killedar A, Nixon GM, et al. 

Neurobehavioral function is impaired in children with all severities of sleep disordered 

breathing. Sleep Med. 2011 Mar;12(3):222-9. 

268. Schechter MS, Section on Pediatric Pulmonology,Subcommittee on Obstructive Sleep 

Apnea Syndrome. Technical report: diagnosis and management of childhood obstructive 

sleep apnea syndrome. Pediatrics. 2002 Apr;109(4):e69. 

269. Skinner AC, Perrin EM, Moss LA, Skelton JA. Cardiometabolic risks and severity of 

obesity in children and young adults. N Engl J Med. 2015;373:1307-17. 

270. Anderson YC, Wynter LE, Treves KF, Grant CC, Stewart JM, Cave TL, et al. 

Assessment of health-related quality of life and psychological well-being of children and 

adolescents with obesity enrolled in a New Zealand community-based intervention 

programme: an observational study. BMJ Open. 2017;7(8):e105776. 

271. O'Dea JA, Chiang H, Peralta LR. Socioeconomic patterns of overweight, obesity but 

not thinness persist from childhood to adolescence in a 6-year longitudinal cohort of 

Australian schoolchildren from 2007 to 2012. BMC Public Health. 2014;14:222. 



References 

374 

272. Wang Y. Disparities in pediatric obesity in the United States. Adv Nutr. 2011 

Jan;2(1):23-31. 

273. Ligthart KAM, Paulis WD, Djasmo D, Koes BW, van Middelkoop M. Effect of 

multidisciplinary interventions on quality of life in obese children: a systematic review and 

meta-analysis. Qual Life Res. 2015 Jul;24(7):1635-43. 

274. Penchansky R, Thomas JW. The concept of access: definition and relationship to 

consumer satsifaction. Med Care. 1981;19(2):127-40. 

275. Anderson YC, Wynter LE, Grant CC, Cave TL, Derraik JGB, Cutfield WS, et al. A 

novel home-based intervention for child and adolescent obesity: The results of Whānau 

Pakari randomised controlled trial. Obesity. 2017;25:1965-73. 

276. Visscher TLS, Bell C, Gubbels JS, Huang TTK, Bryant MJ, Peeters A, et al. Challenges 

in lifestyle and community interventions research; a call for innovation. BMC Obesity. 

2014;1:29. 

277. 2013 census district health board tables [Internet]. Wellington: Statistics New Zealand; 

2014 [updated 2014 Apr 29; cited 2016 Dec 27]. Available from: 

http://stats.govt.nz/Census/2013-census/data-tables/dhb-tables.aspx. 

278. Interactive population pyramid for New Zealand [Internet]. Wellington: Statistics New 

Zealand; 2014 [updated 2014 Nov 28; cited 2016 Dec 27]. Available from: 

http://www.stats.govt.nz/tools_and_services/interactive-pop-pyramid.aspx. 

279. Ministry of Health, New Zealand. GRx Active Families quarterly report regional data. 

Unpublished raw material. Ministry of Health, New Zealand. 2010-2015.  

280. Ministry of Health, New Zealand. Before school check information system. 

Unpublished raw data. Ministry of Health, New Zealand. 2015.  

281. Ngā ratongā: Mama Pēpe Hauora service [Internet]. Taranaki, New Zealand: Tui Ora; 

2017; [cited 2017 Mar 14]. Available from: http://www.tuiora.co.nz/Services/All/Mama-

Pepe-Hauora-Service. 

http://stats.govt.nz/Census/2013-census/data-tables/dhb-tables.aspx
http://www.stats.govt.nz/tools_and_services/interactive-pop-pyramid.aspx
http://www.tuiora.co.nz/Services/All/Mama-Pepe-Hauora-Service
http://www.tuiora.co.nz/Services/All/Mama-Pepe-Hauora-Service


References 

375 

282. Perry RA, Daniels LA, Bell L, Magarey AM. Facilitators and barriers to the 

achievement of healthy lifestyle goals: qualitative findings from Australian parents enrolled 

in the PEACH child weight management program. J Nutr Educ & Behav. 2017;49(1):43-

52. 

283. Reis RS, Salvo D, Ogilvie D, Lambert EV, Goenka S, Brownson RC, et al. Scaling up 

physical activity interventions worldwide: stepping up to larger and smarter approaches to 

get people moving. Lancet. 2016;388(10051):1337-48. 

284. O'Connor EA, Evans CV, Burda BU, Walsh ES, Eder M, Lozano P. Screening for 

obesity and intervention for weight management in children and adolescents: Evidence 

report and systematic review for the US Preventive Services Task Force. JAMA. 2017 Jun 

20;317(23):2427-44. 

285. McAuley KA, Taylor RW, Farmer VL, Hansen P, Williams SM, Booker CS, et al. 

Economic evaluation of a community-based obesity prevention program in children: The 

APPLE project. Obesity (Silver Spring). 2010 Jan;18(1):131-6. 

286. Rush E, Obolonkin V, McLennan S, Graham D, Harris JD, Mernagh P, et al. Lifetime 

cost effectiveness of a through-school nutrition and physical programme: Project Energize. 

Obes Res Clin Pract. 2014 Mar-Apr;8(2):e115-22. 

287. Robertson W, Fleming J, Kamal A, Hamborg T, Khan KA, Griffiths F, et al. 

Randomised controlled trial and economic evaluation of the 'Families for Health' 

programme to reduce obesity in children. Arch Dis Child. 2017 May;102(5):416-26. 

288. Epstein LH, Paluch RA, Wrotniak BH, Daniel TO, Kilanowski C, Wilfley D, et al. 

Cost-effectiveness of family-based group treatment for child and parental obesity. Child 

Obes. 2014 Apr;10(2):114-21. 

289. Goldfield GS, Epstein LH, Kilanowski CK, Paluch RA, Kogut-Bossler B. Cost-

effectiveness of group and mixed family-based treatment for childhood obesity. Int J Obes 

Relat Metab Disord. 2001 Dec;25(12):1843-9. 

290. Jortberg BT, Rosen R, Roth S, Casias L, Dickinson LM, Coombs L, et al. The fit family 

challenge: a primary care childhood obesity pilot intervention. J Am Board Fam Med. 2016 

Jul-Aug;29(4):434-43. 



References 

376 

291. John J, Wolfenstetter SB, Wenig CM. An economic perspective on childhood obesity: 

recent findings on cost of illness and cost effectiveness of interventions. Nutrition. 2012 

Sep;28(9):829-39. 

292. Moodie M, Haby M, Wake M, Gold L, Carter R. Cost-effectiveness of a family-based 

GP-mediated intervention targeting overweight and moderately obese children. Econ Hum 

Biol. 2008 Dec;6(3):363-76. 

293. Lau DCW, Douketis JD, Morrison KM, Hramiak IM, Sharma AM, Ur E, et al. 2006 

Canadian clinical practice guidelines on the management and prevention of obesity in adults 

and children [summary]. CMAJ. 2007 Apr 10;176(8):S1-13. 

294. Krebs NF, Himes JH, Jacobson D, Nicklas TA, Guilday P, Styne D. Assessment of 

child and adolescent overweight and obesity. Pediatrics. 2007 Dec;120(Suppl 4):S193-228. 

295. Daniels SR, Jacobson MS, McCrindle BW, Eckel RH, Sanner BM. American Heart 

Association childhood obesity research summit: executive summary. Circulation. 2009 Apr 

21;119(15):2114-23. 

296. Forsberg L, Ekman S, Halldin J, Rönnberg S. The readiness to change questionnaire: 

Reliability and validity of a Swedish version and a comparison of scoring methods. Br J 

Health Psychol. 2004;9(3):335-46. 

297. Ceccarini M, Borrello M, Pietrabissa G, Manzoni GM, Castelnuovo G. Assessing 

motivation and readiness to change for weight management and control: an in-depth 

evaluation of three sets of instruments. Front Psychol. 2015;6:511. 

298. Kwapiszewski RM, Wallace AL. A pilot program to identify and reverse childhood 

obesity in a primary care clinic. Clin Pediatr. 2011;50(7):630-5. 

299. Wrotniak BH, Epstein LH, Paluch RA, Roemmich JN. Parent weight change as a 

predictor of child weight change in family-based behavioral obesity treatment. Arch Pediatr 

Adolesc Med. 2004 Apr;158(4):342-7. 

300. Andres A, Saldana C, Gomez-Benito J. Establishing the stages and processes of change 

for weight loss by consensus of experts. Obesity (Silver Spring). 2009 Sep;17(9):1717-23. 



References 

377 

301. Carey FR, Singh GK, Brown HS3rd, Wilkinson AV. Educational outcomes associated 

with childhood obesity in the United States: Cross-sectional results from the 2011-2012 

national survey of children's health. Int J Behav Nutr Phys Act. 2015 Jul 27;12(Suppl 1):S3. 

302. Datar A, Sturm R. Childhood overweight and elementary school outcomes. Int J Obes. 

2006;30(9):1449-60. 

303. Black N, Johnston DW, Peeters A. Childhood obesity and cognitive achievement. 

Health Econ. 2015 Sep;24(9):1082-100. 

304. Afzal AS, Gortmaker S. The relationship between obesity and cognitive performance 

in children: a longitudinal study. Child Obes. 2015 Aug;11(4):466-74. 

305. Camargos AC, Mendonca VA, de Andrade CA, Oliveira KS, Lacerda AC. Overweight 

and obese infants present lower cognitive and motor development scores than normal-

weight peers. Res Dev Disabil. 2016 Dec;59:410-6. 

306. Martin A, Saunders DH, Shenkin DS, Sproule J. Lifestyle intervention for improving 

school achievement in overweight or obese children and adolescents. Cochrane Database 

of Systematic Reviews. 2014; Issue 3. Art. No.: CD009728. 

doi:10.1002/14651858.CD009728.pub2. 

307. Huang T, Larsen KT, Jepsen JRM, Moller NC, Thorsen AK, Mortensen EL, et al. 

Effects of an obesity intervention program on cognitive function in children: a randomized 

controlled trial. Obesity (Silver Spring). 2015 Oct;23(10):2101-8. 

308. Raven JC, Raven J, Court H. Standard progressive matrices: Sets A, B, C, D & E. 

Oxford: Oxford Psychologists Press; 1996. 

309. Wilkinson GS, Robertson G. Wide range achievement test 4 (WRAT4). Lutz, (FL): 

Psychological Assessment Resources; 2006. 

310. Wechsler D. WISC-IV® Australian administration and scoring manual. Australia: 

Harcourt Assessment; 2003. 



References 

378 

311. Santana CCA, Hill JO, Azevedo LB, Gunnarsdottir T, Prado WL. The association 

between obesity and academic performance in youth: a systematic review. Obes Rev. 2017 

Oct;18(10):1191-9. 

312. Black N, Kassenboehmer SC. Getting weighed down: The effect of childhood obesity 

on the development of socioemotional skills. J Hum Cap. 2017;11(2):263. 

313. Sim LA, Lebow J, Wang Z, Koball A, Murad H. Brief primary care obesity 

interventions: a meta-analysis. Pediatrics. 2016;138(4):e20160149. 

314. Anderson YC, Wild CEK, Cave TL, Domett T, Derraik JGB, Cutfield WS, et al. 

Evaluation of process and performance of Whānau Pakari: A novel multi-disciplinary 

intervention for children and adolescents with obesity. Forthcoming 2017. 

315. Quattrin T, Wilfley DE. The promise and opportunities for screening and treating 

childhood obesity: USPSTF recommendation statement. JAMA Pediatr. 2017;171(8):733-

735. 

316. Signal L, Martin J, Cram F, Robson B. The health equity assessment tool: A user's 

guide. Wellington: Ministry of Health; 2008. 

317. Sheridan N, Kenealy TW, Connolly MJ, Mahony F, Barber PA, Boyd MA, et al. Health 

equity in the New Zealand health care system: a national survey. Int J Equity Health. 

2011;10:45. 

318. Anderson YC, Leung W, Grant CC, Cave TL, Derraik JGB, Cutfield WS, et al. 

Economic evaluation of a multi-disciplinary community-based intervention programme for 

New Zealand children and adolescents with obesity. Forthcoming 2017. 

319. Wake M, Clifford S, Lycett K, Jachno K, Sabin MA, Baldwin S, et al. Natural BMI 

reductions and overestimation of obesity trial effectiveness. Pediatrics. 2015 

Feb;135(2):e292-5. 

320. Minister of Health. New Zealand health strategy: roadmap of actions 2016. Wellington: 

Ministry of Health; 2016. 



References 

379 

321. Farrant B, Utter J, Ameratunga S, Clark T, Fleming T, Denny S. Prevalence of severe 

obesity among New Zealand adolescents and associations with health risk behaviors and 

emotional well-being. J Pediatr. 2013 Jul;163(1):143-9. 

 


	coversheet.pdf
	General copyright and disclaimer




